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BBEJAEHUE

Jlexuus 1

1. Coneprxkanue 1 CTPyKTypa Kypca, CBsA3b €ro C APYTUMHU JUCHHUILIHHAMMU.

2. Uctopus pa3BuTHA I0OBETHPHOTO TPOU3BOICTBA.

3. Hanpasnenns v 3a1a9u pa3BUTHSA TEXHOJIOTHH MTPOW3BOJICTBA FOBETUPHBIX
1591 (117078

4. O0mye cBeIeHNUS O TPOU3BOACTBE IOBEIUPHBIX U3CTHH.

5. Knaccuukarus u aCCOPTUMEHT IOBETMPHBIX H3CITHMN.

6. braropoaHbie METaUTBl ¥ CTUIaBBI, UX MApKH W O0JIACTH MPUMEHEHWS.

7. Mertaniuyeckue M HEMETAJUIMUECKUE MaTepualibl, UCMHOJb3yeMbIe s
MPOU3BOJICTBA OBEIUPHBIX U3ACIIHM.

Kypc «TexHom0rus 10BETUPHOTO TTPOU3BOICTBAY KOMIUIEKCHO M3YYaeT TEOpe-
TAYECKHUE W MPAKTUYCCKUE JTAHHBIE O TEXHOJIOTHH TMPOMBITIUICHHOTO TTPOU3BOICTBA
IOBETUPHBIX U3IETNI C YIETOM TIEPEIOBOTO OMBITa OTEUYECTBEHHBIX W 3apy OCIKHBIX
10BenupoB. Marepuan jeknmii pa3ouT Ha 1Ba MOIYJIs: « T€XHONOTHYECKUE OCHOBBI
MTPOM3BOICTBA IOBEJIMPHBIX U3MICITUH METOMAMHU JIUTh» U « T €XHOIOTHUECKHUE OCHO-
BBl MIPOW3BO/ICTBA IOBEITUPHBIX M3CITHA METOMaMH 00pabOTKN METaIOB JaBJICHH-
€M U PE3aHUEM).

Kypc 6azupyercs Ha TiIyOOKOM 3HAaHWW TaKWX AWCIMIUIAH, KaK XYI0KE-
CTBEHHBIN [W3aliH, TEMMOJIOTHA, XUMHs, MATEPHAJIOBEICHUE, JUTEHHOE TPOU3-
BOJICTBO, 00pab0OTKa METAJIOB IABJICHUEM.

IOBenupHOEe Aeno — oavH U3 HauboJiee NPEBHUX BUIAOB XYJI0KECTBEHHOTO
TBOpuecTBa. Emte 20 Thic. €T Ha3aM YENOBEK KAMEHHOT'O BEKa 3aMETHIT M TIOJTFOOMJT
JParoricHHbIC KaMHHU. YK€ B TO BPEMs JPEBHHUE YMENBIIH OBJIAJICII OCHOBHBIMH
MpueMaMy JICKOPAaTUBHOW 00paboTkm TBepAoro kames. OJHAKO TONBKO MOCHE
TOTO, KaK MacTepa APEBHOCTH COSTUHHUIIN UCKYCCTBO 00pPabOTKHA KaMHS € XyT0XKe-
CTBEHHOH 00paboTKO# MeTajiia, BOZHHUKIIO FOBEIUPHOE ACIIO B €r0 COBPEMEHHOM
noHuManuu. M3aenus u3 30710Ta B BUAEC COCYIOB ObUTA HAWACHBI B TTOTPEOCHUIX
Kwuras, oTHOCAIIUXCA K BTOPOMY THICSUEIETHIO A0 Hallel »pbl. BriepBoie cepedpo
Ob10 oOHapy>keHO Ha Tepputopuu [IBypeuss u Erunra, a apesmeinme u3neaus
U3 HETO, NaTUPYIOTCS TATHIM THICTUEIICTHEM JI0 HAIICH SPHI.

XyA0KECTBCHHBIE U3/IEIHS, HAlICHHBIC TIPU PACKOTIKaX, CBUICTEIHCTBYIOT O
TOM, 9TO pemecieHHukn JIpesHero Erummra mcmonb3oBaimu crmocod JUThS MO BhI-
maBasieMbiM MogensiM Oosiee 4000 met Hazan. Brmagenn >Tum crmoco6oM u CKudBbI,
HacensaBimme 2,5 Teic. et Haszad Ilosomkwe, Cpennee IlpuaHenpoBbe, Oepera
A3oBckoro u UepHoro Mopeil.



XyJoxXecTBeHHass 00padoTKa OIaropoHbIX METAJIIIOB SABJISUIACH TPATUIIMOH-
HBIM W Pa3BUTHIM BHJIOM JPEBHEPYCCKOTO peMeciia. 3JaTOKY3HEIbl B COBEPIICH-
CTBE 3HAJIM KOBKY, JIUThE, YEKAHKY, 3€PHb U JPYTHE CIOCOOBI METALIIO00PA0OTKH.
[Tpouecc mepexona OT MHAMBUAYAJIBHOTO M3TOTOBJICHHUS K O0Opa30BaHUIO MaCTep-
Ckux W naxe (abpuk, B KOTOPBHIX COCPENOTAUYMBANIaCh OOJBINAS YacTh TPOU3-
BOJICTBA M3JICIMI U3 PArOIEHHBIX META/UIOB, HAYAJICA B JBAAIATHIE TOABI JACBST-
HaJIAaTOTo BeKa. [[puMeHenne TeXHUKH B IBAIIATOM BEKE 3HAUMUTEITHLHO PACIIAPH-
J1a BO3MOXKHOCTH (hopMOOOpa30OBaHMS W ICKOPUPOBAHUS U3/ICTHH U3 CILIaBOB Ccepe-
Opa, 30710Ta U TIJIATUHBI.

B otnwumm OT mponnibix JIET, KOT/Aa IOBEJIMPHBIC YKPAIICHUS SBJISUTHCH CE-
MEWHBIMHU PETUKBUSAMHU U TIEPEIABATACH M3 TIOKOJICHUS B TMOKOJICHUE, B HACTOSINEE
BpEMs FOBCIUPHBIC YKPAIIECHUS CTAIN ITUPOKO MOCTYMMHBIMU. B CBsA3HM ¢ 3THUM, uX
MPOU3BOJICTBO BBIACIWIIOCH B OTACIIBHYIO OTPACib MPOMBIILICHHOCTH, a, CIEI0Ba-
TEJHHO, U3TOTOBJICHUE IOBETUPHBIX W3IETUN U3 €IUHUUYHBIX YK3EMILIAPOB MPOU3-
BOJIUTCSI MAaCCOBBIM THPKWPOBAHUEM HA BHICOKOTEXHOJIOTHYHOM O0OpPYAOBAHUH.
[TosToMy, HampaBjaeHHWEM H 3a7a4aMH PA3BUTHA COBPEMEHHOTO FOBEIUPHOTO
MPOM3BOICTBA ABJSIETCS Pa3pad0TKa IOBEMPHBIX CIUIABOB C BHICOKUMH U CTa0WITh-
HBIMHU TEXHOJIOTHYECCKUMHU CBOMCTBaMU. KOBENHMPHBIE CIUIABHI, TAKXKE, TOJKHBI CO-
OTBETCTBOBATh COBPEMEHHBIM SKOJOTHYCCKAM TPEOOBAHMSIM W HE COACPKATh B
CBOEM COCTaBE KOMIIOHEHTOB, HE OTBEYAIOIIWX CAHUTAPHBIM HOpMaM. B cBs3m ¢
ATUM, TEOPETHUCCKUE 3HAHUS COBPEMEHHBIX IOBEJIMPOB TAaK)Ke HEOOXOMUMBI, KaK H
MPAKTUUYECKHC.

IOBenupHbIe M3AEMHAA KIACCU(UIUPYIOT MO ABYM MPHU3HAKAM: HA3HAYCHUIO
¥ MaTepHuaiaM, U3 KOTOPHIX OHW M3TOTOBJICHBI.

[To Ha3HAUCHHIO IOBENMPHBIC U3CTUS ACIAT HA YKPAIICHUS W MPUHAUICK-
HocTu ObiTa. Hanbosnee oOMIMPHYIO TPYMIy COCTABJISAIOT TaKUE YKPAIIEHUA, KaK
OpOIIN Pa3IuyHbIX THUMOB, KOJbIA, CEPbIH, KYJIOHBI, KOJbE, OyJIaBKH, OpaciaeThl U
T.1. K mpuHamie:;xHOCTAM OBbITA CIEMyEeT OTHECTH MPEIMETHI TyaieTa — 3aKOJIKH,
rpeOHU, 3aMOHKH, 32KUMBI, TTy IPEHHUTIBI, YACOBBIC OPaCIIEeTH U JIp.

[To mpuMeHseMBIM MaTepHajiaM FOBEITUPHBIC U3ETHS JEIAT HA TPU TPYIIIHI.
[lepBast — ykparieHnst U3 APArolEHHBIX METAJIOB C IPAroIeHHBIMHU | MOy Iparo-
IICHHBIMU KaMHSAMHA B 0€3 HUX (COOCTBEHHO FOBENMPHBIC n3aenws). Bropas — u3ne-
JIVS, COCTABJISIONTNE CYBEHUPHBIN (DOH, MPEACTABNISIONINE XY T0KECTBEHHBIN WH-
TEPEC, U3TOTOBJICHHBIE U3 HEAPATOMCHHBIX META/UIOB C MOy APArOICHHBIMH, TTO/IE-
JIOYHBIMHU KaMHAMH U 6€3 HuX. TpeThs rpynmna — u3Aeus MacCOBOTO TIPOU3BOICTBA
W3 HEIPAroleHHBIX META/UIOB 0€3 KaMHEH W ¢ KaMHSMHW — CTEKJISHHOW W TIJIacT-
MacCOBOM MMUTAIMEH (M3IEHs ACTIEBON IOBEIMPHOHN TaJlaHTEPEN ).

Konbiia — Hanbosee pacnpoCTpaHEHHBIN BUA IOBEIUPHBIX u3aenuid. Cyiie-
CTBYET MHOTO PA3HOBUIHOCTEH KOJIEI, HEKOTOPBIC W3 HUX MMEIOT CUMBOJIIMUCCKOE
3HQUCHWE, HAMPUMEDP KOJIbIIA JUTS TOMOJIBKA W oOpydanbHbie. Kobila ¢ kamHeM
Ha3bIBAIOT MEPCTHEM, HO HA3BAHHWE ATO C TCUCHHEM BPEMEHH YMOTPEONIIeTCS BCE



pexe. Pa3nuyaroT MpoCThi€ W CJIOXKHbIE KOAblAa. K MpOCThIM OTHOCATCA OTHOCH-
TEJIbHO HECJIOKHbIE B M3rOTOBJICHUU OOpydalibHbIC KOJbLA. CI0KHBIMU CUUTAIOT
KOJIbLIa, CJI0XKHBIE MO KOHCTPYKIMHU. ITO KOJIbIIA C QXKYPHBIMU KacTaMHU, MHOTOKa-
MEHHBIE, KOJIbIIa ¢ HAOOPHBIM PUCYHKOM, (PUITMTpaHHBIC, TPABUPOBAHHEIE U T.I.

Pa3Mepsbl Konen onpenenstoT Mo WX BHYTPEHHEMY auamerpy — oT 15,5 no
24,0 mm. Ecnin, Hanpumep, BHYTPEHHUNA TUaMeTp Kosibla 18 MM, To pazmep KoJibiia
oyaer 18. Ilocneayrommii pasmep oTauyaercs oT mpeasiayiero Ha 0,5 mm. s
OTPEACIICHUS PA3MEPOB CYILIECTBYET PUTENb-KOJIBIEMEDP — METAULTUUYECKUH KOHYC C
JEIECHUAMM, COOTBETCTBYIOIIMMH pa3MepaM Kojiel. J[ia onpeneneHus pa3MepoB
naJiblia MOJIb3YIOTCH TAKKE MAIbLIEMEPOM, MPEACTABIAIONIUM CO00i HAOOP MPOHY-
MEPOBAHHBIX KOJIEL] COOTBETCTBYIOIIMX Pa3MEPOB, 3aKPEMJICHHBIX MOCPEACTBOM
MOJBECHBIX YIIIEK HA CBOOOHOM KOJIbIIE.

Cepbru — O4YeHb PACHPOCTPAHEHHOE KEHCKOE ykpaiieHue. [10100H0 KOjb-
11aM, CEpbIrd UMEIOT MHOTO Pa3HOBUJIHOCTENH. OT IPYrux yKpalleHUd OTINYArOTCS
TEM, 4TO BhIMMyCKatOTCsA B nape. O/iHa cepbra A0JIHA MOJTHOCTHIO COOTBETCTBOBATH
JPYrod — MapHoM, T.€. MOJIHOE COOTBETCTBUE JIOKHO OBbITh B pa3Mepax, Bece, 1Be-
T€ MEeTajula, KaMHAX U T.1. Tak e Kak U KOJbI[a, CEPbIrd MOTYT ObITh NPOCTHIMU U
CHOXKHBIMU. CJIOKHOCTh HX ONPEACNSAETCA KOHCTPYKIUEH U TPYIOEMKOCThIO BbI-
MOJTHEHUA.

Bbpoiu. M3 Becex ykpallieHHi o pa3Ho00pa3uto TUMOB OPOIIX 3aHUMAOT JIU-
mupytomee Mecto. Ux TpynHo kimaccuuimpoBarh Kak TPOCTHIE U CIOXKHEIE. Jlaxke
€ciu B Opolilb BCTABJIATh OJWH KaMEHb, OH HE JIOJKEH ObITh MAJICHBKUM, A 3TO YK€
MPEJCTABIACT ONPEACIICHHbIE CloKHOCTH. KacT moa Ooblioi KaMeHb WJIM BbI-
pe3aeTcs, UK YCAKUBAETCA KOPHEPAMU — MEJIKUMU IIAPUKAMU, CKaHbO U T.1. [lis
3TOTO U3TOTOBJISIOT CJIOXHBIE BEPXYIIKH. BpoIin MOTyT UMETh CaMylO CJIOKHYIO
dbopMy — CTPOTyIO, HEOTIPEACICHHYIO, B BUJEC BETOK, JUCThS KOTOPOW YCaXEHBI
KaMHAMU U Jp.

Kynonsl. Ilpocreifiiire KyJaoHbl MPEACTABIAIOT COOOM MOJBECKY M3 OMpPaB-
JICHHOT'O KaMHS ¢ YIIKOM JUIsi TIOABEIIMBAHUSA HA 1IEMOYKE. BhIBAIOT MHOTOKAMEH-
HbIE, B KOTOPBIX, OCHOBHOE KOJIMYECTBO KaMHEH pacmoJiaraercsi B MOJBECKE, CO-
EAMHEHHOW C TETbi0 (PaCOHHBIM YIITKOM, KOTOPOE TAKKE MOXKET OBITh yKpaIieHO
KaMHAMHU. B Takux KyjgoHaX MOABECKY M3rOTABJIMBAIOT AHAJIOTWYHO BEPXYIIKaM
KOJIELl, ceper v Opolliei, UMEIOIMX PaHT. bonbine mupokue KyJaoHbI HApAdY C
yIIKaMU MOTYT UMETh OYyJIaBKY M UCIIOJIb30BAThCA KaK OpOIiib.

Konbe — ykpailieHUE, BEITAHYTOE, KaK MPaBWiio, BAOJb IENOUKU. Eciu KyJl1oH
MPECTABAAECT U3 ce0d TMOABECKY WJIM HMMEET MOJBECKY, TO KOJIb€ COCTOHUT W3
HECKOJIBKHMX TTOJABECOK, CBA3AHHBIX (COCIMHECHHBIX) WU HE CBA3AHHBIX MEXKIY CO-
ooi. Kojbe Kpenurces K 1enouKe ABYMS YIIKaMU C MOCTOSHHBIM Kperienuem. Ko-
Jb€ OOBIYHO YCAXKMBAETCA OOJBIIMM KOJIMYECTBOM MEJIKUX KaMHEH, 0Opa3oBbIBas
CJIO’KHBIE€ KPaCUBBIE MEPEIJICTEHUS. B 0Tiimume oT KyJIOHOB KOJIbE JENaoT 0€3 paH-
TOB, YTO MO3BOJIAET MY ILJIOTHEE MPUJIEraTh K TEIy.



BynaBku — My»KCKO€ M )KEHCKOE yKpallieHHe. byiaBku ObIBAtOT JIBYX THIIOB H
Pa3IMYAOTCA MO AJIMHE 3aCTECKHON UIJibl. B KauecTBe TOJ0BKU OYyJIaBKH UCIOJIb3Y -
FOTCA JIPArOUEHHBIE W TMOJIYPAarolEHHbBICE KAMHHU, KOTOPBIE MO PA3HOMY KPEMATCA
Ha UTJTy B 3aBUCUMOCTH OT MaTepuasa, (GOpMBbl U OTPaHKH.

Bpacnetsl — ykpaileHue, UMEIoIee KaKk ASKOPATUBHOE, TaK U OBITOBOE Ha-
3HaueHHE (HampuMep, OpacieTsl i 4acoB). [1o KOHCTPYKIIMU WX MOXKHO pasfe-
JIUTh HA JKECTKHE (Pa3>KUMHBIC B 3aCTEKHBIC 00PYUH ), CEKITMOHHBIE, COCTOAIITUE W3
HECKOJIbKO MIAPHUPHO COCIUHEHHBIX CEKIMW, U MATKHE, COCTOSIIME M3 MHOTHX
3BCHBEB.

Llenoukn — TpaAMUMOHHBIE IEHHBIE YKpammeHusa. Llemouku cocrosar u3 3Be-
HbEB, 3aMKa Y 3aBOAHOTO KoibLA. [10 BUly 3BEHBEB Pa3NUYalOT SIKOPHBIE, MAHLIHP-
HBIE, KOPAOBBIE, «JICHTOUKWY, BEHEIMAHCKHUE, KOMOMHUPOBaHHBIC U (paHTa3UHHBIE.
Hapsaay ¢ nenoykamu, COCTOAIIMMU W3 3BEHBEB, TPOMBILIUIEHHOCTHIO BBIMYCKAKOT-
CA IUIETEHBIE LEMOYKH TUINA «BEPEBOYKAY.

Bychl cocTosT M3 OYyCHH, MPOMEKYTOUHBIX 3BEHbEB, 3aMKa U HUTKU. BycChbl
W3rOTAaBJIMBAIOT U3 APArol¢HHbBIX U HEAPArOLEHHBIX METAJUIOB, PA3JIMUYHBIX KAMHEN
(>keMuyTa, SHTaps, TOPHOTO XPYCTaIA U JIp.), CTEKJIA U TUIACTMACChl, KOCTH, dhapdo-
pa U APYTUX MATEPUATIOB. byCHHBI, HIMEIOIME CKBO3HBIE OTBEPCTUA, HAHU3BIBAIOT
Ha HUTKY W3 KanmpoHa WJIK I1IEJIKA, a CIJIOIIHbIC OYCUHBI, HE UMEIOIINE OTBEPCTUH,
COEIMHSIOT MPOBOJIOYHBIMU KPIOUKAMH.

K gparouennsiM MeTamiam, Ayl MPOM3BOACTBA KOBEIUPHBIX W3ENIHM, OTHO-
CATCS 30JI0TO, cepeOpo, IJIaTUHA, NAUIAAWN, POAWM, WPUIWNA, PYTCHHUH, OCMUMA.
Bnaroaaps TakuMm cBOMCTBaM, KaKk KPaCHUBBIM LIBET, MATKHI OJIECK, YCTOWUHUBOCTD K
BO3JICHCTBHIO XUMHUYECKUX COCTMHEHUH M aTMOC(HEPHBIX SIBJICHUH, BRICOKAs TIPOU-
HOCTh U OTHOCUTEJIBHO HEBBICOKAS TBEPAOCTb, UX UCIOIB3YIOT I U3rOTOBJICHUS
FOBEJIMPHBIX W3JICNIMI, KaK B YUCTOM BHJE, TaK U B BUJE CIUIaBOB. PyTeHuil U oc-
MUH UCMOJIB3YIOT TOJIBKO B CIJIABAaX C TJIATUHOW.

301010 (Au) — MATKHIHA, JIETKO TATYYHUH METaUT )KEJITOTO 1BETA C CHIIBHBIM
OieckoM; TWIOTHOCTH 19,26 r/cM’; TemnepaTypa mnasnenus 1063° C; Temneparypa
kunenusa 2530° C; teepanoct HB 18 — 20; obnmagaeT 3HaunTENbHON MEXaHUUECKOH
IPOYHOCTEIO (IIPOBOJIOKA M3 30JI0TA CEYEHHEM | MM® pasphIBAeTCA MOJ HArPy3KOM
270 MIla); merko moamaeTcss KOBKE W MPOKATy. B XUMHUECKOM OTHOIICHUH 30JI0TO
OTJIMYAETCS MaJIbIM CPOJCTBOM C JPYTUMH 3jeMeHTamMu. C KUCIOPOJIOM BO31yXa
HETMOCPEACTBEHHO He coenuusercs. [Ipm HopManbHOW TeMmepaType Ha HEro OKa-
3BIBAIOT ACHCTBUE XJIOP, OpoM u rop. Jlydimme pacTBOPUTENH — CMECH, BBIACIISIO-
e xjop. [loa neficreuem xjopa npu temneparype 200° C metajmnueckoe 30J10-
TO MPEBPALIAECTCA B XJIOPHOE, XOPOIIO PACTBOPUMOE B BOje. B cMmecn a30THON u
COJITHOW KHCJIOT («IIapCKOM BOJKE») METAJUTMUECKOE 30JI0TO PACTBOPSAETCA H
npespaniaercess B xjopHoe. Pacmiasiennoe 30010 (mpu temmneparype 1063° C)
uMeeT TIoTHOCTE 17,3 r/eM’, a TBepaoe — 18,2 r/eM’, uTo 00ycnOBIMBAET 3HAUM-
TEJIbHYIO €T0 YCAAKY ITPU 3aTBEPACBAHUM.



Cepebpo (Ag) — KOBKHH, TATyumii MeTayul OnecTsiie-0enoro mBeTa; TioT-
nocte 10,49 r/cm’; Temneparypa mmasnenms 960,5° C; Temmeparypa KHIIEHHS
1955° C; tBepnocth HB 25; obGnagaer HauBbICIIEH OTpaXKaTebHONM CITIOCOOHOCTHIO
(94%); nerxo moamaeTcs MOJUPOBKE, XOPOIIO MPOBOIAUT 3JIEKTPUUECTBO U TEIJIO;
MPOKATHIBAECTCS B TOHKKE JTUCTHI TOAIMHON 10 0,00025 MM U BBITATMBAETCS B TOH-
YyalIyo MpoBOJIOKY. Tak Kak cepeOpo OUeHb MATKHA METALJI, B FOBEJIUPHOM JEJIe
€ro MIPUMEHSIOT TOJIPKO B BU/IE CIUTABOB (HaIlle BCETO ¢ Mebi0). B uncTom Buae ce-
peOpo UCIONB3YIOT JIA cepeOpeHUs Pa3IMUHBIX U3JCIHUNA U3 HEAPAroeHHBIX Me-
TaJIJIOB.

[Tnatuna (Pt) — koBKHI MeTAIIT cepeOprUCTO-0€IOTO MBETA, C CEPOBATHIM OT-
TEHKOM, I10 LIBETY U OJIECKY HAIIOMMHAIOIIMIA 0JIOBO; IIOTHOCTH 21,4 r/em®; Temne-
parypa miasnenusa 1773,5° C; remneparypa kunenua 4300° C; teepnocts HB 50,

Uucras miiaruHa Msarka. [ yBeIuyeHus TBEPOCTH U MPOYHOCTH €€ CIUIaB-
JAOT C POAMEM, UPUAMEM, MAJJIAJMEM, 30JI0TOM, cepeOpoM, MeAbo U mp. Tsry-
YECTh YMCTOM MJIATUHBI MPUOSIMKACTCS K TArydecTH 3o0ji0Ta. CoJsisiHasA, a30THAA U
CEpHasl KUCJIOTHl OPO3Hb HA IJIATUHY HE ACHCTBYIOT. PacTBOpsieTCS OHA TOJIBKO B
CMECH a30THOM M COJITHOW KHCJIOT, 00pa3ys MpH 3TOM XJIOPHYIO IUiaTuHy. B pac-
MJIABJICHHOM COCTOSIHMM IIJIaTMHA MOTJIolIaeT BoAopod. B mpousBoacTBe roBeaup-
HbIX W3JCJIMHA TJIaTHHA IAPOKO MPUMEHAETCS KaK onpasa Jyisi OPUJUIMAHTOB, JUIS
W3rOTOBJICHUS OpAciieTOB, LIEMOUYEK, KOJICIl M KaK COCTAaBHAs 4acTh HEKOTOPBIX
CIJIaBOB C 30JIOTOM.

CBolicTBa METAIJIOB TUIATHHOBOM TPYMIBI (CIYTHUKOB TUTATHHBI) — TMaJljia-
TS, UPUIAS, POJIAS U OCMUS — CXOJTHBI CO CBOMCTBAMU TIJIATHHBI.

[Nannagwii (Pd) — xkoBKwMiA, TATY4YH MeTaT cepeOpUCTO-0eNoro BeTa; MmiIoT-
HocTh 12,16 r/cm’; Temneparypa mnasnenus 1554.5° C; Temmeparypa KHIEHHS
2200° C; tBepnocts HB 52; oTrpaxarensHas cnocoObHocTh 65%. [lannanumii pacto-
pAETCS B A30THOM KUCIIOTE, B CMECH a30THOM M COISTHON KUCJIOT, B TBEPJIOM U KU/ -
KOM COCTOSHUM TIOTJIONIACT BOAOPO.

Wpuanit (Ir) — TBEpABIH, XpyTKHAA METAIIT OEITOTO 1BETA C JISTKUM CEPBIM OT-
TEHKOM; IUIOTHOCTL 22,4 r/cM’; Temmeparypa mnasienus 2454° C; temmeparypa
kunenus 5300° C; teepaocts HB 172. Ilpu HakanuBaHuu n1oKpacHa upuaui odna-
JA€T HEKOTOPOH KOBKOCTBIO; 00paboTKa €ro BCIEACTBUE BBICOKOW TBEPAOCTH 3a-
TpyaHUTENbHA. KHUCIOTH M pacIiyiaB/iCHHbIE IIENOUYM Ha HETo He neiictyroT. Upu-
MW TIPUMEHSETCA TJIaBHBIM 00pa30oM B BUJIE CIUIABOB C IJIATUHOW WU JPYTUMH Me-
Tajiamu. JloGaBka MpUAKS K IUJIATUHE 3HAYUTENIbHO YBEJIMUUBAET €€ TBEPJOCTb.
CniaBel UpUIKA € TJIATUHOW MPUMEHSIFOTCS TPU U3TOTOBJICHUU IOBEIUPHBIX U3Je-
Jvi, 3y00BpaueOHbIX U XUPYPTrUUECKUX UHCTPYMEHTOB U T. 1.

Pomwmii (Rh) — xpynkuii Mmetayn 6yeqHO-roay0oro 1BeTa, MOX0XKUI Ha alto-
MMHHH; WI0THOCTE 12,41 r/em’; Temmeparypa miasnenus 1966° C; temneparypa
kunenus 4500° C; teepaocts HB 101; orpaxkarensnas cnocooHocts 70 — 80%.



Pyrtenuii (Ru) — TBeppiii, XpynKuii, TYyromiaBKui MeTamt cepedbpucto-oe-
1010 1BeTa (OUYeHb MOXO0XK Ha INIATHHY ), INIOTHOCTH 12,2 r/cM’; TemmepaTypa Imias-
nenus 2450° C; remneparypa kunenus 4100° C; teepnocts HB 220.

JlparonieHabIe METaUThl 00JIaAI0T BRICOKOH CTENEHBIO TUIACTUYHOCTH, OJTHA-
KO MPUMEHECHHE UX B YUCTOM BH/JIE B FOBEIIMPHOM TIPOM3BOJICTBE OTPAHUUICHO HM3-32
HEJIOCTATOYHOM TBEPAOCTH M U3HOCOCTOMKOCTH. [103TOMY 1151 M3TOTOBIICHHS I0BE-
JUPHBIX W3ACINH, KaK TPABWIO, WCIIONB3YIOT WX CIUIaBBl ¢ APYTHMH METajUIaMH.
W3mensas cocTa CIutaBoB, MOKHO M3MEHATHh WX CBOMCTBA: TBEPAOCTH, TPOYHOCTD,
MJIACTUYHOCTH, 1BET, KOPPO3ZHOHHYIO CTOWKOCTD, IMJIOTHOCTh, TEMIIEPATypy TUIaB-
JICHUA U Jp.

CriaBbl 30J10Ta TOJTYYalOT, UCTIONB3YST B KAUECTBE JICTUPYIOIINX 3JIEMEHTOB
cepebpo, Menb, TUTATHHY, TTAJUTaIni, TUHK, kKaamuid. Hanbonee gacto mis u3roTos-
JIEHVA FOBEJIMPHBIX U3JIECIIMKA UCTIOIB3YIOT TPOMHBIE CIUUIaBbl CUCTEMBI 30JI0TO — CE-
pebpo — Mep; pexke — IBOWHBIC CIIaBbl CUCTEM: 30JI0TO — cepedpo W 30JI0TO —
Menb. B oTAenmbHBIX ciydasx, Koraa HeoOXOAMMO TOJYUYHTh PA3IMUHO OKpAaIleH-
HbIE CIIJIaBBI 30JI0TA, B HUX J00aBIAIOT IJIATUHY, TNaJlJIaJui, KaaMui, cepedpo,
IIWHK, HUKEJTh, MEIb B IpyTHe MeTauthl. Tak, mpubaBka Mey MPUAAET 30JI0TY IIBE-
Ta OT XXEJITOro A0 KpacHOTo, mpubaBka cepedpa — oT OJIeAHO-3€JICHOTO JI0 MOYTH
Oenioro 1Beta, NpuOaBKa KaaMus — 3€JICHbIN 1[BET, NpubaBka najuiaaus — Oypblid
uu Oenblid, mpuOaBKa MIATUHBI — OeNbliA, MpUOaBKa HUKENSA — OJI€AHO-KEIThIH.

CepeOpsiHble FOBEIUPHbBIE U3JIETUSA U3TOTOBJISIIOT B OCHOBHOM M3 CEpeOpsSHO-
MEIHOTO CIuIaBa, coaepxariero 87,5% cepebpa u 12,5% memu (CpM 875). s
MPOM3BOCTBA WM3CIAMA, TTOKPHIBAEMBIX SMaJIbI0, IPUMEHSAETCS CIUIaB, COACpKa-
it 91,6% cepedpa (CpM 916), a misa punurpaHHbIX W3ICIHNA CIUIaB, COIEPKa-
it 96% cepedpa (CpM 960). B HekoTOpHIX Cydasx MPUMEHSIOT CIUIaBBl cepe-
Opa ¢ ITUHKOM, KaJIMUEM, HUKEIIEM 1 aTFOMAHUACM.

CraBbl TIATHHBI IPUMEHSIFOTCS B IOBEJIMPHOM JIEJIE NIl M3TOTOBJICHHS BEP-
XYIIIeK ¥ KaCTOB KOJICI] M CEPET, a TAKXKe /TS KPETUTCHUs OPUILTHAHTOB.

[Ipy HM3rOTOBNCHUM FOBEIUPHBIX HW3ACTUN MPUMEHSETCS CIIAaB MajlIaaus
850-# mpoOslI, conepxaimuii 85% namnaaus, 13% cepedpa u 2% Hukens.

K nBeTHBIM MeTaniaM OTHOCATCS ME/b, HUKENb, A TFOMUHAN, IUHK, KaIMUHN,
CBHHECII, OJIOBO, XpOM HU PTYTh. OHH MPUMEHSIOTCS B IOBEIIMPHOM TPOU3BOJICTBE
Yarie BCEro B CIUIAaBaxX C IPYTUMHU METAJUIAMH.

Menp (Cu) — MeTa/ul XapakTepHOro KPACHOTO LBETA, INIOTHOCTE 8,93 r/cm’;
temneparypa nasiaenus 1083° C; remneparypa kunenus 2310° C; teepaocts HB
35. Menp BXOAWT B COCTAB MHOTHX CIJIABOB M MPUMEHACTCS TAKXKe /IS JISTHPOBA-
HUA 30JI0Ta U cepedpa, TMOMYyUCHHs 30JI0ThIX U CEepPeOPSHBIX MPUIIOEB, U3TOTOBJIC-
HUS YEPHH U IPYTHUX MPON3BOJICTBEHHBIX MOTPEOHOCTEH.

JlaTyHm, MOy TOMITAaKH W TOMTIAKH — STO CIUIaBbl Meaw ¢ IuHKOM (4 — 40%),
WHOT/Ia ¢ moOaBKaM¥ CBHWHIIA, OJIOBA, XeJie3a, HUKeNs 1 Ap. [[Ber maryHu mo mepe
YMEHBIIIEHUA B CIJIaBaX COJEPKAHHWS MEAM TOCTEMEHHO MEPEXOJUT OT MEIHO-



kpacHoro (He meHee 90%) K 3010THCTOMY. OTH CIUIaBBl UMEIOT HU3KYIO KOPPO-
3MOHHYIO CTOHKOCTb, UTO TPEOYET TOMOJHUTEIBHOTO MOKPHITUA U3JENIUI U3 HUX.

Hukens (Ni1) — mertamn cepeOGpucTo-0e10ro IBE€Ta C CHIJIBHBIM OJIECKOM;
mIoTHOCTL 8,9 r/cM’; Temmeparypa miapiaenus 1455° C; Temmeparypa KHIEHHS
3000° C; tBepmocts HB 70. Hukenb TBEpA, TYromjaaBoK, TMOOK, KOBOK W TATYY,
MPOKATHIBAECTCS B OUCHb TOHKUE JIUCTHI U BBITSATUBACTCS B MPOBOJIOKY; JETKO MOJIH-
pyercs. Cruias 30510Ta Npu A00aBKE HUKEIA MPUOOpeTaeT OSbiii 1IBET.

Heitzuns0ep — cnag, coaep:xkaimii 65% meau, 15% uukens u 20% nuHka;
moTHOCTE 8,45 r/cM’; Temmeparypa mnasnenus 1050° C. IIpumenseTcs HEH3UIIb-
Oep M1 U3rOTOBJICHUS MOCY/ bl U CTOJIOBBIX TPUOOPOB.

Mensxuop — cmias, coaepsxaiiuii 80% menu n 20% HUKEA, MITOTHOCTH 3,9
r/em’; Temneparypa miasnenns 1170° C. Cnnap o6magaet GONbIIONH TATYYECTRIO B
Jerko oOpalaThiBaeTCsl B XOJOJHOM COCTOSIHUM, MPUTOACH Ui Ty OOKO#
ITAMIOBKUA. MeNbX1op MUPOKO MPUMEHSIOT U1l M3TOTOBJICHUS PA3IMUYHON MOCy-
JIbl, CTOJIOBBIX MPUOOPOB € MOCIEAYIOIIUM CEpEOpPEHUEM, MPEAOXPAHSIOIINM U3 e-
JUS OT KOPPO3UW M TIPUAAIOIINM UM KPACHBBIN BHEITHUHA BUJ. MeETbXHOp UCIIOh-
3yeTcs Tak)Ke Kak OIpaBa JUisi apMUPOBAHUS XPYCTATBHBIX M3JCNAN (Ba3 IS 1Be-
TOB, CAaXapHUIL U TIP.).

Amomvunawnii (Al) — macTHIHBIA MeTalT cepeOpUCTO-0eNIoTo 1BETA ¢ TOTy00-
BATHIM OTTEHKOM; IJIOTHOCTH JINTOTO aloMUHHUA 2,56 r/cm’; mpokartanHoro 2,70
r/cM’; Temmeparypa miaasienus 659° C; teepaocts HB 20. AmoMunuit X0pomo
MPOKATHIBACTCS, IITAMITYETCA U KYETCS.

[uuk (Zn) — TAKENbIA METaNlI, CHHEBATO-CEPOTO IBETA C CUJIbHBIM METaJ-
NTAYECKUM OeckoM, TUIOTHOCTh 7,14 r/cm’; Temmeparypa mnapnenms 419.5° C;
temneparypa kunenua 906° C; teepaocts HB 35. [IpumensieTcs ajisi cOCTaBICHUS
HEKOTOPBIX CEepEeOPSAHBIX CIUIABOB M M3TOTOBJICHUS 30J0THIX M CEpeOpPAHBIX
MIPUIIOEB.

Ceunen (Pb) — oueHp MATKMiA, TATY4YH METAIJT CHHEBATO-CEPOTO IIBETA C
CUJILHBIM Oj1eCKOM, MIOTHOCTE 11,34 r/cm’; Temneparypa mnasnenus 327° C; tem-
neparypa kunenus 1525° C; teepnocts HB 4. [IpumenseTcs Ajis noayueHus: Msr-
KHUX MPUTIOEB, a TAKXKE JIs1 TPUTOTOBJICHUS YEPHHU.

OnoBo (Sn) — xkoBkUH MeTa cepedpucto-Oenoro nsera. [lmoraocts 7,31
r/cm’;, Temmeparypa mnasiaenmsa 2319° C; temneparypa kunenus 2275° C;
tBepaocTs HB 5. OnoBo BXOAWT B COCTAB MATKHUX MPUITOEB U OPOH3HI.

Kpome meTamioB, B IOBEIMPHOM MPOU3BOJCTBE MCHOJB3YIOTCS Pa3jiuyHbIC
MJIACTUYECKUE MACChI, KOCTb, JIAKH.

[InacTudeckre Macchl MPECTABIAIOT COOOM CPAaBHUTEBHO HOBBIMA BU MaTe-
pHAJIOB, KOTOPHIA B HACTOSAIIECE BPEeMs IIMPOKO MPUMEHSAETCS B IOBEJIUPHON MpO-
MBIIIJIEHHOCTH KaK 3aMEHUTENb JOPOTOCTOSIIMX CaMOIBETOB, XKEMUYTa, KOpaJlia,
SHTAPSA, CJIOHOBOW KOCTH M JIp., a TaKXX€ KaK MaTepuaj s U3TOTOBJICHUS (PyTIIs-
POB K IOBEJIMPHBIM M3JIeUAM. Bbicokas MexaHnueckass MPOYHOCTh, OOJIbIIAA CBE-



TOCTOMKOCTh, XUMHUUECKAsT CTOMKOCTH, BHICOKAS TIACTUYHOCTD, MPEKpacHas OKpa-
IMTUBAEMOCTh, XOPOIIHK OJIeCK, TPO3PAYHOCTh, YAadHAs WMHUTAINS CaMOIIBETOB, a
[JIABHOE BO3MOXHOCTh OBICTPOTO U JIETKOTO MAacCCOBOTO M3TOTOBJICHUS FOBETUPHBIX
W3JICTUH W3 STOTO MaTepuaa MyTeM MPecCoBaHus B mraMmax (mpecc-hopmax) ne-
JIaeT WX BHICOKOKAUYECTBECHHBIM MAaTEPHAJIOM JJIS IOBEITMPHON TPOMBITIUICHHOCTH. B
HACTOAIIEE BPEMS IIUPOKO MPUMEHSIOTCA JIBA MJIACTUKA: MOJMCTUPON U aKpUJIaT.

OcHoBHBIEC TPEOOBAHUS, IPEABABIISIEMBIC KO BCEM OKPAIICHHBIM MPECC-MaTe-
puajnaM, cBoAITCS K cieayroniemy. [Ipecc-marepuansl, OKpalieHHbIE B JIIOObIE 11BE-
Ta (Kpome 6eJ10T0), TOJKHBI OBITH MOy TPO3PAYHBIMHE, JKEJIATEIHFHO HATMINE Ooee
T'YCTBIX (MaTOBBIX) MPOXKWIOK. He momyckaroTcs TOUeuHbIe BKpAIICHUS HEOKpa-
MEHHOTO (WM APYTroro IBETa) MaTepuajia BenuunHoi Oonee 0,5 MM, a Takxke, Me-
xaHuueckue npumecu. OKpacka A0JKHA ObITh MPOU3BEJCHA KPACUTEIAMU, HE Pa3-
JIArafoIUMUCS TIOT ACHCTBHEM TTPUMEHSIEMO B MOMEHT TIPECCOBAHMS TEMIIEpaTy-
PBI, ¥, KPOME TOTO, KPACHUTEIHN TOJDKHBI OBITh CBETOMPOUYHBIMH. TEXHOTOTHUECKHMA
MPOLECC U3TOTOBJICHUS U3JICTUN U3 3TUX MATEPUAJIOB CPABHUTEIILHO HECJIOMKEH.

KocTh — 1nieHHBIN TTOACTIOYHBIH MaTepraj Il M3TOTOBJICHUS PA3IMUHBIX XY-
JIO’KECTBEHHBIX M3JEuN. B IOBETUPHOM Jiej€ MCHOJIb3YIOT CIOHOBYHO), MAMOHTO-
BYIO, MOPXKOBYIO KOCTH, a TakKe TPyOUaTyr0 KOCTh KPYITHBIX JAOMAITHUX XKHUBOT-
HBIX.

Jlakm — 3T0 pacTBOPBI TBEPBIX WJIH KHUAKUX TUICHKOOOPA3yIOMIMX BEIICCTB B
JETYUHX pacTBOpUTENAX. JlakoBas TUIeHKA, HAHECEHHAA HA JKUBOMHUCHYIO TMOBEPX-
HOCTh, TIPEAOXPAHSIET €€ OT BJIArd, MBLTH, TPEXKICBPEMEHHOTO Pa3pyIIeHUs, yCH-
JUBAaCT ONTHYECCKUH A(DPEKT KUBOMMUCHO-KPACOYHOTO CJIOS KAPTHUHBI, TPHIaBAs
KpackaMm riiyOWHY ¥ 3ByYHOCTH TOHA.

B roBenupHOM MPOU3BOACTBE YIOTPEOSIOTCS PA3IMUHBIE KUCIOTHI, IIETOUH
U COJIH.

KucnoTsr mpuMeHSIOTCS /TS paCTBOPEHUS METAIIOB U SIBJISIOTCA HEOOXOIM-
MbIM MAaTEPUAJIOM NP MHOTUX Tpolieccax 00paboTKu U3ACTIUM.

Cepnas kucmota (H.S0,) — macnsaucTas, OecriBeTHAs TsHKEIAs XHUIKOCTD,
mnoTHOCTH 1,84 1/cM’; Temneparypa kunerus 338° C. IIpumeHseTcst cepHas KUCTIO-
Ta MPU TPABJCHUHU, XPOMUPOBAHUH, HUKEIMPOBAHWUHU, METHECHUH, ITMHKOBAHUH H
JIEKaAPOBAHHUH.

Asornas xucnora (HNO;) — GecuperHas »MAKOCTb, INIOTHOCTE 1,52 r/cm’;
temneparypa kunenus 86° C. [IpuMeHsercs mpu TPaBACHUH APArOLEHHbBIX U 1IBET-
HBIX METAJ/UIOB. A30THAs KUCJI0TA BXOJNUT B COCTaB «IIaPCKOM BOJKHY .

Consnas xkucimota (HCl) — GecriBeTHast ®KUAKOCTh C PE3KAM XapaKTEPHBIM
3amaxoM; WIOTHOCTE 1,19 r/cm’. [IpuMeHSETCs IIPU TPABJIEHHU YEPHBIX M IBETHBIX
MetauioB. He pacTBopsAeT minatuny, 30J0T0 U cepedpo. Mcnonp3yerces i ocaxae-
HUA cepedpa U3 €ro pacTBOPOB, a TAKXKE IS IPUTOTOBIICHHS «ITAPCKON BOIAKNY.

«Ilapckas Bomka» — cmech ogHoM yactu azotHod (HNO;) m mByx-Tpex ua-
creit comaaort (HC1) xucmot. XKuakocTh KpaCHO-KOPUIHEBOTO I[BETA, PACTBOPSCT



METAJIJTbl, HEPACTBOPUMBIE B KAXKI0H M3 3TUX KUCIIOT B OTAEIBHOCTH (30JI0TO, TUIA-
THHY ). OTO OOBACHIECTCS TEM, YTO MPH CMEIIMBAHUHN KUCIIOT TPOMCXOANT PEaAKITHS,
B pe3yJIbTaTE KOTOPOH BBIAEIAETCS CBOOOAHBIN XJIOP, NEPEBOAAIIMN METAJLT B pac-
TBOPUMOE XJIOPUCTOE COEUHEHUE.

K pacnpocrpanennsiM mienodam otHocsTcs enkuii Hatpui (NaOH), emxuit
kanuit (KOH) n namareipusiii cnivpt (NH,OH).

Enxuit kammii (KOH, ruapar okucu kamus) — [pumenserca npu o0e3xupH-
BAHWH W OKCHIWPOBAHUH.

Hamatsipusrit cimpt (NH,OH) — mpumensercs s HEWTpanw3alid KHC-
JIOTHI HA U3JENHAX MOCIE TPABIEHUA U TSl IPYTUX LIENEH.

bypa — npumeHnsaeTca npu MmIaBKe META/UIOB W MPHU TASHUH (3aIIHUINACT Me-
TaJT OT OKUCIICHHUSA).

Mennsiii kynopoc (CuS0,, ceprokucias menp) — [Ilpumensercs npu MemHe-
HUWW, JIATYHAPOBAHUHU U OKCUINPOBAHUH.

Cepnoxucnas 3akuch — okuch meau (conb Lllespens) CuS0; x Cu,S05-2H0.
[TpumensieTcst mpyu METHEHWUN W JTaTYHUPOBAHUH.

Xnopucroe cepedbpo (AgCl) mpumeHseTcs mpu COCTABICHUH AJICKTPOJIUTOB
TSl cepeOpeHu .

[{nannucroe cepebpo (AgCN) — mpumeHseTcs B rajbBaHOTEXHUKE TPH CO-
CTaBJIEHUU JIEKTPOJIUTOB CepEOPEHHUS.

Jlnmmanaypar, THIHAHAPTEHTAT — COJIU, MPUMEHSIOIITUECS UTS PUTOTOBJIC-
HUA EKTPOJIUTOB 30JI0YEHUSA U CEPEOPEHUS IOBEIMPHBIX U3IETTUH.

XJI0pHOE 30J10TO MPUMEHSETCS MPU COCTABIIEHUH U KOPPEKTUPOBAHUM AJIEK-
TPOJIUTOB ISl 30JIOUECHHS.

ABOTHOKHKCIIOE cepeOpo MPUMEHAETCS MpU cepeOpeHru. A30THOKUCIIOE Ce-
pedpO AAOBUTO, JIETKO PACTBOPAETCS B BOJE.

1. TEXHOJIOTHYECKHE OCHOBbBI IIPOU3BOACTBA IOBE-
JIMPHBIX U3JIEJINU METOJIAMMU JINTbA

1.1. JIuTelinbie MaTepuasbl U (POPMBbI
Jlexkus 2

1. TeopeTnueckue OCHOBHI IPOU3BOICTBA PE3UHOBHIX MPecc-(hOpM.

2. PesuHOBBIC cMecH JUIS UX TIPOM3BOJICTBA.

3. CpoiicTBa pe3mHOBOI Tpecc-(POpMBI: MPOYHOCTh, 3JIACTHYHOCTH, CTOM-
KOCTh K TEPMOOKHCIIUTESIIBHOMY CTaPCHHIO U aJre3Hs K MOJACILHOMY COCTaBY.

4. TemnepaTypHO-BpEMEHHBIC TTAPAMETPHI BYJIKAHHU3AIUH.



[Tonyuenne KadeCTBEHHBIX PE3WHOBBIX Mpecc-popM MO METAUTHUECKON
MacTepP-MOJICH — OJHA M3 BAXHEHIINX CTAINH TEXHOJIOTHICCKOTO MPOTECCca U3TO0-
TOBJICHHS OTJIMBOK M3 CIUIABOB 30JI0Ta U cepedpa. Ha mpakTuke 3T0 OCyIIEeCTBIAET-
Csl TyTeM BYJIKAHU3AIMHU CHIPOW PE3WHBI B 00BEME ¢ METAUTUUYCCKUM STaJIOHOM
BHYTPH Macchl pe3nHbl. CBOWCTBA PE3WHOBON mMpecc-(hOpMbl — MPOYHOCTH, SJja-
CTHYHOCTbH, CTOMKOCTh K TEPMOOKHUCIIMTEILHOMY CTapEHHUIO, aire3us K MOJICIbHO-
MYy COCTaBY U JIPYyTHE — OMPEIENSAIOTCS COCTAaBOM 3JaCTOMEPA U PEKUMOM BYJIKA-
HU3AIWH,

®opMOBOYHBIEC PE3UHBI MOTYT OBITh B BHJE YIPYTHX JIUCTOB WJIH OJIOKOB, B
macToo0pa3HOM BHJIE, a TaK K€ B KUJAKOM. JINCTOBBIE PE3UHBI TOPSUCH ByJIKaHW3A-
MM Ha OCHOBE HATYPAJHHOTO KaydyKa SBJIAIOTCS HauOoJiee PacipOCTPAaHCHHBIMHA
BHJIAMH PE3WH, MPUMEHIEMBIX B IOBEJTUPHOM MPOU3BOCTBE. TUMUIHBIMHA MPEICTA-
BUTCIAIMHA JAaHHOTO BHUJA, CTABITUMHU (PAKTHUCCKAM CTAHAAPTOM B FOBEIUPHOM
MPOU3BOCTBE, ABJIAIOTCS PE3UHBI, Bhiyckaembie kommanuei F.E. Knight Castaldo
(CIIA). Texnonorust paboThl ¢ STUMH PE3MHAMH XOPOIIO OTIAKEHA U, KaK MPaBH-
70, HE co3aaeT npoodneM. JIucToBeie macTooOpa3Hble PE3MHBI ropsYei ByJIKaHU3a-
MY HAa CHJIMKOHOBOW OCHOBE CIEIUAIBHO pa3padoTaHbl I TEXHOJIOTHH JIAThHS TIO
BBITUTABJIAEMBIM MOJCIIAM JUTS TIPOU3BOJICTBA BHICOKOKAYECTBEHHOTO FOBEIUPHOTO
authA. Jlia paboThl ¢ TAKUMA PE3WHAMHA UCTIONB3YIOTCS TPAIUIIMOHHBIE METOAB 1
obopynoBanue. [lactooOpa3Hbie pe3WHBI JIETKO YKIIAIBIBAIOTCA B (hOpMY, HUKOT 1A
HE JAIOT My3bIPei M TIPH TUIOTHOM YKIJIAKE 3aITOTHSIIOT BCE MYCTOTHI, T.K. YBEITHIH-
BAIOTCS B 00BEME TP ByJIKaHW3aIuu. Pe3nHa He B3aMMOICHCTBYET C MaTepraioM
MOJICITA, YTO 3HAUUTEIHHO YJIYUIIaeT KAU4eCTBO €€ MIOBEPXHOCTH.

PaccMoTpuM TEXHOMOTHUYECKH TPOIECC M3TOTOBJICHUS PE3WHOBBIX TIPECC-
dbopM s TOMYyYEHWS OTJAWBOK C ABYCTOPOHHUM penbedom. g momyueHus
BOCKOBOW MOJAENH HEOOXOAMMO WM3TOTOBUTH 3TAJIOH MOJenu — obpasern (Macrep-
MOJICITb), @ IO HEMY — PE3WHOBYIO mpecc-popmy. [ist M3roToBICHUS TANIOHA MO-
JICJTH Yalle BCeTO MCIOJB3YIOT CIUIaB 30510Ta S85-# mpoOkl; TPH 3TOM MOBEPXHOCTh
€ro AMEKTPOJUTHUECCKH TMOKPHIBAIOT POAMEM. DTO HEOOXOAMMO, TaK KaK BYJIKaHH-
3a1|s Pe3UHBI MPOUCXOIUT TIPH TTOBBIIMICHHBIX TEMIIEPaTypax, a B MPOIIECCe BYJIKA-
HU3AIMN W3 PE3UHBI BHIJACIACTCS HEOOJBINOE KOMMUECTBO a30THOW KUCIOTH. [lo-
BEPXHOCTh 3TajJIOHA AOJKHA OBITh THIATENIbHO 0OpaboTaHa M OTMOJIMPOBAHA, TaK
Kak Bce Ae(eKThl ATajloHa OyayT MEPEHOCUTHhCS Ha OTiauBKH. Kpome Toro, 3TajoH
JIOJKEH UMETh HECKOJIBKO OOJTBIITHE Pa3Mepshl, UeM roTosas MoAelb (Ha 5 — 6 %) —
M3-3a YCAJKH XHUIKOTO METAJJIa TP 3aTBEPJICBAHWH OTIMBOK M HEOOXOAMMOCTH
MPUIYCKa HA MEXaHWUECKYI0 00paboTky. K »Taiony KpemuTcst MOenb JINTHUKA C
3a7IMBOYHON BOPOHKOM.

JIs W3TOTOBJICHHUS PE3MHOBOM Mpecc-QOpMBI OTOKA C HAMPABIIAIOTITUMH
mTudTaMy YKIAJABIBACTCA HA TIIAAKYIO OMOPHYIO TUIUTY (HANpUMEp, CTCKIISTHHYIO)
OCHOBAHHWEM BHH3 W 3aMOJIHACTCS TUIACTHJIMHOM, B KOTOPBIA BIABIUBAIOT J0 MOJIO-
BHHBI STAJIOH MOJIeNH. Jlajiee yCcTaHaBIMBAIOT HAa TIEPBYIO OTIOKY BTOPYIO M 3aJIMBa-



0T €€ pacTBOPOM rurca B Bofe. [locne 3aTBepaeBanus rumca onoky nepeBopayuu-
BAIOT W yJQIAIOT TUIACTHJIMH, 3TAJIOH MPH 3TOM OCTAETCs B TUIICOBOH (hopme. B
TUTICE JICTIAIOT HECKOJIBKO YTITy OJICHHI, KOTOPBIE TTO3THEE CTAaHYT HAMPABJIIOIIAMHA
BBICTYTIaMHU Pe3uHOBOM (hopmbl. ChIpYyIO pe3WHY pa3pe3ar0T Ha KyCOUKWA W HAIOJ-
HAIOT UMH BEPXHIOIO TOJI0OBUHY (hopMbl. OTMOKHM YCTaHABIMBAIOT HA BYJIKAHHW3AIU-
OHHBIH TIpecc U MOABEPTarOT ByJKaHu3auu. [locie 3Toro rumnc pa3ouBaroT, U3BJe-
KAlOT Y TIIATENIbHO OYMINAIOT 3TAJIOH MOJCIH U pe3nHOBYIO monydopmy. [locnen-
HIOIO TIOCHITIAIOT TAJIbKOM M YKJIaJbIBAIOT B HEE ATAJIOH MOJEIH. 3aTe€M OMOKa pac-
MOJIAraeTCs TakK, YTO TOTOBAs PE3MHOBAS MONydopMa, HAXOAUTCS BHU3Y, a BTOpas
MOJIOBMHA 3TAJIOHA MOJENIM 3aChIMAaeTCsA KyCOUKaMU ChIpOH pe3uHbl. Jlanee mpowus-
BOJIAT BYJIKAHU3AIMIO PE3UHBI BTOPOH TOTy(HOPMBI 1 TTOTyJar0T 00€ YaCTH PE3NHO-
BOI mpecc-popmbl. Ecnu ncmonb3yercs 3TanioH MoAenu 0e3 JTUTHHUKA W 3aJIMBOY-
HOM BOPOHKH, TO OHW B PE3UHOBOH TIpecc-(popMe BBIPE3AIOTCS FOBSTUPHBIM HOMKOM.
[Tpu m3roromiaeHnn mpecc-GopM Ui MPOCTHIX MOJEICH IOBEIMPHBIX W3-
JUH OCTaTOYHO MOMECTHTD 3TAJIOH MOJACITA MEXKTy ABYMS TUTaCTUHAMH CHIPOH pe-
3WHBI COOTBETCTBYIOIIEH TOJIIMHBI W BYJKAaHU3UPOBATh WX IO MPECCOM. DTajoH
MOJIETIM BJABJIMBAETCS B Pa3MATUYECHHYIO PE3MHOBYIO Maccy. HemocraTok sToro me-
TOAAQ B TOM, YTO 00€ PE3NHOBBIC TJIACTUHBI «CBAPUBAIOTCS» W YTOOBI M3BJICUD JTa-
JIOH ¥ OTJIUTH 3aT€M BOCKOBYIO MOJIENb, Mpecc-(popMy HEOOXOIMMO pa3pe3arsb.
Bribop onTEManbHOTO TEMIIEPaTyPHO-BPEMEHHOTO PEXUMa BYJIKAHWU3AIHAH,
obecreunBaonero HeoOX0AUMOE KauyeCTBO TPecCc-(pOpPMBbI, TOJDKEH MPOBOAUTHCS
Ha OCHOBAHWH COTIOCTABJICHUA MPOIECCOB HArPeBa M CTPYKTYPUPOBAHMUS, TIPOXOIS-
X OJHOBPpeMEHHO. CyIeCTBOBAHUE ONTHMAIBHOTO PEXNUMa HEU3OTEPMHUUCCKOM
BYJIKaHHU3AIMH TPEOYyeT COTIAaCOBAHHOTO ¢ KHHETUKOW CTPYKTYPHPOBAHUS PEXKHMA
HarpeBa, a TPYJAHOCTH PETYJIUPOBAHMS TEMIIEPATYPHOTO TOJIA MPUBOIAT K HEOOXO-
JUMOCTH, Pa3pabOTKN KPHUTEPUEB OICHKW XapPaKTEPUCTUK BYJIKAHWU3AINHA W3
CBOMCTB PE3MHOBBIX cMecei. [Isi OeHKM BPEMEHHM TPOTPEeBa M3 KPUTEPUS TOMO-

2
XPOHHOCTH TEIUIOBBIX MPOIECCOB MCIOJB3YIOT mapaMerp T= YR / a,(V — popm-

dakTop, R — xapakTepHBIA pa3Mep u3aenus, ¢ — TeMIeparypornpoBOAHOCTh MaTe-
pHuana), MO3BOJIAIONIMKA I PA3IMUHBIX T€OMETPUUCCKUX Pa3MEPOB BYJIKAHU3HPY e~
MOTO W3JENINS YCTAaHABIMBATh BPEMA MPOTPEeBa LICHTPAIbHOM, Haubosee TpyaHO-
MPOrPEeBAEMOM 30HBI.

[Ipouecc ByJIKaHW3ALMKM PE3UH COMPOBOXKAAETCS OOpPA30BAHMEM IPO-
CTPAHCTBEHHON CTPYKTYPBI NOIEPEUYHBIX CBA3EH, UTO NMPUBOIUT K CYILIECTBEHHBIM
W3MEHEHHUAM 3JTACTUYECKUX CBOWMCTB Marepuayia. B 3aBUCHMOCTH OT THNA 3J1aCTO-
Mepa ¥ BhIOOpA BYJKAHHU3YIOIIEH CHCTEMBI (DU3MKO-MEXAaHHMUECKUE CBOWCTBA BYJI-
KaHW3aTa TAK)KE M3MEHSIOTCS, TOCTUTAass MaKCUMyMa (10 HEKOTOPBIM TOKa3aTeIsIM
— MAHAMYMAa) TIOKA3aTeNe CBONUCTB Uepe3 pa3IMuHbIe TPOMEKYTKH BpeMeHu. [
psana GU3NKO-MEXaHMUECKUX CBOWCTB (TYCTOTHI MPOCTPAHCTBEHHOW CETKH, COMEP-
KaHUS CBSI3aHHOHN CEpbI, PETaKCAITMOHHOTO MOJYJIA U T.I.) MOXKET OBITh YCTAHOB-
JieH OOIIHIA B KQUECTBEHHOM OTHOIICHUU XAPAKTEP U3MECHEHUS B MPOLIECCE BYJIKA-



Hm3anun. Knaernka hopMupoBaHUs CBOKMCTB, B IPOIECCE BYJIKAHU3AIUH SIBJISCTCS
CICACTBHEM CIIOKHOTO KOMIUIEKCA XMMHMUYCCKHX Peakmuii U (PU3HKO-XUMHUYECKHX
MPOIIECCOB, MPOTEKAIOIIMX MPH MOMEePEUHOM cituBaHuu. COOCTBEHHO MPUCOEANHE-
HHE BYJIKAHM3YIOMIECTO ar¢HTa MOXKET OBITh OMMMCAHO METOJAMM XUMHUUYECKON KHHE-
THKH TOJBKO I MPOCTeHINX cucTeM. KpuBas ¢oopMupoOBaHUS CBONCTBO — BpPEMH,
HocAIas S-00pa3HbId XapakTep U SBJIAIOMIAICS 3aBEPIICHUEM KOMITJIEKCA XUMHUYe-
CKHMX PEaKIuii, MOXET OBITh onrcaHa (hOpMaJbHO KaK COUECTaHUE WHIYKIIMOHHOTO
Mepruoa, B TCUCHUE KOTOPOTO HE MMPOMCXOIAT 3HAYUTEILHOT'0 H3MCHEHHS CBOMCTB,
W Tepuoja aKTHBHOTO CTPYKTYPHPOBAHHUSA, IOJUHHSIONIETOCS KHHETHYSCKOMY
YPaBHECHHIO IIEPBOTO TOPSIAKA,

ok M- M,

araMmaX M

O npm T< T,
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3mecy M, ¥ M — MakcHManbHOE M MUHUMAJILHOE 3HAYEHHS BHIOPAHHOIO
JUIS OTIMCAHMA ByJIKaHW3armu cpoiictea; M:k(!) — kuHeTHueckas KoHcTaHTa (CKO-
POCTb) BYJTKAaHU3AIUH, |y — MHAYKITMOHHBINA TIEPUO]T BY TIKAHU3AIIHAH,

XapakTepHOe BPEMS BYJIKAHH3ALMH MO BEIOPAHHOMY CBOWCTBY, TIPH Ty = O
MO’KET ObITh IPEACTABNICHO, KaK T, = 1/k (mpm sToMm mocturaercs yposers 63 % or
MaKCHMaJIbHOTO YPOBHS ByJiKaHW3ammu). Tak kak T U T, OMPEnCisAIOTCS HE 3aBH-
CALIMMHU JIPYT OT ApPyTa CBOWCTBAMHU PE3MHOBOW CMECH M XapPaKTEPUCTUKAMHU U3JC-
Jvd, TO, € T< T, ByJIKAHU3ALUs OyJET MPOTEKATh YACTUUYHO B HECTALIMOHAPHOM
TEMIEPATYPHOM MOJI€, B OCHOBHOM € — B U30TEPMHUUECKUX yCI0BUAX. EcTecTBeH-
HOE pa3INuKue CTENEHU BYJIKAHU3ALMK MO CEYCHUIO WU3/CINS, BHI3BAHHOE HECTAIlu-
OHAPHOCTHIO TEMTIEPATYPHOTO TOJIA, OyAeT HEBEIUKO, U MHTCHCU(DUKAIIHS Pe:KAMa
BYJIKAHHU3AIMHN (TIOBBIIIICHUE TEMMEPATyPhl) HE TPHUBEACT K PE3KOMY Pa3IAUHIO
CBOWCTB MO ceueHMto u3aenus. B ciayuae T> T, ¢GopMUpPOBaHKE CBOICTB, MPOUCXO-
JUT MPEUMYIIECTBEHHO B HECTAI[MOHAPHOM TEMIIEPATYPHOM TOJIE, a BYJIKAHU3ALIUS
MOBEPXHOCTHU M LIECHTPAIIbHOM 30HBI U3/CNUS — B CYIIECTBCHHO PA3IMYHbIX TEMIIe-
paTypHBIX YCAOBUAX, U TIOCTOSIHHAA MO CEUCHUIO CTENEHb BYJIKAHW3ALUHU JOCTHI-
HyTa OBITh HE MOXKET.

Y4er HEeH30TEpPMUYHOCTH MPOTPEBA M HAIMYME WHIYKIIMOHHOTO TNEpuoaa
BYJIKaHHU3AIMH, HEe n3MeHsAq ypasHerus (1.1.1), mpuBoaut k OoJiee CIIOXKHBIM COOT-
HOIIEHUAM JJIsl TEMJIOBOUM TOJIIMHBI PESUHOBOM CMECH M KPUTEPUA MACCUBHOCTH.
[TpuHuMasd, 4TO B MPOIECCE HArPEeBa PE3MHOBAA CMECh HAXOAMUTCS MPHU ONPEICTICH-
HOHU TeMneparype OECKOHEYHO Majloe BPEMs, MOKHO 3aKITIOUNTh, YTO, TaK KaK U30-
TEPMUYECKON BYJIKAHU3ALMUA COOTBETCTBYET ONPEACIICHHBIA WHAY KLIMOHHBIN NEPU-
0], TO 3a Majlo€ BpeMs OyJeT MpoiieHa TOJBKO YacTh MHAYKLUMOHHOTO MEPHOA



JUI. JAHHOW TEMIIEpaTypbl. YUET BCEH TEMMEPaTypPHOMl 3aBUCUMOCTH MPUBOIUT K
MHTErPAJbHOMY COOTHOLIEHMIO IS ONPENEEHUs; — WHIAyKIHOHHOTO IEPUOAA
HEU30TEPMUYECKON BYJIKAaHU3ALMHA

"

Yodr

OKOHUATENBHO VIS TEMIOBOI» TONIMMHEL O, M KPHTEPUS MAaCCUBHOCTU K,
C YUETOM TEeMIIepaTypPHON 3aBUCIMOCTH KOHCTAaHT CKOPOCTH W MHIYKITHOHHOTO TIe-
pHOJIa ByJIKaHU3AIWH, a Takxke popm-dakTopa ¥V, mo3BoISIONMX YCTaHOBHUTH TPE-

O0yeMoe COOTHOIIEHUE MEXY CTEIECHBIO BYJIKAHW3AIMU LICHTPAa U TOBEPXHOCTH W3-
JENHSI ¥ YIECTh €T0 (hOpMY, TIOJTyUCHBI BEIPAKCHHS:

a(r*+ k'l(tmax))‘

v

(1.1.3)

_ YR’
kM_ a(r*+ k_l(tmax))- (114)

XapakTepHas TEIJIOBAs TOJIMHA MOKA3bIBAET MAKCUMAJIBHBIA pa3Mep u3je-
JIs, KOTOPOE MOXET ObITh U3TOTOBJICHO U3 JAHHOW PE3UMHOBOM CMECH TMPH yCIOBUU

HSOTepMquCKOﬁ BYJIKaAHM3alIWH IO CCUCHUIO U3 ACIINA. KpI/ITepI/Iﬁ MAaCCHUBHOCTHU kM

nokazsiBaeT HeoOxoaumocts (IpH &, > 1) cHmkenus Temonoasoaa mis odecneue-
HUS PAaBHOW CTCTICHH BYJIKAHW3AIIWH 110 CCUCHHIO M3JICIIHS, TIPH 3aJaHHBIX XapaKTe-
PHCTHKaxX cMecH M m3zenus. B ciyuae K, < 1 mMoxHO mepeiith k Gojee BEICOKMM
Temreparypam Bynakanuzauuu. Ciydaii &, = 1 tpeGyer TounOr0 pacuera Temmepa-
TYPHOTO TIOJIA B BYJIKAHHU3YEMOM H3JICIIMA M CTCTICHH ByJIKaHW3amuu. [ onpene-
JICHUS KPUTEPHSI MACCUBHOCTH M TEILIOBOM TOJIIIMHBI HEOOXOAUMO 3HAHHE TETLIO-
(pM3UUECKUX XaPAKTEPUCTHUK (TEIIO- U TEMIEPATyPOIIPOBOTHOCTH) 3JIACTOMEPHBIX
MaTEPHAJIOB.

JInst ompemencHUs CTENCHW BYJKaHHW3AIMKM OT TEMIIEpaTyphl paspaboraHa
Homorpamma (puc. 1.1.1).
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Puc. 1.1.1. TemnepaTypa U CTeNIEHb BYJKAHU3ALMU B YIIPOIIEHHONW MOJEIN (POPMBI.

Kpusas 1 naet temneparypy Ha rpaHULE METAJLT — PE3UHA MPU TOJIIUHE ME-
TAUTAYECKOM TUIACTUHBI S MM U o0meii Tonmune Gopmel 30 mm. KpuBas 5 moka-
3bIBACT CTENEHb BYJKAHW3AUMW HA NIOBEPXHOCTH pazjiesia, MeTall — pe3uHa. Kpu-
Bas 2 MOKA3bIBACT, KaK Obl HArPEBAJICS LEHTP PE3UHOBOK (POPMBI TOJMIMHOMK 27 MM
(T.€. 0€3 METAIMYECKON MJIACTUHBI, UMUTUPYIOIICH MacTep-MOJIENb). AHAIOr Y-
HbI€ KpUBBIE 3, 4 U 6 paccUuTaHbl 151 PE3UHOBOI (hopMbI 00IIEH TONMUHON 50 MM
C METAUTMYECKON TIIACTUHOMN 5 MM.

Cnenyer OTMETHUTB, UYTO XOTS METALI MO CPABHEHUIO C PE3UHOI MPOrpesa-
€TCSl O4YECHb OBICTPO, BJIMSIHUE METAIA HA MPOrPEB NMPUMBIKAIOWIETO K HEMY CJIOA
PE3UHBI BECbMa 3HAYUTEILHOE. ITO 00YCIOBIICHO, B IEPBYIO OYEPE/Ib, CYIIECTBEH-
HOI 00BEMHOH TEMIOEMKOCTBIO MeTalia. CpaBHUBAs BpeMsl BBIXOAa TEMIIEPATYPbI
HA YPOBEHB MPOLIECCA BYJKAHU3ALUMU, MOYKHO YOEUTHCS, YTO YBEJIUUEHUE BpEMeE-
HU OpOrpeBa NMPONOPLUMOHAIBHO KBAJAPaTy OTHOIIEHUS TOJIIUH PE3UHOBBIX (DOPM.
OTO COOTBETCTBYET COOTHOUICHUID BPEMEH MPOTrpPeBa MOHOJIUTOB PE3UHBI. J[ist
YCTAHOBJICHUSI CTENEHU BYJIKAHU3ALMU MOJA00OHOE COOTHOMICHUE HEMPUTOJHO, TaK
KaK OHO YYMTBIBAET BJIMSHUE TEMIEPATYPHOI MPEABICTOPUM NPOTPEBA HA BYJIKAHU-
30 PE3UHBI,

PaccMarpuBasi 3aBUCUMOCTD CTENEHU BYJIKAHW3ALMK OT TEMIIEPATYPhI U Bpe-
MEHH, CJIETYeT OTMETUTH, YTO OUYEHH OOJIBINIOE BIMSHUE HA HA4YalO BYJIKAHW3ALUU
OKa3bIBACT MHIYKLIMOHHBIN NEPHOJ BYJIKAHU3ALMKA U €r0 3aBUCUMOCTh OT TEMIIEpa-
Typbl. MTHAYKUMOHHBIHA NEpUo1 nipy TeMmneparypax, MeHbliux 403 K ans maHHOM
PE3UHOBOI CMECH, HACTOJBKO BEJIMK, YTO MPHUBOJUT K 3HAYMTEIBLHON 3aJCPiKKE
BYJIKAHW3ALMU TPAHUYHOTO CJOs pe3uHOBOI popmbl. [t popm TommuHoi 50 MM
BBUJIy MX OOJILIION TONIIHUHBI TEMIOEPATypHAsl NPEABICTOPUS HECKOJIBKO COKpama-
€T UHIyKUMOHHBII NMEPUOJI, HO, TaK KaK BYJKAHW3aLWsl HAYMHACTCS MPH MOHUKEH-
HBIX TEMIIEPATYPAX, €€ CKOPOCTh 3HAYMTEIHHO HUKE, YEM B ciiydae 00Jjiee TOHKOH



npecc-popmbl. CpaBHHMBAs 3aBUCHMOCTh BBIXOJA CTCIICHW BYJIKAHH3allMH OT BpE-
MeHH Ha ypoBeHb 90 %, MOXKHO 3aMETHTh, UTO YBEIMUEHHE BPEMEHM BBIXOJa Ha
3TOT YPOBEHB MPOMOPIMOHAIBHO TOJIIIMHE M3aeaus. Toraa aas nmoadopa BpeMeHH!
BYJIKAHHU3AIMH PE3MHOBOM (DOPMBI, YUUTHIBAsI HEOOXOAUMOCTh JTOCTHIKCHHS ONTH-
MyMa BYJIKAHM3aIlMH, B TIEPBYIO OUePeab PE3UHBI, HA TIOBEPXHOCTH METAJLI — PE3H-
Ha MO>XHO MCIIOJIb30BaTh CISAYIOINIECE BEIPAXKECHUE:

T, = W fa 1k (1.1.5)

rae O — TOJIOBWHA TOJIIIUHBI CTEHKH PE3WHOBOW (opmbr, ¢ — TemmepaTypo-
POBOHOCTH PE3MHOBOM cMecH; K — KMHETHUECKas KOHCTaHTa CKOPOCTH BYJIKaHH-
3alMK pe3rHbl IpH Temmeparype 1,; ¥V — kodp@UIMEHT, yUNTHBAIOMIMNA F€OMET-
PHUIO PE3MHOBON Tpecc-hOpMbI, B TIEPBOM MPUONFMKCHUH I TUIOCKOH (hOPMBI
V=1, nna dopmbl, Gnuskoii K mapy (Taxke U B caydae OIM30CTH Beex Tpex raba-
pUTHBIX pazMepos dopmbr) W= 0,5

Broipaxenue (1.1.5) maer HECKONBKO 3aHWKEHHOE BpPEeMs BYJIKAHW3AIWH,
obecrieunBasi BBIXOJ 3aBUCHUMOCTH CTEIICHH BYJIKAHW3AIlMWA HA ypoBeHb 75 %, of-
HaKO JOBYJIKaHM3AIMSA HA BO3MyXE AaKe TIPH OXJIAXKIACHUHM HArPETON MOBEPXHOCTH
dbopMBI aeT BpeMs IS BHIXOJA CTETICHHW ByJIKaHW3aHU® Ha ypoBeHb 90 — 95 %,
YTO JOCTATOYHO /I TOJYYCHHS] ONTHUMAITBHBIX (DPU3UKO-MEXAaHUIECKUX CBOWCTB
PE3UHOBOM cMecH Ha padouel MOBEPXHOCTH.

Jlexkuusa 3

1. TeopeTnueckne OCHOBBI H3TOTOBJICHHUS BBIILIABIIACMBIX MOJICIICH.

2. MonensHBIE COCTaBbl, UX (PU3HUKO-MEXaHHUCCKUES, XUMHUUSCKHUE, TEXHOJIO-
THYCCKHE, TEXHHKO-?PKOHOMHUUYECKHE U CAHUTAPHO-TEXHUUCCKHIE TTIOKA3aTEIIH.

3. Texnonornueckoe 000PyAO0BaHUE IJIA TOJTYUCHHUS MOICIICH.

4. Coopka OJI0K-MOJIETIEH.

JIuThe 1O BHITUTABIISIEMBIM MOJICISIM B HACTOAIIEE BPEMs CUMTACTCS HamOO-
Jie€ TIPOTPECCHUBHBIM CTOCOOOM TIONYUEHHS CJOKHBIX (DACOHHBIX TOHKOCTCHHBIX
OTJIMBOK TIOBBIIIEHHON TOYHOCTH (4 — 7 KJIaCCOB) U € IMIEPOXOBATOCTHIO TOBEPXHO-
CTH 10 6-T0 KJIacca, YTO YaCTO MO3BOJIACT MCIONH30BATh WX KaK TOTOBBIC JCTAIH,
0€3 JOMOJHUTEILHOW MEXAaHWYECKOW 00padOTKH. DTO OJMH U3 CaMbIX JIPEBHUX
crnocoOoB 00paboTku MeTauioB. B HacTosIee Bpems, CTapUHHBIA COCO0 JUThA
MO0 BHITUIABJSIEMBIM MOJEIISAM 3HAUMTEIILHO M3MEHEH W YCOBEPIICHCTBOBaH. M3
mpoiiecca Cyry00 WHANBHIAYATFHOTO MMPOU3BOACTBA (MOACITH CO3/1aBATACH KK IbIH
pa3 3aHOBO, KaK CaMOCTOATEILHOE TBOPEHUE XYIOKHHUKA) OH TIPEBPATHIICS B TIPO-
I1€CC MaCcCOBOTO MTPOU3BOACTBA OTIUBOK.



[IpumeHeHre TUTHS MO BBHITIABIIACMBIM MOJCISAM I M3TOTOBJICHUS W3]IC-
JUH W3 CIUTAaBOB 30JI0TA, MJIATHHBI W cepedpa MMEET XapaKTepHbIe OCOOCHHOCTH,
YTO CBSI3aHO C HEOOXOJAMMOCTHIO TIOJYUYCHHS] BEChbMa MEIKHX TOHKOCTCHHBIX H
QXYPHBIX U3ACTUN CII0KHON KOH(HUTYpalud, a Takke 00eCIeueHrs BHICOKAX TTapa-
METPOB MIEPOXOBATOCTH TMOBEPXHOCTH W NE(PHUIMTHOCTHIO HCIIOJIB3yEMOTO METajl-
Ja. Ot 0COOEHHOCTH OOYCIOBWIIM M CIIENA(UIHOCTh TEXHOJIOTHH HM3TOTOBJICHUS
W3JICTUH pacCMaTpPUBAEMbIM METOAOM. TaK, IPH JINThE TIO BBHITIABISICMBIM MO/IE-
JISM CTUTaBOB 30JI0TA, TJIATHHBI U cepedpa MCHOB3YIOT CIEUAIbHBIC PE3NHOBBIC
npecc-hOpMbI  (TEXHOJIOTHS HW3TOTOBJICHHUS TIPUBEICHA BBINMIE), CHHTCTHUCCKHE
BOCKOITOZ00HBIE MATEPUAJIBI IS TIOYUCHHS BHITUIABIISIEMBIX MOJaeNeH, (hOPMOBKY
€IVUHBIM KPUCTOOAUTUTO-TUTICOBBIM HAMIOJTHUTENIEM C €TO TIPEABAPUTEIILHBIM BaKy-
YMHPOBAHUEM, a TAK)KE€ TMPUMEHSIOT MPUHYIUTEIBHOS 3aMOJIHCHNAE JINTEHHOH TT0-
JIOCTH KHUJAKAM METALJIOM O/ ACHCTBHUEM IIEHTPOOEIKHBIX CHIJT UM aTMOCHEPHOTO
JTABJICHUS.

Metoa NMUATHS MO BHITIABISAEMBIM MOJCIISAM TO3BOJIMJI 3HAUUTEIHLHO PACIIIN-
PUTH ACCOPTUMEHT FOBEITUPHBIX W3CIHA U3 CIIABOB JAPArOICHHBIX METALIOB, IO~
BBICHUTH UX KQUECTBO W CHA3UTH TPYJAOCMKOCTh H3TOTOBJICHUS

JIms mpon3BOCTBA OTJIMBOK W3 CIUIABOB JPAroll€HHBIX METAJIOB, O JIH-
TepaTypHBIM AaHHBIM, ObLIO ompoOoBaHo Oojiee 500 MoaeabHBIX cocTaBoB. CBOM-
CTBA STUX COCTABOB B 3HAUMTEIBHON CTEMEHW OMPEACSIOTCS TEXHOJIOTHUECKAM
MPOIIECCOM JIUThHS TIO BBHITIIABJISIEMBIM MOJIEISIM U BBIOOPOM TIPUMEHSAEMOTO 000py-
noBaHusA. B CBS3M ¢ 3THM K MOJETBHBIM COCTaBaM TMPEAbABISICTCS psl TpeOoBa-
HUW, BKTIOYAIOMUX (PH3UKO-MEXaHUUECKUE, XUMUUECKHE, TEXHOJIOTHIECKHE, TEX-
HUKO-PKOHOMHUYECKHE W CAHUTAPHO-TCXHUUYECKHUE TOKA3aTeH, KOHKPETHBIE I
Ka)KJIOTO CITydast.

B MupoBoii HaydHO-TEXHUYECKOW JuTeparype (B CBA3U C €€ KOH(WICHITN-
ATBHOCTHIO) TPAKTHUECKH OTCYTCTBYET WH(OpMANWg MO MOJEIHHBIM COCTaBaM,
HCIIOJIb3YEMBIM B IOBEJIMPHON MPOMBINIJICHHOCTH. TOJIBKO B aMEPHUKAHCKOW JIH-
TepaType MPUBOATCA PEIENTYPHI ABYX 0A30BBIX MOJEIBHBIX COCTABOB, KOTOPHIC
MPUMEHSIOTCS JJIs TPOU3BOACTBA OTJIUBOK M3 CILIABOB 30JI0Ta M cepedpa:

CoctaB 1: wHAEH-KyMapOHOBAs CMOJIa CPEIHEH MOJICKYJISPHOW MacChl OT
500 no 1200 en. — 5 %, muenunbiii Bock 20 — %, kapHayockuit " — 5 %, MOHTaHO-
BbI " — 35 %, nepesun — 30 %, AMATUICHTIMKOIbMOHOCTEapaT — 5 %.

CocrtaB 2 mpeacTaBlieH B MAaccoBbIX YacTAX (M.4). [IM3THUICHTIMKOIbMOHO-
creapar — 12 m.4, Bock Mapku "AkpoBock" — 14 m.u, nuenunblii Bock — 16 m.u, [e-
pe3uH — 30 M.y,

[IpuBeneHHbBIE COCTABHl MAIOT YETKOE BOCIPOU3BEACHUE OPUTHHAIA C XOPO-
e TOBEPXHOCTHIO, TIOCTATOYHO 3JTACTUYHBI, BHITIIABJISIOTCS JIETKO U 0€3 OocTaTKa.
OmHako OTCYTCTBHE MAHHBIX MO (PU3UKO-XUMHUESCKUM M MEXaQHUYECCKUM CBOHCTBAM
HE JIa€T OCHOBAHWUN yTBEPKAATh MPEUMYIIECTBO STUX COCTABOB HAI ApyruMH. Boc-
MPOM3BE/ICHUE COCTAaBOB | M 2 HE MPEACTABISAETCA BO3MOXKHBIM H3-32 OTCYTCTBUSA



OTE€YECTBEHHBIX KOMIIOHEHTOB (IIPUPOAHBIX M CHUHTETUYECKHX), BXOJAIIUX B pe-
LENTYPHI.

JIst M3roToBJICHUS BBIILIABIISICMBIX MOJICJICH HCIOJIB3YETCS CIECHHAIBHBIN
unxkekrop (puc. 1.1.2, a), KOTOpBIA IMO3BOJIAET aBTOMATUYECKHU I10/JIEPKUBATH
HEOOXOIUMYIO0 TEMIIEpaTypy BOCKa U JABJICHHE WHKEKIMHU. HXKEKTOp COCTOUT U3
pesepByapa Uil MOJEIBHOIO COCTaBa, 3JIEKTPOHArpEBATElll U TEPMOPETYIIATOPA.
CkopocTh HarpeBa MOJCIBHOTO COCTaBA M3MEHSIETCS PEryJIATOPOM MOIIHOCTH, a
TeMIIepaTypa HarpeBa KOHTPOJIUPYETCS KOHTAKTHBIM TEPMOMETPOM WM TEpMOIa-
poil.

3anogHeHue pe3nHoBoit mpecc-popmel (puc. 1.1.2, 6), KOTOPYIO OMEMIAIOT
B 3QKHM, [IPOUCXOJUT YEpPE3 MHKEKTOpHOE coruio (puc. 1.1.2, B) nmoja aelictBueM
CKATOro BO3JyXa, JABJICHUE KOTOPOTO KOHTPOJIUPYETCS MaHOMETPOM, YCTAHOB-
JICHHBIM Ha BEpXHEN KPBIIKE UHKEKTOpa. MHKEKTOPHOE COILIO OCHAIICHO CHUCTE-
MOH MHJIMBU Y alibHOTO 0OorpeRa jio 50 °C.
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a — BOCKOBOM MHXKeKTOp; 6 — crnocob 3akuma npecc-hopMbl; B — COMIIO UHKEKTOpa
Puc. 1.1.2. U3roroBienye BEIMIABIAEMBIX MOJEIEH

DU3NKO-XUMUYECKHAE CBOMCTBA MOJICIBHBIX COCTABOB U IIEPOXOBATOCTH I10-
BEPXHOCTH BBIIJIABJISIEMBIX MOJIEIEH B CYIIECTBEHHOU CTENEHM OINPENEIISIIOT Kaye-
CTBO M3TOTOBJIEHHBIX OTJIMBOK. Ocoboe 3HaueHue 3TH (HaKTOphl MOIYyYarOT MpU
MIPOU3BOJICTBE OTJIMBOK U3 CILUIABOB 30JI0Ta U cepeOpa. MoJenbHBIN COCTaB U peE3n-
Ha UMEIOT HU3KUE TEIIOPU3NUECKUE XapaKTEPUCTUKU, T.€. HU3KYIO TEIJIONPOBO/I-
HOCTb U BBICOKYIO TEIUIOEMKOCTh. IIpH 3ampeccoBKe XKUJIKOTO MOJAEIBHOIO COCTa-
Ba, MPOUCXOMSAIIEH ITUKINYHO, B PE3UHOBYIO Mpecc-popMy, UMEIOT MECTO HAKOTI-
JICHHE TEIlUIa B PE3MHOBOM MAaCCHUBE W MOBBILICHUE €ro TeMIeparypsl. B pesysbrare
CYUIECTBEHHO YBEIUYMUBACTCS BPEMS 3aTBEP/ICBAHUS BBIIIABISIEMONA MOJICIIH, KaTa-
CTpO(UUECKH IMOBBIMIAETCS MIEPOXOBATOCTh €€ MOBEPXHOCTU 3a CUET B3aUMOJICH-



CTBHUSA C Ta3aMU M CTEHKAMU PE3MHOBOH mpecc-(hopMbl, a TaK:Ke MPOUCXOIUT HCKa-
XKeHue (HOPMBI BBITUIABIISIEMON MOJIEIH.

OmnsiT paboTH TTOKA3aJT, YTO MOMYYEHUE KAUECTBEHHBIX BHITUIABIISIEMBIX MO-
JIEJIe BO3MOYKHO TOJIBKO TIPU COXPAHEHUH TEMIIEPATYPhl Pe3UHOBOM Tpecc-(PpopMbI
Ha OMPEICIICHHOM YPOBHE 3a CUET MPUHYIUTEIHFHOTO OXJIAXKACHHUS W ONTHMATbHOM
IMAKJIAYHOCTH 3aIIPECCOBKH MOJCIBLHOTO cOocTaBa. PaHbINE 3TH PEKUMBI HAXOIUIH
YUCTO HKCIICPUMEHTAILHO WM WHTYWUTHBHO, YTO HE MOTJIO OBITh YIOBIIETBOPH-
TEJIBHBIM B YCJIOBHSIX CEPHMHOTO MPOM3BOACTBA. Kak mpaBwiio, MOAEIH FOBEIHP-
HBIX W3JICINI UMEIOT CIIOXHYIO KOH(PUTYPAITHIO, UTO HE TTO3BOJISIET MPOBECTH TOU-
HBI pacyeT TEMIEPATyPHOTO TOJIS B TIPOIIECCE OXITAKIACHUS.

B kauecTtBe mepBoro npuONMKEHHUS K OIEHKE PEKUMa 3aCTHIBAHWS BOCKA B
ANacTUYHON (popMe pemraercs Cleayrolnas 3a7ada; MexAy IByMs OSCKOHEUHBIMU
IUTACTHHAMH, KaKJaash TOJIIMUHON /1 (MMHTHPYIOMMX CTEHKH PE3UHOBOMN (hOpMbI),
pacmoiokeHa Takke OECKOHEUHAs TUIACTHHA TOJIIAHON 20, COOTBETCTBYIOIIAS H3-

nenuio. B HauansHeiit MOMeHT Bpemenn Temmeparypsl 1) o, = 1 1) =05 1 opmbr
Y U3JIEIHS PA3IAYHBL:

Ha BHenHeH moBepXHOCTH (POPMBI BCE BPEMS IOANEPIKMBAETCA MOCTOAHHAS
TEMIIEPATypa, a Ha TIOBEPXHOCTH pasziena, u3eine — (hopMa HMEET MECTO YCIIOBHE

HJICATHHOTO TETTOBOTO KOHTAKTa (TPaHUYHOE YCIOBHUE 4-T0 poa):

%la—Tl= A2 %Jx: (1.1.6)
Jdx x 0

VYpaBHEHHE HECTALIMOHAPHOW TETUIOMPOBOIHOCTH JJIS TPOLIECCA 3aCThIBAHUSA
BOCKA B PE3MHOBOM (popmMe uMeeT BUT

J7 q
Uoanr I
- . (1.1.7)

raie I — Temmeparypa B MOMEHT BpeMeHW T, 9 — kodddummenT temmepary-
pompoBoanoctu Marepuana;, AT — nuddepennmanpheiii oneparop Jlammaca;, P —
00beMHasA TETUIOEMKOCTD, 3aBUCAINASA OT KOOPAMHATHI TaK Ke, KaK ¥ TEIIOMPOBO/I-
HOCTb, ¢ — TEIJIOBBIACIICHNE, COOTBETCTBYIOIIECE 3aTparaM TEIUIa Ha CKPBITYIO
TEIJIOTY TUIABJICHHS BOCKA, B €AMHUIE 00bEMa 32 CIMHUITY BPEMEHH.

VYpasuenue (1.1.7) He nomyckaer aHATUTHUYECKOTO PEIICHUS, TIOITOMY IS
MPEeABAPUTEIILHON OTICHKH PACIpPeICTICHUS TEMIIEPATYP B BOCKOBOUW MOJIEN TIPH €€
oxjaxaeHun npumem, uto ¢, = 0, T.e. npenedpexem (PazoBBIM HEPEXOIOM.



C momomipi0 WHTErpajibHOTO TpeoOpa3zoBanus Jlammaca opuruHambsl (PyHK-
U TeMnepaTypbl MOTYT ObITh HAJCHBI O T€OPEME BbIUETOB. B pe3ynbrarte mno-
JIYYEHO:
JUIS. MOJEJIBHOTO COCTaBa

r sinzy hcosyk Vi otis
L=1, (% 7)Y \E o . (1.1.8)
h k- v cosT. 5 \/_Kl A0 cosy kh/\/_ o
¢ ¢ Wh  sing S /\/71

JUTSI CTCHKH PE3UHOBO (hOPMBI:

COSY siny fit 5-x el
k O k
=T, (4 T)z\/zer \/_ Ja 1.1.9
! h k:lyVll A0 cosy h/\/_ (1.1.9)
k

s e

AHaJIOTMYHO MOXET OBbITh HAWJEH TEIJIOBOM MOTOK OT BOCKA K PE3MHOBOM
dbopme Ha rpanulle pasaena popma — H3aEIHC

. h . Xk
nenym e g
h a i 51 25 cosf hfa,  LT1O)
COsY, k1 + +
a g Mhosing § /\/071

CobcTBeHnbie urciia AudPepeHINaTPHOTO YPAaBHEHHUS TEIIOBOTO MOJISI MO-
I'yT OBITh HAal/ICHBI U3 YPABHCHUSA

871“[ ., _ & |q

ﬁg\/z-x—z a—z- (1.1.11)

DKCHEpUMEHTAIbHAS IPOBEPKA NPABUIIBHOCTU gonyerus, uro ¢, = 0 mo-
Ka3aja HENPaBOMEPHOCTh TAKOr0 AelcTBUA. Pacnpenenenue temmneparypsl 1o ce-
YEHUIO BOCKOBOW MOJIEITN ¥ PE3NHOBOM Tpecc-(PopMBbl, a TaKKE TEITOBOM MOTOK HA
TPaHUIIE BOCK — pe3nHa, paccunTanubie mo gopmynam (1.1.8 — 1.1.10) ot aeiicTu-
TEJbHBIX 3HAYEHUHN CYLLIECTBEHHO OTJIMYAKOTCH.

tg




Takum 00pa3oM, HEOOXOJUMO HAWTH AHAJTUTHYECKOE PEIICHHUE YPABHEHUA
HECTaIMOHAPHOW TETJIONMPOBOAHOCTH C YUETOM BIMSHUA (Da30BOTO Mepexo/1a BOCKa
B Tiporiecce oxjaxacaus. Pemenne ypasuenus (1.1.7) cBoauTes K pemeHnto pas-
HOCTHOT'O YPaBHCHMUS:

ay,.1- ¢y, Ai-l-lyil +fii +17: 2-.,N-Ls

a = (_Siaz ¢, a, a, 1+ + n

h N

A I
feit o Yaan) v, o+ 4 (1.1.12)

noh i

T, oy — — - n

+ﬁ(16 )(_aiyi+l a, lyHl)T Y, |'|K)

rae ¢, — GYHKOMS OT KOHCTAHT TEIUIOMPOBOAHOCTH, T — IHAr IO BPEMEHH, /7 —
mar 1o ocu X ; O — BecoBoi ko3 duIueHT; V, — QyHKIHA 00BEMHOTO TEILIOBHIIC-
JIeHHUs ¢, , 3aIIMCaHHAs B Pa3HOCTHOM BH/IEC.

[TonydenHas kpaeBas 3agada Il pa3HOCTHOTO YPAaBHEHHUS BTOPOTO MOPsIKa
(1.1.12) mosxeT ObITH perieHa METOIOM «IIPOTOHKW». Maed 3akmodaercs B cBene-
HHHM Pa3HOCTHOI'O YPAaBHEHHUS BTOPOTO IMOPSAAKA K TPEM Pa3HOCTHBIM YPaBHCHHUSIM
IepBOro mopsaka. IIpeamonoxum, 4To IMEET MECTO COOTHOIIICHHE

yi:ai+1yil+ Bil (1113)

¢ onpeneneHAbIME Koshduimentamu o, u B, . Tlociae HeKOTOPHIX Mpeobpaso-
BaHUHW MOJIYYHM:

=)
YVi=di, Bil + N'I:N":za . 1,0,

=) B b
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rae A 1, — ko3(pPULUEHTHI, 3aBUCALIAE OT IPAHUUHBIX yCIOBHA.



[Ipn moMomm Npeasio;KeHHON MaTeMaTHYECKON MOJEIN POLIECCA OXJIAXKAE-
HHSI BBIILIABIIIEMON MOJEIHM B MAaJOTEIUIONPOBOIHON pe3MHOBOH mpecc-dopme
MOKHO TPOMW3BECTH OLEHKY TEMNEPATyPHO-BPEMEHHBIX MApaMEeTPOB pexuMa 3a-
CTBIBAHUS BOCKA.

HcxomHpIMy JaHHBIME JJTA pacdeTa cirykat temreparypa 7', K , koadduim-
€HT TEMIIEPATyPONPOBOAHOCTH @, M?/C, yaelbHas TEMI0eMKOCTh €, Jl/(Kr-rpan),
IIOTHOCTE P, Kr/M® ¥ KOoJmuecTBO TemIoThl, JIK, BBIAEIAEMOM 1 KT BOCKA 3a BpeMs
¢dazoBoro nepexona, k. Hanmuwme ¢azoBoro mepexoaa yauThIBaeTCA CIIEAYIOMIAM
oOpa3oM: Kak TOJIbKO TeMIIepaTypa BOCKa CTAaHOBWJIACh PaBHOM, TeMreparype (da-
30BOT0 MEPEXO0Ja, HAYMHACTCS TMOJCYET KOJWYECTBA TEIJIOTHI, MEPEIAHHOTO OT
BOCKa pe3mHOBON Tpecc-popme. J[o Tex mop, MoKa 3TO KOJMYECTBO TETUIOTHI HE
MPEBBINIACT KOJUIECTBO TETUTOTHI, BBIJACIIAIONICECS B Pe3yIbTare PazoBoro mepexo-
Jla, TEMIIepaTypa BHITUIABIIAEMONW MOJIEITN OCTAETCS TIOCTOSHHOM (paBHOM TeMIiepa-
Type Hauaja 3aTBepieBanusd). [locie 3Toro pacuer mporecca MaabHEHIIETO OCTHI-
BAHUS BHIMJIABJIAEMON MOJIEIIA BEAETCSA METOJIOM "'TIPOTOHKHU".

B nporecce moayueHus BHILIABIISIEMBIX MOJICTICH B PE3HHOBOM mpecc-hopme
MPOUCXOJUT HAKOIUICHUE TETUIa U POCT TEMNIEPATYyPhl HA BHELIHEN MTOBEPXHOCTH €€
OT IMKJIA K IUKITy. V3BIIeueHre BRITUIABIIEMOM MOJCIH U3 PE3MHOBOM Ipecc-dop-
MBI BO3MOYKHO MPH TEMNEPATYPE HE BBILIEC TEMNEPATYPhl TEILIOY CTOWYUBOCTH BOC-
ka. [locnennas onpenensercs S3KCNEPUMEHTAIIBHO KAaK TEMIEPATypa, Ipu KOTOPOH
nporud oOpaszua cocrasiser 1 mm. Kputnueckas teMmmneparypa Ha BHEIIHEH MO-
BEPXHOCTH PE3MHOBOM mpecc-dhopmbl nmpuHuMaercs paBaou 303 — 305 K. Ilpm
ATUX YCIOBHUSX MO MPOrpaMMe MOXKHO PAaCCUMTATh YUCIO HUKIOB padoOThl PE3UHO-
BOH mpecc-popMbl TIPW  TIOJNYUCHUH BBITDIABISAEMBIX MOJCAEH Maccoi OT
0,540 m02 10° kr g0 Toro MoMeHTa, Koraa npecc-popMy He06X0MMO TIPHHY -
JUTEIIBHO OXJIAXAaTh. ECIM 3TOro HE caenarh, TO MOJYYEHUE KAUECTBEHHBIX BbI-
MJIABJIAEMBIX MOJIEJIEH CTAHOBUTCS HEBO3MOXKHBIM. Takum 00pa3oM, mpu MOMOIIH
MaTEMATHYECKON MOJEIA MOKHO ONPEAENATh ONTUMAIbHBIE PEKUMBI U3TOTOBJIC-
HUS BBIIJIABJISIEMbIX MOJiesiel. OMHAKO MPUMEHEHHUE MOAOOHOT0 MAaTEeMaTHYECKOTO
armapara 1ejiecooOpa3Ho JUIb Mpu HanTuuuu OBM.

[Tpu orcytctBun OBM, yuuThiBas Majible pa3Mepbl U TOHKOCTEHHOCTb BbI-
MJIABJIAEMBIX MOJEJICH, MOXXHO MNPUOETHYTh K OajlaHCOBOM MOAENH Ui TpH-
OJIL’KCHHOM OLICHKHW TEMIIEPATyPHO-BPEMEHHBIX MAPaMETPOB PEKUMa 3aCThIBAHUA
BOCKA.

[TycTh U3BECTHA TEMIIEPATypa 3aJUBKH BOCKA !, M MaKCUMaJlbHas TeMIEpa-

Typa BOCKOBOM Mojenu !, npu pazbeme npecc-hopmbl. TOra KOIMUECTBO TEMIO-
ThI, KOTOPOE TOJKHO TMEPEUTH OT PACILUIABJICHHOTO BOCKA K PE3HHE,

Q:mlﬂqV Clg(ﬂ' Tx) > (1.1.15)



rjae M, —macca 3aJIuToro BOCKa.

Tenmo pacxoayercs Ha HArpeB HEM3BECTHOTO MOKa 00beMa PE3UHBI, KO-
TOPBIH 3aBUCHT OT KOH(Wrypanmu u3naenus. PaccMorpum m3aenve, OMU3KOE TI0
dbopme k mracture. Torma TETUIOBBIE MOTOKH OXJIAXKIACHHUS PACIPOCTPAHSIOTCS B
JIBYX HAIPABJICHUSAX, IPUUEM 32 BPEMSA OXJIAXKIACHUSA BECh MACCUB PE3UHOBON CTCH-
K¥ TIpecc-(popMBI HE TTPOTPEBAETCSA M TOJBKO HEKAs €0 4acTh MPHOOPETAET TeMIIe-
paTypy, OTIIMYHYIO OT HayaJdbHOH TeMIepaTypsl pesuHsl .,. Knretnmka mporpesa
CTEHKH SJaCTUYHON (POPMBI MOXKET OBITH YIIO100JIEHA HECTAIMOHAPHOMY TIPOTPEBY
1oy 0eCKOHEYHOTO MPOCTPAHCTBA, A AJIA 3TOr0 MPOLECcca U3BECTHO, YTO OTHOCH-
TeJIbHAs TeMIepaTypa Marepuajia MOXKET ObITh MPUOJIMXKEHHO MPUPABHEHA HYJIIO
pu

It |a
=1
2V x
IIpn sTOM pacmpeneseHru TeMIlepaTypbl B MaTepHaje MOXHO YIOJ00HTH
JTUHEHHOMY. B TakoM ciydae KOJIWUYeCTBO TEIIOTHI, 3aAIMACEHHOTO PE3UHOM,

O=c,p, (T, T;)xs (1.1.16)

YTO TO3BOJIAET HAWTH BPEMs OXJIaXKIEHHMs BOCKOBOM MOJENH 10 TeMIEpaTypsl .
N3 ypasaennii (1.1.15) u (1.1.16) mo3BoSAIOT MONTYyUYHTh BPEMS OXJIAKIACHHUS BOCKO-
BOI MOJENIN B ABHOM BHUJE:

2my(r+cfT T4

Czpzp( I =1 )\/a_ )

rae ' — ckphITas TEIUIOTA IUIaBJICHHUS BOCKA, M MPOAHAIM3HPOBATh OCHOBHBIE 3aKO0-
HOMEPHOCTH TPOIIECCa OXJIAKIACHHS BOCKA.

Paccmotpenue 6omee cinoxubiX GopMm (MUIMHIpa, Mapa) TPUBOINAT K Oojiee
CJIOJKHBIM YPaBHEHUSM OTHOCHTEIBHO BPEMEHH OXJIAKIACHHUSA T, JAXE B MPEIAIO-
JO0KEeHHM KUHETUKH MPOIrpeBa, MACHTUYHOM MPOIpPeBY MOIYOSCKOHECUHOrO MpO-
CTpPaHCTBA.

[TonyueHHbIE BOCKOBBIC MOJEIU IAOPAT M MPUIIAMBAIOT TEPMOIIINATEIEM K
BOCKOBOMY CTOSIKY, 3aKPEIUICHHOMY B PE3MHOBOM OCHOBAaHMHM JIjIsl OMOKH — «Oalll-
make». C BHIy BCE ATO HAIOMHMHAET CTBOJI JCPEBa, a BOCKOBBIE MOJEIU — BETKH.
[IpuyeM peKOMEHIYETCSl YUECTh, YTO YEM JIerde BOCKOBAs MOJCIIb, TEM BBIIIE OHA
pacrojiaraeTcst Ha 3TOM «&IIKe» OTHOCHTENTLHO 00JIee TAKETOW BOCKOBKH.

i
= ¥ (1.1.17)
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PaccTositHue Mexay OMMKaMIIMMU TOUKAMU CMEXHBIX MOJENEH AOIKHO
ObITh HEC MEHEE 3 MM, a B MECTaX MPUIANBAHUS HE JIOJKHO OBbITh OCTPBIX YIJIOB U
HAIUIBIBOB. YTOJI HAKJIOHA MPOJOJIbHON OCH JIMTHUKA K MPOJOJIBHON OCH CTOSIKA
JOJIKEH ObITh MeHee 90° U COOTBETCTBOBATh XapAKTEPY TEUCHUS KUJKOTO METaIa
npu 3anuBke. O0€3KUPUBAHUE OJIOKOB BBHITUIABIACMbBIX MOJENEH MPOU3BOIAT B
CIIUPTE UJIN MBLUIBHOM PAacTBOPE.

[TpaBunbHaa cOopka OJ0K-MOJETN OOECIEUMBAET XOPOIIEE KAueCTBO OTJIMB-
KU ¥ PaBHOMEPHOE OXJIAXKJECHUE METAJIJIa BO BPEMS KPUCTAIIIU3ALINH.

[Ipu ompeneneHny HABECKH CIIIaBa Ul 3aJIMBKH B JINTCHHYIO (hopMy 3ame-
PAIOT BEC BOCKOBOM OJIOK-MOJIENU, MPUHKUMAS TUIOTHOCTh BOCKA PABHOW YCIOBHOM
equHune. Torga macca OJIOK-OTJIMBKK Oy/A€T paBHA MPOU3BEIECHUIO MACChl BOCKO-
BOM MOJIENIA HA YAETBHYIO TUIOTHOCTh 3aJIMBAEMOTrO CILJIaBA.

Jlexuus 4

1. TeopeTnueckue OCHOBHI IPOU3BOICTBA OTHEYITOPHBIX JIATCHHBIX (hOPM.

2. Marepuansl popM U UX CBOWCTBA: BA3KOCTH, )KHBYUECTh, TPOYHOCTD, Ta-
30TBOPHOCTB, Ta30MPOHNULIAEMOCTD.

3. TexHONOoTrA U3rOTOBJICHUS.

B Hacrosiiee BpeMs TEXHOJOTHUCCKHE TPHEMBI W3TOTOBJICHUS JIUTCHHBIX
dbopm mporiecca JUThA TO BHIIUIABISEMBIM MOJIEISIM MOXKHO Pa3/CiIuTh Ha JIBE
OCHOBHBIC TPYTIITHI:

— HAaHECCHHWE OTHEYMOPHBIX OOIUITOBOYHBIX (CIOMCTHIX) MOKPHITHI HA TO-
BEPXHOCTH BBITUIABIIAEMBIX MOJEIIEH, T.€. M3TOTOBJICHHE CIIOMCTHIX (popM — 000J10-
YeK;

— 3aMOJIHCHHUE >KUIAKUMHU OOJMIIOBOYHO-HAMTOTHUTEIBHBIMA CYCITCH3USIMHA
OTIOK C YCTAHOBJICHHBIMH B HUX MOJICIIBHBIMH OJIOKaMH, T.€. U3TOTOBJICHHUC JINTCH-
HBIX (POPM-MOHOJTUTOB.

B ofoux cnydasx mpoiiecc 3aTBEpAEeBaHUS CIOEB WM MOHOJIUTOB MPOTEKAET
M0 KOJUTMTHO-XUMHWYECKON cXeMe C aMOp(dHBIM, CMENIAaHHBIM WU KPUCTaJUTHYe-
CKMM COCTOSIHUEM BSKYIIUX KOMIIOHCHTOB. AMOP(HOE COCTOSHHE XapaKTEpHO,
TJIaBHBIM 00pa30M, JjIsi OPraHUUYECKUX CBA3YIOMUX (CYIb(OUTHO-CTUPTOBON Oap ki,
Maces, JIAaKOB M JIp.), CMEIIAHHOE COCTOAHWE — I MHHEPAIbHO-OPTaHUYECKUX
CBSBYIONTNX (THII-CHJTUKATA, METOYHBIX CHJIMKATOB, aJTFIOMAHATOB U JIP.), KPUCTa-
JUYECKOE COCTOSTHUE — /I MUHEPAJIBHBIX CBI3YIOMUX (THIICA U TIEMEHTA).

Hcnonb3yemas TEXHOJIOTHS JIUThSA 1O BBHITUIABIIAEMBIM MOJCISIM B (hOPMBI,
W3TOTOBJICHHBIE TIOCJICOBATEILHBIM HAHECEHHEM HAa TOBEPXHOCTh MOJCIHHBIX
(BOCKOBBIX) OJIOKOB HECKOJIBKHAX CJIOCB OTHEYTIOPHBIX MOKPHITHI HA STHUJI-CHJIAKAT-
HOM CBSI3YIOIIEM, HE MOXET OBITh WCTOJb30BaHA MPH MPOU3BOJICTBE OTIMBOK W3
CIJIABOB 30JI0Ta U cepedpa Mo pAay NPUUMH.



Csiom OrHEYNOPHBIX MOKPHITUH HA STUJICHJIMKATHOM CBA3YIOIIEM SBJIAIOTCSA
MPOHUIIAEMBIMHU JJIs1 CILJIABOB 30JI0TA U cEPedpa B JKUAKOM COCTOSHUM, YTO MPUBO-
JUT K HEJOMYCTUMO BBICOKMM MOTEPSAM JIPArolieHHbIX METAJUIOB B MPOLIECCE JIUThS.

Oneparyn BRIOWBKH OTJUBOK W3 OTHEYTOPHBIX (DOPM HA STHUIICHITMKATHOM
CBSBYIOIIEM M OYHUCTKH BEChMa MEIKUX M CIIOKHOMPOGUIBHBIX OTIMBOK M3 CILIa-
BOB 30JI0TAa U cepedpa CIAUIIKOM TPYAOEMKH, a B OOJBIIMHCTBE CIIy4yaeB OCyIlle-
CTBUMBI TOJILKO MYTEM TPaBJICHUS B IJIABUKOBOW KUCJIOTE, KOTOPAs BpeaHA JUIs ye-
JIOBEUECKOTO OpraHu3Ma.

OrneymnopHbie (OPMBI HA ATHICHIUKATHOM CBS3YIOMIEM HE OOECIEUMBAIOT
HEOOXOAMMOMW M JOCTAaTOYHO UYETKOW BOCIPOM3BOIUMOCTH penbedha MoAeNel Ha
OTJIMBKAX BCJIC/ICTBAC 3HAUUTEIHHOW TMOGOOHOCTH MaTepuaia MojAeliel o OTHO-
HIEHUIO K CYyCIECH3UAM HAa KPEMHUHUOPTraHWYECKUX CBA3YIOIIMX U SIBJICHUS OTBHCA-
HUA" CBIPBIX CII0E€B 00OJIOYKOBBIX MMOKPHITHHA (1TOJ COOCTBEHHBIM BECOM).

3a py0e>XoM TOIyYHJI PA3BUTHE TIPOIIECC JIUThS MO BHITUIABIISIEMBIM MOACIISAM
C MPUMCHEHUEM KPEMHE3EMHUCTO-TUTICOBBIX (POPM-MOHOIUTOB, HE UMEIOIIUN BBI-
HIEYKA3aHHBIX HEIOCTATKOB. OJTOT MPOLECC IIMPOKO MCHOJIb3YETCA A MpOou3-
BOJICTBA OTJIMBOK M3 CILJIABOB 30J10Ta, cepedpa, MJIATUHbI U najyiaausa 0a3upysch HA
MMIMOPTHBIX MOCTaBKaxX 00OPYAOBAHUA U MATEPUAJIOB, B UKUCIO MOCICIHUX BXOAAT
dbopmoBouHBIe  KpucTOOanmuTo-rumncoBeie  cmecH  K-90, "Cynmepkact" w
"Carunakact", m3rorosisgemsie B CILIA.

B ocHOBE T€XHOIOTHH W3rOTOBJICHUS JIMTCHHBIX (POPM-MOHOIUTOB HAXOIAT-
csl (PUBMKO-XUMHUUYECKHE W TEXHOJOTHISCKHAE CBOHCTBA (DOPMOBOYHBIX CMECEH, KO-
TOPBIE COCTOAT U3 JIBYX OCHOBHBIX COCTABJISIFOIIUX — HAMOJHUTENA U CBS3YIOIIETO
U MIPEJICTABJIAIOT COOOM ClieyolIee:

CYCTICH3UHU W3 KHUAKOW (ha3bl — BOJHOTO PacTBOPa ¢ KUCIIOTHBIMH J00aBKa-
MM, TBEPIOH (ha3bl — HATIOJTHUTEIA U3 OTHEYTIOPHOTO MaTeprasa (KBapia, IupKoHa,
ANEKTPOKOPYHAA, OKCHIOB MarHus M KajIbIus, AUHACA, TaMOTa | JIp.);

CBA3YIOMIETO (THUTICA, AFOMOCHIIHKaTa, hochaToB u 1Ip.).

[Ipu u3roToBNICHUH TUTEHHBIX (POPM-MOHOJIUTOB (POPMOBOUHAA CMECH TIPO-
XOJUT CJIOXKHBIH HMKJI, COCTOAIIMN M3 OOJIBIIOr0 KOJIMUECTBA OIepaluii: MpUro-
TOBJICHUS W XPAaHEHUS CMECH, U3TOTOBJICHHS, COOPKH W XpaHEHUS (POPMBI, 3aTTUBKH
METaJUIOM, OXJIAKIACHUS (POPMBI, OTICICHUS CMECH TIPU BBHIOWBKE OTIUBOK. [103TO-
My (OPMOBOYHBIC CMECH JOJKHBI 00JIafaTh CIICIYIONTUMH CBONHCTBAMH. TEKydUe-
CTbIO, MPOYHOCTHIO B CHIPOM U OOOKKEHHOM COCTOSIHUHU, TEPMOCTOWKOCTBIO, Ta30-
MPOHUIIAEMOCThIO, OTHEYNOPHOCTHIO, BHIOMBAEMOCThIO, MHEPTHOCTHIO C 3aJIUBac-
MBIMH CILJIABAMU U JIP.

Ecnm marepuan ¢opMbl pearupyeTr ¢ 3aTMBa€MbIM METAJIIIOM, TO 00pa3yro-
IITUECS MMPOAYKTHI PEAKIIMHA BHI3BIBAIOT XUMHWUYECKHUM TIPUTAP U SABJISFOTCS MPUIUHOM
Opaka oTIuBOK. D@OPMbI C HU3KOH MPOYHOCTHIO Pa3MbIBAIOTCS 3aJIMBAEMbBIM METaJl-
JIOM, BBI3BIBAs Opak 1Mo reoMeTprur (POPMBI OTIIMBOK, @ METKHAE YaCTHITHI (POPMBI SIB-
JIAKOTCSA MPUUYMHON 3aCOPOB B OTJMBKAX. MOPMBI C BBICOKOW MPOYHOCTHIO TPYIHO



Pa3OMBAIOTCS, YTO TOBBIIIACT TPYJIOEMKOCTh MPH BHIOMBKE OTIMBOK M TAKXKE MO-
KET PUBECTH K AeEKTaM OTIIHBOK.

[Tpu muthe B hOPMBI C HU3KOM Ta30MPOHUIIAEMOCTHIO HAXOATHeECS B (popme
BO3JIyX M T'a3bl, BEIACIAIONINECS U3 PACIUIABIICHHOTO METAJIa, HE CMOTYT YIaTUTh-
Csl uepe3 CTCHKH (POpPMBI M MPUBEAYT K BHYTPEHHEH MOPUCTOCTH OTIMBOK C HEY-
JIOBJICTBOPUTEIIHHBIM KQU€CTBOM TTOBEPXHOCTH.

[1pu M3roTOBICHUH IOBETUPHBIX JTUTCHHBIX (POPM-MOHOJUTOB MMPUMCHSIOTCS
KUIKAE caMOTBepActoNIre (POPMOBOUYHBIE CMECH (KPHUCTOOATUTO-THTICOBBIE CMECH
K-90, «Cymepkact», «Carunkacty, [II'A-15, KI'A-4, «lOsemupnasy u np.), KoTo-
PBIE COCTOSIT B PA3HBIX MPOMOPIHUAX U3 okcuaa kpemHuus (S10;) B BHaAe KBapIia Win
kpucTobanura u runca B suae noayruapata (2Cas0.xH,0). OntumanpHoe Komrde-
CTBO TUCTHJUTMPOBAHHOM BOJIBI, KOTOPOE HYKHO 100aBisATh HAa 1 KT pOopMOBOUHO
cMecH, TipecTasiieHo B Taom. 1.1.1.

Tabmuma 1.1.1
KonuuecTBo BoAbI 1151 3aTBOPEeHHsT (HOPMOBOUYHBIX CMECEH

Mapxka (hOpMOBOUHOI cMecH KonuuecTBo BOABL, J
K-90 0,40
Cynepkcr 0,41
CaTtuHKacT 0,42

[Tpu M3roTOBICHUH IOBEITUPHBIX JTUTCHHBIX (POPM-MOHOJIUTOB, KaK TIPABUIIO,
Ha PE3MHOBOE OCHOBAHME C 3aKPEIJIEHHOW HAa HEM OJIOK-MOJIEIbIO YCTAHABJIUBAIOT
OTOKY. B kauecTBe OMOKMU UCMOJB3YIOT HWJIUHAP U3 HEPKABEIOICH CTaN TUaMET-
poMm 50 — 225 mMm u BeicoToit 100 — 300 MM B 3aBHCHMOCTH OT pa3MepoB OJIOK-MO-
nemn. [{unuaap moxer ObiTh nepdopupoBan. ONOKY 3aJMBAIOT MOATOTOBJICHHON
dbopmo-Maccoii W MOMEMAIOT B BUOPOBAKYYMHYIO YCTAHOBKY ISl YIUIOTHCHHUSA
(hopMo-Macchl ¥ yJaieHus U3 Hee My3bIPhKOB BO3/IyXa M MPOU3BOAAT BUOPOBAKYY-
mupoBanue npu AasiaeHuu 1,3 klla B reuenne 120 — 180 c.

B cnydae HekayeCTBEHHOrO MPOBEACHHUS BUOPOBAKYYMHUPOBAHUS IMy3bIPbKH
BO3AyXa aJCOPOUPYIOTCS HA MOBEPXHOCTU BHITIABIISIEMBIX MOJICICH U ABJISIOTCS
MPUYMHOMN MOSABJICHUS HA OTJIMBKAX IIAPOBBIX HAMJIBIBOB.

[TpuHiMnuanbHas cxeMa BUOPOBAKYYMHOM yCTAHOBKH MPEACTABJICHA HA PU-
cyHke 1.1.3.
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Puc. 1.1.3. Cxema BUOpOBaKyyMHOU yCTaHOBKH

VYcraHoBKa COCTOUT M3 BaKyyMHOW LMJIMHIPUYECKON KaMepbl BbIicOTOM 350
MM 1 quametpoM 300 MM, CMOHTHpPOBaHHON Ha pabodem crosie BUOpaTopa u ¢dhop-
BAaKyyMHOI0 Hacoca. Bryck Bo3myxa B BaKyyMHYIO KamMepy OCYILECTBIISIETCS IO-
CPEICTBOM OTKPBIBAHUSI BEHTHUJISI BO3y LIHOTO KJlaraHa.

[Tocne 3arBepneBanusi GOPMBI MPOU3BOIUTCS BHITOIKA W3 HEe BOCKa B MEYU
JUTSL BBITONIKKM MOJIEJIBHOM MACChl WJIM B MPOKAJIOYHOM MEYM, OCHAILEHHOU IOMJ0-
HOM JIJIsi cOOpa pacIuIaBIeHHOTO0 BOCKa. Y najieHue Mojelield U3 JIUTeHHOH (HhOopMbI
OCYIIECTBIISIETCS IBYMS CITIOCOOAMU:

— BBIIIJIABJICHUEM C TTIOMOIIBIO Tapa;

— BBIIIJIABJICHUEM IIPU HArpeBe OMOK BO BPEMSI ITPOKAJIKHU.

B nacTosiee BpeMsi 0OBIYHO IPUMEHSETCS BTOPOM croco0, KOTophIii obec-
neyuBaeT Oojiee IMONTHOE YyJaJeHHe MOJEJbHOIO0 COCTaBa W3 JIMTEHHOU (OpMBI U
MIOBBILIAET TPOU3BOAUTEIBHOCTD TPY AQ.

[Tpokanka ¢hopM IMPOU3BOIUTCS B MPOKAJTOYHOM MEUM MO PeKHUMaM, PEeKo-
MEHJIOBAaHHBIM JIJIsl IPUMEHSIEMBIX CMecel U npejcTaBieHHbIM B Tadiuie 1.1.2.

Tabmuma 1.1.2
Pe)xuMBbI TPOKAIIKK JUTSI TPUMEHSIEMBIX cMecei

Mapka (opMoBoHHOit CKopocTH HarpeBa Jijist TeMl';epaTypHLIX HHTEPBAJIOB,
cMecH Tpave
no 120 °C no 280 °C 10 480 °C u BoIIIIE
K-90 0,020 0,025 0,025
Cynepxact 0,020 0,020 0,020
CaTHhHKacT

[ToBbIIIEHHE CKOPOCTH HarpeBa JUTEUHBIX POPM B ITUX TeMIIEPATyPHBIX WH-
TepBajaXx MPUBOAUT K OOPa30BaHUIO TPEUIMH, I[O3TOMY HEOOXOAUMO CTpPOro
co0I01aTh PEXUMBI POKAJIKHM C TTIOMOILIBIO COOTBETCTBYIOILIUX CPEJICTB aBTOMATH-
ki. MakcuManpHas Temreparypa MpOoKaJIMBaHUSI 3aBUCUT OT KOJMYeCTBa TUIICa B
dbopMoBOUHOI cMecu U He osbkHa npeBbiaTh 800 °C, Koraa mpoUcXoIuT pasiio-
’KEHUe TUIca U paspylieHne Gopmsl.



OOBIYHO TIPOKAMBAHUE JTUTEHHBIX (DOPM OCYINECTBIISETCA B MPOKATOUHBIX
reyax mno CJICAYIOIIEMY PEKUMY:

— nHarpes ot 20 1o 150° C — 30 muH, ¢ Beiaepxkoi npu 150° C — 3 yaca;

— HarpeB ot 150 no 300° C — 2 yaca, ¢ Beiaep:xkoit mpu 300° C — 2 yaca;

— narpes ot 300 no 750° C — 3 yaca, ¢ Beiaep:xkkoit mpu 750° C — 3 yaca.

OxnmaxaeHue npokaieHHbIx ¢opM 1o Temmeparyp 3amusku 400 — 650° C
TaKKe MPOBOJAT ¢O CKOpocThio He Bhime 0,03 rpan/c.

B o6miem ciyyae TemiepaTypHO-CKOPOCTHON PEKUM MPOKATIMBAHUS JTUTCH-
HBIX (hOPM 3aBUCHUT OT MX MACCHI, CIIOKHOCTH (POPMBI MOJTyUaeMbIX OTIUBOK H TIO/I-
OMpaeTcs B KAXIAOM CJIy4ae WHIUBUAY ATbHO.

OnHoit u3 0cOOEHHOCTENH MPUMEHEHUA UMIIOPTHBIX KPUCTOOATUTO-TUIICOBBIX
(hOPMOBOUYHBIX CMECEH SIBJISCTCS HEOOXOMMMOCTh KOMIICHCAITMN YCAIKH O00XuTae-
MBIX JTUTEHHBIX (hOPM, TIPOUCXOIAIIECH 3a CUET MEPEexX0/1a PACTBOPUMBIX PA3HOBHU/I-
HOCTel 6e3B0HOrO runca-anruaputa (O, 4 B,) B mepactBopumseie (0, 4 B,) Cono-

CTaBJICHUE TEMIIEPATYP, TPH KOTOPHIX 3TOT mepexoa umeeT mecto (493 — 748 K), ¢
TeMIepaTypaMK SHAHTHOTPONHBIX TpeBpamiennii - o -kpapm (808 — 846 K),
Y- B-tpumumur (390 K), B o-rpumumur (436 K) u P~ o -kpucrobanur (498
—3535 K), conpoBoxaaronuxcsi 00beMHBIM PaCHIMPEHUEM, TTOKA3bIBACT, YTO OJHA
U3 MEPBbIX Hanbojee OM3Ka KO BTOPOM JIMIIIb B CIy4ae COUCTAHUS CMECU KPUCTO-
O0amuT TIroc O-rumc. 10 00CTOATEIBLCTBO MOCIYKUAJIO OTIHPABHBIM MYHKTOM i
pa3pabOTKU W HKCMOJb30BaHUA Kpucrtobanuto-rumncoBbix cMmeceit K-90, "Cynep-
kact" u "Carunkact". Bo3MOXKHO, 9TO KpOoMe PUPOAHOTO KpHCTOOANuTa (MECTO-
poxnenne Can-Kpucrobams, Mekcuka) pupmbr CILIA u HEKOTOpBIE €BpOTIECHCKHE
(bvpMBI HCTIONB3YIOT TaKXkKe aMOp(HBIA KpeMHE3eM, TMOyYaeMblid Pa3I0KEHAEM
MPUPOTHBIX MATEPUAIOB B IIEIOYHBIX CPelax M KPUCTOOATUTHUIMPOBAHHBIN TIPH
temmepatype 1423 K u Boitiie (B COOTBETCTBUY C AUAarpamMmoit coctosaus Si0,).

XVAMHAYECKAN aHaju3 KPUCTOOATUTO-TUTICOBOM (hopmoBounoit cmecu K-90
MoKasbIBaeT, uto oHa coaepxkut 20,6 % CaS0, mo OTHOIIEHHIO K MacCe CHIPOro 00-
pasiia, 4To B mepecyeTe Ha ''cyxoe" COOTHOIIEHHE cocTaBisieT okono 28 — 30 %.
Ob6mree xonmmuecTBO S10, B 3TOM cMecH (B mepecdyeTe Ha CYyX0€ COOTHOIIIEHUE) CO-
ctapiaeT okojio 70 %. XapakTepHbIM Aji 3TON CMECH ABJISIETCS BBICOKAS UYHCTOTA
kpemue3emucToit cocrapisonieit (0,02 % Fex0s, 0,02 % Al:0;, 0,01 % Ti0,, 0,01
% MgO), a taxxe Hanuune 6opHOoro anruapuaa B,0; (0,29 %). [Tocneanee oObsc-
HSIETCS UCMOJIb30BAHUEM B JAHHOW CMECH OOPHOM KUCJIOTHI B KQUECTBE 3aMe/IUTe-
JS CXBAThIBAHUA THUIICA. XWMHUCCKUN aHAIM3 KPUCTOOAMTO-THUIICOBBIX CMeECeH
«Cynepkact» u "CatuHkacT" MOKa3bIBAET, UTO 3aMEJIMTENIEM CXBAaThbIBaHHA THIICA
B HUX fBJIA€TCS Oypa, 0JHAKO B oTiinure oT cMecu K-90 uncrora KpeMHE3eMUCTOM
COCTABJISAIONIEH CYIIECTBEHHO HUKE 32 CUET YBEJIMUEHUS MACCOBOTO COJEPKaHUA
okcuoB xene3a u ap. MK-cnexrprr o6pasnos dhopmoBouHoit cmecn K-90 manpl Ha
puc. 1.1.5.
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Puc. 1.1.4. UK-cnektpsl popmoBouHoii cmecu K-90
Crnektpsl 1-4 1okazanu, 4To CBA3IM THIAPATHBIX COSAMHEHUN MOJYBOJIHOTO U
0l -ABYBOJHOI'O TMIICOB COOTBETCTBYIOT MOJIOCKI Tornomenus 3440 — 3445 m™' B He-
TUIpaTUpOBaHHbLIX U 34,1 M7 B rMapaTMpoBaHHBIX 0OPA3IIAaX CMECH.
Ha pucynke 1.1.5 nansl UK-cniektpbl popMOBOUHBIX cMecel « CyrniepkacT» 1
«CaTuHKacT» B T'MJIPATUPOBAHHOM COCTOSIHMM, KOTOPbIE OTIIMHYAIOTCS OT CIIEKTPOB
cmecu K-90 HanmuuureM noJioc norionieHus acoecra.
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1 — Cynepxkacrt, 2 — CaruHkact
Puc. 1.1.5. UK-cniekTpbl ruipaTupoBaHHBIX 00pa3ioB OPMOBOYHBIX CMeceit

[10 OTHOLIEHUIO UHTEHCUBHOCTEH COOTBETCTBYIOIIUX I10J10C OIPEICIEHBI CO-
crapisitome cmecerd «Cynepkact» u «Carunkact». Coaep:kaHue J1ByBOAHOro O -
rurica B cmecu «CynepkacrrcocraBisieT 32 %, a B cmecu «Carunkact» — 29 %,



KpucTtobaauTa - cooTBeTcTBeHHO 60 1 66 %, acbecta — 5 — 7 %, OTCYyTCTBUE TpHU-
JTUMUTA.

