Jlekums 1. Crek/1000pa3Hoe COCTOSIHNE BELIECTB U CTEKJIA

1.I1pouec nepexoaa cTeKJIO-paciliaB.

Ecmm BCIICCTBA, KOTOPBLIC HAXOAATCA B PACIIJIABJICHHOM XHUJIKOM COCTOSHUH OXJIAXKIATbh, TO
OHU 3aTBEPAEBAIOT, U MOT'YT KPUCTAJUIN30BATLCS, MU MEPEHTH B CTEKI000pa3HOE COCTOSIHUE, KaK
nokazaHo nuarpammoiu Ha Puc.l. Ilo xpuBoii rpaduka 1 BHIHO, 4TO paciliaB MepeoXyaKaaeTcs,
BBLICIACTCA CKPBITAsd TCIIJIOTA KPUCTAJUIU3AUA U TP TEMIICPATYPEC IIJIABJICHUSA T 3a HCKOTOpBIfI

w1 2
IIPOMEXYTOK BPEMEHH BEIIECTBO KPUCTAIIIM3YETCS, @ 3aT€M OXJIAXKJIAeTCsl B TBEPJOM COCTOSIHHHM.
KpuBas rpaduka 2 He UMEET U3JI0MOB, YTO CBUJIETEIBCTBYET O MOCTOSIHHOM U IUIABHOM M3MEHEHUU
CBOMCTB BEIleCTBA IPU 3acThIBAHMM B TBEpAOE CTEKI000pazHoe cocrosiHue. Ilpu sTtom Her
onpeAeNEHHON TeMIepaTypsl IIaBIeHUS KUIAKOCTU. [Iporiecc nmepexona cTekyio-paciias sBiIsSeTCs
oOpaTUMBIM, a YACTHIIBI BEIIECTBA HE pACHOJAraloTCs B OINPENCIEHHYI0 MPOCTPAHCTBEHHYIO
pemérky. CTEeKI0BUIHOE BEIIECTBO CTAHOBUTCS TBEPABIM, aMOP(HBIM U U30TPOITHBIM.

Temnepamypa T, cootserctByeT BazkoctH 10*ITa-cex. B cTekie HaUMHAIOT MOSBIATHCS
MJIACTUYECKUE CBOMCTBA, U OHO MOXET BBHITSATUBATHCS B TOHKHE HUTH.
Temnepamypa T, COOTBETCTBYET BSI3KOCTH 10'°TIa - cex. B crekine HaYMHAET TMOSBIATHCS

XpYIKOCTb.
KpuBast Beime T, cooTBercTBYyeT pacmiaBy, a HIKE Temmeparypel omkura T, -

COOTBETCTBYET TBEPAOMY CTEKIO00pa3HOMY COCTOSTHUIO BELIECTBA.
Hnumepsan T, —T Ha3pIBAIOT HHTEPBAJIOM Pa3MsTYCHHUs, B KOTOPOM PACIUIaB MOCTCIICHHO U

HENPEpPBIBHO IOJIy4aeT CBOWCTBAa TBEPIOIO CTEKI000pa3HOro BemiecTBa. HekoTopele cBolicTBa
CTCKJIa BHE MHTEPBAJIa U3MEHATCSI 0 MPSIMOJIMHEHHOMY 3aKOHY, a B mHTepBaie Mmexay T, u T 1o

KPHUBOJIMHEHHOMY.

2.CTeK10BH/IHbIC BELECTBA

BoNBIIMHCTBO BEHIECTB, HCIOJb3YEMBIX B ONTUYECKOM IIPOU3BOJCTBE, MOKHO NEPEBECTH U3
’KHJIKOTO COCTOSIHUS B TBEPAOE U MOJyYUTh B CTEKI000pa3sHOM cocTossHuu. Hanpumep cepy, ceinen,
okucisl  Si0,,P,0,,B,0,, a Taxke HEKOTOpble XaldbKOreHH[Ibl. BemecTBa, Haxonsuiuecs B

CTEKJIOOOpPa3HOM COCTOSIHUM LIMPOKO pPaclpOCTPAHEHbI: CMOJbI, INIMLEPHH, METUIMETaKpbLiar,
MOJMATHIEH W T.A4. HekoTopele CTEKIOBUIHBIE BELIECTBA IIPU KOMHATHOM TeMIlepaType H
aTMOC(EpHOM JIaBJICHUU MOTYT HaXOJWUTHCS B TBEPIOM, JKHJIKOM WM IJIACTUYECKOM COCTOSIHUH,
COCTaBJISS TPYIITY ONTUYECKUX CPEL.

Onmuyeckue cpedvl — 3TO ONITUYECKOE CTEKJIO, IMIEHKU MOKPHITHI Ha ONTHYECKUX JETasX,
CJIOH KJIEAILErO BEIEeCTBA.

3.Teopusi cTpoeHus CTeKJIa

W3BecTHBIN pycckuil yuéHblii MeneneeB 000CHOBAJ MPEICTaBIEHHE O CTEKIIE KaK O CIUIaBe
OKHCJIOB HEKOTOPBIX XUMUYECKUX 3J€MEHTOB. OH ymo 00U CTEKIIO0 NEPEOXIIAXKAEHHOMN KUIKOCTH
HaxoJAIIeNCs B TBEPIOM COCTOSHUH.

[To3xe B 1921 r. akagemuk JlebeneB, n3ydyas U3MEHEHHE TTOKA3aTENsl MIPEIOMIICHUS CTEKIIa B
3aBHCHMOCTH OT TEMIIEpaTyphl, MoKasan, uTo 0 TemmepaTyp S500° —600°C »stoT mpomecc
o0paTUMBIi, mocie OBICTPOTO OXJIAXKACHUS CTEKIa C OoJjiee BBICOKMX TEMIIEpaTyp 3HAUYEHHE
MOKa3aTessl MpEJOMIIEHHS DPE3KO H3MEHSETCs, M IpOLEecC TepsieT 0oOpaTUMOCTh — B CTEKIIE
MIPOU30LUIN CTPYKTypHble Hu3MeHeHus. (Co3/1aHO MpEeACTaBIEHUE O MHUKPOKPUCTAIIIMYECKON
MPHUPOJIC CTEKJIAa KaK O CIEIIEHHH YPe3BBIYAHO MENKUX JAe(OPMUPOBAHHBIX KPHUCTAIIOB
CHJIUKATOB M KpeMHe3éMOB. OHU 00BEIMHEHBI B CTPYKTYPY, B KOTOPOH HET IMOJHOTO B3aMMHOTO



IIPOHUKHOBEHHUS Pa3HOPOJHBIX MOJIEKYN, a HMEEeTCSl IPEHMYILECTBEHHOE B3aUMOJIEHCTBUE
OJIHOPOJHBIX MOJIEKYJ C 00pa30BaHUMEM MaJbIX CaAMOCTOSITENbHBIX CTPYKTYPHBIX MHKpPO TpYII.
Takyto CTpyKTypy Ha3bIBalOT MHKPOTETEpOTreHHOM (HeoaHOoponaHOH). KpucrammuTt npeacraBiser
coboi  3apoaplml  Ae(GOpPMHUPOBAHHOTO KpHCTajUla, IIEHTpajdbHash 4YacTb, KOTOpas HMEET
VIIOPSIIOYEHHOE CTpOCHHE, a Tepudepus SBISETCI MHKPO OONACThIO MEPEXOAHON K APYyroMy
XAUMUYECKOMY COCTaBy. MeX Iy MUKPO 0OJaCTSMHU HET TPAaHUIl pa3fiesia, 9To ObLIO IMOATBEPKICHO
AKCIEPUMEHTaMU.

[To3zxe akagemuk I'peOEHIIMKOB MOKa3al, 4To Ipu 00paboTKe oOpasla cTekia YKCYCHOM,
COJITHOM M Jp. KHUCIOTaMHU BBIIIEIAUMBAETCS HATPUEBO- M KaJWEBOOOpaTHas COCTaBIISIIOIIAS U
ocraércs 9-5 %-e kpemHe3éMHOe cTekI0. Pasmepsr u (hopMbI 00pa3ia He U3MEHSIOTCS.

B nauvane 30-x r. 3axapuasuH BBIIBUHYJI TEOPUIO CTPOEHHS CTEKJIA MOJIyYUBLIYIO
M3BECTHOCTh T0J] HA3BaHWEM TEOpPUM HENpPEpbIBHOM ceTkH. [lo 3TOi Teopuu KOOpAMHALMOHHBIE
MOJIM3/IPBl OKHUCIIOB CIIOCOOHBI 3aTBEPJETh B BHUJAE CTEKJIA U CO3/1aBaTh IMPOUYHYIO YBSI3aHHYIO
CTPYKTYPHYIO CETKYy. B 3TOll ceTke IEeHTpalbHBI HOH-aTOM CTEKJI000pa3oBaTeliss OKPYXKEH
MOHAMHU-aTOMAaMHU KHUCIIOPOJIa U JIPYTOTrO JIBYXBAJEHTHOTO AJIEMEHTA PACIOJIOKEHHBIMU B OOIINX
BEpIIMHAX TeTpadpa. HekoTopble HOHBI-aTOMBI CBSI3aHBI TOJIBKO C JIBYMsI IIEHTPAIbHBIMU aTOMaMU
U He o0pa3yloT CBsi3ell ¢ JApyruMu KaThoHamu. [lo STOW TEOpUM OKHCIBI THIIOB
R,0,,RO, nR,0 nator crexnoobpa3oBanus, a okuciael THIOB R,On RO He oOpasyroT cTekia.

4. O KkpucTANIH3AIUH CTEKJIA

UtoObl M30€KaTh MOSBICHUS KPUCTAUIOB B CTEKJIE HYXHO 3HATh 3aKOHBI, YIPABISIOLINE
YKCJIOM HOBOOOpPA30BaHUN M UX JIMHEHHBIM POCTOM. B JKHJIKOM COCTOSIHUM pacIulaBa MOJIEKYJIbI
COBEPIIAIOT XAaOTHYECKOE TEIUIOBOE [BWKEHHWE U CTAJKMBAIOTCS OJHA C JpYyroil, oOpa3sys
MeTacTaOWJIbHBIE  arperarbl, KOTOpbI€ IEPErpyNIHUpPOBBIBAIOTCS M 00pa3yloT  LEHTPbI
kpuctaym3anuu. K 3TuM 1eHTpam NpUCOETUHSIOTCS HOBBIE YAaCTHUIBI BEIIECTBA M KPHCTAIUIBI
pactyt. IIpu nanpHeiIeM TOHUKEHUN TEMIIEPATYpPbl CKOPOCTh JBMKEHHSI MOJIEKYJT YMEHbBIIAeTCs,
HO KPHCTAIBl €mI€ pacTyT TOJ BIUSHUEM yBenwmueHus Koddduumenta nuddy3un, KOTOpHINA
3aBUCUT OT BS3KOCTH. [Ipy nanpHEHIIEM NEepeoxXIaXICHUU BA3KOCTb BO3PACTAECT YPE3BBIYAHO
OBICTPO M POCT KPHCTAIIOB MpeKpariaercs. [Iponecc KpucTayum3anny MOKHO MTPEICTaBUTh B BUJIE
cnenyroux rpadukoB Ha Puc.2.

CriocoOHOCTh paciiaBa KpPUCTAJUIM30BAThCSl BBIACHAETCS M3 B3aMMHOIO PACIOJIOKEHUS
rpadpuxos UIIK u JIPK. YIIK — 3T0 ecTh CKOpOCTh 00pa3oBaHUs HEKOTOPOTO YHCIIA IEHTPOB

AZ
KPUCTAIUIA3ALNH, T.e.?,rﬂe AZ - npupamieHHe UEHTPOB KpHCTauia, At - TpUpalieHue
t

temnepatrypsbl. JIPK — ckopocTs TMHERHOTO pocTa KpI/ICTaJIJIOBZ, rae Al - mpupamieHnue pa3MepoB
t

KPHUCTAJLIOB.

Ecnu makcumymsl YLK u JIPK HaxoasTes npu OM3KuX TemmepaTypax, TO KpUCTAIUIM3AIUs
HACTYIaeT JIETKO, a €CJIM OHU Pa3HECEHbI, TO Kpucraumsanus 3arpyaHeHa. Makcumym JIPK mos
BCEX pacIIaBOB JIEKUT B ONM3M TeMIeEpaTyphl IUIaBIEHUs, Onaroaaps 3TOMYy OOJBIIMHCTBO
pacIulaBOB MOXKHO TI€PEeBECTH B CTeksIooOpa3Hoe cocrostHue. Ecim abcomroTHoe 3HadeHue
Makcumyma YLK Benuko, To oOpasyercs OOJBIIOE YHUCIO MENKUX KpUCTALUIOB. Eciu ke Beauk
makcumyMm JIPK, To oOpa3yroTcs Kpuctauiel O0JbIIoro pasmepa. YETKoe MpeacTaBlIeHHE O
KPUCTAJUNIN3a[UOHHOW CIHOCOOHOCTH pacIliaBa CTEKIOMAacChl JAHHOTO XHMMHYECKOIO COCTaBa
MIO3BOJISIET  IIEJICHANIPABJIEHHO YIPaBJIATh PEKUMOM BapKH, BBIPA0OTKOM U TEPMUYECKOU
00paboTKO#l cTekna JOOUBAsACH €ro MOJydeHHs! 0e3 KpHCTaUIM3aliK. YBEIUUEeHUE YHUCIIa BA3KUX
KOMIIOHEHTOB ~ COCTaBa,  XOpOUIMH  MpoBap M  OJAHOPOJHOCTH  IIMXThI,  CHHYKAIOT
KPHUCTaJNIN3a[HOHHYIO CIIOCOOHOCTDh CTEKJIOMACCHI.



5.CTékia onTuyecKue

Cméxnamu HaA3bIBAIOT BEILIECTBA HAXOJAIIMECS B CTEKIIOOOPAa3HOM COCTOSIHUH, KOTOPOMY
MIPUCYIIH CIEAYIOIINE TPU3HAKU:

1) TBEPAOCTH NpU OOBIUHOM TeMIIEpaType;

1) IIPO3PAaYHOCTh XOTS ObI /17151 HEKOTOPOH YacTH CHEKTpa BUAUMOTO U3ITyYEHHUS;
2) MaJiast JIEKTPO U TEIJIONPOBOIHOCTb;

3) CTOHKOCTb K peareHTaM arMmoc(eps! ¥ BOJIbI;

4) OJIHOPOJHOCTb 110 BCEMY 00BEMY.

CTCKJIa, KOTOPBIC YAOBJICTBOPAIOT OTHUM IIPU3HAKAM, HA3BIBAIOTCA IMIPOMBINIJICHHBIMHA,
TEXHUYCCKHUMHU UJIN OIITHUYCCKHMMMU B 3aBUCUMOCTHU OT UX HAa3HAUYCHU .

Crékia cocTosT IJ1aBHBIM 00pa3oM U3 OKUCIIOB, KOTOpBIE JEIIAT Ha

1) kucnotsele: SiO,,P,0,,B,0; u 1p.;
2) ocHosHble: CaO, Na,O,K,0,BaO;
3) aBoiictBenHoro aeifcteus: Al,O,.

Crékna ontudeckue omnpenenstor mo 100%-it popmyrne xumudeckoro cocraBa. Hampumep,
72% - Si0,, 10% - CaO, 18% - K,O. [/lnga npenanus CTEKIaM CHENHAIBHBIX CBOWCTB IO

TBEPAOCTH, LIBETY, PAJAUALMOHHON YCTOWYMBOCTH B HHUX J00ABJIAIOT ONPEIEIEHHBIE XUMHUECKUE
JJIEMEHTBI.
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Jlekums 2. OnTu4yeckoe 0e3BEeTHOE HEOPraHUYECKOe CTEKJIO

1. Tunbl 1 MapKH ONTHYECKUX 0e31IBETHBIX CTEKOJ

OnTHyeckue CTEKIAa XapaKTePU3YIOTCS IOKa3aTesleM IpeOMIICHHUs, CPEJHEM W 4YacTHOM
aucrepcueil  (OTHOCHUTENbHBIE YACTHBIE JUCHEPCUHM W KOAPQOUIUEHT JIUCHEPCHUH), KOTOpbIE
OTIpeNeNaoT 00JacTh MPUMEHEHHS ONTUYECKHX CTEKOJ B COOTBETCTBYIOMIMX Tpubopax. B
kauecTBe HoOMUHaIbHOTO corjiacHo ['OCT 3514-76 yctaHoBIEeH MOKa3aTelb MPEIOMIICHUS Ne IS
JUHUMA PTYTH, UMEIOIIEH TMHY BOJHBI A=546,7vMM. Jlucmepcusi ompenensercs pa3HOCTHIO
MoKa3aTesel MPeoMIICHHUs AJIs IBYX BBIOpAaHHBIX JUTMH BOJH. HOMMHAIBHOW yCTaHOBIIEHA CPETHSIS
JUCTIEPCHS Np—N¢> JUISl TUHUNA KaJIMUSI IMEIOIIMX COOTBETCTBEHHO JUTMHBI BOJIH 480HM 1 643,8HM.
OnTryeckoe 6eclIBETHOE HEOPTAHUUYECKOE CTEKIIO B 3aBUCHMOCTH OT PACIIOJIOKEHMSI Ha TUarpamme
MmoKasaresb “TpeIoMICHHS — KO3 PHUIIMESHT qucTiepcuu’” MOApa3IeisIFOT Ha CISAYIOIIHE MapKu:

JIK - nerkuit KpoH;

@K - pocharHbIii KpoH;

TOK - Tsoxenblit pochaTHbI KPOH;

K - kpon;

BK - 6apuToBbIii KpoH;

TK - TsKenslil KpoH;

CTK - cBepXTsKeNblil KpOH;

OK - 0coObIi1 KpoH;

K® - kpoHn ¢nuHT;

B® - GapuToBHIif PIHHT;

TB® - TspKenslil 6apuTOBBINA (IIMHT;

JI® - nerkuii pauHT;

@ - puuHT;

T - Tsoxensiid GIUHT;

CT® - cBepxTsKenblil (IIMHT;

OD - 0cobOblii (haUHT.

Kaxaplii TUI CTEKOJI B 3aBUCHUMOCTH OT 3HAYEHHI IMOKA3aTelssl MPEJOMIIEHUS Ne U CPEIHEN
JUCIIEPCUH Np—Nc, ONPEAETIAEMBIX XUMUYECKUM COCTAaBOM U PEKMMaMU TEPMUYECKOW 00pabOTKU
CTEKJIa BKJIIOYAET HECKOJBKO MapoK 00O03HAYaeMBIX COOTBETCTBYIOUIUMH HOMepamH. B oOmeit
cnoxknoctu ['OCT 3514-76 conepxkut 95 Mapok CTEKOJ, KOTOPBIE MOAPA3ICTAIOTCS Ha JABE CEPUU.
OObIYHBIE ONTHYECKHE CTekIa UMerT Hymeparuio ot 1 1o 99. Crexna cepun 100 m Gonee 310

paHHaHHOHHO-YCTOﬁqHBLIC CTCKJIa, KOTOPLIC MaJiI0 TCMHCIOT IO BO3I[€I>'ICTBH€M H3JIIYUCHUA.

2. TMoka3aTe/ i Ka4ecTBa ONTHYECKUX 0e3LBETHBIX CTEKOJI.

KauectBo wn300pa’keHus, CO3/1aBa€MOr0 ONTHYECKUM IPUOOPOM, HAXOIUTCS B NPAMOM
3aBHCUMOCTH OT KayecTBa MaTepHalia U3 KOTOPOTO M3TOTOBJICHBI JIETAIM ONTHYECKOW CHUCTEMBI. B
cootBercTBUU ¢ ['OCT 3514-76 onTtnueckoe O€31IBETHOE HEOPraHMUYECKOE CTEKJIO B 3arOTOBKAX

HOPMHPYETCSI 110 CIEAYIOLUM I1apaMeTpaM:



1) mokasaresnb NpeIoMICHHUS Ne;

2) cpenHel AUCIEPCUH Np—Nc;

3) OTHOPOAHOCTH MAPTHH 3aTOTOBOK I10 NMOKA3aTENI0 MPEIOMIICHUS;

4) 0THOPOJHOCTH MAPTUU 3aTOTOBOK IO CPEAHEN NUCTIEPCHUU;

5) onTHYECKOI OJHOPOIHOCTH;

6) TBOMHOMY JTy4eNPEIOMIICHHIO;

7) paauamOHHO-ONITUYECKON YCTOMYMBOCTH;

8) moKazaTeNto MPEIOMIICHHS €4}

9) 6e3CBUIBHOCTH;

10) my3bIpHOCTH.

Bce mnepeuuncnennsle TpeOOBaHMS MOTYT OBITH CBEIEHBI B JIBE TPYIIbI: OCHOBHBHIE,
OTIpENIeNIAIONINE KAaueCTBO JeTalel, U JOMOJHUTENIbHBIE. [Ipruem, B 3aBHCHMOCTH OT CITyeOHOTO
Ha3HAYeHUs JeTalu 3TU TpeOOBaHMS MOXKHO TIpPYNIHUPOBATh Pa3IWYHBIMU  CIOCOOAMHU.
HeoOocHoBaHHOE CHIDKEHHE OCHOBHBIX TpeOOBaHMI K Marepuaigy 3aroTOBKH NPUBOJAT K
3aMETHOMY yXyAIIEHHIO paboTel Bcero mnpubopa B 1enoM. [loBeimenune TpeOoBaHMN K
MI0KAa3aTessIM, KOTOPbIE HE SIBJISIOTCS ONPEACSIONINME, HE 00ECIeUnBaET 3aMETHOTO YIYULICHUS
BCEro MprOOpa B LIEJIOM, MOBBIIIAET €T0 CTOUMOCTb.

[IpenenbHOE OTKJIIOHEHHWE IOKa3aTessl MPEIOMIICHHMSI N, M CpeJHEeM aucmepcuud np—nc: OT
3HAYEHUI YCTAHOBJIEHHBIX JJISl CTEKOJI BCEX MapOK HOPMUPYETCS MAThIO KaTETOPUSIMHU:

1) urcnoBble 3HaUEHUS PEJEIbHBIX OTKJIOHEHUH /ISl BCEX KaTeropuil HaXoA4Tcs B Ipesesax
ot 12107 10 +20010™ st Ne ¥ OT +20107 10 +200107° st np—Ncs;

2) OAHOPOJHOCTh MAapTUM 3arOTOBOK CTEKJIA 10 MOKA3aTeNI0 MPEIOMIIEHUS Ne HOPMUPYETCS
YeThIpbMS KjlaccaMH. YMCIIOBbIE 3HAUEHUS NIPEJIENbHBIX OTKIOHEHUH N /Ul BCEX KJIACCOB JIEXKAT B
npezenax oT i0,20104 Jio) i200104;

3) OAHOPOAHOCTh MAapTHM 3arOTOBOK CTEKJIA MO CpPEAHEH IUCIEPCUHM HOPMHUPYETCS JABYMS
Ki1accamu. YucnoBble 3HAYEHUS MPEIETbHBIX OTKJIIOHEHU COCTABJISIOT OT +10107 0 +200107;

4) onThueckas OAHOPOJHOCTH IOKAa3aTeldsl NMPEIOMIIEHHS BO BCEM OOBEME 3aroTOBKH B
3aBUCHMOCTH OT €€ Pa3MEpOB M YCIOBUH pabOTHI JAeTaleld OIEHMBAETCA IO €€ pa3pellarolei
CIIOCOOHOCTH WJIM 110 €€ ONTHYECKOMY I'paJIMEHTy MOKa3aTelsl MPEJIOMIICHHUS, XapaKTepU3yeMoro
BOJIHOBBIMH a0eppainusiMu. Y CTaHOBJIEHO ISITh KaTErOPUI ONTUYECKOU OTHOPOAHOCTH;;

5) ABOiHOE JydenpenoMIICHUE SIBISETCS MOKA3aTeleM KauecTBa OTXKUIA CTEKJA, KOTOPBII
XapaKTEepU3yeTcsl Pa3HOCTBIO X0JAa (B MWJUIMMETpax Ha OJWH CAaHTUMETpP IyTH) ABYX JIy4ed, Ha
KOTOPBIE pa3/eisaeTcs MaJlarolitii JIyd 1101 JEHCTBUEM OCTATOYHBIX HAIIPSKEHUN B TOJIIE CTEKIIA B
HaIpaBJIEHUU HauOOJIBIIIETO pa3Mepa.

Jlomyckaemoe JIBOMHOE JydenpenoMIICHUE HOPMUPYETCS MAThIO Kareropusmu. YuciaoBbie
3HA4YEHUs JUIA BCEX KAaTEropuil HaxoIsaTcs B mpexaenax oT 1,5 mo 65HM/cM. Y 3aroTOBOK Majioro
pa3Mepa JABOWHOE JIydelpeJOMIICHHE HE OKa3blBa€T CYLIECTBEHHOTO BIMSHMS Ha KadecTBO
N300paxKeHus, a MPOSBIISAETCS JINIIb I IeTallel, UMEIOIINX 3HAYUTEIbHYIO TOJIIUHY.

[lokazatrens NMpenoOMIIEHHSI €4 €CTh BEJIWYMHA OOpaTHas PacCTOSIHMIO, HA KOTOPOM IOTOK

M3JIyYeHHS] OT UCTOYHUKA TUIA A 0CialisieTcss B pe3yibTaTe MOTJomeHus U paccesuus B 10 pas.



VYcTanoBneHO 8 KaTeropuid, TOMyCKaeMbIX 3HAUCHHH MOKa3aTels 0CIa0IeH s, KOTOPbIN HAaX0IUTCA
B mpezenax ot 2107 10 130107,

CBuUNM SIBISIFOTCSL PE3KO BBIPAKEHHBIMHU JIOKAJIBHBIMH ONTUYECKUMHU HEOJAHOPOJHOCTIMU
crexna. OHU NPEACTaBIAIT OO0 MPO3pauyHble HUTEBU/IHBIE WM CIIOMCTBIE BKIIIOUEHUSI NMEIOIINE
[I0Ka3aTeab MPEIOMIIEHHS] OTJIMYHBIA OT IOKa3aTelss IPEJIOMIIEHHS OCHOBHOM MaccChl CTEKIa.
Hanuune B crekie CBWIIEH pe3KO CHMXKAET KauecTBO M300pakeHHs, (pOpPMUPYEMOTO ONTHUYECKON
cucreMoi. Kitacc 0€3CBWJIBHOCTH XapaKTEepU3yeTcs OTCYTCTBHEM BHJIMMBIX BKIIOYEHHH IIpH
nmpocMoTpe oOpasua crtekna B ogHoM (A) wim aByx (B) B3auMHO neprneHIUKYISPHBIX
HaIpaBJICHUSAX. YCTAHOBJIEHO JBE KaTErOopuM O€3CBWJIBHOCTH. YCTAHOBJIEHO, YTO €CIIU CTEKJIO
0€3CBHJILHO B JIBYX B3aMMHO TEPIEHIUKYISIPHBIX HAIMPABICHHIX, TO OHO OE3CBHIIBHO U B JIIOOOM
JIpyroM HampaBjieHud. Hamuuue B CTEKIe CIOMCTBIX CBWJIEBUJIHBIX BKIIIOUEHUH BBI3BIBAET
aCTMUIMaTU3M B ONTUYECKUX JETAIAX.

[1y3plpu HOPMHUPYIOTCS M3-3a BUJUMOCTH UX B IOJI€ 3peHMsI MpHOOpa, 4TO NPUBOAUT K
MOSIBJICHUIO PA3NIMYHBIX TISTEH B HM300paKeHWU © yBenndeHwe kodddunuenta muddysnoro
paccesHUSI CBeTa, a KakK CIEACTBUE CHIKEHHE OCBEUICHHOCTH B IUIOCKOCTH W300payKEHHH.
[Ty3BIpHOCTH XapaKTepU3YIOT TUAMETPOM HAHOOJIBIIETO My3bIPst JOMYCKAaeMOT0 B 3aTOTOBKE IIPH €€
npocMoTpe. YcrtaHoBieHo 11 kareropuil my3bIpHOCTH. JlomycTUMBIE TpPEENbHBIE OTKIOHEHUS
JMAMETPOB Iy3bIpei /il BceX Kateropuit Haxozasarcs B npenenax ot 0,002 mo 5 mwm. IlpucyrcrBue
Ha TIOBEPXHOCTH BCKPBITBIX MYy3bIpEH HCKIIOYAET BO3MOKHOCTH IOJYYEHHUs MOBEPXHOCTEN
BBICOKHMX KJIACCOB YMCTOTHI. KpymHbI€ My3bIpH BBI3BIBAIOT MOSBJIEHUE BOKPYT HMX MECTHBIX SIM Ha
noBepxHocTU. OHM TakkKe 3aTPYyAHSAIOT OYHMCTKY MOBEPXHOCTEH, HAHECEHHWE Ha HUX IOKPBITUH
BBICOKOTO KAa4eCTBa, COEJUHEHHE CKJIEMBAaHHUEM WM ONTHYECKMM KOHTAKTOM. BckpeiBmnecs
My3BbIpU SBJISIOTCS TAKXKE LEHTPOM XMMHUYECKOTO U OMOJIOTMYECKOIO pa3pylIeHHs MOJIMPOBAHHBIX

MIOBEPXHOCTEN JIETAIH.



Jleknusa 3 . CBoiicTBa ONTHYECKUX 0€CIHBETHBIX CTEKOJI

1. Mexanu4eckue CBOIMCTBA CTEKJIA.

Mexanndeckue CBOMCTBA CTEKJIA OLICHUBAIOTCS CICAYIOIIMMH IOKAa3aTeIsAMU: NPOYHOCTD,
TBEPAOCTH, XPYIKOCTbh, YIIPYTrOCTb.

IIpounocme  ONpenenseT MNPEAcIbHOEC HAINPSDKEHHE, BBI3BIBAIOIIEE €T0  pa3pylLICHHE.
Crnenuduueckoid 0COOCHHOCTBIO CTEKJIA SBISETCS CPABHUTEIHHO BBICOKASI IPOYHOCTH MPH CHKATHH

o, =(50+80)-10"Tla u HU3KAs NPH PACTSKEHUH O , =(8+15)- 1077 I1a . TnaBHBIM (akTOpOM,

CHIDKAIOIIMM IPOYHOCTh CTEKJIA SBJIAETCS HapyLIEHHBIH CJI0H, 0Opa3yroLuiics Ha MOBEPXHOCTU
3aroTOBOK B pe3yjbTaTe WX MEXaHW4YEeCKOW 00pabOTKM M B3auMOJECHCTBHUS ¢ BoJoW. IIpouHocTh
CTEKOJ MOKHO TOBBICUTH TJYOOKMM NITU(OBAHHEM W TOJUPOBAHUEM, NMPH KOTOPOM YAAISIOT
ITIOBEPXHOCTHBIN TPEHIMHOBATBIM CIOW M COXPAHSIOT BBICOKOE KA4eCTBO IOBEPXHOCTH. Y JAJICHHUE
ne(eKTHOTO TOBEPXHOCTHOTO CJIOS TPaBJICHHWEM IIOBBINIAET MPOYHOCTh CTEKJIa B 2-4 pasa, HO
CHIDKAET KayeCTBO MTOBEPXHOCTH.

Teépoocmb — 3TO CIOCOOHOCTH €r0 COMPOTHUBIISATHCS MPOHUKHOBEHUIO B HETO JPYroro Tena.
Paznuyarot TBEPAOCTH:

1) Cxnepomerpuueckas — ONpeAeseTcs 0 HapanaHblo;

2) AGpa3uBHYIO — [0 CKOPOCTH COULTHA(OBHIBAHHUS;

3) MukpoTBEpPAOCTh — IO OTIEYATKY BAABIMBAEMOI'0 UHAECHTOPATOPA B BUJE MUPAMU/IBI.

B onruyeckoM npuOOpPOCTPOEHUH  MOJB3YKOTCS  OTHOCUTENBHOM  TBEPAOCTHIO IO
conuM(pOBBIBAHUIO — 3TO COOTBETCTBYET OTHOIICHHIO 00bEMa conumdoBaHHOTO cTekia Mapku K8
K 00BEMyY conutM(pOBaHHOTO CTEKJIA IPYro HCHIBITBIBAEMONW MapKH B CTaHIAPTHBIX YCIOBHX
obpaboTtku. Hampumep, oTHOcuTenbHass TBEPAOCTh 1o conumpoBbiBannio OD5 cocrasnser 0,3;
st K8 — 1; g CTK12 — 3. Crékna, uMeroie TBEPAOCTH MO couuM(oOBBIBaHUIO Ooubiie 1
IIO/IBEPKEHBI IJapallaHbl0 MEHBIIIE, YeEM CTEKIIA, UMEIOIIUE TBEPIOCTh MEHbIIIE 1.

Xpynkocmb  CTEKIAa ONPEAENseT €ro CONPOTHUBIAEMOCTb JUHAMHYECKHM Harpyskawm,
HanpuMep, yaapam.

Vnpyeocmv ~ cTékonm  oOycnaBiIMBaeT ~HMX ~ CIIOCOOHOCTh ~ BOCCTA@HABJIMBAaTH  CBOIO
NEpBOHAYAIbHYI0 (QOpMy TOcie CHATHUA HanpspkeHus. [IpoyHOCTh KOHTAKTHOIO COEIMHEHHS
cTE€KO0JI 0OpPaTHONPONOPIMOHATIbHA MOJYNIO X yNnpyrocTty. Tak, Hanmpumep, Moyab ynpyroctd E

crékoin JIK6 -498-10°TTa, st K8-823-10°ITa , st CTK9-1182-10%1a .
2. Temj1oBbIe CBOMCTBA CTEKJIA.

B onruueckom MpOU3BOACTBE MNPHUMCHAIOT TCXHOJOTHUYCCKUC IMPOLECCHI, CBA3AHHBIC C
BBIJICJICHHEM WM TIOTJIOIIEHUEM CTeKiIa cTekioMaccoi. Ilo3ToMy TerioBble CBONCTBA HMEIOT
BaXHBIC 3HAYCHHUA W OOJDKHBI YUUTBIBATHCA INPHW HA3HAUYCHHUH PCKUMOB 06pa6OTKI/I CTCKJIA.
TennoBble CBOMCTBa CTEKJIa XapaKTEPHU3YIOT: YIENbHAs TEMIO0EMKOCTh, TEIUIONPOBOIHOCTS,
TEIUIOBOE PACHIMPEHNE, TEPMOCTOMKOCTE, TeMIepaTypa cuekanus T .

Voenvuasa mennoémkocms — 3TO KOJUYECTBO HEOOXOIMMOE MpPH JAHHOW TemIeparype uis
Harp€BaHus CAWHUIIBI MAacCChl CTCKJIa Ha 10C TermnoéMKOCTh ONTUYECKUX CTEKOJI HMEeT
clenyronee 3Ha4eHUe IS HEKOTOphIX Mapok cTékon: mist T3 — C=0,407 KI{)K/OC, K8 —
C=0,739 KJx/° C, Ksapu — C=0,8895 KJlx/° C.

Tennonpoeoonocms CTEKIIa ONPEAETSAETCS €ro CIOCOOHOCThIO TepeaaBaTh TEILUIOBYIO

SHEPrHIO B HANpaBJIEHUU Oosiee HU3KUX TeMiieparyp. C MOBBILIEHHUEM TEMIIEPATYphl TEIUIOEMKOCTh
cT€KoJ1 noBblIaeTcs. [IoBBIIIEHHYIO TEMIONPOBOIHOCTh UMEIOT CTEKIA € OOJBIIUM COJIEPKAHUEM

Al,O,,Ba,0,,MgOuCaO. IlpenensHpIM cilydaeM sBIsieTcs KBapleBoe crekno. Crékna



cogepxkamue MHOro PbO m BaO MMEIOT HHU3KYIO TEIUIONPOBOJHOCTh. TEmIONpOBOJIHOCTD CTEKOJ
XapakTepu3yercs: Ko3(h(HUIIHEeHTaMH TeTIONPOBOTHOCTH U TEMIIEPATYPOIIPOBOIHOCTH.

Tennosoe pacuiupeHue CTEKIA XapaKTepU3yeTcs KOXPPHUIMEHTaAaMH JTUHEHHOTO o U
o0béMHOTO [ pacmmpenus. Koadduiuent pacmmpenus cTekiia 3aBUCHT B TIEPBYIO 04epellb OT €ro
XMMHUYECKOTO COCTaBa. ¥ ONTHYECKUX CTEKOJ OH U3MEHSAETCS B JOBOJBHO IIUPOKUX Npenenax. Tak,
HampuMep, s KpapieBoro crekna to 2-107 °C™', mma JIKS — 33-107 °C™, ama JIK1 —
111-107 °C™.

Tepmocmotikocmsb CTEKOJ — 3TO CIIOCOOHOCTh CTEKOJ BBIACPKUBATH O€3 pa3pylIeHHs pe3Kue
nepenaasl TeMreparypbl. Mepod TEepMOCTOMKOCTH SBIISETCA Pa3sHOCTb TEMIEpaTyp, KOTOPYIO
BBIJIEPIKUBAET CTEKIIO O€3 pa3pylieHus. B oTnuume ot Ipyrux TEemioBbIX CBOUCTB, TEPMOCTOMKOCTD
3aBUCUT HE TOJIBKO OT XMMMUECKHX CBOMCTB CTEKJIOMAacChl, HO U OT I€OMETPHUH M Pa3MEPOB
3arOTOBKH, UHTEHCUBHOCTH TEIJIO00OMEHa.

Temnepamypa cnexanusi T — 5TO Temieparypa, IIpH KOTOPOM HAUMHAETCSA CIIEKaHUE Yy

oOpa3moB crekna pasmepoM 20x20x10 MM TONOXEHHBIX OJUH Ha JPYroll IMOJMPOBAHHBIMH
CTOPOHAMHU U HArpeBaeMbIX C MOCTOAHHOH ckopocThio 2’C B MMHYTY, YTO MPUBOIHUT K BSI3KOCTH
crexna 10°Tla - cex . Tak, Hanpumep, 1ist ctékon T, uMeroT creayromue 3Hadenus: TO7 — 460°C,

K8 - 620°C, TK14 — 680°C.
3. XumMuuyecKkune CBOMCTBA CTEKJIA.

XUMHYECKHE  CBOMCTBA  CTEKJIA  XapaKTEPU3YIOTCd  XUMHUYECKOM  YCTOMYMBOCTBIO.
YCTaHOBIEHO [Ba MOKa3areias XUMHYECKOM YCTOMYMBOCTH: XHMHMUYECKas YCTOMYMBOCTh K
JIEUCTBUIO BIIAXHONW arMocdepsl, YCTOHYMBOCTh K JACHCTBHIO MATHAIOMIMX peareHToB. [lo
YCTOMYHMBOCTH K JICUCTBUIO BJIAXKHOM aTMOC(EPHl ONTHYECKUE CTEKIIA JACIAT Ha:

JInsl CUITMKATHBIX CTEKOJ: A — HeHan€ToONacHbIE,

b — mpoMexxyTOouHBIE;
B — HanéroonacHsle.

JUJIsl HECWUIMKATHBIX CTEKOJI: 4 — YCTOMYMBBIE,

y — IPOMEXYTOYHBIE;
Il — HEYCTOMYUBBIE.

[Io yCcTOMYMBOCTM K JEHWCTBHIO ISATHAIOLIUX PEArcHTOB CHJIMKATHBIE W HECWIMKAaTHBIC
ONTUYECKHUE CTEKIIA ACIAT HA CIEAYIOIHE IPYIIIbL:

I - He naTHarOIINECS;

I — cpenunel narHaemocTy;

IIT — maTHArommMecs;

IV — Hecrolikue cTékia, TpeOyroue TpUMEHEHNS 3alUTHBIX TIOKPBITHH.

Haubonee ycroitunBbiMu (rpynma I) sBISIOTCS KPOHBI, KPOH(MIMHTHI, OapuUTOBBIE (DIUHTHI,
¢muaTh 1 nérkue GuuHTHL. [IsTHatommMucs n Hectoikumu (111 u IV rpynmsl) SBASIOTCS TSXKETBIE
U CBEPXTSDKEIBIE KPOHBI, TSKENbIe OapuTOBBIE (DIMHTHI, TSOKENBIE W OCOObIe (QIUHTHL. Y4er
XMUMHMUYECKUX CBOMCTB ONTUYECKUX CTEKOJ HEOOXOAUM C OJHON CTOPOHBI AJIs MPEJOTBPAIICHUS HE
KENaTeIbHOTO BO3JCHCTBUS KHUIKOH (ha3pl 00pabaTHIBAIONIMX CYCIIEH3UN U OKPYKAIOIIeH Cpebl
Ha MOJMPOBAHHbIEC TOBEPXHOCTH ONTUYECKUX JETalel, 3ar0OTOBOK Ha BCEX CTAIUSAX UX 00pabOTKU.
C npyroil CTOpOHBI, [UIsl LEIECHANPABICHHOTO WM3MEHEHMsI IMOBEPXHOCTU IpPU HANPaBICHHOM
TpaBJIEHUH INTPUXOB, METOK, U(p U T.A.; 00pa30BAHUIO MPOCBETISAIOMNX, 3AIMUTHBIX U MPOUYUX
MOKPBITUH OMpPENeNEéHHON TONIIMHBI 3a CY€T THAPOJM3a TOBEPXHOCTH; HHTEHCH(PUKAIUU
IIPOLIECCOB MOJIMPOBAHUS IIYTEM BBEJIECHHUS B COCTAB IOJUPYIOIMX KOMIIO3UIIMI BOJHBIX PACTBOPOB
OKHCIIUTENEN; NU3MEHEHNE MPOYHOCTHBIX U JIp. CBOMCTB ONTHYECKOrO0 KOHTAKTA 33 CUET PA3IIMYHOU
TOJIIWHBI TUAPOJIU3HBIX IJIEHOK.



Jlekuus 5. Oprannyeckue CTEKJIa U ONITHYECKUE KJIEH

1.0nTuyeckne nojuMepbl.

[Tonumepamu (OpraHM4EeCKMMM CTEKJIAMHU) HA3bIBAIOT XUMUYECKHE COCAUHEHMSI MOJIEKYJIbI,
KOTOpPO€ COCTOSAT M3 OOJBUIOrO YMCIA ATOMHBIX TPYNIHPOBOK COEAMHEHHBIX XUMHUYECKUMU
CBS3SMU B JJIMHHBIE 1end. [0 CTpoeHHI0 OHM NEeNsITCs Ha JUHEHHBbIE U ceTyarbie. B onTuyeckom
IIPOU3BOJICTBE MOJIUMEPHI IPUMEHSIOT JUIsl U3TOTOBJIEHUS ONTHYECKUX JIeTallel HEOTBETCTBEHHOTO
HA3HAYCHMs, a TAKXKe /711 U3TOTOBJIEHUS ONITHUECKUX KIIEEB.

BOnbIIMHCTBO TOJMMEPOB  HCIOJIB3YEMBIX B ONTHUYECKOM HPUOOPOCTPOEHHH — 3TO
MOJIMMETUIIMETAKPHUIIAT,  MOJUCTHPOJ,  MOJUKApOOHAT, KOTOpBIE  SIBISIOTCS  aMOpP(HBIMHU
TEPMOIIJIaCTAMM, HAXOJSAIIMMHUCA IPU KOMHATHOW TeMIIEpaType B CTEKIO0Opa3HOM COCTOSHHH.
[Ipy mNOBBILIEHHH TEMIEpPaTypbl MOJMMEPHl MEPEXOJIAT U3 CTEKIO00pa3HOro COCTOSHUS B
BBICOKODJIACTHYHBIE, a 3aTeM B Bsi3KoTekydee. [Ipu moHmwxeHun TemmnepaTrypbl IpOXOAiT BCe TpU
CTaJuu B 0OpaTHOM HalpaBJICHUHU.

TepMopeakTHUBHBIE TOJHMMEPHl TPU  TOBBIIIEHUHW TEMIEPAaTypbl TMOJUMEpPU3YIOTCI U
npuoOpeTaroT ceTyatoe crpoeHue. Ilponecc 3aTBepaeHUS 3TUX MOJIUMEPOB HEOOPATUM, T.€. IPUHSB
NIpU HATPEBaHHUM OTpeACIEHHYI0 (popMy, OHU B JaJbHEUIIEM HE U3MEHSIOT CBOEro coctosiHus. K
MIOJIOKUTETIbHBIM XapaKTEPUCTUKAM OPraHUYECKUX CTEKOJ OTHOCAT: HU3KYIO IJIOTHOCTh, Malylo
XPYNKOCTh U HEBBICOKYIO CTOMMOCTb.HenocTaTku: HeBbICOKasi ONTHYECKass OAHOPOJHOCTh, HU3Kas
TBEPIOCTH M 00PA3UBOCTONKOCTD, MAITYIO TEIIOCTOMKOCTD, BBICOKHH KO(POHUIIMEHT TEPMUIECKOTO
pactmuperuss (B 10 pa3 Oousibllie, yeM Yy CTEeKJa), CIOCOOHOCTh HAKAIUIMBAaTh CTATHUYECKOE
AJIEKTPUYECTBO, €CTECTBEHHOE CTapeHue (KEeJITeHUE).

[Tokazarens mpenoMieHHs #, HoAUMepoB Haxoautcs oT 1,49 go 1,58, a xoadduuueHT

mucnepcu v ot 57,6 1o 29,9 UccnenoBanus nokasaiay, 4YTO CTPYKTypa MOJUMEPOB MPECTABIISET
co0O0# CIIOKHBIE HAIMOJICKYJISIpHBIC OO0pa30BaHUS B BUJAE TJIOOYN, JOHJIPUTOB U JOMEHOB,
SBJISIIOIUECS OJHOM M3 NPUYMH ONTHYECKOM HEOJHOPOAHOCTU. J[pyrodl NpUYMHOM ONTHYECKOU
HEOJTHOPOJHOCTH OPraHUYeCKOro CTEeKJIa CUuTaloT H(PQeKT IBOWHOrO ITydenperoMIIeHus,
BBI3BIBAEMBII OPUEHTALIMEN MTOJMMEPHBIX MOJIEKYJ U HAJIMYUE OCTaTOUYHOTO MOJUMEPA, HUMEIOIIEro
MOKa3aTeNb NPEJIOMIICHUS 3HAUUTEIBHO OTJIMYAIOIIMNACA OT OCHOBHOMW MOJMMEPHON CpPEJIbI.
[TonmMeps! Tpo3pavHbl B BUAUMOM U ONrbKHEH HHPpakpacHO 06acTu criekrpa. B

JUIMHHOBOJIHOBOW 00JIaCTH OHH NMPO3PAaYHBl TOJIBKO B Y3KUX Y4acTKaX CHEKTpa.

2.0nTH4ecKue Kjieu.

JInist CKIIeMBaHUS ONTHYECKHX JIeTallell Mex 1y cO00H HCIONB3YIOT CIeUaIbHbIe ONITUYECKHE
KJIEU,KOTOPbIE JOJKHBI MIMETh CJIEIyIOIINE CBOMCTBA:
1)BbICOKYIO CTENeHb MPO3PaYHOCTH, YUCTOTY, ONTUYECKYIO OTHOPOJHOCTD;
2)CooTBETCTBHE TTOKA3ATEeNs MPEIOMIICHUS 3HAUCHHUIO OJHOU 13 COSIUHSAEMBIX JIeTaleH;
3)I[Iepexon B TBEpHOE cocTosiHKE Oe3 aedopmariim aeraneii;
4)BBICOKYIO MEXaHHUECKYIO CTOMKOCTB, BJIaro-, T€PMO-, MOPO30CTOMKOCTh COEIMHEHUSI.
B 3aBucuMocTH OT PYHKIIMOHAIBHOTO HA3HAYEHUS CKJICHBAEMOTO KOMIIOHEHTA U YCJIO BUIA
ero paboThl, 3HAYUMOCTH YCIOBHI Pa3nudHO. YNCIEHHbIE 3HAYSHHS MTApaMeTPOB ONTUYECKUX
KJIEEB IIPUBE/ICHBI HUXKE B TAOJIHIIE.
Banvzam — 310 K€l nomydaeMblid MyTEM repepaboTKH KUBHUIIBI, IMXTOBBIX IEPEBLEB, B
COCTaB KOTOPBIX BXOJUT CKUIUIAP, KaHU(DOIIb, eTyune 3(pupHble Macia. baap3zam MoxeT ObITh
JIBYX BUJOB: OOBIYHBIN U IIACTU(PUITUPOBAHHBIN. [ImacTrduKaTOp BBOISIT TSI MIOBBIIICHUS



IJTACTUYHOCTH KJI€Sl M YCTOMYMBOCTH CKJIEMBAEMOTO COEIMHEHUS B YCIOBMSIX HU3KHX
teMmieparyp.CBoiicTBa Oajib3ama XapaKTepU3YIOT TBEPIOCThIO, KOJMUYECTBEHHO €€ OLICHUBAIOT
YKCJIOM MEHETPAINH, BEIPAKEHHBIM B COTBIX J0JISIX MIJIUMETPA, TITyOMHON MOTPYKEHUSI UTJIbI
MIEHETPOMETPa B BEIIECTBO B CTAHAAPTHBIX YCIOBUAX HcTbITaHUH. [To TBEpHOCTH Oanb3am
pa3zenéx Ha CIIEAYIOIIUE TPYIIIbI:
BT — Becbma TBEpAbIiL;
T — TBEpapIiL;
C — cpennuii;
M — MATKHUH;
BM — Becbma MSTKUM.
ITo aToMmy ke npu3HaKy Oanb3aM pa3aenéH Ha MapKku. OCHOBHBIE HETOCTATKH KIIEs:
1) V3kuii TemnepatypHblii UHTEpBaJl, B KOTOPOM MOTYT paboTaTh JeTallu;
2) Ux nedopmariyisi, BOSHUKAIOIIAS TIPU CKIICHBAHHH;
3) Hapyiienue 1ieHTpOBKH.
[TonoxxuTenpHbIe KauyecTBa — 3TO CIIOCOOHOCTH BBIJIEPKUBATH OOJIBIIIOE YUCIO pacIljiaBlieHUuN 0e3
CYIIECTBEHHOTO HM3MEHEHHUSI CBOICTB, BO3MOXXHOCTH YMEHBIIEHHUS Je(QOpMaluu CKICCHHOTO

KOMIIOHEHTA €ro OTXKHroM (HarpeB 10 +60°C) M MOCIenYIOImMM OXNakKIEHHEM CO CKOPOCTHIO

0,5°C B uac. Kiteit HpUMEHSIOT 15 COEMHEHHS JIMH3 MaIbIX Pa3MEPOB.

banvzamun — 310 MPOAYKT YaCTUYHOU MOJTUMEpH3alu KapOuHoia. MOXKeT HaXOIUThCs B
KHUJKOM, BSI3KOM U TBEPIOM cOCTOSTHUHU. JKuikuil Oanb3aMuH — 3TO TOJyhaOpUKaT BS3KOTO,
MOJTy4aroT MEepPeroHKor KapOouHoia B BakyyMe. TBEPAbINA Oalb3aMUH TMOJIYYaIOT MOCIE CKICHUBAHUS
neraneil B Xxoje AanbpHeimend noaumepusanuy. CBeT U TEIJIO YCKOPSIIOT 3TOT mpoliecc. banbzamun
MPUMEHSIOT U COCIMHEHUS JIeTajei, KOTOphle YCTOWYHMBHI K JedopMalvi, BOZHUKAIOUIEH TpU
CKJIEMBaHUM JETajeil, a Takke KOTOpPbIE B COOTBETCTBUU C YCJIOBMSIMHM AKCIUTYaTallUH JIOJKHBI
BBIJICPKUBATh JUHAMHUYECKYIO HArpy3Ky, BHOpalMio, TEIUIOBOW yjaap, HHU3KHE U BBICOKHE
teMmieparypbl. CoeluHsAEMbIE JETaIN NPEABAPUTENBHOIO HarpeBa He TpeOyroT, HO JUIsl YCKOPEHUs

TIpoIecca MOIMMEPH3AINU Kiies KOMIIOHEHTHI HarpesatoT mpu Temneparype 60° —70°C . Ionnas

MOJTMMEpU3alMs MPOUCXOIUT B TeueHHe cyTok mnpu Temmeparype 25° —30°C. HauGombrmas
MPOYHOCTh COETUHEHUs HMeeT MecTo mpu TommuHe ciost kies 0,005 — 0,006 mm. B TBEpAOM
COCTOSIHUM 0anb3aMUH HE pacTBOpPUM B O€H3WHE, KepOoCHHE, MaciaX. HempaBWIIBHO CKIIEEHHBIE
JeTald MOXHO pa3beIuHUTh YAapoOM II0 IIBY COEAWHEHHsS TPU TOHWKEHHOW TeMIieparype

(=10+20°C), oxnakneHueM OKHAKMM Bo3dyXxoM wumu HarpeBoM 10 200°C. OcHOBHbIE
OTpHIIATENIbHBIE KauecTBa Oalb3aMHUHA — ONITUYECKasi HEOJHOPOIHOCTh, Majast AMaCTHYHOCTb.

Banvzamun-M oTanyaeTcst OT paCCMOTPEHHOTO KOMIIOHEHTAaMH OKHCIIUTEIBHO-BOCCTAaHOBH
TEJIBHOM CUCTEMBI, KOTOPBIE UTPAIOT POJIb HHUITMATOPA M YCKOPHUTENS MmoJinMepu3anui. biuarona
ps MX BBICOKOM KaTaJIMTHYECKOW aKTMBHOCTHU IMPOIECC MOJMMEpU3alnu Kiest HIET TpU TemIiepa-
Type 18 —26°C. OH ONTHYECKH OJHOPOJIEH; TIPUMEHSIOT Il COeJMHEHHUs [eTajeil 1o00ro pas-
Mepa ¥ OTHOIIEHUS TOJIIHHBI K JUAMETPY, JETalel CO CBETOJNCTUTENbHBIMU MOKPHITUIMH, CBE-
ToQUIbTPOB, moisiponnoB. CkiIeHBaeMble JETaTM HE HArpeBalOT M MOCJIE COEAWHEHUS TEPMO-
00paboTKe HEe MOIBEPTraroT.

Kneii  axpunogviti — pacTBOp  HHU3KOMOJIEKYJIIPHOTO  COIOJIMMEpa METHI-, U
OyTuiaMmerakpuiaTa B Kcwione. [IpUMEHSIOT JUIsi CKJIEMBAaHUS TIOJSPOMIOB, JeTajeid U3
CHJIMKATHOTO CTEKJIa, KaJbI[UTa, KBACIOB, CBETOQWIBTPOB M KIWHBEB C IKEIATHHOBBIMU H
MOJIMBUHUJIOBBIMHE TIIEHKAMHM, a TaKKe Ul COCIMHEHUs JeTaleld U3 CTeKIa ¢ MeTalaMu (Kpome
0JIOBa, XpoMa, MHBapa, kKoBapa). CKiIeMBaeMble JIeTall HE HArpeBaroT, MO3TOMY MX JehopMarius
NP BBICBIXaHUH KJIesl HE3HAYMTENbHA. J[JIs1 TOBBIIEHUS! MEXaHWYECKON MPOYHOCTH COCTUHEHUS
cnoit  BeIcymmBatroT npu 50 —90°C 10 MONHOrO HcmapeHus pacTBOpUTeNns. PackieuBanue
KOMIIOHEHTa OCYIIECTBIISIIOT TOTPYKEHHEM B alleTOH WM KCHJIOJ, a TaKKe HarpeBoM JIo

120-150°C.