Bsi3kocTh KpHCTOOAMTO-THIICOBHIX (DOPMOBOYHBIX CYCIICH3UH.

C TOuKM 3peHUS TEOPUH, TJIABHBIMU aPIryMEHTAMU, OT KOTOPbIX 3aBUCHUT BS3-
KOCTh KPHUCTOOATUTO-TUTICOBBIX (DOPMOBOUYHBIX CYCIICH3WH, SIBJSIFOTCA (hpaKIMOH-
HBIH COCTaB CyXMX CMECEH, BOJIOMACCOBOE OTHOIIEHUE, 4 TAK)KE MEXAHU3M KUHETH-
K¥ mporiecca ruaparanu. OMHaKo, KakK MOKA3bIBACT OMBIT, (PPAKIIMOHHBIN COCTaB
onpeaenaeTcs TpeOOBAHUAMU K IIEPOXOBATOCTH MOBEPXHOCTH OTJIMBOK U SIBJISETCA
MPUMEPHO OJMHAKOBBIM W IMOCTOSTHHBIM ISl BCEX PA3HOBUIHOCTEH KPEMHE3EMMU-
CTO-THUICOBBIX CMECEH, MO3TOMY OH MOXXET HE BKJIFOUAThCA B COCTAB HE3ABUCUMBIX
MEPEMEHHBIX BCEX HIKETPUBEACHHBIX (YyHKIMOHAIBHBIX 3aBucuMocTed. C
OOJIbIIEH BEPOSTHOCTHIO MOXHO MPEANOJIO0KUTh, YTO TJIABHBIMU HE3aBUCUMbIMU
MepeMEHHBIMHU (DYHKITUH BA3ZKOCTH KPEMHE3EMHUCTO-THIICOBBIX CYCICH3HMH SIBIISIFOT-
s MX BOJOPOJAHbIE MoKasaTenu P u BpeMs oT Hauasa 3aTBOPEHUS CyCHEH3MH T, .
[Tpu noBeIeHHBIX P He MCKIOUEHA TaKkKe BO3MOKHOCTh NPOTEKAHUS JIOKAIIb-
HBIX MPOIIECCOB rejeo0pa3oBanrsa aMop(HOTO KpeMHE3eMa, MOCTOSIHHOTO CITyTHH-
Ka JI000H €ro KPUCTa/UTMYECKOW Moau(uKanuy, BCICACTBUE YETO BA3KOCTH CyC-
MEH3UX MOKET 0YEHb 3aMETHO MOBBIIIATHCA.

Takum oOpazom, oOmwit BUA (PYHKIIMOHATBPHOW 3aBUCUMOCTH Kod(pdu-
LIUCHTA BA3ZKOCTU CYCIECH3UH

w=f(pH, 1., B/M)) (1.1.18)

rne PH — BomopoaHbIii MoKazaTenb CyCHEH3MH, NPHUBEACHHBIH K HOPMaabHBIM
YCIIOBHSAM B MOMEHT BPEMEHH, T, — BpeMs OT Hauana 3aTtBopeHus, mun; B/M, —
BOJIOMACCOBOE OTHOINEHUE CYCTICH3WH, KT.

['paduk nzmenenns korpduinenTa BA3KOCTA KPUCTOOATUTO-THIICOBBIX CYC-
neHsuii B 3aBucuMoctu or PH cycrensuii u BpeMeHu ¢ Hauana 3aTBOPEHUs MPe-
cTaBieH Ha pucyHke 1.1.6.YcTaHOBIEHO, UTO TJIaBHOE BJIMSAHHUE HA TOBBIIICHHUE
BSA3KOCTH CycIeH3mil okaspiBaeT yseanuenue PH cycnensuii. Kpome Toro, cinemy-
€T OTMETHUTh OTJMYHME XapaKTepa 3aBHCUMOCTEH myia cycreHsuii « CymepkacTy o
«Carunakact» ot K-90. 310 oTimume cBsI3aHO ¢ BPEMEHEM MOBBIIICHUSI aKTUBHOCTH
OH -nuonos ( pPH = 6,7 mna cycnensuit «Cynepkac» u pH, = 5,5 nna cycnensun
«Carunkacty», a nia cycnensuu K-90 pH = 2,7 5 cpennem).
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1 —cmecs K-90 (pH = 2,6 2,8); 2 — cmech «Cynepract» (PH = 6,65  6,85); 3 — cmech
«CartnuHkacT» (pH = 5,40 5,60 ).
Puc. 1.1.6. 3aBucuMocTtb ko3 puieHTa BI3KOCTU KPEMHE3EMUCTO-TUMNCOBBIX CyCleH3Ui
or PH w Bpemenw ¢ nauana 3aTBopenus
Omnupudeckast ¢popmyia A onpeaenacHust KodQPuiuenTa BI3KOCTH CyC-
IEH3UU UMEET BUJ:

ux=0,0140pHx%+ 0,0013 (1.1.19)

rae f, — Koo HUIHMEHT BA3KOCTH CYCIICH3MH B MOMEHT BpemenH T,; PH — Bojo-

POJIHBIH [OKa3aTelb CyCIeH3uil B MoMeHT Bpemenu T,; B/M . u B/M — Bogyo-
MaccOBble OTHOLIEHHs ONTUMAJILHOE U H3MEPIEMOE COOTBETCTBEHHO.

KonTpoJabHbie Bonpocsl K pazaery 1.1

1. Kakume wMarepuansl HUCHOJB3YIOT MPHU H3TOTOBJICHHHM SJIACTHUHBIX
npecchopm?

2. Kakoli 0CHOBHOM KOMITOHEHT BXOJIUT B COCTaB (OPMOBOUHBIX PE3UH?

3. B kakoM BHJI€ TOCTABISIFOTCS (POPMOBOUHBIE PE3UHBI?

4. Uto Takoe MacTep-MoJieb?

5. I3 kakoro Marepuaia u3roTaBlIMBaeTcs MacTep-Moieb?

6. TexHoJIoTHsI U3rOTOBIICHUS MaCTEP-MOJICIIN?

7. Kakue npucrnocoOieHus: 1 o00pyJ0BaHUE UCTIOIB3YIOTCS MTPU BYJIKaHU3a-
IIUU 3JIACTHYHBIX TIpecc-hopm?



8. Uto Takoe CTeneHb ByJIKaHW3AIINH?

9. Kakue daxTopsl BIHUSIOT HA CTETICHb BYJIKAHU3AIAH?

10.Kak onpenensaercs BpemMs BYJIKaHU3AIKMN?

11. Kakue matepuaibl KCIOJIb3YOTCS ISl TIOJTYUCHHS BBITJIABJISIEMbBIX MOJIE-
Jen?

12. Kakve OTJIMBKM MOKHO TMOJIy4aThb MPH MCIOJIb30BAHWM BBITUIABISAEMbIX
MoJenei?

13. Kakue ¢hakTopsl BIUSAIOT HA KAYECTBO BBHITIIABIIIEMBIX MOIEICH?

14. Yto takoe 00s10# IpH JINTHE TIO BHITUIABISAEMbBIM MOJICTAM?

15. Kakoe 000pyaoBaHUE MCHOJB3YETCS U1l U3TOTOBJICHUS BBITLIABIISIEMbIX
MoJenei?

16. Kakne ¢akTopsl onmpenensioT, Kakylo TeMIEepaTypy JOHKEH UMETh MO-
JEIbHBIN COCTaB MPU UHKEKTUPOBAHUU?

17. Kak BAusAeT NaBJICHUE MPU WHXKEKIMHA HA KAYECTBO BBITUIABJISIEMBIX MO-
neneun?

18. Uto Takoe OJOK-MOJETb U U3 KAKUX HJIEMEHTOB OHA COCTOUT?

19. TexHonorust U3roToBICHUA OJIOK-MOICITH?

20. Kakoii MHCTpYMEHT HCHOJIb3YETCs JUisi COOPKHU OJIOK-MOAen?

21. Kakue maTtepuaibl UCMONB3YIOT AJI1 U3TOTOBJICHUS MOHOJIUTHBIX JINTEH-
HBIX (hopm?

22. Yo Takoe KpUcToOanuT?

23. TloueMy HeNb3d OPUMEHATH TPAAUIIMOHHYIO TEXHOJOTHUIO JIUThS MO BbI-
MJIABJIAEMBIM MOJENAM (MCTIOJNIb30BAHUE CIIOMCTHIX OO0O0JIO0YEK) B IOBEIMPHOM
MPOU3BOJICTBE?

24. Kakumu CBOMCTBAMM JOJKHA 00JaaaTh CYCIEH3HS JJI9 HW3rOTOBIICHHUA
MOHOJIATHBIX JTUTEHHBIX (popm?

25. Kakue onepanum BKIIOYAET B C€0s [IUKIJI M3TOTOBJICHUS MOHOJIMTHBIX JIH-
TEWHBIX (hopMm?

26. Kakumu cniocob0amMu MOKHO MPOU3BOJUTH YJAJIEHUE MOJEIBHOTO COCTa-
Ba W3 MOHOJIUTHBIX JIATCHHBIX (hopMm?

27. Kakumu cBoiicTBaMu A0KHA 00j1a71aTh MOHOJIMTHASA JIMTEeHHAs dopma,
MOJrOTOBJIEHHAS K 3aJIUBKE?

28. Kakas makcumasnbpHas TeMmnepaTypa MPOKAJIKA MOHOJMUTHBIX JTUTEHHBIX
dbopm?

29. Kakue ¢dakTopsl BIMAIOT Ha MOKa3aTeIb BI3KOCTH (POPMOBOUHOM CycC-
TCH3UM !

30. Kakoe 06opy1oBaHHE UCTIONIB3YETCS I M3rOTOBJICHUS MOHOJUTHBIX JIH-
TEWHBIX (hopMm?

31. Ha ckoJibko rpynn AEIATCA FOBEJMPHBIC U3/IEIUA IO UCTOIb3YEMbIM Ma-
Tepuagam?

32. Kak knaccudpuiupyroTcst KObIa 0 CJI0KHOCTH WX M3TOTOBJICHUS !



33. KakuMu HHCTpyMEHTaMH ONpPEACIAeTCS pa3Mep Kojbia?

34. B kakux eAMHUIIAX U3MEPSAETCS pa3Mep KoJbiia?

35. Kakum ob6pa3zoM KiIacCU(PHITUPYIOT IOBEITUPHBIC H3ACTHS?

36. Kakne nmparomeHHbIe METaUIbl UCIIOIB3YIOT IJISI H3TOTOBIICHHS IOBEITHP-
HBIX U3ACTUIN?

37. Kakre HeMeTayUIMUEeCKHEe MaTepHallbl WCIOIB3YIOT U M3TOTOBIICHHS
IOBEJIUPHBIX YKPAILICHUH?

38. Kakune MeTtalmmueckue MaTepHalibl MCIOJIB3YIOTCS B FOBEIMPHOM IIPO-
MBIIIJICHHOCTH?

1.2. Cioco0bI 1 MeTOABI JIUTHA

Jlexusa 5

1. MeToibl MPUTOTOBRJICHHS PACIUIABOB U3 APArOIEHHBIX METAJIOB.

2. OcHOBHBIC (PAKTOPHI, BIHSIONTHE HA KAYECTBO PACIIJIABOB U MOTEPH METAII-
JIOB TIPH IUIABKE, UX B3aUMOCBSA3b.

3. YcTaHOBJIEHUE KQUECTBEHHOW M KOJIMUECTBEHHOW B3aMMOCBA3U MEKIY Be-
JTUUUHOW METALTYPTHUECKAX YrapoB U OCHOBHBIMH TETUIO(PH3NICCKUMH CBONCTBA-
MM PacIIaBoB.

B mnaBuibHO-IMTEHHOM MPOU3BOJACTBE JPArOllEHHBIX METAJUIOB U CIJIABOB
W3BECTHBI PA3HOOOpPA3HbIE METObl MPUTOTOBJICHUS PACIUIABOB, PA3INYAIOIIAEC
MO YCJIOBUSAM BbIOOPA W MOJTOTOBKHU IIMXTOBBIX MATEPUAJIOB K IJIABKE, IO METOAM-
KaM COCTaBJICHUS M pacyeTa IIUXT, MO NOPSAKY 3arpy3KHM KOMIOHEHTOB IIUXT B
MJIABWIBHBIC MEUH, MO YCIOBUAM U TEMIIEPATYPHO-CKOPOCTHBIM PEXUMAM UX TJIaB-
KW, a TaKXe pPa3IUYaloIuecss MO0 TMPU3HAKaM KOHCTPYKTHBHOTO odopmIIeHHS
OCHOBHOT'0O 00OpYIOBAHUS.

['maBHBIM B OCTPOCHUU METOAOB MUIABKH SIBJSIOTCS TEXHOJOTMUECKUE MPHU-
3Hakd. UTO k€ KacaeTcs MPU3HAKOB KOHCTPYKTHBHOTO ogopmieHus 000pymo-
BaHWsI (TIEYW AYTOBBIC, MHIYKIIMOHHBIC U T. 11.), TO, XOTSI OHWA W TIPUHSTHI B HAYIHOM
U TEXHUYECKOUW JINTEpaType MPHU COCTABIICHUH KIACCU(UKAIMN METOJIOB TUIABKH
KaK pellalollie MPU3HAKU, BCE K€ TAKOBBIMHM HE SBJISIOTCS, TaK KaK HE ompeje-
JIAIOT CYIIHOCTH MPOLIECCOB.

Hcxons v3 OCHOBHBIX TEXHOJOTHUECKUX MTPU3HAKOB — BHIOOPA M MOATOTOBKH
IIMXTOBBIX MAaT€pHUAJIOB, METOJIMKH COCTABJICHUA U pacyeTa MINXT, TEMIEPaTypHO-
CKOPOCTHBIX PEXKHMMOB MX IUJIABKM M B3aUMOJCHUCTBUSA MPHU TJIABKE C TBEPABIMH,
KUJKAMH W Ta3000pa3HbBIMHM BEIECTBAaMHM B padodueM MPOCTPAHCTBE MedeH, omnpe-
JENSAOMMX CYIIHOCTh MpOIlecca MPUTOTOBJICHUS U KAu€CTBO MPUTOTOBIACMBIX,



PacCIlJIaBOB, a TAK)XKE YUYUTHIBAsI KOHCTPYKTUBHBIE OCOOCHHOCTH OCHOBHOTO, 000pY-
JIOBAHUS JUTSl TUTABWIIBHBIX padOT, MOKHO PEKOMEH/IOBATH JIsl TPAKTUYECKOTO MPH-
MEHEHHsI CACAYIONIYIO KJIacCU(PUKAITAIO METOA0B, TPUTOTOBJICHHS PACIIABOB JIpa-
TOIICHHBIX METAJJIOB M WX CIUIABOB OTBEUAIONIYI0 COBPEMEHHBIM BO33PEHHUSAM Ha
TEOPHIO W MPAKTUKY METALIYPTHUYECKOTO TTPOU3BOACTBA JIMTHIX Oy hadpUKaTOB 1
3aroTOBOK W3 STHUX METAJIOB W CIUIABOB. Bce MeTOAbI MPUTOTOBJICHUS PACILIABOB
JParoIeHHBIX METAJJIOB M WX CIUIABOB KJIACCH(PMITMPOBAHBI HA JBE TPYIIIHI: TEp-
Basl OXBATBHIBACT W XAPAKTEPHU3YET METObI MPUTOTOBJICHUS OJHOKOMITOHEHTHBIX, a
BTOpPasi — METOBI MTPUTOTOBJICHUS ABYX U 00JI€€ KOMIOHEHTHBIX PACIIJIAaBOB.

MeToapl MPUTOTOBJICHUS PACIIIaBOB B MTPOU3BOACTBE MOy (hadpuKkaToB u 3a-
TOTOBOK JPAroreHHBIX METAJJIOB M WX CIJIABOB, KaK Ha OCHOBE cepedpa | 30J10Ta,
TaK TJIATAHBI ¥ METAJUIOB TUIATHHOBOM T'PYIITBI JOKHBI 00€CTICUNBATH: TIOTyUCHHE
pPacIyIaBOB BBICOKOTO KAa4eCTBA W MUHUMAJIbHBIC MTOTEPH JAPATOTICHHBIX M IPYTHX
METaJ/UIOB OT yrapa MpW WX PACIUIaBJICHUH, MUHUMAJIBHYIO MPOJOJLKATEIEHOCTD
MJIaBKU, MUHUMAJIbHBIA, PAacXoJ] SHEPruH, (PyTEPOBOUYHBIX M JPYTHX MATEPHUAIIOB
Ha CIMHUITY PACIUIABIIAEMOMN IMUXTHI, TPOCTOTY ¥ TUTHCHUYHOCTH OOCITYKUBaHUS,
IMTUPOKYIO BO3MOXXHOCTh WX TPUMEHEHUS MPH MUHUMAJIBHO TOTPEOHOU MPOU3-
BOJICTBEHHOM Tioma . Kpome Toro, mpuMEeHEHHE TOTO WJIM WHOTO METOAa TIPUTO-
TOBJICHUSI PACIUIAaBOB 3aBUCHT OT oObeMa MPOM3BOJCTBA, XapaKTepa, COCTaBa,
CBOHMCTB M HA3HAYCHUS MIMXTHI, HATUYHOTO TApKa TIABUIBHO-TUTEHHOTO W TPO-
KaTHO-TIPECCOBOTO 000PYI0BaHUsA, OOCCIICUCHHOCTH MPOW3BOCTBA AJIEKTPOIHEP-
rueu, u 1pyrux GakTopos.

[IpuroroBieHue paciiaBOB METAIOB W WX CIUIABOB — OJHO W3 HamboJjee
CJIOKHBIX TIPOM3BOJICTB, COCTOSIIIMX M3 KOMILUTEKCa TpoieccoB. CI0KHOCTh TaHHO-
ro TPOW3BOACTBA B MHOT000Opa3uu (haKTOPOB, OMPEACIIAIONIAX €T0 TPOIECCHI,
MHOTOITO3AIIMOHHON B3aUMO3aBUCUMOCTH 3THX (haKTOPOB JAPYT OT APyra U UCKITIO-
YUTEIHHOM Pa3Ho00pa3uu (hOpPM B MEXAaHU3MOB, X MPOSBJICHUS TPUMEHUTENHHO K
Ka)KJIOMY KOHKPETHOMY COYECTAHHIO MATEPHUAJIOB, KOHCTPYKTUBHOMY M TE€XHOJIOTH-
yecKoMy O(OpPMIICHUIO 000PYIOBaHUS W MPUCITOCOOICHUH, IPUMEHSIEMBIX B 3TOM
MPOM3BOICTBE, a TAKXKE U3 TOTO, YTO JACHCTBUE OONBIMMHCTBA ATUX (DAKTOPOB MPO-
ABJISIETCS B YCIIOBUAX BHICOKHX TEMIIEPATyP U CKOPOCTEH.

OnsIT paboOTH MIABWILHO-JIMTCHHBIX MPOU3BOJICTB, APArOIICHHBIX METAJIIIOB
W WX CIUIAaBOB TIOKA3BIBAIOT, UTO YIS STUX MPOW3BOJACTB HaWOOJbINEE 3HAUCHUE
HMEIOT CACAYIOMHE (PaKTOPHI.

JIOCTOBEPHOCTh XUMHUYECKOTO COCTaBa MMXTOBBIX MATEPHAJIOB.

OT10T (hakTOp permaeT MPaBUILHOCTh COCTABIICHHS IMAXT U 00ECIICUUBACT T10-
JYYCHUE 3aJaHHBIX COCTABOB MPHUTOTOBJISEMBIX PACIUIABOB, TAaK KaK, €CIIA B3ATHIC
JUTSL COCTaBJICHWA W pacueTa MIMXT WX COCTABIISIONINE MUMEIOT (PaKTHUECKH WHOM
XUMWYECKAN COCTAB Ue€M YKA3bIBAEMOTO B MACTIOPTaX HA HUX, TO HEN3OEIKHO TOJTY -
YEHWE PACTUIABOB MHBIX COCTABOB MPOTHUB PACUETHHIX, a CJICIOBATEIBLHO, M BBIXO/ B
Opak 1Mo HECOOTBETCTBHIO XMMHUYECKOTO COCTAaBa OTIMBAEMBIX W3 JIAHHBIX Pacrlia-



BOB oty pabpuKaroB. YcTpaHeHrue Opaka, €Cjd OHO BOOOIIE BO3MOYKHO B YCIIOBH-
X JAHHOTO mpeanpusatus, conpsbpkeHo co 100%-HpIiM MOBTOPEHUEM BCEX 3aTpaT
MPOM3BOICTBA, BKIIIOYAs MOBTOPHBIE MOTEPH MeTauioB. [losTomy nanHOMYy hakTo-
py chaeayeT yAensaTh ocoboe BHMMaHue. J[nd 3Toro HeoOXxoauma OpraHu3aius
BXOJIHOTO KOHTPOJIS IMAXTOBBIX MAaTEPUAJIOB U 00S3aTEILHOCTH KOHTPOJISI TOUHO-
CTH PabOThl XUMUUECKOU JTabOpaTOpUH.

JIOCTOBEPHOCTH XUMHUYECKOTO COCTaBa BCIIOMOTATEILHBIX MAaTCPHAJIOB

OT1OT (haKkTOp, KaK ¥ MPEBIAYIIHA, IMEET TIPSIMOE OTHOIICHHUE K TTOTYUEHHUTIO
KQueCTBEHHBIX TI0 XMMHUECKOMY COCTaBY MPHUTOTOBIIIEMbIX MarepuanoB. OH pac-
MPOCTPAHACTCA HA BCE MPHUMEHSIEMBIC TPHU TJIABKE IMUXT MATEPHAIBI, HETIOCPEI-
CTBEHHO COTPUKACAIOIMINECA C MMUXTAaMHU W pacIulaBaMU. OTHEYTIOPHI, U3 KOTOPBIX
M3TOTOBJIAIOTCS padoune (yTepOBKM TUIABUIIBHBIX TeueH (MIaBUJIbHBIC TUTJIN) U
TJIABUJIBHBIC TTPUCTIOCOOJICHUS, 3AIIMTHBIE CPEJIbI, 3AIMATHBIE TMMOKPOBBI 3AIUTHO-
padmHUpOBOUHBIC (UIFOCHI, a TaKXke packuciauTeln. Ecim ¢akTHuecKkuii cocTaB
JAHHBIX MATEPUAJIOB HE COOTBETCTBYET YKa3aHHOMY B TACMOPTax, TO UX MPUMEHE-
HUAC MOXKET MPUBECTH KaK K M3MEHCHHUIO XMMHYECKOTO COCTaBa MPUTOTOBJISIEMBIX
pacruIaBoB (3arpsA3HEHUIO WX BPEIHBIMHU MPUMECSIMH), TaK W TIOBBIINICHHON 3ara3o-
BAHHOCTH PACIJIaBOB, WX OKHCJICHHIO, TTOBBIIIICHHBIM yrapaM KOMIIOHEHTOB M Kak
clencTBrEe K Opaky OTJIMBAGMbBIX OTJIMBOK M CIIMTKOB MO XMMHUYECKOMY COCTaBY,
MOPHUCTOCTH, OKUCHBIM BKJTIOUEHHUSAM U IPYTUM AeheKTaM,

[Tpu sTOM, ecnm Opak MO XUMHUYECKOMY COCTaBY OTIMBOK BBISIBJISICTCS HETIO-
CPEICTBEHHO B TUTABWJIBHO-JTUTEHHOM TTPOU3BOCTBE W, CJICIOBATEIHLHO, COMPSIKECH
co 100%-HpiMuU 3aTpaTaMu HA €ro UCOPaBJICHUE, TO OpaK MO METALIYPTrUYECKUM
nedekTaM MHOTHX APYTHX BUOB BHISBJISETCSA, B OCHOBHOM, JIUIITh HA TIPOMEKY TOU-
HBIX U 0COOCHHO KOHEUHBIX CTaJMsAX OOIIEro MUKIIa MPOU3BOACTBA MOy hadprKa-
TOB W W3JCIUH, a CIIEIOBATEIHLHO, COMPSDKEH C 3aTpaTaMu U TOTEPSIMH METAILIOB,
BO MHOTO Pa3 OOJIBIITMMHE, YeM HUCITPaBIeHUE 3a0paKOBAHHBIX OTIMBOK.

Kpome Toro, mpuMeHeHHe HECOOTBETCTBYIOIITUX BCIIOMOTATEIIEHBIX MATEPH-
ajI0B BOOOIIE HEAOMYCTUMO MO YCJIOBUAM TEXHHUECKOW 0€30MacHOCTH padoT, Tak
KaK MOXET MPUBECTH K aBapHUAM U TPaBMATHU3MY PabOTArONTUX.

[TosTomy manHOMY (haKTOPY TaKKe CIECAYET YICIATh 0CcO00€ BHUMAHWE W
MPUHUMATH MEPBI, TAaPAHTUPYIOMNE HEBO3MOXHOCTH MPOMyCKa B MPOHU3BOACTBO
HECOOTBETCTBYIOITNX YKa3aHHOMY COCTaBY BCIIOMOTATEIbHBIX MAaTepUajioB (BXOI-
HOM KOHTPOJIB).

CrereHb YUCTOTHI (CTETICHb 3arpsI3HEHUS) MIUXTOBBIX M BCTIOMOTATEITHHBIX
MaTepHAIOB

[Tox »tiM akTOpOoM cliemyeT TOHMMATh HE TOJIBKO MACTIOPTHBIC JTAHHBIE O
XUMHWYECKOM COCTaBE MIMXTOBBIX W JPYTUX MaTEPUAJIOB, XapaKTEPHU3YIONIUX CTe-
MEeHb YHUCTOTHI 1O AAHHBIM OOMIETO OMPOOOBAHUSA W aTTECTAIlMH, HO TaKXKe M CTe-
MEeHb WX BHYTPEHHEHW W MOBEPXHOCTHOM 3ara30BaHHOCTH W CTETICHb YHUCTOTHI WX
MOBEPXHOCTH TI0 3arpSA3HCHUSIM WHOTO XapaKTepa, KOTOPhie OOBIYHO HE YUUTHIBA-



I0TCA pe3yabTaraMu OOIMX OMPOOOBAHMN XMMHUECKOIO0 cOocTaBa. Mexay Tem
MHOTHE IIIUXTOBBIE, a TAKXKE APYTrAe MaTEpUAIbl MOTYT COACPkATh W, KaK MPaBUIIo,
COJZICpKAT TA30BbIC U UHBIE 3arpsA3HEHUA. Bce 3TH 3arpsa3HEHUA MOTYT CYIIECTBEH-
HO BJIMATH HA XOJI TIJIABKM M Kaue€CTBO PACIJIaBOB, 00YCIIOBJIMBATh UX HACHIIIICHUE
razaMmu, JPYTMMHW BPEIHBIMHA MPUMECIMHA W OKHCHBIMHM BKJIFOUCHUAMH, YBEIIUYM-
BaTh METAJUTYPTHUYECKHE Yyrapbl KOMIIOHCHTOB W MPUBOANTH, B KOHCUYHOM CUETE, K
METaJUTyPruuecKoMy OpaKy OTJIHBAEMbIX 3arOTOBOK, CIIMTKOB M M3TOTOBJISEMBIX M3
HHX JPYTUX 10JTy(padpHuKaToB, a TaKKe H3CITHH.

KommakTHOCTh ¥ rabapuTHOCTH MIUXTOBBIX MaTEPHAJIOB

Ot1oT (paKTOp MMEET pa3IMUHOS TOJKOBAHHE M 3HaueHHE. [Ipekae Bcero, oH
XaAPAKTEPU3YET MUXTOBBIE MAaTEPHUAIIbI C TO3UIIMN PA3BUTOCTH X TOBEPXHOCTH, a
CJICIOBATENIBHO, JA€T BO3MOXXHOCTH OIIEHMBATh KAYECTBEHHO, HACKOJBKO CHJIBHO
MOTYT OBITh 3arPA3HCHBI IMMXTOBBIE MaTEpHaibl aJACOPOUPOBAHHBIMU UMHU BJIArOM,
Pa3IUYHBIMA ra3aMH, CMA3KaMu U JAPYTHMH BEIIECTBAMHU U KAaKOW METOJT OYHUCTKHU
CJIeayeT MPUMEHUTH JJIA MOATOTOBKM 3THUX MaTepHajioB K IUiaBke. Kpome Toro,
3TOT (haKkTOp XapaKTepHu3yeT IMUXTOBBIC MATCPHANIBl C MO3HIIMHA BO3MOXKHOCTH HX
TIJIAaBKK B UMEIOIIEMCS WM B BBIOMPAEMOM JIJIs MPUTOTOBJICHUSA JAaHHBIX pacrijia-
BOB 000py/IoBaHWHM 0€3 3allUTHI WJIH C 3alUTO#N OT okucieHus. Hanpumep, npu He-
OOJIBIIIOM 00BEME TJIABUJIbHBIX THUTJICH KPyMHOTa0ApUTHBIEC ITUXTOBBIE MATEPHAIIBI
MOTYT JU00 HE MOMECTUTHCS B HMX, JIMOO 3HAUMUTENIHLHO BBICTYMHATh 3a MPEACIbI
THUTJICH, YTO HE aCT BO3MOKHOCTH OCYIIECTBJICHHS TUIaBKK BOOOIIE UIIH TIJIABKH C
HaAJIe)KalleH 3aluTON IITUXT OT OKHUCIICHUS, €CJIM IITMXTOBbIE MaTepHuaiibl HEe Oy Iy T
Mope3aHbl Ha KYCKH MEHBIINX pa3MepoB. Kpome Toro, He 6€3pa3nnyHo, KakoH pas-
Mep KyCKOB MMEET IIHUXTA, JaKe €CIIM OHA KOMIIaKTHA U rabapuTHa OTHOCHUTEIBLHO
THTJIA. OTOT pakTop UMeeT OONBINOe 3HAYSCHHE, B YACTHOCTH JUTSI MHIYKIIHOHHBIX
THTCIBHBIX Tieuel, rae Il 3((PEeKTHBHOTO MX HCIOJIB30BAaHUS, a TaK)Ke OCYIIE-
CTBJICHUS OBICTPOTO PACIUIABJICHUA IITUXTH ¢ MUHUMAJIbHBIMU MOTEPSMH METAJIOB
HMEIOTCA OIPE/ICIICHHbIEC OTPAHNYEHUS HAa ra0apUTHOCTH ITUXTOBBIX MAaTEPHAJIOB.

CreneHb OCBEXKEHMS IMMXTOBBIX MAaTEPHAJIOB W MPOMOPIHMH COCTABJICHUS
IAXT U3 MIAXTOBBIX MATEPHUAJIOB PA3JTMUHOTO MPOUCXOKICHUA

Jlaausbrit pakTop mMmeer OOIBINIOS 3HAUCHHME IS IIPOM3BOJICTBA PACIJIaBOB
MOBBIIICHHON, BBICOKOW M 0COOOM CTEMEHM YMCTOTHI, a TaKXke IS PaciljiaBoB,
MpeaHA3HAUYEHHBIX U1 JUThbs 00padaThiBa€MbIX JABJICHHWEM CJIUTKOB, TaK Kak
YCTaHOBJICHO MPAKTUKOH, BO3BpaIllacMbie B 000POT OTXO/bI COOCTBEHHOI'O MPOU3-
BOJICTBA M3BECTHOTO COCTaBa BCeraa OOOTallleHbl MPUMECIMUA OTHOCHUTEIIBHO Tep-
BUYHBIX METAJIJIOB M CTEMEHb 3arpsA3HEHNS MHOTOKPATHO OOpaIaeMbiX IMHAXTOBBIX
MaTepHaIOB HEMPEPHIBHO BO3pacTacT. UTO MPUBONAT, B KOHEYHOM CUYETE, K CHUKE-
HUIO CMTOCOOHOCTH 00pabOTKHU JIaBJICHUEM OTJIMBAEMbBIX CIIMTKOB, OpaKy MPOKATHO-
TSHYTHIX TTONY(haOpHKATOB M3-32 PA3THYHBIX BHI0B METALIYPrudecKuX Ae()eKTOB,
CBSI3aHHBIM C 3THUMH MPHUMECSMH, MOTEPSIM METAIJIOB U JPYTUM MOCIEIACTBHSIM.



[TosTomy yueT manHoro ¢akrtopa mpu pa3padoTKe TEXHOJIOTMUECKHUX MPOIECCOB
MPOM3BO/ICTBA PACILIABOB U WX MCIIOJIHEHUU 00A3aTENIEH.

OcobeHHoCTH PU3NKO-XUMHUYECKUX CBOMCTB METAILIOB U JPYTHX JIEMEHTOB,
BXOJISIIIAX B COCTAB MIMXT B PA3HBIX COCTOSHUAX W B MPUCYTCTBHM PA3THUHBIX
Cpell, OTHEYIIOPOB, 3AIIUTHBIX TOKPOBOB, (PJIFOCOB U PACKUCITUTENEH

OT10oT (aKTOp — OCHOBHOHW /I TOCTPOCHHUS TEXHOJOTHYECKUX TMPOIECCOB
MPUTOTOBJICHUS PACIIABOB JTFOOBIX METAUIOB M CIUIABOB, MTOTOMY YTO, TOJIBKO HC-
XO/A W3 3HAUCHUS (PU3HKO-XUMHUUYECKUX CBOWCTB KOMIIOHEHTOB IIIWXT, 3HAHUA 3a-
KOHOMEPHOCTEH U3MECHECHHSI ATHX CBOWCTB B PA3IMUHBIX COCTOSIHUSX KOMITOHEHTOB
U WX B3aUMOJCUCTBUSA MEXKIy COOOH M C APYTMMH BEIIECTBaMH (OTHEYIIOPaMH,
cpenaMu, MOKpoBamMu, (prrocaMul, pACKUCIIATEIIMA) MOXKHO TMPABAIILHO PACCUNTATh
IITUXTHI TIO COCTABY BXOJAAMINAX B HUX KOMITOHEHTOB, MPABWJILHO BHIOPATH IS TUTAB-
KM W TMOATOTOBUTHh K PaboTe COOTBETCTBYIOIIEE OOOPYIOBAHME, OTHEYMOPHI, 3a-
IITUTHBIC CPEJIbI, 3AMATHBIE TTOKPOBBI, 3alTUTHO-pAPUHUPOBOUHBIE (DITFOCHI M pac-
KUCITATEITH, TIPABIIIBHO OMIPEACTUTh TIOPSIOK 3arpy3KH, MOCIEA0BATEIEHOCTD, TEM-
MePaTyPHO-CKOPOCTHBIC PEKUMBI TUTABKH ITAXTOBBIX MATEPUAIOB U JIPYTHE YCIIO-
BHsI TIPUTOTOBJICHUS paciyiaBoB. [loaTomy yuer manHOTO (hakTopa —OCHOBA TIPOU3-
BOJICTBA paciljiaBa JJI0O0ro MeTaljia v CIijiaBa.

TouHocTh pacdeTra MMXTHI MO BHIXOAY TOJHOTO MPOAYKTA, COACPNKAHHUIO
KOMITOHCHTOB ¥ TIPUMECEH C yIeTOM HEPAaBHOMEPHOCTH HX yrapa.

OTOT (pakTOp MMEET pellaroiee 3HaYeHne I 00eCceueHus 3aJaHHOTO CO-
CTaBa PAcCIUIaBOB W OTIIMBACMBIX MOTy(hadprukaToB 1 3aroToBoK. [loaToMy BEIOOPY
MEeTO/a pacueTa IMUXT U METOJAa ONPEACICHUS YyrapoB Pa3IMUHBIX KOMIIOHEHTOB,
BXO/ISIIIIAX B COCTAB PA3NTMUHBIX MTUXT, CAEAYET yACIATh 0CO00€ BHUMAaHHUE.

Cnenyer OTMETHTH, YTO NAJICKO HE BCE M3BECTHHIE METOJBI pacyeTa IMUXT
00eCcreunBalOT TOYHOCTh pacieTa He TOJBKO MO BBIXOIY TOJHOTO MPOAYKTa W TIO
COJICPKAHUIO IPUMECEH, HO U TI0 CONCPKAHUIO KOMIIOHEHTOB B IITUXTE W B TOTOBOM
MPOIYKTE, TMOCKOJBKY OHM HE YYHMTHIBAIOT PA3IMUMs B HEPABHOMEPHOCTH yrapa
Pa3HBIX KOMIIOHEHTOB, CTEMEHN 00OTAIECHHsI PaCIljIaBOB IPUMECSIMH, a TaKkKe 00-
IIETO yrapa MWAXTHI B TIEJIOM TIPH TUIABKE U JINThE PACIUIaBOB.

[To xapakTepy BCe MOTEPH METAIUIOB M CIUIABOB TMPH IJIABKE W JIUTHE MOMKHO
pa3OUTh Ha JBE KAaTErOPUHU:

1. Tlorepu co mutakamu, arocaMu, 3aITUTHRIMEA TTOKPOBaMH, (yTEpOBKaMHU
neueit (TUMISAMU), TPYTUMU HETUKBHIHBIMUA METAJUICOACPKAITUMH OTXOJAAMH, W3
KOTOPBIX METAJIJIBI B CITy4ae SKOHOMUYECKOH 11eTIeCO00Pa3HOCTH, MOKHO YaCTUYHO
W3BJICUb JIOTIOJTHUTENHHOM MepepaboTKON Ha JAHHOM WJTH APYTHX TMPOU3BOACTBAX.

2. [loTepwu, cBs3aHHbBIE C yrapoM (METa/UTyPTHUECKHH yrap) BCIIECICTBUAC WC-
MapeHus, JETYUYECTH U ap. DTH TOTEPH COCTABJISIOT PA3HOCTh MEXKY KOJTHMYECCTBOM
3arpy’kaeMbIX METAJIOB (CIUIABOB) B IUIABKY M BCEMH PEATLHO OIyTHMBIMH TIPO-
JOYyKTaMH X NepepadOTKH.



Beuny pazmuuus GU3AKO-XUMUYECKAX CBOWCTB, NPAroleHHBIX METAJUIOB, a
TAK)KE OTJMYUA UX OT APYTUX METAJUIOB, BXOJSIIMNX B COCTAB UX CIUIABOB, NOTEPHU
Pa3HBIX METAJUIOB HA YTap MPH IUIABKE W JINTHE HEOAUHAKOBBI U MOTYT OTJINYAThCS
M0 BEJIWYUHE B JIECATKU Pa3. ITO HEOOXOAUMO YUUTHIBATh MPHU PacyeTe U COCTaB-
JICHUW IIUXT.

AHaJIN3 U U3YyUCHHUE MOTEPh METAJUIOB MOKA3bIBAIOT, UTO MOTEPU APArOIEH-
HBIX W JIPYTUX METAJUIOB, BXO/AIIUX B WX CIUIABBI, HA yrap U HEJIUKBUIHBIEC MeE-
TAJUICOEPIKAIIUE OTXOIbI TIPH TUIABKE W JINTHE 3aBUCAT OT CIASAYIOMINX (PaKTOPOB:

1. crenenn CpoACTBA META/UIOB M CIUIABOB K KMCIIOPOY (TETUTOTHI 00Opa3oBa-
HUSA OKHCJIOB) — 9Ye€M OHa OOJIbIIEe, TeM OOJIBbIIIE MHTCHCUBHOCTDh OKUCJICHUS U TTOTE-
PH METAJIJIOB HA Yrap Y B HEJIMKBUIHBIC METAIIIICOAEPKAIIUE OTXO/IBI;

2. IJIOTHOCTH METAJUJIOB, CIUIABOB — YE€M MEHBIIE MJIOTHOCTh, TEM OOJIbIIIe
OKHCJIEHUE U JIETYYECTb,

3. OTHOIIEHHUS TEMIIEPATYPbl HATPEBA METAJLJIA MPH IJIABKE U JINThE K TEMIIE-
parype €ro KUMeHusi — 4eM OHO OO0JIbIIE, TEM HUHTCHCUBHEE UCTIAPEHUE;

4. BpeMEHH TJIaBKW W JIUThA (BPEMEHU HAXOXKIACHHWS METallla, CIulaBa IO
HarpeBoM, OCOOCHHO B PACIUIABJICHHOM C TIEPETPEBOM COCTOSTHUM) — YE€M OHO
0O0JIbIIIE, TEM BbIIIC MOTEPH HA OKUCIICHUE U UCTIAPEHUE,

5. TEXHOJIOTMYECKON COBEPIICHHOCTH YCIIOBHI BEICHUS IJIABKU METAILIOB,
CIJIABOB W PA3JIMBKU PACIJIABOB B CIUTKH.

Y CTaHOBNIEHHE KAUECTBEHHOW M KOJWYECTBEHHOW B3aMMOCBSI3H MEXK]Y Be-
JTUUUHOW METALTYPTHUECKAX YrapoB U OCHOBHBIMH TETUIO(PH3NICCKUMH CBONCTBA-
MM PacCIIaBOB.

AHaJIN3 ONBITHBIX U CTAaTUYECKUX JAHHBIX O MOTEPSX APArOIEHHBIX METaj-
JIOB W CIUIABOB IPHU TUIABKE W JIUTHE MO3BOJIAJ YCTAHOBUTH 3aKOHOMEPHYIO CBS3b
MEXIY BETMUYMHON MUHUMAJIBHBIX, YTApOB MPH IJIABKE W JIUTHE Psiaa AParoleHHbIX
W JPYTUX IBETHBIX METAIOB C CYMMOW COOTBETCTBYIOMHX MM KOX(D(PHUITUEHTOB,
MOJYUYEHHBIX KaK YaCTHBIC OTJEICHUA TEMI0T 00Pa30BaHUS OKUCIIOB HA MJIOTHOCTH
METAJUIOB MPU JAHHBIX TEMIEPATypax HarpeBa W TEMIIEPATyp HArpeBa METAIIOB
P TUIABKE A0 TEMIIEPATYPHI UX KUTICHUS.

JTa 3aBUCHUMOCTh MOJUUHSACTCS 3aKOHY MPSIMBIX, UCXOJAIIMX M3 Hadajia
KOOPAWHAT, ¥ MOXKET OBITh BBIPA)KCHA CIICIYIONICH (hOpMYJIOW:

Vi=KA 1, (1.2.1)

rae YV, — yrap MeTaiia npy IUIaBKE W JINThE IPH JAHHOM TeMIeparype Ha-

rpeBa, % OT 3arpy3KHd B WIHXTY; 4., — oOumil K03(DOULHUEHT, YUATHIBAIOMIIIL CyM-

\iig

MapHOE OTHOLLIEHUE CpPOACTBA METAJIJIOB K KUCIIOPOY (Qo6p >
KKaJI/T-aToMm, KHCJIOPOJA ) k TUIOTHOCTH METajula MPHU JaHHOW TeMIepaType Harpe-



Ba npu miaeke (/,, r/cM ) ¥ OTHOLIEHHE JAHHOM TEMIEPATypPhl HArPEBA METAILIA
npu miaske (L, = 1, Lf,.°C) temneparype ero kunenwus, (f,,°C) ero mocunroiBa-
10T HAa OCHOBE CIPABOYHBIX JTAHHBIX IO hopMyIte
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(12.2)

T — BpeMs IUIABKWU, Y,

K, — xodpduumeHT, yuuTHIBAOMIKYA CTENEHb MPOrPeBa METAIOB CBEPX
TEMIIEPaTyp WX PaCIIaBICHUA.

B oTaenbHBIX Cilydasx BO3MOMKHBI HECOBIIAJICHWSA PACUCTHBIX YTrapoB IMPH
MJIaBKE W JIUThE METAIOB M CIUIABOB C MPAKTHUCCKUMH pesyibTaTamu. [IprunHa-
MH TOTO MOTYT OBITH CIAEAYIOMIME: HECOBEPIIEHHOCTh CIOCOOOB TUIABKH W JIATHA
WU HEOPEKHOCTh B padOTe, HETOUHOCTh aHAIM3a KaK MOCTYMAIOMWX B TUIABKY,
TaK ¥ BHITUIABIIIEMbBIX METAJIOB W CIIABOB, HETIPABWIILHOCTH YCTAHOBJICHHBIX HOP-
MaTHBOB TIOTEPH JAPArolCHHBIX METAUIOB W CIJIaBOB W Ap. Kornma miaBHibHBIE W
JUTEHHBIC arperaTbl HECOBEPIICHHBI, a MJIABKY M JINTHE BEAYT HE B COOTBETCTBHH C
OTNITUMAJIPHBIMA TEMIIEPATYPHO-CKOPOCTHBIMHU U JAPYTHMH PEKAMAMHU, TTOTEPH Me-
TaJUTOB ¥ CILJIABOB MHOTO BBIIIIE.

Jlexkuus 6

1. CocraBnenue u pacuet mnxThl. OCHOBHBIE MOJIOKEHHSA. METObI pacueTa.
PexoMenyeMbie COCTaBHI.

2. MeTo/ibl TJ1aBKH CILJIABOB.

3. Bupl miiaBuIbHBIX arperaTos.

4. 3amuTHBIC CPENbI, TTOKPOBHBIE (MITFOCHI W PACKUCITUTEIH, JIATATyPhl U MO-
T(UKATOPHI.

JIiia cocTaBeHUS M pacueTa MHUXT HeOOXOAMMO 3HATh. HA3HAYCHUE TIUXTHI U
TpeOOBaHMS, TIPEABIABISIEMBIC K TOMHOMY KOHEUHOMY TPOIYKTY WU CIUTKY, JUISA
KOTOPBIX COCTABIISICTCS TIMXTA;, XapaKTEPUCTHUKY MMEIOIIMXCS MAXTOBBIX MaTepHa-
JIOB TIO WX BU/y, COCTOSHHAIO M TOTOBHOCTH K IIJIAaBKE, BEJIMUMHY yrapa KOMITOHEH-
TOB, BXOJAIIUX B IUXTY, U MIAXTHI B IEJIOM TPH TUIABKE U JINTHE, MACCy TOJHOTO
KOHEUHOTO TIPOIYKTa WJIH CIUTKA, JUTSI KOTOPBIX COCTABJISAETCA MIMXTa, TOKA3aTelh
BBIXO/Ia TOHOTO WJIM  3aMPaBOYHBINA KOY(PPHUITHEHT.

Hawnbonee neHHble COCTABIISIIONINE MAXTHI — CBEXHE METAIIBI U JIUTATYPHI,
MOATOMY WX KOJIMYECTBO B IMUXTE OTPAHUIMBAIOT MUHUMYMOM, HEOOXOTUMBIM IS
MOJIyYEHHUs CIUIaBa XOPOIIEro KayecTBa.



B ornaenpHbIX cilyuasx, OCOOCHHO €CJId MPUTOTOBJISIEMbIN CIUIaB HE UMEET
OTBETCTBEHHOT'O HA3HAUECHHWS, IMIMXTY I €ro MPOM3BOACTBA MOXKHO 0€3 yiepoa
JUTSI KAUeCTBA U3TOTOBJIAEMBIX MOy (haOpHUKaATOB M U3ACIIUNA COCTABIIATH TIOTHOCTHIO
13 BO3BPATHBIX MPOJYKTOB CBOETO MPOU3BOACTBA MPOIICAIINX COOTBETCTBYIOIIYIO
MOJTrOTOBKY K IJIABKE.

MHoOrokpaTHbIii TE€peruiaB MPOAYKTOB MEepepabOTKH METALIOB M CIUIABOB,
0€3 OCBEIKCHHS MEPBUYHBIMU METAJJIAMHU HE PEKOMEHAYETCS, TaK KaK MPUBOJUT K
YBEJMUYECHHUIO B METAJIJIaX U CIUIABAX MPUMECEHN, ¢ OMHOM CTOPOHBI, 3a CUYET 3arpsa3-
HEHUA WX B TIPOIIECCE MepepaboTku Ha MOy padprKaThl U U3AETHSA, a C APYToi — 3a
CYET Pa3IMUYHON MHTEHCUBHOCTH yrapa KOMIIOHEHTOB U MPUMECEH MpHU MeperiaBe
(puc. 1.2.1), B pe3ynbprare 4ero MOJyUYCHHBIA CIUIaB HE OYyJET yAOBIETBOPSTH 3a-
JTAHHBIM TPEOOBAHUSM.

Jlnist ctabunu3anuuy mpoObl AParolieHHbIX META/UIOB B CIUIABAX U YIPOIICHUS
UX ydeTa B MPOU3BOACTBE HEOOXOJUMO PACUET IIMXT BECTH CTPOr0 HA HOMHUHAJIb-
Hoe o ['OCTy unu TY coaeprkaHue AParol€HHbIX U APYTUX METAJUIOB B CIUIaBax.

Pacuet muxThl B IOBEIMPHOM MPOU3BOJICTBE MPOU3BOMAT, MOJIB3YSICh CIICIY -
IOIIUMU HMCXOJHBIMU JTAaHHBIMU. TPEOYEMBIM XUMHUYECKHUM COCTaBOM T'OTOBOTO
CIJIaBAa, XMMUYECKUM COCTABOM IIHUXTHI; YTrapOM 3JICMEHTOB TpPH IJIABKE U JIUTHE.

PacueTHoe conepikaHue 3aeMeHToB B muxTe K (1) onpenensercs no Gpopmyie:

OK
K, =—" (1.2.3)
100y
rae O — macca rorosoro cmnasa, r; K, — u3BecTHoe cofepkaHue >IeMEHTa
B TOTOBOM cCITIaBe, %, Y — yrap djeMeHTa IPH IIaBKe U IThE, %.
ConeprkaHre COCTABJISIONIUX MUAXTHL X (T) pacCUMTHIBAETCA MO (hOpMYyJIE:

x OK 1
Y VI S Vo S (12.4)

n100Y n
rae M, ..., M, — npunATOE WM PACCUUTAHHOE KOJUUECTBO COCTABIIAIOLIEH
WAXTEL, T, by, ..., b, — conepiaHue 2I€MEHTa B COCTABIIAIOIMX MHUXTHI, %, 1 —

COJIEp)KaHME AIIEMEHTA B ONPEACIICHHOM COCTABJISIONICH IHMXTHI, %.

VYrap 3JIeMEHTOB TP IIABKE W JINThE IMPHHAT paBHBIM: I 301012 — 0,1 —
0,2 %; cepedpa — 0,2 — 0,5 %; mequ — 0,5 — 1,5 %; nuxena — 0,1 — 0,8 %; nuuka — 2
— 10 %.
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Codepxanue npumeced b memannax, cnabax, %

0 1 2 3 4
Yucno nocredobamensHsix nnabok

Ot 1 -0 po 1 — 2 — noBTOpHBIE MepenIaBKku 0e3 100aBIEHUs CBEKUX METAIOB; OT 2 — 0 110
2 — 2 — 10 xke, ¢ A00ABJIEHUEM CBEKHMX METAVIOB B KOJIMYECTBAX MEHEE yrapa pacriiaBoB; OT
3 -0 10 3 —2 10 K€, B KOJINYECTBAX, PaBHBIX yrapam paciuiaBo; 4 — 1 u 4 — 2 — 10 xe,

B KOJINYECTBAX, NPEBbILIAIOIIMX Yrapbl pacriiaBoB (no AHApoHoBy B. I1.)

Puc. 1.2.1. IIpyHIMnManbHas 3aBUCUIMOCTh HAKOTUICHHS MPUMECEH B MeTaJlJIaX U CIUIaBax ¢ pas-
JIMYHBIM UCXOJIHBIM cOAepKaHUEeM MPUMECEH OT uMcia MOBTOPHBIX NEPEriaBoOK U KOJIMUECTBa
N00aBKH CBEKUX METAJIOB.

TOYHOCTE pacyeToB IIMXTHI OMpPEAEsseT Ka4eCTBO MOJIy4aeMOro roToBOro
OpOAYyKTa. DTa onepauus SBISETCS BAKHEWILUMM 3TanoM MOArOTOBKM MeTallja K
njaaske. B IMTETHOM NPOU3BOACTBE, B TOM YMCJIE U IPU UCTIOJIB30BAHUM PAroLEH-
HbIX METaJJIOB, TEPMUHOM IJIaBKa 0003HAYaOT BEChb KOMILIEKC (PU3NUYECKUX U XH-
MMUYECKUX NPOLIECCOB, CBA3AHHBIX C NPUrOTOBJIEHUEM CIUIaBa, UMEIOLLETO OIpee-
JICHHbIA XMMMYECKUM COCTaB M TEMIEPATYPY, 4 TaK K€ MPUEMJIEMBIE JIMTEUHbIE
CBOMCTBa, 00eCneUMBaOIINE MOJYyUYEeHHE OTJIMBKHM WM CIMTKAa TpeOyemoro kadve-
CTBA.

Meroa wnv BUA TIJIABKM 3aBHCUT OT THIA MCIOJIB3YEMOIO TUIABUIIBHOTO
arperara. B ¢Boro odepenp THUI IUIABUJIBHOIO arperara 3aBUCHUT OT BUAA MOJBOAM-
MOro K Hemy 3Hepruu. [lnaBuibHbIA arperar (najgee neyb) MoXkeT paboTaTh Ha
TBEPJIOM, KUJIKOM, ra3000pa3HOM TOTUIUBE, a TaK K€ MPH UCIOJIb30BAHUU DJIEKTPO-
sHepruu. B cBoro ouepesp, dNeKTpUUECKHE NEYU MOAPA3AEIIAIOTCS Ha [1€Yr COMpo-
TUBJIEHUSA, UHAYKUHMOHHbBIE TUI€JIbHBbIE U KaHAJIbHBIE, IEKTPOHHO-JIyuyeBble. Tak
)K€, BUJ MJIAaBKU 3aBUCUT OT UCHOJb3yeMbIX (DyTEpOBOUHBIX MaTepuaioB, 3alllUT-

HBIX cpesl U MOKPOBHbIX (uitocoB. Kpome Toro, eciu 310 He0OX0AUMO, TPUMEHSIOT
pacKuciaeHrue U MOAU(PUITMPOBAHHE.



3aluUTHBIE Cpeabl M MOKPOBHBIE (PIIIOCHI 3AIMIIAIOT PACIUiaB OT BPEAHOTO
BO3JICHCTBHS OKpYKaromieh atMocdepsl. PaccMOTpuM HEKOTOPBIEC U3 HUX.

Bakyym — nambomnee >pdexTrBHas, HO U BEChbMa MOpOTas 3allATHO-IEra3a-
LIUOHHAsA cpeaa, TpeOyromas CrneuHabHOrO MIaBHIIBHO-JIMTEHHOT0 000py I0BaHUS,
YTO OrpaHWYMBACT €ro MpuMeHeHue. HenoctaTkoM ABJISIETCA MOBBIIIEHHAA IO
CPaBHECHUIO C JPYTUMH 3alUTHO-ACTA3alMOHHBIMHA CPEIaMU JIETYYECTh B HEM Me-
TaJUIOB W CIUIABOB MPH IJIABKE U JUTHE; MPEKJIE BCErO ITO OTHOCHUTCS K CIUIaBaM,
COJICpIKaIM KaaMuH, IHHK | (pocdop.

BakyyMm Haj pacmiiaBoMm cieAyer MOAAEp:KMBATh B TEUYEHUE BCETO BPEMEHHU
MJIABKKA U JUThA WK 1,5 — 2 MUH HENOCPEACTBEHHO MEPE]l JINThEM, €CIU HYKHA
TOJIBKO J€ra3als pacijiaBa, a OT OKMCJIEHHS €ro JIy4lle 3allMIlaTe HHBIMU Cpeaa-
mu. Crenenpb pazpexenus 1,0 — 100 mm pT. cT.

Apromn, renmuii (Ar, He) — nHepTHBIE Ta3bl, XUMHUYECKH HE PEarupyromnue HA
JPYT C IPYTOM, HA C KaKUM-JIMOO WHBIM BEIIECTBOM M HUCKITIOUUTENBHO Auddy-
3MOHHO-TIACCUBHBIE MO OTHOLIEHUIO K MeTajlaM U cruiaBaM. CTOJIb LIEHHbIE Kaye-
CTBAa MHEPTHBIX ra30B MO3BOJIIOT 3alMIIATh U OJHOBPEMEHHO AETa3upoOBaTh JIIO-
OO MeTasul U CIUIaB MPH IJIaBKe U JinThe. OJTHAKO MPUMEHEHUE WHEPTHBIX Fa30B B
ATUX LEJIIX OTPAHUUYMBAETCA CPABHUTENIBHO BBICOKOW WX CTOMMOCTBIO, a TaKXKe
HEOOXOAMMOCThIO CO3J]aHUA CIEHUATIbHBIX MPUCIOCOOIEHUN MJ1A UX MOATOTOBKH K
pabote: mpu noctaBke oHu coaepxat Ao 0,3 % kucaopoaa v Biary, U moToMy Ux
HEJb3s Cpa3y MCIOJIb30BaTh O HA3HAYEHUIO.

[Tepen npuMeHEHUEM apProH W rejaud OYMIAIOT OT KUCIOPOAa U APYTUX ra-
30B, PONYCKas MX Y€pe3 LIET0YHON PacTBOpP MEPMAHraHaTa UM XPOMOBYIO CMEChH
WM TOJBKO (B CIy4Yae OYMCTKH OT KHCIOPOJA) 4Yepe3 pacKajeHHbBIC KEJIE3HBbIC
OTUJIKH, a TaKXKe 00€3BOXKUBAIOT, MPOIYCKAd Yepe3 KPETKYIo (HO HE KOHLIEHTPHUPO-
BAaHHYI0) CEPHYIO KUCIIOTY MJIM CYXOW XJIOPUCTHIM Kanbiuid. Eie Tmarensaee ocy-
ITAFOT Ta3bl MPOMYCKAaHUEM uepe3 CKISHKY ¢ ¢docopHbIM aHTHApHUIOM. OUUCTKA
ra3oB OT KHCJIOPOJA W BIIark MEpea MCMOIb30BAHUEM 00A3aTeNIbHA, B MPOTHBHOM
ciyyae OyAayT MMETh MECTO HE 3aluTa W Aera3alys, a HAChILIEHUE KUCIOPOJAOM U
MapaMu BOJIbI.

[Ipumenenre razo3amuTHBIX cpe dHEKTHBHO, €CIU IMUXTHl ¥ PACIUIaBhI
Oy Iy T HEMPEPHIBHO HAXOAUTHCA MO UX MOJOKUTENIbHBIM AABICHUEM, IJIA UEro 3a-
ITUTHBIA Ta3 CJeAyeT MoAaBaTh B TIeUb (TUTEb) B TIPOIECCE BCEH TIABKH MO 1aB-
JICHHEM BHIIIIe aTMOC(HEPHOTO.

A3OT MOJeKyIApHbIA TexHudeckui (N,) — ra3 MpakTHYeCKH HEUTPaIbHBIN
MO OTHOIICHUIO KO MHOTUM METAJJIaM U CIUJIaBaM, B TOM YMCJI€ APArOlEHHbIM, PH
OOBIYHBIX W MOBBIIIEHHBIX TEMIIEpaTypax, BCIACACTBUE UETO XOPOIIO 3aLIUIIAET U
OJIHOBPEMEHHO JEra3upyeT HMX MpH IUIaBKE W JIAThbE, o0nagaer OONbIIOW mac-
CHUBHOCTHIO quh(Py3rn BO MHOTHE METAJUTHl W CIJIABBI, KOTOPAs YIS PAroIleHHBIX
METAJUIOB U CIUIAaBOB MPAKTHYECKH OTCYTCTBYET. B COCTOSIHMM MOCTAaBKM a30T CO-
nepxut Biary u Ao 0,3 % kuciopoaa, BBUAY 4€ro MPUMEHEHUE €r0 OrPaHUUYEHO



13-3a HEOOXOAUMOCTH 00€3BOKUBAHUS U OUYMCTKH OT Kuciaopoaa. Haznauenue, co-
CTOSIHUE, PEXXUMBI IPUMEHEHUS M MOATOTOBKA a30Ta K paboTe TE K€, UTO U AJIA
WHEPTHBIX Ta30B.

Bomopon monekymnsapusiii texunuecknii (H) — akTmBHO B3amMmoneHcTBYET
MPH TUIABKE U JINThE APArOLEHHBIX METAIUIOB U UX CIIJIABOB C KUCJIOPOAOM paboye-
ro IPOCTPAHCTBA MEYM M OKCHAAMM JPAroLEHHBIX, a TaKK€ HEAPAroLUEHHBIX Me-
TaJUIOB M CIJIaBOB. PacmiiaBbl HACKHIIAOTCSA BOAOPOIOM NPH IJIABKE MOJA MOJIEKY-
JIAPHBIM BOJOPOJOM KpailHE MEJUIEHHO BCIIECTBHE OOJIBIION SHEPrUU UCCOLMa-
LW €r0 MOJIEKYJ M CPABHUTEIBHO HEOOIBIIOr0 BpeMEHH Tu1aBKA. C MOHM)KEHHEM
TEMIIEpaTypbl PpACTBOPUMOCTh BOJOPOAA MAJAET Ul cepedpa, MEAH, NIaTUHBI, 30-
JI0Ta, HUKENS, KoOajabTa M PE3KO BO3pACTaeT i NalUIausA, ¢ 4YeM HEeo0XOauMO
CUMTATHCS JUTS TIPEIOTBPAIeHUs] 00pa30BaHUs My3bIPE, TPEIIUH U APYTHX JAehek-
TOB. B COCTOSIHUM MOCTaBKM TEXHUYECKUH BOJAOPOJ COACPKUT BJIary, BBUAY UETrO
HE MOXKET OBITh Cpa3y HMCHOJB30BAaH MO HazHayeHUIO. COCTOSHUE, PEKUMBI MPU-
MEHEHUSA U METOJbl MOJATOTOBKMA BOAOPOAA K padOTE TE€ K€, YTO U JJIl HHEPTHBIX
ra3os.

VYronb Oepe30Bblii 0OBIUHBIN (KyCKOBOW NMEUHOMN) WIIM aKTUBUPOBAHHBIN Map-
ki BAY-2 unu ux cmech B cOoTHONIEHUH 1:1 Mo Macce B MPOKaJI€HHOM COCTOSIHUM
— XOPOIITHH TEIIOU30JIATOP, Hanbosee aemeBbii U 3PEKTUBHBIN 3aMUTHBIN U Je-
ra3alMOHHBIA TOKPOB MPH IJIABKE U JJUThE MHOTUX METAILJIOB U CILIABOB, HE pearu-
pyroumx (0043aTebHOE YCIOBUE) WK €1a00 pearupyromux ¢ YrJiepoJoM U €ro
okuciamu (CO u COy).

bepesoBriii yronb (0OBIYHBIN, aKTUBUPOBAHHBIM I X CMECh) PEKOMEH/TY -
€TCA MPUMEHATH JUIS 3alUThl OT OKUCJIEHUA, BEPXHEN TEIUIOU3OJIALIMU, OJHOBPE-
MEHHOM Jera3ally U PACKUCIIEHUS MPU IUIABKE U JINThe cepeldpa, cepeOpsaHo-Me-
HBIX, 30JI0TOCEPEOPAHBIX, 30JI0TOCEPEOPSHO-MEIHBIX CILJIABOB, a TAKXKE B TEX XKE
neasax (KpoMe PacKUCIICHHS) MPU TUTaBKE W JIMThe cepedpsaHo-menHo-pochopu-
CTBIX, CEpEeOPSAHO-CBUHUOBBIX, CEPEOPSHO-OJOBSHHBIX, CEPEOPAHO-CBHHIIOBO-0JIO0-
BSIHHBIX W APYTUX aHAJIOTMYHBIX MPUMOEB U CIUIABOB, HE COACPIKAIIMX WU CONEP-
xamux Hebombinoe kommuecTBo (10 — 15 %) niatuHbl, METAIOB TUIATUHOBOW
IPYIIbl, HUKENSA U IPYTUX KOMIOHEHTOB, B3aUMOJECHCTBYIOIINX C YIIIEPOIOM ¢ 00-
Pa30BaHUEM KapOWJ0B WA 3HAUUTEIBHO PACTBOPAIOIINX €0 C NOCIEAYIOUIMM BbI-
JIEJICHUEM NMPU KPUCTAJUTH3ALUU.

VYrosib MOKET ObITh TPUMEHEH TAKXKE IS MJIABKU W JIUThS [[BETHBIX METal-
JIOB W CIUIABOB, a TAK)KE 30JIOTHIX M CEPEOPAHBIX MPUMOEB, COAEPKAILUMX LIMHK H
KaJIMHI, HO B 3TOM Clly4ae Jy4ll€ MOJIb30BAThCA CBEKEMPUIOTOBICHHBIM YIJIEM.
[lepen mpuMeHEHUEM YToilb JOKEH OBITh XOPOLIO MPOCYILIEH U MPOKajeH 0e3 J10-
CTyIIa BO3/yXa WJIM JIydllle B BAaKyyMe (JUIs TapaHTUPOBAHHOMW JIETa3alliu) 10 BUIII-
HEBO-KpacHOro 1gera. llocne npokannBaHua yroiab HEOOXOAUMO MPOCEATh OT Me-
JIOYM Y XPAHUTh SO0 UCIMOJIb30BAHUA MOJAOTPETHIM BhIIIEC TEMIIEPATYPhl OKPYIKAKO-
weit cpenpt Ha 20 — 50 “C. OnrumaneHeiii pasmep Kyckos 10 — 30 mm. OcobeHHO



TIIATELHO YTOJib CYIIAT U MPOKAJIMBAIOT MPHU IJIABKE CIJIABOB, COAEpXKAIIUX 00-
JIe€ aKTUBHBIE M0 OTHOIIEHUIO K KMUCJIOPOAY KOMIIOHEHTHI, UeM YTJIEPO, TaK KaK B
WX MPUCYTCTBUM HACHIIICHUE PACIJIABOB ra3aMu W3 YIJIS MPOTEKAET C MOBBIIICH-
HOW UHTEHCUBHOCTBIO.

Harpuii GopHOKUCBIN — OECIBETHBIC CTEKJIIOBUAHBIC KYCOUKH, MOTy4acMbie
MPU HArpeBe TaK HA3bIBAEMOW «IOBEIUPHOHU Oypei» m0 723 K, KOTrJa OHa MOJHO-
CThIO TepsAeT Biary. CUJIbHO TUTPOCKOMWYEH, BO BJIAKHOM BO3AyXE MOMIOIIACT
BOJly W MPHU 3TOM MYTHEET. XUMUUYECKH HE PEarupyer ¢ OOJIbIIMHCTBOM METAJLIOB
U CIUIAaBOB, B TOM YHKCJI€ CO BCEMU JIPAroliCHHBIMU METAJJIAMHU, CIJIAaBaMU U TTPUTIO-
AMU, HU TIPU OOBIYHBIX YCJIOBUSX, HU NIPU HArpeBe M IUIABKE, HE paszjaraercs mpu
3TOM XOPOIIO OIUIAKOBBIBAECT OKUCIIbl MHOTUX METAJIJIOB U IITAKOBBIE BKIIFOUEHUS,
B CBSI3W C YE€M SBJIACTCS OJHUM W3 HAWJIYUINHAX 3alTATHO-PAQUHUPOBOUHBIX (hITFO-
COB TPH TJIaBKE METAJIJIOB U CILJIABOB.

[Tpumensiercs Oypa TOJILKO B MEPEIUIABJICHHOM, MEJIKOTOJTYEHOM U IMPOKa-
JeHHOM mipu 723 K coctosHuu. Bypy mocie npokajiuBaHHs CJIEAyET XPaHUTh B
TePMETHYHOM, TTPEABAPUTEIIHHO XOPOIIIO MPOCYIIEHHOM Tape (0OBIYHO CTEKJISTHHBIC
OaHKH C TPUTEPTHIMHU MPOOKaMH) JTHOO B TIOJOTPETOM COCTOSHHH.

bepe3oBbiii KyCKOBOM, O€pe30BbIi aKTUBUPOBAHHBIA YroJib WM UX CMECh B
COUETAaHUU C HATPUEM OOPHOKUCIIBIM B COOTHOIIEHWH IO MACCe€ B MPOKAJIECHHOM
coctossand (1 — 2):1 pekOMeHIyeTCs TPUMEHSATH IS 3AIATHI OT OKUCJICHHUS, BEPX-
HEW TETUTOM3OJIAINA, OJHOBPEMEHHOM nera3zanuv (TOJBKO B CIIydae MPUMECHCHUS
YTJIA, IPOKAJICHHOTO B BAKyyM€), a TaKXKe ONLIAKOBBHIBAHUS 3arPSI3HCHUN W OKCH-
JIOB TPU MJIABKE B JINThE B OCHOBHOM CEPEOPSHO- U 30JI0TO-MEAHO-IMHKOBBIX MPH-
MOEB, a TAKXKE APYTIUX CIUIABOB W MPUIIOEB HA OCHOBE 30JI0Ta U cepedpa, coaepka-
IUX HapsAy ¢ MEIbIO U LIMHKOM KaJMHH, OJJOBO M JAPYTHME€ KOMIIOHEHTHI, KPOME
MJIATUHBI, METAJIJIOB MJIATUHOBOW TPYMIIbl, HUKEJS U MPOUYMX SJIEMEHTOB, B3aUMO-
JNEUCTBYIOIIMX € YIIIEPOAOM ¢ 00pa3oBaHUMEM KapOMAOB WM 3HAUYUTEIBHO PacTBO-
PAIOMINX €TO ¢ TOCJICAYIONTUM BEIACIICHHEM TPH KPUCTAUTH3AINH, a Takxke dhocdo-
pa.

CMmech 1U1aKkoBasi B COYETAHUM ¢ OEPE30BBIM KYCKOBBIM WM OEPE30BBIM aK-
TUBUPOBAHHBIM yTiieM B cooTHomeHuu 1:(1 —2) mo Macce B MpOKajIeHHOM COCTOS-
HHUHM COCTOUT W3 U3MEJbUeHHON 10 5 — 10 MM muiaBiieHO#W Oyphl M YTJIEKHCIIOTO
KanmpIus (Mena) Mapku A B cooTHolneHuu 1:1. Men mapku A coaepUT HE MEHEe
98 % yraekucaoro Kajabiuga U Maruus u He oonee 1 % He pacTBOPUMBIX B COJISTHOM
KHUCJIOTE BELIECTB.

[Ipoune 3amMTHBIE MOKPOBBI — XJIOPUCTBIA KAJIBLWNA, XJIOPUCTBIN HATPHIA,
XJIOPUCTBIA Kawid, XJIOpUCThIid Oapuii. CBOWCTBA M MOBEEHUE STUX (MIIFOCOB TIPH
MJIABKE W JINThE METAJUIOB W CIUIABOB OAHOTHUIHBI. MIMes OOMbliyt0 TEImIoTy 00-
pa3oBaHMs, MATyIO TIOTHOCTh, TemiiepaTypy tuiasiennst 1050 — 1200 K, Temme-
parypy kurienus 6onee 1673 K u He pa3narasch mpu 3TOM, 3TH (PITFOCH MEXaHUYE-
CKM 3alMIIAI0T PACIIaBbl APArOLEHHBIX META/IOB U CIJIABOB C TEMIEpaTypaMu



masieHus ot 973 go 1573 K 1 MEXaHMUECKH OIILIAKOBBIBAIOT OKCHABI HEAPAro-
IICHHBIX METAJIJIOB.

®Omockl MPeBAPUTENHHO MEPEITIABISAIOT (OAWH WA JTyYIle BA pasa), epea
HCITOJTb30BAaHUEM TTPOKANMBAIOT U XPAHIT aHAJIOTHYHO OOPHOKHUCIIOMY HATPHIO.

ns ynaneHus u3 paciyiaBa BPEAHBIX MMPUMECEH, CPOACTBO K KUCIOPOAY KO-
TOPBIX BHIIIE YeM y KOMITIOHEHTOB COCTABJISIONINX CIUIAB, MCHOJB3YIOT OKHCITH-
TeapHO-paduaUpyIOMUe (PIIOCH U cpepl. ABOTHOKHUCIIBIN HATPUI WM a30THOKHC-
JIBIA Kanmwid (CENMUTPHI) W HATPHUii OOpPHOKUCIHEBIH B cooTHomeHnn 1:(1 — 4) npu Ha-
I'PEBE HECKOJILKO BBIMIC TEMIIEPATYPHI TUIABJICHUS CEJIMTPHI SHEPTUUHO Pa3jiararoT-
csa. OOpazyronmics KUCIOPO B3aUMOACHCTBYET € SJIEMEHTAMU IIUXThHl U TEpe-
BOJUT WX B OKCHIBI. ECIM B MMXTE MPUCYTCTBYIOT KOMITOHEHTHI C OOJBIIAM
CPOJICTBOM K KHCJIOPOMAY, Y€M Y HATPUA MW KaJIAA, BO3MOXKHBI JOTIOTHUTEIIHHBIS
PEaKIMK OKWCIICHUA STUX KOMIIOHCHTOB OKCHIaMW HATpHUs WiH Kanws. B mpucyt-
CTBUM YTJIA WK YTJIS U CEPBI HETb3sI MpUMEHATH A1 miaBku KNO; BenencTeme 06-
pPa30BaHUS B3PHIBUATHIX BEIICCTB.

HarpueByto n kaueByto CEUTPBI PEKOMEHIYETCSl IPUMEHATh IS OKHUCITH -
TEIHHO-PAPUHNPOBOUYHBIX TUIABOK, CHJTPHO 3arpsS3HCHHBIX IPUMECSIMHU HE OKHCIICH-
HBIX ¥ OKHUCJICHHBIX MIMXTOBBIX MATEPHAIIOB M3 30JI0Ta, cepedpa W MX CIUIABOB C
MEJIBI0, HUKEIEM U HeOOIbIM KOJTmuecTBOM (10 15%) mmaruasl u namiaaus. Co-
cTaByIstomuye (GIIOCH CICAYET TIATEIRHO MTPOCYIITUBATh U MPOKAIUBATh mpu 423 —
473 K B teuenue 1 — 1,5 u.

["a3000pa3Hbie BO3AYyX WM KUCIOPOJ — CHUJIbHBIE OKHCIUTEIN METaJIIOB,
0COOCHHO HEJPArOIICHHBIX, B PACIIaBJICHHOM COCTOSHHH. J[efCTBUE WX aHAJIOTHY-
HO JCWCTBUIO CENMUTPHI. VX pexkoMeHmyeTcs MpUMEHSTh IS OKHCIUTEIHLHO-pa-
(bMHUPOBOUYHBIX TUTABOK METAJIJIOB M CILIABOB, MOJaBas B PACIjIaBbl Yepe3 KepaMu-
yeckue TpyOKHM MOJ M30BITOUHBIM JaBjicHueM B TeueHue 0.5 — 3 MHUH B 3a-
BHCHMOCTH OT KOJIMYECTBA TTOAJICKAITUX ONMIUIAKOBBIBAHUIO TIPUMECEH .

[Tocne mpoBeacHUS OKHCIUTEILHO-PAQUHAPYIONTUX MPOIECCOB, HEOOXO M-
MO yAQJIATh JTUITHAN KACIOPO, HAXOAIIMICS B CIUIAaBE B BHUJE OKHUCIOB KOMIIO-
HEHTOB CILJIaBA WA B MOHU3UPOBAHHOM COCTOAHUU. C 3TOM LENbIO UCHOJIb3YIOTCS
packucuTenu. OQHUM U3 JTydIAX PACKUCTUTENCH IS CIIJIAaBOB IIBETHBIX U JIParo-
IICHHBIX METAJUIOB, COJACPIKAIMUX MEIb W JPYTHE HEAPAroleHHbIE KOMIOHEHTHI C
MEHBIIIAM CPOJACTBOM K KHCJIOPOMy, ueM ¢ocdop, aBigercs dochoprcras Menb
Mapku M®1 uu MO?2. [pu packuciieHnn CTUTaBoB U MeTauioB ¢ochopucToit me-
1610 ((hochopom) HE CAeAyeT OmacaThbCs UTUIITHETO BBOJAA PACKUCITUTENS, TaK KakK
dhocdop B TOBOIBEHO MUPOKKUX MPEASIaX yIydIlaeT NX MEXaHHIECKUE U JTUTCHHBIC
ceoiictBa. OgHAKO HE CIAEAYET CIUIIKOM YBIIeKaThcs ochopom: MOTYyT oOpaszo-
BaTHCS JICTKOIJIABKUE IBTEKTUKH (HAIPUMEP, B CepeOPAHO-MEIHBIX CIUIaBax), KO-
TOpPbBIE, PACIOarasch Mo I'PaHMIAM 3€PEH CIUIABOB MPU WX 3aTBEPACBAHHM, CYILEC-
CTBEHHO CHIKAIOT JKaPOCTOWKOCTh U MOTYT B JAJbHEHIIIEM MPUBECTH K TIEPEKOTY
norypabprKaToB U U3IETNH TIPH OTKUTE.



PackucnurenieMm Tak ke ABJISAETCA JIMTUH METAJUTMUECCKUNA WA €r0 CIUIaBbI C
Meapio. TemnepaTypa Hauaia TiaBJIeHUA CIUIaBOB JUTHA ¢ Meapio 352 K. Jlutnhit —
OJIMH U3 CaMbIX aKTUBHBIX U OBICTPOJCHCTBYIOIIUX PACKUCIUTEIEH U 1€ra3aTopoB
BOJIOPOJIA JJi1 METAJUIOB U CIIaBOB. OJTHAKO OKCU/IbI JIMTHUS 3HAUUTENIBHO TPYAHEE
yJalATh U3 PacIuIaBoB, yeM OKcHabl (pocdopa, Tak kak okcuabl pocdopa razood-
Pa3HbI, a OKCH/BI JIMTHA, TBEP/IbIE B UPE3BBIYAHHO AUCIIEPCHOM COCTOSIHUW, UMEIOT
BHJI BETBUCTHIX 00pPAa30BaHUM, NOHUKAIOIINUX BA3KOCTh PaciiaBoB. B cBA3M ¢ 3TUM
MPUMEHATh JIMTHH 71 PACKUCICHUS CHJIBHO OKHCJICHHBIX IITUXT HEXKEIaTeNbHO,
JyYIIe MOJIb30BaThCs (POCHOPUCTON MEBIO.

JlerupoBaHue — 3TO BBEJCHUE B PACIIABJICHHBIC WJIA TBEPJbIE METAJUIbI Jie-
TUPYIONMAX MATEPUAJIOB (JTUTATYP) /TS TTOYUYEHHUS CIUTaBa 3aaHHOTO XUMHUYIECKO-
ro COCTaBa i NMPUJAHUA €My TPeOyeMbIX CBOWCTB. BBICOKOUW MJIACTUYHOCTH H
MPOYHOCTH, OOJIBIIONW TBEPJIOCTH, KAPOMPOUHOCTH U T.N. BiaudHue serupyromux
3JIEMEHTOB Ha CTPYKTYPY U CBOMCTBA CILJIaBAa 3aBUCUT OT COOTBETCTBUS KPUCTAJLIIH-
YECKHUX PEIIETOK OCHOBHOTO M JIETUPYIOLEro MeTauioB. K uncny 3neMeHTOB, uc-
MOJIb3YEMbIX ISl JISTUPOBAHUS, OTHOCAT 39 3JE€MEHTOB, PACMO0KEHHBIX B JICBOH
yacTu nepuoaudeckoit cucremsl J[. M. Menaeneesa, B Tom unciie 14 peakozemernb-
HBIX METAJJIOB.

HemocpeacTBeHHO miepes pa3iMBKO#M CIUIaBa MPOU3BOIAT €r0 MOAU(PHUITAPO-
Baane. MoaudunupoBaHueM Ha3bIBAIOT TMPOIECC MPETHAMEPSHHOTO W3MCHCHHS
CTPYKTYPBI JINTOTO METAJIJIa U CILJIaBa MO/ BO3JACHCTBUEM CHEIUAJIBLHBIX OYEHb Ma-
JBIX 100aBOK, HA3bIBAGMbBIX MOAM(pHKaTOPsl. MoaudukaTopsl CocOOCTBYIOT KPH-
CTAJUTM3AIMKN CTPYKTYPHBIX COCTAaBJISIONIAX B OKPYTJIOH (popme, 3HAUUTEITHHOMY
WX U3MEJIbUCHHUIO U PABHOMEPHOMY PACHpPEACIICHUIO M0 BCEMY 00beMY. AKTUBHBI-
MH MOIUdUKATOpAMU IS 30JI0THIX M CEPEeOPSHBIX CIIABOB SIBJISIFOTCS METAJLIBI
MJIATUHOBOW TPYMIbl, 0COOCHHO PYTEHUM.

Jlexusa 7

1. Tlopsinok 3arpy3Kku KOMIIOHEHTOB IIMXThI B IJIABUJIbHBINA arperar.

2. TemnepaTypHO-CKOPOCTHBIE PEXKUMbI TPUTOTOBJICHUS PACIIAaBOB.

3. BnugHue TeMnepaTypHO-CKOPOCTHBIX PEXMUMOB IUIAaBKM HAa KAueCTBO
OTJIUBOK.

OCHOBHBIC YCJIOBHS, ONPEACIISIONINE NOPSIAOK 3arpy3KU COCTaBHBIX YacTel
LIUXT, B TUIABUJIbHBIN arperaTt u TeMIEpaTypPHO-CKOPOCTHBIE PEKUMbI PUTOTOBJIE-
HUS paciyiaBOB JPArolieHHbIX METAJUIOB U CIUIABOB, 3TO 00ECIEUCHUE MUHUMAJTb-
HBIX MOTEPh META/VIOB HA Yrap, B HEJUKBUJIHBIE METAIUIOCOAEPKAIINE OTXOJbI U
MOJIYUEHHUE U3MICJIUNA BHICOKOTO KauecTBa. Kpome Toro, mpu yCTaHOBJIECHUH OUEpE-
HOCTH 3arpy3KHd B IJIABWJIbHBIA arperar COCTaBHBIX YACTEH IIMXT U TEMIEPATYPHO-
CKOPOCTHBIX PEXHMOB IJIABKA HEOOXOAMMO YUUTHIBATh CBOMCTBA CIUIABOB, OMpE-



JENsEMbIE TUarpaMMaMu COCTOSIHUS, YACJIbHOE CO/Iep:KaHNe KOMIIOHEHTOB B CILIa-
BAaX ¥ KOMIAKTHOCTh COCTABJIAIOMIMX UXT. COCTABJAIONINE IIUXT CIEAYET 3arpy-
aTh B IUIABWJIbHBIN arperar W IUIaBUTh MX B MOPSJKE BO3PACTaHUA CPOACTBA K
KUCJIOPOAY, TEMIEpaTyp IUIABJICHUSA, JIETYUYECTH W YMEHBIICHHUS KOJWYECTBA.
[IpennouTteHue cieayer OTAaBaTh KYCKOBOHM IIHMXTE, CJIMTKAM W OpHUKETaM, KOTO-
pBI€ KOMITAKTHBI, IMEIOT HAUMEHBIITYIO MTOBEPXHOCTh B3aUMOJICHCTBUS ¢ aTMOChe-
PO TWIABUIIBHOTO TIPOCTPAHCTBA.

KoMmnoHeHThl, uMerolye OJIM3KUE 3HAUEHUS CPOACTBA K KHUCJIOPOAY, CXO[-
HbIE TEMMEPATyphl IUIABJACHUS M UCMAPEHMS, CJIEAYEeT 3arpyKarh B IJIABWJIbHBIN
arperar M paciuiaBJisiTh COBMECTHO, MPUUEM HA JHO THUIJIA MEPBBIMHU YKJIAJbIBAIOT
KOMIOHEHTHI C MEHBIIEH MJIOTHOCTHIO U OOIBIITUM CPOJACTBOM K KHUCIOPOIY.

KoMNOHEHTHI ¢ MOBBIIIEHHON JIETYUYECThIO, €CJIU OHU HE COCTABJISIOT OCHOBY
CIJIABOB, BBOJAT B CIUJIaBbl TOJLKO MOCJIE PACIUIABJICHUA BCEX IPYTHUX COCTABJISIO-
LIUX [IUXT, IPYA 3TOM CHUKaA TeMIEpaTypy pacmiaBos 10 munumyma. [lpu conep-
JKaHWHU B CIIJIaBaX KOMIIOHEHTOB C TOBBIIMIEHHOH JieTydecThio Oonee 80% mpuro-
TOBJICHHE PACIUIAaBOB HEOOXOAUMO HAUMHATh C PACILJIABJICHUS STUX KOMIIOHEHTOB U
MOCJIE€ HEKOTOPOTO WX MEPErpeBa, ONpeAesaeMOro auarpaMmMoi COCTOSIHUA, BBO-
JIUTh TYTOIJIABKUE KOMITOHEHTHI.

Beenenne B pacriiaBbl KaXXA0ro MOCIEAYIONIEr0 KOMIIOHEHTA, a TaKKe pac-
KUCJIUTENEH AO0JMKHO COMPOBOXKIAATHCS TINATEIbHBIM MEPEMEIINBAHUEM PACILJIABOB
no BceMmy o0bemy. Harpes, miaBky u meperpeB paciuiaBa A0 TEMMOEPATyphl JIUThS,
HEO00XO0IMMO BECTH KaK MOXHO ObICTpEE.

Hcxons u3 CBOWCTB KOMIIOHEHTOB M COCTABJIAIOIIMX IIUXT, YJEIBHOIO CO-
JepKaHUA KOMIIOHCHTOB B IIMXTAaX, KOMIIAKTHOCTH COCTAaBJISIOIIMX, a TAKXKE YCJIO-
BUI MOJTyYEHHS BBICOKOKAQUECTBEHHBIX PACILJIABOB MU MUHUMAJIbHBIX YTapoB KOMIIO-
HEHTOB, PEKOMEHAYETCS CIEAYIOIMNA MOPSAA0K 3arpy3Kd COCTABHBIX YacTeH B Iia-
BUJIbHBIC arperaTbl U TEMMEPATYPHO-CKOPOCTHBIC PEXKHMMbI TUIABKU IIUXT Aparo-
LICHHBIX METAJIJIOB U UX CIJIABOB, KOTOPbIC MPUBOASTCS HUKE.

Harpes pacruiaBoB 10 TeMnepaTyphl JIMThsl HA OCHOBE cepelpa, 30J10Ta, Ijia-
THHBI ¥ TIaJ1aansa He qoipkeH mpesbimars: 1100 — 1150 °C, 1200 — 1250 °C u 1920
— 1980, 1700 — 1750 °C, cOOTBETCTBEHHO.

Ecnu uncroe 30510TO B BHUJE TPaHyJ, €ro MOXKHO IJIaBUTh 0€3 0COOBIX Mep
MPEIOCTOPOKHOCTH. [Ipu MIaBke MEJIKUX 30J0ThIX OMUJIOK, MOJyYaeMbIX, HaIpH-
Mep, MPHU PACHUJIOBKE METAILIA, /U1 YIAJIEHUA BCEBO3MOXKHBIX MPUMECEH MeTalll
CMEIIMBAIOT C HEOOJBIIUM KOJTUYECTBOM Aa30THOM KHUCJIOTHI U Oyphl. DTy CMECh
MPOKAJIMBAIOT U 3aT€M MPOU3BOJAT IJIaBKY. ECiM 30J/10Thi€ ONMWJIKK TUIABUTH O€3
YKa3aHHBIX MEP MPEAOCTOPOKHOCTH, TO METAUT MOJYUYUTCA MOPUCTHIM, C MHOTO-
YUCJICHHBIMU Ta30BBIMU pakoBHMHaMU. Takol MeTamn Kk JaibHehed o0padoTke HE
MPUTOJICH.

['panynupoBaHHOE yucTOE CEpedpOo, KaK U 30J10TO, MOKHO TJIaBUTh O€3 BCS-
KUX Mep TnpeaocTopoxkHocTi. OQHAKO TPH TUIaBKE CoJiek cepedpa 3TH Mephl HE0O-



xoauMbl. Hanpumep, mpu HEMOCPEACTBEHHOM TIaBKE XJIOPUCTOTO cepedpa 3HaAUYH-
TeIbHAA 9YaCTh METAJlJIa TEPAETCS, TaK KaK XJIOpuI cepedpa, He pacTBOPSACH B IIjIa-
K€, 3aCTPEBACT MEXKIY €ro YacTHIAaMW W TepAeTCs MpU yaajieHWW mniaka. Jlis
MPEAYNPEXKACHAS TOTEPh HEOOXOIUMO BOCCTAHOBUTD 3Ty COJIb J0 METAILTHIECKO-
ro cepedpa, OCYNIIECTBIIsISI TUTABKY TIOJ clloeM yriekuciaoro Hatpus. Coma, coemu-
HSISICh C OCTaTKaMU XJIOPUCTOro cepedpa, oOpasyeT XJIOPUCThIM HATPUH, KOTOPBIH
BBIBOJUTCS B TIUIAK.

Tak xak Ha PaKTHUKE MBI MOYTH HUKOTJA HE UMEEM JIeJI0 ¢, aOCONMIOTHO YH-
CTBIMH HCXOJTHBIMH MaTepHalaMH, HEOOXOIUMO, YTOOBI MCXOTHBIC KOMITOHEHTHI
cruiaBa OBLIM 1O KpaHEH Mepe TEeXHHUYECKH YHCTHhIMHU. J[00aBKM METAJIOB HEW3-
BECTHOTO COCTaBa, TAKWX, KaK JIATYHb WJIH OTXObI JIEKTPOTEXHUUECKOW MEIIH, U3-
32 HAJIMYHUA BPEIHBIX MPUMECEH MOTYT TOJTHOCTHIO HCTIOPTUTH HOBBIH CIutaB. B ka-
yecTBe (IrOca MPH MOJYYSHUH HOBBIX CIUTABOB PEKOMEHIYETCsSl HEOOJbITas MpH-
caaka Oypsl. s mpenoTBpamieHus monagaHus KACI0poaa B PaciuiaB PEKOMEHTY-
€TCS 3alMUTHOE TMOKPHITHE CIIEMYIOMErO COCTaBa: 3 4acTh APEBECHOTO YIJis, 2 va-
CTH caxapa, 1 yacTh BOJAHOTO pacTBOpa aMMHaka. JTa CMeCh 00pa3yeT BOCCTAHOBH-
TEIbHYIO aTMOC(hepy HaJl TOBEPXHOCTHIO PacTUIaBa.

[Tpu Tutake cepeOpsSHO-MEIHBIX CIJIABOB, MPEKIE BCETO, HEOOXOAMMO 103a-
OOTUTHCA O TOM, U4TOOBI MPH TJIABKE MEh HE OKWC/IAIACH WIIM TIOUTH HE OKHCIS-
nack. Ecnu ucnonb3oBaTh Menb B BUJE TOJICTBIX 3arOTOBOK, TO B CIUTKE OyayT
BHJIHBI TIATHA MEJH, KOTOPbIE OBICTPO TYCKHEIOT W MPUBOJIAT K 3aTPYTHEHUAM TIPH
o6padotke. [ToaTOMY €€ MPOKaTHIBAIOT B TOHKHUE MOJIOCHI, MOKPBHIBAIOT OOPHOM KHC-
JIOTOH W HArpeBalOT JI0 TOSBJICHWSA Ha MOBEPXHOCTH METAJIJIa 3AlMTHOW TJIa3ypH
WJTH WCTIOJB3YIOT TPAHYJIUPOBAHHYIO OCSCKUCIIOPOIHYIO MEb. 3aTEM PACIUIABIIAIOT
YUCTOE cepeOpo U J00aBNAIOT B HEro MeAb. ClieAyeT MOMHUTh, YTO MEIb M3-3a
CBOEH BBICOKOM TEIMJIOEMKOCTH TPEOYET CYIIECTBEHHO OOJBINEro KOJINUECTBA TETI-
Ja, ueM cepebpo. Ecim BHECTH B paciijiaB MeTajuia cpasy CIUIIKOM MHOTO MEIH, TO
MOXET CIIyYUTHCS, UYTO OH 3aCTHIHET B BHJIC TPY/IHO PACIUIABUMOTO CIIUTKA, U3 3a
00pa30BaBIINXCA HHTEPMETAIUIUAOB.

[Ipy myaBke TPOWHOrO CIUlaBa CHCTEMBI 30J10TO-cepeOpo-Menb, oba Ona-
TOPOJHBIX META/IJIa OJJHOBPEMECHHO TTOMENIAIOT B TUTEITb, T/IE OHU CIUIABJISIOTCS B
JUTATypy, P STOM OTITaIaeT HEOOXOAMMOCTh HarpeBa Merajuia A0 0ojiee BBICO-
KOW TeMIIepaTyphl TUIABJICHHS 30JI0Ta.

[Tocne »toro B pacruias A00OABIISAIOT MEb, TOATOTOBJICHHYIO TaK ke, KaKk u
JUTSI TIOJTydYeHMsI cTutaBa cepebpa. [Ipu turaBke HeOONBIIAX MOPIIHIA PACTIIaB BHIIEP-
KUBAIOT HEKOTOPOE BPEMsS B MATKOM OC30KHUCIMTEIIBHOM IIJIAMEHHU, YTOOBI €ro
KOMITOHCHTHI XOPOIIO TIepeMenmaanch. Ecnm mmaBuTcss 60NbIIOoe KOJMMYECTBO Me-
Taja, TO PacIyiaB MEPEMENMNBAIOT CIICIIUATBHON KBAPIIEBOM MAJIOUKOW.

[Ipu maBke MPUMOEB CIIABOB 30JI0TA, B KOTOPHIX OOBIYHO MPUCYTCTBYIOT
METaJUThl C HU3KOW TeMIIEPaTypou IIaBICHUS, CHAuaja CJICAyeT IJIaBUTh Oyaro-
POJHBIE METaJUTbl, a 3aTeM A00aBIATh B paciuiaBp HeOmaropoaHbie. YToObl n3de-



KaTh UCTIAPCHHSI U OKUCJICHUS HU3KOIJIABKUX METAJUIOB, WX CILIABJISIOT B JIUTATY-
Py, HAapUMEP ITUHK CBS3BIBAIOT ¢ MEIBIO B JIATYHb, 4 KAJIMWM MEPEBOAT B CILIAB C
cepebpom. Briropanue kaaMusi Ipu W3TOTOBJICHUH TAKOTO CEpeOPSHOTO CIUIaBa B
MpolEcce CICAYIONIEH MIaBKU 3HAYMTEIbHO YMeHbInaeTca. CHauana cepedpo pac-
TJIABJISIOT, 3aTEM OXJIQKIAIOT B TUTJIE JI0 3aTBEPACBAHUS, TIOJHUMAIOT TOPSIHM KO-
pPOJIEK U HACBIMAIOT MOJ HEro KajaMuid. 3amaca Terjia B cepedpe mpu 3TOM JI0CTa-
TOYHO, 4TOOBI KaJMHUW PacCIaBWICAd U COCAMHUIICS ¢ YacThIlaMH cepedpa. 3aTem
CIJIaB OTISITh HATPEBAIOT JI0 TEMTIEPATYPHI TIABJICHUS U TIPOU3BOMIST PA3IIUBKY.

Ecnu ek BBOAAT B pacijiaB HE B CIUIABE C MEJIBIO, a B UUCTOM BH/IE, TO T10-
CTYMAIOT TaKuUM k¢ oOpazoM. [IJid MOHVMIKEHHS TeMIiepaTyp TUIaBJICHHUS 30JI0Ta H
MEI ATH METAIIIBI TAKXKE CIUIABJIAIOT B JINTATYPHI.

JIia iepeniaBku YUCTHIX OTXO0B CIIABOB IIABKY CIEAyET MPOBOIUTH C He-
OOBIIIMM KOJIMUECTBOM OYypHI, KOTOpas MPEMATCTBYET MPOHUKHOBEHUIO KUCIOPO1a
B pacmias. [Ipy 5TOM HyKHO TOMHHUTB, UTO JJTUTEIBHOCTD TUIABKU W TEMTIEPATY PBI
HarpeBa paciijiaBa He AOJIXKHbI ObITh OOJIBIIIMMU, YEM 3TO HEOOXOAUMO.

OmauM 13 crmoco0oB TUKBUAAIMHN Je()EKTOB B CIUIaBaX SBJISETCS MPOBEC-
HWE BOCCTAHOBHUTEIBHON TIaBku. OHA MPOBOAUTCA B TEX CIIydasx, KOT/A MPAYH-
HOM TOSIBICHUS AS(PEKTOB ABJIACTCS HACHIIIICHUE CIUTaBa KACIOPOAOM WJIH APYTHMH
razamu, o0pa3ylolmMu ¢ METAJIJIAaMA XUMUYECKUE coeuHeHus. OaHuM u3 Haubo-
JIe€ YaCcTO BCTPEUAOIIUXCS YCTOHUMBBIX COSAMHEHUH SBIIACTCA 3aKUCh MENH, BbI-
BECTU KOTOPYIO U3 PACIJIaBA MOKHO TOJIBKO BOCCTAHOBUTEIBHOW MJIABKOM.

BoccranosurenbHas miiaBka MOXET OCYIIECTBISITHCS CIICAYIONTAMHU CIIOCO-
Oamu:

1) pacrmaBeHreM CHIIBHO 3arpsi3HEHHOTO METajUia MO CJIOEM CMETTaHHBIX
(h1F0COB, PAaCCMOTPEHHBIX BHITIIE;

2) ¢ mpucaakou kaamus — godaska okojio 0,5 % mo3BOJAET JIETKO BHIBECTH
MIPH TUTaBKE OOJTBIIIOE KOJIMUECTBO OKUCIIOB. [Ipr 3TOM HE0OX0MMMO JIaTh PacIiaBy
BBIJICPKKY, UTOOBI TTPOU3OIILIO TTOJTHOE BBIICIEHNUE TTAPOB U OCTAaTKOB YHUCTOTO Ka-
IMUSA. DTOT cnoco0 PACKUCIICHHUS paciuiaBa SBJISETCS HauOoJiee MPUEMIIEMBIM H
OC30MIaCHBIM,

3) ¢ no6asnenurem ¢GochoprUCTO MeIH, ABJSIOMEHCS CHITLHOICHCTBYIOIAM
BOCCTAHOBUTENIEM.

BoccranoBieHrue Menu NMPOUCXOAUT CHauUajla ¢ 00pa3oBaHUEM ra3000pa3Ho-
ro aHTUApHIa, 3aTeM oOpazyercs meTtadocdar Meau, MOCASAHNN YaCTUIHO CHOBA
BCTYTAET B coennHeHne ¢ pocdopoM, a OCTaBmIAACA €ro YacTh MEPEXOIUT B TIUIAK.
®dochopurcras Meab AOKHA BBOJUTHCA B BaHHY HEOONBIMAMH J03aMH B 3aBHCH-
MOCTH OT CTETICHHW 3arps3HCHUS MeTajula, TaKk Kak 3TOT >(h(PEeKTUBHBIN pacKuCITH-
TEJh UMEET CYIMIECTBEHHBIH HEMOCTATOK: cojaepkanme ¢ocdopa gaxe B KoIWUe-
ctBe 0,001 % moxker ucnoptuth ciiaB. O0pa3yroTcs Xpynkue coeauHeHus — Goc-
(br b, — KOTOPBIC B COCTMHEHUAX C META/UTAMHA 00Pa3yIOT JIETKOIIABKYIO IBTEKTH-



ky. O6pryHO mocrarouno aobGaBku 1 % docdopucToit Meau, YTO MPUMEPHO COOT-
BercTByeT 0,15 % dhocdopa, HaxoaqImerocs B )KAIKOM CIIABE MO ¢lioeM ¢utroca.

Ecmm nedexTsl crijiaBa BeI3BaHBI MPUCYTCTBHEM HEOIArOpOJAHBIX METAIIOB,
TO CIUTABHI CJICYET MEPETUIABIIATE ¢ (MIFOCAMU, OKUCIISIOMAMHA 3TH METAJITBI M BhI-
BOJISATIIMMY TIPOIYKTHl OKACJCHUA B TIUTaK. Tak Kak rpa)uTOBBIN THUTEITb MPH TaKOH
MJIABKE MTPOTOPAET, TO B 3TOM CJIy4ae UCMOIb3YIOT TJIMHSAHBIN THUTEJIb.

CHauasia TMrenb Ha OJIHY TPETh 3anoyHseTca metamuioM. [locne Toro kak me-
TAJI1 CTaJ KUAKUM, TOOABISAETCA PaBHOE MO 00bEMY KOJIMYECTBO CEJIUTPHI U IJia-
BUTCS JI0 TEX MOP, MOKA paciuiaB He nepectaeT «Oopoautsy. [loka cenurpa ocraercs
AKTUBHOM, mjiaMs 3efeHoBaroe. Korma okpacka rmiamMeHy Ucue3aeT, cesiuTpa u3pac-
xoa0BaHa. COAEPKUMOE THUIJIS BHUIMBAIOT HA CTAIBHYIO IUIUTY, OTOMBAIOT IIUIAK,
pa3MeNbYaOT CJIIMTOK W TMPOBEPSAIOT, HET JIM B HEM KOPOJIbKOB 3o0JioTa. Jlanee
CIIMTOK KHUIATAT B A30THOM KHUCJOTE, MPOMBIBAIOT W BBICYIIMBAOT. OAUH KOHEI
CJIMTKA MPOKOBBIBAIOT MOJIOTKOM KaK MOKHO TOHbIe. Eciii npu 3TOM MeTajll He
BBIJICPKUBACT U TMOSABJAIOTCA TPEUIUMHBI C CEPbIMU MOBEPXHOCTSAMHU PA3JIOMOB, TO
MJIABKY HEOOXOJUMO MOBTOPUTH. BTOpHUUHYIO TJIaBKY CIUTKA CIAETYET MPOBOAUTH
B HOBOM THIJIE, I00aBUB Me€/lb U HEMHOTO cepedpa /i KOMIICHCAIMU MOTEPb ATHX
METALIOB.

[1InaBKy ONMUIOK CJEIYET BHIMOIHATH MPU ONMPEACICHHbBIX YCIOBUAX. ONMUIKI
JOJKHBI MPUHAJICKATh OJHOMY CIUIABY, B HUX HE JOJKHO COJEPXKAThCA YACTHI]
MOCTOPOHHUX METAJUIOB, OCTAaTKOB HAXKIAYHBIX, NMUTA(OBATHHBIX W TOJMPOBAITH-
HbIX MATE€PHUAJIOB, CIyYalHbIX HEMETAIJIMYECKUX MPUMECEH.

YacTuiel xene3a yaaasoT MarHuTOM, MOCJIE YEro OMWIKK CIErKa OTKUTAl0T
B CTQJIbHOM COCYJi€, YTOObl MPEBPATUTh B 30Jy OPraHWYECcKue yacTuibl. Eciam
OTWJIKH 3arpsA3HEHBI HE3HAYMTEIIHPHO, WX 3aBOPAYMBAIOT BMECTE CO CMECHIO (himto-
COB B MAMMPOCHYIO OyMary, Uit TOro 4TroObl OHU HE YJETYUMBAJIUCh U3 TUTJIA, U
MPOU3BOJAT MUIABKY. B cilyuae CUIBLHOTrO 3arps3HEHUs OMUJIOK BPEIHBIMU MpPUME-
CAMM HUX CMEIIUBAIOT C CEIUTPOI, 3aBOPAUMBAIOT B MANUPOCHYIO OyMary U mpoBo-
JAT OKUCJIUTENBHYIO MIABKY. 3aT€M KOPOJICK BBIHUMAIOT U €IIE Pa3 NEPEMIaBIsSOT
C BOCCTAHOBHTEIILHBIMU (pIIrOcamMu.

[InaBka maaTuHBl BEACTCS MPU BBICOKUX TEMIIEpaTypax, B CBA3U C YE€M, IO-
BBIIIACTCS XUMUYECKAsT aKTUBHOCTh 3JIeMEHTOB. OrHEeynopHas TJIMHA, U3 KOTOPOi
W3TOTaBJIUBAKOTCS TUIJIM, BOCCTAHABIUBAECTCA 10 AIFOMUHUS, KPEMHUS U KAJIbLIUS.
OTU 3JIEMEHTHl O0pa3ylOT C TMUIATHHOW XPYIMKUE HUBKOIMJIABKUE COEIUHEHUS.
Bceneacreue sToro ais iiaBKU TUIATUHBL CJIETYET TPUMEHSTh TUTJIA U3 000MXKKEH-
HOH n3BecT. OIockl 0OBIUHO MPH TJIABKE HE MpUMeHstoTcs. [1nasky 6enoro 3o10-
Ta MPOBOJAT C HEOOJBIINM KOJTUYECTBOM OOPHOM KUCTOTHI.

Bricokyro TemnepaTypy Ui pacijiaBi€HUs CIUIABOB IUIATUHBI MOMKET o0ec-
MEUUTh TOJBKO MHIYKIMOHHAA TME€Yb U B HEKOTOPBIX CIydasx alETUJICHO-KHUCIIO-
poaHoe miaams. [lpu 3TOM HEOOXOAUMO TIIATENIBHO OTPETYJUPOBATh MIaMs, T. €.
MPAaBWIbHO MOA00PaTh COOTHOIIEHUE Fa30BOM cMecH. B MpoTUBHOM ciiydae Harpe-



THIA 10 BBICOKOW TeMIEpaTypbl METAJUT B3aUMOJCHCTBYET € ra3000pa3HbIMU MPO-
JTYKTaMHW CTOPaHUs, 9TO IPUBOJNT K MOSABIICHAIO PA3IMYHOTO poja Ae(PEKTOB.

Jlekuus 8

1. CriocoObl TUThS: IEHTPOOCIKHOE JIUTHE, TIUThE BAKYYMHbBIM BCAChIBAHUEM.

2. Arperartsbl AJis JIAThS FOBEJIUPHBIX U3CIIUMN.

3. BriOuBka u pazbopka OJIOK-OTJIMBKH.

4. Bunabl 6paka MpH JINTHE IOBETUPHBIX W3ACITUN U MPAYHUHBI €T0 BO3HUKHO-
BCHHSI.

[Ipn mpoW3BOACTBE FOBEIUPHBIX HU3ACIUNA 3aNOJIHEHHUE MOJOCTEH JTUTEHHBIX
(hopM KHUIKUMH CIIJITABAMHU 30J10Ta, TUTATHHBI M cepedpa BOZMOXKHO TOJHKO MPUHY-
JTUTEBHBIMA METOJAMH M3-32 CJIIOKHOCTH KOH(HUTypalwu OTIWBOK, JJIA Yero HC-
MOJIb3YIOT METOABI IECHTPOOEKHOTO JTUThA U BAKYYMHOI'O BCAChIBAHUS.

Ha ycraHoBke 1IEHTPOOEKHOIO JIUThA JAABJACHUE KUJIKOTO METALIa B CPell-
HeM coctasiisieT 98 — 101 klla, a nmpu IUThe METOAOM BAKyYyMHOT'O BCAChIBAHUS —
48 — 69 klla.

Metoa EHTPOOEKHOTO JINThSI FOBEIUPHBIX U3ACIUA M3BECTEH C Iy 0OKOM
JPEBHOCTH, KOTJIa MacTepa TE€X BPEMEH, AJIA NPUHYAUTEIBHOTO MOCTYIUICHUA Me-
TajuIa B MOJIOCTh JINTEWHOH (POPMBI, pacKpyUHBaIN OTIOKY TIOJTOOHO METATEIIbHOMY
MOJIOTY .

B Hacrosmee BpeMs 3TOT METOA, YK€ MHOTO AECATUICTHIA UCIIOJB3YETCA U B
IOBEIMPHOM Jienie. Kaxkioe roBenupHOe MPEANpPUITHE UCIOIB3YET ATOT METOJ JIH-
Thsl. [I[pOM3BOACTBO OPUTHHAIBHBIX BOCKOBBIX MOJIEIEH M CaM MPOLIECC MOTYUEHUS
M0 HUM METAJUTMYECKUX 00pa3lOB MPU 3TOM BU/JIE JUThA OTKPHIBAIOT IIUPOKUE BO3-
MO>KHOCTH ISl TIOJTyY€HUS BBICOKOXYA0KECTBEHHbBIX FOBEJIUPHBIX U3JETUN 000
clokHOCTH. Tak, HanpuMep, HOBbIE LICHTPOOEIKHBIE JTUTECHHBIC MAIIIMHBI OTJIMBAIOT
50 xoner 3a 0OAHY 3aJIMBKY.

Metoa eHTPOOEKHOTO JIUThS UMEET CJICAYIONINE TPEUMYIIECTBA:

1) BOBMOKHOCTh MOIYYEHUS OTJIMBOK IO MOJIEIISAM JIFOOOH CIOKHOUN (hOPMBI
CPaBHUTEIIBHO MPOCTBHIM CIIOCOOOM;

2) 3HAUWATEIHLHOE CHIXKCHHE BO3MOXXHOCTH OOpPAa30BaHMS YCAJIOUYHBIX PAKO-
BHH,

3) yMmeHbIIeHHE pacxoda MeTalljla W3-3a OTCYTCTBHA MPHUOBLIEH, TOTpeo-
HOCTb B KOTOPBIX OTHAAAET.

[TpuHIATT IEHTPOOEIKHOTO JIUTHS 3aKITIOYACTCS B TOM, UTO 3aMOJIHCHUE (Op-
MBI pacIiuiaBoM W (HOPMHUPOBAHWE OTIIMBKHA TPOUCXOMAT TPH BpaIieHUH (HOPMBI
au0O0 BOKPYT TOPU30HTAJIbHOM, BEPTUKAJIbHOMN WJIM HAKIIOHHOW OCH. DTUM JI0CTHTa-
€TCsl JOTOJIHUTEBHOE BO3ACHCTBUE HA PACILJIaB M 3aTBEPACBAOILYIO OTJIMBKY TOJIA
HEeHTPOOEXKHBIX cuil. [Iporece peannsyeTcs Ha COCHHUAIBHBIX HEHTPOOESKHBIX Ma-



mMHAxX U crojax. [Ipu HeHTpoOEe)KHOM JIMThE MOXKHO HMCIOIb30BaTh METaJLIMYe-
CKk#e, 000JI0UKOBBIEC U OOBEMHBIE KEPAMUIECKHE (POPMBI.

['maBHas ocoOeHHOCTH Mmporecca (HOPMUPOBAHUS OTIIMBOK IIPH IEHTPOOCIHK-
HOM CITOCO0E JINThS 3aKIIOYAETCS B TOM, UTO 3aIOJIHCHHUE (DOPMBI U 3aTBEPICBAHUE
OTJIMBKH MTPOUCXOJIAT B MOJIE ASHCTBUS LICHTPOOEKHBIX CUJI, BO MHOTO Pa3 MpeBOC-
XOJAIINX CUITY TAXKECTH.

PaccmoTpum cuibl, ASHCTBYIOIME BO BpalaroleMcs paciuiase. JlerdcTeue
MO UEHTPOOCKHBIX CHJI, TPUXOJAIIECTOCA HA €IMHUIYY 00beMa BpAIAIOIIErocs
pacIijiaBa, MOKET ObITh BBIPAXKEHO 3aBUCUMOCTBIO!

por
g

Py = (12.5)

rae P — miaoTHOCT pacmiaBa; ©® — yriioBas CKOPOCTh BpalleHus (JOPMBI;
— paadyc BpalecHHUS MPOU3BOJLHOM TOUKH paciljiaBa;, & — yCKOPEHHE CBOOOHOTO
MaJICHHUS.

Kosdpduument k= p, /p 0327:/ g, Ha3BIBACTCS «TPABHTANMOHHBIM KO3(du-

IUEHTOMY, TTOKA3bIBAET COOTHOIICHUE MEXIY LIEHTPOOEKHBIMU CUJIAMU U CUJION
TSIKECTH.

JUts onpeiennennsa CTaTHYECKOro AABJIEHUSA, JEHCTBYIOIIETO BO BPALAOIIEM -
Csl paciuiaBe, MPEANOJIOKIM, YTO PACIIaB BpallaeTcss BMecTe ¢ OpMOii BOKPYT He-
MOJABUKHOM OCH, TIEPIIEHIUKYJIAPHOM TJIOCKOCTH YEPTEkKA, C TOCTOSHHON YIIIOBOU
ckopocThio ® (puc. 1.2.2). Ecau momyctuTh, 94TO paciuiaB B 3TOH CUCTEME TTOABEP-
EH JEHCTBUIO TOJIBKO IIEHTPOOCIKHBIX CHJI, TO OH HAXOJUTCA B COCTOSHUM MOKOS
OTHOCHUTEIHLHO (DOPMBI U TTOATOMY MOXHO BOCTIOJIB30BATHCS YPAaBHCHHUSIMH THIPO-

CTaTUCTUKH. Takoe AOIMMYIICHUC IIPABOMCPHO, TAKT KaK IIPH I_[eHTpO6e)KHOM JIUTHC
k>>1.



Puc. 1.2.2. Cxema K onpeneneHrto CTaTHIeCKOro JaBJICHHs BO BPAINAIOIEMCS pacIljiaBe
(0003HaUEHUs BEJIMUHH CM. B TEKCTE)

[Ipu sneMeHTapHOM MepeMeleHur TOYKM M B NPOU3BOJBHOM HamnpaBlIeHHH
B YKUJIKOM cpejie pUpalieHue JIaBJICHUS ONIPENIEIIAeTCsl ypaBHEHUEM Didiepa

Dp= Xdx Ydy Zdz, (1.2.6)

rne dx, dy, dz — npoexkuun mnepemeruenus Touku; X, Y, Z — oGbemHble Cuilbl,
NEHCTBYIOIME HA PAcCMaTPUBAEMYIO TOYKY B HaNpaBJIE€HMH COOTBETCTBYIOLIAX
ocei.

< 2
B pannansHOM HampasiieHUW Ha TOUKy M neiicTByeT oObeMHas cuia pw’r,
) 2 2 - 1
COCTaBJISAONIME KOTOpo#t 1o ocsiM X = po'x, Y= po'y, Z= 0. Tak kak X = 7SINQ

u V= TCOSQ (rpe r — tekywuit paguyc), npupalieHie AaBJACHUS B TOUKE MPH e
TIepeMeIleHUU COCTABUT

dp=po’ (xdx + ydy). (1.2.7)
WHTerpupys, Bbillie MPUBEAECHHOE YpaBHEHUE U ONPEess OCTOSHHYIO WH-

TErpupoBaHusd, HAXOAUM, UTO BO BpallaromEMcCAa paciijiaB€ BLI3BAHHOC JCUCTBUEM
I1OJI4 HCHTpO6C)KHBIX CHJ1 JaBJICHHUC OIIPCACIIACTCA 3aBUCUMOCTBIO

p= (pm2/2)(r2 roz), (1.2.8)

rjae 7%, — paanyc CBOOOJAHOM MOBEPXHOCTU OTJIUBKH.

N3 3aBucumoctu (1.2.8) ciienyeT, 4To B pacijaBe, BpallarolIEMCsl BMECTE ¢
dbopmMoil ¢ MOCTOSHHOW YTIOBOU CKOPOCTBIO, OMOJHUTENLHOE JIaBICHUE WU3MEHS-



€TCS MPOMOPIMOHANBHO KBAAPATy PACCTOSHUS 10 PacCMATPUBACMONW TOYKH OCH
BpamieHusa. Ha cBoOoaHON MOBEPXHOCTH paciuiaBa Mpu J000H CKOPOCTH Bpalle-
HUA TaBJICHUE, BRI3BAHHOE JACHCTBUEM ITEHTPOOSIKHBIX CHJI, PABHO HYJIIO.

3aBucuMocTb (1.2.8) MokeT ObITh MCTIONIB30BAHA U JJIs OMPEICICHHS AaBIie-
HUA B PacIuIaBe MPHU ABUKCHUHU €T0 B KaHajaxX (Gopmbl it GaCOHHBIX OTJIMBOK, H
JaBjaeHus Ha 0(hOPMITIONINE TIOBEPXHOCTH (POPMBI, HO OHA CTIPABEJTUBA JIUIITH IS
HeBbICOKUX (hopm. [Ipm 3anmmBke hopM ¢ MaJIoit MPOYHOCTHIO, B TOM YHCJIC H MOHO-
JUTHBIX, YTJIOBAas CKOPOCTh MOXKET OBITh ¥ MEHBINIE, a HANOp PacijiaBa B CTOSKE
OOJIBINE U €TO CIIEAYET YUNTHIBATD, UCIIONH3Y ST YPABHCHUE:

p= pw2r2/2 pgh , (1.2.9)

rae /1 — paccTosHUE OT YPOBHSA PaciljiaBa B Yallle Ha OCH BPALIEHUS 0 IIOCKOCTH,
B KOTOPOW HAXOJUTCA paccMaTpuBacMas TOUYKa.

Cuibl, ASUCTBYIOINE HAa MHOPOJHBIC YACTHUIIBI B pacIulaBe, OMpPeaeaiOTCs
cieayrommM o0pa3zoMm. Eciu TBEpAOCTh YaCTHIIbI, MOTPYKEHHOW B pacIliaB, WK
MJIOTHOCTh KAKOTO-JIU0O0 KUAKOTO 00bEMa OTJIMYACTCS OT IJIOTHOCTH paciljiaBa, To
cuja, JCUCTBYIONIAsA HA YACTUIy WM HA 3TOT 00BEM CO CTOPOHBI PacCIljiaBa, HE
YPaBHOBEIIIMBACTCA MX COOCTBEHHOM IIEHTPOOCKHONW CHJIONW M CHIION TSIKECTH,
MO3TOMY BO3HHUKAIOT YCIIOBUA JUIA UX MEPEMELLICHUA B Ty WIN APYTYIO CTOPOHY MO
OTHOIIICHUIO K CBOOOJHOW MOBEPXHOCTU. B COOTBETCTBUU € 3aKOHOM ApxuMena
PE3YIBTUPYIOIIAA CUIIA, NEHCTBYIOIIAA HA TEJO, MOTPYKEHHOE BO BPALLAIOLIMUNACA
paciuiaB IIOTHOCTEIO P, paBHa

P=V(p ple’r, (1.2.10)

1T

rae V', P, — COOTBETCTBEHHO 0OBEM M INIOTHOCTH MOTPYKEHHOTO TeJIa, HallpuMED,

YaCTHULl BKIIOYEHUHM, ® — yrioBasg CKOPOCTb BpAILLUECHHUSA, I — paauyC BpallCHUSA
MPOU3BOJIBHOIO TEJIA, HAIPUMED, YACTULBI B PACILIABE.

IIpu p;~P cuia mojokuTebHA U YaCTHIlA B pacIylaBe ABHKETCS MO OCH Bpa-
IMEHUs K CTeHKe (hOpMBI, TP 0OPaTHOM COOTHOIICHUH TUIOTHOCTEH OHA Tepeme-
HIAETCA K OCH BPAIEHUA U BCIUIBIBAET HA CBOOOAHYIO MOBEPXHOCTh PaCILIaBa.

Ecnu TBepaas wacTuia conprukacaeTcsi co CTeHKOW (hOpMBI, TO OHA OKa3biBa-
€TCSl MPUKATOM PACIUIaBOM K CTEHKE WJIM YK€ HE BCIUIBIBACT. [IeHCTBHE 3THX CUIl
HEOO0XO0IMMO YUUTHIBATh MPHU Pa3pabOTKE CUCTEMbI TUTAHUS OTJIUBKHU.

[Tpu neHTpOOEKHOM 3aJTMBKE BpEMS 3allOJTHEHUS PACTUIABOM JIMTCHHON (hop-
MBI PaBHO
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rae 7 — gacrtota BpaieHus (Gopmbl, 00/MUH; /I — BBICOTA CTOsIKA, M, 7' — paccTos-
HUE OT OCH BPAITICHHUS IO BXO0JAa B JUTHUKOBYIO cucTeMYy (hOPMBI, M, X — paccTos-
HHUE OT OCH BpAIIeHHs JIO TUTHUKA,M; / — IIomanp ceueHns TUTHHKa, M%, M — ko-
> dument pacxona; ' — 00beM OXHON OTIMBKH C TUTHUKOM, M.

Marmmasl Ui MEHTPOOSKHOTO JIUThS JOHKHBI 00€CIeUnBaTh BpAIlCHUE
dhopm ¢ TpeOyemoii yIiIoBOH CKOPOCTHIO, MI3MEHEHHE Yucia 000poToB (PopMBbI B 3a-
JAHHBIX YCJIOBUSMM TEXHOJIOTMYECKOrO Mpoliecca Mpeaeaax, HeoOXoauMble pas-
TOHHBIE ¥ TOPMO3HBIE XapaKTEPUCTHUKH, KPOME TOTO, OHU JOJDKHBI padoTaTh TIaB-
HO, O3 BUOpaIuii, UMeTh MPOYHBIC W YIOOHBIE yCTPOUCTBA AT KPETUICHHS U (PHK-
canum (HopM, yCTPOMCTBA MOJOTPeBa U oxaaxacHus ¢hopM. Hesasrcumo ot THIIA H
KOHCTPYKTHBHOTO WCIIOJTHEHUS MAITUHBI IS TICHTPOOEKHOTO JINThS HMEIOT CIIE/Ty -
IOTIME OCHOBHBIE Y3JIbI: PUBOJ] BpPAIICHHUS (hOPMBI, OTIOPHBIC PUCITOCOOICHUS IS
kperyieHusa (wm pukcanuu) (HopMbI, KOXKYXH, CIyXallUMH i 00ecTeueHus
ycinoBui 0e30macHoOi paboThI.

[TpuHIUTT TATHST BAKYYMHBIM BCACHIBAHWEM COCTOWT B TOM, UTO pacIljiaB 3a-
noyHsIeT (hopMy 1O ASHCTBHEM Pa3psiKEHUs, CO3/aBaEMOTO B MOJIOCTH (DOPMBI,
Jajiee TIPH 3aTBEP/ICBaHNN MeTaiuia popmupyercst otimBKa. CKOPOCTh 3aNOJTHCHUAS
(opMBI pacIuTaBOM MOKHO PETYJIMPOBATh, U3MEHSS Pa3HOCTh MEXAYy aTtMocdep-
HBIM JaBJICHHEM H JIaBJICHUEM B TTOJIOCTH (POPMBL.

Kpome o0mmux nmpeuMyIiecTs, XapakTEPHBIX I CIOCOOOB JINThS O/ PETY-
JUPYEMBIM JTaBJICHUEM, JTUThE BAKyYMHBIM BCACHIBAHUEM WMEET PAJ CBOMX JOCTO-
WHCTB, 2 IMECHHO. YBEJUUCHHAS 3aMOTHAEMOCTh TOJIOCTH (hOPMBI KUIKAM METaJl-
JIOM, YTO TIO3BOJISIET TIOJIydaTh 0CO00 TOHKOCTEHHBIC OTJIMBKH, ¢ TONIMAHON CTEHKH
MeHee | MM, OTCYTCTBHE HEOOXOAMMOCTH TE€PMETH3AIAN TIEUN C XKHJAKAM METajl-
JIOM, 9TO YIIPOIIAET KOHCTPYKITHIO YCTAHOBOK M WX OOCITy KMBaHHUE.

Homenknatypoil OTIMBOK JUisi 3TOrO Crocoda [BISETCA IIUPOKUHA CHEKTP
IOBETUPHBIX M3ACITANA, PA3THYAIONINXCA, KaK TT0 MacCe, TaK M 10 TCOMETPHH.

[Ipu nmuThe BaKyyMHBIM BCACBIBAHUEM YJTyUIIIAIOTCS MEXaHUUECKUE CBOMCTBA
OTJIUBOK, YTO OOBACHSAETCS JYUITUMH YCIOBUAMH NMUTaHUS. DopMa MOXKET 3aro-
HATHCS paciuiaBoM ¢ Tpebyemoit ckopocthio. Pacmas, 3amomausmmii hopmy, 3a-
TBEPJCBAET B YCIOBUSX BakyyMma. ['a3bl, coAeprKailuecs B pacijiaBe, MOTYT U3 HETO
BBIJICIATHCS, OjlaroAaps 4eMy CO3JAK0TCs YCIOBUSA IS MOTYUYCHUS OTJIMBOK O€3 ra-
30BBIX PAKOBHH M MOPUCTOCTA. OMHOBPEMEHHO IO/ ASHCTBAEM JaBJICHHS BO3IyXa
Ha 3€pKajio pacijiaBa, MOCIAEAHUN MOCTOSIHHO MUTAET 3aTBEPJIEBIINYIO OTJMBKY, B
pe3yJIbTaTe uyero OHa MOXKET OBITh IOJIyueHa IIOTHOH, 6e3 ycaaodHbIX Ae(EKTOB.
OmHako U1 MOMy4YeHUs TIOTHBIX OTJIUBOK 0€3 yCaJO0uHBIX SABJICHWH HEOOXOIuMa




ONpeJeNeHHasl COrNIACOBAHHOCTh MHTEHCHUBHOCTH 3aTBEPACBAHUSA M MHUTAHHUS OT-
JIMBKH, YTO PEAJTU3YETCS HA COBPEMEHHOM IJIaBUJIbHO-IMTEHHOM 000PYI0BaHUU.

[Tpy nmpuMeHEHUN METO/AA JUThA BAaKYYMHBIM BCAChIBAHHEM MCIOJIb3YHOTCS
MAaIlIUHbI, KOTOPbIE€ NOKHBI OTBEUATh Ay TpeOoBaHuil. OCHOBHBIMU TPeOOBAHUS -
MU TIPU CO3AHUU TaKOTO 0OOPYAOBAHUS SIBISETCA HAJTUUUE JIBYX HAACIKHO TepMe-
TA3UPOBAHHBIX KaMmep: /Uil paciiaBa U Gopmbl. M3 BBIMyCcKaeMbIX B HACTOSIICE
BpEMA MAIlMH MOJHEE STOMY TPEOOBAHMIO OTBEYAIOT YCTAHOBKH, JOMOJHUTEIBHO
OCHAILICHHBIE CIMEUHUATBHBIMU MOAYJISIMUA. DTH YCTAHOBKM O0ECIEUMBAIOT MOJTyYe-
HUE OTJIMBOK METOJAMU JIUThS BAKYYMHbBIM BCAChIBAHUEM, MO HU3KUM JIABJICHUEM,
C MPOTUBOAABJICHUEM, BO3MOXKHBIMU KOMOUHAIUAMU 3TUX METOJIOB.

AHaJIN3 UMEIOIIUXCA B JINTEPATYPE JAHHBIX TTOKA3aJ1, UTO BPEMS 3aMOJHECHUS
KUJIKAM METa/UIOM KaHAJIOB JTUTECHHOUW (hOPMBI U BPeMSI 3aTBEPICBAHUS OTJIUBOK W3
CIUIaBOB 30JI0Ta U cepedpa B 3aBUCHMOCTH OT X Pa3MepoB M KOH(PUTYpaLMK AaeT
BO3MOKHOCTb C/IEJIaTh HEKOTOPHIE BBIBOJBI.

Bpewms 3atBepaeBanus yacted oTMBOK TonmuHoi 0,2 — 0,6 MM paBHO Win
OMM3KO KO BPEMEHHU 3aMOJTHEHUS KAHAJIOB JIMTEHHON (HOPMBI TAKOTO CEUSHMS KU1~
KUM METAJUIOM. B 3TOM citydae TUMUATHPYIONTUM (haKTOPOM MOy UCHUS KAUeCTBEH-
HBIX OTJIMBOK ABJISIETCSA TMAPOJUHAMMKA JBUKCHUS JKMJIKOTO METajula Mo KaHajlam
auteiiHoi ¢opmbl. OCHOBHBIMU BUAAMHM Opaka B TOHKHX CEUCHUAX OTJIMBOK W3
CIUIABOB 30JI0Ta W cepedpa OyayT HEKAYeCTBEHHAs MOBEPXHOCTh, HEYETKOE BOC-
npousBeaeHue (HGOPMbI, HETOTUBBI, BKIIIOUEHUE YacTUI] (JOPMOBOYHOM CMECH U T.II.

Bpewms 3aTBepeBaHns 4acTei OTIMBOK TOMIIMHON Oonee 1 MM 3HAUMTENBHO
(8 10 — 100 pa3) Oonbliie BpeMEHHU 3aMOJIHEHUA KUAKUM METAJUIOM KaHAIO0B JTUTEH-
HOM opmbl. B qanHOM cityuae HanOoJiblliee pa3BUTHE MONTYYaIOT 0OBEMHBIE U3ME-
HEHMS CIUIABOB MPU X KPUCTALIM3AIMU U B3aUMOJICHCTBUU paciljiaBa ¢ JIMTEHHOMN
dhopmoii. OCHOBHBIMU BHAAMH Opaka B TaKUX CEUECHUAX OyayT yCaJ0UHBIC PAKOBH-
HBI, YCaJ04YHas MOPHUCTOCTh, Ta30Basd MOPUCTOCTh M MCKaXeHHE (HPOPMBI M3AETH.
HeoOxoauMbIiMu yCIOBUSIMU MOJIYUYECHUSI KAUYECTBEHHBIX OTJIMBOK SIBJISIOTCSA 00ec-
MEYEHUE BO3MOKHOCTM HANMPABIEHHON KPUCTAJUIM3alMU pacijiaBa: MpaBHJIbHASA
MOATOTOBKA JINTEHHOH (pOPMBI, MUHAMAJIbHAA IIEPOXOBATOCTH MOBEPXHOCTH pabdo-
yell TOJIOCTH TUTEHHON (DOPMBI, a TakKe €€ ONTHMAJTbHBIC 3HAUCHUS 110 Ta30Tpo-
HMITAEMOCTH ¥ Ta30TBOPHOI CIMIOCOOHOCTH.

[TonydeHHbIe 3KCMIEPUMEHTAIbHBIE JAHHBIE KMHETUKH 3aTBEP/ICBAHUSA OTJIU-
BOK M3 CI1aBoB 30510Ta 31CpMS585-80 mo3BOJIAIOT CAENATh CIEAYIOIINE BIBO/IbI:

['pammeHT Temmeparyp MO CEYEHWIO OTJIMBOK BECbMa HE3HAUMTENbHBIN.
[IpakTidecku B xKUAKOH (pa3e OTIUBKH YCTAHABJIMBAECTCA OJHOPOTHOE MO CEUCHHUIO
TEMIIEpaTyPHOE NOJIE.

Cy1ecTBeHHOE BIMSHUE HA CKOPOCTh 3aTBEPIEBAHUS OTIMBOK OKAa3bIBAET UX

koH]uryparms. IIpH MOCTOAHHBIX 3HaueHuax Temmeparyp dopmsi (1 = 500 °C) »



pacrutasa (1, = 1200 °C) xpmHernka 3arBepaeBaHMs ONMMCHIBACTCA CIENYIONAMHA

YPaBHEHUSAMH
J11g nnacTUHYATON OTJIMBKHU

e, = 1,1661 "7, (1.2.12)
rae €, — TOJIIMHA 3aTBEPACBIIErO MeTaNIa, MM; T — BpeMm4, C.
JIna UMIMHAPUYECKON OTIIMBKA
g, = 0,7687 "7, (1.2.13)

Takum 00pa3om, KHHETHKA 3aTBEP/ICBAHUS TJIACTHHYATHIX OTJIUBOK OTHCHI-
BACTCS M3BECTHHIM YPAaBHCHHEM 3aKOHA KBAAPATHOTO KOPHS, a MIJIAHIPUYCCKUX
OTJIMBOK — YPaBHEHUEM, OJIU3KUM K JIUHEHHOMY.

3anmuThie METAJJIOM JIUTEHHBIC (OPMBI OXJTAXAAIOT HA BO3ayxe. B mpomecce
OXJIQXICHHS B Pe3yJIbTaTe OOBEMHBIX H3MEHEHUH KPEMHE3EMHUCTO-THIICOBBIX (Pop-
MOBOYHBIX CMECEH JIMTeHHbIE (DOPMBI PACTPECKUBAIOTCS, UTO 3HAYUTEIIHHO 00JIeT-
YaeT OMNEeparvio BHIOWBKH OMOK M OYMCTKY OTIMBOK. Ha mpakTuke mpuMeHSIOTCS
OXJIZKJICHUE OMOK B BOJE JUISl YCKOPEHUA MPOIEcca BHIOMBKUA OMOK U 00JIErYeHus
OYHCTKH OTJIMBOK OT OCTATKOB (POPMOBOUHOMN CMECH, HO B 3TOM CJIy4ae BO3MOKHO
HUCKaXKeHHE (POPMBI B TPEITMHOOOPA30BaHNE HA OTJIUBKAX.

[Tocne u3BneueHus O0Ka W3 OMOKH OTJIMBKH €ro OYMIIAIOT OT OCTAaTKOB
(hopMOBOYHOM CMECH C TIOMOIIBIO TPABJICHHSI B TUIABUKOBOW KUCIOTE (KOHIIEHTpA-
g 20 — 40%) unu B BomHOM pactBope TpwiioHa b (0,05% «r/m) ¢ eaxum HaTpoM
(0,01 xr/m) mpu Temmneparype 60 — 70 °C B teuenne 120 — 180 c. 3arem crmemyer
omnepalus NpOMbIBKM OTJIUMBOK B Boje, 0TOen B 10%-M BOAHOM pacTBOpE CepHOMU
KHUCJIOTHI, a JAJIs crjiaBoB cepedpa mpu temneparype 60 — 70 °C ne 6onee 300 ¢ u
CHOBA TIPOMBIBKA B BOJIE W CYINKa B CymHJIbHOM mikady mpu Ttemmeparype 100 —
120 °C. OrbeneHHass W mnOpocylleHHasd OJIOK-OTJAMBKA MOJJICKUT Pa3ACIKe Ha
OT/ACJIbHBIC JICTAJIH.

Pe3ynbTarhl CTAaTUCTUYECKOrO aHAIM3a Opaka B IOBEJIUPHOM MPOU3BOJICTBE
MOKa3aJiu CIAEAYIOIIME BUIbl OpaKa v MPUYUHBI €10 BO3HUKHOBEHUS:

Henonus — oTCyTCTBUE UacTel WK eTalel OTIMBKYU, TOPLIbI HEIOIUTHIX JIE-
Tajied ckpyryieHsl. [[puunHa HETOMWBOB — HAPYIICHWE TEMIIEPATYPHBIX PEKUMOB
MPOKAJIKKA KepaMUUeCcKor (PopMBI M HarpeBa paciuiaBa Tepes JIMTheM; HEIOCTa-
TOYHOE KOJIMYECTBO paciuiaBa BCJICACTBUE MOTPEIUIHOCTEH MPU PACUETE IITUXTHI.

HecnutuHbl — HECMJIONIHOCTh, HEMOHOJIUTHOCTh JETAJW, HaIW4ue IIenei
UM yriayOaeHUui ¢ 3aKpYIJICHHBIMU KPasiMH, CIIOUCTOCTh JieTanu. Ha MukpocTpyk-
Type Ne(EeKTHOTO METajula BBHIABIISIOTCA CKBO3HBIC WJIM TIOBEPXHOCTHBIC IIETH C
OKPYTJIBIMU TPAHULIAMH, CTPYKTYypa MeTajia o 00EMM CTOPOHAM HECIUTHUHBI MO-



KeT ObITh paznuuHoi. JledekT BhI3BaH HAPYIICHUEM TEMIIEPATYPHBIX PEKAMOB
MPOKAJIKA KepaMUiecKon (POpMBI M HarpeBa pacijiaBa mepesl JINThEM.

Crnenpl OT TIUTaKa UMEIOT BUJ BMATHH W PAKOBWH C YHCTOW pebedHOH To-
BepXHOCTHIO. [IprunHa nedekTa — momagaHue nuiaka B CTPYIO METAJIA MPH JIUTHE
U TIOCJIEYIOIIee MOJHOE MW YAaCTHYHOE €ro YJAJIeHWE Mpu oTOene (TpaBiieHUM)
OTJIUBKH.

[Ipurap — HarmIaBbl HEMPaBUIBHOW (DOPMBI C MIEPOXOBATOW MOBEPXHOCTHIO.
Ha wmukponumde oOHapyKMBAIOTCA BKITIOUCHHA 4YacTHIl (DOPMOBOYHOW CMECH B
metaie oTuBKu. Jledekt BoI3BaH ockinmanueM (POpMOBOUHOM CMECH.

O6mno#t — mockuit 000A0K HEMPAaBUILHON (hOPMBI BOKPYT OTIUBKH. [Iprun-
Ha aedekTa — HaIM4YKre TPEIIMH B KepaMuieckon (opme.

Tpemunbl — menw win yriyOJlieHUS B Telle OTIMBKHA, WUMCIOIINE JIOMAHBIC
kpad. Ha muxponumde HabmoaaeTcs pa3peiB ¢ HEPOBHBIME Kpasimu. JledexT BbI-
3BaH HAJIMYWAEM HaMPSHKEHUHN B OTIIMBKE.

VYTKUHBI — COCPENOTOUCHHAS BOTHYTOCTh HA TJIAJKOW TTOBEPXHOCTH, KOHTY-
PBI YTSOKUHBI COBITAAIOT ¢ KOHTYPAMH W3ACTUA. Y TSHKUHBI BBI3BAHBI HEIOCTATOU-
HBIM TTUTAHUEM OTJIUBKH B TIEPHO]T KPUCTAIUTA3AIIUH METAILIA.

VYcanouHas OPHUCTOCTh, PHIXJIOCTh, PAKOBHHBI — CKOIUICHWE TIOP, PaKOBUH
HETIPaBUJILHON (POPMBI ¢ U3PE3aHHBIME KpasMu W ToaHyTpeHusMu. [Ipuunna Opa-
Ka — HEIOCTAaTOYHOE TUTAHWE OTJIMBKH JKAKAM METAJNIOM B TIEPHUO]] KPUCTAILTHA3A-
1117078

["az0Basg MOPUCTOCTh — JIYHKH, PAKOBHHBI C(HEPUUECKON (POPMBI ¢ TIIAIKOH
MOBEPXHOCTHIO. J[epeKT CBsA3aH C BBIACICHUEM TA30B C BHYTPEHHEH MOBEPXHOCTH
KepaMuueckor (HOpMBbI, BBIJICIICHHEM Ta30B M3 METajlyla B MOMEHT KPUCTaJUIM3a-
I[WH, 3aXBATOM Ta3a MpH TypyOyJIECHTHOM TE€UEHHUHU CTPYH PaCILIaBa.

3auBBI — BHITSHYTHIC B OJIHOM HANPABJICHWH BBHICTYTH HA TIOBEPXHOCTH OT-
auBkHu. JledekT BBI3BAaH CMEIIEHWEM TIOJIOBUH PE3WMHOBOM TIpecc-popMbl TIPH
3aMpeCcCOBKE BOCKA WJTM U3HAIIMBAHUEM PE3NHOBOM Mpecc-(POPMBI.

Koponbku — ceprueckrie BRICTYITHI HA TOBEPXHOCTH OTIIMBOK. BO3ZHHKHOBE-
HUE Ae)eKTa CBSI3aHO ¢ HAJTMYMEM HAa BOCKOBBIX MOJICNISAX IMy3bIPHKOB BO3/yXa, HE
yJAJICHHBIX TP BaKYYMHUPOBAHUN KEPAMUUYECKONH MaCCHI.

Jlns ycTpaHeHus Opaka B MEPBYIO OUYEPE/lb YCTAHABJIMBAIOT W yCTPAHSIOT
MPUYMHY €TO BO3HUKHOBEHHS. [Ipy CyIIECTBYIOMEM TEXHOJIOTHUYESCKOM IMPOIIECCE
JIUThS MO BBHIIJIABJISAEMBIM MOJENAM OpaK He TOJKEeH npesbimarh 10%.

Crnemyer OTMETUTH, UTO JINTEHHBIE CBOWMCTBA CIJIABOB HA OCHOBE 30JI0TA U
cepeOpa aHAJOTMUHBI CIUIaBaM Ha OocHOBe Meau (narynu JI63 m ap.). B cBasm ¢
ATUM MPOOHBIE OTIIMBKH, OTJIAIKY PEKUMOB OTIMBKH MOKHO TIPOBOJIUTH HA JIaTyH-
HBIX CIIJIaBaXx.

KonTpoabHbie Bonmpocsl K pa3zaeny 1.2



1. Tlo xakuM TpW3HAKaM KJIACCH(PHUIMPYIOTCS METOBI TIPUTOTOBIICHUS Pac-
TJIaBOB?

2. Kakue nmapameTpbl OTHOCATCA K TEXHOJOTHUECKUM MPU3HAKAM AJid BbIOO-
pa MeTo/a TIJIaBKH CIUIaBOB?

3. Kakne xoHeunbie (hakTOphl HEOOXOAMMO NMPUHUMATH BO BHUMAHHUE TIPH
BbIOOPE METO/IA MPUTOTOBJIEHUS CIlJIaBa?

4. Ha yTo BIMSET MOKa3aTeNib TOCTOBEPHOCTH XMMHUYECKOTO COCTaBa MCXO/I-
HbBIX KOMIIOHCHTOB, MPU MPUTOTOBJICHUHU JPArOLEHHBIX IOBEIUPHBIX CILJIABOB?

5. Kak BiusieT JOCTOBEPHOCTh XMMHUUECKOTO COCTaBa BCIIOMOTaTEIbHbIX Ma-
TEPUAJIOB HA KQYECTBO CILJIABOB, MOJIYYAEMbIX MPU WX UCIIOIb30BAHUU?

6. Kakne Texnomornaeckue (pakTophl BAUAIOT HA TOTEPH METAJIIa TIPH TUTAB-
Ke criaBa?

7. Kakne ¢uzuko-xumuueckue (PakTophl BIUSIOT HA MOTEPH META/lIa TIPH
MJIaBKE CIijiaBa?

8. Kakwne (akTopbl BAUAIOT HA OKHUCISAEMOCTh U yTrap KOMIIOHCHTOB CITJIaBa
MpH TJIaBKE?

9. KakumMu TEXHOJOTMUECKUMH METOJAMH MOKHO CHU3UTh MOTEPU KOMIIO-
HEHTOB CILIaBa MPH TUIaBKe?

10. ITo kakuM MOKa3aTENSAM XapPaKTEPU3YIOTCA IIUXTOBBIE MATEPUAITbI?

11. Kak BiusieT MHOTOKpPATHBIA TMEpEIiaB CIjlaBa HA KAYeCTBO M CBOMCTBA
MOYYaeMbIX U3ICIIANA?

12. Yo Takoe "ocBekeHHEe" MUXTOBBIX MAaTEPHAIOB M IS YEr0 OHO HEOOXO-
TUMO?

13. Ha kakue AOKyMEHTH HEOOXOIUMO OPHEHTUPOBATHCS MPH pacueTax
LIUXT AJIs1 IPAroleHHbIX CIJIaBOB?

14. KakuMu UCXOAHBIMU JIAHHBIMH TOJIB3YIOTCS MPHU PacyeTe MIUXT Aparo-
[IEHHBIX CIUIaBOB?

15. Tlo xakum opMynaM MPOU3BOIAT PacyeT COACPIKAHUSA JIEMEHTOB U CO-
JepKaHUA KOMIOHEHTOB [IUXT?

16. Uto noapazymMeBaeTca noJi TEPMUHOM «IIJIABKa»?

17. Ot uero 3aBUCUT BHIOOP METO/1A TJIABKHU ?

18. Jlns yero cimyskaT 3alUTHBIE CPEAbI H IIOKPOBHBIC (DITFOCHI?

19. Yro Takoe packucienne u MoauduupoBanue?

20. Ha uyTo BiMsET MOPANOK 3arpy3KH COCTABHBIX YaCTEH IIMXT, B MJIABUJIb-
HbIW arperar?

21. Kakne ¢akTopsl HEOOXOIUMO YUUTHIBATH TIPH OMPEACIICHAN TIOPAIKA 3a-
IPY3KH IIUXTOBBIX MAaTEPUAJIOB B MJIABWIbHBIN arperar?

22. Kakue TeMrneparypHbie 3HAUCHUS HE J0JKHBI PEBBIIIATHCA MPHU MIIABKE,
JUIsl CIJIABOB HA OCHOBE 30J10Ta, cepedpa, MIaTUHBL U Najuiaaus?

23. Kakoii nopsamok 3arpy3Kkd IIMXThI, IPU COAEpKaHUM B cijiaBe Oosee 80
% KOMIIOHEHTOB C MOBBIIIEHHON JIETYUYECThIO?



24. Kakue TeXHOJIOTHUECKHE TTPHUEMBbl UCMOJIb3YIOTCA TPH TEePETIaBKe 30J10-
TOCOJAEPKAIMX OTXOA0B (OMMIOK, CTPYKKH | T.11.)?

25. B kakoM BUJIE PEKOMEHAYETCA UCMOJIb30BaTh ME/b, MPU BHIMJIABKE Jpa-
TOLIEHHBIX CIUIAaBOB?

26. Kako#l TeXHOJOTMYECKUI MPUEM HCIOIb3YETCS TMpPHU IUIaBKE TPOWHOTO
CIIJIaBa 30JI0TO — cepedpo — Meb?

27. Kakue TeXHOJIOTHYeCKHEe OCOOCHHOCTH MCIOJIb3YIOTCS MPH ILJIaBKE Jpa-
TOIEHHBIX MPUITIOEB?

28. OcOoOEHHOCTH METOIA LICHTPOOEIKHOTO JINThS?

29. BOKpyT KakAX 0CEH MOXKET MIPOU3BOANUTHCS BpaimeHne Gopmbr?

30. Kakas MUHUMaIbHAg EHTPOOEKHAA €lTKa JOJDKHA Pa3BUBATHCA MPH JIH-
The?

31. Kakue cuiibl J€HCTBYIOT HA MOJI€ LIEHTPOOCIKHBIX CUIT?

32. Uto Takoe rpaBUTAITMOHHBINH KOY(PPHUTTHEHT?

33. IlpuHUMN JUTHSI BAKYYMHBIM BCACHIBAHUEM ?

34. IoCTOMHCTBA JIUThSI BAKYYMHbBIM BCAChIBAHUEM ?

35. Buapl Opaka npu JIUThE FOBEJIUPHBIX U3ACIWNA U MPUYUHBI €T0 BbI3bIBAIO-
e’

36. I'me BhINIEe maBjaeHHE MeTajia Ha cTeHKe ¢dopmbl? Ilpu meHTpobeKHOM
JIUTHE WIIH MPHU JIUTHE BAKYYMHBIM BCAChIBAHUEM ?

1.3. TexHOJJOrH4YeCKHe OCHOBBI JIUThS
Jlekuus 9

1. OcHoBHBIE (aKTOPBI JIUTHS, WX B3aMMOCBS3b M BJIIMSHHEC HAa KaueCTBO
CJIIUTKOB.

2. TpeboBaHMs K KaueCTBY CIWTKOB, 00padaThIBAEMbIX JABJICHUEM.

3. IlpomomkuTenbHOCTh pa3IMBKH. Macca, pa3Mephl, Mmarepuall, ¢popma u3-
JIOXKHHUITBI M TPEOOBAHMS K TEMIIEPATYPHBIM PEKUMAaM ITPU JIMThE B U3JT0KHUILY.

4. YcanouHble ¥ JTUKBAIIMOHHBIC ABJICHUS MPHU KPUCTAJUTU3AIMHA PACIIJIaBOB U
OXJIQXKJACHUH CIIMTKOB.

K cnuTkam maparorneHHBIX METAUIOB W CIUIABOB, MPEAHA3HAYCHHBIM IS
MPOU3BOJCTBA MOTY(PAOPUKATOB M WU3IEIHHA, MPEABABIAIOTCA 0000 BBHICOKHE Tpe-
ooBaHus. [Toctynaroniue Ha 0OpabOTKY MABJICHUEM CIUTKHU JOJIKHBI UMETh OIpe-
JENCHAYI0 (hOPMY W pa3Mephl, OBITh IJIOTHBIM, O€3 MIJTAKOBBIX M OKMCHBIX BKITFOUE-
HWW, PacCIOCHUMN, TICH, TPyOBIX HECIUTHH W TPEIIUH, UMETh MEJKO3EPHHUCTYIO
CTPYKTYPY, PABHOMEPHOE PACIPEACIICHAE OCHOBHBIX W JIETUPYIONTUX KOMIIOHEHTOB
M0 CEUYCHHIO W JUTMHE, OJHOPOJHBIC MEXAaHUYECCKHUE CBOMCTBA, BHIACPKUBATH, TIJIa-



CTHYECKYIO AehopManuio U o0jaaaTh APYTHMHA KAueCTBEHHBIMHU XapaKTePUCTHKA-
MH.

Ha kxadecTBO CIMTKOB BIUAET OOJBINTOE KOJTMYECTBO (DaKTOPOB, UTO OOBSACHS-
€TCA CJI0KHOCTBIO MPOLIECCOB, MPOTEKAIOIIUX MPH JIUTHE.

MHOTrOUHCICHHBIMU MCCJICIOBAHUAMHU U Pe3yJIbTaTaMU MPAKTUYECKON pabo-
Thl YCTAHOBJIEHO, UTO HAU0OJIEE CYIIECTBEHHO HA KAUECTBO CIUTKOB BIIUSIIOT TEM-
MepaTyPHO-CKOPOCTHBIE (PAKTOPHI — TEMTIEpaTypa U CKOPOCTH 3aIOTHEHUS H3JI0K-
HUII paciijlaBaMH, CKOPOCTH OTBOJA Temja OT KPUCTALIM3YIOLIUXCS PAcIUiaBOB U
CKOPOCTH 3aTBEPJICBAHUSA CIIMTKOB, B CBA3M, C YEM MX BbIOOPY U OTPAdOTKE ClEy-
€T YACNATh UCKITIOUUTENbHOE BHUMaHuEe. KpoMe Toro, Haao UMETh B BUAY, UTO pas-
audHble (PAKTOPHl HA KAYECTBO CIUTKOB JEHCTBYIOT HE W30JIMPOBAHHO OJWH OT
JIPYTOro, a B3auMocBsA3aHo. [1loaTomy, paccuuTeiBas, moadOMpas WK YTOUHSS OJAUH
u3 (hakTOpOB, HENMB3S 3a0bIBATH O COOTBETCTBYIONIEM W3MEHEHUHW APYTHX, WHAUE
BMECTO OKHMJIAEMOT0 YJIYUIIEHUA KAUECTBA CJIUTKOB MOXKHO MPUNTH K 00paTHOMY
pe3yNbTaTy — CHMKEHHUIO MX KAaUeCTBA M SBHOMY WJIM CKPBITOMY OpaKy, BBISIBJISAIO-
eMyCsl Ha TIOCTEAYIONNX Tiepeaesiax o0paboTku B momyhabpruKaThl U W3S,

[TpoaoKUTENLHOCTh PA3JIMBKU PACIlaBa B CIMTKU 3aBUCUT OT KOJIMUECTBA
pacriuiaBa, NOAJIEKAIIETO PA3JIMBY, Pa3MEPOB CAUTKOB W OTJIMBOK, UX YHUCJA U OJI-
HOBPEMEHHOCTH OTJIMBKH, a TAK)KE CKOPOCTH 3ATIOJTHCHHS M3JI0KHUIT U HOPM.

[TpoaoKUTENLHOCTh PA3JIMBKUA BIMSIET HA HAMPABJIICHHOCTh KPUCTAJIM3a-
UM, OT HEE 3aBUCAT CTENEHb MEPErpeBa paciiaBOB MEpPE]l JUTbEM W BEJIMUMHA
TEMIEPATYPHOTO MHTEPBAJIA JIUThS. 3aBBIIICHUE K€ WIM 3aHMXKEHUE TeMIEpaTyp-
HBIX TIEPETPEBOB U WHTEPBAJIOB JIUThS MPOTHUB ONTUMAJbHBIX 3HAUECHWI OTpHIIA-
TEJHHO BIIUACT HA KAUECTBO CIUTKOB M (pacoHHOTO NTUThs. [Ipm Gobimix neperpe-
BAaX PAcCIUIaBOB YBEIMYMBACTCS UX OKHUCIISEMOCTb, TA30HACHIIIEHHOCTh U BBITOpPa-
HUE U3 HUX JIETKOJIETYYHUX KOMIOHEHTOB. [Ipy MasibIx meperpeBax pacijiaBbl OxJia-
JKJIAI0TCS HUYKE ONITUMAJIbHBIX TEMIIEpaTyp, YTO YBEIUUMNBAET UX BA3KOCTD.

Macca, pa3mepsi, MaTepua, TeMIepaTypa, BaxKHeHIe pakTopsl, OMpeaesis-
IONHAE OXJIAKIAOIIYIO CIIOCOOHOCTH (POpMBI ¥ M3IOKHUIBI. OHH CYIIECTBEHHO
BIIUSIOT HA 00BEM 30HBI KPHCTA/UTM3AIlANA, HAMIPABJICHHOCTHh (PPOHTA, TIEPHUO] KPH-
CTA/UIM3alMM W KAYeCTBO OTJMBAEMBIX HW3ACJIHUN MO IMJIOTHOCTH, JUCIEPCHOCTH
CTPYKTYPBHI, TUKBALIMK U JIPYTHUM XapaKTEPHUCTUKAM.

Oco000 CHUJIbHO HA CBOMCTBA CIJIABOB BJIUSACT BEJIWYMHA TEMIIEPATYPHOTO WUH-
TepBaJia KpUCTAILIM3AlMK. J[J1 CIIJIaBOB ABTEKTUUYECKOTO TUMA U CILJIaBOB, 00Jiana-
IOIIKAX MaJIbIM TeMIIEPaTypPHbIM UHTEPBAJIOM KPHUCTAJLIM3AIIMH, XapaKTEPHbI MOBbBI-
IIEHHAsA XKUJKOTEKYUEeCTh U TEPMETUUYHOCTh, a TAKXKe IMOBBIIICHHAS CKIOHHOCTh K
00pa30BaHUIO CTONOUATON CTPYKTYPhl M KOHIICHTPUPOBAHHON yCaJ0uHON PaKOBH-
HEI.

OtnuunTtenbHas 0COOCHHOCTh CIUIABOB C OOJIBIITUM TEMIIEPATYPHBIM HHTEP-
BAJIOM KPUCTAJUIM3ALUKA — BBICOKAsl CKJIOHHOCTh K OOpPa30BaHUIO PACCESHHON yca-
JOYHON MOPHUCTOCTH, CKIIOHHOCTh K ACHAPUTHON M OCEBOM JIMKBALIMH. DTH CIJIaBbI



MpU MEJUICHHON KPHUCTAJUIU3AlMK, HAPUMEP B HEMETAJUIMUECKUE OTHEYIOPHBIC
(hopmBI, HE MAIOT KOHIICHTPUPOBAHHBIX yCAJAOYHBIX PAKOBHH, a WX YyCaJaKa pPaBHO-
MEPHO paclpenesiaeTcss B BUJIC PACCEAHHONW MOPUCTOCTU MO BCEMY OOBEMY OTJIMB-
KU WIH CJINTKA.

Huszkue Temneparypsl HarpeBa pacijlaBOB MEPE] JIUThEM O0O0YCIIOBIMBAET
CHUKCHHE UX KUAKOTEKYUYECTH U MOBBIIICHUE BSI3KOCTH. C YBEIIMUEHUEM BI3KOCTH
YXYALIAETCS 3aMOJIHEHUE W3JIOKHUIL B €IMHUIY BPEMEHHU, 3aTPYIHSETCS CBOOOI-
HBIHA BBIXOJ PACTBOPEHHBIX T'A30B, YXY/IIAETCA MUTAHUE BHYTPEHHUX CJIOEB CIIUT-
KOB M TEM CaMbIM CO3Jat0TCA OJaronpusTHbIC YCAOBUA Il 00pa30BaHUs ra30Boi
MOPHUCTOCTH, PACCIIOCHUM, HECIUTHH W APYTUX METALTyprudeckux nedexros. [1pu
(hacoOHHOM JTUTHE FTOT (PAKTOP ABJISICTCS MPUUNHON HETOTUBOB.

OnHako BIMSHUE TEMIIEPATYPhl HA KAUYE€CTBO CJIIMTKOB HE O3HAYAET, YTO HAJO
OCYILIECTBJIATh JIUTHE MPU UYPE3MEPHO BBICOKUX, TEMIIEPATYPaAX, TaK KAK CJIUIIKOM
OOJIBIIION HArpeB pacIUiaBOB CHUXKAET CKOPOCTh KPUCTALIM3AIMKA U TEM CaMbIM
CIOCOOCTBYET PA3BUTHIO LIEHTPAJIBLHOM yCaAouHON pakoBUHBI. Kpome TOro, mossbi-
LIEHUE TEMIIEPATYPhI TJIABKU U JIUThS PACILJIABOB BJICUET 32 COOON YBEIUUCHUE UX
yrapy u OKHCJISI€MOCTH.

JIJist BBIMOJTHEHUST PA3IMYHBIX PACUETOB, CBSI3AHHBIX C OMPEIACICHUEM Mpe-
JEIbHBIX U ONTUMAJIbHBIX CKOPOCTEH JUThs, MEPUOAA KPUCTAIIU3AIMU U APYTUX
MapaMeTPOB JIUThbS, PEKOMEHAYETCA MOJIb30BAaThCS HE aOCOMIOTHOW TOJIIMHOMN

CITUTKOB, a IPHBEICHHOM TONIMHON KPHCTAITH3AIMH CINTKOB [, mpencTassio-
et coboi oTHOIIEHHE 00beMa CIIUTKA V), K MOBEPXHOCTU €0 KPUCTATU3ALUT —

TCILIOOTAa4H YCPC3 CTCHKHW W JHO M3JIOKHHMIL F;cp T.C.

R, - Lo

p F;<p .

B sTOM mokazaTese yuuThIBAIOTCSA BCE Pa3MeEPHl CIIMTKA, a TaKxke ero ¢popma

1 TIOBEPXHOCTh KOHTAKTA ¢ MU3JIOKHHIICH B MPOIICCCE JIMThS, KOTOPBIC BIMAIOT Ha
XapakTep KPUCTAJUIH3AIINH CIIUTKA.

BnusHue mnpuBEACHHON TOMIIMHBI CIMTKA HA TEPHOA KPHUCTAUIH3AIUH
00paTHO BIUSHHUIO MACChl U3JIOXKHHUIIBI M €€ TEIUIONPOBOAHOCTH. ['panuiia oopazo-
BaHHWS HECJIUTHH HA CIIMTKAX TaK JKe, KaK M MOPHUCTOCTh OMPEACIIACTCS CKOPOCTHIO
JINThS, TOJIIIMHON CIIUTKA U OXJIAXKJAIOIIEH ClIOCOOHOCTHIO U3JI0KHHMIBI.

Jlitst mogaBysroIero OOJBIMMHCTBA METAJIOB M CILIABOB yCaJKa B YKHIKOM
COCTOSTHUM W TPH KPUCTAJUIM3AIMH TPOSBISETCS B 3HAYUTEILHOM COKPAICHHH
0o0beMa W COOTBETCTBYIOIIEM YBEIMUYEHHUM IIOTHOCTH. OOBEMHAsA ycajka MeTaj-
JIOB | CIIABOB MPOTEKAECT B MHTEPBAJIC TEMIIEPATYP HX IECPETPEBa BHIIIC TEMIIEpa-
TYyp HavaJla KPUCTAJUIM3AlHMK. Y CaJKa METAJIJIOB U CIUIAaBOB B TBEPAOM COCTOSHHH
HAYMHACTCS ¢ MOMEHTA, KOTJa PacIuiaB eIlle He 3aKPHUCTAUIM30BAJICS, M IIPOI0JIKa-
€TCA Ha NPOTSHKCHWH JI0 TOJIHOTO OXJIAXKIACHWS CIIMTKA, KOTJa TeMIeparypa ero

(13.1)



CPaBHSAETCA C TEMIEPATYPOr M3JIOKHHIBI WU (opMBI. Ycaaka XapakTepHa i
BCEX METAJJIOB W CIJIABOB M MPUBOIUT K YBEIMUSHUIO TUIOTHOCTH OT/IMBKU. Ha Be-
JUUYWHY yCaJKH BIUSAIOT: (M3MUECKUE CBOMCTBA PacIljiaBa, B YaCTHOCTH Kod(pduru-
€HT OOBEMHOTO PACIIUPEHUsA, 00BEM paciuiaBa, MHTEPBAJ OXJIAXKJACHHS, a TAKKe
naBjeHue Haja pacruiaBoMm. Uem OGonbliie BenmnuuHa 3THX (PAKTOPOB, TeM OOJbBIIE
0o0BbEMHas ycajiKa paciuiaBa. ITOT Mpollecc Hauboiee BaXXEH JJI1 MOHUMAHUA Me-
XaHu3Ma 00pa30BaHUsA M MPEIOTBPAIICHAS BOSHHUKHOBCHUSA B CIIMTKE YCAIOYHBIX
PaKOBHH W TIOPUCTOCTH. | TaBHOE B MPEAOTBPAIICHHN 00pPa30BaHUA B CIWUTKAX W3
JO0BIX METAJUIOB U CIUIABOB YCAJOUYHBIX MOPOKOB COCTOUT B TOM, YTOObI oOecme-
YUThH CTPOTYIO HAIPABJCHHOCTHh KPUCTALTU3AMNN TIPH MUHUMATBHOM O00BEME 30HBI
KPUCTAJUTH3AIMA U MaKCUMaJIbHON CKOPOCTH OTBOJA TEIJla, YTO JOCTUTACTCS JIHU-
THEM C HAMpPaBJICHHON KPUCTAILTA3AMNCH.

Hapsiny ¢ o6pa3oBanmuem ycaouHBIX paKOBUH ¥ TIOPUCTOCTH, YCAOUHBIC SIB-
JICHUS MPY KPUCTAITU3AIMHA U TTOCJICAYIONEM OXJIAKISHUN CIIMTKOB MOTYT MPOSIB-
JATHCA B BO3HUKHOBEHWHM TEPMHUUYECCKUX HAMPSHKCHUM, MPUBOAAIMNX K YIPYTHM
MJIACTHYECKUM JiehopMariusaM Wiin pacTpeckuanuto. [logBiieHre ycagouHbIX Tpe-
IIIUH TJIABHBIM 00pa3oM MOXKET OBITh CBSA3aHO ¢ HECOOTBETCTBHEM TEMIIEPaTypPHO-
CKOPOCTHBIX PEXUMOB JINThS M KPUCTAITU3AIIHH.

CKJIOHHOCTh METAJIJIOB U CIJIABOB K OOPA30BaHUIO YCAJAOUYHBIX TPEIIWH HE-
oanHakoBa. OHa 0OJbIIE Yy CIUIABOB C IIMPOKHMM WHTEPBAJIOM KPUCTALUIU3ALIMHU.
[Ipu 3TOM ycamouHbIE TPEUTUHBI MOTYT OBITH OTKDPBITHIE U CKPBIThIE. MHOTHE U3
HUX BBISBJISIOTCS JIUIITH TP TOCTSAYIONICH MPOKATKEe WA MEXaHWYECKOH obpa-
0OTKeE.

JIukBarMoHHbBIC ABJICHUA TPU KPUCTAJUTH3AITNH, XapaKTePU3YIOTCs 0Opa3oBa-
HAEM XUMHWUYECKOW HEOTHOPOAHOCTH B PA3IMYHBIX HANIPABIICHUIX, a TAKXKE BHYTPH
Ka)XJIOTO OTJEIBHO B3ATOTO KPUCTAIUIA. PazmuvaroT, CIICIyIOIe BUIABI JIMKBAIIHH:
a) ACHAPUTHAA, BHIPAXKAIOMIASACA B 00OTAICHU OCH ACHAPUTOB TYTOTJIABKUMH CO-
CTaBJISIONIAMH, 2 TIPOMEXKYTKOB MEK/y BETBAMH JACHAPUTOB — JICTKOTIJIABKUMH CO-
CTaBJISIONIMMHA, B) 30HAJIbHAA HOpMAaJbHAs WIW MPAMasi, KOT/a JISTKOIUTABKHUE CO-
CTaBJISIONIAE 00O0TAIAIOT BHYTPEHHUE 30HbBI CIIMTKOB, T') 30HAIbHAS 00paTHas, nmpr
KOTOPOHW JTUKBAT 00OTAIaeT MOBEPXHOCTHHIE CJIOW CITUTKA;, J.) 30HaJbHAsA 00BheM-
Hasg, XapaKTePHU3YIOMIAsACS PACIONIOKEHAEM JIMKBaTa B TMPOMEXKYTOUHBIX 30HAX
CJIMTKA.

K nukBamuu mo TiOTHOCTH HamOOJee CKIIOHHBI CIIaBBl U3 HECMEIIABAFO-
IUXCS KOMIOHEHTOB, a TakKKe JOIBTCKTHUYCCKHE W 3a9BTCKTHUCCKHC CIIJIABHI,
OTM3KO PACIOIOKEHHBIE K UACTOHN 3BTeKTHKE. K MEHIPUTHOM JTUKBAITMN CKIOHHBI
CIUIaBBI ¢ OOJIBIIIAM TEMTIEPATYPHBIM HHTEPBAJIOM KPUCTAILTAZAINHN JOIBTCKTHYC-
CKOTO, 3a3BTCKTHYECKOTO W JAPYTHX THIIOB, BKJIIOUAs W YHUCTYIO 3BTEKTHKY C
KOMITOHCHTAMH, PA3HANAMUCA TI0 TeMIepaTypaM IJiaBjaeHus. JIMKBaMs 1Mo TIoT-
HOCTH W JICHAPWTHAS JIMKBAIAA MOTYT TPOSBJISITHCS Yy CIUIABOB JIFOOBIX THUIOB H
kommosutuii. K 30HaIbHON NWKBAIMA HAUOOJBITYI0 CKIOHHOCTh UMEIOT CILIaBHI



W3 HECMEIUBAKIIUXCSA KOMIIOHEHTOB U CIJIABHI C IIIMPOKUM UHTEPBAJIOM KPUCTAJI-
JU3aIun JI0O0TO THTA (TBEPBIC PACTBOPHI, IEPUTEKTUUECKUAE, TOIBTEKTHUECKHAC H
329BTEKTUUCCKHC). J0HANbHAS JIMKBAITUS MOKET TMPOSABIIATHCS y JIOOBIX CIUIABOB,
3a UCKJIIOYCHUEM YMCTBIX ABTCKTUK, XUMHUYECKUX COCAUHEHHUH, OJHOKOMITOHEHT-
HBIX PACIJIaBOB.

Ha BenuuwHy NeHAPUTHOW JWKBAlMK CILIABOB, KPOME XapakTepa CIjlaBa U
BEJIMYMHBI HHTEPBAJIA KPUCTAIUIA3AIMH, BIUSAIOT Pa3HUILIA B TEMIIEpATypax ILUIaBJIC-
HHUS KOMIIOHEHTOB, KOJIMUECTBO JICTKOIIABKOW COCTABJIAIONICH M, IJIaBHOE, 00BbEM
30HBI KPUCTAJUTA3AINAM, ONPEACIAEMBIN PA3HOCTBIO CKOPOCTEN JINThS U KPUCTAJIJIN-
3aruu. Yem Oojipie BeTMUHHA 3THX (PaKTOPOB, TEM OOJIbINE ACHAPUTHAS JIUKBAIHS
craBa. Ha BenmuunHy 30HANBHOHN JMKBAIUK, KPOME (aKTOPOB, XapaKTEPHBIX IS
JCHIPUTHON JTUKBAIIUH, BIMAIOT TAaKXKe, pa3HUIIA MEXIY KoddHImeHTaMu 00beM-
HOrO paciiupeHuda paciuiaBa v T.4. [IpeaoTBpalieHne JUKBAlIMOHHBIX ABJICHUN B
CILUIaBax, B TOM YMCJIC U C MOBBIIICHHON CKJIOHHOCTBIO K UX MPOTCKAHUIO, MOXKET
OBITh JOCTUTHYTO JIMTHEM CIIMTKOB HaMPaBJISHHOM KpUCTAJUIM3aIUEn, T. €. HU3KO-
CKOPOCTHBIM U HEMPEPBIBHBIM JINTHEM.

bonpimas ckopocTh OXJIaKACHUS CIIMTKOB IMOCJIE KPUCTAIA3AIUA, €CJIH OHU
MOABEPIKEHBI JIMKBAIIMOHHONW HEOJHOPOJHOCTH MOKET MPUBECTH K PACTPECKHUBA-
HHIO CIIUTKOB M OTJIIMBOK. A B TE€X CIllydasX, KOT/a OTJIMBAIOTCS CIMTKH W3 MeTall-
JIOB U CIUIABOB, HE CKJIOHHBIX K JIMKBAIIMOHHBIM SIBJICHUSM U TEPMOMEXAHUYECKOMY
PacTPECKMBAHUIO, UX MOJXKHO Cpasy e IOoJBeprarb 00jee MHTEHCUBHOMY OXJIa-
xKaeHuto. CIUTKA U3 CIJIAaBOB, MOJBEPKEHHBIX TEPMOMEXAHMUYECKOMY PacTPECKHU-
BAHUIO, CIEAYET OXJIAXKAATh B U3JIOKHMIE 0€3 €€ PACKPBITHA JI0 TEX TOP, TOKa TEM-
rneparypa ClIuTKa HE CHU3UTCSA HUKE TEMIEPATY Pl MOJTHOTO 3aTBEPICBAHNUSA CaMOU
JIETKOIIJIaBKOH (pa3bl CIIaBa MIIM HUYKE TEMIICPaTyPhl MMPOXOIAIUX B HEM (Pa3oBBIX
npeppaiieHuii. [Ipu OBICTPOM KPUCTAJUIM3AIMU W TOCICAYIONIEM OXJIAKICHUH
CJINTKOB W3 CIUIABOB, MOJBEPIKECHHBIX TEPMOMEXAHUUECKOMY PACTPECKUBAHUIO BO
M30eKaHUE UX PACTPECKUBAHUA MO ASHCTBHEM BO3HHUKAIOIIUX B HUX TEMIIEpaTyp-
HBIX HAPAKECHUN HEAOMYCTUMO BO3JACHUCTBUE YIAPHBIX HATPY30K.

JlaBneHHne W pa3peKeHUE NMPU KPUCTAIUTU3ALMK MOTYT CYIIIECTBEHHO BIIMATH
Ha KQYE€CTBO CIIUTKOB TOJBKO B CIyYasX CICIUAIBHBIX BUJOB JIMThS, ITPEAHA3HAYA-
€MBIX B OCHOBHOM JIJIsI MPOM3BOJICTBA (PACOHHBIX OTIIMBOK: JINThE W KPHCTAJLIHA3a-
U TI0JT JJABJICHUEM WJIM KPUCTAIA3AMA MO JaBJICHUEM. JINTbe M KpUCTaLIN3a-
1A B BAKYYM€ WJIHA TOJBKO KPUCTAJIA3ANA B BAKYYME, 4 TAKKE JIUTHE TIOJI BAKYY-
MOM C MOCHEAYIOMIEA KPUCTAIUIA3AUENA TIOJT TABJICHUEM UMEET 3HAYCHUE I Ka-
YeCcTBa HE TOJBKO OTJIMBOK (PACOHHOrO JUThA, HO M CIMTKOB, 0OpadaThIBaeMBIX
napjaeHueM. [[ppuMeHEHNE MOBBIIEHHOTO Ta30BOT0 WM MEXAHWYECKOTO AABJICHUS
Ha PacCIUIaB B MPOILECCE €0 JIUThA U KPUCTAIUIN3AIIMA TPUBOJIUT K 3aXBaTy BCEX HA-
XOAAIMMUXCA B UCXOAHOM PACIUIABE T'a30BbIX, OKUCHBIX U IMIJIAKOBBIX BKIIOUCHUN B
TOM COCTOSIHUH, B KOTOPOM OHU HAXOJWJIUCh B PACIJIABE B MOMEHT OKOHYAHUS €TO
KpucTajuin3anum. [Tonydaembie TaKuM CIOCOOOM OTJIMBKH IO TJIOTHOCTH MPHUTO/-



HEBI JIUIITH JU1s (DACOHHOTO JIMThS M HE TOIATCS TSI IPOM3BOJICTBA CIIMTKOB, 0Opada-
THIBACMBIX JIaBJICHHEM. B TIpoKaTaHHBIX M3 HHUX IOJIOCOBBIX IoydadpHukaTax Hin
BOJIOUYCHHBIX MPOBOJIOKAX CPEITHUX TOIIIMH U THAMETPOB UCXOAHBIC 1e(hEKTHl YBe-
JAYUBAIOTCSI B IECATKU Pa3, a IPH U3TOTOBJICHUH (DOJIBIH WA TOHKOM MPOBOJIOKH
u TeM Oojiee CycCalbHBIX META/UIOB M TOHUAMIIEH MPOBOJIOKH COOTBETCTBCHHO B
COTHH, TBHICIUN U JaKE JSCATKH THICAY pa3. ITO HEM30EKHO MPUBOIUT K MacCCOBO-
My Opaky 1mony¢haOpHKaToB U U3ACIUN 10 My3bIPsAM, TUICHAM W IPYTHM METaJLTyp-
T'HYCCKHM Ae(hEeKTaM.

Bakyym Hanx pacruiaBoM B MPOIECCE €r0 JTUThS U KPUCTAIUTAZAIMH HA000POT,
JIETa3uPYyET PacIliaB M OCBOOOKIAET €T0 OT APYTUX IMTOCTOPOHHUX BKITIOUCHHUM, UTO
BEChMa TOJIOKUTEIILHO OTPa)KaeTcs KaK Ha YJIYUIICHHH KaueCTBa OTJIWMBKHA HIIH
CIIMTKA, TAK ¥ Ha MOJIy4aeMbIX M3 HHUX IMOTyhaOpHKaTOB.

Jlexkuusa 10

1. Metoapt pacuéra U ONTUMAJIbHBIC 3HAYEHUS BAXKHEHIITNX MMApaMETPOB JIH-
ThSI C HANIPABJICHHON KPUCTAJUITN3AUEN CIIMTKOB.

VYcnoBre paBEeHCTBA JIMHEHHBIX CKOPOCTEH JIUThs M KPUCTA/UIM3AILMU CIIAT-
KOB, SIBJII€TCA Ba)KHEHIIHUM IapaMeTpOM M ero yA0O0HO BhIpaXkaTh MPOU3BEICHUEM
CKOPOCTH JINTHSI HA TOJIIUHY (TUAMETP) CIAUTKA, T. €. yepe3 Ko PuimmenT ckopo-
CTH JINThS

C,=v,d, (1.3.2)

rae C, — k03(hPUIMEHT CKOPOCTH JIUThS, — CM?/C;

U, — IMHEWHAs CKOPOCTh JIMThS, PABHAsA OTHOIIEHUIO BBICOTHI crutka (B,
CM) KO BpeMeHH JuTha ( T, , ¢), eM/c; d,, — Tomuuna (muamerp) cimrka, cM. OnHa-
KO, JJAaHHOE PAaBEHCTBO JAeT BO3MOXKHOCTh MPH pacueTax CKOPOCTEH JINThS W TOJI-
WH (TUaMEeTPOB) Pa3TUUHBIX MO pa3MepaM CIMTKOB MOJyYaTh TOJBKO OPUCHTHPO-
BOYHBIC 3HAYEHHS STHUX MapaMeTPOB, TaK KaK OHO OCHOBBIBACTCS HA yUETE TOJIIIH-
HBI (IMaMeTpa) CINTKA, HO HE MPHHMMACT BO BHUMAHWE BJIMSHUAS APYTHUX €ro pas-
MepoB 1 (HOPMBI Ha XapaKTep KPUCTA/UTA3AIINH.

[Toatomy misi 6ojiee TOYHBIX PAcUeTOB CKOPOCTEH JINThS C yUETOM IeOMET-
PHYCCKHX Pa3MEPOB CIIMTKOB YCJIIOBHE PABEHCTBA JIUThS W KPUCTA/UTH3AIMKM PEKO-
MEHYETCS BRIPpAXKaTh MPOU3BEIACHHEM CKOPOCTH JIUThS Ha MPUBEACHHYIO TOJIITHHY
(TIpUBEACHHBIN TUAMETP) KPUCTAIUIN3AIINH, T.€. UePE3 MPUBEICHHBIN KOdhpuimeHT
CKOPOCTH JTUThSI:

Chpy = Valy s (1.3.3)



rae Ca,, — NPUBEICHHEIH KO3(Q(QHUIUEHT CKOPOCTH JIMThA, cM>/c; U, — nuHeiiHas

p
CKOPOCTD JIUThA, cM/ C. R.(p — IPUBCACHHAA TOJIIKWHA KPUCTAJUIM3alluK CJIIMTKA.

3nauenre 3TuX Kod(hPUIUEHTOB MPUOTU3UTETFHO TTOCTOSHHO TS KaXKI0TO
CIUIaBa M OXJIAKIAIOMIECH CTIOCOOHOCTH M3JI0KHHUIIBI, €€ THTIA WA (hOPMBI CITUTKOB.
Hampumep, /utst TATHS TUTIOCKUX CITUTKOB cepeOpa B BEPTUKAIbHBIC YYTYHHBIC W3-

nosxannsl C, pasen 1,5 u B Mmeansie 2.4 cm/c, a Cnn coorBercTBeHHO 0,7 M 0,95

P
cM’/c, 4ro A uyryHHOM wm3nokHMIBl coctaput VU, = 0,4 0,6 cm/c n
d,=2,5 3,5 cm, a g mearoit v,= 0,6 0.8 cm/cu d,,=3 4 cm.

[Tpyu OOBIYHOM JUTHE B BEPTUKAJIbHBIC U3JIOKHULIBI C,,, He GbBacT Huxke |

p
(4yTyHHBIE M3JI0KHHLBI) M, KaK OpaBWiIo, koynednercsa B mpepenax 1.4 — 7 cm?/c
BCJICJICTBUE YETO W30TEPMBI KPHUCTAUTM3AIMN B 3TOM CIIydac WUMEIOT CHJIBHO BHI-
TAHYTHIM XapaKTepP, B OTIUYNE OT MAJIOBBHITHYTHIX TIPH MOy HEMTPEPHIBHOM, HA3KO-
CKOPOCTHBIX M JAPYTHX METOAAX JIUThS ¢ HAMPaBJICHHOW KPHUCTAJUTU3AMMUCH CITUT-
KOB.

Paccmotpum  criemyronue MPUHIANHAAIGHBIE 3aBUCHMOCTH TIPUBEIACHHBIX

TommuH kprucTammusammn ( X, ) 1 npuBeaeHHBIX K03(DHUIMEHTOB CKOPOCTEH TNThA

(Cnnp ) OT BOKHEHIITHX TETTO(HU3MUECKUX ITapaMETPOB:

=

R,=flt:t,:b:b) (13.4)

iy

o

C :f(R(p;tp;tH;bp;bH) v,

'Hl'[p

z°

(13.5)

rne / — dyHKupa Temnodu3HIeckux mapamMeTpos; [, 1 ! — TeMmepaTypsl pacria-
Ba 1 manoxHUp, °C; Dpn O — TemmonmpoHMIIaEMOCTh paciiaBa M H3IOMKHHIIBL,
Kaﬂ/ ( oM Ye? GC); Van FKp — 00bEM M TMOBEPXHOCTh KPUCTAJIU3AIMU CIIMTKA,
cM’ mem .

UsgectHO, uto R 1 Cnnp TeM OOJIbIlle, YeM OOJIbIIE TEIIONPOHUIIAEMOCTD

pacIijiaBa U U3JIOKHUIIBI U MEHbBIIIE TEMIEpaTypa MJIABJACHHUS CIJlaBa U TEMIIEPATY -
pa M3JIOXKHULBL. B cBOIO ouepenp TEMIONPOHULAEMOCTh paciiiaBa TeM OOJIbIUE,
yeM 0OJpLIE €ro TEMIOMPOBOIHOCTbD, TEMITOEMKOCTh U TUIOTHOCT.

Kpome Toro, HampaplieHHas KpUCTAJUTU3AIMSA MOXET MPOTEKATh U CPEIHSSA
TeMIepaTypa U3JIOKHHUILIBI HE MOBbICUTCS Oojiee yem Ha 150 rpamycos, B TOM Ciy-



Yyae, €CIM TOJIIMHBI CTEHOK H3JI0KHHIIBI OTHOCHUTEIHHO TOJIMUH (IAaMETPOB)
CJIMTKOB HE OyIyT NPEBbIIIaTh MUHUMAJIbHBIX 3HAYEHUH.

OxJtaxAaIme CnoCOOHOCTH MEIHBIX M UYTYHHBIX W3JIOXKHUI[ Pa3HATCSA
MEXKIy COOOM Ha BEIMUKMHY, ONMPEACIAEMYIO0 YPABHEHUAMU

OzM ? 0;1 = f{,2+270: (1.3.6)

T. €. CTAHOBATCS PABHBIMH MCIKIY CO60ﬁ, Korga

(=124 . 270 (13.7)

1y 270 1s
T (138)

rae O 1O — oxnaxkaaIre CoCOOHOCTH METHON M UyTYHHOM W3JIOKHHII TIPH
JTAHHBIX TEMIIEPATypaxX HArpeBa,

I,y AL, , —TeMIepaTyphl HAarpeBa METHON W YyTYHHOM W3JI0KHHUII.

MareMaTndecKkue BIPaKEHHUS METOJO0B pacueTa MPUBEICHHBIX TOJIINH KPH-
CTAJUTA3AINK W TIPUBEICHHBIX KOY(DPHUITMEHTOB CKOPOCTEH JINThS ¢ HANIPaBICHHOM
KPUCTAUTU3ALHUEN CIIUTKOB.

s MpaKTHYECKOTO MPUMEHEHHS PEKOMEHIYIOTCA CIIEAYIOIIAE MAaTEMaTH-
YECKHUE BBIPAKCHHUS METOJOB PacyeTa MPUBEICHHBIX TOJIIWH KPUCTAJUIN3ALUU H
MPUBEACHHBIX KOY(PPUITMEHTOB CKOPOCTEH JIMThS CIMTKOB OT BAXKHEHIITHUX TETLIO-
(pM3MUEeCKUX TapaMeTPOB, MPH COONIOACHUN KOTOPBIX 00ECIICUMBAIOTCS HAIPaB-
JICHHAsA KPUCTAIA3ALMS U TTOJTyYEHHE KAY€CTBEHHBIX CIIMTKOB.

1. Ilpu nuThe B MEHBIE U3JIOKHUIIBI BICOKOW OXJIAXKIAKOIIEH CITOCOOHOCTH

RY = 0,8725  0,00837(3100 £ | 0,001477(390 ¢ 4, (1.3.9)
C) =0,5895, 0,006057(3100 ¢ | 0,001(390 4, ). (1.3.10)

Inp B p
2. Ilpu nuThe B UYTYHHBIC H3JIOXKHHUIIBI ITOBBIIICHHOM OXJIAXKIAOIICH
CITOCOOHOCTH:

R} = 0,872h  0,00837(3100 1 | 0,0018(106 ¢, )4 (1.3.11)
C) =0,5895, 0,006057(3100 ¢ ) 0,0012(100- ¢, ).  (1.3.12)

p N
M q

rac Rl(p u Rl(p — IPUBCACHHBIC TOJIIHWHBI KPUCTAJIN3aIUKW CJIUTKOB, IIPH JIMTHC B

MCIHYIO M UYT'YHHYK H3JIOKHHUIIBI, CM, bp — TCINIONMPOHUIACMOCTE pacCIiliaBa IIpH

JaHHOW TeMIepaType JIUTh, Kaﬂ/ ( cm Ye'? OCq); 3100 — Temmeparypa paciuiaBa,



COOTBETCTBYIOIAA MHHUMAIBHOMY 3HAueHHIO 1%, , °C; 1,5 L, > by « — TemMmepaTypsl
paciiaBa, MEAHOM M YyTYHHOM M3JI05KHHL] B MOMEHT JINThs, °C.

OnpeenseMbie 110 TaHHBM (opMylaM 3Hauenus 1% u Cr, sBIsIOTCH MH-

p
HUMAJIbHBIMH, COOTBCTCTBYIOIIIMMH PCKHUMAM JIMTHA Ha I'PAHUILIC HCCJIIMTHH.

MakcumanbHble 3HaueHns %, n Cnnp MOTYT ObITh B34ThI B nipenenax B 1,085
— 1,2 pa3a GonpiuMu. Beillie Bcex 3TUX 3HAYEHUH MPUHIIMI HAMPABJICHHOW KpH-
CTAJUIM3ALMKA HAPYIIAETCA, TaK KaK CKOPOCTh JIUThA HAYMHAET 3HAUUTENIBHO OTCTa-
BaTh, OT CKOPOCTH KPUCTAIIA3ALMH, T. €. U, ? V,, . OnTuMansHeie 3Hauennd X, u

Cnnp cnenyer 6pats B npeaenax 1,085 — 1,15 MuHuManbHbIX 3HaUeHHH [ 1 Cnnp .
MareMaTruieckue BRIPAXXEHUS METOIOB MPSAMOTO pacueTa CKOPOCTEH JIMThA C
HamnpaBJeHHON KPUCTAJUTU3AIIMEeH CITMTKOB.

CKopoCTh MUTHhS MOXKET ObITh B3siTa M3 BhIpaxkeHus (1.3.3), ecam mpu 3TOM
yIKe M3BECTHBI APYTHE BXOJIAIINE B HETO apaMeTphl, T. €. 1%, n Cnnp :

B tex xe crnydasx, Korjaa 3TH mapaMeTpbl HEU3BECTHBI, CKOPOCTh JIUThS, MPH
KOTOpOH 00ecneunBaeTca HANPaBIECHHAS KPUCTAIUTU3ALKA CIIUTKOB, PEKOMEHIY eT-
CSl PACCUMTHIBATH MO CIEAYIOMUM (popMysiaM MpsAMOro pacyeTa, BHITEKAIOIIUM M3
npeobpazoBanus popmysl (1.3.3) Ha 6aze Beipakennii (1.3.9 — 1.3.12):

0,589, + 0,000057(3100 1} 0,004390 {3,
0,872b, 4 0,00037(310 1) 0,001477(390 ¢, )

. (13.13)

= o=

., 0,589h +0,000057(3100 1} 0,004100 ¢4, )
INE : 1.3.14
" 0,8725,+0,00037(310 ¢ ] 0,0018(100+ ¢, ) ( )

rae V. ; U — MAHMMAIbHBIE CKOPOCTH JIMThS PACIUIABOB B MEIHBIE U YYT'YHHEIE |
M3JI0KHHIIBI, CM/C;
MakcumanbHble M ONTHUMAJIbHBIC 3HAUYEHHS V, CIEAYET PACCUMTBHIBATH IO

TeM ke Koddurmentam, urto u 1%, unm Cnnp :

JIn1s BOSMOKHOCTH OCYILIECTBIICHHSA PacdyeTos [, Cnnp 1 VU, MO MPHUBECH-

HBIM (DOopMyJiaM BBUAY OTCYTCTBHS B JINTEPATYPE B OOIBIIMHCTBE CIy4acB TaHHBIX
O TEMJONPOHUIIAEMOCTAX PACILJIABOB JPArOliCHHBIX METAJJIOB U WX CILJIABOB, A TaK-
XK€ O TEMJIOMPOHULIAEMOCTAX JAPYTMX MATePHUANIOB, B YaCTHOCTH MEIHBIX, UYyTyH-
HBIX U CTaJbHbIX HU3JIOKHHUII, B 3aBUCUMOCTH OT TEMIEPATyp UX HArpeBa peKOMEH-
JyETCs TIOJIh30BAaThCA HOMOTPA(HUUCCKUMHA 3aBHCUMOCTIMH. THITOBBIE HOMOTPaM-
MbI TIPEJCTaBJICHbI HA pucyHkax 1.3.1 u 1.3.2.
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Puc. 1.3.1. 3aBUCUMOCTD TEMJIONPOHUIIAEMOCTH 1[BETHBIX U JIPArol€HHbIX METAIJIOB, CIJIABOB U
TIPYTUX MaTepuasioB OT TEMIIEpATypbl HArpeBa.

Ha pucynke 1.3.2 TEMIONPOHUIIAEMOCTH TPOMHBIX CILIABOB (&;) MOryT ObITh

C JIOCTATOYHOM TOUYHOCTBIO JIJISI IPAKTUUECKUX PACUETOB OINPEJIEIEHBI 10 popMyJie
(1.3.15)

b+ b
b, ~ %zb? (1.3.15)

. . - 1/2
rae by, b,; by — TenIONpOHUIIAEMOCTH IBONHBIX CILIABOB, Kaﬂ/ ( cem YV O(y)

Jinppepenumanus R, B 3aBUCHMMOCTH OT (POPMBI U Pa3MEPOB CIUTKOB IO

HaMICHHBIM MPEACAbHBIM 3HAUCHUSM ITPOU3BOJUTCS, MCXOAs U3 HOMorpaduue-
CKHX 3aBUCHUMOCTCH.

Hanpumep, ans cruapa Cp20M30L[ (w3 pucynka 2 b = 0,32 b, = 0,62
b= 0.37)
0,32+ 0,62 0,3/
3

b, 0.44 xan /[om & °CY.
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Puc. 1.3.2. 3aBHCHMOCTb TEILIONPOHUIIAEMOCTH IBOMHBIX U TPOMHBIX CILUIABOB cepebpa oT comep-
JKaHHSI KOMIIOHEHTOB Ipu TeMmnepaTtype neperpesa 200 rpan, ceBepx TeMnepaTypbl pacllIaBIeHUs
(mo Aunponosy B. I1.)

OKCIEPUMEHTAJIbHAS MPOBEPKA MOJATBEP/NAJIA MPABUIBHOCTH PEKOMEH/TYE-
MBbIX, METOJIOB pacyeTa, MapaMeTpOB JUThA CIAUTKOB JPArolCHHBIX METAJIOB H
CILIABOB, PE3YJIbTAThl KOTOPHIX BO BCEX MPOBEPEHHBIX CAyUYasAX OOECIEUYMIIH XOPO-
YO CXOAUMOCTh C TPAKTHUECCKUMH PE3YJIbTaTaAMU.

B cnipaBouHOM nuTeparype MpeACTaBJIEHbI:

PEKOMEH/Ty EMbI€ MUHUMAJILHBIE TOJNIIUHBI CTCHOK W JHMII U3JIOKHHI] OTHO-
CUTEJILHO TOJIIVH WIN IUAMETPOB CIUTKOB, a TAKXKE ONTUMAJIbHBIE Pa3MEphl CIIUT-
KOB M COOTHOIIICHHS Pa3MEPOB CIIUTKOB APAroLiCHHBIX METAJJIOB M UX CILIABOB, OT-
JIMBAEMBIX METOAAMHU HU3KOCKOPOCTHOTO W APYTOTO JIUThS C HANPABJICHHOW KpH-
CTaJTA3AINEN B M3JIOKHUIIBI TMOBBIINICHHOW W BBICOKOH OXJIQXKIAIOMIECH CIOCOOHO-
CTH;

PEKOMEHIY EMBIC TEMIIEPATY PHO-CKOPOCTHBIC PEKUMBI HU3KO CKOPOCTHOTO M
JPYTUX METOJIOB JIUThS HAMIPABJICHHOM KPUCTAJLTU3AIMEH, 00SCEUMBAIOIINE IOy -
YeHUE N00POKAYECTBEHHBIX MIOTHBIX CIIMTKOB M3 OCHOBHBIX JPAroliCHHBIX METAJI-
JIOB U MIX CIJIABOB.



Jlexnusga 11

1. Buabl TMTHUKOBO — MUTAKOLIUX CUCTEM U UX PACUET.
2. Bbibop cucteM B 3aBUCHUMOCTH OT CKOPOCTHBIX PEKHMOB OXJIQKJCHHS,
yCaJIKu MeTajjia U BUJ0B Je(heKTOB B OTJUBKE.

JINTHUKOBOM CUCTEMOH HA3bIBAIOT COBOKYHOCTh KaHAJIOB WJIM Pe3ePBYapoB,
10 KOTOPbIM JKMJIKMM MeTajlJl U3 KOBIIA WUJIM TUIJIS MOCTYMACST B MOJIOCTh JIMTEHHOM
¢dbopmbl. JINTHUKOBAs CUCTEMA CYIIECTBEHHO BIUSET HA KaYECTBO OTJIMBOK: HETpa-
BUJILHO CKOHCTPYHPOBaHHAs WM HETIPaBUIIBHO PacCUUTaHHAS, OHA MOXKET SIBUThHCS
NpUYMHOI Opaka.

4

Puc. 1.3.3. OcHoBHBIE DJIEMEHTHI JUTHUKOBOH CUCTEMBI

E& ocHoBHbIMU 3nemeHTamu (puc. 1.3.3) ABASIOTCS JIMUTHUKOBAs BOPOHKA
Uiy vama 1 — pe3epByap AJis mpyUeMa XHUAKOro MeTajla W nepeaayd MeTasia B
CTOSIK , CTOSIK 2 — BEpPTUKaJIbHbIN (MHOrIa HAKJOHHBIN ) KaHall KpYTJioro, OBajabHOIO
UM MHOT'O CEUEHMS JJI Nepelavyud MeTajia M3 4aluyd (BOPOHKM) K APYTUM BJIeMEH-
TaMm JIMTHUKOBOW CHUCTEMbI (I1aKOYJOBUTENIO, MUTATEsAM). JIMTHUKOBBIN Xo01 3,
HA3bIBAEMBbII KOJUIEKTOPOM JIsl LBETHOTO JINThSl, — 3TO TOPU3OHTAJBHBIA KaHaJ
IJI YACp KaHUs LIJIaKa M Iepeaayd MeTaljia u3 ctosika K nutatensm. [lutarenu 4
(TMTHUKHK) — KaHaJlbl, MpeAHa3HAaYeHHbIC AJIs Mepeladyu MeTajia HemoCPEeACTBEHHO
B 110J10CTh (hopMbl. CyIIeCTBYET MATh TUMOB JIUTHUKOBBIX CUCTEM.

BepxHusis nutHukoBas cuctema (puc. 1.3.4, a). [lutatenu noasoAsT auGo B
BEPXHIOI YacTh OTJIMBKH, JIMOO B MPUOLLIbL MM MOJI NPUObLIb.

Huxusis unu cudonHas nutHukoBas cuctema (puc. 1.3.4,0). [lutatenu noxa-
BOJSAT B HUXKHIOIO YaCTh OTJIMBKH.



bokoBas nutaukoBas cucrema (puc. 1.3.4,8). [lutaTtenn moaBOAAT MO pa3b-
eMy (pOPMBI.

SpycHas (3raxHasn) muTHUKOBas cuctema (puc. 1.3.4,r). [lutarenu noasBoaar
K OTJIMBKE HA HECKOJIbKHX YPOBHSX. Pa3HOBHUAHOCTHIO SPYCHOW JIMTHUKOBOW CH-
CTEMBI ABIIICTCS BEpTHKANbHO-IIENeBas (puc. 1.3.4, ).

1 — BeIMOp; 2 — vama (BOPOHKA); 3 — CTOsIK, 4 — OTJIMBKA; 5 — JJUTHUKOBBIN X0, 6 — MUTATENb.
Puc. 1.3.4. JINTHUKOBBIE CUCTEMBI PA3HBIX TUIIOB

JloxxaeBas IMTHUKOBAs CUCTEMA.

Tunm NUTHUKOBOW CHCTEMBI BBHIOMPAIOT B 3aBHCHMOCTH OT METajlia,
KOHCTPYKITMH OTJIMBKH, TOJIOXKCHUS €¢ NPH 3aJIMBKEe M T. . Beerma crpemsrces k
TOMY, 4TOOBI TIPH 00eCTIEYEHNH HEOOXOAMMOTO KaueCTBA OTJMBKH Pacxo MeTajuia
Ha JIMTHUKOBYIO CHUCTEMY ObLII HAUMEHBIIIUM.

BepxHsis TMTHHKOBAsS CHCTeMa HawOoJiee MPOCTa IO KOHCTPYKIIMH, JIETKO
BBITIOJIHUMA, TPEOyeT He3HAUUTENIBHOI0 pacxoaa MeTamuia. OHa co3gaeT Hamboee
OJIarONPHATHBIC YCIIOBHS I MUTAHUS OTJIMBKH, T. €. HY)KHOE JUIS HAaIPaBJICHHOM
KPUCTAIIJTM3AIMN PACIIPEACIICHUE TEMIIEpaTyp — MOBBIIICHUE TEMIIEPATyp OT HHXK-
HEW YaCTHU OTJIMBKU K BEPXHEM.

Hwxnsas (cudonHas) TMTHUKOBAS CUCTEMa 0OECIIEUMBAET CIIOKOMHOE 3amoi-
HeHHe (hOPMBI, YCTPaHAET OMMAaCHOCTh Pa3MbIBaHUSA CTCHOK M 0Opa3oBaHUs 3aCOPOB.



OmHako HYWKHHAKM TOABO METallla co3/1aeT HeOIaronprusITHOE PacupeacICHUE TEM-
nepaTtyp mo o0beMy MeTalljla OTJAWBKH (TaK KaK TOPSUAiA METajl TOCTyHaeT
CHHU3Y), CIIOCOOCTBYET Pa3BUTHIO MECTHBIX PA30TPEBOB W BHYTPEHHUX HampshKe-
HUM.

CudoHHas TUTHUKOBAS CHCTEMA CIIOXKHA B M3TOTOBIICHUH U TPEOYET MOBBI-
IMICHHOT'O0 pacxoja MeTajyla, MPUMEHSIETCAS OOBIUHO /UIS OTJIMBOK CpPEAHECH H
OOJIBIITON MACChl 3HAUUTEIIHHOM BBICOTHI, C OOJIBIITON TOJIIIHHOM CTCHOK.

bokoBas nuTHUKOBAsA cHCTEMa, YMEHbINAs (IO CPAaBHEHUIO C BEPXHEH ) BHICO-
Ty HaJCHUS METajlIa H BO3MOYKHOCTh pa3pymeHust GOopMBI, BMECTE C TEM YXY/IIIa-
€T YCIOBHA KPUCTALIU3AIMH M YBEIMUYHBACT pacxoa Merauia. OHa MPUMEHSIETCS
JUISL OTJIMBOK HEeOONBIOM BBICOTHI, CPeAHEH MacChl, OOJIBIIIMX Pa3MEPOB.

SpycHast TMTHUKOBAs CHCTEMa IMPUMEHSCTCS ISl KPYIHBIX, TSOKEITBIX OTIIH-
Bok. OHa ofecrieunBaeT JIydlinee MUTaHNUE OTIIUBKY, YeM cudoHHas. SApychl cucre-
MBI JOJKHBI I10/IaBaTh METAJUI B MOJOCTh (hOPMBI TOCIIEIOBATEIIFHO, CHA3Y BBEPX.
SpycHas TMTHUKOBAs cUCTeMa Haubosee ciaokHa U TpedyeT HaubobIIEero pacxoaa
MeTajuia.

JloxxieBast TMTHAKOBAsA CHCTEMAa IPUMEHSIETCS B OCHOBHOM JIJIsI OTJIUBOK ITH-
JuHApUYecKor ¢opMbl. MeTat U3 CTOsSKa MONAgacT B KOJNBIIEBOM KOJUICKTOD, M3
KOTOPOTO 4epe3 MUTATEIIHN, PACIIOJIOKEHHBIE IO OKPYKHOCTH Ha PaBHOM PacCTOsI-
HHH JAPYT OT APyTa, TOHKAMH CTPYHKAMH PaBHOMEPHO 3aMOJIHICT PACIOIOKEHHYIO
HIDKE TTOJIOCTH (DOPMBI.

[ToMuMoO BBIOOpA THITA JTUTHUKOBOM CHCTEMBI OOJIBIIIOE 3HAUCHHUE UMEET BhI-
00p MecTa IMOJBOJA MHTATENICH K OTJIMBKE. B 3aBHCHMOCTH OT CBOMCTB - CILIaBa,
KOHCTPYKITUW OTJIMBKH (TaOapUTHBIX Pa3MEPOB, TOJIIMHUHBI CTEHKH) TIPH TIOJIBOIC
MeTauia CTpeMATCsA OoOecmeunTh JU00 HampaBJCHHOE 3aTBEpACBaHHE, JTUO0 OJ-
HOBPEMECHHOE PABHOMEPHOE OXJIAXKACHUE PA3TMYHbBIX YaCTCH OTIIMBKH.

JIJIst OTIIMBOK C TOJICTBIMHM CTEHKaMH, MAaCCUBHBIMH y3JIaMH, CKIIOHHBIX K 00-
Pa30BaHUIO YCAJAOUYHBIX PAKOBHH, HEOOXOIUMO CO37aBaTh YCIOBHS HANPaBJICHHOMN
KPHCTAJLTA3AIANA. DTO TOCTUTAETCS HE TOJBKO COOTBETCTBYIOIIMM PACIIOIOKEHHEM
OTJIMBKH B (popMe, Korjaa 0ojiee MAaCCHBHBIC YACTH PACIOIAaral0TCs HaJl TOHKHUMH,
HO W COOTBETCTBYIOIIMM ITOABOJOM MeTajlla K HanboJiee MAaCCHUBHBIM YacTIM OT-
auBKH. Tako# moasoa Meraiia ycuiuBaeT »(¢EKT HampaBJISHHOIO 3aTBEP/ACBa-
Hust. [losromMy cTanb, UMEIONIY0 OOIBIIYID YCaaKy M HMOHMKEHHYIO JKHJIKOTEKY-
YeCTh, OJABOJIAT B TOJICTOE CEUCHHUE IO MPUOBLIH C TEM, YTOOBI pa3orpeTh Gopmy
OKOJIO MPUOBLIM M yIYUIIUTh MMHTAHUE 3aTBEPACBAIONICH OTIUBKHU. Tak ke MOCTy-
MAlOT MPH HW3TOTOBJICHHHM OTJIMBOK W3 CIICIUAIBHBIX OpPOH3, JIATYHEH, HEKOTOPHIX
AJIFOMMHHEBHIX CINIABOB. MIHOTAA CTalb 3aIMBAIOT HEIIOCPEACTBEHHO Yepe3 MPUOHI-
.

OmHOBpEMEHHOEC M PAaBHOMEPHOE 3aTBEPJCBAHUE M OXJIAKICHHE OTJIMBKH
JOCTHUTACTCS IMOABOJOM METajllla B TOHKHE YACTH OTJIMBKH M COOTBETCTBYIOIIHMM
PACIIOIOKCHHEM MHTaTeNeH, 00eCIeUnBaOIMMM CHMMETPHYHOS M PAaBHOMEPHOE



3amojHeHue GopMbl. [Ipu 3TOM yMEHBITAETCSA OMACHOCTh 0Opa3OBaHMS BHYTPEH-
HUX HaMpsKeHUi, kopoOjeHus u TpeimuH. [1ogo0HbIi noaBo MeTaljia MPUMEHS-
IOT MPU WU3TOTOBJICHUM OTJIMBOK OOJIBIIONW MPOTSKEHHOCTH CO CTCHKAMM Pa3/ihy-
HOW TommuHbel. Haiexaillee NMUTaHWe MACCUBHBIX Y3JI0B 00€CIEUMBACTCS yCTa-
HOBKOM pUObLJIEH, TOMOJHUTEIbHBIM TOJABOJIOM METAJJIA B 3TH Y3JIbIL.

Cepblii 4yryH, UMEIOIIUNA HEOONBIIYIO YCAJKY, MOABOAUTCS B TOHKUE CEue-
HUA (POPMBI; B 3TOM CIydae CKOPOCTh OXJIAXKIACHHUS TOHKAX W MAaCCHBHBIX YaCTEH
BBIPABHUBACTCS, YMEHbBIIIAsA OMACHOCTh MOABJICHUS BHY TPEHHHUX HANMPSIKCHUH.

MarnaueBsbi€ CIUIaBbl, UMEIOIINE MOHMKEHHYIO )KUJIKOTEKYUYECTh, MOJIBOAAT B
dbopmy paccpemoToueHo (uepe3 OOJBINOE YMCIIO MHUTATENEH, PACTIONOKEHHBIX CO
BCEX CTOPOH OTJMBKH), YTOOBI YBETUYUTH CKOPOCTH 3amMOTHEHUsS (hOPMBI U yCTpa-
HUTb HEJOJIUBHI.

I A3rOTOBJICHHS OTJIWBOK MPUMEHSIOT CY’KAIOIIUECS JINTHUKOBBIE CUCTE-
MbI

Fo> By B, (13.16)
51 pacmnp;nomnec;l JIMTHUKOBBIC CUCTCMBI

F,<F, Fg, (13.17)

rae I, Foys Py — TUTOIIAB MOMEPEYHOTO CEYEHMs COOTBETCTBEHHO CTOSA-
Ka, IJTAKOYJIOBUTENA U MUTATENs (TIUTATENEH).

CyXaromnme JTUTHAKOBBIC CHUCTEMBI JIYUIle YJIABIMBAIOT IMIJIAK, YMCHBIIIAIOT
WHKEKIMIO BO3/yXa, YBEIIMUUBAIOT JIMHEHHYIO CKOPOCTh TPOXOXKIACHHUS METajla
yepe3 KaHaJlbl JIMTHUKOBOW CHUCTeMBI. VX TPUMEHSIOT MPW JUThE CIUIABOB, HE
CKJIOHHBIX K OKHACJICHUIO, 00Pa3yIONMX HEMPOUYHBIC OKCHIHBIE TUICHKH.

Pacmmpsomuecs TUTHUKOBBIE CHUCTEMBI YMEHBIIIAIOT CKOPOCTH JBHKCHUS
MeTaa, 00eceunBalOT CIOKOMHOE 3aMOHEHUE MOI0CTH (HOPMBI O€3 OKUCICHUS
MeTauia. X MpUMEHSIOT MPH JINTHE CIUTABOB, CKIIOHHBIX K OKHUCJICHHIO, 00pa3yro-
IITUX MPOYHBIE OKCHTHBIC TIJICHKH.

C moMoIIpi0 UMEIOIITUXCS B JIUTEPAType MAHHBIX OBLTA OMPEAEICHBI CKOPO-
CTH JBIKCHHS KXUAKOTO METaJljla 10 KaHaJIaM JINTCHHOW (hOPMBI M BPEMEHH €€ 3a-
noHeHns. CpaBHEHHWE MaHHBIX O BPEMCHH 3allOJTHCHHS KUIAKAM METAJJIOM KaHa-
JIOB JTUTEHHOM (POPMBI U BPEMEHM 3aTBEP/CBAHUS OTJIMBOK W3 CILIABOB 30JI0TA H
cepebpa B 3aBUCHMOCTH OT WX Pa3MepPOB W KOH(PHUTYpAITUH JACT BOZMOXHOCTH CHe-
JIaTh HEKOTOPHIE BHIBOJIBI.

Bpems 3aTBepaeBaHus YacTel OTIMBOK TOJMMHON 2Y10™* - 6 10 * M paBHO
WM OJTM3KO KO BPEMEHHW 3aMOJHEHUSA KaHAJIOB JIMTEHHOHN (hOPMBI TaKOTO CEUCHUS
KUIKAM METa/UIoM. B 3TOM ciiydae TUMUTHPYIOMAM (haKTOPOM TOTyUSHHUS Kade-



CTBEHHBIX OTJIMBOK SABJISICTCS TMAPOAMHAMUKA JIBWKCHUSA KUJKOTO METAJIJIA MO Ka-
HajiaMm JuTeitHoi ¢opMbl. OCHOBHBIMY BHIaMH Opaka B TOHKHX CEUCHUSIX OTIIMBOK
13 CIUIABOB 30J10Ta U cepedpa OylyT HEKAYECTBEHHAs OBEPXHOCTh, HEYETKOE BOC-
npou3BeieHue (HOPMBI, HEOIUBHI, BKITIOUCHHUE YaCTHI] (POPMOBOYHOM CMECH U T ..

Bpems 3aTBepaeBaHKs yacTel OTJMBOK TOJIIMHON Gojiee 107 M 3HAUUTEb-

HO (B 10 — 100 pa3) Gosbliie BpeMEHM 3aMOTHEHHS KU IKAM METAJIJIOM KaHAJIOB JIH-
TelHoW (popmbl, B maHHOM ciiyuae HamOosblee pa3BUTHE TONIYYAOT O0ObEMHBIE
W3MEHEHUS CIIJIABOB MPU UX KPUCTAJUIM3ALMU U B3aUMOJECHCTBUM paciasa ¢ Jiu-
TeliHO# (opmoii. OCHOBHBIMU BUJAMHU Opaka B TaKUX CEUCHUSAX OyayT yCaJOUHBIC
PaKOBHUHBI, YCaJ0YHAS MOPUCTOCTH, ra30Bas MOPUCTOCTh U UCKAXKEHUE (POPMBI U3-
nenusi. HeoOX0oAMMBIMU YCITOBUAMM MOJTYYEHUSI KAYECTBEHHBIX OTJIMBOK SBJISIOTCA
obecreyeHue BO3MOXKHOCTH HAITPaBJIE€HHOW KPUCTAUIM3ALMU PaCIiaBa: MPaBUIb-
Has TOJTOTOBKA JUTEHHON (hOpMBI, MUHUMAaJbHAs MIEPOXOBATOCTh MOBEPXHOCTH
paboueii MOI0CTH JTUTEHHON (POPMBI, a TAaKKE ONTUMAJIbHbIE 3HAUCHUA Ta30NPOHU-
LIaEMOCTH ¥ Ta30TBOPHOMN COCOOHOCTH.

B nmureparype npuBeneHa gopmyna s pacueTra BPEMEHH 3arOJIHEHHA pac-
MJIAaBOM JINTCHHON (HOPMBI TIPH TICHTPOOESKHOM 3aJTUBKE.

1 + , 1.3.18
o\ s mpN x° - r° ( )

rae”? — yactoTa BpaiueHus (OPMBI, /1 — BBICOTA CTOSAKA, ' — PAaCCTOSHUE OT
OCH BpAIllEHHS 0 BXOJa B JIUTHUKOBYIO CHCTEMY (POPMBI;X — pPacCTOSHHE OT OCH
BpAIEHHUA [0 TUTHUKA J — IIomaap ceueHus JUTHUKA, M — kosddummenT pacxo-
na; V' — o0beM 0HOM OTIMBKH C IATHUKOM.

[Ipu pacueTe BpeMeHH OXJaKICHHS OTJIMBOK IIPOLIECC YCIOBHO Pa3aCisIeTCs
Ha YeThIPE YaCTU: TCUCHHE METalljia T;, OTBOJ TEILIOTHI IEPErpeBa Ty, 3aTBEPACBa-
HUE OTJIMBOK T3, OXJIAKACHUE OT 3aJaHHOM TemmepaTypsl B. OTBOA TEIIOTHI Mepe-
rpeBa

30 [2h 301

nt 1pR o “Tkg 1K q
= — k3ge O 3—y —t+ Iny— 1 (1.3.19)
: n2 v b2 NM ﬂIVKp 1 1§| ] Qp y

rae M, — ToKaszaTellb CTENEHW Mapalolibl, OMUCHIBAIOLIEH TeMIepaTypHOE
one (opMsl; 1 — npuBeeHHBIN pa3Mep; P; - IIOTHOCTh CIUIaBa;, CJ — yaenbHas
TEMJI0EMKOCTh paciuiaBa; ¢, — yJaelbHas TEIIOTA IIABICHUSA; b — KOI(DPHUIUEHT
TemoBoil akkymyJismun;, 0] — n36EITOYHAA TeMmeparypa MPOTEKAIOIIEr0 MeTaIa;

0., — m36BITOURAs TeMMIepaTypa KPHCTAMITH3AIMH METANA.



PacueT TUTHUKOBOMUTAIOIIUX CUCTEM IMPHU MPOU3BOJACTBE OTJIUBOK U3 Jparo-
IICHHBIX METAIJIOB TTPOU3BOAAT IO MOJIYJIAM OXJIQKICHUA (MTPUBEASHHBIM TOJIIITH-
HaM). Moays OXJTaKIEHUS TPEICTABIACT COOOM OTHOIMIEHWE 00BheMa OTIIMBKH K
€€ MOBEPXHOCTU U XaPAKTEPU3YET TEINIOCOACPIKAHUE OTJIMBKYU HA €IMHUILY IUIONIA-
JI1 TEIJIOOTBOASAIIECH MOBEPXHOCTHU. MICXOMHBIMU NaHHBIMU JJis ONPEECICHUA pa3-
MEPOB 3JICMEHTOB JIMTHUKOBOW CHUCTEMBI SBJISIOTCSA MOJYJb OXJIKJICHUS MACCHUB-
HOTO 3JIEMEHTA OTJIMBKH (y371a MUTAHUA) U MAacCa OTIUBKH.

Pazmeps! nmutaresns onpenensaior u3 Gopmyibt

5, = 2N oG e (1.3.20)

IUT 8 ?

cT

rae O, — MOAYJb OXJIAXKJICHHS CEUEHUs nuTaress (OTHOIICHUE IIOIIAIM,
CEUeHMs MUTATENs K €ro NepUMETpy); O, — MOLYJIb OXJIAXK/ECHUS CEUEHHS CTOSKA,
Oy — MOJIYJIb OXJIAXKIAEHHS YTONIIEHNS OTJMBKH (OTHOIEHHE 00BEMA YTOJIIEHHS

K TUTONIaau ero nmosepxuHoctn); G — Macca OTIMBKY; [y, — JUTMHA IATATENA.
[110THBIE OTIMBKU MOKHO MOJIyYHTh IPH YCIOBHH, YTO MOYJIb OXJIAXACHHS
CCUCHHMS CTOSIKA OOJIbIIE MOAYJISA OXJAXKACHHUS YTOJIIECHHUS OTIuBKH. [Ipu BeIOOpE
JUTMHBI IATATE/IS UCXOAAT M3 TOTO, YTO YeM IMHUTATEIb KOPOUe, TEM JIyUIle IO IHIT-
Ka OTJIMBKH.
Jlisa cimydasi, Koraa NpUMEHSIOTCS LIMJIUHIPHUECKUE CTOSK M MUTATeNH, Gop-
myna (1.3.20) mpeoOpa3zyeTcs k CaeayomeMy BULY:

P i;G%/E‘ (1.3.21)

T
CcT

Moaynb oxnaxaeH!S OTIIMBOK ONpeaeseTces mo gpopmyie
0o = 1A 5), (1.3.22)

rae P — mmoTHOCTE MeTauIa, $ — yaenbHas MOBEPXHOCTH OTJIMBKH.
KonTpoabHbie Bonmpocsl K pa3zaeny 1.3

1. Kakune TpeOoBaHMA NMPEABABISAIOTCSA K CIWTKaM Il 00pabOTKK MaBJICHHU-
em?

2. Kak BaugeT CKOpPOCTb 3alOJTHEHHS M3JIOKHMIBI U CKOPOCTh OTBOJIA TEIjia
Ha XapakTep KPUCTAJIIM3aAIUM CITUTKA?



3. OT 4uero 3aBUCHUT MPOAOCTKUTEIBHOCTh PA3JIUBKHU CIUIABA MPHU JIUTHE CJIUT-
KOB?

4. Ha uto BAUSIET MEPETPEB pacilyiaBa NEPE JINThEM ?

5. Kakue (hakToppl BIAMSIOT HAa OXJIAKIAIOIIYIO CHOCOOHOCTh H3JIOXKHHUIIBI
MPU JIUTHE CIAUTKOB?

6. Kak BnusieT MHTEpBaJ KPUCTAJUIM3ALMU CIJIaBa HA €r0 JIMTCHHBIC CBOM-
cTBa?

7. Kakue oTpuiareabHble U TOJIOKUTEIbHBIE XapaKTEPUCTUKN UMEIOT CIlia-
Bbl C IIUPOKUM MHTEPBAJIOM KPUCTAJUIU3ALINU?

8. Kak uHTepBaJl KpUCTA/UIM3ALMK CIUIABA BJMAECT HA €r0 MEXAHWYECKHUE
cBolcTBa?

9. Kak BiusieT BeJIMUMHA YCAIKU HA TUIOTHOCTh OTJIMBAEMOTO CJUTKA?

10. Kakue craBbl (3BTEKTHUCCKHE WA IIMPOKOWHTEPBAIBHBIC) MCTIONbB3Y-
10TCA 151 00pabOTKH JaBICHUEM ?

11. Kakoe ycnoBue sBISETCS HamMOOJiee BAKHBIM MApPaMETPOM MPHU JUThHE
CJIUTKOB?

12. Uto Takoe mpuBeaeHHBIH KOXDPHUITUESHT CKOPOCTH JIUTHhSI W OT UEr0 OH
3aBUCHT?

13. ITo xakum k03¢ pUITMEHTaM CIIETYET PaCCUNTHIBATh ONTUMAIBHYIO CKO-
POCTb JINThA CIIUTKOB?

14. B xakux eauHAIIAX BhIpaXKaeTcs KOA(PUIIUESHT CKOPOCTH JTUThHA?

15. Kak BIHs€T CKOPOCTh JINThS HA HAJTUUUE HE METALIMYECKUX BKIIFOUEHUN
B OTJIMBAEMBIX CIIUTKaX?

16. Kak 3aBUCHUT CKOPOCTD JINTHSI CIMTKOB OT TEIIO(U3HUECKUX MAapaMeTPOB
CIJIaBA U U3JI0KHUIIBI?

17. Kak BIMSIOT TEMIEPATYPHO-CKOPOCTHBIE PEXUMBbI JIUThSI HA KAu€CTBO
MOIYYaeMbIX CJIUTKOB?

18. Ot kakoro napameTpa 3aBUCUT TOJIIMHA CTEHKH U3JT0KHULIbI?

19. Kak onpenenserca TeIIONPOHUIIAEMOCTh FOBEJIMPHBIX CIUIABOB?

20. Yto Takoe NpUBEICHHAS TOJIIMHA KPUCTAIUIU3ALUM CIIUTKOB?

21. Yro Takoe JIUTHUKOBAs cucreMa?

22. OCHOBHBIE 3JIEMEHThI INTHUKOBOW CUCTEMbI?

23. Kakue (pakropsr 6epyT 3a OCHOBY MpH BHIOOPE MECTa MOABOAA METAIIA K
OTJIUBKE?

24. Yto Takoe CYKArOIIUECS U PACIIUPAIONINECA TUTHUKOBBIE CUCTEMBbI ?

25. Cyxawluecss WM PaclIupAOIIUIEcs JUTHUKOBBIE CUCTEMbl MCIOJIb3Y-
IOTCS NP JIUTHE IOBEIUPHBIX U3/ETUI MO BHIMIABISAEMbIM MOJIEIAM?

26. Kak HeoOXOAMMO TOABECTH METAJNI K OTJIMBKE, YTOOBI OOECIICUMTH
HAMpaBJICHHOCTh KPUCTAJIIU3AINH ?

27. Kakue nmapameTpbl JUTHUKOBOU CHCTEMbI HEOOXOIUMBI JJi1 MOJYUYEHUS
TJIOTHOM OTJIUBKH?



28. [lo xakuMm mapamMeTpaM MPOU3BOAAT PACUET JIMTHUKOBBIX CHUCTEM IS
JPAroIeHHBIX CIIABOB TIPH JIUTHE IO BHITUIABIIICMBIM MOJCIIAM?

29. Uto Takoe MOAYJIb OXJIAKICHUS OTJIUBKU?

30. Kak onpeaensercsa MOy Jib OXJIQXKACHUSA OTJIUBKH?

1.4. Oco0eHHOCTH JINTHS KOBEJIHUPHBIX CIIJIABOB
Jlexkums 12

1. TeopeTnueckue OCHOBHI JINThHSI CILIABOB 30J10Ta B cepedpa.
2. OcoOeHHOCTH JIUThS CILJIABOB 30JI0Ta U cepedpa.

UucToe 30710TO B cepedpo, KaK MPaBUIIO, HE MCIOJIB3YIOT ISl H3TOTOBIICHHS
IOBEJTUPHBIX M3CNHHI, TaK KaK OHH, 00JIa1al0T HEBBICOKOH TBEPAOCTHIO M IMPOUHO-
CTBIO. B CBSI3M ¢ 3THM camMo¢ IMHMPOKOE PacIpOCTpPaHEHHE IMOIYYHMIIA CILIABBI HA
OCHOBE 30JI0Ta (C MaccoBoi moneit 3o5mota 58.5; 75; 37,5; 33,3%), a Takxke cepedpa
(c maccoBoit noneit cepedpa 87,5; 91,6; 92,5%). CeeaeHust 0 TUTEHHBIX CBOMCTBAX
CIUIaBOB HA OCHOBE 30JI0Ta W cepedpa (MOBEPXHOCTHOM HATSKEHWH, BSI3KOCTH,
KUIKOTEKYUECTH W YCAJIKE MPHU 3aTBEPJCBAHWN) BEChbMa MAaJOUYUCICHHBI, OJHAKO
MO3BOJISIFOT CJIEJaTh BBIBOJ, YTO JAHHBIC CILIABBI C TOYKH 3PCHHS JIMTCHHBIX
CBOWMCTB aHAJIOTMYHHI CIJIaBaM HAa OCHOBe Meau (jatyHu JI62 w HEKOTOPBHIM Jpy-
rum). Crnerudpuyueckne 0COOCHHOCTH MPOW3BOCTBA OTJIUBOK W3 CILJIABOB 30JI0TA H
cepebpa B IOBETMPHONW MPOMBINIICHHOCTH (TUTAaBKAa BEChbMa MaJIbIX KOJWYECTB MeE-
tayuia — ot 0,1 1o 1 kr — 1 obecneueHrne MUHUMAJTBHBIX TIOTEPH 30J10Ta U cepedpa)
00y CITOBIUBAIOT ONPEACIICHHBIC OTPAHWUYSHHS IPOIEcca MPHUTOTOBIICHHUS YKHIKOTO
MeTalllla K 3aJuBKe B nuTeiinbie opMmbl. [IpoBeneHME mporiecca TUIaBKH CILIABOB
30JI0Ta U cepedpa HEOOXOAUMO BECTH HCHOJIB3Ys CIASAYIONINE PEKOMEHAAIMA M
OTPaHHYCHHUS

— MCIOJIb30BAHUE MAKCHMAJIbHO YHCTHIX MCXOMAHBIX COCTABJISIONINX IMAXTHI
— 30J10Ta, cepedpa, Meu, HUKEIS, IIUHKA U JIP.;

— 3arpy3ka B TUTCIb W PACILIABIICHHE B IEPBYIO OYepeab KOMIIOHCHTOB, HE
PACTBOPSIONTNX BPEIHBIC ra3bl W UMEIOMIMX HEBBICOKHE TEMIICPATYPHI IJIABJICHUS.
KoMmoHEHTHI ¢ MOBBIIICHHOM JIETYYECThIO MOYKHO BBOAHWTH B CILJIaBBI TOJIBKO IIO-
CJie pacIUIaBIICHHS APYTHX COCTABILAIONIMX W IMOHMIKCHHS TEMIIEPaTyphl paciliaBa
JI0 MUHAMYMa,

— 3alIUTa OT OKHCIICHHS B MPOIIECCE TUIABJICHUS CIIMTKOB 30J10Ta C IIOMOIIBIO
TJIaBJIeHOW OOPHOM KUCIOTH (Oyphl), a IS CIIaBOB cepedpa — ¢ IMOMOTIBIO MTPOKa-
JIGHHOT'O IPEBECHOTO YTJISA,

— PaCcKMCJICHUE CIUIAaBOB 30JI0Ta W cepedpa ¢ MOMOIIBIO JIEMEHTOB, 00pa-
3YIOIAX OKCHJIBI C BBICOKOH yIPYTOCThIO TTApoB (MMHK, KaaMmuii, hocdhop, TuTHi 1



Jp.) WM KOMIUIEKCHBIX PacCKHCIUTENIEH, uTo obecreunBaeT OBICTPOE yIalcHHE
MPOAYKTOB PACKUCIICHUS,

— TIATEJIbHOE MEPEMENITMBAHUE PACILIaBA MO BCEMY 00bEMY MOCJIC BBEICHUS
KQ)KJIOW COCTABJIAIOIIEN U PACKUCIIUTENIEH, a TAK)KE MAKCUMAJIbHOE yAAJICHUE 111a-
Ka Mepe1 JIMThEM;

— UCMOJIb30BAHHUE THUTJICH, HE B3aMMOJICHCTBYIOIIUX C KUJKUM METALJIOM B
MPOIECCE MJIABKH,

3a mocnegHee BpeMs AOCTATOYHO MOAPOOHO H3YUYEHO BIIMSHHE METOJIOB
MJIABKM HA KAYECTBO MOJIyYAaE€MbIX HM3JEIUN U3 APArol€HHbIX CIUIABOB. DKCIEPH-
MEHTAJIbHO MOJATBEPKIACHO CYIIECTBEHHOE YJYUIIICHUE MAKPOCTPYKTYPbl U YMEHb-
IIEHUE KOJIMYECTBA MpUMecel B ciauTkax cmjaBoB CpM916, uto mo3Bonuio BHe-
JPUTH SJIEKTPOLJIAKOBBIA NMEPEIUIAB HA PALE NPEANPUATUH FOBEJIUPHON MPOMBILLI-
JIGHHOCTU. Pe3ysibTaThl 3KCIEPUMEHTOB JJIs U3YUCHHS Mpolecca yAAICHUS BOJO-
poJa ¥ KUCIOpOJa B BAKyyM€ U3 paciuiaBa cepedpo — Meb MOKa3aiu, YTO JaHHBIHN
MPOIIeCC JTUMUTHPYET cTamus auddy3un aToOMOB ra3oB K MOBEPXHOCTH pasjena,
METAJLT — BaKyyM. 3aKOHOMEPHOCTh U3MEHEHUS KOHIICHTPAIMU BOIOPOIA U KUCIIO-
poda B KUJIKOM METAJIJIE MOKET ObITh BRIPAXKEHA CJICAYIOIINM YPABHEHUEM

kSt

K,=(K, Kslexp © K, (L4.1)

rae K,,, K, Ky — cOOTBETCTBEHHO KOHLIEHTPALIMK ra3a B PACILIABE, ra3a B

JKUJIKOM METAJIE, Ia3a Ha MOBEPXHOCTU JKMIKOTO MeTauna, A — KOHCTaHTa
CKOPOCTH TIpOIecca; S — IUIOMA[b IMOBEPXHOCTH paciuiaBa;, T — Bpems;, V' —
00bEM XKUAKOTO METaLIA.

HccnenoBanne XUMHUYECKOTO COCTaBa, TUIOTHOCTH, MEKPOCTPYKTYPHI U Kaue-
CTBA MOBEPXHOCTU CJAUTKOB M FOBEJIUPHBIX U3JIEIUN U3 ciuiaBa cepedpa CpM 875,
BBITIJIABJICHHOTO B OTKPBITBIX M BAaKyYMHBIX TI€UaX IOKA3aJlk, YTO M3MEHEHHUS CO-
JepKaHus cepedpa W MEH MO BHICOTE CIMTKOB HAMOOJIee PEe3KO BHIPAXKEHBI Y Me-
Tajula, BBHIUIABJICHHOTO B OTKPBITHIX Teuax. MaccoBas aois cepebpa B JaHHOM
ciyuae konebnercsa ot 86,83 mo 87,96 % (1,13 %); memm — ot 11,69 mo 12,69 (1
%). OnpeneneHHol 3aKOHOMEPHOCTH pacTpeesicHus cepedpa U MeU MO BBICOTE
CIIMTKOB OOHAPYKUATH HE yAAITOCh.

Bakyymnas miaBka mo3BOJIA€T TOJMyYaTh CIUTKA C 00Jiee PAaBHOMEPHBIM CO-
nepxkanueM cepebpa m Memu. [lo SKCIepUMEHTAIbHBIM JaHHBIM, MaccoBas JOJIA
cepeOpa konebnercs ot 87,35 no 87,88 %, uto B /iBa ¢ IMIIIHUM pa3a MEHbIIE, YEM
IIPH TUIAaBKE B OTKPBITHIX Medax. AHAJOTHYHBIN BRIBOJ MOYKHO CJIEJaTh IO pacipe-
JEJICHUIO Meau B ciuTkax cruiasa CpM 875. MaccoBas 1074 Meau KoaeonaeTcs oT
(11,88 mo 12,34 %), uto B 2,2 pa3a MEHbIIE, YeM B TIpeabIAyIeM ciaydae. CpenHee
cojaep:kanue npumeceit B criae CpM 875 otkpsiTol miiasku coctasiget 0367 %.



3a cueT yJajaeHus BPEIHbIX MMPUMECEH U Jera3aluu KUAKOro METajlia Mpu MJIaBKe
B BaKyyMe cojepikanue npumeceit causminoch 10 0,303 % (ma 17,4 %). OnHoBpe-
MEHHO C 3THUM MPOU30IILIO MOBBIIMICHUE IUJIOTHOCTU JiuToro cmiasa CpM 875
(10333 kr/m’) y BaKyyMHOro MeTauia rno cpasHenuro ¢ 10294 kr/m® mis meramna
OTKPBITOM MIaBKK — B cpeaHeM Ha 0,42 %.

ITonoOHbBIE 3aKOHOMEPHOCTH HAOMIOAAIOTCSA MPH HW3YUEHWHM KadecTBa IOBE-
JIUPHBIX U3ACJINM, MOJYUYEHHBIX METOJOM TOUYHOTO JUThs. lIpu MCnoyiib30BaHUM B
KauecTBe MKXThl cryiaea CpM 875, BHIMJIABIGHHOTO B OTKPBITHIX NE€YaX, MAacCOBast
7oJisA cepedpa B IOBETUPHBIX mM3Aeauax kojiebamach ot 86,1 no 88,24 % (ma 2,14
%), memu — o1 11,43 10 13,52 % (2,09 %), a Bpeansix nmpumeceii — ot 0,33 mo 0,39
%. Hcnonb3oBaHWE B KAue€CTBE MCXOJHOW IIMXThl METAJJIa BAKYyYMHOH IJIaBKH,
MO3BOJISIET PE3KO TOBBICUTH COJEpKaHue cepebpa m Meau B u3aenusax (cepedpa ot
87,3 mo 87,9 % — B 3,5 paza; meau — ot 11,78 mo 12,33 % — B 3,8 paza). [1norHOCTH
IOBEJIMPHBIX W3IEIMi, OTIUTBIX B BAKyyMe, COCTaBJsAeT B cpeanem 10337 kr/m’,
4T0 Ha 45,8 Kr/M° GosbIIE, YeM y CTaHmAPTHBIX u3Aenumii. [Ipu mutee B atMocdep-
HBIX YCIIOBHUAX CIUTKH cijiaBa CpM 875 MMEIOT BBICOKYIO Ta30BYIO MOPHUCTOCTD, a
TAKXKE COJEPXKAT KPYMHbIE HeMeTajuinueckue BrmoueHud. Cnutok cepedpa CpM
875, moy4eHHBIH B BaKyyMe, MTPAKTHIECKH HEe UMeeT HUKakuX nedextoB. U3zyue-
HHUE MUKPOCTPYKTYPHI FOBEJIMPHbIX u3aenuii u3 crasa CpM 875, BhIIJIABICHHOTO
Ha BO3/yXe, MOKA3aJ10, UTO IS HUX XapaKTEPHA KPYMHO3EPHUCTAs CTPYKTYpa, rpy-
Obl€ BBIACIICHUS SBTEKTUKHU MO T'PAHUILIC 3€PEH U ra3oBas NopuctocTh. FOBenupHbIe
W3JICTHUs, OTJINTHIE B BAKyyM€, HE HMEIOT TIEPEUNUCTICHHBIX Te(PEKTOB U TIO KAUECTBY
3HAUUTEJIBHO JIyYllI€,

Hzydenue npouecca yAaJieHUs BOJOPOAA U KUCIOPOJA U3 CIUIABOB 30JI0TO —
cepedpo — MeAb MOKa3aJio, YTO CKOPOCTh Mpoliecca YIAJIEHUs BOAOPOAA U KUCTIO-
poda W3 paciriaBa 30JI0TO — cepedpo — Meab JIUMHUTUPYeET cramus audy3uun aro-
MOB ra30B K MOBEPXHOCTHU pa3iesia; METAJLT — BAKyyM.

Takum oOpazom, Beiaep:xkka cmtaBoB CpM 875 u 3nCpM 583-80 npu Temre-
parype 1373 K B Bakyyme mo3Boimia 3p(HEeKTUBHO yAAJIATh BOJIOPO U KUCIOPO
U3 KUAKOTO MeTalia.

Teopernueckue OCHOBBI MPOLECCA 3AMOTHEHUS KUAKAM METAJIOM JIUTCH-
HOM (HOPMBI IPH PA3TMIHBIX METOJAX M3TOTOBJICHHUS OTIIMBOK JOCTATOYHO XOPOIIIO
W3JI0KEHBI B JIUTEPATYPE.

OcTaHOBUMCS Ha 3aKOHOMEPHOCTSAX TEUYEHHUS PACILJIaBOB JPAroll€HHBIX Me-
TA/UTOB TIO0 KaHajlaM JIMTEHHON (POPMBI M OXJIAXKIACHHUS CILIABOB 30JI0TA TMPH 3a-
TBEPACBAHUHU OTJIMBOK. PaccMOTpUM yTPOILIEHHYIO MOJIETb 3aMOJHEHHS KaHaJla Mo-
CTOSIHHOT'O CEUCHMS HECKUMAEMOU BA3KOW KUJKOCTHIO MPHU CIAEAYIOIIUX AOMYIIE-
HUAX. JBVWKEHUE SABIIACTCA JIAMAHAPHBIM, BSI3KOCTH JKHJIKOCTH MOCTOSHHA (T K. HE
MPUHUMACTCA BO BHUMAaHHC OXJIQKJICHWE pacIijiaBa), JaBJICHUE HA BXOJAC B KaHA
MOCTOSTHHO, JIABJICHUE Tiepea (PPOHTOM XKHIAKOCTH PAaBHO HYIO (T.€. HE TPUHUMAET-
Csl BO BHUMAaHHE JIaBJICHUE HAXOAIIETOCA B TUTEHHOM hopMme raza).



W3BectHbl pelieHus ypaBHeHua HaBbe — CTOkca A9 OHOMEPHOTO CTalu-
JIA3UPOBAHHOTO JIAMUHAPHOTO TeUeHUs. ECIIM KaHal UMEET KPYIJo€ CEYEHHE, TO
CKOPOCTh T€UeHUs onuchiBaeTcs hopmysnoi [lyazeitns

v, = PR’ /(8nz) (14.2)

rae Ve, — CPeAHss CKOPOCTh JABMIKEHHUS JKUIKOCTH uepe3 ceucHue, P — ma-
JIEHHE JABJIEHUA HA y4acTKe KaHaja, R — paamyc KaHaia, ' — IMHAMUYECKas BS3-
KOCTb, Z, — JJIMHA KaHAJIA.

Ecnu xanan umeet hopMy TUIOCKO# IIENH, TO

v, = pd, [(121z,) (1.4.3)

3I[€CI> dm — pacCTOAHUC MCIKAY IINIOCKOCTAMMA «IICJICBOIO» KaHalld.

IIpn 3amonHeHWM KaHaja TEUCHHE >KUAKOCTH HE SBJIACTCA CTAOHUIU3HPO-
BaHHBIM. HO MOXHO MPHUHSATH, YTO B KOKABIM MOMEHT BPEMEHH CHJIa COMPOTHUBJIC-
HHS BSI3KOTO TPEHHUA CBA3aHA C MTHOBEHHON CKOPOCTBIO TEUEHHUS KUJIKOCTH B COOT-
BercTBuHM C (1.4.2). Ycnosue paBeHCTBA HYJTIO CYMMBI CHIT, IEHCTBYIOIMNX HA 3aTe-
KaIOIIyI0 B KaHAJI )KUJKOCTh, 1aeT auddepeHIHaIbHOEC YPaBHCHHE

ZWz+c) az b ¢ (1.4.4)

31ech zJj — yCKOpEHHE 3aTeKaIoIEH JKUIKOCTH, Z — JUIMHA 3al0JHEHHOM ua-
CTH KaHajia, ¢ — PacCTOAHHE OT TMOBEPXHOCTH >XHIAKOCTH 10 BXOJa B  KaHa,
2 v o
as 8n/ PR z§ — CKOPOCTH 3aTeKAIOMIEH JKUAKOCTH, b — KOHCTAHTA YPABHEHUSL.

[Tocne BBeneHnsa Oe3pa3MepPHBIX MMePEMEHHBIX ypaBHeHue (1.4.4) mpuHUMaeT
BH/]T
e XY (14.5)
a, / Jb + x o
VYpasuenue (1.4.5), HEeUHTErpUPYEMOE B JIEMEHTAPHBIX (DYHKITUAX, PEIIacT-
csa Ha OBM metoaom Pynre-KyTTa npu HauajibHBIX YCIOBUAX XL:O = 0 u mapamert-
peac/\/g pasuom 0,01; 0,1; 1.
Kax mokazan ombIT, 3TOT mapaMeTp BIUACT TOJBKO B HaYaJIbHOW CTAIUU 3a-
MTOJTHCHHS KaHaJIa, B JATbHEHINIEM KPUBBIC aCHMIITOTHUYECKH TTPUOIMIKAIOTCS K KPH-
BOI x= +/27. DTa KpUBas IPEACTABISET COGOM PELICHAE B YAaCTHOM CIy4ae IpH

xfj= 0. Ou3MYeCKHii CMBIC PEIIECHHUS: MHEPIMOHHBIE CHIIBI TPEHEOPEIKMMO MaJIbl
MO0 CPAaBHECHUIO C BSA3KUM TPEHHUEM W JIABJICHUEM, 3TO UMEET MECTO MPU 3HAUUTEIb-



HOW MPOJIOJIKUTENIbHOCTH 3aTEKAHUA KUAKOCTU B KaHAJI, KOT/Aa U3MEHEHHUE CKOPO-
CTH CTAaHOBHUTCS HWYTOXXKHO MajibiM. [Ipu stmx ycioBusx moxHO (1.4.5) mpubnm-
YKEHHO 3aMEHHUTH (hOpMYJIOit

2bt pt
z= |— R |=—
\/ p m (1.4.6)

HNmeromuecs cBeaeHUS O UIMHAX MPOO HA JKUJIKOTEKYYECTh, BBHIITOTHESHHBIX
JUIL  KaHAJOB Pa3IMYHOTO0 CCUEHHs, HE MPOTHBOPEYAT BBIBOAY O IIPOIOP-
IMHOHAJILHOCTH UIHHBI NPoOBl KBajpaTy paavyca KaHana. BEIBOJ 0 TOM, UTO NpH
JaMHHAPHOM TCUCHHHM MAacCIITAaOHBIM BEKTOP HE BIMSACT HA BPEMsI 3allOJTHCHUS, HC-
MTOJIH30BaH IPH MEPEXOJIC OT PEATbHOM OTJIMBKHU K SKBHBAJICHTHOMY €ii 110 BPEMCHH
3aI0JITHCHUS M BPEMEHH 3aTBEPJCBAHHUSA KPYTIIOMY HIHIHHAPY. [l BBIMOTHCHHS
TpeOOBaHMS PAaBEHCTBA BPEMEHU 3aTBEP/ACBAHUS (a OTCIOJA W BPEMECHH HaXOXK/e-
HUAA METaJlyla B MOABMXHOM COCTOSTHHH) PaJAyC UCKOMOTO SKBUBAJICHTHOTO ITH-
nuHApa 1%y BHIGMPAIOT PaBHOMY YABOEHHOMY MOJLYJIIO OXJIAXKIEHHS OTIMBKH, KO-
TOPBIN OMpeaenseTca Mo ee 00beMy M IUIOMAAu MmoBepxHOCTH. [Ipu HaxoXaeHUH
JUIMHBI Z- SKBUBAJCHTHOTO IMIMHAPA PACCMATPHBAIOTCS JUTCHHBIC (POPMEI C TIO-
CJIeA0BATEILHBIM 3alI0JITHCHHUEM PacIjIaBOM KaHAJ0B PAa3HOTO CCUCHHS. YMCHbIIIC-
HHE CCUCHHS CONMPOBOXKAACTCSA TAaKHM YBEIIMUCHHEM 4YHCIIa NapajlIelIbHBIX KaHa-
JIOB, YTO B KaXKJbIii MOMEHT BPEMCHH T'PAJUCHT JABJICHHS MOCTOSHEH HA BCEM 3a-
MTOJTHEHHOM y4acTKe. JTO 03HAYaeT UTO, HAIlPUMeED, IIPH YMEHBIIICHUN paauyca Ka-
HaJla BJBOC UHCJIO TapalIeIIbHBIX KAaHAIOB JOKHO B COOTBETCTBHH C 3aKOHOM [y-
aseirst Bo3pactu B 16 pas. [TockollbKy BCe mapaieNIbHO PacIiONIOKEHHBIC KaHaJIbI
3aMOJIHSIOTCS OJHOBPEMEHHO M C OJMHAKOBOHN CKOPOCTHIO, IIPH ONPEACIICHUN BpE-
MEHH 3aITOJTHCHHUS PACCMATPHUBACTCSA MO OJHOMY KaHAmy (UTMHOW Z; W PaanyCcoM
R.) u3 kaxaoi rpynmsl. C yuerom (1.4.6) BeIpaxkeHUe i ONPEAEIIEHHS BPEMEHH
3alOJIHCHHUS /1 PaCcIOJIOKESHHBIX TOCIIEIOBATECIFHO KAHAJIOB PA3HOr0 pajauyca H
JUTUHBI UIMEET BU]T

(= e 4 (14.7)
=—3f — 4.
Pui1 Rl

I[J'II/IHy MUWIKNHAPA, SKBUBAJICHTHOI'O paCCMaT’pHBaeMOﬁ OTJIMBKC 110 BPCMCHH
3AaIllOJIHCHHUA, HAXOAAT U3 BBIPAKCHHUA

= —. 148
o Rgel R (1.4.8)



ONEMEHTHl OTJUBKH, UMEIONTHe (HOpMy TOJOCH WM KOHYCa, TIPU PacueTe
BPEMEHH 3aMOJTHEHUS MOKHO 3aMEHHUTH SKBUBAJICHTHBIMHA UM LuiuHApamu. 13 co-
MOCTABJICHUS CKOPOCTH TEUCHUA YEPE3 KPYIJIbIM KaHA U IIENb CIEAYET, 4TO MOJIO-

ce TOMMUHONW d, W NIMHOW Z, HSKBUBAJICHTEH UWJIUHAP pagnycoM d. w amuHOH

Zn\/L—S‘

B cBs3W C W3BECTHBIMU TPYIHOCTSMH SKCTICPUMEHTAJILHBIX HCCIICTOBAHUI
MPOIIECCOB TETIOMACCOTIEPEHOCA B OTJIMBKAX CJI0KHOHN (POPMBI M1 MaJIBIX Pa3MepOB
(107 -10 * M) B yCIOBHSX JEHCTBHSA IEHTPOOEIKHBIX CHII TEMIIEPATYPHOE TIOJIE H
KWHETHKA 3aTBEPACBAHUS OTIMBOK M3 CIIJIaBa 30JI0Ta B KPEMHE3EMHUCTO-THIICOBOM
dbopMe M3ydaMCch METOOM THAPOTEIUIOBON aHajorurd. MeToa THAPOTEIIOBOM
aHAJIOTHX OCHOBAH HA WJCHTUYHOCTH 3aKOHOB, OMHUCHIBAIONIUX IPOIECC PaCIpo-
CTPAHEHHMS TEIIOTH B TBEPBIX TEJaX W MPOIECC JJAMUHAPHOTO JIBHXKECHUS KHJIKO-
CTH B coolmrarommxcsa cocynax. Mcmomp3ys cOOTBETCTBYIONIME MACIITa0bl aHAJIO-
TOBOM MOJENH TPOIecca TEIUI00OMEeHa W 3aTBEPACBAHNS METAILIA, ObLTA YKCIICPH-
MEHTAJIbHO OMPEACICHB U3MEHEHHUS TEMIIEPATYPHOTO OIS B TUIACTHHYATON W 1T~
JUHJPUYECKON OTJIMBKAX, a TAKXKE B KPEMHE3EMHUCTO-THICOBBIX (hopmax. Kuneru-
Ka 3aTBEpACBaHUA OTJIMBOK M3 cIiaBoB 30j0Ta 3nCpM 583-80 mpeacraBieHa Ha
pucyHnke 1.4.1.

[TonyueHHbIE SKCTIEPUMEHTAJILHBIE AHHBIC MO3BOJISAIOT CIENATh P BBIBO-
JIOB.

['pamuenT Temmeparyp MO CEUEHHWIO OTJIIMBOK BEChbMa HE3HAUMTEIHHBIN.
[TpakTrdecku B kuakoi (pase OTIIMBKHA YCTAHABIUBACTCS OHOPOIHOE TIO CEUEHUIO
TEMIIepaTyPHOE TOJIE.

Cy1mecTBeHHOE BIMSHUE HA CKOPOCTh 3aTBEPICBAHUS OTIIMBOK OKA3bIBACT UX
koHpurypauus. [Ipy NOCTOSHHBIX 3HaueHUAX Temmeparyp Gopmel g = 773K n

pacmnasa 1, = 1423 K kuneTtwka 3arBepaeBanys ONKMCHIBAETCSA YPABHEHHUAMM:
JUIA IJIACTHHYATON OTJIMBKH

0,=1,66407" T8 (1.4.9)

rae 95 — tommuHa 3aTBEPACBIIETO MeTaIa, MM; T — BpeMs, C; Ui HAJIHHIPHAYC-
CKOU OTJIUBKH

0,=7,6840°" 1°Y° (1.4.10)
Taknum 06pa30M, KHHCTHUKA 3aTBCPACBAHUA INJIACTHHYATBIX OTJIMBOK OIIMCHI-

BAETCA M3BECTHBIM YPABHCHUEM 3aKOHA KBAAPATHOTO KOPHA, A LMUIMHIPUYECKUAX
OTJIMBOK - YPABHEHUEM, OJIU3KUM K JIMHEHHOMY .
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Puc. 1.4.1. Kunetuka 3aTBepAeBaHUs MIACTUHYATOM (a) U IMIMHAPUICCKOH (0) OTIMBOK U3
crtaBoB 31CpM 583-80 B KpeMHE3€MUCTO-TUIICOBBIX (pOopMax

B HavanbHOM cTamuuM 3aTBEPACBAHUS OTJIIMBOK B IMOBEPXHOCTHBIX CIIOSIX
KPEMHE3EMUCTO-TUIICOBBIX (POPM yCTaHABIMBAETCS I'PaJMEHT TEMIlepaTyp BCJE-
CTBUE WX HMU3KOH TEILIONPOBOAHOCTH. B nanbHellieM K MOMEHTY MOJHOTO 3a-
TBep/IeBAHUS OTIMBOK Nepudepuitnbie cior Gpopmbl ToamuHoH 10 1,84107° M mpo-
IPEBAIOTCS MPAKTHUUYECKH J0 TEMIIEpaTy pbl 3aTBEPACBaHUS OTIIMBOK. CJIOM KpeMHe-
3eMUCTO-THIICOBOH (opMbI TOMIUHOM 10 0,364107° M. mporpeBaoTcs 10 TeMIepa-
TYpPbl 3aTBEp/IEBaHUsl CIlJIaBa B TeueHue 1,3 ¢ pu MoyuyeHUH M1aCTUHYATBIX OTJIU-
BOK, a MIPH 3aTBEPJICBAHUH IIUIMHIPUUYECKUX OTJIUBOK — 3a 0,48 ¢, T. €. 3HaUUTEIb-
HO OBICTpEE.

Jlexknusa 13

1. TexHONIOrHYeCKHe OCHOBBI JIUThS CIIJIABOB HA OCHOBE IJIATHHLI U IaJjja-
JTHSL.

2. OCOOCHHOCTH JINThS CIJIABOB HA OCHOBE ILIATUHbBI U NAJLJIaJIMSL.

3. Mexaauueckre CBOMCTBA JIUTHIX M3MIECIUM U3 CIIABOB INIATUHBI U NaJLIa-
JIHSL

4. IIpunoiHbIe CIJIaBbI.

IInatuHOBBIE MeTaIbl (IJIATHHA, NAJUIaAUA, pyTeHHUH, POJIUHA, OCMUH, UpH-
nuit) otHocsitest kK VI rpynne nepuojinueckoit cucrembl Menjieneena. Mx arombl
00pa3yroT KyOrueckyro rpanereHTpupoBaHuyto (I'LIK) uin rekcaroHajlbHYyO ILI10T-
HoynakoBaHHyto (I'TIY) pemierky. B nopsiike Bo3pacTaHusi XUMHUYECKOH yCTONUH-
BOCTH TUIATUHOBBIE METAJUIBI MOTYT OBITh PACIIOJIOKEHBI B CIEIYIOIEM MOPSIAKE:
najajiajuii ¥ OCMUM (HaMMeHee YCTOMUYMBHI), TIaTHHA (YCTOWYKBA), pyTEeHUH U po-
Ui (BecbMa YCTOHYMBBI) M Upuauid (Haubosee yctoiuus). Bee miaTtuHOBBIC Me-



TaJUThl HE OKUCIISIOTCA HAa BO3AyXE TIPHU 0OBIYHOM TeMmeparype (KpoMe OCMUS) U He
TYCKHEIOT MO JEHCTBUEM CEPOBOAOPOAA U CEPHUCTBIX COCTUHEHUH.

W3 Bceit rpynnbl METAUIOB IJIATUHA W NAJUIaAUN 00aAal0T Hanbosee HU3-
KUMU MMPOYHOCTHBIMU M HAan00Jie€ BBICOKUMH IJIACTHUECKUMHU XapAKTEPUCTUKAMMU.

[InatuHa ¢ GOJILIIMHCTBOM 3JIEMEHTOB HE 00pa3yeT HEMPEPHIBHBIX PSAO0B
TBEPJbIX PACTBOPOB BO BCEM MHTEPBAJIC TEMIIEPATYP U KOHILECHTPALIMHI, OHAKO HU3-
BECTHBI CPABHUTEBHO IUPOKKUE 00JIACTH TBEP/IbIX PACTBOPOB HA OCHOBE TJIATUHBI.
B nmarune xopomo pacteopsitotes (ot 5 10 50 %) TyromiaBkue METauThl — BOJIb()-
pam, MOJIUO/EH, TAaHTAJl, PEHUIA U MEHEE TYTOIUIABKUE METAJUIbl — IIUPKOHUIA, BaHA-
JUH — a TaAKXKE HEKOTOPbIC PEIKO3EMENIbHBIC U JIErKOMIaBkue MeTauibl. O0pasoBa-
HUE 00JlacTe pPaCTBOPOB HA OCHOBE MJIATHMHBI COMPOBOKIACTCS 00Opa30BAHUEM J10-
CTATOYHO OOJIBIIOTO YUCIA XMMUYECKUX COCJUHEHHUH. DTO YUCIO BO3PACTaEeT Mo
Mepe YAAJCHHUS BTOPOTO KOMIIOHEHTA OT IJIATUHBI B Mepuoandeckoi cucreme. K
TaKUM COCAMHEHUSAM OTHOCATCA coeauHeHus Tuma (a3 JlaBeca, O- u X - a3k, co-
€IMHEHUS SKBUATOMHOTO COCTaBa U JIPYTHE.

[InatvHa B 4YMCTOM BUJE UMEET JOBOJIbHO HU3KUE MEXAHUUECKUE CBOWCTBA,
BCJICICTBUE YETO €€ PEAKO MPUMEHAIOT sl U3rOTOBJICHUS u3aenuid. Ha mpakTtuke
MCIMOJIB3YIOT CIUIABBI MJIATHHBI, OTJWYAIOIIMECS OT YUCTOrO METAJIA MOBBIIICHHbI-
MU MEXAHMUYECKMMH U TEXHOJIOTUYECKUMU CBOMcTBamMu. Tak, B IOBEIMPHOUN mpo-
MBIIIJIEHHOCTH NPUMEHSAIOT CIUIaB TiaTuHOBOM rpynnel [1H-5, npeacrasistonimii
co00il mIaTuHy, JIESTUPOBAHHYIO 5 % UPHUIAWS, CO CICAYIOIUMH 3HAUCHUAMH MEXa-
HUYECKUX CBOMCTB B OTOXKEHHOM COCTOSIHMU: TBepAocTh 790-890 Mlla; npenen
npoudHoctu npu pactsokenun 2002 Mlla; otHocutenbHOe yuinHeHue 22-32 %,
TeMIrepaTypa IJiaBjieHus criaBa okojio 2063 K .

[Tpu npowusBoacTBe tOBeAMpPHBIX u3nenui cmias [InM-5 oOnapyxun psg
HEIOCTAaTKOB: OOJbIIONH MPOLIEHT Opaka OTJAMBOK MO MOpaMm; IJIOXYK MOJUpye-
MOCTb U MOTEPIO MOJIMPOBKH B MPOIIECCE FKCILTyaTalNu.

3a pyOekoM [iJii M3TOTOBJICHUS FOBEJIMPHBIX M3JACIUNA KCHOJIBb3YIOTCS B
OCHOBHOM CILJIaBbl ¢ MaccOBOM foJiei miatunbl 95 %. Hanpumep, xopoiio 3apeko-
MeHIoBajl ce0s crutaB coctaBa (MaccoBas moiia, %): 95 mnatunsl, 4,5 mamnaams,
0,5 wpummsi. Unoctpanasie pupMbl IpeaIaratoT NOTPEOUTENSIM Pa3IMYHbIC CTUIABHI
MJIATUHBL CO CIEAYIOIIMMH XapaKTEepPUCTUKAMU, Temreparypa miasieHus 2013 —
2043 K ; MmakcuMaJibHasi TBEPAOCTh B OTOXIKEHHOM cocTositHuud 65 Mlla; munu-
MaJIbHOE OTHOCUTENbHOE yyinHeHue 29-32%. Co3nanue CrjiaBoB Ha OCHOBE ILjia-
TUHBI C BBICOKUMH TEXHOJOTMUHBIMH, TUTEHHBIMUA U JEKOPATUBHBIMU CBONCTBAMU
ABJIAETCA B HACTOALIEE BPEMS AKTYJIbHOW 3a1a4eH.

YuuteiBad TpeOOBaHUSA, TPEABIBISAEMbIC K ’TUM MaTepuajiaM, HauOOJbIIHHA
UHTEPEC MPEACTABIISIOT CIUIABHI CIeRyIOIMX cucreM — Pt - Ni ; Pt- Ir; Pt- Pd
u Pt- Ag .

JluarpaMma COCTOSIHUS MJIaTUHA — HUKEJb MPUBEAEHA Ha pucyHke 1.4.2 kpu-
Basl TeMmrieparyp uMeeT (HopMmy, XapaKTepHYIO UIsl HETPEPHIBHOTO Psda TBEPIBIX



PacTBOPOB. YCTAHOBIICHO HAJMYHE YIIOPATOUYECHHOW CTPYKTYpHl B oOmactu 25 %
IUIATUHBI NIPU OTKUTE TIPU Temreparype 7230 K w3 TBEpAOro pacTBopa W Cylie-
CTBOBAHHE XHUMHYECKOTO coeauHenus NiPl;  o0pasyromerocs NnpH OXJIaxIEHHH
TBEPAOTO PacTBOPA.