Knent Y®-235M — pacTBop nojiiMepa MOHOBUHUJIAIENATA B IUKJIOreKkcaHomue. Mcnomap3yroT
JUI COEAVHEHMs JAeTaled W3 MarepuanoB, Ipo3pauHbix B Y® oOmactu cnekrpa or 220 HM.

CknenBaeMble IeTaly I0JLKHBI ObITh Harpetl 0 60°C , a kneit 1090°C nyst ynaneHus u3 Hero
My3BIPHKOB BO3/yXa. KOMIIOHEHT pacKIenBaIOT MOTPYKEHHUEM B STHIIOBBIA CITUPT WM HarpeBOM

o 120°C.

Knett OK-60 — pacTBOp KpeMHUHOPTaHUYECKOW CMOJIBI B TeTpaxjopaTaHe. Ero mpuMeHsor
JUI CKJIEUBaHUs JeTajeil U3 KpUcTauioB, Mpo3padnbix B Buaumoint u MK obnactsax cnekrpa (10 8
MKM). KOMIIOHEHT cymiat mpu KOMHATHOM TeMIiepatrype B TeueHue 24 4, 3aTeM i yJaleHus

pacTBopuTens nporpesator 2 4 npu 120° C . PacknenBaroT coeaHEHNe NOrpyKeHneM B alleTOH Ha
6—7u.

Kneit OK-50 — pacTBOp MNOJMAMUHOB, BBINOJHSAIOMIUX pOJb OTBEPAUTENS, B KUIKOU
MOAU(UKAIINN JHAHOBON AMOKCHIHON cMoJbl. Ero mnpUMEHSIOT IS CKJICHBAHUS JeTalle,
paboTamMX BO BIAKHOM TPOMHMYECKOM KJIMMATe, COMPHKACAIOUINXCS C MOPCKOH BOJOH, s
COEJIMHEHUS CTEKJIa C METAJUIOM (KpOME 0JIOBa, XpoMa, HHBapa, KoBapa). Xopollas arje3us Kies K
CTEKJIy OIPENENAECT BBICOKYI0 MEXaHHYECKYI0 IPOYHOCTh COEAUHEHMs. Manas 3J1acTUYHOCTh
OTPaHUYMBAET PAa3HOCTh KOAPPHUIMEHTOB TEPMUUECKOTO PACIIUPEHUS COCAMHSEMBIX MaTEPUAIIOB.
TBepaeer kel mpu KOMHATHOM Temmeparype u nedopManyu jaetaneil He BbI3biBaeT. llpum
JOCTAaTOYHOW JKECTKOCTH HMX KOHCTPYKIMH, WJIA HEHOPMHPYEMOW BeIHYUHE JedopMalu,
CKJICEHHBI KOMIIOHEHT JUIsI YCKOPEHHs Tpollecca MOJMMEpPH3aluy Kies M TpuoOpeTeHHs] UM
BJIaro-, BOJAOCTOMKOCTHU miporpeBatot rnpu 60°C B TeueHue 3 — 5 u.

Kneti OK-72® — pacTBOp MpeACTaBISIOMIUM CO00M CMECh JBYX KOMIIOHEHTOB: MOKCHIHON
cmonbl D/I-5, pacTBOpEHHON B (DEHUITIUIMIHOM d(PHUpPE U BEpaToHE, U ONpPeNesEHHON (PpaKiuu
MOJIUATUIICHTIONMAMUHOB, MOJU(MUIIMPOBAHHOW (EHUITITUIUAHBIM 3upoM. HMcmonb3yroT s
CKJIEMBaHMUS JeTajeil W3 KPUCTAUIOB, M3 CTEKJIAa C pa3IMYHBIMU TOKPBITUAMH, JeTalel,
paboTaronINX B YCIOBHUSIX BIAKHOTO TPOITMYECKOTO KIMMAaTa, COEIMHEHHS CTEKIa C METAJUIOM, IS
repMeTH3aluu MeX(aCOYHOTO MPOCTPAHCTBA JIETalel, CKJICEHHBIX 0aJlb3aMUHOM U 0aib3aMoOM IpU
IIOCJIEAYIOIIEH 3aKaTKe KOMIIOHEHTa B OIPAaBbl. TBepAceT KIEH IPU KOMHATHOM TeMIEparype U
neopMaIuu JeTancii He BhI3bIBACT.

Knett MMA — cmech NByX pacTBOPOB JMOKCHIHOW CMOJIBI B TEPErHAaHHOM MOHOMeEpE
MeTuiMeTakpuiara. OOUH M3 HUX COJCPKUT TPUAUTWILHMAHYypaT M JUMETWIANWINH, IPYyroin
nepekuch OeHszosa. IIpofomkuTenbHOCTE pabovyero COCTOSIHUS —Kiesl [0CiIe€ CMELIMBaHUs
KOMIOHEHTOB — okoJio 20 muH. [Tomumepusyercss mpu KOMHATHOH Temrmeparype u Jegopmanuu
neraned He BbI3bIBaeT. Kiell He TokcuueH. MCronb3yroT ero aid COeAMHEHHUs JeTalel U3 CTeKia
aruameTpoMm 110 900 MM, paboTaIOUINX B Pa3IMYHBIX KINMATUYECKUX YCIOBUSX.

Cnnae TKC-1 — TepMOIUIACTUYECKUI KJIEH, UCHOJIB3yEMbIN Al COCIUHEHUS JeTayled U3
MaTepraloB ¢ Ko3(pdUIMEHTaMU IpeIoMIIeHnus 7,>2 (apCceHH] U aHTUMOHUJ MH[MSA, T€pMaHUi,

kpemauid, crékna MKC-24, MKC-26, HNKC-30 u jap.), oauHakoBBIMH Ko3(duimeHTamu
TEPMHUUYECKOI0 PACIIMPEHUS U JOIycKaomuMu Harpes 0 170 © C.
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Jleknusa 4. CTekyia onTHYecKHe ¢ 0COOLIMH CBOMCTBAMHA

1. LiBeTHBbIE ONITHYECKHE CTEKJIA

[[BeTHBIE  ONTHYECKHWE CTEKJIAa MPUMEHSIOT Ui  W3TOTOBJIEHUS  CBETO(MIBTPOB,
OTPaHMUYMBAIOIIUX WM OCHAOJISAIOMIMX MPOMYCKAHWE CBETA, 33JaHHOTO CIEKTPAIbHOIO COCTaBa.
OCHOBHOW  XapakTEpUCTUKOWH IIBETHOTO ONTHYECKOTO CTEKJIa SBJSETCS HOPMHPOBAHHAS
CTeKTpaJibHAasl KpWBash 3aBUCHMOCTH CBETONPOIYCKAaHHs T) WM ONTHYECKOW IuIoTHOCTH D) oOT
JUTUHBI BOJTHBI A. KaTamor mBeTHOro ONMTHYECKOTO CTEKJa, BBIITYCKAEMOI'O MPOMBIIUIEHHOCTHIO,
coaepxkuT 117 Mapok pa3fesieHHbIX 10 15 TUTIOB B 3aBUCUMOCTH OT 11BeTa. B 0003HaueHuu crekia
UCTOJB3YIOT 2-3 OyKBHI a 32 HUMHU 1M pbl. Hanpumep: YOC-1 (ynbprpaduoneroBoe ctexio), XK3C-
5 (xenro-zenenoe crekio), C3C-22 (cune-zenenoe crekio), 3C-11 (3eneHoe crekino). Okpacka
CTeKJIa 00YCIIaBIMBAETCSl BBEACHUEM B €TI0 COCTaB XMMUYECKUX KpPACAIIMX BEIIECTB (KpacuTesei)
KOTOPBIE MOTYT HAXOAMUTCS B CTEKJIE B MOJIEKYJIIPHOM PAaCTBOPEHHOM HJIM KaJOUTHOM COCTOSIHHH.
MonekynsipHble KpacUTeNd - OKUCIBI TSOHKENBIX METAJIOB: KOOaJIbT, Kene30, HHUKeIb H Jp.,
KOTOpBIE TIPU BapKe CTEKJa MOJIHOCTHIO PACTBOPSIIOTCS B €0 OCHOBE. XapakTep CIEKTPaJbHOU
KPUBOW MPOMYCKAaHUS y CTEKOJI OKPAIIEHHBIX MOJICKYISPHBIMUA KPAaCHTEISIMH TP H3MEHEHUHU
KOHIICHTPAlMU KpacuTeslel MPaKTUYeCKH HE W3MEHSETCS, a W3MEHSETCS JIMIIb WHTETPaTbHBIN
Kod(QUIMEHT cBeTompoIyckanus. M30upaTenbHOE TNOTJIOMIEHHE CBETa B HHUX OOYCIOBIEHO
PE30HAHCHBIMU KOJIEOaHUSAMHU 3JIEKTPOJIOB KpacuTenel. Ilpu BTopuuHON TepMooOpaboTKe OKpacka
CTEKJIa HE U3MEHSETCS.

Oxpacka CTEKOJ KaJOUTHBIMH KpPacUTEISIMH: 30J0TOM, cepedpomMm, cyiabparaMu H
CeNIeHUIaMH Ka/IMUsI OCHOBaHA Ha M30MpPaTEIbHOM pAaCCEMBAHUM CBETA JTUCIIEPCHBIMU YaCTUYKAMHU
kpacureneil. CTekia conepkamye KaJOWJHbIE KPAacHUTEIH B aTOMapHOM COCTOSHHHM OECIIBETHHBI.
Oxpacka MOSIBISIETCS B pe3ysbTaTe pocTa Melbyalnx KpuctanaukoB metamuia (L=100 um) npu
BTOpPUYHOM HaBojake. Hawmbombimee pacmpocTpaHeHHE Cpeau STHUX CTEKOJ  IMOIYYHIIN

CEJICHOKAIMHEBBIE CTEKIIA, UMEIOILUE JKENTYI0, KPACHYIO U OPAaH)KEBYIO OKPACKH.

2. CrekJjia cBeTOpaccenBaloIue

Crexiia cBeTopaccewBaroliie (MOJIOUYHBIE) TMPUMEHSIOT JUIsi U3TOTOBJICHHS  JeTallel
T Gy3UNOHHO PACCEHBAIONINX MPOXOISIINN WU OTpakeHHBINH cBeT. Mx oOo3nauenne MC. Onu
MIOJTyYHMITH PAcCEeMBAIOIINE CBOWCTBA Onarojapsi BBEACHUIO B UX COCTaB COCAMHEHUH (ropa wim
¢dTopucToro HaTpus, 0OECIEYNBAIONINX "TIIyIIeHHEe" CTEKIIA.

3. CrekJia (pOTOXpOMHBIE
Crexna ¢poTOXpOMHBIE 0OpATHMO M3MEHSIOT CBOIO NMPO3PAYHOCTh B BUAWMOM YacTH CHEKTpa

B 3aBUCHUMOCTH OT BCIHMYMHBI OCBCIICHHOCTH W JJIIUTCIBHOCTH O6J'IyquI/I$I. ITocme MMpEKpaliCHusA

OoONMydeHHsI TPOIyCKAaHWE CTEKJa BOCCTAaHABIMBACTCS. VX TPUMEHSIOT JUIS W3TOTOBJICHHS



CBETO(QWIBTPOB, CBETO3AIIUTHBIX OYKOB U d3KkpaHoB u o0o3HagaroT DXC. OCHOBHBIMU
XapaKTepUCTUKaMH (POTOXPOMHBIX CTEKOJ sBIseTca: KoddduimeHT ¢oroxpomHocTH Ky - 31O
BEJIMYMHA XapaKTEPU3YIOIIasi YMEHBIIEHUE ONTHYECKON TUIOTHOCTH 3a 30 CeKyHJ TEPMHUYECKOTO
o0ecI[BeUNBAHNSA; YyBCTBUTEJIBHOCTh S¢ - BEJIMYMHA OOpaTHasi KOJMUYECTBY OCBEICHHOCTH IS

MOJIy4eHUs J00aBOYHOM ONTHYECKOM TUNIOTHOCTH paBHOii 0,2.

4. PaiuanmnoHHO CTOliKHeE CTEKJIa

PagnanmoHHO CTOWKME CTEKJIa - 3TO CTEKJIa KOTOpPHIE COXPAaHSAKT CBOM CBOWMCTBA IO
BO3/ICCTBUEM HMOHU3UPYIOUIET0 U3Ty4eHHUs. BOJIBIIMHCTBO OOBIYHBIX ONTHYECKUX CTEKOJ O]
JNEHUCTBUEM paJlallii TEMHEIOT, YMEHBIIIAETCSI UX CBETOMPOMYCKAaHUE IO 3HAUYCHUS 3aBUCSIIETO OT
J03bl paJMallMd M COCTaBa CTEKJA. YCTOMYMBOCTH CTEKJAa K BO3JACHCTBUIO HOHU3HMPYIOLIETO
W3JIYyYEHHS] XapaKTepU3YEeTCs NPUPAILIEHUEM ONTUYECKON TIIoTHOCTH ADy. IloBblieHue
paMalluOHHONW YCTOWYMBOCTH CTEKOJI JIOCTUTACTCS BBEACHHEM B COCTaB J00aBOK, CIOCOOHBIX
MpeA0TBpaIlaTh 00pa3oBaHue EHTPOB okpacku. Hanbonbmmii apPext nocturaercst BBEIEHUEM B
kauecTtBe n00aBku okucu 1epus CeO,. Crexna conepxamne CeO, COXpaHSAIOT CBETONPOIYCKaHUE
npu 061yuennn no3amu 10 10°° pentrena u o6o3uauaror cepuu Boiure 100. ITo gpyrum cBoiicTBaM

paauamoHHo cToiikue crekia cepuu 100 He OTIMYaroTCst OT CBOUX aHaIoroB cepuu 0.

5. CtekJia onTHYeCKHE JIOMUHECITUPYIOIIUE

Crekia onTHYECKUE JTFIOMUHECITUPYIONINE aKTUBHPOBAHHBIC HEOMMOM UMEIOT Y3KHE TTOJIOCHI
JIOMUHECUEHIIMY, mpuueM Ha 1nosocy 1060 HM mnpuxogutrcs g0 80% Bcell sHepruu
JIOMUHECHEHITNU. VX HCIONB3YyIOT UII W3TOTOBICHHS AKTHBHBIX 3JIEMEHTOB B TBEPAOTEIBHBIX
OKT ¢ mmuamu BosH 900, 1060, 1300 uM. CriekTp MOTJIOMIEHUSI CTEKOJI MMEET MHOTO TMOJOC B
BUJIUMOW M OnvkHEW nH(pakpacHoi obmactu ciektpa. Crekna o6o3nauarot ['JIC (reHepupyroriue
JIOMUHECITUPYIOIINE CTEKIa), XapaKTePU3YIOTCS MoKa3aTelieM MOrJomieHus K, mpu [yiMHe BOJIHBI

A=586 um. 3nauenue K; nHaxomurcs B npenenax 0,19-0,47.

6. UndpakpacHbie 0e3KHCI0POJIHBIE CTEKJIA

NudpaxpacHble 0€3KUCIOPOIHBIE CTEKIA 3TO CTEKIO00Pa3HOE BELIECTBO, OTIIMYAIOIIEECS OT
OOBIYHEIX CTEKOJ TEM YTO B MX COCTAaBE HET XMMHUYECKHUX COCI[I/IHCHI/Iﬁ COZCpIKAINX KHUCIIOPOd, a
IpOLIECC CTEKI000pa3oBaHUS TPOUCXOAUT B OeckuciaoponHoil cpeme. Hambonee wu3BecTHBI
XAJIBbKOXHUJHBIC 6€3KI/ICJIOpOI[HI>Ie CTCKJIa, OCHOBHBIM KOMIIOHCHTOM KOTOPBIX MABJIACTCA TPEX
CGpHHCTBIfI MBIIIIBAK, CCJICH, FepMaHI/If/'I, TCIITYDP. XaJII)KOI‘eHI/IIIHI)IC CTCKJIa MTPO3pavYHbIC B
uHppakpacHoil oOmactu crnektpa oT 1-17 wMkM. IMeOT BBICOKYI0 XHMHYECKYI0 U
TEPMOXUMHUYECKYI0 NpOoYHOCTh, 00Oo03HauaroT MKC, pasnnuaroTcss rpaHuniaMu TNpPOIMYCKaHUS U
nokasareneM IpejomieHus. be3kuciaoponHsle HMH(pPaKpacHbIE CTEKJIA MCHOJB3YIOT IS
M3TOTOBJICHUS ONTHYECKHUX JETalled M BOJOKOHHBIX JJIEMEHTOB PA0OTAOIINX B WHPPAKPACHOM

Jara3oHe.



7. CTekJ10 oNTHYECKOe KBapLeBoe

Crekio OoNnTHYECKOE KBAapLEBOE 3TO OJHOKOMIIOHEHTHOE CHUJIMKAaTHOE CTEKJIO Ha OCHOBE
kpemHeseMa Si0,. OHo o0namaeT cieayonuMu GU3NKO-XUMHIECKUMU CBOMCTBAMH:

1) [Ipo3payHOCTh B IMPOKOM JHana30He BOJIH U paAH0ovyacToT.

2) Bolcokas TEpMOCTONKOCTb.

3) Xumudeckas 1 paauallMOHHasi yCTOWYUBOCTbD.

4) Manbliii KO3(pPUIUEHT TUHEHHOTO pacCEenBaHUS.

OnTuueckue KBaplEBble CTEKJIa MPUMEHSIOT JUIsl HM3TOTOBJICHHS IPO3PAYHBIX JIIOKOB
JIeTaTeIbHBIX allllapaToB, YrOJKOBBIX OTpaxarened, akTUBHBIX 31emeHToB OKI', o6omouek
HCTOYHUKOB CBETAa U JPYrUX ONTHYECKHUX JETajeil MOJBEpraroluxcs pPe3KUM TeMIIepaTypHbIM
BO3JICHCTBUAM. B 3aBHUCHMOCTH OT OCHOBHOM OOJIACTH CIIEKTPAIBHOIO MPOITYCKaHUS BBITYCKAETCS
OTITHUYECKOE KBApIEBOE CTEKIIO0 cheayrommx Mapok: KY1, KY2 - npo3pauynsie B ynbTpaduoieTOBOM
obmactu cnekrpa, KB, KBP - mpospaunsie B Bumumoii obnactu crnekrpa, KW - mpo3spadnsie B

nH(ppaKpacHO# 006IacTh CHeKTpa.

8. OnTnueckne CUTANIBI

Curtamnel - 3TO0  0COOBIM  KJIacc  CTEKIOKEpaMUYECKMX  MaTepHUajoB, HMMEIOIINUX
MUKPOKPUCTATMYECKYIO CTPYKTYPY C KpHUCTaJLIaMH pa3MepoM He Oosiee 1-2 MKM, paBHOMEpHO
pacripenielieHHBIX TI0 BceMy o0OBeMy CTekiooOpa3Horo BemiectBa. ONTHYECKHE CHTAJLUIBI
OTIIMYAIOTCSI 0CO00 TOHKOM 3€PHHUCTOM CTPYKTYPOM, pa3Mephl KPUCTAJUIOB HE MPEBBIIIAIOT JTHHBI
MIOJTyBOJIHBI BHJIMMOTO YydJacTKa crekTpa. OnTHYecKas MIOTHOCTh KPUCTALIOB U CTEKJIOBHUIHOMN
Macchl COBIAJAIOT WM ONU3KH MEXTY COOOW YTO MCKIIIOYAaeT CBETOpAcCEMBaHHME Ha T'paHUIAX
pasnena a3 "crekno - kpuctaui'. CHTaUIBI UMEIOT TOBBIIICHHYIO MO CPAaBHEHHIO CO CTEKIIOM
TEPMOCTONKOCTh, MEXaHMUYECKYIO MTPOYHOCTH M TBEPAOCTh. KoadduimeHT nuHeiHOro pacmupenus
HEKOTOPBIX MAapOK MPHOIMKEHHO paBeH HYNI0. B onTWYeckol MPOMBINUIEHHOCTH MPHUMEHSIOTCS
cutamisl: CO115M, CO156, CO21.

CO115M - TepMOCTOMKHI cUTAILT ¢ MAJIBIM OJIM3KUM KO3 (DUITMEHTOM JTMHEWHOTO TETIOBOTO
pacmupenus. [IpUMEHSIOT Ui M3TOTOBJICHHUS ONTHUYECKUX JEeTajel B KOTOPHIX HE JIOMYCKAaeTCs
u3MeHeHne (OpPMBI TMOBEPXHOCTH C W3MEHEHHEM TeMIepaTyphl: aCTPOHOMHYECKHX 3epKal,
ONITUYECKUX JIeTalell THPOCKOIIOB, TIOJICTABOK HHTEP(PEPOMETPOB.

CO156 - curann ¢ ManbM K03()(HUITMEHTOM JIMHEHHOTO TEIUIOBOTO pacuinpeHus. OTindyaercs
MOBBIIIEHHONW MPO3pPayHOCTBI0 B BHUIMMOHM 00JacTH CHEKTpa | JIydlIed OJHOPOJHOCTHIO.
[TpuMeHSIOT 15t U3TOTOBJIEHUS MPOOHBIX CTEKOJ U JAeTaNel N3MEPUTENEHON TEXHUKH.

CO21 - curamn ¢ MabiM KO3(pPHUIIMEHTOM JIMHEHHOTO TEIJIOBOTO paclIupeHus B npeaenax 0-
+350°C. OoO6mamaeT MakcuMaabHOM TepMocToikocThio (M0 +700°C) w  MakcuMaabHOM
OTHOCHUTEIIbHOW TBEPJOCTHIO IO CONUIH(OBHIBAHUIO. [IpUMEHSIOT A HM3TOTOBJICHUS JeTalei

IpuOOPOB Ja3epPHBIX TUPOCKOIOB U MPUOOPOB PabOTAIONINX B KOCMOCE.



Jlekuus 6. MeToabl CTEeKJI0BapeHUs

1. TexHOJIOrHYHOCTh COCTABOB CTEKJIa

CocTaB ONTHYECKOTO CTEKJa HA30BEM TEXHOJOTHYHBIM, €CIH JJIsi €r0 H3TOTOBJICHUS C
3aJJaHHBIMH 3HAYCHUSMHU ONTHYECKHUX IMAPAMETPOB MOXKHO MPUMEHHUTH MPOBEPEHHBIN IKOHOMUYIHO
3¢ dEKTUBHBIA TEXHOJOTHYECKHH MPUEM C YIeTOM BCeX ocoOeHHOocTel mpow3BojcTBa. OCHOBHAsS
3a/laya TpU BapKe ONTHUYECKOTO CTEKJIa TOJIYYUTh JUIS JAHHOW MapKH 3HAYCHUE IOKa3aTens
npenomiienus u gucnepcun 3agaHHbie ['OCTom. Beimonnenwe 5ToM 3amauMl NPUBOJUT K
MHOTOKOMIIOHEHTHOMY COCTaBY CMECH M CO3[aeT psija TPYAHOCTEH B OCYIIECTBICHHWHU Mpoliecca
BapKH BBICOKOKAYECTBEHHOTO cTekia. ONTHYEeCKOe CTEKJI0O MHOTUX MapoK HETEXHOJIOTUYHBIL:
MY3BIPHBI, TYTOTUTABKH, OYE€Hb YaCTO 3aTPYJAHEHA TOJTrOTOBKAa M OYHCTKA CHIPHEBBIX MATEPUANIOB,
M3TOTOBJICHHE COCYAOB JUIS BapKH M MEUIAJIOK, PETryJMpOBKa Ipolecca Bapku. Jlpyras BakHas
3ajjaya MOJIYYUTh BBICOKYIO CTETIEHb OJJHOPOJHOCTH ONTHYECKOTO CTeKIa 000 Mapku. Pemenue
ATHX 3aJad OIpeNeNsieT BCIO TEXHOJOTHIO MPOM3BOJCTBA ONTHYECKOTO CTekina. B cocras
HEKOTOPBIX 0COOBIX CTEKOJI MOTYT BOOOIIE HE T00ABISATHCS CTEKIO00pa3yIOIIUe OKUCITHL.

2. CpIpbeBble MATEPUAJIBI

KucnoTHele, mienoyHbsle W MIETOYHO3EMENbHBIE OKHCIBI BBOJSAT B COCTaB CTEKJIAa B BHUJIE
MPUPOJTHBIX MATEPUAIOB, MPOJTYKTOB XUMUYECKONW MPOMBINUICHHOCTH. JIJIsT TIOMy4YeHHs ITUPOKOH
HOMEHKJIATYPhl ONTHYECKUX CTEKOJ BBICOKOTO KauecTBa M B YACTHOCTH CTEKOJI pabOoTaloMMX B
nH(ppaKpacHON 00JIACTH W3IyYCHHS MPUMEHSIOT CTEKIOMATEepPHAIbl B BUAC XUMHUYECKH YHCTBIX
PEaKTUBOB, a BMECTO KBapIeBOTO IecKa - JKUPHBIA KBapi. B Ta0iuile NpbIBEICHBI TIABHBIC
XUMHYECKNE KOMIIOHEHTBI, KOTOPBIE HCIIOJB3YIOTCS JUIS TOJydeHHUs crekia. CTekiioMaTepuabl
UCIOJIL3YIOT B BHje 3epeH pasmepom or 0,05-0,03 mm. 3epHa Oosbliero pasmepa, 0COOCHHO
TYTOTUTABKUX KOMIIOHEHTOB, TJIOXO TIPOBAPHUBAIOTCS U MOTYT OCTaBaThCS B CTEKJIE B BUJE KAMHECH.
3epHa MEHBIIETO pa3Mepa KOMKAIOTCS M TOXKE€ HE MPOBAPHBAIOTCSA. Marepuaibl MOTJIONIAIONINE
Biary u CO; u3 BO3/lyxa KOMKAIOTCSl U KOMKAIOT CMECh, PACIUIBIBAIOTCS CO3/1aBasi HEOAHOPOIHOCTh
cocTaBa CMeCHM 1O ee 00BeMy, YTO CHOCOOCTBYET TIOSIBICHHIO HEOJHOPOTHOCTEH B CTEKIIE.
[TpumecHu B cMecH MOBBIIIAIOT €TO CBETOIOTJIOIIEHHE, OKPAIINBAIOT cTekio. Hanbomnee BpenHbIe:
Kene3o, XpoM, HUKeNb, MeIb. B Marepuanax, HCIOJB3yeMbIX Uil BapKH ONTHYECKOTO CTEKIa,
JIOJDKHO CoJiepKaThes He OoJliee: xenesa - 200°10'5%, HHUKEJA - 5°10'5%, XpoMma - 10°10’5%, MEIH -
20010°%. KpoMe OCHOBHEIX (BblIe B TAONHIE) KOMIIOHEHTOB B COCTaB CTEKTA B MAbIX
KOJIMYECTBAX BBOJST YCKOPUTEINHN, OCBETIUTENH, 00ECIIBEUNBATEIH.

YCKOpPHUTENN YMEHBIIAIOT TEMIIEPATyPy BapKu CTEKJIA U CIIOCOOCTBYIOT OCBETIICHHUIO CTEKJIA:
coequaenus ¢propa, B,O3;, aMMoHuUlHBIE COJH.

OcBeTnuTenn COACUCTBYIOT yIaJCHUIO My3bIpel U3 CTEKJIa B MPOIECCe BapKU. ITO TPUOKUCH

MBIIIbSKA, CYPbMBI.



ObecrBeunBaTey CrIOCOOCTBYIOT MOTYYCHUIO CTEKIa O3IBETHBIX OTTEHKOB, HEUTPAITH3YIOT
neiicteue xene3a, nepeoas FeO B Fe,O;. DTO TpPEeXOKUCH MBIIIbSAKA, CypbMbI, cenutpa, NaCl,
NaySOy4, hTopuabL.

3. [loaroroBka CTeRJioMarTrepuajaa

[TonHBII IKUKII TOATOTOBKU CTEKIOMATEPHAIIOB COCTOUT U3 TEXHOJIOTMYECKUX ONEPALINN:

1) npoGnenue;

2) nomos;

3) obGorarieHue;

4) cymka;

5) npoces;

6) ycpenHeHue.

Creknomarepuaibl MPOXOIAT pa3IMUHbIE ONEpali TEXHOJIOTMYECKOT0 LUKJIIA TOATOTOBKH B
3aBUCHUMOCTH OT HCXOJHOTO COCTOSIHHSA, B KOTOPOM OHHU HaxoAATCA: KYCKOBOM, CBIIIyYEM,
rUrpockonuyHoM. CrekiiomMaTepuanbl XpaHAT B CHELUAIBHBIX CKJIaJaX, KaKIbli B OTIEIBHOM
OTCEeKe, YIIaKOBAHHBIA B MEIIKH, O0UKH, OaHKH, a SIOBUTHIE - B CHEIMAIbHON BaKyyMHOU Tape, B
3aKpbITOM mnoMmemieHuH. [loAroToBka KBapleBOW MyKU JUIsl CTEKJIOBApEHUS BBINOJHAIOT Ha
cHeluagbHOM TexHojorudeckoi nuHum (puc.6.1). Kycku kBapua u3 ckiaza | mnoparores
rpeiidepHbIM KpaHOM 2 B STYEHKH, KOTOpbIE UMEIOT pazmep 250x250 mm. M3 OyHKepa JOTKOBBIM
nuTaTesieM 4 0cBOOOXKIAIOT MO TOPOre OT 3eMJIM M MEJIKMX IPUMECEH, KBapll MOJAETCs B ILIEKOBYIO
IPOOHIIKY 5, U3 KOTOPOH BBIXOIAT KYCKH pa3zmMepoM okojio 50 MM. OHHU TOJAIOTCS JICHTOYHBIM
KOHBeWepoM 6 M KOBIIOBBIM 3JIEBATOPOM 7 AJisi IPOMBIBKM B OyHkep 8 u OapabaH 9 KOTOpbII
Bpamiaercs ¢ yactoroi 10 o6/muH; nuametp O6apadana okono 500 mM, amuHa 2000 MM, HAKITOHEH
nox yrioMm B 3°. B Gapaban 9 BMecTe ¢ Kyckamu cTpyeil momagaer Boaa u3 comen 10. Ksapu
OTMBIBAETCS U CroN3aeT 1o JoTKy 11 B meus oOxwura 12. [leus BHYTpH QyTepoBaHa OrHEYITOPHBIM
MaTepHUaIoM, HEMIPEPHIBHO BPAIIAETCS CO CKOPOCThIO 2 00/MuH, auametp meuu 800 MM, JITHHA TeYn
4000 MM 1 HakJIOHEHa O] yriioM 2°. B meun co3naercs miuamst popcyHkamu 13 mpu Temreparype
900°C, Bpemst mpoxoxaeHust kKyckoB 10-15 mun. U3 meun 12 kBapi nepuoanuecKkl mojaeTcsl Ha
POTOPHBIN MOABEMHUK |4 KOBIIM KOTOPOTO B HM)KHEM IOJIOKEHUM IMPOXOJAT uepe3 Oak 15 ¢
X0JIOAHOM BojoM. Jlasiee kBapil mogHUMAaeTCs B OyHKEp, BOJIa CIIMBACTCS, a KBapIl MOACYIINBACTCA
BHYTpPEHHHUM TeruioM. [lociie pe3koro oxjaxkJaeHusi OH TEPSIET MPOYHOCTh U B TPyOUaTOM MI1apoBOit
MenpHulle 20 jerko pazmansiBaercs. Ha nente tpancnoprepa 16 xBapir o6ayBaercs u3 coria 17
C)KATbIM BO3yXOM JUISl OYUCTKU OT MEJIKHUX YacCTHULl, CJIIO/bI ¥ NbUIH. [ToMoJ1 0005KKEHHOr0 KBapua
- B mapoBoil MenpHHIE 20, GapabaH KOTOpOW BpamiaeTcs CO CKOPOCThIO 28 00/MUH, JUHA
0apabana 6000 MM a muamerp - 1800 mm. Ha BXOgHOM KOHIIE MEIHHHIIBI HAXOJIUTCS MPHEMHOE
cuTo 21, Ha BBIXOJHOM - KOHTPOJIbHOE cUTO 22. OTCEeBBI MOJAIOTCS MO TpydaM 23 it TOBTOPHOTO
nomoJa, Myka B OyHkep 3anaca 25. CopTupoBKka 000KKEHHOTO KBaplia POU3BOJANUTCS BPYUHYIO Ha
JEeHTOYHOM KoHBeiepe 24. Kycku uyepHble, JKEATble C NPOXKWIKAMHM IOJEBOro MLInaTa

otOpaceiBatoTcst. Oco00 YMCThIE KYCKH OTOMPAIOTCS ISt BAPKK 0CO00 MPO3PAYHBIX CTEKOJ, a 3aTeM



MIOATOTABIMBAIOT OTJACIBHBIMYU MOpLUUAMHU. KBapiieByr0 MyKy KOHTPOJIMPYIOT Ha 3€pHUCTOCTh U Ha
coJlep’KaHHME TpuUMeceil Jkeie3a JUIsl  yCTaHOBIEHHS cOopTHOCTH. [lpumensitor eme u
AJIEKTPOTUIPABINYECKUE IPOOMIIKH, B KOTOPBIX KBApI] pa3pyllaeTcs MOIIHBIMH THIPABINYECKUMU
yaapamn. OGoraiieHue KBapIeBOH MyKH, yaapstomeil mpumecn skeresa 10 3-107%% s
MIPOU3BOJICTBA 0CO00 MPO3payHbIX cTekol. BemonastoT B kumsiieit HCI pacTBopsirorieii sxene3o B
TeueHud 12 yacoB B QapdopoBbix KoTiax. CIUB pacTBOp KHUCIOTHL MYKY HPOMBIBAIOT
JUCTUJUIMPOBAHHOW BOJIOM, Oypisiiiel noj AelcTBUEM To1au CHU3Y Bo3ayxa. Ilocne oOoramenus
KBapLEBYI0 MYKY CYIIaT B KBaplLEBBIX CYIIMWJIKaX. TOJBKO CTOJIb TIIATEIBHOE IMPUTOTOBICHHUE U

oboraieHre KBapiia mo3BoJIsIeT BAPUTH CBEPXIIPO3padHble cTekna ¢ noryiomeruem 0,1-0,2%
4. PacyeT U MPUTrOTOBJIEHHE HIUXThI

[lluxta - cMech MpPeABAPUTENBHO TOJATOTOBJICHHBIX, OTBEUICHHBIX IPH OIpPEIEIIEHHOM
COOTHOILIEHUH M TMEpPEMEIIaHbl JI0 MOJHOW OJHOPOJHOCTH cTeKiIoMaTepraia. YacTe KOMIOHEHTOB
IIMXTHl TIPH HAarpeBe yJIETyYHBAETCs, WHOI/A IOJHOCThI0. HekoTopple mnpuOaBisitOTCS H3-3a
YaCTUYHOTO PAacTBOPEHUSI CTEHOK cocyna (TOpIlKa) B KOTOpOoM BapsT creksio. Habop marepuanos
BBIOMPAIOT OIEHHUBAasE UX TEXHOJOTMYHOCTh, YHUCTOTY M IIEHY. TEeXHOJOTHYHOCTH OIPEACISIIOT
MaJIOH THTPOCKOITMYHOCTHIO, 3€PHUCTOCTBIO U ChIITydecThi0. CTENeHb YUCTOTH CTEKJIOMAaTepHAIIOB
ISl CTEKJIOBAPEHHBIX 3aBOJIOB OTPEJIENISIETCS] BO3MOKHOCTHIO TIOTYUYEHUS TPUPOIHBIX MaTEPUAIIOB,
MpenapaToB XHUMUYECKUX TPOHU3BOJICTB, TPEOYIOMEH KOHIAMIMU M WX SKOHOMHYECKH BBITOJHOMN
neHoil. CMech cTekioMarepuana 0 3aChIIKU J0JDKHA OBbITh ChIMy4ed M HE LEMEHTHUPOBATHCS.
[IpoBapuBaHue COCTABISIOMIMX IIUXTHl JOJDKEH HACTyNaTh OJHOBPEMEHHO TpU ONU3KHUX
3HAYEHUSAX TEMIIEpaTyp, 4YTOOBI JIErKO OOpa30BBIBAINCH HYKHBIE XHMHUYECKHE COCIUHECHUS.
ConepxaHue U COCTaB Ira3oBBIX Cpel JOJDKEH CIOCOOCTBOBATh OCBETJIEHHIO cTekia. OKuciaMm B
CMECH OTHAeTCsl MPEANOYTEHHE, HO OHM HMMEIOT BBICOKYIO TEMIIEpaTypy BapKd H 3aTPYAHSIOT
OCBETJICHHE - B HIMXTY J00ABIISAIOT COJIM. PacueToM ycTaHaBIMBAIOT CTEKJIOMATEPHAJIbl, KOTOPHIE
HEOOXO/IMMO BBECTH B COCTaB CMECH, NMPUTOTABIMBaeMOW Ui Bapku. llepexon oT okucia B
CHHTETHYECKOM COCTaBE€ CTEKJIa K XHUMUYECKUM COCJHHEHHUSM KOTOPHIM OH BBOJHUTCS Yepe3 Tak
Ha3bIBAEMbIE€ IIMXTHBIE MHOXKUTEIM CBEJICHHBIE B CIIPABOYHBIE TAOIHIIBI. DTOT pacyeT YYUTHIBACT
KaK yJIeTy4yuBaHUE TaKk M NpHOaBlieHNE HEKOTOPHIX COEAMHEHUN B Ipoliecce Bapku cTekia. Pacuer
IIUXTHl CIYXUT OCHOBHOW /ISl TIOJyYEHHs 3a/JaHHBIX 3HAYCHWH ONTHYECKUX MOCTOSHHBIX H
JOMYCTUMBIX 3HAYEHHWI CBETOTOTJIONICHUSI M I[BETOBOW OKPAIIEHHOCTH CTEKiIa. B3BemmBaHue B
KOJIMYECTBAX YCTAaHOBJEHHBIX pacueToM MHUXThl ¢ TouyHOCThiO A0 0,1%. B3BemmBanue u
CMEIIMBAHKE B OMPEICIICHHOM MOPSIKE B 3aBUCIMOCTH OT CBHIITy4eCTH M KOMKOBaHHS MaTEpUAIIOB.
CMmemmBaHue MpOUCXOMUT B Oapabanax, Bpamarommxcs ¢ yactoroil 20-40 o6/muu. KoHTpoisb
KadecTBa MEpEeMEIINBAaHUS OIpeeNsieTcss MpodaMu, KOTOpble OepyT M3 CMECH B Pa3JIMYHBIX

y4acTKax ee 00bema, JOMyCTUMOE OTKIIOHEHHE OT CPEJAHETO COCTaBa He JAOJHKHO MpeBbImaTh 3%.
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Jlexkuus 7. Crnoco0b1 1 000pyA0BaHMe 1JISI BADKH ONITHYECKOI0 CTEKJIa

1.I'opuikoBblie nmevu.

['opuikoBbie MeYM Ui BapKH ONTHYECKUX CTEKOJ JIOJDKHBI BBIICPKUBATH JUTUTENBHBIA CPOK
HarpeBa 10 1000°C, obecrieunBaTh BO3MOXHOCTh ONEPATUBHOIO PETYIUPOBAHMS TEMIEPATyphl B

nmeun ¢ TouHocThio *+10°C, WMeTh OKHCIOMTENbHBI MIM BOCCTAHOBHTENHHBIH XapakTep
atMocdepsl B meyd. s peanu3anuy TEXHOJIOTUYECKOTO IMpOIecca BapKH ONTHYECKUX CTEKOI
BBICOKOTO KayecTBa M IIMPOKOW HOMEHKJIATypbl MapoK TpeOYIOTCS Ie4d C MaHEBPEHHBIM
TEIUIOBBIM pekUMoM B mpenenax temnepatyp 700 -900°C u 1500 - 1600°C. B onHOM neun Hemb3s
BApUTh OJTHOBPEMEHHO CTEKJIA ABYX MAPOK, T. K. OHU UMEIOT PA3IINYHBIE TEIUIOBbIE PEXKUMBI BapKU.
TemoBast ropiikoBasi CTEKJIOBapHasl Ieub Moka3aHa Ha Puc. 7.1 cocrouT u3 BepxHel paboueit
gactu pazmepamu 3500x3000x3000 MM, HaxoadIIEHCs HAaJl YPOBHEM 11€Xa, U HUKHEH, pasmepaMu
7000x3000x3000 MM, cOCTOSIIIIEH U3 pEreHEPATOPOB, PACTIOIOKEHHBIX HAJl TIOJIOM IIeXa.

[leub uMeeT 4dYeThIpe CHMMETPUYHO PACIOJIOKEHHBIX IIAaXThl 2 W 3 pereHeparopa,
3aIlOJIHEHHBIE KUPIUYHOW KIIAJKOW M MEePHOJMUYECKH TEePEKIIIOYArOIrecs 1Be MIaxThl 2 paboTaroT
JUI TIOJIOTpeBa BO3/JyXa W JIBE LIaXThl 3 — I MOJOTPEBA TOPIOYEro ra3a ropsyuMH razamu U3
orxonsamen kamepbl neud. IllaxTel pereHepatopa depe3 HacadHble IIaxThl 1 CBsA3aHBI C
nsiMoxosioM 10. Kapmans! 4 ciiykaT A1 OYMCTKH N1€YU OT pacIUIaBI€HHON HIMXTHI, HE MOMAaBIIEH B
TOPIIOK, WIN BBITUIECHYBILIEHCS U3 HErO NIPU CIIEHUBAHUU, U CHATHUS MEHKU.

Cmech Bo3zlyxa U raza oopasyercst yrapesnok. [anee ruiams nonaaaer B pabouyro kamepy 6, B
KOTOPOM YCTaHOBJIEH CTEKJIOBAapEHHBIA NOPIIOK. B mepenHel cTeHKe medn MMeeTcs MpoeM, 4epes
KOTOPBIM BCTABJISETCS M BHIHUMAETCS FOPIIOK, 3aKpblBacMasi 3acioHKOH 9. B 3agHeil creHke neun
€CTb OKHO 7 JJs 3achllIKM IIHMXTHI, Y€pe3 KOTOPOE€ TaKKE BEAYyT HaONIO/IEHHE 3a BapKoW M
OCBETJIEHHUEM IIpU NEpEeMEIINBAaHUN CTEKJIOMAacChl. B 1ieHTpe cBoJa Mo Oocu HEeYM PACIONIOKEHO
OTBEpPCTHE Ui BBOJA M BbIBOJA IpomeiiepHo Mmemanku. YUepe3 310 oTBepcTtue mno Ttpydam 8
MOJAIOT M OTBOJST BOAY Ul OXJIXJCHUS MeElIalku. Bcs BHYTpEHHSS MOBEPXHOCTH paboueii
KaMepbl QyTepyercsi OTHEYNOPHOH KepaMUYeCKON MaccOi BBIICPKUBAIOIICH JIHTEIHHOE BpEeMS
mpu 1600+1700°C.

2.BaHHble meyu.

BanHble neuM NpUMEHSIOT A BapKH CTEKOJ OJHOW Mapku B OoJbLIMX KoJinyecTBax. B
BAaHHBIX I€4axX BCerja ecTh JBa OacceilHa: BapOYHbIH M BbIPAaOOTOYHBIN, KOTOpBIE pa3/ieleHbI
OpycoM U IpOTOKOM 101 HUM. CXeMa THUTIOBOM BaHHOM IeYH IMOKa3aHa HWKE Ha pUCYHKE 7.2.

Creknomacca mepeMeniaercsd BIOJIb NEYM MOJ JCHCTBHEM Beca 3arpyKaeMoil IMIMXThl U
MOHW)KEHUSI YPOBHS paciulaBa U3-3a BBIPAOOTKH CTEKJIOMAcChl C IMPOTUBOIOJIOKHOM CTOPOHBI.
Bannsie meun nelicTByroT HempepbiBHO. CTekiiomacca MEpEeMEIIMBAETCs B HUX TOJBKO 3a CUET
KOHBEKIIMOHHBIX TOTOKOB. [lJi1 Bapku HEOONBIIMX MOPIUI CTEKJIAa MPUMEHSIOT Mallble BaHHBIC
Ie4yd, KOTOpble JEMCTBYIOT MEPUOJMYECKH, M CTEKIOMacca IMEpPEeMELINBAaeTCs B HHX
MPUHYAUTENbHO. BepxHss yacTh meun Haxoautcs Haja mojoM 10 crexnoBapenHoro nexa. llluxra
MIOJHUMAETCSl 4yepe3 3arpy30uyHblii kapmadH 1 B BapouHblli OacceilH, B KOTOpPOM TeMIeparypa
npumepHo 1450°C noanepkuBaeTcsi U3 pereHeparopa noJorpeToro Bo3ayxa.

Temmnepatypa perynupyercs Tepmonapamu 3. bpyces 5 ciyxaT s HamnpaBleHUS
KOHBEKIIMOHHBIX TOTOKOB CTekjJIoMacchl. Yepe3 TpyOosl 15 mpu HEOOXOTUMOCTH OYypJisiT
crexioMaccy. Uepes mpotok 14 crexioMacca momajaeT B BHIOOPOYHBIN OacceifH, HaXOMsiCh Ha
obmem ypoBHe 12. Crekiomaccy mepeMemuBarT ¢ 4actotoi 40 oO6/MUH NBYMsI Memaiakamu 6,
KOTOpBIE MOKHO TIepecTaBlsTh MO BbicoTe. HaOmiomeHnwe 3a paboTON MeYM W COCTOSTHHEM



CTEKJIOMACChI BEIyT uepe3 JIoK 7. Bosb HanpaBieHus ABUKEHUS CTEKJIOMACChl MOYHO YCIOBHO
BBIJICJIUTH CJICIYIONINE YYACTKHU:
A — 3achbInKa;

b — Bapka;
B — ocBeTnenue;
I' — mporok;

,}1 — NepEMECIIMBAHUEC U TOMOTI'CHHU3alls,
E — BbIpaboTKa.

3. CtekJioBapeHHbIE COCY/bI.
Cocynpl (TOPIIKH) T BAPKU OMITUYECKUX CTEKOJT OOJBITMHCTBA MAPOK JIEIAIOT U3

BBICOKOOTHCYIMOPHBIX MaTCpHaJIOB. K CTCKJIOBAPCHHBIM IOpIIKaM IMPEABABIIAIOTCA CICAYIOIINC
TpeOOBaHMUS:

1) OrneynopuocTs 10 1700°C Ha NpOTSKEHUU HECKOJIBKUX COTEH YacOB;
2) Mexanuveckasi IPOYHOCTh B XOJIOJHOM U FOPSTYEM COCTOSIHUMY;
3) Y CTOMYMBOCTD MPOTUB PA3bEAAHUS CTEHOK TOPAYEH CTEKIIOMACCOM.

TopIIKM KepaMHdecKne Ul BapKd ONTHYECKOro CTeKNa MMeroT éMkocth oT 0,3 — 0,9 M° n
KOHCTPYKIUIO, TIOKa3aHHYI0 HWke Ha pucyHke 7.3. umamerp ropmka 900 — 1500 mwm, TosmuHa
kpomku 100 — 200 MM, a ToiMHA JAHA U CTEHOK BHM3Y B IOJTOpa pa3a Oosblie. ChlpbeBBIM
MaTepUaAIOM Uil HW3TOTOBJICHHS TOPIIKOB CIYXaT OTHEYNOpHBIE TIMHbI M KaoJuH. [ JTUHBI
OTHEYINOpHble ¢ TemmepaTypoi muaBiaeHuss 1750°C cocToAT W3 NOJIMMHMHEPAIbHBIX CcMecei
TUAPOCUINKATOB. Takue ruHbl n3MenbuaroT 10 yactui 0,001 mm.

Kaonmuu (Oenmast rtnmHa) ¢ Ttemmeparypoit ruiaBiieHuss 1800°C  oTimyaeTcss MeHBIIEH
3arpsi3HEHHOCTBIO U OOJbIIEH aucnepcHOCThI0. CMech TIMHBI M KaoJIMHAa B COOTHoIieHuu 1:1
HA3bIBAIOT [IAMOTOM, KOTOPBIH O0KHUTAIOT JI0 MOJIHOW YCaJKH JUIS N3TOTOBJICHHUS TOPIIKOB.

4. CTek/jioBapeHHbIe MEIIAJIKH.

CrekoBapeHHbIE MEUIAJIKM JENIAI0T MPOIEIUIEPHBIE UM CTEP)KHEBBIE IIJIUHEPHBIM JIMTHEM
WM METAJUIMYECKUM TpaMOoBaHueM. BricoTa memanku Ha 50 — 60 MM MeHbIIE BBICOTHI TOPILIKA.

®opmMo00OpazoBaHUs MELIAIOT JIUTHEM IIJIMHEPA B TUIICOBBIE (JOPMBI ITO3BOJISIET OPTraHU30BaTh
MOTOYHYI0O MEXaHH3UPOBAHHYIO JMHHIO OOJBIIOTO 4YHCIa MEIIAJOK B  KPYIHOCEPHUITHOM
IIPOU3BOJICTBE.

[Inukep — 3TO NOJOUIHOAUCIIEPCHAS CMECh TBEPIBIX YAaCTHUI[ U 3JIEKTPOIUTA, KOTOPYIO IPU
BIAXXHOCTH 20 % 3aTMBAIOT B TUTICOBBIE (POPMBL. DIEKTPOTHUT — 3TO 5%-i pacTBOP KHUIKOTO CTEKIIA
WM KapOOHAaTa HaTpUs, KOTOPBIN Pa3KUKAET CMECh U YBEITMUMBAET TeKydecTh Macchl. [Iponecc
3aCTBIBaHUS IITMHEPA JITUTCS YETBEPO CYTOK, 3aTEM MEIIAJKH OOKUTAIOT B XPAaHAT B MYy(EeIbHBIX
nevax npu temneparype 900 - 1200°C.

5. BcnomorartesibHOe 000py10BaHue.

BcnomorarenbHbIM 000pyJOBaHUEM CITYKHUT I'PY30BOM KpaH rpy3010bEMHOCTBIO 5 TOHH,
00CITy’KMBAIOIINH 11e4X BapKU U 00KUTa CTEKIIa.

Hcnonb3yroT Takke cTo Juis MpokaTa crekia B JucT. Pazmep crosna 10005000 mm. Cron
IepeMeIaeTcs o pejabcaM OT Ieun K neyd. MaccuBHasi 4yryHHas IUIMTa CTOJIA TIIATEIbHO
o0OpaboTaHa Ha TJIOCKOCTh U BBIPOBHEHA 110 TOPH30HTAIHIO.

BenTuisius nexa nmocrpoeHa Kak BBITsDKHAs. BonbInoit 00beM Teria, BeIIENIEeMOro euyamH,
pacrpeelsieTcs 1o BceMy IPOCTPaHCTBY LieXa, BbIcOTa KoToporo 12 —15 M, u ypansercs depes
OTBEPCTHUE B KPBHIIIIE, YTO 0OECIEUNBAET TEMIOBOE PABHOBECHE B 3UMHEE U JIETHUE BPEM.
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Jlexuus 8. IIpouecc Bapku ONTHYECKOr0 CTEKJIa

1. Cragun nmpomecca BapKu OInNTUYECKOro CTeKJia

Bapka — cs10)XHbIl menioeoll npoyecc 8 me4yeHUU KOmMopo20
KOMMOHEeHMbI CMecu cmeKJioMamepuaria rnpemepresarom psio
ghusuYeCcKuUx U Xumu4deckux usmeHeHul. llpoyecc eapKu MOXXHO
yCJ/108HO pa3desiumb Ha cmaduu:

1) Cunukamoobpa3oeaHue;
2) Cmeknoobpa3osaHue;
3) OceemuieHue;

4) TloMo2eHu3ayus;

5) OxnaxaeHue.
CrexnooOpa3oBaHie, OCBETICHWE M TOMOTEHM3allds HauyMHAIOTCA onxHOBpeMmeHHo. Ilocre
OKOHYaHUs CTEKJI000pa30BaHUS NOCIETHIE CTaIUH MPOXOISIT COBMECTHO JI0 3aBEpIICHHUs poliecca
Bapku. B pe3ynbTaTe mpoTeKaHUs KaKI0W CTaJ KU U3MEHSETCS COCTOSIHUE CTEKIa B PU3NICCKOM U
XUMHYECKOM OTHOIIICHUH TIO TTPU3HAKAM KOTOPBIX YI00HO pa3eliuTh MPOIECC BapKH.

CunukaTtooOpa3oBaHWe HAuYMHAET MPOUCXOAWUTh yxe npu Ttemmeparype 400°C  korma
3aKaHYMUBAIOTCAA OCHOBHBIC XHMHYCCKHC PCAKIIMU B TBCPAbIX YaCTHLAX W YICTYUUBAIOTCA
ra3oo0pa3Hble COCTaBbI, UCIAPSETCA BOJA, a HE MPOPEarupoBaBIIME KOMIIOHEHTHI crekarorcs. C
H&IBHCﬁMHM MOBBIIICHUEM TCMIICPATYPhI IJIABATCA 3BTCKTUUCCKUC COCAUHCHUSA W HEKOTOPBIC
COJIM, TBEpJbIE BEIIECTBA PACTBOPSIOTCA B paciulaBaX M peakluu YCKOpsATca. BoJbpIIMHCTBO

peaxkuuil 3HI0TEPMUYECKHE U JUIsl YCKOPEHUS IIPOBapa Hy)KHA MHTEHCU(PUKAIUS TI0Ja4u CTeKIIa.

Crexiioo0pa3oBaHuEe HAYMHAETCA KOTJIA CTEKJIO MPEACTaBISET COOOM elle MEHUCTHIN pacIuias,
KOTOPBI HACBIIIEH YacTHIAMU IIHUXThI, KBaplua W My3bIpbKaMM ra3oB. KBapueBelil Iecok
pacTBopsieTCss B pacIUlaBe CHJIMKATOB, a CHWIMKATHl TPOBAPHUBAIOTCS, CTEKIO CTaHOBHTCS
MPO3pavyHbIM, YHUCIIO IMy3bIpell W meHa yMmeHbinaetrcs. CTekI000pa3oBaHHE MPOJIOJDKUTEIEHO BO
BPEMEHHU OCOOCHHO JUISl BSI3KMX COCTaBOB CTEKIA. J[IsT HU3KOTEMIIepaTypHBIX CTEKIO00Pa3yIOMHUX
HE0OXO0IMMO MHTEHCHBHO YBEJIMYMBATh TEMIIEPATYpY, N€PEMEIINBATh CTEKIOMEIIAIKON, OYpHBIM

BBIJICJICHHUEM TI'a30B.

OcBeTiieHHe 3aKJII0YaeTCsl B OCBOOOKICHUH CTEKJIa OT Ta30BBIX MY3bIPHKOB, T.€. BEIPAaBHHUBAHUE €€
B ¢usuueckom otHomeHuu. luxta comepxut mo 18% mecka CBS3HBIX Tra3oB, KOTOPHIE B



OOJIBIIMHCTBE HCHApSETCS] B MEYM HO YacTh MX OCTAETCS B BHJE MY3bIPHKOB, PACTBOPEHHBIX B
crekse. ['a3bl BBIIEISIOTCS U3 paciulaBa CTeksa Onarojapsi MpUYMHAM: HU3MEHEHHUI0 XMMHUYECKOTO
COCTaBa, HEPABHOMEPHOMY COCTOSIHUIO XMMHYECKU CBSI3HBIX KOMIIOHEHTOB, KOHTAKTY C IapamH,
KpUCTaJUIaMHu OrHeyrnopa ropiika. M3 razos oOpasyrorcst my3sipu, conepxkaiiue CO,, CO, SO,, Oy,
napsl BOJIbl. BoJibIIo€ KOJMYECTBO Iy3bIped JelaeT CTEKJIO HE NMPUTOJHBIM JJIsl U3TOTOBJIECHHUSA
onThyeckux naerane. YToOwl jierdye ygaauTh MY3bIpU HY)KHO Cl€laTh CTEKJIO MEHEE BS3KUM U
co37aTb B HEM BoOCXOJAMM moTok. Jlims astoro mnosbimaroT TemnepaTypy Ha 100°C Bbime
TEeMIepaTypbl TpoBapa IIMXTHl, ¥ HHTEHCHBHBIM MEXaHWYECKHM II€PEMEIIMBAHUEM CTEKIIa,
N00aBKOW B COCTaB CTEKJIa OCBETUTENEH, KOTOPhIE HHTEHCUBHO BBIJCISIOT JIETKUE MY3bIpbku O2,

CrocoOCTBYIOIIKE MTEPEMENTUBAHUIO CTEKIIA U YAaIeHHIO Tsokenbix my3bipeit uz CO u CO,.

l'omorenuzamusi — mpolecc MPUBEACHUS CTEKJIA K COCTOSIHUIO XHMMHUYECKOM OAHOpOAHOCTU. B
CIHEACTBUM PA3HOPOJHOCTHM HMCXOJHBIX TPAHYJIOMETPUYECKOTO M XMMHUYECKOTO COCTaBa
KOMIIOHEHTOB HIUXTHI KHUIKOE CTEKJIO COCTOUT M3 YACTHUI[ MAJIbIX OOBEMOB Pa3JIMUHBIX CILJIAaBOB
MEXKAY KOTOPBIMU €CTh TpaHMIbl pasjaena. TemnoBoe M MEXAHUYECKOE JABHKCHUE YACTHIL
BO3HHUKAIOIIIEE MMPU MPOBAPE M OCBETIICHUU B CTEKJIE, PACTATMBAET YACTHUIBI MMEIOLIME Pa3HbIN
XUMHUYECKUI COCTaB W IMOKA3aTeNIW NPEJIOMIICHHS, B TMOTOKH, OJMHOYHBIC BOJIOKHA — CBHJIH.
BreipaBHUBaHUE COCTaBOB MOTOKOB MPOWCXOMUT IyTeM Auddy3uu. ['oMoreHH3amus yCKOpsSeTcs
JBWKEHUEM Iy3bIpei, KOHBEKIIMOHHBIX MOTOKOB M MEIIAIKH, PACTITUBAIONIUX MOTOKU TPYOBIX

CBHWJICH B TOHKHE BOJIOKHA, KOTOPBIE HCYE3a0T B pe3ynbTare quddy3uu.

OxmaxaeHue HeoOXOaUMO JUIsl TIOJIYUE€HHUsI CTEKJIa BSI3KOCTHIO OOecrevHuBarolieid ee OTIUB M3
CTEKJIO BapeHHOTO cocyna. [Ipu oxiakJIeHWU B CTEKJIE MPOJIOJDKAIOTCS MPOIECCHl OCBETICHUS U
TrOMOTEHHM3AMU. PeXUM OXJaXIEHHs IOJDKEH BBIIEPKUBATHCS CTPOrO MO Trpaduky — 4YTOOBI
I/I36e)KaTI) TIOSIBJICHHEC KpI/ICTaJIJII/ISaIII/H/I. Hap}IIHCHI/IC TCIIJIOBOT'O nu KOHIIGHTpaIH/IOHHOFO
paBHOBeCI/IH, CﬂMOHpOI/I?,BOJII)HOFO BBIACJICHUA 110 BCCMy O6’beMy ra30B B BHUJIEC Meanaﬁmﬂx

ITY3BbIPEH.

2. TexHoiorn4ecKue onmepanuyu BapKy OITHYECKOI'0 CTECKJIA

[TocTpoeHre TEXHOIOTUYECKOTO MPoIiecca BAPKU ONTHYECKOTO CTEKIIA PA3IMYHBIX MAapOK B 00IIEeM
onuHAaKoOBHL. Pasnmuume 3akmrouaercs B TpaduKe TEMIEPaTypHBIX PEXHMOB, M BO BpPEMEHH
3aTpayuBaeMOM Ha pasjIMyHble omnepanuu. PeryinmpoBka mporecca BapKd IIPECIENyeT Lellb
MOJyYeHUsI CTEKJIa HAWBBICHIETO KauyecTBa C MHMHUMAIBHBIMH TOpPOKaMH U JedeKkTramu.
TexHOIOrHYecKHil mpoLecc BapKy ONTHYECKOrO CTEKJIA JEJISAT Ha MOCIEA0BATEIbHO BBINIOJIHIEMbIE
BO BPEMEHH OIEepaIiu:

1) BbIBO/IKA TOPIIIKA;

2) 3achllIKa ¥ NpOBap LUINXTHI;



3) ocBeTJieHHE pacIuiaBa;

4) oxJaxKJIeHUe CTEKJIa.
BriBoaKa ropiika 3aKkiIloyaeTcsi B TOM, YTO CTEKJIOBApEHHBIM TOPLIOK IMEPEMEIIAOT U3 IMeun
obxwura (temmeparypa 900-1000°C) B creknmoBapHyro meds (Temmeparypa 850-900°C). I'opmrok
LEHTPUPYIOT OTHOCHUTEIBHO OCH BpAIleHHUs MEIIAIKH JUid OOECHeueHHUs pPaBHOMEPHOCTH
nepeMmeminBanus. 110TomM JuIsl MOBBIIEHUS! CONPOTUBIIEHMSI CTEHOK TOPIIKA FOPSYEro CTEKJIa €ro
HarpeBatoT 70 temneparypsl 1450-1500°C u BoigepxkuBaroT 2-4 vaca. [loTom oxnaxkaaroT B nedu
710 YPOBHS HEOOXOUMOTO Ui 3achbiKU MHUXTHL. [loHOE Bpems BrIBOKa ropuka — 10-15 gacos.

3achInKa ¥ IpoBap MUXTHl — HA THO TOPIIKA 3aCHINAIOT BO3BPATHBIM 00# M3 MpenbIIyIIero cTekia
4yTOOBI CO3JaTh HA JHE CJIOM CTEKJIa TOJIIIMHON B HECKOJIBKO CAaHTUMETPOB 3alUILAOLIEr0 JHO
ropiika OoT pa3belaHusl paciuiaBisitolleiicss cMmecu crekina. Ilocime OyprneHus pa3BapeHHOro 0604
3aChIIIKY CMECH CTEKJoMaTepuana MPOU3BOJAT TaK, 4TOObI BEpIIMHA OOpa30BaBLIErOCsS KOHyca
Obula Ha ypoBHE cpe3a ropuika. CBepXy 3TOT KOHYC TOKPBIBAIOT CIOeM 00s ISl YCKOPEHHS
o0pa3oBaHUs paciiaBa U yMEHBIIEHUS YIETYYMBAaHHUS KOMIOHEHTOB MUXTHL. IIIUXTy 3achmaroT B

3-5 npuemoB, NOCJIE0BATEIBHO MIEPEMEILINBAs IIMXTA U BO3BPATHBIN OOM.

OcBeTyieHHE pacIlaBa HauMHAeTcs C MOBbIIIEHHS TemrepaTypsl B neun Ha 100°C u OypreHus
CTeKJIa — OepyT MOKPYIO OCHHOBYIO UypKy, HAOMBAIOT Ha KOHEIl CTEPXKHs U3 JKapOIPOYHON CTaIn
He 00pa3yroliel OKCHJIbI U BOJAT YypKy B KPYTrOBYIO HE KacasiCh CTEHOK TOpILKA IPU 3TOM BoJa U3
YYpKH HCTapsieTcsi 1 00pa3yeT MHOTO KPYIMHBIX MYy3bIpel KOTOpBIE BBI3BIBAIOT OyplIeHHE CTEKIIa.
[ToTOM BBOJAT B CTEKJIO Pa3OrpeTyr0 MPEIBAPUTEIBbHO MEIIANKY, HAUMHAIOT IEpeMEIINBAaHUE TIPU
MaJION 4acTOTEe BpallleHHs], T.K. pacILIaB €lle BS30K, 0COOEHHO B HMKHUX, 00JI€€ XOJIOIHBIX CIIOSX.
B HayanmpHBIA TMEpHOJ TEpPEeMEUIMBAHUS CIOCOOCTBYIOT TEMIeEpaType CTeKiIa 10 BEpTHUKAIN U
IIpOBapUBalOT MHUXTa. [I0TOM MOCTENEeHHO YBEIMYMBAIOT CKOPOCTH BpAIll€HUs /10 3aTBEpPJCBAHUS
IIpoBapa LIUXTHI, T.€. KOIJla HAYMHACTCSI MHTEHCUBHOE yJalleHue my3biped. [IpoaomkurenbHOCTh

OCBETJICHUS paciliaBa — 4-5 4acos.

OxnaxxJIeHue CTEeKJIa HayMHaeTcs I0CIE€ TOro KOIrJa KOJUYECTBO ITy3bIpEH yMEHbIIaeTcs [0
normyctuMoro mpenena. CHauana oxJiaxJIeHHEe BeAyT TMOHIKEHUEM TemrepaTypbl Ha 50-60°C/u, u
HE YMEHBIIAIOT YacTOThl BpAIllEeHUs] MEIIAJIKU T.K. OCBETJIEHUE pacIiuiaBa elle npoaosnkaercs. [Ipu
JOCTI>KEHHH pactiiaBoM BsizkocTH 10 [1a-c ¢ moBepXHOCTH CTEKJIa CHUMAIOT CJIOM CTEKIJIa ¢ TEHOM
Ha rayomHy 10 50 cM. IloToM CKOPOCTh MEMIATKH YBEIWYHBAIOT, YTOOBI M30aBUTH CTEKIIO OT
OCTaBIINXCA XUMHUYECKUX HEOJIHOPOIHOCTEN — roMOreHu3upoBaTh. C MOHMKEHUEM TEMIIEPATYpPhI
BSI3KOCTh CTEKJIA TIOBBIMIAETCS, U CKOPOCTh Memmanku ymenbiaercs. [Ipu Bszkoctu 500-1000 I1a-c
MEIIAJIKy U3BJICKAIOT, OTKPHIBAIOT M€Yh U BBIBO3SIT CTEKJIOBAPEHHBIN TOPIIOK, TOTOM HAYWHAETCA

aTamn pasaenku crekia. OxnaxaeHue crekiaa aaurces 10 35-40 yacos.



3. Ilopoku u nedeKThHI CTEKJIA

HOpOKI/I ONTUYCCKOI'0 CTCKJIa — HHOPOAHBIC BKIIFOUCHUA: ITY3bIpU, CBUJIM, KPHUCTAJIJIBI U KaMHHU,
KOTOpbIE 00pa3yloTCs B MPOIECCe BAPKHM CTEKJIA B CTEKJIOBAPEHHBIX COCYAaX M3-3a pa3belaHHs U

OTKaJIbIBAHUS UX CTCHOK

. I[e(l)eKTBI OIITHYCCKOTO CTCKJIAa — OTKJIOHCHHUC (1)aKTI/I‘~I€CKI/IX 3HAYCHHUN MMOKa3aTelsl MMpECIOMIICHUA,
AUCTICPCUN U CBECTOIIOTJIOIICHUA OT HOMHWHAJIBHBIX 3H3,‘ICHPII>1, YCTaHOBJICHHBIX IJIA IIaHHOI\/JI MapKu
CTCKJIa COOTBCTCTBYIOIIUMHU HOPMATHBHBIMU JOKYMCHTAMU U TCXHUUYCCKUMH YCIIOBHAMH Ha €ro

HU3TOTOBJICHUC

. ITy3sIpu Bcerga ectb B cTekie — uMmeroT pazmep 0,01-5 MM, KpyIHbIE MMy3bIpHU JIETYE BBHIXOIAT U3
CTEKJIa B IIPOLIECCE €r0 BapKH, a MEJIKME OCTAOTCs B CTEKIoMacce. Haumenee my3bIpHbIC — KPOHBI,
nerkue (GIUHTH U (IMHTHL, HauboJiee My3BIPHBI — TSDKENbBIH KPOH M TSDKENbId (GrauHT. [ maBHBIH
CHoco0 ynaneHus My3blpell U YMEHBIICHHS IMY3bIPHOCTH CTEKJIa, COOTBETCTBEHHO — IOBBIIICHHE

TEMIICPATYpPhI BAPKU U UHTCHCUBHOC NICPEMCIINBAHUEC CTCKIIOMACCHI B CTCKIIOBAPCHHBIX COCyAaXx.

CBuin OOHaApYKMBAIOT B CTEKJIE Kak pa3/ieJieHUus OObEMOB CTEKJA OTIMYAIOUIUXCS OJUH OT
APYroro mnokasarciiiMu MPCIOMIICHHUA W XUMHYCCKHUM COCTAaBOM. briBaror FPY6I)IG CJIIOUCTBIE U
TOHKHC OJHUHOYHBLIC HHUTCBUIHBIC CBUJIIHN. Paznoctes mokazareneh MMPCJIOMJICHUA B CBHUJIBHBIX
00beMax omTudyeckoro crekma xomebmercs or 10° o 0,1:10°. Ceumm oGpasyiorcs Takke B
pe3yibTaTe pacTBOPEHHS MaTepraia CTEHOK FOPIIKa U KOPITyca MEIIAIKH B CTEKJIOMAcCe, KOTOpPbIe
NPUBOAAT K M3MEHEHHIO XMMHUYECKOTO COCTaBa CBApPEHHOrO CTekjaa. YToOBbl M30aBUTCS OT HHUX
HE00X0IMMO TPOBOJIUTH MHTEHCHUBHOE MEPEMEIIMBAHUE W MOCTEIIEHHOE MEIJICHHOE OXJIaKICHHE

CTCKIJIA.

Kpucramisl BBIACTSIOTCS U3 CaMOM CTEKJIOMACCHI, MIIM MPUBHOCATCS B Hee orHeynopoM. CorjiacHO
I'OCT 3514-76 pa3mepsl KpUCTalLIOB NMPHpPAaBHUBAIOTCA K My3bIpsaM. [Ipu HapylieHuu pexumMoB
BapKH MOJKET HAYaThCsl HEJOMYCTUMAsl KpUCTAJUTM3anus cTekia. YToOsl ee n30exaTh HEOOX0IUMO

KaK MOX>KHO 6I)ICTp€€ MMpOXOAUTH TEMIICPATYPHYIO 00Jy1acThb KpUCTaJlJIn3alluu CTCKIIOMACCHI.

Kamuu npuBHOCATCS B CTEKJIO M3BHE, IOCTATOYHO PEAKUHN MOPOK CTEKJIA, MOXKET BO3HHUKATH €IIIe
U3-3a pa3zbelaHusl CTEKJIOMaccoi aHa ropuka. Kycok kepamMHKu OT TOpILIKa MONagaeT B CTEKJIO,

II0/1 €€ BO3CHCTBUEM OKPYIJISIETCS, YMEHBIIAETCS B pa3Mepax U IPEBPAIIAETCs B TOHKYIO CBUJIb.

OTKJIOHEHHE MT0Ka3aTess IPEJOMIIEHUS Ne U JUCIIEPCUU Np-Nc' — MPOUCXOAAT U3-3a IPUBHECEHMSI B
CTEKJIO KOMIIOHEHTOB pa3belaHUsl CTEHOK TIOpIIKa W HEPAaBHOMEPHOCTH YJIETy4YMBaHUS
KOMIIOHEHTOB CMECH CBHIPbEBBIX MaTEpUAJIOB B IPOIECCE BAPKU. DTH JIBa MpoIiecca 3aTPYyAHSIOT
MIOJIyYE€HUE XOPOUIEH MOBTOPSIEMOCTH COCTaBa CTEKJIa OT OJTHOM BapKH K JIpyroi B MPOMBIIIEHHBIX

YCIOBUSIX.

CaetomnorolieHue B onTuiyeckux crexiax gocruraet 0,4-1,5 % na 1 cM JUIMHHBI X0/1a JTy4ya CBETa B
CTekjomacce, a B cBepxmpo3paunbix crekimax 0,1-0,15 % nHa 1 cm xoma syda cBera,

COOTBETCTBCHHO. OcHoBHas INprUYrHa TIOBBIICHHA  CBCTONOIIOMICHUA — 3TO  HAJIHW4YHUC



JOTIOJTHUTENBHBIX TPUMECEN B CTEKJIOMaTepHalie, BO3BPAaTHOM 00€, KepaMHKE TOPIIKOB U MEIIAJIOK.
HauGonee BpenHble IpUMeCcH — OKHCIBI JKeJie3a, XpoMa, HHUKENs, K00aahTa, KOTOPHIE MOBBIIIAIOT
cBeTornoriamnieHie B crekie. [loHmKeHrne CBETOMOTJIONMIEHUS TIOCTUTAeTCs MyTeM HCIIOIb30BaHUS
XUMHYECKA YHCTBIX W  TIIATEJIBHO OOOTAlICHHBIX CTEKIOMATEePHAJIOB  CTEKIIOBApCHUS,
MIPUMEHEHUEM TEXHOJIOTMUECKOM OCHACTKU JOTOJHHUTENIBHO 3alIUIIEHHOW OT COMPUKOCHOBEHUS

CBIPBEBOI IIUXTHI C KEJIE3HBIMU KOPITYCAMH UCIIOJIb3YEMOTO TEXHOJIOTUYECKOTO 000PYAOBAHHUS.



Jlekuus 9. Ilpou3BoacTBo cTEKOJI ¢ 0COOBIMHM CBOMCTBAMHU M BhIPALIMBAHNE KPUCTAJLIOB
1.IlBeTHBIE ONTHYECKHE CTEKIIA

Bapsat u3 muxtel ocHoBHOro Ca-Na, Ca-K-Na cTekoi, B cOCTaB KOTOPBIX JONOJHUTEIBHO
BBOJAT Kpacutenu B konmuectBe 0,2 — 10% mo macce. B kauecTBE OCHOBHBIX MOJIEKYIISIPHBIX
KpacuTeseil UCTIONb3YIOT COeTMHEHHUS:

1)Co (CoO) — okpamuBaroT B CHHUH LIBET;

2)Cu u Fe (CuO u FeO) — okpaiuBaioT B KpaCHbIH 1IBET;

3)Ni (NiO) — okparmuBaioT B ()UOJICTOBBIH IIBET;

4)Cr (Cr,0, n CrO, ) — oKkpamMBarOT CTEKNIA B 3€IEHBIN, KENTBHIA U OPAHKEBBIN 11BETA;

5)Fe, O, - mormomarot MHQPaKpacHbIE H3ITy4E€HHs — TEIIO(QUIBTPEI.

KpoMe KoOHIIEHTpanuu KpacuTelneld Ha OKpacKy CTEKOJ BIHMSIOT TEMIIepaTypHBbIE YCIIOBHS,
MPOJOJDKUTEIBFHOCTh BapKH, OKUCIUTEFHO-BOCTAHOBUTEIBHBIE CBOMCTBA IE€YH, COOTHOIICHHE B
COCTaBE OCHOBHOTO CTEKJa KHCIOTHBIX M OCHOBHBIX OKHCIIOB. DTO CBSI3aHO C TE€M, YTO TaKHe
kpacurenu kak Cu, CruFe nMeroT nepeMeHHyI0 BaJeHTHOCTb B coequHeHusx ¢ O, u oOpasyror
MIpU ONPEAEHEHHBIX YCIOBUIX COJIU C PA3IMYHON OKPACKOM.

2. OnTHYecKHe CUTAJLIIbI

OnTHyeckue cUTalIbl UMEIT OCHOBY M3 crekna Li,O, Al,O, -SiO,. Kpucramimsanus B

CTEKJIC BBI3BIBACTCSI BBEJCHUEM B €ro cocTaB Katanusatopa TiO, u mocnexayromelr o6paboTkoil B
TBEPIOH (paze. TepmooOpabOTKa MPOUCXOIUT B AIIEKTPOIIEUaAX MO PEKUMY, TPETYCMATPUBAIOIIEMY
2 crenieHu BoIaepKKU (puc 9.1).
e 1-s Beiaepkka npu temneparype T,=1800°C obecneunBaeT ycnoBue 1l paBHOMEPHOTO
00pa30BaHUsl MHOKECTBEHHBIX IIEHTPOB KPUCTAIUIU3ALINY 110 BCEMY 00BEMY.
e 2-a Bhiepxkka mpu Temmeparype T, =880°C — MHTEHCHBHBIH POCT KPHUCTAILIOB JIO
3aJJaHHBIX pa3MEepOB.
OnTHuyeckne CUTAUIBI BBIMYCKAIOT B 3aroTOBKaxX, MMEHOMUX (OPMY IHCKOB WM JIHCTOB C
HanOOJIBIINM Pa3MEPOM JIO TOJIYTOPa METPOB.

3. OnTnyeckoe KBapueBoe CTeKJIO0.

OnTudeckoe KBapIeBOE€ CTEKIO BapsAT W3 MPUPOJHOTO TOPHOTO KBapIla, MPEIBAPUTEIHLHO
MOJIBEPraroIIerocs: TIIATENFHONW COPTHPOBKE, KOMIUIEKCHOMY OOOTAleHHI0O M MOMOJIy Ha KPYITY
pasmepom 3éper a0 0,1 mm. [lomycTtumoe coaep:kaHuUEe MOCTOPOHHUX TpUMeEcCEed HE JODKHO
npeBsmaTh 3-107* %. OXHAM U3 OCHOBHBIX METOJIOB BapKH KBAPIIEBOTO CTEKJIA SBISETCS BAKYyM
— KOMIIPECCHOHHBIA. J[7I1 93TOro KBapleByld TPYOKy 3arpyKar0T B THUTEIb BaKyyMHO-
KOMIIPECCHOHHOM TI€YM W HArpeBalOT TIOJ] BaKyyMOM JI0 PACIUIABICHUS TIPU TEMIEpaType
T=1800+1850°C. mocsne 3TOro B Meub MoJ IaBJICHUEM MOAaETCA ra3: a30T, aproH WIH YTJIEKUCIIOTa.
BakyymHBIE MEXKKYCKOBBIC MYCTOTHI CTEKJIa TOJ[ JAaBJICHUEM Tra3a paclpecCOBBIBAIOT U CTEKJIO
Mociie OXJIKICHUS ToJTydaeTcs: 0e3my3slpHbIM. Oc000 YHMCTOE ONTHYECKOEe KBApIEBOE CTEKIIO
MOJTy4at0T B TUIAMEHH BOAOPOA M KUCIOPO/a ¢ TOMOIIBI0 YCTAHOBKH, TIOKa3aHHOM Ha pHcC. 9.2.

B mporecce Bapkum MHXTy TONAIOT 4Yepe3 diekTpuueckuid mydens 4 B kamepy 3, rae
YACTUYKHU IIUXTHI TIOIXBATHIBAIOTCS TUIAMEHEM TOPETIKU 5 U, pacIuiaBIissch Ha JIETy, MOMaAaloT Ha
pa3orpeTyro MoI0XKKy 1, KOTopas, MeJUIeHHO Bpaliasich, OTBOJAUTCS 10 Mepe HATUIaBKu Myderns 2.



4. BeckucJjopoaHble CTEKJIA

beckucnopoansle cTEKIA BapsAT U3 MATEPUAIOB, HE UMEIOIIUX B CBOEM COCTaBE KHUCIOPOJA.
OCHOBHBIM KOMIIOHEHTOM SIBJISIETCSI aypUIIMTMEHT — MPUPOAHBIN MuHepai, coaepxkamuid 10 50%
MBIIITBSIKA. beckucnopoaneie CTEKIA BapsAT B 3alasHHBIX KBapIEBBIX aMIlyiaX, M3 KOTOPBIX
IIPEIBAPUTENILHO OTKAYMBAIOT BO3ayX 110 naBieHus 0,1 ITa. AMmyssl HOMENIAIOT B AIEKTPUUYECKUE
neun u HarpeBaroT a0 600°C. B mpomecce Bapku uid pa3MEIIMBAHUS CTEKIOMAacChl €YU C
aMIyJlaMd  COBEpIIAIOT  KauaTelnbHble JBWKeHHs. (CBapeHHas CTekiIomacca OO0KUIaeTcs
HEMOCPEACTBEHHO B ammynax. OCThIBIIME aMIyJbl pa3OMBAIOT U M3BJIEKAIOT CTEKJIO. JTH CTEKIIA
OUeHb SZOBUTHl H3-32 COJACpKaHUS B HHUX Mbimbska! IloaTomy Hago paboTatb ¢ HUMHU B
CTIEMAIBHOM 0/1€% 1€ MJIH BBITSDKHBIX IIKadax.

5. MeToabl BHIPAIIMBAHUA KPUCTAJIOB 3 PACTBOPA WJIH paciliiaBa

OOpa3oBaHre U POCT KpUCTAIIA — ATO CIOXKHBIA (HPU3UKO-XUMUYIESCKHUI MPOIIECC, CBI3aHHBIN
CO CKauKOOOpa3HbIM MEPEX0JI0M U3 HEYNOPSAIOUEHHOI0 COCTOSIHUS BEIllecTBa (paciijiaBa, pacTBopa,
nmapa) B KpHCTaTMueckyro ¢aszy. Ilepexon B KpHCTAIIMUECKOE COCTOSHHE IMPOUCXOAUT TPHU
CTpOTO OIpeAeNEHHONW I KaXJO0ro BellecTBa TeMIleparype KpucTtaumzanuu. Heobxonnmoe
yCIOBUE Hayaja KpUCTAaUIM3allUM — HapylleHHWe paBHOBECHs cucTeMbl. Hampumep mnyrém
NepeoxJIaXk/IeHUs WK NepeHachienns. [Iponecc kpuctanan3auuyu COCTOUT U3 JIBYX 3TAIOB:

1)O6pa3oBaHne KPUCTAITMYECKOTO 3apOIbIIIIA;

2)Poct 3apospiiia B KpUcTae.

OdeHb 4YacTO LEHTPOM KPUCTAJIM3ALUU SIBISETCS HE CaMOINPOM3BOJIBHO 00pa30BaBIIUICS
3apO/IbIlll, & UHOPOJHBIE YaCTUIB! (IBUIMHKU, IPUMECH, CTEHKH COCyla). DTO SIBICHHE LIMPOKO
HCIOJIb3YETCS B TEXHOJOTUHU BBIPAIIMBAHUS KPUCTAJIJIOB, KOI/Ia B PaCTBOP MJIM PacIUIaB BBOJUTCS
KPHUCTAJUTUK-3aTpaBKa CO CTPOTO ONpeAelEHHON Kpucrayuiorpadudeckoil opuentanueil. Ilocie
MOSIBIICHUSI KpHUCTAJJIa-3apOIbIia (BBEJCHUE 3aTPaBKH B KUIKYIO (a3y) HAUMHAETCS CHOHTAaHHOE
OTJIO)KEHHE Ha HEM BEIIeCTBa, OOpPa3yIOIIEro MHOTOTPAHHBIM KpHcTawl. BrlpamuBanue
KPHUCTAJJIOB OCYIIECTBIIACTCS KPUCTAJUIM3ALMEH 13 pacTBOPA, pacIiaBa WM ra30BoH (azbl.

5.1 BelpamuBaHue KPUCTAJUIOB U3 pacTBopa

[Tomy4aroT KpHCTAIBl BENIECTB, OOPa3yIOMIMX TMEpPECHIIICHHbIE pPAacTBOpPH. B kadecTBe
pacTBopuTelell NPUMEHSIOT BOJY, AaUETOH, TOJYOJd U IIEJOYHbIE pPacTBOPBL. Y CIOBHUSA
MIEPEHACHIIIEHNS PacTBOpa CO3/al0T 3a CUET MCHAPEHUs] PaCTBOPUTENS, IOHWKEHUS TEMIIEPaTyphl
WIM CO3JAaHMsI TEMIEPAaTypHOTO I'PaJUeHTa; AJs BbIpallliBaHNs OOBIYHO MCIOJB3YIOT 3aTPaBOYHbIE
KpucTaJlibl. B mporecce pocra KpucTamia pacTBOpP MEPEMEUIMBAIOT. DTOT CHOCOO IPOCT, HE
TpeOyeT CII0)KHOTO 00OpYHAOBaHUS, HO Ul BBIPAIIMBAHUS ONTUYECKUX KPUCTALIOB IMPUMEHSETCS
penxo. boree COBEPUIEHHBIM SBISAETCS T'MAPOTEPMAIBHBIA CHUHTE3, KOTOPBIA pealn3yercs ¢
IIOMOIIBIO0 YCTAHOBKH, IOKa3aHHOM Ha puc. 9.3.

C moMomplo 3TOM YCTAaHOBKM BBIpAlIMBAlOT KpUCTAUIbI KBapua. B aBTokymaB 1 3acemaror
pa3MenbuY€HHBIN NPUPOIHBINA KBapLl 4, TOTOM 3aMOJHSIOT IIEJI0YHBIM PACTBOPUTENIEM U TOMEIIAIOT
BHYTpb paMKy 2 cC 3aTpaBO4YHbIMH Kpucramiamu. llocine 3Toro aBTOKIaB 3aKpbIBAIOT U
YCTaHaBIWBAIOT B JJIEKTPUUYECKYIO Teub, e pactBop HarpeBaroT a0 400°C. Ilox neiicTBuem

TeMIlepaTypsl BHYTPH aBTOKIaBa obpasyercs masnenue 3-10°Tla. Ilpu >Tux ycnoBusx Ksapil
WHTEHCUBHO pacTBOpsETCS B MIENOYH, 00pa3ysl HACHIIICHHBIA pacTBOp. TemrepaTypy B BepXHEH
YacTH aBTOKIJIaBa mojjepkuBaroT Ha 20°C HUXKe, YeM B HIDKHEH, O3TOMY TaM 00pa3yeTcsl 30Ha
KpUCTaJIM3aluu. brnaronapss TteMmmepaTypHOMYy TpajMeHTy W neppopanoHHON pemérke 3
CO3/IAI0TCSI KOHBEKIIMOHHBIE MTOTOKU PAacTBOPa, 0OECIIEUMBAIOIINE €r0 MEpEeMEIINBaHUE U TM01ady



CBEXKEro TIEPEHACBHIIICHHOTO pPACTBOPAa B BEPXHIOK KPHUCTALTU3AIMOHHYIO 30HY aBTOKJIABA.
CKopoCTh poCTa KPUCTAIIIOB IOCTUTAaeT 1 MM B CyTKHU. BripammuBator kpuctaiisl maccoi 10 800 rp.

5.2 BelpamyBaHue KPUCTAJUIOB U3 paciuiaBa

Memoo Yoxponbckoeo peanu3yloT ¢ TOMOIIBI0 YCTAaHOBKHM, MOKa3aHHOW Ha puc.9.4;
MPUMEHSIOT IS TosTydeHus kpuctaiuioB Ge, Si, GaAs, InAs myTéM BBHITATHBAHUS WX M3 PACIUIABA.
Cnerka neperperslil pacnias 4, IOMEIIEHHBIN B TUTENb 5, OMYCKalOT MOHOKPUCTAIIbHYIO 3aTPaBKy
1, umeromyroo 3agaHHyI0  KpHcTauiorpaduyeckyro opueHTanuio. OIJIaBIsSOT MOBEPXHOCTD
3aTPaBOYHOTO KpHCTAUIA IS yIAIeHUs 1e(eKTOB TOBEPXHOCTHOTO CJIOS M, PETYIUPYSI MOITHOCTh
HarpeBarenst 6, IOCTENEHHO MOHWKAIT TEMIEpaTypy paciulaBa. 3aTeéM 3aTPaBOYHBIA KpUCTaJI
MEIJICHHO TIOJJHUMAIOT BBEPX, OJHOBPEMEHHO Bpamias ero ¢ 4yacrotoi 60 00/MUH, YTO BBI3bIBAET
IEpeMEIIMBaHNE paclylaBa W yMEHBLIEHUE BJIMSHUS HEPAaBHOMEPHOTO  paclpeaeicHUs
TeMIepaTypbl B paciulaBe. Bpamaromasicss 3aTpaBKa YBIEKaeT 3a COOOW CTOJOMK pacIuasa,
KOTOPBIH, MOJHSBIIMCH HaJ MOBEPXHOCTHIO, MOMANAET B 30HY MOHWKEHHBIX TEMIIEpaTyp, I/ie U
MIPOUCXOJUT KpHucTaun3anus. OTCyTCTBHE KOHTAKTa KpUCTalljla CO CTEHKAMHU TUTJIS, BO3MOKHOCTh
HaOJIOIEHUS 33 TPOIIECCOM pOCTa KpUCTaia, paboTa Mo BaKyyMOM WM B 3alIMIIEHHOW cpene
MO3BOJISIET MOYYaTh KPYIHBIE, COBEPUICHHBIE TIO (hOpMeE KPUCTAILIBI, MACCOH JI0 4 KT.

Memoo Kuponynoca. BelpallliBaroT 1€JI0YHOTOJUIOUIHBIE KPUCTAIIIBI U3 pacIulaBa KPEMHHUS.
YcranoBka mokazana Ha puc. 9.5. Ormimmune ot Metoga YoXpoabCKOro: (pOHT KpPHCTAILTH3AINN
pacmojio’)keH MOoJ 3epKajloM paciuiaBa. McxomHas kpucrauyeckas COJb 2 pacIUIaBisieTCs] B
LWIVHAPUYECKOM THUrJe 4 U HarpeBaeTcs /10 TeMieparypsl, Ha 100°C npesbliaronieil TeMnepaTypy
11aBieHrd. Ha moBepXHOCTh MeperpeToro paciviaBa OIMYCKalOT 3aKpPEIUIEHHBIN Ha OXJIaKJaeMOM
CTepHE 6 3aTpaBOYHBIM KPHUCTAUI M MENJICHHO IOHWXAIOT Temieparypy. B omnpenenéHHbli
MOMEHT Ha TpaHMIle pasjena "KpUcTall — paciuiaB ” 3a cu€T OTBOJA TeIJia 4epe3 CTEeP>KEHb
co3maércsl MepeoxJIaXJAeHWe, U Ha 3aTpaBKe HAuMHAET pacTd MOHOKpucTaila 1 B paauanbHOM
HaIpaBJICHUU OT 3aTpaBKU K CTEHKaM THUIJIA, HE pacnpocTpaHssich B riyoumny. Korma auamerp
KpHUCTaJljla JOCTUTaeT pa3MepoB, OJIM3KUX K pa3MepaM BHYTPEHHEro JUaMeTpa THUIJIs, CTEPKEHb C
pacTymuM KpHCTAJIOM HAa4YMHAIOT MEMJICHHO NOJHUMATh, CIeIs 3a TeM, uToObl (pOHT
KPUCTAJIM3allMM  HaxOQWicid TOJ IOBEPXHOCThIO paciuiaBa. llpu BbIpaliMBaHMM KPYIHBIX
KPUCTAJIJIOB HEOOXOJMMOCTh MOJbEMA BBIPAIIMBAEMOIO KpHCTaula OTHAAAET, T. K. YPOBEHb
pacmiaBa IMOHI)KAETCsA 3a CUET COKpalleHMsl ero o0béMa npu Kpuctaumszauuu (n017%). Jns
MIpEeIOTBPAILIEHUS] MCIIapeHUil W 00pa30BaHMsI OKHCIOB HaJl MOBEPXHOCTBIO paciulaBa, BHYTPHU
TepMETHYHOTO KBapILIEBOTO COCyJa 5 TMOJJIEPKUBAIOT aTMOC(hEpHOE MaBIEHHE WHEPTHOTO Tasa.
3aroToBKa WM paciulaB BpamlaeTcss ¢ 4acToTod 200/MHUH, a B TEUEHHE CYTOK BBIPAIIMBAIOT
KpUCTAJIJI Maccoil 10 2 K.

[lo memooy Bepheiina BbIpallMBalOT IUIAMEHHOW IIJIaBKOM KPHUCTAUIBI C TEMIIepaTypoi
mwiaBnenus 1500 + 2500°C (xopyHnbl, TuUTaHaThl Oapusi, CTPOHLMM), HPUMEHSSI YCTaHOBKY
MIOKa3aHHYI0 Ha puc. 9.6. Jlns BeIpalMBaHus KPUCTAJUIOB B XUMUYECKH YUCTYIO OKUCh JTTFOMUHUS
Al,0, ¢ po6aBkoii Cr,O, 3arpyxatoT B OyHKep 2, NpeIBAPUTEIBHO U3MEIbYMB JIO YACTHIL

pazmepoM 1 — 20 Mxm. Ilox neificTBHEM BCTPSXMBAIOIIETO YCTPOMCTBA MOPOIIOK YEpe3 CeTyaToe
IHO OyHKepa momnazaaeTr B cTpyro miamenu H,- O, ropenku 3. CHusy 4epe3 mydenb 6 BBogurcs
OPUEHTUPOBAHHBIN 3aTpPaBOYHBIN KpucTaul S. bmaromaps maneiM pasMepaM, 4acTULBI IIMXThI
pacIuUIaBiIsIOTCS Ha JIETY U, MOTaJ1asi Ha 3aTPaBOYHBIN KPUCTaI, 00pa3yroT pacIulaBiIeHHBIN ciioi 4.
3arpaBKa, MEIJIEHHO BpAallasCh, OMYCKAeTCs M, MO MEpe OXJAXACHUs pacijiaBa MPOUCXOAUT
KPUCTATU3aMsl M POCT KpHCTaWoB. llodydeHHBIe KpHCTALIBI OTKHUTAlOT BO M30€XaHUE
0o0Opa30BaHUs TPEIIUH U CHATHSI BHYTPEHHETO HANPSHKEHUS.
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Jlekuus 10. BeipadoTKa, OT:KUT U pa3esika CBApEHHOI0 CTeKJIa

1. OT1uBKa B 0JIOK M MIPOKATKA B JIUCT CTEKJIa

[Ipu otnuBke crexna B Onok (puc.10.1) crexno u3 ropmka (2) OoTAMBAOT B pa3z0OpHYIO
MeTainuieckyo (¢opmy (3) ycraHoBieHHYI0 Ha Tenexke (4). I[lepen oTnuBKON cTekioMarepuan
MPUCTYKUBAIOT YTOOBI 3aCBHJICHHBIE CIIOM CTEKJIa OCTATUCh B Topmke. PopMy € pasIUTHIM
TOpSIYUM CTEKJIOM cpa3y e IOoCiIe OTJIMBAa TOMEIIAIOT B JIIEKTPUYECKYI0 Ie4b OTXHra. B
3aBUCHMOCTH OT 00beMa CTEKJIOBAPEHHOTO TOPIIIKA pa3IMYaloT CTEKI00J0KU ¢ ToamuHoi 120-300
MM u rabapuramu B 1iane 1400x2000 mMm.

IIpu npokatke B auct (puc.10.2) creknomarepuan u3 ropuka (3) BbUIMBAIOT Ha JUTEWHBIN
cToil (6) M packaTbIBalOT YYT'YHHbIM KaTkoM (2). IIpokaTHBIM JMCT CTaJKHMBAaIOT CO CTOJa
tonkateneM (1) B meus (5) g orxkura. IIpokaTkoli mosydaroT JIMCTOBOE CTEKJIO TOMKHON 18-40

MM.
2. BripaboTka B Opyc H IVIUTKY

C nomomisto ycranoBku (puc. 10.3) onrtuueckoe creksio (1) u3 BanHo#M neun (1) BbUIMBAIOT
yepe3 TpyOKy (2) Ha MeTauIMYecKui XOJIOJWIBbHUK (3) oxnaxkaaeMblii MpoTOYHOW Boaoi. Croit
CTEKJIa CONPUKACAIOIIETOCS CO CTEHKAMU XOJIOIMIbHHUKA OXJIaXKIAETCsl U 00pa3yeT TBEPAYIO KOPKY
COOTBETCTBYIOIIYIO IO (opme Kenody XosiofwibHuKa (ceueHue A-A). B Hauane BBIpaOOTKH
BPYYHYIO C MOMOIIBI0 METAIUTMUECKUX 3aXBaTOB IMPHJBUTAIOT MO TpaduToBOMY *XKenody (4) rme
BBIPABHMBAHUE TEMIIEPATYp BHYTPEHHUX U HAPYXKHBIX CIIOEB J0 CONPUKOCHOBEHHUS C POJIMKAMU
BBITSDKHOTO ycTpoiicTBa (5). Jlanmple TpoIlecc HEMpephIBEH: Topsyuil Opyc packajablBarOT Ha
MepHbIe KycKu JiuHHOM 0,8-1,2 M 1 moMemaroT ux B neyb omkura. Pazmepsr ceuenns opyca 30-50

MM, mupuHa 100-150 Mmm
3. I'pyObIii oT:KMT TekJIa

I'pyOBlif OTKUT CTEKIJIa IPUMEHSIOT Ui IPEAOTBPAILIECHUS €T0 PA3pyLIECHUs MIPU OXJIAKICHUH
U JIBHEHIIEH XOJI0JHOM pa3/eliKe Ha 3ar0TOBKH. [13-3a MaJIol TEIIONPOBOIHOCTH CTEKIIA IIPHU €T0
OXJIAKJEHUM (HAarpeBaHWU) MEXJy HapyKHbIMH W BHYTPEHHUMH CJIOSMU BO3HUKAET TIPATUCHT
t°=AT. Hamuune AT npuBOIMT K BO3HUKHOBEHHIO HANpSHKEHUH B CTEKJIE, 3HAUEHHE KOTOPBIX
MIPONOPLUOHAIBHO CKOPOCTH OXJIAKICHUS U KBaJpaTy TOJIIUHBI cTekna. [Ioka cTeko HaxoauTes B
YIOPYroM XpYNKOM COCTOSIHUM 3TH HalpsOHKEHHUS CTAaHOBATCS OoJiee YNpY)Ke M HCYE3al0T Iocie
BbIpaBHMBaHUs TemnepaTypbl. [Ipu HarpeBaHuM cTekia A0 MHTEpBaJla TEMIEPATYP IIACTUYECKON
neopManuy HaNpspDKEHHE oOclaliisieTcs - peslakCUpyeTcs - M 4epe3 OIpe/eIeHHOE BpeMs
3aBHCHIEE OT BA3KOCTU CTEKJAa MCYE3aeT, XOTd TEMIIEpPaTypHbIN I'paAMEHT MOXET OCTaBaThCS.
TemnepaTypHblil HHTEpBaJI B KOTOPOM BO3MO>KHA pellaKcalysl HalpsbKeHUH Ha3blBaeTcs 001acThio

OTXUra. HpI/I OXJIAXJACHUNU CTCKJIa Harperoro g0 INIACTHUYECKOIO COCTOSAHHA HAJIN4UC



TEMIEepaTypHOTO TpaJWeHTa TMPHUBOJUT K TOMY YTO Hapy)KHBIE CJIOW 3aTBEPIEBAIOT paHBIIE
BHYTPEHHUX M B JalbHEHIIEM NpPETEPIIEBAIOT C)KaTHE BHYTPEHHUX OoJiee HArpeThiX CIOEB.
BosHukaromnyie HampspkeHHsl MU 3TOM HE YCTPAHSIOTCS TpPHU BBIPABHUBAHHMU TEMIEpaTyp,
HA3bIBAIOTCS OCTAaTOYHBIE. ['paHWIBI 00JaCTH OTXKHra CTEKJIAa 3aBUCAT T H3MEHEHHUS €ro
TeMIlepaTypHOi Bs3kocTH. Bepxuss rpanuna (Tg) Temmeparypa mpu KOTOpOH BSA3KOCTb CTEKJIa
10" Tla-c, mpu Heii He HaGMIOTAETCS 3aMETHON AePOPMAIMH CTEKIIA B TEUCHHH CyTOK. HInKHss
rpanuna (Ty) - Haxomutces Ha 70-150°C Huke M ompenensieTcs ONBITHBIM IMyTEM IS KaXI0u
Mapku cTeksa. OTKHUT ONTHYECKOTO CTEKJIA BBITOJIHAIOT B KAMEPHBIX AJIEKTPHUYECKUX Tedyax (puc.
10.4). Takyro meub pazorpeBaroT HarpeBatenem (4) mo temmeparypsl 200-500°C u ¢ ropsuum
OTJIUTHIM CTEKJIOM YCTaHABIMBAIOT HAa MOJCTAaBKH (3) M 3aKPHIBAIOT TEYb TETIOM30JISIIMOHHBIM
konnakoM (1). Crexso pasorpeBator g0 temneparypsl Tp+(10-20)°C u BbIAepxkUBaIOT 4-8 4acos.
OTxur crekia B 0071aCTH OTXKHUra OTBETCTBEHHAS OTIEPALIUS [0 CTPOTO YCTAaHOBICHHOMY PEKUMY C
MIOCTOSTHHOM CKOPOCTBIO 3aBHCAIICH OT MapKH CTEKJIAa M pa3MEepPOM OT)KUTAEeMBIX 3aroToBok. [locie
OTBETCTBEHHOTO OXJIXKJEHHS CTEKJIO MOXHO OXJaXAaTh C OOJNbIIEH CKOPOCTBIO, MPHU KOTOPOU
BO3HUKAIOIINE YNPYTHe HANpsHKeHUsT HE TPHUBOIAT K paspylleHuio crtekna. KauecTBo ropsde-
00pabOTaHHOTO CTEKJa OIEHWBAIOT IO JBYITYYENPETOMIICHHIO O00pas3IoB, OTKAIBIBAEMBIX OT
OTOXKEHHOTO CTeKI00MoKa. OXJIaKICHHBIH OJIOK TPOBEPAIOT BU3YATbHO ISl OIpENeIICHUS
KayecTBa CTEKJIa 1O IMy3BIPSIM U TPpyObIM CBHJISIM. B MapmipyTHOW KapTe MpOBOIST 3apHUCOBKH
0JI0Ka B IBYX MPOEKIHSIX C yKa3aHUEM pa3IHMuHBbIX UMeromuxcs aedexron. [lomyyeHHOE CTEKIIO B
BHJIe OJI0OKa, JHUCTa, Opyca - CBIPEBOE CTEKJIO - MONMyhaObpuKaT IMOCTyMaeT s JadbHeHIen
XOJIOHOM pa3feiKd Ha 3aroToBkH. Ha 3aroTOBKM CTEKJIO pa3[enblBalOT  pacKallbIBAHHUEM,

paCHI/IJII/IBaHI/IeM.
4. PackajapIBaHue 3ar0TOBOK

[Tocne amanm3a kadecTBa OOpa3lOB M BHU3YaJIbHOTO OCMOTpa IPOU3BOJAAT Pa3METKy H
pa3fenKy CBIPhEBOTO CTEKJIa Ha 3aroToBKU. Pa3sMerka komruiekcHas. CHadana BbIOMparOT
KpynmHOTabapuTHBIE IJIACTUHBI C BBICOKMMH TpeOOBaHMSIMU IO KadecTBY crekna. OcraBmieecs
CTEKJIO JeNAT Ha 0oJiee MEJKUE 3aroTOBKH, PAaCKaJbIBalOT Ha KYCKU JUIsl JajbHEHIIed ropsuen
nepepaboTku. PackanbiBaHHEM MOJTYYalOT NPSIMOYTOJIBHBIN TJIACT ¢ pa3MepOM B IJIaHe OOJIbIIEe B
ISITh Pa3 TOJNIIMHEI 010Ka. JIJ1sl 3TOTO MO JTUHUK Pa3METKH TBEPIOCILIABHBIM 3YOHIIOM M MOJIOTKOM
JIEJIaI0T HACEUKHU COJIepXkKaIIue JIMHUU MUKpOTpeirH. [Totom 010K joxkaT Ha cToJI (4) KOJIOYHOTO
npecca (puc.10.5). [Ipu 3T0M OpUEHTHPYIOT TUHUIO PaCKAIBIBaHUS (6) IO peOpy CTATBHONU MPU3MBI
(5). Ha Bepxneii TpaBepce (1) npecca - ABa no/iBoja Kyjadka (2) paccTossHUE MEXay KOTOpbIMH L
peryaupyercs pasMepaMu IIacTUHKU. [loa mpu3My U Kymmadku JIOKaT BOMIOYHBIE MPOKIAAKH (3)
tomuuaou 10-15 mm. [lpu mogbeme crona mpecca Mmoj ACHCTBUEM CHIIBI OJIOK pacKallbIBAETCA.
[Tpunycku Ha pa3Mepbl IMJIACTUH YCTAHABIMBAIOT C YYETOM HE NMPSIMOJIMHEHHOCTH W YBOJA JIMHUH
packanbIBaHUs, MOKET 10CTUraTh 30 MM Ha CTOpPOHY.



5. PacnuiuBanue 3aroToBoOK

PacnmnuBanue 3aroToBOK 0o0Jiee TMPOTPECCHBHBIM TEXHOJOTHMUYECKHH METOA  pa3Jesku
CBIPHEBOTO CTEKJIA, BHITIOIHSAIOT CHENHUATBHBIM aJIMa3HBIM MHCTPYMEHTOM: OTPE3HBIMU KPYraMu H
MOJIOCOBBIMH THJIAaMH. AJIMa3HBIMH OTPE3HBIMH KpyraMH pacluIHBalOT Ha TPSMOYTOJIbHBIC
3arOTOBKH, IJIACTUHBI ¥ TPU3MBI. Kpyru ObIBalOT TpeX THIIOB:

1) co cromHOM pexyiiel kpoMkoit tuamerpom 10 400 mwm;

2) cermeHTHbIE tuameTpoM a0 800 Mm;

3) ¢ aaMa30M HaHECEHHBIM Ha PEXKYIIYI0 KPOMKY 3aKaTKOM, 3aBaJIbIIOBKOH.

Cxema cTaHKa JJs paclUIMBaHUS CTEKIOOIOKOB JUCKOBBIMM alIMa3HBIMHU Kpyramu (puc.l).
Ha crton (7) yepe3 nepeBsiHHBbIE MOAKIAAKM YKIIAJbIBalOT cTekso0yok (6). Korma Hamo otpesarsb
HeOOoJIbIIHe 3arOTOBKU Ha CcTOJ (7) CTaBAT YIOPHYIO TUIACTUHKY (5) M CTEKIIOOJIOK PacKIMHUBAIOT
nepeBSHHBIMU TpokiankaMu. Crton (7) MOXET MOBOPAaYMBATHCS BOKPYI BEPTUKAIBHOH OCH,
oOecrieunBas paciInBaHue OJ0Ka MO pa3auuHbiMU yriaamu. LnuHaens auckoBoro kpyra (2) Ha
nojaBelmIeHHOW kaperke (1) gBuraercs mno HampaBisitoIIMM  Hoprana  (3) KOTOpeIM 1O
HaNpaBJSIOMUM (4) TOXKe IepeMeniaeTcs Iyl yCTaHOBKM Ha pa3Mep pacHiIMBaeMOM 3arOTOBKH I10
mupuHe. [1oJ0cOBBIMU aMa3HBIMU THJIAMH Pa3eibIBAIOT CTEKJIO HA IJIACTUHBI C Ta0apUTHBIM
pazmepoM He 6osee 250 MM ctankom (puc.32). [MunpHas pama (3) ¢ HAOOPOM MOJIOCOBBIX MU (5)
COBEpIIAET BO3BPATHO-IIOCTYNATEIbHOE ABWKEHHE MO HampasistoummM - tpaBepce (1). IIpuson
JBIDKYLIEHCS paMbl OT KPUBOIIMITHO-IIIATYHHOTO MeXaHnu3Ma(4), 4uciio ABOHHBIX XOJI0B B KOTOPOM
150-200 B munyTy. Ha nunbHOM pame KpemuTcs OJAHOBPEMEHHO A0 20 mui Ipu MUHHUMAJIbHOM
paccrostHMM Mexay HUMH 12 mm. PaGodast momava pezanus 3agaercs nepeMeriennem tpasepca (1)
C NMUJIBHOW pamoil BHHW3. PacnunmBaembrit Oiok (7) kpenutcs Ha Tenexke (6), a cMmasblBarolie-
OXJIXK/IAr0IIast )KUIKOCTH MOJIAETCSl Yepe3 YCTPOUCTBO (2) B BUIE AyIIIA.

Puc.10.1 OTiuBKa cTekia Puc.10.2 OrimBka crekiia

B hopmy B JIUCT
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Puc.10.3 YcraHoBka a5 BEIpaOOTKH Puc.10.4 [leusr oTxura 61049HOrO CTEKIIA

CTEKJIa B IPOT

Puc.10.5 PackajibIBaHMe CTEKJIA HA Puc.10.6 PacnuiuBanue cTekja
aJIMa3HbIM KPyrom

Puc.10.7 PactiunmBanue CTEKIIA MOJI0COBBIMUA Puc.10.8 PactimnBanue cTekiia THOKAM

muJjIaMu AJIMa3HbIM HHCTPYMCHTOM



Jlexkuus 11. MoaupoBanue U nNpeccOBaHUe 3ar0TOBOK

1. CBoOogHOe MOTUpOBaHUE

3aroTOBKM CEpUMHBIX ONTHYECKUX JAeTaned (JIuH3, MPU3M, IUIACTUH) — HW3TOTaBIUBAIOT
ropsiauM  (OPMOBAHHEM CTEKJIa HArpeToro 70 TEeMIIEpaTyphl IUIACTUYHOTO J1e(OPMHUPOBAHUS.
CB00601HOE MOJMPOBAHKE BBHITIONHSIOT TI0 CXeMe, Moka3anHoi Ha puc.11.1. bechopmennsie Kycku
CTEKJIa, Pa30rpeTble O COCTOSHUS TEKY4EeCTH, pacTeKasich IOJ JEHCTBUEM CHJIbI TSAXKECTH,
MPUHUMAIOT pa3Mepbl (OpMBI, B KOTOPYIO OHHU 3arpyxeHsl. IIpu 3Tom 00béM Kycka crekna 3
JIOJKEH COOTBETCTBOBAaTH 00BEMY 3arotoBku 4. dopma 1 juisi MOJIMpPOBaHUS — MeETaJJIMYecKas,
¢byrepoBanHas kepamukoi 2. Ilepen MonMpoBaHMEM KYCKH CTEKJIa TPOBEPSIOT HA OTCYTCTBHUE
BHYTpeHHUX nAedekToB (kamHel, cBwieid u np.). CBoOOaHOE MOJMpPOBAHWE MPOU3BOAAT Ha
CHEIMAIBbHBIX TEIUIOBBIX II€KaX HENPEPHIBHOTO JEHCTBUSA. YCTAHOBJIEHO 4YTO AKOHOMUYECKH
11eJ1eco00pa3zHO MOJIMPOBATh 3arOTOBKH Maccoi Oosee 1 kr u pazmepamu B miane 100x100 mm.