T K Am % Pt

' 10 20 30 40 5060708090
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A /
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1473

g 20 40 60 80 100
Ni Pl %
Puc. 1.4.2. lnarpamma cocrosaus cuctemsr Pt - Ni

OOnHapy:keHa eIme OTHa CBEPXCTPYKTypa B 00nmacTe 50% TIaTHHBI, BBI3bIBA-
IOIIAsl 3HAYUTEIIbHOE MOBBIMIEHHE TBEpAOCTH. Ha pucynke 1.4.3 BuaHO, 4TO gaxke
HEOOIbIHE JOOABKH HUKENA 3HAYUTEIHHO MOBBIMIAIOT TBEPAOCTh, 4 TAKIKE CHHXKA-
FOT TEMIIEPATYPy TUTABJICHHS CIUIaBa.

JluarpamMMa COCTOAHMSI CHCTEMBI IUIATHHA — WUPUAMM, MPUBEICHHAA HA pHU-
cyHke 1.4.4, mpeacTaBnseT cOOOM HEMPEPHIBHBIN PSIT TBEPABIX pacTBOPOB. Jlerupo-
BaHHE TUIATUHBI UPUAMEM CIIOCOOCTBYET PE3KOMY BO3PACTAHHIO MTPOYHOCTHHIX Xa-
pakrepucTuk. [Ins crinasa ¢ 5 % upuausa tBepaocTs yBennuuBaerca Ha 490 Mlla, a
Mpeaen MPOYHOCTH NpHU pacTskenuu — Ha 140 Mlla o cpaBHEHMIO ¢ ynCTOM TUIa-
tuHOU (puc. 1.4.5).
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Puc. 1.4.3. TBepaocTh CIJIABOB CUCTEMBI IJIATUHA — HUKEJIb
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Puc. 1.4.4. Jlnarpamma COCTOSIHUSI CUCTE€MBI INIATUHA — UPUAUN

JIaHHBIE MUKPOCTPYKTYPHOTO aHAJM3a W HCCIECAOBAHUS  (PU3NUYECCKUX
CBOWMCTB CIUTABOB, YKa3bIBAOT HA OOPAa30BaHHUE B CUCTEME Psa TBEPABIX PacTBO-
POB. PEHTreHOCTPYKTYPHBIE HMCCIEI0BAHUS CIUIABOB NMANIAAWNA — TUIATHHA TOCIE
omkura npu remmneparype 873-973 K He oOHapyxuim o0pa3oBaHus HOBbIX (pa3 u
CBEPXCTPYKTYP B TBEPAOM COCTOSTHHM.
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Puc. 1.4.5. TBepaocTs u mpeaen NPOYHOCTH CIJIABOB IIATHHA — UPUIAN

Hcrnonb3yss NPUBENCHHBIE auWarpaMMbl COCTOSHWA, B IOBEJIMPHOW TIPO-
MBIIIJICHHOCTH pa3pad0TaHbl HOBBIC CILJIABHI HA OCHOBE TUIATHHBI. CIJIaB IUIATUHBI
c 4,75 % wupunus, 0,24 % uukens u 0,01 % O6opa umeer nByx(pa3HyrO CTPYKTYpY,
BBICOKYIO TBEPAOCTh U YJOBJIETBOPUTEIBHYIO TUIACTUUHOCTh. BhICOKME MeXaHWYeE-
CKHE Y TEXHOJIOTUYECKUE CBOMCTBA UMEET CIUIAaB ¢ 95 % mnaTuHbI, JErMPOBAHHOM
4,5 % nannagua u 0,5 % upuaus. Cruta MIaCTAYECH U MOXKET UCHOJIb30BAThC JJIs
M3TOTOBJICHUS IOBEUPHBIX U3eIui. JI0OCTaTOUHO TEXHOJIOTMUEH CILIaB (MaccoBas
noisi, %): 96 nnatunsl; 2,5 upuaus; 2,49 aukens; 0,01 penus. Xy10KECTBEHHBIC
W3MIeNUS U3 3TOTO CIJIaBa LENeco00pa3HO U3roTaBIMBaTh METOAOM JIUTHA.

B TexHudeckoii turepaType MPUBOAUTCA COCTAB CILIaBa HA OCHOBE MJIATHHBI,
KOTOPBIH 1O CBOMM (PHU3MKO-MEXaHUUECKUM, TEXHOJOTHUECKUM M JACKOPATHUBHBIM
CBOMCcTBaM HamOoJjee OJM30K K BRICOKOMPOOHBIM CIIaBaM 30j10Ta. JlaHHBIH CILIaB
HMEET ClIeyIoNnuii cocTaB (MaccoBas 10, %): 30-32 nnatunsl,7-8 1uHka u 60-63
Menu. Takol crjiaB MOJy4yaeTcsl MyTEM PAaCTBOPEHUS B JKHUJIKOM CIUIABE MEIb —
IUHK (J1aTyHW) PaCUE€THOTO KOJMYECTBA TIJIATHHBI.

B 3aBUCHUMOCTH OT KOHCTPYKLMH IJIABWJIBHBIX MEUEH U JUTEHHBIX YCTAHO-
BOK, POJIa PHEPTUU B MPOU3BOJICTBE CIUTKOB U OTJIMBOK W3 CILIABOB ILJIATHHBI MO-
IyT ObITh NPUMEHEHBI METO/bI MJIABKU: B MJIAMEHHBIX Ta30BbIX MEYaX; JyTOBBIX
ANIEKTPUYECCKUX MEYAX; TUTCJIbHBIX AJEKTPUUYECKUX MME€YaX COMPOTHUBJICHHUA C HEME-
TaJJIMYECKUMU HArpeBaTeAMM, WHIYKIAOHHBIX MedYax; Medax CHeHruagbHOR
KOHCTPYKIIUW — 30HHBIX; TJTA3MEHHO-TYTOBBIX, 3JICKTPOHHO- Ty YEBHIX.

Haunbonblinee pacrpocTpaHEeHUE Hallljia TIaBKa U JIUThE B BBICOKOYACTOTHBIX
WHJY KIIMOHHBIX YCTaHOBKAaX. B yCIOBUSX MaCTEPCKHUX FOBEJIMPOB LEIECOO0Pa3HO
WCIIOJIb30BaTh MJIABKY ALETUICHOBBIMA U KHUCJIOPOAHO-BOJOPOAHBIMUA FOPEIIKAMMU.
[Ipu ucnob30BaHUM KUCJIOPOAHO-BOJOPOAHBIX TOPENIOK IIUXTA U3 CIJIABOB IJIATH-



HBI PACIUIABIIACTCS B COOTBETCTBYIOIINX OTHEYTMOPHBIX THUTJISX TUIAMEHEM C U30BIT-
KOM KHCTIOpoja. B pesynprare 3Toro mporcXoAuT OKHUCICHUE BPEIHBIX MTPUMECEH,
KOTOPBIE BCILIBIBAIOT HA TTOBEPXHOCTH PACIUIaBA M YAAISIIOTCS MEXaHUUISCKUAM ITy-
TE€M, TIOCJI€ Yero paciuiap o0padaThiBAIOT TUIAMEHEM C M30BITKOM BOAOPOJA A
pacKuclieHr U pahUHAPOBAHUS METaJLIA.

[TnaBka B WHAYKIIMOHHBIX TEYaX — TEXHUYECKH HAMOOJIee COBEPIICHHBIM,
MPOU3BOAMTENLHBIA U YHUBEPCAIBHBIA CIIOCO0, TTOITOMY €T0 IMHUPOKO MPUMEHSIOT
B ITPOM3BOJICTBE TUTATHHBI K METAJTOB TUIATHHOBOM Tpynbl. KOHCTPYKIMs ycTaHO-
BOK JUTSI TUTABKH ¥ JIThS TUTATHHBI aHAJIOTHYHA KOHCTPYKITUHM YCTAHOBOK JIJIS TUTaB-
KH W JIAThS JPYTHX META/UIOB. J[BYoKEHWE paciuiaBa B MHIYKITHOHHBIX TMEYax TMO3-
BOJISIET TOJTyYaTh CIIABBI OJHOPOIAHBIC TIO COCTABY W MOJTHEE MCIOJIb30BaTh PeaK-
MM MEXy PacIUIaBOM, 3alIUTHO-JETa3aIMOHHBIMHA CPEIaMHA W PACKUCTUTEIISIMH.
OmHako 3TO HEe HCKITIOYAECT HEOOXOUMOCTH TIEPEMEIITMBAHKS PACTIJIaBa B TIPOIECCE
TJIaBKU ¥ OCOOCHHO TIOCIIC PACKUCIICHHS TIePe 3AJTMBKOM, TaK KaK IO IeHCTBAEM
TOJIKO AJICKTPOMArHUTHBIX CHJI OH JBHIKETCS B THTJIC KOHIICHTPHUYHBIMH CIIOSIMH,
YTO HE JAET HEOOXOIUMOM TOJTHOTH WX CMEIIMBAHMSA, a TAK)KE MOJHOTH PEaKITNH
PacKHCIICHUA 10 BceMy 00beMy pactuiaBa. [Ipenebpexxenue 3tuM (hakToM MPHUBO-
JUT K OpaKy CIUTKOB W OTJIMBOK MO HEOAHOPOAHOCTH XUMHYECKOTO COCTaBA.

[Ipu ycTaHOBIICHMHM OYEPEIHOCTH 3arpy3Kd KOMIIOHCHTOB B TUTABWJIBHBIN
TUTEITb W MOAOOPE TEMIIEPATyPHBIX PEXKHUMOB IUIABKH HEOOXOAMMO YUYHTHIBATh
CBOMCTBA CIUTABOB, COJACPKAHUE KOMIOHEHTOB W KOMIAKTHOCTH COCTaBJISIOTIMX
muxThl. COCTABIIIONINE MTUXTHI CIICAYET 3arpyaTh B THIS)Ib U IJIABUTh B TIOPS/I-
K& BO3PACTaHMS CPOJCTBA K KUCIOPOAY, TEMIEpaTyp IUIABJICHHS, JICTYYECTH H
YMEHBIIIEHUA WX KojmdecTBa. [Ipenmourenue cieayer oTAaBaTh KyCKOBOH IHAXTE,
CIINTKaM, OpHKETaM, KOTOPHIC KOMITAKTHBI W UMEIOT HAUMEHBIIYIO MOBEPXHOCTh
B3aUMOJICUCTBHS ¢ aTMOC(HEPOH MIaBAIILHOTO MTPOCTpaHcTBA. KOMITOHEHTHI, IMETO-
e OJIM3KHAE 3HAUCHHS CPOJCTBA K KUCIOPOAY W ONHM3KHE TeMIEpaTyphl IIaBjie-
HUA, CIIEAYeT 3arpykaTh B TUIABWJIBHBIA arperar M pacIulaBJisITh COBMECTHO,
NpUYeM Ha JHO THUTJIA TIEPBBIMH CJICAYET YKIIaapIBaTh KOMITOHCHTBI C MCHbIICH
MJIOTHOCTHIO0. KOMITOHEHTHI C TTOBBIIIICHHON JIETYYECTHIO BBOJIST TOCIIC PacIijiaBiie-
HUS BCEX JAPYTHUX COCTABJISIONINX IMUXTHI U CHHYKCHHS TEMIIEpaTyphl PaciiaBoB JI0
MuHUMYMa. [Ipn conepkaHuy B MIWXTE KOMIIOHSHTOB C IMOBBIIIICHHOM JICTYYeCThIO
(6omnee 80 %) pacmiaBiaeHne HEOOXOIMMO HAYMHATH UMEHHO C ATHX KOMIIOHEHTOB
U TIOCJTIE HEKOTOPOTO MX TIEPerpeBa, ONMPEAeIIeMOro AuarpaMMoil COCTOSTHUS, BBO-
TUTH OoJiee TyTOIJIaBKUE KOMIIOHEHTHI. BBeeHre B paciiaB KaXkI0TO KOMITOHEH-
Ta, a TAKXKE PACKUACITUTENEH, JOIHKHO COMMPOBOKIATHCSA TIIATEILHBIM TIEPEMETITHBA-
HUEM pacIuIaBa.

JIist MaKCHMaJTbHOTO COKPAITICHHSI BPEMECHH MPEOBIBAHUS MTUXTHI IO HAarpe-
BOM W CBEJICHHWS 10 MUHUMYyMa TIOTEPh IPAroIeHHBIX METAJJIOB HAa yrap HE0O0X0/u-
MO 3arpyaTh IMAXTY B Pa30TPEThIii THTEIh W MJIABKY BECTH KaK MOYKHO OBICTpEe.
BriOupas oraeymopHbie MaTepuaibl i TATISA, HEOOXOAMUMO MCXOAWTh M3 yUeTa,



CBOWCTB JPAroll€HHbIX METAJJIOB, CIJIABOB U OCOOEHHOCTEH TEXHOJIOTUU WX IJIaB-
KW ¥ JIAThsI. OJHOBPEMEHHO C 3TUM CIIETyEeT YUUTHIBATh (PAKTOP AOCTYMHOCTH Ma-
TEPUANOB (IePHUITUTHOCTD U CTOMMOCTD), OTIPEACIISIONIHA YIKOHOMHUYHOCTh WX TIPH-
MEHEHUA.

OTnenbHON CTPOKOM CTOUT BOMPOC O BBHIMUIABKE FOBEJIMPHBIX MPUIMOEB AJiA
CIJIABOB TUIATMHOBOM rpymimbl. /l0 HACTOSAIIETO BPEMEHHU PEIIEHUE 3TOr0 BOMpPOCa
ocTaeTca NpoOJIEMAaTUUHbBIM, B CBSI3U C BBICOKOM TeMIIEpaTypoil IIaBJCHHUS CIUla-
BOB 3TOH rpymnimbl. B nuTeparype NpuUBOAUTCS PSAJ COCTABOB MPHUIOEB, HO OHU HE
OTBEYAIOT TPEOOBAHMAM HA COOTBETCTBUE HEOOXOIUMOM MPOOE.

HaubGonee monHo s CNjiaBOB IJIATHHOBOM TPyMNbl MOJXOAST MPUIIOH HA
OCHOBE MaJuUIaAus, TaK KaK OHU HauboJiee JIETKOIUIABKUE U XOPOIIO TapMOHUPYIOT
MO LBETY C IOBEJIMPHBIMU CIJIABAMU, KAK HA OCHOBE MAJUIAAWS, TaK WU MJIATUHBI.
[Tannanuii B KaUeCTBE OCHOBBI MPUIOECB MHTEPECEH BO MHOTMX OTHOIICHUSIX. Bo-
MIEPBBIX, OH MEHEE NCPHUITUTEH, UeM IPYTHE METAIUTH TNIATHHOBOM TPYTIIHI, BO-BTO-
pbIX, 00pa3yeT HEMPEPBIBHBIA PsiJ TBEPIbIX PACTBOPOB C METAJIaMH MEPBOHA M
BOCHMOM TPYNIN MEPUOIMYECKON CUCTEMBI (cepebpo, Meb, 30JI0TO, KOOAIbT, HU-
KeJTb, KeJIe30), a CO MHOTUMH JAPYTUMH 3JIEMEHTaMA 00pa3yeT OTHOCHUTEIHHO TTH-
POKYI0 00J1aCTh TBEPABIX PAaCTBOPOB. Mcnonb30BaHue najiaaus Mmo3BoJisieT COCTaB-
JIATh TPUIION C JOCTAaTOYHO HU3KOW Temreparypoi miasiaeHus. Haubonee uccre-
JIOBAaHAa, B ’TOM OTHOIIECHWUM, TPOMHAsA JUarpaMma COCTOSIHUS «HaJUlaiui-Meab-Ce-
pedpo». JlomonmHUTENbHOE JISTUPOBAHUE AITOM CHCTEMBI KpEeMHHEM, OOpOM HWIIH
ATFOMUHUEM MO3BOJISET MOyUYaTh NPUNON C TEMIIEPATypoi miasjieHus okojo 1100
°C, 4TO BIOJIHE OTBEYAET TEXHOJOTUUYECKUM TPEOOBAHUAM MANKH.

OrueynopHble MaTepuajibl TUTJIEH AJA TJIABKU CIUIABOB HA OCHOBE IJIATUHBI
JOJKHBI 0071a7aTh TOCTATOUHO BBICOKON OTHEYMOPHOCTHIO, T.€. UMETh 00Jiee BbI-
COKYIO TEMMEparypy IUJIaBJICHUS W Pa3MATUCHHS, YEM TeMIieparypa Meperpesa
CILUIABOB; HE BCTYIIATh B XUMUUYECKOE B3aUMOJIEUCTBUE C TBEPIOU IIMXTOM, pacIuia-
BOM M €0 OTJEJIbHBIMU COCTABJIAOIIMMHA, 3AIIUTHBIMU MOKPOBAMHU, 3aIIIUTHO-/IETa-
3aIMOHHBIMA CcpenamMu, (UIFOcCaMu W PACKUCTUTEISAMH, TaK Kak WHade OyJeT BO3-
MOKHO WX Pa3pylli€HUE;, HE PaCTBOPIATHCA B METAJLJIE, COMPUKACAOIIUMCS C HUM BO
BpEMs TUJIABKHU WJIM JINThS, @ TAKXKE HE PACTBOPATHCA B IPUMEHSIEMbIX MPH MJIABKE U
auTthe Qumocax u 00pa3yIOMUXCs MuTakax; 00JagaTh T0CTAaTOYHO BBICOKOM >Kapo-
CTOMKOCTBIO, T.€. KAK MOKHO MEHBIIE MOANABATHCA BO3AECHCTBUIO OKPYI KAIOIIEH
aTMocdepsl, 0COOCHHO OKWCIICHHIO, TIPU TOBBIIMICHHBIX TEMIIEpaTypax; HE COAep-
’aTh BHITOPAIOIIMX KOMIIOHEHTOB, a TAKXKE BJIArA U JPYTUX JIETYUYUX BEIECTB, TaK
KaK MPU HArpeBe, Mepexojii B MapooOpa3HOe COCTOSHHUE, OHM OyIyT pa3pylliaTh
(hyTepoBKy, a Tak)Ke HACHIIIATh MTUXTY W PACIIaBbl MPOYKTaMH PA3JIOKEHHUS, BbI-
3bIBAsi TEM CaMbIM MOCHEAYIOIIMH Opak CIUTKOB W OTJIMBOK, UMETh JOCTAaTOYHO
BBICOKYIO U CTAOWJIbHYIO MEXAHWYECKYIO MPOUYHOCTh MPU OOBIYHBIX U TOBBIIIECH-
HBIX TEMIIepaTypax, 00eCneunBarolly0 O0e3aBapuHHOCTD U JUTUTEIBHOCTh UX JKC-
myaranmuu, o0jagarh MajbiM W CTAOMJIBHBIM KOAY(PPHUITMEHTOM TEPMHUUECCKOTO



pacMpPeHHs, TaK KaK MPH OBICTPOM M3MEHEHUH TEMIIEPATYPHI (3arpy3Ke X OJIOTHOM
IITUXTHI B PA30TPETHIH TUTENb, OBICTPOM HArpeBe XOJIOAHOMN IEUH, XOJI0HOTO THTIISA
U T.1.) hyTepoBKa nieun OyAeT PacTPECKUBATHCA.

C yueroM >THX TpPeOOBaHWM B KaueCTBE MATCPHAJIOB THTJICH JUIS ILIABKU
MJJATUHBI U €€ CIUTABOB HamOoJiee TEIecOo00pa3HO MCIOb30BaTh OKCH KaJIbIUs,
HUTPHU AJTTOMUHUSA U MarHe3uT (Pa3oBOT0 UCIIOIH30BAHAS).

Jlexuus 14

1. OcoOeHHOCTH JINTHS IOBETUPHBIX U3ACIIHA C KAMHSIMHU.
2. TpeboBaHua K pexxuMaM MPOKATMBAHUA OMOK M UX OXJIAKIACHUIO TPH JTH-
Th€ U3JCJINN C IOBETTUPHBIMHU BCTaBKaMU (KaMHSMHU ).

Ha coBpeMeHHOM »Tamne pa3BUTHS IOBEIUPHBIX TEXHOJOTHI MPOIECC JIUThS
IOBEJIUPHBIX W3/ICUNA C YCTAHOBJIEHHBIMU KaMHSIMU TMPEBPATUIICA U3 «HOY-Xay»,
JOCTYMHOTO JIUIIIb HEMHOTHUM OBEJIUPHBIM MPOU3BOACTBAM, B IIUPOKO MCHOJIb3ye-
MYIO U PEHTA0ENIbHYIO TexHONOoru0. OJHAKO JaHHAs TEXHOJIOTUS UMEET psij cre-
H(PHISCKIX 0COOCHHOCTEH 1 KECTKUX TPEOOBAHMIMA.

TpeGoBaHus k AU3alHy MOJIEIEH:

— UJEATbHOE KAYECTBO MOBEPXHOCTH MOJIENHN, OCOOCHHO B MECTaX Kperuie-
HHUS KAMHEM

— cTporoe cobmmoaenne K03(pGUITMEHTOB ycaaky (BOCKA, PE3UHBI, METAJLIA)
Mpu pa3paboTKe;

— HA/IC)KHOE KPETUICHUE IOBETUPHBIX BCTABOK.

H3rotoBiieHre MacTep-Moelieli B MaCCOBOM MPOU3BOJICTBE FOBEJIUPHBIX H3-
JEMUi — OJMH W3 CaMblX OTBETCTBEHHBIX MpoleccoB. OmuOKku, TONyIICHHbIE HA
ATOM 3Tare, MOTYT MMPUBECTH K CEPbE3HBIM JAeeKTaM U3ACINA, KOTOPhIE CBEIYT HA
HET PEHTA0EIBLHOCTh MPOU3BOACTBA MO JAHHON TEXHOJIOTHUH.

Kpemienne kaMHA TOMKHO OBITh XOPOILIO MPOAYMAHO, U 00ECIEUUBaTh €ro
OTIOpY HAa METal, KAK MUHUMYM, B JIBYX MECTAaX, BIOCJICACTBHUU OKPY KEHHBIX
dhopmoBouHO# Maccoit. Kpermenne momkHO 00ecreunBaTh HAZACKHOE YIS KAHHE
KaMHSI CHadajla BOCKOM, a MOTOM (hOPMOBOYHOM MAacCO#, Kak MHHHMYM, B JBYX
TOYKAax, 4TO Obl OH MOT BBIJIEPKATh yCaJAKy MPHU MPOKAJTUBAHUHU OMOKH U JIUThE 0€3
pacmateiBaHus U cMmenieHus. C Apyroil CTOPOHBI, €CJIM KaMEHb KpemuTca Ooliee
YyeM B JIBYX MECTaX WU CHUJUT OUCHb IUJIOTHO, €CTh PUCK €ro pazpyiucHus. Kpome
TOTr0, KOHCTPYKIIMS KPEIUICHUA AOJKHA 00ECIEeUnBaTh PABHOMEPHBIN U OBICTPHIH
OTBOJI TEIIa OT METaJIa Yepe3 KamMHu 1o (popmomacce. Kpymabie kaMHU WHOTIA
PaCTPECKUBAIOTCA OTTOT0, YTO PYHJAUCT HArpeBaeTcs ObICTPEE TIOMIAAKN KAMHA.

Ecnu auzaiiH Mozenu moapa3yMeBaeT HUCIMOJIb30BAHUE OOJIBIIOTO KOJUYE-
CTBAa KaMHEH, TO MOJACNIbEPY HEOOXOIMMO MPEAYCMOTPETh 3a30p MEKIY HUMU TO-



panka 0,1 — 0,5 mm. B npoTuBHOM ciydae, Ipy OXJIAXJIEHUU OTJIUTOTO U3JEHSA, 32
CYET YCaAKW METAIJIa, KAMHU CONU3ATCS, UTO BHI3OBET UX PACTPECKUBAHUE.

B cnyuae npuMeHEHHs KpamaHOBOTO BUAA 3aKPENKH W TMPHU YCIOBUHU, UTO
KaMHU OyJyT BIOCJIC/ICTBUM yCTAHABJIMBATHCS B BOCKOBYIO MOJIEb, KpanaHa Ma-
CTEP-MOJACIIN JOJKHBI UMETh MPOTOUYEHHbIE V-00pa3Hbie KaHABKU MJIs PYHIMCTA,
YTOOBl KAMHU MOKHO OBLIO HAJEKHO «3aLIEIKUBATH» HA MECTO C O0ECrEeYeHUuEM
HaIC)KHOU (prKcamum.

TpebGoBanus K IOBETUPHBIM BCTaBKaM (KaMHSIM):

— TOYHBIE Pa3MEPHI, BEICOKOE KQU€CTBO MAIITMHHOW OTPAHKHU;

— OTCYTCTBHE Ne(PEKTOB U BKITIOUCHHIA,

— CTOMKOCTh K BBICOKMM TeMMEpaTypam.

Hecobntonenune 3tux TpeOOBaHMM MOMKET MPUBECTH K HEOOPATUMbBIM H3ME-
HEHUSAM: BCTABKM MOTYT MOTPECKAThCA, MOMYTHETh WJIM MOMEHSTH 1[BET.

Haubonee noaxoasmumMu jisi 3TOTO Mpoliecca ABJAIOTCA OpUIUIMAHTHI, Call-
(upsl, pyOuHBI, TPaHATHl W OOJIBITUHCTBO CHHTETHUECKUX KamHe#. Bo3moxHO mc-
MOJIb30BAaHUE Pa3IMIHBIX (DOPM OTpaHkKH W pa3dmepoB. Ho mpwm wmcmons3oBaHmH
IOBEJIUPHBIX BCTABOK OIPAHEHHBIX C OCTPHIMU YIJIaMHU, TAKUMHU, KaK: MapKu3, OareT
U TpPUHIECCA, CIEAYET COOMOAaTh MOBBIIICHHYIO OCTOPOKHOCTh, YTOObI KAMHH HE
MOBPEIUINCH BCIICACTBUE YCAJKH METAJUIA MPU OXJIAKICHUM WIM OT TepMOyaapa.
Ecnu y Bac ellle HEAOCTAaTOUHO OMbITA, HE CTOUT YKCIEPUMEHTUPOBATH HA JOPOTUX
KaMHAX. OTO MOKET MPUBECTU K UX HEOOpaTUMOMY MOBPEKIACHUIO

He pekomenayeTcst uCnoab30BaTh MPUPOAHBIEC, TEPMOUYBCTBUTEIIBHBIC KaM-
HU C TPEUIMHAMU U BKIIFOUEHUAMHU. [[J1s TUThS ¢ KAMHSAMU COBEPIIICHHO HEMPUTO-
HBI: JKEMUYT, TyPMaJINH, ONaJj, Tonas, Oupro3a, u3yMpy/J, aMeTUCT, akBaMapuH. Ta-
KHE KaMHU MOTYT CTOPETh, PaCTPECKATLCS JIMOO 0OECUBETUTHCA TIPU BHICOKUX TEM-
neparypax.

Oco0b1x Tpo0ieM HE BO3HWKACT ¢ OpwuMaHTamH, pyOuHamu, camdupami,
rpaHataMu ¥ OOJIBITMHCTBOM CHHTETHUECKMX KaMHeW. ['oastcs mro0sie hopMbl u
pa3mepsl. KpynHble HaTypajbHbIE KaMHHM, B CHJIy HMX BBICOKOM CTOMMOCTH, IS
JAHHOW TEXHOJIOTUH HE PEKOMEHAYIOTCS, TOTOMY UTO H3-32 CUIOMUHYTHOM 3KOHO-
MHU HE CTOUT PUCKOBATh KAMHEM, KOTOPBIH MOKET pa3pyumThes. Hanbosnee pen-
TabeNeH AJiA JIThS ¢ KaMHsIMH KyOwdeckuid mupkonmii (K1[) — ¢umanut, ero-to
Yale BCEro U UCMOIb3YIOT JJIsSl 3TOTO.

[TepBbIM M OUEHD BAXKHBIM 3TANOM SIBIASETCA MOAOOP KaMHEHN MO CJICAYIOIIUM
MapaMeTpam:

— Ka4ecTBO — BhIcIHIee (0€3 TPEIH U HHKJIIO3HH ),

— KanuOpOBKa — HAWJTyuIllas;

— pa3Mephl — TOUHBIE,

— PYHAUCT — POBHBIMN.

Kamnu, oroOGpanHbie i padOThl MO JAHHOM TEXHOJOTHH, MOJKHBI OBIThH
BBICOKOTO KauecTBa, 0€3 TPEIMH U BKIIIOUCHUH, a TAKXKE UMETh TOUHBIC T€OMETPH-



YyecKkue pasMepsl (0e3 CyIeCTBEHHBIX OTKIIOHeH!H ). ICKyCCTBEHHBIE KAMHW — IIHAP-
KOHBI, (PHAaHWUTHI BBIACPKUBAIOT MPOKAIKY TIpH Temreparypax omok a0 730 °C m
MOTYT OBITh OTJIUTHI B OMOKax, 3a()OPMOBAHHBIX C WUCIOJb30BAaHUEM YHUBEPCAITh-
HBIX (POPMOBOUYHBIX MACC BHICOKOTO KauecTBa, Hanmpumep SRS Classic.

Harypanbuapie kamau (OpWiutHaHThI, PyOWHBI, camdupbl, TPAHATHI) TAKKE
MOYHO WCTIOJIb30BaTh JJIA JAHHON TEXHOJIOTHH, OJTHAKO CJIWIITKOM BBICOKAS TEMIIE-
paTypa TPOKaJK{A W BO3JCHCTBHE KHCIOPOAA MOXKET MPUBOJHUTH K PACTPECKUBA-
HUIO, TOMYTHEHUIO, a TAaK)Ke CMeHe 1BeTa kamHe. JlobaBnenne OOpHOI KUCTOTH B
(hOopMOBOUHYIO MacCy 3allUIAeT KaMHU OT KHCJIOPOJA, HO YBEIWYMBACT BEPOAT-
HOCTh pacTpeckuBaHusA. JlJis TuThA ¢ HATypaJlbHBIMH KaMHSAMH KoMmmaHuer SRS
Obla paspaboTana crenmanbHas GopmoBouHas Mmacca SRS Stonecast. Jlo HacTos-
IeTO BPEMEHM 5Ta Macca — (pakTHUEeCKH €IMHCTBEHHAs HAa PHIHKE (popMOBOUHAS
Macca, pa3paboTaHHas CIEIUAIBHO JUTA JINThS ¢ KaMHAMU. MakcumasbHas TemIe-
parypa Ipu OpoKalke omnok, chopmupoBanasx 3 SRS Stonecast — 630 °C, npu
ATOM Macca COACPKUT CIEIUaIbHbIe T00aBKH, OBICTPO OTBOJSIINE TEIJIO OT KaM-
HEW TIPH 3aJIMBKE METAJIA, a TaKXKE 3aIHUINAIONINEe KaMHU OT BO3JCHCTBUSA KHUCIIO-
poaa

BaxxHpIM U9 TAaHHOM TEXHOJIOTHU SBJIAETCSA TOA00p WHKEKIIMOHHOTO BOCKA
n popmosounoit pe3unnl. [lo manapiM JEWELRY TECHNOLOGY INSTITUTE
(Creazzo-Vicenza Wrtanms), Ha CETOAHANIHNN ASHB TOJBKO 4 BOCKA W3 MPEACTaB-
JICHHBIX HA PBIHKE MOTYT OBITh HEMOCPEACTBEHHO HWCIOJIB30BAHBI JJIA 3aKPEIKH
KaMHEH B BOCKOBYIO MOJEITb, a 3aT€M JIETKO BBITOIUICHBI M3 Omoku. K HUM OTHO-
caTes caenayrone Mmatepuansl: Ferris Magna Ject, Ferris Plastiject Blue, SRS Blue
866 m SRS Pink 863. [Ipobnema ¢ npyrumu MiIaCTHYHBIMHA BOCKAMH — B TOM, YTO
coJIepKaIHecs] B HUX TOJIMMEPHI 3aTPyAHSIOT BHITAIUTMBAHUE W BBDKUTAHUE YTJIC-
poaa, ocoOeHHO mpHu 0oJiee HU3KOW TeMrepaType MPOKaJKH OMOK, HeOOXOauMOoHn
JUTSL HATYPAJTbHBIX KAMHEH.

HzroTosnenre pe3nHOBBIX (POPM TaKKE CICTYET MPOU3BOIUTH OOJIEEC aKKYy-
patHo. /[ roBenrpa He COCTaBIsAET NpoOIeMbl YUeCTh yCaaky 2-5% mnpu u3roTos-
JICHUUW PAMOBOM pe3nHoBO# Gopmbl. OqHako Gopma ¢ KaMHAME (B MaCTEP-MOJCITH
MpU CHATHH (POPMBI B HEKOTOPHIX CIIyUasX MOJKHBI OBITh 3aKPETUICHBI KAMHHU) CO-
3MAa€T JOMOJHUTENIbHbIE CJOKHOCTH. HeBo3moxkHO momoOpaTh kamMHM Ha 2-5%
MEHBIIIE, YeM OPUTHHAII. B CBSA3M C 3TUM, /TS INTHS ¢ KAMHSMH PE3UHOBBIE (DOPMBI
W3TOTABIMBAIOT W3 O€3yCaJouHON PpPE3WHBI, MPEAMOYTHTEILHO — TIPO3PAYHOM,
Hanpumep Jlacwn —T.

[Ipu paspe3ke pe3nHOBO# (PopMBI, JTUHUSA pa3pe3a HU B KOEM Ciydae He
JIOJKHA TTPOXOANTH TI0 KAMHSM — BCS IOBEPXHOCTD, 3aMOIICHHAS KAMHSIMHU, JOJIK-
Ha 0Ka3aThCs HAa OJHOW W3 CTOPOH PE3WHKH MEeNUKOM. Mcnomp30Banne mpo3pavHoii
pe3uHBI 00JIErYaeT ATOT MPOIECC, a TAKXKE MO3BOJIAET M3YUUTh 3aJIMBKY BOCKA B
dhopmy 1 momOOPATh ONTUMATIFHYIO CUCTEMY JINTHAKOB JIJISI CIIOKHBIX MOJCIICH.




VY nanenne BocKa M MIPOKAJIKa OTOK MPH JIUThE UCKYCCTBEHHBIX KAMHEH (C HC-
MOJIb30BAaHUEM OOBIYHOM (POPMOMACCH) MPAKTHUECKH HE OTIIMYAIOTCS OT PAIOBOTO
npoiiecca.

[Ipm nmuthe B cnenmanm3upoBaHHyio Gopmomaccy SRS Stonecast, ncronn3o-
BAHUE MAPOBON CUCTEMbI HE PEKOMEHIyETCA — BOJA BbIMBIBACT CHEIUATIbHBIE J10-
0aBKH, BBEJICHHBIC B Maccy. [{MKJI MPOKaJIKKW CyHIECTBEHHO OTIIMYAETCSA OT TPaau-
uoHHOro. CleayeT CTPOro CieI0BaTh MHCTPYKIMU MPOU3BOAUTENS.

Enxu, conepxaiue U3aenus ¢ KaMHIMU, KATETOPUUYECKHU HEMb351 OTMBIBATH B
BOJIE /10 UX MOJIHOT'O OCTHIBAHUA 3TO MOYET MPUBECTH K PACTPECKUBAHUIO KAMHEH.
OCTBIBIIYIO OMOKY aKKypaTHO OTOMBAIOT MOJIOTKOM, a 3aT€M OTMBIBAIOT B BOJIO-
cTpyiHOI Molike. Bo3aMoxHa 00paboTka B celUaIbHBIX PACTBOPAX IS YAJCHUA
dhopmMoBOUHOM Macchl. PexoMeHyeTcs mMpou3BOIUTh OTMBIBKY €J10K C KaMHSIMHU B
OTHEJIBHOM €MKOCTH C CUTOM IS 3aXBaTa KaAMHEW, BBIMABLIUX W3 U3AECIUNA BCIIE-
CTBUE HEMPABUIBHOW NOCAIKH.

JlonyckaeTca OTMBIBKA U3AEIUN B YJIBTPA3ByKOBOW MOMKE ¢ TOAOTPEBOM 10
60 °C.

N3 Bcex cnocoOoB rajiToBaHus Ul U3CIUNA ¢ KAMHSIMU JIOMYCKAETCs TOJbKO
3JIEKTPOMArHUTHAS TAJITOBKA.

[Ipu pa3melieHnn BOCKOBOK Ha €JIKE, B CaMblid BEPXHHUN U B CAMbI HUKHUN
PAI IOMEIIAKOT U3eausa 0€3 KaMHEH.

ITpu pacuere mMacchl MeTa/lia, U3 MAcChl BOCKOBOK CJICYyET BBIUUTATh BEC
KaMHEH.

JlnameTp JTUTHUKOB NPU JINThE C KAMHAMM JOJKEH ObITh OOJIbIlIC UeM Aua-
METP JIMTHUKOB B aHAJIOTMUHBIX U3AECNUAX, OTIMBAEMbIX 03 kamHel. Kamuu oxna-
XKIAFOT PACIUIABIICHHBIN MeTalT ObicTpee, ueM (OPMOBOUHAA Macca, U 3TO MOXKET
MPUBECTH K BO3HUKHOBEHUIO YCAJOUHON MOPUCTOCTH UJIN HEJO3ATUBKE.

[Tpu mocagke kKaMHEN B BOCK MOKHO TOJIb30BAThCSl BOCKOBBIM KapaHAIlIoM
C MOJOTPEBOM ISl MOTPYKEHHUS KaMHS B BOCKOBYIO Mojesb. [leperpeB kamHs —
HEJIONMYCTUM, TaK KakK pacIUIaBJCHHBIH BOCK B 3TOM Cllydyae MOXKET 00pa3oBaTh
MJIEHKY HA MOBEPXHOCTH KaMHS, HA MECTE KOTOPOW MpPH 3aJIMBKE METauia oopasy-
€TCA HAIJIbIB METAJLJIA WJIA OKPAIIICHHAS TUIEHKA.

JUIst TUThA C KAMHSIMM UCIIOJIb3YIOTCS JKEJITOE, 3€JIEHOE, KPAaCHOE, PO30BOE,
naaaueBoe 6emoe 307010 585 mpoOkl, a Takke cepedpo 975 mpobwl. Hukenesoe
0eoe 30510T0 — OoJiee MPOOJEMATHUHO B CBA3U CO CIMIIKOM OBICTPBIM 3aCThIBAHU-
em cmiasa. JKentoe, 3eaeHoe u 0eoe 301010 750 npoObl OTIUBAIOT HA HEOOJIBIIINX
0JIOKaxX B CBSI3U C TEM, YTO BBICOKOE COJEPKAHUE 30JI0TA YCKOPAET KpPUCTALIN3a-
UKo criaBa. B mobom ciydae aJist iioObIX CIUIAaBOB BbICOTA OJI0KA HE JIOJKHA TTpe-
BBIIIATH 229 MM.

BropuuHblii MeTamul moOCHe JINThA C KaMHAMH HE CJIEIyeT CMEIIMBATh C
OOBIYHBIM BTOPUYHBIM MeTaJIJIOM. B cBs3HM ¢ Oojiee HU3KOM TeMmepaTypou o0xura




OTIOK, 30JI0THIE CJIABHI 3arPA3HAIOTCS OBICTPEE W MOTYT TOoTpeOoBaTh apduHaAKHONI
OUMCTKH PAHBIIIE, YEM OTXO]IbI OOBIYHOTO JIUThA

dopma KaMHEH U TW3aliH MOJCIIH.

CrnenyeT ucnoyib30BaTh MOJIEIH, CIEHUAIBLHO IPEAHA3HAUCHHbBIC ISl MOCA-
KM KaMHel Ha BOCK. Dopma KaMHEN W IW3aliH MOJECIIH SIBJIAOTCS €1Ba JIM HE BaXK-
HEHUIMUMHU (paKTOpaMH YIS YCIICIITHOTO JINThA ¢ KamMHsAMU. KamHu ¢ ocTpeiMu yria-
MH, BPOJE MapKu3bl, 0arera W MPHUHLECCH, TPEOYIOT CHEUUAIbHONW 00pabOTKH,
4yTOO HE PACKOJIOIUCH OT YCAAKU METAJLIa MPH OXJIAXKIACHUU UM OT CKauyKooOpas-
HOTO TepMOYAapa. XyJA0KHUKY CJICAYyET YUYECTh YCAAKy METAJUIA U NPEAY CMOTPETH
JOCTaTOUYHOE MPOCTPAHCTBO MEKAYy KaMHAMHU. OHM JOJKHBI CHAETh JOBOJIBHO
OJIU3KO JPYr K JIPYTy, HO HE compukacatbes. [Ipu oxnaxaeHud MeTajljla KaMHU
CONMXKAIOTCS, U KAKOW-TO U3 HUX MOXET TPECHYTh MO PYHJUCTY, €CIU TOT COMpPH-
KacaeTcsl ¢ BOCKOM.

Jlns Gonee MpPOUYHOM 3aKpEnKH KaMHEH XYMOXKHUK JOJKEH TAaKXKE 3apaHee
MOATOTOBHUTH (BBIPE3aTh) I HUX MeCTO. EMy cieayer mpeaycMOoTpeTh Tasbl Ui
PYHIUCTA, KOTOPbIE HYXKHO OyJEeT mpope3aTh B MOJEJH TaK, YTOObI MOTOM, KOTAa
WHKEKTHPOBAHHBIN BOCK OyJeT u3 (hOpMBbI yIajIeH, KAMHUA TIPOYHO JIEPKATUCh OBl
Ha MECTax HaTsKeHWEM Bocka. ONpenerneHHOE KOIMYECTBO KaMHEN HEOoOXOAUMO
Pa3MECTHUTh TIO BEPXY W MO HHU3Y (hOPMOMACCHI, UTOOBI TIPH 3aJIUBKE METaJjia OHA
MPOYHO Jepxana ux. Kpome Toro, KOHCTpYKIHS AOMXKHA ObITh TAKOW, YTOOBI TEILIO
OT MeTaJla yepe3 KaMHHA PaBHOMEPHO M OBICTPO pacmpeaessuioch mo gopmomacce.
HekoTtopele kpyIiHbIE KAMHU HHOTIA TPECKAKOTCA OTTOr0, YTO PYHIHUCT HArpeBacT-
cs ObIcTpee TaOIETKH.

Ecnu BB Gepere roToBhIN AW3aiiH (KOMUPYETe UMEIOMNECS MOJICIH ), HE 3a-
obiBaiiTe 0 kKoxhdunmente ycaaku. Hampumep, eciim B TOTOBOM AM3aiiHE MUCTIOJb-
30BaHbl KaMHU AuameTpoM 1,50 MM, TO Mbl pEKOMEHAYEM BaM OpaTh KAaMHU MEHb-
mero auamerpa. Ycaaka mpecc-(popMbl U 30J10Ta AacT JABJICHHE HA KaMHH, W3-32
4ero OHU MOTYT TPECHY Th.

B numzaiine, npeaHasHAYE€HHOM AJIsi MOCAJKHM KaMHEW B BOCK, MOJIEPIKKA
KamMHel (opmMoMaccoi mobKHA OBITh TIPEIYyCMOTPEHA HE MEHEE, YeM C ABYX CTO-
pon. K. I1. momkHBI IPOYHO CHACTh Ha MecTax, Madbl BeIAEPKATH Iporecc GpopmMo-
BAHUS, OTXKWTA U JINThSl U HE «pazdonrarbesy. Jlydile BCEro KpenuTh KaMEHb MO
PYHIHCTY, KaK IO CaMOW HAJIC:)KHOW U TpouHOM yactu. Ho ¢ Apyroii cTopoHsl, ecinu
KaMEHb KpenuTca 00Jiee, YeM B JIByX MECTax U CUJUT CIAUIIKOM IUJIOTHO, €CTh PUCK,
YTO €ro MOMPOCTY Pa3OpPBET.

Jluteitnoe obopy0BaHUE.

[TpuHIIMNIUATBHBIX OTPAHUYEHUH MO UCMOIb30BAHUIO JTUTEHHOrO 000pyI0Ba-
HHS HET — OMBITHBIA JTUTECUIIIMK MOXKET OTJIMBATh MU3MECIHS, KAK HA BAKYYMHOM, TakK
Y Ha LICHTPOOEKHOM JINTEHHON YCTaHOBKE.

OnHako ClIeayeT y4ecTh HEKOTOpPbie MOMEHTHI. [Ipu HEHTPOOCIKHOM JIUTHE
MOTYT BO3HUKHYTh TPYJHOCTH. Y Jap rops4ero pacijiaBa MeTajjla B KAMHH, Xapak-



TEPHBINA IS TIEHTPOOSKHON 3ATMBKH, MOKET UX TTOBPEAUTH. MeTat MOXKET 3aTeUb
B TIOJIOCTH, 0OPa30BAHHBIC MEJIbUANIITUM OCTATKOM BOCKA, BBHITOPEBIIIETO HA KaM-
HSIX, UTO IPUBOJUT K 0OPAa30BAHUIO IJICHKH HA MOBEPXHOCTU KamHel. Bo n3bexa-
HUE TaKUX MPoOJIeM, BOCKOBKHY MPHUTIAUBAIOT K €JIKE TaK, 4TOOBI METaJUT MOTaaajl B
HUX OOpPaTHBIM TOKOM, T. €. «BETKAMW» BHHU3.

[Ipu BakyyMHOM JIUThE Takux TpoOsieM HEe Bo3HWKaeT. OMHAKO YBEITUUNBA-
€TCS BEPOSATHOCTh HEMNO3AJIMBKH METAUIa. DTO CBSI3aHO B MEPBYIO OUEPEIh C TEM,
YTO KaMHH, HAXOJAIIMECS B OMOKE, OCTYXAIOT METAT OBICTpEe, YeM MOPHUCTas
cdbopmoBouHas macca. OnTumasbHas JTUTEHHAs YCTAaHOBKA — C TOJAUeH /TaBJICHUAS
nmoBepx Bakyyma. PasHocTs maBieHuit 2 — 3 armocdepsl MO3BOSAECT H30€KATH
poOJIeM, IPUCYIITUX KaK BAKyyMHBIM JINThe O€3 TaBJICHUS, TaK U TIEHTPOOSKHBIMH
yCTaHOBKAMH. TeMmIiepaTypa 3ajlMBKH MeETajlyla TOA0UPACTCs] MUHUMAIBHOW W3
JMara3oHa MPoJIMBAEMOCTU JAHHOTO civiaBa. [lo3ToMy pekoMeHAyeTcsl UCIoJIb30-
BaTh 000PYIOBAHWE C MOTPEITHOCTHIO W3MEPEHUS TEMIIEPATYPhl META/Ia HE HIKE
15 °C. Hanbonee moaxosIIMMK JTUTCHHBIMHA YCTAHOBKAMU ISl JTIUThS ¢ KAMHAMH
CUMTAIOTCS TaK HA3bIBACMbBIC YCTAHOBKH «HOBOTO TOKOJICHHS» — BAKyyMHBIE CH-
CTEMBI C KOHTPOJHMPYEMBIM JaBJICHUEM TMOBEPX BaKyyMa M WHEPTHOH CpeaoH, a
TaKKE€ TOYHOCTHIO W3MepeHus temmeparypsl +5°C, Hampumep J-Series
Neutec/USA.

H3roTosnenne mactep-Mojeneit Takke mMeer ocobeHHocTH. [Ipm HEKOTO-
PBIX BHJAX 3aKPETKH KaMHHU YCTAHABIWUBAIOTCS HEMOCPEACTBEHHO B PE3MHOBYIO
dbopmy, a 3aTeM MHKEKTHPYETCA BOCK. BO BCeX OCTaabHBIX Cydasx HEOOXOAMMO
YUUTHIBATh, YTO TIOCJIC BBHITOMKHA BOCKA KAaMEHb JOJIKEH YICPKUBATHCA B OIOKE
(hopMOBOUYHOM MacCOW MO MOMEHTA 3aJWBKH MeTaia. Eciu mocMoTpeTs Ha u3ze-
JUEe C KaMHEM, TO JIETKO TIOHSTh, UTO BCE OTKPHITHIE MPOCTPAHCTBA BOKPYT KaMHS
3armoJHEHBI (POPMOBOYHOM MAcCO B TOT MOMEHT, KOTJ]a MOJCITb HAXOUTCS B OTIO-
ke. [IpogymMaHHOE pacoONOKEeHUE ITHX OTKPBHITHIX MPOCTPAHCTB W MOJOCTEH T03-
BOJISIET yAepKaTh KAMEHb B OMOKE B TOT MOMEHT, KOT/Ia BOCK Yy e BBITOTUICH. [Ipn
MJIOTHOW TIOCAIKe KaMHeH (0arer, maBe) CieayeT YUMTHIBaTh (DaKTOp YCAIKH W HE
pacmoyiaraTh KaMHU B MOJIEIH CJIMIIKOM OJU3KO APYT K APYTy — KaMHH MOTYT
TPECHYTh MPH TECHOM NPHKATHX B MOMEHT 3aCTHIBAHUAS METAJIIA.

[ToaroroBka (GpopMEI.

Hzrotosnaenne moaenu. CymiecTBYIOT JiBa crioco0a:

— 3aKpenka KaMHeH B BOCKOBKY. KaMHM MOXHO CTaBHTHh MO OTACITHHOCTH B
Ka)KJIyI0 BOCKOBKY. 3aT€M 3TH BOCKOBKH 3aKPETUIIOTCSA Ha eouke. B 3ol mporre-
Jype CYIIECTBEHHOE 3HAUCHNE MMEET THI BOCKA, UTOOBI KAMEHb CAWJICA HA MECTO
0€3 3aTpyIHEHHUI U NPOYHO;

— 3aKpernKa KaMHA B mpecc-popMy M MHKEKTHPOBAHHWE BOCKA BOKPYT KaM-
HEW. DTO BO3MOXKHO JIUIITH C ONMPEACIICHHBIM JU3aiiHOM. MoIenn yCTaHaBIHBAIOTCA
yXe ¢ KaMHEM JI0 TOTO, KaK OyJeT W3roToBjeHa npecc-popma, O6maromaps 4emy B
HEW ocTaeTcs CBOOOMHOE MECTO JUId KaMHEH M BOCKA, WHKEKTHPYEMOTO BOKPYT.




DTOT METOJT HE OUCHb MHPOKO PACIPOCTPAHEH M3-3a IPOOJIEM BCKUTIAHWA BOCKA M
IICHTPOBKM yCTAaHOBJICHHBIX KAMHEH.

PaccranoBka kamuei. PaccTosane Mexmy KaMHSIMHU JOKHO OBITH TOCTATOU-
HbIM. DTO OCOOEHHO BaKHO MPH 3aKpeErKe, HarmpuMep, OareToB B kaHai. Eciu kam-
HU PacCTaBUTh HEMPABWIILHO, OHU MOTYT PaCTPECKAThHCA.

dopmoBaHue.

Kamuu crenyer nmpenBapuTebHO OYUCTUTH. MIcmons30BaTh ClieayeT TOMBKO
PEKOMEHIOBAaHHYIO (THIICOBYIO) (hopmMomaccy.

[Tepen cOOpKO# €MOYKH, TIMATETHLHO MPOBEPHTE KAKIYIO BOCKOBKY — MOKET
MOHAA00UTHCSA TIOANPABUTh WM TIepENeHTpoBaTh kamMHU. [loms3ydTech 3TUM MoO-
MEHTOM TS BCSIKHAX TIOTIPABOK, B METAIIIE YK€ HUYETO HE TIEPEMEHUIIIb.

bopnas kucimora — g mutea ¢ K1 monb3oBate €10 He cieayet. bpunan-
TaM OHAa HE JAET OKHCIATHCS BO BpeMs oTxura, a BoT KI[ oHa kareropmuecku He
PEKOMEHTy€TCS, TIOCKOJIBKY MOXKET O0SCIIBETUTD WX.

[Ipokanka onok.

3akoHunB (POPMOBKY OTOK, OCTAaBbTEC WX HA JIBA Yaca ]I CXBATHIBAHMS.
Omoka moipkHA 00sI3aTEIRHO CXBATHThCA, MHAde (opMomacca Ipu OOXKHTE pac-
TPECKAETCA, OTYETO W Oy ayIas OTJIMBKA CTAHET MIEPOXOBATOM.

[Tpu BBIOOpPE pexmma oOxura pemarimM (GakTOPOM SBIIACTCS TEPMOUYB-
cTBUTeIbHOCTh KamHel. Kl Hu3kux Temmneparyp HEe TPeOyIOT, OHH BBIICPKHUBAIOT
no 730 °C.

[Ipu nuThE ¢ KAMHSAMHW YPE3BBIYANHO BAXXHBI TEMIIEPATYPHBIA PEKUM H TIIA-
TelibHas 00paboTka MpokaiouHou meun. IMeHHO 3Ta mpoleaypa MOKET BbI3BATh
OOJIBIIMHCTBO MPOOJIEM, €CJIM HE COOMIOICHBI CaMbl€ ONTUMAJIbHBIC KpUTepuu. 13-
3a CJIMIIIKOM BBICOKOM TEMIIepaTyphl KAMHH MOTYT TIOTOPETH WIIA OOECIBETUTHCS.
[Tepen 06xxuroM mpoBEpPHTE, XOPOIIIO JIM OTIPaayHpoBaHa Bamia neub. OHa JOIKHA
MPOTPEBATHCA PABHOMEPHO, YTOOBI TAaK XK€ PABHOMEPHO TMPOTPEBAIUCH U OMOKH.
3arps3HeHHA, UMEIOTIHMECS B TEYH, TAaK)Ke MOTYT MPUBECTH K 00CCIIBEUMBAHHIO
kamHel. Bo nzbexxanne TepMOyaapoB, TEMIIEPATYPy B MEUH PEKOMEHIYETCS yBe-
JIMYUBATh IIABHO, TTOKa oHa He pocturaet 730 °C.

He meperpyxaiite meub ormokamu, MPUOTKPBITAs ABEPh HAPYIIAET TEMIIepa-
TYPHBIHA PEKAM W MOXKET IPUBECTH K AeheKTaM.

Henmocratok BEHTWIIAIMN B TICUM TPUA O0KHUTE MOXET BBI3BATh MOKEITECHUE
K. II. To ke caM0€ MOKET CIIYUYHTHCS U P 3arpPSA3HEHAU MME€UYH HEKOTOPBIMU ras3a-
MH, BEICBOOOKIAIOIIIUMHCA MPH MTPOIIECCE.

OxJtaXACHUE OMOK TOCJIE JIUThS.

He nmorpy:xaiite B Boay eiie ropsuue onoku. ['opsaune ornusku ¢ KII, 6po-
IIICHHBIC B XOJIOHYIO BOIY, MOTYT HE BBIJIEPKATh TEPMOYIapa U PacTPECKaThCA.

VY nanenue GopMoOMacChl ¢ SITOUKH.

Camast TpyAHas 9acTh MPOTIECCA JIUThS C KAaMHAMHY. BBIHYB €7109Ky M3 OTOKH,
BBl MOYKETE OOJIBIITYIO YacTh (hOPMOMACCH BHIOWTH, MOCTYKHABAs MOJIOTKOM TIO 3a-



TIIYIIKE MEHTPabHOTO JIMTHUKA. OCTaBIIyIOCsa (popMoMacCy MOXHO YIAIHUTh CTPY-
el BoJbpl M npoMbIBKOW OTIMBOK ¢ KI[ B crenmaneHOM pactBope. [nd ynaneHus
gacTuI (HopMOMacChl M3 TPYIAHOMOCTYITHBIX MECT MOKHO HMCIOJIb30BaTh YJIbTpa-
3BYKOBYIO YCTAaHOBKY.

®uHuIiHasg 00paboTKa OTJIMBOK C KAMHSIMM.

B nauane yoenurtech, uTo adpasuBHbIE MaTEpUailbl HE MOLAPANAOT U HE MO-
BpPEASIT KaMEHb

UToOBbl MOMYyYHWTh KAUECTBEHHYIO OTJIMBKY C KaMHSAMH, MOCAKCHHBIMH Ha
BOCK, HEOOXOIUMO COOJTIOCTH CIEAYIOLIUE YCIOBUS:

— KaMHH JIOJKHBI OBITH TIATEIbHO MOA00paHbI;

— ¢hopMa JTOKHA XOPOIIO 3aNOTHATHCS,

— TepMOyJap AOJKEH ObITh CBEJEH JO MUHUMYMA,

— MOTOK METAJJIA I0JI>KEH KOHTPOJIUPOBATHCS.

[Tpo6Giembl, KOTOPbIE B OCHOBHOM BO3HHMKAIOT MPHU JIMTHE C KAMHAMH, OYE-
BHU/THBI:

1) BeI16Op KaMHEH, MPUTOHBIX JUTS JTAHHOW TEXHOJIOTHH,

2) JUTMTELHOE W OTIACHOE TSI KAMHEH BO3JICHCTBUE BHICOKOW TEMIIEPATyPHI
Y KUCJIOpOJa HA KaMHU B MPOIIECCE MPOKAJIKHU OMOK;

3) mpaBWIBHBIN TOA00P MaTeprasioB ((hopMOBOUYHAS Macca, BOCK, MOJACITbHAS
pPE3UHA) TS JIATHS,

4) TUAPOAMHAMUYCCKUN M TEPMHUUECKHHN yJap, NMPUXOAAINMNICT Ha KaMHH
MpU 3aJIMBKE METAJJIA B OMOKY;

5) 0cOOEHHOCTH M3TOTOBJICHUS MACTEP-MOIEIICH;

6) ouncTKa OTAUTOTO OJ10Ka OT (POPMOBOUHON MACCHI;

7) dunnmHag 06paboTKa.

B Hacrosmiee BpemMsa Bce 3TH MPOOJeMbl B OCHOBHOM HAIILJIU CBOE PEIIICHUE.
JIuTbe C KaMHSMU CTAJIO OJHOM M3 cambix pacrnpocTpaHeHHbix B CIIIA TexHOJO0-
THH, JUISI MaCCOBOTO MPOHM3BOACTBA U3ACIHMA ¢ OpuuIMaHTaMu, pyOrHAMH, cardu-
pamu u np. BeictaBka «bazens-2001» mokazana cyiiecTBEHHO BO3POCIINHA HHTEPEC
K 3TO# TexHonoruu B EBpone u, B yactHocty, B Poccum.

Jlexkuus 15

1. CtpykTypHBIC TIPEBpaIICHAS M U3MCHEHHS CBOHCTB CIUIABOB JIparorcH-
HBIX METAJUIOB MPH KPHUCTAUTU3AIMH M OXJIAXKICHUH.

2. M3yueHne MEeXaHMUCCKHUX CBONCTB JIUTHIX HM3ICIHHH M (DaKTOPHI, BIHSIO-
IM€e Ha TU CBOMCTBA.

3. TpeboBaHUA K IUITACTHYHOCTH JIUTHIX WU3JCIHHA C MO3HMITUN HCIIOIh30BAHHS
WX JUIS OCTIe Ay oIel oOpaboTKH.



[Ipyu oxnaxAeHUU OTJIMBOK W3 APArOLEHHBIX METAJUIOB HUXKE TEMIEpaTyp
CONTATyca POUCXoaaT (ha3oBbIE MPEBPAIICHUS, B PE3yIbTaTe KOTOPHIX MOTYT Cy-
IIECTBEHHO U3MEHATHCS WX MEXAHUUYECKUE CBOMCTBA. /[ MBOWHBIX CIJIABOB Ha
OCHOBE 30J10Ta, cepedpa, MIATUHBI U MALIaUA UMEIOTCSA A0CTaTOYHO MOJIHBIE CBE-
JICHW A, YETO HEJIb34 CKa3aTh O MHOTOKOMIIOHEHTHBIX CIIaBaX.

W3 cnnaBoB 3070TO — MEIb — HHUKEIb — IMHK W3YYEHbI JIBA IIMPOKO MC-
MOJIb3YEMbIX HA MTPAKTHKE CILJIaBA;

1) 75 % 3omoTa, 15 % memn, 7,5 % aukens, 2,5 % nuHka,

2) 75 % 3omota, 10 % meau, 10% nukens, 5 % muHka.

Hccnenoanue CTpyKTyphl MOKA3aj10, YTO MEPBbIM CIJIAB SABJACTCS HEYMOPS-
JIOYEHHBIM OMHO(MA3HBIM TBEPABIM PACTBOPOM TPH TeMreparypax Beime 633 K,
MOCKOJIbKY Ha PEHTTCHOTpaMMax M AJIEKTPOHOTPAMMAaX OTCYTCTBYIOT CBEPXCTPYK-
TYpPHBIE OTPAXKECHUS, a B 3€pHAX CIJIaBa HE HAONIOJAETCA TOHKON CTPYKTYpPhl MPH
HCCIIENOBAHNAX MITA(OB MO ONTHIYCCKAM U TOHKHUX (POJIBT TIO SJICKTPOHHBIM MH-
kpockonamu. [lpu Gonee HU3KHX TeMIEepaTypax B CIUIaBE MPOUCXOAUT aTOMHOE
ynopsaoueHre. Ha peHTreHorpamMmax M 3JICKTPOHOTpaAMMax MOSIBJISIOTCS CBEPX-
CTPYKTYPHbBI€ OTPaK€HUA, CBUACTEIIbCTBYIOIINE O BOBHUKHOBCHUH B CIJIaBE JaJib-
Hero mopsaka. OOHapyKeHOo ABe TemmepaTyphl dazoBoro nepexona. [Ipu Temmnepa-
Type 633t 5 K mpoucxomut ymopsgodeHue cruiasa no tuamy AB;. [lpu Temmnepa-
Type 558t 5 K mMeer MecTo aTOMHOE yropsaoueHue 1o Ty AB.

B Heynopsaou€HHOM COCTOSIHUM MCCJICAYEMbIH CIJIaB UMEET IPAHELECHTPHU-
POBAHHYIO KyOMUECKYIO PEIIETKY, KaXKIbIi y3€Jl KOTOPOW PAaBHOBEPOATHO MOXKET
ObITh 3aHAT aToMamu Jro0oro 3iementa. [Ipu ynopsaodenuun no tuny AB atombl
30J10Ta U MEAM 3aMONIHAIOT depeayromuecs miockoctu tuma (100), uepenoBanue
CJIOEB MOXXET MMETh MECTO MO JIIoOOMYy M3 Tpex HampasjiaeHud kyba < 100 >,
Bceneacreue pe3ko BBIPAXKEHHOTO CIIOMCTOTO PACMOI0KEHUA OJTHOMMEHHBIX aTo-
MOB KPHUCTAJUTMYECKAs PEMIETKA YIMOPSAAOUEHHON (ha3bl CTAHOBHUTCS TETparoHajb-
HOU. B CBS3M ¢ 3TUM B CIUIaBE BO3HUKAIOT JOMEHbI, 1€30PUCHTUPOBAHHBIE OTHOCH-
TEJIbHO JPYT JApyra.

CoBcem apyras KapTuHA HaOJIOJAETCA B CIUIAaBaX, 3aKAJICHHBIX A0 TEMIIEpa-
Typ, MPEBHITIAIOIUX Temmeparypy 558 K . MeTomom onTudeckoit meramuiorpadum
JIOMEHHAs CTPYKTYpPa, B HEM HE BBISBJISIIACh. B TO e BpeMsA U3 PEHTIE€HOTPAMM H
AJIEKTPOHOTPAMM, CHATBHIX CO CIJIABOB, 3aKAJICHHBIX B MHTEpBaje Temmeparyp 558
— 633 K cnenyer, 9To B CIUIaBE MMeEET MecTo ynopsaodeHnue. [Ipm mpocMotrpe
(honbr HA MPOCBET O/ AICKTPOHHBIM MHUKPOCKOIIOM B 3¢pHAX OOHApy KeHA JOMEH-
Hasl CTPYKTYypa, CBOWCTBEHHAA CIUIaBaM, HE U3MEHAIOIIUM THUIA KPUCTAJUTMUECKOMN
CTPYKTYPHI MIPU yHOPSAAOUEHUHU. [[J15 IEPBOro CIuiaBa HE ObLIO YCTAHOBJICHO, KaKKe
MMEHHO aTOMbl ynopsaouuBatoTcs mo tuny ABs; B uHTepBane temmneparyp 533 —
558 K . OgHako MCX0As M3 aTOMHOTO COCTaBa CIIaBa MOKHO MPETOI0XKUTh, UTO
npu BBICOKOW Temmeparype (633 — 558 K') mpoucXoauT ynopsiioueHHe aToOMOB
AusZn Ilpu HU3KON TemIieparype, BEPOATHO, MPOUCXOIUT YHOPATOYEHUE aTOMOB



30J10Ta W MeIU, TMOCKOJIbKY Ha0nrojaemasi JOMEHHas CTPYKTypa aHajlorM4yHa
CTPYKTYpPE YHNOPSAOUYEHHOTO OMHAPHOTO MEAHO30JO0TOr0 CIUIABA C OTHOUIEHHUEM
koMnoHeHToB 50:50 aT. % (75,63 Bec % 3050Ta).

B wensix mpoBepKW BIMSHUS Pa3IMYHONW JOMEHHOW CTPYKTYphl Ha BO3-
HUKHOBEHHE XPYIMKOCTHU B TIEPBOM CILIaBE BHIOPAHBI PEKUMBI TEPMOOOPAOOTKH CO-
[JIACHO TEMIEPATYPHBIM UHTEPBAJIAM yHopsiAoueHus no tunam AB kAB;.

MexaHuueckue CBOMCTBA MEPBOro CIjiaBa, OTOXKEHHOIO MPU Pa3HbIX TEM-
neparypax, nokasasnl Ha puc. 1.4.6. M3 pucyHka BUIHO, YTO CIJIaB B HEYNOPSAO-
YEHHOM COCTOSHUM (KpuBas 1) MMeeT BBICOKYHO TUIACTUYHOCTb MU HU3KOE COIMpPO-
TUBJIeHUE NedhOpMUPOBaHUs. YOpsiAoueHue ciiaBa no tumy AB; (kpuBas 2) cpas-
HUTEJILHO CJIa00 M3MEHSET MEXAHWYECKHE CBOWCTBA. Pe3koe M3MEHEHUE MEXaHU-
YECKUX CBOWCTB, MPOUCXOJINUT TOJIBKO B TOM CJIy4dae, €CJIM B CIUIABE MPOUCXOJIUT
ynopsouenue mo tuny AB (kpusbie 3, 4). CrijiaB CTAHOBHUTCSI XPYTKHUM, TJIaCTHY-
HOCTh CIUIaBa IO CPABHEHUIO C €ro HEYMOPSAOYCHHBIM COCTOSTHUEM NaJacT B
HECKOJIbKO pa3. Ilpenen TekydyecTu Bo3pacTaeT nmoyTu B 2 pasza. M3 aHanuza Kpu-
BbIX CJIEYET, UTO OMACHBIM JJIs CIJIaBa SIBJSIFOTCS HU3KOTEMIIEPATYPHbIE OTKUTH.
HarpeB cnniaBa no temneparyp 523 unu 473 K npuBoAUT K OJMHAKOBOMY OXpYII-
YMBAHUIO CIJIaBa, OTHOCUTENILHOE YJIIMHEHUE TaKUX 00pa3LioB He MpeBbIllaeT 5 %o.

Uccnenosanue neproro crjasa (75 % 3omnota, 15 % menu, 7,5 % Hukens,
2,5 % urHKa) 1ano onpeeeHHbIe pe3yIbTaThl.
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Puc. 1.4.6. Mexannueckne CBOMCTBA KPYITHO3EPHUCTOTO CIIIaBa 1, OTOXIKEHHOTO MPHU pa3iny-
HBIX TEMIIEPATypax U 3aKaJCHHOTO B BOJE.

XpynKOCTh IaHHOTO CIUIaBa 00YCJIOBJEHa MpOLeccaMu aTOMHOTO YIOpsA0-
YeHMUSI.



[Tpu Temneparypax 563 — 633 K npoucxoaut ynopsaaodeHue no tuny ABs.
Huxe temnepatypbl 563 K HabmomgaeTcs ynopsanodeHue no tumy AB, koTopoe
MEPEBOJIUT CILJIaB B XPYIKOE COCTOSHHUE.

Oco0eHHO OMacHbIM SABJISIETCS ynopsiaoueHue no tuny AB mjisa autoro kpyi-
HO3EPHUCTOrO cijiaBa. B mpoiiecce ynopsaaoueHus: Takol CriaB caMONpOU3BOJIBHO
pa3pylIaeTcs o rpaHuliaM 3epHa 0€3 MPUI0KEHUA BHEITHEH HArpy3KH.

Bo u3bexanue oxpynurBaHUs CILJIaBa CJICAYET MPEIOTBPATUTh B HEM YIIOPS-
nouenue no tuny AB. JIjis 3Toro He0OX0AMMO MPOU3BOJAUTH 3aKaJIKy CIUIaBa MpH
TeMneparypax, npesbimatomux 573 K .

[Tpu uccnenosanuu Broporo cmiasa (75 % 3omota, 10 % meman, 10 % Huke-
75, 5 % 1MHKa) yCTAHOBIICHO, UTO B MPOIIECCE TEPMOOOPAOOTKH OH TIPETEPIICBACT
YHOOPSAA0UCHHUE CTPYKTYPhl. OHAKO B HEM HAOIIOIAETCs YIOPSAOYEHUE TOJIBKO O
tuny AB; [lo-BuaumMomy, yBeIWUYEHUE COJAEPKAHUA HUKEIA W IIMHKA 3aMeAJIsIeT
KUHETUKY yropsiaoueHus. [lpu mpocmoTtpe (Gombr B CTPYKTYPHBIX OTPaKCHHSIX
JIOMEHHAs CTPYKTYypa Takke Obljla BUIHA.

JIna u3ydeHus BIMSIHUS CTPYKTYPHO-(A30BbIX MPEBPAICHUH HA MEXaHWYe-
ckue cpoiicTBa criaBoB 31CpM 750 Obuin BhIOpaHbI IECTh CILJIABOB C PA3JIMUHBIM
coaep:kanueM meau u cepedpa: 3nCpM 750-213 (213), 3nCpM 750-180 (180), 3n-
CpM 750-160 (160), 3nCpM 750-125 (125), 3aCpM 750-90 (90) ; 3nCpM 750-50
(50) . Penrrenorpaduuecknm MetogoM oOpaTHOUW cheMkH co Tumda mo 3akcy
ObL710 OOHapy KeHOo ynopsaoueHue B ciiaBax ot 50 o 180. Uem Oosbliie coaepka-
HUE cepedpa B CIUIaBe, TEM HUXKE TeMIieparypa ynopanoyeHud. Tak, Ajid CIJIaBOB
50 — 125 sta Temneparypa cootBerctByeT 673 — 633 K, a ans crjaso 160 — 180
oHa coctapysieT 623 — 573 K . CTpyKTypHBIE U CBEPXCTPYKTYPHBIE OTPAKCHHS HA
PEHTIEHOrpaMMax YMOPSAJOUCHHBIX CIUIABOB UPE3BbIYANHO PAa3MBIThl. JTO CBHUJIE-
TEJIbCTBYET O MaJIbIX pa3Mepax JOMEHOB U HAJIMUUKM HANpsHKEHUH B cruiaBax. Bos-
HUKHOBCHHME HAMPSKEHUS XAPAKTEPHO ISl CIUIABOB, B KOTOPBIX YMOPSJOUCHHE
MPOUCXOJIUT ¢ 00pa3oBaHueM CTPYKTyp Tuna AB. Bricokas ckopocTh M3MEHEHUA
KPUCTATUUECKON pelIeTKH ¢ 00pa30BAaHUEM COCIUHEHUS 30JI0TO-ME/b OTMEUCHA
BO BCex criaBax. CBUACTEIIECTBOM 3TOTO YTBEPKACHUS MOXKET CITyKHUTh TOT (haKT,
YTO HU VIl OJTHOTO CILJIaBa HE YJAETCA C MOMOILBIO 3aKAJIKA MPU BBICOKUX TEMIIE-
parypax u30ekaTh 00pa30BaHUA COCAWHEHHUS 30JI0TO — MeAb. [lomyunTh cruiaB B
Pa3ynopAI0YeHHOM COCTOSIHUM YJAETCA TOJIbKO 3aKAJIKOW MpH TeMmIepaTypax, He-
3HAUUTEJIbHO MPEBBIIIAIOIINAX TEMIIEPATYPY YIOPATOUCHUS.

Bnusnue ynopsiaouenus atoMmoB no tany AB Ha mMexaHuWueckue CBONCTBA
CTJIaBa 3aBHCHT OT YHCJIa ICHTPOB HOBOMU (ha3zwl. [Ipn ynopsamoueHnn ¢ MajIbiM 9HC-
JIOM IIEHTPOB BO3HUKAIOIIUE B CIUIABE HAMPSKEHUS B 3HAUUTEIILHOW MEPE CHUMA-
IOTCS B TIPOIIECCE POCTA YHOPSAOUCHHOU (pa3sl. YHopsaodeHue ¢ OOIBIITIM YACTIOM
IICHTPOB HOBOW (ha3bl MPUBOJANUT K MAKPOCKOMTMYECKOMY PACTIPEICIICHUIO HAITPsIKe-
HUi B oOpasuax. HanpskeHrne MOXKET 0Ka3aThCsl JOCTATOUHBIM, UTOOBI BbI3BATh HE
TOJILKO KOpPOOJIEHHE, HO B pa3pyllieHne oOpasia.



Jlna uccnenoBaHHbiX cnjaBoB tuna 3nCpM 750 yctaHoBieHO oOpa3oBaHue
0O0JIbLLIOrO YKclia IEHTPOB BO3HUKHOBEHUSI HOBOM (hasbl MpU 3aKajake MPU BbICOKUX
temneparypax (1073 K). OO0 3ToM CBUAETENbCTBYET BUJ 00pa3loB, aAehOopMUpPO-
BAHHbBIX MPU 3aKaJKe NOJ AeHCTBUEM BHYTPEHHUX HAMPSXKEHUH.

Mexanundeckue cBoiicTBa cmiiaBoB Thna 3aCpM 750 nocne TepmMooOpaboTKn
npuBeJeHbl Ha pucyHke 1.4.7. AHanu3 COOTBETCTBYIOIIUX KPUBBIX MOKA3bIBAET,
YTO MPOYHOCTh CIJIABOB MOBBLILIACTCS MO MEpPEe YBEIUYECHUS] COAEpPIKAHUSI MEAU B
CIUlaBe, a MIACTUYHOCTh MPOXOJUT Yepe3 MAKCUMYM Y CIJIaBOB CpeHel obnactu
KOHLIEHTpaLMid, 0OCTaBasiCh, OJHAKO, IOCTATOYHO BBICOKOH y crutaBoB 50 u 213.

TepmooOpaboTKa BbilLIEyKA3aHHbIX CIJIABOB MPU TEMIIEPATYPE HUKE I'PAHU-
bl YIOPSIIOYEHUS] TPUBOJUT K 3HAUUTEIILHOMY BO3pacTaHUIO MPOYHOCTH M CHIDKE-
HUIO miactudHocTh (puc. 1.4.8, 1.4.9). OT0oT 3(pdheKT 0COOEHHO BaKeH s CIjia-
BOB, 00OraTbix MeJ1bl0, MOCKOIbKY OH MOET NPUBOAUTH K XpynkocTu (puc. 1.4.8).

Jnga cnnaBoB, OOraTblX MeJbl0, HH3KOTEMIIEPATYPHYIO TepMooOpaldoTKy,
NPUBOJALLYIO K YIOPSIAOYEHUIO, HE CIIEIYET NPUMEHATH Mepe]l MEXaHUUYECKO 00-
pabotkoii. OXpynuuBaHue, BbI3BBAHHOE YIOPSJOUCHUEM MPU HUZKOTEMIIEPATY PHOIA
TepMOOOpPadOTKE, MOKET OBITh JTUKBUAUPOBAHO TEPMOOOPAOOTKOH, MepeBoAsIIeiH
CIJIAB B HEYMOPSJOUEHHOE COCTOSIHUE, T.€. 3aKAJIKO Mpu TeMmneparypax, HeCKOJib-
KO MpEeBbIIAILIMX Temepatypy (a3oBoro mnepexona Ajis COOTBETCTBYHOLIETO
crmaBa. Kak BuaHo u3 pucyHke 1.4.8 (kpuBas 9), okur Xpynkoro crjiasa S0 npu
TemrepaTtype 663 K NoJIHOCThIO0 BO3BpallaeT UCXOJHYIO TIAaCTUYHOCTh. Jlyist cna-
BoB THna 3nCpM 750, 6orateix cepedbpom (cnnasbel 180, 213) HU3KOTEMIIEpaTyp-
Hasg oOpaboTka (BbiAepkka npu temneparype 523 K B TeueHue 4 4) ¢ mociuemyro-
Lieii 3aKajKoi He BbI3bIBAET OXpyMuuBaHus metaina (puc. 1.4.9).
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Puc. 1.4.7. Mexanuueckue cBolictBa criiaBoB Tumna 31CpM 750 nocne cmsryaronieit repmooOpa-
6otku B neun «Cono» npu temneparype 1013 K u ckopoctu apuxkeHus koHseiiepa 45 cm/muH: 1

— ciiaB 50; 2 — ciutas 90; 3 — crutas 125; 4 — crnas 160; 5 — cutas 180; 6 — crutas 213 (O, — uc-
TUHHOE HAIPSIKEHUE)
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1 —cmnaB 50, 523 K, 4 u; 2 — crinaB 90, 523 K, 4 u; 3 — cninas 125, 523 K, 4 u; 4 — cninas 160, 523
K, 4 u; 5 — crmnaB 50; 6 — coas 90; 7 — cmtas 125; 8 — comas 160; 9 — cmtas 50, 523 K, 4 1 3a-

kasika + 663 K, 4 4 (O, — UCTUHHOE HANPSIKEHUE)

Puc. 1.4.8. Mexannueckue cBoiicTBa cruaBoB Tuna 3inCpM 750, mponie Ammx pas3andHyo TEpMO-
00paboTKy MOCIE CMATYAIOIICH TepMOOOpadOTKHY B KOHBEHepHOH ey « Coto» (BpeMsl BBLIEPK-
KM B 4acax)

[Ipu uccaenoBaHuu CIIABOB 30JI0TO — cepedpo — Meab 750-it mpoObl Takxke
ObLIO YCTaHOBJIEHO, YTO HA WX IUJIACTUYHOCTh CUJIBHOE BJMSIHUE OKa3bIBAeT Ha-
auure ra3oBbix npumeceil. Korga Hukakoil TepMooOpabOTKON yCTpaHWTh Xpym-
KOCTh HE yJIaeTCsl, BAKYYMHBII MEperiaB CIUIaBOB SIBJSETCS PaAUKaIbHBIM CIIOCO-
O0M. DTO 3aKJIFOUEHUE MHOTOKPATHO MPOBEPSIIOCH CIEAYIOLUM 00pa3om: oTOupa-
Jachk NapTus TOJNBKO TeX 00pa3LioB, KOTOPbIE XPYINKO pa3pyllaluch B MpoLecce 3a-
KaJKW WU NPU UCIBITAHUAX HA PACTSIKEHUWE, 3aTEM Takue oOpaslibl NepernJasiis-
JMCh B KBAPLEBBIX aMIyJaX B BAKyyMe, U3 MOJYUYEHHOrO CIMTKA U3rOTOBJISIIA 00-
pasupl s MEXaHWYECKUX HCIbITaHWN. XPpynKoe pa3pylleHrne oO0pa3loB Mpu Mo-
cnenyroweii 3akanke npu 1073 K u nanpHeineM UCIbITaHUKM HA PACTSKEHUE TTOJT-
HOCTBIO yCTPaHSJIOCh.

Jlnarpammel pactsikeHust o0pasnoB crutaBa 3nCpM 583-80 mpencraBieHsl
Ha puc. 1.4.10. M3 aHanu3a kpuBbIX 4 — 9 clienyer, YTo BblAEPKKa [TPU TEMIEPATY-
pax 873 — 573 K mnpakTU4YeCKH HE BJIMSET HA MEXaHWYECKHE CBOKCTBa CIljiaBa.
[TpoyHOCTh ¥ TIACTUYHOCTH CIJIaBa OCTAIOTCSl OJIM3KUMU TEM K€ XapaKTepUCTH-
KaM UCXOJHOro marepuasa. OaHAaKO pe3ysbTaThl UCCAENOBAaHUSI METaljla MoJ Ofl-



TUYECKUM MHUKPOCKONOM MOKa3aju, YTO MPH yKa3aHHBIX 00pabOTKax CTPYKTypa
cruiaBa m3Mensercs. Ilpum temmeparype 1073 K cnjaB mpeactaBiseT coOoi
TBEPJIbIA pacTBOp, a MpH Temneparype Huxe 873 K HaOmomaercs crapeHue. [lpu
TemrepaType Bbille 633 K OHO WJIET ellle JOCTAaTOYHO UHTEHCUBHO.
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1 — criaB 180, omxur B neuu "Cono" + orxur nipu 523 K, 4 u; 2 — cninaB 180, oTxur B neuu
"Cono"; 3 — crtaB 213, omxur B rieun "Couno" + omxkur npu 523 K, 4 4, 3akanka; 4 — cruias 213,

oTxkur B reun "Cono" (O, — UCTHHHOE HaNPSHKEHUE)
Puc. 1.4.9. Mexanuueckue cBoiictBa cruiaBoB 31CpM, Ooratsix cepeOpoMm, MPOLIEAIINX Pa3Iny-
HYIO TepMOOOPAOOTKY.

c,,.Mlla
800
/
/2

600 / s
400
/ ’

10

A\ -
\

200

N
S

30 0,%

1 —-523 K, 4 u; 2 — oxyaxaenue npu temneparype 473 — 623 K co ckopocthio 10 K B cyTku; 3 —
473 K, 4 4; 4 — ucxoiHbIM 3akayieHHbIR crtaB; 5 — 873 K, 4u; 7— 623 K, 4 u; 8 — 723 K, 4 u;
9—-573K,4 4 (0, — UCTUHHOE HAIPSDKEHUE)



Puc. 1.4.10. Mexanuueckue cBoiicra crasa 31CpM 538-80, pekpucTanan3zoBaHHOTO MIPU TEM-
neparype 1073 K B Teuenue 3 4, OTOXKEHHOIO MPHU PA3JIUYHBIX TEMIIEPATYypax ¢ NOCIEAYOIEN
3aKaJKOU B BOZIE

Cy11ecTBEHHOE U3MEHEHHE MEXAHUYECKUX CBOMCTB, criaBa 3nCpM 583-80
YCTAHOBJICHO TPA HU3KOTEMIICPATYPHBIX OTKWTAX, KOTJA B CIUIABE MPOWCXOIUT
ynopsaoueHue ¢ oopazoBanueM coeaunenns CusAu.. B atom ciiyyae Hadmomaercs
PE3KO0E TOBBIIICHUE MPOYHOCTH W CHUXeHHUE TutacTuaHOCcTH. [Ipw mcciaenoBanmnm
CIUIaBa TOJ ONTHYECKUM MHUKPOCKOTIOM KaKHUX-TMOO M3MEHECHHHA B CTPYKType 00-
HapYKWATh HE yAACTCS, TAaK KaK MUKPOCTPYKTYypa HE OTJIIMYACTCS OT CTPYKTYPHI HC-
XOJHOTO 3aKajieHHoro cruiaBa. OmHako MPOCcMOTP (OJIBT TOM AJIEKTPOHHBIM MHU-
KPOCKOTIOM TIOKAa3aJl, YTO B CILJIaBE BOSHUKJIO OTPOMHOE YUCIIO OYCHDb MEJIKUX, PaB-
HOMEPHO PAaCHpPEACIICHHBIX TUIACTHHOK (Pa3bl BBIACIECHUSA, UTO CBHETEIHCTBYET O
MpoIrecce HempephIiBHOTO pacnana. C MOMOIIBIO AJIEKTPOHOTPAMMBI IO TTOSBIICHUTIO
CBEPXCTPYKTYPHBIX pehIekcoB ObLIO 0OHAPYKEHO OJTHOBPEMECHHO BOSHUKHOBCHHE
B CITJIaBE JAIBHETO TOPSAIKA.

ComnoctaBiieHre PE3yIbTATOB UCCIACAOBAHNS CTPYKTYPHI M ONIPEICTICHUS Me-
XaHWYECKUX CBOMCTB TIOKA3bIBAET, UTO XPYMKOCTH CIUIaBa 00YyCIIOBJICHA BO3HUKHO-
BCHHEM MEJIKOJIUCIIEPCHON CTPYKTYPHI ¢ OONBIIAMH YIIPYTHMH HCKAXKEHUSMH pe-
metku. CrnenoBatenbHo, s criaBa 3nCpM 583-80 nuszkoremmeparypHas oOpa-
0oTka npu Temneparypax 473 — 563 K, npu KOTOpBIX MPOIECC pacnaja B CIUIaBe
KOHTPOJIUPYETCS YIOPATOUCHHEM aTOMOB SIBJISIETCS OMACHOW, TaK KaK MPHUBOIUT K
XPYIKOCTH.

Jlexkuus 16

1. JIuTb€ CIUTKOB IParolieHHbIX METAJUIOB /Il 0OpaOOTKH AABJICHUEM.

2. CymHocTh ¥ KitaccuUKaIdsg COBPEMESHHBIX METOJIOB JINThS CIIMTKOB. He-
MIPEPHIBHOE JINTHE.

3. TexHomoruvueckoe ¥ KOHCTPYKTHBHOE 00ECTICUCHUE METOIOB JINThS CITUT-
KOB.

Metoapl TUTHS CIIUTKOB JAPArOIEHHBIX METAIUIOB M CIUIABOB ISl 00paboTKH
JABJICHUEM PA3TMYAIOTCS TI0 COOTHOIIEHUIO CKOPOCTEH JINThSI M KPUCTAILTA3AIINH,
MaTepuay W THIY U3JIOKHUIIL, CITOcO0aM TO3MPOBKH PACILIABOB M APYTUM TPHU3HA-
KaM TEXHOJIOTHYECKOTO M KOHCTPyKTHBHOTO oopmnenus (puc. 1.4.11). Omnako
JTAJIEKO HE BCE M3 HUX MOXXHO OTHECTH K COBPEMEHHBIM METOJaM, 00€CIICUunBarO-
M TOJIyY€HHE CIMTKOB HAAJEKAIIETO KaueCTBA U COOTBETCTBEHHO 3TOMY Jajie-
KO HE BCE U3 HUX MOXXHO PEKOMEH0BATH TS MPAKTHYECKOTO MTPUMEHEHHA.



Hcxons 3 rmaBHOTO TEXHOJOTMYECKOTO MPU3HAKA — XapaKTepa KPUCTAJLIN-
3alMM PaCIUIaBOB, OMPEAEIAIONIErO CYIIHOCTD MPOLIECCA JIUThA U KaYeCTBO OTJIMBA-
€MBIX CJIMTKOB, BCE 3TU METO/BI ITOAPA3AEIIAIOTCA HA 1BA BUJA:

METOJIbI JINThSI ¢ HCHANTPABJICHHOM KPUCTAJIU3AUHUEH CIIUTKOB;

METO/IbI JINThS ¢ HAMPABJICHHON KPUCTAJUITN3AUENH CIIUTKOB.

['maBHas TMNUYHAs OCOOCHHOCTD JIUThSI C HEHAMPABJICHHONW KPUCTAJUIA3AIU-
€l CJIUTKOB — 3TO 3aIIOJIHEHUE U3JI0KHULL PACIUIABAMU CO CKOPOCTAMM, 3HAUUTEIb-
HO TPEBBIIIAIOIIMMH JIMHEHHBIE CKOPOCTU WX KPUCTAUIM3ALMHU. JTO MPUBOJMUT K
00pa30BaHUIO B OTJIMBAEMbIX CJIUTKAX 3HAUYUTEIILHOW yCaJOUHOM, ra30BOM PhIXJIO-
THI, 3aMCIIMBAHNIO OKHMCHBIX TUICHOK M IUTAKOBBIX BKIJIFOUEHWH, CITYKAIUX OdYara-
MW BO3HUKHOBEHUS My3bIpEH (B3AyTHIA), TPEIIUH, PACCIOCHUA U MHOTHX JPYTHX
METaJUTyPTHUECKUX Ae(hEKTOB MPH MOCISAYIONeH 00paboTKe CIIMTKOB Ha Moy dha-
OpUKaThl M U3ICIHIA.
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Puc. 1.4.11. Cxema kiaccudukauu COBPEMEHHBIX METOIOB JIUThSI CTUTKOB U3 APAroLeHHBIX
[Ipu nuThe ¢ HEHANPABIEHHO



Mol wactu cautka (25 — 30%) u ap. OaHAKO 5TO MOMOJHATEIFHOE MTUTAaHUE KPH-
CTAJUTA3YIONIETOCS CJIUTKA JIUITh YACTUYHO YMEHBIAET €T0 Ne(PEKTHOCTD.

Bonpimme 30HB KpUCTAUTM3AIIMM W OTCYTCTBHE HANPABJICHHOCTH (PpoHTA
KPUCTATA3ALMKA OOYCJIOBJIMBAIOT TAKXKE OJIArONPUATHBIEC YCIOBUA [Ji MPOTEKa-
HUSA B KPUCTAJUIU3YIOLIMXCA CIUTKAX JIMKBALIMOHHBIX ABJICHUWA — CIIOUCTOW MU 30-
HaJIbHOW JIMKBALIUK, MOCIEACTBUEM KOTOPBIX OyAET HEOAHOPOJHOCTh XUMHUYECKOTO
COCTaBa CIIMTKOB IO COAEPKAHUID OCHOBHBIX M JIESTUPYIOLIUX KOMIIOHEHTOB B Pas-
JIMYHBIX HanpaBjieHUsAX. IUMEHHO MO3TOMY U B CBSI3U C PACTYLIUMU TPEOOBAHUAMU
MPOMBITIUICHHOCTH K Ka4eCTBY MOJTy(haOpUKaTOB W M3JCNIAA U3 IIBETHHIX U JParo-
LEHHBIX METAJUIOB W CIUIABOB JIMTHE C HEHAIIPABJICHHOW KPUCTAIUIM3ALMEN CIIUT-
KOB, HECMOTPSA HAa CPABHUTEIBHO IMPOCTOE KOHCTPYKTHUBHO-TEXHOJOTHUYECKOE
oopMIIEHUE, TIOTEPSIIO CBOS 3HAUCHHUE W BHITECHEHO JINTHEM C HAMPABJICHHOW KPH-
CTAUIN3ALMEN CIIMTKOB, B YaCTHOCTU HU3KOCKOPOCTHBIM JIMTHEM.

OcoOEHHOCTh JTUThS C HATPABJICHHON KPUCTAILTU3ALMEH CIIUTKOB — OJTHOCTO-
poHHEe Tiepementieane pporTa kpucraum3anuu. [Ipu muThe ¢ HapaBICHHOW KPH-
CTAJUIM3ALMEN MUTAHUE CIUTKA OCYILIECTBIISIETCS HENPEPHIBHO U OECHPENSATCTBEH-
HO. OOpa3oBaHUE 3aMKHYTBHIX MOJIOCTEH, W30JIMPOBAHHBIX OT JOCTYMNa >KUJKOH
(hazbl, TOTHOCTHIO MCKMoUaeTcs. IMEroTcss 6JIaronprATHBIE YCIIOBUA TSI CBOOOI-
HOT'O BBIXOJA U3 TOJIIHA KPUCTAUIM3YIOLIMUXCA CIIOEB PACIliaBa PACTBOPEHHBIX U 3a-
MEIIAHHBIX B HEM IIPH JIMTHE Ta30B, OKUCHBIX TJIEHOK W MUJIAKOBBIX BKIIOYEHHN. B
3TOM U 3aKJI0YAETCA OCHOBHOE NMPUHLUMINUAIBHOE NMPEUMYILIECTBO JINThS C HANIPAB-
JICHHOW KpUCTaJUIM3alluel, KOTOPOEe 00eCneUnBaET MOJYUYEHUE BHICOKOKAUECTBEH-
HBIX CJIMTKOB, MPAKTUYECKU UJCATBHO TJIOTHBIX, 0€3 YCAJOUYHBIX U Ta30BbIX PbIX-
JIOT, a TAKXKE€ OKUCHBIX 3aMEIIAHHBIX MJICHOK W IUIAKOBBIX BKIIOUeHUH. OHOBpE-
MEHHO CHUYKAKOTCA 0 MUHUMYMA, & BO MHOTMX CIIy4asX NPAKTUUYECKH ITOJTHOCTHIO
YCTPAHAKOTCA JTUKBALMOHHBIE ABJICHUA U BbI3bIBAEMAas UMU HEOJAHOPOJAHOCTb CIIUT-
KOB II0 COCTaBy OCHOBHBIX W JIETMPYIOLIMX KOMIIOHEHTOB B Pa3JIMYHBIX HarpaBJic-
HUSX.

HwuzkockopocTHOE TUThHE

Hu3k0oCcKOpOCTHOE MUTHE OCYIIECTBIISIETCA B U3JI0KHHULIBI HATTOJTHEHUS TTOBBI-
IIEHHON W BBICOKOW OXJIAXKJIAIOIEH CIMOCOOHOCTH — UYTyHHBIC, CTaJIbHbIE U ME/-
HbIE TOJICTOJOHHBIEC W TOJICTOCTCHHBIC JIMOO BOJOOXJIAKIaEMble MPU CKOPOCTSX 3a-
MOJTHCHU A, PABHBIX JIMHEHUHBIM CKOPOCTAM KpHUcTayuim3aumu. Kak nokasanu uccie-
JIOBAHHUS, 3TO YCJIOBUE ISl JAHHOTO METOJa 00€CIeUMBACT MOJYUYCHUE BHICOKOKA-
YECTBEHHBIX CJIIUTKOB, €CJIW MapaMeTp — MPUBEICHHBIN KOY(PQPHUIUEHT CKOPOCTH
auThs Cy 1y, PABHBINA MPOU3BEACHHUIO JTUHEHHOW CKOPOCTH JIUTHS (VJT) HA PUBEICH-

HYIO TOJIIMHY KPHCTaJUIM3alMU cros opmmpyromeroca ciutka (g = Ve, / by |
rae V., — ooweM 1 1, — MOBEPXHOCTH KPUCTAIUIN3AINHA — TEIUIOOT/AAYH OT CITUTKA),
Haxoautcs B mpeaenax 0,25 — 0,72 ans ayryHHbIX U ctanbHbix, 0,5 — 1,05 s men-



HbIx 1 0,55 — T, 1 cM?/c U1 BOOOXJIAKIAEMBIX M3JI0KHHULL, a TEMIIEPATYPA JIUThI
Ha 140 — 350 rpan BeIlIe TEMOEpaTy Pbl HAYAIA KPUCTAUIU3ALMA PACTUIABOB.
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Puc. 1.4.12 — U30TepMBbI KpUCTATUTU3AINHN CIUTKOB JPAroLeHHBIX METAINIOB M CIUIABOB, OTJIMBAe-
MBIX TIO TPUHIIAITY HEHAMPABICHHOM (a — 3) M HAIPABIIEHHOH (M — 0) KPUCTAIUTU3AIUN B TOPH-
30HTaJIBHBIE (2 — B, ), ¥ — J1) ¥ BEPTHUKAIBHBIE (JI, M, 0) U3IIOKHHUIBI HAIIOTHEHHS, a TaKKe B 0e3-
JOHHBIE KPUCTAIIIU3ATOPHI (H): @ — € — BLICOKOCKOPOCTHOE JIUThE B U3JIOKHUIIBI ¢ HA3KOW OXJ1a-
JKIAFOINEH CIIOCOOHOCTBIO; K, 3 — TO e, H3TOKHHUIIBI CO CPETHEH OXJIaXTa0IeH CITOCOOHOCTHIO;
¥, M — HI3KOCKOPOCTHOE JIUTHE; K, J1 — JIATHE MO CITOCO0Y DPUKCEHA;, H — HEMPEPBIBHOE
JIUTHE;, O — JTUThE 1O crmocody JlaBpora

MeToa HU3KOCKOPOCTHOTO JIUThSI CIMTKOB APAroleHHbIX METAJIOB M CIlia-
BOB CBOOOJIEH OT HEJOCTAaTKOB, MPUCYIIUX BBICOKOCKOPOCTHBIM METOJIaM JINThA.
Hu3K0CKOPOCTHOE JIUThE COYETAET B ce0€ MPEUMYILECTBA HEMPEPHIBHBIX METOJIOB
(paBEHCTBO JIMHEHHBIX CKOPOCTEH 3aMOJIHEHUS W KpUCTAUIU3ALKUM) U OOBIUHOTO
CJIMTKOBOTO JINThSI (OTCYTCTBUE NEPEMEILICHMS CIUTKA OTHOCUTEIBHO U3JI0AKHUILbI).
BHeniHe HU3KOCKOPOCTHOE JIMThE BO MHOTOM CXO0€ C BBICOKOCKOPOCTHbIM. OfiHa-
KO 3TO CXOJCTBO JIMIIb KAXYIIEECs, TaK KaK UMEIOTCA MPUHLIUNUAIbHBIE pa3inuus
B TOHKOCTSIX KOHCTPYKTHUBHOI'O U TEXHOJOTMUYECKOTO 0(hOpMIICHUS (YUCIIO U pa3Me-



Pbl JTIO3UPYIOIIUX OTBEPCTUH B PA3IMBOYHBIX IMPUCTOCOOJICHUAX, COOTHOIICHHE
MEXTY TOJNIIMHAMH CIIMTKOB M CTEHOK M JTHUII M3JI0KHHII, CIOCO0 M XapaKTep Io-
Jau¥ PACTUIaBOB B M3JIOKHUIIGI) M, TJIABHOE, B TEMIIEPATYPHO-CKOPOCTHBIX PEXKH-
Max JINThbA M KPUCTAIUIM3AIMK CIIUTKOB, B COOTHOIIECHMSAX MEXAY TIaBHEHITUMU
TEXHOJIOTHUECCKUMH TIapaMeTpaMu (CKOPOCTHIO, TEMIIEPATYPOH JIUThHS, TOJIIAHON
CIIUTKA W OXJIAXKIAIONMICH CIMOCOOHOCTHhIO M3JIOKHHUIIGI IS KaKJAOr0 JAHHOTO Me-
TajuIa, CIijlaBa), 00yCIIOBIMBAIONINE B KOMILJIEKCE TOT WJIM WHON XapaKTep KpUCTaJ-
JIU3AlMHU PACIJIaBOB M COOTBETCTBYIOIIEE €My TO MJIM MHOE KaYe€CTBO OTJIMBAEMBIX
CIIUTKOB TO IIOTHOCTH, JAWCIEPCHOCTH CTPYKTYPbl M JAPYTHM MoKazarensMm. B
CpaBHEHHUM C OOBIYHBIMH METOJAMH JINThA HU3KOCKOPOCTHOE JIUTHE MO JTIIOOOMY Ba-
PHUAHTY TPEAYCMaTPUBACT CIICAYIONIEE:

1. Pe3koe cokparrienue o0beMa 30Hbl KPUCTAIM3AIMK U CTaOUIIM3AIINIO €10,
a Takxke oOecreueHne HaNpPaBJICHHOCTH (PPOHTA KPUCTAIUIM3AIMA 32 CUET: a) CHH-
JKEHHUSI CKOPOCTEH JIMThS 10 3HAUYCHWM, COOTBETCTBYIOIIUX KPHUTHUECKUM CKOPO-
CTSAM KPHUCTAJJIM3AllMK CIIUTKOB, MyTE€M OCYIIECTBIICHUA MPEACILHO MEIJICHHOTO
JIO3UPOBAHHOTO 3AIMTOJTHECHUS W3JIOKHHMI] PaciyiaBaMu; 0) 3HAUUTEIIBHOTO TOBBITIIE-
HHS OXJaXJAI0IIEH CrIOCOOHOCTH M3JIOKHMIL MyTEM 3aMEHbI MX TOJICTOCTEHHBIMH
YyTYHHBIMH, CTATbHBIMU U METHBIMH WA BOJOOXJIAKIAEMBIMHU W3JI0KHHUIIAMHU,, B)
YMEHBIIICHUA TOJIIMH CIMTKOB A0 20 — 40 MM, onTUMAaNIbHBIX AJIsl HAIIPaBJICHHOH
KPHUCTAJUIM3AlMM B U3JI0KHUIIAX HATTOJTHEHMUS.

2. CHMXeHHEe MHTCHCUBHOCTH THAPABIMUECKOTO yAapa M CTEIEHU pa3OpbI3-
TUBAHWS PACIJIaBOB MPU TMAJCHUM CTPYH B HBJIOKHHIIBI 3a CUET YBEIMUEHHS WX
YUCJIa U CHUOKEHMS BBHICOTHI TAJACHUA WJIA JIMThS HA HAKIOHHYIO CTEHKY HM3JIOKHH-
ITHI.

3. YcTaHOBIEHHUE TOBBIIICHHBIX TEMIIEPATYPHBIX PEKUMOB JIMThS, COOTBET-
CTBYIOIIIUX CHIJKEHHIO CKOPOCTEH 3alOJIHEHMS WM3JIOKHUI] U TIOBBIIMICHUIO OXJia-
JKJIAIOIIEH CITOCOOHOCTH WX, a TAK)Ke CTAOMIU3AIINIO THX PEKUMOB ITyTEM 3aMEHbI
METAJUTMYECKUX BBHICOKOTEILJIONPOBOIHBIX PA3IMBOYHBIX BOPOHOK Pa3jUBOUYHBIMHU
MPUCTIOCOOJICHUAMH W3 MaJIOTEIJIONPOBOIHBIX MaTEPHAJIOB.

VYcnoBust KpUCTALIUM3AIMNA MPU HU3KOCKOPOCTHOM JIMTHE aHAJIOTHYHBI yCJII0-
BUSIM MPH HEMPEPHIBHOM JINTHE. 3aTBEPACBAHHE CIIMTKA MPOMCXOIUT B MPOIECCE
3aMOJTHEHMS M3JI0KHHUIIBI U 3aKaHUYMBAETCS OJHOBPEMEHHO C OKOHUAHUEM 3aJIMBKH,
B pPe3yJbTaTe Yero JOJIMBKA WA MPUOBLIbHOE MUTaHUE He Tpedyercsa. OMHAKO €CTh
Y Pa3IMuMe:. TIPU HU3KOCKOPOCTHOM JIMThE CIUTOK HE MEPEeMENaeTCsl OTHOCHUTEb-
HO M3JIOKHMIBI U TIO3TOMY TMOBEPXHOCTHBIE CJIOM €r0 HE IMPEeTepreBaloT Hexkena-
TEIIbHBIX PACTSHKECHUM, YTO TUIHMYHO IS HEIPEPHIBHOTO JIMThS U SBIIACTCS OJTHAM
M3 CYILECTBEHHBIX HEAOCTATKOB MoOcieaHero. HU3K0CKopoCTHOE JUThE MO3BOISET
MOJy4yaTh CIMTKH JIparoneHHbIX MeTaioB mMaccoit 1o 300 xr u Oosee, BHICOKOH
MJIOTHOCTH O€3 IIJIAKOBBIX U OKHCHBIX BKIIFOUEHMH, YTO 00ECIEUMBAET MpaKTHUE-
CKH TOJIHOE€ yCTPaHEHHE METAILTyPrHuyecKoro Opaka 1Mo My3bIpsAM, IJICHAM, Tpe-
IITAHAM, JIMKBAITMOHHBIM SIBJICHUSAM W APYTHUM ae(eKTaM, IMOBHIIIACT BHIXO/I TOIHO-



r0 M CHIJKAET MOTEPU METAJUIOB B MPOU3BOJCTBE. BapuaHThl HU3KOCKOPOCTHOTO
JUThS PA3IUYAIOTCSI KOHCTPYKTHUBHBIM O(DOPMIICHHEM, a TaKKe TEXHOJIOTHUYECCKOH
COBEPLLICHHOCTHIO.

Henocratok uThsi B rOpU30HTAIBHBIE U3JIOKHHUILIBI — OOJIbIIIAA OTKPbITASA MO-
BEPXHOCTh OTJIMBAEMOTO CIIUTKA U OTHOCHTENBHO OOJbIIEE OKHUCIEHUE PACIUIaBa
MPH JINTHE U KPUCTAJUIM3ALAMN, YEM B JPYTUX BapuaHTaX. BepTUKAIbHOE JINTHE B
CTAllMOHAPHBIE U3JI0KHULBI XaPaKTEPU3YETCA XOTA U HE HHTEHCUBHO MCTEKAKOLIU-
MU, HO BCE K€ MAJAOIIMMHU CO 3HAYUTEILHOU BBICOTHI CTPYSAMH PACILIaBOB U BO3-
MO>KHBIM UX YAaCTUYHBIM Pa3OpBI3rUBAHUEM W MOMAJAAHUEM HA CTCHKH W3JI0XKHUIIL.
Jluthe B omycKaromuecss U3I0KHUIE XapakTepusyercs maioi (10 — 20 mm) BbICO-
TOW MaJicHUsi CTPYH U BO3MOKHOCTHIO MOJYUCHHUS HAuOOJEe KPYMHBIX CIUTKOB,
YTO BEChMa TMOJIOKHUTENbHBIN (hakTop. Hemoctarok — M3I0KHHAIIBI UMEIOT OTKPHI-
TYIO CTEHKY U BEPX, UTO HE MO3BOJIAET 3AIUUILATH PACTIJIABbl OT OKUCIIEHUS TIPH JIU-
The. KpoMe Toro, npucnocoOieHus il pa3iuBKU 3TUM METOJOM HE UMEIOT XOPO-
IEro IUIAKOYAEPKaHUs. JINTbe B BEPTUKAJIbBHBIE MOBOPOTHBIE WU3JIOKHUIBI MO3BO-
JIAE€T OCYLIECTBIIATL XOPOLIYIO 3allUTY PACIUIAaBOB OT OKHUCIIECHHUS, HAET BO3MOXK-
HOCTBb XOPOILEr0 OTCTOSA PACIUIABOB OT LUIAKA U €r0 YAEP)KAHUA, HO OTPAHUYEHO
10 pasMepaM CIIUTKOB.

Jlutbe B TOPU3OHTANBHBIC, BEPTHUKAIBHBIC CTALMOHAPHBIC, BEPTUKAJIBHBIC
OITYCKAIOILIUECH, & TAKIKE BEPTUKAJIbHBIE MOBOPOTHBIE M3JIOKHHUIIBI C I03aTOPOM-
OTCTOMHUKOM, KaK U MPU OOBIYHOM JIMOO HEMPEPHIBHOM METOJIE, OCYILECTBISAETCA
C MPOMEKYTOUYHBIM NEPEIIMBOM PACILIABOB YEPE3 PA3JIMBOYHBIE BOPOHKU WJIA 103a-
TOPBI, UTO BBI3BIBAET HEOOXOJMMOCTH JAOMOJIHUTEIBHOIO MEPErpeBa PaciliaBoB.
DTOT HEJOCTATOK OTCYTCTBYET B BAPUAHTE HU3KOCKOPOCTHOTO JIUThS C JO3UPOBOU-
HOW KpPBIIIKOMW, I€ POJIb PA3JIMBOYHOW BOPOHKH BBINIOJHAET CaM IUIABUJIbHBIN
TATENb, 4 POJIb A03aTOpa — MO3UPOBOYHAA KpBIIKA. Takoe KOHCTPYKTHBHOE
odopmIIeHHEe METOAa HU3KOCKOPOCTHOTO JIUThSl 3HAYMTENILHO YMPOINAeT U ober-
YAET €r0 MPAKTUYECKOE OCYIIECTBIICHUE, 3AMEHAA OTKPBITBIA MEPEIIUB PACILUIaBOB
3aKPBITHIM, TOAOOHBIM CH(POHHOMY TIEPENIUBY, UTO PE3KO YMEHBINAET 3aXBaT ra30B
U OKHCJICHUE PACIUIABOB MPH JINThE, CHUKAECT HEOOXOAUMBIN MEpEerpeB pacijlaBoB
nepes pasiuBKOM M 00ECHeuMBAET 3alOJHEHUE HM3JIOKHUL OT Hayaja A0 KOHIA
MPAKTUYECKA TPHU MOCTOAHHON TEMIIEpAType paciuiaBoB. Bece 3Th mpenmymecTsa
JIEAI0T HU3KOCKOPOCTHOE JIMThE €le 00Jee COBEPIIEHHBIM M MO3BOJIAIOT MOJTY-
4YaTh BHICOKOKAUECTBEHHbBIC CIIMTKHU 0€3 yCaJ0UHOM, ra30BOM MOPUCTOCTH U JIUKBA-
LUOHHBIX ABJIEHUN, C XOPOILIENA CTPYKTYPOU U NMOBEPXHOCTEIO.

HenpepriBHOE TuTHE

HenpepbiBHOE TUThE NPOU3BOAUTCA B OE3/IOHHBIE CTAJIBLHBIE U MEAHBIE BOJO-
OXJIAKJIAEMbIEC KPUCTAILJIM3ATOPbI 0€3 BTOPUUYHOTO M CO BTOPUUHBIM OXJIAXKJIECHUEM
CJIUTKA BOJOU IPU CKOPOCTAX 3arOJHEHUA, PABHBIX JIMHEHHBIM CKOPOCTAM KpH-
CTATM3alMKU. DTO YCIIOBUE U1 JAHHOTO METOJa 00ECNEeYnBaET MOJyYEHHUE BBICO-
KOKQUECTBEHHBIX CIIMTKOB M3 JIPArOLIEHHBIX METAUIOB U CIUIABOB, €CJIU IPUBEICH-



HEBIH KO(PUIMEAT CKOPOCTH JUuThs coctapaser 0,55 — 1,4 cm’/c, B TOM uucie B
BOJOOXJIQK/IAEMbIe KPUCTAJUIM3ATOPhl 0€3 JOMOJHUTENbHOTO (BTOPUYHOIO) OXJia-
xaenns 0,55 — 1,1 em?/c, a Temneparypa nuths Ha 140 — 350 rpaj BhILIE TEMIEpa-
Typbl Ha4YaJia KPUCTA/UTH3AIIANA PACTUIABOB.

W3 u3BECTHBIX BApPUAHTOB METO/Ia HEMPEPHIBHOTO JINThSI B 3aBUCHMOCTH OT
(hopmBI, pa3MepoOB, MAaCcChl OTIIMBAEMBIX CIIATKOB W POJA PACIUIABOB I TIPAKTHYIC-
CKOTO MPUMEHEHHSI (B PA3TUYHBIX COUETAHUAX OTACIBHBIX (PAaKTOPOB) MOKHO pe-
KOMEHJIOBATh CJACAYIONINE MPUMEHHUTEIBHO K JIPArolieHHBIM METajlaM | CTUIaBaM
BAPUAHTHI €TO TEXHOJIOTHUIECKU-KOHCTPYKTUBHOTO odopmienus (puc. 1.4.13, a, 6).
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1 — noanoH ONMyCKaHMs BBIXOASLIETO U3 KPUCTAJUIM3ATOPA CIUTKA;, 2 — CIUTOK,
3 — KpUCTAIIU3aTop, 4 — pa3IUBOYHAsl BOPOHKA, 5 — TUreJb WIH N1€Yb
Puc. 1.4.13. Cxembl KOHCTPYKTHBHOT'O U TEXHOJIOTHYECKOTO O(OPMIICHHUS] METOIOB HEMTPEPBIBHO-
IO JINTbSI APArOLEHHBIX METAJUIOB U CIIJIABOB

BapuanT nepsbiii. JINThe MIOCKUX U MPYTKOBBIX CIUTKOB cepedpa, 30510Ta,
TIJIATWHBI, TTAJIJIaIAs U UX CIJIABOB, HE COACPIKAIIUX JIETKOTUIABKHUX COCTABJIAIOIINAX
U XUMHYCCKUX coeamHeHui, Mmaccout 6onee 100 — 200 xr B 6€300HHBIC BOIOOXJIA-
KIAEMbIe KPUCTAILTU3ATOPBI 6€3 MOTIOJTHUTENHHOTO (BTOPHYHOTO) OXJIAXKACHHS Ue-



p€3 MHOTOCTPYHHBIE HEMETAJUTMYECKHUE PA3IMBOYHO-TO3UPYIONTHE BOPOHKH CO
nakocOopHUKamu mo cxeme puc. 1.4.13, a:

BxAxB=(50-300k {000 u Gonee |Mm
wn JIxB=(50-150k {000 u Gonee |mwm,
B:A:B=l:(1-6): (20 u Goxnee|

wn [ : B=1: (20 u Gonee ).

BapuanT BTOpO#. JINThE MIIOCKUX M MPYTKOBBIX CIUTKOB cepedpa, 30J10Ta,
TIJIATWHBI, TTAJIJIaIAs U UX CIJIABOB, HE COACPIKAIIUX JIETKOTUIABKHUX COCTABJIAIOIINAX
U XUMHAYECKNX coeauHeHnit maccor 0ostee 100 kr B 6e310HHBIE BOIOOXJIAXKIAEMBIE
KPUCTAJUTH3aTOPHl C JOTIOTHUTEBHBIM (BTOPUYHBIM) OXJIAXKJACHUEM CIIMTKOB BO-
JION 4epe3 MHOTOCTPYHHBIE Pa3TMBOUYHO-A03UPYIOIINE BOPOHKH CO IUIAKOCOOPHU-
kaMu mo cxeme puc. 1.4.13, 0:

BxAxB=(50 u 6onee)x 50 u Gomeex) 1000 u Goee | MM
nmn J1xB=(50 u Goneek {000 u Gonee |mm,
B:A:B=l:(1-6): (20 u Goxee|

wn J1 : B=1: (20 u Gonee).

HemnpepriBHOE TMTHhE BechbMa MEPCTIIEKTUBHBIX METOAOB JIMThS JIPAroleHHbBIX
METAJUIOB W CIJIABOB, HE COJAEPIKAIIMX JIETKOIJIABKMX COCTABIIAIOIIMX M XUMUYE-
CKMX COEAWHEHWI, NPH 3HAYUTENIbHBIX O0BEMax MPOU3BOACTBA CPABHUTEIBHO
KpymHbIX (ToNumHoN 6omee 40 MM) cIMTKOB. JJOCTOMHCTBO METOAA HEMPEPHIBHOTO
JIUThA: BO3MOJKHOCTh 00J€€ MHTEHCHUBHON KPUCTAIU3ALMHU CIUTKOB, OCOOEHHO
PH TOTIOJHUTENFHOM (HEMOCPEACTBEHHOM ) MX OXJIKICHUH BOJOH, YTO U OT/INYa-
€T 3TOT METOJ OT JINThSI B U3JI0KHULIBI HATIOJIHEHUS W MO3BOJISAET OTIMBATh OoJiee
KPYIHBIE CITUTKH, CHUXKAsA TEM CaMbIM X C€0ECTOMMOCTb.

3HAYUTENbHBIH TEMIEPATYPHBIA TPAUEHT MTPU HETIPEPHIBHOM JIUTHE SBJISET-
CS M HEJOCTATKOM JUIsl CIJIABOB, CKIIOHHBIX K PACTPECKUBAHUIO B TOPSAYEM COCTOSA-
HUU (CIUJIABBI, COJEPIKAIINE JIETKOIJIABKAE COCTABIIAIOLINE, WM XUMHUYECKHE CO-
eIMHEHUA ¢ (Pa30BBIMU NPEBPAIICHUAMH B TBEPJOM COCTOSHHWH). ITO MOJIOKESHHE
yCyryOnsercs npu YBEIMYEHUH CKOPOCTH JIUThS M HEPABHOMEPHOM BBITATHBAHUH
CJINTKOB W3 KPUCTAIIM3aTopoB. [lepeMelienrne cimTka OTHOCUTENBHO KPUCTAIIIH-
3aropa 3aTpyAHAET MOJYyYEHUE MOBEPXHOCTH XOPOLIEro KayecTBa U TpeOyeT Mexa-
HHUYECKYI0 00paboTKy mepea o0padoTKON JaBiIeHUEM, YTO TTPH HEOOJBIIIONW TOJIIIIH-
HE CYIIECTBEHHO CHMIKAET BBIXOJ roiHOr0. Kpome Toro, BBIX01 FOTHOTO YMEHbLIA-
€TCS TAK)KE 32 CUET HEOOXOAMUMOCTH NMPU JAHHOM METOJIE YAAJE€HUA HAYalbHOH H



KOHEUHOM yacteit cnutka pazmepamu cootBerctBeHHO 100 — 150 u 50 — 100 mm. B
OCTaJIbHOM, METOIbl HEMPEPHIBHOTO JINThA CXOAHBI C METOAAMH HU3KOCKOPOCTHOTO
JIUThSI U MOTYT O0€CMEUNUTh MOJyUYEHUE TJIOTHBIX CIMTKOB 0€3 YCaJOUHbIX M ra3o-
BBIX PBIXJIOT, IIUTAKOBBIX BKIIIOUCHUH, a Tak:ke 0€3 JUKBALUKU C MEJIKOJAUCTIEPCHOM
CTPYKTYPOH.

KonTpoabHbie Bonpochl K pasaeny 1.4

1. ITouemy He UCMONB3YIOT YUCTHIC APATOLEHHBIE METAILIbI AJIsI U3rOTOBJIC-
HUSI FOBEJIMPHBIX U3JETUN?

2. Kakue mpoObl 30J10ThIX CILJIABOB BbI 3HACTE?

3. Kakue npoObl cepeOpAHbIX CIIABOB MUCIOJIb3YIOT B IOBEIUPHON MPOMBIIII-
JIEHHOCTHU?

4. Kakue HeMeTAIUTMUECKUE MAaTepHUAJTbl UCTIOJB3YIOTCA MPHU IJIABKE 30J10TA U
cepedpa?

5. Kakue marepuayibl UCTONB3YIOT B KAueCTBE 3aITUTHBIX (DIIFOCOB U CPea
JUIS 30J10Ta U cepedpa?

6. Uto Takoe packuciaeHue?

7. JlocTOMHCTBA ¥ HEAOCTATKU METO/1a BAKYYMHOM TIJIaBKH?

8. UeM TUMUTHUPYETCSA CKOPOCTh MpOLEcca yIAJICHUS BOJIOPOA U3 30J0ThIX
U cepeOpsSHbIX CIUIABOB, TPU BaKyyMHOM IJIaBKe?

9. Uto BIMSAET HA CKOPOCTh KPUCTAIUIA3ALUN U OXJIQXKACHUS OTIIMBOK?

10. K xakum mpocTeiM hopMaM HEOOXOAMMO TMPUBOIUTH OTIIMBKH TIPHU pac-
YeTe BPEMEHH 3aMOTHEHUS JINTCHHON HOpMBI?

11. Kakre MeTasibl OTHOCATCS K TUIATHHOBOM TpyTine?

12. Kakue criiaBbl TUIaTHHBL PEKOMEHIYOTCS JUTsl TPOU3BOJICTBA FOBEJIMPHbBIX
1731 (S 1417

13. C kakumMm MeTayulaMH TIJIaTUHA OO0pa3yeT HENPEPhIBHBIC TBEPIbIC
pacTBOpHI?

14. Kakue meramibl peKOMEHIYIOTCS AJi JISTUPOBAHUS TUIATUHBI MPU BbI-
TJIABKE OBEIUPHBIX CIJIABOB?

15. Kakoii cnoco0 mjiaBku peKOMEHYETCs ISl CIJIABOB TJIATHHBI W MaJljia-
us?

16. Kakoit cmoco0 5uThbs PEKOMEHAYETCS Uil CIUIABOB IUIATUHBI M
najiaaus’?

17. HeoOGxoaumMo Jid pacKUCIACHUE MPH IJIABKE CIUIABOB IUIATHHBI U MaJljia-
us?

18. KakoB mopsAoK 3arpy3Kd IIUMXThl B IJIABWIbHBIM arperar Mpu IJIaBKe
CIJIABOB MJIATHHbBI?



19. Kakne matepraibl HCTIONB3YIOTCS IS U3TOTOBJICHUS TUTIICH IJIs TIJIaBKH
TIJIATHUHBI ?

20. Kakue ¢akTopsl TpUHUMAIOT BO BHUMAHHE TPH BHIOOPE TEMIIEPaTypPhI
MPOKAJIKH OTIOK, JIJISl JIATHS FOBEITUPHBIX U3IETHN C KAMHAMHE?

21. Kakue ocoOEHHOCTH MMEET MPOIECC OXJIKACHUA OMOK IMOCIE 3aJUBKH,
MIPH JINTHE IOBETUPHBIX U3CITAN ¢ KAaMHSAMUA?

22. Kakue 0cOOEHHOCTH MMEET AU3aiiH MOJENEH UCMOIb3YEMbIX I JIUThS
IOBETUPHBIX M3CITHNA ¢ KAaMHSAMUA?

23. Kakue kKaMHH HETIPUTO/THBI TS JIATHS FOBEIIMPHBIX U3/ICTUH C KAMHSIMHE?

24. Kakue xkamMHU HauOoyiee MPUTOJHBI ISl JINThSl IOBEJIUPHBIX M3ACIHN C
KaMHSIMM ?

25. Kakumu cBoicTBAaMH J0DKHA 00anats hopMomMacca Ui U3TOTOBIICHHS
OTIOK TIPH JIUTHE FOBEITUPHBIX U3ICTUI C KAMHAMHE?

26. B uem oTnmurMe WHXXEKIMOHHBIX BOCKOB HCIIOIB3YEMBIX TPH JIUTHE C
KaMHSIMH, OT TPAAUIIMOHHBIX ?

27. Kakyto pe3wHy HCTOIB3YIOT I U3TOTOBJICHHS TIPecC-(hopM MPH JTUTHE C
KaMHSIMM ?

28. Ocobennoctu cO0pKH OJIOK-MOAETH (€ITKH) TIPU JIUThE ¢ KAMHAMHA?

29. OcobeHHOCTH pa3bOPKH MOHOJIUTHOW (DOPMBI M OUMCTKH OTIHUBOK TIPH
JIUTHE C KAaMHSIMU?

30. Kak Bnaustor (ha3oBbIie TPEBPAIIECHUA, TIPA OXJIAXKIACHUH FOBEITHPHBIX
CIJIABOB HA MX MEXAHUUECKHUE CBOMCTBA?

31. Kak ynopsijoueHHOE€ COCTOSIHME CILJIaBa BIMAET HA €r0 MEXAHMUECKHE
cBolcTBa?

32. Kak BAMSET KOJMUYECTBO COJACPMKAHUA MEIU HA IUIACTUYHOCTh 30JIO0THIX
CIJIaBOB?

33. Kak MOKHO yCTpaHUTh OXPYMUYUBAHKUE 30JI0THIX U CEPEOPAHBIX FOBEJIUP-
HBIX CIJIABOB?

34. Kak BAMAET MOBBIIICHHOE Ta30COAEPKAHUE HA TJIACTUYHOCTH HOBEJUP-
HBIX CIJIABOB?

35. Kak BiouseT HU3KOTEMIMEPATyPHBIH OTKHAT HA TIACTHYHOCTH 30JI0THIX
CIJIaBOB?

36. Kak BauseT crapeHre Ha MEXAHUYECKHE CBOMCTBA 30JI0THIX U cepelps-
HBIX CIJIABOB?

37. Kakoil KOMIUIEKC MEXaHWUYECKHUX CBOWCTB, OJIATOMPHUATEH JUIS JIMTHIX
FOBEJTUPHBIX U3ETUN?

38. KaknuMu TEXHOTOTHYECKHMH OTECPAIMSIMH MOXXHO TIOBBICHTH TUTACTHY-
HOCTb IOBEJIUPHBIX CIIAaBOB?

39. YnopsaoueHHas Wid pa3ynopaa0ueHHas CTPyKTypa cijiaBa obecneunBa-
€T MJIACTUYHOE COCTOSIHUE CIlIaBa?



40. Tlo KakKuM TEXHOJIOTHUYECKUM MPU3HAKAM U XAPAKTEPY KPUCTATUIU3ALMNHU
MOJPA3ACHAIOTCSA METO/IbI JINThS CJIUTKOB?

41. Yem obecnieumBaeTcs HAMPaBJICHHOCTh KPUCTAUIU3ALMU CIIUTKOB?

42. Kakue nedekTsl 00pa3yroTcsl TPH JINThE CIMTKOB NPHU HEHAMPABIICHHOMN
KPUCTALTA3ALUU CIIUTKA?

43. Kakas CKOPOCTb 3aMOIHEHUS U3JI0KHUIbI MPUBOJAUT K HEHAMPABJICHHOM
KPUCTALTA3ALUU CIIUTKA?

44, KakuM¥u TEXHOJIOTHUECKUMHU METOJAMH MOKHO CHH3UTH NEe(PEKTHOCTH
CJIMTKOB OTJIMBAEMbIX C HCHANIPABJACHHON KPUCTAJUTU3ALMCH?

45. Kak BnusieT oOTCyTCTBUE (PpOHTA KPUCTAIUTA3AIMN HA JIMKBAITHIO CTLJIABOB
B OTJIMBAEMBIX CIIUTKaX?

46. Uto Takoe HU3KOCKOPOCTHOE JIUThE, MOJIOKUTEIbHBIE U OTPUIIATENIbHBIC
nokasarenu Meroaa?

477. KakoBa TEXHOJIOTUSI HEMPEPHIBHOTO JIUThS CIIUTKOB?

48. CKOJBbKO CYIECTBYET BAPUAHTOB HEMPEPHIBHOTO JINThS CIIUTKOB U B YEM
WX OTInYne?

49. B 4eM COCTOSAT NPEeUMYIIECTBA HEMPEPHIBHOTO JINThS CIIUTKOB?

1.5. MeToas! onpeaesieHust Npo0bI APATOLEHHbIX OBEJTHPHBIX CIIA-
BOB H YNPABJICHUE KAYECTBOM IOBEJIMPHOI NPOAYKIIHH

Jlexuus 17

1. Metoibl TpOOUPHOTO aHAJIU3A IOBETUPHBIX U3ACIIHM.

2. KomriekcHast cucteMa yrnpaBJIeHUEM KaueCTBOM IOBEIUPHON MPOIYKIIMH
(KC YKII).

2. OcHOBHBIC TIPUHITUTIEI (DOPMHUPOBAHKS W Pa3pabOTKH CHCTEMBI YIIPaBJIe-
HUS KAY€CTBOM FOBEJIMPHON MPOAYKIUH.

3. Kpurepuu onenku >pdexrusaoctu aevicreus KC YKII.

4. OCHOBHBIE 33/1aU¥ CUCTEM YNPABJICHUA KAUYECTBOM.

JIOCTOMHCTBO CIUIaBa, M3 KOTOPOTO HW3TOTOBJIEHBI 30JI0ThIE, CEpeOpsAHbIE,
MJIATUHOBBIC WJIW TAJIIaWeBhIe W3ACNHS, onpeAcseTcs npoOoH, moKa3bIBatoIeH
coaepxanue AparorneHroro metamia B 1000 gacteit (mo Macce) muratypHOro Cruia-
Ba. [IpoObl u kieliMeHue wu3Aenuil W3 JAparoleHHbIX MeTauioB B Poccum
obiin BBeZeHbl B XVII B. — B mepuoa oOpa3oBaHHs PyCCKOTO HAIMOHAIBHOTO
pbiHKa. 30J10TO U cepedpo kiekhmunuch B Mockse B CepeOpsinoit nanarte. Onpene-
JICHUE KauecTBa cepeOpsaHbix uzaenui B X VII B. mpou3BOAMIOCH IO M3MEHEHHIO



I[BETA MPU HAKATUBAHWU HA OTHE U B PEAKUX CJIydyasx — Ha NPoOUpHOM KamHe. B
1700 r. ykazom Ilerpa I npoOupHsbiil Haf30p ObLT PEOPraHu30BaH, U ObLIO CO3AaHO
[{entpansHoe npodupHoe yupexaeaue ([Ipobupnas nanarka), mogunaennoe Opy-
KEWHOW majare, ¢ NpoOMPHBIMU MacTepaMu B KPynHbIX ropoaax. B 1878 r. Bexe-
HUE JeJ1 0 NTPOOUPHOMY HAA30py ObLIO nepeaaHo B MOHETHYIO KOHTODY.