2. IlpuHyauTeIbHOE MOJTUPOBaHUE

BemonsaoTr B Meramueckux (¢opmax, Kak MokazaHo Ha pwuc.11.2. B ornmume or
CBOOOJHOIO MOJIMPOBaHUS, NPUHYIAUTEIBHOE MOJIMPOBAHUE OCYIIECTBISAETCS MOJ JEHCTBUEM
BaKyyMa, CO371aBa€MOTO MPU OTKAUYKE HACOCOM BO3J/lyXa M3-110]1 HAXOAsIIencs: GopMBbl 2 ¢ IIIOCKOM
3arotoBkoi 3. Ecnu mpoliecc NpoXoauT MpU TEMIIEpAType COOTBETCTBYIOLIEH Hayaly MJIaCTUYHON
neopmanuu CcTekiIa, TO MHUKPOHEPOBHOCTH (OPMBI HE OTIEYATHIBAIOTCSA HA MOJHMPOBAHUHU
MOBEPXHOCTH 3aroToBKH 1. DTO TMO3BOJIAET MOTyYaTh 3arOTOBKH CHEPUYECKUX M achepUIecKUX
MOBEpXHOCTEH He TpeOyrolue JanbHEHIIeld MexaHu4eckod o0pabotku. MoupoBaHue
BBITIOJIHSAETCS Ha I0JIyaBTOMAaTUYECKUX 3aroTOBKAaX, COCTOSILUX M3 KOJBILEBOM Ie4M HarpeBa U
TYHHEJIBHOHM T€UM OTXKUIa, COENMHEHHBIX MeXay coboil ropsueil kamepoil. IIpuHynnTenbHBIM
MOJIMPOBAHMEM H3TOTOBJISIIOTCS 3arOTOBKU AaMeTpoM J10 600 MM U TOJILIUHON 10 8 MM.

3. [IpeccoBaHue 3aroTOBOK

[IpeccoBanue MpoBOAAT B 3aKpHITON MeTayinueckou gopme it aeraneit maccort 1o 0,5 kr
U3 MIPCABAPUTCIILHO MMPUTOTOBJICHHBIX HAPE30K ONITHUYCCKUX IICTaJIefI. HapC3KI/I OTO NPAMOYT'OJIBHBIC
KYCKM CTEKJa, ITOJYy4CHHBbIE IyTEM pPAaCKaJIbIBAHUS IIMTKHA CHIPHEBOIO CTEKJIA U UMEIOLIHUNA Maccy
paBHyIO Macce ImpeccoBkH. [l mpeccoBaHMs Hape3Kd MPEABApPUTEIbHO pa3orpeBaloT B
QJICKTPUYCCKHUX MJIM T'a30BbIX I€YaX OO0 TCMIICPATYPbI pasMATd4CHUSA COOTBCTCTBYIOHIeﬁ BA3KOCTHU

crekia ot 10°71010°Tla-c. Bo wu3besxaHue NpUIMIAHHA CTEKIA HAa TI€YH  MOCHIIAIOT
MEJIKOIUCTIEPCHBIN MOPOIIOK 000%CKEHHOTO KaouHa. Pasorperas mopuus cTekiia HEpeHOCUTCS U3
neyd B Harperym Ao Ttemneparypbl paBHoi 400+600°C mpecc-popMy THIPAaBIMYECKOTO WIH
THEBMAaTHYEeCKOro mpecca. opMUPYIOIIHE IIEMEHTHI pecc-(hopMBbl KOJIBLIO-MaTpUIia 2, ¥ TIOI0H-
BBITAJIKMBATENb 3. YCTpPOHCTBO JUIsI NPECCOBaHMS 3aroTOBOK, IOKa3aHHbIX Ha puc. 11.3,
M3TOTaBJIMBACTCS W3 JKAPONPOYHOM CTamu W uyryHa. Hapesky ykimagpiBaloT B (OpMYy TaKHM
o0pa3omM, 4ToObI CTOpOHA €€ Ha IOJTy TEeYH Jeriia BHU3 Ha MoanoH 3. OTHpeccoBaHHYIO 3arOTOBKY
BBIHUMAIOT U3 Ipecca M OXJIAXAAI0T, a 3aTeM IepeMelIaioT B IHeub rpydoro omkura. Kaxmyro
MapTUIO 3arOTOBOK COIPOBOKIAIOT MACIOPTOM, B KOTOPOM YKa3zaHa ONTHYECKas KOHCTPYKIIHS
CTEKJIa M MOKAa3aTeNl KadecTBa 3arOTOBOK. J[pyrMM METOMOM MOJIydEHUS IMPECCOBOK SIBIISIETCS
MIPECCOBAHME M3 KUIKOW CTEKIOMACChl, OTPE3aeMOii aBTOMAaTHYECKHMMH HOXKaMH OT CTPYH CTEKJIa
BBITEKAOMIET0 M3 (uaepHOro ycTpoiicTBa BaHHOM meud. I[IpeccoBaHHe oOcCyIIecTBISETCS Ha
MHOTOTIO3UIIHOHHBIX POTOPHBIX MPECcCcax U3 MTaOUKOB.

[llmabux — 3TO CTEKJISIHHBIA MPYTOK KPYIJIOIO CEYEHMsI C MOJUPOBAHHOM MOBEPXHOCTHIO.
[IITabuky MOTy4aroT ¢ MOMOIIBIO0 YCTPOMCTBA, MMOKa3aHHOTO Ha puc 11.4. YCTpoHCTBO COCTOUT U3



neun 1 HarpeBarens 3 u Ty 2 ¢ JOHHBIM naTpyOkoM. Kycok crtekna 7 3arpyxaroT B TUTENb U
pa3orpeBaroT 0 TEMIIEPATYPBI Pa3sMATYCHHUs, a IOCIIE BKIIOYEHUS Harpesarens 4 CTEKJIO MEUIEHHO
BBITEKAET U3 TUIJISI BHU3, CTPYs CTEKJIA S 3alIpaBJIEHHOTO B POJIKE 6 BBITSKHOIO ycTpoiicTBa. [Ipu
BpAIllEHUH POJIMKOB MPOMCXOJUT HEIPEPHIBHOE BBITATMBAHHUE IITa0MKa, C €0 PEryIHpPOBAHUEM
TEeMIIepaTypbl NaTpyOKa U 4acTOTON BpallleHUs POJIMKA.

4. TOHKMI OTKUT CTEKJIA

SBnsierca mocnenHedl cTagueil TEXHOJOTMYECKOro IIpoliecca HU3rOTOBJIEHHS 3aroTOBOK
ONTUYECKUX JAETajel, LeJIb €ro MOIYYUTh BBICOKYK) ONTHYECKYIO OJHOPOJHOCTh CTEKJIA KayKIOU
3arOTOBKH C €IMHBIMH I BCEW MAPTUM IOKA3aTEeJSIMUA MpEJoMIIEHUd U aucnepcueil. ToHkui
OTXKUT B JIEKTPUYECKUX KaMEpHBIX Ie€4ax, cxema nocrpoeHa Ha puc.l1.5. Takasg neubp umeer
BBICOKYIO TEIUIOU30JIMPYIONIYIO KpBINIKY 3 W cucTeMy HarpeBareneid 4, o0ecreunBaroniux
PaBHOMEPHBIM HarpeB M MPUHYAUTEIbHOE CHI)KEHHE TEMIIEpaTypbl. 3arOTOBKM S YKIIaJbIBAIOT B
MacCUBHblE Hachimi 1, CIOCOOCTBYIOIIME YMEHBUICHUIO TPAJAMEHTOB TEMIIEPATypbl IEUH.
VYnopaBiieHue NpoLEeccOM HarpeBa U OXJIAXKIEHHsS] 3arOTOBKU IPOU3BOJUTCS aBTOMAaTHYECKH IO
TeMIlepaTypHOMY IpaduKy, mokazaHHOMY Ha puc.l1.6. TemneparypHslil rpadguk nmoapas3aenéH Ha:
Harpes; BBIJEPAKKA; OTBETCTBEHHOE OXJIAXK/IEHUE; OCTHIBAHUE.

B mnponecce TOHKOro OTKWra 3aroTOBKM CHadajla HarpeBalOT JI0 BEpPXHEH TeMIepaTypsl
OTXKUTa C BOBMOKHO OOJIBLIION CKOPOCTBIO, 3aTE€M JAlOT BBIACPKKY IPHU IOCTOSIHHOM TeMIepaType.
Bo Bpems BBLACPKKM NPOUCXOJUT pEIaKcalys- YHMUYTOKEHHE OCTAaTOYHBIX MEXaHHMYECKHUX
HarpspDkeHud B crekiie. OTBETCTBEHHOE OXJIAXKJEHHWE B HMHTEpBasie Temneparyp oT TB g0 T
IIPOU3BOJUTCS C MOCTOSIHHOM CKOPOCTBhIO. CKOPOCTh OTBETCTBEHHOTO OXJIAXACHUS 3aBUCUT OT
pa3MepoB 3aroTOBKM M TpeOOBaHMS K HUM IO JABOWHBIM JIy4ENpPEIOMJICHUSM, I0Ka3aTelto
npenomiieHus, aucrnepcuu. OOBIYHO CKOpPOCTh OXJaKJIeHHUs BblOMpatoT B mpenenax o 0,05 no
20°C/u. Tlocne OTBETCTBEHHOTO OXJIAXKICHUS 3arOTOBKY YBEIMYHBAIOT, JUIS YETrO MOCTENEHHO
MPUOTKPBIBAIOT KOJIIAK MEKU. VI3MEeHsAs CKOpOCTh OXJIaXJIEHUS B HMHTEpPBAJ€ OTBETCTBEHHOI'O
OXJIQXKJICHUSI MOKHO B OIIPEENEHHBIX MTpeiesiaX U3MEHUTh 3HaUeHUs KO PHUIIMEHTA PETOMIICHHS
U AMCTIEPCHUM IS TaHHOM MapTHH 3aroTOBOK.
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Puc.11.1 CBoGoaHO€ MOIITMPOBaHUE Puc.11.2 [IpunynurenbHOE MOJTUPOBAHKE
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Puc.11.5 Ileus TOHKOTO OTKHUTa CTEKIIA Puc.11.6 TemnepatypHslii rpadux
TOHKOTO OT)KUTa :
1-HarpeB; 2-BblIEpAkKKa; 3-OTBETCTBEHHOE
oxJaxaeHue; 4-oxJiaxacHue



.HeKlIiﬂ 12. HpaBnna Ta BUMOI'M CRJIaJaHHS KPECJICHHS ONITUYHHUX aerajei

1. OcCHOBHI MpaBWJIa CKJIAJAaHHA KPeCJeHb ONTHYHHUX AeTajleH

OnTH4Hi1 feTaini 300paxky0ThCA Ha KPECAEHHAX Y BIAMOBIIHOCTI /10 3arajlbHUX
npaBui BctaHoBieHux CKJI. KpecneHHs MOBHICTIO XapaKTepHU3ye ONTUYHY JeTajlb Ta
€ BUX1IHUM JIOKYMEHTOM JIJIsl PO3POOKU TEXHOJOTTYHOTO POLECY 1i BUTOTOBIEHHS
Ta KOHTpOJt0. [Ipn 300paxkeHH1 ONTUYHOT 1eTalll BAKOPUCTOBYIOTh 3arajibHi IpaBuia
MaIMHOOYI1BHOTO Ta NMPpUIago0y/IIBHOTO KPECIEHHsI, aje 13-3a cnenudiky ii
CI1y>k00BOT0 3HAUE€HHS 33Jal0Th J€sK1 JTOMOBHEHHS, @ TAKO)X BUKOHAHHS OCOOJIMBUX
HOPMAaTUBHUX BUMOT. [Ipukianu BUKOHAHHS KPECIEHb JACSKUX ONTUYHUX JeTajeil
nokasani Ha Man. 12.1-12.5. HaBenemo neski 0co0IMBOCTI BAKOHAHHS KPECIEHHS

OINITUYHUX JIETAJIEH:

" JeTajl pO3MILIYIOThCS HA KPECICHHSIX Yy HAIPSIMKY PO3MOBCIO/KEHHSI CBITJIA 3J1iBa
HaIpaso;

" YHCIIOBE 3HAYEHHS PajilyciB ChepUUHUX OBEPXOHB NO3HAYAIOTh OYKBOIO R.

* acdepuyHi NOBEPXH1 BU3HAYAIOTH PIBHSIHHSAM KPHUBOI MOBEPXH1 OOEPTaHHS;

" IUIIHJIPUYHI MOBEpPXHI 3aJal0Th 3HAYEHHAM pajalyca R mepen sKuUM NHUIIYTh
cioBo “Tuminap”.

" Yy IpaBOMY BEPXHbOMY KYTKY KPECIEHHS PO3MILIYIOTh TaOJIMIIIO B SIKIi BKa3yIOTh:
BHUMOT'H JI0 MaTepiajly, BAMOTH JI0 JI€Tajll, pO3paxyHKOBI JIaHHI,

" Yy [0JII KPECJIEHHs 1 MPUMITKaX BKa3ylOTh J0JIaTKOBI KOHCTPYKTUBHI OCOOJIMBOCTI
Ta TEXHOJIOTIYHI BUMOTHM, HANpPUKIAA: IWTPUXIB Ta LUGp Yy 30UIBIICHOMY
MacmTabdi 3 BKa3yBaHHSIM PO3MIPIB, BUBHAUYECHHS BUJlY MOKPUTTA Ta HOro MmUpy,

PO3Mip CBITJIOBOTO JiaMEeTPy, PO3MIpH JJis IOBIJIOK 13 31pOYKOI0, TOIIIO.



" y mTamii 000B’SI3KOBO MUIITYTh HallMeHyBaHHs Jetaii, mapky ckia i [OCT, macy
AeTaii, MaciuTad KpecleHHs;

" g 30IpHUX OJWMHUIB TaOMUIS CKJIAJA€ThCS 13 BUMOT JO BUPOOY 1 ONTUYHUX
XapaKTEePUCTUK;

" Ha KpecJeHHSAX 30IpHUX OJIMHULb CKJICIOBAHY MOBEPXHIO BUAUISIIOTH JIIHIEIO
MO/IBIITHOT TOBLIMHU 1 BKa3yIOTh CTpUIKOO 3 OykBOIO K B 11 po3puBi.

3a KpecaeHHIM JeTal po3po0JIIOI0Th KPECIEHHS 3ar0TOBKHU JIJIsl IPUUHSTOTO
TEXHOJIOT14HOTr 0 Tpouecy. Ha 1iboMy KpecieHH1 BKa3yloTh JOIYCKH Ha 00poOKy,
YUCTOB1 pO3MipH AeTalli 1 BAMOTH 10 Martepiany. KpeciaeHHs 3aroToBKu HEOOX1aHe
U1 3aMOBJIEHHS HaniB(aOpukary (4acTMHU a00 MPEeCcOBAaHOI 3arOTOBKH) 3 CKJIO-
3aBoay. [Ipu po3poOiii TEXHOJIOTTUHOTO MPOLIECY CKIIAIal0Th MOOTEPaIliiHI €CKI3U
3arOTOBKM Ha OKpeMi omeparlii. 3HaYeHHS ONTHYHUX XapaKTePUCTHK, BUBHAYCHUX
Mpu rabapUTHOMY PO3PaXyHKY CUCTEMH BKA3yIOTh Y TaOJIuIll, a MIPHU MIArOTOBII
BUPOOHHIITBA TEXHOJIOTH HE MOBUHHI 1X MEPEIUBISATUCE.

2. IToxa3HUKHN AKOCTI geTajiel

HasBHicTh 200 BiICYTHICTh IEBHOTO TTOKA3HUKA B TAOJIMIII BUMOT JI0 JeTaJIeH
Mae JJis MPOIECY BUTOTOBJIEHHS JOCTATHHO BU3HAYEHHUM TEXHOJIOTTYHHUM 3MICT.
YucrioBi 3HaUEHHS MOKAa3HUKIB SIKOCTI 00YMOBIIOIOTh TPYAOMICTKICTD 1 CKJIAJIHICTh
BUKOHAHHS OIepallii TEXHOJOTTYHOT0 MPoLiecy 0OpoOKH JeTati.
['paHnyHO NONYCTHMI BIIXWJIECHHS CTPUIKHM KpUBHU3HU N,, Np BUKOHYIOUHMX

ONTUYHUX TMOBEpXOHb A 1 b Bii CTpUIKM KpHUBH3HM MOBEPXHI MPOOHOrO CKJa
3a1at0Th B uncnax (Man. 12.1 Na=5 1 Np=3) iHTepdepeHuiiinux kineub ado CMYyKOK,
K1 301ratoThest 3 giaMeTpoM D, a00 3 HaWMEHIIMM PO3MIPOM JAeTayl MpU KOHTPOI1
NpOOHUM CKJIOM. Y BHpPOOHMYMX yMOBaxX IHTepQEpeHUINHY KapTUHY 3BUYAITHO,
Ha3MBalOTh “KOJBOPOM™, TaK SIK NpPH OCBITJIEHHI OUIMM CBITJIOM JIHII MaroTh
paiyxHe 3a0apBIICHHS.

Po3mipu chepuuHoi moBepxHi 3a7aHl Ha KpeciaeHH1 ik R+AR MM, BUMIPIOIOTH
NoOIYHUM METOAOM Yepe3 BIIXWJICHHS KPUBHU3HHU MOJIPOBAHOT ONTUYHOI MOBEPXHI
JeTanal Bl BUMIPIOBAJIbHOI 0a3u — poOo40i MOBEpPXHI MPOOHOrO CKJia (ONTHYHOTO
kaniopy). BumiproBanua N HaaliiHi K10 00po0ItoBaibHa NOBEPXHS MA€E MPABUIIbHY

chepuuny popmy. Ilokazaukam N, 1 N npsmMonponopiiiiini BiAXUICHHS KPUBU3HU



MOBEPXHI Bl 3aJlaHUX PO3paxyHKoOM. Skmio giamerp nerani D Ounblue aiamerpa

npoOHoro ckia D, To ayist chepuyHoi moBepxHi cpaBeinBa popMyna nepepaxyHkKy:

Ny =2 N

np.cm

(12.1)

np.cm.

[lepepaxyHOK 3MEHIIIY€e HAIHHICTh pe3yIbTaTiB BUMIPIOBaHb, TAaK SIK TOMMJIIKA

y BuUMIptoBaHHI N TpoOHHMM CKJIOM 30UIblIyeTbCSl TpU D, . <D HPONOPLINAHO

np.cm

. D : .
BiHOIICHHIO (——)°. Y nmeskux Bumaakax N i AN Bka3yloTh i3 3HaKaMH ILIIOC, a00

wp.cm
Mminyc. Lle o3Hayae, 10 cnocTepiraeThCsl MOBITPSIHUM MPOMDKOK Ha Kparo, a IOTUK B
LEHTpP1 IPHU 3HAKY IUTIOC 1 MPOMDKOK B LEHTpPl, a JOTHUK HA Kparo MpPU 3HAKY MIHYC
(man. 12.6).

VY BUpOOHMYMX yMOBax BIJXWJICHHS NEPIIOrO BUMAAKY NPHUHHATO Ha3WBATH
3arajbHUil Oyrop, a Apyroro — 3arajibHa simMa. Jljist IIIOCKOi MOBEPXHI 1Ie 03Havae, 110
Opy 3HAKy IUTIOC BOHA 3J€TKa BUIYKJIA, a MPU 3HAKy MIHYC 3JIeTKa YBITHYTA.
ITokazuuku N, 1 N npu 3HaKy IUIt0c, a00 MIHYC MOXYTh OYTH YUCEIBHO PIBHI, ajie
iHTepdepeHiiiiHa kapTuHu Oyne pizHa. Ilpu 3HaKy 1UIIOC JIHID CXOASATHCS IO TOUYKU
NPUKIaJCHHS. CUJIM HaTucKy P, 30epiraioum BUTHYTICTh, @ YEpBOHE 3a0apBIEHHS
3HAXOJUTHCS B CepeluHI JiHli. Taky KapTUHY Ha3MBalOTh HE fAMa, a MUIKHI KOJIp.
JUIs MJIOCKMX TOBEPXOHBb 3arajbHi MOHATTS “Oyrop” 1 “sma” 30epiraroTb CBOE
3HAYEHHS.

BumiproBanHs 3HaueHb mMOKa3HUKIB Ny 1 N He 3aleXUTh Bl TOTO,
3aMHUKAIOThCS 1HTEpPEPEHIiiHI JiHIi y KUlbLg ab0 300paxkylOThCsl CKPUBIECHUMU
CMYTaMHu, 1 He 3aJIEKUTh Bl CAMETPUYHOCTI PO3MIIIEHHS] KAPTUHU BIIHOCHO LIEHTPY

netani. 3HadeHHs! N 1 Ng BU3HAUaIOTh MO YKCTY Kilellb, SIKi MU 0a4uMO Ha TUIONII

.. . . At
netaii mig npoOHuM ckjoMm (Ha mai. 12.7 N=3) , abo y BIJHOIIEHHI — SIK€ BU3HAYAE
t

BUrHYTICTh JiHII N=0,4. 3HaueHHst Ny 1 Ng MoxyTh OyTu MeHuie 1 1 BupakaTtucs
ApoOHUMU yuciaamMu. B Takux BuUmajkax OLIHKY 3arajbHOrO BIIXWJIEHHS KPUBU3HU

00poOIOBANIBHOT TOBEPXHI BiJl BUMIPIOBAIBHOI MOBEPXHI MPOOHOTO CKJIa BEAYTh IO



3a0apBJICHHIO Paly>)KHUX KOJBbOPIB IHTEPPEpPEHIINHUX JiHIH, TaK SK TMOBHOIO
KUIBIISI HE BUJTHO.

3naueHHsaM N, 1 Np mpornopiiiiHe TOBIII IIapy CKJa, SKAW MNOTPIOHO
MOJIIPYyBaTH, 1100 3pOOUTH BIIXUJIEHHS KPUBU3HU MOBEpXHI MeHIIe. ToBiia 1boro
mapy no oci 30UIbIIYEThCS MPOMOPUIAHO KBaApary AlameTpa aetani. TpyaHorii
00poOKH B Mpolieci NOJIPYBaHHS y 3B A3KY 3 IIUM 3pOCTAIOTh MPOIMOPIIIHO KBaapaTy
abo kyOy nilameTrpa jJeTail, a MOJIPyBaHHS BUKOHYEThCS MpuOau3Ho B 20 pasis
NOBUIbHIIIE NUTIPOBKU. SKIIO Ha 1HTepdepeHUIdHIA KapTUHI KUIbLSA BUTATHYTI B
OJIHOMY 1 CTUCHYTI B IHIIOMY HAaNpsIMKY, TO € 3arajbHe BIAXWICHHS (POPMHU MMOBEPXHI
Bil cdepuyHoi. Ile BiaXuiaeHHS HA3UBAIOTh ACTUTMATUYHICTIO TOBEPXHI.
['eoMeTpu4HO 1€ O3HA4Ya€, MO0 ONTUYHA MOBEPXHS CKJIa € CHEepOUMITIHAPUYHOIO (HA
Mai. 12.8 N=1). 3HaueHHsI aCTUTMAaTUYHOCTI BU3ZHAYAETHCA AK PI3HUIL Kijielnb N 1o
ocsaM |-1 1 11-11.

3HauHy YacTUHY JAONMYyCTUMHUX TIpaHMYHMUX 3HadeHb N 1 Np CKIagawTh
BIIXWJICHHS, 1110 BUHMKAIOTh IpH O0OpoOLl, a TaKOX BHACHIIOK BUOPAHOIO CHOCOO0Y
KpIIJIEHHS 3aroToBKW. Hampukinaz, npu enacTuyHOMY cnoco01 OJOKYBaHHS MOKHA
onepxxatu N>1 | a ipu TBep/IoMy OJOKYBaHHI MOKHA OAEpPKaTH TUIbKUA N>3.

['pannyHO nonmycTUMI BIAXWICHHS pajilyCiB MPOOHUX cKenelb (KamopiB) ARy 1
ARg 3rigao 3 'OCTom 2412-81, abo Arp 1 Arg, 3rigHo 3 TOCTom 2786-82 (Ha mar.
12.1 ARx=£0,1%, 1 ARg=%0,05%), 3amatoTh B MiKpomMeTpax, ad0 y BIJCOTKaX Bij
3HAYEHHS HOMIHAJIbHUX PaJilyciB, a00 B 10JIAX 1HTEPHEPEHIUINHUX CMYT JUJISl TIIOCKUX
MOBEPXOHb. ['paHUYHO JOMYyCTUM1 BIAXWICHHS (QOPMU BHKOHYIOUMX ONTHYHHX
noBepxoHb A 1 b (ANA=0,5 na puc. 12.3 Ta ANg=0,3 Ha man. 12.4) 006UHCIIIOIOTH
JUTsL AlameTpa JeTanti:

D, D5
A]\']D_(f) ANM_(D )ANM (122)
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ne L,D,N— noBxuHa, niamMerp, 3Ha4eHHA OKpeMoi noMuikd. llomunku ¢opmu

OyBarOTh IBOX BUJIIB: 3araJibH1 1 MICIIEBI.



3aranpH1 NOMUJIKK (OPMU — 1€ YTBOPEHHSI C(HEePOIMITIHIPUYHOT IOBEPXHI, KA
B KOXHIN TOYILl Ma€ MOABIAHY KpUBHU3HY. lle BUKIIMKA€e MOSBY acTUIrMaTU3MYy, a Mij
MPOOHUM CKJIOM 3’ SIBIISIFOTBCSL BUTSTHYTI KUIbLsl 00 AYTH, SIKi HE YTBOPIOIOTH YaCTHH
KoJjia. BinxuneHHs KpuBU3HU MOBEPXOHB BiJ 33/1aHOT BU3HAYAETHCS (POPMYJIIOHO:

4ANA AR

Oxpemi nomunku ¢opmu OyBarOTh 30HAJbHI, TOOTO CHMETPHUYHI BiTHOCHO
BEPIIMHU CHEPUYHOIO CErMEHTa, a00 HECUMETPHUUHI B PI3HUX MICLSX MOBEPXHI, 5K
Ha MamoHKY 12.9. Ik 3aranpH1 Tak 1 OKpeMi NOMHJIKH (POPMU ONTUYHUX MTOBEPXOHb
3MEHIIYIOTh PO3JAUIbHY 3[aTHICTh CHCTEMH, IO HE KOMIIEHCYEThCS pO3MipaMu
TOBIIMHHU 1 pajalyCiB JIiH3, NOBITPSHUX NPOMDKKIB. ToMy MiaXif A0 MPUITYCTUMHUX
3HaYeHb AN BUMOTJIMBIIINH, HIK 710 N.

I'pannyni BinxuinenHss AN 3aBxau npu3HadaoTh B Joiax N. /o Toro x mpu
3BUYAHUX LEXOBHX CIHOCTEPEKEHHSAX I1HTEpPEpeHIiitHOI KapTHUHHU MiJl MPOOHUM
CKJIOM OKO HE MOXk€ pOo3p13HUTH noMuiIku MeHuie 10% N 1 pe3yiabTaTd BUMIpIOBaHHS
CTalOTh HE HAJIHUMU.

30HaNIbHI NOMWIKU BUSBIISIOTHCS K 3MIHA BIJICTaHI MK IHTEppEpeHUIHHUMHU
KUTbLAIMH, 200, SKILO KApTUHY OPIEHTYBATH HA CMYTH, IO JIEKATh MONEPEK HAMPAMY
BIIXWJICHHS MOBEPXHI, SIK MICIIEBUM BUTUH cMyT (Mai. 12.9).

OxpeMi MOMUJIKM BUHUKAIOTh SIK PE3yJbTaT PI3KOT HEBIIMOBIIHOCTI PO3MIpPIB
ITHCTPYMEHTY Ta OOpOOJIOBaIbHOI MOBEPXHI, IpyOMX MOMHIIOK B HaJIaroKeHHI
BepCcTaTa, HasBHICTb HEOJHOPIAHOCTEH 1 PI3HOTEMIEPATYPHOCTI MaTepialiB, sKi
B3a€EMHO MPUTUPAIOTHCS.

I'pannyno nomyctumi nedextd yuctoru noiipyBaHHs P, 1 P 3amaroTh B
KJIacax YMCTOTH ONTUYHUX MOBepXoHb 3riiHo 3 'OCT 11141-84.

Bci nonipoBani nmoBepxHi MaroTh mopcTkicTh 13 1 14 xnaciB 3rigno 3 ['OCT

. . 01, 0,05 .
2789-73, AKy BU3HA4arOTh BIANOBIIHO R, V 1R, \/_ . 3rigno 3 I'OCT 11141-84
BCTAHOBJIEHI JIOJaTKOBO OUIbLI YOPCTKI BHUMOTHM JO YHCTOTH BHUKOHYHOUHMX

MOBEPXOHb ONTUYHMX JI€TaNeil, 00yMOBIIEHI pO3MIpH 1 UUCIIO AEPEKTIB — HOJAPSIIUH 1



To4yoK. Bumoru permamenroBani 9-ma kiacamu P — Bim 9 10 2 1 moOBEpXOHb,
BIIJAJICHUX Bl IUIOIIMHU 300pa)k€HHA, 1 1ie OUIbII XKOPCTKUM Kiacom Pl 3
nigpozaimamu  1-40, 1-20 1 1-10 nns mOBEpXOHb, PO3TALIOBAHUX B IUIOMIMHAX
300paxeHHs npeametiB. Hanmpukian, no knacy P migpo3ainamu 1-10 qo3BOssi€Thes
mpuna noapanuau 0,002 1 giametp Touku 0,004 MMm. OcTaHHI BUMOTH TaKl )KOPCTKI,
o0 OOYMOBIIOIOTHCS KPYroBl cepeaHs 1 KpaiioBa 30HU JiameTpom 1/3 1 2/3
CBITJIOBOI'O [laM€Tpa, B SIKUX JAePEKTU AOMYCKAIOThCS, a B LIEHTPaJbHIM iX He
MMOBUHHO OyTH.

['paHnyHO JOMYyCTUMI BIIXWJICHHS BiA LHEHTpUYHOCTI JiH3 C 3a/1a10Th B IOJISX
MutiMeTpa. 3HadueHHs C BKa3ylOTh Ha BEJIMYMHY NapaJiebHOTO 3MILIEHHS
r€OMETPUYHOI OC1 CHUMETPIi JOMOMDKHOI CKJIaJalbHOT LWIIHAPUYHOT MOBEPXHI Bij
ONTHUYHOI OCl BUKOHYIOUMX MOBEPXOHb JiH3U. Lle qomyck Ha B3aeMHe po3TalllyBaHHS
JBOX BUKOHYIOUHX 1 OJIHI€T JJOMOMIKHOT OBEPXHI J1H3: iX BIIHOCHHUI MOBOPOT, abo
3MilleHHA. JlelleHTpoBaHa JiH3a HiOM CKJIaJeHa 13 MpaBUIbHOI JIIH3U 1 CHEPUUHOIO
KIIMHY 3 KYTOM O, SIKMil 00OyMOBIIO€ Pi3HY TOBUIMHY Kparo JiH3u. Ha kpecienHi ii
3ajal0Th  gonyckoM C, MepeTBOPIOOYM JO JELUEHTPOBAHOCTI APYIrOro poxay
napajieJbHUM 3MIIIEHHSIM ocell. J[elleHTpOBaHICTh JIIH3 BUKIMKAaE MOABY aleparii
KOMH, aCTUIMaTH3My 1 MOMEPEYHOro XpoMaTu3My. BHHMKae AEeleHTpPOBaHICUTH HA
NEepIIUX OmNepanisix MOWTYYHOI OOpOOKH 1 Mpu OJOKYBaHHI JIIH3 4Yepe3 MOMUIIKU
O0a3zyBaHHSI MpU BCTAHOBJIEHHI 3aroTOBOK. JleIIEHTPOBaHICTh 3MEHILIYIOTH JI0
JOMYCTUMHUX 3HAY€Hb KPYIJIMM LUTIQYBAaHHSAM Ha omepauii, Ky BUKOHYIOTb MiCIs
MOJIIPYBAHHS 1HIIOTO OOKY JIH3H.

[Toka3uuku sxocTi BUroToBiIeHHS Npu3M Na, ANa, N, ANg, P matoTe Takuit
caMui 3MiCT, 1O 1 JJs JiH3. ['paHMYHO HONMyCTHMi 3HAYEHHS MipaMilaibHOCTI
NpU3MHU 33/1al0Th B KyToBiM Mipi. IlipaminzanbHIiCTh - L€ HemapaielbHICTh pedep
NpPU3MHU, SIKY BHUCJIOBIIIOIOTH JOMYCKOM 7, a00 HemapajielibHICTh pedpa OJIHOro i3
KyTIB 10 30BHIIIHIX BUKOHAaBYMX TpaHEW B TOJOBHOMY Imepepi3i mpusmu. s
NPSIMOKYTHOI NPU3MHU - 1€ HemapalelbHICTh pedpa MpsMOro KyTa TINOTEHY3HOI

rpati. [lipamiganbHICTh siBIsi€ COOOIO JAOMYCK Ha B3a€EMHE PO3TAIllyBaHHS ONTHYHHUX



MOBEPXOHBb MPU3M: iX BIAHOCHUN MOBOPOT [Ipu bOMY po3aiibHA 3JAaTHICTh TPU3MU
3MeHIyeThes. [lipaMinaibHICTh BUHUKAE 13-3a MOXUOKU OOpPOOKH 1 TEXHOJOTTYHOTO
0azyBaHHS.

['pannyHO ONMycTUMI BIAXUJIEHHS KYTIB PU3MHU BU3HAYAIOTH B KYTOBIH MIpI.
Axmo 64520, TO mpu3Ma HE PO3ropTAETHCS B IUIOCKOMAPAJIEIbHY IIACTHHY.

KivH nmactTuHM BiAXWisi€ NPOMEHI BiJl PO3PAaXyHKOBUX HAMNpPSMKIB 1 BHOCHUTH
XpoMmaTu3M. B 1lMX yMoBax Ha3Ha4yaroTh JOMYCTUME 3HAYEHHA G4s. PI3HUIA TOCTpHUX
KYTIB IIPU3M BUHUKAE 13-3a TOXUOKHU OOPOOKH 1 TEXHOJIOTTYHOrO Oa3yBaHHS.

JlonmycTtriMe 3HAYEHHSI TPAHUIIl PO3LILHOI 3/JaTHOCTI € BU3HAYAIOTh B KYTOBUX
CEeKyHJax. 3HaYEeHHs BU3HA4ae BILJIVB OJTHOP1THOCTI NOJIBIITHOTO
MIPOMEHE3aJIOMJIEHHS, 0€CCBUIBHOCTI CKJIa, @ TaKOX BIUIMB 3HAYE€Hb HAa PO3AUIbHY
3natHicTh mpusmu (Man. 12.3, €=30"").

JloBkuHa X0y npoMeHs L B mpu3Mi BU3HAYa€ThCs rabapuTHUM pO3paxyHKOM
AeTal.

IToxa3Humku skocTi BUroToBiIeHHS KIUHIB N, AN, P Ta 1HIII1 MaloTh Takuii caMo
3MICT, SIK JUJIS JIIH3 1 OpU3M, J0Aa€Tbesl TUIbKM . KyT BigxusieHHs HOpoMeHs
BU3HAYalOTh B KYTOBUX 3HAUEHHSX, Ha $KI HAa3HA4YalOTh TPAHUYHO JOMYCTHUMI
B1JIXUJICHHS.

CBiTJ0BHIA JiaMeTp AeTali CB. & BU3HAYAIOTH B MiTIMETpax.

IToka3HukHu SKOCTI BUTOTOBICHHS CITOK N, AN, P, MaroTh Takuii caMuii 3MICT,
AK 1 I KJIUHIB. ['paHUYHO JONMYyCTUME 3HAYEHHS KJIMHOBHUIHOCTI O BH3HAYalOTh B
KyTOBUX CEKyH/1aX, a00 XBUJIMHAX.

BinxunenHs kyra kivHa, a00 KJIMHOBHAHICTh MJIOCKOMAPAJIENbHOI TIACTUHU
BUHUKAIOTh 32 PaXyHOK MMOXUOKM TEXHOJIOTTYHOTO 0a3yBaHHs 1 00pOOKH.

JUIst CITOK TpaHUYHO JOMYCTUMI1 BIIXWJICHHS LITPUXIB MO IIMPHHI, PI3HULSA
IIUPUHU, BIICTaHb MK HUMH, a TaKoX WWIPUQPTYy HAMKUCIB, 3amycKy @apOoro i
TpaBJICHHS BKa3YIOTh B MOJI1 KPECIEHHS Y BUTJISI/II IPUMITOK.

3nauenHs f, Sg, S'r, ¢B. J. BKa3aHi 3rigHO 3 JaHUMU Ta0APUTHOTO PO3PAXYHKY

JUISL CKJIaJlaHHs TaOJMIb KOMIUIEKTAI[li JIIH3 Ta MEepPeBIPKM ONTUYHUX I[apaMeTpiB



30ipHOi onuHuLi. Ha onHINM 13 BeNMYMH, KA € 3aMUKaIOUOI0 JIAHKOKO PO3MIPHOIO
JAHIIOTra, BKa3ylOTh TPAHUYHE BIAXUICHHS.

KpiM nepepaxoBaHuMX TOJIOBHUX IOKa3HMUKIB SIKOCTI BHUIOTOBJIEHHA, 0
ONTUYHUX JIeTajeil nmpe'aBiasioTh 1 T0AaTKOBI BUMOTH, aje OCTaHHI 3aJal0Th HE TaK
yacTto. ['paHM4HO AOMyCTHMI BIAXWJICHHS, BKa3aHl B TaOIUIIX BUMOT JI0 JIeTallel sIK
MOKa3HUKHU SIKOCTI, B1IOOpa)karoTh CyMapHy 10 MOXHOOK TEXHIYHOTO Oa3yBaHHS,
00po0Oku, BuMiptoBaHb. CyMmapHi MOXHMOKHM, HE3aJIEKHO BiJl YOTO BOHHU OJEpKaHi,
CKJIAJAal0ThCS 3a MPAaBUJIOM MAaKCUMyMY, MiHIMyMy a00 KWMOBIPHO 1 HE NOBHUHHI
NEPEeBUIIYBaTH 3HAYEHHS TPAHUYHUX BIAXWJIEHb, BKa3aHUX B TaOJIMUIIX BUMOT IO
netaneid. B HaBuanbHUX PO3paxyHKax M03BOJSETHCS BUKOPUCTOBYBATH MPHUOIU3HI
JOMYCTHM1 3HAYECHHS TPAHWUYHMX BiAXWwieHb (Tabn. 12.1), mio mpu3HAYarOThCA SK
MOKA3HUKU SKOCT1 ONTUYHUX JETaJIEH.

Taoanusa 12.1

EnemeHTH ONTUYHUX MPUITAIIB JlormycTuM1 BIIXUJICHHS ONITUYHUX
MOBEPXOHb
3a 3a ¢hopmoro 3a
KPHUBHU3HOIO AN nedexramu
N YUCTOTH
OO0’ exTHBHU:
KOJIMaTOpPIB 1 aCTPOHOMIYHI1 1-3 0,2-0,3 7.8
o 3-5 0,3 4-5
meJieCKOIIYHI
aepooTO3HIMAIbH1 1-3 0,1-0,5 5-6
dbotorpadiuni 3-5 0,3-0,5 5-6
Mikpockoris g0 10* 2-3 0,2-0,5 3
Bix 10" 1o 40™ 1-2 0,1-0,2 2
oinbrr 40™ 0,5-1,0 0,05-0,1 2
Oxkynsipy, JTynu 3-5 0,5-0,8 3
[Tpu3mu: BinOuBaroui MoBEpXHi 0,5-1,0 0,1-0,3 2-3




3JIOMJTIO0Y1 TTIOBEPXHI 2-4 0,5-1,0 3-4
CiTKH 1 KOJICKTUBH 5-10 1,0-2,0 1-10,20,40
3axuCHI CKEJIbIIA 1

CBITIIOQUIBTPU TIepeT 3-5 0,3-0,5 5

00’ €KTUBOM

CeiTnoiapTpH 32 1 iepen 5-10 0,8-2 2-3
OKYJIIPOM

JI3epkana cepeiHbO1 TOYHOCTI 0,5-1,5 0,1-0,3 3-4
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Jlexkuus 13. HlnudgoBanue ¥ nMoJMpoBaHUE ONTHYECCKUX MOBEPXHOCTEH

1.llindoBanue 3aKpenIEHHbIMH A0pa3uBHBIMM 3¢pHAMU

O0paboTKy CTEeKJIa HHCTPYMEHTAMH C 3aKpEIUIEHHBIMU aOpa3sMBHBIMU 3EpHAMU MPUMEHSIOT
Ui yoaleHus: HauOoJbIIeld YacTH 00bEMa NpPUIyCKa W TOATOTaBIMBAIOT TMOBEPXHOCTH IS
MOCIIEAYIONIETO TOHKOTO NUIM(OBAHUS CYCIIEH3USAMU aOpa3sMBHBIX MOPOIIKOB M OKOHYATEIHHOTO
MIOJINPOBAHMS ONTUYECKUX ITOBEPXHOCTEH.

[lmudoBanme crekna 3akperyiEHHBIMU —aOpa3uBHBIMH 3EpHAMH  OYEHb IIOXO0XKE Ha
nuMOBaHNE METAJIOB HAa METAIOPSXKYIIMX CTaHKax. JleiicTBHE eIMHHYHOTO 3aKpETIEHHOTO
3epHa MPHUBOJUT K CKAJIbIBAHUS YAaCTHIl XPYIKOrO CTEKJa MOJ AECHCTBUEM TaHTNE€HIMAJIbHBIX CHII,
HaIpPaBJIEHHBIX MO/ MajbIM YIJIOM K MOBEpXHOCTH. CTEKJIO pa3pyllaeTcs Kak XpyNKUH mMaTepuanl
PacTpecKUBasICh U OTKAJIBIBAACh MEIKUMH YaCTUI[aMH HEMPAaBUIbHON (POPMBI.

[Ipu mnudoBaHUM TJIaBHOE JIBMKEHHME MHCTPYMEHTA — BpallaTelibHOE, a oOpabaThiBaeMOi
3aroTOBKM — BO3BpaTHO-NoOCTymareiabHoe. (Cxema paboThl €IMHUYHOIO  3aKpPEIJIEHHOTO
abpa3uBHOTO 3epHa noka3aHa Ha puc.13.1. Ilpu B3auMoneiicTBHM 3epHA CO CTEKJIIOM 0Opasyercs
HapyYIICHHbIN CJIOW TOJIIIMHOM 71, COCTOSIIMN W3 MOBEPXHOCTHBIX HEPOBHOCTEH TOJIIUHOU k W,
JIeKAIIETO MO HUMU TPEeIMHOBATOTO o m. CTpyKTypa penbedHOTO CI0si COCTOUT U3 BIAAWH U
BBICTYIIOB, UMEIOILIMX MPHU BepiuuHe yroia =150°.

N3 penbedHOro cnost ynaiseHa mpUOIU3UTENBHO MOJIOBMHA O00OBEMA CTEKJIA, a OCTaBIIAsICS
4yacTh IpPEACTaBI€HA B BUJIE BBICTYNOB. TONIIMHA CJIOS CTEKJIA, CHUMAaEMOTO 3a OJUH IPOXO]
MHCTPYMEHTA OIIPENEIAETCS T'€OMETPUYECKU 3aMKHYTOM pa3MEPHON ILENbI0, MMEIOLIEH 3BEHO d
MEXYy YCTaHOBOYHBIMHM 0a3aMy MHCTPYMEHTA U CTEKJIa, TUaMETpPOM [) MHCTPYMEHTa, BBICOTOM /
3arOTOBKH, pa3MEpOM /4 YaCTHUIIBI, BEICTYMAIOIIEH U3 CBSI3KM aOpa3uBHBIX 3€peH 00padaThIBarOIIEro
UHCTPYMEHTA.

Mex 1y MOBEpXHOCTSIMH CTEKJIa M MaTEpPUAJIOM CBA3KHM IIIM(OBAIBHOTO KPYra, U3 KOTOPOTO
BBICTYIAIOT a0pa3uBHBIE 3€pHA, 0053aTENLHO JOJDKEH OBITh 3a30p, KOTOPBIH 00eCIIeYrBaeT 1Moaaqy
CMa3bIBAIOLIE-OXJIAKAIOUIEH KUAKOCTU M OTCYTCTBHE BPEIHOTO TPEHUS CBSI3KM IO CTEKIY,
MPUBOJALIETO K BBIJEICHHUIO OOJIBIIOTO0 KOJMYEeCTBAa Teruia. TakuM o0pa3oMm, 4acTh 3€pHa,
B3aMMO/ICHCTBYIOIAsI CO CTEKJIOM, COCTaBIIsIET MeHee 1/3 ero HauboJbIIero pa3mepa.

OO0BEM ymansieMoro IMpHITycKa 3aBHCHUT OT XPYIKOCTH, TBEPIOCTH, IPOYHOCTH aOpa3HBHBIX
3épeH W MaTepualia CBS3KH M IMPOIMOPIHOHAIEH WHTEHCHUBHOCTH pexxnMa oOpabotku. Ha 3epno
JeMCTBYEeT cwila pe3aHus R, co3jaBaeMas B OTHOCHTEIBHOM JABM)KEHWU MHCTPYMEHTAa U CTEKJIa U
paspymaer nocnennee. CocraBnstomas F, cuibl R HampasieHa nox yrinoM 180° k Bekropy

OTHOCHUTEIILHOM CKopocTH V,

' » JEKAIIEMY B IIOCKOCTH, KacaTeIbHOM K 00padaTeIBaeMOM
nosepxHoctu. Cuiie F, mpomnopuuoHanbHa padoTa, MAyIlas Ha YAAJICHHE CTEKIA U BBIICICHUE
TeIuIa.

ITox Bo3neiicTBueM cuibl [, aOpa3suBHOE 3€PHO INPOHHUKAET B TOJNILY U Pa3pylIaeT CTEKIO,

BBI3bIBAs TIOSIBJICHWE KOHUYECKUX TPEIIWH. 3aKperui€HHble 3€pHAa CO BpPEMEHEM 3aTYIUISIOTCS,
yCUJIME pe3aHus yBeanunBaeTcs. Torna B paboTy BCTYMAIOT HOBBIE 3€pHA M TpoliecC MUTH(OBAHUS
UAET C paBHOMEPHOH MHTEHCHBHOCTHIO. OOpaboTKa 3aKperIEHHBIMHA a0pa3uBHBIMU 3EPHAMHU €CTh
HauOosiee 3pPexTUBHBIN Mpoiiecc 00pabOTKH CTEKIIa B ONTUYECKUX TEXHOJIOTHSIX.
DddexTruBHOCTD MITHPOBAHUS CTEKIA 3aKPEIUIEHHBIMU a0pa3UBHBIMU 3EpHAMU 00YCIOBICHA
CIICAYIOIIUMHU OOCTOSATEIILCTBAMH:
1) 3akperui€énHble abpa3uBHBIE 3€pHa pabOTAIOT KaK pe3llbl, OCTaBIsiA HAa 0OpabaThiBaeMoit
MOBEPXHOCTHU CTEKJIA CIIJIONIHBIE MTEPECEKAIOIINECs [IapariHbL;
2) 3akperui€HHblEe 3€pHA pPa3pylIAOTCSd TOJIBKO NPH BO3ACHCTBMM HAa CTEKJIO, HO HE OT
NEpEeTUPAHUS OJHO O JIPYToe;



3) PabGouee maBileHHWE HMHCTPYMEHTA COCPEIOTAYMBACTCS HA HEOONBIIOM YHCIE 3EpeEH,
BBICTYIIAIOMIUX N3 CBA3KU,

4) CkopocTb pe3aHus cocTaBiser 15 — 25 m/c, a pabouee napienue 10°T1a;

5) HeonHopoaHOCTh pa3MepoB 3€peH HE MPOSIBISIETCS, MOCKOJIBKY OHHM padOTal0T TOJIBKO
4acTbIO, BBICTYIAIOLIEH U3 CBA3ZKHY;

6) OOwunpHas mogada >PPEKTUBHO YAAISET pa3pylIEHHOE CTEKIIO U TETUIO;

7) llpu pabore ¢ ManbIMH NojadamMu oOpa3yloTcs Majble MUKPOHEPOBHOCTH HMOBEPXHOCTH
Jla’ke MIPU MCTI0JIb30BAaHUU MHCTPYMEHTA ¢ 3€pHAMU KPYITHOM 3€pHUCTOCTH.

[Ipou3BOIUTENBHOCT, OOpaOOTKM 3aKpPEIUIEHHBIMU 3EPHAMM  ONIpenensercs O00bEMOM

MIPUITYCKa yIAIEHHOTO 32 €MHUILY BPEMEHHU.

2. llnndosanne cycneH3usiMu a0pa3uBHBIX IOPOLIKOB

OOpaboTka cycrneH3ussMH a0pa3MBHBIX MOPOLIKOB TMOJATOTABIMBACT HCIOIHUTEIHHYIO
MOBEPXHOCTh OMNTHYECKOW JeTaau K IOCIEAYIONIeMy MOJHPOBAHUIO O TPeOyeMBbIX 3HAuCHHI
napametrpoB N, AN, P. lllnmudyromas cycrneH3us mpeacTaBisier co0oi cMech MopoIIKa abpa3uBHBIX
36peH M IKUAKOCTH. PaspylieHwe cTekia MPOUCXOAUT TOJ ACUCTBHEM aOpa3uBHBIX 3EpeH
NepealoIuM BUOPALlMOHHO-YJAPHBIM JEUCTBUEM KHHETHMUYECKYIO0 JHEpPrHMI0 HHCTPYMEHTa Ha
oOpabaTbIiBaeMyl0 MOBEPXHOCTh cTekia. CTeko paspymaercs aOpa3uBHBIMH 3€pHAMHU U B3aMeH
HCXOJHOM, 00pa30BbIBAETCSl HOBAsl IOBEPXHOCTh C 00JIEe COBEPIIEHHBIMH NTapaMeTpaMH KauecTBa.
[TpuMeHSIOTCS MOPOIIKM 3€PHA KOTOPBIX M0 CPABHEHMIO CO CTEKJIOM HMEIOT OOJIBIIYIO TBEPAOCTD,
TaKUMH SIBJISIFOTCSL:

1) kap6OpyHIOBBIE;

2) KOPYHJIOBBIE;

3) HaX/1auHbIE;

4) KBapLEBHIE;

5) anmasHeble.

[Topomrku 3THX MOJIEKYN 00J1aAatoT adpa3uBHBIMH CBOMCTBAMU , T.€. IPU PACKaJIbIBAHUU OHU
00pa3yroT OoJiee MEIKUE YaCTULIBI UMEIOIIIME TaKXKe OCTPBIE TPAHU.

IIpu mnudoBaHuM 3€pHa BMECTE C BOJOM HAXOZATCS MEXIy pabouell MOBEPXHOCTHIO
METaJUIMYECKOTO HMHCTPYMEHTa M 0oO0OpabaTbiBaeMOW TOBEPXHOCThIO cTekina. Cxema paboThI
abpa3uMBHOTO 3epHa Mmoka3aHa Ha puc.13.2.

OTHOCHUTENbHOE JBWKEHUE CTEKJIO-MHCTPYMEHT IPOUCXOJUT TPU HEKOTOPOM HaXKUME
BepxHero 3BeHa (Q Ha HIKHee M IUIIOC cuia P naBneHus moBojka craHka. Ilpuuém 3éphHa
NIEPEKATHIBAIOTCS WM IPOCKANB3bIBAIOT C HEKOTOPOM cKopocTeio V. Hambosee xpymHble 3¢pHa

B3aUMOJICHICTBYIOT €O CTEKJIOM M MHCTpyMeHTOM. CTekino paspymaercsi, a HHCTPYMEHT
n3HamuBaercs. bomee Menkue 3€pHa IEpeHOCATCS BOJOW N0 TeX MOp IOKA KPYIHBIE HeE
pa3apoOsTcs Mocie 4Yero Menkue 3EpHa BCTYHNAIOT BO B3aUMOJICHCTBUE CO CTEKIOM H
UHCTPYMEHTOM. B OTHOCHTENBHOM NE€pEMENIEHUH KHHETHYECKas HHEprusi HHCTpyMmMeHTa 1
nepeAaércs CTEKIy 2 uepes jAeicTBue abpasuBHoro 3epHa 3. [IpunoxkeHue Harpy3ku K OTIEIbHOMY
3€pHY UMEET PE3KO BBIPAKCHHBIN JUHAMUYECKAN XapaKTep.

Jlunamuueckas cuia R HampaBieHa Mo JUHUM aa’ COEIUHSAEMON BEPIIMHBI 3€pHA, OJIHA U3
KOTOpPBIX MTHOBEHHO 3aKpeIuisieTcs B MaTpulle NuiM(oBaibHUKA, 0oJjiee BSI3KOM UY€M CTEKIIO, a
Apyras BepuIMHa Bo3JeicTByeT Ha crekio. Cuna Fn HampaBieHa NEpHeHIUKYISIPHO BEKTOPY
OTHOCHUTEIIBHOM CKOPOCTH V_ . W HE MOXKET IMPOU3BOIUTH PAdOTy MO YAAICHUIO CIOS IPUITYCKa.

o
Cuna Fn oGecriednBaeT M KOHTAKT MEXY HITH(OBATEHIKOM, aOpa3suBHBIM 3€PHOM M CTEKJIOM,
BBI3bIBAs MOSIBJICHUE TPEIIMH CTEKIIA U YIIPYTuX JedopManuii HHCTPYMEHTA, pa3AaBiivBasl BHICTYIIBI
ITIOBEPXHOCTHBIX HEPOBHOCTEN CTEKJIA.



Cuna Fn nHampaBieHa kacaTtenbHO K 00paOaThiBaeMON MOBEPXHOCTH M TPOTHUBOIIOJIOKHA
BCKTOPY OTHOCUTEIILHOU CKOPOCTH. OHa BBI3BIBAET CKaJILIBAHUE BCPIIMH TOBCPXHOCTHBIX
HEPOBHOCTEH CTEKJIa M M3HAIIMBaHKE paboueil MOBEpXHOCTH MHCTpYyMEHTa. B pabore paspymieHus
CTeKJIa Yy4acTBYIOT OkoJio 15% 3€peH OJHOBpEMEHHO HAXOASIIUECS IOJ NLTH(OBATBHUKOM.
Jlpyrue 3€épHa HE y4yacTBYIOT, OHM WJIM BBIMBIBAIOTCSI BOJOM M3 pabO4ero MnpoCTpaHCTBAa MOJ
WHCTPYMEHTOM, WJIA TIEPETUPAOTCSI MEKTy COOO0M M3MeNbYasicCh.

VY naneHue NpuIrycKka IPOUCXOAMUT IOCTENEHHO, IyTEM MPOHUKAHUS MHCTPYMEHTA B TOJILLY
CTEKJIa 110 HAINPaBJICHUIO MEPIEHANKYIIPHO K 00padaTbiBaeMoii MOBEpXHOCTH. CMEHY 3€pHUCTOCTH
a6pa3I/IBHI)IX IMMOPOIIIKOB Ha3bIBAIOT IICPEXOJO0M. Tax MOBCPXHOCTH IoArOTaBJINBAKOT K
MOCIIEAYIOLIEH ONepaIy — IMOJIMPOBAHHIO.

3. ITotnpoBaHue ONTHYECKOI MOBEPXHOCTH

Ilenp monmpoBaHUs 3aKIOYaeTCs B TOM, YTOOBI MPHUAATh HCIOJIb3YEMOH IOBEPXHOCTHU
Tpebyemyro mpo3pauHocth u 3HaueHuss N, AN, P. Ilpomecc momupoBaHHs CTEKJIa BOJIHBIMH
CYCTICH3MSIMH TIOJIUPYIOIIUX IMOPOIIKOB MMeeT 0oJiee CIIOXKHYI, 4eM HUTM(OBaIbHBIE (U3UKO-
XUMHUecKyto npupony. [Ipu nonupoBanuu TpeOyercss AOCTHYD HMIEPOXOBATOCTH MOBEPXHOCTH HE
6oee 3-5 corrix noseit MkM. B cootBerctBum ¢ OCT 2789-73.

Hapyxubiii penbedHblil cioi, 00pa3oBaHHbIN MITH(POBaHUEM, YAATISIETCS MOJTUPOBAHIEM
MIOJIHOCTHIO, a TPEIIMHOBATBIN YaCTUYHO OCTAETCS], HO TPEIIMHBI Ha TOBEPXHOCTU
3ar0JIMPOBBIBAIOTCS YACTULAMU TMIPOJIM3UPOBAHHOIO CTEKJIA U HE MEIIAOT IIPOXOKICHHUIO CBETA
4yepes Hero.

BHemHe xapTrHa npolecca MoJUpoBaHUs MPOUCXOJUT TaK. 3EpHA MOJUPYIOIIETO MOPOIIKA,
COCTOSIIIETO TJIABHBIM 00pa30M M3 OKHUCIIOB IIEPUs WIIH XKelle3a, UMEIOT pa3mepsl 0,2 — 2 MKM, OHU
B3BELICHBI B BOJE U HAXOJATCS MEXIY NPUTHUPAIOIIMMU HOBEPXHOCTSAMHU IOJMPOBAIBHUKA U
CTEKJIA.

[To cpaBHeHHIO €O UIMUQYIOMMMHU, 3EPHA MOTUPYIOIIUX TTOPOUIKOB HMEIOT MEHBIIYIO
TBEPIOCTb M MEHEE pEe3KO BBIPAKEHHbIE aOpa3sUBHBICE CBOWCTBA CaMO3aTauWBaHUS IPH
packanbiBaHuu. O pacKaJIbIBaHUU U MPUTYILUICHUU 3€PEH MOJMPYIONINX TOPOIIKOB, B OOJIBIIMHCTBE
ciydaeB uMmeromux pasmepsl 0,2 — 1,0 MKM, MOXHO CyJIUTh JIMILB 110 BTOPOCTENIEHHBIM KOCBEHHBIM
IIpU3HAKaM.

[TommupoBaIbHUK UMEET CMOJITHOM pabounii cioit. [Inomanku moBepXHOCTHBIX HEPOBHOCTEH
UTM(OBAHHOW MOBEPXHOCTH CTEKJIA M CMOJISTHOH TOBEPXHOCTH IOJIMPOBAJIBHUKA 3HAYUTEIHHO
OosbIie pa3MepoB 3EpeH MoyMpylomero mnopomka. Ho Ha cTekie HEpPOBHOCTH NUIM(OBAHHOM
MIOBEPXHOCTH  MMEIOT  MHUKPOI€OMETPHUECKYKD  XapaKTepUCTHKy, a Ha  CMoJe  —
Makporeomerpudeckyro. Pabouas 1NOBEpXHOCTh  BS3KOTO  CMOJISTHOTO  IOJIMPOBAJIBHUKA,
IUTACTHYECKH  Je(OPMHPYSACh,  BBITJTAKUBACTCA IO  MHUKPOHEPOBHOCTEH  IUIH(OBAHHON
MTOBEPXHOCTH.

Bona, B KoTOpoil B3BelleHbl 3€pHa, B INEPBbIE MOMEHTHI MOJAYU CYCIIEH3MM OKa3bIBAET
TUAPOCTATUYECKOE MPOTUBOJABICHUE HApPYXKy, a 3aT€M pPacTeKaeTcs W 3€pHa  3aKperusiercs,
azicopOMpysACh B Hapy)KHOM cioe cMojbl. Yacte 3EpeH, emeé He 3aKpenHuBIIUXCS B CMOJIE,
IIepeKaThIBAETCS, WM 3aKPENMBIINCh HAa MIHOBEHHUE, IMPOJIOJKAET IBM)KEHHE IO HAlpaBICHHUIO

BEKTOPA OTHOCUTENIBHON CKOPOCTH V.

OTH *
3épHa cpe3aloT BEPIIUHBI PEIbe(HOro CJIos, KOTOPBIE Cpa3y CTAHOBSTCS IJIAAKUMU
MOJIMPOBAaHHBIMH. B nanbHeieM pa3Mmepsl MOJMPOBAHHBIX IUIOMIA0K YBEIMYMBAIOTCS, BBHICOTA
HEPOBHOCTEN yMEHbIIAeTCs A0 CBOMCTBEHHBIX 13-14My KilaccaM II€pOXOBATOCTH.
IlepexarbiBaroniuecss 3€pHa, 3aKpeIUCh (aACOpPOMPYsACh) B CMOJIE, U OJHOBPEMEHHO B
ocTaTKaxX KaBepH, Mopax u 60po3/ax, Ha OTIOJMPOBAHHBIX 3JEMEHTAPHBIX TUIOIIAKaX CTEKIa KakK
Obl CKJIEMBAIOT UX C IOBEPXHOCTHIO MOJUPOBAIBHUKA M B JaJbHEWIIEM NPH OTHOCHTEIHHOM



MEPEMEILEHUN CAUPAIOT KYCOUKU KOJUIOMJIHOM IIEHKH, 00pa3yrolleiicss Ha MOBEPXHOCTH CTEKJIa
M0J1 XMMUYECKUM BO3JICHICTBUEM BO/IBL.

OcraTo4Hble HEPOBHOCTH TOJUPOBAHHOW TOBEpXHOCTH MeHblne (0,03 MKM, T.e. MEHbIIE
JUIMHBI BOJIHBI BUJIMMOTO W3JIy4EHHS, TaK KaK pa3Mep 4acTH 3€pHa, MPOHUKAIOUIEH B CTEKIIO, HE
npespimaet 0,3 MKM.

[Imactuueckne CBOMCTBA CMOJIBI, YAEPKUBAIOLIEH 3€pHA, W  KOJUIOMJHOM IUIEHKHU
CIOCOOCTBYIOT TOMY, YTO paboTa 3€peH MOJIUPYIOIIETO MOPOIIKA HE CONPOBOXKAAETCS MOSBICHUEM
[apanuH C PBAaHBIMH KpasMH M PACTPECKHMBAHHMEM CTEKJIa B IIMPUHY M B IIyOuHy. bmaronmaps
IUTACTUYECKUM CBOWMCTBAM KOJIJIOMJIHOM IJIEHKM KPEMHEBOM KHCIOTHI 0Op03/bl, 00pa3yrouecs oT
cHATHsA "CTpyXKH", 3araruBaroTca. OcTaBmuecs OT UUIM(OBAHUA TPEIIUHBI 3aIMOJHIIOTCS
KOJUIOMJHBIMH MPOIYKTaMH THAPOJIN3a CTEKIIA.

JUis TEXHOJOTMYECKMX M KOHCTPYKTOPCKHX pacdy€ToB MNPUHMMAIOT, YTO KHHETHYECKas
SHEprus, pacxoayemasi B OTHOCUTEILHOM JBM)KEHHM JJIEMEHTOB KMHEMATHYECKOM Mapbl CTEKJIO-
MHCTPYMEHT, UAET HAa MPEOAOJIEHUE CONMPOTHUBIIEHUS CTEKJIA PE3aHUIO €r0 3EPHAMHU MOJUPYIOIIETO
MOpOIlIKa. OJEMEHTapHble CHJIbI Ha KaXJIOM 3€pHE M UHTETPAJIbHOE YCUJIEHUE pe3aHus
MIOJINPOBAHUSI UMEIOT CTATUUECKUI XapakTep.

WuTerpanbHas cymma 3JI€MEHTApHBIX CHJI 00pa3yeT YCWJIME B3aUMOJIEHCTBUS CTEKJIa C
MHCTPYMEHTOM, KOTOpPOE SBJIIETCS IIOJIE3HOM HArpy3koM CTaHkKa Ipu MnonupoBaHuu. llpu
MOJINPOBAHUH yJAJISIeTCsl HEOOIBILIOM, HO BIOJHE OLUIYTUMBIN CIIOH IpHUITycKa, TAKKe Kak 3TO ObUIO
ClIeIaHO B OTHOIIECHUH NUTH(OBAHUS.

[Tpu nonmpoBaHUU XUMUYECKUI MPOIIECC MPOSIBISIETCSA B TOM, UTO BOJIA, AEUCTBYS Ha CTEKIIO,
oOpa3yeT KOJUIOWIHYIO IIEHKY. ToJmuHa MIEHKN pacTéT OBICTPO B 3aBUCHMOCTH OT XUMHUYECKOMN
CTOMKOCTH CTEKJIa JAHHOW MAapKH, JOCTUTras MpPEeAEIbHON TOJIIUHBI MPUOIU3UTENBHO 32 OJHY
MUHYTYy. PaHblie cuuTanu, 4To MpoLEcC MOJUPOBAaHUS MOXKET WATH IPH B3aMMOJEHCTBUM 3EpEH
TOJIBKO C KOJIJIOWJHOW IUIEHKOW, HO Temepb PEeXUMBI 0OpabOTKM CTajld TaK MHTEHCUBHBI, YTO
IUIEHKA HE yclieBaeT 00pa30BbIBAThCS U 3EpHA MOJIMPYIOLIEro MOPOIIKa BO3JEHCTBYIOT Ha CTEKIIO,
HE UMeIolIee MOBEPXHOCTHON IUIEHKH. Jl0Ka3aHO, YTO M B ATOM cilydae o0pa3yeTcs MOBEPXHOCTh
nosrpoBaHHas 13-ro u 14-ro kj1accoB LIEPOXOBATOCTH.

Takum o0pa3oM, MEXaHUYECKOE BO3JECHCTBHE 3EpEH UMEET MpeodIaaaoliee 3HaUeHUe U ero
ycusieHne yBennuyuBaeT 3()(EeKTHBHOCTh MOJMPOBAaHUS CTeKia. [Ipy MOTMPOBAHMU C TIOMOIIBIO
MEXaHWYECKUX BO3JEHCTBUH MOXHO YIPABIATH IPOLECCOM 0Opa30BaHUS IOBEPXHOCTH C
3aJaHHbpIMY 3HaueHUSIMH N, AN u P.

Ha nonupoBaHHOM MOBEPXHOCTH, KPOME HEPOBHOCTEW, 3HAUEHUSI KOTOPBIX OTOBOPEHBI 13-M 1
14-m xmaccamu mo I'OCT 2789 — 73, Bcerna MoryT ObITh nedeKThl. JeeKTsl MepoXoBaTOCTH
OCTalOTCSl OT NUIM(OBAHHON CTPYKTYPHI WJIM TOSBIISIOTCS B BHUJAE IAPAlMH Ha TIOBEPXHOCTH
oOpaboTaHHOU AeTamy.

[{apanuHbl B mpoliecce MoJUpoBaHUsS 00pa3yIOTCs MPH MOTMAaJaHUK MO MHCTPYMEHT YacTHUI
Oosee TBEPIBIX M KPYIHBIX, YeM 3EpHA MOJIMPYIOIIEro mopoimka. PazMepsl 1e(eKkToB 4YMCTOTHI
MOJIMPOBAHHBIX ~ MOBEPXHOCTEW  ONTHYECKUX  JeTajled  HOPMHUPYIOTCS UM yKa3bIBarOTCS
cooTBeTcTBYOIMMHU 3HaueHussMu B 'OCTe 11141 — 76.

[TommupoBaHKue BBIMONHAIOT Ha TEX K€ CTAaHKaX, YTO W UUIM(POBAHWE, HO TpPU MEHBIIEH
4acToTe BpalleHus pabounx opranos. llnupoBanne AMTUTCS MUHYTHI, a TIOJIUPOBAHUE — YaCHI, T. €.
Bpewms npubnusutensHo B 20 pa3 0osbliee BpeMeHH HUIH(OBaHuUs.



Puc.13.1 Cxema paboThI 3aKperyIEHHOTO a0pa3sUBHOTO 3e€pHA
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Jlekuuss 14. CxeMbl MeXaHH4YeCKOH O0padOTKM ONTHYECKHX JleTaJjei

mingoBaHnueM

1. TexHoJsioruveckasi cucreMa 00padOTKHu

OnTuyeckue AETald M3TOTaBIMBAIOT MEXaHUYECKOM 00paOOTKON 3aroToOBOK CO CHSITHEM
npunyckoB. Ilpumyck cHUMAaeTcsl NOCIEI0BAaTENbHBIM BBIIOJHEHUEM psila TEXHOJOTHYECKUX
olepanyii: TOYEHHE pe3loM, HUIM(OBAHMEM HHCTPYMEHTOM C 3aKPEIUICHHBIMU aOpa3uBHBIMH
3epHamu (3A3), NPUTUPKON BOJHBIMU CYCHEH3USMH, OOpabOTKOM abpa3uBHBIM MOPOLIKOM U
UM OBAHUEM.

Lenp Kax 10 onepalyy - yTOYHeHHE pa3MepoB U (POPMBI M YMEHBIICHHE MUKPOHEPOBHOCTEH
00paboTaHHON MOBEPXHOCTH 3aroTOBKHU. J[JIst TOro BRIOMPAIOT OINpPEENIEHHYI0 TEXHOJIOTHIECKYIO
cUCTEMY 00pabOTKHU: CTAaHOK-IIPUCTIOCOOJIEHUEe-UHCTPYMEHT-1eTainb. Hanbomnee pacnpocrpaHeHa B
ontuueckux TexHosorusix cucrema CIINJ - craHok-pucnocoOieHne-MHCTPYMEHT-AETAIb
(puc.14.1). Cucrema CITNJI xapakTepu3yercs reoMeTpUYeCKUM MOCTPOEHUEM M KUHEMAaTHUECKOM
cxeMoil 00pabOTKH, BUJOM MHCTPYMEHTa M CHOCOOOM €ro 3aMblKaHUs C 3arOTOBKOM, a TaK ke
croco0aMu 00pabOTKU MOBEPXHOCTEHN € TPeOYyeMOU TOYHOCTHIO.

OcHoBnble npusHaku cucteMbl CITNU/L aBnstoTcst:

1) cmoco0 3aMbIKaHMs €T JBWKEHUS PaOOYMX OpPraHoOB AJIEMEHTAMH KHHEMaTHYeCKOU
napbl MHCTPYMEHT-3ar0TOBKA, F€OMETPUUECKOE MM CUJIOBOE, OT KOTOPOTO 3aBUCHUT JIOCTHIKHUMAs
TOYHOCTH (POPMBI U KPUBU3HBI 00pabaThIBAEMOM MOBEPXHOCTH;

2) BUI  CONPUKOCHOBEHHUS  00padaThIBalolllero MHCTpPYMEHTa ¢  oOpabaTbiBaeMoi
MIOBEPXHOCTHIO 3arOTOBKU (B TOYKE, IO JIMHWUHU, IO MOBEPXHOCTH), OT KOTOPOTO 3aBUCUT KJIacc
YHCTOTHI 00PaOOTKHM U TEOMETPHUECKOE COBEPIIEHCTBO (POPMBI IIOBEPXHOCTH.

B cucreme CIINJ na Puc.14.1a ocymiecTBieHO TeOMETPUUECKOE 3aMbIKaHHUE 3arOTOBKHU C
MHCTPYMEHTOM — B TOUKE, pe3€ll IepeMeIaeTcs NPSMOIMHENHO, a 3ar0TOBKA BpalllaeTcs, OCHOBHAs
U3MepHuTeNibHas 0a3a COBMEIIEHA C YCTaHOBOYHOW. HETOYHOCTH H3TrOTOBJIEHUST W HACTPOUKHU
MHCTPYMEHTA M 3arOTOBKU INEpEeNaloTcsa Ha 33JaHHYI0 (GopMy M pa3Mepsl aeTanu. Takas cucrema
UCTIOJIL3YEeTCS JIIsi CHSATHS OOJBIIOTO 0o0heMa TpHUITyCKa TpU MPEeIBAPUTENbHONH 00paboTke
BCIIOMOTaTEJIbHBIX OBEPXHOCTEN OOJIBIINX Pa3MEPOB.

B cucreme CIIMJ] na Puc.14.16 ocyliecTBiI€HO reOMETPUUECKOE 3aMbIKaHHE 3arOTOBKH C
uHcTpyMeHTaMu 1o juHuu. Kpyr ¢ 3A3 nepememiaercss M BpalaeTcsi, a 3aroTOBKAa TOJIBKO
Bpamaercs. OCHOBHasl U3MEpHUTENIbHAs 0a3a COBMEIIEHa C YCTaHOBOUHOMW. [IpuMensieTcs aTa cxema
st 00pabOTKM BCHIOMOTATENbHBIX IHMIMHIPUYECKUX TTOBEPXHOCTEH JMH3, CETOK H (acok,
TOYHOCTH 00paboTku 10 0,01 MMm.

B cucreme CIINJ Ha Puc.14.1B 0CyIIecTBIEHO COMPUKOCHOBEHHWE 3aroTOBKH C
MHCTPYMEHTOM I10 JIMHHUHM, a 3aMbIKaHHE 3TOM KNHEMaTU4YECKOW Maphl CUIIOBOE, T.€. cuiloil P. Cbrem
IpPUIyCKa MPOUCXOAUT B TPOLECCE B3aUMHOW NPUTUPKU padboyeil KpOMKHM HHCTPYMEHTa H
MOBEPXHOCTH 3arOTOBKH C TIOMOIIBIO a0pa3uBHOMN cycreH3nn. B mporecce 00paboTKM 3aroToBKa

BpamacTtcd, a HWHCTPYMCHT COBCPHIACT CJIOXHOC BO3BPATHO-NOCTYMATCIIbHOC  IBWKCHUC



napamensHo ocu 1-1. Takas cxema pekoMeHIyeTcs Uit 00paboTKH achepuyecKux MOBEPXHOCTEN
THUIa napadoJIonia, JUIUIICOUA, THIIEPOOIoHIa.

B cxeme CIIM/] Ha Puc.14.1r 3arotToBka conpuKacaercs ¢ HHCTPYMEHTOM [0 IOBEPXHOCTH
IpU TEOMETPUYECKOM 3aMBIKAHWU pa3MEpHONM H KuHeMaThuecko mnenu. Ilpum oOpaboTke
WHCTPYMEHT 3aKpEIUIeH XECTKO W HE MEHSET TeOMETPHUYECKOro Mpoduist 3a BpeMs OIlepaluu.
[TpumenstoT 115 00pabOTKH MIIOCKUX MMOBEPXHOCTEH, IPU3M, CETOK, LIKaJ, ONTHUYECKUX KINHBEB.

B cxeme CIIN/I Ha Puc.14.11 MHCTpYMEHT U 3aroTOBKa BPAIlalOTCSl HA OCSIX PACTIOIOKEHHBIX
MOoJ HEKOTOPBIM  YIJIOM, YTO TI03BOJIAET 0OpadaThiBaTh CepuuecKue MOBEPXHOCTH.
OOpabaTbIBacTCs METOJOM BpE3aHMs, MPU KOTOPOM HMHCTPYMEHT BCEH IUIOIMIAABIO TMOJAeTCs Ha
00pabaThIBaEMyI0 TIOBEPXHOCTD 3ar0TOBKU. OTKIIOHEHHE MPOUCXOJUT OT HETOUHOCTEH YCTaHOBOK.
DTy CcHUCTeMY TMpPHUMEHSIOT TJIaBHBIM 00pa3oM Ui MPEIBApUTENBHOTO  IITU(OBAHUS
WCTIOJITHUTENBHBIX ~ ONTUYECKUX  TOBEPXHOCTEH  Jeraneld, OKOHYATEIbHOTO  NUIM(OBAHHA
BCIIOMOTATEJIbHBIX IJIOCKUX U CPEPUIECKUX TOBEPXHOCTEH.

B cxeme CIIM]/ Ha Puc.14.1e MHCTpYMEHT collpHKacaeTcs ¢ 3arOTOBKOM MO MOBEPXHOCTHU
CWJIOBBIM 3aMbIKAHHEM, M OHM B3aWMHO IPUTUPAIOTCS CyCHEH3ued aOpa3suBHBIX MOPOLIKOB.
WuCcTpymMeHT paboTaer mo MeToay Bpe3aHus. Takas cucremMa NpuUMeEHseTcss Ui 00paboTKh
WCIIOJIHUTENIbHBIX TOBEPXHOCTEH, IMPEABAPUTENBHBIX M (PUHMIIHBIX omnepanuil nummdoBaHus u

IIOJIMPOBAHMS ONITUYECKUX TIOBEPXHOCTEH, OlleHUBaeMbIX nnapamerpamu N, AN, P.

2. Cnoco6 cB00OIHOI NPUTHPKH

IIpu nummdoBaHuM 3aroToBKa MNpUTHpaeTcs K oOpadaThiBaloIlell MOBEPXHOCTH TBEPAOIO
WHCTPYMEHTA - NITU(OBATBHUKA, a TIPU MOJUPOBAHUN MATKUE CMOJISTHBIE U BOMIIOUHBIE TTOJIOKKU
WHCTPYMEHTOB MPUTHPAIOTCS K NUIH(OBAHHOM MOBEPXHOCTH 3arOTOBKH CTEKIIA.

Cxema croco6a cBOOOJHON TPUTUPKU ToKazaHa Ha Puc.14.2. YcranoBouyHOU 0azoi s
paboueii TOBEpXHOCTH MHCTPYMEHTA 2 SIBJISETCS MCXOTHAs TIOBEPXHOCTH 3aroToBkH 1. Ilpu cHsITHH
IIPUITyCKa YCTAaHOBOYHAsI 0a3a U3MEHSET CBOE MOJI0KEHHE OTHOCUTEIBHO JIeTaJIel CTaHKa U pajnycC
R,ax M3MeHsieTes Ha paguyc R oOpabareiBaemoii moBepxHocTH. [ 06pabaTsiBaeMoii MOBEPXHOCTH
1 m3mepurenbHON 0a3oil sBisieTcs HeHTp cdepsl O, OT KOTOPOro ONpeAessieTcs €INHCTBEHHBIH
pasmep chepsl — pagumyc R. Takas oOpaboTka Ha3pIBaeTCs CIIOCOOOM CBOOOIHON MPUTHPKH.
Cnioco6 cB0OOHOM MPUTHUPKU OIIPEIEAETCS HATUUUEM CIICTYIOIINX MPU3HAKOB:

1) conpukocHOBeHHE  paboyell  MOBEPXHOCTH  HMHCTpyMEHTa C  oOpabarbiBaemMoit
MTOBEPXHOCTHIO 3arOTOBKH MPOUCXOIUT IO IUIOIIAJKaM KOHEYHBIX pa3MepoB;

2) mpwieraHue HNPUTHPAIOUIMXCS TOBEPXHOCTEM HMHCTPYMEHTa W 3arOTOBKUM Kak JBYX
3JIEMEHTOB KHHEMATUYECKOM Mapbl TPETHETO KJIACCa OCYILLECTBISAETCS CUJIOBBIM 3aMbIKaHUEM;

3) oqHA U3 MPUTHPAIOIIMXCS MOBEPXHOCTEH CaMOYCTAHABJIMBAETCS Ha JPYrod C MOMOIIBIO
11apOBOTO MIapHHUpa 3 MOBOJIKa BEPXHETO 3BEHA;

4) OTHOCHUTENBHOE JIBKEHHE MHCTPYMEHTA 2 10 00pabaThiBaeMOM OBEPXHOCTH 3ar0TOBKHU 1
COCTOUT M3 TPEX NPOCThIX BpalATEIbHBIX IBHKEHUW CO cKopocTssMH Wp M Wy BEpXHEro u

HUKHETO 3BEHBEB U CKOPOCTH Wiop - KauaHUsI KOPOMBICIIA BOKPYT 1eHTpa chepst O;



5) oCb OJHOTO W3 BpallaTEIbHBIX JBWKEHUH SBISIETCS HOPMalbl0 K HIPUTHPAIOIIMMCS
cepruIecKUM MM TUIOCKHM MOBEPXHOCTSM;

6) OTHOCUTENIBHOE MEPEMEILEHNE U T€OMETPUS IIOLAJA0K MHCTPYMEHTa BBIOpPAHbBI TaK, 4TO
BCE TOYKM HAa IPUTHUPAIOIIMXCS IOBEPXHOCTSIX HAXOMAATCA B MHOTOKPAaTHOM alepHOAMYECKOM
MTOKPBITUU BCEMHU ILIOIIAIKaMU [TApHOTO 3BEHA.

Crnioco6 cBOOOTHON MPUTHUPKHU BCET/Ia UCHOIB3YIOT TPU 00paboTKe ChepruvecKux U MIOCKUX
noBepxHocte. Crocod MPUTHUPKUA ATO KOTJa OAMH 3JIEMEHT KUHEMaTH4eCKOU mapbl CBOOOHO
yYCTaHaBIMBAETCs (CaMOYCTaHaBIMBAE€TCSI) Ha CBOEM IIApHOM 3BeHE. TeXHOJIOTMYEeCKHMHU
IpU3HaKaMu 00paboOTKU ciocoOoM CBOOOHOM MPUTUPKHU SIBJIIETCS:

1) Hanuuue cycneH3nn abpa3uBHbBIX TOPOIIKOB;

2) u3MEeHeHHe reoMeTpur Mpoduis paboyeil MOBEPXHOCTH HHCTPYMEHTA U3-3a €r0 U3HOCA 3a
BpeMst 00pabOTKH JJaxKe OJTHOM 3arOTOBKU;

3) HanMuyue NPUTUPOB U3 MAaTEPHUATIOB, UMEIOLIUX IO OTHOLIEHUIO K 3€pHaM CYCIEH3UU NpHU
M OoBaHUU (PPUKIMOHHBIE, a TPH MOJIMPOBAHUH aJICOPOLIMOHHBIE CBOMCTBA.

Hawnbouee cymiecTBeHHBIH HEIOCTATOK CIIOCO0a CBOOOAHOM MPUTHUPKH 3aKITIOUACTCS B TOM,
YTO Ha CTAHKE HEJb3s 3apaHee YCTAaHOBHUTHb 3aJaHHBIN paguyc oOpabOTaHHOUW MOBEPXHOCTH, OH
JOCTUTAETCs JIMIIb IIyTEM MPAaBKH MHCTPYMEHTA U NEPEHACTPONKH CTaHKa B MPOLIECCE BHIIOJIHEHUS

onepanuii nTMGOBaHUS U TTOJTHUPOBAHUS.

3. KunemaTnueckme cxeMbl 00padoTKu

Kunemarnyeckue cxeMbl OOpaOOTKM MOBEPXHOCTEM ONTHYECKHX JeTaneil oToOpaxaroT
a0COJTIOTHBIE MPOCTHIE BpaIlaTebHbIE M MOCTyNaTeIbHbIE IBUKECHHUS, KOTOPBIE B TOM HJIH JPYrOM
COUETaHUM COOOLIAIOTCS MHCTPYMEHTAM M 3aroTOBKE B PAa3IMYHON TEXHOJOTHYECKOW cHucTeMe
CTaHOK-TIPUCIIOCOOJIEHUEe-UHCTPYMEHT-JieTanb. KuHematudeckass cxema oOOpaOOTKH SIBISETCS
KMHEMAaTUYECKOM OCHOBOW CHUCTEMBI CTaHOK-NPUCIOCOOIEHUE-UHCTPYMEHT-/€Talb, KOTOPOH OHH
NPUHIMIHAIBHO OTIMYAIOTCA OJHA OT JApyroil. Hambonee pacmpocTpaHeHHass KMHEMAaTHYECKas
cxema 00paboTku cdep Ha ctanke tumna LI mmmmdoBanuemM U monupoBaHueM cdep ONTHIECKUX
MOBEpXHOCTEN Moka3zaHa Ha Puc.14.3.

W3 kuHEMaTHYeCcKOW CXEMbl CTaHKa BBIAETICHBI M PacCMaTpPUBAIOTCS MPOCTHIE IBUKCHUS
BOKpyr oceit 1-1 m 2-2. IloBogok 4 xadaercs BOKPYT OCH 3 BMECTE C KOPOMBICIOM 5 M BOKpYI
MIOCJIETHETO BMECTE C KapeTKod 6. DTo cloKHOE JBHXKEHUE Orjaroiaps 3aMbIKaHUIO cuiod P
[IApOBOTO IIApHUpAa 7 TPHUBOAMUTCS K TIPOCTOMY IUIOCKOMY JBIKEHHIO BOKPYI LIEHTpa
obOpabaTeiBaeMoli ceprudeckoil ToBepxXHOCTH. [IpHHSTO YCIIOBHO, UTO 00pabaThiBaeMasi 3aroTOBKa

SABJIICTCA BCCIrJJa HUXKHHUM 3BCHOM.



PP
-

Al e

oo

90‘(/' 2 = 3
PP 7P Al s
e

2)

Puc.14.1 Cuctemsr CITN I 0OpaboTKH ONTUYECKUX JAETANIEH : A-T€OMETPUUYECKOE 3aMbIKaHHE,
KOHTAaKT B TOUYKE; §- T€OMETPUUYECKOE 3aMbIKaHHUE, COTPUKOCHOBEHUEM TIO JINHUU;
6-CHJIOBOE 3aMbIKaHUE, COIPUKOCHOBEHUE T10 JIMHUU; 2-3aMbIKAaHUE CUIJIOBOE,
COIIPUKOCHOBEHHUE 110 TOBEPXHOCTH; 0,€e-3aMbIKAaHUE CHJIOBOE, COTIPUKOCHOBEHNE

110 MTOBCPXHOCTHU, COOTBCTCTBCHHO /IBa Y TPU BPAIIATCIIbHBIX ABUKCHU A

Puc.14.2 Cxema 00pab0oTKu CBOOOAHBIM Puc.14.3 Kunemaruueckas cxema

MIPUTHUPOM. 00pabOTKN IPUTHUPKOIA.



Jlexuus 15. Ilapamerpsl 1 noka3ateau CBOOOXHOM NPUTHPKH

1. CxeMBI pacnosio:keHus NPUIYCKOB

VcxonHasi TOBEPXHOCTh 3aroTOBKH OTCTOMT OT CQepuvecKkoil, 3aJaHHOTO pajuyca,
MOBEPXHOCTHU JIETAJM Ha CIIOW MPHUITYCKa, KOTOPBIM MO KPYroBBIM 30HaM B OOIIEM clydae MMeeT
pasnuuHble TONMMUHLL [lpu 00paboTke cep crmocoOoM CBOOOTHOW MPUTHPKH CION TPHITYCKa
OTpaHWYeH JBYMsI Bcerma chepuyecKuMH TMOBEPXHOCTSIMH — HWCXOJHOW 3arOTOBKH U
oOpabartbiBaeMoit netanu. VimeeTcs Tpu cXeMbl PaCOI0KEHUsI MEKOTIEPAIIMOHHOTO TPHUITYCKa:

1) cnoit paBHOM TONIIUHBL;

2) MUHHUMYM IIpUITyCKa Ha Kpalo;

3) MUHUMYM IIpH BEPLINHE 3aTOTOBKHU.

Bce Tpu 3TH cXeMBI MOXHO TpeAcTaBUTHh Trpaduuecku Ha Puc.15.1. MexomnepannoHHBIH
IOPUITYCK BCEerga OOJbIIE, YeM TEXHOJOIMYECKM MHUHHMMAIbHO HEOOXOAUMBIA CIOH z,,

OIpeNieNIAEMBI KJIacCOM IIEpOXOBATOCTH R mpeapiaymeil obpaborku. OOBEM npumycka q

CHHMAaeMBIi C TIOBEPXHOCTH 3arOTOBKM TakKXe OOJibllle MUHHUMAJbHO HEOOXOIMMOTO. YKazaHHbBIE
CXEMBI CIIY’)KaT OCHOBaHUEM i BbIOOpa IporpaMMbl 00paboTku. O0bEM mpuitycka ¢, CHUMaeMbli
C MOBEPXHOCTU 3arOTOBKU ONPEIENSIOT IO COOTBETCTBYIOLIUM AHAJOTUYHBIM 3aBUCHUMOCTSM JUIS
KaXKJIOW CXEMBI PACIIOJIOKEHUS IPUITYCKA OTJIENBHO.

Tak, nns nepBoit cxeMsl, korga z, =z . 1npu A=Q, T.e. MUHUMaNbHBIH CIIO MpUITyCKa C

n

Kpasi, 00bEM MPUITYCKA ( OTPEIEISAETCS

R, .2 2
= Zin SN O — (R, — R, N\l —cos 15.1
q COSQ[ min Q ( 1 2)( Q)] ( )
rae R, = R - paguyc rotoBou geramd, a R, =R,
Jlji cxeMbl MUHUMYMa TOJIIIMHA CJI0S IIPUITYCKa B LEHTPE, T.€. z, =z . Npu A =0
q=nR; [me sin” O — (R, — R, )(l — cos’ Q)] (15.2)

J1st cXeMbl IPUITYCK PABHOM TOJIIMHEL, T.€. Z, =Z . = COnst

m

q=2nR}z, (15.3)

PaccmoTpennbple cxembl Ha Puc.15.1 u cooTBeTcTByIOLIME aHAJIOTWYHBIE 3aBUCHUMOCTH
OTMMCHIBAIOT BCE BO3MOJKHBIE U JEHCTBUTEIbHBIE CXEMBI PACIoOJIOKeHUs npuirycka. CoBpeMeHHOe
TEXHOJIOTHYECKOE 000pyN0OBaHHE IO3BOJIET JOCTATOYHO OBICTPO YHANIATh TAKOW MPHIIYCK, HO
HEMAJIOBAKHYI0 POJb HUIpaeT HE TOJBKO TOJIIHMHA IPUIYCKAa, HO M €ro pacloJIOKEHUE 10
KOJIBIIEBBIM 30HaM 00paboTku. B 3aBHCHMMOCTHM OT 3TOW CXEMBbl BBIOMPAIOT T€OMETPUUYECKHE
napaMeTpsl MHCTPYMEHTAa M PEXUMBbl HACTpOWkM cTaHka. Jlng oOecrneuyeHuss ONTUMH3ALUU
porpamMMbl HEOOXOAMMO TaKXKe YYUTHIBATh KOAPPHUIIMEHT 3ar0JHEHHUS 30HBI 00pabOTKH CTEKIOM
pu 00paboTKe OJI0KOB 3arOTOBOK.

3. Koa¢ppunuent 3anoineHus
HJ’ISI MOBBIIICHUA MPOU3BOAUTCIBHOCTH TCXHOJIOIMYECKOro Imponecca B IIPOU3BOJACTBE

MPUMEHSIOT OJ04YHYI0 00paboTKy, T.e. coOuparoT oOpabaTbiBaeMble JeTalud B OJOKH, T/ BCE
netaiu 00pabdaThIBalOT OHOBpEeMEHHO. CXEMBI pacIoioKeHHs 3ar0TOBOK BHIOMparoT 3apanee. [lo



HUM BBIOMPAIOT pa3Mepbl U TEOMETPUIO HHCTPYMEHTOB. Y OJOKOB 3aroTOBOK M 00pa0aThIBAIOIIETO
MHCTPYMEHTA Pa3IHyaloT T€OMETPHIO TUIOIMIAAEH MPUTHUPAIOUINXCS MOBEPXHOCTEH M T€OMETPHIO
npo¢wis. B TeXHONIOrMueckod MOArOTOBKE MPOU3BOJCTBA MPHHITO Ha OJOKAaX 3aroTOBKH M
MHCTPYMEHT paccMaTpUBaTh IO KOJBIEBHIM 30HaM CHMMETPUYHBIM OCH BpamieHus OJoKa.
I'eomerpust pabodero HWHCTpYMEHTa W OJOKOB ompenensercs KOIPQPUIUSHTOM 3aroJIHEHUS
KOJIBLIEBBIX 30H PACIIOJIOXKEHHBIX M0 PaJHycy OT OCH BpalieHus Ojoka. ['eomerpuro miomamox
3arOTOBKH M pabOYyero 3jieMeHTa MHCTPYMEHTa PacCMOTPHM MO KOJIBLIEBBIM 30HAM Pajyca I' WM
yriia A, a Takke MMEIIUX JMHEWHYI0 U YIJIOBYH IHMPHUHY Ar U AA 30H, COOTBETCTBEHHO.
Kospduument 3anonnenus 7, , = f (r,ﬂ,) YUCJICHHO XapaKTepU3yeT CONMPOTUBJICHUE IAaHHOW 30HbI

00paboTKe Mo CPAaBHEHUIO CO CIUIONIHOM 30HOM, TOTO K€ pajlyca I Ui YrIIOBOTO TOJIOKEHUsS A, a
TaKKe IHUPUHBI Ar 1 AA , COOTBETCTBEHHO.
Koopduuuent 3anonHeHus 77, KONBLUEBOW 30HBI CPEJHErO pajvyca I OIpPEAEIUM

ClIeyIolel aHAIMTUYECKOW 3aBUCUMOCTBIO

>,

n, = —2WAF , (15.4)

e n u 5r - UUCJIO M Iiomanab COOTBECTCTBECHHO YYAaCTKOB pa60qnx IJIOMaJOK BXOIJAIIHNX B

KOJIBLIEBYIO 30HY JUISl TNTIOCKOW TOBEPXHOCTH TMOKa3aHHOUM Huke Ha Puc.15.2a; r u Ar - cpennuit
panuyc ¥ MupruHA KOJIBIIEBOI 30HBI, COOTBETCTBEHHO.

[Ipu 00paboTke chepruecKkux MOBEPXHOCTEH aHAJIOTHYHO PACCMOTPUM KOA(D UIIMEHT
3aMoNHEHNs 17, OJI0Ka, CXeMa PacIoNIOKEHHUS IeTalel KOTOpOro Haxoaures Ha Puc.15.20.

2.9,

" 2ARAAsin A

e n u 51 - YUCJIIO M 1uiom@anab COOTBETCTBCHHO YYAaCTKOB pa6oq1/1x IIomaaoK BXOIAAIIMNX B

m, (15.5)

KOJIBIIEBYIO 30HY JUIsI cpeprudecKoil MOBEPXHOCTH TMOKa3aHHOW Hmke Ha Puc.15.20; A u AL -
CPEIHHUH YIIIOBOM pajyC U YIJIOBas IIMPHUHA KOJBLEBON 30HbI, COOTBETCTBEHHO.

Koadduuument 3amonnenus - BeanuuHa Oe3pa3sMepHas, Kak mpaBuio, MeHbmie 1. J[ns 30H
CIUIOIIHBIX IOBEPXHOCTEN 3aroTOBOK 77 paBHO 1, a ans Bcex Apyrux 30H 717 MeHbuie 1. Eciu B
30HE BOOOIIIE HET YYaCTKOB, 3alIOJIHEHHBIX CTEKJIOM, METAJUIOM WJIA CMOJIOH, To 17 =0

B oOmiem ciydae ruioniaiku MMEIOT NMPOU3BOJIbHYIO KOH(UIypalMio U pacroJioKeHHe, T.€.
reoMerputo. Torma Juid BbIYMCIEHUS 7] cielyeT: 1) BCIO MOBEPXHOCTb pa3OUTh Ha Pl
KOHLEHTPUYHBIX 30H IIOCTOSHHOW WIMpPHHBI, 2) rpaguueckd WIM € IHOMOIIbI IUIAHUMETpa

n

OIPENEIUTh CYMMApPHYIO ILIOIIA/b 26 3alOJTHEHHUST 30H; 3) BBIYHCIUTH KOI(PPHUIIMEHTHI
1

3armonaeHus 1) . Haunbonee yno6HOo mpunsath r=0;0,1;0,2...;1 u pa3duth BClo moBepxHOCTh Ha 10
KOJIBLIEBBIX 30H, YTO MO3BOJHT TaOyIHUpPOBATh MOCIEAYIOMINE BEIYUCICHHS 3HaUeHU 7 (7). DTOT

cnoco0 nojacuéra 1 (r) MaéT morpenrHocTs pesynbrara 2 — 4%.
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Puc.15.1 Cxembl pacniofioxeHHs IPUITYCKa : @- Zmin 1o Kparo; 6-Zmin B IIEHTPE; 6- CJIOW PaBHOM
TOJILIUHBI; 2-IIPUITYCK HA MJIOCKOCTU Zmax B LIEHTPE

f)

Puc.15.2 KoaduiuenT 3amnonHeHuss TpUTHPAIOIIUXCS TOBEPXHOCTENH MAaTEPUAJIOM : d- TUIOCKHX;

o0-cheprueckux



Jlekuus 16. AHanu3 padboTsl NpUTHpaA

1. UHTeHCMBHOCTH 00padoTKH

VY nanenue npumnycka adpa3uBHBIM pa3pylIeHHUEeM, TOJUPOBAHUEM CTEKIIA, a TAKKE U3HOC
MHCTPYMEHTA B Mpoliecce CBOOOAHON MPUTUPKH CTEKJIA IPOUCXOIUT IIPH 3aTpaTe MEXaHUUECKON
paboThl, 3HAYUTENBHASL YaCTh KOTOPOU MepexoauT B Teruio. O0beM MpuIycKa ¢ CTeKIa, yAaJIeHHOTO
MPUTUPKOH MPSMOTIPONIOPIIMOHANIEH KOJIMYECTBY 3aTpavyeHON Ha Hee PadOThI, CIIEI0BATEIHHO:

q=keA, (16.1)

rjae A - paboTa 3aTpaueHHas Ha yIaJICHUE IPHUITYCKa; K - TEXHOJIOTHYECKU KO (DUIIUEHT,
BBIpa)KaeMbeI YACIbHBIM o0beMOM IpUITYCKa CHATOTO C 3arOTOBKHU ITPU 3aTPaATC CAUNHUIBI pa6OTI>I C
YYETOM JICHCTBHS TEXHOJIOTHUECKUX TTapaMeTpoB. Mexanuueckas pabora A onpeaensercs Kax:

A=FsVeneT,
(16.2)

rae F - cpennee 3Hauenue 3a uuki T B3aMMOJEMCTBUS BEPXHETO 3BE€HA (MHCTPYMEHTA) ¢ HUKHUM
(6okOoM 00pabOTKH 3aroTOBOK), TO €CTh cpelHee pabouee ycunue; V - cpenHee 3a 1mukia T
3HA4YCHHUE BCKTOpa OTHOCHUTEIBHOMN CKOpPOCTH IABWIKXCHHA BCPXHCIO 3BCHA IO HWXKXHEMY, TO €CTb
cpenHsst pabouasi CKOPOCTh; N - YHCIO HHUKJIOB 00paboTku. Ycunue F u ckopocts V Ha3BaHbI
pabounMu, Tak KaK MX 3HAYEHUSM NPSIMOTIPOIOPIMOHANIbHA padoTa, 3aTpadyeHHas Ha yAaJeHue
o0bema mpunycka. Cuna F — 3T0 cpenHee 3Ha4eHHE BEKTOpa CHIIBI, MPHJIOKEHHOH K IIapoOBOMY
IIapHUPY IMOBOJIKA BEPXHETr0 3BEHA, HAINpPABICHHOIO TaHT€HLIHMAJIbHO K oOpabdaThiBaeMOM
MOBEPXHOCTHU M MPSIMO MPOTHUBOIIOJIOKHOTO BEKTOPY OTHOCHTEIBHON CKOPOCTH.
DKCIEepUMEHTAIBHO YCTAHOBJICHO, YTO MPH NUIM(OBAHUU:

F=(P+0)/4, (16.3)

rze k,,=3,8. Taxke sKCIIepIMEHTAIIBHO YCTAaHOBIICHO, YTO TP MOJIMPOBAHUU:

F=2(P+0)/3, (16.4)

rze ky=3,8¢107, P - cria HaskaTHs IOBOJKA CTAHKA; Q - cua TsbKeCTH BEpXHETO 3BEHA.

Ecnu BepxHee 3BeHO Bpamaercs CB0O0IHO (B OOJBIIMHCTBE CIIydaeB 00pabOTKHM), TO
MpUOIMKEHHO MPUHUMAIOT, 4TO pabodasi CKOpOoCTh V BO BCEX 30HAX I' paBHA CpeiHEN
OTHOCHUTEIBHOM CKOPOCTH ABWIKCHUA HCHTPA BECPXHETO 3BC€HA, TO CCTh!:

V=(Lenn)/60, (16.5)

rae L - pa3max kaganusi BepxHero 3BeHa.Tak, B mepBOM MPUOIMKEHUH N0 3HAUYEHUSM ITapaMeTpoB
pexuMa 00pabOTKH ONPENEeIsSoT padoTy A ,IpeqHasHAYeHHYIO Ijis yAaJeHHs CJI0S IPHITyCKa
00beMoM . IHTEHCHUBHOCTH 00pabOTKH U3MEPSIOT 00bEMOM MPUITYCKA (, YIAIEHHOTO B €IHHUILY



BpeMeHU. MTHTEHCHUBHOCTh PEXHMOB O0Opa0OTKM BHIOMPAIOT B 3aBUCHMOCTH OT T'€OMETPHUECKUX
rapamMeTpoB M 33JJaHHOW TOYHOCTH 00pabOTKH.

2. TexHoJ0orn4ecKkue napamMmerpol U GaKTopbl

Texnonoeuueckumy napamempamy TPOLECCA MEXaHUYECKOH 00pabOTKH HAa3BIBAIOT,
HampuMep, KayeCTBO MAaTepUaAIOB MHCTPYMEHTOB M CTEKOJ, 3€PHUCTOCTh aOpa3WBHOTO TOPOIIKA,
pacxoa M KHUCIOTHOCTh CYCHEH3UHU, TEMIEpaTypa B IOMELIEHUM IieXa W Jp. OTH HapaMeTpsl
OKa3bIBAlOT BJMSHUE HA UWHTEHCUBHOCTh OOpaOOTKH, KOTOpPOE YUMTHIBAETCS 3HAYCHUSIMU
TEXHOJIOTHYECKOTO Kod(dunmenta. Kpome TEXHOIOTMYECKHX MapaMETPOB, 3HAUYEHHUS KOTOPBIX
IIOCTOSIHHBI BO BPEMEHHU U U3BECTHBI 3apaHee, €CTh €I1€ U TEXHOJOTMYeCKHe (PaKTOPbl, BIUSIONINE
Ha Ipouecc 00pabdoTKH.

Texnonoeuueckumu @axkmopamy Ha3bIBAIOT PE3YIbTAT OJHOBPEMEHHOTO ACHCTBUS MHOTHX
HE3aBUCHUMBIX TIapaMEeTpOB peXnMa o0OpabOTKH, CBOICTB OCHOBHBIX U BCIIOMararelIbHBIX
MaTepUaJIOB WJIM JAaHHBIX OKpyXKamomed cpeabl. MX oOBIYHO HeNb3s paccuuTaTh 3apaHee u
BBIPA3UTh B SIBHOW (DYHKIIMOHAIBHOM 3aBUCHMOCTH OT OJHOTO M3 HUX. KaueCTBEHHO pe3yinbTaT ux
NEUCTBUSL BBIABJISIIOTCS TOJBKO IIOCJI€ Hayajla BBINOJHEHMs omepanuu, nepexoaa. IloyHbeiM
MPUMEPOM TEXHOJIOTHYECKOTo (hakTopa SBISETCS pacrpeneneHie adpasuBHOW cycrieH3uu. OH
BBIPA)KAET pe3yJbTaT COYETaHHUS OJHOBPEMEHHOIO JIEHCTBUS HECKOJIBKMX HE3aBHUCHUMBIX
[IapaMeTpoB: TE€OMETPUM U YIJIOBBIX CKOPOCTEH BEPXHETO M HWXKHETO 3BEHBEB; pacxoja,
KOHIIEHTpAlH, CBOICTB, MECTA U crloco0a Mojauu abpa3uBHOM CyCIIEH3UU.

Bnusiare TeXHOJIOTHYECKHX (PAaKTOPOB HApyIIaeT MOCTOSHCTBO M 3aKOHOMEPHOCTH JIEHCTBUS
HE3aBHCHMBIX ApaMEeTPOB Ipoliecca M MOBTOPSIEMOCTh pe3ysbTaToB 00paboTku. WUx neiictBue
BBI3BIBAET HEOOXOAMMOCTh PETyJIUPOBaHMUS OO0pabOTKM 10 crnoco0y MNpPOOHBIX MPOXOJIOB,
MOBBIIIEHUS! BCIIOMOTATEIbHOIO BPEMEHH, UYTO IMOHMKAET MPOU3BOAUTENBHOCTh. Cuia HaxaTus
noBoJika P u cuna tsxect BepxHero 3BeHa Q (puc.16.1) pacnpenenstoTcst 1o 30HaM CONPSIKEHHbIX
MIOBEPXHOCTEN. DTU CHJIBI IEHCTBYIOT Ha CJIOM METaJlla UHCTPYMEHTA U CTEKJIa 3aTOTOBKH CIIOKHOM
reoMeTpUUecKoi (HOpPMBI, CIOM HAKJIEEUHON M IMOJUPOBOYHOM CMOJI, aOpa3MBHOW CYCIIEH3UH, U
pabouee 1aBI€HHE CTAHOBUTCS TEXHOJIOTUYECKUM (DaKTOPOM.

JlaBneHre MO 30HAM HPUTHUPAIOIIMXCS TOBEPXHOCTEH paclpeaessieTcsl MpH IepeMeleHUN
BEPXHEr0 3B€Ha 2 MO HI)KHEMY 3BEHY | M pa3pyllIeHUU UX MaTepuayoB. YINpYyrue, MiacTHUECKUe,
TEIUIOBBIE W Jpyrue nedopMalid STHX CJIOEB B3aWMOCBS3aHBI, HO HE HMMEIOT KakoW — JHOo
OTIpEe/IeIEHHON BpEMEHHOW 3aBUCUMOCTHU. AHAJIN3 paclpeaeaeH sl padoThl BO BpEMEHHU TPOU3BOJISAT
IpH pa3paboTKe IPUEMOB YIIPABJIEHUS MIPOLIECCOM 0OPAOOTKH.

3. Ilpuembl ynpaBJ/ieHUsi MPOLECCOB 00padoTKN

[lepepacnpeneneHne UHTEHCUBHOCTH 00pabOTKM MO 30HaAM 00padaThiBa€MOU MOBEPXHOCTH
OCYILIECTBIISIETCSI C TOMOIIBI0 MEXaHM3MOB M JJIEMEHTOB YIPABIEHUS, INPEAYCMOTPEHHBIX B
KOHCTPYKIIMSIX CTAaHKOB W HWHCTPYMEHTOB. CpeicTBaMu YHpaBiIeHHS MpPOIlecCOM 00pa3oBaHUs
MOBEPXHOCTH JETAJM U BBIIOJHEHUS MPOrpaMMbl 0OpaOOTKM M3MEHSIOT MapaMeTpbl T€OMETPUU
MIOBEPXHOCTH MHCTPYMEHTA, pa3Max JIBUKEHUS BEPXHETO 3BEHA, YaCTOTHI BpallleHUs. B ennHnYHOM
MIPOU3BOJICTBE TJAaBHBIM, Hambosiee S(P(GEKTUBHBIM NPHEMOM YIPABICHHS CIYKUT H3MEHEHHE
T€OMETPUM CIUIONIHON 00padaThIBarOIIe MOBEPXHOCTH HHCTPYMEHTA C IMOMOIIBIO pe30B. Pe3n
U3MEHSIIOT pacupejiesieHne padouux IUIONIaJI0K IO KOJIBLEBBIM 30HAM MHCTPYMEHTa, 4YTO CO
BpEMEHEM BBI3BIBACT N3MEHEHUE KPUBHU3HBI MTPO(UIIS COMPSHKCHHBIX TOBEPXHOCTEH.

B cepuiiHOM NpOU3BOJACTBE TIJIABHBIM CPEJICTBOM YIIPaBJIEHUS IPOILIECCOM OOpa3oBaHUs
ONTUYECKON TIOBEPXHOCTH 3aJaHHONM KPUBM3HBI TaKXe€ CIYXHUT T[paBKa MHCTPYMEHTA.
[TepenacTpoiiky U MOJHACTPONKY MPUMEHSIOT PEKE U3-32 HECOBEPLICHCTBA KOHCTPYKIIMHA CTAHKOB
HIIT u cmoxxHoctn anst pabouero pacueToB 3(ddexra AEHCTBUS W3MEHEHHsS KUHEMaTHYECKHX



napaMmeTpoB. YToObl M30ekaTh OCTAHOBOK CTaHKa JUIsl IPaBKU MHCTPYMEHTA, MPEANOYTHUTEIbHEE
MPUMEHITh HHCTPYMEHTHI C CEKTOPHAIBHO-KOJBIEBOM M KaOJlydHON reoMeTpuer, pacCuuTaHHOU
Ha 3aKOHOMEPHOE U3MEHEHUE KPUBU3HBL.

4. Oynkuus pacnpeaejeHuss HHTEHCUBHOCTH 00padoTKH

Paborta craHka 3aTpadnBaeTCsl Ha TO, YTOOBI 32 HaWMEHbBIEE KOJWYECTBO IMKIOB T ¢
3arOTOBKM  TOINEPEXOJHO  CHATh  CIOM  Mmpumycka  TOJNMMHOM z M o0pa3oBarh
MOBEPXHOCTBU3MEHEHHOTO COCTOSIHUSI M TpeOyeMoro paanyca KPHBH3HBI W YHUCTOTHL YTOOBI
ObICTpee TONYYHTh TpeOyeMylo MOBEPXHOCTh, HAJ0 TNPHUBECTH 3aKOH PACHpPENENCHHs PaOOTHI
IIpUTUpA 3aTPAYMBACMOM B KpPYIOBBIX 30HAaX 3aroTOBKM I, B COOTBETCTBUM CO CXEMOW
pacroyio)keHus: nmpunyckoB. PaboTy mputupa A; B 30HaX I NPUHUMAIOT KaK CyMMY OTAEIBHBIX
KOMIIOHEHTOB CJIEAYIOLIEr0 YPaBHEHUS.

A=nF,V,°"t, (16.6)

1€ N - YHCIO IUKIOB B3aUMOJCHCTBUS HWHCTPYMEHTa CO crekiom; F, - cpemdsis cuia
B3aMMOJICHCTBUS 30H CTEKJIA ¢ MHCTpyMeHTOM 3a tukin T; V,™ - cpenusist pabodasi CKOpPOCTh B
30Hax r 3a Uk T; t, - cpenHee pabouee Bpemsl, T.€. CpeHEE 3HAUCHUE BPEMEHH 00pabOTKH 30H T
B35ATOE 3a IUKJI T.