Haubonee 3HaunTenbHOM KHUTON 1O nMpoOupHoMy uckycctBy B XVIII B. sB-
ngercsa Tpya M. B. Jlomonocosa «llepBbie OCHOBaHUA METATYPIUM WIA PYIHBIX
JIeJ», B KOTOPOH OH Mepe] OMUCAHUEM 3aBOJCKOTO METAJLUTyPruYeCKOro mporecca
JaJl U3JI0KEHUE TPOOUPHOr0 UCKYCCTBA.

B Hameil ctpane mpo6a AparoueHHbIX METaioB A0 1927 r. BeIpaxkaiach
YUCJIOM 30JIOTHUKOB B 0JHOM (hyHTE cruiaBa (pyHT paBeH 96 3omoTHuKam). Hampu-
Mep, 30J10TO 56-i1 mpoObl coaepxkano 56 30JI0THUKOB YUCTOTO 30j10Ta U 40 3050T-
HUKOB JIUTATyphl (Meau, cepedpa WK IPYTUX MBETHBIX METAJIOB).

B 1927 r. Oblin BBEJICHBI HOBBIE METPUUECKHUE KJI€HMa, W B HACTOAILEE Bpe-
Ms B Poccun ycTaHoBeHbI TPoObl, KOTOPbIC MpUBEACHBI B Tabmuie 1.5.1.

Tabmauua 1.5.1

Poccutickue npoObl AparoleHHbIX CIUIAaBOB
Cunas ITpo6uI
30J0TON 375,500, 583* 585, 750
cepeOnAHbIN 800. 830. 875. 925960
[LJIATUHOBBLIA 900: 950
NaJiaueBbIi 500, 850
* nomycKaeTcst

[TpoOupHBIii HAM30P OCYIIECTBISAETCS WHCIEKIMAMH MPOOUPHOTO HAM30pa.
Bce m3rorossiemsie Ha Tepputopu Poccum 10BeTUPHO-OBITOBBIE W3NS U3 Ipa-
TOIICHHBIX METAJIJIOB, MPETHA3HAUEHHBIE /I TPOJAXH WIIA BHITIOJIHAEMBIC TI0
OTICIBHBIM 3aKa3aM, JOJDKHBI YIOBJIETBOPATH OJAHOW M3 y3aKOHEHHBIX B Poccum
npo0 U OBITH 3aKJICMMEHBI B OJTHOM M3 MHCIEKIMI mpoOupHOro Haazopa. Ha Bcex
IOBETUPHBIX U3JIENHSIX CTaBAT OTTUCKH TPOOUPHBIX KiekM. Ecnm Ha 305m0TOM M3 1e-
JIUU CTOUT KMo ¢ mudpoit 585, 310 3naumt, uto B kaxkaoi 1000 wacreli cruraBa
(mo macce), H3 KOTOPOTO M3rOTOBJCHO MAHHOE W3JCTHE, COACPKUTCA 585 wactm
305i0Ta U 415 yvacteit apyrux metaioB. Uem Bbiiiie mpoda, TeM OOoJIbIlIee KOIUUe-
CTBO YHCTOTO 30JI0TA WJIM YKCTOTO cepedpa HaXOAUTCS B TAaHHOM u3aenun. Uncroe
cepebpo wim 30510T0 mMeeT mpody 999.9 (npm pasmuyHBIX pacdeTax OKPYTISETCS
no  1000). JIns mepeBoma 30J0THHKOBOM MPOOBI B METPUUECKYIO, U HA00OOPOT,
MPUMEHSACTCA CISAYIONIEE COOTHOIIICHHUE:

96/1000 = a/x,

r7e a — 30J0THHUKOBas mpoda; X — MeTpudeckas npooda. Orcroaa



_ 1000 a
%

B Anrmum u CIHIA npuMeHsieTcs Tak Ha3biBacMas KapaTHas cucTeMa Ipoo,
npu kotopoit 1000 MmeTpudeckux mpod COOTBETCTBYIOT 24 KapaTam.

Jlns nepeBoJa KaparHOW MpoObl B METPUUYECKYIO U OOPATHO MPUMEHSETCA
CJIEAYIOIIEE COOTHOIICHHE:

24/1000 = 6/x

rae 0 — kapaTHas npo0a; X — MeTpuueckas npoda. Orcroa
1000 6
X =
24
Tak, nanpumep, npoda 750 coorBercTByeT 18-KkapaTHOil pobe, mpoda 5835 -

14-kapartHoii, a mpoba 375 - 9-kaparnot#i (Tabmuma 1.5.2).

X

Tabmauua 1.5.2

CootHomeHue mpod paroeHHbIX METAJIOB

Kaparnas 30JI0THUKOBAs Metpuueckas

8 32 333

9 36 375
12 48 500
14 56 583, 585
16 67 700
18 72 750
19 77 800
21 84 875
21 86 900
22 88 916
22 89 925
22 91 950
23 92 958
23 92 960
24 96 1000

Krnelimenune nznenuii u3 1parolieHHbIX METAJUIOB (30J10Ta, cepedpa, TIaTHHBI
Y TIAJUTa /i) MHCTIEKIMEH MPOOMPHOTO HA30pa OCYIIECTBIISIETCS TOCY AapCTBCHHBI-
MU TPOOMPHBIMU KJIEMaMK yCTAaHOBJEHHOTO 00pa3ua. OCHOBHbIE MPOOUPHBIE
KJIEMiMa UMEIOT CaMOCTOSTEIbHOE 3HAUEHKE, U KICHMEHNE UMH U3/IeNIUiA U3 Aparo-
LECHHBIX META/JIOB yJOCTOBEPSET, UTO M3JCIUS MPOILIA NPOOUPHBIN KOHTPOJb U
yIOBAETBOPSAOT TpeOoBaHusaM [lonoxkeHuss o mpoOupHoM Haazope. JlomoaHUTENb-
HbIE€ MPOOUPHBIE KJICHMA CAaMOCTOSTENILHOTO 3HAYEHUSI HE UMEIOT U MpU KIiehme-
HUM U3JICTUNA U3 APArOl€HHBIX METAJIJIOB MPUMEHSIOTCSA TOJABKO B COUETAHUHU C O~
HUM U3 OCHOBHBIX MPOOUPHBIX KJICHM.

['ocynapcTBeHHOE NPOOMPHOE KIEHMO COCTOMT M3 3HAKA YAOCTOBEPEHUS U
3HaKa MpoObl, KOTOPbIE MOTYT MPOCTABIATHCS BMECTE WK OTJEABHO. 3HAK YA0CTO-




BEPEHUS - roJioBa padouero, )KEHCKas TojoBa ¢ KOKOIIHWKOM, CEpH U MOJOT HA
(hoHE MATUKOHEUHOM 3Be3/1bI U H(P HHCTICKITNN (OyKBa TPEYECKOTO HUJTH PYCCKOTO
ancdaBuTa U WHBIE 3HAKK). 3HAK MPOOBI - TpEX3HAUHAS MU(pa, MOKA3BIBAIOIIAs KO-
JIMYECTBO BECOBBIX E€UHUII JAPArOLEHHOr0 METaJUla B ThICAYE BECOBBIX €IUHMI]
CILJIaBa.

K ocHOBHBIM MPOOUPHBIM KJieiMaM OTHOCATCS KiiekimMa qutepoB A, b, Bu .
Kuneiima mutepa A UMEIOT KpyTiyio (opMy; COCTOAT M3 3HAKA yAOCTOBEPEHHS C
mudPOM WHCIIEKITHH MPOOUPHOTO HAMA30pA; MPEAHAZHAYAIOTCS I KICHMEHU 30-
JIOTBIX, CEPEOPAHBIX, MJIATUHOBBIX W MAJUIAJIMEBBIX W3JCIUNA, a Takke 3y0ompo-
TE€3HBbIX JUCKOB W3 APAroll€HHbIX META/UIOB B COUECTAHUU C JOMOJHUTEIIbHBIMHU
KjieimMamu nutepoB 1l u E.

Kneiima nutepa b UMerOTCS HECKOIBKUX BUAOB:

- KJISWMO B BHJE JIOTIATKH, COCTOSAIIEE W3 3HAKA yJAOCTOBEPEHHs, Immdpa
WHCIEKIIUM TPOOMPHOTO HaA30pa U OJHOM U3 yCTaHOBJIEHHBIX Mpo0: 375, 500, 585,
750 u 958 — mnsa 3o0m0ta u 900; 950 — s TMIATHHBL, TPEAHA3HAYEHO IS KIICH-
MEHUS 30JI0THIX U MJIATUHOBBIX U3ICIINIA;

- KJIEWMO B BHUJEC MPSAMOYTOJBHUKA C BHIMYKJIBIMU MPOTHBOIMOIOKHBIMU TO-
PU3OHTABHBIMU CTOPOHAMHM, COCTOSIIIIEE W3 3HAKA YIOCTOBEpeHHs, Imudpa
WHCIEKIIUM W OJHOM M3 ycTaHoBjiaeHHBIX Mpo0: 800, 830; 875, 925 u 960; coyxur
JUTSL KIIEWMEHUs cepeOpSAHbIX U3ETUN;

- KJI€HMO yCEUCHHO-0BAIbHOM (DOPMBI, COCTOSINEE M3 3HAKA YIOCTOBEPCHHS,
mudpa WHCTICKITUK W OJHOW M3 yCTaHOBIEHHBIX TIpo0: 500 u 850; npeaHazHaueHo
JUTSL KIIEUMEHUS MAJUTAINEBbIX W3S,

Kneitma nutepa B — nByCTOpOHHUE KPYTJIbIE, COCTOAT U3 JBYX OTIEIbHBIX
yacTel: 3HaKa YJIOCTOBEPEHHs C MHUEGPOM HWHCHEKIWH TPOOUPHOTO HAA30pa H
KPYTJIOTO 3HaKa ¢ mudpamMu ycTaHOBJIEeHHBIX mpo0. [IpemnasHauensl s kieiime-
HUA 30JIOTHIX, CEPEOPAHBIX, TUIATHHOBBIX W TMA/UTAAMCBBIX M3ACIANA W YacoB (HA
MPUBEIITUBACMBIX K HAM IIoM0ax), Ay 3oj10ta mpob 375, 500, 585, 750 u 958; nna
cepedpa npoo 800, 830; 875, 925 u 960; nnsa maatunrsl mpodsl 900; 950; s nanna-
nus mpo6 500 u 850.

Kneiitma nmurepa I umeroT npogonrosaryo GopMy ¢ 3aKpyTriCHHBIMH YTJjia-
Mu. COCTOAT W3 3HAKA YIOCTOBEPCHUA, MH(ppa WHCIEKIUA U OJHOW W3 YCTaHOB-
aenHsix mpod: 910, 920, 930, 940, 950, 960, 970, 980, 990, 1000 u mis 3enMeHOTO
cycanbHOro 3oi0ta - npoOsl 750. [IpeaHazHaueHsl i KICHMEHUS Ha Cypryde
KHUXKEK C CYCAJIbHBIM 30JI0TOM U CYyCaJbHBIM CEpeOpOM.

K nononHuTENbHBIM NPOOUPHBIM KiI€HMaM OTHOCATCS Kieima nutepos [, E
U Jp.

Kieiima mutepa [l iMeroT mouTH KBaapaTHyo GopMy CO Cpe3aHHBIMH yTJIa-
mu. CayKar Ajid KJIEHMEHUS Pa3beMHBIX U JIETKO OTJEIUMbBIX BTOPOCTENEHHBIX U
JIOTIOJITHUTEJIbHBIX YaCTEH 30JI0ThIX, CEPEOPAHBIX, TIIATUHOBBIX U MAJIAAUEBBIX W3-



JeIMd OJHOW M3 CIAEAYIONMX YCTaHOBIeHHBbIX mpod: 375, 500, 585, 750, 958,
800,830; 875, 925, 900; 950, 960, 500 u 850.

Kuneiima nutepa E mMmeror kBaapaTHyro (GopMy CO Cpe3aHHBIMH YTJIaMH H
oyksel: HII (He cooTBeTcTBYET TIpoOe). [IpeanasnaueHsl A1 KISHMEHUS 30JI0THIX,
cepeOpAHBIX, TUIATUHOBBIX W MAJUIAJIUECBBIX W3MCIUNA, HE COOTBETCTBYIOIIMX 3asB-
JIEHHOU Tpo6e (BBIXOAAMNX 32 MPEALITBI JOMYCTUMOTO OTKJIOHCHHS), W JUIS U3/Ie-
JIVH, MOCJIe pecTaBpalliid OKa3aBIIUXCA HUXKE HU3IIEH YCTaHOBJIEHHOM mpoOsl. Ha-
JIAraroTCAd HA U3ACIUS B COYETAHWHU CO 3HAKOM YIOCTOBEPEHUS KJEHMa JIMTEpa
A. KneliMeHue 30JI0ThIX M3JETUHN, U3TOTOBIAEMbIX HA MOCKOBCKOM W JICHUHTPA/JI-
CKOM MOHETHBIX JBOPaX, MPOU3BOAUTCS KJIEHMaMHu, COBMEIIICHHBIMU C UMEHHUKA-
MU MOHETHBIX IBOPOB. UMEHHUK — 3TO 3HAK MPEANPUATHS, KOTOPbIM 0003HAYAETCs
COKpAIICHHO HAa3BaHUE MPEANPUATHI-H3TOTOBUTENS U TOJ BhITTycka nuaaeus. [{nud-
pbl U OYKBBI AOTAKHBI ObITh 3aKJIFOUYEHBI B paMKy. OTTHCK MPOOUPHOTO KJIeHMa, KaK
MPABWIO, JOJIKEH CTAaBUTHCA C MPABOM CTOPOHBI OT OTTUCKA 3HAKA UMEHHUKA MTPE-
MPUATHS.

[IpenbaBisemMbie B MHCOEKIMIO MPOOUPHOTO HAA30pa Ul KICHMEHUA U3]ie-
JUS W3 JPAroleHHBIX METALUIOB (Kak HOBBIC, TaK M PECTABPUPOBAHHBIE) TOJIKHBI
MMETh Ha OCHOBHOMW YaCTH SICHBIN OTTUCK 3HAKa UMEHHUKA NPEANPUITHS C MOCE-
Hel mudpoii roga U3TOTOBIICHHS WJIN PECTaBpaIiiy W3aAenus, Tak, 1975 rox ycmos-
HO o0o3HauaeTcs mudpoi 5, MOCTaBICHHON B HaYaJie 3HAKA MMCHHHKA W BKITFOUCH-
HOM1 B ero pamky, ¢ 2000 r. rox o6o3nauaetcs OykBoi andasura 2000r.- a, 2001 r.-
0, T. 1.

Wznenus, npeacTaBiagiomme coOOM coueTaHUE 30JI0ThIX, CEPEOPSHBIX, IMUia-
TAHOBBIX WJIM TAJUTAINEBBIX YACTEH C YacTsIMU W3 HEIPAroleHHBIX METALIOB (32
WCKITIOUCHUEM TIPYKHHOK, BCTABOK M MTH(TOB, a Takke OyJIaBOK K CepeOpsIHBIM
Opol1am, €cjid OHU ABJISIFOTCA HEOOXOIUMBIMU JAETAISAMU B U3ACIUAX U3 JParoleH-
HBIX METAJUIOB M TPETYyCMOTPEHBI TEXHWUUYECKUMH YCIOBHSAMHU), JAOKHBI HMEThH
3HAK «METAUD» (COKPAIIEHHO 0003HavaeTcs «MeT»). Ecim 3TOT 3HaK HA 4acTax u3-
NSl U3 HEAPArol€HHbIX METAJUIOB OTCYTCTBYET, TO OHO KJICMMEHHUIO HE MOJjIe-
KUT. Bce BTOPOCTENEHHBIE U TOMOJHUTENIbHBIC YACTH U3JICTUNA JTOJKHBI ObITh 3a-
KJeiMensl kieiMmom iutepa J[. CycanibHoe 30J10TO U cepedpo, MPEAbABIAEMbIC 114
KJICUMEHUS, JOJIKHBI UMETh BMECTO OTTHUCKA 3HAKA MMECHHUKA MPEANPUATHA STH-
KETKY ¢ 0003HAUEHWEM HAa HEH HAUMEHOBAHUS MPEANPUATHSA, BBIMYCTUBIIETO CY-
CaJIbHbIE JPArol€HHbIE META/UIbI, U JIUraTypHOM Macchl Metayia. Hoseie u pe-
CTAaBPUPOBAHHBIC U3/ICTIUA U3 JIPArOlICHHBIX METAJVIOB OTEUECTBEHHOIO U 3apy Oexk-
HOTO MPOW3BOJICTBA KJICUMATCSA HA OCHOBHOM 4acTW Kiehmom ymmtepa b cootBer-
CTBYIOIIIETO METAJLIA U TIPOOHKI.

Wznenus xya0kecTBEHHONW padOThl ¢ 3MaNIbIO, MyCTOTENbIE U APYTHE, HA KO-
TOPBIC HENb3SI HATOKUTh OTTUCK MPOOUPHOTO KiieiMa, KIICUMATCA HA MPUBEIIINBAC-
MbIX K HAM TJIOMOax ¢ OTTUCKOM KJjielMa auTtepa B uim 31ekTponcKpoBbIM CIIOCO-



O0M; U3/IETHUs, COCTOSIINE U3 JIBYX TOXKIESCTBEHHBIX YaCTel (MMOPTCUTAPHI, TTAPHBIS
3aIMOHKH W CEPhIH), TOJDKHBI UMETh HAa 00EWX YacTAX OTTUCKH Kjeiima nurepa b.

Wznenus, uMerore mpunasHHBIC YacTH M3 TOTO JK€ CIUIaBa, paccMaTpuBa-
IOTCS KaK €IMHBIE TIENBIC U YA0CTOBEPSAIOTCA HAIOXKCHUEM OJTHOTO KJleliMa ¢ OTTHC-
KoM KJjieiima mutepa b Ha ocHoBHOW wactm m3menusa. Ha wsnmenms, cocrosimue U3
YyacTed pa3jTuvHbBIX JAPArONEHHBIX META/UIOB, CTABAT (HA OCHOBHOW YacCTH) OTTHUCK
KJIe¥iMa uTepa b, a Ha BTOPOCTENICHHBIX M JAOMOJTHUTEIBHBIX YaCcTAX, JOCTYITHBIX
JUTA KJICMMEHUA, OTTUCK KieiMa atepa /.

Ecnu ucnpiTanne MpeabsIBICHABIX K KIICHMEHHUIO U3ICIIHA TTOKAXKET, YTO CO-
JIep’)KaHWE B HUX JIPAroleHHOTO METa/ljla He COOTBETCTBYET 3asBJCHHOUN Mpode H
BBIXOJIMT 3a IPEACIIBI TIOIMYCTUMOI'O OTKIIOHCHHSI, HHCIICKITUS KJICHMUT 3TH U3ACITHS
Kjieiimamu utepoB A u E.

Krnelimenne m3nenuii U3 IparoieHHBIX METAIUIOB MPOU3BOANUTCA HUCXOA W3
PE3yIbTATOB OMPOOOBAHMS WX HA TPOOUPHOM KaMHE M KOHTPOJIHHOTO aHAIN3a MPH
CJICYIONWX OTKJIIOHEHUAX OT YCTaHOBJICHHBIX TIPo0. [1o ocHOBHOMY cIiaBy aparo-
IICHHBIX METAJUIOB, MPEHA3HAYCHHOMY JIJISl U3TOTOBJICHUS U3ICITHH:

- IJId CIJIaBOB 30J10Ta - He Oosee +5 mpod;

- CIIaBoOB cepedpa - He Oonee +5 npoo;

- CIJIaBOB IJIaTHHBI - HE OoJiee +5 mpoo;

- CIUIaBOB Majuiaaus - He Oojiee +5 mpoo.

JIiis u3aenuii U3 IparoieHHbIX METAJIIOB!

- JUIS 30JI0THIX (BMECTE ¢ TIPUTIOEM) - He Oonee +5 mpoo;

- CycaJbHOTO 30J10Ta - He Oonee +5 npoo;

- 3y0ONPOTE3HBIX TUCKOB - HE OoJiee +2 mpoo;

-cepeOpSHBIX TTI0 OCHOBHOMY CILJIaBY - HE OoJiee +5 mpoo.

CyImecTBYIOT CIEAYIONTNE METOABI OTPEASICHUS MPOOBl APAroreHHBIX Me-
TaJUTOB W WX CIUIABOB. ONMPOOOBaHWE HA MPOOMPHOM KaMHE, KYMEJIUPOBAHUE B MY-
(beTbHOM MeUHn U XUMHKO-aHATUTHUICCKHE.

B mpaktuke paboThl CKYNMOUYHBIX MYHKTOB, IOBEJIMPHBIX MAaCTEPCKUX W Mara-
3WHOB, JIOMOApP/IOB W CTOMATOJIOTHUYECCKUX JICUSOHBIX YUPEKACHUH MONB3YIOTCS 60-
Jie€ MPOCTHIM KareJbHBIM METOJA0M OTPOOOBAHMS — HAHECCHHEM PacTBOPA XJIOP-
HOTO 30JI0Ta WX APYTUX XUMHUYECKUX (TPOOHUPHBIX) PEAKTHBOB HETIOCPEACTBEHHO
Ha UCTIBITYEMOE U3/ICITUE WIIH CIIJIaB.

Ha moBepxHOCTH MpOBEpsIeMOro MeTala WM CIUTaBa TOMEIIAIOT KaTuTiO
pacTBOpa XJIOPHOTO 30JI0TA U CIICIAT 3a ero AciictueM. Kak mpaBuiio, Ha cMOYEH-
HOM PacTBOPOM MOBEPXHOCTH OOJIBIIMHCTBA METAJUIOB M CIIABOB TOTYAC YK€ TIOSIB-
JIIETCSA TATHO OT BBIJCIUBIIIETOCS 0CaJIKa 30JI0Ta, IBET KOTOPOTO OT MPUMECH 00-
Pa30BaBIIETOCS PACTBOPA XJIOPHOM COJIM MCIBITYEMOTO METajljla MPUHUMAET pa3-
JUYHBIC OTTCHKH, IO KOTOPHIM U ONPEACNIIOT MeTayiel. [Ipu onpoboBannm criia-
BOB PacTBOPOM XJIOPHOTO 30JI0TA CJICAYET MOJB30BAThCSA MPUBEACHHONW TaOIHIICH,



B KOTOPOH yKa3aHbl HE TOJBKO LIBETA METAJUIOB U MATEH, HO TAK)Ke BpeMs o0paszo-
BaHuWsA nATHA (Tadm. 1.5.3).

[Tpu onpoGoBaHMM 30510Ta, MOMUMO PACTBOPA XJIOPHOTO 30JI0Ta, MPUMEHSIOT
KHUCIJIOTHBIE PEAKTUBBI, a 711 opoOoBaHus cepedpa — pacTBOPhI XPOMIIUKA, a30T-
HOKHCIIOTO cepedpa M jKeNe3UCTOCUHEPOIUCTOTO KauA.

Kucnorueie peaktuBbl (Tabnm. 1.5.4) mpencraBisioT coOoH mpo3pauHbie
PacTBOPBI KHCIIOT; OHA U3TOTOBJISIFOTCSA TSl OMPOOOBaHUA CIIJIABOB 30J10Ta CIAEAYIO-
mux mpo6: 375, 500, 585, 750, 833, 900, u 958. KucnoTHbIN peakTUB IS 30J10Ta
958-# mpoObI ucnonb3yercs U i oNpoOOBaHMS TIATHHOBBIX CIJIABOB MPHU MOJ0-
rpeBe NPOOMPHOIrO KaMHs HaJ SJIEKTPOTUTUTKOM.

XpoMnuK (IBYXPOMOBOKHCITBINA KaJIMii) — PACTBOP OPAHKEBOTO IBETA; TPH-
MEHSETCA NPU ONPOOOBAHUM CEPEOPSAHBIX CIAUTKOB U u3aenuit ot 500-it mpoObl u
Boime. Ha cmmaBax atux nmpo6 (o nmpo6sr 800) nBe-Tpu Karmiu XpoMITHKa, MOCIEI0-
BATEJILHO OIyCKAeMBbI€ HA OJTHO M TO K€ MECTO U CHUMaeMbie (prIbTPOBABHOM Oy-
Maroi, OCTaBJSAIOT CBETJIO-KOPUYHEBOE MATHO, HA CIJIABAX U M3JEIUAX BBICIIUX
mpod (mpo6sl 800 m BEHIMIE) ATOT PEAKTHUB OCTABJISET KPACHBIC MATHA, HHTCHCHB-
HOCTb OKPACKH KOTOPBIX MOBBIIIAETCS ¢ MOBBIIICHUEM MPOOBI CIIABOB; HA CIJIaBax
U u3aenusax 925-i u BeicIIMX npod — APKO-KPACHOE MATHO.

Tabmauua 1.5.3
OnpoOoBaHKe PEaKTHBOM XJIOPHOTO 30JI0Ta

Wnentudukaims npoObl CITaBa ¢ MOMOIIBI) PACTBOPA XJIOPHOT'O 30JI0Ta

Bpewms obpazoBanus

Hccneayemplii criias LBer cnaBa LiBer maTHa sTHA

qHuCTOE cepedpo u
BBICOKOTIPOOHBIE OenbIit IyCTON TEMHO-3€JIEHBIN MOMEHTAJIbHO
cepeOpsiHbIE CIIJIaBbI

KENTBIN (C BBIAEIEHUEM
ATIOMUHUH OenbIit Ny3bIPbKOB T'a30B), MOMEHTaJIbHO
MOCTENICHHO YEPHEH LU

JKENTHIN (C BbIIETICHUEM

OJIOBO OenbIit Ny3bIPbKOB T'a30B), 30-40 cex.
MOCTENEHHO YePHEOUTUH
TJIaTHHA cepoBaTo-0eNblii | MATHO HE 0Opa3yeTcst | MATHO HE 0Opa3yercs
JKENTHIN (C BbIIETICHUEM
LIUHK cepoBaTo-OebIit My3bIPHKOB T'a30B), MOMEHTAJIbHO
OBICTPO YEPHEIOIIUH
CBHHE CHHEBATO-CePbhIil TPSI3HO->KENTHIN MOMEHTAJIBHO

YUCTOC 30JI0TO U €ro

JKENTHIN ISITHO HE o0pasyercss | MATHO He oOpasyercst
BBICOKOIIPOOHBIE CIIJIABBI

KaIlITAHOBBIN OO TEMHOI'O
B 3aBHCHMOCTH OT IpOObI

HU3KOMPOoOHbIe (HIke 585°)

OJIe IHO-KENTBIN
CILIaBbI 30JI0TA ¢ cepedpoM

TOBOJILHO OBICTPO




JIATYHb SKENTBIN 4EpHBIN (YepPHUITBHBIN) MOMEHTAJIBHO

HU3KOMPOOHBIH CIIIaB 6enoBaTo-xKEN- " o

o YEPHBIT MOMEHTAJIbHO
cepedpa ¢ MEIBbIO TBIA
BBICOKOTIPOOHBIH CIIIaB
(BeIme 583 °) 305m0Ta € KPacCHBII MSATHO HE o0pa3yercss | MSTHO He o0paszyercs
MENIbIO

o 30JIOTUCTBIN 0 KalTa-
HU3KOMPOOHBIH CIIIaB

KpaCHbII HOBOTO (B 3aBUCUMOCTH | JOBOJIbHO OBICTPO
30JI0Ta C MEABIO
oT npoObI 30J10Ta)
MeAb KpaCHbI 4EpHBIN (YepPHUITBHBIN) MOMEHTAJIBHO

Tabnuua 1.5.4
CocraB KHUCJIOTHBIX PEAKTHUBOB JJIsl OIIPOOOBAHMUS 30JI0Ta

IIpoba Konmuectso, M.
30J10Ta A30THOM KHUCJIOTHI COJITHON KUCJIOTBI JUCTHJUTUPOBAHHOMN
(motHoCTh 1.4} (umotHocTh 1.19) BOJIBI
375 59.5 — 40.5
500 100.0 — —
750 59.3 1.1 39.6
833 68.7 1.3 30.0
900 78.7 1.3 20.0
958 69.2 2.0 28.8

AzotHOKHCITTOE cepedpo (Tabdm. 1.5.5) — mpo3padnbiii pacTBOP, U3TOTOBJISAC-
MbIH JUIs1 ONpoOOBaHUA CIUIaBOB cepedpa caeayromux npod: 800, 830; 875 u 925.
A30THOKHCIIOE cepeOdpo ocTaBiseT Ha cruiaBax u m3aenuax npodo 800, 830; 875,
925 u 960 Genoe (cBeTno-cepoe) MATHO; HA CIJIABAX W W3JENIUAX HU3KUX MPOO —
Ooree Wi MEeHee TYCThie OelTbie MATHA O TEMHOTO IBETA, 0 MHTCHCUBHOCTH KO-
TOPBIX MPUONH3UTEIHHO OMPEACIAIOT PO0y CepeOPSHBIX CIIABOB WIIM W3ICTUH.
Ha cnnaBsl 1 u3nenns 0ojiee BRICOKUX MPOO peakTUB ACUCTBYET ciiabdo Mk BOOO-
L€ HE OKA3bIBACT JCUCTBUS.

Tabmuma 1.5.5
CocTtaB pacTBOPOB a30THOKHCIIOTO cepedpa st onpobosanust cepedpa

IIpoba KonnuectBo
cepeOpa A30THOKMCJIOrO cepedpa, T. JUCTUJUTMPOBAHHON BOMBI, MJI.
750 0.45 100
800 0.5 100
875 0.7 100
916 0.75 100
925 0.8 100




Kene3nctocuHepoIUCThIN Kajuii — pacTBOP JKENATOTO I[BETa (TIPH XPaHESHUH
obpa3yeTrcs KpacHOBATHIH OTTEHOK, MEPEXOJANIUN 3aTeM B TEeMHO-OypBIH IIBET).
[TpumensieTcs npu onpoOOBaHUM HA MPOOMPHOM KaMHE CILJIABOB cepedpa Bcex
y3aKOHEHHbIX Mpo0. Ha mrpuxax npoOUPHOro KaMHs OT HU3KOMPOOHKIX CILjia-
BOB cepelOpa pacTBOP OCTABJISAET MATHA KPACHOBATOIO 1[BETA, OT BHICOKOMPOOHBIX—
roJry 0oBaToro.

NomucTelii kanuii — pacTBOP CBETIO-JKENTOro IBeta. IIpUMeHsAeTca IpH
onpoOOBAaHUM IJIATUHOBBIX M MAJUIAAUEBBIX M3AEUN HA mpoOupHOM kamHe. [lpu
anpoOUPOBAHUY TUIATMHA HA MITPUXAX KaMHS OCTABJISAET MATHO CEPOBATOrO IIBETA,
MEePEXOASAIIECTO MPU MOJAOTPEBE KAMHS HAJ AJICKTPOIUIMTKOW B OPAHMKEBBINA LIBET,
naJjiyIa i — MATHO TEMHO-KPACHOTO LBETA, MEPEXOAIETO C MOBBIIIIEHUEM MPOOI
B APKO-KPACHBIN LBET.

[Tpy nofb30BaHUM pPEAKTUBAMHU, B OCOOCHHOCTH KUCJIOTHBIMH, HEOOXOIUMO
cOOJIIOaTh OCTOPOXKHOCTh, TaK KAaK PEAKTUBBLI MPU MOMNAAAHUU HA KOXKY MOTYT
MPUYUHUTH CEPbE3HBIE 0KOTH.

[TpoGupHBIi KaMeHb MPEACTABJSAET COOON KPEMHHCTBHIA CJaHE YEPHOTO
upeta. Ilepen ymorpebieHuemM mpoOMPHBIA KaMeHb JODKEH ObITh CMa3aH MUH-
JATBHBIM HJIH OPEXOBBIM MAacCJiOM W HACyXO MPOTEePT (UIBTPOBATLHONW OyMaroi.
OnpoboBaHue U3 U CIUIABOB HA MPOOUPHOM KaMHE MPOU3BOAUTCS TTPH TOMO-
T TPOOMPHBIX 3TAJIOHOB (TaK HA3BIBAEMBIX WTJT) U PEAKTHUBOB.

[TpoGupHbie UL CIIyKAT Il ONpOOOBAHUS W3/ICIUNA U3 APArOlEHHbIX Me-
TayyioB. JIIs miuaTuHbl yIOTPEOIAIOT mIaTuHoBbie Uikl mpod 940, 950, 960; nns
30JIOTBIX M3JENHi — 30J10Thie Uribl Tpo6 333, 375, 500, 578, 583, 585; 750, 900,
916 u 958; nnsa cepeOpsaHbIX u3Aenuii —- cepedpsHbie uriel Tpod 500, 550, 600,
650, 700, 750, 800, 875, 916, 925 u 960. I[IpoOupHbIe 3070THIC UTJIBI ONPEACIICH-
HBIX P00 U3rOTOBJIAIOT U3 30JIOTHIX CILJIABOB, PA3JIMUHBIX KaK MO JUTraType cocTa-
Ba, TaK U no usety. s 3omo0ta 583-i npoObl umeroTcsa 15 HOMEPOB Pa3IUUHBIX MO
IBETY WTJI (0T OJIEMHO-XKENTOTO A0 KpacHoro). [l ymobcTBa paboThl mpoOUpHBIC
WTJIBI TIPUTIAWBAIOTCA K JIATYHHBIM TJITACTUHKAM, Ha KOTOPBIX BHIOMBAIOTCS HQPHI,
o0o3HauaroIue Tpody U HOMEp cruiaBa Mribl. Ilociie mOArOTOBKA KaMHA K OIpPO-
OOBAHUIO HA HEM 3QUHUILIEHHBIM MECTOM HUCHBITHIBAEMOTO U3JEIUS IETAETCA IITPUX
JnHOM npuMepHo 10—15 MM u mmpuHol 2—3 MM, PsaoM co mTpuxoM oT u3jie-
JIVS HAHOCAT IITPUX OPOOUPHON UTJION, MOAXOAAIIEH o MPoOe U LBETY K CIUIABY
onpoOyeMOoro u3Aeus. 3areM MOMEePEeK HAHECEHHBIX IITPUXOB MPOBOJAT CTEKIISH-
HOMW maJioukoi, cMoueHHoM peaktuBoM. Yepe3 10—20 c. pacTBOp 0CTOPOKHO CHU-
MalOT (UIBTPOBAILHOW OyMaroi, JaloT OCaaKy HEMHOTO BBICOXHYTh, a 3aT€M
CPaBHUBAIOT €r0 OTTEHKHM Ha IITPUXaX OT U3JENUSA U OT uribl. Eciau 1uBeT ocaaka
OJIMHAKOB, TO MP00a WX OJMHAKOBA; €CJIM I[BET 0CaJIKa HA IITPUXE OT UCHBITYEMOTO
W3JIeTUs TEMHEE IBETA 0CaJaKa Ha IMITPUXE OT WUIJIBI (3TANOHA), TO Mpoda W3S
HUKE TIPOOBI UIJIBL, €CJIU LBET OCAJIKA HA IITPUXE OT U3AEIHS CBETIIEE LIBETA OCA/-
Ka Ha IITPUXE OT MIJIbl, TO Mpoda u3aenus Beilie mpoOkl uribl. Ha ciutkax u uzae-



Jusx, mMpoba KOTOPHIX COOTBETCTBYET MPoOE, YKa3aHHON HA PEaKTHUBE, PACTBOPHI
OCTaBJISIIOT €/IBa YJIOBUMOE IBETHOE TATHO. Ha cnmuTkax m uznenusax, nmpobda KoTo-
PBIX HIDKE TPOOBI, YKa3aHHON HA PEaKTUBE, OT ASHCTBUS pacTBOpa 00pa3yroTcs 00-
Jiee WJIA MEHEe TEMHBIC TSTHA, 10 WHTCHCHBHOCTH OKPACKH KOTOPHIX TPUMEPHO
onpenensoT npoly. Ha crmtaB Gosiee BRICOKHX MPoO peakTHB ACHCTBUS HE OKa3bl-
BACT.

W3nenusa 3 aparoreHHbIX METAJLIOB MPU OMPOoOOBAHUN HA IPOOMPHOM KaM-
HE TIOYTH HE TOABEPraroTcs mopue. TOYHOCTh OMPENENCHHS TMPH JOCTATOYHOM
OTIBITE paBHA MPUMEPHO 2—35 mpodam.

VY nanenue npoOUPHOTO MITPUXA MOCIIEC YNOTPEOIEHUA C KAMHEH MTPOU3BOJIAT
MEeM30H UM MOPOILIKOM MUKPOKOpyHaa M-14.

[Tpu onpoboBarmm My(peTbHBIM METOAOM B XUMHUYECKUX JTAOOPATOPHUAX CY-
IIECTBYET HECKOJIBKO CIIOCO00B B3ATHS MPOO OT MCHBbITYyeMoro Metaina. Hanbomee
4acTO MPUMEHSIEMbIMHU SABJIAOTCA Mpo0a OT CIUTKOB U TUTeNbHAA npoba. [Ipoda ot
CIIUTKOB OepeTcs MuO0 CBEpJICHUEM, JTUOO BHIPY OaHHUEM.

B mepBom cnydae OT KaXKI0TO CIAWTKA CBEPXY W CHHU3Y, ¢ AWArOHAIBHO
MIPOTHUBOIIOJIOKHBIX CTOPOH, HECKOJIBKO OTCTYIIUB OT KPAeB CIUTKA, BHICBEPIIUBACT-
csa 1—2 r cTpykku. [IoBEepXHOCTHYIO CTPYIKKY M3 MPOOBI CIECAYET YAAIATh, TaK KaK
COCTaB MOBEPXHOCTHOTO CJIOSI MOKET OTJIMYATHCS OT COCTaBa CiTKa. Bo BTOpoM
Cilydae OT KpaeB CIHTKA (C BEPXHEH W HYDKHEH YacTH) 3yOWJIOM TIPH MTOMOIIA MO-
JIOTKA BBHIPYOAIOT TIO0 KyCOUKY METaJlJIa, KOTOPHIC 3aTE€M BPYUHYIO PACKOBBIBAIOT HA
HaKOBAJIbHE W MPOKATHIBAIOT IO JKEJIAEMOU TOJIIHAHBI.

Turensnas mpoba 6epeTcs HEMOCPEACTBEHHO U3 TUTIISI OT PACIIaBICHHOTO U
XOpOIIO TIEPEMENIAaHHOTO MeTaiia. Basras mpoba KMAKOTO CIUiaBa 3aJIMBACTCS
a1u00 B M3JIOKHHUITY, TUOO B BOAY. Jl1s BRIMOTHEHUS aHAIM3a HA COACPKAHUE JIpa-
TOIICHHBIX META/UIOB B TPOOWPHBIX JTA0OPATOPHSIX TOJB3YIOTCS MYy(ETbHBIMU H
TATEIHHBIMA TICYAMH, TUTJIAMH, KarelsiMu (JdarmeykaMu U3 MarHe3uTa U IIEMEHTA)
U Jp.

[TpoOupHEbIit aHamu3 HA COACPIKAHME 30JI0Ta, cepedpa U MIIaTHHOBBIX METaJI-
JIOB COCTOMUT B CILJIaBJICHUHU HCIBITYEMOTO BemecTBa (mpolel) ¢ ¢uirocamu, comep-
KAIUMH METAJUTMYSCKAN CBUHEI] WJIH TJIET (JBYOKHCh CBWHIIA) C BOCCTAaHOBH-
TeneM. PacrutaBneHHbBINH CBUHEN CMAYMBAET YACTHIIBI OJIATOPOJHBIX METALIOB H
o0pa3yeT C HUMH CIUIaB, HA3bIBACMbIi BEpKOIEEM, KOTOPBIM BeCbMa MOJIHO
00BeUHAET BCe MeTaJUTMUecKue 3epHa. OCTabHBIC KOMITOHECHTH ¢ (hrocaMu 00-
Pa3yIOT JierKorIaBkui nuiak. BepkOneit otnensdercs oT uuiaka U oOpadaTbiBaeTCs
KynenupoBaareM. KymenupoBaHue 3akiTiOuacTCs B OKHUCIHWTEIHHOM TUIABJICHUH
CIUlaBa CBHHIIA C JAPArolCHHBIMH METaJiaMu (BepkOjies), B pe3yiabTaTe KOTOPOTO
MOJIYYArOT «KOPOJIEK», COAEPIKaIHii cepeOpo, 30JI0TO M TUIATHHOBBIC METAILIIBI, U3-
BJICUCHHBIC M3 AaHAJTM3UPYEMOTO BEIECTBA MPH TUTaBKe HA BepkOyeit. Ecmu koposek
COCTOWT W3 JBYX WJIM OONBIIETO YHCIIAa META/UIOB, TO AAJbHCUINEE pa3ieiiCHUE
MPOU3BOAMTCS PACTBOPEHUEM (pa3BapyBaHUEM ) OJTHOTO M3 HUX B KUCIOTE. Takum



00pa3oM, CYIIHOCTh KYTETUPOBAHUSA COCTOUT B OTIACJIICHUH OKHCJIOB METAJJIOB OT
JParoleHHbIX META/JIOB, OCHOBAHHOM Ha M30MPATEJIbHOM CMayMBAaHUM Karleiu
okucliaMu BetecTBa. OKUCIBI BCACKIBAIOTCSA MOPUCTON MAcCON Karemnu, a METalIbl
OCTalOTCA Ha €€ MOBEPXHOCTH.

[TonydeHHbIH TpU KyNEeIWPOBAHUHA KOPOJIEK B OTHOCUTEIBHO PEIAKUX CITyda-
AX COCTOUT TOJBKO M3 OJHOTO JPArolleHHOTO MeTaia (UMCTO 30JI0TOH, cepelps-
HBIM WU TJIATHHOBBIN KOpoJiek). Yalie oH npeacTasiseT coboit CriiaB 3THX MeTa-
J0B, OOBIYHO 30710Ta ¢ cepedbpom. /i pa3aeneHuss ero Ha COCTaBJISAIONINE KOMITO-
HEHTBl OH PAaCKOBBIBAETCA, MPOKATHIBACTCA B TOHKYIO JIEHTY W pacTBopserca (pas-
BapuBaeTcs) B kuciorax. Pazaenenue 30m0Ta U cepedpa a30THOW KHCIOTOH OCHO-
BAHO HA TOM, UTO MOCJIETHSAS KOJIMYECTBEHHO PAaCTBOPSET cepeOpo, HE BO3ACHCTBY A
Ha 30JI0TO, €CJIA COAEP)KaHWE €ro B CIUIABE MPEBBIMIACT COACPKAaHUE 30JI0TA MPH-
MEpHO B Tpu pasa. l[lpu pa3BapuBaHMM B KUCIOTE ClieqyeT M30erath pacnaaeHus
30710Ta ¢ 00pa30BaHMEM MENKUX YacTHll. Takxke cieayer 00ecrneuuTh MOHOE
pactBopeHue cepedpa. To U apyroe B OCHOBHOM JOCTHTAETCs MPEKIAE BCETO MOy~
YEHUEM CIIJIaBa 30J10Ta U cepedpa B TpeOyeMbIX COOTHOIICHHUAX MYTEM KBapTOBa-
HusA. CriaBiaeHue 30J10Ta ¢ cepeOpOM B OTHOIIEHUH, OTBEUAIOIIEM YCIIOBUAM TMOJ-
HOTO Pa3AeieHNs MOMYyUYEHHOTO CIJIaBa KUCIIOTOW, Ha3bIBaeTCs kBapToBaHueM. Ha-
BECKY IS aHAJIM3a 30JI0TOTO CIjiaBa My (embHbIM TyTeM OepyT Maccoi okoio 250
mr. K B3saTOH HaBecke m00aBiseTCs HEOOXOAUMOE KOTMYECTBO YMCTOTO cepedpa B
3aBHCHMOCTH OT MPOOBI CIUIaBa ¢ TE€M, YTOObI OTHOIIEHHE cepedpa K 30J10Ty B KO-
poJibke ObL10 paBHO 2.5 : 1. 3010Tas «KOPTOUKAY, MOJyUEHHAA MOCIIE Pa3BaAPKH KO-
pofibKa B KHCJIOTE, B3BEIIMBACTCA Ha MPOOMPHBIX BECax, W MOJyUYEeHHAs Mmacca
(Bec), BRIp@XECHHAA B MIJITUTPAMMaXxX, YMHOXKAETCA Ha yeTbipe. Pesynbrar sBiser-
cst poOOo# aHATM3UPYEMOTO CIIaBA.

Tabmauua 1.5.6
Hp06bl CIIJIaBOB I[paFOL[eHHbIX MeTaJ’IJ’IOB, HCHOHBSyeMbIX B I'OBe.]'II/IpHOM HpOI/ISBOI[CTBe
B psAZie CTPaH MUpa

Crpana ITpoObI CrJIaBOB IPATOIEHHBIX METAJIOB
3o510TO Cepebpo [TnaTuna
Poccus u crpansl 375; 500, 583; 585; 500; 700; 750; 800; 900; 950
CHI' 750; 900; 916; 950; 875;900; 916; 925;
958 960
AHTIHS 375 585; 750; 916 925; 958.4 950
benbrus 585; 750; 800; 833 835; 925 950
I'onk-Konr 333; 375, 500, 585; — —
625; 750; 916.6; 990
Hcnanus 585; 750 800; 925 950
Hranus 333; 500; 585; 750 800; 835; 925 950
Kanana 375; 416; 585; 750 925 950




ManbTa 375; 585: 750: 916 800: 830; 925; 959 —
CIIIA 450; 750 900; 925 950
Taunass 333; 375; 420; 500; 925 900; 950
585: 750; 833; 874;
916; 954: 995
Tepmanms 333; 375 585: 750 800: 935: 925 950
DpaHLus 750; 840; 925 800: 925 950
DUHAAHIHA 585: 750: 969 830: 925 950
M sewus 685: 750: 840: 975 830: 925 950
STnoHus 375; 417, 500; 585; 800: 900; 925; 950; | 850; 900; 950;
625: 750: 835: 917; 1000 1000 1000

[Ipu ompenenennn cepebpa B M3ACIHUIX W CIUIaBaX MYyQEITbHBIM METOIOM
Takxke Oeperca HaBecka Maccoi okosio 250 Mr u kynenupyercd. [lonyueHHbl ipu
3TOM «KOPOJIEK» B3BCIIMBAETCA HAa MPOOMPHBIX BECAX W MACCa, BbIPAXKEHHAS B
MUWITUTpaMMax, YMHOXaeTcsl Ha derbipe. [lomyueHHbI pe3yabTar sABAAETCS Mpo-
00 aHATM3UPYEMOTO CIIJIaBa.

Oco060¢ 3HaueHKE )11 TPaBUJILHONW OpraHu3aliiy MPOU3BOICTBA IOBEIUPHBIX
U3AC/IUA UMEET BHEIPEHUE KOMIUIEKCHOW CHCTEMbI YIIPABJICHUS KAY€CTBOM IMpPO-
nykuuu. Hauano pa3paboTku ¥ BHEIPEHHUE KOMIUJIEKCHOM CUCTEMBI yIIPABJICHUA Ka-
yectsoM npoaykiuu (KC VKII) na npeanpusatusx 10BETUPHON MPOMBIIIICHHOCTH
otHOcUTCA K 1976 1. Jlo ATOr0 OCHOBHBIMM CHCTEMAMH YMPABJICHUS KAauyE€CTBOM
IOBEITUPHBIX W3JEIUH ObLTH CHCTEMBI 0€31e()E€KTHOTO HM3TOTOBJICHUS MPOAYKIMH
(BUTI") u ynpasnenns kauecTBoM Tpyaa u npoaykiuu (YKTII).

Pa6ora o popmuposanmro KC YKII cocTouT u3 cieayromux AByX 3TaloB:

1) pa3paboTka KOMIUIEKCA HOPMATHUBHBIX M METOAMYECCKUX JTOKYMEHTOB,
HEOOXOAMMBIX JJI1 CO3/IaHUS W BHEAPECHUS NPEANPUATHUAMHU IOBEIUPHON MPOMBIIII-
aeaHoctr KC YKII Ha enuHO# METOIMYECKOM OCHOBE;

2) pa3paboTKa ¥ BHEAPEHUE MPEANPUATASIMA Ha OCHOBE HOPMATHUBHBIX U ME-
toauueckux nokymeHtoB KC YKII Ha 6a3e crangapTu3anuu.

Pazpabotka KC YKII ocHOBaHa Ha M3YyUYE€HUU U PUMEHEHUH OMbITA NEPEA0-
BbIX OpeanpusaTuii mpomsiiieHHocTH, BHeApapinx KC YKII, ucnons3oBanuu u
O0TpabOTKE HOPMATUBHBIX M METOAMYECKHX NOKyMeHTOB ['occranmapra P®. Ilpu
3TOM BO BpPEMs IOCTAHOBKM 33Ja4 M yCTAHOBJICHUHM METOJIOB MX BBIMOJIHCHUS B 3a-
BHCHMOCTH OT yYPOBHSA pa3padaThIBAEMbIX JOKYMEHTOB YUHMTHIBACTCA CHEIUpUKA
KaK IOBEJIMPHON MPOMBIIUICHHOCTH B LEJIOM, TaK W KaXJAOro MNPEINPUATHS B
OTACJIBHOCTH.

[TpakTuKO#i CHUCTEMHOr0 MOAXOJA K YMNPABJIEHUIO KA4€CTBOM MPOIYKIMH
YCTaHOBJIEHO CIEAYIOLIEE:

JHloctrxkeHue TpeOyeMoro ypoBHA W BBIMYCK HEOOXOAMMOrO KOJIMYECTBA
MPOAYKIUHU SABJISIOTCS €UHOMN LEIbI0 MPOU3BOJICTBA, BCICACTBUE UETO YIPABJICHUE
MPOU3BOJICTBOM M KaUE€CTBOM — €IMHBINA MPOLECC;



CoBpeMeHHas METOJI0JIOTUS YIPABJICHUS KAue€CTBOM CTAaBUT 3a7ady — CBA-
3aTh B KOMIUICKCHYIO CUCTEMY PCILICHUE TEXHUUYECKUX, FIKOHOMUUECKUX, OpraHu3a-
IIAOHHBIX W COIMAIBHBIX BOMPOCOB MOBHIICHUS 3(D(HEKTUBHOCTH MPOU3BOJICTBA H
KQueCTBA BBIITY CKAEMOW MPOAYKIHH.

KC VKII mHOroMepHa — OHa OXBaThIBAa€T BCE O0NACTH MPOU3BOJACTBEHHOM
NEATEIbHOCTH, BCE CTAAWM CYILECTBOBAHUS MPOAYKIMHU, BCE YPOBHH Hepapxuye-
CKOM CTPYKTYPbl YIIPABJCHUS U CTPOUTCS HA OOLIMX MPUHIMIIAX TEOPUH yIpaBJe-
Hus. Takum oOpazom, KC YKII He orpaHMurMBaeTCA BHIMIOJHEHUEM 3aJauu oOecTe-
YEHUS BBICOKOTO YPOBHA KA4€CTBA MPOAYKIIMH, @ CTAHOBUTCS CUCTEMOMW YITpaBJie-
HUS IPEINPUSTUEM.

OCHOBHBIMM  337]a4aMU  TTPOU3BOJICTBEHHON ACATEIBHOCTH NPEANPUATUN
IOBEJIUPHON MTPOMBIIILJIEHHOCTH SBJISIOTCS:

1) BBIMyCK MpoayKww, HauOOJIee MOTHO YAOBIETBOPSIONINN CITPOC MOTPe-
ouTens;

2) monydyeHWE MAKCHUMAIbHOW TPHOBLIN M YBEIWYEHUS PEHTAOCTHHOCTH
MPOM3BOCTBA 34 CUET MOBHITICHUS YPPEKTUBHOCTHA UCTIOB30BAHUS IPATOIEHHBIX
METAJLJIOB;

3) cuCcTeMaTHUeCKOe YIIYUIIEHUE SCTETHUCCKUX U TEXHUKO-DKOHOMHUYECKUX
XAPAKTEPUCTUK U3IECITUN;

4) MUHAMH3AITAA TTIOTEPH OT Opaka.

IMenp KC VYIIK — BceMepHO CMOCOOCTBOBATH YCIEIIHOMY BbBITTOJHEHHUIO
OCHOBHOM 3aJ]au¥l MPEANPUATHS 32 CUET COBEPIIICHCTBOBAHUS OpPraHU3alluKu Mpou3-
BOJICTBA JJIA MOCTOSHHOTO OOECIEUECHHUSI COOTBETCTBUS MPOIYKIIMN MOTPEOHOCTIM
HApOJHOTO XO35WCTBA M HACEJICHUS M CUCTEMATHUECKOTO TMOBBIIICHUS HA STOM
O0CHOBE 3(p(hEeKTUBHOCTH MPOU3BOICTRA.

[Tpumenenue KC YKII nmpeanonaratoT HE TOJBKO YAOBJICTBOPEHHUE, HO H
dbopMupOBaHHE CIpOca MOTPEOUTEA.

dopmupoBanue koMmiuiekca Metoandeckux nokymentoB KC YKII ans npen-
MPUATHHA FOBEIMPHON MPOMBIIIICHHOCTH NPOU3BOIUIIOCH B CIAEAYIOIIEM MOPSIAKE:

Y CTaHOBJIEHHE YPOBHENW HEPAPXUUECKON CTPYKTYPBI IPEITPUITHSA,

Jleramuzanwst GyHKIAWA yOPABJICHHUS 1-TO YPOBHSA yIPaBJICHUS TPETPUSTH-
€M Ha HWXKHUX YPOBHSAX YIIPABJICHUS,

VYcraHoBICHHE CTaANM KU3HEHHOTO 1IUKIJIA U3JIETUH;

Bwi6op pyuaxmmonansroit cxemsr KC YKIT npennpusitus;

[Toctpoenue crpykrypHo-pyHKIHoHANpHOM cxeMbl KC YKII npennpusrus;

OnpeneneHue OpraHoB YINPaBJICHUS! CUCTEMOIA;

Pazpabotka tunoBoro nepeuns ctanaaptos KC YKII s npeanpusatuii;

Ycranosnenne ¢hopmbl rpadguka pa3pabOTKH W BHEAPEHUS CTAHIAPTOB TIPEI-
npustus (CTII);

Pazpabotka ocHoBHbIX nosioxkennit KC YKII npeanpustus;



Pa3paboTka MeTOaMYECKHX JTOKYMEHTOB, PErIaMEHTHPYIOMHUX (HOPMHUPOBA-
HUE OCHOBHBIX (hyHKIMOHATBHBIX neMeHToB KC YKII npennpusrus;

Pexomenaanmu npeanpusaTHAM 10 HOPMHUPOBAHHUIO TEXHUUECKOTO 3aaHUs
Ha pazpabotky u BHeapenue KC YKII;

VYcranosnenne meronos onpeneneHus >¢dexkrusHoctn aeiicTeus KC YKII
NpEaNpUATHUA,

PazpaboTka MOKyMEHTa, PErJIAMEHTUPYIOIIETO €AUHYKD METO/I0JIOTHIO
YIIPABJICHUS KAueCTBOM TpyJa (BKIIOUAECT OCHOBHBIC AJIEMEHTHI 0e3/1e(heKTHOTO
W3TOTOBJICHHS MPOAYKITHH, cucTeMbl Oe3nedexTHoro Tpyaa, YKTII).

[Tonyuennsie nmpu GOPMUPOBAHUHU JOKYMEHTHI MOCJIE COTJIACOBAHUS C PYKO-
BOJICTBOM PEKOMEHIYIOTCA K BHEIPEHUIO B MPOU3BOJCTBO.

Ha npeanpustusax KC YKII coznaroTca Ha OCHOBAaHWM KOMILIEKCHOTO MJIaHA
MOATAMMHOTO BHEAPEHUS CUCTeMBI. [Ipy ycTaHoBIeHNH cocTaBa (PYHKITUH yIIpaBJie-
HUS, TOAJICKAIIMX Pealn3ali Ha 1-M ypoOBHE YNpaBJICHUS, NPEANPUATHEM HC-
MOJIb30BaHbl PEKOMEHIAIIMU U yKa3aHus [ occranaapra.

B pamkax KC VYKII npeanpustuii OBEIUPHONW MPOMBIIIJIEHHOCTH HA 1-M
YPOBHE YIIPABJICHUS PEATAZYIOTCS CIIeyIONTHe (hyHKITHH;

[InaHnupoBaHuE MOBBIIEHUA KAU€CTBA MPOIYKIINH;

ATTecTanus npoayKIuu,

PazpaboTka 1 mocTaHOBKa MPOAYKIMHA HA MPOU3BOACTBO;

TexHosornueckast HoAroToBKa NPOU3BOJICTBA;

MarepuajibHO — TEXHUYECKOE 00ECTICUEHHUE,

[TonGop, paccTaHOBKA, BOCIUTAHUE U OOYUYEHUE KAJPOB;

KoHTposp kauecTBa TpyAa U NMPOIYKIINH;

OGecneueHne cTaOMIIBHOTO YPOBHS KauecTBa MPOAYKIIUH;

Opranu3zaius XpaHeHus, TPAHCIIOPTUPOBAHKUA, SKCITyaTal[ui U PEMOHTA;

CruMyIMpOBaHUE KaueCTBa TPY/AA U MPOAYKIUH,

NudopmarnmonHoe obecnieucHme.

[Tepeuncrnennpie GYHKIMN NETATU3APOBAHBI HA COCTABIIAIONINE IS PEriia-
MEHTau! (PyHKITMOHAIIBHBIX 00S3aHHOCTEH HMKHUX YPOBHEH YTIPABIICHWUA.

JIist mpeanpusaTrs IOBETUPHON MPOMBIIUICHHOCTH YCTAHOBJICHbI MATHYPOB-
HEBasi CXEMa YMNPABJICHUA — JJIi MPOU3BOJCTBEHHBIX OOBCAMHEHUNW U UETHIPEX-
YPOBHEBAass — HJiA CaMOCTOSTEIbHBIX 3aBOJOB. (DYHKIMU YNPABJICHUS OCYIIE-
CTBJIAIOTCA HA CTAAUSIX MPOCKTUPOBAHUS, MPOU3BOACTBA U MOTPEOJICHUS.

B cootBetrcTBUMM ¢ 00mMMU mpuHLMnaMu Teopun yrpasiienus B KC YKII
BBIJICJICHO MATh CUCTEM, COOTBETCTBYIOIIUX MOPAJAKY MNPUHATHSA PEIICHUS TPH
YIPaBJIECHUH NPOU3BOJCTBOM:

Cuctema njaHUPOBaHUA, OCYILECTBIIAIONIAS MPOrHO3UPOBAHUE ACCOPTUMEH-
Ta U YPOBHA KaueCTBAa MPOAYKIMH, TUITAHUPOBAHUE HA BCEX YPOBHAX YIIPABJICHUS
Mo BceM (PYHKIIMOHAIBHBIM HAIPABJICHUSAM B HWHTEPECAX BBHITIOJHEHUSA TUTAHOB



BBIMYCKA MPOAYKLHMHN, TEXHUYECKOTO POCTA MPEANPUATHA U COLMATBHOTO PAa3BUTUSA
KOJUJICKTHBA,

Cuctema opraHusaium, 00eCrneynBaroas Co3JaHue BCEX BUAOB 3alIaHUPO-
BAHHOM NEATEILHOCTH, BHITIOJIHEHUE TPEOOBAHUM K COLMAIUCTUUECKOMY TIPEITPH-
ATUIO U CTAHIAPTOB CUCTEMBI TUTAHUPOBAHWS,

Cuctema UCMOJHEHUs, 00ECIEUMBAIOIIAd MPAKTUYECKYIO PeAN3alvu npea-
NPUATHEM, KAKIO0M €r0 MPOU3BOJCTBEHHON €IUHUIIEH, CTPYKTYPHBIM MOAPA3AETIC-
HUEM U KaXJbIM PAOOTHUKOM OTACJbHBIX MPOU3BOACTBEHHBIX 3aJaHUM, TUIAHOB
paboThl OOIIECTBEHHBIX OpPraHU3allui, MJIAHOB MPOW3BOACTBA B CPOKH, YCTAaHOB-
JICHHBIE CHCTEMOW TIJIAHUPOBAHUS, U B MOPAAKE, MMPEIYCMOTPEHHOM CHCTEMOM Op-
TaHWA3aLWH,

Cucrema wH(pOpPMAITMOHHOTO OO0ECTICUCHMS, BBIJAIOMAA JOCTOBEPHYIO H
CBOEBPEMEHHYIO HMH(pOpMAIMio (Kak 3apaHee YCTAHOBJCHHBIE CPOKH, TaK W TIO
3ampocy) mo JrodoMy BOTIPOCY YIPABJICHHS Kaue€CTBOM MPOAYKIMHA M TPY/Ia, a TaK-
€ MPOU3BOJACTBEHHON JEATEIbHOCTH U OOILECTBEHHON KU3HU KOJUIEKTHBA MPE-
MPUATHS,

CucreMa KOHTPOJIS M OLICHKH MCIIOJHEHHMS, 00eCTICUNBArOIas 00bEKTUBHBIH
KOHTPOJb C MOCJICAYIONIEH O0OBEKTUBHON OIEHKON MCIOIHEHUS MPUHATHIX pelle-
HHI Ha BCEX YPOBHSX YIPABJICHHUSA, PE3YJIbTATOB U KAUECTBA TPYJA HA BCEX CTAU-
X CYIIECTBOBAHUSA MPOAYKITHH HA OCHOBAHWUHW JAHHBIX CHCTEMBI MH(OPMAITMOHHO-
ro 00€CreueHus O BHIMOJHECHUH 3374, YCTAHOBJICHHBIX CUCTEMAMU TIJIAHUPOBAHUS
OpraHu3alyy, HCIIOJTHEHHUS.

OTHU CHUCTEMBI COCTABJISAIOT 3aMKHYTHIA KOHTYDP YNpPaBJ€HUA, ACUCTBYIOIINMA
HA BCEX YPOBHSAX YOPABJICHHUS.

B paMkax nepeyncieHHbIX TATH CUCTEM PETJIAMEHTHUPYETCS B3aUMOCOIIIACO-
BAHHAS PeaM3allis BCEX YKA3aHHBIX BHIMIC (DYHKIIWH BHICIIAMH YPOBHAMH yIIPaB-
JICHUS W COCTABJISIIOIINX 3TUX (DYHKIIUHA HUKHAMHA YPOBHIMH.

B dopmuposarnu KC VKII npuarMaroT yuacTue Bce MOApa3AeICHUs TPeI-
npusaTuii, mosromy ycroiumsoe ¢ynkimonupoanne KC YKII obecrneunBaercs
YETKAM pacrpeesienrneM (PyHKITHH yIpaBIeHUs CPEIN MO IPA3ACIICHHN.

Jlma KC YKIIT kaxaoro npeanpusaTus ONpeAessioTess PyKOBOAUTETH (PyHK-
LHUOHAJIBHBIX CUCTEM, PYKOBOJUTEN W MOAPA3ACIICHUA, OTBETCTBEHHBIC 32 Peallv-
3aMMI0 KaKI0M (DYHKIIMW YIPABJICHHUS, TOAPA3ACIICHAS], YIaCTBYIOIIHE B pPeasin3a-
n pyHkIwi. Tak, METOMUIECKUMA PYKOBOAUTEIISAMH (PYHKITHOHATHHBIX CHCTEM B
MaciTadax MpoOU3BOJICTBA OMPEACTICHBI:

['naBHBIN 5KOHOMUCT — CUCTEMA TUTAHUPOBAHUS,

['naBHBIN MHKEHEP — CUCTEMA OPTraHU3ALNH,

3aMecTuTeNb TeHEPATIbHOTO AUPEKTOPA MO MPOU3BOJCTBY — CHCTEMA MCIOJI-
HCHUS,

Hauamsank UBI — cucrema nHbOPMAITMOHHOTO 0OSCIICUSHHS.



[To Takomy »xe npuHimny ctposrcs u JjokajgeHbie KC VYKII B mpous-
BOJICTBEHHBIX CIWHULAX W TOAPA3ACICHUAX NPEANPUATHA, U 3TUM JOCTHUTACTCS
coBMmelenune cTpyktypbl KC YKII ¢ aelicTBytoleit CTpyKTypod NpeanpusaTusl.

Hoxymenransroit 6azoii KC YKII cioyxar crangapter npeanpustus (CTII),
oOpazyrolue €€ OpraHu3allMOHHO — METOJAMUYECKYH0, TEXHUKO-3KOHOMHUUECKYIO H
npaBoByro ocHoBy. Kommeke CTII oxBaThiBa€T BCE CTaIUM CYILIECTBOBAHUSA IMPO-
OYyKIUHU, €€ mapaMeTPUUYECKUE XAPAKTEPUCTUKHU, OPTaHU3ALUOHHO-TPYAOBBIE MPO-
IIECCHI, a TaKke (PYHKITMOHATbHBIE OCOOEHHOCTH OOBEKTA YIIPABJICHHMS.

Chopmymuposannas KC VKII, ycranaBamBaeT NMpUHIUAIT MPOTPAMMHUPOBaA-
HUS CITYKEOHOU ACATENBbHOCTH MOAPA3ACICHUN U KaXKJI0r0 UCHOJHUTENA ¢ MOCe-
JOYIOIIEH OLICHKOW M aQHAJM30M BBIMIOJTHEHUA PadOThl U MPUMEHEHHUEM YIPaBJISAIO-
LIAX BO3JAEHCTBUN B COOTBETCTBUMH C BBIBOJAMU 3TOr0 aHAIM3A.

D¢ dekTHBHOCTh MPOrpaMM M YTPABJISIFONIUX BO3ACHCTBUI B pamkax KC
YKII M0kHO omlpeneuTh MyTeM BBIICICHUA, KPUTEPUEB OIEHKHN ((HEKTUBHOCTH
JNEHUCTBUS CUCTEMbI HA KaXKJI0M CTa/IMU CYILECTBOBAHUS MPOAYKIMK U HAOIIOICHUS
WX U3MCHEHHUS BO BPEMEHH.

Kpurepusmu onenku rdpdexruBaoctu neticteus KC YKII va craguu npoek-
THUPOBAHUS CITYKarT:

OCTETUYECKUE XAPAKTEPUCTUKH U3MICIIUIA,

TexXHUKO-DPKOHOMUYECKNE XaPAKTEPUCTUKH U3ACIIHIA,

JITUTENbHOCTH 1IMKIIA «pa3padoTka — pa3paboTKay;

OOHOBJIEHHE MOJENEH M HKCMOJb30BAHWE HOBBIX MATEpHAJIOB HA CTaJuu
MPOU3BOJICTBA,

JUTUTENbHOCTD IIUKJIA «Pa3pad0TKa — OCBOCHUEY,

Y IeNbHBIN BEC HOBOM MPOAYKINHU B BBIMTYCKE,

Y IeNIbHBIN BEC AaTTECTOBAHHOW MPOIYKIIUH,

PutMHYHOCTE MPOM3BOICTBA,

VY nenbHbBIN Bec Opaka B C€OSCTOMMOCTH MPOYKITHH,

OrneHka KauecTBa TPYy/Aa HA CTaAUM NOTPEOICHHUS,

VY nenabHbIN BeC 3apeKJIaMUPOBAHHON MPOIYKIIMU B 00BEME BHIMTYCKA;

KonnuecTBo peknaMaruii 1 3apeKIaMUPOBAHHBIX U3AECTUN,

DaKTUYECKHU MOTEPH OT PEKIIAMALIUH,

Cymma mTpadoB 3a TOCTaBKY HEKAYECTBEHHON TIPOIYKITUN U HEJOTIOCTABKY.

YXyHllleHre OJTHOTO WM HECKOJIbKUX MOKAa3aTeaeH CBUACTEIbCTBYET O ¢OO-
X B (PYHKITMOHATIEHON CUCTEME, BIHSIONINE HA ATH IMOKA3aTENH.

KC VKII — nuHamuueckas cHUCTeMa, OHA MOCTOSHHO COBEPIICHCTBYETCS.
[TepcniexkTBHBIMU HarpaBiieHUsAMU npoaosikenns padot no KC YKII asnstores;

[Tosbrmenue 3pHEeKTHBHOCTH NEHCTBHS CHCTEMBI,

Pacmmipenue cocraBa ¢yHknmii ymnpasienms, peanusyembix B KC VYKII
NpEaNpUATHUA,



Pa3paboTka u BHeApEeHHE HOBBIX 3a/1a4 10 YIMPABJISHUIO KQueCTBOM MPOIyK-
muu B coctae ACVYII;
Paspabotka u BHeapenne gonoaHuTeapabix CTII;

VY4ér u ananu3 Perucrpanms u VY4€T BBLITOIHEHMS]
Ananus 6paka o3BpaTa GoaKa IbeKc
BO3BpAT: K aHau3 TUBHBIX
0 ONepaLusIM P P . AP .
0 LeXaM peKIaManuil MEPONPUATHI

— L

Pacuer koappuunenTon
Ka4ecTBa

Puc. 1.5.1 — Komniekc 3a1a4 nOACUCTEMBI YIIPABIEHUs KAY€CTBOM

Ha 0a3e BBIUMCIMTENBHBIX MAITWH pa3padOTaHbl IATh 33434 TMOJCHCTEM
YIIPABJICHUS KAUYECTBOM.

B 3amaue 1 npooautcs ananu3 Opaka mo oneparusaM. Mcxomroi nadopma-
IACH TS JAHHOTO pacyeTa SBJISETCS KOJMUECTBO MPUHSTHIX TOAHBIX U OpaKoBaH-
HBIX W3JICNHN, Y3JI0B W JeTalleh, 3apeTHCTPUPOBAHHBIX B HApsAax, U HOPMATUB
Opaka (B %) Ha KaXAyIO OMEPAIHiO, TOMYCTUMBIH TT0 TEXHUYECKAM YCIIOBHUSIM U 3a-
JIO’KCHHBIN B TTAMSATh MAIIIAHBI,

B BrIxomHO# nH(pOpMaNAKA COACPKUTCS: aHATU3 Opaka mo omnepanusiM (Trpo-
IeHT Opaka); pexkoMeHAanmuu o0 YCOBEPIICHCTBOBAHMHM  TEXHOJIOTHUECCKOM
OCHACTKH WJTM TEXHOJIOTHUECKOTO TIPOIlecca Ha AAHHOW OTepaIiuu, €CIu MPOICHT
Opaka MpeBhITIAeT 3arIaHUPOBAHHBIH.

B 3amaue 2 mpom3BOAMTCS YyUET W aHAJIA3 BO3BpaTa OPaKOBAHHBIX W3/CITHI
n3 nexa. Onpenensercs oOmui MpoleHT O0apka mpoayKiuuu 1exa. McxoaHoi uH-
dbopmarueit ABISETCA KOIUYECTBO OpPaKOBAHHBIX WM3CIWAN, BO3BPAIIEHHBIX IEXY,
coJiepKarieecs B HaKJIaaHbIX.

B 3agade 3 nmpon3BOANTCA PErUCTPaAvs U aHAJIU3 PeKiaManui U mTpados 3a
OpakoBaHHbIC W3aenusA. M3menus rpynnupyioTcs TO BHIAM W XapaKTEPHUCTHKAM
Oapka.

B 3amaue 4 mpoBOoANUTCS yUET BBHITIOTHEHUS TUPEKTUBHBIX TOKYMEHTOB, UME-
IOIUX CPOK BBHITIOJTHEHUS.

B 3agade 5 mpowmsBoamTca pacder K03(h(UITMEHTOB KadecTBa MO BHEITHEH
nH(pOopMaIy 1 HHGOPMAITHH, TOCTYHAOIIESH 3a 3agadamu 1,23 4.

Bce paboTel o cO37aHUIO aBTOMATH3WPOBAHHOW CHCTEMBI YTIPABIICHUAS BE-
JyTCsl B OPUEHTAIlMA HAa aBTOMATH3UPOBAHHYIO cucTemy ympasieHus ACY-npu-
6op. Mcnonb3oBaHne aBTOMATU3UPOBAHHON CUCTEMBI YIIPABIICHHS HA TIPEATIPUSATH-
X TIOBBIIIAET OMEPATUBHOCTH, JOCTOBEPHOCTh W TIOJIHOTY WH(pOpPMAIH, mocTyna-
forreit B ACY — nmprOop, 9TO O3BOIUT MOBBICUTH Y(D(PEKTUBHOCTH YIIPABJICHHS.



KonTpoabHbie Bonpochl K pasaeny 1.5

1. Kakumu MeToiamMu onpenensercs npoda Ha IOBEIUPHBIX U3AETUAX?

2. W3 xakux 5TarmoB COCTOMT padora mo (hOPMUPOBAHHUIO KOMIUICKCHOW CH-
crembl yrpasieHus kadectsom npoayknuu (KC VKII) Ha toBenmupHBIX npeanpus-
THAX?

3. Ha yem ocHoBriBaeTcs pazpadorka KC YKII?

4. OCHOBHBIE 33724l MPOU3BOACTBEHHONU NEATEILHOCTH IOBEIUPHBIX MPE-
MPUATHIA?

5. enu KC YKII?

6. B xakoMm mopsiake mpou3BOAUTCA (OPMHPOBAHUE KOMIUIEKCA METOIAYE-
ckux gokymentos KC YKII?

7. Kakue ¢pynkmun peanusyiores B pamkax KC YKII na 1-m ypoBre ynpas-
nexus’?

8. Kakue cucteMbl BbIJIETEHBI B COOTBETCTBUU C OOIIMMHU MPUHLIUANAMU TE€O-
puu ynpasienus B KC YKII?

9. Uto ciyxuT nokymentainbHoi 6azoit KC YKII?

10. ITo xakum kputepusim oneHuBaroT 3pdexkrusHoCcTh AeiicTeus KC YKII
Ha CTaJIuU MPOEKTUPOBAHUA?

11. Kakue 3aaum pemiarOT npy yIpaBICHUH KA4YE€CTBOM?



2. TEXHOJIOI'MYECKHE OCHOBbBI ITPOU3BOCTBA IOBE-
JIMPHBIX U3JIEJINU METOJIAMU ObPABOTKU
METAJIJIOB JABJIEHUEM U PESAHUEM

2.1. TexHosorust M3roToOBJICHHS IOBEJTUPHBIX H3AE/ U
MeTOoaMu 00pa00TKH METAJLJIOB 1aBJICHUEM.

Jlekuus 18

1. O0mme npeacraBiaeHUsS U CBeACHUS 00 00padOTKE METAJIJIOB JAABJICHUEM
(OMI).

2. Knaccudukamus merogos OM/I.

3. [Momyuenune aedopmupoBanHbix oy dadpukaros merogamu OM/I.

OO6paboTka METa/IOB AABJICHUEM BO3MOXHA Ojiarogaps WX IJIACTUYHOCTH,
T. €. CIIOCOOHOCTH M3MEHATh CBOW BHEITHUE (POPMBI, HE Pa3pyMIaiCh MO ICHCTBU-
€M BHEIHUX CcWil. Takoe u3MeHEHHWE (OpMBI METaUIOB 0€3 HapyIeHWUs UX
CIUIONITHOCTH HA3bIBAIOT TuIacTHUeckon aedopmarmeii. [Imactuueckas aedopmanms
METAJIJIOB MPEICTABIIACT COOOM CIIOKHBIN (PH3MKO—MEXaHHUYCSCKHI Tporiece, odec-
MEYNBAIOIIHH (POPMON3MEHEHHE METATITHICCKOM 3ar0OTOBKH U M3MEHEHHUE CTPYKTY-
PBI METaJIIA.

OO6bryHO TIacTHUECKas nedopmarus B MeTajulax HauYWHASTCSA TOT/A, KOTna
HaIpPsHKEHUS, JEHCTBYIONINE B TUNIOCKOCTH CABUTA, JOCTHUTAIOT OMPEACIICHHOTO 3Ha-
YEHUS, 3aBUCAIIETO OT TJIACTHUECKUX CBOWCTB, CTPYKTYPBI B TeMTIEpaTyphl nedop-
Manuu Metaia. [nactudeckoe popMOU3MEHEHHE TOPSUETO METajlIa, KOTJaa TeM-
nepatypa aehopMariii TMPEBHINAST TEMIIEPATYPy PEKPUCTAIUIM3AIAN, TTPaKTHYe-
CKHM HeorpaHmueHHO. /i XonomHoro mertamia (Ipw TeMrmeparypax aehopMarum
HIDKE TEMIIEPATypPhl PEKPUCTAUTM3AINN) TUIaCTHUEeCKOoe (DOPMOM3MEHEHHE BO3-
MOXHO 10 onpeaeneHubix aedopmarmid. [Tocae uero nedopmupyempiii Mmeramt Ha-
yuHaeT pazpymarbcs. [losTomy nedopMupoBanne OOTBITUHCTBA METALIOB B XO-
JIOTHOM COCTOSIHHM OCYIICCTBIISIIOT ¢ IPUMEHEHUEM OJHON WM HECKOJBKUX TPO-
MEKYTOUYHBIX TEPMOOOPAOOTOK, 00ECIEUMBAIOIIMX CHATHE HAKJIENa U BOCCTAHOB-
JICHUE TJIACTUUECKUX CBOWCTB METAJJIOB.

Kaxaomy meTtayuly U CIJIaBy COOTBETCTBYET BIOJIHE ONPE/EICHHAS TEMIIE-
paTtypa pekpuctaum3anii. MUHAMAaTbHBIE TEMTIEPATY P, IPH KOTOPBIX MPOUCXO-
JUT PEKPUCTAILIN3ANA 110 YMITUPUUCCKOM 3aBucUMOCTH A A. bouBapa /st aucThiX
METALJIOB, COCTABJISAIOT:

Ly =1(0,35€0,45) 7', 2.1.1)

A€ Tpep U Ty — TEMOEPATYPBI PEKPUCTAILUIM3ALNK U TTABJIEHUS METAILIA.



JIsis TOBENMPHBIX METAJLIOB TEMIEPATypPhl PEKPHUCTAIN3AIANA PABHBL IS
cepebpa — 200°C; mna 3omota — 260°C; mna mmatuns — 450°C.

IInacTHYHOCTh METAJIJIOB M CIUIABOB MPH 00padOTKE MaBJICHUEM 3aBHUCHUT OT
COCTaBa M COCTOSTHUS METajlla, TEMIIEpaTyphl HarpeBa, Xapakrepa ACUCTBUA U Je-
(hopMUPYIOMUX CHJI, CKOPOCTH W CTETICHH JehOopMaIyu, YCIOBHAS TPEHHS Ha TIO-
BEPXHOCTSIX COMPOTUBJICHUS METaJljla 1 MHCTPYMEHTA U IPyruX (akTopoB. UncTeie
MeTaJuThl OOBIYHO OO0JIee TIACTUYHBI, UeM CIIaBbl. MEHBIYIO TUIACTHYHOCTh UME-
IOT METAJLIBI B JTATOM COCTOSTHUHU. OTPUIIATENIFHO BIHAET HA MePOPMUPYEMOCTh 1
OOJIBIIMHCTBO MpUMeECEH, nMeroiuxca B merayuiax. Cepa, HanpuMep, cCnocoOCTBY-
€T Pa3pPYIICHUIO MEIHBIX W IOBEIUPHBIX CIUIABOB MPH TopsyeM AehOpMUPOBAHUH
(sIBJICHUE KPACHOJIOMKOCTH). [[JTaCTHIHOCTH METHBIX CIUTABOB U CIIABOB M3 Aparo-
IICHHBIX METAJUIOB YXYAIIASTCS MPY HAJIMYUU B WX COCTaBE BUCMYTa, CYPbMEI, JKe-
Je3a, cephl, KUCIopoaa U Apyrux npumeceii. [Ipu moBeIeHNN TeMIiepaTyphl Je-
dhopMupyeMOCTh OOITBIITMHCTBA METAJIOB BO3PACTAET.

Bonbioe 3HaueHne Ui mporecca miacTHIecKoro AehopMUPOBaHAS METaJI-
JIOB B XOJIOJIHOM W TOPSYEM COCTOSHHH UMEET CXeMa MPUJIOKECHHS NePpopMUpyro-
X ycunuii. O6pr9H0 Hanbosiee 01aronpusITHO MEeTalT Ae(OPMUPYETCS B YCITOBH-
X CHKATHs, HAPUMEDP MPECCOBAHUSA, TaK KaK MPH 3TOM MMEETCS MEHbBIIE BO3ZMOXK-
HOCTeH utst 0OpazoBanms TpemuH. CyeCTBEHHO BIUAET HA TUTACTHYHOCTH METaJl-
JIOB U CKOpocTh nedopmupoBanms. Ecnu mist mo6oro KOHKPETHOTO MeTaljia CKO-
POCTh HaKJIENOOOpa3oBaHUA TPH TopsdeM JAehOPMHUPOBAHWH OOJBIINE CKOPOCTH
Mporecca pa3ynpouHeHH (PEKPHUCTA/UTH3ANAN), TO CONMPOTHBIICHUE METallia Jie-
dbopmupoBanmto noBeimacTcsa. OO0bMHO TIPpH 00pabOTKEe METAIOB AABICHHEM Ha
MOBEPXHOCTAX COMPUKOCHOBEHUS 00padaThIBAEMOTO METaJljla U MHCTPYMEHTA IS -
CTBYIOT 3HAUWTEIIBHBIE CHJIBI TPCHUS, HA3bIBAEMBIC CHJIAMHU BHEIIHETO TPCHHS.
Cuibl 3TH, TPOTUBOACHCTBY S TUIACTHUCCKOMY TCUEHHUIO METAIIa, BHI3HIBAIOT YBE-
audeHue AepOPMUPYIONINX yCHIIAMA, TOBBIIIICHUE YHEPTETHUSCKUX 3aTpar MmpH 00-
paboTKe METAJIJIOB JABJCHUEM, CIIOCOOCTBYIOT YBEIMUCHUIO H3HOCA HHCTPYMEHTA.
JIsis yMEHbBIIICHHS TIOTEPh HA TPEHHUE TIPHU 00pabOTKE METAIIOB TaBJICHUEM TTPUME-
HAIOT CMa3KH (CMa3bIBAIOT OOWKHW, BAJKW), OUYMIIMAIOT MOBEPXHOCTH AehopMupye-
MOTO METaJla OT 3arpsA3HEHUN W OoKanmHBI. Tak, MPpUMEHEHUEe CMa30K Tpu obpa-
00TKEe METAUTOB JAaBJICHUEM TO3BOJIAET YMEHBIIUTh YCHINE nepopMUpoBaHUS Ha
15 — 20% u 3HAYUTETBHO MOBBICUTh M3HOCOCTONMKOCTh HHCTPYMEHTA.

[Tpu ropsaueii 06padOTKe METALJIOB AABJICHUEM CJIEAYET MPUMEHATh HErops-
e CMa3KW, HAIPUMEDP COJISTHBIE COCTAaBBI, a TIPHU XOJOAHONW 00pabOTKE — JKUIKHE
CMa3bIBAIONINE TACTHI, COCTOSAMNAE W3 MUHEPATBHBIX MAceJl, HAMOJHUTENCH (Me,
TaJIbK, JPEBECHAS MYKa) M aKTHBU3ATOPOB (OJICMHOBAS WJIA CTCAPWHOBAS KHUCIIOTHI
u 1p.). Ecou npu xononHoMm aedopMHUpOBAHUN METANLIa YCHINAA HA TIOBEPXHOCTSX
TPEHUSI BECbMa 3HAUMTEIILHBI, HAMPUMED, TIPA XOJIOJMHOH OOBEMHOHN IITAMITOBKE,
TO Ha JAehOPMHUPYEMBII META/T HAHOCAT CIICIIHAIIBHBIE TBEPbIC MOKPHITHS (oc-
(baTHBINH CIIOH, OKCAJIATHBIM CIIOM, MOKPHITUS M3 MATKUX IDIACTHYHBIX METAJIOB,



MOJIMMEPHYIO TUICHKY U J1p.). Takue MOKPHITHS XOPpOoIo Ae(hOPMHUPYIOTCS BMECTE C
METaJUIOM, HE BBIJABIMBAIOTCS W CIIOCOOCTBYIOT YAESPKMUBAHUIO CMA30YHBIX MACE
WJTH TIACT HA TMOBEPXHOCTAX WHCTPYMEHTA U METaJlIa.

HNuorpa npu oOpaboTKe METAIUIOB AABJICHUEM CHUJIbI TPEHHS HCIMOJb3YIOTCA
JUTSL YTIPABJICHUS TIPOIECCOM TUIACTHYECKOTO TEUCHUS METalljla, HAampuMep JUTsl 3a-
XBaTa 3aroTOBKW BAJIKAMH TIPH MTPOKATKE U T. .

TepMuueckytro 00pabOTKy B IOBEIUPHOM IIPOM3BOJACTBE MPOM3BOAAT B
OCHOBHOM JIJTsI CHATHS HaKJIETa, MOJTYyYEHHOTO METa/UIOM TIPH XOJIOTHOM Aedopma-
A, a TAKXE /U1 BOCCTAHOBJICHHWS OKHCJIICHHOTO TOBEPXHOCTHOTO CJIOSI TIOCHE
naiku. /s 30JI0THIX CIUTABOB MPUMEHSIOT OTXKHT JJIA CHATHS HANPSHKEHUH TIPH
temmepatype 700-750°C B koHBelepHBIX TIeUax ¢ 3arUTHONW atMocdepoi. Temme-
parypa cepeOpsAHbIX CILJIABOB HECKOIBKO HUKE U cocTaiiseT 600-650°C.

Ha toBenupHBIX 3aBOAAX TPUMEHSIOTCA MPAKTHYECKA BCE PA3HOBHIHOCTH
00paboTKM METa/UIOB JMaBlicHWEM. YcCloBHAsA kinaccudukamusa mpoiecco OMJ]
npuBeaecHa Ha puc 2.1.1.

O6paboTKa MeTa L/I0B
JAaBJIEHHEM

ITpoxaTHO-MPECCOBO-BOIOYUIBHOE Ky3He4HO-IITAMIOBOYHOE Crneunanu3upo-BaH-

TIPOM3BOICTBO TIPOM3BOACTBO HBIC
npornecchl OMJ]
Pa3nenaurensHbIe Onepanun

IMpokarka | IlpeccoBanme | BomoucHue Koska O0beMHAS Jucrosas MerusHoe

IITAMITOBKA IITAMITIOBKA TIPOU3BOICTBO
CoproBas IIpyTroB u IIpyTroB u Ocaxxa B OTKpBITBIX I'ubxa IIpoussoacTeo
MPOKATKa mpodreh mpodreh IITAMIAX THYTBIX

npouIch
JIucrosas ITanenen ITpoBonoku IpoTsoxka B 3axpsIThIX BeITsprka CoBMemeHHbIC
MPOKATKA IITAMIIAX TTPOIIECCHI
Tpyo Tpyo Tpyo ITpommBka Brigasnu-Ba- DopMOBKa
HHEM

Puc. 2.1.1. Knaccuduxkarus nporeccos OMJ]




W3 OonbuimHCTBa METAIJIOB MJIATUHOBOM TPYMIMbl U CIUIABOB HA UX OCHOBE B
HACTOAIIIEE BPEMs METOJaMK 0OpPa0OTKHY JIaBJICHUEM MTPOU3BOSAT PA3IMUHbBIC MOJTY -
(habpukaTel, B TOM YHCIIC MMPOBOJIOKY, TTOJIOCHI, JIUCTHI, (hOJIBTy, OMMETAIIBI, TPY-
061, (haconHbIe TPODHITH, PA3TUIHBIC TEXHUUCCKUE U3ACTUA (TUTIIH, CTaKaHBI, KOJI-
061 ¥ T.4.). OCHOBHBIMH OTICPAIIASAMHU, IPUMCHICMBIMH JIJISI UX W3TOTOBJICHUS, SB-
JIAIOTCS KOBKA, MPOKATKA, MPECCOBAHKE, BOJIOUEHUE U JIUCTOBAS IIITAMIOBKA.

KoBky NpUMEHSIOT IS pa3pylICHUs JUTON CTPYKTYPbl METOAOM ropsiueit
nedopMarii myTeM MPOTSHKKK CITUTKOB. CAWUTKHA MAjUTads W €T0 CIIaBOB, TOJTY-
YEHHBIE AYTOBOW WM JJIEKTPOHHO-IIYUYEBOM IIJIABKOM, OTJIMYAKOTCA KPYIHOKPH-
CTAJUIMYECKUM CTPOEHUEM W HEOAHOPOJHON CTPYKTYpoil mo cedeHuro. OObIYHO
KOBKY MPOBOAAT HA MOJIOTAX WJIM POTALMOHHO-KOBOUHBIX MailnHax. KoBKy ciauT-
KOB CTUTABOB MAJTA M, BHITUTABIICHHBIX B WHIyKIIMOHHOM TIeun B aTMocdepe apro-
Ha W TEPEIUIaBJCHHBIX B BaKyyMe, OCYIIECTBISIOT mpu Temneparype 1000—
1500°C. IIpu 3TOM MONYYaArOT 3arOTOBKH ISl MPOKAaTKK Tojamuon 10—-12 mm. Jlna
MOJTyYCHHS TIPYTKOB cedeHreM 3x3 MM H3 CIUIaBoB najyutanusa ¢ upuaueM (1o 30%)
UCMOJIB3YIOT MPOTSHKKY MeTajiia npu Temmeparype 1200-1400°C,

[Tocne onepanuii KOBKM MPUMEHSIOT B 3aBUCUMOCTH OT Ha3HAYEHUA U3JETUs
aub0 COPTOBYIO, MO0 JIMCTOBYIO MPOKaTKy. OCHOBHBIMH 3arOTOBUTEIbHBIMHU CTa-
HaMH TIPU TPOM3BOJICTBE 3arOTOBOK ABJISIFOTCS CJIISIOMHTY TP JIMCTOBOM MPOKATKE
1 OJIFOMUHTH NPU COPTOBOM MpokaTke. Ha 3Tux MonHbIX arperarax o0padaTbiBatOT
cnutku maccoit go 100 T.

Hcnonb3yemasa B HACTOAIEE BPEeMS B MPOMBIIIJIEHHOCTA TEXHOJIOTMYECKAs
cXeMa MPOU3BOJCTBA MPOKATA U3 METALIOB MJIATUHOBOM TPyNIbl HE UMEET MPUH-
HUIHAJIBHBIX OTIMYUN OT OOBIYHOW MPHUHATON B IBETHOM METAUTYyPruy TEXHOJO-
run npokatku. OHa ompeaensercs AehOPMAIMOHHBIMU XapaKTePUCTHKaMu 00pa-
0aThIBAEMbIX MATEPUAJIOB, pa3MEpaMy TOTOBOT'O MPOKATa, €r0 HA3HAYEHUEM U Tpe-
OOBAHUAMM TEXHUUECKUX YCIIOBUIA.

JIiis copTOBO# MPOKATKK XapakTepHa XoJI0aHas aedopmarius Merasia B Kie-
TSIX HEMPEPHIBHOTO CTaHA, MPU 3TOM B KAUE€CTBE 3arOTOBKH UCIOIb3YETCS MPYTOK
KpYIJIOTO WJIM KBaAPATHOTO CEUeHUA. B 3aBUCMMOCTH OT pa3Mepa nojy4aeMoro us-
JEUsl MPUMEHACTCS KAIMOPOBKA THUIA «KBAAPAT-KBAPaTy, KBAAPAT-OBAD», «KBaA/-
paTr-IIECTUTPAHHUKY, WJIU «KPYT-OBAD».

TexHosornueckas cxema JMCTOBOM NPOKATKH BKITIOUAET O0KUMHYIO, 3aroTo-
BUTENIbHYIO U YUCTOBYIO NMpokaTKy. O0KMMHAas MpOKaTKa, MPOU3BOAMMAst, KaK mpa-
BUJIO, B TOPSYEM COCTOSIHUU, IPUMEHSIETCA U1l 00KaTUs JIUTOM 3ar0TOBKH;, 3aroTo-
BUTENIbHASA MPOKATKA MPEIHA3HAYEHA U1 MPOW3BOJCTBA MOJKATA, YACTOBAS WU
OT/EI0YHAsA MPOKATKa MOAKATa MO3BOJISIET MOy4YaTh MoJydabpruKaThl 3aIaHHOTO
COpTaMEeHTa U HeoOXOAMMOro kauectsa. Harpes nepen ropsuei npokaTkod HeoO-
XOAUMO TIPOBOJIUTH B CPeAaxX, KOTOPbIE HE B3AUMOJCHCTBYIOT ¢ OJIarOpOAHBIMU MeE-
TaJUIaMA W cIulaBaMu. Pexxum oOxaTull mpu MpPOKaTKE JPArolEHHBIX METAUIOB
npeaycMaTpuBacT HEOOBINNE CTENEHN MeopMaIiii 3a MPOXOA, KOTOPHIC TUMHUTH-



PYIOTCSI TPOYHOCTHIO JETAJICH MPOKATHBIX CTAHOB. [ MOJlydeHUs paBHOMEPHOM
TOJIIUHBL JIMCTOB U3 APArOl€HHBIX METALJIOB BAJIKaM, MPUMEHSAEMbIM JJI1 YUCTO-
BOM MTPOKATKH CIIABOB C BHICOKAM COMPOTHBIICHUEM JepopmaIiuu, IpuaatoT orpe-
JICTICHABIA PO HITD.

[TpokaTKy JUCTOB, MOJOC U JIEHT U3 MJIATHUHBI, MALJIAUA U MHOTUX CILJIABOB
HA WX OCHOBE OCYIIECTBJISIFOT BXOJIOJIHYIO HA JIBYXBAJIKOBBIX MPOKATHBIX CTAHAX C
arameTpoM BankoB 220-420 mMm u gnuHon 6ouku 280-900 mM. JIuctoBoit mpokar
B 3aBUCUMOCTH OT TOUHOCTH PA3MEPOB JEIUTCSA HA JUCThHI U MOJIOCHI BbICOKOM, TO-
BBIIIEHHOW W OOBIYHON TOUHOCTHU. [10JI0CHI U JIEHTHI BBIMYCKAKOTCS MPOMBIIIIEHHO-
CThIO B OTOKCHHOM W HAarapTOBAaHHOM COCTOSIHMAX. DoJbry W3 miaacTUuuHbIX Ona-
TOPOJHBIX METAIJIOB (IJIATHHBI, MAJIaaus), a Takke u3 cmasos [1nH-10, [1nPa-10
MPOU3BOJAT TOMMMHON 10 1 MkM. [ momyueHus ToHuaien goabru (10 1 Mkm)
MPUMEHSIOT CICHMAIbHbIE MeTOAbl. Hampumep, Mexay KapTOUKaMu 3aroTOBOK
MPOKJIABIBAIOT JINCTHI MapauHUPOBAHHON OyMaru, pa3Mepbl KOTOPBIX COOTBET-
CTBYIOT pa3Mepam kaprouek. Hamnume mapaduHupoBaHHOM OyMaru mpemnoxpaHser
JIUCTBI OT CXBATHIBAHMS, 00ECTICUMBACT CMA3Ky 3arOTOBOK M oOJierdaet mux nedop-
MaLHIO.

[Tonockl U3 CIJIaBOB IJIATUHBI U NAJUIAANS, XaPaKTEPU3YIOIIUXCA UHTCHCHUB-
HBIM YTIIPOYHEHUEM B Tporiecce AehOopMaIiu, MOIBEPTra0T XOJ0HON MPOKATKE ¢
MPOMEXKYTOUHBIMA OTKUTaMH MEXKIy TpoxoaaMu. Tak, 3arOTOBKH w3 crijiaBa Pd—
Ag—Ni, ucnonp3yeMoro B anmaparax TOHKOH OYMCTKH BOJAOPOJA, TPOKATHIBAIOT C
cymMapHbiM oOxaruem He Oosice 50 % wu 3arem omxkwuraroT. Ilocie oTxkura
TBepaocTh (o Bukkepcy) monoc camxkaercs ¢ 2100-2200 MIla go 1100 — 1205
MI]a.

[IpeccoBanue sABIACTCA MEPCHEKTHBHBIM TMPOIECCOM TEPBHUHON aedopma-
UM CIIUTKOB W 3arOTOBOK OJaropoJAHBIX METAJIOB U CIUIABOB, TaK KaK XapaKTepH-
3yercsa OJaronpusATHON CXEMOW HAMPSHKEHHOTO cocTosHUA. OcobeHHO 3¢ dhekTHB-
HO — THUJIPOCTATUUYECKOE MPECCOBAHUE, MPU KOTOPOM BHIJABIMBAHUE METAILIA W3
KOHTEMHEPA OCYILECTBIIAETCA MO AEUCTBUEM KUIAKOCTH, HAXOJALIENUCA MO BBICO-
KUM JaBjieHueM. [IpeumyiecTsa 3Toro npoiiecca no CpaBHEHUIO ¢ OOBIYHBIM TTPEC-
COBAHHMEM OUCBUHBI: TIOBBIIIAETCS MJIACTUYHOCTh METAJIJIOB B CBSI3U C POCTOM TH/I-
POCTAaTHUECKOTO JABJICHHS, 3aJICUMBAIOTCS MUKPO- M MAaKpOAC(PEKTHI, YCTPAHIIOTCS
HEPAaBHOMEPHOCTH Ae(opMaIini U BOSHUKAIONINE B CBA3U C TUM JIOTIOJTHUTEIIHHBIC
PaCTATMBAIOIIME HAMPSKECHUS, YBEIWYMBACTCS MPOYHOCTh WM T.4. Hambosnee cra-
OWJIbHBIC PE3YJIbTAThI, MO MPECCOBAHUIO MAJIIAAUEBBIX CILJIABOB, ObLIM TMOJYYEHbI
MPU MCMHOJIb30BAHUM B KAUECTBE Pabouei )KMAKOCTU CMECH TJIMIEPUHA C ATHIICH-
TJIMKOJIEM Y JIByXCIOMHOW CMAa3KH, COCTOSLUEHW M3 CIIOA KallajJOTOBOTO KMpa CO
CJIOEM cTeapaTa HaTpus.

[TpuMeHUTENBHO K OJIArOPOJHBIM METAJJIaM M CILJIaBaM 3TH MPEUMYIIECTBA
MO3BOJIAIOT OCYIIECTBIATh XOJIOAHYIO IUIACTHYECKYIO AedopMaluio TPyAHOIE-
(hopMHUpYyEMBIX MAaTEPHATIOB, KOTOPHIC HHTCHCUBHO OKUCIISIOTCA U OXPYTUHBAIOTCA



pu ropsucii oopadortke. [pu aedopmanum MIaCTUYHBIX TIATHHOBBIX METAJLIOB M
CIIJIABOB METOJAOM THAPOCTATHYECKOTO MPECCOBAHUA OTMAAAET HEOOXOAWMOCTH
MPOBEACHNS YaCThIX MPOMEKYTOUHBIX OT)KMIOB M 3HAYWUTEIIBHO BO3PACTAIOT €1U-
HUYHBbIE 00kaTuA. [IoMHMO 3TOro, B CBA3M C OTCYTCTBHEM KOHTAKTHOTO TPECHHA
MEXKAY CTEHKAMHW KOHTEMHEPA W 3aroTOBKOW BO3MOYKHO TOJIYUCHHUE W3JCIIUN 1IH-
POKOM HOMEHKJIATyphl, YTO OCOOCHHO BaXXHO IPH MPOU3BOJICTBE W3S U3 Oa-
TOPOJHBIX METAJIJIOB M CIUIABOB, KOTOPHIE OTIMYAOTCSA OOJBIIAM pa3HOOOpazuemM
(hopM U pa3MepOB H BBHIIYCKAIOTCSA HEOONBIITMMHU MAPTHSIMH.

BonouenneMm u3 OGmaropoaHbIX METAJJIOB U CIUIABOB IMOJyYalOT MPOBOJIOKY
auametrpoM oT 15-20 mkm g0 10—12 MM, TpyObl 001l1er0 Ha3HAYEHUA TUAMETPOM
0,5-60 MM ¢ TONIMHON CTEHKH 3,5 MM M KanwuigpHble TpyOku auameTpom 0,5 — 5
MM C TOJIIUHOMN cTeHKH OT 50 MM 10 1 mm. ITpon3BoAsT Takke MUKPOIIPOBOIOKY
arameTpom 0,002— 0,02 MM B CTEKIISTHHOM M MEHOM 000JI0UKaX.

JIns mpon3BOACTBA MPOBOJIOKH M3 TJIATUHBI U TAJIJIaAUs MPUMEHSIOT XOI0-
HOE BOJIOUEHHE 0€3 MPOMEKYTOUHBIX OTKUTOB. /lnaMeTp MpOBOJIOKH, BBIMYyCKae-
MOH W3 INIATHHBI, Tayuiaausa U uX ciiaBoB B cooTBercTBuU ¢ 'OCT 18389-73 m
I'OCT 18390-73 cocraBnsier ot 0,2 mo 1,0 mm.

Jlitst cHrokeHus kKod(pdUImeHTa TPSHHS MPH BOJIOYCHUH TUTATHHBI, TTaJIIaaus
1 WX CIUJIaBOB MCIOJB3YIOT BOCK, CTEAPUHOBYIO KHCIIOTY, MOKPBHITHA U3 MEAU Y Ce-
pebpa. [Tocnenuuii MeTOn NPUMEHAIOT AJ14 MOJYYEHHUS TOHKOW M TOHYalIIed npo-
BOJIOKH.

Jlexuus 19

1. O0mue cBeneHus, CyIHOCTh U OCHOBHBIE TEXHOJOTMUYECKUE MapameTphl
MPOIIECCOB MPOKATKH, MPECCOBAHUSA U BOJIOUCHUS.

2. OCHOBBI TIOJIyYEHHUA JIMCTOBOT'O U COPTOBOIO MPOKATa.

3. [Ipon3BOACTBO MPYTKOB W IpoduIIel MeTOaMH TPECCOBAHMS.

4. IlomydeHnne MPOBOJIOKK U3 OJArOpoOJHBIX METAJUIOB U CIUIABOB AJA Iiere-
BSI3aHUA.

5. TexHOTOTHYECKHE CXEMbl MPOW3BOJCTBA IOBEIMPHBIX W3JACIHA C TIPH-
MEHECHHMEM OTepaIiii MPOKATKH, IPECCOBAHMS W BOJIOUCHMS.

IIpokarka — oauH W3 HauWOOJEe PacIpPOCTPAHEHHBIX BHUAOB 00pabOTKH Me-
TaJUIOB JaBjieHueM. [Iporecce mpokaTku COCTOUT B U3MEHEHUH (DOPMBI B Pa3MEPOB
3arOTOBKH TMPHU MPOXOKJIECHUHM METajula 4epe3 3a30p MEKy BpalAIOIMMUCA BaJ-
kamu (puc. 2.1.2). OCHOBHBIMH BHJaMH TPOKATKH SBJISIOTCS TPOJOJbHASA, IO-
MepeyHas, U MonepeyYHO—BUHTOBAS.



Puc. 2.1.2. Cxema npokatku

[Tpu mpoaoabHON MPOKATKE METAII 00KUMAETCA MEK/Ty BaJIKaMU, Bpallaro-
IIMMHKCS B pa3Hble CTOPOHBI. [IpyM 3TOM BajikuM 3axXBaThIBAIOT M BTATHBAIOT 3aro-
TOBKY B 3a30p Mexay HuMH. [IpononbHO# npokarkoit monayudarot 90 % Bcero npo-
KaTa.

Paznuuatot caeayromme BUibl MPOJAOJbHOW MPOKATKHU: TIOCKYIO, COPTOBYIO,
MEPUOINYECKYIO.

[Ipn mockoi (JTUCTOBOM) MPOKATKe 00KATHE 3aTOTOBKHA OCYIIECTBIIACTCS B
[JIAJIKUX BAJIKAX C YMEHBIIIEHUEM €€ BBICOTHI U YBEIMUYCHUEM JIMHBI U ITUPUHBI.
Tax monyuwaroT TosncThIe (rOpsAYel MPOKATKOW) M TOHKHE (XOJOJHOW MPOKATKOM)
JIVCTHI.

[Tpu copTOBOI MpoKaTKe HA BajKaX HAPE3AOT KAIUOPBI, B KOTOPBIX OCYIIIE-
CTBJIACTCS OOXKATHUE 3arOTOBKH MO BBICOTE W IIMPHUHE C YBEIUUYECHUEM €€ JIJTUHBI.
CopToBOii MPOKATKOW MOMyJatoT (HaCOHHBIE U3IETUS — YTOJIKH, IMBEJUICPHI, TaBPHI,
IECTUTPAHHUKH U JIp.

JIist X0moIHOM MPOKATKK TPy O MPUMEHSIOT arperar, KOTOpblA NpeaCTaBIsaeT
co0OM JBYXBAJIKOBBIA CTaH C MEPUOAUUYECCKUM PEKUMOM padOThl, paboueh KIeTH
KOTOPOTO COOOMIAETCA BO3BPATHO—TMOCTYNATEIBHOE ABUKEHHUE TIPU MOMOIIU KPH-
BOIIUITHO—IIIATYHHOTO MexaHu3Mma. [Ipoiiecc mpokaTku TpyObl OCYIIECTBIAETCS HA
HETMOABM)KHOM KOHMUYECKOM OMpPaBKe, COSTMHEHHON CO CTEpKHEM, KauOpaMH C py-
YbeM MEPEMEHHOT0 CEUCHMS, 3aKPEMJICHHBIMU B BbIpe3ax BajkoB. McxomHbIN pas3-
MEp pyubsi COOTBETCTBYET HAPYKHOMY AMAMETPY 3arOTOBKU, KOHEUYHBIH pa3zmMep —
HApYyXHOMY JAUAMETPY rOTOBOM TPy OBI.

B ucxoaHoMm mojioxkeHur padouei kiaeTtu TpyOHas 3aroToBKa MPHU MOMOIIH
MEXaHW3Ma MOJIaYy U MOBOPOTA MEPEMEIIACTCS B HATPABJICHUH MPOKATKKU HA Ompe-
JIEJIEHHOE PAcCTOsHUE, HazbiBaeMoe nodaueil. [lpu nBukeHun pabouel KiIeTH
BMOEPEA MPOUCXOJUT YMEHBIICHUE JMaMeTpa W TOJIIMHBI CTEHKU TMOJAHHOTO
y4acTKa 3aroTOBKH B KOJIBIIEBOM MOCTENEHHO CYyKaIOIIeH s Ienu, 00pa3yeMoin py-
YbeM KaJMOPOB U OMPABKOM.



B kpaiiHem nepenHeM MOJIOXKEHUH padodeil KIETH MPOUCXOIUT TMOBOPOT
MPOKAThIBAEMOU 3aroTOBKHU BMecCTe ¢ ornpaBkod Ha 60 — 90°. IIpu obpatHOM nBU-
JKeHUH pabouel KJIETH MPOKAaTaHHOMY y4acTKy TPyObl KaJuOpaMu ONpuaaeTcs mnpa-
BWJIbHAA (hOpMa OKPYKHOCTH 3aJJaHHBIX Pa3MEPOB W OOKATHIBACTCA HA OMPaBKE KO-
HUYECKAs YaCTh 3arOTOBKHU MEPEMEHHOTO CEUEHUs, Ha3biBaeMas pabOuruM KOHYCOM.
Jlanee onepanuu NOBTOPAIOTCA. 3arOTOBKOMW JIJIsi MPOKATKU CIIYKUT TOJCTOCTEHHAA
npeccoBaHHas TpyoOa.

[Tpu nonepeuHoM NpOKATKE BAJKKU BPAIIAIOTCS B OJTHOM HaMpaBJIEHUHU. 3aro-
TOBKa, TIOJTydasi BpPallaTeJbHOE ABMKEHUE, 00)KUMaeTca U AehOpPMUPYETCS BIOb
BaJIKOB. [lomepeuHoil MpOKaTKONW M3rOTOBJIAIOT IIECTEPHU U PA3JIMUHBIC ETAIIU C
MEPEMEHHBIM TIO JIJIUHE MOMEPEYHBIM CEUYEHUEM

[TomepeuHO—BUHTOBYIO (KOCOBAJIKOBYIO) MPOKATKY MPUMEHSIOT B OCHOBHOM
JUIsl TPOU3BOJICTBA TPy OHOU 3aroToBku. [Ipn KOCOBAKOBOW MPOKATKE OCH BAJKOB
PaCIOI0KEHBI IO HEKOTOPBIM YTJIOM APYT K APYTY M K OCH 3arOTOBKH; 3arO0TOBKA
MPU MPOKATKE BPAIIAETCS U MEPEMEIIAETCA B OCEBOM HAINPABJICHUH.

B kadecTBe 3aroTOBKM MPU MPOU3BOJCTBE TUJIb3 HUCMOJB3YIOT JIUTYIO, Mpe-
CCOBAHHYIO WJIM KaTaHYIO 3aroTOBKY. B mpoiiecce BpallareibHO—TOCTYNATEIbHOTO
JBUXKCHUS CEPAIIEBUHA 3arOTOBKU PA3PbIXJISETCA, YTO OOJerdaer €€ MpPOIIUBKY
OTIPABKOM, 3aKpEIJICHHOW Ha cTepkHe. KOoCOBaNIKOBYIO MPOKATKY OCYILECTBIISIOT
Ha JIBYX — U TPEXBAJKOBBIX cTaHaX. KOCOBaNKOBYIO MPOKATKY MPUMEHSIOT TAKXKE
JUISl MPOKATKX 1IApOB, BTYJIOK U p. B 3TOM ciyuae Bajiku UMEIOT HAPE3aHHbIC Ka-
JUOPHI.

[Tpokatka siBageTcs 0oJjiee MPOU3BOJUTEIBLHON MO CPAaBHEHHUIO ¢ KOBKOM. M3-
JEUs, MOJy4aeMbIe MPOKATKON, UMEIOT BBICOKYIO TOUHOCTh T€OMETPUUECKUX pa3-
MEPOB U JIOBOJIBHO XOPOIIIE€ KAY€CTBO MOBEPXHOCTH.

3axBaT NPOKAThIBAEMON 3arO0TOBKHU BAJIKAMH CTAHA MPOUCXOJAUT B PE3YJIbTa-
T€ TPEHUA, BOZHUKAIOIIETO MEXK/Ty MOBEPXHOCTAMM BAJIKOB M 3aroToBKHU. OTHOIIIE-
HUE TJIOMIAACH MOMEPEUHOro CEUEHHUs 3arOTOBKHU J0 MPOKATKU I U MOCJe NpoKaT-
K¥ f Ha3bIBAIOT KOY(PPHUITUEHTOM BHITSIKKY: A=F/f.

KoaddurmeHT BHITSKKE A TTOKA3BIBACT, BO CKOJIBKO Pa3 YMEHBIIIACTCS ceUe-
HUE 3arOTOBKH MOCJIEC KaXJ0T0 MPOMYyCKa Ye€pe3 BAJIKKA NpoKaTHOro crana. Ero 3Ha-
YyeHue OO0bIYHO M3MeHseTcs oT 1,1 10 2 B 3aBHCHMMOCTH OT MaTepuaja, TOJIIUHbBI
3arOoTOBKH, TEMIIEPATYPbI, CKOPOCTH U JIPYTUX YCIOBUHN MPOKATKHU.

Pa3HoCTh TONIIMHBI 3aTOTOBKH JI0 W TOCIE MPoKaTtku H u 4 (cm. puc. 2.1.2)
Ha3bIBAIOT a0COJIIOTHBIM O0KAaTHEM. YUaCTOK, Ha KOTOPOM MPOUCXOJUT 00KaTHE
MeTajuia Py MPOKaTKe, HA3bIBAIOT 30HOH AehopMaIivi.

Jyry, MO KOTOPOH BaJIOK COMPUKACAETCSA C METAIIOM, HA3bIBAIOT AYTOW 3a-
XBaTa, a UEHTPAJIBHBIN YrOJ, COOTBETCTBYIOIUN 3TOU AyTe - YIJIOM 3aXBara.

Uem Oogpllie yrosa 3axmara, TeM OOJjblle oOKaTHE MPU JaHHOM JUaMETPe
BaJIKOB. OJIHO U TO K€ 00KaTHE MOXKHO MPOU3BECTH HA BAJIKAX MEHBIIIETO TUAMET-
pa ¢ OOJIBIIMM YTJIOM 3aXBaTa WJIM HA BajKax OOJBIIEro AUAMETPA, HO C MEHBIIIUM



yriioM 3axBara. [Ipm mpokarke CIjIaBOB W3 IBETHBIX W JPArol€HHBIX METALIOB
yroJi 3aXBaTa HE JIOJIKEH MpeBbiiarh 15 —20°,

Jlnsa crnaBoB cepedpa 875—# m 916—i mpo6 MakcumajbHas CTENEHb 00XKa-
TS He noJpkHA npesbimarh 70%. [Ipu mpokaTke 3070THIX CIIABOB MAKCHMAJIBHO
JIOTyCTAMA Clienytomas crenedb nedopmaruu (%): iBeTHOE 30510TO 375 TIpoOkI
— 50+55; uetHoe 307010 583—i1 nmpoOkl — 55+60; nBeTHOE 30710T0 750—i MPOOKI —
55+65; 6emoe 301010 583—it m 750—i mpob (¢ mukenem) — 40, Genoe 3omoTo 750-H
npoOkI (¢ mayutaauem) — 55.

JIiis cTuTaBOB APAromeHHBIX METAUIOB MPOIECCH TPOKATKH JIUCTOB W MPOBO-
JIOKH CXOJIHBI, OJTHAKO KaXKIBIH MPOIECC UMEET CBOM XapPaKTEPHBIE OCOOCHHOCTH.
Tak, ecnmm Ha JTUCTOBOW MeETaJI MPH MPOKATKE JACHCTBYET TONHKO BEPTHKAIHHOE
JABJICHUE, TO TPU TPOKATKE MPOBOJIOKH 3arO0TOBKA UCTIHITHIBACT U BEPTUKAIBHOE, U
6okoBoe mamienue. [losTomMy mpu mpokaTke MPOBOJIOKK TIO CPABHEHHIO C TIPOKAT-
KOW JIUCTOB HY>XHO MPUMEHATHh MEHBINHE AOMyCTUMBIC oOxaTus. [locie kaxmaoro
MPOX0/1a Yepe3 MPOKATHBIM CTaH MPOBOJIOKY MOBOPAYUBAIOT (KaHTYIOT) Ha 90° m
HEMHOTO YMEHBINAIOT PACCTOSHHS MEXTy Bajkamu. [Ipm Gosbiiom oOxkatnn me-
TaJUT BBHIJABJIMBACTCA B BHJIC 3ayCEHIIEB HA TTOBEPXHOCTH MPOBOJIOKH, MOCIE MTOBO-
pOTa MPOBOJIOKH TIPH CJICIYIOIIEM TIEPEX0IE 3ayCEHITH TUIOXO0 3aKATHIBAIOTCS B Me-
TaJUT, YTO MPUBOAUT K HAPYIICHUIO TTOBEPXHOCTH TTPOBOJIOKH.

[Ipu mpowmsBoacTBe TPyO, MPYyTKOB W Tpoduieii W3 IBETHBHIX METAIUIOB H
CIUTAaBOB TIPECCOBAHME SBJISICTCS OCHOBHOM 3arOTOBHUTEIILHOMN OTEPaITHEH.

[IpeccoBanne — 3TO MPOIECC BHIAABIMBAHUSA META/Ia U3 3aMKHYTOM TIOJIO-
CTH Uepe3 oTBepcTHe Tpedyemoit opMbl B MaTpHIIE.

B cooTBeTcTBMH ¢ BUIOM B3aUMHOTO TIEPEMEMICHHS MPECCYEMOM 3aTOTOBKH
¥ KOHTEWHEpPA pa3IudaloT MPECCOBAHUE ¢ MPSIMBIM, OOKOBBIM, OOPATHBIM HJIA COB-
MeEIIEHHBIM ucTeueHneM. Hambonee pacmpocTpaneHo PecCOBaHKE C MPSMBIM HC-
TCUECHUEM, KOTOPOE MPHUMEHSETCS IJIA MONYUYEHUS KaK CIUTONTHBIX, TaK W TOJIBIX
npodmieit. COOTBETCTBYIONMIAE CXEMBI MPOTIEcca MPUBEACHBI Ha puc. 2.1.3.

1 — xkoHTElHep; 2 — mpecc—LITEMITENb, 3 — 3arOTOBKA; 4 — MaTpULa,
5 — mpecc—uznenue, 6 — uria (ornpaska)
Puc. 2.1.3. Cxema npeccoBaHus ¢ IPsIMbIM UCTEUEHUEM:
a — CIUIOUIHON npoduik; O — MoJbIi Mpodnik



Mertasin 3aroToBKM 3, 3aJI0KEHHBIA B KOHTEHHEp mpecca 1, moa nelcTBueM
CUJI, CO3/IaBACMbIX ABUXKYIIMMCA B HAMPABJICHUM CTPEIKH MPECC—IITEMIMENEM 2,
BBIJIABJIMBACTCS MPH MPECCOBAHUH CILUTONTHOTO TTpodhist (CXeMa a) B KaHaj MaTpH-
116l 4, a MpU TIpeccoBaHMM 1MOJI0T0 MPodus (cxema 0) — B 3aMKHYTHIN KOJIBIICBOM
KaHaJl, 00pa30BaHHbIA MaTpuIleh 4 W UTJIOW WK OonpaBKoM 6. B pesynbraTe momy-
YaeTCsA 3aJaHHOEe Tpecc—u3aenaue S5 (CIUTOMHON WM TOJIBIA TPOWUIIE), JBHXKY-
nieecd B MpoOIECCe MPECCOBAHUS B HAMPABJCHUU, COBMAAAIOIIEM C HANPaBICHUEM
JBUXKCHUS TPECC—IITeMNENs. DTO MOCIYXXWJIO OCHOBAaHMEM K YKAa3aHHOMY Ha-
MMEHOBAHUIO paccMaTpUBAeMOil pa3HOBUIHOCTU. OCHOBHAasi OCOOCHHOCTh 3TOTO
crnocoba mpeccoBaHUs — 0053aTeNIbHOE MEPEMEIICHUE METajula 3arOTOBKH OTHO-
CUTEJILHO HEMOJBUKHOTO KOHTEHHEpA.

[Tpu npeccoBanuu TpyO WK MONBIX TTPOQUIICH MO MPUBEICHHON CXeMe B 3a-
TOTOBKE TMOJIYUYaAKOT MOJIOCTh JJi1 ONPaBKH JIUOO 0 BBOJA 3arOTOBKH B KOHTEHHED,
aub0 B CaMOM KOHTEHHEpe TMPOIIMBKOM ¢ oOpa3oBaHHMEM METANIMUECKON
«IpoOKUy, UAYIIEH OOJbIIICH YaCThIO B OTXO/I.

[Tpouecc mpeccoBanusi ¢ OOKOBBIM HMCTEUCHHEM OTJIMYAETCSA OT Mpoliecca ¢
MNPAMBIM UCTEYEHUEM TOJIBKO U3MEHEHUEM HANpPaBJICHUA UCTECUYEHUA MPECCYEMOro
MeTasuia npuMmepHo Ha 90°. Takoe U3MeHEHHE HANPaBJICHUA UCTCUCHHUS MPECICTy-
€T PsA TEXHUUECKUX IIeJIeH, HampuMep yao0CTBO mpHeMa Mpecc—u3aenus, yao0-
CTBO OJIOKMPOBKHM C MOCJICAYIOIIMM MPOLECCOM MPHU CO3JaHUM HETPEPBIBHBIX MO-
TOUYHBIX JuHUM. [IpeccoBaHne ¢ OOKOBBIM MCTEYEHUEM MOXKET ObITh MPUMEHEHO U
JUTSI TIOJTYYCHUS TTONBIX TIPOdUTIEH.

[IpeccoBanue ¢ 0OpaTHBIM UCTEUCHUEM MPUMEHSIETCS MPU MPECCOBAHUU KaK
CIUIOITHBIX, TaK W TONbIX Tpodmieii. COOTBETCTBYIONIME CXEMBI NMPUBEICHBI Ha
puc. 2.14.

MeTann 3aroToBKH 3, 3aJI0)KEHHOM B KOHTEMHep 1, moa aelcTBUEM CHII, CO-
31aBAEMbIX JABUKYIIUMCA MPECC—IITEMIMENEM 2, BbIIABIMBACTCS: TPU TPECCOBAHUU
CIUIOMTHOTO TIpoduis (CXeMa a) — B KaHaJl MaTPHITI 4, IPU MPECCOBAHWUHN THIIB3HI C
JTHOM (cxeMa 0) — B 3aMKHYTHIN KOJNBIIEBOM KaHaJl, 00pa30BaHHBINA BHYTPEHHEH IO~
BEPXHOCTBIO KOHTEHHEpa U Mpecc—Iaiboi, a Mpy MPecCOBaHUM TPYObl MIIH MOJIO-
ro npodusis (cxema B) — B 3aMKHYTHIH KOJIBIIEBON KaHasl, 0Opa30BaHHbIN BHYTPEH-
HEW TTOBEPXHOCTHIO MATPHIlHl 4 W HAPYKHOH TOBEPXHOCTHIO OMPaBKHU (Wrib) 6. B
pe3yJibTaTe MOJIyyaeTcd 3aJlaHHOE MPEeCC—M3JEINe 5, KOTOPOE MO CXeMaM a U B
MPOXO/NT YePe3 TOJIBIH MPecc—IITeMneNb 2, a o cxeme 0 GOpMHUPYETCS MEKITY
KOHTEHHEPOM M CIUIOIIHBIM MPECC—IITEMIIENIEM 2.
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1— xoHTeliHep; 2 — mpecc—LITEMIENb, 3 — 3arOTOBKA; 4 — MaTpPULA,
5 — nmpeccuznenue; 6 — uria (onpaBka)
Puc. 2.1.4. Cxema npeccoBaHusi ¢ OOPaTHBIM UCTEYECHUEM:
a — CIUIOUTHOH npoduib; O — rMib3a ¢ JHOM, B — MOJBIH MPpOopUIb

[IpeccoBanne obecneumBaeT BO3MOXKHOCTH JedopMariii MeTauia ¢ Hau-
OOJBIIMMH 00KATUSIMU TIO CPABHEHHIO CO BCEMU JPYTUMH BUJAMU 00paObOTKHU JaB-
JICHUEM U TO3BOJISIET TOJy4YaTh M3JENHS caMol pa3nuuHoi koHpurypammu. [Ipec-
COBAHHMEM MOXHO MOJydaTh U3JEIUA U3 MATEPUAIOB, HE MOAJAIOIINXCS MTPOKATKE
Y BOJIOUEHHUIO Onarojgaps TOMY, YTO 3aroTOBKAa MPHU MPECCOBAHUU MOJBEPracTcs
BCECTOPOHHEMY CIKATHIO.

Bpewms nepeHaniaiku MHCTPYMEHTA MPU MPECCOBAHUM MEHbBIIIE, YEM TP MTPO-
KaTKe, 4TO OCOOEHHO Ba)KHO TMPH MPOU3BOJACTBE MONTy(HaOpPUKaTOB W3 IIBETHBIX ME-
TAJIJIOB, XaPAKTEPUIYIOIIEMCS IIIUPOKUM COPTAMEHTOM Pa3MEPOB U3JEIUN U CpaB-
HUTENBHO HEOOJBIIMMH O0ObeMaMM MPOAYKIIMH OAHOTO pa3mepa. JlocTomHCTBA
MpoIECCa MPECCOBAHUA ONMPESTUIN €ro IMNUPOKOES TPUMEHEHHUE TTPU MTPOU3BOJICTBE
TpyO, IPYTKOB ¥ MPOHUIICH U3 JIETKUX U TSHKEIBIX IIBETHBIX METAJJIOB U CIIJIABOB.

Bomnouenne (puc. 2.1.5) — 370 mporiecc MpoTsIruBaHus 3aTOTOBOK (OOBIYHO B
XOJIOAHOM COCTOSTHHH) Yepe3 MOCTETICHHO CYIKAIOIIeeCs] OTBEPCTHE HHCTPYMEHTA —
BOJIOKH.
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Puc. 2.1.5. Cxembl BOIOUEHUS: @ — BOJIOYEHHE MPYTKA; O, B, T, T — BOJIOYEHHE TPYO,
1—- Bosoka (punbepa); 2 — 3aroToBka; 3 — OoNpaBka; 4 — CTEP:KEHb

[Ipu BoIOUECHHHN TIONIEPEUHOE CEUCHHE 3arOTOBKHM YMEHBIIACTCS, a €€ JUIMHA
COOTBETCTBEHHO yBenuuuBaeTcsa. OOpaboTaHHbIC H3ACNHS MOJyUYaloTCS C CEUCHH-
€M, TOUHBIM TI0 popme 1 pazMepam (2-+4—i KITacc TOYHOCTH), B ¢ MEPOXOBATOCTHIO
noBepxHocTH (7+9-r0 kimaccos). Ctenens nedopmaruy Metaia Mpyu BOJOUYCHUH



(B %) xapakrepuzyercs K03(phUITMEHTOM BBITSIHKKA U WIW KOd(DPHUIIHEHTOM OTHO-
CUTENIbHOTO 00XKaThA Y/, ONIpeaesieMbIM 10 popMysiam:

(2.1.2)
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rae ly, [, u Fy, I/ — COOTBETCTBEHHO JTUHBI M TTONIEPEUHBIE CEUSHUS UCXOIHON 3a-
TOTOBKHU U MOJYUYEHHOTO U3/IeUA

OOBIYHO TPU BOJIOUCHUH 32 OJIMH MPOXOJ MOXKHO 00€CIIEUUTh i B Mpeaeaax
npumMepHo 10 1,3 u y coorBeTcTBeHHO 10 30%. bosbiiue 06xaTus BBIOITHAIOT BO-
JIOYEHHUEM B HECKOJIBKO MTPOXOJ0B YEPE3 BOJIOKHA. BOIOYEHHEM M3rOTOBIIAIOT MPO-
BOJIOKY W 0OpabareiBaloT MpyTKH, TPyObl M (hacoHHBIC MPOPUIN C CEUCHUEM DPa3-
JUIHBIX (JOPM B pa3MEPOB U3 CTAJIH, IIBETHBIX, NPArOIICHHBIX METAJIJIOB U CILUIABOB.
BosioueHne — 3TO MPaKTUUECKUA €IMHCTBEHHBIA METOJl U3rOTOBJICHUS MPOBOJIOKH
JUAMETPOM OT HECKOJIbKUX MUJUTUMETPOB JI0 IECATHIX JOJICH MUJUTUMETPA.