VYpaBHeHHs] MPOQUIISL CIIOS Z TPUIYCKa U pabdOTHl A, 3aTpauynBaeMoe Ha €ro yjaalieHue,
SBIIAIOTCS. MCXOJHOM M KHMHEMaTHYECKOM IporpamMmmaMu o0OpaboTku. B pesynpTaTe BBINONECHUS
KHHEMAaTHYECKO# MporpaMMBbl Ha 3arOTOBKE 0Opa3yeTcs 3aJaHHasl MOBEPXHOCTh 00pabaThiBaeMOil
neramu. Cuna F; B 30He r U3MeHseTcs B Impoliece 00pabOTKU CaMOIMPOU3BOJILHO, HEYIPABIIIEMO
npeoOpa3ysch, HO TaK, 4YTO €€ CpeIHMM 3HaueHueM octaercs F,. CaMOmnpou3BOJIbHOE
BbIpaBHUBAHUC pa60qer0 JaBJICHUA Pr Hu, CJICI0BATCIIbHO, CHIIBI Fr IMMO3BOJIACT YIIPABJIATH
MPOIIECCOM M3MEHEHHs] KpPUBU3HBI 00palaThIBaeMOW TOBEPXHOCTH, MPOTPAMMHPYS 3HAUCHUS
TOJIBKO KHWHEMATUYCCKUX KOMIIOHCHTOB Vr u tr, T.C. MOXXHO IMPUHATH YPABHCHUC

z(r)=A,/K=constV,t,. (16.7)

3anaBasi HeKOTOPBIN pexuM 00padOTKHU 3HAYeHUsAMHU A, U K o cxeme
PACIOJIOKEHUS IPUITYCKA Z(I') MOKHO COCTABUTH MPOrpaMy pacipeaeeHus
padoThHI CTAHKA 10 30HAM 00padaTbiBaeMoii moBepxHocTH V -t.. Paboty A, no
30HaM r pacnpeaessieT 00padaTbIBAIOIIUNA HHCTPYMEHT B 3aBUCMMOCTH OT
HACTPOMKHM cTaHKa. [IporpaMMa CHATHA NPHUITYyCKa Z(T'), BBIPA’KEHHAS
Npou3BeleHNeM KHHeMAaTHYeCKUX moka3areyei V(r)-S(r), BLINOJIHACTCS €
NMOMOIIbI0 HHCTPYMEHTA HEKOTOPOiIl reOMETPUH U HACTPOMKHU CTAHKA IO
onpeeJeHHbIM MapaMeTpaM NpH BLIOPAHHOM pexxkuMe 00padoTku. I'eomerpus
HHCTPYMEHTA ¥ HACTPOIKA CTAHKA, SIBJISSCH HE3ABUCMMBIMH NapaMeTpaMHu
npouecca ynpasJjeHus: 00pad0TKoOM, MPOECKTUPYIOTCH TAK, YTOOBI IPOU3BEIeHHE
KMHEMATHYeCKUX KOMIIOHEHTOB ObL10 IVIABHOM (pyHKIMEH, IPa MK KOTOPOit
COrJIacyercsi ¢ BUAOM (PYHKIUMHU NMPUILYCKa Z(T).



Puc.16.1 Ycunus npu 06paboTke MPUTHPKOIA: a-BUI COOKY; O-BH[ B TIIIAHE.



Jlekuus 17. AOpa3uBHbBINA TEXHOJOIHYECKHH HHCTPYMEHT
1. Hlaudyromme adbpa3uBbl

[Imudyromue abpa3uBbl — TBEPHABIC, MEIKO3EPHHUCTHIE, KPHUCTAJUIMYECKUE BEIIECTBA B
MOPOIIKOOOPa3HOM COCTOSTHUU. 10 MPONCXOXKACHNIO OBIBAIOT IPUPOIHBIMHA M UCKYCCTBEHHBIMU. B
OTITHYECKOM TPOU3BOJICTBE a0pa3MBHI MPHUMEHSIOT B CBOOOJHOM COCTOSIHUM — B BHJE KUIKUX
CYCIIEH3UM, WIH B CBSI3aHHOM — aMa3HbI MHCTPYMEHT. OCHOBHBIMH MM YIOIIUMH a0pa3ruBaMu
SIBJISTFOTCSI alTMa3, KOPYH/I, JJIEKTPOKOPYH/I, KapOu KpeMHUsI, Kapou 1 6opa.

Anmaz (TpUPOTHBIA W CUHTETHYECKHWN) — KpHUCTaUNIMYeCKas MOIUQUKAIUSI YIiepoa.
TBépnocth no MuHepanorudeckoit mkaie 10, mukporséprocts 100 000 mIla. Anma3z BcTpeuaeTcs B
MPUPOJIE B BUJIE OTACIBHBIX KPUCTAUIOB BPOCIIMX B TOPHYIO Mopoay. CHHTETHYECKUE aliMa3bl B
BH/IE IOPOILIKOB OJIY4al0T Pa3JIU4YHbBIMU METO/IaMU: KpUCTAJIIM3allMEeN yIrilepo/ia U3 ero pacTBOPOB
B PACIUIaBJICHHBIX MeETaUIaX; SIUTAKCHAIbHBIM HapallMBaHUEM Ha aJMa3HbIX 3aTpaBKax B
MPUCYTCTBUU  YIIEPOJAOCOACPKAMMUX Ta30B WIM JKUJAKOW Cpelbl; TMPSAMOW MEPECTPOUKON
KPUCTATMYECKON pemiéTku rpaduTa B aiMa3Hy0. B 3aBUCMIMOCTH OT YCIIOBUI CHHTE3a TOJTYYar0T
MOPOIIIKH 3€pHA, KOTOPBIX OTIUYAIOTCS pasMepamu, (HOpPMOH, XapaKTEpPUCTUKOW IMOBEPXHOCTH,
MPOYHOCTBIO U XPYNKOCTHIO. J[J11 00pabOTKM ONTHUECKUX MAaTEpUaIOB UX B OCHOBHOM HCIIOJIB3YIOT
B CBSI3aHHOM COCTOSIHUU. B CBOOOTHOM BHJIe OHU HAXOJSAT MPUMEHEHHE Ha 3aBEPIIAIONIUX CTaAUIX
00pabOTKN HEKOTOPBIX ONTUYECKIX KPUCTAIUIOB.

Kopyno — xpucramnnyeckas okuch aunoMunus A/,O,. BerpedaeTcs Kak COCTaBHAs 4acTh

TOPHBIX MOpoA B BHIe KpuctamwioB. CojaepikaHHe KOpyHJa B TOPHBIX MOpOJaxX KoJeOnercs OT
necatbix noser 1o 100%. Ilpumecu Fe, Cr onpenensier okpacky kopyHaa. Haxxakom Ha3bIBaroT
KOPYHIl B COUYETAaHMM C I'€MAaTUTOM, MMHPHUTOM, MarHeTHUTOM U CiofgaMu. TBEPAOCTH KOpyHIA IO
MUHEpaJIOTHYeCKOW ImiKane 9 eauHul, MHUKpoTBEprocTh 16 000 - 24 000mIIa. B cBoGOgHOM
COCTOSIHUH MCTIOJIB3YETCS JUTS NUTH(OBAHUS MTPAKTUIECKU BCEX ONTHUYECKMX MaTEpPHAJIOB.

Kapboxopyno — XuUMHUYECKOE COEIUHEHHE YIiepoAa C KpPEeMHHEM, MOJYyYeHHOE TIIpH
TUTAaBJICHUH CMECH YTJIsl C KBapLEBHIM MeckoM. YHCThI KapOOKOpYH] OECUBETEH, TEXHUYECKUN —
OKpAllleH B pa3jMyHbIE LIBETA OT CBETJIO-3€EHOTO 10 4€pHOTro. TBEPIOCTE 9,5, MUKPOTBEPAOCTD 28
000 — 33 000mIIa. [Inst oOpaOOTKM ONTHUYECKHUX MaTEpHaOB MMEET OIPaHUYEHHOE IMPUMEHEHUE,
T.K. OCTaBJISIET HAa TIOBEPXHOCTH ITyOOKHE IIaparyHbl.

Dnekmpokopyno — KPHUCTALIMYECKAs OKHUCh aTIOMHUHHS, TOJydaemasi »dIIEKTPOIUIaBKOU
TOpHBIX TOPOJ. [IpOMBIIUIEHHOCTh BBIMYCKAET HECKOJBKO BHJOB 3JIEKTPOKOPYHIA, KOTOpHIE B
3aBHCUMOCTH OT KOJIMYECTBA HAXOIINXCSA B HUX KPUCTALTUYECKON (PpaKkIMy OKUCH aTFOMUHUS
MPUMECEN HMMEKT PA3HYK CTPYKTYpY, CBOMCTBAa W LBET, T.C.: JJIEKTPOKOPYHI HOPMAaJIbHBIN;
AIIEKTPOKOPYH OEIblii; AIEKTPOKOPYHIBI JIETUPOBAHHBIE; MOHOKOPYHI. I[IpuMeHsercss B Buje
BOJIHBIX CYCTICH3UH IS NUTH(OBAHMS BCEX ONTUYECKUX MAaTEPUAIOB, KPOME 0CO00 TBEP/BIX.

Kapbuo 6opa — coenunenue yriepona ¢ 6opom. IlosyuaroT miuaBieHHEeM cMecH OOpPHOTO
aaruapuna u kokca. [To TBEpmoctu Omu3kwii k anmaszy, MUKpOoTBEpAOCTh 33 000 — 43 000mITa.
[TpuMeHSIOT TpH CBEPICHUM OTBEPCTHH B CTEKIE€ M JAPYrUX ONTHYECKUX MAaTepHajoB U
TM(OBAHNUHU TBEPABIX ONITHYECKUX KPUCTAIIIOB.

2.3epHOBOJi COCTAaB M 3¢PHUCTOCTH a0pa3uBOB

Bce abpa3uBbl, B 3aBUCUMOCTH OT Pa3MEpPOB, pa3eiieHbl Ha TPYIIIBI,  TIPHU TPYIIIE 110 3TOMY
K€ MPU3HAKYy Ha HOMEpa 3epHUCTOCTH. OCyIIEeCTBUTh KIAaCCU(PUKAIMIO TaK, YTOOBI MOPOIIOK
KaKJOT0 HOMEpa 3E€pHUCTOCTH COCTOSUI JIMIIb W3 3€PEH OJHOTO pa3Mepa INpPaKTUYECKU
HeBO3MOXKHO. CoJiepyKaHue €ro COCTaBIsieT HECKOIBbKO (ppakuuii (rpynn 3€peH, pa3Mepbl KOTOPBIX
OTPAaHUYEHBI Y3KHM TPEJEIOM): OCHOBHAas — MPHUHATA 3a XapaKTEPU3YIONIYIO JITAHHBIA HOMEP



3ePHHUCTOCTH; MMOOOYHAS — KpYyITHEe U MeJbye OCHOBHBIX. KonmuecTBeHHOE conepxkanue Qppakuuit
XapaKTepHU3yeT 3epHOBOM cocTaB abpa3uBa.

[Imudyromue MOpOmKH TPUPOJHOTO U CHHTETHYECKOTO ajiMasa pas/esisioT Ha JIBE TPYIIIBL:
UTA (IO POIITKH, MUKPOIOPOIIKH.

[InunopomKy MPUPOTHOTO aTMa3a UMEIOT OJJHY MapKy — A, CHHTeTH4YecKoro — rmath: ACO,
ACP, ACB, ACK, ACC (AC — anima3 cunretuueckuii; O, P, B, K, C — uHJI€KChI TUIOB TOPOIIIKOB,
OTJINYAIOIIUXCS (PU3NKO-MEXaHUUYECKUMH CBOHCTBAMHU ).

3épHa nopomka ACO HMEIOT MOBBILIEHHYIO XPYIIKOCTh, a 3¢pHa ACP 6ojiee nmpouHsl 1 MeHee
xpynku 1o cpaBHenuio ¢ ACO. VY 3épen ACB mnpounocts Beimie, yueM ACO u ACP u menee
xpynku; ACK nmerot 60JblIyro MpOYHOCTh U MEHee XpynkH, ueM ACB.

[Imudmopomok myTéM mpoceBa HMCXOIHBIX DJIEMEHTOB YEpe3 CUTO C IOCIIEAO0BATEIHHO
YMEHBIIAOMUMCS pa3MepoM sueliKky pa3fel€éH Ha HOMeEpa 3€pHUCTOCTH. B mopomok Kaxkaon
3ePHHUCTOCTH BXOAMT 3 (ppakiuu: KpymHas, OCHOBHas U Menkas. Pasmep 3€peH kaxmoil ¢paxiuu
OTIPENICTISIETCS pa3MEpPOM siUCUKH (MKM), COOTBETCTBYIOIIEH MPOCEUBAIOIIEMY CUTY. 3€pPHHUCTOCTD
YCTaHABJIMBACTCSI HETIPABMIILHOW JPOOBIO, Y KOTOPOH YHCIHUTENb — 3TO pa3Mep SYCHKH BEPXHETO
CUTa, 3HAMEHATeIb — pa3Mep SYEeHKM HMKHEro cuTa. 3€pHA, OCTaBIIMECS Ha KaXIOM CHUTE
B3BELIMBAIOTCS, U OINPENEISETCS UX COJIEp’KaHue, BblpakaeMoe B InpoleHTax. KauecTtBo nmopoika
XapaKTepU3yIOT MPOYHOCTHIO 3epeH. Huxe B Tabnuie 17.1 mpuBeaeHbl 36pHUCTOCTh U 3€PHOBOM
COCTaB aJIMa3HBIX HUTU(PIIOPOIIKOB

Tabmuua 17.1

Dpakuus
Juanazon | 3epHuc- Kpymnnas OcHoBHas Mernkas
3€PHUCTOCTH | TOCTh  |J[oyKHO MpoxoauTh |MoXKeT 3a/iep>KuBaThes B [LOJKHO 3aJIepKUBAThCsI| MOXKET MPOXOUTh
yepe3 curo 100% cure He Ooree 15% Ha cute He MeHee 15% [4epe3 cuto He Oonee
3%
Mupoxuit | 400/250 500 400 250 200
250/160 315 250 160 125
160/100 200 160 100 80
100/63 125 100 63 50
63/40 80 63 40 —
V3kuii 630/500 800 630 500 400
500/400 630 500 400 315
400/315 500 400 315 250
315/250 400 315 250 200
250/200 315 250 200 160
200/160 250 200 160 125
160/125 200 160 125 100
125/100 160 125 100 80
100/80 125 100 80 63
80/63 100 80 63 50
63/50 80 63 50 40
50/40 63 50 40 —

3.MuKponopomKu

Mukponopouky NpupoAHbIX aiMazoB uMeroT Mapku AM u AH, a cunternueckux — ACM u
ACH. Xapakrepuctukoil kauectBa mnopomkoB ACM u ACH, Hapszny c 3epHOBBIM COCTaBOM,
ABIISICTCS TapaHTUPOBAaHHAsA HOpMa NUIHQYIOMEH CIOCOOHOCTH, KOTOpas 3aHaéTcsl PEeXUMOM



CHUHTE3a U PSKUMOM TEXHOJOTHYECKOUW 00paboTku mopomka. Y nopomkoB Mapku ACH ona Ha 30
— 40% Baiie o cpaBHeHUto ¢ ACM.

lmudyromas cnocodnocts nmopomkoB AM u AH 3aBUCHT OT HPUPOJHBIX MECTOPOKICHHI
anMasza. Y mnopomkoB AM ona Huxke, yeM y AH. Mukponopomku Ha HOMepa 3€pHUCTOCTH
MOJIPA3CNAIOTCA HEHTPUPYrOol WM OCaXJIECHHEM B CTOJOE JKHIKOCTH. 3EpHOBOW COCTaB
MUKPOIIOPOIIKOB ONpEAeTsatoT, u3Mepsis pazmep 500 mTyk 3€peH ¢ TMOMOIIBIO MHUKPOCKOTIA.
Mukponopouiku uMeroT pasmep 3€peH oT 80 mo 1 mxMm. [loporku 3epHa, KOTOPBIX Meabdye 1 MKM
CITy’KaT UCXOJHBIM CBHIPbEM ISl U3TOTOBJICHUSI CYOMHUKPOTIOPOIIKOB UCTIOIb3YeMBIX MTpH 00paboTKe
MOJIyITPOBOITHUKOBBIX ~KPHCTAIJIOB KBapra W pyOumHOB. KadecTBO aOpa3suWBHBIX MOPOIIKOB
OILIEHUBAIOT MO WX HUIH(YOmEH COCOOHOCTH M IIEPOXOBATOCTH 00pabOTaHHON MOBEPXHOCTH.

HNanee B Tabnuue 17.2 ykasaHbl 3€pHUCTOCTbh M 3€PHOBOM COCTaB ajMa3HbIX MHUKPOIOPOILIKOB
ACM, ACH, AH u AM

Tabmuua 17.2

3epHUCTOCTh @Dpakius, MKM
Kpynnas, ve 6onee 5% OcHoBHas, He MeHee 65% Menxast, He 6onee 30%
60/40 80-60 60-40 40-20
40/28 60-40 40-28 28-14
28/20 40-28 28-20 20-10
20/14 28-20 20-14 14-7
14/10 20-14 14-10 10-5
10/7 14-10 10-7 7-3
7/5 10-7 7-5 5-2
5/3 7-5 5-3 3-1
3/2 5-3 3-2 1o 2
2/1 3-2 2-1 1o 1
1/0 2-1 (ue menee 95%) —

Imudyromyro CcHOCOOHOCTh XapakTepU3YIOT Maccoil Marepuaia CONUTH(OBAHHOTO C
oOpasiia CTeKia B CTAaHIAPTHBIX YCIOBHSAX HWCIbITaHUS. EE OTHOCHTENbHOE 3HAueHHE IS
HEKOTOPBIX a0pa3HBOB CIIEAYOIIas:

Tabmuma 17.3

Imudyromuit abpasu  |OTHOCHTENBHAS NUTH(YIOMIAS
COoCOOHOCTh

Anmas 1.0

KyOuueckuii HUTpUA 60pa 0,58-0,60
KapOux 6opa 0,50-0,60
KapOuna kpemuaus 0,25-0,45
MonokopyHA 0,15-0,25
DNEKTPOKOPYH 0,14-0,16
Haxxnak 0,03-0,08
KgaprieBsbiit necok 0,02-0,03

4. Ioanpyrouue aGpa3suBbl

K mnomupyromum  abpa3uBaM  OTHOCSTCS  METKOKPUCTAJUTMYECKHE, HaXOMSIIHEeCs B
MOPOIIKOOOPa3HOM COCTOSIHUM OKUCIIBI HEKOTOPBIX METAIJIOB.



Kpokyc Fe,O, - 0e3BOJHYIO OKHCb >K€le3a, HOJIydaloT OCaXIEHUEM CoJel Kenesa

(cynbhaTHOrO, YTIIEKHCIIOT0, 1IaBEJIEBOT0 KUCJIOT0) U3 PACTBOPA U MOCIEAYIOIIUM TPOKATUBAHUEM
npu Temreparype pasaoit 700 - 800°C, 3épHa mMeroT okpyriyio hopmy, pasmepst ot 0,6 10 1 MKM.
IIpuMeHeHne KpoKyca OTpaHUYEHO MO CPABHEHUIO C JPYTMMH MOPOIIKAMU HU3KOW IMOJIUPYIOLIEH
crocoOHOCTRIO. VICHONB3YIOT Ui TOJMPOBAaHUS JeTajedl M3 CTeKiIa, YUCTOTa IMOBEPXHOCTH,
KOTOPOTO JIOJKHA COOTBETCTBOBATH NepBomy kitaccy mo 'OCT11141-76.

ITonupum — cOCTOUT B OCHOBHOM U3 OKHCIIOB PEIKO3EMEIbHBIX METAJIIOB, HCXOIHOE CHIPhE —
MUHEpaJbl JIOMIAPUT ¥ MOHALUT. 3€pHa MUMEIOT (OpMY YITMHEHHBIX IUIACTHHOK Pa3MepoM Jo 5
MKM. OHHU JIETKO Ipo0sTCs, 00pa3ys OCTPOYroJibHblE OCKOJIKH. TBEPIOCTH OT 6 10 7 enuHuUL. ITO
OCHOBHO NONMpPYIOLUI adpa3uB, UCHOJIb3YEMBIN ITPU U3TOTOBJIEHUH JI€TaJIEN U3 CTEKIIA.

Oxucby mopusi ThO, - OTy4arOT NPOKATMBAHUEM TOPUS UM €r0 OPraHu4ecKux colieil. 3épHa

UMEIOT (POpMYy HYETBIPEXYTOJIBHBIX IUIACTUHOK pasmepoMm g0 10 mMkm. OHM Xpynkue, JIerKO
pazpymatorcs. TBépaoctb 6.5 eaununl. Tpyao€MKOCTh H3TOTOBJICHHS] TOPHUS OMNPEAENSET €ro
BBICOKYIO CTOUMOCTbB, UTO OTPAaHUYUBAET MPUMEHEHHUE TTOPOIIIKa.

Heyokuce yupkonus ZrQO, - NOTy4aroT pa3iIoKeHHEM TEPMHUECKH HECTOMKUX KapOOHATOB U

cynbdaroB. cxomHbIM CBIpBEM siBIIIETCS OanenuT U mupkoH. Cpeanuii pazmep 3€peH 3,5-5mkMm. B
ONITUYECKUX TEXHOJOTUSIX IPUMEHSIOT JUTs oJupoBanus cTékon mapku CTK.
Okuco xpoma Cr,O, - U3TOTaBIMBAIOT BOCCTAHOBJIECHHMEM OMXpOMaTa Kaius cepoH, Jubo

TEPMUYECKHM pa3IoKeHHEeM Ouxpomara aMMOHHS. llepBbIM CroCOOOM MOJY4alOT TMOPOIIOK C
pasmepamu 3épen ot 0,8 go 1,2 mxm. A BropeiMm ot 0,3 mo 0,4mxm. TBEpmocth 10
MUHEPAIOTUYECKOH 1mIKaje 9 equHnIl. B onTHYecKnX TEeXHOIOTHAX PUMEHSETCS JUTS TOJIMPOBAHUS
JieTajen U3 KpUCTAUINYECKUX MAaTEPUAIOB C MAJIOM TBEPIOCTHIO.

Anmazuvie muxponopouxu ACM u ACH sepuucmocmeti mo 3/2 0o 1/0 u cyomuxponopouwxu
sepnucmocmeii om 0,7/0 0o 0,3/0 — WCTONB3YIOT NPH MOJUPOBAHHH KPHCTALIOB pyOWHA W
kpemHus. [Ipu ompeneneHHBIX YCIOBHSX, XapaKTEPU3yeMbIX B OCHOBHOM CBOMCTBaMHU CBS3KH,
MUKPOIPOIIKH MTPUMEHSIOT U JJISl TIOJTMPOBAHUS ONTHYECKUX KBAPIIEBBIX CTEKOJ.

KagecTBO TOpOMIKOB OIICHMBAIOT MO WX MOJUPYIOMIEH CHOCOOHOCTH M YHCTOTE
o0OpaboTaHHON TOBEpXHOCTH. [lOMHPYONIYI0 CIOCOOHOCTh XapaKTEPU3YIOT KOJUYECTBOM CTEKIIA
CTIOJIMPOBAHHOTO B 3a/IaHHBIN MPOMEXYTOK BpeMEHH ¢ 00pasiia OnpeeIéHHOTO pa3Mepa U3 CTeKIa
Mmapku K8 B cTaHZapTHBIX yCIOBUSX.

OTHOCHUTENbHOE 3HAYCHHE TOJHUPYIOIEH CIOCOOHOCTH ISl pa3IMYHBIX MOPOIIKOB OJIM3KOTO
3epHOBOTO COCTaBa MPHUBEACHO HIKE B Tabmuie 17.4:

Tabmuua 17.4

[Momupyromuit abpa3us OTtHocuTeNnbHAS
MOJIMPYIOIIasi CTOCOOHOCTh
Oxuch xpoma 0,5
Kpoxyc 1,0
[Tommpun 1,5
Oxuce Topust 2,2
JIBYOKHCH IUPKOHUS 2,0




Jlexkuus 18. AiMa3HbIi TEXHOJTOTHYECKU HHCTPYMEHT

1. DjeMeHThI KOHCTPYKIMH HHCTPYMEHTA

AnMa3HBII MHCTPYMEHT JIO00TO THIIA MPEACTaBIsET COOOW METAINIMYECKH KopIyc, ¢
KOTOPBIM MPOYHO COEIUHEH alMa30HOCHBIM Clloil - pabouasi 4acTh MHCTpyMEHTa. ANMa3HbIe
TEXHOJIOTUYECKHE HHCTPYMEHTBI XapaKTEpU3yIOT 110:

1) dopme u pazmepam;

2) pa3mepam aJiMa3HOTO CIIOS;

3) Mapke, 3epHUCTOCTH U KOHIIEHTPAIIMU AJIMa3HOTO TOPOIIIKA;

4) Mapke CBSI3KH.

OTH mapaMeTpbl onpeaeisioT 3PPEeKTUBHOCTh pabOThHl MHCTPYMEHTA, YAETbHBIA pacxon
anrMasa M I1eHy oOpaOOTKH, HMX ONTHMaJbHBIA BBIOOP HMEET CYIIECTBEHHOE 3HAu€HUEe B
IIPOU3BOJICTBE.

@opMy W pa3Mepbl YCTaHABIMBAIOT B 3aBUCHUMOCTH OT (OpMBI, pazMepa M MaTepuaia
oOpabaTbiBaeMO  JeTaiay, KOHCTPYKIIMM W MOINHOCTH CTaHKa. [IpenmoureHne OTAAIOT
MHCTPYMEHTY C MAaKCHUMAaJIbHO JTOIIYCTUMBIMU IO YCJIOBHUIO OOpaOOTKH pa3MepaMu aIMa30HOCHOTO
CJI0Sl, 9TO YMEHBILIAET 3aTpaThbl HA UHCTPYMEHT, T.K. CTOUMOCTb €r0 M3TOTOBJIECHUS NOHMKAETCS C
MOBBIIEHUEM KOJIMYECTBA aJIMa3HOTO MOPOIIKA B AIMA30HOCHOM CJIOE.

Mapky aama3zHOro HOpOIIKa BEIOMPAIOT UCXO/S U3 YCIOBUN paboThl HHCTpyMeHTa. [Topomiku
c 3epHamu manoir mpounoctd ACO s¢ddexTuBHBI B paboTe ¢ MaibIMH Harpy3kamu (Kpyrioe
i oBaHUE JIMH3), a MOPOIKU ¢ 3epHaMu Beicokoil mpoynoctu (ACB, ACK, ACC) no3BoJstoT
JIOCTHYb BBICOKYIO MPOU3BOJAMTEIBHOCTh MpH padoTe ¢ OONBIIMMHU Harpy3Kamu (pacluinBaHUE,
rpy6oe nutndoBaHue, CBEpICHUE OTBEPCTHH).

3epHUCTOCTh AJMa3HOIO TMOPOIIKAa HAa3HA4yaloT B 3aBUCUMOCTH OT TpeOOBaHUM K
LIepaxoBaTOCTH 00pabaTbIBa€MON TOBEPXHOCTHM M pa3Mepa HMHCTpyMeHTa. C TOHMKEHHEM
3€pHUCTOCTH, & BMECTE C TEM U II€PaX0BAaTOCTH, NOHWKAETCS IPOU3BOAUTEIBLHOCTD U MOBBIILIAETCS
CTOUMOCTh 00paboTku. C JApyrod CTOPOHBI, C TMOBBIINICHUEM 3E€PHUCTOCTH TMOBBIIIAETCA
IIPOU3BOIUTEIBHOCT, HO OJIHOBPEMEHHO IOBBIIIAETCS U IIEPOXOBATOCTh MOBEPXHOCTH U TITyOHHA
HapYIIEHHOTO CJ0s1, ¥ IPUITYCKH Ha HUX.

KoHueHTpanus ajiMa3sHOro MOpoIllKa XapaKTepU3yeT €ro cojaep)kaHue (Mo mMacce) B OJTHOM
CaHTUMETpE KyOMYEeCKOM aJMa30HOCHOTO cios. 3a kKoHueHtpamuioo 100% npunsro 4,4 kapara (1
kapat = 0,2 rpamma). OHa BIUSIET Ha CPOK CIIY’KObI HHCTPYMEHTA, IPOU3BOIUTENLHOCTD U INIyOUHY
HapyIIEHHOTo cj0s. Ha3HauatoT KOHIIEHTpaluIo B 3aBUCUMOCTH OT pa3Mepa padoueil IOBEPXHOCTH
MHCTPYMEHTA, 36pHUCTOCTH AJIMAa3HOIO MOPOINKA, W3HOCOYCTOWYMBOCTU CBSI3KU. C MOHMKEHUEM
KOHTaKTa MHCTPYMEHTAa C JETalbl0 IOBBIIIAETCS M3HOC AJIMa30HOCHOrO cios. i MOHMKEHUs
M3HOCAa KOHLEHTPALMIO TOBBIIIAIOT (OHAa HAaXOIUTCS B NPSIMOM 3aBUCUMOCTH OT 3€PHUCTOCTH
nopoika). C MOBBIIIEHUEM 3€pPHUCTOCTH MPHU MOCTOSHHON KOHLEHTPALlMU MOPOIIKA YUCIO 3€peH
Ha €IMHUIly Iuloniaau pabouell MOBEPXHOCTH HWHCTPYMEHTa IMOHWXKAETCs, MPOU3BOAUTEIBHOCTD
Ipolecca yMEHbIAeTCs, a OoJjblllasg Harpyska MPUXOAMMAsl Ha KaXKJI0€ 3€pHO YCKOPSIET M3HOC
anMa3Horo ciod. C TOHMKEHHWEM 3€pPHHCTOCTH IIPH IOCTOSIHHOM KOHIIEHTpAIMH, YHCIIO
OJIHOBPEMEHHO pal0OTalOIIMX 3€pEH IMOBBIIIAETCS, HO MPOCTPAHCTBO B KOTOPOM JOJDKHBI
HAaXOJUTHCS TPOAYKTHl HW3HOCA MHCTPYyMEHTa U 00pabaTbiBaeMON JeTand IOHMKACTCH.
[Ipou3BOINTENBHOCT TMOHMXKAETCA, PEXKUM CcaMO3aTauyMBaHUS HWHCTPYMEHTA HapyllaeTcs.
VYuuThIBas 3T0, KOHIEHTPALUIO aJIMa3HOTO MOPOIKA C MOBBIIIEHUEM 3€pPHUCTOCTH MOBBIIIAIOT, A C
MOHMKEHUEM - TIOHMKAIOT.

Mapky CBSI3KM BBIOMpAIOT, Y4YUTBHIBasi MapKy IIOpOILIKa, CBOWCTBA 00pabaTbIBAEMOTO
Marepuanga, BUA U pexuM o00paboTku. CBsi3Ka BIMAET Ha IPOU3BOJUTENBLHOCTH IIpOLIECCa,
CTOMKOCTh MHCTPYMEHTA, IIyOMHY HapyIIEHHOTro cios. [ oOpaboTKM ONTHYECKUX MaTepUajoB



HCIIOJIb3YIOT MHOTOKOMIIOHEHTHBIE METAJUIMYECKHE CBSI3KH, B KOTOPHIX OCHOBHOM KOMIIOHEHT
Me/Ib, KeJe30, ATFOMUHIH, a T0OaBKaMH CIIY>KaT 0JIOBO, CBUHEII, LIMHK U JIp.
2. U3roroBjieHHe aJIMA3HOIO CJIOS

CymectByer faBa croco0a MOJYy4eHMs] aiMa3HOro CJos: MOPOIIKOBas METaJIyprus;
NIEKTPOXUMHUYECKOE OCaXJeHUEe anMasHoro ciyos. CyTh NEpBOro 3aKiIKYaeTcs B TOM, YTO M3
aMa3ocoiep Kallei MUXThl B npecc-(hopMe C YCTAaHOBJICHHBIM B HEW MPOMEXKYTOUYHBIM KOJIBIIOM
WM HETIOCPEICTBEHHO KOPITYCOM MHCTPYMEHTA IIPU KOMHATHOM TeMiieparype noj gasienueM 3 10°
’ Ma dopmyror Opuker. s mpumaHus €My BBICOKOW MPOYHOCTH, U3HOCOCTOMKOCTH, TOYHOU
reOMEeTpUUECKOM (POpMBI U pa3Mepa €ro CIEKaroT IPHU TeEMIIEpaType HIUKE TeMIIEpaTyphl IJIaBICHUS
KOMITOHEHTOB CBSI3KH, 4 IOTOM YIUIOTHSIOT o gaBiaenneM (0,6-1,5)107 Ia B HarpeToM COCTOSHUM
u oxnaxaaroT. [Imactuueckas nedopmMarisi KOMIIOHEHTOB CBS3KH, HArPETHIX MPH CIIEKaHUH OOJIbIIe
TEeMIepaTypbl PEeKpUCTAUTM3AIMN, O00ecreunBaeT TMPOYHOE 3aKpeIUIeHHE 3€peH  ajmasa,
PaBHOMEPHO pAaCIpE/eNieHHBIX IO BCEMY OO0BEMYy aJIMa3HOHOCHOTO CJOS. AJIMa3HBIH CIOH,
CIICYECHHBIM C MPOMEKYTOUHBIM METAIMYECKUM KOJIBIIOM, COCAUHSIOT ¢ KOPIIyCOM MHCTPYMEHTA
1 y3nOHHBIM crieKaHUEeM, TTAKON TBEPAbIM HU3KOTEMIIEPATYPHBIM IPUTIOEM.

[TopomrkoBoif MeTalTypriueil M3roTaBIMBAIOT HMHCTPYMEHT Ui NIUIH(OBAHUS TUIOCKUX H
cepruuecKux MOBEPXHOCTEH, KPYraoro numpoBaHus, HAHECEHHUS Ma30B M CKOCOB, PACIHIINBAHUS
CTEKJIa, CBEPJICHUS OTBEPCTHUH.

DNEKTPOXMMHUYECKUM OCAKIEHUEM W3rOTaBIMBAIOT HMHCTPYMEHT, Yy KOTOPOIO IIHpHHA
peXyled KpOMKM Maja [0 CpaBHEHUIO C OCTaIbHBIMM pasMepaMmu. Mcmonb3yroT 1Be
Pa3HOBUIHOCTU 3TOTO Croco0a — rajbBaHOCTETHIO — IOJyYEHHUE TOHKOTO, aaIMa30CoJIEPIKallero
IIOKPBITUS, IIPOYHO COEIUHEHHOTO C KOPIYCOM BO BpPEMS OCAXKJIEHHUs, U TaJbBaHOIUIACTUKY —
IIOJIYy4eHUE  aIMa30COJEpKAIIMX  OCAJKOB  OTAEIAEMBIX OT  Karoja. [anmpBaHOCTErHEH
M3TrOTaBIMBAIOT, B YaCTHOCTH, aJIMa3HbIE OTPE3HbIE KPYIH C BHYTPEHHEW pPEXKYIIEH KPOMKOW,
raJbBaHOIUIACTUKON — HEKOTOPBIE THUIIBI CBEPIL.

3. Tunsl aJIMa3HBIX HHCTPYMEHTOB

Wuctpyment s rpyboro ummdoBaHUS CPEpUUYECKUX U IUIOCKUX TTOBEPXHOCTEH
HOPMAJIM30BaH B BUJE aIMa3HBIX KOJBIEBBIX KpyroB (Gopmbl AK, KpyroB ajaMa3HBIX YalIeuHBIX
AYK u npyrux BugoB Kpyro B Tabmuie 18.1. B HHCTpyMEHTE MCIOJIB3YIOT alMa3HbIi MOPOIIOK
mapok ACB, ACK, ACC. Konuentpanus nopoiika nossimaercst ot 25% 1o 100% ¢ noBsiieHnem
€ro 3€pHUCTOCTH W JWaMeTpa MHCTPYMEHTa. B eIMHMYHOM IMpOM3BOJACTBE Tpydoe numdoBaHue
TUTIOCKUX TOBEPXHOCTEH, CHATHE (hacOK MPOU3BOIAT anMaszHbMU Kpyramu ¢opmbel AIIK B Buzge
raHmaint. Mapku nmopoikoB anmMasa v ux 3epHucTocTh aHajgoruddsl AUK u AK, koHueHTpanus
anmasos 50-100%.

WuCcTpymMeHT i TOHKOTO nUM(OBaHHMA CPEPUUECKUX MOBEPXHOCTEH  CIIOCOOOM
NpUHYIUTETBHOTO (opMooOpa3oBanust aHanormueH kpyram AK um AYK, wmapka ammasHoro
nopomka ACH. 3epuucrocts mopormka ot 28/20 mo 14/10. Anma3HbII MHCTPYMEHT TSI TOHKOTO
numdoBanus chepuveckrx U MIOCKUX MOBEPXHOCTEH CIIOCOOOM TpUTHpa UMeeT Gopmy rpuOoB,
yalmek M TIuiaHmai0. Pabodylo MOBEpPXHOCTP HWHCTPYMEHTAa OO0Opa3yloT alMa3ocojepiKaliue
aneMeHThl | B BHJE TaOJIETOK, 3aKpeMJIEHHBIX Ha Kopmyce 2, anMasHblii nopoiok turna ACH,
koHIeHTpauus ot 10 1o 25%.

WHCTpyMEHT AJIst CBEpIICHUS] OTBEPCTHI M3TOTAaBIMBAIOT TpyOdaToil opmbl. B MHCTpyMEHTE
uCToab3ytoT anmasHeiii nopomok mMapok ACK u ACC. 3epaucrocts ot 125/100 mo 315/250,
MOBBIIIACTCS C TOBBIIIIEHUEM JHaMeTpa HHCTpyMeHTa, KoHeHTpaius or50 1o 100%.

WHCTpyMeEHT JUIsl paclIMIMBaHUS CTEKJIa CTAaHAAPTU30BaH B BUJIE alIMA3HBIX OTPE3HBIX KPYTOB
- AOK, kpyroB c¢ BHyTpeHHe#l pexymieil kpomkoit AKBP, kpyroB AIIC ¢ MexcerMeHTHBIMU
nazamu. AnmasHbii oTpe3Hoit kpyr AOK wucnosb3yercs Aisi pactuIMBaHUS CUIMKATHOTO H



KBapLEBOI0 CTEKJIA, CUTAJIIOB, ONTUYECKOH KEpaMUKH M KpUCTAIOB. OCHOBOM KPYIroOB SIBIISIETCS
JMCK M3 JMCTOBOM XOJIOJIHOKATaHOW cTanu. AJMa3Hasi CMECh HM3TrOTAaBJIMBAETCS T'aJIbBAHWUYECKUM
MeTo oM. B mHCTpyMeHTe npuMeHsaroT anMasHblid nopomok Mapku ACK, ACC, 3epHUCTOCTH OT
630/500 mo 125/100, xoruenTparus 25-100% moBbIIaeTCs ¢ MOBHIIIEHUEM 3€PHUCTOCTH aliMas3a U
pasmepa Kpyra.

Anma3zHbIl Kpyr ¢ BHyTpeHHel pexyuieil kpomkoii AKBP npuMeHsOT 11 pacnuiauBaHus
MIOJIYTIPOBOIHUKOBBIX KpUCTAJIOB. Anma3zHblil opomok Mapku AH, ACH 3akpernien Ha kopmyce
METOJIOM TaJbBAaHOCTEIMH. AJIMa3HbIE KPYTHM C MEXCETMEHTHBIMM TIa3aMHM IPUMEHSIOT s
pacnuiIMBaHUs KpYIMHOTabapUTHBIX 3arOTOBOK, OTIMBOK M3 CTEKJa. Pexylas KpoMka UX COCTOUT
U3 OTIENIbHBIX CErMEHTOB, 4MClIO KOTOpbIX (16-155) 3aBucuT oT nuamerpa Kpyra, 3€pHHCTOCTh
anvasHoro nopotika 500/400-250/200, kormentparmmst 50-100%

WucTpyMeHT Ui Kpyrioro num@oBaHMs TUTACTHH W JIMH3 - aliMa3Hble KPYTd IUIOCKOTO
npopuns - AIIll. B uHCTpYMEHTE AJIsl LEHTPUPOBAHUS JIMH3 METOJOM KpPYroBOro HUTM(OBAHHUS
NPUMEHSIOT aiMas3Helii mopomok Mapku ACO, ACB 3eprucrocteio 160/125-50/40 mpu
koHieHTpamuu 100%.



HekoTopme Tunsl M 05NacCTH MPHMEHEHHS aNMa3HOTO HHCTPYMEHTa

Haasanue HHCTpYMEHTA

Mpodunb BHCTpyMEHTa

O6hacTb NpuMEHEHHA

AaMa3Hsle YawWeyHbe KPyri
tbopybi AHK
(TOCT 16172—70)

AnMazubie KOableBHe Kpy-

rit popmut AK
(T'OCT [7006—T71)

[pyGoe i ToHKOE WLTH-

- dosatite TIIOCKHX
cepHYECKH X no
BepXHocTel

AnMa3sHbie KpyrH IJockue
npavoro npoduas dop-
st AT
(FOCT 16167—70)

2
= -I,3

Kpyraoe uLindosanie
NAACTHH, LEHTPHPO-
BaHHe JHH3

AnvasHble TJOCKHe KpyrH
dopynt AITK
(TOCT 17007—71)

['py6oe 1 ToHKOe WK~

<oBanHe  ILTOCKHX
noBepxHocTed B efli-
HHYHOM  NPOH3BOA-
cTBe, HaHecenHe (a-
COK E

AnMa3nble OTpesnbie KpyrH

Pacnunnpanne crekna

dopunt AOK [« | T = ] i KPHCTAlI0B
(FOCT 10110—71)

AnMa3Hbie OTpe3Hbie KpyrH Pacnuansanne nosay-
C BHYTpeHHeH pexyileft . S NpOBOAHHKOBLIX
xpoMKoR ¢opmu AKBP KPHCTaMIOB

Aimasubie OTpesHne  cer- Pacnu/uBaHHe Kpyn-
ol R e s HOFa6apHTHHX  3a-

(TOCT 1611570,
FOCT 16117—70)

fOTOBOK CTeK/]a




Jlekuus 19. UacrpymenT a1 mingoBaHus CBOOOIHBIM a0pa3uBoM
1. DileMeHTBhI KOHCTPYKIIMH HHCTPYMEHTA

JUia  mmngoBaHUS  ONTHYECKUX MaTepHalioB  CYCIEH3MSIMH  aOpa3sUBHBIX IOPOIIKOB
MPUMEHSIOT METAUTHYECKNE HHCTPYMEHTHI — IUTH(OBATHHUKH, KOTOPHIE B 3aBHCUMOCTHU OT ()OPMBI
oOpabaTbiBaeMOl TIOBEPXHOCTH HMMEIOT BHJ: IUIAHIIAHO, rpuboB u yamek. K WHCTpymeHTY U
MaTepuaiy, U3 KOTOPOTo OH U3rOTOBIIEH, PEAbSBISAIOT CIEAYIOIINE TPEOOBaHUS:

1. KoHCTpykmmsi [OJDKHA WMETh JKECTKOCTb, TPHU KOTOpod jaedopmarus padodeit

MIOBEPXHOCTH MHCTPYMEHTA MO JCHCTBUEM €T0 CUJIbI TSYKECTH U MPHIIOKEHHON Harpy3Ku
MMEET MUHUMAJIbHYIO BEJINYUHY.

2. Marepuain 10JKEeH ObITh YCTONYHMB K a0pa3suBHOMY U3HOCY.

3. Marepuan  MHCTpyMEHTa  JOJDKEH  MHTEHCMBHO  COUUIM(OBBIBATH  MaTepuai

oOpabaTeIiBacMOM JeTalH.

4. He noJpKeH BBI3BIBATH MTYOOKOTO Pa3pyIIECHUsI TOBEPXHOCTHOTO CIIOA.

Koncrpyknus mnanmai6 onpenensiercs ux pazmepom. [lpu nuamerpe 10 300 MM OHM UMEIOT
BH/I IIJIOCKOTO JMCKA C OTHOCUTEIHHON TONIIMHOW (OTHOIIEHUE TOJIIMHEI K auaMeTpy) oT 1/10 mo
1/15. Tnanmaii6er quamerpom Oosbmme 300 MM yCHIIMBAIOT KOJIBLIEBBIMH U PaJdabHBIMU
pedpamu kECTKOCTH, OTHOCUTEIbHAS TOJIIIMHA TaKuX ruiaHman6 ot 1/20 mo 1/30.

WucTpymMeHTsl, nMetomiie GpopMy rpudoB KOHCTPYKTHBHO pasinuuHbl. Tak npu paauyce 10 30
MM, MX U3TOTaBJIMBAIOT B BUJE CIUIOMIHOTO CPepHUECKOro cerMenTa. I pubsl ¢ OOJBIINM panycoM
KpUBHU3HBI paboyell MOBEPXHOCTH JUIsl YMEHBIIEHHSI MacChl UMEIOT MOJIOCTh U YTOJIIIIEHUE B LIEHTPE
Kopmyca s ycuieHHUs k€cTkocTu. [lo aHanormyHoMmy NPUHLHUIY C YCUJIEHHUEM >KECTKOCTH B
LIEHTPAJIBbHOW YacCTH BBIIIOJIHEHBl KOHCTPYKLIMKM UHCTPYMEHTA B BHJE HaileK. [Inanmaiiosl, rpudsl u
Yalllkil COEIMHEHBI CO IIMUHJENEM CTaHKa XBOCTOBHKAMM, KOTOpBIE B 3aBHCHMOCTH OT pa3zMepa
MHCTPYMEHTA UMEIOT Ha XBOCTOBUKE BHYTPEHHIOIO WM HapyXHYIO pe3p0y M8, M14, M20, M27.

B kadecTBe MaTepuasa NMpH W3rOTOBIICHHM IUIAHIIANO Jt000TO aumamerpa uisi rpydooro u
TOHKOT0 NUIN(OBaHUS TPUMEHAIOT cepblil uyryH CU28-48 u natyns JIC59-1J1. [Ipu uzroronenun
rpuOOB U yaliek i rpyodoro numdoBanus npuMeHstoT craib 10, crams 20, yyryn CU28-48, a ns
TOHKOTrO Huudosanus natyns JIC63 u JIC59-1J1.

2. DjeMeHTHhI pacuyéra ningoBaJLHUKOB

Jlmamerp muiaHmiaib, BRICOTY TPUOOB W TIYOMHY 4YallleK OMPEIENSIOT UCXOJ U3 yCIOBUH,
MPU KOTOPBIX, MOXKET OBITh TOCTUTHYTA MHHHMAJIbHAS CKOPOCTh M3MEHECHUS KPUBU3HBI pabodeii
IOBEPXHOCTH MHCTpYMEHTA. Jlnamerp miuaHman® /[, HaxXoIAT 1O M3BECTHOMY auamerpy [,

3aroTOBKM WJIM 0JI0KA 3arOTOBOK C YYETOM IOJIOKEHUS HHCTPYMEHTA, KOTOPBIM MOXET BBIIOJIHAThH
(GYHKIMIO KaK HUKHETO, TaK U BEPXHETO 3BEHa!

A, =4, (1,1+1,25) — uHCTpyMEHT CHHU3Y;
A, =4, (0,8+0,9) — uHCTpyMEHT CBEPXY.

Paguyc kpuBusHel R* paGoueii ToBepXHOCTH Onoka UUTM(OBATBHEKA IS  KaXkIOTO
nepexoia ONpeesieTCsl 0 M3BECTHOMY paauycy R, KPUBU3HBI IIOBEPXHOCTH I'OTOBOW JIETAJIH,
3epHUCTOCTU Mn abpasuBa, JUIi KOTOpOM IIpelHAa3HAueH HHCTPYMEHT U riayoune [7,, cios
HapyIIEHHOTO 5THM a0pa3uBOM, TOJILIUHE A,, - CI0s adpa3suBa 3epHUCTOCTH Mn HaXOIAIIErocs B
3a30pe MEXJy MPUTHPAIONIMMHUCS TOBEPXHOCTAMH. Paadyc KpUBH3HEI R, TOBEPXHOCTH
3arOTOBKM Hocie MIM(pOBaHUs abpa3uBOM 3€pPHUCTOCTH Mn oTaM4aeTcs oT paauyca R, roToBOI

J€Talli Ha BEJIMYUHY [, , COOTBETCTBYIOILYIO ITyOMHE CII0s1 HAPYIIEHHOTO 3TUM a0pa3uBOM T.€.



R)' =R, £12F,, , (19.1)

rjae koddumment 1.2 BeIOUpaeTCst IKCIIEPUMEHTAIBHO U YIUTHIBAET BO3MOKHBIC KOJICOAHMS
3epHOBOTO cOCTaBa abpa3uBa.

Paguyc kpuBu3Hbl R), pabodyell NOBepxXHOCTH NUTH(OBANIBHUKA (MpUba WM YaIIKH)

HU3MCHACTCA JISI KaAXAOTO MNCPEXoJia U JOJIKCH COOTBCTCTBOBATH R;}ﬂn MOBCPXHOCTU 3arOTOBKU

nocsie 00pabOTKU Ha JaHHOM IIepexojie ¢ y4ETOM TOJILUHBL closi A, abpa3uBa HaXOHAAIIErocs B
3a30pe MEXAY IPUTHPAEMBIMU IIOBEPXHOCTAMH, T.€.

R“ =R" +4, =R, +(1.2F,, +A4,,), (19.2)

I7ie BBIOMpArOT «+» — Korja paboydas MOBEPXHOCTh UMEET BUJ| YAIIKH, «—» — KOTJa padboyas
IIOBEPXHOCTh MMeeT BHMJ rpuba. UucieHHble 3Ha4eHUs napamerpoB F,, U A, HEOOXOIUMO
BBIOMpATh U3 CIeAyIoleld TabmuIlbl, TJie OHU yKa3aHbl i crekia mapku K8. Illupuny paboueit

MOBEPXHOCTH BBIMYKJIOTO M TTyOMHY BOTHYTOTO Huun OTIpENeNtoT B 3aBUCUMOCTH OT UX (OPMBI U
IIOJIOKECHHUS.

Tak st TpuOOB: Jlns gamiex:
Huwn = Hon — MTHCTPYMEHT CBEPXY; Huwn = (0,8+0,9)H61 — MHCTPYMEHT CBEPXY;
Huwn = (1,2+1,4)H61 — MHCTPYMEHT CHU3Y. Huwn = (1,1+1,2)H61 — MHCTPYMEHT CHU3Y.
Tomummna 4,, cnos abpasusa, MKM
Seprucrocts abpasusa Mn | Tnybusa F,, HapymeHHOro ITpy TIONOXKEHUH HHCTPYMEHTA
€104, MKM CHU3Y CBEPXY
M28 22 29 31
M20 15 20 27
M14 10 13 19
MI10 7 8 14
M7 5 5 11

3. IloaroroBka nLin¢oBaJILHUKOB

KoHTposs BENMUMHBI pPaJMyCcOB KpPUBU3HBI pPaboyeil MOBEPXHOCTH NUIM(OBAILHUKOB B
mporecce MX U3rOTOBIICHUS MPAKTHUECKH HEBO3MOKEH, MOITOMY KPUTEPUEM OLIEHKH COOTBETCTBHUS
daktuueckoro R,; pPacuéTHOMY 3HAYEHMIO SBISETCS PAAyC KPUBU3HBI R['  MOBEPXHOCTH
3arOTOBKM TOCJE NUTU(POBAHUS HWHCTPYMEHTOM, IMpeIHa3HAuYeHHBIM /IS JTAaHHOTO Mepexoa.
[ToaroroBky mnu¢oBaJibHUKA BBIIOJIHSIOT B CJIEIYIONIEN OCIEI0BATEIbHOCTH!

1. PaGouyro moBepXHOCTh NUTH(POBATHLHUKOB JJIsI BCEX TEPEXOJOB TOHKOTO NITH(POBAHUS
NpPOTAauNBAIOT PE3LOM IO HOMUHAIBHOMY 3HA4EHHIO pajuyca KPHBHU3HBI R, TrOTOBOM
JEeTaJH.

2. OCymIeCTBIAIOT KOHTPOJIb UX (POPMBI METAITMUECKIMH PaINyCHBIMU MIa0JIOHAMHU.

3. HCTpYMEHT Ui KaXKIO0To Mepexoaa pacuuin(OBBIBAIOT MO BCIIOMOTATENBHOM 3ar0TOBKE
WIH OJIOKY, HCTIOJNIB3Ys a0pa3uB COOTBETCTBYIOIIECH 36pHUCTOCTH.

4. OCyIEeCTBIAIOT KOHTPOJb IOJY4EHHOH IOBEpXHOCTH HAJOKEHHEM NpOOHOrO CTeKIa
pamuyca R, .



Jlekuus 20. MHCTPYMeHT AJISl OJIMPOBAHUS

1. DjeMeHThI KOHCTPYKIMH HHCTPYMEHTA

[TonupoBanbHUK MNpeACTaBIseT COOO0M METAIMUECKUH KOpIyc, Ha KOTOPOM 3aKperjieH
Marepuan (TOJMPOBOYHAS CMOJIa, TEXHUYECKas IIepCTAHAs TKaHb, CHUHTETHYECKas TKaHb),
oOpasyromuii pabouyi0 MOBEPXHOCTh M BBINONHAIONINN (QYHKIHIO HOCUTENS MOJIHPYIOLIETO
abpasuBa. B 3aBucuMocTH OT (popmbl 00pabaThIBAEMOI MOBEPXHOCTH, MOJHPOBATLHUKH HMEIOT
BUJI IUIaHIIaiO, vamek u rpudoB. (puc.20.1). K kopmycy nosvpoBaJbHUKA MPENBSABISIOT TE KeE
KOHCTPYKTHBHBbIE TpeOOBaHHUSA, YTO U K HUIM(OBaIbHUKaM. Marepuan Kopryca JODKEH HMETh
MaJlylo IUIOTHOCTh M HM3KYIO CTOMMOCTB. [[JIsl M3rOTOBJIEHUS KOPIYCOB JuamMeTpoM 10 250 mm
ncnoJib3yroT HMHKOBBIN cruiaB [IM4C. Ilpu GomnbiieM pasmepe KOPIycOB - alFOMUHHUEBBIE CIIJIaBbI
AJI-2, AJI-9, AJI-11. Marepuain, oOpa3yoomuii pabodyi0 TMOBEPXHOCTh TOJUPOBATHHHKA,
BBIOMPAIOT B 3aBUCUMOCTH OT TpeOOBaHWI K TOYHOCTH (OPMBI, YUCTOTEe OOpabaThiBacMOit
MTOBEPXHOCTH U MHTEHCHBHOCTH TEXHOJOTMYECKOI0 IIpoLecca MOJIUPOBAHUSL.

2. D1eMeHTHBI pacyeTa NMoJIMPOBAJILHUKOB

PasMepH MOJIMPOBAJIBHUKOB TaK K€, KaK H IHJII/I(i)OBaJIBHI/IKOB, ONpCAC/IA0T, UCXOAsA U3
YCIIOBH, TMpPH KOTOPBIX MOXXET OBITh JOCTUIHYTO HanOoliee pPaBHOMEPHOE CIIOJIHMPOBLIBAHHE
HapylieHHoro cnos. Juamerp - Dypoy A8 00pabOTKM MJIOCKMX IOBEPXHOCTEH HAXOIAT U3
COOTHOmCHHﬁ, AHAJIOTUYHLBIX HCIIOJIB3YEMBIM IIpU  OIPECACICHUN PasMEPOB IUIAHIIAKO JJIsL
M oBaHUs CBOOOTHBIM a0pa3uBOM, IO U3BECTHOMY AHaMeTpy Dy 3aroToBKH.

Duox=Do(1,1-1,25) - st monupoBaisHuKa CHU3Y; (20.1)
D1ox=D0(0,8-0,9) - st monupoBaibHUKa CBEPXY. (20.2)

Ecmu B kayecTBe MarepuasioB, OOpa3zyromuX padouyi0 MOBEPXHOCTh MOJUPOBAIHLHHKOB,
HCIOJIb3YIOT BEUIECTBA, Y KOTOPBIX OTCYTCTBYET CBOMCTBO IJIACTUYECKOIO TEUEHMSI (TEXHUYECKHE
HIEpCTSAHbIE TKAHW, CHUHTETUYECKHE MaTepHualibl), TO AMaMeTp Kopmyca Dy monupoBalibHHKA
IIPUHUMAIOT PaBHBIM pa3Mepy MNOJupoBabHUKA, T.6. D=Dy,. Ecom xe npumensrorcs
MOJIMPOBAJIbHBIE  CMOJIBI, OOJaJaroUIMe TEKY4eCTblO, YTO BBI3BIBACT H3MEHEHHE pa3Mepa
MOJIMPOBAJILHUKA, TO Kpail cllosi cpe3aroT moJ1 yriioM 45°. B aToM citydae guaMeTrp Kopiryca

D &=Dyont2by, (20.3)
rac bo - TOJIIIMHA CJIOA CMOJIBI HOBOTI'O MOJIMPOBAJIbHUKA, paBHAA,
bp=0,015D,0,+0.5 (Mn). (20.4)

OTHOcCHUTENbHAsA TOJIIMHA KOPIyca MOJIMPOBAIBbHUKA 0€3 pedep KECTKOCTH COCTABISAET HE
MeHee 1:6, a mosMpoBanbHUKa yCHiIeHHOTO MU He MeHee 1:20. [Ipu pacuere nmonupoBaJbHUKOB B
BUJIe TpUOOB U yYalleK ONPEAENsAIoT paguyc KpUBHM3HBI Ry MOBEpPXHOCTH KOpIyca, Ha KOTOPYIO
HAHOCIT MaTepHall-HOCUTENb MOJMpyomero aldpa3uBa, BbICOTy Hy BBIIYKIOTO WM TIyOWHY
BOTHYTOTO KOpITyca, COOTBETCTBEHHO. VICXOIHBIMU JaHHBIMHU SBISIOTCA PaaAMyC KPUBU3HBI Ry
MOBEPXHOCTH TOTOBOW JeTanu, BeIcoTa WM rinyomHa Hy chepudeckoit moBepxHOCTH Ol0Ka, €ro
mrameTp Do. Pammyc kpuBu3HBI Ry MOBEpPXHOCTH KOpIyca IMOJMPOBAJIBHUKA JUISI CHEPUUIECKUX
MOBEPXHOCTEH C OTHOCHTENbHOM KpuBU3HOU Ho/Ro>0,5 ompenensror:



R=REbyox (20.5)
r7e byon - TOJIIMHA CIOS MaTepualia, 00pa3yroIero pado4yylo MOBEPXHOCTH IMOJUPOBAIBHUKA K
MOMEHTY OKOHYaHUSI CpOKa ero ciiy’kOel. B ¢opmysne 3ameHa by Ha byoy 00BSCHSETCS TeM, dYTO
paauyc KpUBU3HBI INOBEPXHOCTH BBIINYKJIOTNO WJIM BOTHYTOIO IOJMPOBAJIbHUKA H3MEHSETCS B
nporuecce paboThl 3a CYET YMEHBUIEHUS TOJIIMHBI CMOJIBI B IeHTpe. UTOOB! pa3HOTOIIIMHHOCTh
ciosi (Kpai-LEHTP) CO BPEMEHEM HE YBEJIMYMBAIACh, @ YMEHbIIAJIACh, pacueTHasl TOJIIMHA CIIOS
J0JKHA OBITh OJIMHAKOBOM MO BCEH MOBEPXHOCTH KOpITyca.

3HaueHue by,y yBEIMUMBAETCS ¢ yBenuueHueM Ry m Haxomutcs B mpenenax 0,4-2 mwm.
Tonmuny by ciiost Matepuana HOBOTO c(hpeprHuECKOro MOTMPOBATHHUKA Ha3HAYAIOT PYKOBOJICTBYSCH
COOTHOILIEHUSIMH JUIsl IIJIOCKOr0 MHCTpyMeHTa. [Ipu ncnonb3oBaHUM MaTepUasoB, HE 00J1aAat0lnux
IUIACTUYHBIM TEYEHUEM, TMOJA by IMOJPa3yMEBAIOT TOJIIMHY, ONPEACIsEeMYyI0 IpU CXKaTUU
U3MEPUTEIBHBIM HHCTPYMEHTOM.

Ecmu otHOcuTenpHas KpuBHM3HA mosmpyeMoil moBepxHocTH Ho/Ro<0,5, To pasnuma B
TOJILMHE CJIOS Marepuaja MeXIy LEHTPOM M KpaeM Maja. 3HauuT, paauyCc KpPUBU3HBI Ry
MIOBEPXHOCTH KOpPIIyca MOXET OBITh NPHUHAT PaBHBIM Ry MOBEpXHOCTHM TOTOBOHM JeTaiu, T.€.
R=*Ry. Ecnu Takoii kopryc He M3roTaBIMBAIOT CIIELHUATIBHO, a BEIOUPAOT U3 Habopa ONTUYECKUX
UHCTPYMEHTOB HOPMHPOBAHHEIX PagrycoB, To R™P" ero moBepXHOCTH MOXKET HE COOTBETCTBOBATH
Ry. MI3-3a 3TOT0 TOMNIIKHBI CJIOSI HA KpasX U B LIEHTpe OYAyT pa3HbIMH, CIEA0BATEIBHO , IOMMYCKAIOT
€ro MEHBIIYIO0 TOJIIUHY MO Kpato 10 1/3 tommuuel B neHTpe. [IpoBepKy BBHIOIHIIOT O pa3HOCTH
BeICOT (pakTHyecku umeromterocs Hi'*™ u pacuernoro H ™" xopmycos. [Iis KOpIycoB B BHJE
Yalek JOJIKHO BBIOJHATHCS HEPABEHCTBO:

H,"P-H P*"<b/3 (20.6)
Jlj1 KOpIycoB B BUJi€ IpUOOB JIOJKHO BBITIOJHATHCS CIEAYIOLIEE HEPABEHCTBO:
H > -H, " PY<by/3. (20.7)

Boicoty Hyjon BBITYKIIBIX M BOTHYTBIX HOJUPOBAIBHUKOB OIPEAEIISIOT 10 COOTHOILIEHUSAM JUIS
pasmMepoB cdeprueckux HUTU(GOBATBFHUKOB. Pa3Mmepbl Kopmyca OTJIMYAIOTCS OT pPa3MepoB
MOJIMPOBAJIbHUKA HEKOTOPON BEIMYMHOM, CBSI3aHHOW C OTHOCHUTENbHOM KpuBHU3HOH. OHa
OIpeNeNAETCs YIJI0M, MOJ KOTOPBIM JOJKEH OBITh Cpe3aH Kpail Cliosi Marepuana, o0pa3yrouiero
pabodyro MOBEPXHOCTH MOJIUPOBATTLHUKA.

Y BOTHYTHIX MOJIMPOBAIHHUKOB ¢ KpuBU3HOU Ho/R¢<0,5 kpaii ciost cpe3arot nmox yriom 45° k
paboueii moBepxHOCTH. [lamMeTp KoOpIyca B 3TOM Cirydae OOJblle AuaMeTpa MOJIMPOBaJIbHUKA Ha
JBOWHYIO TOJIIIMHY CJOs. Y BOTHYTHIX moJupoBaibHUKOB ¢ Ho/Rp>0,5 cmoii cpeszaror mo
oOpasyromiell Kopmyca, BBICOTa KOTOPOTO OOJIbIIIEe BBHICOTHI MOJIMPOBAIBHUKA HA TOJIIUHY CJOS B
HEeHTpe. Y BBIMTYKIBIX MOIUPOBaIbHUKOB ¢ Ho/Ro>0,5 BrIcOTa KOpIyca MOXKeT OBITh paBHOM BBICOTE
MOJIMPOBAJILHUKA MJIM MEHBIIIE €€ Ha TOJIIMHY CJIOS B LIEHTPE.



&,

Puc.20.1 O0mue KOHCTPYKTHBHBIE (DOPMBI OJTHPOBATBLHUKOB




Jleknus 21. Oxunaxkaaoumue 1 pukcupyromme MaTepraibl

1. Ha3HayeHMe M THUIIBI CMA3bIBAIOLIE-0XJIAKIAIOIIMX KUTAKOCTEH

OO6paboTky crekna aOpa3uBaMM, HAXOISIIMMHUCS B CBS3aHHOM M CBOOOJHOM COCTOSIHHH,
BBINIOJIHAIOT C MPUMEHEHHEM cMasblBarole-oxnaxaaromux xuakocred (COX), Ha3zHaueHue
KOTOPBIX: OTBOJ TEIUIa M TPOAYKTOB H3HOCA M3 30HBI KOHTaKTa WHCTPYMEHTAa CO CTEKIIOM,
oOpa3oBanue (U3UKO-XUMHUECKUX B3aUMOJCHCTBUH B 30HE 0O0paOOTKH Ui  YCKOpPEHHS
paspymeHusl CTeKJa, yMEHBIIEHHWE TPEeHUs WHCTPYMEHTa O 3aroToBKy. I[IpoW3BOIMTENHHOCTH
mporecca, KayecTBO, MoTpedisieMas MOIIHOCTh M CHJIa pPE3aHUsl HAXOMATCS B TPSIMOH CBS3U
COCTaBOM, KoJIM4ecTBOM M criocoOom noaaun COXX B 30Hy KOHTaKTa MHCTPYMEHTA C 3aTOTOBKOIA.

[Tpu BBRIMOJTHEHUH TPYOOTO U TOHKOTO IITH(OBAHUS TIOCKUX M CPEepUIECKUX TTOBEPXHOCTEH,
CBEpJICHUHU U pa3pe3ke, KPyrioM IIIH(GOBaHUH, HAHECEHUS CKOCOB, Ma30B M KaHAJIOB HCIIOJIB3YIOT
COX coxepxaliryto 3MyJbcos, BOAy M KepocuH. KpoMe yka3aHHBIX KOMIIOHEHTOB JUISl aJir€3uu
JMCTIEPCUPOBAHHBIX YAaCcTUI[ CTEKJa MOBEPXHOCTH pabouell KpPOMKHM WHCTPYMEHTa H HX
cnocoOHOocTH K Koarymsinuu B coctaB COXK BBOAAT Takke KalbIIMHUPOBAHHYIO COJY.
ViyumieHHble CBOWcTBa HMEIOT 3-5% BOJHBIE AMYIBCUU COAEPXKAIINE CYTb(QOKUCIOTY W
riuiepuH. B pesynbprate 0OMeHHOH peakuuu cyab()OKUCIOTH ¢ TpUHATpUiipochaToM B MaCITHON
cpene oOpa3yeTcs MEJIKOAMCIEPCHAsl CTPYKTypa, B KOTOpPOW Boja M J00AaBKH CTaOMJIM3UPOBAHBI
BHYTpPHU dYacTul cynb(oHara. B 30He TpeHHs uacTHLbl paspymaroTcs. VX akTuBHaAs rpymnmna
MPUKPETUIAETCST K TBEPABIM TellaM, a YIIepOJHbIe PaJUKalbl acopOMpOBaHHbBIE MOBEPXHOCTIMU
aJMas3a U CTeKJa COIpuKacasich, oOecrneunBaloT cMa3Ky. Bojla He MMeer qocTyma K TpPYyHIMMCS
MOBEPXHOCTSIM, OHA MOTJOIIAET TEINI0 W ucmapserca. B coctaB sMmynbcona J00aBISIOT MHOTIA
dbochopconepxkamue coeMHEHNS, YITydIaIOIMNe aHTUKOPPO3UOHHBIE CBOMCTBA SMYJIBCHH.

[Ipu ucnonb3zoBanuu Bogocoaep:kammx COX u paboTe MHCTpyMEHTa C MaJOW Harpy3Kou
HaOroaeTcst ero «3acanuBaHuey». K UWCIly NPUYMH BBI3BIBAIONINX OTO SBICHHE OTHOCHTCS
aJAre3MOHHOE B3aMMOJICHCTBUE YAaCTHUIL[ Pa3pyLICHHOIO CTEKJIA CO CBA3KOW WHCTpymeHTa. Ecnm
OKHCIICHHE CBS3KM MPOHMCXOIUT ObICTpee, 4eM e€ M3HOC, TO 00pa3yromasics TIEHKa OKUCH OyneT
yIep>KuBaTh Ha cebe 4acTUIlbl crekia. [locieanre BRIOMHSAIOT 3aUTHYIO (DYHKIHIO, 3aMEeIISIOT
M3HOC CBSI3KM M YJAJCHUE 3aTyNMUBIIMXCS 3€peH anMasza. PexxuM camo3aTaynBaHHsS MHCTPYMEHTA
HaApyIIaeTcs, YTO MPHUBOAMUT K TOTEpE PEXKYIIeH CIOCOOHOCTH. ANTre3Wi0 YMEHBIIAIOT, BBOJS B
COX BemiecTBa, KOTOpBIE aICOPOUPYIOTCS HA CBSI3KE JIAHHOTO COCTaBa JIy4Ille, YeM CTEKJIO.

3a xputepun oueHkn COXK nmpuHUMAOT MOBEPXHOCTHOE HATSDKEHME O U KUCIOTHOCTH pH,
OKa3bIBAIONIbIC BIUSHUE HA IPOM3BOJUTEIBHOCTH Tpolecca HUIM(OBAHUA M HIEPOXOBATOCTh
oOpabaTbiBaeMOil MoBepXHOCTH. Benuunuel o u pH 3aBUCAT OT KOHIEHTpAIMM dMYJIbCHH, C €&
MIOBBIIIEHUEM TTPOU3BOUTEIHHOCTD MOBBIIIAETCS, HO OJHOBPEMEHHO BO3PACTaeT MIEPOXOBATOCTb.
OnTuMalibHBIE IOKA3aTeNu mpoiiecca gocturarotes npu o =380 — 440 H/m, pH=9 — 9,2.

2. MatepuaJibl 1Jisl KpeIJIeHHsl 3ar0TOBOK NPHKJIeMBaHUEM

Takue marepuansl JOJDKHBI YIOBIETBOPATH CIEAYIOIIMM TEXHOJOTHYECKUM TPEOOBAHUSM:
UMETh BBICOKYIO aJr€3MOHHYIO CIIOCOOHOCTh K MaTepualy 3arOTOBKH M MPHUCIOCOOJICHUS;, HE
BBI3BIBATH YNPYroi aedopMaiyii 3aroTOBOK NMPH W3MEHEHHH CBOETO arperaTtHoro COCTOSHUS; He
BHOCHUTH IOTPEIIHOCTEHN; HE BCTyNaTb XMMHMUYECKOE B3aUMOJEHCTBHE C MaTEpHUaJIOM 3aroTOBOK;
JIETKO OTCTaBaTh OT MOBEPXHOCTH 3arOTOBOK M IPHCIIOCOONICHUs; HE TpeOOBaTh UX OYUCTKH OT
TOKCUYHBIX M  OrHEONAacHBIX pacTBopureneil. TpeOoBaHUSM  yIOBJIETBOPSIOT:  CIUIABBI
TEPMOILJIAaCTUUHBIX ~ BEUIECTB  (HAKJIEEYHBbIE  CMOJIbI,  MapauHbl,  BOCKH,  IIEJUIAK),
CyONUMUpPYIOIMECS BEIIECTBA M THUIC, BOJHBIE PACTBOPHl KOTOPHIE TNEpPEXOMAT B TBEPIOE
COCTOSIHHE.

Haxneeunvie cmonvl — 3TO CIUIaBbl psAAa BELIECTB B3ATBIX B ONPEICIEHHBIX BECOBBIX
COOTHOMEHUSAX. OCHOBHBIM KOMIIOHEHTOM SIBJIIETCSI KaHU(OJIb COCHOBAsI — OCTATOYHBIM MPOIYKT
nepepadOTKU €CTECTBEHHOW CMOJBI (KUBHIIBI) COCHBL. Temmeparypa pasmsruenus 65 — 80°C,



XOPOIIIO PacTBOPSIETCS B CIUPTE, alleToOHE, dupe, Xyxe B OeH3uHe. VIMeeT BBICOKYIO KIIESIIYIO
CIIOCOOHOCTh M BXOJUT B HAKJIEEUHBIE CMOJIBI BCEX Mapok B kosmuecTse 25 — 90%. C noBblieHneM
coJiepKaHus KaHU(OIN TBEPIOCTH M TEMIIEpaTypa pa3MITrdeHUs] CMOJIBI TOBBIIIAIOTCSI.

Ilex cocHo6blli — OCTATOYHBIA MPOAYKT TepepabOoTKH JAErTs, TMOJydaeMbld MyTEM
TEPMUYECKOH O00pabOTKM JpeBEeCHHbl ¢ OOJBIIMM COJEp)KaHHEeM CMoibl. Temmeparypa
pasmsiruenus 45 - 60°C, xopomio pacTBopsieTcs B OCH3WMHE U alleTOHE, XYK€ B crupTe. SBisercs
KOMIIOHEHTOM HaKJIEEYHBIX CMOJI OOJIBIIMHCTBA MAapoOK, TJI€ BBITIOJNHSET pOJb IIacTU(UKATOpa,
YMEHBIIast BI3KOCTh CMOJIBI, IPUIaBasi TACTUYHOCTD U MOBBIIIAS KIIESIIYIO CTIOCOOHOCTb.

Iapagpun negpmsanoii — 3TO cMech TBEPABIX YIIEPOJOB, MOJIYYaeMBIX W3 TapadUHOBOM
Heptu. Temmneparypa ruaBinenus paBHa 38 — 65°C. YcToH4MB K ACHCTBUIO IIENOYEH U KHUCIIOT.
SBnsiercs 6enoi KpUCTAUINYECKON MacCoi.

Bumym — mponaykT W3 TSDKENBIX HE(TAHBIX OCTAaTKOB, OOrarbiX acgalbTOCMOJUCTHIMHU
BEIIECTBaMHU. OT0 OCHOBHBIE COCTABIISIOIIME ac(albTeHBI, CMOJBI U HedTsHble Macia. [lepBbie
00yCITaBIUBAIOT TBEPJOCTh, BTOPBIE — AIIACTHUYHOCTH, TPETHU SIBIISIOTCS PadKMKAroOIMEH cpernoi
cMoJibl M acdanbTeHbl. TemnepaTypa pasmsrueHus TBépaoro outyma 60 — 90°C. B cocraB cmou
BBOJAT B KOJIMYECTBE J10 2% JUTS IOBBIIIEHUS YIIPYTUX CBOMCTB.

Iuenunviti 60ck — TPOAYKT IUIABICHUS BOUIMHBI. VIMeeT KpHUCTaJUIMUECKOE CTPOEHUE H
MPEJCTaBIsIeT COOON COeTMHEHNE CI0KHBIX A3(PUPOB, CIUPTOB M KUCIOT. Bock Xopomio pactBopuM
B alleTOHE U OEH3MHE, IJI0X0 B CIIUPTE. Y CTOWYUB K JCHCTBUIO KMCIOT. B cocTaB cMOJI HEKOTOPBIX
MapoK BBOJIAT BOCK B KOJIMUECTBE OT 3 710 25% JUis MOBBIIIIEHUS TIACTUYHOCTH.

Illennax — 3TO €CTECTBEHHAas CMOJa, TPEACTaBIIeT COOOH MPOIYKT OHOJIOTHYECKOM
JEeSITEIBHOCTH TPONMYECKUX HaceKoMblX. Temmeparypa mnasiaeHus 35 - 40°C, pactBopuM B
iesoyax ¥ CIUpTe, MOYTH HE PacTBOPUM B d3(upe u aneroHe. B cocTaB cMOJl HEKOTOPBIX MapOK
ero BBOAAT B koaruecTBe 40 — 50% Ju1sl MOBBILIEHUS] MEXaHUYECKOW ITPOYHOCTH.

Haxneeunvie 6ocku — TpeACTaBISIOT co0OM cruiaBel KaHugoau ¢ BockoM. KommyecTBo
kanugomu B crumaBax 80 — 90%, a Bocka 10 — 20%. Hakneednble BOCKM MPHUMEHSIOT ISt
CKJICMBAaHUSI 3aroTOBOK MeXay co0oi M (HUKCalMu HX TOJOXKEHHS Ha TEXHOJIOTHYECKUX
npucrnocoOneHusix. M3-3a BbICOKOM BA3KOCTH TOJIIIMHA KJIESIIEro ciios JoJpkHa ObITh 0,2 — 0,3 MM.

Cybnumayuonnsie Kieu — Ha OCHOBE aJIKWICOACPKAIIUX (PEOHOB UMEIOT MaJyIO BS3KOCTH,
YTO MO3BOJISIET MOJIy4aTh ToaUHY Kiesniero cios ot 0,002 mo 0,003 mM. Ilpu aTom npodyHOCTH
COEJIMHEHUS 3ar0TOBOK C MPHCIIOCOOIEHNEM B 2-3 pa3a BBIIIE, YeM MPHUKICCHHBIX cMooi. Taxke
KJIeW OTJIMYAIOTCS T€M, YTO NPH HAarpeBaHUM OHM YJETYYHMBAIOTCS HE BBI3bIBAas 3arps3HEHHUS Ha
MOBEPXHOCTH 3aroTOBOK M TpHcrnocoOneHus. Hemoctatku: HEOOXOIUMOCTH MPEABAPUTEIHHOTO
Harpesa 3arotoBok 70 60 — 70°C npu ux coeaunenuu u 1o 120 — 130°C npu pasbopxe.

Cnnagvl memannos c¢ HuU3Kou memnepamypou niasneHus B npenenax 60 - 90°C mo psgy
TEXHOJIOTHYECKUX CBOMCTB MMEIOT MPEHMYIIECTBA TEpPel CMOJIaMU: OJIOK MOXKeT ObITh pazoOpaH
MOTpY>KEHHEM B TETUTYIO BOJY, YTO MCKIIOYAaeT HAJOOHOCTh B CIOKHBIX YCTAaHOBKAX, COKPAIIAETCs
pacxo]1 OpraHMuECKUX PacCTBOPUTENEH, Mallble TOTEPH CIJIaBAa, MHOTOKPATHOE UCIOJIh30BAHUE.

T'unc — METKO3EPHUCTHIN MOPOUIOK, MOJTy4aeMbIi OTXKUTOM IPUPOJIHOTO JBYXBOJIHOTO THUIICA
710 €ro MpeBpalleHus B MOJYBOAHBIN. PacTBop rumca B Boje uepe3 HEKOTOPOE BpeMsl 3aTBEpeBaET
U yIep)KMBAaeT 3arOTOBKM JCHCTBHEM CHJI TPEHUS U CIEIJICHUs. YBenudeHue o0béMma
3aTBEPJIEBIIETO pAcTBOpa THIICA XapaKTEpPU3yIOT €ro YIeNbHBIM pacIIMpPEHHEM, KOTOpOe
HEUTPaIU3yoT A00aBisisi B THIC LEMEHT 6 — 8% OT Macchl T'MIica, KOTOPbIM MpU 3aTBEPACHUU
yMmeHbaercsi B 00béMe. C  yBelIWYEHHEM COJEp)KAHUS IIEMEHTa IPOJOJLKUTEIBHOCTh
3aTBEpEBaHUS pacTBOpa COKpaIaeTcs, HO 3aTpyHsAeTcs pa30opka OJ0Ka M OTJENIEHUE 3ar0TOBOK.
[Tpoa0KUTENFHOCTh pab0Yero COCTOSIHHS pacTBOpa (BpeMs OT 3aCHIIKU TUIICA B BOIY A0 3aJUBKU
010Kka) cocTaBisieT He Oosiee 3 MHH, a BpeMsl 3aTBEpACBaHMS CMECH OT 4 10 6 4acoB.



Jlexkuus 22. IIpoMbIBOYHbBIE, 3AIMTHBIC M MOJMPYIOLIHE MATEPHAJIBI

1. HpOMI)IBO‘lHI)Ie AKHUAKOCTH

XKuaxocTtu Uisi IPOMBIBKM 3arOTOBOK M YHCTKH JIETAJIEH TOJKHBI OBICTPO U HAJEKHO YAAIATh
3arpsi3HEHUs, pacTBOPSATH 3aIlIUTHBIE JaKH, HAKJIEEUYHbIE CMOJIbI U JIPYTHE BEIIECTBA, HE COJAEPKATh
B3BELICHHBIX YacTHUIl U PACTBOPEHHBIX NpPHUMECEH, KOTOpPbIE MOTYT 3arps3HATh OINTHYECKHE
MIOBEPXHOCTH, HE OKa3bIBaTh pa3pylIalOIIET0 BO3JCHCTBUS Ha IMOJMPOBAHHBIE MTOBEPXHOCTH, HE
001a1aTh TOKCUYHOCTHIO U TIOKAPOOTIACHOCTBHIO.

OCHOBHBIMHU [TPOMBIBOUHBIMH JKUJKOCTSIMH, KOTOPbIE UCTOJIb3YIOTCS Ha HAYAJIIBHON CTAaUU U
B KOHIIE MPOIECCa MEXaHUUECKON 00pabOTKH 3aTOTOBOK SIBJISIFOTCS:

1) Ynucras Boja KOMHATHOW TeMIlepaTypbl Ul YJAJIECHUS HUIMQYIOIUX U MOJUPYIOIIHX
abpa3uBOB ¢ TIOBEPXHOCTEH 00padOTaHHBIX JCTANICH;

2) BoaHble pacTBOpHI MIENOYEH AT PacTBOPEHHUS HAKIEEYHBIX CMOJI CO NUIM(OBAHHBIX
noBepxHocTel, npumeHstoT 5-10% Boansie pactBopel NaOH u KOH, xoTopbie pacTBOpPSIOT BOCK,
napaduH, HaKJIEECYHbIE CMOJII M 3allUTHbIE JIAKM CO MIIM(OBAHHBIX IOBEPXHOCTEU
oOpabatbiBaeMbIX jeTtaneil. [lonmupoBaHHbIE TOBEPXHOCTH 3TUMHU PACTBOPAMH HE IMPOMBIBAIOT, TaK
KaK OHH BBI3BIBAIOT UX pa3pyLICHUE;

3) Opranuyeckue pacTBOPUTEIIM M HUX CMECH Ui PACTBOPEHHS HAKJIEEYHBIX CMOJ U
3alIUTHBIX JIAKOB Ha IOJINPOBAHHON MOBEPXHOCTHU. BEH3MH XOPOIIO pacTBOPSET COCHOBBIN €K,
BOCK, JKHPOBBIC 3arps3HEHUs. AILETOH pacTBOpSieT KaHHM(]OIb, 3alIMTHBIC JAKK HAa OCHOBE
HUTPOAMAJIH, KUPBI, KaydyK. DTUJIOBBIN CIIUPT PAaCTBOPSET HAKIEEUHbIE CMOJIbI, CIIUPTOBBIE JIAKH,
HieJiaK.

4) OIHOMPOIIEHTHBIM PAcTBOP JBYXJIOPUCTOTO OJIOBa B KOHIEHTPUPOBAHHOW COJITHOM
KHCJIOTE TPUMEHSIOT ISl YAAJCHHUs CIIEIO0B MOJUPYIONUX abpa3uBOB MO KOHTYpPY M C (hacox
o0OpabaThIBacMbIX JIeTANICH.

2. IlpoTupoyHbIe MaTEePHAJIBI

JUis OYMCTKM MOJMPOBAHHBIX MOBEPXHOCTEH Mepes HaHECEHHEM IMOKPBITHM M Mpu cOOpke
MCTIOJB3YIOT Pa3IMYHBIE PACTBOPUTENN: METPOJCHHBIN 3hUp; d3PUp STUIOBBIH, COUPT STUIOBBIN
pekTH(UKAT, COUPT PEKTHPHKAT CYXO#, CMeCh MeTpoJeWHOro 3¢dupa co cnuproM U ApYyrHe.
[TpomBbITBIE IETaN BBITUPAIOTCS cal(eTKON n3 MATKUX OerbIX TKaHel ((haanenb, OATHCT, JTbHIHOE
MIOJIOTHO U Ap.). JKupbI U IpsA3b C MOBEPXHOCTEN TKaHEN yHaIsOT 00€3)KUpPUBAaHUEM ILeTI0ubto. Jliis
OKOHYATEJIbHON YMCTKM IOJIMPOBAHHBIX IMOBEPXHOCTEH 00pabaThIBa€MBIX JAETaled MCIONb3YIOT

00€3KMPEHHYIO TUTPOCKOITMYECKYIO BaTy, IPUMEHIEMYIO U B MEAULIMHCKON TIPAKTUKE.



3. 3ammMTHbIE JAKH

Jlaky MpUMEHSIOT I 3aIUUTHI ITOJIMPOBAHHBIX IIOBEPXHOCTEN OT MOBPEXKIACHUN B IPOLECCE
X MEXaHW4YeCKOW o0paboTKu. JIaku MOJKHBI UMETh XOPOIIYIO aAre3ui0 K HaKJIEeeYHOW cMoJie U
CTEKITy (ONTUYECKUM KpHCTAIJIaM), JIETKO OTACNATHCS OT CTEKNIa, He TpeOys IJisi 3TOTO OOJIBIIOTOo
KOJIMYECTBA pacTBOpUTENs. JIaku HE JOJDKHBI BCTYIIaTh B XUMHYECKOE B3aUMOJCHCTBUE CO CTEKIOM
(ONTHYECKMMH KpHUCTallaMu), NMPU BBICBIXaHUU JIOJDKHBI OOpa30BbIBATh IJIaJIKYIO OJHOPOIHYIO
IJICHKY.

Mapky 5aka BBIOMpalOT B 3aBHCHMOCTM OT BHJa BBINOJHIEMON omnepanuu, crnocoda
COEJIMHEHHUS! 3aroTOBOK C TEXHOJOTMYECKMMHU IPUCIOCOOJIEHHAMHU, MaTepuana 3aroToBku. B
YaCTHOCTH, IOJINPOBAHHbBIE MOBEPXHOCTH, COEAMHSAEMBIE C MPHUCIOCOOIEHUEM YEepe3 CMOJISIHbIC
MOAYILIKH, WIN MPONUTAHHBIMU CMOJION MPOKJIAJAKaMHU U3 TKaHU, 3allUIIatoT HuTposmansto HI[-25
(3TO pacTBOpP HUTPOLEIIOI03bI, CMOJBI M KPACSIIEro MUTMEHTAa B CMECH JIETYYHUX PacCTBOPUTENEH).
Hutposmans HII-25 ucnone3yerca v AJis 3alIUTHI IIBOB COEIUHEHHUS 3arOTOBOK C KOHTAKTHBIMU
npucnocooaeHus MU, [l 3TUX ke Leredl NMPUMEHSIOT LAMOHJIAK (pacTBOP HUTPOLENIOJIO3bl B
JeTy4YuX OPTraHWYeCKUX PACTBOPUTENSAX C J00aBICHHWEM IUIACTH(UKATOPOB - COEAWHEHHH
YCKOPSIOLINX 3aTBEPICBAHUE).

[lonupoBaHHbIE  TOBEPXHOCTM  XuUMHuYecku  Hecrtolkux  crekon  (CTK-crekomn),
BOJIOPACTBOPUMBIX U THTPOCKOIIMYHBIX KPUCTAIIOB, 3aIIUIIAIOT (propopranndyeckuM jJakom D32J1.
JUis  yMEHbBIIEHUSI CBETOpPAacCesHUS M YCTpaHEHUs OJMKOB, CO3/1aBaeMbIX HepabOYMMHU
MOBEPXHOCTSAMU U (packaMu, MOBEPXHOCTH OKPAIIMBAIOT B YEPHBIN 1[BET MaTOoBOH sManbio XC-1107
unu [1D-163.

JInst yBeTMUEeHMsI a/ir€31H HAKJIeeUHOW CMOJIBI K CTEKITY M YITYUIICHHUS YCIOBHI HAOMIOACHUS
nedexkroB (LapanvH M TOYEK) Ha TOJIMPYEMOW IMOBEPXHOCTH Ha HUIM(OBAHHYIO MOBEPXHOCTH
3arOTOBOK [0 HMX COEIUHEHHs CO CMOJSHBIMM IOAYIIKAaMU JIOIOJIHUTEIBHO HAHOCAT CIIOU

OUTYMHOTO JIaKa.

4. MaTepua.m)l MMOJIMPOBAJILHUKOB

B xauectBe MarepuasioB, oOpasylommx paboune TMOBEPXHOCTH TMOJHPOBAIHHHUKOB,
UCMOJb3YIOT:

1) TexHMUYECKHE MIepCTSIHBIE TKaHU (CYKHO, (eTp);

2) MOJMPOBOYHBIE CMOJIBI;

3) cuHTeTHUYEeCKHE BeulecTBa (IOJUYPUTAH, CUHTENOJ, TUJIOH).

KauecTBo MarepuasioB OIIGHMBAETCSI IO INPOU3BOJUTENBHOCTH IIPOIECCA, CIIOCOOHOCTH
0o0pa3oBbIBaTh UYUCTYIO, ©0€3 BUIAUMBIX Je(EKTOB, TOJIMPOBAHHYIO TIOBEPXHOCTH U IO
IIPOJIOJKUTEIBHOCTH COXpaHeHus (popmbl pabouell TOBEPXHOCTH, TPUAAHHOM NPU U3TOTOBJICHUU.



TexHuueckue mIEPCTAHbIE TKAHW MCHOJB3YIOT JUISI H3TOTOBJIEHUS TMOJUPOBAIBHUKOB,
MPUMEHSEMBIX B TIpoIleccaX, MPOTEKAIONINX C OONBIION MHTEHCUBHOCTBIO, U TPU H3TOTOBJICHUU
netaneil ¢ HU3KUMH TpeOOBaHUSMH K TOYHOCTH (POPMBI OBEPXHOCTH, HO BBICOKMMH K YHCTOTE.
Yucroty oOecreyuMBaeT 3JIACTUYHBIE CBOMCTBA  TKaHW, OIpPENEISIIOIIME  BO3MOXHOCTD
HUBEJIUPOBAaHUS YPOBHS 3€pPEH MOJIMPYIOLIEro adpasuBa. TkaHb Ha KOPITyC IPUKIEUBAETCS CMOJIOM.
JInsi TIpPOYHOCTH COENMHEHHS HAKJIEMBAEMBIH MaTepuall MPIKUMAIOT K KOprIycy U (OpMYIOT
JOTIOJTHUTEIBHO BCIOMOTATENbHBIM HHCTPYMEHTOM  (TUTaHmaiiboil, rpubom, 4damkou) moJ
JIaBJICHWEM Ha Ipecce.

[TommpoBOYHBIE CMOJIBI TIPEJICTABIISIOT COOOH CIIIaBBl COCHOBOTO IT€Ka M COCHOBOM KaHM(oIn
¢ n00aBJeHMEM MpPUMECEH MYEITMHOTO0 BOCKAa WJIM KaHU(OJBHOTO MbLIA, BBIMNOJIHSIOMIMX POJb
mwiactugukaropa. CMOJbl NPUMEHSIOT AJI U3TOTOBJIEHMSI MOJIMPOBAIBHUKOB, HCIOJB3YEMBIX B
mpoueccax IOJY4YeHHMs] TOYHBIX ITOBEPXHOCTEW JeTajlied M3 CTeKJIa U MHOTMX ONTHYECKUX
KpUCTaJIJIOB. MapKy cMOJIbI BEIOMPAIOT, yUUTHIBasi MHTEHCUBHOCTH MPOIIECCAa U TEMIIEPATYPY B 30HE
00paboTKH.

Hanuuue y cMoJI mIacTUYECKUX CBOMCTB M CHOCOOHOCTh T€4b IOJ JEHCTBHEM Harpy3Ku
OTPaHUYMBAIOT TEMIEPATYPHBI HMHTEpBAJl WX NPUMEHEHHS M BO3MOKHOCTH HHTEHCHU(UKAIUH
nporecca. Iy pacmimpeHusi TEMIepaTypHOTO WHTEpBajia W TOBBIIICHUS CTAOMIBHOCTH (HOPMBI
MOBEPXHOCTH TOJUPOBAFHIKA B TIPOILIECCE €r0 OSKCIUTyaTallil B TEKO-KaHW(OJIEBbIE CMOJIBI
T00aBIISIOT HATIOJHUTENN: JPEBECHBIE OMMIIKH JTy0a, OJIbXH, COCHBI, HE(PTAHONW OUTYM, MOJTHUCTHPOI
u ap.

CuHTeTHYECKHE BEIIECTBA MMEIOT MHUKPOIOPUCTYIO CTPYKTypy. B HX cocTtaB BBOIAT
noJMpyronuidi  abpa3uB (OKUCh IepHsi), 3€pHA KOTOPOro, HAChIIas padodyl0 MOBEPXHOCTH
MHCTPYMEHTA, MOBBIIIAIOT HHTEHCUBHOCTD Ipolecca NoaupoBanus. OTIMYUTENbHAs 0COOEHHOCTh
CUHTETUYECKUX BEILECTB - BHICOKAsi H3HOCOYCTONYNUBOCTD, BOJIO- M TEINIOCTONKOCTbD, 3HAUUTEIbHOE
CONPOTHBIIEHUE PACTATUBAIOIIUM yciIMsM. [IpUMEHSI0T MX B Ipoleccax ¢ IOBBIIIEHHBIMU
CKOPOCTSIMM M pabdOyuM JaBJIEHUEM JJIs MOJUPOBAaHUS JeTajlell M3 CTeKIa MU ONTHYECKUX
KpPHUCTAJLJIOB.

C KopmycoM CHHTETUYECKHE BEIIECTBA COEAMHSAIOT BOJIOCTOMKHMM KII€eM, TemIepaTypa
IUTABJIEHHUA KOTOPOTO HI)KE€ TEMIeEepaTypbl IIJIaBJ€HMs IpuKiIenBaeMoro Marepuana. C
MOBBIIIEHUEM TpPeOOBaHUN K TOYHOCTH (OPMBI MOJUPYEMON MOBEPXHOCTH TOJIIMHY Marepuasa
yMmeHbmaT. COOTBETCTBEHHO MOBBIIIAIOTCA TpPeOOBaHUS K TOYHOCTH (HOPMBI TMOBEPXHOCTH
KOpIIyca MOoJUpOBaIbHUKA.

Yerko chopmynupoBaHHBIX TpeOOBaHUN K (DU3MKO-MEXaHHMYECKUM CBOHCTBAM MaTepUAJIOB
MOJINPOBAJILHUKOB MOKa HEeT. OHAaKO M3BECTHO, YTO MAKCUMAaJIbHYIO CKOPOCTH CIOJUPOBBIBAHUS
MMEIOT BEIIECTBA, MOY/Ib YIPYTOCTH KOTOPBIX JIEXKHUT B mpenenax (9-29)-107 ITa. Huxuuit mpesen
COOTBETCTBYET BEJIMYMHE YNPYrOCTH, HEOOXOAUMOW A MepeAayd CTEKIy YCWIMM pe3aHust oT
3aKpeIJICHHbIX a0pa3suBHBIX 3epeH. BepxHuil mpenen xapakTepusyeT yHIpYyrocTb, JOMYCKAIOLIYIO
HUBEJIMPOBAHUE Ha MPOIECC PA3IUYHBIX YPOBHEH BBICOTHI a0pa3MBHBIX 3€pEH MHCTPYMEHTa B

npoiiecce 00pabOTKH.



Jlekuus 23. TexHonoru4eckKue nNpucnocodieHust
1. YHudukanus npucnocodeHni

B onTuueckoil TEXHOJIOIMHM NMPUMEHSIOT CTAaHOYHBIE MPHUCIOCOOIEHHS OOIIEro MalluHO- U
pUOOPOCTPOUTENHHOTO Ha3HadeHus. Crnermduyeckne onTHYECKHe CTAaHOYHBIE MPUCHOCOOIECHUS
MPUMEHSIOT JINIIb JUTST HAKJICHKHY MM 32)KMMa 3ar0TOBOK. MICIob3ys cTaHOYHBIE TPUCTIOCOOTeHNUS
CTaparoTCs:

1) ycTpaHUTD BBIBEPKY MOJIOKEHHUS 3aTOTOBOK;

2) NOBBICUTH TOYHOCTH U MPOU3BOAUTEIBLHOCTH OOPa0OTKHY;

3) pacmIMpHUTh TEXHOJIOTHUECKHE BO3ZMOKHOCTH 000PYIOBaHHS;

4) coKpaTUTh BCIIOMOTaTEIbHOE BPEMs HA YCTAHOBKY U 3aKpETJIEHUS 3ar0TOBOK.

YHuduKanus NPUCTIOCOONICHNH TO3BOJISIET TMOBBICUTH AIKOHOMHYECKYIO 3(()EeKTHBHOCTD
pou3BoJACcTBa. E€ BeqyT 110 TpEM HaIlpaBIICHUSIM:

1)co3aanue yHUBEpCAIBHBIX TPUCTIOCOOICHNN 00eCTIeUnBAIONINX 00Pa0OTKY IPYIII AeTaNICH;

2)co3gaHue cTaHaapTa Ha JAETalu MPUCIOCOOICHUN U UX OTACIIbHBIE DIIEMEHTHI;

3) co3llaHre YHUBEPCAIbHO-HANAJ0UYHBIX MPUCIIOCOOIECHUH.

Bbi6op cxembl mpHCIIOcOOIeHUH OCHOBBIBAETCS HAa OOBEIMHEHUHW JETalleil B TPYIIbBI 10
BHUJIaM 00paOOTKH, TabapUTHBIM pa3MepaM, cxemaMm 0Oa3supoBaHUs U 3akpervieHus. basupyromiue
MIOBEPXHOCTHU JIOJDKHBI o0OecnedynBaTh 3aroTOBKE HEM3MEHHOCTb TIOJIOKEHUS B  IIpoliecce
00pabOTKH, HAUMEHBIIINE MOTPEIIHOCTH YCTAaHOBKH, XKECTKOCTh U YCTOMYMBOCThH TOJ ACHCTBUEM
3aKpPEIUISAIONINX yCUIINi, paboyero 1aBieHUS MHCTPYMEHTAa M HarpeBa, OBICTPYIO YCTaHOBKY U
CHSITHE C ITPUCTIOCOOICHUMN.

[To creneHn yHHBEpPCATLHOCTU MPHUCIIOCOOTICHUS NIENAT HA: cneyuanvhbie (UCTIOIB3YIOT VIS
BBITIOJTHEHUSI OJIHOM oOmepauuu Wi oOpabOTKHW TPYNIBl KOHCTPYKTHBHO M TEXHOJOTMYECKH
OJIHOPOJIHBIX 3aroTOBOK); HenepeHanadcusaemvle yHusepcanbHvle (IPUMEHSIIOT Ui 00paboTKu
Pa3IMYHBIX 3arOTOBOK C MOMOIIBIO MOJAHATIAAKH JOIMYCKaeMble KOHCTPYKIUH HPHUCIIOCOOIEHMUS);
nepexanaxcugaemvie MHO2onpeoMemHle IPUCIoCOOIeHHS (MTO3BOJISIIOT 00padaThiBaTh pa3InyHbIC
3arOTOBKH 3a CYET CBOEH YHUBEPCAIBHOM COOPHO-pa300PHOI U arperaTHpPOBAaHHON KOHCTPYKIIUH).

MOHOJIUTHBIN KOpIyC HPHUCIOCOONEHUS OOBEIUHSET B €IMHOE LEJ0€ OTACIbHBIE €ro
AJIEMEHTHI, OH BOCIPUHUMAET YCWIIHS, BO3HMKAIOIIME B INPOILECCE 3aKPEIJICHUS 3arOTOBKU U €€
o6paboTku. Kopryc 10mKkeH ObITh:

1) AOCTaTOYHO MPOYHBIM U KECTKHM;

2) ynoOHBIM /JIs1 YCTAHOBKU U CHSITHSI CO CTAHKA;

3) yA0OHBIM /JIs1 YCTAaHOBKU U CHSITUSI 3aTOTOBOK;

4) TOCTYNHBIM JJ1s1 OBICTPON OYUCTKHU MPUCTIOCOOIEHUS OT IPOJYKTOB U3HOCA MHCTPYMEHTA U
oOpabaTeIBaEMOTO MaTepHara;

5) ycTOMUMBBIM K KOPPO3UH;

6) JKapoIpOYHBIM, KHCJIOTO-, IIEIOYEYCTOWYMBBIM TPU HCIHOJB30BAaHUU BO BJIAXKHOU
XUMHUYECKU arpecCUBHOM CpeJie.

2. IIpucnocodieHus A5 MJIOCKOro nuingosanus

Hawubouee pacipocTpanEHHBIM TUIIOM YHUBEPCAIBHBIX TPUCTIOCOOIEHUH SBIISIOTCS
MPSIMOYTOJIbHBIE, TIJIOCKOTIapaIeNIbHble METAUIMUECKUE TTACTUHBI U3 00BIYHOM KOHCTPYKIIMOHHOM
ctanmu 20, Ha KOTOPYIO ¢ MTOMOIIBI0 BOCKA WITH MapadHa HAKJIEUBAOT 00padaThIBaeMbIe
3arotoBkH. [Ipucnoco0naeHue Ha CTOJIE CTaHKa 3aKPEIISIOT BUHTOBBIMU JTM00 KYlIauKOBBIMU
3aKUMaMU, 100 SJICKTPOMAarHUTHBIM YCTpOfICTBOM. OCHOBHBIM HEAO0CTAaTKOM TaKuX
HpI/ICHOCO6JIeHI/II\/JI ABJIACTCA AJIUTCIIBHOCTD OINCpallui KPCTIJIICHUA U CHATHUSA 3arOTOBOK Ha
MIPUCIIOCOOICHUH.



Bonee coBepmeHHB npucnocoOneHusi, pabdoTa KOTOPBIX OCHOBaHA Ha HCIOJB30BAaHUU
MEXaHUYECKUX YIOPOB M TOBEPXHOCTHIO HATSHKEHUS KUAKOM MIEHKU. YTOPHl BOCHPUHUMAIOT
OCHOBHBIE YCWJIUSI PE3aHUsl, a TOHKUMN CJION BOJIbI MEXAY 0a30BbIMU IOBEPXHOCTSIMU M 3aTOTOBOK
IIpeI0TBpallaeT BUOpAIMK 3ar0TOBOK U MX CAMOIIPOM3BOJIBHOE OT)KATHE.

Jigs 0o0paboTkM OOKOBBIX IOBEPXHOCTEH 3aroTOBOK HEKPYIJIOH (OpMbI HCHOJBb3YIOT
MHOTOMECTHBIE YHUBEPCAJIbHBIE U CIEIHaIbHbIE IPUCIIOCO0NIEHNS], TOKa3aHHble HIKe Ha Puc.23.1.
Takoe npucnocoOiaeHre BHIIIOJHEHO B BUJE YroJbHMKAa 1 ¢ 0a30BBIM yIJOM, CMOYEHHbBIE BOJIOM
CKJIGEHHBIE 3aTOTOBKH 2 YKJIQJBIBAIOT CTOJIOMKOM M 32KUMAIOT BUHTOM Yepe3 MPOKIAIKy 3.

st Tpyboro numdoBaHus MpHU3M, COOPAHHBIX B CTOJIOMKH NMPUMEHSIOT MPHUCIIOCOOTICHUS C
COOTBETCTBYIOIIIMM  PACMOJIOKEHHEM  OmopHbIX mnoBepxHoctedt (Puc.23.2). TlorpemHoctu
BBITIOJTHEHUS YTTIOBBIX M JIMHEHHBIX pa3MepoB MPHUCIIOCOONEHUI JOKHBI OBbITh B 1,5 — 2 pasa
MEHbLIE, YeM Yy 00pabaTbiBaeMbIX 3aroToBOK. I[lorpemHoCTh BBINOJIHEHMs YIVIOBBIX pa3MEpOB
IIpU3M U KJIWHBEB IPHU KCHOJB30BAHUU 3TOTO THUIA COCTABIsAET 2 — 5 MHH, a NUPaMUAAIBHOCTD
crosionkoB 0,05 — 0,01 mmM.

B  mocinenHee  BpemMss  HaxoAAT — IIMPOKOE  PACIpPOCTPAaHEHHE  MHOTOMECTHBIE
MHOTONO3UIIMOHHBIE TPUCIOCOOIEHUS B BUJE JEIUTEIbHBIX YCTPOMCTB, MPUMEHSEMBIX JUIS
YCTaHOBKHM 00pabaThIBa€MbIX 3arOTOBOK, COCTABJIEHHBIX WJIN CKJIEEHHBIX B CTOJOWK, B pa3jIMuHbIE
MIOJIOKEHHUS.

3. IIpucnocodienust A5 chepouiinoBaTbHBIX H HEHTPOBOYHBIX ONepanuii

I[Ipu  oOpabGotke  cdepudecknx W acPepHUECKUX  IMMOBEPXHOCTEH  OJUHOYHBIX
OCECUMMETPHUYECKMX 3aroTOBOK M OJIOKOB HCIOJB3YIOT I[QHTOBBIE M IHEBMATHUYECKHE
MIPUCTIOCOOICHNS, BBITIOJHAIONINE LEHTPUPYIOMUE 3aXUMHBIe (yHKIMU. CXema IIaHTOBOTO
npucnocobnenus mokazaHa Ha Puc.23.3. OcHoBanue nanru 1 wumeromnieil mpope3u 2 KECTKO
KpemUTCS Ha BEpPXHEM TOple IINUHIAENS CTaHkKa. LleHTpoBaHWE W 3aXHM 3aroTOBKU
OCYIIECTBIISIETCS OCEBHIM IEPEMENICHHEM IITOKAa 3 WMEIOMIET0 Ha BEpXHEM KOHIE KOoJbIo 4
3)KUMAIOIEe 3aroToBKY 5. BepTHkanbHOE MepeMelnieHrne IITOKa MOXKET MPOUCXOIUTh KaK OT
MEXaHMYECKOTO0, TaK ¥ OT MHEBMATHYECKOTO IPUBO/IA.

[IpuMEeHSIOT Takke BaKyyMHbIE 3a)KMMHBIE ITaTPOHBI, CXeMa KOTOPBIX NOKa3zaHa Ha Puc.23.4.
B Takom mpucnocoGieHnn ero xoprmyc 1 KECTKO 3akpemyiéH Ha Tople WIMUHIENs craHka. [Ipu
HaO)KAaTUU 3aroTOBKa 2 TIPEeoJoJieBas CONMPOTHBICHHWE MPYXKHHBI TOJKATeNs 3, MPIKAMAETCs K
OTIOPHOW TMJIOCKOCTH Kopmyca. Jlimst oOecrieyeHus: BakyyM IUIOTHOTO COEIMHEHHsS] B KOpITyce
MMeeTCsl KOJIbIeBasi KaHaBKa, B KOTOPYIO BCTaBJIEHO pe3nHOBOe Koublo 4. [Ipu BIycke Bo3myxa B
MaTPOH MPYKHUHA, Pa3KUMAasCh, IEPEMEIIAET TOJIKATENIb BBEPX U BHITAIKUBACT 3arOTOBKY.

Ha 1ieHTpOBOYHBIX CTaHKaxX MPUMEHSIOT JBa BHJa MaTpoHOB. Ha cTaHKax rje ONTHYecKyro
OCb JIMH3Bl 3 COBMEMIAIOT C OCHIO BpALICHUs IIMUHJENS HAOMI0gast 3a YIJIOBBIM OHEHHEM
n300paKeHUs] HUTH Hakaja JIaMObl OTPaKEHHOTO OT IMOBEPXHOCTH YCTAaHABIMBAEMOW JIMH3BI
MIPUMEHSIOT NaTPOHbI, CXeMa KOTOpbIX MoKa3aHa Ha Puc.23.5. B Takom marpoHe XBOoCcTHK | u3
ctanu 50 HanpeccoBbIBaeTcs MH3a 2 U3 natyHu JIC59-1. JlatyHb 3T0# Mapku O1arogaps OChIITHON
CTpYXKe OO0ecreynBaeT XOpOIlee KaueCTBO NOJpPEe3aHUs OCTPOro Kpas ¢ OBICTpPBIA Harpes
(oxnaxkieHue) cMoJIbl 4 ¥ TUJIB3BI 2 B MPoIlecce padoThI.

Ha caMmoueHTpylomux CTaHKax NPUMEHSIOT CTajbHBIE IIEHTPHUPOBOYHBIE IATPOHBI C
KOHHUYeCKOW 0a30Boi moBepXxHOCThbIO (Puc.23.6). Takue maTpoHbl M3roTaBIMBAIOT U3 OPOMHUCTBIX
CTaJiel ¢ MocCieayIomel 3aKkaikoi, odecrnednBaromieil Hanbonee HU3KUNA K03()OUITMEHT TPEeHUs 110
CTEKIIY U U3HOCOCTOMKOCTb.

Jlns HaHeceHwst (pacok Ha JMH3Y C TOJICTBIM KpaeM MPHUMEHSIOT BaKyyMHbIE 3a)KUMHBIC
MaTPOHBI. XBOCTOBHK 3aKMMHBIX NMAaTPOHOB BBIMOJMHSIOT W3 crtaimu 50, a TWIB3y M KOJIBIO- U3
natynu JIC 59-1.



4.HakJeeuHnble I (POBATBHO-NIOJIHPOBATbHbIE IPUCIIOCO0ICHUS

XBOCTOBUKHU TAKUX HAKJIECUHBIX MTPHUCIIOCOOICHHIA COTJIACOBBIBAIOT C TIOCA0YHBIMUA MECTaMHU
LINUH/IETIEN CTaHKOB U MO3BOJISIOT 3aKPEIIATh MX HEMOCPEACTBEHHO HA IIMMH/IEE WU Yepe3
nepexoaHbie BTyAKH. KoHCTpyKTHBHBIE (DOPMBI HAKIEEUHBIX IPUCTIOCOOICHUHN IS 2IIaCTHYIHOTO
KPETUICHHsI 3arOTOBOK JIMH3 B OCHOBHOM aHAJIOTHYHBI KOHCTPYKIHSIM IUTH()OBAIEHUKOB U
MOJIMPOBATLHUKOB chepruueckoit popmel. [Ipucrnocodnenus ruamerpom 10 S00 MM U3roTaBIMBAIOT
u3 ceporo yyryna CY 12-28 MeTo10M JIUThS C MOCIEAYIONIEH MPOTOYKON MOCaT0YHBIX MECT.
IIpucnocobaeHus 00JIBIINX pa3MEPOB U3TOTABINBAIOT KOMOMHUPOBAHHBIMU: KOPITYC U3 CIIJIaBa
AJI2, a pe3b0OoBas BTyaka u3 cranu 40.

Hakneeunble nmpucnocoOiaeHus Tuna rpuboB M yamiek Ui KECTKOTo KPEIUIEHUs 3arOTOBOK
M3rOTABJIMBAIOT U3 YYryHa JINTBEM B KOKWIb U TMOCIEAYIOIIMM TOYEHHEM, IUIACTMAcCCOBBIE —
JTUTBHEM o1 aBieHueM IutactMacceel Al'-4. KomOnHMpOBaHHbBIE TPUCTIOCOOTIEHUSI, CXeMa KOTOPBIX
nokaszana Ha Puc. 23.7 umeer kopnyc 1 u3 crutaBa tuna AJI2 ¢ 3anpeccoBaHHBIM XBOCTOBUKOM 2 U3
cramu 40 wiam xKopmyc W3 Tuiactmaccel Al'-4, apMHpOBAaHHBIA JIATYHHOM pe3bOOBOW BTYIKOM —
XBOCTOBUKOM. VIHOI/1a XBOCTOBUK COEIUHSIOT C KOPITYCOM Yepe3 MOAUIMITHUK KaueHUSs.