B roBeaupHOM MpPOU3BOJCTBE MCXOAHAs 3arOTOBKA BHAYaJIe MPOKATHIBACTCS
B PYUbEBBIX MPOKATHBIX BajikaX. B To BpeMs kak mpu mpokartke padoyee NaBJICHHUE
METAJLTy MEePENAeTCs BAIKAMK, KOTOPbIE CBOMM JABUKECHHUEM MEPEABUTAIOT JAJIbIIIE
00pabaTbIBa€MyI0 3aroTOBKY, MPU BOJIOYEHHH CaMa MPOBOJIOKA MEPEAAET YCHUIIHE
aedopManu, MpeoI0IeBaIOIIEE COMPOTUBIICHIE METAINIA M TPEHUE, BOSHUKAIOIINE
B TIPOTSHKHOM KOHyce ¢wmibepa. [1losToMy 37€Ch CHila HATSHKEHUS MOXKET OBITh
TOJBKO TaKOUW BEJIMUYMHBI, KOTOPYIO MOJKET BbIICPKAaTh caMa MPOBOJIOKA.

Oco0eHHO OrpaHUueHA BEJIMUKMHA PA00UYEro yCUIHS MPU NPOTATUBAHUU TOH-
KOoW mpoBoJioku. [Ipu nmpoxoxaennn depe3 puibepy MONepeuHoe CEUSHUE TPOBO-
JIOKA YMEHBIIAETCA JI0 TUIOIIAIA CCUCHHS IUIUHIPUUECKON YaCTH MPOTAKHOTO OT-
BepcTusA. BeneacTBHE KOHTAKTHOTO TPEHUA B MehOPMHUPYEMOM METaJIe TIPH TPO-
XO0XJACHUU WHCTPYMEHTA OOpa3ylOTCAd TAKUE K€ KOHYChbl TEKYYECTH, KaK U TpH
npokarke. Eciii mpoBOJIOKY NPOTIATUBAIOT YEPE3 OTBEPCTHE BOJIOUMIIBHOM JTOCKH,
TO TPEHHEM B MPOTSIKHOM KOHYCE YACP>KMBAIOTCS HApPY KHBIE CJIOM Marepuaja, B
TO BPEMA KaK OCEBasA 30HA MOYTH HE 3aTPAruBaeTCA, U METAJUI 3/1€Ch TCUET UHTEH-
CUBHEE B HAIMPABJICHUU BBITSKKH TPOBOJIOKH.

Haubonee pacnpocTpaHEHHBIM WHCTPYMEHTOM JJi1 BOJIOUEHHS MPOBOJIOKH
MPU MPOU3BOJCTBE IOBEIUPHBIX U3JICTUN ABIAETCS BOJIOUMIIbHAS qocka. OHa mpea-
CTaBJIAET COOOM IJIACTUHY, U3TOTOBJICHHYIO M3 BBICOKOKAUECTBEHHOM MHCTPYMEH-
TAJIbHOW CTal, B KOTOPOH HA PAaBHBIX PACCTOSIHUAX MPOCBEPJICHBI BOJIOYUIIbHBIE
OTBEPCTHUA, PA3MEPBI KOTOPBIX MOCIEAOBATEIBHO YMEHBIIAOTCA OT OJTHOTO K JIpy-
romy. Kondurypamus cTeHOK 0TBEpCTHS B TIPOIOJIBHOM CEUSHHH TTOKa3aHa Ha PHUC.
2.1.6. OCHOBHBIM BHUJOM TaKOro HMHCTPYMEHTA SBJIACTCS BOJIOUMJIbHAA JIOCKA C



KPYIJIbIMUA OTBEPCTHUSIMHU JJIsI U3TOTOBJIEHUS KPYTJI0M MPOBOJIOKU, OAHAKO HAPALY C
STUM HUMEIOTCSl BOJIOUMJIbHBIC TOCKU C OTBEPCTUAMM APYTHX Mpoduieii: kpaapar-
HOT'O, TPEYTOJBLHOTO, TPAMOYTOJBLHOI0, HOXKEBUIHOTO U MHOTOUYHUCIIEHHBIX (hacoH-
HbIX popM g crienranbHbIX Hesel. OT COCTOSHUSI OTBEPCTUM BOJIOUMIIBHOM JOC-
KW 3aBHCUT Ka4eCTBO MPOBOJIOKH. Eci cTeHKM oTBepcTHs He aOCOMIOTHO TIIAIKNe,
TO TIOBEPXHOCTh MPOBOJIOKH OyJeT UMeTh ACEKThI: PUCKU, LAPANUHbBI, 3aJAUPHI.
Uepes onpenenieHHOE BpeMsl TOCKY CIEAYET OUMILATh OT OCTATKOB BOCKA U Maca,
JUTSl 3TOTO €€ MPOMbIBAIOT B OCH3UHE.

Puc. 2.1.6. Cxema nipoliecca BOJOUEHUS U YUACTKU BOJOUYUILHOTO MHCTPYMEHTA:
I— BXOHOM KOHYC; 2— POTSHOM KOHYC; 3— LIMJIMHIPUUECKAsl YaCTh; 4— BHIXO/IHOM KOHYC

B TexHonmoruueckuii mpoiiecc 0OpabOTKH CIIABOB APAroleHHBIX METaJIOB
BOJIOUEHHEM OOBIYHO BXOMST CIIEAYIOLINE OTEpALNN:

— mpenBapuTeNibHas TepMooOpaboTka (OTXKHWI) 3aroTOBOK ISl CO3JIaHMs
CTPYKTYPBI MeTaJIa, OIaronpusiTHOM JJIsl BOJIOYCHMUS;

— 3a0CTpeHUe (YTOHEHME) KOHIIOB 3arOTOBOK, KOTOPBIC BBOAST B BOJIOKY M
3axXBaThIBAIOT KJICIIAMHU VIS 3aKpeIJISHUsI Ha HaMmaTkiBaroleM 6apabane;

— HaHeCeHWE Ha 3aroTOBKY M Ha BOJIOKY CMa3Ku (BOCK WM MHMHEpaJIbHbIC
Macna);

— BOJIOYEHHWE 3a JBa—TPHW TMPOXoAa (Iajee MPUMEHSETCS TPOMEKYTOUHas
TepMooOpaboTKa AJis CHATHUS HaK/ena);

— BOJIOYEHHUE 0 OKOHYATENIbHOTO pasmepa (Mocie IBYX—TpeX MPOX010B CHO-
Ba TepMOOOPadOTKA);

— KOHeuHasi TepMooOpaboTKa AT YCTpaHEHUsT HaKJena Tociie OKOHYaTeb-
HOTO BOJIOUEHUS 0 HY>KHOTO pazMepa.

Ycunme nipu BOJIOYEHNUH 3aBUCUT OT CBOWCTB W COCTOSTHHSI 00padaThiBaeéMOro
MeTasia, GOpMbl U COCTOSAHUSI MHCTPYMEHTA (BOJIOK), YCJIOBUN TPEHUS U T. 1.

[TpousBoncTBO Mosy(adpUKATOB M3 IPAroleHHbIX METAUIOB 3a pyOexoM
MPOU3BOAUTCS HA HEOOJBIINX 3aBOAAX, OJHUM M3 KOTOPBIX SIBISETCS 3aBO (GPUPMBbI
Sheffeld Smelting (AHrnus), rae Tpou3BOAAT KaTaHKy, MPOdUId, JUCThI, MPecco-



BAHHbBIC U3/ICNIMA U TIPOBOJIOKY M3 30J10Ta, cepedpa, MIATUHBI U UX CIUIABOB IS XU-
MHUYECKON, MALLIMHOCTPOUTEIBHOM U JJIEKTPOTEXHUUECKON MPOMBILIIEHHOCTH .

[TpoBonoky wunu npyTku npousBoAsaT nuametpom 0,04-38 mm, mucTHI TON-
mHOM 0,025-28 MM u mmpuHoi 10 500 MM, KaTaHble WIIH, PECCOBAHHBIE U TOI-
BEPTrHYTHIE BOJIOUEHUIO M3Jenua pazmepoMm or 25-25 no 0,125-0,8 mm, TpyOsl,
MPECCOBAHHBIE W MOJBEPTHYTHIE BOJOUYECHUIO, BHEIIHUM guameTrpoMm ot 1,5 mo 50
MM C Pa3JU4YHOUN TOJIMHOW CTEHKH. J[OMyCK, C KOTOPBIM BBIMYCKAKOTCS JIUCTHI,
MPYTKHA U MPOBOJIOKA, cocTaiseT + 0,0025 mMm.

Jlitst monmyueHus moury paOpruKaToB i HajibHEiIei 00padoTKH B OTICICHUH
MPECCOBAHUS UMEETCSA BEPTUKAJIbHBIA ruapasinueckuii npecc ycwirem 500 1, Ha
KOTOPOM MPOU3BOJUTCS MPECCOBAHUE MPYTKOB, MPUUEM MOCJICIHUE HAMATHIBAIOT-
Ci B OJHY, /IB€ WJIM TP HUTKH HA PYUYHOM MOTajiKe. 3aroTOBKH MOJOTPEBAIOT B
neuu, oTamjiuBaemMoi razoM. Kpome 3Toro npecca B OT/I€JIEHUHA NPECCOBAHUS yCTa-
HOBJICH HOBBIN BEPTUKAJIbHBIN rUApaBiandeckuil mpecc ycuaueM 850 T. 1ot npecc
CIIPOEKTUPOBAH C JIBUKYIIUMCS KOHTCHHEPOM, KOTOPBIA MO3BOJIACT MPUMEHATH
npsMoe U 00paTHOE MPECCOBAHUE MPH MPOU3BOJICTBE CIUIONTHBIX M TTOJIBIX MPOQhH-
JeH, a Takke Tpy0. OaHOM U3 0COOCHHOCTEH 3TOTO Mpecca ABJISAETCA YPE3BbIUANHO
MKECTKAsA CUCTEMA BEPTUKAJIbHbBIX HAMPABJISIONUX. YeThIPe U3 HAMPABJIAOIIUX pac-
MOJI0KEHBl HAUCKOCH MO OTHOLIEHUIO APYT K APYTY, TaK 4YTO 00€ CTOPOHBI KAXKI0H
U3 TOJIOCTH OTPAaHUUYMBAIOT JaJibHEHIIee nepeapukenre. OCOOCHHOCThIO HOBOTO
npecca SABJIAETCS Tak:Ke BO3MOKHOCTh ObICTpOM CMEHbI KOHTelHepa. [Ipu ropsuem
MPECCOBAHUM MPUMEHSIOTCA KPYTJIbIe CIUTKK AuameTrpoMm 113 mm, a npu xoson-
HOM - nuameTpoM 68 mm. CIUTKU MpU TOPAYEM MPECCOBAHUU HATPEBAIOT B JIBYX
neuax, OTarIMBa€MbIX Ta30M.

B kauecTBe mpokaTHOro 00OPYIOBAHUS MCMOJB3YETCS: JBYXBAJIKOBBIM CTaH
Brigade ¢ muamerpom BankoB 600-750 MM 1 YeTHIpEeXBaNKOBHIN cTaH Stanet Mann,
KOTOPBI MMeeT HAOOp B3aMMO3aMEHACMbIX BAJIKOB: /I MPOKATKU IUIUT — JIBA
onopHbIx Bajika pazmepom 450 + 600 mm u paboune Bajku pazmepom 100 + 600
MM; 14 MTPOU3BOJICTBA KATaHKU — JBa Bajika nuameTpoM 450 mMm ¢ kagubpamu no
MOBEpXHOCTHU Bajika. [Ipyu ucnonb30BaHUM MOCAEIHETO CTaHA AJiA TOopsYel mpoKaT-
KM KaTaHKH 3aroToBka AuamMeTpoM 38 MM MpOKAThIBAETCSA 10 pasMepa 16 MM c
TOUYHOCTHIO 10 0,05 + 0,10 mwm.

JIJisi MpOMEKYTOUHBIX OTKUTOB CIIABOB cepedpa C MEAbI0 U HEKOTOPBIX
JPYTUX CIJIABOB B MPOLIECCE MPOKATKHU U BOJIOUEHHUS HA 3aBOJIC MCIOIb3YIOTCA:

DJIEKTpUUECKAs TI€Ub ISl CBETJOTO OTXKUTa JIGHThl JUIMHOUN A0 20 M, KOTO-
pasg BKJIIOYAET HEMPEPHIBHBIN JICHTOUHbIA KOHBelep mmpuHoi 900 mM, Harpesa-
TEIBHYIO Kamepy MOmHOCTEIO 150 kBT ¢ koHTpOnmpyemoit atmochepoit u oxJia -
TEJIbHYIO Kamepy, OOJUIIOBAHHYIO KECCOHAMU, OXJIAXKJAAEMbIMU HEMPEPHIBHO LIAP-
KYJHAPYIOIIEN BOAOH,

DJIEKTPUUECKUE BEPTUKAIbHBIE HArpEBATE/IbHBIC TIEUU C LUPKYJALKUEH BO3-
JyXa A1 OTKUTra MPOBOJIOKH U JIEHTHI U3 MPUIOEB.



Jlexus 20

1. OcHOBHBIE ONIEpaAlMHU U TEXHOJOTHSA KOBKH IOBEIMPHBIX U3ACTUH.
2. OcHOBHEBIE (DOPMBI 3aTOTOBOK, TTOJIy4aeMble KOBKOH.
3. TexHonorrs KOBKA MOKOBOK JUIsl FOBEIMPHBIX U3CTUN

KoBka — nanborsiee napeBHU 1 Haubosee pacpoCcTpaHeHHBIN mpoliecc odpa-
OOTKHM METaJUIOB JaBjicHueM. [Ipoiiecc KOBKM B TOM WJIM MHOM BHJI€ PUMEHSETCA
MPAKTUYECKHA HA BCEX METAJUTYPIrUYECKUX U MAIIMHOCTPOUTEIbHBIX 3aBOJIAX.

CBoOoaHast KOBKa 3aK/TIOYAETCA B AeOPMAIAA METAJIIA TI0 BBICOTE MEXIY
ootikamu. K OCHOBHBIM OmnepanusM KOBKA OTHOCAT OCAJKYy, MPOTSHKKY M MPOLIUB-
Ky. [Ipu ocanke BCS 3aroToBKa HArpy>kaercsi OJHOBPEMEHHO, BbICOTA 3arOTOBKH
YMEHBIIIAETCSA, a MOMEPEYHOE CeUCHHE yBennuuBaercs. [Ipu mpoTsxkke 3aroroBka
nedhopMHUpPYyETCS Ha OTIACIBHBIX yUacTKaX MPH €€ IEPEMEIICHIH MEXTy OOMKaMu H
KAHTOBKAMU, TIPU 3TOM YBEJIWUYUBACTCS JJIMHA U YMEHbIIAeTCs ceueHue. [Ipoims-
Ka COMPOBOKIAETCA MOJTYUCHUEM [JTYXHUX UM CKBO3HBIX MOJIOCTEN B 3arOTOBKE.

[Tpu nedopmupoBanny Mexay OOMKaMH METAJII 3arOTOBKH TEYET CBOOO-
HO B HAIPABJICHUSAX, HE OrPAHUYEHHBIX PA0OUMMHU TJIOCKOCTAMH HHCTPYMEHTA.
KoBky meTamia ocylIecTBISIOT, KaK MPaBUJIO, B TOPAYEM COCTOSIHUM HA MOJIOTax
(mpu HEOONBIION Macce TMOKOBOK) W Ha THAPABIMYCCKAX KOBOYHBIX IIpeccax
(kpymHbIE TTOKOBKH). KOBaHbIE 3arOTOBKM MMEIOT 0OJI€€ BHICOKHE MEXAaHUUYECKHE
CBOWCTBA, YE€M JIUThIC, U MPEAHAZHAYAKOTCA JJIsl U3TOTOBJICHUS NETAJICH OTBET-
CTBCHHOTO Ha3HAUYECHUA.

KoBka kak ojHa U3 3aBEpLIAOIINUX ONEpalii TPUMEHSETCS NPU U3rOTOBJIEC-
HUM UHAWBUIYATbHBIX FOBEJIMPHBIX U3ACIUNA U3 30JI0THIX U CEPEOPSAHBIX CILJIABOB.
Mertaiin, noaBepraroimica OKOHUYATEIbHONW OTACNIKE KOBKOM, MOJIKEH 00aaaTh
BBICOKOM TIJIACTUYHOCTBHIO M UIMETh OTHOCHUTENbHOE yutnHeHue cBbiie 30%. FOBe-
JvpHbIe cruiaBel cepedpa 875—i u 916—i npod u 3omo0ta 583—i u 750—i npob no-
CTaTOYHO IJIACTUYHbBI U XOPOUIO MOJABEPratoTCs KOBKE.

Ocajnka sBfgeTCs OHONW U3 OCHOBHBIX onepaiiuii kopku. [Ipu 3ToM nmponecce
nedhopMUPOBAaHUS BHEIITHUE CHJIBI JEHCTBYIOT MApaJICIbHO OCH 3arOTOBKH, B TO
BpEMs KaK B MEPICHAUKYJIIPHOM HAIPABJICHUU OHA OCTAETCA HeHarpyskeHHoi. Ta-
KOW BWJ Harpy>XeHus HaONIOJaeTCs MPU KOBKE, TOPAYEH IITAMIIOBKE, YCKAHKE,
TACHeHUHW W T. A. [lmactryeckas aedopmamms MpU OCATKEe OXBATHIBAET HE BEChH
CJIMTOK, a OMPEEICHHbIE 30HbI €ro. Eciu 3arotoBka, UMEIOIIAs MNPSIMOYTOJbHOE
MPOAOJBLHOE CEUEHUE, HAXOJAWUTCS MOJ HArpy3Kod MeEXAay IBYMA MPECCYHOIIUMU
OolikaMu, TO OHA CTPEMUTCS MehOPMHUPOBATHCS B CTOPOHBI OT STOM HArpy3KH (puc.
2.1.7), 9TO MIPUBOAWT K BBHIMMYYHUBAHHUIO €€ OOKOBOW TMOBEPXHOCTH. BOMM3u 30HBI
KOHTaKTa ¢ OOMKaMM METaJUT HE MOXKET CBOOOJHO CKOJb3UTh M T€Ub B CTOPOHBI
BCJICICTBUE MPOTUBOJAECHCTBUS TPEHUA, MOSTOMY B o0nactu | OH wiM OuYEeHb



HEMHOTO 1e(OpMUPYETCS, WIH COBEPLUEHHO HE MojaBepraercs (popMOU3ZMEHEHHUIO.
Tak kak Harpyska JIeiCTBYET BEPTUKAIBHO, TO OHA MOKET TOJIbKO B HE3HAYUTEJIb-
HOW CTETEHW OXBATUTh BBIMYKJIbIE YACTH 3 3arOTOBKH, U 3TU OOJACTH OCTarOTCA,
no3ToMy Takxke ciaabo aepopmupoBaHHbiMU. CrenoBaTenbHO, HaubosbLiee (op-
MOM3MEHEHHE MPOUCXOIUT MEXKIY «KOHYCaMH CKOJIbKEHUS» B objactu 2. B Tou-
kax PP metann He nedopmupyerca. JIuHus coenuHeHus o0eux TOYEK U SIBISIETCA
JIMHUEHN pa3nesia TekydyecTd PP, OT KOTOpOW MEeTajl B PaBHOM MeEpe CMELIAECTCA B
o0e ctopoHbl. Eciiu cnuTok MeTtaliia, HaXOIAIIUCs oA Harpy3Kou, UMEET OUeHb
OOJNBLLIYIO TONLLIMHY, a ACHCTBYIOLLAs CHJIa OYEHb Maja, TO MOMKET CIYyUYUThCS, YTO
oOpazyroluecs y MiIOCKOCTe OOMKOB KOHYCHI CKOJIbKEHHUS, K KOTOPBIM MPUMBI-
KaeT CWJIbHO Aedopmupyemas 001acTb, MPEephIBAIOTCS CIOEM METaslia, Ha KOTOPbIi
YK€ HE OKa3bIBAET BJIMSHUSA CUJIA JABJICHMUS.

Puc. 2.1.7. Cxema 00pa3oBaHusi KOHYCOB CKOJIBKEHUS MPU OCAJIKE 3arOTOBKHU

B roBenvpHOM MpPOM3BOJCTBE KOBKY CUMTAIOT MEPBUYHON 0OpabOTKON Me-
Taja. B mpoliecce KOBKU 3aroToBKe, MOMELIEHHON Ha HAKOBAJIBHIO, MO YAapamu
MOJIOTa TIpuaaercs TpeOyemas (opma 3a cueT IMIaCTHYECKOTO AehOpMHpPOBAHHUS
metaia. Eciu npu o6paboTke cTajiv MOHATHE KOBKA O3HAYAET TOJbKO 00paboTKy
ee B ropsueM COCTOSIHUHM, TO B MPOU3BOACTBE HOBEIMPHBIX U3AEJUIl MOJ KOBKOW
NOJPa3yMEBAIOT U3MEHEHHUE MOTIEPEYHOTO CEUCHHUS 3arOTOBKH 0€3 CHSITHS CTPYIKKH
KaK B rOpsiueM, TaK U B XOJOJHOM coctosiHuM. Kornma auctoBoii MeTail noasepra-
IOT BOJTHOOOpPA3HBIM BIABJIMBAHUSM W MOIbEMaM TIOA yIapaMu MOJIOTKA, TO TaKOM
BU AehopMalui Ha3bIBAIOT BBIKOJIOTKOM. [LIacTUHUHOCTL GJIarOpOAHBIX METAIOB
U UX CIUIAaBOB B XOJIOJIHOM COCTOSIHUM B OOJIBLIMHCTBE CIyYaeB JOCTATOYHO BEJIH-



Ka, ¥ TOATOMY HEOOXOAMMOCTh HarpeBa 3aroToBOK Jiji1 Ky3HeUHOHW 00pabOTKH BO3-
HUKAET BEChMA PEAKO. Pa3inyaroT NpeBapUTEIbHYIO U OKOHYATEIbHYIO KOBKY.

[IpensapurenbHas (depHOBas) KOBKA MPEACTABIAET COOON Ky3HEUHYIO 00pa-
OOTKY CIUTKA JUIS MOATOTOBKH €ro K JanbHeHmel aedopMaliid IpOKaTKOM, BOJIO-
yeHueM | T. 1. [loHsATHE OKOHYATENbHOW (YUCTOBOM) KOBKHM OXBATHIBACT BCE METO-
Jibl Ky3HEUHOW 00pabOTKH, C MOMOIIBIO KOTOPBIX U3JICIUIO0 MPUIAIOT OKOHYATEb-
HYI0 (OpMY.

WN3menenne CTpyKTypsl W Xapaktep jaedopManud MeTajuia MPH KOBKE BO
MHOTOM CXOJIHBI C MPOILIECCAMHU, PACCMOTPEHHBIMH TPHU Tpokartke. [lpu kaxaom
yJape MOJ0Ta MPOUCXOUT CMEIIEHUE aTOMOB OTAEJIbHBIX KPUCTAJUIUTOB MO MJIOC-
KOCTSIM CKOJIbXKCHHUSI U CTPYKTypa MOJIMKPUCTAIINTA U3MEHAETCS TOUYHO TaK XK€,
KaK 3TO OBLTIO OMHCAHO BHIIE MPH pa3z0dope CYMHOCTH Tpoitecca AehOpMHUPOBAHKS.

OnHako mpU MPOKATKE 3TU ABJICHUS HAOMIOJAIOTCS OTYETJIMBEE, YeM MpHU
KOBKE, UMEIOIIEH CBOM XapaKTepHbIE 0cOOeHHOCTH. Mexanudeckas cxema aedop-
MallMi METaJlia MoJ ACHCTBUEM MOJIOTa COOTBETCTBYET PACCMOTPEHHOMY BBIIIIE
Cydaro 00KaThs 3arOTOBKH MJIOCKUMHU MPECCYIOIIMMHU MOBEPXHOCTAMHU, 00pa3o-
BAaHHbIMU OOWKOM MOJIOTa M HakoBajdbHeW. Tak Kak 3TH TOBEPXHOCTU B
OONBIIMHCTBE CIIy4aeB MEHBINE HAPY>KHON MOBEPXHOCTH CIIUTKA, TO OHU JAeopMu-
PYIOT €IMHOBPEMEHHO JIMIITb HEOOJBIIYI0 4YacTh oOpadaThiBa€MOM 3aroTOBKH
(HampuMep, TIPH BHITSKKE MeTaiuia). DopMon3MEHEHHE B STOM MECTE HanbOOoIIbIIIee,
HO OHO CACPKUBACTCS OKPYIKAIOIIMM oUar aedopMariuu MeTajiioM, aehpopMupyro-
HMMCcs B MeHblleH crenenu. Crie1oBaTeibHO, BHYTPU MPOKOBBIBAEMON 3arOTOBKH
MOSIBJISTIOTCST CTPYKTYPBI ¢ HEOJIMHAKOBOW CTETICHBIO NehopMaIiuu U pa3TuIHBIMA
o pasMmepy 3epHamu metaiia. [Ipu kaxaoMm ynape mojiota o0pa3yrorcs 00JacTu
CHJIBHO JIe(hOPMUPOBAHHOTO METAIIIA MEXAY ¢1a00 mpoaeopMupoBaHHBIME 30HA-
MU KOHYCOB CKOJIbXXE€HUS. MOXKET CIy4UThCA, UTO MPU KOBKE TOJICTOTO CIUTKA
JABJICHUE OXBATHT JIMIIIb BHEUIHIOK 30HY, a CEPALIEBHHA €TI0 OCTAHETCS HEMPOKO-
BAHHOM.

Ot ¢opmbl Ooiika MOJTOTKA, BUJA MOAKIAAHOTO HHCTPYMEHTA W CHITBI yaapa
OyIIeT 3aBUCETh, B KaKOW CTETICHW W B KaKOM HaIpaBjCHUW MOWUAET nedopmarius
3arOTOBKH.

[Toxa npeaBapuTEeIbHOM KOBKOW MOHUMAETCS MOJATOTOBKA CIMTKA K AATbHEH-
e o0padoTKe MaBJICHUEM: MPOKATKE WK BojoueHMIO. CIIUTOK AOJKEH MOJBEP-
raThCs MPEIBAPUTEIIBHON KOBKE ISl JOCTUXKECHUS CIICAYIONINX LIEJICH:

JUISl U3METIbYEHUS IEHPUTOB U TPy ObIX KPUCTALIUTOB C MOCIEAYIOIIUM TO-
JYYEHUEM MEJKO3EPHUCTON OJIHOPOJHOM CTPYKTYPhl B PE3yjbTaTe MEPEKPUCTAII-
JIM3alUU TIPU OTHKUTE,

JUIA TIOJTHOTO CKaTHs IMYCTOT U MOP METaJUla ¢ UX MOCHEAYIOIIENH 3aBAPKOU
MIPH OTXKUTE (€CITU CTEHKH My CTOT HE OKHUCIICHBI ),

JUTSI TPOKOBKHW CHJIBHBIMH yJapaM# CEPALICBUHBI CIUTKA, CIabo nedhopMupy-
€MOM MPHU MPOKATKE U BOJIOUCHUH,



JUIs TIpUJaHusT HeoOpaOOTaHHOW 3aroToBKe TpeOyeMoW NpeaBapUTENbHOM
dhopmpr.

UepHoBas KOBKAa MMEET CMBICI TOJBKO TOT/Q, KOT/Ia METaUl TOABEPracTcs
3HAUUTETHLHOW nedopmarn. JlJ1g 5To# 1mMemu UCTONIb3YIOT, TIOSTOMY TSKETBIH MO-
JIOTOK ¥ MAaCCHBHYIO CTAIlMOHAPHYIO HAaKOBAIHHIO. KOBKY MJIOCKWX TUTACTHH MPOW3-
BOJIAT TTOOUYEPEAHO ¢ 00EHX CTOPOH MOJIOTKOM C KIIMHOBHIHBIM yMEPEHHO—3aKPYT-
JICHHBIM OOMKOM, 00padaThiBas BTOPHIM MEPEXOJ0M CTOPOHY CIIMTKA, JIEKABIITYIO
Ha HAKOBAJIbHE. 3aTEM CJIMTOK CIJIAXKUBAIOT YAapaMU MOJIOTKA ¢ TUIOCKOHM padoueii
MOBEPXHOCTHIO. YeThIpeXTpaHHbIil MPYTOK CHAYaIa IPOKOBBIBACTCS KIIMHOBUTHBIM
OOMKOM MEPHEHAUKYIAPHO K OCH MPYTKA. 3aTEM TaKUM ke 00pa3zom oOpadaThiBa-
0T MPOTHBOJICKAITYIO CTOPOHY W JBE APYTHWE TpaHW 3aroToBku. [1mocko—ckpyr-
JICHHBIM OOitkoM 00padaThiBalOT CHayajia BCE YEThIPE pedpa 3aroTOBKH, a 3aTeM
YEeThIPE TJIABHBIC TIOCKOCTH. YepHOBas MPOKOBKA pedep MO MUAroHajd CEUCHHS
3arOTOBKHA YMEHBINIAET OMACHOCTh PACTPECKUBAHWA MeTaiia. Ecimy Kpyrisiid npy-
TOK HYXHO TIOJATOTOBHUTH K MPOKATKE, TO HOCTATOYHO MPHUAATHh €My KBAJPaTHOE Ce-
YEeHHUE, UCTIONB3YS Ul 3TOM ILEM MOJIOTOK CO CJieTKa CKPYIJIEHHON paboueil mo-
BEPXHOCTBIO OOMKa.

JIiis KOBKH OONBIIHAX CIAUTKOB CIIEAYET MPUMEHSITh MEXaHUUCCKHUE MOJIOTHI.
[IpuMeHeHne TakuX MOJIOTOB OOJIErdaeT TPy, YBEIUIMBAET MPOU3BOAATEILHOCTD
U CcUjly ynaapa no merajuty. [lpu 3TomM rapaHTupyeTcs CKBO3HAas MPOKOBKA JI0 Oce-
BOM 30HBI Ta)KE€ TOJICTHIX CITUTKOB.

3aBepinaroias u3roTOBJICHUE IOBEIMPHOTO U3/IETUS YHCTOBAS KOBKA SBJISCT-
CsA OJTHUM U3 HEMHOTHX METOJI0B 00padOTKH MeTajlia, KOTOPhIH HEBO3MOXKHO 3aMe-
HUTh HUKakoW Apyroi oOpaboTkoil. Marepuan 3aroToBKH, MOABEPrarOlIUiCs
OKOHYATEJIFHON OTAEIKE KOBKOH, JOJHKEH 00IanaTh BHICOKOW TJIACTUYHOCTHIO H
HMETh OTHOCUTENbHOE ymnuHeHue cBbiiie 40%. M3 criaBoB cepebpa aisa AToi
IIEJIM XOPOIIIO MOAXOAUT CIjiaB 925 mpoObl; U3 CIIaBoB 3010Ta — cruiaBbl 750 mpo-
Obl. JIns ynmydinmeHus SKCIUTyaTaIMOHHBIX KA4eCTB IOBEJIUPHBIX W3METUN W3 3THX
CIUIABOB TOCJIE€ OKOHYATENHHOM KOBKH HE CJAEAYET MPOBOIUTH OTXKHUT, a €CIIA OH
HEO00XO0/IMM, TO B TOTOBOM BHU/IE U3JCIIUE CICYET MOABEPraTh CTAPEHUIO.

HcxomaapiM MaTepraioM OOBIYHO SIBJISETCS JIMTOW TPYTOK KPYTJIOTO MPOdhu-
as (puc. 2.1.8). Jlns nonydenns mraduka KBaJpaTHOTO CEUEHUS CHAYaa MPOKOBHI-
BAIOT TIPYTOK MOJIOTKOM C TUIOCKHM, CJIETKA 3aKPYTJICHHBIM OOMKOM C OJTHOH CTO-
POHBI TIO BCEH UTMHE Ha (PraxmToke. 3aTeM €To MePEeBOPAUNBAIOT U MPOKOBHIBAIOT
MPOTUBOMOJIOKHYIO cTOpoHy. [locie 3Toro Takum ke cnocoboM oOpadaThiBAIOT
nee npyrue rpanu (puc. 2.1.8, a). [lpu pabote HEOOXOIUMO CIEANUTD 32 TEM, UTOOBI
BCE TPaHU MEPECEKATUCH CTPOTro Moa mpsAMbiM yriioMm. [Ipu mepexoce rpanei mra-
OWKa ero ceueHue TojiydaeT poMOOBUIHYIO (hopMy, TSt yeTpaHeHus aedekra 3aro-
TOBKY CJICTye€T TIEPEKOBaTh HA MIECTUTPAHHBINA MPOUIIB, 3aTeM A0 KPYTJIOTO MPyT-
Ka ¥ JIaJiee CHOBA HauaTh KOBKY Ha KBaJpaTHOE ceueHue. Ecmu oauH KoHET pyTKa
MPOKOBATH OOJIBINE, YEM BECh MPYTOK, TO MOJIyUaeTCs mepBasi OCHOBHAsS (opma Ko-



BaHOro mnonaygadpukara — KIMHOBUAHOE yiIMpeHue mrtaduka (puc. 2.1.8, 6). Ilo-
CTENEHHO, MPOKOBbIBAs JIBE JPYrMe€ IpaHU MPOTHBOIMOJIOKHOIO KOHIA MITabuKa
NEPIEHANKYJIPHO K KJIUHY, MOJy4aroT 3ar0TOBKY B (JOPME BUHTA, MPU 3TOM yIIH-
HEHUWE 3ar0TOBKU HE3HAUUTENBHO (puc. 2.1.8, 8). I1pu KOBKe cpeHEN YaCTH UCXO/-
HOTO YETBIPEXTPAHHOTO MPYTKA MIOCKO—CKPYIJIEHHBIM OOMKOM MONTYYarOT B 3TOM
MecTe 0OJBIIYIO IMPUHY U MEHBIIIYIO TOJIIMHY 3aroToBKu (puc. 2.1.8, 2).

Ha puc. 2.1.8, 0 00beAMHEHBI ONMKMCAHHAS BBIIIE KOBKA KJIMHOOOPAa3HbIX KOH-
OB U cepeiuHbl mTaduka. CepeiHa npyTKa KBaJIpaTHOTO CEUYEHUs IPU 3TOM MPo-
KOBaHa MEPNECHIUKYJIAPHO K €ro KIMHOBUAHBIM KOHUAM. Eciu HeoOXxoaumo 3a-
OCTPUTH KOHEL NMPYTKa, TO MPOKOBBIBAIOT BCE €0 TPaHU B TOM ke MOCIe10BaTENb-
HOCTHU, KaK W TMPHU BBITSHKKE KPYIJOro mpyTka Ha KBaiaparHelid nmpoduiis. KoBky
NPOU3BOJAT MOJOTKOM C KJIMHOBUIHBIM OOMKOM.

Puc. 2.1.8. OcHOBHBIC (POPMBI 3arOTOBOK, MOJIYYAEMBIX METOJ0M KOBKH.

Kaxnas ctopoHa oOpabarbiBaeTCsi TaKUM 00pa3oM, YTOOBI yJapbl HAHOCH-
JIMCh BCE CUJIbHEE 10 Mepe NPUOIIKEHUS K KOHIYY mTa0uKa Juis noydyeHus Tpely-
€MOro yToHeHus 3aroToBku (puc. 2.1.8 .e). Ha puc. 2.1.8, ac nokazaHo noayyeHue
3aroTOBKM TPEYToJbHOTO MpoQuIis MyTeM MPOKOBKU MPYTKA MPSIMOYTOJIBHOTO Ce-
YEHUs] KIIMHOBUJIHBIM OOKMKOM MOJIOTKA MO peOpy ITaduKa, KOTOPbIKA MPU ATOM
n3rudaercs. M3nenus pazHooOpa3zHbIX (OPM MOKHO MOJYUYUTh B TOM CIIy4ae, €CJIU
NPYTOK KBAJAPATHOTO CEYEHUs] COTHYTh, a 3aTEM MPOKOBATH MO TOJIIUHE B MECTE
cruba (puc. 2.1.8, 3). Ha puc. 2.1.8, u, Kak 1 B npeJpIAyHIeM NpUMepe, NPYTOK U30-
THYT MOCEPEAUHE U MECTO Cruda MPOKOBAHO HA POre HAKOBAJIbHU. [[7ist TOro 4TO0ObI
y YEThIPEXTPAHHON 3arOoTOBKH MOJYUYUTh 3a0CTPEHHBIN KOHEL KPYTJIOro CEYEHUs,
€ro BHauaje MPOKOBBIBAIOT J0 (hopMbl, MOKa3aHHOW Ha puc. 2.1.8, k; 3arem 3TO
OCTpPHE C KBAJIpaTHbIM MPO(UIEM NEPEKOBBHIBAIOT HA IIECTUTPAHHOE CEUEHUE U Jia-
aee Ha kpyriaoe. Ha puc. 2.1.8, 7 nokasan nonypadpukar TpeyrojabHOro npoduis ¢
NEPEMEHHBIMM TIO JIIMHE ceueHusMU. [lociienoBaTebHOCTh €r0 KOBKM ClIEIyHO-



masi: YeTHIPEXTPAHHBIA MPYTOK PACKOBBIBAIOT IO TPEYTONBHOTO MPOGUIIS; 3aTeM
MPOKOBBIBAIOT PeOPO Ha CEPENMHE TPYTKA 0 HYKHOHN TONIIWHBI U Jajiee yaapaMu
MOJIOTKA TPaHW CHOBA JOBOJAT J0 CONMPUKOCHOBEHHS. B pesynbpraTe Tako KOBKH
KOHITBI TIPyTKa HMMEIOT CEYCHHE PAaBHOCTOPOHHETO TPEYTOJIbHUKA, a CepearHa
MPyTKa — CEUCHUE PaBHOOCIPEHHOTO TPEYTONIHBHUKA.

Ha puc. 2.1.8, v n3o0paxkeHa KoBaHasi 3aroTOBKa CJI0KHOW (OPMEI. 37€Ch
KOHITBI MPAMOYTOJIBHOTO MTa0WKka OBIJIH MPOKOBAHBI 10 TPEYTONBHOTO MPOoQhus,
MPU 3TOM TOJABEprayics neopMUPOBAHHUIO TOJHKO OJWH KAHT MTa0WKa (KaK 5TO
Obu10 ToKazaHo Ha puc. 2.1.8, o). Cpenusas yacts mpyTka Oblla MepekoBaHa Ha
TPEYTONbHBINH TIPOGMIIb myTeM aehOpMHUPOBAHUS IPYyroro ero pedpa. biaromaps
TaKOW KOBKE MOJIYUMJICS UepeayIOIIUUCS PUTM MMOBEPXHOCTEH 1 pedep BCero usje-
TS

[Tpumep TEXHOIOTHUECKONW CXEMBI C MPUMEHEHNEM KOBKH MOKA)KEM Ha TPH-
Mepe M3TOTOBJICHUA OOpYyYaIbHOTO KOJbIla. ONTUMAIbHBIM METOJOM HM3TOTOBJIC-
HUA TaKHAX KOJIEI SBJIIETCA OTJIMBKA 3arOTOBOK C MOCJIEYOMICH UX KOBKOM.

Hezasucumo ot (hopmbl KOJbIIa PH €TO U3TOTOBJICHUH KOBKOM BBITIOTHAIOT
cienytomue nepexoan (puc. 2.1.9).

1. UeTpipexTpaHHblii MTaOWK MOATOTOBJISIOT 1O TOJIITAHE U MTUPHHE 10 HAH-
OOMBINIETO TOMEPEUHOTO CEUEHWs CpemHel dactu kosbma (puc. 2.1.9, a). 3arem
KOHITBI MITa0MKa MTPOKATHIBAIOT B BAJIBIAX JI0 PA3MEPOB CEUCHUSA Oy IyIIMX YaCTEH
muHkA (puc. 2.1.9, 6).

2. IlocpencTBOM MOJIOTKA HAa BCTaBHOM HakoBajibHE ((MIaXIITOKE) FOJOBKE U
YacTsAM IITUHKA KOJIbIA TIPUAAIOT TPEIBAPUTEIBHYIO (hopmy .

3. llpenBapuTenbHO OTKOBAHHOHW 3aroTOBKE MPUAAIOT (opMy KoJbia Tuo-
Koi. JIns 3Toro OepyT CTaJIbHYIO OMPaBKy AWAMETPOM, HECKOJIBKO OOJIBIITMM BHEIII-
HETO JIMaMETPa KOJIbIIa, BOMBAIOT €€ MOJIOTKOM B CBHHIIOBYIO ITACTHHY W TOJTyYa-
10T THOOYHBIN Xe100. B 3TOT kenod yKiIaapBalOT 3aroTOBKY KOJIbIIA TakK, YTOOBI
CpeIHSs 4acTh 3arOTOBKHM HAaXOaWJIach mocepeanne xemooda (puc. 2.1.9, B). Cranb-
HYIO OIPaBKY ¢ IMAMETPOM, HECKOJIHKO MEHBINMM BHYTPEHHETO JHAMETPA KOJIbIIA,
HaKJIaJIbIBAIOT HA 3aTOTOBKY M MOJIOTKOM CTHOAIOT €€, BrOHSASA B CBUHIIOBBIN KeJI00.
ToHkHe KOHITHI IMMMHKHN TMOATHOAI0TCS OKOHYATEILHO B TUCKAX HA OMPaBKeE.

4. KOHITbI 3aTOTOBKHA COCTHIKOBBIBAIOT M 3aMaWBAIOT TBEPABIM mpurioeM. Jla-
Jee MIMHKY PUXTYIOT HA PUTEe WIM HA POre HAKOBAJIbHU M, COTJIACHO JCKH3Y,
MPOU3BOIAT OKOHUYATENHHYIO KOBKY KOJIBIIA.

Hwxe mpuBoauTCs psAx IPUMEPOB YMCTOBOW KOBKH KOJIETT.

Kompiio moasepraercs TpeaBapUTEIBLHON KOBKE O TONYUYEHHUS HYKHOTO
MPSMOYTOJIBHOTO CEUCHHS. 3aTeM IIMHKY JIEIAI0T TOHBINE ¢ 00EUX CTOPOH, PaBHO-
MEPHO CYXHBasg €€ W mo mupuHe. CPeaHIOI0 YacTh KOJIbIla BHIKOBBIBAIOT HA POTE
HaKOBAJIbHU, MIPU/IaBasd €ii B ceueHnr (hOpMy TOJIOTOM KPBIIIHN, TOCTETIEHHO CXOIs-
meit Ha Her. [lomyuuBIIuecs HAKIIOHHBIE TMOBEPXHOCTH OTACIBIBAIOT ITyaHCOHOM
(uekanom), popmys xenodbku (puc. 2.1.9, 2).
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Puc. 2.1.9. Ilepexoapr KOBKH 0OPYHYaTBHBIX KOJIEI: & — 3arOTOBKA — IITAOUK;
6 — mpoBaTBLIOBAHHAS PA3BEPTKA 3ArOTOBKH KOJIBLA; B — THOKA 3arOTOBKH HA CBHHIIOBOH ILTUTE,
I —K — Pa3JIMIHbIC OKOHYATEIBHBIC (POPMBI KOJICIT

JIst M3rOTOBIICHUS KOJIbIA, TIOKAa3aHHOTO Ha puc. 2.1.9, 0, HeoOX0oaAUMO TIPH-
MEHHUTH MaTepHall C BLICOKOH ITACTHYHOCTBIO, TaK KaK MCXOIHBIA IITA0UK JOILDKEH
WMETh MUPHUHY MACCUBHOW CpPEIHEW YacTH, a 3aT€M BBITSITHBATHCS IO KOHIIAM C
OONBINAME OOKATHSIMHK ISl TONYUYEHHs] HEOONBIIOr0 CEYeHHs IMWHKH, KOJbIIA.
®opMooOpa3zoBaHKE IMHHKKA BHAYANIE MPOU3BOJMTCS TAK K€, KaK M B TMPEABIIYIIEM
cnyyae. Jlanee mpaBUIbHO 3aKPYTJIEHHOE KOJIBIO MPOKOBBIBAIOT A0 MOJYUYEHUS MMO-
JTYKPYTIOTO CEUCHHS IO BCEMY MEPUMETPY M OTIEIBIBAIOT CPEIHIOO YacTh. B ciry-
yae HEOOXOIMMOCTH OKOHYATEIbHYI0 (POpMYy KOJBIY IPHIAOT ONHJIHBAHHEM.
TonmuHa BEpPXHEHM 4YACTH KONbIA, MOKa3aHHOro Ha puc. 2.1.9, e, 3HAUUTENBHO
Oonblne, ueM B muHKe. [lociie 3amanBaHus ¥ PUXTOBKH IMHHKH €€ HACAKUBAIOT HA
POT HAKOBAJIbHHM, IENIAIOT TYOYTOIBHBIM 3yOHIOM HAIPyO B BepXHEH YacTH M CIIe-
[TUATBEHOW ONPaBKOW (HOPMHUPYIOT KETOOOK.

Konb1o, nzobpaxkennoe Ha puc. 2.1.9, oc, mo hopMe HAIOMHUHAET CTAPUHHOE
oOpyuanbHOe KObo. OHO HMEET MOIYKPYIJIoe MOoMepeuHoe ceueHue. BepxHss
YacTh KONbIIAa OOJlee MACCHBHAS, YeM HHOKHsS. [IpH M3rOTOBIEHHH €ro MCIOJNb3Y-
IOTCS T€ JK€ MPUEMBI, UTO M TIPH M3TOTOBJICHUHU BHIIEONMUCAHHBIX Konell. OTKOBaH-
HYIO TIOJIOCY 3aru0aroT B KOJIBIIO, CIIAUBAIOT, PUXTYIOT W HA OJTHOPOTOM HAKOBAIlb-
HE W PHTrelle OTKOBBIBAIOT MONYKPYTJIBIA MPO(HUIL.

NaroroBnenne KOBaHHBIX IMUHOK KOJIEI OCYIMECTBIISIOT IBYMS CIIOCOOaMHU.

1. Kak u B mpeapIayIux MpuMepax, 3aroTOBKY KYIOT, CrTHOarOT, CIIanBaloOT U
PUXTYIOT. 3aT€M BEPXHIOK YTOJIIICHHYIO YacTh KOJBIA pa3pe3arot jod3ukom. O6-
Pa3yroTCs Ba CHMMETPUUYHBIX YTONIIEHHBIX KOHIIA, MEXKAY KOTOPHIMHA MOXHO JI€T-
KO BCTaBUTh KacT. HexocTaTok TakoM IMMHKK COCTOMT B TOM, YTO B CAMOM TOHKOM
MECTE OHA UMEET MasTHbIN II1OB.

2. Bo BTOpOM ciiyduae KOHIIBI IMTA0KMKa OCTAIOTCS YTONINEHHBIMH, 4 CPEIHSS
YacTh €ro MPOKOBBIBAETCSA 0 HYKHOTO pa3Mepa. 3aTeM 3aroToBka crudaercs. [Ipu



ATOM BapuaHTE TPYJTHEE, YEM B MEPBOM CITydae, BHIACPKATh CHMMETPUYHOCTh KOH-
ITOB, HO 3aTO MOJIy4YaeTcsl OSCIOBHAS IMTWHKA.

Kak w B paHee ommcaHHBIX CrOCOOAX KOBKH KOJEI, MCXOJHAs 3aroTOBKA
JOJDKHA WMETh CE€UYEHWE, COOTBETCTBYIONIEEC YTONIIEHHOW YacTH IMHHKH
(puc.2.1.10). Cpeanroro gacts mrabuka 00KHUMAIOT B MPOKATHBIX BAJTbIIAX, MEHSAA
CHABIMBAEMbIC TTOBEPXHOCTH TTOCIIC M3BJICUCHUS 3aTOTOBKH M3 BAJIKOB U KaHTYSI €€
nepen cneayommum ooxumom (puc.2.1.10, a)
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Puc. 2.1.10. M3roToBiieHne KOBaHHBIX INMHOK KOJIEL. & — MPOBAJBLIOBAHHAsI OCHOBHAs
¢dbopma pa3BEPTKU IIMHKH KOJIbIIA, O — rubka B CBUHIIOBOM k€5100€; B — 1T — Pa3JIMYHbIC BUIbI LITH-
HOK

O6paboTKa 3aroTOBKH MPOAOKACTC KOBKOHM Ha (hIaXIITOKe. 3aTeM B CBHH-
110BOM popme mpomsBoadaT ruOky mmuku (puc.2.1.10, 6). Ha konbsiieBoMm purese u
pore Iinepaka 3aroToBke IPHUIAI0T OKOHYATENbHYIO (hopMYy .

[Muuky (puc.2.1.10, B) M3roTaBIMBaIOT M3 MOJOCH MPAMOYTOJIBHOTO Cede-
HUA. B cepenmHe 3aroToBka MPOKOBHIBACTCS C YMEHBIIICHHEM TOTIEPEYHOTO Cede-
HUA, a KOHIBI €€ ocTaloTcs O0e3 m3MeHeHws. KoBaHas mmHKA HE BCETIa JODKHA
ObITH yBECHCTOW M MaccuBHOU. B crenytomem nmpumepe (puc.2.1.10 , ¢) moka3ana
Ooree y3Kas MUHKA MOCTOSTHHOM MAPUHBL. BBICOTa CEUCHMS TP TOM YMEHbBIIIACT-
cs K cepenune mmHku. [1InHka, nzo0paxkeHHasa Ha puc.2.1.10 , 0, u3roraBnuBaercs
TaK e, KaK ¥ B TPEIbAYINX TPUMEPax, HO ¢ TIOMYyKPYTIbIM CEUCHUEM. 3aTO B €€
YTOJIIIEHHBIX YaCTsIX BHIOMBAIOT HACEUKY B BHJIE KeJIOOKA W OTNEIBIBAIOT €€ TPO-
(bMIBHOM OTTPaBKOM.

Jlexmus 21

1. OcHOBHBIE OmEparii W TEXHOJOTHA JMCTOBOW IITAMIOBKW. THCHEHUE,
¢dhopmoBKa, BeIpyOKa, BHTHKKA. CyIIHOCTH MPOIIECCOB, OCHOBHBIC TIOHATHS

2. Bpik00TKA 1 YEKaHKA.

3. O01ue cBeaeHuA U paboUnii MHCTPYMEHT.

4. Texnomorus u paboure MPUEMBI TIPH BHIKOJIOTKE W YCKAHKE.



[To Mepe pa3BUTHS TEXHUKH CTAJIM IIMPOKO MPUMEHSATh JIACTOBYIO IITAMITOB-
KY, 3aKJIFOYAIOIIYIOCS B MOJYUYCHHUH U3ACNIUIA U3 JIMCTOBOTO MaTepuaia myTeM Npu-
JAHUS €My OTIpeAeIICHHON (HOpMBI O3 CYIIeCTBEHHOTO N3MEHEHHUSI TOJIIIAHEI.

JIucToBas MITAaMMOBKA MOJIy4YWsia IIMPOKOE PACMPOCTPAHEHUE B PA3TUUHBIX
OTPACJISIX TPOMBIIIJIEHHOTO MTPOU3BOJICTBA, B TOM YHUCJIE U B IOBEJUPHON MPOMBIIII-
JeHHocTU. B HacTosiee Bpems 0oJibliias 4YacTh IOBEIUPHBIX U3JEIHUI U3 APAroieH-
HBIX U [[BETHBIX METALJIOB U3TOTOBJIACTCS U3 ACTANICH, MOJYUYCHHBIX METOJIOM JIU-
CTOBOH IITaMNOBKH. JIMCTOBAsA IITAMIOBKA OCYILECTBIISAETCA TJIaBHBIM 00pa3oM B
mraMmnax Ha npeccax. JIucropoit meramn toimmHaon ot 0,15 10 4 MM HaszbIBaeTCA
TOHKOJIUCTOBBIM, U IITAMIYIOT €r0 B XOJIOJJHOM COCTOSIHUM, JINCTOBOM METaJT TOJI-
IMHOM BbIIE 4 MM HA3bIBAIOT TOJCTOJIMCTOBBIM.

OCHOBHBI€ PEUMYIIIECTBA JTUCTOBON IITAMIIOBKHU:

— BO3MOYHOCTbh M3TOTOBJICHHS JE€TAJCH WIH W3ACIWNA, MOJyYEHUE KOTOPBIX
JPYTUMH METOAAMU 00pabOTKU 3aTPYAHUTENIBHO WUJIH HEAKOHOMUYHO;

— BBICOKAsi MPOU3BOJUTEIBHOCTh, SKOHOMHBIN pacxoj] MeTajljla U MPOCTOTa
npolecca,

— OTHOCUTEJIbHAS MPOCTOTA MEXAHU3AIMN U aBTOMATHU3allMK Mpoliecca.

Oneparuu TUCTOBOH MTAMTOBKH YCIOBHO NENAT Ha (hOPMOMUZMEHSIONMNAC U
pazaenutrenbhbie. [locienHne UCMoNb3yTCs Ui OTACJICHUS OJHON 4acTu 3aro-
TOBKHU OT JIPYroH myTeM pa3pylICHUs METaljIa Mo 3a4aHHo# rpanulle. K HuM oTHO-
CATCA pe3Ka, BhIpyOKa, MpoOUBKa, MPOKOJIKA U AP.

[Tpu pe3ke NpoUCXOAUT MOJHOE OTACIEHUE OJHONW YacTH 3arOTOBKHU OT JpY-
roii (puc. 2.1.11). Ilpumensiercss oHa Iy MOJYYESHHS 3aTOTOBOK B BHJIE TOJIOC WITH
MJIACTHH U3 JIUCTOBOTO Marepuaia. Pe3ka mpon3BOAUTCS NIa MEXAaHUUECKUX HOXKHU-
11ax C MapajuieIbHBIMU HOXKaMHW, C HAKJIOHHBIMA HOKaMH¥ (THJIbOTHHHBIMH) U JTUC-
KOBBIMH HOaMH (POJIMKOBBIC HOXHUITI). Pe3ka Ha HOKHHITAX ¢ TAPATICITbHBIMA
Hoxamu (puc. 2.1.11, a) mmpoko MpUMEHSIETCS TSI IUCTOBBIX YEPHBIX, IIBETHBIX H
JParoleHHbIX METAUIOB. JIMCT yCTaHABIMBAIOT B 3a30p MEXKAY HOXKAMU, U TMPH
JBUKCHUU BEPXHETO HOXa OH pa3pe3aercs mo Bcemy ceueHuro. Hambonee yacto
JUTSL PE3KH JTUCTOBBIX METAJIOB MPUMEHSIOTCS HOKHHUIIBI ¢ HAKIIOHHBIM HOXOM (TH-
JHOTHUHHBIC), CXeMa KOTOPBIX nipuBeAeHa Ha puc. 2.1.11, 6.
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Puc. 2.1.11. Pe3ka Ha HOKHHUIIAX ¢ TAPAJUIETFHBIMHU (), HAKIIOHHBIMHU (0)
U JUCKOBBIMU (0) HOKaMH

Pe3ka Ha HOKHMIIAX C TUCKOBBIMU HOxaMu (puc. 2.1.11, B) ocyiiecTBisieTcs
[apoy IUCKOB — HOXKEU, BPALLIAIOLIUXCS HABCTpEUy ApYyT APYry ¢ ONMHAKOBOM CKO-
pocthto. [loa neiicTBUEeM CUI TPEHUSI JIUCT HEMPEPHIBHO BTATMBACTCS B 3a30p MEX-
Ny BpalllaloIIMMUCS JUCKAMHU U pa3pe3aeTcsi aHAJIOTUYHO pe3Ke Ha TUIIbOTUHHBIX
HOXKHULAX. J[J1s moylyueHusi KaueCTBEHHOT0 pe3a HeOoOX0AUMO, YTOObI Yroy 3axBa-
Ta ¢ He mpeBbian 14°, nepekpoitue HOXelt a=(0,2+0,3)S. Ilpu pe3ke TOHKHUX JIH-
cToB (S < 3 MM) nuameTpbl JUCKOB paBHbI D=(35+30)S, B = 50 ~ 90 MM, a yrou
ckoca Hoxen a=1+1° 30'.

BripyOka v mpoOuBKa — pa3zieiuTeNbHble ONepaluy AJis OTAeJeHUsl 4acTu
3aroTOBKHU IO 3aMKHYTOMY KOHTYpY B LITamIle, Mpu4yeM MpH BeIpyOKe AeTallb IMo-
najaeT B MaTpHIly, a MpU MPOOMBKE B MATPUILy MOMAJAIOT OTXObI IITAMIIOBKH
(puc. 2.1.12).

Puc. 2.1.12. Cxema mtamna it BRIpyOKu

BripyOKy (mpoOHBKY) OCYIIECTBISIOT B LITaMIle, KOTOPbIH COCTOUT U3 IO-
JBMYKHOTO MyaHCOHa | ¥ HenmoJBM>KHOW MaTpuilsl 2. [lyaHcoH W MaTpuiia BbINOJ-
HSIIOT POJIb BEPXHEro W HWKHEro Hoxed B omeparusx obpesku. [lpu BeipyOke
(mpoOuBKe) Bech MPOLIECC MOKHO pa3/iefuTh Ha TPU cTaauu. B HauanbHOW cTaauu
3aroToBKa IOJ] AeMCTBUEM ITyaHCOHA HEMHOro Mporubdaercs, 3aTeM y cambIX Kpo-
MOK MHCTPYMEHTa MPOMCXOIUT IJIACTUUECKOe CMSTHE MeTayjia 3aroToBku. [lpu



JAbHEHIIIEM YBETMUSCHUHN YCHIAS PAa3BUBACTCA TIacTHUecKas nedopmarus, B pe-
3yJIbTaT€ KOTOPOM METaJll BAABJIMBACTCS B OTBEPCTHE MaTpulbl. K KOHIy 3TOH
CTAJIMU HANPSKCHUS Y KPOMOK IMYyaHCOHA JIOCTUTAIOT MAaKCHUMAaJbHON BEJIMYWHBI,
KOTOpas COOTBETCTBYET COMPOTHUBJICHUIO MeTajia cpedy. Ha mocnenHed craauu
MPOUCXOJIUT OTACJICHUE BhipyOaeMoi aetanu. [Ipu ABUKEHUH MTyaHCOH MPOTAJIKU-
BACT BBIPE3AHHYIO JIETajlb uepe3 pabouyro MICHKY MaTpHIlbl, MPEO0JieBast COMpPo-
THUBJICHUE TPEHUA MEXKAY JETAIBIO U HHCTPYMEHTOM.

[Tpu BBIpyOKE MCHOJIB3YIOT MYAHCOHBI U MATPUIbl C MAPAUICTbHBIMA WIIH
CKOILICHHBIMH PEXKYIIUMHU KPOMKaMU. 3a30P MEKIY MAaTPULEH U TyaHCOHOM BbIOH-
paetcs u3 quamnaszona (5%-10%)S.

JleTanu, MoJlydyE€HHbIC BHIPYOKOW M MPOOMBKOW, UMEIOT HEPOBHYIO M IIEPO-
XOBAaTYyIO MOBEPXHOCTh CPE3a, /ISl 3aYUCTKH KOTOPOW MPUMEHSIOTCS CHEIUATIbHbIE
ITAMIOBOUYHbIE omnepanuu. Haunbosbiee pacnpocTpaHEeHUE MOMYUYMSia 3a4MCTKA
CPE3aHMEM TMPHUITYCKA, CYUIHOCTh KOTOPOH COCTOMT B TOM, YTO MPEABAPUTENHHO
BbIPYOJICHHAS J€Talb IyaHCOHOM BJIABJIMBAETCA B MATPUILY.

Pexyiias kpoMka MaTpuliibl MOCTENEHHO CPE3AET CTPYIKKY C HEPOBHOW MO-
BEPXHOCTHU JeTanu. [Ipu ToniuHe TUCTOB MeTaia 10 3+4 MM KaueCTBEHHOH IMo-
BEPXHOCTH U BBICOKOW TOUYHOCTH M3TOTOBJIEHUA AETAIEH JOCTUTAOT OJHOKPATHOU
3QUUCTKON. 3aUMCTKa CPE3aHUEM MPUMYCKa 00ECMEeUrMBAaET 3—i KJIacC TOUHOCTH U
7-+-8—M Kjacc MEepOXOBATOCTH MOBEPXHOCTH.

[Tpocreiimmii myancoH BeipyOHOTO THTamma (puc. 2.1.13) mpeacraBisieT co-
00l TIanKuii CTEPKEeHb, TOPEI] KOTOPOTO MIOCKO—TLIN(OBAH, MaTPHUIIA BEIPY OHOTO
ITaMIa UMEET OTBEPCTUE C BEPTUKATIbHBIMU CTEHKAMU, COOTBETCTBYIOIIEE KOHTY-
py mrammyeMoro uzaenus. [losToMmy yron pe3anus U yroJ 3a0CTpeHus paBHbl 90°,
a MepeIHUN W 3aJHUH YTIIBI Pe3aHus OTCYTCTBYIOT, T. €. paBHbI 0° (puc.2.1.13, a).
[Tpu 3arouke TOplia MyaHCOHA MO BOTHYTOM MOBEPXHOCTHU MOJydaeTcs 00Jiee BbI-
roHbI yron pe3anusa (puc.2.1.13, 6), ecnmu oTBepcTHE B MATPHUIlE BHIPYOHOTO
HITaMIa PACIIMPSETCS BHU3 HA KOHYC, TO 00pa3yeTcs 3aaHui yroj pesanusa. OnHa-
KO B BEPXHEH 4aCTW OTBEPCTUSA MATPHUIIbI CIEAYET OCTABIATh MOSCOK IIUPUHON OT
3 10 5 MM s TapaHTHH COXPAHEHWS 3aJaHHBIX pa3mepoB (puc.2.1.13, B) npwm
BOCCTAHOBUTENHHOM NITHU(OBKE paboueii TOBEPXHOCTH 3aTy TUBIIEHCS MaTPHITHI.
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Puc. 2.1.13. Cxema BbIpyOKH: @ — TJIOCKO—LUIN()OBAHHBIM TyaHCOHOM; O — MyaHCOHOM C
BOTHYTOI pabovell MOBEPXHOCTBIO, B — 00PAa30BAHUE 3ayCEHIA [0 KPasM OTBEPCTUS M3—3a
00JIBLIOTO 33a30pa MEXY yaHCOHOM U MaTpuLei

B kauectBe (pOpPMOUZMEHSIOMMUX OMNEpAIMi MPUMEHSIOT TMOKY, BBITSIKKY,
00kH1M, OTOOPTOBKY U T. JI. 3arOTOBKA MPU ATOM MOJYyYaCT IJIACTUUECKYIO Aedop-
MallMI0, KOTOpas MnporekaeT 0e3 paspyuieHus meraia. [Ipu 3ToM macruueckoi
aedopmani 0ObIMHO TOBEPracTCs TOJBKO YacTh 3ar0TOBKU — ouar jaedopmaiiuu,
KOTOPBIN 3aKJIFOUEH MEXKLy CBOOOIHBIM KOHTYPOM 3aroTOBKH. TOJIIMHA 3arOTOBKH
B ovare jaedopmanuy B (POPMOUZMEHSIOIUX ONEpPaAlUIX OOBIMHO 3HAYUTEIHHO
MEHBIIIE TOJIIMHBI OCTAIbHOW YacTH. 3aroToBka B ouare jaedopmariuu OObIYHO
UMEET KOHTAKT TOJIbKO C MOBEPXHOCTHIO OJHOr0 pabovyero MHCTPYMEHTA, U JIUIIb
npu 1e(pOPMUPOBAHUU C MPUHYIUTEIBHBIM YTOHEHUEM B ouare JeopMaluu BO3-
HUKAET KOHTAKT C IByMsl €r0 IIOBEPXHOCTSIMH.

ITpu rubounsix onepauusx (puc. 2.1.14) ciou meramna, pacnoOKEHHbIE C
BHYTPEHHEH 4acTH IyaHCOHA, CKUMAIOTCS, & BHEIIHUE CJIOU, PACIIOJIIOKEHHBIE CO
CTOPOHBI MAaTPULbl, PACTSTUBAKOTCA.

B cBsi3U ¢ 3TUM 3aroTOBKM YKJIAJbIBAIOT B TMOOYHBIN IITaMIT Tak, 4ToObl 3a-
YCEHIIbI HA UX KPOMKax (€CiiM OHU 00pa30BaJIUCh MPHU PE3KE) HAXOJUIUCH B 30HE
CKaTHsl, TaK Kak B IPOTUBHOM CIIy4ae 3ayCEHIbl MOTYT BbI3BATh MOSIBICHHUE Tpe-
muH. bosbiioe 3HaueHne npu ruOke UMEET MUHUMAJBHBIA PAJAUYC Fyin, KOTOPBIN
3aBUCHUT OT CBOMCTB U TOJIIMHBI U3rHOAEMOro MeTalIa.



e

a o

Puc. 2.1.14. Cxema 0fHOYTJIOBOH, (a) U JIBYXYTJI0BOH (6) rHOKH

Mertannuyeckue 3aroToBKM Jydllle THYTh B HalpaBjieHUH, MEePIEeHAUKYISP-
HOM K HampaBJIeHUIO BOJIOKOH MeTasuia. [locne rubku monydeHHble neTald MOTYT
W3MEHUTh CBOM pa3Mephl (pacnpyKUHHUTh) Ha 3+12°, m0o3TOMY IMyaHCOH JOJIKEH
UMeTh YTOJ HECKOJIbKO MEHbIIWH, 4eM 3aJaHHbId yroj ruOku. B roBenupHOM
MPOU3BOJICTBE THOKA MPUMEHSIETCSI, KaK Ha 3arOTOBUTENIbHBIX, TAK M1 HA MOHTHUPO-
BOYHBIX onepauusix. Ha 3aroroBuTenbHbIX onepanusx ruoka 3aroToBoOK MexaHU3H-
pOBaHa C MOMOILBIO CMEeLMAIbHBIX THOOYHBIX MAIIMH U MPECCOB; HA MOHTHUPOBOY-
HBIX — Olepalus ruoka pydHasi ¥ MPOU3BOJUTCS MPHU MOMOILHU LIUIIOB U MOJIOTOY-
Ka WM B CMIEHUAIBHBIX THOOYHBIX MPUCTIOCO0IeHUIX. MOHTHUPOBOYHBIE THOOYHbBIC
LUl UMEIOT Pa3IMYHbIN pagnyc rybok — OT MIOCKOro 0 KPYrioro, 4Yto mo3Bo-
JSIeT MoJly4aTh TOHKHE JIMCTOBbIE 3arOoTOBKM C pa3HbIMM yriamu u3ruba. MHorna
JUTsl THOKH TMPUMEHSIIOT CTel[HaIbHbIe METAUTMUYeCKUe TOKIIAIKA U TTUTHI, KOTO-
pble uMeloT THOOYHBINA jkeno0. B »ToM ciyuae rubka IOBENMPHBIX 3aroTOBOK
MIPOU3BOAMNTCS MEXIy OIPaBKOW, HaKjIaJblBaeMOW CBEpXy, M CTEHKaMH >xeioba
NOJKJIaIHON IJIUTEL.

Breitskka (puc. 2.1.15) — omepauusi mojydyeHusi B LUTaMIax MOJBIX MpPo-
CTPAHCTBEHHBIX JIeTale W3 IUIOCKUX WJIM TOJIBIX 3aroToBOK. [Ipy BBITSIKKE 3aro-
TOBKa (Harpumep, BoIPYyOJIEHHBIN AUCK) MO HAXKMMOM IyaHCOHA MOCTENEeHHO Je-
dbopmupyeTtcs, o0pasysi KoImavok.
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Puc. 2.1.15. Cxema BBITSDKKH: a — 110 Aedopmaruu, 6 — nociie aedpopmariu



Ecnu BeITATMBAaEMblA METAJIJI OTHOCUTEIBHO TOHOK, TO MOJ ICHCTBUEM CHKHU-
MaIONMX HaIMpsHKEHUH TPW CBEPThIBAaHWMHW Ha (prmaHile MoryT oOpas3oBaThCs pa-
JUAIbHbIE CKIAAKU. [ NpeaynpexaeHusa CKIaIKo00pa30BaHUs BHITSHKKY BBIMOJI-
HSIOT C MPUMEHEHUEM JOTMOJHUTEIBHOTO BEPXHEro MpHKUMa. BhITsHkKa 32 oAuH
MPOXOJl BO3MOXKHA TOJIbKO B OMPEACIICHHBIX MpeAesiax, 3aBUCAIIMX OT CBOWCTB U
TOJIIMHBI MeTajla. BenuumHa BBITSDKKH XapakTepuiyercs Kod(p(HUIIMEHTOM BbI-
TSDKKW M, IPEJCTABIISIIOIUM OO0 OTHOIIICHUE AUAMETPA BHITATUBAEMOTO KOJIMAy-
Ka d k muameTpy 3arotosku ( m=d/D).

KoaddumueHT BHTKKH m KaK TPaBUIO, JOJDKEH OBITh HE MeHee 0,5, Tak
KaK B MPOTHBHOM CJIy4ae HO KOJMAayKa MOKET OTOPBAThCA.

Mertayut py BBITSHKKE B pa3HBIX HAMPaBJICHUSIX aAepopMupyercs HeomHaKo-
BO, TIO9TOMY BBITSHYTBHIE JACTAJd WMEIOT HEPOBHBIC KPOMKH, KOTOPBIEC TMOCIIE BbI-
TSDKKU CIEIyeT 00pe3aTh.

BrITsKKA ¢ yTOHEHHEM TPUMEHAETCS TS M3TOTOBJICHUS TTOJIBIX TOHKOCTEH-
HBIX JIeTajeH, HanpuMep cocyAoB. [Ipu TaHHON BBITSAKKE JUIMHA 3arOTOBKU YBEIH-
YHUBAETCS 32 CUET YTOHEHHA €€ cTeHOK mpuMepHo 10 30% 3a kakapli mpoxo 00-
padoTku. YTOHEHHE olOecneurnBaeTes Onaroaaps TOMY, UTO 3a30p MEXIY IyaHCO-
HOM W MAaTpHUUEH YCTAHABJIMBAETCA MEHbBIIE TOJIIMHBI CTEHOK 3aroTOBKH. Tommm-
Ha AHa mojydadpukaTta MPU BHITSKKE ¢ YTOHCHHEM OCTAeTCs HEM3MEHHOW. BbI-
TSDKKA C YTOHEHHEM TMO3BOJISET MOJy4YaTh U3/ICNIUA ¢ OUCHb MAJIOW TOJIIIMHOW CTe-
HOK, PAaBHOM JECATHIM AO0JIAM MUUIUMETPA.

BoiTskHBIE TITAMIIBL IS Ty OOKOH BBITSXKKHA OOBIYHO COCTOST M3 TPEX Ya-
CTEH: IMyaHCOHA, BHITSDKHONH MaTPUITHI M CKIIAJKa — JepKaress (MIPHKUMHOTO KOJTh-
1a). [lyaHcoH maBUT Ha KPy»KOK W3 JIICTOBOTO Marepuayia U BTATHBAET €ro B Mar-
puily. OTHOBPEMEHHO MPUKUMHOE KOJIbILIO JOJIKHO AAaBUTh HA JIMCTOBOW Marepuai
BOKDYT MyaHCOHA, MPEMATCTBYA 00pPa30BAHUIO CKJIANOK. TOJbKO MPHU HErTyOOKOM
BBITSIKKE MOYKHO OOOMTHCH OJHOM oOreparueil U OJHWM KOMILUICKTOM IITaMIIOB;
Yale BCEro MU3Jene MTAMITyEeTCA 32 HECKOJBKO BBITSAXKHBIX OIMEPallUid, BBITOIHSE-
MBbIX 32 HECKOJIbKO Pab0urx X0JI0B Mpecca.

[Tpu riyOOKOM BBHITSXKKE 32 OJHY OMNEPAlAI0 METAJUT MOJIy4aeT 3HAUUTENb-
HBIM HAKJIETI, COMPOBOXKAAEMBINA TTOTEPEN TUIACTUYHOCTH, B PE3YJIBTATE UETO MOMKET
MPOU30UTH pa3pyIlICHUE MaTepuaia, Mo3TOMY HEOOXOAMMO pa3/iejieHue mpoliiecca
1)1y OOKOM BBITSDKKH HAQ HECKOJIBKO OTIEpaIui.

Ha puc. 2.1.16 noka3aHa nocnenoBarefibHas BHITSKKA IUIMHIPUUYECKOTO
nycroTenoro cocyaa. Ha meppoil onepanuu auamerp MyaHCOHA JOJKEH COCTaB-
asate npuMmepro 0,6 ot obmero nuamerpa MCXoaHOW 3arotoku (puc. 2.1.16, a).
Cknaakoaepxaresib UMEET TUIOCKYH0 MOBEPXHOCTh mprkuma. [Ipu manmpHemmx
BBITSKKAX AUAMETP MyaHCOHA AOJKEH cocTaByiaTh 0,8 OT auaMeTpa myaHCcoHa Mpe-
JpLAyIIEH onepaluu. TakuM MyTeM BBITATUBAEMBIN COCY]l MOCHE KaXA0W omnepa-
IIUM CTAHOBUTCA BbIIIE U TOHbIIE. [locTeneHHO, eciau 3To TpeOyeTCs, YMEHBIIAOT
3aKpYTJICHHBIC KPOMKH MyaHCOHA, ITOKA OHKW HE CTAHYT MOYTH MPAMOYTOJIbHBIMHU.
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1 — myaHcoH; 2 — IpIXuUM (CKIIAIKOAEPIKATEND); 3 — MAaTpULA

Puc. 2.1.16. Cxema riryOOKO# BBITSKKH: a — IEepBasi onepanst; O — BTopast onepauus,
B — TPEThbs ONepaLus

[Tpu mramnoske GopMOBKON TOHKAA JIMCTOBAS 3arOTOBKA TUIACTUYECKH JIE-
dhopMupyeTCs MEKIy MATPUIICH W IMyaHCOHOM 0€3 CYIECTBEHHOTO M3MEHEHUS €€
tommuHbl. [Ipr 3TOM 0OBIYHO MONYYarOT TOJIbIE peabedHbIe AeTa HEOOIBIION
BBICOTHI.

Hapy>xHass oTOOpTOBKA HAMOMHMHAET TMOKY C PACTSXKCHHEM WA CKaTUEM
MoJy4yaeMoro 0opTa M MPUMEHSETCS JIsl U3TOTOBJICHUS U3JCNIUN TUIA «IOTHOCY.
Pa3smep nosryuaeMoro 6GopTra OTHOCHUTENBHO HEBEJIMK M OTPAHUUYMBACTCS TJIABHBIM
00pa3oM IJIACTUUYECKUMH BO3MOXHOCTSAMH KOHKpETHOro meramia. OTOOpPTOBKY
OCYILIECTBJISIOT 33 OJMH WJIM HECKOJIBKO NIEPEXO/I0B B IITAMIIAX HA MPeccax Uju Je-
(hopMHUpPOBAHHEM B POJIHKAX.

OT0opTOBKA OTBEPCTUH — 3TO MOJyYEeHHUE OOPTOB MOCJE MPEABAPUTEIBHOMN
npobuBku oTBepcTHit (puc. 2.1.17). [Ipu oTGOPTOBKE OTBEPCTHH MPOUCXOIAUT HE-
OOJIBIIIOE YMEHBIIICHHE TOJIIMHBI METaJlIa Yy Kpas 0opTa 3a CUeT PacTAKECHUS Me-
tajiia. [Ipu oTOOPTOBKE HEKPYTJIBIX OTBEPCTHU MOKHO MCIOJIb30BATh MPEIEIbHbIE
KOd(pPHUIMEHTH OTOOPTOBKH, YCTAHOBJICHHBIE JIJIST KPYTIIBIX OTBEepCcTHI. OTOOPTOB-
KOH MoJTy4aroT oTBepcTHs auaMmerpoM 3+100 MM mpu TOIMHE JUCTOBOK METaia
0,3+30 M.
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Puc. 2.1.17. Cxema oTOOPTOBKH OTBEPCTHI

OCHOBHBIM 00OpPYJIOBAHUEM, MPUMEHACMbBIM MPU JIUCTOBOH IITAMIOBKE, SIB-
JIAOTCA HOXKHMIIBI U TMpecchl. JIUCTHI MeTa/ia U MoJoChl pa3pe3aroT Ha MPsSMO-
YTOJIbHBIEC 3arOTOBKH IJIABHBIM 00PAa30M HA HOXKHUIIAX, KOTOPbIE B 3aBUCUMOCTH OT
MOIIIHOCTH OOECTIECUMBAIOT Pa3pe3aHue JIMCTOBOTO MeTajula TOMMMHON 10 40 MMm.
HaubGonee pacnpocTpaHeHHbIE BUABI HOXKHUIL — THJIBOTUHHBIE U AUCKOBbIE. [Ipec-
Chl TOJPA3JCIAOTCA HA MEXAHWUYECKUE, TUAPABJIIMUECKUE, HJICKTPOMArHUTHBIE,
MHEBMATUUYECKUE U C PYUYHBIM MPUBOJAOM. THM U pa3Mep npecca BIOUPAIOT B 3aBU-
CUMOCTH OT BBIMOJHACMON TEXHOJOTMYECKON Onepaluid U HEOOXOJUMOI0 YCHIIUS
IMTAaMTIOBKH.

B TexHOI0rHUECKOM MPOLECCe JTUCTOBOM IITAMIOBKH JIOJKHBI OBITh MPETY-
CMOTPEHBI CJICAYIONME OTEpaluy: TOArOTOBKA MaTepuajia (0uMCTKa, CMasKa),
M3TOTOBJICHHE 3ar0TOBOK (Pe3Ka JIMCTOB Ha MOJIOCH WJIM 3arOTOBKH, pa3pe3ka JIeH-
THI), neopmupoBanue MeTaia (pa3aeauTeIbHbIe U (POPMOMIMEHSIIOININE OTepa-
AN ), TEPMOOOPaOOTKA (OTKUT JJIsi CHATHS HAKJIENa); OTCIOUHbIC OTIEPaIliN; Y 1a-
JICHUE 3ayCEHIICB; MPOMBIBKA; MOJUPOBKA, HAHECCHUE 3AIMUTHBIX WA JTCKOPATHUB-
HBIX TIOKPHITHHA (30JI0U€HHE, CEPEOPEHUE U T.11.); KOHTPOJIb KAU€CTBA MPOIYKITHH.

Jlna uexkanku penbeda B IOBEIMPHOM MPOU3BOJCTBE MHUPOKO MPUMEHSIIETCS
tucHenue (puc. 2.1.18).

Jleramn 0OpabaThIBAIOTCS TUCHCHWEM C BBIJIABJIUBAHUEM pelibeda, MEKTY
BEPXHUM M HUKHUM INTaMnamMu. PUCYHOK MOXET ObITh HAHECEH Ha M3JeNne Oaro-
Japsl MOJBEMY WJIM OMYCKAHUIO METajljla MOJ JABJACHUEM IITAMIIOB. JTOT CIOCO0
00pabOTKKM MPUMEHSETCS MPHU YEKAHKE MENAJICH, MOHET, mopTcurapos u T. . Ilpu
OJTHOCTOPOHHEM THCHEHWHW TPABHPYETCS pelibed TONHKO HA OJHOM W3 IITAMIIOB,
HanpuMep MyaHCOHE, paboyasi MOBEPXHOCTh BTOPOrO IITaMIa — MATPHUIIBI OCTAETCA
raakoil. B OONBIIMHCTBE CIIyyaeB MPU THUCHEHWUHU JETajeH CTOIOBBIX MPUOOPOB
MPUMEHSIOTCS ITAMITBI JBYCTOPOHHETO THCHEHWSI, IPHYEM PUCYHKH CO CTOPOHBI
MyaHCOHA W MAaTPHIlEI, KaK TpaBuiio, pasueie (puc.2.1.18, a). O6pazyromnuiics npu
TucHeHUH 0o0joi (puc.2.1.18, 6), BBITECHAEMBIH B 3a30p MEXKIAY INTaMIaMH,
cpe3aeTcsl 3aTeM KOJIbIEBOW MaTpHUIEH, HAHOCAIIEH OJHOBPEMEHHO PHUCYHOK Ha
OOKOBOU MOSICOK U3/ENINS, HATPUMEP MOHETHI.
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a — 3ar0TOBKA JIKUT HA HIDKHEM LITaMIIe (MATPULE), BEPXHUA ITamMI (ITyaHCOH) MOJHAT,;
0 — TUCHEHHAs J1eTaIb MEKIY HIKHUMH U BEPXHUMH IITAMIIAMU

Puc. 2.1.18. Cxema TucHeHus penbeda

[lepen THCHeHHMEM 3aroToBka (JIMTasl, IITAMIIOBAHHASI WJIM BbIpE3aHHAast) MO/1-
BEpraercst TepMuyeckoil 00padorke. BricTynaionue 4acTi MmyaHcoHa U MaTpPHIIbI
BHEJIPSIFOTCSA B MaTEpHUal, YIUIOTHSIOT CTPYKTYPY W BBIIABIMBAIOT METAJ B CTOPO-
Hbl. [lepeMelniaeMblie yacTHIIbI METAJLJIa 3aMONHSIOT OoJiee Iy OOKHUE BHIEMKH ITyaH-
coHa ¥ Marpulilbl. [10100HBIM k€ 00Opa3oM cMelaeTcs MaTeprall U Mo/ JaBJIEHUEM
paboueil moBepXHOCTU O0iKa MOJOTKa. YeM riy0xke MPOHUKAET MyaHCOH B 3aro-
TOBKY, TeM OoJiblllasi 4acTh €¢ OyJeT neOopMUpOBaHA U TEM CUJIbHEE MPOUCXOIUT
W3MEHEHHE CTPYKTYpbl. ECIiM B Havase mpoiecca METALI TEUYET O] BHICTY TAFOIIH-
MU YaCTSIMU [yaHCOHA W MATPHIIbl, 3a10JIHsIsl yIiIyOJIeHusl, TO B KOHIE ITPOIlecca,
KOrJa JICHCTBUE MyaHCOHA €IIE MPOJA0JKACTCS, METAI HAUMHAET BbIJIABIUBATHCS
MEXIYy MaTpULEd U ImyaHCOHOM. CJIEACTBUEM 3TOTO SABISIETCS 00pa3oBaHUE 0005
BOKPYT KOHTYPOB pabO4YMX MOJOCTEH MITAMIIOB. ITO SIBJEHUE B OOJHIIMHCTBE CIIy-
4yaeB HEOOXOJMMO, TaK KaKk OHO HCKIIOYAET COYyJapeHUE IyaHCOHA U MaTpHIIbL.
dopma MOJOCTH 1ITaMIIa JOJKHA ObITh TakO#, YTOOBI BCE €€ YaCTH MOTJIU 3aIloJ-
HATHCS €UIE PAHBIIE, YEM JTOCTUTACTCS MPEACI MPOYHOCTH MaTEepHaa.

PaGoune mMOBEPXHOCTH IITaMIIA JOJKHBI UMETh BBICOKHMH KJIACC YUCTOTHI,
4yTOOBI 3ar0TOBKA MOIJIA CKOJIB3UTh 110 HUM C HAUMEHBIIIUM TPEHUEM.



JlocTaTOuHO MIMPOKO B MPOU3BOJICTBE FOBEJIUPHBIX HM3JCITUN MPUMEHSIOTCS
OTi€paliy BHIKOJIOTKH U YeKaHKHU. OT Ky3HEUHOU 00pabOTKH BHIKOJIOTKA OTJINYAET-
Cs TE€M, YTO OHA BBIMOJIHAETCA HA JUCTOBOM Marepuaje. Eciu npu KOBKe U3MEHS-
IOT MOMEPEYHOE CEYEHUE 3arOTOBKH, TO MPH BBIKOJOTKE MOJYYArOT MOJIbIE U3ACIUS
13 aucTa. BeikosIoTKa — IpUeM X0JIOHON 00pabOTKKU MeTajljia, MPOU3BOIMMbINA He-
MOCPEACTBEHHBIMU yJapamMu Mosiotka. [lon yexkaHkod MOHMMAKOT WM3TOTOBJICHUE
MEJIKAX JETAbHBIX (HOPM HA JIMCTOBOM Marepuane. [lepBoHauanbHO MOHATHE Ye-
KaHKH OrPaHUUYMBAIOCh OOpPAaOOTKOW MACCHUBHBIX JIUTHIX MPEAMETOB, HANPUMEP
CKYJILIITYP, TMOCPEACTBOM 3yOMJT M YEKaHOB. YUEeKAHKON HA3bIBAIOT TAKXKE MOJIyYe-
HUE penbeda mTaMnamMu Ha MOHETaX, MeajIsaX | T. I ipeaMerax. YeTkoro pasrpa-
HUYEHUS MEXIY 3TUMHU METOJaMMU 00pabOTKH MeTajljla AaTh HEBO3MOKHO, TaK KakK
HEKOTOPBIE BHIKOJIOTOUHBIE ONEPALlUU MPOU3BOIATCA TaK KE, KAK U YCKAHOUHbBIC HA
MaCTHKE (KUTTE) C TOMOIIBIO YeKAHOB M YEKAHOYHBIX MOJIOTKOB, a (haCOHHBIC Ue-
KaHbl YaCTO UCMOJB3YIOTCA JiJ11 00pabOTKU MACCUBHBIX U3IECIHM.

[Tpu BBIKOIOTKE HEOOXOAUM MOJIOTOK C HUKHUM IJIOCKUM OOMKOM, paboudas
MOBEPXHOCTh KOTOPOTO JOJHA ObITh CJIETKA BHIMYKJIOH. BTOpO — KIIMHOBUIHBIHN
00€K, JIOJKEH ObITh 3aKPYIJIEH, U HE UMETh OCTPhIX KpoMoK. Kpome Toro, B cooT-
BETCTBUHU C TEXHOJOTHUEH 111 pabOThl HEOOXOAUMBI MOJIOTKHU C MJIOCKUMHU, BBIMYK-
JBIMU U IAPOBUAHBIMU Oo¥kamMu. Bce 3TH MOJIOTKH AOJXKHBI ObITh U3rOTOBJICHBI
13 BbICOKOKAUECTBEHHOU cTajiu. Paboyas moBepxHOCTh OOMKOB TpeOyeT TIIaTelNb-
HOT'O YXO0/a, TaK KaK KaxK/1asgs HEPOBHOCTh HAa HEW OTMeYaThiBacTCsA HA 00padaThiBa-
emoM matepuasie. KauecTBo 4eKaHOUHOTO MOJIOTKA OKa3bIBAET OOJIBIIOE BIUAHHE
Ha pe3yJibTaThl padoThl. HuxkHUM ero 60€K, HAHOCSIIMEI yAaphl M0 YEKAHY, T0KEH
OBITH TIJIOCKHAM, @ BEPXHUH — MIAPOBUTHBIM JJI1 BRIOWBKH KPYTTHBIX BBHITyKJIOCTEH B
aucte. PykosiTka JOJIKHA ObITh BBIMOJIHEHA TIIATEIbHO. OHA M3rOTaBIMBACTCS W3
YIPYTOro Aepesa, HarpuMep U3 AceHs. [[paBUibHO ceTaHHbIA YeKaHOYHBIM MOJIO-
TOK 00pa3yeT C JaJOHbIO PYKH MOJABUXKHOE cowieHeHue. [Ipu padoTe UM HyKHO
TOJBKO HEOOJIBbIIIOE PUTMUYHOE CTMOAHUE KUCTH, TaK KaK MOCAE yJapa OH JIETKO
OTCKAaKUBAeT Ha3zaa. Bed pyka OT KUCTH /10 TJie4a MPU 3TOM OCTA€TCA HEMOJBUXK-
HOU. Kpome cTanbHBIX, MPUMEHSIOTCS M PA3JIMUYHOTO POAa «MSITKHE MOJIOTKHY,
W3rOTaBJIMBAEMbIC U3 JEPEBA, PE3UHBI, KOXKH, pora win Tekcronauta. [Ipocreitmeit
MOJKJIAIKOW MPU YEKAHOYHO—BBIKOJIOTOUHBIX PAb0Tax SBJACTCS CTajibHAA IUJIUTA C
MJIOCKOH padoueil MOBEPXHOCTHIO M CKPYTJIEHHBIMH OCTPHIMHU yIJIaMH U peOpaMu.
Cro1a OTHOCATCA TaKXKe BCE BUJBI HaKOBaJieH. Oco00€ MOJIOKEHUE CPEeIu HUX 3a-
HAMAET CTaJIbHAs HAKOBAJIbHS KyOWdeckoi (opmbl (aHKa), B KOTOPOW CACTaHBI
chepuueckre yriayOaeHus pa3TUuIHON BEIMYUHBI IS TOTO, YTOOBI TIPUAABaATh My-
CTOTEJIBIM U3JICTUSAM ompeaesicHHyto ¢opmy. i HEKOTOPBIX IMENel MCIOIb3YIOT
MSATKUE NOAKIAAKA, U3TOTOBJIEHHBIE U3 IEPEBa, PE3UHBI, KAPTOHA WM CBUHIIA, KO-
TOPbI€ B KAKOW—TO CTEMEHU OCHAONSIOT CHIIY yJapa. DTU OMOPHbBIC MJIMTHl MOTYT
UMETh TJIOCKYIO POBHYIO OBEPXHOCTh UJIM MOTYT ObITh CHA0KEHBI YTy OJIEHUAMU,
B KOTOpbIE BOMBAIOTCSl YUACTKU JIMCTOBOM 3aroToBku. HakoHel, kak Jiisi BBIKOJIO-



TOYHBIX PabOT, TaK W I YEKAHOYHBIX HAXOJWT MPUMEHEHHE MacTHUKa (TYIPOH).
3aroToBKa HE TOJIBKO JICXKUT HA €€ MOBEPXHOCTHU, HO U MPOYHO YIEPKUBACTCS €10
BO BpeMs 00paboTku. OTUETNIMBBIN MEJIKUH PUCYHOK YEKAHEHHOTO U3enus Tpedy-
€T MPUMEHEHUS TBEPJbIX MOJAKIAAOK, JUIsi BOCIHPOU3BEACHUS MSITKOTO, IJIABHOTO
penbeda HeoOxoaMMa MoJaT/INBasT MAaCTHKA.

OCHOBHBIM HHCTPYMEHTOM TSl (DOPMOBOUYHBIX ONIEPAITHil SABJIIOTCS YCKAHBI,
KOTOPBIE U3TOTOBJISIOT U3 CTAJIbHBIX MNPYTKOB AJIUHOU 10-18 cM mpsAMOyrofibHOro
WJTM KBAJPATHOTO CEUCHUS, HE MMEIOMUX Me(PEKTOB B BUIAEC PUCOK, TIOP, TPEIIUH H
T. II. DTHM 3aroTOBKaM YEKaHIIMK caM MPHAAEeT KOBKOM Tpedyemyio opmy pabdo-
yel MOBEPXHOCTU B 3aBUCHUMOCTH OT HAa3HAYEHUA MHCTpyMeHTa. HuxHuii koHely
YEKaHA 3aKAJSAI0T U OTIYCKAIOT, B TO BPEMs KaK XBOCTOBUK OCTAETCS MATKHM M
BS3KUM. YUekaHbl W3rOTaBJIMBAIOTCS B COOTBETCTBUM C OYEPEAHBIMH PabOTaMH,
ACCOPTUMEHT UX MOCTOSIHHO PACcTET, TaK KaK Ka)<aas HOBas padoTa TpeOyeT HOBBIX
BUI0B YekaHOB. OHAKO, HECMOTPS HA 3TO, MOXKHO BBIJICJINTh HECKOJIBKO OCHOB-
HBIX TUTIOB UHCTPYMEHTOB.

OOBOHBIE YEKaHBI (PACXOJHMKH) MPEACTABIAIOT COOOM HECKONBKO yTOJ-
IICHHBIA B CpPeAHEH YacTW M YTOHCHHBIM K KOHIAM CTepxeHb. Pabouas moBepx-
HOCTh (00€K) UeKkaHa BHITIOJTHACTCSA B BUJE OCTPOTO WIJIH CJIETKA CKPYTJICHHOTO KJTH-
Ha. JIJig yeKaHKU U30THYTHIX JIMHUH MPUMEHAIOTCA YEKAHBI CO CJIETKA UCKPUBJICH-
HOW paboueil MOBEPXHOCTHIO. DTy TPYIINY YEKAHOB MPUMEHSIOT AJi BOCIPOU3BE-
JIeHUsT O0IIEeT0 OUepPTaHUs PUCYHKA WIIH, HAMPUMED, PUCYHKA MpUQTa, CXOIHOTO C
TE€M, KOTOPbIH MOJY4YatOT TPAaBUPOBAHUEM.

[TopyiuiHuku 1 OOOOIIHUKHA MPUMEHAIOT 1Sl BIOMBAHUS BBIMYKJIOCTEH Tpe-
oyemoii popmbl. OHU UMEIOT TIOJTYIIIAPOBYIO TOJIOBKY WIJIH TIPOJIOJTOBATHIN, OBAJTh-
HbIH OO€K.

JlomaTHUKM - 3TO OOLIMPHAs rPyNNa YEKAHOB C MJIOCKUM OOMKOM, MPUMEHS-
€MbIX JJIs1 BBIPABHUBAHUA U CTJIAKMBAHUA MOBEPXHOCTEH. BOWKM MOTYT UMETh pas-
audHylo (opmy, oTBedaromyro oOpabaTbiBaeMON TMOBEPXHOCTH. KBAJAPATHYIO,
KPYDJIYIO, OBAJIBHYIO, TPEYTOJbHYIO, NPSAMOYTOJIbHYIO, NATHYTOBHYIO U T. 1. s
3TUX YEKAHOB OCOOEHHO BaXXKHO, UTOOBI MX T'PaHU HE ObUIM OCTPBIMH, a CJIeTKA
CKPYIJICHHBIMH, MHAYE HA paboueM MaTepuajie MOTYT OCTaThCA BMATHHBI.

Pudnensie niam maToBbIe YeKaHBl HAITOMHUHACT IO (POPME JIOIIATHUKH, HO pa-
0odas MOBEPXHOCTh Y HUX HE Tajkas, a pudrenas. [IpuMeHSIOT Takue YeKaHbI
JUTSL TIOJTyYEHWsSI MAaTOBOW TTOBEPXHOCTH M (DOHA BOKPYT KOHTYPHBIX pUCYHKOB. Ha
JIMLIEBOU MOBEPXHOCTU OOHKA UeKaHa rPaBUPYIOT HACEUKY MEPEKPEIIUBAIOITUMHUCS
mrpuxamMu. Ee MOXXHO clienarh Takke BOMBaHMEM B pabOdyrO0 MOBEPXHOCTh OTO-
MOKEHHOTO YeKaHa CTaporo HanwibHUKA. [1ocie HaHeCeHHsT HaCeUKU MTPOU3BOIATCS
3aKajika M OTIyCK OOMKa.

Ceukn nmetoT popMy OAHOCTOPOHHE 3aTOUYCHHOTO TIOCKOTO 3yOWyia u mpH-
MEHSIOTCS JIJ11 BBIOMBAHUS TOHKOTO JIMHEHHOTO PUCYHKA W AJIsI OJHOCTOPOHHETO
CTYNIEHYATOTO CMEIIICHUS METAJIJIa BHU3.



Ourypusie (y30pHBIE) UYEKaHBl CIy)aT B KauyeCTBE BCIOMOTATEIbHBIX
CPEACTB MPU CO3JJAaHUU KOHTYypa PUCYHKA, OHW MPUMEHSIOTCS IJIsl OTACIIKUA OpHa-
MeHTa. Ha paboueli uactu uekaHa UMEETCA ONpPEIEICHHbIA pUCyHOK. UekaHOM, Kak
MyaHCOHOM JIMCTOBOTO IIITaMIa, BRIOUBAIOT 3TOT PUCYHOK HA U3ACIIHH.

[Tpy BHIKOJIOTKE M YEKAHKE, TaK K€ KaK W MPU BAJIbIOBKE, KOBKE U TMOKE,
METAJIJT UCTIBITHIBACT TJIACTHYECKYIO Aedopmarinio. BaxHo paznuuath oO0IIyIo ae-
(dbopManuio Bcell 3aTOTOBKM M 9aCTUYHYIO JAedopMaliuio, T. €, aedopMalaio omnpe-
JICJICHHBIX YYaCTKOB 3ar0TOBKHU MPHU BBIKOJOTKE. Eciu, Hanpumep, B JINCTOBOM 3a-
TFOTOBKE, YKPEIUIECHHOH HAa MACTUYHOM TMOJKIAAKE, BBHIOMBAIOT MOJYKPYIIIYIO
BBIMYKJIOCTh, TO MPHU 3TOM MPOTEKAIOT CJCIYIOIINE MPOIECCHl: YEKaH C IIApOBOM
TOJIOBKOW y/1apOM MOJIOTKA BKOJIAUMBAETCA B JIUCT, U B METAJLJIE CHavajaa obpasyer-
cs HeOosbioe yriyonenue. [loakinanka npy 3TOM OKa3bIBAET JIUIIb ¢J1adoe COMpo-
THUBJICHUE B MMPOTUBOMOJIOKHOCTh CTAJIbHON HAKOBAJIbHE, KOTOPAsk OKAa3bIBAET BECh-
Ma CWJIbHOE MPOTUBOACUCTBUE yaapy. B pe3ynbrare ITUCT oA BO3CHCTBUEM UeKa-
Ha BJABJIMBAETCA B MACTUUHYIO MOJKIAJKY, 4 KPUCTAUIUTHI METAJLIa MJIACTUUECKH
nedopmupytores. [1oBepXHOCTh JUCTA B MECTE YCKAHKH YBEIIMUWBACTCA 3a CUCT
YMEHBIIICHUA TOJIIUHBI JIUCTA: YeM Ty 0Ke MPOHUKAET YCKaH, TEM O0JIbIIIE CTAHO-
BUTCA cepruueckas MOBEPXHOCTh W TEM MEHBINE JAEIacTCA TOJIIMHA JincTa. B
OONBIIMHCTBE CIIy4acB HAMOOJIbIIEMY HAMPSIKEHUIO TMOABEPraroTCcs T€ OOJIACTH,
KOTOPbIE TIEPBBIMK OBLJIM OXBAuCHHI aedopmaliieii, B HallleM MpUMEpe — BEPIIMHA
BBIMYKJIOCTU. 31€Ch, B IEPBYIO OUEPEAb, MOXKET ObITh JOCTUTHYT MPEIET MPOYHO-
CTH, ¥ TIPH TTPOIOJKCHHAN JiepopMaIiii BO3MOXKEH pa3pbiB jucTa. [Ipu oTxure Bo3-
HUKHYT Pa3jIN4HbI€ PEKPUCTAIUIU30BAHHBIC CTPYKTYPbl: TOJIBKO B MaKCHUMAaJbHO
nehOpMUPOBAHHOM YYACTKE JINCTA TMOIYUNUTCA MEITKOE 3€PHO, B OCTAIBHBIX YACTSX
JIUCTA KPUCTAJLIBI Oy AyT 00Jiee KPYTTHBIMH.

Heckonbko apyras kapTuHa HaOMOJaeTca B TOM Cllydae, €Ciau BbIpyOJeH-
HYIO KPYTJIYIO 3aTOTOBKY HY>KHO MPOUYCKAHUTH J0 Tonycdepsl B yriyOeHUN aHKH.
B sTOoM ciyuae, ucnbiThiBas AABJICHUE UE€KaHA, MaTEpUaj 3aroTOBKW MOAACTCS
€My B MEPBYID OYEPEAb B KPACBbIX 30HAX. 3/1€Ch YACTHUIbl METAJIA, CIABUIaACH,
CONMMKAIOTCS, MOABEPrasch Cxaruio. Yem marnplie mpoaBUraeTcs mporuecc aedop-
MallK, TEM IIMPE CTAHOBUTCA 00JIACTh 3arOTOBKH, OXBAUEHHAs CXKATHEM, U TEM
3HAUUTEIbHEE TOJDKHBI COMMKATHCSA KPUCTAUTB KPaeBoOM (HAapy KHOM) 30HBI. Takoi
BHJI HAMPSKEHHO—AS(OPMUPOBAHHOTO COCTOSIHHSI IPUBOJUT B PE3YJIbTAaTe K yBe-
JIMYEHUIO TOJIIMHBI Marepuajia B Hapy>XHOW 00JacTU 3aroTOBKH, TA€ B MEPBYIO
ouepens Hauanach Aedopmarmsa. [lomumo 3Toro, HapykHas 30HA MOABEPraeTcs
JNEHCTBUI0 MAKCUMAaJIbHBIX HAMPSHKEHUH, BETMUMHA KOTOPBIX, TaK K€ KaK W CTe-
MeHb aedopMaIiii, MOCTEMEHHO YMEHBIIAETCS K MEHTPY 3aroToBKH. [locepennne
KPY’KKa COXPaHAIOTCA NMEPBOHAUAJIbHAS CTPYKTYPa U TOJIIMHA MaTepUala.

[Tpu pabote ¢ yekaHOM HEOOXOAUMbI YIPAKHEHUS U OMbIT, YTOOBI MPUBBIK-
HYTh K ONPEAEIEHHON CUjle U MOCIEA0BATENbHOCTH YIaPOB, BEI3bIBAKOIINX JKEIae-



MO€ JCHCTBHE, a TaKKe 4TOOBI JOCTHTATh TPEOYEMOTro MOICTMPOBaHUS (DOPMBI Ty -
TEM yCHJICHUS WA OCIa0IeHUS yAapOB.

Paznugaror Tpu BaKHEHIIIMX METO/a YCKAHKH: HACEUKY, (DOPMOBAHHE U CME-
meHue Metauia. Haceuka maer Oosee nim MeHee MATKUE M TOHKHUE JIMHAY HA U3/Ie-
JIUW, BO3HUKAIOITUE TIPU TIePEMEITICHUN 00BOJHOTO YekaHa mo 3aroToBke. OT Tpa-
BUPOBAHWA HACEUKA OTIIMUAETCS TeM, UTO OoJjiee Ty OOKUE JTUHUH TOyUYalOTCS Me-
HEC PE3KUMHM, MPU STOM HE 00paszyeTcs CTPYXKKa, a METAJUT JIWITh BIABIUBACTCA
Br1yOb. [1pu uekanke mpugTOB WA CTPOTHX KOHTYPHBIX OPHAMEHTOB YacTO OTpa-
HAYMBAIOTCS UTPOH TiepeceKkarommxcs Junanid. Harpotus, npu ¢oopMoBannm (Mo/1e-
JUPOBAHUM) C OOpAaTHON CTOPOHBI JIUCTA BBHIKOJIAUMBAETCS peibedHOoe m3o00paxe-
HUe, 00pabaThiBAEMOE YEKAHOM C COOTBETCTBEHHO 3aKpYTJE€HHbIM OoWkoMm. [Ipu
MOJIYYCHUH COBEPIICHHO «MATKOTO» HM300PAKEHHS JOCTATOYHO TOJIBKO OJHOTO
dbopmoBanus ¢ oOpaTHON cTOpOoHKEI. Eciu TpeOyeTcs 4eTue BHIABUTH BOJIHHCTOCTH
penbeda Ha OKpyKaromieM (oHe JmcTa, TO peKOMeHAyeTcsa nepea GopMOBaHHEM
cJIeTKa Hacedb KOHTYP ¢ 00paTHO# cTOpoHHI jucTta. Yarie Bcero, oHaKo, cHavYaa
HACEKalOT KOHTYP ¢ MEPEIHEH CTOPOHBI, a 3aTEM B MPOMEXKYTKaX O0T(hOPMOBAHHOTO
penseda ¢ obparHoi cTopoHHL. B 3TOM ciiyuae dopmbl penabeda BHIACTAIOTCS HaU-
6onee yetko. [locpencTrom cMmemeHus (epeaadn) MaTepra JINCTa, KOTOPBIA BCE-
rIa CJErKa YTATUBACTCS BOKPYT (hOPMYyEeMOTro OpHAMEHTA, CHOBA BJABIWBACTCA
00paTHO U 3arfIa)KUBACTCA.

Jlexkuus 22

1. O6paboTka pe3anuem. OOIIHE CBEACHUS O MPOIECCAX.

2. Pe3ka, pacnumBanue 1 oNAJIMBaHue, (ppe3epoBanme.

3. TexHomorus BHITIOJIHEHHS JAHHBIX OMEPAIMii W MPAKTHUCCKUE MPUEMBI
BBITIOJIHEHUA padoT.

O0padoTKOM pe3aHueM MONYUYalOT Pa3HOOOpa3HbIe ACTall, UMEIOIINUE BBICO-
KYIO TOYHOCTh Pa3MEPOB U YHCTOTY IMMOBEPXHOCTH.

B ocHOoBe pabGoOThI JHUCTOBBIX HOXKHHMII, JIOO3MKA HJIM MBI HCIIOIB3YETCS
MPUHIMN ACHCTBUS KJIHHA. DTO MPUHIIMI JICKHT TAaK)KE B OCHOBE pabOTHI TaKHX Pe-
KYIIUX MHCTPYMEHTOB, KaK pe3ell, CBePJIO, HAMJIbHHK, aOpa3suBHBIN KPYT U T. 1.
Tak xak y HOKHHI[ ICHCTBHE KIMHA MPOSBILICTCS HATJISITHO, TO PE3KY HOKHHIIAMH
CIEAYET PaccMOTPETh OoJiee MOAPOOHO, YTOOBI OMPEACTUTh OOIHE 3aKOHOMEPHO-
CTH JACHCTBHS KIWHA, KOTOPBIE MOYKHO 3aTE€M MEPEHECTH U Ha JAPYTHE HHCTPYMCH-
THIL.

[TpumepoM pabOTHI KIIMHA MOKET CIIyXKHTh 3HAKOMOE BCEeM 3yOmio (puc.
2.1.19).



Puc. 2.1.19. Cuel, neiictByroinue npu padote kiuHa: P — cunia ynapa;
W — packiMHUBaIOMME CUITBI

Ha cTpykTypy MeTaiia KJIuH ACHCTBYeT CHauyajga KakK KJIMHOBUAHBIA OOek
mosiotka. [Tox aeiictBuem cuinbl P, npunoxenHoit k 00yxy 1 kiMHa, OH B/IaB/iMBa-
€TCsl CBOMM JIe3BUEeM B METaJll M pa3/IBUraeT CBOMMU HAKJIOHHBIMU TJIOCKOCTSIMU
(LIekamu) cjIoM MeTalljla B CTOPOHBI JaBjeHUEM packivuHuBaromux cui W. Yem
riyoke BHEJpsieTcsl KJIMH, TeM OOJibllle BO3pacTaeT COMpPOTUBIICHUE AepopMaliuu
KPUCTAJUIUTOB U TeM OoJibllle TpeHUe Ha liekax 2 kiuHa. BenenctBue Toro, yto
TOJIIIMHA 3arOTOBKH M3—3a BHEJPEHHUsI KJIMHA YMEHbIIAETCsl, HACTyllaeT MOMEHT,
KOrJla yCWIKe Ha KJIMHE MPEeBHIIIAeT Mpejiesl IPOYHOCTH METalla U MOCIeIHUM pas3-
pyliaeTcsi. ITOT MpoliecC pa3pylLlIEHUs CYIIECTBEHHO 3aBUCUT OT yIJia 3a0CTPEHHUS
B oGpa3oBaHHOTO IIEKaMH KJIMHA.

[Ipu BHenpeHUHU KJIMHA ¢ OOJBIIMM YTJIOM TPU BEPIIUHE MPOUCXOIUT CMe-
HIEHUWE 3HAYUTENbHBIX 00BbeMOB MeTaiuia. CONpOTUBIIEHHE BHEIPEHUIO TaKOTro
KJIMHA BEJIMKO U MO3TOMY NpHU padoTe 3TUM KIMHOM TpeOyeTcsi Oosbliias 3arpara
sHepruu. C apyroil CTOPOHBI, HHCTPYMEHT € OOJIBIIIUM YTJIOM 3a0CTPEHHs KIIMHA
OKasbIBaeTcsl Oosiee CTOMKMM M MeJUIeHHee 3aTyIuisieTcs. B ciaydae masoro yria
KJIMHA TPOUCXOJIUT CMEeLIeHUe HeOOapIIMX caoeB MaTtepuana. [Ipu Manoii 3aTpare
SHEPruM KJIWH JIETKO MPOHUKAET B MaTepuall, OJJHAKO OCTpPOE JIe3BHUE JIETKO BBIKpA-
LIMBAETCSl, YTO MPUBOAUT UHCTPYMEHT B HeroaHocTh. Ha puc. 2.1.20. nmpeacrasien
napajuiesiorpaMmm CHJI, i3 KOTOPOro BUJHO, Kak cuia yaapa P nepenaercst Ha mieku
KJauHa yepes coctapisitonie W, u W' Ilpu paBenctse cuin P y kinHa ¢ Gonbiium
yrioMm (1) ycunus Ha 1ieKax CpaBHUTENILHO HEBEJIMKHU, B TO BpeMsl KaK y KJIMHA C
MaJibiM yriioM (2) ycusus Ha 11eKax JTOBOJIbHO 3HaUUTEIbHBIE.
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Puc. 2.1.20. Pacnipenenenue cuit npy y3KOM U LIMPOKOM KJIMHbSAX

Ecnu nanpaBneHue NBUKEHUS KIMHA NEPHNEHUKYJISIPHO K MOBEPXHOCTH 3a-
TOTOBKH, TO METaul JAePOPMHUPYETCS CUMMETPUYHO. DTOT MPOIECC Ha3bIBAETCS
peskoit unu pyokoi. Ecmu KIUH HaKJIOHEH K MOBEPXHOCTH 3arOTOBKHU, TO B 3TOM
ciaydJae MPOUCXOIUT CHITHE CTPYKKH U MPOIeCcC Ha3bIBaeTCsl 00pabOTKOM CO CHS-
THEM CTPYXKKH WU 00paboTkoi pe3anueM. KiuH mpu 3TOM MpPOHUKAET MOJ IO-
BEPXHOCTh 3aTOTOBKHM M CHUMAET TOHKHUU CJIONW MeTajia — CTpY XKy (puc. 2.1.21).

_
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Puc. 2.1.21. Cpe3anue CTpyKKHU KIMHOBUIHBIM PE3LIOM

[Ipu >TOM paznuyaroT CIeAYIOUIME YIJIbl PEeXKYIIero KivuHa. 3ajHssl IieKa
KJIMHA, OOpallleHHAasl K MOBEPXHOCTH 3aroTOBKHU, HE JIOJDKHA BBI3BIBATH HEHY)KHOE
TPEHHE, a TaKXKe He JTOJDKHA CKOJIB3UTh MO MOBEPXHOCTU MaTepuasia. OHa JI0JKHA
COCTaBIISATh C MOBEPXHOCTHIO PE3aHUsl ONPEACIICHHBIN YIo o, Ha3bIBAEMbIN 33 THUM
YIJIOM pe3aHus. YToll 3aocTpeHus f oOpa3zoBaH mekamu kKiuHa. [lepennunii yromn vy -
ATO YTOJ MEXKAY HOPMaJIbi0 K 00pabOoTaHHON MOBEPXHOCTH 3arOTOBKHU U MepeTHEeH
HIEKOW KJIWHA, CHUMAIOIIEH CTpYKKY. UeM OoJbliie 3TOT yroj, TeM Jierdye CHUMAaeT-
Csl CTPY’KKa. YTOJI pe3anusi O olnpeiessieTcs INIOCKOCTBIO pe3aHus U TIepe/iHel 1ie-
Ko kiimHa. YeMm MeHbINe O, TEM JJIMHHEE CHSITHE CTPYXKKH, TeM OOJIbIIE Cpe3aro-
niee JeHCTBHE WHCTPYMEHTAa U TeM ObICTpEe HW3HAIIUBACTCS PEXYINash KPOMKA.
Ecmu 6 Gonpmre 90°, To mepeaHuil yroa Y CTAHOBUTCS OTPHIIATSIBHBIM H B 3TOM
CJlyyae BMECTO cpe3a MOIyyaroT MmadepHbId CheM MeTalljla ¢ KOPOTKOW Kpolariei-



cA CTPYXKOH. [IpH MONOKUTENHHOM MEPEIHEM YTJIE UMEEM: 3aJHUN Yroa + yroj
3a0CTpeHus + nepeanuit yroa = 90°

o+ f+ OF (2.1.4)

[Ipy OTpHLIATENBHOM MEPEAHEM YTJ€ MOJy4YaeM: 3aJHHMA Yros + yroia 3a-
OCTpeHUs — nepeanuit yron = 90°:

o+ f- 90
(2.1.5)

VYron pe3aHus MOXKHO ONPEACIUTh CIASAYIOUIMM O0pa3oM: 3aJHHUA yroa +
yT0JI 3a0CTPEHUS = YIIIy PE3AHUS:

o+ f= (2.1.6)

B kaxxaoM cnydae roBENUp JOJDKEH PELIATh, KAaKOH cnoco0 PEe3KH SIBISETCS
HanOoJiee TPUEMIIEMBIM B JAHHBIX YCIoBUAX. [Ipm pezanmm HOXHUTIAMU (pHC.
2.1.22) uckmoyaroTcs 0€3BO3BPATHHIEC TIOTEPH JPArOIEHHBIX METAIOB, W, KPOME
TOrO, 3TOT mpouecc 0oJjiee MPOU3BOIUTENEH, YeM pacnunuBanue. OIHAKO MHOTAA
(dhopma u TOMIIMHA 3aTOTOBKHA OTPAHWYUBAIOT BO3MOYXKHOCTH TTPUMEHEHHUS HOXKHMUII,

[Ton neiicTBMEeM CUJIBI PE3aHUS B METAJUIC CHayaja MPOUCXOAUT TIacTHYE-
ckasd nedopmanusa. Ecnu ycunme mocTarodHo, droObl MPEOAONieTh MPOYHOCTh
OT/ACNIbHBIX KPUCTAJUIUTOB, TO PEKYIIME KPOMKH BPE3AIOTCS B 3arOTOBKY M MpH
3TOM Je)OPMHUPYIOT TUTACTHUECKH COCEAHME KPHUCTALIUTH. Korjma wmx mpoYHOCTh
TAKXKE MPEOJOJIEHA, PEKYIIMA WHCTPYMEHT BHEApsETCs Aaiblie. Bokpyr Hemo-
JIBMOKHOM OCH BpaIaroTes pexyimue mekn 1 u pyukn 2 (puc. 2.1.23). Uem muHHEE
PYUKH MO OTHOIICHUIO K JAJIMHE PEKYIIUX JIE3BUM, TeM OoJiblie cuia pe3anus. Hau-
Oonee OIAroNpUATHOE MEPEIATOYHOE OTHOLIEHHE JOCTUTAETCSA TEM, YTO 3ar0TOBKA
HACKOJIbKO BO3MOKHO Iy 0OKO MOMEIIAETCS B 3€B HOXKHULL, T. €. KaK MOXKHO OJIHIKe
K LHEHTPY BpauieHua. OJHAKO MPU CIKATUKU MaTepralia PexKyIIMMA KPOMKaMHU CUJla-
MU P TONBKO YacTh MPUJIOKEHHOTO yCUINA OyJET PacxoJ0BaThCA HA Pa3JCICHUE
METaJlJ1a, TaK KaK OJTHOBPEMEHHO 3aroTOBKa Oy IET BHITAJIKUBATHCS W3 3€Ba HOXKHUIL
cunoi R. TIpouece pezanusa MOKET TPOUCXOAUTH TOIBKO JIMIIB B TOM ClTydae, €Ciu
TPEHUE MEXKY IIEKaMH M 3arOTOBKOM JOCTATOUHO BEJIMKO JUIsi TOTO, YTOOBI MPOU-
HO YJEpKUBATh MAaTepUajl U B TO K€ BPEeMs HAAPE3aTh €ro, MO3TOMY HEJb3s MoMe-
1IaTh 3arOTOBKY CIIMINKOM OJIM3KO K LIEHTPY BpauieHus. [Ipouecc pe3aHuss MOXKHO
HAUMHATh TOJBKO MPHU PACKPBHITHHU PEKYIIUX KPOMOK Ha yroji okosio 30°. UucTsiid,
AKKypaTHBIN pe3 MmojiyuaeTcs npu yriax, Onm3kux k 15° .
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Puc. 2.1.22. IlonoxxeHue pexy- Puc. 2.1.23. [Ipocteiimine pydHble JTUCTOBBIE HOKHUIIBI:
IIMX KPOMOK JIUCTOBBIX HOYKHHIL P— cuinbl pe3zanus; R — BeITalIKMBaroIast Cuia; p — yroj
B HayaJie pe3Ku PaCKpBITUSL HOJKHUI]

[Ipu pacnuiMBaHUM PacIONOKEHHbIE OPYT 3a APYroM KIMHOBUIHBIC 3yObs
pPEXYIIEro MOoJOTHA BBIPHIBAIOT MPU KAXKIOM XOJe MUJIbl HeOOobIlINe YaCTUUKUA Me-
Tajjia ¥ MPOYHO yAEPKUBAIOT UX BO BMAaJUHAX JI0 TE€X MOP, OKA OHU HE BBIUIYT U3
Metaia (puc. 2.1.24). Takum oOGpa3om, TIpu KaXXJOM XOJe Tujia IPOJBUTACTCS
BIIepe]l, MpUYeM KaxKJbli 3y0 AeMCTBYeT KakK pexXyIluid KJIMH, CHUMAIOIIUI CTPYX-
Ky. ®opma u pazMep 3yObeB MUIIbl ONPEAENSIOTCS BUJAOM 3arOTOBKA U CBOMCTBAMHU
Matepuana. st TBepIbIX MaTepragoB HEOOXOIMMO UMETh OOJIBIIION YToJl 3a0CTpe-
HUS KJIMHA, 4TOObI 3yObsi He pa3pyllaiuch B Takux ciydasx yroi [3 yBeIuuuBaroT
JI0 TAaKOW CTENEeHH, YTO nepeaHuid yron y coctasiser 0°. OnHaKo Mpu 3TOM yMEHb-
[iaeTcsl MPOCTPAHCTBO IJIsi CTPYXXKeK Mexay 3yObsmu. Eciu momoOGHON mnuioin
pe3arbh MSATKHI MaTepual, y KOTOPOTO MpU KaKIOM XOJ€ MUJIbI CHUMAEeTCsI MHOTO
CTPYXKH, TO MOXET CIYYUThCS, YTO MPOCTPAHCTBO ISl CTPYKKH OyJeT HeaocTa-
TOYHO U MUY 3aKJIUHUT, TaK KaK CTPYXKa 3aCTPSHET MEXIy 3yObsiMU. XOpOIINX
pe3yJbTaTOB JOCTUTAIOT, €CIU COOJIIOAAIOT ClIeyIOle COOTHOLIEHUS YTJIOB Ha
3yObsiX MHIIBL: 3aqHul yroi o = 40—20°; nepeauuii yroa y = 5—0°; yroma 3aoctpeHus
B = 65-50°; yron pe3anus & = 90—-85°.

HecmoTpst Ha TO, UTO MpU pe3Ke MUIION MOJTYyYaroTCs OTXO/bl MeTalljla B BUJIE
OMUJIOK YU TMPOIECC AJUTCS JOJIbIlle, YeM IMPU pe3Ke HOXKHUILIAMHU, MPEeUMYILIEeCTBO
pacnuIMBaHUs 3aKJIIOYAETCS B TOM, YTO OOpabaThiBaeMas 3arOTOBKA MOXET OBIThH
J00BIX (POPMBI U TOJIIUHBI
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Puc. 2.1.24. JleticTBue 3yObeB MUIIBI

[Tpu onuIMBaHKUK OCHOBHBIM MHCTPYMEHTOM SIBIIIETCS HATIMJIBHUK - OJIMH U3
BXHEHIIMX WHCTPYMEHTOB IOBEIHpPa. B KOHCTPYKTUBHOM OTHOIICHWHM OH TPEI-
CTaBIIsIeT COOOM CTANIBHYIO TOJIOCY, Ha KOTOPYIO HaHeceHa Haceuka. Ha XBOCTOBUK
HAITWTPHAKA HACAKUBACTCS JepeBsIHHAs pykosaTka (puc. 2.1.25).

Puc. 2.1.25. OcHoBHas $opMa HATHUITBHHUKA

Y nandwunei nepeBsHHAS PYKOATKA OTCYTCTBYeT. Ee 3aMeHsieT yITnHeHHBIA
KOBaHBIM XBOCTOBHK LMJIHHAPUYECKOH (popmbl. MartepmanoM Ijisi U3rOTOBJICHHS
HAMAJIBHAKOB CITY’KaT BBICOKOYTJICPOIUCTHIC HITH JIETUPOBAHHBIE XPOMOM HHCTPY-
MEHTAJIbHBIE CTAJIA. 3arOoTOBKY HAMUILHUKA OTKHUTAIOT U IITU(YIOT. 3aTeM Ha Crie-
IAaTLHOM HACEYHOM CTaHKE JENIAIOT HACEUKY W Jajiee HAMMITBHUK TIOIBEPraroT 3a-
KaJke u OTIycKy. [ 00paboTku MATKAX MarepuanoB (IIMHKA, CBUHIIA) UCIIONB3Y-
FOTCS HAMWJIBHUKHA C OTMHAPHOW HACEUYKOM, TaK KaK CTPYKKaA B 3TOM CJITy4ae XOpo-
IO OTBOJMTCS B CTOPOHY W HANUJIBHUK HE «3acopsiercsk». JIJis FoBETUPHBIX padoT
HEOOXOIMMBI HATUJILHUKY C JBOMHOM HACEUKOM: HMKHEH W BepxHel. [Ipm mepece-
YEHUHW HACEUEK 00pa3yroTcs 3yObs HamWibHUKa. Hamnmyurnyto Gopmy 3yObeB momy-
YaroT B TOM CJIy4ae, €CIM HWKHSS HAaceUKa pacmoiaraeTcs moj yriaom 71°, a Bepx-
HsIsl — MO yT7I0M 54° K OCH HANMAJIBHUKOB,

®dopma Kaxa0ro 3yda HaMUIbHUKA 00pa3oBaHa HACCUCHHBIM yTTyONICHHEM 1
OCTPBIM BBHIZABIEHHBIM pedpoM (puc. 2.1.26), mosToMy 3y0 HANWUIIBHUKA MO €O
JIEHUCTBHIO COOTBETCTBYET PEXYIIEMY KIMHY C OTPHUIATENBHBIM MEPEIHUM YTIIOM,
KOTOPBIH CKOpPEee CKOOJIAT, YeM Cpe3aeT YacTHIlbl MeTauta. [{js yMeHbIeHHUS U3HO-
ca 3yObeB HEOOXOAMMO, YTOOBI YTOJI 3a0CTPEHMSI COCTaBisAl okojao 70°. B utore



MOJYYar0TCs TIPUMEPHO CIEAYIOIIME 3HAYCHUSA YTJIOB: 3aQHUM yroa o= 36°, yroi
3aoctpenus 3 = 70°, mepeaauii yron y = —16°, yron pezanus 6 = 106°.

Puc. 2.1.26. ®opma 3yObeB HANMMITBHUKA

[To MexaHu3My AEUCTBUA HA METAUT 3yObs HATMIBHUKA HATIOMUHAIOT 3yObs
bl [Ipy mepemenienn HamIbHAKA BIIEpe ] 3yObsl CPE3ar0T YaCTHIBI METAIlIa,
COOMPAIOT UX B TIPOMEKYTKE MEKAY 3yObsIMH M, KaK TOJIbKO YaCTHILIBI TIOTIATAIOT 32
Kpal Marepuajna, oHU yaaaaroTcsas. COOTHOIICHUE MEXKAYy pa3MepaMHM CHUMAaeMbIX
YACTHUI] METAIIA ¥ BEJIMUYMHOW TMPOMEKYTKOB MEXKTY 3yObsIMUA AOKHO OBITH Ta-
KHUM, YTOOBI CPE3aHHBIM METAT 0€3 OCTaTKa MOT TIOMECTHTHCS B 3TUX MPOMENKYT-
Kax, B MPOTUBHOM CJIy4ae Cpe3aHHas CTPYKKa o0pazyeT Ha 00padOTaHHOM TTOBEPX-
HOCTU pUCKH. [ToaTomMy i rpyOBIX HATUIIPHUKOB HEOOXO0IMMO OONBIIIOE PACCTOsA-
HUE MEXAY 3yObSIMH.

®pe3epoBaHHE - ITO BU 00PAOOTKH METAIIOB PE3aHUEM, KOTOPBIN MOSBHII-
Cs C Pa3BUTHEM OJIIEKTPOIPUBOA METAIDIOPESKYIIMX CTAaHKOB. (Dpe3epoBaHHEM
MOKHO OOpadaThIBaTh TUIOCKUE WITM BBITIYKIIBIE TIOBEPXHOCTH B 3aBUCHUMOCTH OT
dopmbr (Ppe3bl, T. €. TakWe MOBEPXHOCTH, KOTOPHIE HEBO3MOKHO WU 3aTPyIHH-
TENHHO OMMIMBATh HAMMIBHUKOM. [Ipexxae ux ¢ 6ompmmM TpyoM oOpadaThIBaIA
MITUXETIMHU, TadepaMu ¥ TOMY TTOAO0OHBIMU UHCTPYMEHTAMH.

®peszepoBaHre OOBIMHO OOBEOMHSAIOT BMECTE CO CBEPIICHHEM TIOTOMY, UTO
Mpy 000MX BUAAX OOPAOOTKH FOBETUPOM TSl BPAILIEHUS MHCTPYMEHTA UCTIOJNb3YET-
Csl 3NIEKTPONIPUBO ¢ THOKUM BasioM. OmHaKO AecTBUe (Ppe3bl HA METAII CKOpee
HATIOMHMHAET padoTy HANMMIbHUKA C OJUHAPHON HACEUKOM, YeM cBepia. 3yObs, WU
pesipl, Gpe3sl pacronararTcs mo nepudepur HHCTPYMEHTa, UMEIOIEro LAIUH-
Ipudeckyto, chepudeckyro uinu konnueckyro dpopmy. Korma dpesa spamraercs Bo-
KpPYT CBO€M OCH, TO KaXKIbIk 3y0 ee JeWCTBYeT KaK KJIWH, CHUMAIOIIUNA CTPYKKY.
CpeszaHHBI METAT B BUAE CTPYKKH OTOpaceiBaeTcs B cTopoHy. llpu ¢peseposa-
HUU TaK e, KaK Y TIPU CBEPJICHHUH, IIOMUMO BPAIICHUA UHCTPYMEHTA, HEOOXOAUMO
OCYIIECTBJISATH M ITOIa4y €ro.

Ecmu ¢pesa 3akperrieHa HEMOABUIKHO HA BPAMIAIOMICHCS OCH, TO 3arOTOBKA
JIOJPKHA COBEPILATH IBMKEHHUE T10/1aYM HABCTPEUy BpPALIEHUIO (Ppe3sl, U, HA000pOT,
€CITA 3arOTOBKA 3aKPETUICHA HETIOABMIKHO, TO (Ppe3y mepeMeniaoT B HAIPaBJICHUH
00paboTku ToBepXHOCTH. OCHOBHOM HEIOCTATOK 0Opa0OTKU (pe30it ¢ MpAMBIMU



3yObsIMU COCTOUT B TOM, YTO 0OpadaTbiBacMas MOBEPXHOCTh OCTAETCS CJErka BOJ-
HUCTOM, Tak Kak ¢pe3a Ha HeOOIBIIIOM yUACTKE 3aTOTOBKH CKOJIB3UT TIO TTIOBEPXHO-
CTH TIOCJIEAHEH, MoKa 3yObs HE 3axBaTAT MeTal. C YBEIMYEHUEM KOJIMUECTBA 3Y-
ObEB M YMEHBIIICHUEM TJIyOHWHBI PE3aHUsl 3TOT HENOCTATOK MPOSIBISETCA CUIIbHEE.
[Tpumenenne Ppe3 co crnmpabHBIM 3y00OM AenaeT mpoiece ppesepoBanns paBHO-
MEPHbBIM U YCTPAHAET YKA3aHHBIA HEIOCTATOK.

N3 mHOXkecTBa (Ppe3, MPUMEHIEMBIX Ha MPAKTHKE, CICAYET OCTAHOBUTHCS
JIUIITH HAa THITAX, HAanOOoJIee YacTO MPUMEHAEMBIX B I0BETUpHOM aeine (puc. 2.1.27).

Konnueckas ¢peza Pabouas moBepxHOCTh 5TO# (hpesnl (puc.2.1.27, a) BbI-
MOJTHEHA B BUJE KOHYCA ¢ OOJIbIIMM WIM MEHBIIUM YIJIoM Tpu BepiuuHe. C ee no-
MOIIBIO MOKHO, HAPUMED, MPOU3BOAUTH 3€HKOBKY OTBEPCTHIA.

[umaaapruueckas TopioBas dpesa. I'omoBka dpe3sl mummHaprIecKoi ¢Gop-
™Mbl (puc.2.1.27, 6) umeeT 3y0Obsl Kak Ha TOPIIE, TAK U HA MAITHHAPUYECKON MOBEPX-
Hocth. OHa TpUMeEHsAeTCS A pacpe3epoBbIBaHUA TPOCBEPICHHBIX OTBEPCTHM,
KOTOPBIM HAJO0 MPUJATh OBAJBHYIO (JOPMY, a TaKXKE B CIIydae YUCTOBOTO (ppesepo-
BaHUS yIIIyOJEHUHN /ISl KPYTJIbIX KAMHEH.
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Puc. 2.1.27. Buns! ¢ppes: a — koHnueckas, 6 — IMIMHAPUYECKas TOPLOBAs,
B — KOMOMHHPOBAHHAS OCTPOKOHEYHO—LIMJIMHAPUIECKAS, T — IapOBas;
I — nojiocTHas cepudeckas; € — pacoHHas

KombOunanposannas ¢pesza. Ita Ppesa (puc. 2.1.27, 6) npencrasiser codbo
KOMOMHAITNIO KOHHYECKON M MIJIMHAPHYecKoi ¢pe3. OHa mpuMeHseTcs s oOpa-
OOTKW OTBEPCTHH MO KPYTJIbIe I'PAHECHBIC KAMHH.

[ITapoBas ¢pe3a. ®opma romoBku (Pppes3sl maposas (puc. 2.1.27, 1). Orou
(dpe3oii 00pabaThIBAIOT YallleBHIHBIC MOJIOCTH. Dpe3a MMEET TIIyX0e OTBEPCTHE,
KyJla MOXET BXOJWTh KPCMEXKHBIA MTH(T I jkeMuyra. Toraa moBepXHOCTh Ya-
IIICYKHA MOYKHO 3a9MINATh BOKPYT MPUTIASHHOTO MTH(TA.



[TonoctHas dpesa. Bo dpe3epHoii TomoBke Takoi (hpe3bl BHIIIOJHEHA II0-
J0cTh B Buje nomycdepst (puc. 2.1.27, m). 3T0 Aa€T BO3MOKHOCTH YHCTO 00pabdo-
TaTh MOJIYKPYTJIbIE TOJIOBKHU 3aKJICMOK.

Cneumanbsubie ¢pesbl. Hapsay ¢ HamOojiee pacnpOCTPaHEHHBIMH THIIAMHM
CTaHIAPTHBIX ()pe3, CYLIECTBYET OOJIBIIOE KOJUYSCTBO CHCIUANBHBIX (DACOHHBIX
dpe3 (puc. 2.1.27, €), KOTOpbI€ NAIOT BO3MOXKHOCTH OCYIIECTBUTH TPeOyeMyro 00-
PabOTKy TPYAHOAOCTYIIHBIX MMOBEPXHOCTEH.

KoHTposbHbIe Bonpocskl K pasaeny 2.1

1. Ot xakmx (pakTOPOB 3aBUCHT IJTACTUYHOCTH MPU 00pabOTKE TaBIICHHEM
0JIarOpPOJIHBIX METAJJIOB U UX CILJIABOB?

2. Kakue BUIbl IOBETUPHBIX U3CIIMI TPOU3BOIAT METOJAMU XOJIOIHOM Jie-
dbopmarun?

3. Jlimsa mpousBoACTBA KaKUX MOy (haOpPHKATOB H M3CITHI HEOOX0IUMO IIPHME-
HATH TOPSUYIO Acdopmarmro ?

4. Kakue onepauuu OMJ] npUMeHSIOT AJIsl MOJYyUYSHUS FOBEIUPHBIX U3ICIIH?

5. Kakum 00pazoM mojiydaroT IPOBOJIOKY I HEeTeBA3aHNA?

6. Kakum o6pazom mpoTekaet popMon3MeHEeHHE MeTajlla MPX OCAJIKE 3ar0TOB-
KU MEXAY TUIOCKUMU OokamMu?

7. KakoBa CyIHOCTb MPOILECCOB, MPOUCXOSIINX IPHU 00KAaTUH 3arOTOBKH
MEK]Ty BPAlAIOIIUMUCA BAJIKAMU B MPOLIECCE MPOKATKU?

8. B uem ocobGeHHOCTH Mpoliecca BOJOUSHHMS, U KAKOM HHCTPYMEHT HUCMOJIb3Y-
0T JJ1s1 IOy YSHUS FOBETUPHBIX U3ACITHIMA?

9. Jlng yero HEOOXOAMMO 3HATH TEMIIEPATYPy PEKPUCTAILIN3AIMHN AehOPMUPY-
eMoro Metajia’?

10.B yem 0coOEHHOCTH POIECCOB, MPOUCXOIAIINX B CTPYKTYPE MPH KOBKE
CJIUTKOB OJIArOPOJHBIX METAJJIOB, U KAKMM 00pPa30M MU3MEHSIOTCS CBONHCTBA?

11.B yem 0cOOEHHOCTH TEXHOJIOTHH KOBKH FOBEITUPHBIX U3ACTHI?

12.KakoBbl 0OCHOBHBIC (DOPMBI 3aTOTOBOK TS MOy YEHUS IOBEITMPHBIX U3ACTHN
METOAaMH1 KOBKH?

13.B uem 0cOOEHHOCTH TEXHOJIOTHH U3TOTOBIIEHHE 00PYYaIbHOIO KOJIbIIa Me-
TOJIOM KOBKH?

14.B yem 0cOOEHHOCTH TEXHOJIOTHS U3TOTOBJICHUA IIIMHOK KOJIEIl METOA0M
KOBKH?

15.Kakoit MHCTPYMEHT UCMOJB3YIOT MPU KOBKE IOBEIUPHBIX U3ICIIHIMA?

16.B yem ocobennocTr nedopmarius 1 N3BMEHEHHS CTPYKTYPhI METajlia Mpu
ruOKe FOBEJIMPHBIX U3AETUI?

17.KakoBo pacnpeneieHne 30H TUIACTHUECKONW U yIpyTroi aedopmariu npu
ruoke?



18.KakoBbl OCHOBHBIE TEXHOJIOTMYECKUE PEKOMEHIAIMK MPU MPOBEACHUU TH-
OOYHBIX OTEpalUi MPU U3rOTOBJICHUH FOBEJIMPHBIX U3ACITHIA?.

19.Kakue 0CHOBHbBIE ONEPALMU XOJIOIHON IIITAMITIOBKY MTPUMEHSIFOTCS 1J1 U3T0-
TOBJICHUS FOBEJIMPHBIX U3/ICUN.

20.Yr1o Takoe THCHEHHUE, U KaKUM 00pa3oM MPOUCXOANT aAedopMaIius MeTajia
MPU TUCHEHUU?

21.B vewm 3akImodaroTcs 0COOCHHOCTH (POPMOBKY FOBETUPHBIX W3/EITHIA?

22.Kakoit MHCTPYMEHT MPUMEHSIOT MPHU BHIPYOKE 3arOTOBOK JJIsl POU3BOACTBA
FOBEJIUPHBIX U3JETUN?

23 Kakwue mporecchl POpMON3MEHEHHS IPOUCXOIAT TIPH BHITSKKE?

24.B ueM 0COOEHHOCTH Ty OOKOHN BBITAKKHU MPHU MOJIYUYEHHUH MY CTOTEBIX FOBE-
JIUPHBIX U3IENTUI?

25. B yeM 0COOEHHOCTH KOHCTPYKIIMH BBITSKHBIX IIITAMIIOB?

26.TexHomorn4ecKkne 0COOEHHOCTH BHIKOJIOTKH M YEKAHKHU OBEIUPHBIX U3JE-
Jui?

27.Kakoit MHCTPYMEHT U MaTepUAJIbl TPUMEHSIOTCS U1l BBIKOJIOTKH U Ue-
KaHKH.

28.B ueM 3aKITII04arTCs TEXHOJOTHUECKUE 0COOEHHOCTH Pab0UrX MPUEMOB
MIPU U3TOTOBJICHUU FOBEJIMPHBIX U3IETUNH METOJAMH YEKAHKH ?

29. B yeM 3aKTI04ar0TCA TEXHOJOTHUECKUE 0COOCHHOCTH MPOIIECCOB pa3pe3a-
HUS U PaCWIMBAHUS FOBEJIMPHbBIX U3ICTUH.

30.B yem 0coOOEHHOCTH YCIIOBUI pe3aHUs 3arOTOBOK M3 IOBEJIUPHBIX CILJIABOB?

31.Yem xapaktepuszyercs 00paboTka pe3aHUeM I[BETHBIX METAJIJIOB U CIIJIAaBOB?

32.KakoBO COOTHOIIICHHE YTJIOB PE3aHHUs U 3a0CTPEHUA?

33.KakoBbl TEXHOJOTHUECKHE OCOOCHHOCTH MPOIIECCa PE3KH IOBEIUPHBIX HU3e-
JIAMN.

34. KakoBbl yIJIbl 320CTPEHHUA M YCIIOBHUSA pe3aHus Ipu 00paboTke Oaropo-
HbIX METAJJIOB U CIIABOB?

35.KakoBbl TEXHOJIOTMUECKUE OCOOEHHOCTH PACIUIMBAHUS IOBEIUPHBIX U3E-
JIUH ¥ ONTUMAJIBHOE COOTHOIIEHUE YTJIOB PE3aHUs U 3a0CTPEHUU TIPU pac-
MMAJIMBAHKUH ?

36.B ueM 0COOEHHOCTH OMWJINBAHUS, U KAKOW UHCTPYMEHT MPUMEHSIETCS [T
3TOM omneparuu’?

37.KakoBsI TEXHOJIOTHYECKHE 0COOCHHOCTH TIpoliecca (ppe3epoBanus?

38.Kakwue Buapl (hpe3 UCTIONB3YIOTCS TTPH U3TOTOBJICHUH FOBEITUPHBIX U3ICITHIA?



2.2. TexHoJI0TUsl COCAMHEHUA eTajieil IOBeJIMPHBIX H3/1e/ Ui
Jlexkuus 23

1. ITaiika, OCHOBHBIC TTOHSTHS.

2. [Tpumon u ¢GIIrOCHT.

3. OCOOCHHOCTH MaliKu «MITKUMMY» U «TBEPJBIMUY» MPUIOSMHU.

4. TexHomorusi BHITIOJHCHUS IMTH(PTOBHIX, 3aKJICTIOYHBIX W PE3bOOBBIX CO-
CIMHCHUM.

5. TexHOJIOrnYeCcKre OCHOBBI JIA3€PHOUN CBAPKH.

[Tpy naiike MeTauIMUECKUE ACTAIM COECAMHSIOTCS MOCPEJACTBOM MPUMOS —
CBSI3YIOIIIETO CILJIaBa, KOTOPBIN, HArpeBasACh U CTAHOBSCH JKUJIKUM, PACTEKACTCS Kak
M0 KanujuisipaM MEXIy CHauBaeMbIMH JETAIsAMH U 00pa3yeT MPOYHOE HEPa3beM-
HOe coenuHeHue. [y obnerueHus mpoiecca Naiku MpuMEHsOTCs (IIOCOBBIE 0-
0aBku. MecTo naliku DOIKHO ObITh HArpeTo A0 padodeil TemnepaTypsl Ipunos, T.
€. 10 TEMIIEPATyphl, KOTAa MPUIION PACIUIABJIAETCA U 3aMOJHACT OB COCAUHEHUS,
MPUYEM 3Ta TEMIMEPATypa J0JKHA ObITh HUXKE TEMIEPATyphl CONMUAYCA COCAUHSIE-
MbIX METAIJIOB, MHAUYE OHU TOXE MOTYT paciuiaBUThCs. [IpakThka moKa3biBaeT, uTo
pabouas temnepaTrypa Markux npumnoes Huxke 350° C, a TBepapix — Bbiie 650° C.
Temneparypa ke aewicTBus ¢umroca MOJDKHA OBITH HUXKE paboueit TeMmmeparypbl
MIPUIIOA.

[Ipuno#i mOMKEeH NMIAaBUTHCS, B TO BPEMA KaK OCHOBHOW METAJUT €1IE HaXo-
JUTCA B TBEPJOM COCTOSIHMM. PazHuna mexay padboued TemmepaTrypoi mpumnos u
HAuaJIOM TUIaBJIEHUS] OCHOBHOIO METajlla A0AKHA cocTaBATh He MeHee 50° C. Ilpu
MPEBBIICHUN TEMIIEPATYPhl COJIMAYCA OCHOBHOTO METaJJla HAUMHAETCA HEXena-
TEJIbHOE PACILIABJICHUE HU3KOIUIABKUX 3BTEKTHUUECKUX COCTABJIAIOINIMX CIUIaBa, U
TOT A BCE U3CIIUE WIH OTJEIbHbBIEC €r0 YaCTH MOTYT CTaTh HENPUrogHbiMU. Ho Mu-
HUMaJIbHYIO Pa3HUIly paccMarpuBaemsbix Temmnepatyp B 50° C Henb3s cuuTath HOp-
MOH, TaK KakK, HApUMeEP, MPH MaiKe TOHKOW MPOBOJIOKH ((hUIUTPAHHBIE W3/CITHS)
OTIACHOCTh TIEPErpeBa B OTMACIbHBIX MECTAX HACTOJIBKO BEJIMKA, YTO 3Ta pa3HUIIA
JOJ>KHA ObITh Oosbliie. HTEpBaN MJIaBICHUS TBEPABIX NPUIOEB MOKHO CHU3BHUTH C
MOMOIIBIO PA3TUYHBIX JIETUPYIOIIUX AJ00ABOK; TEMIEPATYpa K€ IJIABJICHUS MATKUX
MPUIIOEB U 0€3 TOTO 3HAUUTEIIBHO HUXKE, UEM Y CITAUBAEMbIX METAJJIOB.

Kunkuii mpunoit n0MKEH pacTekarbcs Ha cnauBaeMoM Metaiuie. Obecrneue-
HUAE HEOOXOAMMON CMauMBAaEMOCTH NPU NaWKe NPEANoyiaraeT ONpeaeIeHHOe
«POJICTBO» COEAMHAEMbBIX METAJUIOB; MPUIIOHN, PacIIaBIsAACh, MOXKET MPEBPAIATh-
Cs B IIAPUK, BMECTO TOTO YTOOBI PACTEKATHCS MO OCHOBHOMY METAJUTY M 3aMOJHATH
CTBIK coemHCHMSA. [[prunHaMu TakoTo ABJICHUS (BBICOKOTO MMOBEPXHOCTHOTO HATSA-
KEHUS JKHAJIKOTO METaJ1a) MOTYT OBITh pa3audHbie (haKTOPHI, HAMPUMEP Pa3HUIIA
TeMIEpaTyp: NPUMON PaCIJIABWIICS, HO BBUY BBICOKOHM TEMJIOOTIAYU ACTAIA ME-
CTO MallKh €Ile HE AOCTUIIIO TAaKOH K€ TEMMEpaTyphl, T. €. MPEABAPUTEIILHOTO Ha-
rpeBa HE XBATHJIO — HEJOCTATOYHOE CPOJICTBO METAJLIOB.
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Ha tekyuecTh mpunosi MOXKET MOBJIUATH TAKKE HATUUYUE OKUCHBIX TIJIEHOK M
WHOPOJHBIX YACTHUIl HA MPUIIOE WK HA METAJUIE, U PA3JIMUUEe CTPYKTYp HPHUIIOS U
OCHOBHOT'O MaTe€pHaJIa TOKE UTPAET HE MOCIETHIO POJIb B YXYAIIEHUN TEKYUECTH
npunost. JIjist XOpoIero ClernieHus Mex, 1y MpuioeM U OCHOBHBIM METaJIJIOM He00-
XOJIUMO, YTOOBI aTOMbI MPUIOSI MPUOTUZUIUCH K aTOMaM OCHOBHOI'O MeTajljla Ha
MEXATOMHOE PACCTOSIHUE, YEMY U CIIOCOOCTBYET PACTBOPEHUE MPUIIOEM MUKPO-
HEPOBHOCTEH HA MOBEPXHOCTSX CIAUBAEMBIX JETAJIEH.

CoenuHeHHE TPUIOS U OCHOBHOTO METaJla JIOJKHO OBITh JIOJITOBEUHBIM.
JIONrOBEYHOCTh COEJMHEHUS, KAK U CMAYUBAEMOCTb, TOXKE 3aBUCUT OT «POJCTBAY
OCHOBHOIO Me€Tajula W npunos. lIpu pacniaBieHUuu NPUNOS U CUJIBHOM HarpeBe
OCHOBHOI'O METaJlJIa aTOMbI METAJLJIa IPUOOPETAIOT TAKYIO BHICOKYIO MOJBUKHOCTbD,
YTO OHU B COCTOSIHMM BbI3BaTh npoiiecc AudPy3uu.

Bbpllie yxe roBOpuiIoch O TOM, UYTO YaCTULIA OCHOBHOI'O METAJLIIA, PACTBOPSI-
SIChb B PACILIABJIEHHOM IPUIIOE, YJIyUYLIAT €ro TeKy4ecTb. [[pOYHOCTh K€ U OJIHO-
POAHOCTh MASHOTO COEIUHEHUS] ONPEACISIOTCS B 3HAUUTEILHOW MEpPE CTENEHbIO
aupdy3un mMeTamioB, KOTOpask HPOUCXOAUT HA TpaHUllaX 30H B3aUMOJECHCTBUS
pacCIuUIaBJICHHOT'O MPUIOS U OCHOBHOT'O MeTaslia, Korjaa o0pa3yercsi CTpyKTypa, Mno-
Ka3aHHasi CXeMaTU4YHO Ha puc. 2.2.1.

Puc. 2.2.1. CTtpykTypa nasHoro msa:
1 — 0CHOBHOIi MaTepuai; 2 — NpUNoii;
3 —30Ha AU dy3ur 0CHOBHOTO MaTepuana; 4 —30Ha qudpPy3uu npunos

[Ipurioi nMeeT nepBoOHAYaIbLHYIO CTPYKTYPY TOJILKO BHYTPH 11IBa, B KPAEBbIX
K€ 30HaX OH YK€ HaChIIIEH YaCTULaMH OCHOBHOIO MeTajljla, a Ha I'paHulax MpH-
oSl ¢ OCHOBHBIM METAJIJIOM HAaXOJMUTCS y3Kasi CMEIIaHHasl 30Ha.

Ha npaktuke, ObIBa€T, 4TO MPUMONW CMEIIMBAETCS C OCHOBHBIM METAJLIIOM
3HAQUUTEIHLHO UHTEHCUBHEE U MPUCYTCTBYET BO BCEX MOKA3aHHBIX HA PUCYHKE 30-
Hax (Mpu nailke MSIrKUMHU TIPUMOSMH CMEIIIaHHasi 30Ha MOYTH OTCYTCTBYeT). [1po-
necc nup@ys3uu Mnpu JUIMTENBHOM HArpeBe, WJIM MHOTOKPATHOM OTXHIe, WIIH,
Hanpumep, Mpyd NOBTOPHOU maiike BOJM3M OT YK€ 3amasHHOTO IIBa MOXET pa3-
BUTBHCS JIO TAKOM CTEMEHH, YTO HA MUKPOLILIUQE TOTrO 1IBA yKE HE OOHAPY IKUTCS.
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Msrkue npunou NpeAacTaBIAOT coOO0H CIJIaBbl HA OCHOBE CBHMHIIA U OJIOBA U
MO CBOCH CHCTEME CXOXH C CUCTEMOM cruiaBa cepeOpo—Mmenb. [IpouHOCTh MATKUX
MPUTIOEB TOBBIMAIOT M00aBkaMu Sb, a Ayia ymeHbIeHUs paboueit TemMmneparyps
UCMOJB3YIOTCA N100aBKU IPYTUX METAJLIIOB, HApUMeEp «ciiaBa Bynay, cocrodiiero
3 4 uvacteit Bi, 2 gacreit Pb, 1 wactu Sn u 1 wactu Cd. PabGouas temmeparypa
«cmiaBa Byna» paBHa 65° C, u €ro MOXHO NMPUMEHATH Il COSAMHEHUA UyBCTBU-
TEJIbHBIX K TEMIEPAType ACTANICH, MPOUYHOCTh MASHOTO COEMHEHUS B STOM CIydae
— HE3HAUUTENIbHAA.

OnOBAHHBIM NPUMIOSIM MPUCYIIN MHOTHE HEJIOCTATKU: CIJIaB OJIOBA U CBUHIIA
HE TOJIbBKO MSTKHM, T. €. JIErKOIUIaBKHUH, HO HMMEET TaKXKe HE3HAYUTEIbHYIO
TBEPJOCTh U MIPOYHOCTH; AUPy3Hst TPUTNOST ¥ OCHOBHOTO METAJIIa — HE3HAYUTEIb-
Ha, MOpPUINON HMMEET COBEPIICHHO JPYyTrod COCTaB, YE€M OCHOBHBIE METAJLIbI
(«pomctBa» Het), HanpuMep ciuiaBbl Cu—Zn u Pb—Sn; yxe npu TemMneparype BhIlie
100°C coeaumnenune, oOpa3oBaHHOE MANWKOM MATKUM IMPUIIOEM, YYBCTBUTEIBHO K
HArpeBy; MPOYHOCTH TAKOTO LIBA HA Pa3PhIB COCTaBIAeT B cpeanem 50 H/mm?, B TO
BpeMs Kak Mpu naiike cepeOpsHbIM MPUNOEM 3TOT Nokazatenb B 8 — 10 pa3 Bhille;
Ha [BETHBIX CIUIaBaX M METAJIaX BUACH I1IOB CEPO—OENIOro 1BETA.

TBepabie TPUIION MPUMEHSIOT SIS Ak AeTajie u3aenuii u3 0JaropoIHbIX
MeTaJI0B. PaznuuaroT cepeOpsHbie U 30710ThIC PHUIIOH.

CepeOpsiHble MPUMOU UCTIONB3YIOTCS TAKKE JIJIsA MANKKU MEJIM U €€ CIJIaBOB U
ctaju. 3BeCTHO MHOTO PUMOEB ¢ HU3KUM COAEPKaHUEM cepedpa, KOTOpbIe H3—3a
MKEJTOBATO—KPACHOTO OTTEHKA HE MPEACTABJISAIOT MHTEPECA A IOBEIUPOB. B 1oBe-
JIMPHOM MPOMBIILICHHOCTH MPUMEHSIOTCS CEPEOPSIHbIE MPUNION C COJEPKAHUEM B
HUX cepedpa He MeHee 65% , mpuueM ux mpoda MOXKET HE COOTBETCTBOBATH MPOOE
1591 (117078

30J10Thi€ MPUNION MPUMEHSIOTCSA IS TAWKK U3AEIUN W3 30J10Ta U IUIATHHBI,
npoOa Npunos A0JKHA ObITh UACHTUYHA MPOOE U3/IeIUA. 30JI0ThIE TPUIION KJIACCH-
(pUIHPYIOTCS TIO COMEPIKAHUIO YUCTOTO 30JI0Ta, KOHKPETHOE K€ COOTBETCTBUE TIPH-
M0s TOMY WJIM UHOMY CIUJIaBY OMPEACIISIETCSA COOTHOIICHUEM TEMIIEPATYPhl COJIUTY -
ca OCHOBHOTO MeTajuia U padoueit Temmepatypsl npumnos (tadmn. 2.1.1). Hanpumep
crutaBel Au 585 ¢ mo6askoit uncToro cepedpa (0eTHO—KENTOTO MBETA), a TAKKE C
n00aBKOM YUCTOW Menu (KpacHOBATOTO IBETA), TEMIIEpATypa COJUAYCAa KOTOPHIX
coctasjsetr npudauzuteabHo 1000° C u 950° C, MoryT ObITh CHAsHBI MPUIIOEM C
padoueii Temneparypoi 900° C. CrnnaB 3050T1a 3T0M ke mpoObl, coaep:xkaruid 200
yacTed Meau (KENTOTo 1[BETa), MPU TAKOW TEMIIepaType paciuiaBWics Obl, TaK Kak
B 3TOM CJIydae TeMmIiepaTypa Couayca cocTapiseT Bcero okoyio 810° C, a makcu-
MajibHas pabouas Temneparypa npumnos — 750° C.

[Tpu maiike MIMPOKO MPUMEHSIOT CHEIUAJIbHBIC MATEPUAJIbl, KOTOPbIC HA3bI-
BatOT (umrockl. [Ipu HarpeBe Ha MOBEPXHOCTH OOJIBITUHCTBA METAUIOB 00pazyeTcs
OKHCHAsA TJIEHKA. 3ajaua (PIoCoB — yAaliuTh OCTaTKK OKHCIOB. [Ipm maiike doc
JIOJKEH PacTBOPATh OKHUCIIbI, 3alUINATh MECTA MANKU U MPUIONH OT OKUCIEHUS C
MOMOIIBIO TTOKPBITHUS B BUJIE IJ1a3yPH, YJIYUIIATh XKUJIKOTEKYUECTh TPUNOs. Y nane-
HHE OCTAaTKOB caMOTO (hiIr0ca MEXaHUIECKUM CITOCOO0M HE PEKOMEHIYCTCA.
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Tabnuma 2.2.1
30J10Thble IPUIIOU

Ag (%) | Hobasku Pabouas ITnort- OcHOBHOE PUMEHEHNE
temrieparypa, °C | HOCTb,
r/cm3
75 Ag, Cu, 820 15,3 TBepnpiit npunoii ana Ag 750
75 Zn, Cd 725 15,1 Msirkuit npunoit aist Ag 750
58,5 |Ag, Cu, Zn 850 16,1 Ouenb TBepAbIHN npumnoi 1t Ag 585
58,5 |Ag, Cu, Zn 820 15,3 TBepnpiit npunoii ana Ag 585
58,5 |Ag, Cu, Zn 775 15,3 Cpennuii npunoii nus Ag 585
58,5 |Ag,Cu, Zn 760 15,3 Msirkuii npunoit aist Ag 585
33,3 |Ag, Cu, Zn 790 12,3 Teepnblil npunoii ana Ag 333
33,3 |Ag, Cu, Zn 760 12,3 Cpennuii npunoii ana Ag 333
33,3 |Ag, Cu, Zn 740 12,4 Msirkuit npunoi aist Ag 333
56,0 Pd, Ag, 920 17,2 [pumnoii nys Genoro 300Ta
83,3 Cu, Cd 920 19,9 Ag 585 u Ag 750
Pt, Pd, Ni IIpunoi ans FOBEIUPHON MJIATHHEI

PabGouas Temmeparypa mpumos W TeMmmeparypa ASHCTBUA (hroca JAOHKHBI
ObITh COTJIACOBAHBI MEKAY co0oil. HeobOxomumo, uToObl Temmeparypa ACHCTBUA
¢droca Obl1a HIDKE paboueit Temmeparypsl naiiku. B uaeanpHOM ciydae Temmnepa-
Typa ACWCTBUSA ()IIOCA TOBBIIIACTCS TOCTETICHHO, W TPHW €€ 3HAYCHHH, KOTOPOE
HIOKe pabodeit TeMmepaTypsl MPUIOsA, OHA Jajee, T. €. B MPOMEXKYTKE BPEMEHH,
KOT/J[a TIPOM3BOIUTCSA Talka, He u3MeHsAeTcA. Takol (hIoc MPUTroaeH pH pa3ind-
HBIX CKOPOCTX Nakku. DIoc ke, KOTOPhIi OBICTPO YTPAUUBAET HEOOXOIUMYIO aK-
THUBHOCTb, MOYKHO HCIOJIb30BaTh TOJIBKO MPH HEMPOAOJDKATENbHON makike. Xopo-
mui (hIroC TOIKeH 00J1amaTh TaKOH BRICOKOW CKOPOCTHIO ACHCTBUS, YTOOBI OH MOT
PacTBOPUTH OCTATKA OKHCJIOB 0 HACTYIUICHHA padoded TeMmmepaTypbl MPHIIOA.
Kornma mpunoit teuer, ¢Garoc AODKEH OBITH €IIE JOCTATOYHO AKTHBHBIM, YTOOBI
MPEIOTBPATUTh BO BPEMs MAalKHU MOBTOPHOE OKUCIICHHUE.

Onroc TOMHKEH UMETh HU3KYHO BSA3KOCTh M HE3HAUUTEJIBHOE MOBEPXHOCTHOE
HATSHDKCHHUE IS YIYUIICHHUS TEKy4eCTH NMpHUIosA. BsskocTe umroca xapakrepusyeT
€ro BHYTPEHHEE COMPOTHUBIICHHUE, OT HEE 3aBUCUT TOJBIKHOCTH (hiroca. Ba3kocTs
JOJHKHA OBITH JOCTATOYHO HHU3KOM, YTOOBI HE MPEMATCTBOBATH PACTEKAHMIO IPH-
10sI, HO OAHOBPEMEHHO OHA JOJDKHA OBITh TakKo#, 4ToOBI (DIIOC CMOT IOKPHITH
CILIOITHBIM 3AIUTHBIM CJIOEM MPUIION U MECTO MAKUKH.

CrpemsicHHe MaTepuaia B KAJIKOM COCTOSIHUM K COKATHIO OOBSCHSAETCS JICH-
CTBHEM ITOBEPXHOCTHOT'O HATsHKEHHsA. Marepuall, KOTOPbIH MOJ00HO PTYTH CKaThl-
BACTCs B IMApWKH, HE TOAWTCS B KauecTBe (hiIroca; MOCICTHUN JTOJDKEH 00J1aaaTh
TaKUM HU3KHM MOBEPXHOCTHBIM HATSKEHHUEM, UTOOBI OH MOT JIETKO B pacIlIaBJICH-
HOM COCTOSIHUM CMA4YMBaTh MOBEPXHOCTh OCHOBHOTO Marepuaa.

Onroc KoMKEH 00ECneUnTh OTILIAKOBAHUE 3arps3HCHUN U YIAJICHUE UX OT
Mecra marku. Hemocratouno, ecnu (pimoc TOIBKO pacTBOPSET OCTATKH OKHCIIOB.
OH J0KEeH TakXKe yAansaTh MPOAyKThl PAaCTBOPEHHUS C MECTa MAaNKH; B TPOTUBHOM
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CJlydyae W3—3a BA3KOTO CJIOA TIIaKa MPHUITON CTAaHET MEHEE TOABHKEH, YTO BOCIIPE-
MATCTBYET TMOJaue HOBBIX (DIIFOCOBBIX T00ABOK K MOBEPXHOCTH MeTaymia. OcTaTku
(roca MOMKHBL OBITH JIETKO pacTBOPUMBI. OCTAaTKH MPUMEHIEMBIX Ha TPAKTHKE
(bIFOCOB TSI MATKWX TIPUATIOEB CMBIBAIOTCS BOAOH (€C/IM B KadeCTBE (DIIF0Cca WCIIOIb-
3yerca KaHu(OoJib, €€ MOKHO CMBITh CITHPTOM), OCTAaTKH ke (PITFOCOB ISl TBEPBIX
MPUTIOEB PACTBOPSIOTCS B TOPSIUCH BOJIC WIIH B TPABHIIEHOM PacTBOPE.

B kauectBe ¢hrocoB nmpuMeHSIOT Oypy W OOpHYIO KHCIOTY. bypa sBasercs
KJIACCHYECKUM (DITIFOCOM, TPUMEHSACMBIM FOBEIMpPaMu. bopHas KuCIoTa mpuUMEeHSIET-
Cs mMpH NadKe TOrjAa, KOrja W Mociie Hee MOJIMPOBAHHOE M3AENHNE JOJIKHO COXpa-
HUTH CBOM OJIECK, a TAaK)Ke KOT/Ia HY>KHO MPEJOTBPATATH OKUCICHUE HA TTIOBEPXHO-
cTy;, Oypa u OOpHas KMCIIOTa MPEeBpaIaloTcsa P CUJIBHOM HarpeBaHWHU B PacIljiaB
B BHJIE TJIa3ypH, KOTOPBIH, pacmaaasch, o0pa3yeTr Tpexokuch 6opa B20;, koTtopas, B
CBOIO 0YEPE/b, BCTYMACT B PEAKIUIO C OKMCIAMU METAJUIOB U 00pa3yeT OopaThl,
Harpumep: CuO (oxuck memu) + B,0; (Tpexokuck 6opa) —> Cu(B0,), (merabopar
Mmenun). B GopHoit kucnote mpu temmneparype Huxke 900° C mpoayKThl pacTBOPCHUAS
OCEalOT TUIOTHBIM CJTOEM Ha TTOBEPXHOCTH MeTaiuia. B pesyibTaTe, OHAKO, XOTA U
o0Opa3yeTcs 3alUTHBIN CJION, HOBBIC YaCTHITHI TPEXOKHUCH 00pa HE MOTYT MOMACTh K
mecty naiiku. Tonbko npu temneparype Bbiie 900° C noBbIlIaeTCS KUIAKOTEKY-
yecTh (urroca, a oOpazyromuecs: 60paThl MOTYT COSAMHUTHCS C TPEXOKHCHIO Oopa.
®dmoc A0CTUTAaeT MAKCHUMAJTbHON aKTHUBHOCTH W OOpHAs KUCJIOTa MOXKET OBITh HC-
MOJIb30BaHa B KauecTBe (hroca mpy TEMIIepaTypax, Koraa yKe BO3ECHCTBUAS OyphI
HEJIOCTATOYHO, HAPUMED, TIPY TPUMEHEHWUN TTPUTIOEB /IS TTAaHKK U3CIIAN U3 JIaTy -
HU W Helsmmb0epa (00bIYHO ke, Kak ¢uiroc, OOpHAs KHUCI0Ta HE WCIIOB3YETCs).
bypa pacnanmaercs npu nepexoje TOUKH IJIaBJICHUS Ha TPEXOKKUCHh Oopa U MeTabo-
pat Harpus. Tpexokuch Oopa pacTBOPSIET 3arps3HCHUS METalia W, Kak U OopHas
KHUCJI0Ta, 00pa3yeT MeTadopaThl, BHOBb k€ 00Opa30oBaBIIMECAd METa0OpaThl PacTBO-
pAIOTCS MeTabopaTaMH HATPHSA M OTBOJATCS UMHU C MecTa 00pa3oBaHMs, 4TOObI HO-
BBIC YACTHITHI TPEXOKHACH OOpa CMOTJIH MOMACTh B OKUCHBIHN CJI0W U BCTYIIUTH B pe-
aKIMI0. DTOT MPOLECC MPOJIOJIKACTCSA 10 T€X HOP, MOKA HE MU3PACXOAyeTCs TpeX-
OKHCH 0Opa U HE pacTBOPATCS BCE OKUCIIBI O€3 OCTaTKa.

BripaxeHnne «TBepaplii MPUMO» 03HAYAECT — TYTOIUIABKUM, T. €. TUIABALLMUIACA
npu 0oJiee BHICOKOW TEMIIEpaType, YeM MSITKUN MpUIoH, u odecneunBaronmi 0o-
Jie€ BBICOKYTO MMPOYHOCTH coeArHECHUS. [10 CBOEMyY cOCTaBy TBEPIbI TIPHUITON CXOXK
C COCTMHSIEMBIM METAIJIOM, TIO3TOMY OH B Tiporiecce audy3nr MPOHUKAET B HETO,
TaKOE MasTHOE COSTUHEHUE BBIJICPKUBACT BHICOKHE HATPY3KH TP MPOKATKE, KOBKE,
rubke, T. aA. [Ipw malfike TBEpAbIM MPUTIOEM HEOOXOIMMO BBITIOJIHUTD IEIBIA P
TPYAOEMKHX TTOATOTOBUTEIIBHBIX OTTEPaITri.

1. Ouuncrtka. MecTo maiku A0KHO OBITH A0COIOTHO YHMCTHIM, TIPHUYEM Y/Ia-
JIETCSA HE TOJIBKO OKUCHAS TUICHKA, HO M OCTATKH JKMPA U CMA3K! W MPOUYNE MPUMeE-
cu. Bee neranm, nMeromnyie BHYTPEHHAE OCTAaTOYHBIC HAMPSIKEHUA (KaK PE3yJIbTatr
MPEAMIECTBYIONCH 00paboTKH), Mepe; MOHTUPOBKOM JTOKHBI OBITH TIOIBEPIKEHBI
oTxury. Bee 3aMKHYTBIE TTyCTOTEIbIC ACTAN TEPE HarpeBOM HEOOXOIUMO TPO-
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CBEPJIUTH, YTOOBI U3 HUX BBIXOJMJ BO3/lyX, MHAUE IAPUK CEPHI'H UM KOJBIO TIpU
[MaliKe MOTYT JIOTTHYTh.

2. IlpunacoBka (moaronka). O4yeHb BakKHA TIHATE/bHAs MOJArOHKA (IIpHUIa-
COBKa) MECT NalKu: MUHUMAJIbHBIN 3a30p JAOHKEH ObITh TaKUM, YTOOBI B HErO 3a-
TeKaau ()IIOC U TPUIIOH; 3a30p JOJKEH OBITH MOJHOCTHIO 3alIOJIHEH MPHUIIOEM; 3a
MpeJieJlaMy 1Ba JIOJKHO OCTaBaThC KAK MOYKHO MEHBINE OCTAaTKOB mpunos. [lpu
BBITIOJTHEHUH FOBEJUPHBIX Pa0OT MakCHMallbHas IIMPHUHA 3a30pa JOHKHA PABHSTH-
cs 0,1 mm. Ilpu 00beMHBIX paboTax 3Ta BEIMYMHA MOKET ObITh B 2 pa3a OOJbIIE.
[Ipu onpeneneHHOM HaBBIKE MOXKHO, KOHEYHO, U Ha IUIOXO 3aUMINEHHOM CTBIKE
00ecreunTh 3ar0IHEHHUE [BA PUIIOEM, HO YK€ MPH MOJTUPOBKE OYAyT BUIHBI JE-
(pEKTHI TAKOTO 1IBA, & TPOYHOCTh COSTMHEHUS OKAKETCS HE3HAUUTEbHOM.

JUts COeIMHEHNUs IeTalEH FOBEIUPHBIX U3JEIUN LIMPOKO PMEHSIOTCS TaKUE
orepanuu, Kaxk mTruroBaHue, KIENKa, Hape3Ka pe3bObl

B mrtudroBoe coeMHEHNN MAPHUPHBIM IITU(TOM COSTUHEHBI IAPHUPHBIE
TpyOKH, MPU 3TOM BpallatonIrecs: BOKPYT MTU(PTA (IMapHUP KPBIIIKK NIKATYJIKH).
[loBUXKHOE 3aKJIEIOUHOE COEAMHEHHUE: ABE WM 00Jie€ MPOCBEPJIECHHBIX JETaJCH
00pa3yloT Hepa3beMHOE coeuHeHue (puc. 2.2.2), pu 3TOM OCTABAsICh MOABUKHbBI-
MU (PYKOSITKA TIIOCKOTYOILIEB).

/l\/j £\ 7T
| y Ty
\i/ L/ L/
k| 2
I — TWaaWaR
/ J IRNCANY

AL
L

L =5
k- 4 5

1 — cBOOOIHOE 3aKJIETIOUHOE COSTUHEHNE; 2 — TIyX0€ 3aKJIENOYHOe CoeIMHeHuE; 3 — 3a-
KJIeNKa ¢ MOJYKPYTJI0i roJIOBKOH (BepXHSS — 3aMbIKalOIas rOJ0BKa, [IUIMHAPUIECKUM CTEp-

YKEHb U HWKHSS —0CalouHas TOJIO0BKa); 4 — 3aKJIeTKa ¢ MOTalHOM roJIOBKOM; 5 — 3aKJIenka ¢ mo-
JyNOTAaHHOW MOJIOBKOM

Puc.. 2.2.2. 3aknenouHslie coeiMHEHUs (POPMBI 3aKIJIETIOK)

['myxoe 3akaenoyHoe COeIMHEHUE COCTOUT B TOM, YTO TIPOCBEPICHHBIC ETa-
M COEJMHSIOTCS HEMOJABIKHO (KPETJICHHE HEMETAUTMUECKON PYUYKH KyBINWHA).
3aKJienKa COCTOMT U3 CIEIYIOLIMX YacTeil: MOArOTOBJIEHHAs OCAIOYHas I'OJIOBKA,
HUJIUHAPUYCCKUN CTEPKEHB, MPOXOSAIINN Yepe3 OTBEPCTUE, 3aMbIKAIOIIAs T'OJI0B-
Ka, popmupyemasi Ha KOHIE cTepxHs. OcagouHasi ¥ 3aMbIKAIOIAsl TOJIOBKH UMEIOT
00bIYHO (pOPMY HUISINKH. 3aKJIeNKa ¢ MOIYKPYrJaoi rogoBkoi (Takxe He cepuye-
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ckas) umeet otHommenue d/h = 10/6. Ha mpakTrke mo pa3HbiM NMPUYUHAM TOJIOBKY
3aKJICTIKM WHOTAA 3ariayOsisiioT Ha MOBEPXHOCTH YacTHUYHO (TIOJyMOTaiHas) Win
MOJTHOCTHIO (TTOTaitHAas).

PaznuuHbie TUIBI pe3b0bl PErJIAMEHTUPYIOTCSA COOTBETCTBYIOIIUMHU CTaH 1ap-
Tamu. Pe3p0a 0003HaUaeTCss Mo HAPY KHOMY JUAMETPY BUHTA U BHYTPEHHEMY JMa-
metpy otBepcTus: M 10— auamerp 10 mm. [l menkoit pe3pObl, B KOTOPOM IIar u
ryonHa pe3n0bl MeHbIIe, YKa3piBatoT emie u mar: M10 x 1; M10 x 0,5. Jlns Ha-
pe3aHusa pe3b0bl HA CTEPIKHAX JOCTAaTOYHO PE3bOOHAPE3HON JIOCKHU, HA KOTOPOH
HUMEIOTCS JIBA psiia OTBEPCTUH C pe3b00i MOCTENEHHO YBEINYMBAIOIINXCS TUAMET-
pPOB, MPUYEM OTBEPCTHS BEPXHEro psiAa MPEeAHA3HAUCHBI JJI MPEIBAPUTEIIBHOTO
Hape3aHusA AuamMeTpa pe3bObl, a HUKHETO psfa — Ui OKOHYATeNbHOro. Jnametp
CTEPXHS JIOJXKEH COOTBETCTBOBATh HAPYXXHOMY JHAMETPY Oyaylled pe3bObl.
OcTpue cTepXKHS clierka 3a0CTPSIIOT M BBUHUMBAIOT B OTBEPCTUE MPEABAPUTEIHHO-
ro Hape3aHus pe3bObl (CTPYIKKA BHIBOJIUTCS M3 OTBEPCTHSA); MPOdUIH pe3bObl MOKa
emie uMeeT (popMy Tpamenun, HO MOCTE MPOXOKACHHS TMOCICIYIONNX OTBEPCTHN
BUTKHU Pe3b0bl OYAYT YK€ UMETh OCTPHIE KPOMKH.

Bwmecto pe3pOoHape3HON AOCKHM Jiydllle TPUMEHATh Pe3b0OHAPE3HON KITyNn
CO CMECHHBIMU PE3b0OBBIMU BKJIAJIbIIIIAMU, KOT/Ia MOXKHO 3KUMHBIM BUHTOM PETy-
JMpOBaTh riyOuHy pe3anus. [Ipy JIerTKoM CKaTUU BKJIAABIIIEH BBIMOHSICTCS MPE/i-
BAPUTEJIbHOE HApPE3aHUE PE3bObl, a MpH 00Jiee CUIIbHOM — OKOHUareabHoe. J[s Ha-
pe3aHusa pe3b0bl B OTBEPCTUSIX MPUMEHACTCS METUMK, KOTOPBIA MPEACTABISAET CO-
0ol 3aKaJeHHBIN CTABHOW BUHT C MPOJIOJIbHBIMA OOKOBBIMU KaHABKaMH (JUTA y1a-
JICHUS CTPYKKH) W C OKOHYAHWEM, BBITIOJITHEHHBIM IO KOHYC (I 3aX0/1a METUH-
ka). OTBepcTHE MOMKHO OBITH PAaBHO BHYTPEHHEMY pa3Mepy pe3nObl. Hampumep,
10 M3 — pe3pda x 0,7 = otBeperne, T. €. M2 x 0,7 =1,4 mm, a Beilie M3 — pe3pda X
0,8 = otBepctue, T. €. M4 x 0,8 = 3,2 mM. Hapeska pe3pObl JOJIKHA OCYIIECTBIIATh-
cs 0e3 0CcOoOBIX YCHIIMM, TaK KaK TOHKHUE 3aKAJICHHbIE METUMKU OBICTPO JIOMAKOTCA.
C 1enpto YMEHBIIEHUS TPEHUS KaK PU MPEABAPUTEILHOM, TaK U MPU OKOHYATENb-
HOM HApE3aHWU BHYTPEHHEH U HAPY>KHOU pe3bObl HA MHCTPYMEHT HEOOXOAUMO Ha-
HECTH CJION MBIJIA WK CMa3KH.

B HacTosimee BpeMs A COCAMHEHUA YacCTEH IOBEIIMPHOTO HW3AECIUA BCE
yalie HCMoJb3yeTCs Ja3epHas cBapka. B mocneaHee necATWieTHe MOSBUIKNCH
KOMIMAKTHBIC U BMECTE C TEM MOIIHbBIEC TBEPIOTENbHBIE UMITYIbCHBIE KBAHTOBBIE T'e-
HEPATOPbl, MO3BOJISAIOIINE OCYIIECTBIIATh TOUCUHYIO CBAPKY METAJIJIOB U CILJIABOB.
JJis FOBEJIMPHON MPOMBIIIJIEHHOCTA HA WX 0a3€ CO3/IaHbl amnmaparkl AJid TOYEUHOM
CBApPKH 3JICMEHTOB IOBEJUPHBIX u3Aenuil. CyTh JIa3€pHOM CBApKHU 3aKJIFOYAETCA B
CIEAYIOLIEM: FOBEJIUP MPU MOHTAXKE FOBEJIUPHOTO U3JETUA PyKaMU COBMEIIAET JIBA
3JIEMEHTA FOBEJIMPHBIX U3CNIHI B HEOOXOAUMOM MO3UIMHU, TOMEIIAET MECTO CThIKA
B (pOKyC KBAaHTOBOT'O Te€HEpATOPa W MPOU3BOAUT ITyCK. MOIIHBIH MOHOXpOMAaTHYE-
CKHMii TIakeT (POTOHOB, TIOMAMast B MECTO CThIKA JIEMECHTOB H3JCNHS, Pa30rpeBacT
IOBEJIUPHBIN CIJIaB B paguyce MM [0 TeMneparypbl IUIaBJACHHUS, OCYIIECTBIIASL
MPU 3TOM TOYEUHYIO CBAPKY JABYX 3JIeMEHTOB. [I[prXBaTUB B HECKOJbKUX MECTaxX
JIBA 3JIEMEHTA W3/EJUs, IOBEJUP MPOMAUBACT CTHIK MPHUIIOEM COOTBETCTBYIOINICH
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npoOsl. 3nenue npu npoBeACHUN TOYEUHOM J1a3€pHON CBApKW, HECMOTPS Ha JIO-
KaJIbHBIM BBICOKOTEMIIEPATYPHBIN HATPEB, MPAKTUUECKN HE MEHAET CBOEH TEMIIEpa-
TYpbl, 4YTO MO3BOJISIET MO3ULMOHUPOBATH HJIEMEHTHI U3ACNHA pykamu. Becbk mpo-
1[€CC MMPOUCXOJIUT B HEOOJIBIIION METAJUTMUECKONW KaMepe, OCHAIIIEHHON OTBEPCTHS-
MU JiJIsl TOMEIIEHUS] PYK U OMHOKYJISIPHBIM MUKPOCKONOM WJIA BUACOKAMEPOH IS
HaOIIOICHHS 32 TIPOIIECCOM.

C nmomoniplo anmapara Ja3epHOd CBApKU MOKHO MPOU3BOJUTH PEMOHT FOBE-
JIAPHBIX W3AEIUNA CO BCTABKAMM, HE BBIACP>KUBAOIIMMHU BBICOKOTEMIEPATYPHOTO
HArpeBa, TAKUMH KaK KEMYYT, TONAa3, KOPaJia U T. 1.

KoHTposbHBIE BONPOCHI K pa3aeny 2.2

KakoBbI TexHOJOrHYeCKne 0COOSHHOCTH TpoIiecca manku?

Kakue npunou npuMeHAt0TCs 715 TalKU IOBETUPHBIX U3ACIIHM.

B uem 0COOEHHOCTH MPUMEHEHHUS MATKUX MPUIIOEBR?

B uem 0COOEHHOCTH MPUMEHEHHUS TBEPABIX TPUTIOEB?

Kaxkwne imoch mpuMeHSIOTCS 17151 TalKK FOBETTUPHBIX W3/ICITHIA?
Kakos mexanusm netictus ¢uroca npu nanke?

Kak npousBoauTca naika TBep/ibIM MpUIoemM?

KakoBbl TexHONMOTHUECKHE OCOOCHHOCTH MTH(TOBAHKS W KIICTIKH ?
JJist 4ero mpuMeEHAeTCsl Pe3bOOHAPE3HON UHCTPYMEHT B IOBEJIUPHOM ITPOU3-
BOJICTBE?

10.KakoBbI TEXHOJIOTUUECKUE OCHOBBI JIA3EPHON CBAPKH?

WAL=

2.3. TexHoJiorusi OTACJIOYHBIX ONEPAIUi U AeKOpaTUBHAasI 00pa-
00TKa I0BEJIMPHBIX U3/CJIUI

Jlexuus 24

1. lnudosanue n nmonuposanue. CyIIHOCTh MPOILIECCOB, OCHOBHBIC MOHS-
THS.

3. Texnonorusa u paboune npueMbl TUTH(GOBAHUS U TTOTUPOBAHUS.

4. KpaueBaHue 1 MaTUPOBKa.

5. TexHomorus yaajieHAs OCTATKOB MUTM(OBAIBHBIX W TIOJUPOBABHBIX BE-
LIECTB.

JIJist IOBBIIEHUA XY/I0KECTBEHHOW LIEHHOCTH, BBIPA3UTEIbHOCTH, AaHTUKOP-
PO3MOHHOM CTOWKOCTH U M3HOCOCTOMKOCTH KOBEJIMPHBIX U3IEINN, a TAKKE MPUIa-
HUSI UM 3aKOHUCHHOTO BUJAA MPUMEHSIOT LIEJIbIA KOMIUJIEKC OTACJIOUHBIX OMEpaliuii,
KOTOPBIE MOTYT OBITh XUMHUECCKIUMHU, HIEKTPOXUMHUECKUMH (TATbBAHUICCKAMU ) H
MEXaHUUECKUMH.

[[InmndoBanmre 1 MOTUPOBAHUE OTHOCATCS K OTASIBHOMW T'PYIIE METOMIOB 00-
paboTKku MeTaJUIOB pe3aHueM. Llenb 310l 00padOTKU COCTOUT HE B MPUAAHUU ME-
TaJuUTy OTIPEACIICHHON (hOPMBI, KaK MPH OMWINBAHUH, (PpE3ePOBAHUN, CBEPIICHAH,
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B TOM, YTOObI MPUJATh FOTOBBIM U3JEIUAM OMPEECICHHYIO YUCTOTY TOBEPXHOCTH
Y TOYHBIEC Pa3MEPHI.

[[InmndoBarmre Cay>KAT B OCHOBHOM JUISl TIOJYUYEHUS TIAKON MOBEPXHOCTH,
hopMon3mMeHeHre TTPU ITOW 00pabOTKEe HEZHAYNTEHHO W UTPACT BTOPOCTEIIEHHYTO
posib. [lonupoBanue obecneunBaeT MOAYUCHHUE HA TJIAJIKOM, HO MAaTOBOM MOBEPXHO-
CTH CHJIBHOTO MeTajumdeckoro Ojecka (rnsHma). Mexay num¢oBaHUEM U TIOJH-
POBAHUEM HENb3S1 MPOBECTH PE3KOM rpaHUIIbl, TaK Kak 00a mpoiiecca mpecieayoT
OJIU3KHE 33/1a4¥ U BO MHOTOM CXOJIHbI APYT C APYTOM.

[Tponecc numdoBaHust MPOIIE BCETO PACCMOTPETh HA TTPUMEPE PabOTHI Kap-
oopyHaoBoro nutugoBaabHOro kpyra. OH COCTOMT M3 aOpa3WBHOTO MaTepHaia H
CBsI3KM. B, MaHHOM cilydae 3TO OCTPOYTOJbHBIE, TBEPAbIC KApOOPYHIOBBIE KpH-
CTaJUIbl, 3aKJIOUCHHBIC B CBA3YIOIIEE BEIISCTBO M yjAep:KuBaembie B HeM. Korna
METaJUT MPHXAMAIOT K BpamaieMycs nummdoBaIbHOMY KPYTY, TO OCTPOYTOJIb-
HbIE KPUCTAJUTBI ACUCTBYIOT HAa HETO, Kak 3yObs (h)pe3bl, 1 CHUMAIOT TOHKWAW CIIOM
MeTaiijia, o0pa3ys CTPYKKH NMEPEMEHHOTO ceucHus. | JyOmHa 3axBaTa pe3aHus U
TEM CaMbIM KaueCTBO 00pabaThiBa€MON MOBEPXHOCTH 3aBUCAT OT BEJIWYMHBI LU~
¢dyromux 3epeH. Kpome Toro, 5TH 3¢pHA BHICTYTAIOT W3 CBA3YIOIIETO BENMICCTBA HA
PA3JIMUHYIO BEJIMYUHY, U TOATOMY IyOMHA 3aXBaTa METajljla UMHU MOJIy4aeTCs He-
OJMHAKOBOMU. TOYHO TaK ke, KAK CHUMAEMbIE CTPYKKHU OCTAIOTCSA MEKIY 3yObiAMHU
HaNMWJIbHUKA, OHW 3aCTPEBAIOT M B MPOMEXKYTKAX MOPHUCTOTO NMIIH(OBATHLHOTO Ma-
Tepuaja 10 TeX Mop, NOKAa UM HE YJaCTCsl OCBOOOIUTHCS OTTYIa.

B nporiecce pezaHusi ocTpbie Kpas 3€peH CpadaThIBAIOTCS, CTAHOBATCA 3a-
KPYIJICHHBIMU M TYNbIMHU. 3aTYNUBIIKECS 3€pHA BHIMAJIA0 M3 CBA3YIOIIETO BEIlle-
CTBa, UTO JAET BO3MOXKHOCTh BCTYNIUTh B PA0OTY HOBBIM OCTPBIM 3€pHAM, pacrojo-
YKEHHbIM MOJi HUMHU. TOJIBKO TIPU 3TOM YCJIOBUU OyAeT oOecreueHa HOpMajibHAs
pabora numoBaNBHOTO KPYTa, TaK KakK, €CIU CBA3YIOMICE BEIIECTBO YICPKUBACT
CJIMIIIKOM MPOYHO 3aTYNUBIIKECS 3€PHA, TO PEKYIIAss COCOOHOCTh Kpyra Majiaer,
OH «3aCaJIUBACTCA» M, HAOOOPOT, €CIM CBA3YIOIIEE BEIIECTBO CIIMIIKOM JIETKO
OCBOOOK/IaeT 3€pHA, TO NOCIEeAHUE Oy AyT BhINAAATh NPEXKACBPEMEHHO, €ilie Oy 1y-
YU OCTPBIMHU, B KPYT O4Y€Hb OBICTPO M3HOCHUTCA. OTUacTh NelcTBHE NMUTH(OBATEHO-
ro Kpyra 3aBUCUT U OT 00pabaThiBAEMOro METJLIa, TaK KAaK YAaCTUIIbl MATKOTO Me-
TaJuIa 3aCTPEBAIOT B MOPAX W 3aTPYAHSIOT MUTH(OBAHUE, B TO BPEMS KaK XPYIKHAE
TBEP/IbIE METAJLJIbI BbI3bIBAIOT BHIKPAILLIMBAHUE 3EPEH.

Ecmm mpu numdoBannm HaOIIOJAETCS CHATHE CTPYXKKH, TO OCHOBHOE JICH-
CTBHE MpOIEcca MOJIMPOBAHUSA COCTOUT B CIVIAXKMBAHWM TOBEPXHOCTH MOJ ACH-
CTBHEM CHJI JIaBJICHHS, KaK 3TO OCOOCHHO HArJAJIHO BUIHO MpH 00padOTKE MeTall-
JIMYECKOU MOBEPXHOCTU CTAJIbHBIM MOJMPOBHUKOM. B TO BpeMs kak 3epHa adpa-
3UBHBIX MaTE€PUAJIOB ABJISIOTCS 00JIEE UM MEHEE OCTPOYTOJIbHBIMHU, 3€PHA KPOKYCa
JIAXKE TPU CUIIbHOM YBEJIWUYEHUH BBITJIAIAT MIAJAKUMHU, 3aKpyTiieHHbiMU. Koraa Bpa-
HIAIOIIMICS KPYT, HA KOTOPbIA HAHECEHO MOIUPOBAIILHOE BEILIECTBO, MPUKMUMACTCS
K METAJUIMYECKOW MOBEPXHOCTH, B MECTE KAaCaHMs MPOUCXOJUT CHJIbHOE HArpeBa-
HUe, Onarojaps 4emMy B 3TOM MECTE YBEIMUYMBAKOTCA TATYYECTh W TUIACTUYHOCTh
Metajyia. Tenepr MUKPOHEPOBHOCTH HAUMHAKOT CAABJIMBATHLCS M CTUPATHCS, a BO3-
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BBIIIICHUS — BMUHATLCS B COCENHME YIIyOJIEHUs MOBEPXHOCTH MeTauia. Enie He
JI0OKa3aHO O€3yNMpeuHOo, YTO MUKPOOOBEMBbl METAJIa HArpeBaKOTCsA MPU MOJIUPOBa-
HUM 10 TOUKM IJIABJICHUS, U XOTSA HAIMPSKEHUS B €r0 MOBEPXHOCTHBIX COSAX J0-
CTUTAIOT MpeJeia TEKy4eCTH, HECMOTPS Ha 3TO BCE )K€ MOKET MPOUCXOJIUTh OTAE-
JICHUE MEJIKUX CTPYIKEK.

JIJist BHIMOJIHEHUSI U3yYaeMbIX OMNEpalvii B Ka4ecTBe 000OPYIOBAHUS MpPUME-
HAIOT NLIU(OBATEHO—TIONMPOBAIBHBIE CTAHKH, Y KOTOPHIX BaJl YIJIMHEH C 00enX
CTOPOH JJI 3aKPEIUICHUS HA HEM MOJUPOBAIbHBIX MHCTPYMEHTOB. Hambosbiiee
pPacrpoOCTPaHEHHUE UMEIOT MOJUPOBAIIbHBIE CTAHKW C JBUTATEIAMH MEPEMEHHOTO
TOKAa C KOPOTKO3AaMKHYTHIM poTOopoM. [Ipu moaupoBaHWM CKOPOCTh BpAILCHHS
noimkHa ObITh B Tipeaenax ot 2800 mo 3000 o6/muH, mpy KparieBaHUHA — TOJIBKO OT
700 no 750 o6/muH.

B xagecTe numdyonmx 1 MOJUPYIOMAX MAaTEPHATIOB TPUMEHSIOT CIICTYTO-
e,

1. Oxucey amomuans Al,0; (kopyHm), TBEpAOCTH KOoTOporo mo Moocy HM
paBHa 9.

2. Haxpak. DTOT MHHEpanI TEMHO—CEPOIo, HHOTJA YEPHOro I[BETA, COCTOS-
i mpuonm3nTenbHo U3 65% AlLQO,, cMemaHHOi ¢ MarHETUTOM, TeMaTHTOM, TTH-
PHATOM W KBapueM. B 3aBUCHMOCTH OT 4MCTOTHI, TBEPAOCTh ero HM cocTasmser ot
6 no 8.

3. OnexkrpokopyHA. OH ABIAETCS UCKYCCTBEHHBIM a0pa3UBHBIM MATEPUATIOM.
JIis noJlydeHus HOPMAJIbHOTO KOPYHJAa OOKCHUTBHI M YIJIEPOJ PacIUIaBsAIOTCSA B
3JEeKTPOAYTroBOM meuwn mpu Temneparype 2200° C; B mpoliecce TIaBKA COCTaBHbBIC
4acTh OOKCUTOB BOCCTAHABIMBAIOTCS yrjiepoaoM. KOHEUHbI NMPOIYKT COAEPKUT
94-97% A1,05 1 mpuMecH xkeJie3a, THTaHa, KPEMHUA.

4. NIsyoxuck kpemunsa Si0,. Kapi siBisiercss unctoit opMoit KpuUCTaLTH30-
BAHHOUW JBYOKHCH KpeMHUs (KpeMHHEBOTO aHTuaApuaa). Umeer tBepmocts HM7. B
BUJIC KBAPIIEBOW MYKH WJIM TI€CKA OH MCMOJIb3YETCA IJIA U3rOTOBJICHUS HAXKIAUHOM
OyMaru ¥ B MECKOCTPYHHBIX anmapaTax. J[oObIThIH B Kapbepax >KEeJITOBAThIH MECOK
MPOMBIBAETCS, MPOKAJIMBACTCSA U pa3MasibiBaeTcs. KOHEUHBIM MPOAYKTOM TEpepa-
OOTKH ABJISIETCS TPEMNeES, KOTOPbIA MCMOJIb3YyETCA B KQU€CTBE OCHOBBI JJIA Pa3Jivu-
HbIX a0pa3MBHBIX MaTepUaioB. MCKYCCTBEHHBIH Tpemesl — 3TO MEJIKO3EPHUCTAS
CMECh Pa3IMYHBIX BHUJIOB KPEMHUEBOTO aHTUAPHUAA, 00E3BOKEHHOM KPEMHHEBOMU-
KHUCJIOThI, KpUCTALIMYECKOTO KBapiia U KBApILIEBOTO MECKa.

5. Kapouna kpemuus SiC (kapOopyHa). OToT abpa3uB MONMy4YalOT HarPEBaHM-
€M KOKCa M KBapIlEBOr0 NecKa ¢ I00aBJIECHUEM OMWIOK U MOBAPEHHOM COJIM B 3JIEK-
Tponeun npu temneparype Boiie 2000° C. UepHble KpUCTaLIbl KApOUAa KPEeMHUS,
umMeromue Teepaocts HMO .5, ciyxar mist 00paboTKu XpyNKUX MAaTepUaioB U MST-
KUX METAJJIOB.

6. Okwuch xenesa Fe0;. KpacHsbrit skene3nsk (reMaTuT) sIBISETCS €CTECTBEH-
HOM (hopMOM OKHCH >kejie3a. DTOT CEPO—CTANBHOM KaMEHb, MOJA00HO CTaTbHOMY
MOJUPOBHUKY, UCIOJIB3YETCS ISl PyYHOTO MOJTUPOBAHUA.
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7. Oxucey xpoma Cr;O,. ITopolok okucu xpoma 00pa3yeT 3eJeHYyIO MOJIUTY-
py. OHa 0COOEHHO XOPOIIO MOAXOANUT A 00pabOTKK TBEPAbIX MeTaioB. OKHCH
XPOMa U3TOTOBJISETCS UCKITIOUUTEIHHO HCKYCCTBEHHBIM Iy TEM.

8. Haxnaunas Oymara (mkypka). OCHOBOW i aOpa3swiBHOTO Marepuana
CIIy>KHUT OCOOCHHO MPOYHAS W JKECTKask Oymara WiIH MOJIOTHO, B KAYECTBE CBS3HIBA-
IONIETO CPEACTBA JUTSl HAKJICWBAHUS HAKIAUHBIX 3€PEH MPUMEHSIOTCS Kien. ToH-
KOCTh HOKIAUHOW OyMaru OmpeneNseTcs BEIWMUMHON 3epeH abpa3wBa, BHIPAXKEH-
HOI B MUKpoHax. Tak, HarmpuMep, MUKPOTIOPOIIIKH a0pa3uBHBIX MAaTEPHUAJIOB HOME-
pos M40, M28. . M7, M5 umeroT pa3mep 3epHa cooTBeTcTBeHHO B 40, 28. . .7 u 5
MiM. [TInudoBanpHbIe MOpOITKH ¢ 60JIee KPYITHBIMA 3€pHAMH HMEIOT HOMEpPA OT Ne
12 mo Ne 3. 3nechk nmdpa 0603HAYAET 36PHUCTOCTh abpa3uBa B COTHIX JOJISIX MUJI-
JMMETpA.

JIna monupoBaHus, B OTIWYUN OT NLTA(OBAHMS, HE TPUMEHSIOTCSA JKECTKHE
aOpa3uBHBIC HHCTPYMEHTHI CO CBSI3KOW 3€pPEeH THIA OPYCKOB, KAMHEH W T. 1I., a UC-
MOJTB3YIOTCA UCKITIOUMTEIHFHO CBOOOHBIE TOJUPOBANIbHBIE BemecTBa. [locaeanme
HAHOCATCSA Ha KaKOW—MOO HOCHUTEIh TOJMPOBABHBIX YacTWIl. B kadecTBe Ta-
KOBBIX MIPUMEHSIOT TBEPIbIC TTACThI MPOMBINIJIEHHOTO U3TOTOBJICHUSA, KOTOPHIE CMe-
ITUBAIOTCS HA OCHOBE NMUTH()OBATBHBIX W TIOJTUPOBATBHBIX MAaTEPUAIIOB, W CBA3bIBA-
IOTCSl TBEPJBIMA JKAPOBBIMH BeliecTBaMu. HocHTE M OMPOBOYHBIX BEIIECTB 10
dbyukmmam, ¢opMe W BEIUYWHE MPUMEPHO COOTBETCTBYIOT HOCHTENAM MLIU(O-
BAJILHOTO BEIIECTBA, TOJIBKO B HEKOTOPHIX CiTydasx TpeOyeTcs Oojiee MIATKHUI MaTe-
puan.

[Ipn MexaHMYECKOM MOJUPOBAHUHA TEXHOJIOTHUYECKHUI MPOLECC U METOM €r0
BBITIOJTHCHHSI CXOHBI cO nutudoBanreM. [[puMeHsIOTCS OMHAKOBBIE CTAHKH, TIO-
JUPOBAITBHBIN BOWJIOK W KPYTJIbIC IMETKH, KOTOPHIE CACIAHBI U3 OCOOSHHO MSITKOTO
Marepuana. J[Jia nojgydeHns 3epKaibHOTO OJiecka B KOHIIE MPOIIECcca UCIIONb3YeTCs
HAaOOPHBIN MONMMPOBATBHBIN, KPYT. OH COCTOMT W3 MHOTOYHMCIICHHBIX KPY)KKOB W3
TKaHW C OTBEPCTHEM B IEHTPE, KOTOPHIE CBOOOIHO JISKAT APYT HA APYTE U TOJIHKO
nocepenuHe yaepxkusatotces ¢uanmem. [lomupoBanbabie KpyTu paboTarOT HA BHICO-
KHUX 000pOTax, HO ¢ HEOONBIITUM KOJTMYECTBOM TOJIUPOBAIbHOTO BemecTBa. Habop-
HBIC TIOJIMPOBAJILHBIC KPYTH JCNAIOT TAaK)Ke M3 MATKAX KOXKaHBIX Mmaitd. OkoHya-
TeIbHASA TOJIMPOBKA JOCTUTACTCS TPH TTOMOIIH MIEPCTIHOTO KPyra, UMEIOIIETO Jie-
PEBAHHYIO BTYJIKY TOIOOHO KPYTJIOH IMIETKE, HO BMECTO IIETHUHBI HA BTYJIKY Haca-
KEH XJTOTIOK.

[Ipu momupoBaHWYU CTATBHBIM TTOJIMPOBHUKOM (TJIATUIIOM) U KAMHEM HE HC-
MOJTb3YETCS HUKAKOE TIOJIMPOBAFHOE BEIIECTBO, HO 32 CUET JABJCHHUS TJIAIKOTO
WHCTPYMEHTA CTJIAKWBAIOTCS MUKPOHEPOBHOCTH MOBepXHOCTH MeTaymia. [lommpo-
BAHWE TJIQJAJIOM JaeT OCOOCHHO BHICOKHH OJIECK, TTPU ATOM MOBEPXHOCTHBIC CIIOH
MeTajula, YIUIOTHAACH, HAKJIEMBIBAIOTCS, UTO TIOBBIMIAET WX TBEPAOCTh M YBEINUYH-
BACT M3HOCOCTOMKOCTh m37envsa. BechbMa IEHHBIM SBIIACTCS TAKXKE MOYTH TIOJTHOE
OTCYTCTBHE TTOTEPH MeTaAIIA. B TO ke BpeMs K HEIOCTaTKaM STOTO METO/1a TTOJIAPO-
BAHMSI CJICTyET OTHECTH OOJIBITYIO MPOAOIKUTEIIEHOCTE TIpotiecca, TpeOoBaHMs Ha-
JUYMS BBICOKON KBaJU(UKAIIMU U OmbITa Y padoTaroriero; oopaboTka moJIupOBHH-

190



KOM 00XOJUTCA TTO3TOMY, HOPOXKE, YEM MOJUPOBAHUE APpyrumu crnocodamu. [lomu-
POBHUK (TJAJWJIO) U3TOTOBIIACTCA M3 BHICOKOKAUECTBEHHOM 3aKaJICHHOW ctajii. B
J000M cllydae KpOMKH padoueil 4acTH MOJKHBI ObITh MOJHOCTBIO 3aKPYIJICHBI U
MOBEPXHOCTh MHCTPYMEHTA OTHOJIMpOBaHA. B kauecTBe MOMUPOBAIBHBIX KaMHEH
MCIIOJIb3YETCS KPACHBIH KEJIE3HAK (TeMaTHT) 0COOCHHO MIOTHOTO cTpoeHus. dop-
Ma KaMHS COOTBETCTBYET ¢opMe paboueit wactu monmpoBHuKa. [lonmpoBaabHbie
KaMHH JIAI0T 00J1€€ BBICOKOE KAUECTBO MOJIMPOBKHU, YEM TJIAIUIA.

[lonupoBanue B TrajJTOBOYHOM (MOJIMPOBOYHOM) OapabaHe ABIAETCA Nailb-
HEUITUM Pa3BUTHEM METOJA TOJUPOBAHUS CTATBHBIMU WHCTPYMEHTaMHU. M3nenms
YKJIQbIBAIOTCA B OapabaH, HAMOJTHEHHBIN CTATbHBIMU TTAPUKAMU, ITAIMHAPUKAMHI
U MBUIbHBIM pacTBOpoM. Bo Bpems BpailieHus OapadaHa MIApUKHA NMEPEKAThIBAIOTCS
MO MOBEPXHOCTH M3ACIHUA U MPOU3BOJAT MoarpoBaHue. CKOPOCTh BpallieHus Oapa-
6ana nomKHA OBITH HEOOIBIION W COCTABIIATh MakcuMyM 60 o6/muH. Ecnu mpume-
HUTh 00JIE€ BHICOKME CKOPOCTH BPAILEHHUS, TO IIAPUKU HE OyAyT MEPEKAThIBATHCS
M0 TOBEPXHOCTIM M3JICJIMHA Ha3aa U BIEPE, a CTAHYT JIMIIb CKOJb3UTh MO HUM.
[[Tapyku M3roTaBAMBAIOT U3 HEPKABEIOWICH CTAM M 3aKkajvBarOT. OHU JOJIKHBI
ObITh A0COJIIOTHO KPYIJIBIMHU W XOPOLIO OTMOJUPOBAHHBIMU. [l MOIMpOBaHUA
YKpallleHUH NOAXOAAT apUKKA JuaMeTpoM oT 1 10 3 mm.

Kpatesanue sBisierca oqHUM U3 Coco0OB 0OpadOTKU, MPH 3TOM U3ACIUS
Ha TIONMUPOBAJILHOM CTaHKE 0O0pabaThIBAIOTCS TOHKOW TMPOBOJIOUHON IIIETKOM,
MPUYEM KOHIIBI TPOBOJIOK CJIETKA KACArOTCs MPU JBUKCHUM MOBEPXHOCTU U3ACIUS
U mporjaxuBaroT ee. Kaxxaasa npoBosouka IIEeTKU ACHUCTBYET, KaK MaJ€HbKOE IJia-
muto. B kauecTBe MHCTPYMEHTOB JUTSI KpalleBaHUA MPUMEHSIOTCA MIETKH, Y KOTO-
PBIX BMECTO IIETHHBI UIMEIOTCSI TOHKUE JIATYHHBIE WA HEH3UITHOEPOBBIE TIPOBOJIOY-
ku TosimHou oT 0,15 no 0,25 mm. [IpakTudeckue npuembl KpaueBaHus OoJbIIeH
YacThIO MPUMEHSIOT JUIs U3 3 cepedpa mociae TOro, Kak mpu TPaBjIeHUH 00-
pazoBasics Oenblil HasieT. KpoMe Toro, pekoMeH1yeTca KpaleBaTh 3¢JICHOBATYIO Ha-
JIET U Y U3JIeNIMA U3 30J10Ta TOCJIe TPAaBJIEHUS, TaK KaK IMOCJE 3TOro o0jierdyaercs
mocaeaytoniee N OBaHHE.

MarupoBka - 3T0 croco0 MoaydYeHrus MaTOBOM MOBEPXHOCTH u3aenus. B 1o
BpeMd, Kak NutM(oBaHHAS MOBEPXHOCTh TPH TOJUPOBAHWHM CTAHOBUTCS OJIECTS-
1IEH, MaTUPOBAHUE BHI3BIBACT MOSABJICHUE IIEPOXOBATOCTEH HA TJIaIKOM MOBEPXHO-
CTH, Onaromaps yemy MOCIeAHAS CTAaHOBUTCS TYCKJIOH M MaTOBOM. B 3aBHCHMOCTH
OT MPUMEHSAEMOr0 MeToJa 0OpabOTKU MONYUYAOT MEJIKO3EPHUCTYIO MATOBYIO TO-
BEPXHOCTh. Pa3nnyaroT HECKOIbKO BUJOB MAaTUPOBKH.

MarupoBka neHTpoOexHoi meTkoi. CyTh Omepaldy 3aKIovacTcsa B TOM,
YTO HA JCPEBIHHOW BTYJKE YCTAHOBJICHBI B HECKOJIBKO PAIAOB MOJBHKHBIE TTyUKH
CTaJbHON WK MeaHOW npoBoJiokH. IlleTka ykpensercs Ha Bajly NOJUPOBAIBHOIO
JIBUTaTENA U MPOBOJIOYHbBIE MyUYKH €€ BpallatoTes ¢ 00ibioi ckopocthto. [Tomie-
xKalmuid 00paboTKe MPEAMET BCEria TOJAbKO CJIeTKa MOATAIIKUBACTCS K IIETKE, TaK
YTO KaXKJbIA pa3 OXBAThIBACTCS TOJIbKO HEOONbIIASA YAaCTh MOBEPXHOCTH M3ACIIHUS.
JlelicTBre OyI€T TONBKO TOT/AA YJIOBJACTBOPUTEIBHBIM, €CJIU OCTPUS IIETKU CUIIOH
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CBOETO LIEHTPOOEKHOTO JIaBJICHUsA OyyT OCTaBIATH HEOOJIbIINE BMATHUHBI HA TO-
BEPXHOCTH U3IENHUS.

[TeckocTpyitHas oOpaboTka. [Ipu momMoIM NeCKOCTPYHHOrO anmnapara mnojy-
YalOT OCOOCHHO MEJKO3EPHUCTYIO U PAaBHOMEPHO—MATOBYIO MOBEPXHOCTh. [losbie
MPEAMETHI TTPU 3TOM HE MOJTyYaOT MOBPEKICHUM.

[Ipexne uem mepeTr K CAeAyIOmeMy 0 TOHKOCTH MUTH(OBATFHOMY MaTe-
puainy, u3enus HeoOX0IMMO KA/l pa3 npoMbiBaTh. Llenb mpoMbiBKHM OyaeT A0-
CTUTHYTa B TOM CJIydae, €CJAW YaCTUIlbl IpsA3u OyAyT MOJHOCTHhIO YAAJICHBI C MO-
BEPXHOCTU u3lenus. Tak Kak 3arpsa3HeHust OOJbIIEH YacThiO CBS3aHBI ¢ MPUCYT-
CTBHEM >KUPHBIX BEIIECTB, OUMCTKA MPOU3BOAUTCSH OOBIYHO XUMHUYECKUM IMyTEM:
YKUPBI PACTBOPSIOT U YAAISIOT, a 3aTE€M JIETKO M CUMIIAIOTCS U CMBIBAIOTCS OCTAJIb-
HbIE YacTulibl rpsa3u. [lepea HaHeCceHUEM raTbBAHUUECKUX WIIH JIAKOBBIX MOKPBITHI
MPEIMEThl HE TOJbKO JOJKHBI ObITh OUHMILNEHbI, HO W TIIATEIBHO O0E3KUPEHBI.
[Tpu3HakoM MOJHOrO 00€3KUPUBAHUSA SABJIACTCS PABHOMEPHAA CMAUMBAEMOCTh ME-
TAJJIMYECKON MOBEPXHOCTH BOJIOH.

Paznuuatot crienytolime METOIbI yAAICHUS 3arpsA3HEHUH.

1. Ilpokanupanue. Eciu mpokaquTh MOJICKAIIMA OYUCTKE MPEAMET, TO
YKUPBI, Cropasi, 00yrJIMBatOTCS, U MPU MOBTOPHOM HArpeBe MpeaAMETa B TPABUJIBHOM
PacTBOPE YACTUUKHU TPA3U U HArap Jerko orcraroT. OIHAKO, 3TOT METOJI UMEET SB-
HbI€ HEJOCTATKH, 3aKIFOYAIOIIMECS B TOM, YTO 0€3 MPEJOXPAHUTEIbHBIX CPEICTB
METALJIMYECKAsT TTOBEPXHOCTh OKUCIAETCS, @ Y TOTOBBIX M3JCIUN MOBPEKAAIOTCS
KaMHH U MPYKUHbI; KPOME TOTO, TPEOYyeTCs MOCIEAYIONIas MOJIUPOBKA.

2. IlpombiBanue. CyniHOCTh AEHCTBUS PACTBOPUTENIS KUPOB 3aKIIFOUYAETCS B
TOM, YTO UMEIOIINECA HA MPEAMETE JKUPOBBIC BEIIECTBA OCBOOOKIAIOTCS OT TPA3H
U yJAJSA0TCA KUAKOCThIO. JOCTOMHCTBAM METO/AA MPOMBIBKH PACTBOPUTENEM OT-
HOCATCS: MATKOCTh MPUMEHAEMbBIX CPEJICTB, HE BHI3bIBAIOIINX U3MEHEHHUS CTPYKTY-
pbl METajuia U APYTUX MOBPEXKIACHUN MOBEPXHOCTH U3JEAUN, ObICTPOTA pacTBOpE-
HUS JKAPOBBIX COCTABJISIONIMX 3arpA3HECHUM, a TaKkKe XOpollas CMauyuBAeMOCTb
KUPOB Oiarojaps MajoMy NOBEPXHOCTHOMY HATSKEHUIO PACTBOPUTEIICH.

K Henocrarkam »Toro cnocoda cjieyeT OTHECTH: HEOOXOAUMOCTh JOTMOIHHU-
TEJIbHOW OUMCTKH 3arpsA3HEHUHN IIETKAMU MOCIIE YIAJICHUS )KUPOB U BO3MOKHOE Ha-
JIMYUE OCTAIOIIMXCS CJIC/IOB KUPOBBIX BEIIECTB, aICOPOUPYIOIIMXCS HA U3CTUAX.
[TosTOMy MPOMBIBKY PAaCTBOPUTENISMHU B Clyudae HEOOXOAMMOCTH CIEAYET 3aBEp-
1IaTh MOJHBIM 00€3KUPUBAHUEM.

3. IlpuMeHeHHe MIETOUHBIX O0E3KUPUBAIOIIUX CPEACTB. JKupbl mpu odpa-
00TKE 00€3KUPUBAIOIIMMU CPEACTBAMHU PACTBOPSIIOTCA CJICAYIOIIMM 00pa3oM: Op-
TAHUYECKUE KUPBI OMBUIAIOTCSA, T. €. PACHIEIUIAIOTCS HA JKUPHOKUCIIBIE COJIU U TJIH-
LIEPYH;, HEOPTraHWYECKUE U YaCTh OPraHUYECKUX KUPOB AMYJIbIUPYIOT WJIH, MHAYE
rOBOPS, PACIIPEAECIIAIOTCS B JKUAKOCTH B BUJAE KamneleK BeauuuHod B 10° mMM; ua-
CTUYKH TPSI3U CBA3BIBAIOTCS MEHOU W ynajstoTcsa. UeMm cuiibHEE MIEI0uHast, peak-
U 00€3)KUPUBAIOIIKUX BEIIECTB, TEM BbIIIE UX aKTUBHOCTh Ho cleayer moMHUT,
YTO 3TH CPEACTBA arPECCUBHO JICHCTBYIOT HA PA3JIMUHbIE METAJIIbI U CIJIABBI.

B kauecTBe 00€3:KMPUBAIOIINX CPEACTB MPUMEHSIOT CIEAYIOIHUE.
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Enxuit narpuit (NaOH) u enkwmii kanuit (KOH) oguHakoBsl 1o AeHCTBUIO U
WCIOJNIB3YIOTCA, KaK CHJIBHO ACWCTBYIOIIME O0€3KMPHUBAIOIINE CPEACTBA, OAHAKO
Pa3pyLIAIOT KOXKY M YACTHYHO XK€ METaJLIbI.

Hamarsipasiit ciupt (NH,OH) sBnsieTcss cuabHOM 1IET0YBIO, OH TAaKKe pas-
pylaeT HeOnaropoaHble METAIIBI, HO XOPOIIO PAacTBOPAET )KUPBHl U MEHEE OMaceH
JUTSL KOXKH.

Huanucteiii kamuii (KCN) u nuanucteii Hatpuit (NaCN) otnuuarotres ot
OCTQJTbHBIX IMEIOYHBIX CPEJCTB TEM, YTO OHHM HE TOJIBKO SIBJISIFOTCA CHJIbHBIMH
PaCTBOPHUTEIIIMHA KAPOB, HO W MOTYT PA3jI0KWATh TOHKHE OKHUCHBIC TUICHKH, TIPH
3TOM OCHOBHBIM MX HEJIOCTATKOM SIBJISIETCS OUYCHb CHJILHOE STOBUTOC JCHCTBHE.

Cona (NaxCOs ) ucmonb3yeTcst Kak ¢aaboIenouHON pacTBOPHUTEIh, HO UMe-
€T MPEUMYIIECTBO B TOM, UTO COBEPIIICHHO HE S0BUTA M MACCHUBHA MO OTHOIICHUIO
K METajljiam.

['oToBBIE 00€3XMPHUBAIOIITNE TIPETapaThl BCE OOJNBINE BBHITECHAIOT UYHCTHIE
EIOYHBIC BelecTBa. bosbiieli 4acThio ATH MpenapaTsl MPUTOTOBJICHH YK HE HA
IEJIOYHOM OCHOBE, a COCTABJICHBI U3 JAPYTHX €CTECTBEHHBIX W MCKYCCTBCHHBIX BE-
IMIECTB, C TICJTBIO TTOBBITIICHUS PACTBOPUMOCTH JKHPOB M YCTPAHECHUS HEAOCTATKOB
HATyPATbHBIX YUCTHIX TICIOUCH.

UwucThie TIenoun MPUMEHSIOT B BUAEC BOJHBIX pacTBOPoB. [Ipu 3ToM 3arpss-
HEHHBIE TPEIMETHI KIIAAyT B MMIEJIOYh W KATIATAT (TIPU HArpeBaHUH PACTBOPUMOCTD
¥ CMAuMBAEMOCTb YXHPOB TOBBIIIACTCS), a 3aTEM U3/ICIHS BEIHUMAIOT U3 MIEJI0UN H
XOpOIIIO MPOMBIBAIOT.

[Ipn ucmonb30BaHMM YABTPa3BYKa OUYMCTKA MPOUCXOIUT ropasao OwicTpee,
YeM IMEeTKaMH, YCTPaHASTCS 00€3)KUPHUBAHUE W JOCTHUTACTCS, MAKCUMaJIbHAs CTe-
MEeHb YMCTOTHI MOBEPXHOCTH. [[pHHIMM €ro OCHOBHIBACTCS HA TOM, YTO YACTHIIHI
IPSA3U CHUMAIOTCA YJIBTPA3BYKOBHIMH KOJICOAHUAMH W SMYJIBTHPYIOTCS KHPO-
PacTBOPSAIOLIMM PACTBOPOM. YIIBTPA3BYKOM HA3bIBAIOT 3BYKOBbIE KOJICOAHUS, HE
BOCITPUHUMAEMBbIE HAIIAM YXOM. 32 HUXKHIOIO TPAHMITY YJIbTPa3BYKOBBIX KojieOa-
Huit npuHuMaroT 20 kI, T. €. 20 000 konebanuii B MunyTy. [Ib€3030€KTpUUECCKIHA
BUOpaTOp paboTaeT OT BBHICOKOUACTOTHOrO reHeparopa. CyIecTBYIOT OIMpe/ecH-
HBIE METaJUTbl, COSAMHCHUS W CIUIaBBl, KOTOPBIC CKMMAIOTCS TOJ BIIMSITHUEM Mar-
HUTHOTO TIOJISA, a TMOCJIE €r0 MCUE3HOBEHUs CHOBA pacumpstoTcs. B ympTpasByko-
BOI TOJIOBKE TaKOW CIUIaB MOJBEPraeTCs BO3ACHCTBHIO TIEPEMEHHOTO MAarHUTHOTO
MOJIsI TOKA BBICOKOH YaCTOTHI W CHHXPOHHO ¢ MArHUTHBIM TIOJIEM CXKUMAETCA H
pacmmpsiercs. M3MeHeHne pasMepoB cIulaBa B BUAE KojeOaHWH mepemaerca Ha
pacTBOp W jAajiee Ha ouniaembie u3Aenus. [log AHOM BaHHBI yCTaHOBIICHBI BUOpa-
TOpPBI ¢ yacTotoi konebanuii B 40 k[ 11. BaHHA U3roTOBIEHA U3 HEPIKABEIOIICH CTa-
JU U MOXET OBbITh HAMOJHEHA 000 OYHINAIOIIEH KUAKOCThIO. [ 'eHepaTop maet
HEOOXOIMMBIE JJIsl MPOLIECCa BHICOKOYACTOTHBIEC NIEKTPUUECKHUE KoJeOaHus, BUO-
paropsl MpeoOpa3yoT UX B MEXAHWYECKYIO YIbTPA3BYKOBYIO SHEPIHI0, KOTOpas
pacnpenensercs paBHOMEPHO TI0 BCEH BaHHE, Oiaroaaps 4eMy Becbh 0OBEM >KHUIKO-
CTH MPOHU3BIBACTCA YJIBTPA3BYKOM, W OUHIIAEMBIE TIPEAMETHI MOTYT TIOTPYKAThCA
B BUOpPAIMOHHYIO BaHHY B J0OOM MecTe. Takoi cmoco0 OUMCTKHA OMNpaBAbIBACT
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ceOs Ha KPYIHBIX MPEANPUATHAX, T/I€ MPUXOAATCA 00pabaThiBaTh OJHOBPEMEHHO
OOJIbIINE MAPTUH U3JCTUH.

Jlexkuus 25

1. Texnonorust 0OpabOTKHU 30JI0TA U €r0 CILIABOB.
2. TpaBneHnue, ouncTKa, OKpackKa.

3. Texnonorusa o0padboTku cepedpa U €ro CIIaBOB.
4. TexHOIOTHS OKCUANPOBAHWS.

JIiisa mpuanvs 30JI0TY KENTOTO TBETA MPUMEHSIOT TPABJICHUE U KUTITUCHUE.
[Tpm nmpokanuBaHuK OOBIYHBIX TPOWHBIX CIIABOB 30J10Ta OKUCIISAETCS TOJBKO METb,
B TO BpeMs Kak 00a OMaropoAHbIx MeTajiia (3070TO B cepebpo) OCTaloTCs HEH3-
MeHHBIMU. [Ipu morpy>XeHUM u3nenus B TPABHJIBHBIA PACTBOP CEPHON KHCIIOTHI
OKHCJIbI MEIA PACTBOPSIOTCS, MOBEPXHOCTHBIN CJIOM 00emHseTCs MeAbt0 U o0ora-
1IaeTCA 30J0TOM U cepeOpoM. Tak Kak 3TOT CJIOH MMEET HEKPACHUBBIN 3€JICHOBATO—
CEPBIH IBET, €r0 yAAUTAIOT MEXAHHUSCKUM, XUMHUSCKAM WA SJICKTPOIUTHICCKAM
crocoOoM. [ Toro 4toObl MOMYUYUTh LBET MOBEPXHOCTH U3/ETUSA MOCJE TpaBJe-
HUA, ONTM3KANH K HOPMAJIBHOMY I[BETY CIUIaBa, TPABUJIBHBIM PACTBOP MOJKECH OBITH
no00paH TakuM 00pa3oM, YTOObl KpOME OKHCH MEJIN, OH PACTBOPSII TAKXKE U CEpe-
Opo. TakuMm TpaBUJIBLHBIM pacTBOpOM siBjigeTcs 50% pacTBOpP CepHON KUCIOTHI, pa-
Oouas TeMmneparypa Kotoporo aojikHa o0bite 70°C— 80° C.

[Ipu «KenTOM KUMSYCHWH» TPABWJIBHBIA PACTBOP JOJKEH BO3JACHCTBOBATH
Ha TTOBEPXHOCTH W3JIEHUS TaKUM 00pa3oM, 4TOOBI MOJTHOCTHIO BHITPABUTH CEPeOPO
U Meab W NPUOIU3UTh OKPACKy IMOBEPXHOCTH K I[BETY UHUCTOTO 30JI0Ta. Takum
PacTBOPOM SIBJISETCS CIEAYIONIAsA CMEChH. OJIHA YaCTh CEPHOW KHCIIOTHI, OJIHA YaCTH
A30THOW KUCJIOTHI, IBE—UYETHIPE YACTH BOJABI. DTOT PacTBOP MPUMEHSETCSA B MOI0-
IPETOM COCTOSTHHH.

[Tpy «KenToM KUNAYEHHW» B YUCTOW COJSHOW KUCIOTE WU pa30aBICHHOMN
ITAPCKON BOJKE MOXHO TAKXE TOJyYWTh HACHIIIIEHHYIO XKENTYI0 OKPACKy MOBEpPX-
HOCTH, B OCOOCHHOCTH Y BbICOKOMPOOHBIX CIIaBOB. OJIHAKO HEAOCTATKOM 3TOTO
METO/a SABJIAECTCSA TO, YTO TTOBEPXHOCTh MOXKET MOKPHITHCS MATHAMH M3—3a OCAXK/IE-
HUA xJ0pucToro cepedpa. Tak kak comstHas KucioTa GOPCUPYET KOPPO3UIO H3/E-
JUH, HAXOAAIMXCA B HAMPSHKECHHOM COCTOSIHMM, TO B HEW HEIb3si 00padaThiBaTh
CHJIBHO JIe(hOPMUPOBAHHBIC, B XOJIOAHOM COCTOSTHMM 3aroTOBKH. Ha oTOXOKEHHBIC
U3CNHS BPEHOE ACUCTBUE COJITHON KMCIOThI HE CKA3bIBACTCS.

JIJist okpacka CIUiaBoB 30J10Ta (MOJYyUYEHUS HA MOBEPXHOCTH CILJIABOB OTTCH-
KOB UHCTOTO 30j10Ta), HEJOCTATOYHO OJHOTO TPABJICHHS, 2 HEOOXOIUMO TIPOU3BE-
CTH TaKke OKpacky. [Ipm 3TOM HYKHO YUHUTBIBATh, YTO CILIABBI C BRICOKHUM COJEP-
KAHUEM 30JI0Ta OKPAIMBAIOTCA JIy4Ille, YeM HHU3KOMPOOHBIC CIUIABBI, W CILIABBI
KPAaCHOTr0 1[B€TAa OKPAIIMBAKOTCS JIyUllle, ueM OfeIHO—KeNThie. J[Jis criaBoB ¢ co-
nepxkanueM 30j0Ta oT 50 1o 80% xoporo 3apekoMeH10BaN ¢edsl CIeayIONUH Me-
Ton okpacku: 115 r mosapenHoi comu — NaCl cmenmmBaror ¢ 250 r kanuiiHOH ce-
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autpel — KNO; u pactupaioT B ctynke. CMmech BhICHTIAIOT B (haphOpOBBIi COCYT U
pazoasnsatotr 150 r Boabl. [Ipu MOCTOSSTHHOM MEpeMENIMBAHUKM PACTBOP HArpeBaIOT
1o kuneHus u qo0apsror 170 v consuoit kucmotel — HCI. I'oToBBIN pacTBOp mpo-
JIOJDKAIOT KUMSATUTH €11 B TCUEHUE OAHONW MUHYTHI. M3aenue mumdyroT, mpoMbiBa-
0T U TPOTpaBauBatoT B 50% — HOM pacTBOpe CEPHOM KUCIIOTHI, JJIsl PUIAHUS T10-
BEPXHOCTH kenToro 1sera. [locne 3Toro uzaenue NoABEIIMBAOT HA TOHKYIO MPO-
BOJIOKY W CJIETKQ HArpeBarOT. 3aTe€M €ro MOrpyxarT B KUMAIUMHA KpacHJIbHBIN
PacTBOP U BBIAEPKUBAIOT B MOCJICAHEM MPUOIU3ZUTEIBHO B TCUCHUE TPEX MUHYT.
Kpacsee neiictBue pacTBopa mposiBAAETCS NPy 00pa30BaHUU XJIOPUCTOTO HUTPO-
3uJia U CBOOOTHOTO XJI0pa, KOTOPBIE NCHUCTBEHHBI B COCTOAHUMN BOZHUKHOBECHUS:

KNO,+ 2HCI Na&€l NOCI €I, NaOH KOH (2.3.1)

H3BecTHO, 4TO BCE METAJUTBI B MAPCKOH BOJKE MEPEXOAT B XJIOPHUCTHIE CO-
enrHeHus. OOpa3oBaBIlieecs XJIOPUCTOE cepeOpo pacTBOPAETCSA B XJOPUCTOM Ha-
TPUHU ¥ TAKUM 00pa3OM HE MPETATCTBYET MPOIECCY OKPAITHBAHUS.

Ecnu pactBop COAEPXKUT MOCTATOUHO TETPAXJIOPUCTO30JIOTOW KUCIOTHI —
H[AuCl,], HaunHaeTcd MOHHBIA OOMEH MEXAYy MEAbID M 30JI0TOM AHAJIOTHYHO
rajibBAHUUYECKOMY MPOIIECCY, B PE3YJIBTATE UETO 30J10TO BBIICIACTCS U3 pacTBOpaA U
OCaXKJIAeTCA HAa OCHOBHOM METAIe. DTUM SBJIICHHUEM OOBICHICTCS TOT (PakT, UTO
BBICOKOTIPOOHBIE CTUIABHI 30J10Ta OCOOCHHO XOPOIIIO MOAXOAAT A1 OKPAITUBAHUS H
MpU 3TOM BBITOJHO OOpabaThiBaTh cpasy OoJibiive maptuu u3aenuit. [locnennue
MOKPBIBAIOTCA CHavaja MIEHKOH U3 3aHOBO OCEBIIMX KPHUCTAJIOB 30J10TA U MPUOO-
peTaroT TakuM 00pa3oM MaTOBBIH, KEJITOBATO—KOPUIHEBHIN 1BET. [locme BeIACpkK-
KW B BaHHE B TCUCHWE TPEX MHUHYT WM3JCIIME BHIHUMAIOT, CPa3y K€ MPOMBIBAIOT B
CTOSAIIEM HAroTOBE COCYJZIE C TOPAYEH BOAOM U JAJIEE HEUTPAIU3YIOT B KUIALLEM
HalATbIpHOM cnupTe. OKOHYATENbHO 3N 00padaThIBAOT MATKOW JIaTYHHOM
KPaLoOBKOM.

Ecnm nocturHyTast okpacka erie He YIOBJICTBOPAET MOCTaBICHHBIM TpeboBa-
HUSAM, TO TPOIIECC JTOKECH OBITh TTIOBTOPEH, MMPUYEM TTOBTOPHOE TIOTPYKEHHUE JITUT-
cs He 0oJiee OJTHOW MUHYTHI.

B mpoTHBOMOI0KHOCT CepeOPAHBIM CTUIaBaM, CIUIABBI 30JI0TA MOYTH HE U3-
MEHSIOT CBOEH OKPACKH MPH dKCIutyataiuu. TobKo ciiaBel 30510Ta 333 npoOskl co
BPEMEHEM HECKOJIBKO TyCKHEIOT MO/ BO3JICHCTBAEM XMMHUYCCKUX COCTMHCHHM, Ha-
XOmAmuXcst B Bo3ayxe. [loTyCkHEHME 3THX CIUTAaBOB MPOMCXOAMT 3a CUET TpHCa-
JIOYHBIX METAJUIOB — cepedpa u Meau. J[si OUMCTKH dyBCTBUTEIBHBIX K MOTYCKHE-
HUIO CIUIABOB 30JI0TA UCIONB3YIOTCA T€ KE XUMUUYECKAEC U MEXaHWIECKHE METO/IbI,
KOTOPBIE MPUMEHAIOTCA U 1Sl CIUIaBOB cepedpa.

ITon oOpaboTkoit cepedpa M €ro CIIaBOB MOAPA3yMEBAIOTCS METOJBI, C MO-
MOIIBIO KOTOPBIX OCBETJISIOTCS CIUTaBbI cepedpa, CTaBITNE YEPHBIMU MPH OTKHUTE
u3—3a okucieHua meau. [Ipocroe TpaBiieHUE TONBKO YIAIsA€T OKUCh, IPU cepedpe-
HUAW K€ TOPSUYUM CIIOCOOOM Ha TOBEPXHOCTH WM3JCIHS TMOSABIIACTCS TOHKHM CITIOM
yucToro cepedpa. @opma U pasMepbl EMKOCTEH IJ1A TPABJICHUS 3aBUCAT OT NOTPEO-
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HOCTEN MPOM3BOACTBA. ECIIM MCMONB3YIOT XOJIOAHBINA TPAaBWIbHBINA PacTBOp, TO B
KaueCcTBE MaTepuasia Jyisi TPaBUJIbHOW BAHHBI MOTYT ObITh MCIOJb30BaHbI CTEKJIO,
dhapdop, rmasupoBaHHbIi (asHC WIK TUIACTHK. B TOM ciydae, korja T0JbKeH TpH-
MEHAThCA TOPSUMA PAacTBOP, PEKOMEHAYIOTCS €MKOCTH M3 IUIaTHHBI, cepedpa u
dhapdopa.

JIJist IpUrOTOBJIEHUS TPABWJIBHOTO PACTBOPA COCY HAMOJIHAKOT BOJAOW U TOH-
KOM CTpyel HalMBaOT HEMHOIO CEPHOM KUCIOTHI, MPUYEM 00S3aTE€IbHO OCTOPOXK-
HO JILIOT UIMEHHO KHUCJIOTY B BOJly, @ HE HA000POT, BO M30EKAHUE Pa30OpbI3rUBAHUA
Kanejab BCKUMAKOIIEH MTHOBEHHO KHUCJIOTHI, KOTOpPAs MOXET MNPUUUHUTH CUJIbHBIC
0KOTH.

JIns MpUTOTOBJIEHUA TPABWJIBHOTO PAacTBOPA AOCTATOYHO OAHOM 4YACTH CEp-
HOW KHUCIOTHI U okoJio 20 yactel Bojbl. Eciin pacTBOp Oy€T MCMOIB30BaTHCS TO-
PAYHUM, ATO OTHOIIIEHHUE MOXKET OBITh yMEHbIIeHO 110 1:50.

CepeOpeHust TopaurMM CIIOCOOOM COCTOMT B HarpeBe CIulaBa cepeOpo—Meb
JI0 TIOSIBJICHUSI HAQ €r0 MOBEPXHOCTH CJIOSI OKUCH WM 3aKUCH MEIU U B YJIAJICHUH
ATOTO CJO0S MOCAEAYIOIIMM TPABJACHHUEM, B PE3YJIbTATE YEr0 MOBEPXHOCTh U3ACIUA
oborammaerca cepedbpom. Ilociae Harpepa u3aenve OXJIAXAAIOT JUOO HA BO3IYXE,
aubo B Boae. Henb3s uznenue B ropsueM COCTOSIHUM TOTPYXKaTh B TPAaBWJIbHBIHN
pactBop. Bo3ayx B MUKPOCKONMUYECKHM MEJIKMX PAKOBHMHAX METaJlJla MPU HArpeBe
pacupsaeTcs U BBIXOAUT W3 HUX. [IpHU OXJaXJACHUU B TPABUJILHOM PAcTBOPE ATH
KanuuisipooOpa3HbIe MOPbl HAMOIHAIOTCA pa30aBICHHONW KUCIOTOM, YIAJIUTh KOTO-
PYIO HEBO3MOXKHO JaXKE€ CaAMbIM TINATEIbHBIM MPOMbIBaHUEM. OCTAaTKU KHUCJIOTHI
MPOAOIKAKOT ACHUCTBOBATh OUCHb JOJITO, TAK KAK OHU, SABJIASICH TUTPOCKONMYHBIMH,
HETPEPHIBHO MOMOJHSAIOTCS 3a CUYET Bjiaru Bo3ayxa. CIAeACTBUEM ATOTO ABJISIOTCS
BO3MOKHBI KOXKHBIC 3a00JI€BaHWS W KOPpo3ua MmeTajiaa. Takum oOpa3oM, B Tpa-
BWJIbHBIA PACTBOP MOMEIIAOT OXJIAKIACHHBIE MTPEAMETHI, B KOTOPOM OHHU OCTAIOTCA
JI0 T€X MOp, MOKA HE UCUYE3HET TEMHAs OKPAcKa MOBEPXHOCTH, T. €. TOKA HE PacTBO-
PATCSA OKUCITBI MEIA ¢ 00pa30BaHKUEM CYJIh(]ATOB:

CuO+ H,S0, CuSO, H,0

CuO,+ H,50, CuSO, H,O Cu (2.3.2)

B 10 Bpems, kak OKuCh Meau TPpeoOpa30BBIBACTCS TPH 3TOM 0€3 OCcTaTKa, B
MPOLIECCE PACTBOPEHHUS 3aKUCH MEIM 00pa3yeTcs HEMHOTO METAIIMUECKONH MEH,
KOTOpas OCa)XIaeTcs Ha TTOBEPXHOCTH M3/EHUSA B BUJE KPAaCHOTO HajeTa. Y NaluTh
00pa30BaBIIUNICA MEIHBIN 0CAA0K MOXHO CJICIYIOIUMHU CIOCOOAMMU:

MOTPYKCHUEM TIPEAMETa HA HEOOJBITON MPOMEXYTOK BPEMEHH B a30THYIO
KHCTIOTY; TOTPy’KaTh Ha 0ojiee MONTHH CPOK, Ye€M 3TO HEOOXOIWMO, HE CIEeAyeT,
TaK KaK a30THAs KMCJIOTa PacCTBOPSIET U cepedpo;

MOBTOPHBIM TIPOKAIMBAHUEM, TIPY KOTOPOM HAJIET MEIHA MOXKET OBITh OKHC-
JIEH ¥ 3aTE€M PaCTBOPEH B TPABUIILHOM PAaCTBOPE;
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N00aBJICHUEM B TPABWIIbHBIH PACTBOP HEOOJBIIIOTO KOJIMUECTBA MAPTaHIIOBO-
kucjoro kajaus — KMnQO,.

ITocnennuii pearupyeT ¢ CEpHOM KHCIOTOM ¢ 00pa30oBaHWEM CEMHUOKHCH
MapraHiia Mo PeaKiuu:

2KMnO, + H,SO, M), K,SO, HiO (2.3.3)

Mn,0; — HEYCTOMUHMBOE COCTMHEHUE, OHO JIETKO OTJAET KUCIOPOJ U TEM Ca-
MbBIM CMOCOOCTBYET OKHUCJICHUIO MEAW HEMOCPEACTBEHHO B TPABWJIBHOM PAaCTBOPE.
OIHOKPATHOTO OKUCJIEHUA W MPOTPABJIMBAHUS, KaK MPABUIIO, ObIBACT HEAOCTATOU-
HO, YTOOBI TOBEPXHOCTh M3/CNINH ObLTa COBEPIICHHO Oenol (0OBIYHO MIPEAMET BHI-
TJIAIAT CJIETKA JKEITOBATHIM ), TIO3TOMY TIPOIECC MOBTOPSIOT 0 TEX TMOP, MOKa HE
OyIeT TOCTUTHYT JKeJIaeMblii OTTeHOK. [Ipu 3TOM mocsie nepBoro TpaBiaeHUA MPOU3-
BOJAT KPALEBAHUE JIATYHHOW MPOBOJIOYHOM IIETKOU, MPOKAJIMBAHUE, OXJIAKICHUE
U TMOBTOpPHOE TpamjeHue. CKOPOCTh TPABJICHUS YBEJIWYUBACTCS, €CIM HArpeTh
pactBop npudauzutenbHo a0 70° C. YV Tex uznenuii, moBepXHOCTh KOTOPBIX AOJIK-
Ha ObITh MAaTOBO—O0EJIOH, 3aKIIFOUUTEIBHOE KPAllEBAaHUE U MOJIMPOBAHKUE HE BHIMOJI-
HstoTea. [loaToMy Takue mpeaMEThl MPUXOAUTCA MPOKAIMBATh U MPOTPABIUBATH
JI0 YeThipex pa3 u Oojee. OTCIOAa MPOUCTEKAET BECbMAa HENMPUATHOE IJIA CTPYKTY-
pbl CIUIaBa MOCJEJACTBUE. BO3HUKHOBEHUE MO/ MOBEPXHOCTHIO M3JEIHUS CKPBITOTO
nedexra — BHYTpeHHEH OKHCHOM 30HBI. /[ mpeaoTBpaiieHus ¢¢ oOpa3oBaHUA
nepel BTOPhIM MPOKAJIMBAHUEM H3/ENINE OKPBIBAIOT KAIIMIIEH U3 CMECH MOTallla |
BOJIbI. [locie Toro kak oOMa3ka BBICOXHET, u3aienue npokanusaercd. [Ipu 3tom no-
Talll MpeoOdpa3yeT OKUCh MEU B JIETKO PACTBOPUMYIO YTJIEKUCIIYIO COJIb MO pEaK-
1717

K,CO,+ CuO  CwCO, K,O | (2.3.4)

U TEM CaMbIM MPEAyNPEXKAAETCA BOSHUKHOBEHUE OKHUCIIOB MOJI TOBEPXHOCTHIO W3-
JEJHSL.

B npouecce padoThl TpaBWIbHBIM pPAacTBOP HCTOLIAETCA W, BCJICICTBUE
pacTBOpeHUs CyJIb(aTOB MEH, OKPAITUBASTCA B TOJly0OBaTO—3€CHBIN 1BET. Tak
KaK B TPaBUTEJIEC PACTBOPSIOTCS TAKKe OCTAaTOK OyphI U (pIIFOCOB, TO HA JTHE BAaHHBI
OCaXKJAeTCsA TEMHBIA CIOM 1U1amMa. JTOT AOHHBIA OCAJ0K M3—3a BO3MOXKHOTO MPH-
CYTCTBHS B HEM OJIarOPOAHBIX METAJUIOB HampassieTcs Ha adhuHax.

B kadecTBe Apyrux MeTOA0B CEPEOPEHUS UCIOJB3YIOTCS cieayomnme. . Tpa-
BUJIbHBIN PACTBOP C CEPHOM KUCIIOTOU ABJIAETCA AKTUBHBIM TOJIBKO B HATPETOM CO-
CTOSIHUU. B XONOJHOM COCTOSIHUHM JUIsi CEPEOPEHMS MOXKHO MCMOJb30BaTh PACTBOP
CEPHOKHCIIOTO Kanus B Boje, ipu 3ToM 100 1 kucioro cepHokuciaoro kamus — KH-
SO, pacteopstotr B 1 1. Boabl. [lomydaeTcs pacTBop, AEHCTBHE KOTOPOTO MOJIHO-
CThIO AHAJIOTMYHO YMOMSHYTOMY BBIIIE PACTBOPY CEPHOM KuCIOTHl. PacTBOpeHue
OKHCJIOB MPOUCXOUT MO CIASAYIOIIEH PEaKInu:
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2KHSO,+ CuO  CuSO, K,SO, H,O. (2.3.5)

B Tex cnmydasx, koraa TOTOBOE W3ENHE AOKHO UMETh YIPYTHE CBOMCTBA,
CIIOCOOBI TOPSAYETO CePeOPEHU HEMPUTOIHBI, TaK KaK U3/IEINE TTOCIIC HarpeBa cra-
HOBUTCSA MSTKUM. B 3TOM ciyuae u3ienust moABEPraloT TOIBKO TPABJICHHUIO W TIO-
CIEAYIONIEMY XOJIOJHOMY CepeOpEeHHIO YKa3aHHBIM CITIOCOOOM.

Cepebpsanble CIJIaBBl Ha BO3AYXE TOKPHIBAIOTCS TEMHBIM CIIOEM CYJIb(PHUI0B
cepebpa u Mear, K KOTOPBIM JT00ABIISIETCS €111e U OKUCh Mean. [1loaToMy u3nenus u3
cepebpa HEBO3MOXKHO COXPAHUTH JOJTOC BpeMs YUCThIMH. MHaue oOcTOWT Meio ¢
CyJb(pUPOBAHHBIMU MPEIMETAMHU, KOTOPBIM YK€ TIPH U3TOTOBJICHUW MPUIAETCS Ta-
KOM BUJI, KOTOPbIA OHU MOJYYHSIA Obl B MPOIECCE SKCIUTyaTalliu. 3ajadya COCTOUT B
TOM, YTOOBI 3TOT €CTECTBEHHBIM HAJET (KOTOPBIH, KaK MPaBWiIO, ObIBACT MSATHH-
CTBIM ¥ HEPABHOMEPHBIM ) CJIENIATh KPACUBBIM M OTHOPOIHBIM.

CymecTByeT MHOKECTBO MPENApaToB, MPH MOMOIIH KOTOPBIX MOKHO TTPOH3-
BECTH OKPACKy CIUIaBOB cepeOpa. Bce OHM OCHOBaHBI Ha HMCMOJBL30BAHUM CEPHOM
neuenu. [loram (K,COs) u cepy (S) GepyTt B mpomopmmu 1 : 1 u, moMmemmBas,
MEJIEHHO HArpeBarOT MPU JOCTYNE BO3AyXa A0 IMOJYYEHUA KOPUUYHEBOM BA3ZKOU
MacChl, a 3aTeM pa30aBJAIOT €€ HEOOJIbIINM KOJIMYECTBOM BOJIbI MOTyYask TOTOBBIH
K YNOTPEOJICHUIO Mpenapar:

AK,CO+ 65 O 2K, S 2KS50, 4CQ . (2.3.6)

Tak xak cynbhua Kanws JIETKO MPUCOCAUHSIET CEPy, TO MOIYUYAETCS TOJTH-
cynbdua kanus

K,S+3S K,S, . 2.3.7)

Takum 0Opazom, cepHas IEYCHD ABJIACTCS CMECHIO PA3NTMUHBIX MOJTUCYITb(H-
70B Kajus ¢ THocyabharom kamus K,S,0;. CepHas meueHb T0JKHA XPAHUTHCS BCe-
r/1a B TEPMETHYHOM COCYJE, TaK KakK CyJIb(pHUABI MO ISHCTBAEM KHACIOPOIa BO3TY -
Xa pacmaaaroTCs ¥ MPEBPAIAIOTCs B HEICHCTBECHHBIC CYJIb(aTHI:

K,S+20, K350, . (2.3.8)

[Tpu cyns(pupoBanvy BOAHBINH PacTBOP CEPHOM MEUCHU ClIETKA HArpeBalOT U
00€3)KUPEHHBIN, TMOABEIIEHHBIA HA MPOBOJIOKE, MPEAMET HA KOPOTKOE BpeMA MO-
IPY’Kat0T B BaHHY NPH MOCTOSHHOM NEpeMelmBaHuv. Ha w3nenum B TeueHue
HECKOJIBKMX CEKYHJ 0Opa3yeTcsi TeMHBIH HajieT cyiabduna cepebpa wim cynbduaa
Menu. M3nenue BeiHUMAOT U npoMbiBatoT. Ecin Tpebyemas okpacka eiie He Jio-
CTUTHYTA, MPOLECC MOBTOPAIOT. B ciaydae, korga Ha OTAEIBHBIX MECTAX MOTEMHE-
HUS HE TPOUCXOUT, TPUUMHOMN 3TOMY SBJISIETCA HEAOCTATOYHOE 00€3KUPUBAHHKE.
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[Tocne 00paboTKM MSATKON JIATYHHOM BpalllAtOIIEHCca IIETKOW TycCKJas
MJICHKA IPHOOPETACT KPACUBBIH HCCHHS—UCPHBIA OJICCK. YYaCTKH, KOTOPBIE JOJIK-
HBI OCTAaBaThCs OCITHIMHU TIOABEPTAIOT MECTHON TTOJIMPOBKE, YIS TEM CaMbIM TOH-
KU cioi cynbduaa cepedpa.

[Ton oumcTKOM CepeOPAHBIX CIIJIABOB TMOHUMAIOT HE OYHUCTKY 3arpsA3HECHHBIX
MPEIMETOB, a OCBOOOXKICHNE UX OT Ccylbduaa cepedbpa U okucu Mead. MeTosl,
KOTOpPbIE pa3OUpaMCh BHIINMIE, TMOAXOAAT JUIsl TOTO Ciydas, KOrja CcepeOpsHbIM
npeaMeTaM HeoOXOAMMO CHOBA MPHUAATh WX KpacwuBbid BUA. OJHAKO 9acTO TOTO-
BBIN TIPEAMET, YKPAIICHHbBIH KAaMHSIMH WJIH SMaJIbIO, HEb3S HArpeBaTh /IO BHICOKUX
TeMriepatyp. B ¢BS3M ¢ 3TH MPUMEHSIOT CISAYIONNAE BUIbI OUHUCTKH.

1. Metoapr Mmexaanueckoi 04uCTKA. K HUM MOXHO OTHECTH BCE METOJIBI 00-
paboOTKHM CO CHATHEM CTPY XKW ONMMIMBaHUE, MadbpeHue, NutndoBaHue, MOJMPOBa-
HAe u T. 4. [lpu Bcex STWX MeToAaxX TMOBEPXHOCTh MOABEPTAETCS BO3ACHCTBHUIO
WHCTPYMEHTA ¥ 3aMETHO M3MEHSCTCA, TaK KaK ¢ HE¢ CHUMAETCS HE TOJIBKO TEMHBIH
HaJIET, HO TAK)KE W YaCTh CILJIaBa.

2. Meroapl xuMudeckoi OUMCTKH. OUMCTKA HAIIATHIPHBIM CIIUPTOM H ME-
aoM. OTMYyYEeHHBIH MeJT CMEMUBAOTCA ¢ HamareipabiM crimptoM (NH4)OH mo mo-
JYYCHUS KAl ¥ HAHOCUTCA TPATIOYHBIM TAMIIOHOM Ha TOBEPXHOCTH W3JCIIHS.
Cynb¢ua nepexoanT B JIETKO PACTBOPUMOE KOMIUIEKCHOE COSTHHEHHE:

ANH,)OH + Ag,S 2[Ag(NH,,JOH H,S 2H,0 . (23.9)

3atem oOMa3Ka yJanseTcs MATKOW TPANKON Wi 1eTkoi. BMecTe ¢ Hell yna-
JISIOTCS ¥ IPOAYKTHI PACTBOPEHHUS B HAIMTATHIPHOM criapTe. B aTOM MeTone oObem-
HCHBl MEXaHWYECKas W XWMHUYECKass OUMCTKAa. Tak Kak Mea UMEET 3EPHHUCTYIO
CTPYKTYPY, TO Ha MeTajuie OyyT OCTaBaThCs MEJIKHME IapaniHbl, TIO3TOMY JUTS OT-
MOJIMPOBAHHBIX W3ACITUH ATOT METO] HE TTOXO/THUT.

3. Ouuctka runocyibpurom. CmenmmBaroT 50 r rumocynbduta — Na,S,0s ¢
15 1. BOABI ¥ MOJYyUCHHYIO KAy HAHOCAT JOCKYTOM MATKOW KOXKHM Ha W3JEIHE.
Uepez kopoTkoe BpeMsa cyiabuabl TpeodOpasyloTcs B JIETKO PACTBOPUMBbIE
KOMILIEKCHBIE COJTH:

6Na,S,0,+ Ag,S 2Nu[A4g(S,0, )] NaS . (2.3.10)

Menko3epHUCTONH OKHChIO MarHus — MgO U MATKUM IIEPCTAHBIM CYKHOM
MOBEPXHOCTh U3JICNIUA MPOTUPAIOT A0 TEX MOP, MOKa HE OyJET AOCTUTHYT HEOOXO-
JIUMBIi1 OJ1eCK.

4. OuyucTka HMAHUCTHIM KaieM. B TO BpeMs Kak MepeurCICHHbIE BbIIIE M-
TOJbl OUMCTKU TPEOYIOT MOCIAEAYIOMEH TOPa0OTKH, IMAHUCTHIA KajJul NEHCTBYET
YHACTO XUMUYECKUM MyTeM. B cierka HarpeTyro BaHHY MOJBEIIMBAIOT MOTYCKHEB-
IME U3JIEINA, YKPEIJICHHbIC HA cepeOpsAHON WK JaTyHHOU npoBosioke. [Ipu B3au-
MOJICHCTBUH C IIMAHMCTBIM KajaueM cylbdua cepedpa mepexoauT B JICTKO PacTBO-
PHUMOE KOMIUIEKCHOE COEIUHECHUE:
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AKCN + Ag,S 2Kf{Ag(CN),] K,S . (2.3.11)

OuuleHHbIE U3ACUA NOMKHBI ObITh XOPOIIO MPOMBITHl U HEHTPATM30BAHbBI
B HIEJIOKE, YTOOBl HE OCTABAJIOCh HUKAKMX OCTAaTKOB MPOJYKTOB, MPUCYTCTBOBAB-
mux B BaHHe. HetocTaTKoM 3TOro METo/a SABJACTCS CHIbHAS TOKCUYHOCTh 1IHAHU-
CThIX COCIMHEHUI, MO3TOMY paboTa MOJIKHA MPOBOJUTHCS MO BBITAXKKON CO BCe-
MU MEpaMU PEAOCTOPOKHOCTH.

Jlexkuus 26

1. 'anpBanoTexarka. CyIIHOCTh MPOIECCa, OCHOBHBIC IIOHSITHS.
3. 3om0ueHue.
4. Cepebpenue.

30J10ueHHE U cepeOpeHNe — TO TaIbBAHWYECKOE MOKPHITHE CTOMKMUMH Me-
TaJUTaMH MEHEE CTOWKHUX, /TS MPUAAHUS HAPATHOTO BUAA W 3alTUTHI OT KOPPO3HH.
["anpBaHWYECKUI TPOLIECC 3AKITHOUACTCS B OCAKJICHUM HA MOBEPXHOCTU M3JCIUSA
CJI0sl METAJIJIa U3 BOJHOTO PacTBOpA €ro cojii. B BaHHY, HAMOJHEHHYIO PacTBOPOM
COJIA OCAXIaeMOTro MeTayuia (AJIEKTPOJIUTOM), TOABEIIMBAIOT W3JCTHE, MPOMYC-
KalOT 4epe3 BaHHY MOCTOAHHBIA TOK, U U3 PACTBOPA BBIACIISIETCA METAJUI, KOTOPBIH
Y OCAXJAETCA HA MOBEPXHOCTH U3JICIUL.

JJist TeopeTHUecKOro 000CHOBAHUS TAJIbBAHUUECKUX MPOLIECCOB UCTIOb3YET-
Cs MOHHAA Teopus. B aroMe CyllieCTBYET paBHOBECHUE MEXKY MOJIOKHUTEIbHO 3apsi-
KEHHBIM SIIPOM W OTPUIIATEIHLHO 3apsKCHHBIMH YacTHIAMHu 00o0J1ouku atoma. Ko-
JUYECTBO TOJIOKUATEITBHBIX ICKTPUUCCKUX YACTHIT (IIPOTOHOB) OMPECIAET TOPS/I-
KOBBI HOMEp 3JIEMEHTA B MEPUOJMUYECKON CHUCTEME. DTO YHUCIO COOTBETCTBYET
TAKXKE KOJIMYECTBY 3JICKTPOHOB, BPAIIAOIIMXCA HA OpOUTAX BOKPYT sApa aroma.
Tonmpko y MHEPTHBIX Ta30B, TAKUX KaK T'eIWH, HEOH, aproH U T. 1., BCE AJIEKTPOH-
HbI€ 000JIOUKH TOJIHOCTHIO 3AMOJIHEHBI. Y OOJIBIIIMHCTBA APYTHUX 3JIEMEHTOB BHEII-
Hsist 000JI0UKA 3aMOJIHEHA 3JIEKTPOHAMU HE MOJIHOCTHIO.

Kornma 3ty 35meMeHThl BCTYNAKOT B XUMHUUECKOE COEAVMHEHHE, TO OHHM CTpe-
MSATCSl IO BO3MOXKHOCTH TIOJIHOCTBHIO 3aMECTUTh BCE CBOM OOOJIOUKH 3JICKTPOHAMU,
yTOOBI TIEPEUTH B COCTOSTHUE, COOTBETCTBYIOIIEE OMKANIIIAM BBITIIECTOSIIAM HITH
HIDKECTOSIIIIAM WHEPTHBIM Ta3zaM. Metamnel, Bogopoa u rpynma NH; mpu sTom
OTAAIOT KOJTUYECTBO AJICKTPOHOB, OTBEUAIOIIEE UX BAJICHTHOCTH; HEMETAJIJIbI, KUC-
gopon u rpynna OH B COOTBETCTBUM CO CBOCH BaJICHTHOCTHIO MPUHUMAIOT AJICK-
TPOHbI B CBOK) HE MOJIHOCTHIO 3aMOJHEHHYIO BHEIIHIOK O0O0J0UYKY. ATOMBI,
00BbECIUHSASACH B MOJIEKYJIbI, 00Pa3YIOT XMMHUECKOE COeMHEHKE. B HeM anekTpuye-
CKHE 3apsiIbl BHYTPH MOJIEKYJIbl YPaBHOBEIICHBI, HO COOTHOIIIEHUE 3aPSAI0B BHYTPH
KaXJ0ro OTACJIbHOTO aTOMa, BXOAAIIEro B MOJIEKY Ty, HapyleHo. [Ipu nmotepe aro-
MOM 3JIEKTPOHOB B HEM OyJAeT npeodnaaarh MOJOKUTEIbHbIN 3apsa/ Aapa, Npu 3a-
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XBaTe 3JIEKTPOHOB OT aroMma JPYroro 3J€MEHTa — OTpUIaTelbHbIN 3apan. Takwue
aTOMBI C HEYPaBHOBEIICHHBIMH 3apsIaMy TIPUHATO HA3bIBATh HOHAMH.

Mosekysbl MHOTOYUCEHHBIX KUCIIOT, COJIEH M OCHOBAHWN MPU PaCTBOPEHUU
B BOJIC PacnaJar0TCs Ha HOHbBI. DTOT MPOLIECC HA3BIBAOT IUCCOLMAIIUEN, 2 HOHOCO-
JepKalliuii pacTBOP — 3JICKTPOJUTOM. B pacTBOpe MMEIOTCA MOJIOKUTEIBHO U OT-
PHULIATENILHO 3aPSKEHHBIC MOHBI, YaCTh KOTOPBIX MOCPEACTBOM B3aUMHOIO TIPUTS-
YKEHUS COSAUHACTCS B MOJIEKYJIbI, @ PYrasd 4acTb HAXOAUTCS B COCTOAHUM CBOOO/-
HOTO JIBM>KeHUA. Takum 00pa3oM, CTEMEHb AUCCOLMAIIMU ONPEACIISETCS 10JIeH CBO-
00JIHbIX MOHOB pacTBOopa. CUJbHBIE KUCIOTHI M OCHOBaHus umeroT noutu 100%
CTEIMEHb JIUCCOLIMAIINM; CIIOKHBIE COJIM TUCCOLMUPYIOT CPaBHUTENBHO ciado. Cre-
MEeHb IUCCOLMALIMN HEMOCTOAHHA, OHA MOBBIIIAECTCS MO MEPE pa30aBJICHUA pacTBO-
Pa ¥ MOHMKAETCS C YMEHBIICHUEM €TI0 TEMIIEPATYPHI.

JI7ist OOBSCHEHHUSI OCHOB MPOMCXOJAIIUX MPOLIECCOB HUCMOJb3YETCS OCMOTH-
yeckas Teopus. [loMecTUM MIIACTHHKY KaKOrOo—HUOYAb MeTajljia B 3JIeKTPoJuT. OH
OyJIeT CTPEMUTHCS OT/AATh CBOM aTOMBI B BHJIE HOHOB B pacTBOpP (CO3/1aBasi aBiie-
HUE PacTBOpPEHWA F), a MOHBI MeTaJljla BaHHBI, HA000POT, OYIyT CTApaThCA OCECTh
Ha MOBEPXHOCTHU MOTPY>KEHHOW METAUTMUECKON MIACTUHKHU U AOTOJHUTHCS A0 aTo-
MOB (BBI3bIBA OCMOTHYECKOE NaBiicHHue p). Takum oOpa3oMm, Ha TPAHHUIIE TTOBEPX-
HOCTU METAJUT — PAacTBOP BO3HHUKAET PA3HOCTh SJIEKTPUUECKUX 3apsaaoB. OT 3Jiek-
TPUUYECKOTO HAMPSIKEHUA COOTBETCTBYIOIIErO MeTajuia OyJAeT 3aBUCETh, IEPEBECUT
JU OCMOTHUYECKOE JAaBJICHUE WIM JaBJCHUE pacTBopa. Pa3sHOCTh HanpsKeHU
aTOM/MOH HM3MEPSETCS OTHOCHUTEIBHO BOJOPOJA, aHOTHOE HANPSHKCHHE KOTOPOTO
pasHo 0,00 B. [IpuBeneHHbIC BETUUMHBI OTHOCATCS BCET/Ia K aTOMaM METaJlJIa, a He
K MOHAM BAHHHI.