JUis KpemjeHus: HEKOTOPBIX TOHKHMX 3aroTOBOK, HaIllpUMEp, KOJINMAKOB 3 MPHUMEHSIO
BAKyyMHbIE OJIHOMECTHBIE MAaTPOHBI, CXeMa KOTOPbIX IOKa3aHa Hmxke Ha Puc 23.8. Bakyym
CO31aéTCs C MOMOIIBIO ATACTUIHON qradparmMel 2, M3TOTOBJICHHOW M3 PE3WHBI TOJIIUHON OT 2 10 4
MM. Kopnyc 1 ornuBator 3 criaBa AJI2, mTok 4 u apyrue KpeneéxHple JeTald U3rOTaBIMBAIOT U3
HEP>KaBEIOIEH CTaJu.
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Jlekuist 24. lonycku Ha MexXaHiYHy 00poOOKY
1 Jlonycku Ha po3MipH 3aroTiBoK

Bubip onTuManbHUX AOMYCKIB Ma€ BEIUKE TEXHIKO-EKOHOMIUHE 3HAUEHHSI TP MPOEKTYBaHH1
TEXHOJIOTTYHUX TMPOLECIB, TaK SK 3aBHIIEHHS OMYCKiB 3BOAMTH A0 TEPEBUTpAT MaTepialis,
IHCTpYMEHTIB, 30UTBIIICHHS TPYIOMICTKOCTI 1 COOIBAPTOCTI BHTOTOBJICHHS JeTaNCl. 3aHIKEHI
JOMYCKA 30UTBIIYIOTH MaTepiaibHUi Opak, MOTpeOyIoTh MiABHINEHOI TOYHOCTI YCTaHOBKH
3aroTiBOK Ha MPHUCTOCYBAHHSAX TOIIIO.

B ontuyHOMY BUPOOHMIITBI BHKOPUCTOBYIOThH JOCIIIHO-CTATHCTUYHUN METO]] BCTAHOBIICHHS
JIOITYCKIB, OCHOBY SIKOTO CKJIQ/Ial0Th CHCTEMATHU30BaHi 1 y3araibHeHi JaHi mianpuemcts. JlociiHo-
CTaTUCTHYHI 3HAYEHHS JOMYCKIB 3aBHIICHI MOPIBHSHO 3 PO3PaxyHKOBO-aHATITHYHUMH, TaK SIK B
HUX BKJIQJAIOTh Taki BUMOTH BHUTOTOBJICHHS 3aroTiBOK Ta iX MeXaHI4YHOi OOpOOKHM, TpHU SKUX
MO>KJIMBHI MiHIMaJIbHUN MaTepiaibHUH 1 TEXHOJIOTTYHUN Opax.

JloTyck z; Ha TOBIIMHY TIO OCi 3aTOTIBKH JIIH3 Ta IJIACTHH BCTAHOBIIIOIOTH BiJl BEPXHBOT MEXKi
JIOMYCKYy Ha PO3Mip TOTOBOI neTanmi. BenwmuwmHy z;, sika JIeXuTh B Mexax Big 1,8 mo 8,0 mm,
MPU3HAYAIOTh B 3aJISKHOCTI Bix aiameTrpa Dy okpyriamx abo HaiOLIBIIO! CTOPOHH HEOKPYTIIMX
TUTACTHH:

z,=0,014 Dy +1,22 mm. (24.1)

Jlotyck z4 Ha liaMeTp BCTAHOBIIOIOTH BiJl HOMIHAIBHOTO PO3MIpy rOTOBOI Aeraii - Bif 1,5 10
12 mm. Ilpu3HavarTh zg Tak caMo, SIK 1 JOMYCK Ha TOBIIMHY MO OCi, B 3aJI€KHOCTI BiJ JiameTpa
nerauni. [Ipu ToBuuHI Kparo Oinbaie 0,3 Mm:

74 =0,022 Dy + 1,05 mm. (24.2)

[Tpu ToBuHI MeHte 0,3 MM 00BOI0BA 30HA 3aTOTIBKU JePOPMYETHCS Y Mpotieci 00poOKH i
yCKIIaHIOE (HOPMOYTBOPEHHS. 3MEHIIIYIOUH JIOTYCK Ha JiaMeTp, 30UThIIYIOTh TOBIIMHY Kparo
3aroTiBKH, a TAKOX 1 11 dKOPCTKICTb.

Jlomycku Ha pagiycl KpuBM3HM Rj; chepuyHMX TOBEpXHEH MPECOBAHMX 3aroTiBOK
BCTaHOBJIIOIOTh B 3aJISKHOCTI BiJi MPU3HAYEHOTO paHille OOMyCKYy 7 Ha TOBIIMHY IO OCi 1
koedimienTa k, mepexbauaroun TMOTOBIICHHS a00 TOTOHIIEHHS 3a-TOTIBOK MO Kpato. Pamiyc
30UTBIIYIOTH (+) IpU 00pOOIIi 3 Kparo Ta 3MEHIIYIOTH (-) MPU 00pOOIIi y IEHTPI:

st Bumykimx mosepxons: TR3 =tRg+ 7,/ 2 k; (24.3)

u1s yBirHyTHX HoBepxoHb: -R3 =-Rj + z; /2 Kk, (24.4)
ne Ry - pazniyc kpuBu3HH MOBepXoHb roToBoi gAetani. Koedinient k 3Haxom11h 13 popmymnu:

k=(Ry/Dy )* (24.5)

abo moOyoBaHOi M0 HEOMY HOMOTpami, Dy -miameTp neraii.

JlomyckM Ha JOBXWHY Zp 1 IIMPUHY Zir  HEOKPYIJIMX IUTACTHH BCTAHOBJIOIOTH BiX
HOMIHAJBFHOTO PO3Mipy roToBOi AeTani. Ix 3HavenHs (Bix 0,5 10 4,0MM) NPU3HAYAIOTH 110 PO3MIPY
HaHOUTBIIIOT CTOPOHU JIeTaTI.

JlomycKy Ha po3MipH 3aroTiBOK MPHU3M BCTAHOBIIOIOTH BiJl BEPXHBOI MEXK1 IOMYCKY Ha PO3MIp
rOTOBOI JeTani 1 MpU3HAYaloTh MO HAHOLTBMII ii cTopoHi. Ha 4MCTHX MOBEpXHSX MPEeCcOBAaHHUX
3aroTiBOK MPU3M JOIycK ckiangae 1,2 - 2,0 mm, a Ha 3a0pyaHeHux 1,5 - 2,7 MM.



2. lonycku Ha mi1igyBaHHS i MOJIipyBaHHS IJIOCKHX TA c()epHYHUX NOBEPXOHD

3arabHUM JOMYCK Z; CKIANAETHCS 13 HOTO MPOMDKHUX 3HAY€Hb, BCTAHOBIIOBAHUX HA KOXKHY
orepamio 1 mepexin, Mo mnependaydeHi TEXHOJIOTIYHHUM  TpollecoM. TpuctymneHeBuil mporiec
MexXaHI9HOT O0OpOoOKHM TOBEpXHEH BKIOYae omepamnii: rpyde nuripyBaHHsS, TOHKE HUTIHYBaHHS,
MOJIIpYBaHHS, BIATIOBIIHO:

7= 742+ zE (24.5)

Ha omnepartiro rpy0oro nutipyBanHs! BiIBOAATh YaCTHHY JOIMYCKY Zi , MICIS YCY-HEHHS SIKOTO
TOBIIMHA 3arOTOBKU

t=1ty+ At + F, (24.6)

1€ - TIMOWHA TIapy, TOPYIIEHOTo TpyOuM muTipyBaHHSIM, t) - HOMIHAJIBHA TOBIIMHA JIETAIIl 1O OCI,
At - TUTFOCOBHI JIOITYCK Ha TOBIIMHY JETai IO OCI.

Jlomyck Ha TOHKe nutiyBaHHS 1 MOJIPYBaHHS CYMapHO JIOPIBHIOE TIIHOUHI 1Iapy,
MOPYIIEHOTO TpyOuM IITipyBaHHIM:

22 +72=.F, (24.7)

Tonke nutipyBaHHs BUIBHUM 1 3B'S3HUM aOpa3vBOM BHKOHYIOTH B OUIBIIOCTI TEXHOJIOTTUHUX
nporeciB y aBa nepexoau. Ha KoXHMI BiBOISATH YaCTHUHY JOMYCKY, PIBHY PI3HUIII B TIUOWHI
mapiB, mopymeHux abpa3suBoM M, momepeaHbporo i abpasuBoM M, IAaHOTO MEPEXOAdy, TaKUM
YHHOM:

b_ b b
Z =Z tMn1Z Vo (24.8)

ac

b _ b b b __ b b
Z v =F - Fovint, Z ovin= F ovino- F tvin (24.9)

Jlomyck Ha MostipyBaHHS BiAMOBiIa€e rMOMHI Mapy ,MIOPYIIEHOTO adpa3uBOM OCTaHHBOTO
Hepexo 1y orneparlii TOHKOro IUTi(pYBaHHS, TAKUM YHHOM Z = F gy,

[TpakTU4HO, BpaXxOBYIOUYH MOXWOKHM 0a3yBaHHS 3arOTOBOK Ha MPHCTOCYBAHHSX, MAalOYH Ha
yBa31 MOXJIMBICTh BHHUKHEHHS Ha 00pOOIIOBAaHUX TOBEPXHAX JNE(PEKTIB y BUTIISII MTOAPSIIHH,
BUKOJIOK, KPaIok, repeadavyaroyn Tak0XK MOXKIIMBICTh PSAY IHITUX BUPOOHUUYNX TOXUOOK i
CKJIAJIHICTh KOHTPOJIIO (PaKTHYHOI TOBIIMHHU 3HATOTO MIAPY, JOIMYCK Ha OIeparii TOHKOTO
nutiyBaHHS 1 MOMTipYBaHHS KOXKHOT MOBEpXHi 301mb1IyI0Th (710 0,15 MMm).

HowminanbHi po3Mipu 3aroTOBOK TOBIIUHY, TiaMeTp, JOBXKHHY, ITUPUHY - BU3HAYAIOTH 3
BpaxyBaHHSM BiAMOBIIHOTO HOMIHAIBHOTO pO3Mipy TOTOBOI I€Talli, OISl IOMYCKY Ha JaHUH
po3Mip, AOMYCKYy HA MeXaHidHy 00poOKy i momycky 3rigao 3 [OCT 13240-78 Ha po3mip 3aroTiBoK,
BUTOTOBJICHHX METOJIOM IIPECyBaHHSI.



Jlekuus 25. IIokpbITHS ONTHYECKUX MOBEPXHOCTEH
1. Tunbl NOKPBHITHI M KX HA3HAYECHHE

Ha npenomiisitoriine v oTpaxaromiie MoBEpXHOCTH JAeTanel HAaHOCAT TOHKHE IIPO3pavyHbIe
IJIEHKHU Pa3IMYHbIX BELECTB (METAUIOB, IUAJIEKTPUKOB, TIOJYIPOBOIHUKOB, OPraHUYECKUX U
KPEMHUHOPraHUYECKUX MOJIMMEPOB U Jp.). C UX MOMOIIbIO U3MEHSIOT ONITUYECKUE, XUMUYECKHE U
AJIEKTpUYEcKHe cBolcTBa AeTaineil. [1o Ha3HaueHUIo MOKPBITUS pa3/IeleHbl Ha HECKOJIBKO THUIIOB.

Ompaoicarowue (3epkanvhbie) TOKPHITUS OTPAKAIOT OT NOBEPXHOCTHU a/1al0lEl Ha Hee
CBETOBOM MOTOK; XapaKTEePU3YIOTCS KOI(D(HUIIMEHTOM OTPAKESHHUS P.

Ceemooenumenvhvle (NOIYNpo3payHvle) TOKPHITUS PA3ICISAIOT MMaIAl0NIUA Ha TOBEPXHOCTh
CBETOBO MOTOK Ha OTPayKEHHBIN U MPOXOAAIINIA; XapaKTepPU3yIOT OTHOIIEHHEM K03 (DUITMEHTOB
OTpaKEHHsI U IPOITYCKAaHUs P/T ¥ KOAPPHUIIMEHTOM TOTJIONICHHUS CBETA JETANbBIO.

IIpoceemasiowjue nokpvimusi yBETNUUBAIOT MIOTOK MPOXOASILEr0 CBETA 3a CUET YMEHBIICHUS
OTpaXEHMs Ha TPaHUIIE pa3Jiesia CpeJl C pa3InYHbIMU MOKA3aTeNIMHU IPEIOMIICHUS;
XapaKTEPU3YIOTCS OCTATOYHBIM KOI(D(DHUIIMEHTOM OTPAKEHUS p.

Dunvmpyrowue nHTEp(PEPEHINOHHBIE U HEUTPATbHBIE MMOKPHITHS IEPEMEHHON TIOTHOCTH
IIpeHa3HaYeHBb! JUI BBIACICHUS U3 Ma/Ial0lero CBETOBOI0 OTOKA ONpeAEIeHHONW 00IacTH
CIIEKTpPa UJIM €r0 PABHOMEPHOTO OCJIA0JIEHUS 110 BCEMY CIIEKTPY. DTH MOKPBITUS XapaKTEPU3YIOTCS
KOA(QPHUIIMEHTOM MPOIYCKAHUS T), I OTPKEHUS Py, P JAHHOH UIMHE BOJIHBI, IIMPUHON
CTIEKTPaAJIbHOTO WHTEPBAJIa Ha MOJIOBUHE MAKCUMYyMa MPOIYCKAHUS )05

3awummnsie nokpeimus NOBBIIAIOT XUMUYECKYIO YCTOMUNBOCTD MOBEPXHOCTEN JETAIN WIN
MOKPBITUH IPYrUX THUIIOB, YBEJIMYUBAIOT UX MIOBEPXHOCTHYIO IPOYHOCTb.

Toxonpogooswue nokpvimus MPELOXPAHSIOT A€Talu 0T 0OMep3aHus, 3alI0TEBAHUS, CHUMAIOT
HAKaIlJIMBAIOLINE 3JIEKTPOCTATUUECKUE 3apsi/ibl.

Tonsapuzyrowue nokpbimus NO3BOJISIOT MOJYYUTh JIMHEWHO MOJISIPU30BAaHHBIN CBET B y3KOU
00JIaCTH CIIEKTPA; XapaKTEPHU3YyIOTCS CTETIEHBIO MOISIPU3AIIUH TPOXOASAIIETO U OTPAKEHHOTO
CBETOBOI'O [TOTOKA B OTPEIEIEHHOM Y4acTKe CIEKTpa.

K unciy cBOMCTB, XapaKTepHU3yIOLUX MTOKPBITHS, TOMUMO ONTUYECKUX OTHOCSITCS
XMUMHUECKasi U KOPPO3UOHHAS YCTOMYMBOCTh, MEXaHUYECKasi U TEPMUUECKAsI IPOYHOCTb.

Kaxaplil TUIT TOKPBITHS UMEET HECKOJIBKO PA3HOBUIHOCTEN, OTIIMYAOLIUXCS MaTEPUATIOM
IJIEHKH, CIIOCOOOM €€ HaHECEHMs], 3alIUThI U T.Il. B 3aBUCHMOCTH OT 3TOTO MJICHKU UMEIOT
pasnuuHble cBoMcTBA. THUIT M pa3HOBUIHOCTH NOKPHITHS BBIOMPAIOT B 3aBUCUMOCTHU OT MaTepuaia
JeTau, NPEAbsBISEMbIX K HEW TpeOOBaHUH, yCIOBUH SKCIUTyaTalluu U JIp.

CriocoObl HaHECEHUsI MOKPBITUH pa3/IesaoT Ha XUMUYECKHE U (pusndeckue. XMuMUYECKHE
OCHOBAaHbI Ha PEAKIMIX, KOTOPbIE IPOTEKAIOT B INIEHKOOOPa3yIOIINX BEIIECTBAX HA TIOBEPXHOCTH
JETaJIM WK TIPH UX B3auMoAecTBuU ¢ nocneaneil. K uum otHocsites Tpasienue (T), ocaxaeHue
W3 pacTBOPOB TUIeHKOoOOpa3yromnux Bemiects (P), oopabotka B mapax u razax (I'), snexkrponus (E),
HaHeceHue paciuiaBa (H), HaHeceHue kucTbio uinu nynbBepusatopoM (I1). @uznueckue cnocoObl
OCHOBaHbI Ha UCIIAPEHUU U KOHJICHCAIIUM BEILLIECTB B BaKyyMe, B TOM umciie ucnapenue (1),
karosiHoe pacnbuieHue (K), ucnapenue ¢ momoIbo 31eKTpoHHoTo Harpesa (M09).

2. O603Ha4YeHHE MOKPBITHH

Bcem Tunam noxpeITHii MPUCBOEHBI YCIOBHBIE CUMBOJIBI (Tabmuia 25.1),
MJIEHKOOOpa3yoIuM MaTepraiiaM — yciaoBHble HoMepa (Tabmuna 25.2), a cmocodaM HaHECEHH S
COOTBETCTBYIONINE OYKBEHHBIE 3HAKU. Ha uepTekax ONTHYECKUX JIeTaiel TOKPBITUS 0003HAYAIOT
HECKOJIBKUMHU TIOCJIEIOBATEIIHHO 3aITUChIBAEMBIMH 3HAKAMU: CUMBOJI THIIA MTOKPBITHS —
COKpaIlleHHOE Ha3BaHHE — HOMEP, MPUCBOCHHBIN MaTepHally IUNIEHKU — crtoco0 ee HaHeceHus. [lpu



0003HaYEHNH TOKPBITUH, COCTOSIIIUX U3 IBYX, TPEX M OOJIBIIETO YHCIIA CIOEB, YKa3bIBAIOT
MaTepHall U Coco0 €ro HaHECEHUs NOCIEJ0BATENBLHO Ul KX I0TO CIIOSI.

Tabauua 25.1

Tun noxpeitTus Cokpaiennoe | O6o3HaueHue Ha | Tun mokpeIThs Cokpamennoe | O0Oo3HaueHne Ha
HalMEHOBaHHUE yepTexe HalMEHOBaHHUE yepTexe
Orpaxaromue: 3epKaJibH. Q OUIBTPHI OuIbTp. gD
Buemnue
3aanue. 3epKaJibH. Q 3anuTHeIe 3anmrH. QD
CBeronenuTenbHble Toxonposogsmue Toxonpos.
(monmymipo3paynbie) | CBeTOHETUT. @ (oborpeparomue) | (wu 0O6OrpeB.) @
IIpocetnstone IIpoceers. ® [Monsapuszyroniue [Monspus. @
Tabmuna 25.2
o £ » 8
2 & Crocob HaneceHus u 2 & Crocob HaneceHus u
Marepuan é § €ro yCIIOBHOE Marepuan g § €ro yCIIOBHOE
©o 3 0003HaYCHHE S S 0003HaYCHHE
S S
o o
AmoMuHui 1 CepeOpo a30THOKHCIIOE 25
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3. Xumnyeckue cnocodbl HAaHeCeHUs MOKPBITUH

Tpasnenue — criocod 00pa3oBaHus TUIEHKH, OCHOBAHHBIA Ha XUMUYECKOM B3aMMOICHCTBUHI
CTEKJIa C BOJIOM WJIM BOJAHBIMHU pacTBOPaMHU KUCJIOT. B pe3ynbrare TpaBieHUs U3 HOBEPXHOCTHOIO
CJI0S1 U3BJIEKAIOTCS BCE PACTBOPUMbIE KOMIIOHEHTBI, M OCTAETCsl TOHKAs IJIEHKa KpEMHE3eMa,
[I0Ka3aTesb MPeIoMIeHHs KOTopoil ne = 1,44+1,45. OCHOBHYIO pOJIb B IPOLIECCE BHIMOIHSIIOT
IIO/IBMKHBIE HOHBI BOJI0poJia. B BoJie MX KOHIIEHTpAI|s, B KOTOPbIX KOHLIEHTPALUs HOHOB
BOJIOpO/Jia 00JIbIIE, COOTBETCTBEHHO BO3PACTAET U CKOPOCTh pOCTa IJIEHKU. BpeMst ocTuxkeHus ero
OIIPEIETICHHOM TOIIHMHBI 3aBUCUT OT XMMUYECKON YCTOMYMBOCTH CTEKIIA, YCIIOBUM Ipouecca U
MO>KET COCTaBJISATh OT HECKOJIbKMX MUHYT /10 COTEH 4acoB. [loka3aTenp MpenomMiIeHus IIEHKH Ny
MEHbIIIE, YEM Y BCel MacChl CTEKJIA Ny, TIOATOMY IUICHKA MPEICTABIISET COO0H OHOCIIONHOE
MPOCBETIIsAONIEe TOKPBITHE. [I0THOCTBIO YCTPaHUTh OTpa)KEHHE CBETA TAHHOM JUTMHBI BOJIHBI A OHA

. 1
MOYKET IPU ONITUYECKOW TOJMIUHE n, h, = ZA U [TOKa3aTelie PEJIOMIIEHHS 1, = /1

cm *°

[Tocnennee ycinoBue BBIMOIHUMO JIMIIb JUISI CTEKOJ € Ne=1,9+2,0, 11 OCTaNIbHBIX B 3aBUCUMOCTH
OT BEJIMYUHBI Ne OTPAKEHUE MOKET OBITH JIUIIL YMEHbIIIeHO. Tak y crekia ¢ ne=1,71+1,75 oHo




cHmxaetcs 10 15%, a'y crexon ¢ ne=1,51+1,52 no 50% ot ucxoaHoit Benuuunbl. TexHomOrus
00pa3oBaHUs MOKPHITHS COCTOUT U3 MIOATOTOBKH MIOBEPXHOCTH, €€ TPABJICHHS, CYIIIKH U KOHTPOJISL.
PaBHOMEPHOCTH TOJIIIMHBI U CKOPOCTH 00pa30BaHMs TUIEHKU 3aBUCST OT YUCTOTHI TOBEPXHOCTH,
MO3TOMY TIpeIBapuTeNbHO €€ oOpadareiBatoT 0,50 pactBopom menoun (NaOH).

TpaBneHue BBINONHAIOT B BOJHBIX PACTBOPAX KMCIOT, KOHLEHTPALUs KOTOPBIX OIIpeesieTcs
XMUMHMUYECKON YCTOMUMBOCTBIO cTekia. Hare Bcero ncnoib3yror 0,1H pacTBOp yKCYCHOM KUCIIOTHI,
KOTOpasi XOTh ¥ 00pa3yeT MIEHKY MEJUIEHHEE, YEM CEpHasi WIIM a30THasi KUCIIOTHI, HO HE TaK JIeTy4a
U arpeccuBHa 110 OTHOILIECHUIO K armaparype, MeHee BpeaHa Juist ucnonHurens. [locie nomyueHus
IJIEHKU HEOO0XOAMMOM TOJILMHBI I€Tallb IPOMBIBAIOT U cymaT. ToNuHy MIEHKH KOHTPOJIUPYIOT
WJIA HETIOCPEJICTBEHHO B IIpOIlecce TpaBiieHus (110 M3MEHEHHUIO HHTEP()EPEHIIMOHHONW OKPACKH ), WIIH
M3MEpEHUEM NMPOMyCcKaHus (OTpakeHUs1) CBETa TOTOBOM JieTanbto. TOJIIMHA U TIOKa3aTellb
MIPEIOMIIEHUS TaKUX IJIEHOK NTPU XpaHEHUH He MeHsieTcd. [lociie cTapeHust OHM UMEIOT caMylo
BBICOKYIO (HYJIEBYIO) IpYIIy IPOYHOCTH, YCTOMUUBHI B BOJIE, KUCIOTaX, OPraHUYECKUX
pPacTBOPUTEIISX.

OOpa3oBaBmiasicst B pe3y/bTaTe TpaBJICHHs MOBEPXHOCTHAS TUIEHKA KpeMHe3eMa Hapsiy ¢
3P PEeKTOM IPOCBETICHUS BHIIOJIHSACT 3alIUTHYIO POJIb, 3aTpyAHss A dy3uto mapoB BObI, BrITyOb
CTEKJIa, U IPEIOXPAHSAET €r0 TEM CaMbIM OT JajbHelIero pazpymenus. CTeneHb 3aluThl 3aBUCUT
OT XUMUYECKOH YCTOMYMBOCTHU CTEKIA. Y CTEKOJI, COAEPKAIINX B CBOEM cocTaBe maio SiO; u
MHOTO OKHCJIOB TaKuX, Hanpumep, kak B,Os, BaO, PbO, o6pa3yronux J1erkopacTBOpAUMbIE U
TUIPOJIN3YEMbIE COETUHEHUS, INIEHKA UMEET KPYIHbIE IOPBI U 3alIUTHOTO JEHCTBUS MPAKTUYECKU
HE OKa3bIBaeT.

K HenocraTtkaM JaHHOTO crioco0a HaHeCeHUs MOKPBITUIM OTHOCATCS BO3MOYKHOCTD
BOCCTaHOBJICHUS LIApANUH, 3aKPBITHIX MPOJAYKTaMH U3HOCA CTEKJIA, 00JIBLIOE BPEMS pOCTa MIEHKU
Ha XUMHUYECKH CTOMKHMX CTEKIIaX, HEOOXOMMOCTh M3MEHEHHSI PEXKUMA TPABJICHHUS JUTSI CTEKOI
pa3auyuHbIX Mapok U Ap. IIpocBeTsitomye MIEHKK HAHOCAT TPaBJICHUEM B TEX CIIydasx, KOTaa
HEJIb3sI UCTIOJIB30BATh APYTHe COCcOoObI UX 00pa30BaHus (JeTany OOJBIINX PAa3MEPOB MIIH CIIOKHOU
¢dopmsl). Ha ckiienBaemble 1eTany MICHKY HAHOCST 10 UX COSAMHEHUSI.

Inénxoobpa3zyrowue pacmeopsl TPEACTABIAIOT COO0M pacTBOPBI TUAPOTUIYIOIINXCS
coenuHeHuil. OOpa3oBaHue MIEHOK — 3TO MPOLIECC MOCTENIEHHOTO0 U3MEHEHHSI XUMUYECKOTO
cocTaBa MCXOJHOTO BelecTBa. MI3MeHeHus MPOUCXOAAT B PACTBOPE B CTAIUN (POPMUPOBAHUS
TUIEHKU Ha MMOBEPXHOCTH CTEKJIAa U P TepMooOpadboTke. CriocoOHOCTE 00pa30BBIBATH CTAOMIBLHBIC
MIEHKU MPEUMYIIECTBEHHO BBICIIIME OKUCIBI 3JIeMeHTOB Tuna R,03, RO,, R,0s. B xauectse
TUIEHKOOOPA3yIOIUX COeTMHEHUN MCTIONIB3YIOT 3(UPBI OPTOKUCIIOT, PACTBOPHI HEKOTOPBIX
HEOPraHUYECKUX COCAMHEHUN B CIIUPTO- U AallE€TOHOBO/HBIX CMECSIX, MOHOMEPHI U NOJIMMEPBI
KPEMHUUOPraHUYECKUX coeAMHEHUN. [[pOYHOCTD CLUETICHUS IUIEHKH C TTOUI0KKOM 3aBUCUT OT
IIPUPO/IbI MaTepUaa MOUI0KKH, BEIIECTBA IIEHKH, €€ TOJIIMHBI, CTPYKTYPbl IOBEPXHOCTH
MOJJIOKKH, €€ TEMIIepaTypbl B IPOLIECCE HAHECEHUS TUIEHKH U ITPU TEPMOOOpadOTKE,
OTHOCHUTEJIbHOM BJIAKHOCTHU M TEMIIEpATypbl BO3AyXa nomelieHus u ap. Hanbonpias arnesus
IJIEHKU K IOBEPXHOCTH CTEKJIa UMEET MECTO NPHU HAJMYUHU B COCTABE MIIEHKOOOPA3yIOIINX BEIIECTB
¢ynkumonansHbIX rpynn OH, NH,, OC,Hs u npyrux, Kotopble 00ecreunBaoT 3aKperieHre
IJIEHOK 32 CUET XUMHUYECKUX CBS3EH.

W3 pacTBOPOB rUAPOIM3YIOMIMXCS COSTUHEHUN 00pa3yroT IIEHKH BCEX THUIOB TOJIIWHON OT
5 1o 5 000 HM, a Ha MaTepuaax, UIMEIOIIHUX BBICOKYIO TEPMUYECKYIO CTAOMIIBHOCTD, B YACTHOCTH
Ha kpeMHuH, 710 30 000 aHM. TexHonorust o0pazoBaHusl MIEHOK CBOJUTCS K CIEAYIOIMIEMY: JETalb
3aKpEIUISIOT Ha BEPTUKAJILHOM LINUH/IENE U MIPUBOJAT BO BpalieHue ¢ yactoroi ot 2000 no 20 000
00/MuH (B 3aBUCUMOCTH OT pa3mepa). Ilociie moaroToBku NOBEpXHOCTH (YMCTKHU, IIPOMBIBKH) Ha €€
LIEHTP B CTPOTO JO3MPOBAHHOM KOJIMYECTBE MOJAIOT pacTBOP IJIEHKOOOpasytomiero Bemecrsa. [lox
JeMCTBHEM LIEHTPOOESKHOMN CUIIBI paCTBOP PAaCTEKAETCsl pPABHOMEPHBIM clloeM. TOJIINHY MJIEHKU
PErYIUPYIOT KOJMYECTBOM PACTBOPA, €r0 KOHIIEHTpAIMEN, BA3KOCThIO U CO/IEP>KAHUEM BOJBI,
CKOPOCTBIO BpallleHUs JETaIN.



Iluponus 3axitoyaeTcsi B 00pabOTKE MOBEPXHOCTH JAETAIM ITapaMy pa3jiararoiuxcs npu
HarpeBe coJiel METaJIOB, OJYITPOBOJHUKOB, KDEMHUHOPraHUUECKUX COEAMHEHUNH. DTUM
CII0COOOM HaHOCAT TOKOIIPOBOJSIIINE U 3aIIUTHBIE MOKPBITHA. Y CTAHOBKA JUIsl HAHECCHUS
TOKOTpoBOAAIKX TUIeHOK (Puc.25.1) npeacrapiisier co00i MIaxXTHYIO SJEKTPUUECKYIO Ieub 1 ¢
HarpesareseM 2. B meus BXxoauT Bai 3 ¢ nepxateneM aetanu 4. B HbkHel yacTu nedu Ha
OTKHJHOM KPOHUITEMHE YKpEIUIeHa [eUb-UCIIapUTEIb 5 HarpeBarenaeM 6 u TUrieM 7 Juist
ucnapsieMoro Beuiectna 8. /{151 HaHeceHus IUIEHKU JeTallb 3aKPEIUISIOT B AeprKaTelie U HarpeBaroT
00e meun. [To JOCTIKEHHIO TUTIIEM TEMIIEpaTyphl, COOTBETCTBYIOIICH TeMIepaType pa3ioKeHUs
ucnapsieMoi COJIM, OTKPBIBAIOT IIMOEp 9, OTAENAIONININ eUb-UCIIAPUTEND OT IIEUN-HarpeBaTelis, u
napbl BEIIECTBA IPUXOAAT B CONPUKOCHOBEHHE ¢ AeTanblo. [locne Toro, Kak nieHKa noay4duT
OTIpENIeIEHHBIN IIBET, KOTOPBI KOPPEIUPYET C €€ IEKTPUIECKUM COTPOTUBIICHUEM, IIHOEp
3aKkpbIBatoT. ToIIKMHA TUIEHKH 3aBUCUT OT BpEMEHH 00padOTKH MapamH, a 3JIEKTPOIPOBOTHOCTD OT
TEMIIEpaTypHOTo pexkuMa neuu. [Iporiecc HaHeceHHs MIIEHKU TUPOJIU30M CKIIaIbIBAETCS U3
IIOCJIEJIOBATEIHLHO BHITIOJHAEMBIX ONE€palvii: YUCTKH IOBEPXHOCTH JIETalll, €€ 3aKpeTIeHus,
HarpeBa yCTaHOBKH, HAHECEHHUSI IIJICHKH, KOHTPOJIS €€ COIPOTUBIICHNUS, OXJIAXACHUS JeTallu U
CHSITHS C YCTaHOBKH.

4. DuznyecKue cnocoobl

Tepmuyeckoe ucnapenue 3aKJIIOYaETCS B TOM, YTO IJIEHKOOOpa3yrollee BenecTBo 1
(Puc.25.2) BmecTte ¢ nouiokKKaMu 2 MOMENIAI0T B BAKYYMHYIO KaMepy 3, U3 KOTOPOH BO3IyX
OTKa4HBaIOT uepes otBeperie 6 10 (1,3 — 0,6)107I1a. BelecTBO HACPEBAIOT 10 TEMIIEPATYPHI
ucnapenus. KonaeHcupysce, OHO ocejaeT Ha MOBEPXHOCTHU MOJUI0KEK, 00pa3ys IeHKy. Toamuny
TUIEHKHA KOHTPOJMPYIOT B MPOIIECCE MCIIAPEHUS C MOMOIIBIO0 (DOTOMETPHUECKUX YCTPOICTB,
U3Mepsisl MPOIyCKaHUe U OTpakeHue cBeTa. Mcmapurenu 4 MOTYT OBITh YCTaHOBIICHBI B BEPXHEH,
CpeIHel WM HIKHEH 9acTsAX KaMephbl B 3aBUCUMOCTH OT poja paboThl. VX unciio u pacnoioxeHne
OTIPENIENIAIOT UCXO0Is U3 TPEOOBaHMIA K PABHOMEPHOCTH TOJIIIMHBI TUIEHKU. MaTepual ucrmapurenen
— MoJIMO/IeH WK BOJb(pam, TeMIepaTypa UCIIapeHus, KOTOpeIX cooTBeTcTBeHHO 2480 1 3230°C.
HarpeB ucnapuresneit ocymecTBiasieTcs MEKTPUISCKUM TOKOM OOJIBIION CHIIBI, TOCTYMAIOIIUM OT
Ooka rmuTaHus S.

Tpebyemoe paspekeHne B KaMepe CO3/1al0T OTKAYKOW BO3/1yXa IMOCIIE0BATEIEHO IBYMS
Hacocamu: (popBaKyyMHBIM (pOTAllMOHHBIM) — puOIU3uTeNnsHO 10 1,3 [a u nuddy3noHHbIM
(mapocTpyiHBIM) — 10 HEOOXOIUMOM CTENEeHU paspsikeHus. MicapeHueM HaHOCST TUICHKU U3
BEIIECTB C HU3KOW TEMITEpaTypoil TUIaBJIEHHUS U BEICOKUM JIaBJICHUEM Tapa (IeT0YHbIX U
IETIOYHO3EMENTBHBIX METAIIOB, CYIb(PUIOB, (HTOPHIOB).

[Tporecc HaHECEHUS TOKPHITHI COCTOUT M3 Psiia MOCIEI0BATENBHO BHITIOIHIEMBIX OMEPaITHii:
MOJITOTOBKH TOJUTOXKEK (TPOMBIBKH, 00E3)KUPHBAHNS, YUCTKH); IOJITOTOBKA BAKYYMHOU KaMephbl
(TIPOMBIBKH KOJITIaKa, OKOJIMAYHON apMaTyphbl, 3arpy3Kd UCTIAPUTENIEH TUIEHKOOOpa3yIoIuM
BEIIECTBOM, YCTAHOBKH TMOJUIOKEK U JIP.); OTKAYKH BaKyyMHOM KaMepbl (JOpBaKyyMHBIM HaCOCOM
1o paspexxenus = 1,3 Ila; 00pabOTKH MOUIOKEK TICIONINM Pa3psIoM; OTKAYKH KaMephl
mddy3HoHEBIM HacocoM 10 paspsukerns (1,3-0,6)107 Ta mpu 0XHOBpEMEHHO PabOTAOIEM
(opBaKyyMHOM Hacoce; MporpeBa UCrapseMoro BEMIeCTBA MPU SKPAaHUPOBAHUH TIOIIOKEK
3aCIIOHKOM TSl IPEAYIPEXKICHHSI HAHECEHHUST BHEIITHETO 3arPs3HEHHOTO CJI0s BEIIECTBA; UCIIApEHUS
BEIIECTBA HAa MOBEPXHOCTH TOJUIOKEK; Pa3repMETH3alNN BAKyyMHOH KaMephl.

Crioco6 TepMUYECKOTO HCTIAPEHUSI UMEET Psil HEIOCTATKOB: H3MEHSETCS CO/IepyKaHue
KOMIIOHEHTOB TIPH MCIIAPEHUH BELIECTB CI0KHOTO COCTaBa, 00pa3yromiasics MIeHKa He paBHOMepHa
10 TOJIIIMHE MPH UCTIAPEHUH BEIIECTB U3 TOUEYHBIX HICTOYHUKOB Ha TOBEPXHOCThH 3HAUUTEIILHOTO
pa3mepa, 3aTpyAHEHO HCIIapEeHUE TYrOMJIaBKUX BEIIECTB, Majla MPOYHOCTD CIETICHUS TUIEHKH C
I10JUIOKKOH.



Kamoonoe pacnwvinenue — nporiecc, Ipu KOTOPOM IIPOUCXOJUT NEPEHOC BELIECTBA KaTo4a Ha
MIO/JIOKKH, HaxoAsmuecs: BOiu3u anoAa. [Ipy BOSHHKHOBEHUH AIIEKTPUUECKOTO pa3psiia B ra3e
KaToJ MoJ IeHCTBUEM MOHHOW O0MOapIupoBKH pazpymaeTcs. YacTh 0CakIEHHBIX aTOMOB
OCa)X/1aeTCs Ha MOJIOKKH, YaCTh BO3BPAIIAETCsl OOPAaTHO B PE3YNIbTaTe CTOIKHOBEHHUS C
MOJIEKYJIaMH ra3a.

Karoanoe pacrnbuieHne MOXET POBOJUTHCS Ha MOCTOSIHHOM TOKE M Ha IEPEMEHHOM TOKE
BBICOKOM yacToThl. Ha mocTosSTHHOM TOKe B aTMOC(hepe HHEPTHOTO T'a3a MOKHO HAHOCUTD TOJIBKO
MeTaJUIM4YecKHe TUIeHKU. B atMocdepe akTHBHOTO Ta3a MoJIy4aroT IJICHKH OKHUCIOB METaJJIOB.
PacnipuieHnemM Ha IepeMEeHHOM TOKE B HE0OXOAMMOM cpe/ie MOKHO IMOJTydaTh TUIEHKHU JTIFOOBIX
coenuHeHnil. Crioco0 HaHECEHU s MJICHOK B MPUCYTCTBUU HEOOJIBIINX KOJMYECTB aKTUBHOTO rasza
Ha3bIBAIOT PEAKTUBHBIM PaCIbIIICHUEM.

KaToHpIM pacnblIeHHEM HaHOCST MPOCBETIISIOIINE, CBETOICIUTENbHBIC, PHIBTPYIOLIHE U
3alUTHBIE TUIEHKH U3 TYTOIUIABKUX METAJJIOB, TUAIEKTPUKOB, OJIYIPOBOJHUKOB. OCHOBHOE
MIPEUMYILECTBO CIIOC00a — OTCYTCTBUE (PPAKIITMOHHOCTH U BO3MOKHOCTD MOJIYUE€HHUS TICHOK,
COCTaB KOTOPBIX OTBEYAET TEPMUUECKH U XUMHUECKU YCTOMYMBBIM COEIUHEHUSM, UTO HEOOXO0IUMO
Ui Jetaneil npubopos, pabOTAIOIINX B YCIOBUSIX HOBBIIIEHHON BIa)KHOCTH U BBICOKOM
TeMIeparypbl. AIre3us INIEHOK K IOBEPXHOCTH CTEKJIa U UX TBEPAOCTH BBILIE, YEM Y MOJTy4aeMbIX
TEPMHUYECKUM HCIIAPEHHUEM.

JlJ1 KaTOHOTO MCHIAPEHHUS UCIIOJIB3YIOT YCTAHOBKH, KOTOPBIE OTINYAIOTCS OT MPUMEHSIEMBIX
IIpY TEPMUUECKOM UCIIAPEHUU MEHBILIEN BBICOTONW KaMephl (M3-3a HEOOJIBIIOr0 PACCTOSHUS MEKITY
AJIEKTPOJIaMHU) U TIOAKOJIIIAYHBIM YCTpoiicTBOM. B BakyymHoi#1 kamepe 1 (Puc.25.3) pa3merieHst
aHOJ1 2, BBINIOJHSIOIIMM POJIb AepKaTeNsl 3ar0TOBOK (IOI0%keEK) 3 U KaToA 4 U3 paciblIseMOoro
Bemiecta. [Iponecc Beayt npu gasiennn B kamepe 0,13 Tla. Ilpu mogaue Ha KaToq ¥ aHOT
HEeOOJIBIIOTO HAMPSDKEHUS OT UCTOYHHMKA MMTAaHUS 5 TOBEPXHOCTD MOUIOKEK OoMOapanupyercs
MIOJIOKUTEIbHBIMA MOHAMH U OUHILAeTcs OT 3arpsisHeHui. [locne nomaun Ha karox
OTPULATENLHOTO MOTEHIIMAIA B HECKOJIBKO COTEH BOJILT HAUMHAETCS] €r0 UHTEHCUBHAS
60MOapIMpPOBKA MOJIOKUTEIHHBIMI HOHAMHU. BBIOUTBIE aTOMBI KaTo1a OCAKIAIOTCS Ha
MIOBEPXHOCTHU NOJUI0KEK. J{J1s oaydeHHs JIEHKH paBHOMEPHOM TOJIIIMHBI pa3Mep KaTojia I0JKEH
MIPEBBILIATH pa3Mep MOUI0KKH, a popMa ero NOBEPXHOCTU COOTBETCTBOBATH (HOPME MOBEPXHOCTU
MOJUTOKKH. TeXHOJOTHYECKHA MPOIecC HAaHECEHHsI TOKPHITHI KaTOJHBIM pacTbUIEHUEM OJIM30K K
IIPOLIECCY TEPMHUUYECKOTO UCTIAPEHUSI.

Hcnapenue eewyecme 21eKmpoHHO-TY4e8bIM HAZPEEOM TAKIKE UCTIONb3YIOT Ul IOTY4EeHUS
11eHKH. C MOMOIIBIO 3JIEKTPOHHBIX ITYYKOB MOIY4alOT MOTOK 3HEPTrUU O0JIbIION KOHIIEHTpaluu
MOII[HOCTH Ha CPaBHUTENHHO MaJIoi moBepxHoCTH ucnapenns (10 5-10° Br/em?). ITpakTiuecku
To4YeyHas (POKYCHPOBKA 3JIEKTPOHHOTO ITyYKa I103BOJISIET MOJIYYUTh BHICOKYIO TEMIIEpPATYpy U
OO0JIBIITYIO0 CKOPOCTD UCTIAPEHUS TYTOIUIaBKHX BeliecTB. [IIIeHKH OTiIMYaroTes YMCcTOTON U
OJTHOPOJJHOCTBIO COCTaBa, TAK KAK MOKHO M30€KaTh HEMIOCPEICTBEHHOTO KOHTAKTa rOpsiYeil 30HBI
HcHapsieMoro BellecTBa ¢ MaTepuaIoM ucnapuress. JIerko ocymecTBisieTcs: peryliupoBKa
TEMIIEpaTypbl HArpeBa U CKOPOCTU UCTIApEHUSI.

Ycranoska (Puc.25.4) npencrasnsier co0oif BakyyMHYI0 Kamepy 1, BHYTpH KOTOPOi
pa3MelIeHbl MOJI0KKHY 2, MUILIEHDb 3 C UCIapseMbIM BelecTBOM 4, aHo 5, u karoJ 6. [Turanue
MI0/1aeTCs OT UCTOYHUKA 7. MICIIONIB3yIOTCSl MHOTOTIO3ULIMOHHBIE 3JIEKTPOHHO-JIyY€BbIE UCIIAPUTEIIH,
HAHOCSIT MHOTOCJIONHBIE TIOKPBITHSL.
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Puc.25.1. Cxema ycTaHOBKU AJIs1
HaHECEHUs INIEHOK
MIUPOJIU30M BEIIECTBA

Puc.25.3. Cxema yctpoiicTBa KaTOIHOTO

paciblJICHUA BEUICCTBA
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Puc.25.2. Cxema BakyyMHOM YCTaHOBKH
JUISL TEPMHUYECKOTO UCTIApEHUS
BeIl[eCTBA

Puc.25.4. Cxema yCTaHOBKM HCIIapEHUS
BEIIECTBA 3JIEKTPOHHO-ITyYEBBIM
HarpeBoM



Jlekums 26. CoeqHeHUs] ONTHYECKUX JIeTaJIeH MexKay co00il
1. CoenuHeHue CKJIeHBAHUEM

CkienBaHue 3TO HanboJjee pacpOCTPAHEHHBIN CIIOCOO COEIMHEHHUS! ONTUYECKUX JETallel B
npubopoctpoeHnn. CKIeWBaHWE IIMH3 HEOOXOJAMMO Il TOYHOW (uKcanmuum WX B3aWUMHOTO
PacroJIOKEHUs, YMEHBIIEHNS KOJMYECTBA CBETA OTPAKEHHOTO CBOOOIHBIMU ITOBEPXHOCTSAMH.

Jlun3el Hambonee 4acto coequHsIoOT Kiesmu Oanb3amuH, OK72-®, OK-50 nmpu KOMHATHOM
temmneparype (20-22°), KOTopble HaAXOASCh B JKUJIKOM COCTOSIHUM HE TPEOYIOT MPEeABAPUTEIHHOTO
IporpeBa KOMIIOHEHTa Juid mpoliecca mnoiauMmepusauuu. Ilepen ckienBaHMeM MPOBOJAT
JIOTIOJTHUTENBHO ONEPALIMI0 KOMITJIEKTOBAHMS JIMH3 110 TOJIIMHAM. Takas KOMITJIEKTAIUs IO3BOJISET
CYMMHPOBaTh MOTPEIIHOCTh COEIMHEHUS JINH3, YTO UCKIIIOYAET CHU)KEHHE KauecTBa N300paxeHUs
dbopmupyemoro ckieiikoii. KpoMme TOoro, oHa co3maeT ompejelieHHbIe YA00CTBa TpH COOpKE
npubopa. JIMH3BI KOMIUIEKTYIOT Tak, 4TOObI anreOpandeckas cymMMa OTKJIOHEHHUH WX TOJIIUHBI
NPUOJIM3UTENBHO PaBHSUIACH (MPHONMKANIACH) HYIO. Y TPEXJIMH30BBIX KOMIIOHEHTOB OTKJIOHEHHE
TOJIIIMHBI OJHOW W3 JIMH3 JIOJDKHO paBHATBCS MO  aOCOJIOTHOW BENWYMHE U OBITh
IIPOTUBONOJIOKHBIM [0 3HAaKy 3HAUYEHHIO CYMMapHON TOJIIIMHBI JIBYX JAPYTUX JHMH30BBIX
KOMITIOHEHTOB. CKJIeMBaHUE MNPEIBAPUTEIBHO CKOMIUIEKTOBAHHOTO (HaIpUMeEp, ABYXJIMH30BOIO
KOMITOHEHTAa) COCTOUT U3 MOCJIEJOBATEIBHO BhIMOIHIEMBIX TEXHOJIOTHYECKUX OTIEepaliyii:

1) moaroroBka neraned M Kies (COeOUHSIEMBbIE IIOBEPXHOCTH IIPOMBIBAIOT, YHUCTHT,
HaKJIaJBIBAIOT OJIHY Ha Jpyryro). lloiumepusyrommuiicss kjieid roTOBSAT B KOJHUYECKTBE C Y4ETOM
IIPOJIOJIKUTEIBHOCTH €ro paboyuero COCTOSHUS, T.€. JI0 3aTBEPICBAaHUS;

2) mpolecc CKIEUBaHUS: CHSB IOJIOKUTENbHYIO JUH3Y, Ha MOBEPXHOCTh OTPULIATEIBHOMN
HAHOCST HEOOX0IMMO€E KOJIMYECTBO Kiies. BHOBb yCTaHOBUB IOJIOKUTENBHYIO JINH3Y U MPUKUMAas
ee K HIKHEeH (OTpuuaTenbHON) NuH3e obecrneunBaoT ToamuHy cios kies ot 0,005 no 0,2 mm. C
YMEHBIIEHUEM TOJIIIMHBI CJIOS KJIes MEeXaHW4YecKas MPOYHOCTb, MOPO30CTOMKOCTb COEAMHEHHUS
MTOBBIIIAETCS;

3) ueHTpupoBaHHE KOMIIOHEHTOB: J0 3aBEpILICHUS MOJMMEpPU3ALUU (3aTBEpJEBaHUS KJIes)
COBMEILIAIOT ONTHYECKUE OCU CKJIEMBAaeMbIX JeTained. [l 53TOro MCHOIb3yIOT pa3iudHbIe
TEXHOJIOTUYECKHE MPUCTIOCOOIEHUS], KOTOPbIE MO3BOJISIOT BBIIOJHATH LIEHTPUPOBAHUE U KOHTPOJIb
UX HECOOCHOCTH. Takue ycTpoicTBa COOMPAIOT U3 MUKPOCKOIIOB, KOJIMMATOPOB, HHTEPPEPOMETPOB
U T.J1.

Hanecenne Ha JMH3BI NMPOCBETVISIIOIIMX TUIEHOYHBIX MOKPBITUH (U3NYECKUMHU criocoOaMu
JIOJKHO TPEALIECTBOBATh UX CKJIEMBAHUIO MOCKOJIBKY MpPU 00pabOTKe JeTanel MX HarpeBaroT JI0
200-300°C, aT0 HarpeBaHUE BHI3bIBAET U3BMEHEHUE CBOMCTB KJIesl.

OcoOeHHOCTH CKIIEMBAHUS MPU3M 3aKJIIOYAIOTCS B cienyromeM. CKIenBaHUE BBITIOJIHAETCS
TakK e Kak U y JIuH3. CyleCTBEHHO OTJIMYAIOTCS JIMIIb KOHCTPYKIIMHA KOHTPOJIBHO-FOCTUPOBOYHOTO
MIPUCTIOCOOIEHUS, HCIIOJIB3YEMOTO IPHU COEIMHEHUM MPU3M pa3IUYHbIX TUNOB. boJbpmIMHCTBO
IpU3M M3 ONTHUYECKUX MaTEpUaOB IPO3PAYHBIX B BHUJIUMOI OOJIaCTH CIEKTpa CKJIEUBAIOTCS

O0amp3amuaoM U KieeM OK-720. Tlpu3mbl U3 MaTepuasioB IMPO3PadHBIX B YIbTPa(UOIETOBOM



JHMana3zoHe CKieuBaroT kieeM Y®-235, a U3 MarepuanoB Mpo3padyHbIX B MHPPAKPACHOM JHANa3oHe
cxienBatoT kiaeeM TKC. CrnoxHbie TPU3MBI, COCTOSIINE U3 HECKOJIBKUX JIeTalel, CKICUBAIOT B TOH
KE IMOCICAOBATCIbHOCTH, YTO MW MHOI'OJIMH30BBLIC KOMIIOHCHTHI. HOJ’IYHpO?;pa‘-IHI)IC 3CpKajia
ckienBaroT 6anbzamuHoM, OK-72d, OK-50. Ilponecc ckienBaHus Takux JeTalleld TaKOM ke, KaK U

IIpH CKJICMBAHUU JIMH3.

2. T'ny0okmii onTHYECKUH KOHTAKT

I'my6okuit ontuueckuii koHTakT (I'OK) 310 OeckieeBoe cCOoeNMHEHHE ONMTUYECKUX JIeTajeH,
3aKIrovarolieecs B ciueaytomeM. Ha onHy mim 0o06e coenuHsieMble TOBEPXHOCTH HAHOCSAT TOHKYIO
IUICHKY KpeMHe3eMa. YCTaHaBIWBAIOT AITH TOBEPXHOCTH HAa ONTHYECKUN KOHTAKT, a 3aTeM
MOJIBEPralOT 3TU KOMIIOHEHTHI TEepMHUYECKOl 00paboTke (mporpeB mpu Temmeparype 250°), To
KHCTIOPOJI U KPEMHE3eM O0pa3yloT XHMHUYECKHE CBSI3H, MPOYHOCTh KOTOPHIX PaBHA MPOYHOCTH
MOHOJUTHOTO cTekja. llomydeHHbIE COEIUHEHUS CTaHOBSITCS HepazbeMHBIMU. [ ITyOOKMit
ONTUYECKUH KOHTAKT pacmupsieT o01acTb NPUMEHEHHS ONTUYECKOTO KOHTAKTa, 3aMEHSET
CleKaHue " cBapKy. llpumeHeHHe ero 1enecooOpa3sHO TPH CO3JaHUM  CIIOKHBIX  Y3JIOB,
paboTarONINX B THKEBIX AKCIUTYyaTAITMOHHBIX YCIOBHUSX (pE3KHe TMepenaabl TeMIEepaTyp, BhICOKAS
BIIQYKHOCTh, HAIMYUE OKPYKAMIIUX CPEJ HMCKIIOYAIONIUX TPUMEHEHUE KIIeeB), a TakK K€ JUIsd
VIPOIICHHSI KPETJICHUS Y3JI0B, TOBBINICHUS HX MeXaHW4ecKod mpouHocTd. CoOpaHHBIE TaKUM
CIIOCOOOM Y3IIbI YCTOWUYUBEI TIPH PabOTE B YCIOBUSAX BRICOKUX (10 S00° ms cunmkarHoro, o 1500°
JUIE KBapIIEBOTO CTEKOJI) TEMIIEpaTyp, B arpeCHBHBIX cpenax (KHCIOTHI, MIEIOYH, OPTaHUYECKUE
PacTBOPUTEIN), IPH MEXaHUICCKUX BO3JACUCTBHSIX (BUOpaIvs, yiap, yCKOpeHue, HEHTPOHHOM H Y-

oOyueHunn).

3. CoenuHeHMe cieKaHHEM U CBapKoOil

DT cnocoObl HaXOAAT MNPUMEHEHHE IIPU HW3TOTOBJIEHUM JieTajlled C TOBBIIIEHHBIMU
TpeOOBAHUAMHU K MEXaHUYECKOH MPOYHOCTH M XMMHUYECKOH YCTOHUYMBOCTH coeauHeHui. K Takum,
B YaCTHOCTH, OTHOCATCS KIOBETHI U3 CTEKJIA, 3al0JHIEMbIE pacTBOpaMH (OpraHUYeCcKUe, MIeJIOUHbIE,
KHUCJIOTHBIE), KOTOPBIE MCKIIOYAlOT BO3MOXKHOCTh COEAMHEHHA cKieuBaHueMm, a meron ['OK
TpynoeMok. CoelMHEHHE TaKuX JeTallell MOKET ObITh BBIIIOJIHEHO:

® CBapKOM Ja3epHBIM M3JIyY€HUEM, KOTOpPO€ (POKYCHPYIOT B IUIOCKOCTH IIBa, COAEPIKAILEro
CBETOIOIJIOIAOLIYIO TIPOCIONKY (TUIEHKY, IIPUIION), My4YeK MEPEMEIAIOT 110 MEPUMETPY 1IBA U OH
pacIuiaBisieT IPUIION;

® CBapKOW B ITUIAMEHHM KHCIOPOIHO-BOJIOPOJHOM TOPENKH OOECIeYMBAIOIICH TeMrepaTrypy
Harpesa 2000°C 4to BBI3BIBACT JAe(OPMAIHMIO COCTUHSEMBIX JJIEMEHTOB M KPHCTAJUTH3AIHIO
ITOBEPXHOCTHOI'O PACIUIABIEHHOIO CIIOS;

® CIIEKaHUEM IIPU HU3KOTEMIIEPATYPHOM HarpeBe C IMOMOIIbIO JIETKOIIABKOTO MPUIIOS U IIpU

BBICOKOTEMIIEPATYpHOM HarpeBe B BakyyMHOU meun (audQy3roHHas cBapka), BaKyyM ITO3BOJISET



yIAIUTh aJCOPOMpPOBAHHBIE Ta3bl, CIOCOOCTBYET AaKTMBHOW TOBEPXHOCTHON mudpdy3nn B

IIJIOCKOCTH COCAMHCHMUA.