Crnyudaii, Korjaa OCMOTHUYECKOE JaBjeHUE OOJIbINe MaBjaeHUsA pacTBopa (p >
P), xapakTepHO /Ut O11aropoIHBIX META/UIOB, HAXOAAIIAXCS B AJICKTPOXUMUYECKOM
pAly HampspKeHWH crnpasa OT Bojopoja. Hanpumep, MenHas mjiacTUHA, TOTPY KEH-
Hasg B PacTBOp CyJibara Menu (MEAHOTO KyIMOopoca), MOKPHIBACTCA aTOMaMH MEH
(puc. 2.3.1, a). B psaay nanpspkenuii notenmman Cu/Cu’’ cocransger +0,34 B. Oto
O3HAUaeT, UYTO OCMOTHYECKOE JABJICHUE WOHOB BAaHHBI OOJIbIIIE, YEM JIABJICHHUE
pacTBOPEHUS MOHOB METajlla, M MeAHasA TiacThHa 3apsokaerca a0 0,34 B momoxu-
TEJIbHOTO 3JICKTPUYECTBA.

[Torpy>keHHBIH MeTaUl, B MPOTUBOIMOIOKHOCTh PACTBOPY, UMEET M3OBITOK
AJIEKTPOHOB, T. €. 3apPsSKEH OTpULATeNibHO. MOHBI Meau, HAaxOMASAIIMECS B BAaHHE,
OCaXJAOTCS HA MOTPYKEHHONW METAJUNTMUECKON TUIaCTUHE U OTHUMAIOT Y Hee U30bi-
TOYHBIE AJIEKTPOHBI, YTOOBI JOMOJIHUTL UMH ¢BOM aTombl Cu' ' + 2¢ — Cu-—atoMm.
MenHas miacThHA 3apsaXkaeTca MOJOKUTENIbHO. OJHOBPEMEHHO COKPAIIAETCA KO-
JIMYECTBO MOJIOXKUTENBHO 3aPSKEHHBIX HOHOB ME/IM B BAHHE, OCMOTHUUECKOE JIaBJIC-
HUE CTAHOBUTCH cijladee, U BaHHA 3apsbkaercs otpunarenbHo. [Ipouecc 3akaHunBa-
€TCA TOrJa, KOrJa YCTAaHABJIUBAETCA PABHOBECHUE MEXKAY OCMOTHUYECKUM JIaBJICHU-
€M Y JIaBJICHHEM PAcTBOPA.

Crnyuaii, korga JaBjiCcHHE PACTBOPEHUA OOJIbIIE, YEM OCMOTHUYECKOE JIaBlic-
Hue (P > p), XapakTepeH T BCeX HEOIaropoJHbIX METAIOB, KOTOPBIE CTOSIT CJie-
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Ba OT BOJAOPOJAA B 3JECKTPOXMMHUUECKOM Py HampsbkeHuil. Hanpumep, nuHkoBas
MJJaCTHHA TOTPYKEHA B PacTBOP CyJib(dara muHKa 1 TaMm pacTBopsercs (puc. 2.3.1,
6). B psaay nanpsokenuit noreHmman aas Zn/Zn' cocrasnser —0,76 B: [laBnenue
PaCTBOPEHHUS IIMHKA OOJIbIIIE, YEM OCMOTHUYECKOE JAaBjieHUE pacTBopa. llorpyxeH-
Hasl MJIACTUHA UCTIBITHIBAET HEAOCTATOK B JICKTPOHAX. ATOMBI IIUHKA MEPEXOAAT B
BAHHY KaK WOHBI:

AKCN + Ag,S  2K{Ag(CN),] K,S. (2.3.12)

Puc. 2.3.1. CxeMa BO3HUKHOBEHUSI U B3aUMOJEUCTBHS OCMOTHUYECKOIO NaBJICHUI U
JaBJICHHUs PACTBOPEHUS: a — OCMOTHYECKOE aBJieHHe OOJIbIle TaBICHUST PACTBOPEHHUS (MEIHAS
MJIACTUHKA MOTPYKEeHa B PACTBOP MEAHOM COJN); O — naBjeHHe pacTBOPEeHMsI OOJbIIe OCMOTHYE-
CKOTO naByieHus (IMHKOBAs IJIACTHHA MOTPYKEHA B PACTBOP LIUHKOBOU COJIH)

braromaps sTomy miactruHa 3apsskaeTcs oTpuIaTebHo. OTHOBPEMEHHO TO-
BBIINACTCS KOJMYSCTBO MOJIOXKUTEILHBIX HOHOB B BaHHE, OHA 3apPsKACTCS MOJI0KH-
TenbHO. IIporiecc ObIT Obl OKOHUYEH, €CM Obl HAa TPAHMIIE CIIOA METAJI — PacTBOP
OBLIO TOCTUTHYTO paBHOBEcHE 3apsAnoB. OMHAKO, €CIM MOHBI IIMHKA OyIyT MOCTe-
MICHHO YJAJIATHCS W3 PacTBOPa BAaHHBI, MPOIECC OYJAST UIMTHCA A0 TE€X IMOP, MOKa
MeTa/UTHUeCcKas TUTACTHHA TTOJTHOCTHIO HE PACTBOPHUTCS.

[Tponiecc morHOrO0 OOMEHA MPOTEKAET cieaytomuM obpazom. [lycts morpy-
JKEHHBI METAJT U METAJII, COACPIKAIMICSA B PACTBOPE COJIH, HE SBIISIOTCS HICH-
THYHBIMH, HaIPUMEP, AJICKTPUUCCKH HEOIAropoJHbIA METaal IMOrpyKaeTcs B
PacTBOP COJTM KaKOTO—HHUOY b AJICKTPHUECKH OJIArOPOAHOTO MeTalIa. YeM nmasbime
yIaleHBl IPYT OT APyra B psAay HANpPsDKCHUM ydacTBYIOITHE B OOMEHE METAJLIHI,
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TEM CWJIbHee uaeT peakuus. HeGmaropoaHelii MeTamn nomajaaetT B pacTBOP U BbI-
TecHseT OoJiee OaaropoaHbiii U3 ero coju. PaccMoTpuMm 3TOT ciyuaii Ha ripuMepe,
KOT/1a JKeJIe3Has TUIaCTUHA MOTPYysKeHa B PaCTBOP METHOTO KyTopoca U TMOKPHIBACT-
Csl PU 3TOM MEJIBIO, T. €. oMeaHsAeTCs (puc. 2.3.2).

[Ipu 3TOM Kene30 umeet 6o0Jiee BHICOKOE aBJIEHHUE PACTBOPEHUS U TOCHLIAET
CBOM MOHBI B PaCTBOD:

Fe-atrom - 2e— Fe' ' (2.3.13)

HoHbl Meau BEITECHAIOTCS U3 pacTBOpa U OCAKAAOTCA B BUAC aTOMOB MCIAH
Ha MMOBCPXHOCTH KCJIC3A.

Cu" "'+ 2e- Cu-atom . (2.3.14)
So|| cu @ & cul|So,
so|lci|l=—@ & = E—|cul|sq,
sgl[rE] (@ = °— @ [re|[so
So||Fe| =— — Cu C) = — |Fe||So,
So||Fe|=— —C C) - —|Fe||S0,
sg)[fe] — A~ —~[&][ss

Puc. 2.3.2. Cxema noHHoro ooMeHa (kejie3Hasi IUIaCTHHA MOTrPYyKeHa B PaCTBOP METHOM COJIH)

[Ipouecc 3aKkaHUYMBAETCA B TOM CJIydae, €CJId MOBEPXHOCTh MOTPYKEHHOMN
TJIACTHUHBI TTACCUBUPY€TCS MOKPBITUEM U3 METAJIJIa BAHHBI.

[IpUMEHSIOT TaK:KE rajJbBaHUYECKUE MPOLECCHI MPU HATUYUU NOCTOPOHHETO
HUCTOYHUKA TOKa (Kucjaoe meaHeHue). [Ipu aTom mporiecce MpUMEHsIOT BaHHY Clie-
JYFOLIETO COCTABA:

Cyabsdat meau CuSO,~5H,0 — 220 r/n;

Cepnas kucyiora H,SO4 — 30 /5.

B 371€KTpOoaMT NOMEIIAOT JIBa 3JEKTPO/1a, HAMPUMED JIBE MEIHBIE MJIACTUHBI,
KOTOPbIE COEAUHAIOTCA C MCTOUYHMKOM Toka (puc. 2.3.3). BaxkHeiieit coctaBHOM
YaCcThIO BaHHBI ABJIETCA CybpaT Meau. OH TUCCOUMUPYET B BOJIE MO PEAKIIUU

CuSO,» Cu'~ SO+ . (2.3.15)
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Puc. 2.3.3. Cxema npoiiecca, NpOTEKAIOLIEro B TajbBAaHUYECKOH BAHHE C HICTOYHUKOM TOKa (Mef-
HBIE AJIEKTPOIbl IOTPYKEHBI B pACTBOP COJIU MEM)

CepHas kucjoTa npensaTcrByeT oopazoBanuio Cu,O Ha KaTojie, MOBBIIIACT
AIIEKTPONPOBOJTHOCTD DJIEKTPOJUTA U yMEHbINAET cTeneHb auccoiuanuu CuSO,,
YTO CIMOCOOCTBYET MOTYUYSHHUIO MEJIKO3EPHUCTOrO MOKPHITUSA. B criokoiiHoMm cocto-
SIHUM, T. €. IOKA B BAHHY HE MOJAHO HANpsHKEHUE, 002 MEIHBIX AJIEKTPO/1a MOKPbI-
BAIOTCSl MEJIBIO, BBIICIISIONMICHCS W3 AJICKTPOIUTA, BCICACTBHE BBICOKOTO OCMOTH-
YECKOTO AaBJeHUSA. ITO OyAeT MPOUCXOAUTH IO TeX TOp, TTOKA MOTCHITAN HaIps-
KCHHUI aTOMOB ¥ MOHOB ME/IM HE BHIPOBHSETCS.

Ecnu BxItouaercst TOK, TO TOT NOTEHIMA IMOKOS CMEIIACTCs: MO BO3/ICH-
CTBUEM HAMPSIKEHUS OT TOCTOPOHHETO MCTOYHUKA TOKA OJIUH JICKTPO/T 3apsKaeT-
CSl OTPUITATEIIHHO M CTAHOBUTCSA KAaTOAOM. biarogapst 3ToMy MOBBIIIACTCS OCMOTH-
YeCKOE JaBJICHUE BaHHBI, TAK KaK Ha MOBEPXHOCTH Karojaa olOpa3yercs M30bITOK
AJIEKTPOHOB.

OH J0/DKEH KOMIICHCHUPOBATHCS BCIIEJICTBUE TOrO, YTO HMOHBI MEIU U3
pacTBOpa BaHHBI, OCAKASICH HA TTIOBEPXHOCTH KAaTOAa, OTHUMAIOT Y HETO JIEKTPO-
HBI ¥ TAKUM TIyTEM JIOTIOJHAIOTCS 10 HEUTPATLHBIX aTOMOB ME/IU:

Cu' "+ 2 Cu-adii . (2.3.16)

[Ton BO3mEHCTBMEM TOKA OT MOCTOPOHHETO MCTOYHUKA BTOpAs MEJHAs IUla-
CTHHA 3apsKAETCS TOJIOKUTEILHO U CTAHOBUTCS aHOJOM; €€ AJIEKTPOHbI OTHUMA-
IOTCSL M TEPE/IAF0TCA BO BHEHIHIOW 1I€Mb. TOK OT MOCTOPOHHEr0 UCTOYHMKA JCH-
CTBYET TaK, YTO METa/Ul aHOJla CTAHOBUTCS JJEKTpUUECKU HeOaaropoaHbiM. Ero
OCMOTHYECKOE JIaBJICHUE YMEHbINAETCS HACTOJIBKO, YTO JABJICHUE PACTBOPA BAHHbI
oKasbiBaeTcs Oosibliie. OTpuliatelibHblii KOH BaHHBL SO4~ ~ BBIHYKIEH U3—3a 3TOTrO
OT/IaTh CBOU U30BITOYHBIC DJIEKTPOHBI AHOTY:
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SO, -2 SO, . (2.3.17)

Hrak, 06a kommoneHnTa BaHHbl Cu’ " 1 SO4 "BBIHYXKIEHBI YPaBHSITH CBOM
3apsanbl. OHW CTAHOBATCS JICKTPUUECKH HEUTPATbHBIMU, Ojlaroaps 4eMy B BaHHE
OTATh YCTAHABIIMBACTCS COCTOSSHHE paBHOBecws. Helttpampubrit SO, oTHUMAaET y
MeTajuia anoga oaud Cu—arTom, TOTMOJHAETCA Oiaromaps STOMY OMATh IO MOJIEKY-
asr CuSQy, xkoropas muccoumupyet 3areM Ha Cu u SO". DTUM HOCTHraeTcst uc-
XO/JIHOECTOSTHUE, W TPOIecC HaumHaeTcs cHoBa. CoaepikaHWe MeTajiila B BaHHE
OCTaeTCsl TEOPETUUYECKH TOCTOSHHBIM. Ha TpakThke OHO W3MEHSETCS HM3—3a O-
HOBPEMEHHO MPOTEKAOIIETO BTOPUIHOTO TPOIECCa.

DNEKTPUIECKUIA TOK TPOXOJNUT YepPe3 BaHHY C OMPEACICHHON WHTEHCHUBHO-
CTBIO, KOTOpas U3MEPACTCA B amrmepax (A). Cuna TOKa
3aBUCUT OT MPHUJIOKCHHOTO HAMPSDKEHUA, U3MepseMoro B BosbTax (B), u compo-
THUBJICHHAA BaHHBI, m3mMepsaemMoro B omax (Owm). [1o 3akorny OmMa cuiia Toka paBHA OT-
HONICHHIO HAMIPSKEHUS K COMPOTHUBIICHHUIO

I= =, (2.2.18)

B ranpBaHmyeckux mpoileccax Cujia MPUMEHSIEMOro TOKa 3aBUCUT OT 00IIeH
MJIOIIAAN TOBEPXHOCTH U3JETUN F, Ha KOTOPYIO TOK ACHCTBYET. ITO COOTHOIIICHHE
U3MEPAETCA B aMIIepax Ha AM° M HA3bIBAETCA IJIOTHOCTHIO TOKA D). [ KaI0ro
ANEKTPOSIUTA ONPEAESIEHa MIIOTHOCTh TOKA, KOTOPas, OAHAKO, HE MOYKET OBITh Mps-
MO YCTAHOBJICHA MPHU HAJAJKE BaHHBI. Tak Kak MOXHO U3MEHSATh B OMPEICICHHbIX
npeaenax JiMillb CHIy TOKa, TO MPUXOAUTCS MOACTPAUBATLCS MO TPeOyeMYIO TIOT-
HOCTb TOKA 32 CUET U3MEHEHHUS TUIOIIAAA TOBEPXHOCTH 00pabaThiBaEMbIX U3ACTUMA
(KOJTMYECTBA MPEAMETOB B BaHHE). I1I0THOCTH ToKa D [A/nM*] paBHa OTHOIIECHHIO
cunbl Toka / [A] k mromanm nosepxuoctd uaenuii I [am?]. OT MOImHOCTH UMErO-
LIErocs UCTOYHUKA TOKA B CBOKO OYEpEb 3aBUCHUT HAMOOJbIIAs BO3MOXKHAA IJIO-
1a/1b TOBEPXHOCTHU U3JENNH, onpeaesnsemas o popmyiie

F= (2.3.19)

!
e
Hanpumep, mnomans MoOBEPXHOCTH M3AENUA [ MPH IUIOTHOCTH KaTOIHOTO

TOKa B BaHHE JUIS IIPEABAPUTENLHOTO cepebpenus D = 2 A/nm* U BO3MOXKHOM CHle
Toka ycTtaHoBku [ =1,5 A, cocTtaBuT

Fm

Lk 0,0025 * . (2.3.20)
D 2
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BenuunHa raibBaHMUECKOTO HAMPSXKEHUS B BAHHE, OMPECIIEHHAA 10 3aKOHY
Oma, OyzieT HE COBCEM TOUHOM, TaK KaK MPUJI0KEHHOE HAMPSHKEHUE KPOME COMpPO-
TUBJICHUS BAHHbI JIOJDKHO MPEOAOJIETh MOJAPU3ALMOHHOE HAMPSHKEHUE SJIEKTPO-
JIOB, T. €. pa3HOCTh HANPSKEHUN, BO3HUKAIOILYIO MPU OTCYTCTBUU UCTOYHUKA TOKA,
MEKIYy METAUIOM 3JIEKTPOJAOB M METAJUIOM BaHHBI U AEHCTBYIOIIYIO B MPOTUBOIIO-
JIOKHOM TOKY HampasjieHuu. OTCroa CIEAyEeT, UTO. HANpPsHKEHUE BAHHBI = CUJIE
TOKA | COMPOTHUBJICHUE BAHHBI + AaHOAHBIN MTOTEHIIAA + KATOIHBIN MOTCHIIAAI.

Bricokas mIOTHOCTh TOKA YCKOPSAET Mpoliecc 00pa3oBaHuA rajibBAHUYECKOTO
NOKpbITUA. OJHAKO CJIOH MOKPHITUA PACTET CAUIIKOM OBICTPO M MPHU 3TOM 00pazy-
10TCsA OoJibliive KpucTauibl. CTPYKTypa MOKPBITHS CTAHOBUTCS PHIXJIOH, MOPUCTOM
U UMEET TUIOXO0€E CILICTICHUE ¢ MeTajiiioM. Hapsiny ¢ Metaijiamu B pacTBOpE COAEP-
»KaTcs Takke WOHBI Bogopoaa H', koTopsie Beeria HMMEIOTCS B BOJIE U AUCCOLUHPY -
10T U3 100aBOK. Ec/ii npeBbICUTh MIIOTHOCTh TOKA, PEKOMEHAYEMYIO ISl BAHHBI, TO
Ha KaToJi¢ HAYHET BBIACIATHCA razoo0pa3Hbiii Bogopod. Hambonbinas tpeOyemas
BEJIMUMHA HAMPSKEHUS AJ1 BBIACJICHHUS BOJOPOJA HA3bIBAETCA MEPEHANPSKEHUEM
BOJIOpoJia. BennunHa 3TOro nepeHanpsiKeHus y OTACIbHbIX METAJJIOB PA3JIMyHa.

M3—3a MOBBIIICHHOW MJIOTHOCTH TOKA YACTHMUKKA METaJUla HAUMHAKOT OcCa-
XKJAThCA U3 BAaHHBI HACTOIBKO OBICTPO, UTO SJEKTPOIUT OKOJIO KaToda 00eaHsAeT A
HOoHaMu MeTauia. TpeOyemoe paBHOBECHE 3apsa0B MOMKET ObITh JOCTUTHYTO B
3TOM CJIy4ae 3a CYET HACHIIIEHUA PacTBOpPa OOIBIINM KOJIMYECTBOM HOHOB BOAOPO-
na

H" + ¢ — H-arom. O6pa3oBaBiiiecs aToMbl BOIOPO1a 00BEIUHAOTCS B MO-
JIEKYJIbl ¥ TIOJJHUMAKOTCSA B BUJIE MYy3bIPbKOB ra3za. TakuMm o0pa3oM, MPUIOKEHHOE
JUTSl TIOBBIIIEHHOM MJIOTHOCTH TOKA HAMPSKEHUE UCHOJBb3YETCA Il OCAXKICHUA Me-
TaJljla TOJIbKO YacTuuHO. Kpome TOro, CTpykTypa OCaKJIEHHOIO0 METajljla CHUJIbHO
MOBPEKIAETCA BCIEICTBUE TOTO, YTO 4acTh 0OpPa30BaBUIEIOCs razo00pa3HOro BO-
JI0OpOJia MPOYHO 3aCTPEBAET B T'y0UATOM METAJUIMUYECKOM MOKPHITUH, KOTOPOE TOJTY-
YaeTCs B pe3yJibTaTe XPYNKUM, MOPUCThIM. [Ipu coOMmoaeHur NTPEANUCAHHbIX 3HA-
YEHUH HAMpPSKEHUS BAaHHBI U TJIOTHOCTH TOKA MOXKHO M30€KaTh MOAOOHBIX HEMPHU-
SITHOCTEM.

B kadecTBe aHOAa Jiydllie MPUMEHATh OJIArOPOHBIA METaJUl, TaK KaK BaHHA,
Osiarogapsi 3TOMy, MOCTOSIHHO BOCIOJHACTCS 3a CUET MeTajjla aHoAa. Eciu ke uc-
MOJIb3YIOTCSA HEPACTBOPUMbBIC aHOMbI U3 TJIATUHBI WM HEPKABEIOLIEH CTalik, TO B
ATOM CJIydae 3KOHOMUTCS METAUl aHOJA, HO MOTPEOHOCTh BaHHBI B OJaropoaHOM
MeTaJlJIe JOJIKHA MOKPBIBAThCA TOOABKOW HOBBIX COJIEH MeTaJlIa.

J1Jis rajibBAHUYECKOTO CEPEOPEHMS UCTIONB3YIOT COCTaBbl BAHH M PEKUMBI KX
padoThl, mpuBeAcHHbIC B Ta0n. 2.3.1 u 2.3.2.

Banna cocTouT M3 Tpex KOMITOHEHTOB: KaJIMEBOTO IMAHUIa cepedpa (uima-
HOApreHTaaTa Kajus) Kak HOCUTENS MeTajula, MMaHnu1a Kajaus U kapOoHaTa Kajus,
KaK COJICH »JiekTpoJiuta. BMecTo cosu kajaua MoryT ObITh MCHOJIB30BAHBI U COJIH
Hatpus. [Ipouecchl, TPOUCXOAIIME B BAHHE.
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Tabmuua 2.3.1
CocraB u pexuMbl padOThI BAHHBI JJIsl IPEABAPUTEIBHOTO cepeOpeHus

Cocras Pexxrmvbl
JlunmanoaprenTtaat kanus (54% Ag) K [Ag(CN),] 8 r/n
Hnanun xamust KCN 80 r/n
Marepuan aHoAa: HeP KaBEIIasl CTallb -
Temneparypa 18-20° C
I1n0THOCTH KaTOAHOTO TOKA 2 A/nm?
Hanpsixenne BaHHBI IPU PACCTOSTHUM MEXIY 4-6B
aHojgamu 15 cm
PacueTrHbie HOpMBL: cepeOpo B BaHHE

3-4 1/n

CBOOOTHBIN ITHAHUCTBIN KaJIHi 60-80 r/n

Tabmuua 2.3.2

CocraB u pexxuMbl pabOTHI BAHHBI 1151 TOJICTOCIOWHOTO cepedpeHust

Cocras Pesxxnmbl
JunmanoaprenTaar kanus (54% Ag) K [Ag(CN),] 50 r/n
Iuannn xkaous KCN 25 r/n
Kapbonat xanus K,CO, 30 r/n
Marepuan aHoga: uucToe cepedpo -
Temneparypa 18-24° C
I1710THOCTH KaTOAHOTO TOKA: MTPY HEMOABMIKHBIX HU3IETHUSIX 0,3-0,5 A/nm?
IBIDKEHUHU U3NEIIUN 1-1,5 A/am?
Hanpsi>keHne BaHHBI IPU PACCTOSHUU MEKAY aHoxamu 15 cm 0,7-1 B
PacuerHble HOpMBI:
cepeOpo B BaHHE, 25-30r
CBOOOTHBIN [THAHUCTBINA KaJIHid 70-100% ot

conep kaHus cepedpa

Bakneiimieii yacThio BaHHBI ABIAETCA KoMIUTeKcHas coiib — K [Ag(CN),]:
B BOJIC OHA JIUCCOIMUPYET HA UOHBI [0 PEAKIHH

K[Ag(CN),]» K* [Ag(CN),] , (2.3.21)

npu AieKTponu3e noH Kanusa K Hefitpanusyercst Ha katoae K + ¢ — K—arom; B T0
BpeMs Kak koMmriekcHbid annoH [Ag(CH).|” pacmamaercs

[Ag(CN),] » Ag 2CN (2.3.22)

>

HOH 1Ag+ MOJIydacT ¢ Karolda 3JCKTPOH, JOIMOJIHACTCA A0 aToOMa W OCAXKIAACTCA Ha
MMOBCPXHOCTH KATOAA.

Ag' + e -Ag-atom. (2.3.23)
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Onun u3 oboux noHoB CN™ OTHaeT Ha aHOJE SJEKTPOH U O0BEAUHAETCS C
aToMoM Ag U3 MeTaJlJla aHOJa, C 00Pa30BaHUEM LIMAHUCTOTO cepedpa

CN+ Ag  AgCN | (2.3.24)
Hpyroit non CN™ o0benunseTcs € HeiTpaninzoBanHbiM K u o6pazyer KCN
CN+ K KCN, (2.3.25)

00a BEIIECTBA PACTBOPSIOTCA U 00Pa3yIOT OMATh UCXOAHBINA MPOIYKT

AgCN+ KCN  KRg(CN),]. (2.3.25)

JlnmmanoapredTaar Kajivus JUCCOIMMUPYET CHOBA, M OMUCAHHBIN MPOIIECC TO0-
BTOpsieTCA. BeneacTBue Toro, 4To y KOMIUICGKCHOW COJTM KOHIICHTPANAS METajiia
HIWDKE, TPOTIECC OCAXKACHUS HIET CYIIECTBCHHO CIIOXHEE, YEM Y TIPOCTHIX COJICH, a
0CaJIOK BBITIAIaeT 0oJiee TIJIOTHBIM W MEJTKO3EPHUCTHIM. BaHHA MOMOHSIETCS TTOUTH
MOJTHOCTHIO M3 METAJIIa aHOJa, TIOSTOMY €r0 MOXKHO J0JITO€ BPEMs MCIOb30BaTh,
HE OOHOBJIASI COJIb BAaHHBI. ECIM TUIOTHOCTh @HOJHOTO TOKA CIUIIKOM BBICOKA, TO
aHOJI TIOKPHIBAETCS CIIOEM IMAHKMCTOTO cepedpa, KOTOPOEe MOJMMEPU3YETCs 10 TMa-
parmanuaa cepedpa. B To BpeMs kak o IMaHUCTOro cepedpa Mpu nMpephiBaHUN
TOKAa OMATH PacTBOPSIETCS, M30JMPOBAHHBIN CJION MaparuaHuga cepedpa coxpans-
€TCH.

CBOOOMHBIN TIMAHW] KaHs JaeT BO3MOXKHOCTh B TEPBYIO OYepe/lb YMEHbB-
IITUTh KOHIICHTPAIAIO HOHOB MeTajuta. CTeneHb AUCCONMAIMA AUITHaHOApTeHTaaTa
Kl onpeaensercs TouHo. Eciam 1o6aBuTh ¢cBOOOHOTO MMAHUIA KAJIHS, KOTOPBIHA
obpa3yeT OHOPOIHbIC MOHBI, TO YMEHBIIIACTCA YaCcTh CBOOOAHBIX HOHOB cepedpa B
BanHe. Kpome toro, cBoboansiii KCN ymeHbIIaeT moTeHIMaa cepedpa, CHUXKAET
TaKKe MEMEHTaNni0 (MOHHBIM OOMEH) W MPEMATCTBYET TEM CaMbIM KOHTAKTHOMY
BBIJICJICHUIO cepedpa, KOTOpoe OCOOEHHO 3aMETHO MpU cepeOpeHur HedIaropo-
HbIX MeTaiyioB. Ecnu, O6maroaaps no6aske cBobogHoro KCN, yMmMeHbIIaeTcss KOH-
ICHTPAIUs HOHOB Ag, TO YMEHBINAETCSA TAKXKE M MOTEHIHA cepedpa 10 OTpHIla-
TEJLHOTO 3HAYEHUSA, T. €. B CTOPOHY HEOJIAropoaHBIX METAIOB. Tak, Hampumep:

Pacteop 27 v/ Ag 6e3 ceoboaaoro KCN umeer morennman +0,15,

Pacteop 27 r/n Ag ¢ 1,6 r/m KCN umeer norenruan — 0,232,

PactBop 27 v/n Ag ¢ 16 t/m KCN umeer norennman — 0,381,

DNEKTPOTPOBOTHOCTh W PACCEMBAIOIAA CITOCOOHOCTh BAaHHBI YBEIUUHBAIOT-
Csl IPU HAJTMIUH YTIIEKUCIION conm (KapOoHaTa), 0CaJI0K CTAaHOBUTCS 0OJIee MEJTKO-
3EPHUCTHIM U TBEPJIBIM.

[{ems HOpMATBEHOTO CepeOPEHUS 3aKITIOYACTCS B TIOJYYCHUHA CTOWKOTO U OT-
HOCHTEIIBHO TOJICTOTO cepeOpssHOTo MOKphITHS. [[0BEpXHOCTD M3IEMMs JOJKHA T10-
JYYUTHCA MATOBO—O€JI0M, paBHOMEPHO MOKPHITON cepeOpom, 0e3 MATEeH U OJecTs-
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KX MeCT. [ 3TOro mMpuMEHSIOT aHOA M3 YUCTOro cepedpa TONMIIMHOK OKOI0 1
MM. BennuuHa noBepXHOCTH aHO/AA AOJAKHA COOTBETCTBOBATH IUIOIIAN MTOBEPXHO-
cty u3aenus. Eciau noasepraioT cepeOpeHUI0 MEJIKUE MPEAMEThI, TO aHOJ MOJBe-
IIMBAIOT TaK, YTOOBI OH TOJILKO YACTHUUYHO OBLI MOTPYXEH B PacTBOP BaHHbI. Eciu
AQHOJ| CJUIIKOM MAJICHbKUH, HE0OXOAUMO OO0Jie€ BBICOKOE HAMPAXKECHUE, KPOME
TOTr0, JOJIKHO OBbITh YBEJIMUECHO PACCTOSHUE MEXKIY aHOAAMHM IJig TOTrO, 4YTOObI
COXPAHHUTh UX PACCEUBAIOIIYIO CIOCOOHOCTh. B 0011ieM, paccTosaHrE MEK Iy aHOa-
MU JOJKHO cocTaBisATh MuHUMYM 10 cM. Korga BaHHa HaxoAMTCS B SKCIUTyaTa-
LUK, aHOJA JOJKEH ObIThb MATOBBIM, CBETJIO—CEpbiM. [Ipy BBIKIIOUEHUH TOKA OH
JIOJKEH OMSTh MPUHUMATh MEPBOHAYAIbHBIN Oenbli 1BeT. [Ipu Oe3nelicTBun BaH-
HbI aHOJ IOJI’KEH OCTABAThCS B PacTBOPE.

[Tocne BKIIOUEHUA TOKA U3JIECIUE KPEMAT MPOBOJIOKOM M3 YUCTOro cepedpa
WJIM C MOMOIIBIO APYTUX MPUCTOCOONEHUH Ha ITaHTy Karojaa. Ecnu uznenue ene
He 00padaThIBAJIOCh B BaHHE I MPEIBAPUTEIIBHOTO CEPEOPEHHUS, TO HAMPKECHUE
BAHHbBI MOBBIIIAIOT CHauasia nmpumMepHo Ao 5—6 B. [locie nosyyeHusa mioTHOTO ce-
pPEOPSAHOTO MOKPHITUA MPOAOKAOT padoTaTh JAlbIIE C 3aJaHHBIM HOPMAJbHBIM
HaIPSHKEHUEM.

Ecnu uzaenue yxke mpouuio MpeaBapuTebHOE cepeOpeHue W KpalleBaHHE,
€ro MOMEIIAT B BAHHY W MOJBEPraloT cepeOpeHurto npu 3aAaHHbIX ycioBusax. [lo
ucredeHnu 15-20 MUH €ro BEIHUMAIOT, TPOMBIBAIOT M KPAIYIOT JIATyHHBIMH TIET-
Kamu. bparoaaps 3ToOMy MOBEPXHOCTh CTAHOBUTCS OJNIECTSIICH,; MOXXHO OJHOBpE-
MEHHO KOHTPOJIUPOBATH — BCS JIM MOBEPXHOCTh MOKPHITA CEPEOPOM. 3aTEM U3JETUE
OTSATH MPOMBIBAIOT B BOJIE. Eciu ToniMHa C10s HeIOCTAaTOUHA, U3/Ae/IME TOABEIIH-
BAIOT €IIIE Pa3 U MPOILIECC MOBTOPSIOT, MOKAa HE OyeT NOCTUTHYTA Xenaemas TOJ-
1MHA NOKphITUA. [locne nmocnenHero KpaeBaHus U31eaue NoABEIIMBAIOT B BAHHE
elle pa3 NPUMEPHO HA 3 MUH, HO 0€3 MPOMYCKAaHMs TOKA, MPOMBIBAIOT €r0, BhICY-
IIMBAIOT U MOJIMPYIOT HAa TKAHEBOM M BOWMJIOUHOM MOJMPOBAIbHBIX Kpyrax. Eciu
MPEIMET JIOJKEH ObITh MAaTOBBIM, TO OT MOCJICTHETO KPAlleBaHU OTKA3bIBAOTCA.

OObiuHbIE cepeOpPAHbIC BAHHBI, COACPIKAIINE [MAHUCTBINA KATuH, UMEIOT Clie-
JYIOTINE HEIOCTATKH: 1) 0CaJOK BBHITIAIAET BCET/Ia MATOBBIM U MOITOMY, KOT/Ia W3-
JIEIUE JOJIKHO UMETh OJIECTAILY IO MOBEPXHOCTh, MPEIMET NPUXOIUTCA MOJABEPraTh
MOJIMPOBAHUIO, 2) HU3KAs MJIOTHOCTh TOKA JOMYCKAeT TOJBKO MEUICHHOE OCaXK/Ie-
HUE METala; 3) MOBEPXHOCTh OCAXKIACHHOTO CJIOS TOMYyYaeTCsl MATKOH W OBICTPO
uctupaetcsa. CepeOpeHre MOXHO YIYUITUTh CASAYIOMMME MeToaamu: 1) nobasie-
HHMEM B BaHHY C ITMAHMCTBIM KajlueM OJieCKoOOpa3yromux A00aBOK, TaKHWX Kak:
COJIM CEJICHA W TEJUTypa, THOMOYEBHHA, CEPOYTIAEPOI, THOCYIb(aT aMMOHUS U JP.;
WHOTAA OO0 J00ABOK HACTOJIBKO YBEIMYMBAIOT, YTO padOTa BaHHbI CTAHOBUTCS
HE 3aBHCHMOW OT COJEPKAHWS IMHUAHUCTOTO KaJiws, 2) OTKa30M OT IMaHW[A, Kak
OCHOBBI 3JIEKTPOJINTA, U COCTABIICHUEM BAaHHBI U3 JIPYTUX BELIECTB, HANpPUMEp, Ta-
KWX KaK WOJHJIBI, PAJOHH/IBI, THOCYJIb(aTa v Jp.

B pesynbrare ucciaenoBanuii ObIIA pa3padOTaHbl PELENTh BAaHH AJIs OJIeCTs-
mero cepeOpeHus o0eCneurBaroOIue 3€pKajJbHO OJiecTsiee MOKpbITHE. ToJcTo-
cioiiHoe cepedpeHne, KOTopoe B OOBIYHOM BaHHE MPOJOIKAETCs B TeueHue 3—4 u,
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B CJTy4yae HMCIIOIh30BAHUS dTHUX BaHH 3akaHUMBaeTCs depe3 30 MUH, Tak KaK MOXET
OCYILECTBIIATLCA TPH INIOTHOCTH ToKa 10 1,2 A/nm?. Her He0GX0AMMOCTH TIPEPHI-
BaTh MPOIIECC, YTOOBI TTOABEPTHYTH M3ACIHS KPAICBAHUIO, KOO TJIaJKOE TMTOKPHITHE
6€3 Mop ¥ My3BIPEKOB PABHOMEPHO OJIECTUT Hake Ha MPOPUIMPOBAHHBIX JACTAIISX,
obnagaeT BHICOKOW MMPOYHOCTHIO W MAJIOW M3HAIITMBAEMOCTBIO.

["anpBaHMUECKOE 30JI04EHUE — CIIOCOO, KOTOPbIA BO MHOTOM TMOXOK HA T'ajib-
BaHmueckoe cepebpenue. [losTomMy mporecchl, OMUCAaHHBIE MPUMEHUTEIHHO K
HEMY, TIPOUCXOAAT U TIpH 30510ueHur. COcTaB M PEXUMBI pabOTHl BAHHBI IS 30J10-
YEHHUS MPEACTaBJIEHBI B Ta0m.2.3.3.

PaznuuHyro oKkpacky 30J0TOT0 MOKPHITHS yAaeTCs B OOJIBIIIMHCTBE CIIy4yacB
noydars Ojarogaps no0aBkaM B BaHHY HapsAy € 30JI0TOW COJIBIO COOTBETCTBYIO-
el com APYTOro MeTalljia, BCIASJACTBHE YErO HAa W3JIENUE OCAXKIACTCA OTHOBpPE-
MEHHO o0Oa MeTayyia. Tak, HampuMep, B BaHHE 3€JICHOTO 30J710Ta TAIbBAHUYECKOE
MOKPBITHE HA M3JICTTUM 00Pa3yIoT 30JI0TO B CEPEOPO.

Kommekcras conb — K[Au(CN),] sBnsiercs HOCUTENneM OJIaropoHOTO Me-
TajuTa, OCHOBHOM COCTaBHOM YaCThIO BAHHBI. 30JI0TO HAXOJWUTCA B 3TOM COCTUHE-
HUAW B OJHOBAJICHTHOM COCTOSHUH. B TTaBHBIX yepTax MPOIECC rajbBaHHUECKOTO
OCaXKJIEHUS 30JI0TA COOTBETCTBYET PACCMOTPEHHBIM BHINIEC TPOIECCAM TOTYUCHUS
cepeOpSAHBIX MMOKPHITHI W3 AUIIMAHOAPTCHTAATA KAJIHSI.

Tabmuua 2.3.3

CocTtaB u pexXUMbI padOThI BAHHBI IS 30JI0YCHHUS

Junmanoaypaat kamus (40% Au) K [Au(CN»)] 8,5 r/n
Hnanun xamust KCN 10,0 r/n
Junarputibocdar Na,HPO, 70,0 t/n
Matepuas aHOA: YHCTOE 30JI0TO -
Temneparypa 18-20° C
ITI0THOCTH KAaTOIHOTO TOKA 0,1-0,52 A/nm?
Hanpsi>xkenne BaHHBI IPU PACCTOSHUM MEXKIY aHOJAAMHU 15 cM:

npu 18-20° C 2-22B
npu 60— 70° C 1-2 B
Uucroro 30510Ta B BaHHE 3-4 r/n
CB0OOIHOTO IMAHUCTOrO KaJIHsI 10-15 r/n

XO0T4 30J10TO B PSAYy HANpPSsHKEHUH 3aHMMAET MECTO CaMoro OJIaropoJHOro
MeTajula, HO B PacTBOPE IMMAHMUJIOB €r0 MOBEICHWE MEHEe OJaropogHo, YeM cepe-
opa. Kak u npu cepeOpeHHUH, 4acTh CBOOOJHOrO ITMAHUAA KaJlus 0OyCIIOBIMBAET
YMEHBIIIEHAE COAEPKaHUSI CBOOOTHBIX MOHOB JPATrOIEHHBIX META/UIOB M 33 CUET
ATOTO CMEIIACT MOTSHITHAT HAMPSKCHUNW B CTOPOHY €IIe MeHee OIaropoHbIX Me-
Taji10oB. ONacHOCTh MOHHOTO OOMEHA C HEOJAropoJIHbBIM METAIIIIOM M3JENUs TpU
30JI0UYEHWY 3HAUATEIILHO MEHBITIE, UEM TIPH CEPEOPCHUH.

B pactBope mis 3omoueHus docedara HaTpHA ASHCTBYET Kak TOKOIPOBO/IS-
11as CoJib U COOTBETCTBYET MO CBOEMY ACHCTBUIO KapOoHaTy mpu cepedpennn. OH
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JIOJKEH TIOBBINIATH MPOBOJAUMOCTD AJICKTPOJUTA M YBEIMUMBATH PACCEUBAIOIITYIO
CIOCOOHOCTh HOHOB OJIArOPOJAHOTO METajlIa.

OcoOeHHOCTH TOATOTOBKH HW3ACIHA 3aKIIOYAlOTCS B TOM, YTO W3—3a He-
OOBIION TOJIIMUHB HAHOCHMOTO 30JI0TOTO TMTOKPBITHS MTOBEPXHOCTD U3JCITAS JTOJIK-
Ha OBITh OCOOCHHO THIATENIFHO 3auMIlieHa W oTnojmpoBaHa. Kaxmas mapanuHa w
KakJas  HEPOBHOCTh  HA  MPEAMETE  OCTAlOTCS  BUAWMBIMH  TIOCIHIE
30JI0UCHUA W JaXe e1e 0ojiee YeTKO OTTeHsIoTCA. KpoMe Toro, m3aenue MOKHO
OBITH O€3YKOPU3HEHHO MPOMBITO U 00€3:KUPeHO. ClIeIyeT YUeCTh, UTO MEePE] 30J10-
YEHUEM W3NS W3 IWHKA, OJIOBA W CBWHIIA MPEABAPUTEIIFHO OMEAHSIOTCA, B TO
BpeMs KakK TPEAMETH M3 XKeje3a, CTald U HUKEISA Cpa3y MOJABEPTaloTCs 30JI04Ye-
HUt0. [Ipy rasbBaHUYECKOM 30JI0UCHUH TPUMEHSIOT KaK PaCTBOPUMBIC aHOJbBI U3
YUCTOTO 30JI0TA, TaK W HEPACTBOPUMBIC W3 TIJIATHHBI WJIA HEPXKABEIOMIEH CTaH.
PactBoprMEbIE 30710ThIE aHOIBI B MPOTUBOTIONOKHOCTE CEPEOPSTHBIM aHOIaM B BaH-
HE I cepeOpeHuss HE MOTYT TIOJTHOCTHIO BBIPOBHATH COJEPIKAHWE MeETajuia
B BaHHE, MOTOMY YTO MOHBI HATPHs, KOTOPHIE BCETAA, XOTSA Obl B HEOOIBIIAX KOJTH-
YECTBAX, COJIEPIKATCA B IIMAHUCTHIX BaHHAX, 00Pa3ylOT HA IOBEPXHOCTH aHOJIOB He-
PacTBOPUMBIC KOMIUTCKCHBIC cOeAMHEHUS. [[JI1 OCYIIeCTBIICHHAS MPOIECca ICKTPO-
JM3a JOCTATOYHO, YTOOBI IUIOMIAh aHOIOB COOTBETCTBOBAJIA OTHOW TPETH ILIOMIA-
T TIOBepXHOCTeH u3nenuii. [Ipu 30;10TOM aHO/E HANMPSHKEHNWE BAHHBI MOXKET OBITH
B nipeaenax ot 1 no 2 B. Jlns 3010ueHus, 0COOEHHO B BaHHAX JUISl LIBETHOTO 30J10-
Ta, XOPOIIIO 3apEKOMEHIOBAJTH cebs HEPACTBOPUMBIE aHO/TBI,
MPEUMYINECTBEHHO W3 TIATHHBI. B BaHHAX, coaep almxX XJIOPHUIBI, HE CICIYET
MPUMEHATH aHOBI U3 HEpKaBeromiei cranv. Hanpspkerrne BaHHBI JOIHKHO COCTaB-
aats 2-3 B.

KonTpoabHbie Bonmpocsl K pa3zaeny 2.3

—

KakoBbl TexHOIOrHYeCcKHE 0COOCHHOCTH TpoIriecca nutgoBaHus?

KakoBbl TeXHOTOrHUECKHE OCOOCHHOCTHU MOJUPOBAHUSA?

3. Kaxkoe obopynoBanue U HHCTPYMEHT MIPUMEHSETCS TTPH MITH(OBAHUA U TIO-
JUPOBAHUN?

4. Kakwe nnmmdyronue 1 moupyIoNIie MaTeprajIbl HCTIONB3YIOTCS PU o0pa-

OOTKE FOBEJIMPHBIX U3ACTUNA?

Kaxossr paboune npuemsl nimu)OBaHAS U TTOJTMPOBAHUA.

KakoBbl 0COOEHHOCTH MOMUPOBAHUS MOTUPOBHUKOM U KAaMHEM ?

7. Jlid yero npuMEHSIOTCS TaITOBOUHbIE OapabaHbl MPU MPOU3BOJCTBE OBE-
JIUPHBIX U3ICIIHI?

8. Kakosa cyTh mporiecca kparieBaHus?

9. KakoBbl TEXHOJIOTHUECKHE OCOOEHHOCTH MPOIIECCa MATHPOBKH.

10. 15151 uero mpuMeHseTCsl MECKOCTpyHHAs 00padOTKa FOBEIMPHBIX U3ETHI?

11.KakoBbI METOABI OUMCTKH FOBEITUPHBIX U3IEHNA TOCTIE MUTH(OBAHNS H TI0-

JUPOBaHUS?

N

SANG
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12.KakoBo AeiCTBHE 1IETIOYHBIX 00€3KUPUBAIOIIAX CPEACTB, UX BUJIbI U TIPU-
MEHEHUE?

13. 15151 uero NpuMEHSAIOTCA yJIbTPa3BYKOBON BaHHbBI MPU MPOU3BOICTBE IOBE-
JIUPHBIX U3ICIIHI?

14. KakoB mMpUHLNMN ACHCTBUA YIbTPA3BYKOBOW BaHHBI?

15.KakoBa TeXHONOTHS TPABJICHUS U KUMISYEHUS /14 MPUJIAHUS JKEJITOTO 1[BETA
30JI0THIM CIJIaBaM?

16. KakoBa TeXHOJIOTHs OKPACKH CIIJIaBOB 30J10Ta?

17.KakoBa TeXHONOTUS TPABJICHUS CEPEOPSAHBIX U3IAECIUI?

18.KakoBa TexHO0THsA 000TaIEHNs TTOBEPXHOCTHOTO CJIOSA CepeOPSIHBIX U3/Ie-
JIUH TOpAYrUM c1ocoOom?

19.Kakue cymecTByOT METOIbI XOJIOJHOTO 00O0rallleHU s TOBEPXHOCTHOTO CJOS
cepeOpsHbIX U3JACTUIN?

20.B yem cyTh ¥ TEXHOJOTHA CyIb(OUPOBAHUS CEPEOPSHBIX U3ACTHAN?

21.Kakos nporecc 00pa3oBaHus CyJIb(UIHON TUICHKH Ha MIOBEPXHOCTH Cepe-
OpAHBIX U3ACIUMA, U KAKOBBI METO/Ibl MEXAHUUECKON OUMUCTKH ?

22.B 1em cyTh METOJa XUMHUYECKOTO YAATCHUS CYIh()HUTHON TICHKH C TIOBEPX-
HOCTH CEPEOPSAHBIX U3JETUN C TOMOIIbIO HAIATHIPHOTO CIIUPTA U OKUCH
KaJbIns?

23.B 1yem cyTh METOa XUMHUYECKOTO YAATCHUS CYIh()HUTHON TIICHKH C TIOBEPX-
HOCTH CEpEOPSHBIX U3IETNH C TTOMOIIBIO THIOCYIb(duTa?

24.B yem cyTh METOJa XUMHUYECKOTO YAATCHUS CYIh()HUTHON TIICHKH C TIOBEPX-
HOCTH CEPEOPAHBIX U3JETUN C TOMOIIbIO IMAHUCTOTO KaJIHs?

25.B ueM 0COOEHHOCTH TaJIbBAHUYECKUX TIPOLIECCOB, MPUMEHAIOIINXCS B FOBE-
JIUPHOM TMIPOU3BOJICTBE?

26.Kak mpoTeKaroT rajibBAaHUUECKUE MTPOLECCH] TPU HAJTMUYMHU TOCTOPOHHETO
MCTOYHUKA TOKa?

277.KakoBbl IOCJIEACTBUA MPUMEHEHUA BBICOKOU MIOTHOCTH TOKA MPH rajbBa-
HUYECKOM MOKPBITHH ?

28.B ueM cyTh mpolecca rajibBaHUUECKOro cepedpeHus?

29. B yem 3akmodaroTes GyHKIHH CBOOOHOIO IMAHUIA KAJIAsI TIPH rajbBaHH-
YEeCKOM cepeOpeHuun?

30.KakoBbl TEXHOJIOTHUECKHE OCOOEHHOCTH HOPMAJILHOTO cepeOpeHus?

31.KakoBbl TEXHOJIOTMUECKHUE OCOOEHHOCTHU TaJIbBAHUUECKOTO 30JI0UCHUA?
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2.4. CnenuajbHbIE TEXHOJOT UM NIPH U3TOTOBJICHUH
IOBEJIMPHDBIX M3/ THH

Jlexuus 27

1. MeTobl MOAENUPOBAHUS IOBETUPHBIX U3IETUH.

2. UadopmannoHHbIe TEXHOJIOTHH MOJICTUPOBAHNS FOBSTUPHBIX WU3/ICITHI.
3. MeToabl U3roTOBICHUA FOBEIUPHBIX 3—D Moaenei.

4. TexHonaoruu ObBICTPOTO MPOTOTUNHUPOBAHUA.

OmwH W3 OCHOBHBIX BHJIOB MPOM3BOACTBA FOBEIUPHBIX M3JCIHN SIBISICTCS
croco0 JNHTHS TIO BHIMIABIAEMBIM MoaelaM. [Iporiecc TUpakupoBaHUS METOAOM
JIUTHS IO BHITUIABIISIEMBIM MOJIEIISAM HAUMHACTCS C U3TOTOBJICHUS MAcTEP — MOJICITH,
KOTOpas ABJSETCS MPOTOTHUNIOM Oyaymux w3aenuii. Mactep — MOJAENb H3TOTaBIIHU-
BAETCS TPEMS CIOCO0aMHu.

1. 13 cnenmanbHOTO MOACIBLHOTO BOCKA BPYUYHYIO.

2. 13 3ono0ta unu cepedpa BPYUHYIO.

3. MsroroBneHue Ha CreNAAIM3UPOBAHHOM O0OpPYAOBaHWH (TPaBUPOBAIIH-
HO—(pPE3EPHBIX WX allliapaTax MPOTOTHITHPOBAHHNA).

B mocnennee Bpems B yCIOBHSX MacCOBOTO TPOM3BOJACTBA BCE OOJIBINEE
pacpoCTpaHEHUE TOJIyYaeT HM3TOTOBJICHHE MACTEP—MOJCNICH Ha CICIHATA3HUPO-
BaHHOM O0OPYA0BaHUH.

Opnnako mepen U3rOTOBJICHWEM MAacTeP—MOJEIN Ha TOM WM WHOM BHJIE
CHENUaIN3APOBAHHOTO 000PYNOBAaHUA HEOOXOIUMO MTOATOTOBUTH (haiist B hopmare
STL.

STL — ¢dopmar ¢aiina, ucrosib3yeMblid JUTsl XpaHSHUS TPEXMEPHBIX MOJCTICH
00BEKTOB IS UCTIOJIb30BAHUSA B TEXHOJOTHAX OBICTPOTO mpoToTHnupoBanus. Ua-
dbopmarst 060 00beKTE TPEACTABISET COOON CIHMCOK TPEYTOJIBHBIX T'PAHEH, KOTO-
PBI€ OMUCHIBAIOT €TI0 TIOBEPXHOCTb.

Jns moaroroBku STL haiinoB HMCMOMB3yIOT pa3NWUHBIC MAKETHI TBEPAO-
TeIIbHOr0 MojaenupoBanus, Takue kak SolidWork, T-Flex, Inventor, Kommac—3D.
OmHako BCe 9TH MAKEThl PACCUUTAHBI B TIEPBYIO OUEPE/Ih HA MATHHOCTPOCHUE U HE
YUUTHIBAIOT CTICTIH(PUKY MOJSITUPOBAHUS IOBEIIMPHBIX U3IENHNA, TOATOMY OBbLT pa3-
paboTaH MeNblil psaa CHeUaTu3uPOBAHHBIX MAKETOB MOACITAPOBAHUS FOBEITUPHBIX
U3ICNIUA, B OTEUECTBEHHON IOBEIUPHON MPOMBIIUICHHOCTH HauOOJIbIlIee pacrpo-
crparenne moayuni maker ArtCam Jewel Smith.

[TpeumymiectBa ArtCam JewelSmith mepen cranmapTHIMEU TaKeTaM# TBEP-
JOTETBHOTO MOICITMPOBAHUS:

— WHTETPUPOBAHHOE PEIICHUE I MOJICITUPOBAHUAS W M3TOTOBJICHUS FOBE-
JIMPHBIX U3IETINN;

— TIO3BOJISIET MPOCMATPHUBATh HM3JACIHNE B COOpDAHHOM BHJEC HA JKPaHE 0
nepeaaur ero B MPOU3BOICTBO.
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— CO3/aCT PeATUCTUUHBIC O0pa3bl M3ENHN C KaMHAMH JUIsl KaTajoroB W
PEKITAMHBIX MAaTEPHAJIOB.

— TOYHO BBIYMCIIACT KOHEUHBIN BeC M3CNWs U3 JI000T0 Marepuaia, aBTo-
MaTHYECKHA YIUTHIBACT YCAKY .

— TIO3BOJISIET U3TOTABJIMBATh BHICOKOKAUECTBCHHBIE MACTEP MOJCIH U TeX-
HOJIOTHYECKYIO OCHACTKY C MCIIOJ30BAHMEM BCTPOSHHBIX (ByHKITHH 3—X 1 4—X (T10-
BOPOTHAs OCh) KOOPAUHATHOTO (hpe3epoBaHms Ha cTaHkax ¢ UITY.

— skcropTupyeT moaenu B STL ¢opmare mist mepemaun Ha MamTuHbL Obl-
CTPOTO MPOTOTUNUPOBAHUA UK B Apyrue CAD cUCTEMBI.

PaccmoTrpum ocHOBHBIE BO3MOHOCTH makeTa ArtCam JewelSmith.

Coznganue 3cKr30B. bricTpoe co3manne KOMIbIOTEPHBIX 2 /] 3CKM30B MO Ha-
Oopockam, pucyHkam u ¢otorpadusm. Cuctema MPeAOCTaBIAET IMUPOKUH HAOOP
WHCTPYMEHTOB, MTO3BOJISIONIANA KaK PEIaKTUPOBATh UMIIOPTUPOBAHHBIE PACTPOBHIC
U BEKTOPHBbIE O0BEKTHI, TaKk U co3aaBarh nx. ArtCAM mno3BojgeT UMIOPTUPOBATH
nanabie B hopmarax bmp, jpeg, tif, gif, a Taxxe mognepxuBaeT urenrne HopmMaToB
dwg, dxf, eps ¢ coxpanenuem mHbOpManum o ciosx. [Ipumep nmpeodpazoBanus pa-
CTPOBOTO PUCYHKa B 3CKM3 MpuBeacH Ha puc.2.4.1. Co3nanue, penakTUpOBaHUE U
nu3aiHepckas mpopadoTka TEKCTOB HE COCTAaBHT TPyJa Aake HOBHYKY. C momo-
mpio J{uzaiinepa TexcroB ArtCAM JewelSmith MoxxHO oTpemakTHpoBaTh OO0
mpudT WK CO3/1aTh CBOH COOCTBEHHBIH.

Puc. 2.4.1. IlpeobpazoBaHue pacTpOBOro H300PAKEHUS B HCKU3

TpexmepHoe moaenupoBanue. [IpeodpazoBanue 2D 3CKH30B B 0OBEMHBIC
3D moaenu ¢ momoristo HHCTpyMeHTOB ArtCAM JewelSmith. UaCcTpyMEeHTHI cH-
CTEMBI TIO3BOJITIOT CO3/7aBaTh XY/OKECTBEHHBIE OOBEMHBIE OOBEKTHI CIIOXKHOW
(hopMBI HA OCHOBE TTOCKUX 3CKH30B (puc.2.4.2).

B cucreme ArtCAM JewelSmith takxke cymecTByeT HHCTPYMEHT "HHTEP-
aKTUBHBIN CKynbnTOp". [IpUHITUIT €ro paboThl HAIIOMUHAET PYUYHYIO pabOTy CKYJIb-
nropa. C ero moMOMIbI0 MOXHO JTUHAMUYECKH CTIIAIUTh UMEIOIHACS OOBEKT WITH
CO3/1aTh HOBBIA MOCPEICTBOM KOMIBIOTEPHON "MBIIINM" WM JTU3aHHEPCKOTO TUIaH-
meTa.
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ArtCAM JewelSmith mo3BonseT HakIaabIBaTh HA OMPEACICHHBIC 00JaCTH
00BbeKTa OOBEMHBIE TEKCTYPHI. Y30pP TEKCTYPhl MOXKHO BHIOPATh M3 MPEUTOKEHHBIX
CUCTEMOH WJIM CO3AATh CAMOMY TIO MJIOCKOMY 3CKH3Y.

Puc. 2.4.2. TpexmepHOE MOAECTUPOBAHUE

Cepnésno oborammaroT Kpyr BO3MOXHOCTEH Takue (PYHKIIMH, KaK MacTep
IJISTEHUS, CO3aHre KOJIBIICBOTO peibeda, HAaHSCCHUE TEKCTYPHI, "'yTIOKHOE" criia-
KUBAHWE, aBTOMATHUYECKas TeHepalns MAaTPUIlBl W MyaHCOHA, yAajieHue penbeda
Mo BHIOPAHHBIM I[BETOM, DKBHJIMCTAHTHOE OOBEMHOE CMEIIeHUE (T CO3MaHUS
W3JICTUI THUMA SJEKTPOJ), BHIYUCICHHE W HUCIPABJICHUE 00BEMA MPOCKTUPYEMOTO
uzaenus. [Ipumep penpedoB moMydeHHBIX B TTAKETE MPEACTABICHBI HA puc. 2.4.3.

Puc. 2.4.3. Ilpumeps! penbedoB MocTpoeHHbIX B nakere ArtCam

Coznanue toBenupabix konen. ArtCAM Jewel Smith umeer Gonbmioit Habop
BCTPOCHHBIX WHCTPYMEHTOB, TO3BOJISIONINX TU3alHEpaM CO37aBaTh KOJbIA Kak
TPAJMITMOHHBIX, TAK U BCEBO3MOXXHBIX OPUTHHAIBHBIX (hopm (puc.2.4 .4). Cucrema
MOA/ICPKUBAET CTAHAAPTHI pa3MEPOB PAa3IMUHBIX CTPaH, B ToM uucie Poccnn.

Puc. 2.4.4. Cosnanue xonen B nakere ArtCAM Jewel Smith
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ArtCAM JewelSmith Bxmouaer B ce0s cnenuaabHbIE WHTC/UICKTYATbHBIC
MTOMOITHUKH, KOTOPBIE TTIOMOTAIOT B CO3/JIaHUN PA3IMUHBIX AJIEMEHTOB KOJICI, TAKHX
KaK IIMHKA, KacThl, Kpanana u ap. CucTeMa Mmo3BoyisieT coOpaTh KOJBIO U3 Pasind-
HBIX 3JICMCHTOB, BHIOpAHHBIX M3 0a3bl JAaHHBIX WJIM CO3JaHHBIX CaMOCTOSTEIBHO,
JOTIOJTHAT JHM3aiiH KaMHSIMH W BU3YaIH3HUPOBATh (POTOPEATMCTHYHOE H300paxe-
HUE OyayIIero u3Aeaus Ha SKpaHe MOHHUTOPA.

[Ipm monyaBTOMAaTHYECKOM CcO3AaHHUU 00BbeMHBIX OapenbedoB 1mo oTorpa-
(UM, MCITONB3YsI 3aMMaTEeHTOBAHHBIA HHCTPYMEHT «IA(PPOBOM CKYJIBIITOPY», CHCTE-
Ma aBTOMaTHYECKH co3maeT Gapenbed mo dortorpaduu B mpoduis (puc. 2.4.5). 310
JaeT BO3MOXHOCTh CO3/IaBaTh YHUKAIBHBIC TICPCOHH(PUITMPOBAHHBIC U3ICITHS.

Puc. 2.4.5. Co3nanue obvemuoro Oapenbeda B makere ArtCAM Jewel Smith

IToaroToBka K M3roTOBJCHUIO MacTep Mojeneit Ha obopyaoBanuu ¢ UITY.
Cuctema no3BoisieT ObICTPO PACCUUTATh TPACKTOPHUIO ABUKEHUS UHCTPYMEHTA i
2D u 3D ¢pesepHo-TpaBUPOBATBHBIX CTAHKOB C YHCIIOBBIM MTPOTPAMMHBIM YITPaB-
nenuem (puc. 2.4.6).

ArtCAM JewelSmith nmeer mmpokuit Habop cTpaTerwii A TPaBUPOBKH,
YEPHOBOH, MOJIyYUTOBON U YUCTOBON 00padoTku. [loanepkuBaeT pa3auyuHbie TUIIbI
WHCTPYMEHTOB M CTAHKOB. [1JI1 M3rOTOBJIEHHS KOJIEL CUCTEMA MO3BOJAET MCIOJb-
30BaTh CrenuajabHbie (QyHKIWMU st 00pabOTKM HAa CTaHKAX C TOBOPOTHOM
OCBI0.bBICTPOE MPOTOTUNIMPOBAHUE

Puc. 2.4.6. Coznanne mactep MOAENU Ha TPaBUPOBATHLHO—(PE3EPHOM CTaHKE
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Jlna nepegaun 3D 00beKTa B APYTrU€ CUCTEMBI WJIM U3TOTOBJICHUS MacTep
MOJIEIN C TOMOIIBID YCTAHOBKM ObicTporo mnpototunupoBanus ArtCAM
JewelSmith moxer coxpansats aiiner B popmare STL.

OYyHKIMOHAII CUCTEMBI MO3BOJISIET TAK)KE UMIIOPTUPOBATH JAHHBIE IS pe-
JAKTHPOBAHUS WIIM pacueTa YMpaBJIAIoNmX nporpamm s ctankos ¢ UITY B ¢op-
mare STL, NOArOTOBJICHHBIE B PA3JIMYHBIX CUCTEMAX MOJCITUPOBAHUA.

Cucrema faeT BO3MOKHOCTh paccuuTaTh 00bEM U Maccy OyAylIlero u3iae-
JIASL ¥ BCEX €r0 KOMITOHEHTOB € YYETOM YCAJIKH.

OyHKIMSA MOATOTOBKA (hOTOPEATHCTHUHOTO M300paXeHUST U3/ACTNA 0 Ha-
yaja ero Npou3BOACTBA MO3BOJIAET YBUAETh OYAyIIEE U3JICTUE HA SKPAHE MOHHUTO-
pa, coOpaHHOE W3 PA3JIMUHBIX AJIEMEHTOB M KaMHEW. J[J11 KaKa0To 3JIEMEHTa Bbl-
OpaTth pa3IMuHbIA MaTepual, TAKOM Kak 30JI0TO, MJIaTUHA WKW Apyroi. PacctaBuTh
HMCTOYHUKH CBETA JUIS MOJYUYEHUA TOJIHOTO PEATMCTUYHOTO u300pakeHus. Bee stu
Bo3MOXkHOCTH mpenocTaBisier ArtCAM JewelSmith. bynaymee uzaenne MOxHO
BpalllaTh U MPUONMXKATh JJIS JTYUILIEr0 PaCCMOTPEHUS MEJIKUX 3JIEMEHTOB, a TaK e
HaKJIa(bIBaTh (JOH W JIEMEHTHI KOMMIO3UITHH. M300pakeHnss MOKHO HCTIOIh30BATh
JUISl TIEUaTH KaTajoToB, MOMEIICHUS Ha BEOCAUT WM JJi4 MPEICTABJICHUSA HA OJ10-
OpEHHE 3aKA3UUKY.

MeTtoapl U3rOTOBJICHUS IOBEIUPHBIX 3—D Mozeneit MOKHO yCIOBHO pasje-
JIATHh HA JIBE TPYNIBI. MEXaHWUYECKHAE METOBl U METO bl TPOTOTUNIHPOBaHus. K Me-
XAHUYECKUM METOJAaM OTHOCHTBHCS BBIPE3AHHE MACTEP—MOJEIEH U3 MIACTUKA WA
MeTajula, Kak MPaBWJIO MAarHUsA, ¢ MOMOIIBIO PA3IMYHBIX TPaBUPOBAIEHO—(hpeE3ep-
HBIX CTAaHKOB. K MeTO1aM MpOTOTHNMPOBAHUA OTHOCATCA CUHTE3 MACTEP- MOAECTU
W3 PA3JIMYHBIX MOJACIIBHBIX MAaT€PHUAIIOB, KAK, TPABUIIO, NOJUMEPOB.

['paBupoBambHO—(pepe3epHbIE CTAaHKU TPEAHA3HAYCHBI AJI1 BBIMOTHECHUS
pa3HO0Opa3HBIX BHAOB padoT (TpaBUPOBKA, (hpe3epoBaHUE, MOACITUPOBAHUE, Pac-
KpOii u TIp.) Mo 00paboTKe MHUPOKOTO KPyra MaTEPUAIOB — OT MOJIEIBHOTO TIJIaCTH-
Ka 70 JISTUPOBaHHOW ctayiv. [ paBupoBaibHO—(PE3EepPHBIC CTAHKHA HMCIOIB3YIOTCS
JUIsi TIPOM3BOJACTBA BBIBECOK, TAOIMUEK, YKa3aTeNiel, PEKJIaMHbIE CYBEHUPOB,
CKYJBITYP, KIHIIE, peccdopm, IOBESTUPHBIX H3ICITHNA U T .

TexHonorus NpoOTOTUNUPOBAHUA TMOAPA3YMEBAET MCIOJIB30BAHUE B Kaue-
CTBE MOJICJIBHOTO MaTepuaja CIeruabHOTO (hOTOMONMMEPA — CBETOUYBCTBUTEIb-
HO cMoJtbl. OCHOBOM B TAaHHOM TIPOIIECCE SABIIACTCA YIbTPAPHOIETOBBIN Jlazep, KO-
TOPBIN TIOCTEIOBATENBHO TEPEBOAUT IOMEPECUHBIE CEUCHUA MOJACIIM Ha IOBEPX-
HOCTh €MKOCTH CO CBETOUYBCTBUTEIBHOU CMOJION. JKHUIKWN MJTACTUK 3aTBEPICBACT
TOJBKO B TOM MECTE, I MPOLIEH JIa3€PHbIH Jiyd. 3aT€M HOBBIM KUJKUM CJIOW Ha-
HOCHUTCS Ha 3aTBEPJCBIINNA CJIOM, M HOBBIM KOHTYP HaMmeuaercs jasepoM. [Ipomecc
MMOBTOPSIETCA 10 3aBEPLICHHUS TOCTPOCHUS MOJCIH. TEXHOJOrMYecKas HEenOyYKa
M3TOTOBJICHUS MacTeP MOJCIH TpeicTaBieHa Ha puc. 2.4.7.

B Hacrosmee Bpems CymecTByeT MHOXECTBO MPOLIECCOB CO3JAaHUS TBEP-
JbIX MPOTOTUNOB MO 3D KOMIBIOTEPHBIM MOAENISAM. PaccMoTpuM Hambosee mnep-
CIICKTUBHBIE U3 HUX.
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Puc. 2.4.7. Texnonornveckas Leno4yka U3roTOBJEHU MacTep MOAEIN METOAOM
MPOTOTUIIHNPOBAHUA

OnHa 13 TEXHOJIOTHIA MPOTOTHITMPOBAHUS (CTepeouTorpadmsi) OXBaThIBACT
MPAKTHYECKA BCE OTPACITM MATEPUAIILHOTO TMTPOU3BOACTBA OT MEIUITMHBI 0 TSXKE-
J0T0 MamuHOCTpoeHUs. [103BosIsIeT OBICTPO M TOYHO MOCTPOUTH MOJENb H3EITHS
MPaKTHYECKH JTIOOBIX pasMepoB. KauecTBo MOBEPXHOCTEH 3aBHUCHT OT Iiara Io-
ctpoenus. CoBpeMeHHbIE MalMHbI obOecneunBaioT mar noctpoenus 0,1...0,025
MM.

[TpuHUHAN AeCTBUA OCHOBAH HA TEXHOJIOTHU MOCIOMHOTO CHHTE3a U3AETUA
n3 xkuAKoro goromonumepa (puc.2.4.8).

Nazep — o — POTOnonMMER

Mo0E MEHEIA
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Fakent M0E BXHOCTHBIA CROM :I_l
HI thoTononMmepa
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ofikerT ™

3 [-]

P A
=
[T
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Puc. 2.4.8. CunTe3 MOzmEH ¢ IOMOIIBIO CTepeouTorpadun

VYcraHoBka paboTaeT MOJMHOCTHIO B ABTOMATHUECKOM pexkume. Daiin
TPEXMEPHON KOMITBIOTEPHOM MOJECIN CUHTE3UPYEMOMN NETAJIM 3arpyKaerTca B CIe-
HUAJIbHOE MPOTpaMHOe oOecnieueHre pabouei CTaHIMM YCTaHOBKU. B HEM ocyie-
cTBIACTCS pazduenue 3D Moieau Ha MHOKECTBO CEUCHMUIA.
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TommmuHaa KaXXAOTO CEUCHHS MOMXKET MEHSTHCSA B 3aBUCHMOCTH OT Tpeldye-
MO# TOYHOCTH M YACTOTHI MOBEPXHOCTEH CHHTE3UPYEeMOM AeTann. /lnana3oH u3me-
HEHHUA TOJIIUHBI MOXKET OBITh yCTaHOBJEH omepaTopoM B mpeaenax 0,1...0,3mwm.
CuHTe3 MeTanu HAYMHAETCS ¢ TOTO, UYTO MOABHKHBIA CTOJI OMYyCKaeTcs mo 7 Ha Be-
JUYWHY TOJNIIHAHBI CEUCHUS, YCTAHOBJIEHHOHN OTMIEpaTopoM MpH pa3OMEHUN KOMITHIO-
TEPHOW MOJENH AeTaid. Pakelb HAaHOCHUT CJIOW >KHUIKOTO TOJIMMepa Ha OIMyCTHB-
MUHCsA CToJ. B CKkaHWPYIONIyI0 CHCTEMY Jia3zepa 3arpyskaercs nagpopManus o mep-
BOM ceueHMH Mmozenu. [locne 3aBepineHuss ero OTPUCOBKH JIa3€POM, TIOBHKHBIN
CTOJI CHOBA OITyCKAETCs, W MPOIECC MOBTOPSAETCS J0 TEX IMOP, MOKA BCA JETaNb HE
OyJIeT MOJTHOCTHIO CHHTE3UPOBAHA.

CornmacHo TpoIIecCy CENEKTUBHOTO JjazepHoro cnekanws (Selective Laser
Sintering) MOAeNH CO3AIOTCA M3 TMOPOITKOBBIX MaTEPHAIoB 3a cueT 3¢ddekra crie-
KaHWS TMPY TIOMOIIM YHEPTHH JIA3ePHOTO Jyda. B maHHOM ciydae, B OTJMYHAE OT
SLA-nporiecca, JTa3epHbIA Jyd S[BISETCA HE MCTOYHHKOM CBETA, a MCTOUYHHUKOM
tera. [lonagas Ha TOHKHI CIOW MOPOIIKA, JIA3EPHBIN JTyd CTIEKAeT €T0 YaCTHIIBI U
dbopMupyeT TBEPAYIO Maccy, B COOTBETCTBHE C TeoMeTpHueH aeranu. B kauecTse
MaTEPHAIOB MCTIOJB3YIOTCS TOJMAMHU/I, TIOJIMCTAPOJI, TIECOK W TOPOITKA HEKOTO-
PBIX METAJIOB.

Cy1iecTBeHHBIM MpeuMyiiecTBoM SLS—mporiecca ABISETCS OTCYTCTBUE TaK
Ha3bIBACMBIX TIOJJIEPIKEK TIPU MOCTPOCHUHM MO, B mporeccax crepeoauTorpa-
(vu pu MOCTPOSHUW HABHUCAIOIINX SJIEMEHTOB JCTAIA UCIIOB3YIOTCS CTICTIHAITb-
HBIC TIOJIJIEPIKKH, TIPEAOXPAHSIONTNE CBEIKEMOCTPOSHHBIC TOHKUE CIIOW MOJIEIH OT
00py1IeHHUS.

[TocTpoenne Moaenu myTeM HAHECEHHS PACIUIaBJICHHOTO Marepuaia ¢ To-
MOIII0 MHOTOCTPYHHBIX TOJIOBOK TO THMy CTpPyHHBIX mpuHTepoB (Multi Jet
Modelling). MonaensHbIi MaTepuan — JUTEHHBIN BOCK. [Ipumensercs mis Hero-
CPEICTBEHHOTO BHIPAIIMBAHMS BOCKOBOW MOJACIH W NAJHHEHIIIETO TONYUYEHUS Me-
TAJUTMYECKOW OTIIMBKHA METOJIOM JIUThS B OOOJIOYKOBHIE WJIA THIICOKEPAMHUCCKHE
dbopmbr. ObecrieunBaeT BO3MOXHOCTh OBICTPOTO TOJIYUYCHUS OTJIUBKH W3 METaylia
0€3 M3roTOBJICHUA JTUTCHHOW OCHACTKH. ['OTOBBIE MOMEIN BBIICPKUBAIOT HATPEB
1o 100°C 6e3 m3menenuii hopmsl 1 pazmepos. lllepoxosBaTocTs moBepxHOCTH O€3
Kakoi—mbo o6pabotku He mpesbimaet 100 Mxm. OTBepKAEHHBIN (oTOoTOTUMED
Jerko nonmpyercs. [IpodHOCTh TOTOBBIX JETaNiel CpaBHUMA C MPOYHOCTHIO H3/IE-
TN U3 OTBEP—KIAEHHBIX AMOKCHTHBIX CMOJT.

Texnonorusa SGC (Solid Ground Curing) — co>xHbI#, MHOTOIIATOBBIH MPO-
necc. C MOMONIBIO CHENMUAIBPHOTO TOHEpPA HA CTEKISAHHON TUTACTHHE CO3MaéTCA
n3obpakeHne cios, obpasyroriee ero “oromacky’” — doromadmon. ToHKUM caoM
CMOJTBI, PAaCTIPEACIEHHBIN IO TTOBEPXHOCTH Pab0Yero CToja, W HAXOMAIUNAC Hal
HUAM (POTOIIAONIOH CJI0sI, BRICTPAMBAIOTCS MO YABTPadHOICTOBOM Tammoi. Jlammma
BKJTFOYAETCS HA HECKOJBKO CEKYHJ, B PE3yJIbTaTe YETO OTBEPAEBACT CIION CMOJIHI,
(hoTOMaCKy KOTOPOTO MCHOJIb30BAJIACHh B 3TOT MOMEHT.

HeoTsepaesmias cMmona ynanseTcsi, MOJOCTH 3aNOTHSAIOTCS PACTUIaBICHHBIM
BOCKOM, KOTOPBIH OBICTPO 3aTBepaeBacT. IlocTpoeHHBIH cllol ¢dpe3epyeTcs I mo-
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JYYCHUS TIAKON MOBEPXHOCTH W TOYHOM BBICOTHI Cj104. Jlanee netanb BHOBB MO/I-
BEPracTcs BO3JCHCTBHIO YJIbTPAPHOIECTOBOTO H3IYyUYCHHS] IJIT OKOHUYATEIHHOTO
dbopmupoBaHms CiIosi. 3aTeM MPOIECC MOBTOPSETCS: co3MaéTcsi (hOTOMAOIOH I
CJIEAYIONIETO CJIOA, MO paboueMy CTOJTy paclpeaensaeTCss HOBBIM CIOM KHUIKOW CMO-
JIBI, ¥ T.JI.

Texnomorus LOM-nporiecc (LOM — Laminated Object Manufacturing —
W3TOTOBJICHHE OOBEKTOB C WCIIOJH30BAHWEM JIAMUHUPOBAHWMS) TAKKE BKJIIOYACT B
ce0d nazep, KOTOPBIH BhIPE3aeT KOHTYPhI ceueHui mo CAD-maHHBIM, CJIOH 3a CIo-
em CAD — naHHbIe MOCTYNAOT B cucTeMy ynpasyieHuss LOM — craHkom, rae ¢ no-
MOIIBIO CIIEAAIFHOTO TIPOTPAMMHOTO 00ECIICUEHUS CO3AI0OTCS TOMEPEUHBIC ceUe-
HUSA JICTAJH.

Jlyu ma3zepa BhIpe3aeT KOHTYP CCUCHHUS B BEPXHEM CJIOE, a 3aT€M Pa3pe3acT
001aCTH M3JIMIITHETO MaTepuayia JJid TOCIeayomero yaaneans. HoBsii cioi co-
SAVHAETCS C TMPEABIAYIIAM 3a CUET MPOKATKH TEPMOBAJIMKOM M CO3AETCS HOBOE
MOTIEPEUHOE CEUEHWE, KOTOPOE 3aTeM Takke BbIpesaeTcsa. [locme Toro, kak Bce
cion OyayT WM3rOTOBJICHBI, M30BITOUHBIM Marepuasl yaanserca BpyuHyr. [locne
ATOTO TIOBEPXHOCTH ACTATH NUTH(YETCS , TOTUPYETCA WA OKPAITABACTCS

brnaronapsi ucmofib30BaHUIO HEAOPOTHX TBEPABIX JIMCTOBBIX MaTEPHAIIOB,
npeumyinectBoM LOM Moneneit sBiaseTcss HaAeKHOCTh, yCTOMYHUBOCTH K aedopma-
AAM U TpeaenbHO ((HEKTUBHAS CTOMMOCTD, HE 3aBUCAINAS OT T€OMETPHUECKON
CJIO’KHOCTH.

Texnomoruss FDM-mportecc (FDM-Fused Deposition Manufacturing 3a-
KITIOYAeTCAd B TIOCIIOMHOM HAJIOKCHWH PACIUIABJICHHOW MOJUMEPHOW HUTH TEPMO-
MJJACTUYHBIM MOJCIAPYIOIIUM MaTepHAIOM, AUaMeTp KoToporo coctasmiser 0.07
morimMa (1,78 mm). [lpu sToM 0oH momaércs depe3 SKCTPY3HOHHYIO (BHIIABINBAIO-
IIY10) TOJIOBKY C KOHTPOJUPYEMOW TeMIIepaTypoi, HarpeBasch B HEM 10 MOy KHU/I-
KOTO COCTOSIHWA. BhImaBnuBaromias rojloBKa HAHOCHT MaTepHall OYeHb TOHKUMH
CJIOSIMHM HA HETOJBWIKHOE OCHOBaHWE. ['0JIOBKA BBIABIMBAECT MaTephal C OYEHBb
BBICOKOH TOUHOCTHIO. [Tocieayromue ciion TakKe JIOKATCSA Ha MPEBI Ty IIAE, COTH-
T(UPYIOTCS (OTBEPAEBAIOT) U COSAMHSIIOTCS JIPYT C APYTOM.

Jlexuus 28

1. I'paBupoBanue. CylHOCTh Npouecca.

2. lltuxenu.

3. TexHonorusa u padouyre TpUEMbl TPAaBUPOBAHUA.

4. YepHenue. CylIHOCTh METO/IA, OCHOBHbBIC MOHSTHS.

5. IloaroToBKa K YepHEHUIO. TE€XHOJIOTUS HAHECEHUA U MPOKAJIMBAHUS YEPHU

['paBupoOBaHHE ABIACTCS OJHUM W3 APEBHEUINX CIIOCOOOB XY I0XKECTBEHHOM
00padoTku MeTaiioB. CyIHOCTh €ro 3aK/II0YaeTCsd B HAHECEHUH Ha TOBEPXHOCTH
TBEPJABIX MaTEPHAJIOB HAJINUCEH, PHCYHKOB, Y30POB PEXKYIIMMH TPaBEPHBIMH
HHCTpyMeHTaMH. OCHOBHBIM HHCTPYMEHTOM IPH T'DaBUPOBAHHUM SBIISACTCS INTH-
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xenmb. Dopma pexyineld 4acTd ITUXENS SBIsSeTcs Hamboyee TUMUIHONW (hopMoit
KJINHA, CHUMAIOIIETO CTPYIKKY, M BCE, UTO ObLIO CKA3aHO BhIIIE O JSHCTBUM KIIMHA,
MOJTHOCTHIO OTHOCUTCS M K IITHXEM0. HaxkuMoM pyku €ro nepeMeiaroT no u3fe-
0. JIe3aBue MTHXENs BPE3aeTCs MPU 3TOM B METAJIJT U OCTABIISIET B HEM OOPO3AKY
PaBHOMEPHOM r1yOuHbl. MeTaiinueckas CTpy»KKa OTBOJAUTCS B CTOPOHY. [Ipamas
HIKHSS TPaHb IITUXEA HA MEPEIHEM KOHIE Cerka M30THyTa Ui TOTO, YTOOBI
WHCTPYMEHT MOXKHO ObLJIO AEP:KaTh MO JOCTATOYHO OOJIBIIIUM YTJIOM K MOBEPXHO-
cTtu. B npoTuBHOM ciiydae mTuxeiab OyaeT riayO0oKo Bpe3aThCa B METAUI, U JICH-
CTBOBaTh KAk paspe3aroiuii kiauH. [TocTosHHas padoTa co mTuxeneM BeipadaTbiBa-
€T YYBCTBO MPABWJIBHOTO HAKJIIOHHOTO MOJIOXKEHUA €ro nmpu padoTe, 4To JaeT BO3-
MOKHOCTb MOJTy4aTh ONTUMAJIbHYIO [NIyOuHy pe3aHud. [lltuxenn oObIYHO U3rOTaB-
JIMBAIOT W3 BBICOKOKAUECTBEHHOHN, WHCTPYMEHTAJIbHOW cTamu. [ns oOpaboTku
TBEPJbIX MATEPUAJIOB MPUMEHSIOTCS IITUXENN U3 ObICTPOPEKYIIEH CTalu WU C
HaMasHHbIMU TBEPIOCIIJIABHBIMU PEIKYIIUMUA KPOMKAMH.

Paznmuuatot cnenyromuie Buasl mruxenei (puc. 2.4.9).

1. Octpokoneunsie mTuxenu. Takue mTuxenn ObBaloT: y3kue (puc. 2.4.9, a)
u mpokue (puc. 2.4.9, 6). bokoBbie rpaHu 3TUX MTHXEJIEH CIIETKA BHIMYKIIBIE, B TO
BpEMs KaK CIMHKA B OOJIBIIIMHCTBE Cliy4yaeB Iiockas. [[luprHa CIMHKM MOKET CO-
CTaBJATh |—4 MM, UTO JAa€T BO3MOXKHOCTh UBMEHUTD YTOJI PE3aHUS MEKTY OOKOBBI-
MH TpaHIMu. OCTPOKOHEUHBIM IITHUXENIEM TOJIb3YIOTCS TIPW HAMMCAHWK MIPU(TOB,
TaK Kak OjlaroAapsi peryJupoBaHUIO ITyOHHBI pe3a MOSABJISETCS BO3MOMKHOCTh M3-
MEHSATh IIUPUHY KaHaBKW. Eciy mTuxens Aep:kaTh npu padoTe HAKIOHHO, TO TO-
aydaerca OJecTsIas NOBEPXHOCTh pe3a.

2. Meccepmtuxens. [lonepeunoe ceuenne meccepruruxens (puc. 2.4.9, )
COOTBETCTBYET OCTPOYTOJIBHOMY TPEYTOJIBHUKY. MECCepITUXENEM MOMXHO BBITOJ-
HSTh BOJIOCHBIC JIUHUU OOJIBIION Iy OMHBI.

3. ®acounblii mTHUXENb. bokoBbie Tpann 3Toro mruxens (puc. 2.4.9, 2) na-
pajieNibHbl, @ COOCTBEHHO pexyiue rpanu cxonaarcsa noxa yriom 100°. [llupuna
CIIUHKHU COCTaBJISIET OT 1,5 10 3 MM, 4TO /1aeT BO3MOXKHOCTh MOJy4aTh OTHOCUTENb-
HO ITAPOKHE PUCKH HEOOJBIIION 7Ty OHUHBI.

IS

e XK 3 “ K

Puc. 2.4.9. Buapl muxeneii: @ — y3Kkui IMMULNIITAXENb; 0 — IMAPOKUH IIIMULIITAXEIb,
6 — MECCEPIUTHXENb; & — (PaCOUHBIH;, O — FOCTUPILITUXEID, € — (PISAXIITHXENb C IHUPOKON CIIMHKOM,
ot — PIAXIITHXEND € Y3KOH CIIMHKOM; 3 — OONIITHXENb C IIUPOKOH CIIUHKOIM;
u — OONMIITUXENb C Y3KOH CIIUHKOH; K — (paieHIITUX eJ1b
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4. Octupmtuxens. Boimykiibie 00KOBBIE TTOBEPXHOCTH mTHXENs (puc. 2.4.9,
0), mepeceKasch, 00pa3yroT OCTPOOBAIBLHOE TOTIEPEUHOE CEUCHHUE. DTOT MITHXEIh
UCIOJIB3YETCS OOBIYHO AJISI MOATOHKH OMPaBbl C LEJIbIO O0ECNEUYEHUs HAACKHOM
omnopkl i KaMHA. Ero pexyinas rpaHb 3aTauuBaeTCAd HAKIIOHHO K MPOJOJIbHOM
OCH, YTOOBI TOJYYUTh ONTHMAJIBHBIA PEKYIIHA yTOJI MEXKIY STOH rpaHbio (HOC-
KOM) U OOKOBBIMH TTOBEPXHOCTSMH.

5. Onaxmruxens. CiuHKa B 33055 rpadb Gusxmruxenei (puc. 2.4.9, e, o)
BCET/la MapajuiesibHbl APYT APYTy. B 3aBUCUMOCTH OT yrja Mexay OOKOBBIMH Irpa-
HSIMM CIIMHKA MOXET ObITh YK€ WK upe 3aaHen rpanu. [llupuna pexyiieit kpom-
KM MOET HaXOAUThCs B npenenax ot 0,2 10 5 mm. OasxiTuxesieM nojib3yrTcs HE
TOJBKO IS MOTYUYCHUS MIUPOKHUX U MJIOCKUX YTy OJCHUN, HO U 11 YUCTOBOM 00-
PabOTKH FOBEIUPHBIX U3ETUH.

6. bommtuxens. Kak n y dnsxmruxens, 3aH4s1 TOBEPXHOCTh OOIIITAXENEH
(puc. 2.4.9, 3, u) MoxkeT OBITh YK€ WU IMUPE CIUHKYU, HO OHA BCETJAQ UMEET MOJTy-
kpyrayto ¢opmy. [llupuna ee moxket mamenarbes B npeaenax ot 0,1 1o 5 mm. bor-
MTUXETh TIPUMEHSIOT T MPU(TOBBIX HAAMUCEH U JUIST YUCTOBOM 00padOTKH, W3-
JEJIAM.

7. ®anenmruxens. [1o cBoeit hopme danermruxens (puc. 2.4.9, K) CXoA€H ¢
dbasxmTuxenem. Ha ero 3amHel rpanu U pexxylied KpOMKE HAXOASITCS OCTPHIE BBI-
ctynbl. [Ipy rpaBUpPOBKE 3TH BBICTYIBI OCTABJAIOT HA MOBEPXHOCTH M3ICNUS Ma-
paIeNibHBIE IITPUXH, KOTOPBIC MPUIAIOT 3TOM MOBEPXHOCTU ACKOPATUBHBINA BUM U
0KUBJISIIOT €€.

8. Inummruxens. CayXUT A TPAaBUPOBAHUS KOHTYypa PUCYHKA, HaHECe-
HUA YETKUAX TJyOOKHWX JIMHUH, CHJIBHBIX ITPUXOB, TOJAPE3KH YTJIOB B MTH(PTOBBIX
padoTax.

9. @acetmituxens. Mcnonb3yeTcsa A MPOBEICHUS TOUHBIX IIUPOKUX U HE-
1)1y OOKHMX JIMHUM, BHITIOJTHEHUS Y30POB U UMCTOBOM 00pabOTKM PUCYHKA.

JIJIst MI3rOTOBIICHHS INTHXENSI OT MPO(UIBHOTO MPYyTKa OTPE3AI0T HEOO0X0 -
MOW JJIMHBI 3arOTOBKY M HACaXXMBAIOT €€ Ha pyuKy. Pyuka foJjiskHa ObITh MakKCH-
MaJIbHO KOPOTKOM. B mpornecce 3aToUku Mpu 3KCITyaTalMy IITUXEIS OH YKOpayu-
BaeTcs. [Ipu 3TOM ero pyuky HY>KHO 3aMEHHUTh OOJie€ UIMHHOW C TEM pacueToM,
yTOOBI BCS JUIMHA IITHXENSA OcTaBajach mpexHei. OO0maa anHa MTHUXeNs BCeraa
JOJI>KHA ObITh TaKOM, 4TOOBI UM ObLIO YJI00HO paboTaTh.

3aTOuKy W MPaBKy MHCTPYMEHTA PACCMOTPUM HA MPUMEPE IIMUIIIITHXENA
(puc. 2.49). Ha numdoBanbHOM Kpyre CO CTOPOHBI CHUHKHA BBIOHPAIOT
MPOJIONITOBATHIN aHTIUTHA( (3aTOUKY), a HHXKHEE peOpo MOJI0T0 MOATAYHUBAIOT BBEPX.
[Tpu 3TOM HUXKHUK KAHT C OCTPHIMU yIyiaMu niputytuisietca. Ha oOpa3oBasiieMcs y
BEPILUHBI IITUXE OCHOBAHWU 3aTaUuMBAOT OOKOBBIE 3aHUE rpaHu turtuxend. [lo-
CJICIHAC TPOCTUPAIOTCS 0 aHNUIM(]a CTUHKKA W 3aTAUMBAIOTCS IIHPE K BEPITUHE.
Ha mepenneli rpann mTuxens MEKIy PeKyIIer KpoMKo# 1 antuudom obpazyercs
miomasaka (Hocok). OHa AomKHA OBITh KaK MOKHO MEHBINE I TOTO, YTOOBI OBLI
JAydmui 0030p MecTa pe3a. YToJ HaKJIOHA €€ K PeKyILIed KPOMKE JOKEH COCTaB-
aats ot 30 g0 60°, B 3aBUCHMOCTH OT TBEPAOCTH 00pabaThiBAeMOTO MaTepHuala.
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OKOHUATENIbHO 3Ta IUIOIAJIKA JAOBOJUTCS HAa OCEJKE, MPU 3TOM IITHUXEIb PABHO-
MEPHO BOJAT HA3aJ W BIepen 0€3 MEePEeBOPAYMBAHMSA JI0 MOJYUYEHHUS] aOCOJIFOTHO
MJIOCKOW W TJIAJIKOW MOBEPXHOCTH. Pexylle MOBEPXHOCTH MOJABEPraoT MOJUPOB-
ke Ha nudoBabHON Oymare cHauaja KPyTrOBBIM, a 3aT€M MOTICPEUHBIM JBHKCHH-
amMu. CuibHBIN ONECK PEXYIIMX FPaHEH MOMKHO MOJYUHTh, €CIIU MOJUPOBKY OCY-
HIECTBJIATh KOPYHAOBBIM MOPOIIKOM HA KECTKOM KOXKE.

JIviie B pelKUX CiydasXx MOKHO YJEpKUBATh W3JEIUE, NMPEIHA3ZHAUCHHOE
JUIsl TpaBUpPOBaHMs, pykoi. Kak nmpaBuiio, ero ykperistoT Ha KATTIITOKE WU B 3a-
KUMHOM miprcriocoOeHuu (mpadkyrene). [ 3akuMa KOJer | 9acTei CTOJIOBBIX
npuOOpPOB pa3zpabOTaHO MHOTO PA3JUUYHBIX MPUCHOCOOJIEHUN, B KOTOPBIX NpEeAME-
ThI HAJIC)KHO YACPKUBAIOTCS U U3 KOTOPBIX 3aTEM JIETKO BHIHUMAKOTCS.

PaznuuatoT pyuyHoe M MEXaHU3UPOBAHHOE rpaBupoBaHue. [Ipu m3rorosie-
HUM HOBEJIMPHBIX YKPAIICHUN MPUMEHSETCA, KaK MPABUJIO, PYYHOE TJIOCKOCTHOE
(IByXMEpPHOE) TPaBUPOBAHHUE.

OOyueHne TpaBUPOBAHUIO HAYMHAIOT HAHECEHUS XOTA Obl OJHMM (ompene-
JIEHHOTO HA3HAUEHWA) ITUXEJIEM MPSAMbIE OJWHAKOBOW TommuHb JmauH. [loce
OCBOEHUEM HapEe3aHUs MPSIMbIX JIMHUH MPUCTYMAIOT K TPABUPOBAHUIO IITPUXOBBIX,
MEPECEKAIONIMXCA, JIOMAHBIX, BOJHUCTHIX JIMHUH, Mpope3aHuto OykB, mudp, mpo-
CTBIX (PUTYPOK U T. A. YTIPAKHECHUS 3TH HAJA0 MPOBOMAT HA MEAHBIX WJIH JIATYHHBIX
MJacTUHKAX TojammHon 1,5-2 mMm, pasmepamu 40X40 mm. [Ipouecc rpaBupoBanus
COCTOMT KaK Obl U3 JBYX 3TAMOB: MOJTOTOBUTEIBHOTO U HEMOCPEACTBEHHON IPaBU-
poBku. [1oArOTOBUTENBHBIN ATAN BKIOYAET B CEOs IVIaBHBIM 00OpPa30M HAHECEHUE
Ha W3JEJINEe PUCYHKA M MPEAyCMAaTPUBAET MOKPHITHE MOBEPXHOCTH MU3JEIUA TOH-
KHUM CJI0eM OeJIol akBapenbHOM KPacKW WIIM T'yailiu. PUCYyHOK HAHOCHT caM TpaBep.
HecnoxHbli — OT pykKu OCTPO 3aTOUCHHBIM KAapaHAIIOM IO BBICOXIIECH Kpacke.
CnoxHbIil — CHauajaa MPOPUCOBHIBAECTCS B HATYyPAJIbHYIO BEIMUYMHY Ha Oymare, a
3aTeM MPUEMOM OOBIYHOM KOMMPOBKH MEPEHOCUTCSA HA OKPAIIEHHYIO TOBEPXHOCTh
u3aenus. OUeHb CIIOKHBIA PUCYHOK Ui COXPAHEHUA MOKPHIBAIOT HUTPOJIAKOM.
Hepenko prucyHOK Ha M3[eHMe HAHOCAT OOBIYHBIM KapaHaalioM, a 4TOObl OH HE
CTEPCs, €ro 3areM MPOPE3Ar0T Pa3METOUHON uepTuiakod. Korma puCyHOK TOTOB,
MPUCTYTAIOT K TPAaBUPOBAHUIO. B MpaByto pyKy O€pyT IITUXENb TaK, YTOObI pyuyKa
THUIbHON CTOPOHOM ynupasach B JaJ0Hb, B JICBOU pyKe Aep>KaT MPUCIOCOOICHUE C
3aKpEIJICHHBIM B HEM u3jefineM. Ha mMOBEpXHOCTH U3MEIUA IITUXEIb YICPKUBAET-
cs1 OOJIBIIIMM W YKa3aTeJibHbIM nasibliaMu. CHjia JaBJACHUS IITUXENS HA METAJLT pe-
ryJupyerca OOJbIIMM TajlblEM NPaBOM PYKH, KOTOPBIH MOMKET YNHUPATHhCS B
OOJIBIION WJIM CpeHUM Tajel JIeBoi pyku. [Ipope3anue MMHUN HAUMHAIOT OT BEP-
IIMHBI yTJia MPY JIETKOM HAKaTHU HA IITUXEb PABHOMEPHBIMU JABUKECHUSIMU B3a/—
Brepea. [lanblbl JIeBOM pyKd pEryaupyroT HanpaBJjC€HUE T'PAaBUPOBAHUSA, MEHsS,
KOrJia HeoO0X0ANMMO, TOJI0KEeHUE u3aenus. [ paBupoBanue ObIBAET MO TJIAHEL], MO/
YEPHEHUE W MOJ SMaJib. ['paBUpOBAHUE MOJ MISHELl BBIMOJHIOT B OCHOBHOM C
npuMeHeHneM daceTmruxens. [Ipu 3ToM Bech pUCYHOK JOJDKEH OBITh CACNIaH 0CO-
OCHHO YETKO, UMETh O€3YKOPHU3HEHHOE IMTPUXoBoe odopmiieHue. Jlnnnm mis mc-
KJIFOUEHUA 00pa30BaHUsS CTYINEHEH MPOPE3at0T OJAHUM JBUKCHHEM, 0€3 OTphiBa
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mruxens oT metana. Cpe3 mokeH ObITh 3epkaiabHbIM. [loapesky (omyckanwue)
(hoHA BBITIOIHSIOT MIMHAMIITHXEIEM, IMITPUXOBYIO (POHOBYIO 00pabOTKy — Meccep-
mruxesneM. [ paBupoBanue Mo YePHEHUE U HMaNTh TPEOYET COXPAHCHUSI HEKOTOPOM
MOBBIIMICHHONW IMEPOXOBATOCTH BHITPABUPOBAHHON TOBEPXHOCTH, TaK KaK 3TO B
JTaNbHEHIIeM 00eTyaeT MPOIecC HAaHECEHHUS YePHH U HMand. [ paBupoBaHue BEIyT
MITUIIIITAXEJIEM MAJIBIMA TTPUXAMU, TIOCTEIICHHO YTy OJisii ¥ BRIPABHUBAsI MECTa
cpesa.

MexaHu3upoBaHHOE TPABUPOBAHUE MPUMEHSETCS TPH MAaCCOBOM TPOM3-
BOJCTBE W3ACTUNA W  BBIMIOJHACTCS C  TPUMEHEHHUEM  THIBOIMHPHBIX,
IPaBUPOBAIIEHO—KOMMUPOBAIILHEIX, PETbe(PHO—KOMUPOBATBHBIX MamrH. CJOXKHO
MEPETUICTCHHBIC W3 TOHKWX JIMHUH M300paKCHHsI THIA CETKH JIETKO BHIUEPUHUBACT
Ha MMOBEPXHOCTH U3ACTUSA THIbOITUPHAs MarHa. CriocoO0M THITBOIITUPOBAHMS Ha-
HOCSIT PUCYHKH Ha KOPITyCa 9acoB, MEAATbOHBI, IEKOPATUBHBIEC TITKATYJIKH, OTACITh-
HBIE TIPEIMETHI CEPBUPOBKH CTOJIA, Ba3bl, KYOKH W APYTHE MPEIMETHl YKPAIICHUAS
WHTEPHhEPA, OUCHb YaCTO HA THIIHOIIMPOBAHHYIO MOBEPXHOCTh HAHOCHUTCS TPO3pad-
Has dMaJib, BHITOJTHO TMOAUYCPKHUBAS HJICTAHTHOCTh W TOHKOCTh PHUCYHKA, UCTIOJTHEH-
HOTO TWIb. Ha TpaBrpoBaNIbHO—KOMMMPOBAIPHOW MAIIMHE MOKHO TTPOU3BOJANUTH HE
TOJIPKO TPaBUPOBAHME TUIOCKOCTHOE, HO W Ha 3ajaHHy0 rnyouny. Ha Gonee crmox-
HOM KOMUPOBAJIbHOW MammHe (MaHTtorpade) MOKHO TPOMOPIIMOHATBLHO YMEHbB-
maTh (HOPMBI PUCYHKA W BOCIIPOM3BOJANATH HA M3ACIUSIX (PUTYpHBIE U TIOPTPETHBIC
KOMIIO3HITMHM B YMEHBIIEHHOM pa3Mepe. PenbedHo-TpaBupoBanbHas MallinHA JACT
BO3MO>KHOCTh TIOJTy9aTh MJIOCKOE CBETOTCHEBOE H300pAKEHUE HA METAIIE.

K mexanu3npoBaHHOMY BUy TPAaBUPOBAHUS OTHOCUTCS Tak)Ke M TPABHPOBA-
HUE ¢ TTOMOTIBIO OopMaImuHku 1 Habopa ¢pe3 (camoit pa3MdHON KOHCTPYKITHH).
[IpumensieTcst 3TOT cnocod MpW TPAaBUPOBAHWUM OTACIBHBIX CJIOB, OYKB, MO3/IPaBH-
TEJIbHBIX HAJITUCEH.

CyTb YepHEHHS 3aKIIIOYACTCS B TOM, YTO YEPHAs CMECh cepedpa—Memn—
CBUHIIa—CEPHI, Ha3bIBaCMasi YEPHBIO, TIPU MPOKAIMBAHUY BILIABJISAETCSA B YTy Oie-
HUA, BHITPAaBUPOBAHHBIE B OCHOBHOM METaJUIe M3ACNNA, U 00pa3yeT TJIOCKHUH 1Be-
TOBOUW KOHTPACT.

OCHOBHOM METaJT ¥ €T0 MOATOTOBKA. YepHEHUIO TIOIBEPTAIOTCA MPEUMYTIIE-
CTBEHHO CIJIaBbl cepelpa, Tak Kak Ha cepeOpe MoaydaeTcs CHIIbHBIM IIBETOBOM
KOHTpacT. lHOT/1a B KaueCcTBE OCHOBHI MCTOJIB3YIOTCS CIUIAaBHI 30710Ta. Ha menm,
JaTyHH, HEW3WIHOEepE YEPHDb HE NEPIKUTCS, a KPOIMUTCS W oTcianBaerca. [Ipu Ha-
HECEHWH YEPHU B OCHOBHOM METAJIJIE TIPOPE3aI0TCS TUIOCKHE KAaHABKH TJTy OMHOM 10
0,3 MmMm. D11 yrityOieHUs MOTYT ObITh MOJIYUYE€HbI TPABUPOBAHUEM, UEKAHKOM, TPaB-
JIEHUEM, BHIPYOKOH 3yOMIIOM WJIM THCHEHHEM ITaMmamMu. MOKHO TakXe K BHITIH-
JICHHBIM JIOO3UKOM TIJTACTHHAM TPUMAATh CHA3Y TOHKOJMCTOBON METAJlI, a MpoMe-
YTOYHOE MPOCTPAHCTBO B MOJYUEHHBIX YTy OJICHUAAX 3aMOTHUTH CTUTABOM YEPHH.

[Ipy m3roToBICHNM YEpHHM OJHA YaCTh cepedpa W JBE YaCTH MEIU CIUIaB-
JSIOT 1Mo cioeM Oypbl. OJHOBPEMEHHO PacIUIaBjIAIOT B CTAJIbHOM KOBIIIE TPH Ya-
CTH CBHWHIIA, MEIJICHHO BBUIMBAIOT €r0 B paciuiaB cepedpa W MW W TIATEIHHO
nepeMenMBaoT. BbICOKHIT THUTENb, HAIOJTHEHHBIH KEITOH MOPOIIKOOOpa3HOH ce-
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pOMi, TIpeABAPUTEIIFHO HATPEBAIOT W B HETO BBUIMBAIOT TOMYUYCHHBIH TPEXKOMITO-
HEHTHBIN paciijiaB, HEMPEPBHIBHO MOMEITNBAA. THUTENbh B TEUCHHE HEKOTOPOTO Bpe-
MEHH BBIJICPKHUBAIOT HArPETHIM JI0 TaKOW CTEMIEHHU, 4TOOBI CMECh OCTaBajach JKU/I-
koil. brarogaps »Tomy cepeOpo U Meab 00pa3ylOT YEpHBIE, XPYNKUE CEPHUCTHIC
coeauHenuss Ag,S u Cu,S. [lanee cmech BeUIMBAIOT B BOAY. [lofydeHHas yepHb
JIOJKHA OBITH TBEPJOW M XPYIIKOM, KaK CTEKITO; €CITH €€ KYCKH MOXHO €I1ie CTHOaTh
WJI KOBaTh, HEOOXOAMMO CHOBA MPOM3BECTH TEpEIiaBKy. Tak kKak u3—3a meperpe-
Ba U CIUIITKOM JUTUTEIIFHOTO MPOIIECcca TJIaBKH YaCTHIIBI CEPBl BHITOPAIOT, CICAYET
TEMIIEpaTypy ¥ BpeMs TMOBTOPHOW TUIABKHW BBIICPKHUBATH HE OOJIBINE, YEM 3TO
HeoOXoauMO, m00aBIsAd B cilydae HagoOHOCTH cepy. B kauectBe durocyromei
KHUIKOCTH UCIOJIB3YETCS PACTBOP HAMIATHIPHOTO CHHUPTA. ITOT PACTBOP BMECTE C
KyCKaMHu 4YepHU moMemaoT B (apdopoByo CTynKy W PacTHUPAIOT IO MOTYUYEHUS
MEJTKO3EPHUCTOTO TTOPOTITKA.

[Ipu HaHeceHWW W MPOKAJMBAHWK YEPHU KAHABKU B W3JICIUH JOJKHBI OBITH
OYHIIEHBI OT CJIEAO0B JKAPA, OKUCHBIX MJICHOK U UMETh OJIECTSANIYI0 TOBEPXHOCTh. C
MOMOIIBIO KACTOUKH WM ITATEs KaHaBKW W YTITyONCeHUS, HATOJHSIOT BJIAXKHOM,
MEJTKO3EPHUCTON HAIAThIPHO—YEPHEBOW CMECHIO M TUIOTHO YTPamMOOBBIBAIOT He-
OONBIMM TITIATENIEM. BBIEMKH OJKHBI OBITH 3aIMOTHEHBI C U30BITKOM, BBIIIIE KPO-
MOK prucyHKa. Koria Bo/a moTHOCTBIO HCTIAPUTCS, U3/ACIIAC TIOMEIIAIOT B 3JICKTPH-
yeckyo MydenpHyo meus. Hamareipbs pacmpocTpaHsieTcsl M0 HAaHECCHHOW IMNXTE
yepHH B BUAE Oenoro Haera. [[pu HarpeBanuu w3aenws 10 OMPEASIICHHONW TeMTIe-
paTyphl YEPHb PACIUIABIIACTCS M 3aMOJTHAET BHIEMKH PUCYHKA, TTIOKPBHIBAS MPEAMET.
[Tocne 3Toro m3aenvie HEMENJICHHO BRIHUMAIOT M3 TICUM,TaK KaK MEPETpeB MPHUBO-
JUT K BBITOPAHUIO CEPHI M CJIOH TOJTy9YaeTCs HE TJIAAKUAM, a TIOPUCTHIM U Ty OUaThIM.
Ecmu pacrutaBuBImasics uepHb HE 3alOJIHWIIA TTOJTHOCTHIO TPABIOPY, TO HA MYCTHIC
MecTa J00aBIIAIOT MUXTHI U CHOBA HArPEBAIOT U3/ICIHE.

JIis OTAENKY YePHEHBIX WM3ACTUN BBICTYAIONIYIO HA/J MOBEPXHOCTHIO H3/IE-
JIUS 9YEPHb YIAISIOT HAMWJIBHUKOM ¢ Tpy0oit Haceukoit. Eciu mipu sToM oOHaApyXu-
BAIOTCS HEPOBHOCTH WJIH TIOPBI, TO AENaeTCsA J00aBKa CMECH YEPHH W MPOKAJIMBa-
HUE MPOU3BOIUTCS eme pa3. OKOHUATETbHAA TOBOAKA W3ACIUS BBHITTOTHSASTCS TaK
K€, KaK M Tph OOBIYHOM H3TOTOBJICHUHM TPEAMETOB M3 cepedpa. IlpouszBoaurtcs
TpaBJICHUE, OYMCTKA HakmakoMm, mumdoBanue W mojupoBanue. HeoOxomumo
y4eCTh, UTO THTJIM, HHCTPYMEHTHI W OTXOJbI YEPHHU COJEPIKAT CBHHEI W CEPy H
MOATOMY JAOJKHBI XPAHUTHCS OTIACIBHO, TAK K€ KaK OCTATKH MATKHX TPUTIOEB.

Jlexkuus 29
1. Omanuposanue. OCHOBHbIE TOHATHS U CIIOCOOBI HATIOKEHUS AMAIH.
2. Marepualbl ¥ IPUCIIOCOOICHUS TS YMaJIUPOBAHKS.

3. TexHonOrua SMaJIMPOBAHUS.

DOMajib, IpeacTaBsonas co0oi JIerKomIaBKrUe MPo3pavyHbie WA 3ariyIlicH-
HbIe (HETPO3PAvHbIC) CBUHIIOBO-CHJIMKATHBIC CTEKIJIA, OKPAIICHHBIC B PA3JIMUHBIC
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BETA OKUCIAMU METALIOB, HAHOCUTCS B MOPOILIKOOOPA3HOM COCTOSIHUM Ha IIO0-
BEPXHOCTh U3JCIINS, U TIOCIIE 00KUTa MPEBPAIACTCS B CJIOU OJIECTAIIETO MOKPHITUSI
C YCTOMYMBBIMU KpACKaMU.

PaziauuaioT chaeayroiye OCHOBHBIE CIOCOOBI BBIMOJHEHUS 3Majiu (puc.
2.4.10).

=

Puc. 2.4.10. CxeMa OCHOBHBIX METOI0OB HAHECEHHS SMAIH

1. Tleperoponounas smanib. Ha miacTUHKY yCTaHABJIMBAIOT WIM HAlauBaroT
NEPETOPOJKA M3 IIOCKOW BaJILIIOBAHHOW IPOBOJIOKU C MOINEPEYHBIM CEUYEHUEM
0,15x0,6 mm (puc. 2.4.10, a). IIpocTpancTBa MEX Iy HUMH 3aAIOJHSIOTCS SMAJIBIO.
[Teperopoiku BHITMOAIOT B COOTBETCTBUM C KOHTYPOM PUCYHKA, @ YUACTKU dMaJIU
00pa3yroT KPaCOUYHBIC AJIEMEHTHI YKpaIICHHUS.

2. BriemouHast sMaiib. B ToJICTON TiacTUHE AENAlOT yriayOJeHus, KOTOPhIC
3aTeM 3anoJHAI0TCa AMaiblo (puc. 2.4.10, 6). YrayOieHus mojay4daroT I'paBUPOB-
KOW, TpaBJIECHHUEM, YEKAHOW U T. M. MHOTrMa TPU M3rOTOBJIIEHWH BBIEMOYHOW dMaju
BBITAJIEHHYIO Y30pUaTrylo IUIACTUHKY MPUIIAUBAIOT K NIJIACTUHE OCHOBAHMSI.

3. OunurpanHas sMajib. B 1aHHOM Citydae pedb UJeT 0 KOMOWHAIIUY TIEPETO-
POJOYHOM M BbIEMOYHOM HMasie. Ha ToHkoW r1utacTuHe u3 0JaropoHOrO

226



METaIJIa MJIOCKUM YE€KAHOM BBIOMBAIOT YTy OJICHUS, B KOTOPBIE COTJIACHO PUCYHKY
BMAUBAIOT NEPETOPOAKHU, U MOCTIE STOT0 ASUYEHKH 3aMOJTHAIOTCA SMAJIBIO.

4. Oxonnas (mmpocBeunBaroias) sManb. OCHOBA, YISPKUBAIOIIAS SMaJTb, BbI-
pe3aeTca W3 MEeTajlia WiN W3TrOTABJIMBACTCS U3 axXypHou (pumurpann (puc. 2.4.10,
). IIpocTpaHCTBO 3aMONHSAIOT dMabio 1 oOkwuraioT. [1o xapakTepy oHa HamOMHUHA-
eT 1BeTHOHM BUTpax. OKOHHASA SMajb MPUMEHACTCA B JIaMmax, (poHapsax, IOBEIUp-
HBIX YKPAIIEHUAX U T. [I., T. €. B T€X U3ACIIUAX, KOTOPbIE CMOTPATCSA B MPOXOAAIIEM
CBETE.

5. Penvednast BeieMOUHAs dMajib. ITO PA3HOBHIHOCTH BHIEMOYHOW HMAaJH.
Penbednsie yrimyOrieHns B TUTaCTUHE BRIMIOJTHAIOTCS TiTuxeneM. Korma ¢poH mokpsi-
BAIOT MPO3PAYHON 3MaAJIbIO, TO YIITYOJICHHs, UMEIONINE 00Jiee TOJCThIN CIoH 3Ma-
JIA, CTAHOBSTCA TEMHBIMH, BBICTYMAIOIIUE K€ YACTH OCTAKOTCS 00Jiee CBETIBIMHU
(puc. 2.4.10, 2).

6. Haknmagnas smane. M3 TOHKO# MOJI0CH M3TOTOBJISIOT KOHTYPHBIE (DUTYPBI
B COOTBETCTBUHM C PUCYHKOM W WX C OOEHUX CTOPOH TOKPHIBAIOT 3MaJibi0 (PHC.
2.4.10,0).

7. KuBonmcHaa smasnb. [11acTUHY OCHOBAHMWS NOKPBIBAIOT TOHKUM CJIOEM
Mpo3pauHod WM Hempo3padHoi smanu (puc. 2.4.10, e). Pucynok HaHOCAT Tina-
TEJIbHO PAcCTEPThIMU KPACKaMU M 3aTE€M OOXKUTaAIOT. 3aKOHUYEHHYIO KUBOIKCH TMO-
cie 00ura MHOTJa MOKPBIBAIOT OSCIBETHOM SMaeBOM I1a3yphlo.

Hcxons u3 0coOCHHOCTEH MPUMEHEHMS, SMajieBast rja3ypb AOJKHA OTJIH-
4aThCsl OT OOBIYHOTO CTEKJIA CIAEAYIOIIMMU CBOMCTBAMM:

TEIJIOBOE PACIIMPEHUE AMAJIH JOJKHO OBITh BBIIIE, YTOOBl HE BO3HHUKAIIH
HAMPSXKCHUS MEKLYy SMAJIbIO U METAJUIOM MPU OXJIAKICHUH;

TeMIeparypa IJIABJICHUSA SMaJIU JAO0JKHA ObITh HHMXKE TEMIIEPATyPhl IUIaBJIE-
HUSI OCHOBHOTO METAJLIA.

OCHOBY SMajid COCTaBJIsAET OCCUBETHBIA CTEKIOBUIHBIN paciliaB, KOTOPHIi
COCTOMT M3 CAEAYIOIIMX OCHOBHBIX KOMIIOHEHTOB: KBaplia, COJbI, MeIa, kKapOoHaTa
MarHusi U OKUCH CBUHIIA. J[00aBIeHUEM OKUCIOB METAJIJIOB MOXHO TOJIy4YaTh LIBET-
Hble SMaju. Hapsay ¢ nmpo3pauHbIMH HAXOJAT MPUMECHEHUE U HEMPO3payHbIC
AMajTi, KOTOPHIE TOyJaloT M0OABIICHHEM OKHCH OJIOBA, KpHoJMTa, hTOpa WA KO-
cTAHOro neria. Tak kKak U3roTOBJICHUE LIBETHBIX AMajieh TpeOyeT XOPOIINX 3HAHUM
XHWMHH, TO JIyUlIE€ MOJb30BAThCA TOTOBBIMU SMAJISIMU, BBITYCKAEMbIMU CHEIUAIU-
3UPOBAaHHBIMU  mOpeanpusTusMu. Jlocratrouno wumeTh okojio 50  BUAOB
LBETHBIX MPOCBEYMBAIOIIMX U HEMPO3PAYHbIX dMajiei B kojimuecTBe oT 30 10 50 T
Kaxa0i. XpaHuTh UX CJieyeT B 0aHKaX C IIMPOKUM TOPJIBIIIKOM U MPUTEPTOM
MPOOKOH.

Tak kak BET CHIPOTO MaTepUaia PEAKO COOTBETCTBYET LIBETY MEPEIIABIICH-
HOW 3MaJjii, PEKOMEHAYETCS U3rOTOBUThH MPOOHBIC IJIACTUHBI, KOTOPBIE TTOKA3bIBA-
7y Obl HATYPAJIbHBIN LIBET AMAJIM HA PA3JIMUHBIX MaTepHraiaX OCHOBBI.

B kadecTBe 000pyA0BaHMA MPUMEHSIOT AMAJIUPOBOUHbBIC Tieun. [Ipu oOxure
AMajiId HE PEKOMEHIYETCS MOJIb30BAThCS OTKPBITHIM Ta30BbIM IJIAMEHEM, TaK KaK
3Majib B ATOM CJIyuae HArpeBaeTCs HEPABHOMEPHO, W, KPOME TOTO, KOMOTh, MOMa-
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Jlast B AMaJjib, MOYKET €€ UCTIOPTHUTD. J[J1s1 3TOM 1eIn CleayeT Tob30BaThCs My (henb-
HBIMU TICYaAMH.

Onopueie pemeTku. Kaxnoe uznenue npu o0xure TpeOyeT crnenHaibHOM
OTIOPBI WJIA PEemIeTKH. XOPOoIas Ornopa JAOJKHA YIOBICTBOPATH CICAYIONTAM Tpe-
OOBaHUAM:

1) Hen3MeHHOCTH (hOPMBI ¥ TIOBEPXHOCTH MPH HATPECBAHUH,

2) OTCYTCTBHE MEPEKOCca 00KUTAEMBIX SMATUPYEMBIX TIPEIMETOB;

3) marepua onmophl HEe TOJDKEH MPUJIANATh K AYMAJTH.

BosiokHa acOecTOBBIX OMOP BILIABJISIOTCS B 3Maib. OHU UCHOIB3YIOTS JIUIIIb
B TOM CJTy4ae, €CJii 000POTHAS CTOPOHA M3/ICNTHS HE TIOIBEPTACTCS SIMATUPOBAHUIO.
Ot penreTku U3 OOBIYHOHN CTaJM TPHU BBICOKOW TEMTEPATypPe MOTYT OTCIAUBATHCA
YaCTHUYKH OKHCH XKeJie3a, KOTOPhIE, TToTajaas B AMaib, OCTAIOTCS B HEH B BUJIE Uep-
HBIX TATeH. Hambonee moaxomsmiei sBISeTCA OMOpHAs PEIIeTKAa W3 HUKEIS
W €T0 CIJIaBOB WJIH M3 KAPOIMPOUYHBIX cTayield. Dopma pemieTky 3aBUCHT OT KOH(pU-
rypaiyy U Pa3MepOB COOTBETCTBYIOMIETO U3ACITHA.

WneanpHas yuCcTOTA SIBJISIETCS TJIABHBIM YCJIIOBHEM IOy UCHHS KAUECTBEHHOMN
sMmaiu. [Ib11b, TPsi3b, MACI0 W Pa3IMUHbBIC IPUMECH SABJIAIOTCS TJIABHBIMA MMPUYHHA-
mu aedextos smanu. [losTomy pabouee MecTo 0BENHMpPa AOHKHO OBITh TIMATEIHHO
yOpaHo u Xopoiio o6opyaoBaHo. Tam, rae npou3BoauTces nuigoBKa M IOJIHPOBKA,
HEJTb3s MPOU3BOIUTE dMaNMpoBanue. [leus 1omKHA HAXOAUTHCS PSIIOM.

30710TO ABNIACTCS HAUOOJIEE TTOAXOISIMIAM METAIOM B KAUECTBE OCHOBBI JJIS
HAHECEHUS SMajIi, KaKk B YHCTOM BHJIC, TAK M B BHJC BBHICOKOTPOOHBIX CIUIABOB.
Ono obmamaer MambiM KOA(UIMEHTOM TEIJIOBOTO PACIIMPEHUS MPH HArPEeBE H
pUIaeT SMa 0co0yro apkocth. Cepebpo, HampoTHB, 001agaeT OOIBITUM KO3(-
(PMIIMEHTOM TEIJIOBOTO PACIIAPEHUA W TOTOMY TUIOXO COSAMHSAETCS C SMAJIBIO.
JIist nydiiiel CXBaThIBAEMOCTH PEKOMEHYE€TCS MPUIaBaTh CEPeOPSAHON OCHOBE He-
KOTOPYIO IMMEPOXOBATOCTD.

Mens, kak ¥ 30JI0TO, XOPOIIO MOAXOANT B KAYECTBE OCHOBHI JIJIT HAHECCHUS
AMajTi, OJTHAKO OHA UMEET MOHMKCHHYIO OTPAXXaTeIbHYIO CIIOCOOHOCTh U MHOTHE
AMajTi, KOTOPBIC CHJIBHO CBETATCSA Ha (oHE 3050Ta U cepedpa, BRITIAAAT HA MEH
IPA3HBIMU W TEMHBIMHU. TOMITaK XOPOIIO CBA3BIBACTCS C AMAJIBIO, TIPH STOM SMaJlb
Ha €ro MOBEPXHOCTH MPpUOOpeTaeT OOJbIIHNI OJECK, UeM Ha MEIH.

B TexHOmOrMYECKOM OTHOINIEHUH HAYWHAIOT C TMTOATOTOBKH METAIJIa OCHOBA-
Hus. [ XOpoIIero cXBaTbiBaHUS C AMAIbI0 HEOOXOAUMO, YTOObl METAJUIbl ObLIH
a0COJIFOTHO YHUCThl U XOPOIIO 00e3kupeHbl. OCTaTKM KUTTA CIEAYET YAAIWTh.
[lepen nHaneceHweM SMaji OKOHUYATENHHO 0Opa0OTAHHBIEC 3aTOTOBKH TMOABEPTAIOT
OTXKUTY, TPABJICHUIO U B CJIy4yae HEOOXOJUMOCTH OJIECTAIIEMY MPOTPABJICHUIO. 3a-
TEM WX KPAIyIOT JIATYHHBIMH IIETKaMH, TPOMBIBAIOT B MPOTOYHOMN BOJE W TIPOCY-
IMUBAIOT B OMIIIKaX. Ecu BOAsSHBIC KAk PH MPOMBIBKE €111¢ COOMPAIOTCs Ha T0-
BEPXHOCTH M3JCIHUA, TO 3HAUAT METAJUT €Ie UMEET CIICIbI JKUPOB M K dMaJIUPOBa-
HUIO HE TpurojieH. [1oaroToBKa K BRIEMOYHOM 3Malid. BRIEeMKH B MJIACTHHE MOXKHO
MOJIYYHUTh caeAayomuMu Metoaamu. [lItuxeneM BrIpe3arOT B METAIUIC YIITy OJICHHS.
['myOmHa BeIeMKH OKa3bIBaCT OOJBINOE BIUSHUAC HAa MBETOBOH 3(pheKT mpo3pavHoii
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AMaJTk: 4eM I1y0)ke BhIeMKa, TEM TeMHee okpacka. JIHO BIaJguHbI AeiaeTcs OJIecTs-
UM, TJIAJKUM | Olarojaps ’TOMy OHO JeHcTByeT kKak peduiekrop. CTCHKH BhIEM-
KH MOTYT ObITh BEPTHUKAJbHBIMHU HJIW CYKaThCs KHU3Y, PACIIUPEHUE BHIEMKH KHU-
3y, KOTOpO€ OOBIYHO MPUMEHSETCS B HWHKPYCTAIlMM, MPUBOAUT K TMOSBICHHUIO
HanpsHkeHui B Mmetaiie. OCHOBA Ul HEMPO3PauyHOM 3MajId JI0JKHA OBITh IIEPOXO-
BaToil. IIpole Bcero BhIEMKH MOXKHO TOJYUMTh TpapiaeHueMm. Ilocie TpaBieHus
yIr1y OJICHUSA PEKOMEHAYETCs ClieTKa CIUIaauTh IITHXEIIEM.

IIpy moAroToBKE OCHOBAHHUA O] MEPETOPOJOYHYIO 3Majib OEPYT TOHKYIO
MJIACTUHY METa/lJla U MPUIIAUBaIOT K HEW MO KpasM paMKy, COTHYTYIO M3 00KaToH
BaJIbIIaMHU TI0 BBICOTE UETHIPEXTPAHHOM MpPOBOJOKH. Pamka momkHa OBITH J0CTa-
TOYHOH TOJIIIUHEI, YTOOBI OHAa HE ObLIIa MOBPEKACHA MPH MOCIICAYIONIeM IUTH(OBa-
Huu. Ileperopoaku s SManu BHITUOAIOTCS IOBEIMPHBIMHU IMMMIAMH U3 TOHKHX
MOJOCOK. 3aT€M WX OTXKUTaKOT, MOJABEPratOT TPABJICHUIO U MOCJECAYIONIEH MpaBKe.
Ileperopoku npunanBaoT. BeICTynaroInue 4acTy MPUIMOs yAAISIIOT.

Bonbiiine Kycku CTEKJIOBHUIHOIO paciijlaBa 3Majiv, pa3douBaroT. MajieHbkue
KYCOUKH, TOJIYUCHHBIE TMOCIIE ATOM Olepaliy, pacTUPAIOT ¢ AUCTUIIIMPOBAHHOH
BOJI0H miecTHKOM B (hapopoBoii cTymke. B kakaoM ciaydae IOPOIIKH AMaH J0JIK-
HBI MMPOMBIBATHCSA W OTCTAMBATHCA A0 TEX MOP, MOKAa BOJAA HE CTAHET MPO3PayHOM.
Tonbko AJi9 HEMPO3PAUHBIX dMajeH JOMyCKaeTcss HeOOJbIIOe KOTUIESCTBO MYTH B
Bojie. [loydenHy0 Maccy aManeBoro MopoIIKa MOMENIaT B (hapdopoByIo HaIky,
KyJa YKJIaJbIBalOT M 3aMMCKY C HOMEPOM IBeTa, ECIM MPUTOTOBJICHHYIO 3Majlb HE
HCTOJIB3YIOT B 3TOT JIEHb, TO €€ XPaHAT B JUCTHJUIMPOBAHHOMW Boje. HaHecenune u
00XHUT dMai. YBJIAKHEHHONW KMCTOUKOHM WM Y3KHM IIMATEeM HAHOCAT 3Majib Ha
u3Aenne U TaMm pacnpeaessitor. CTeneHb BIAXKHOCTA MACChl OMPEACIISIETCS BUAOM
paboTsl. Eciin Macca CciuIKoM Ba)KHAsl, OHA Pa3jIMBAETCS MO MOBEPXHOCTU U CME-
IIMABAETCS C paHee HAHECCHHBIMU SMallsiMU. Ecian ke OHa uepecuyp BbICOXJA, TO
TJIOXO pacrpeesaeTcs no noBepxHocTu. Kak y neperopoaouHoi, Tak U 'y BHIEMOY-
HOM SManu yriyOJaeHUs W SYEHKH Mepea NEPBbIM O00KUTOM HE MOJIHOCTBIO 3aroJi-
HSIOT SMaJICBOM MACCOM, TaK KaK HEKOTOPBIE BUbBI AMAJICH CTAHOBSTCA TYCKJIBIMHU
WJIA MaTOBBIMH, €CJIM MX HAHECTH CJIUIIKOM TOJICTBIM cioeM. s monyuenus Oie-
CTAIIETO AMaJIEBOrO MOKPBITHSA O0XKHUT MOCIIE AOMOJHUTEILHOTO HAHECEHHS AMalIeit
JIOJHKEH TTPOBOJUTHCSA HE 00Jiee TPEX—UeThIPeX pa3, TaK KaK HEKOTOPbIC dMaIU U3-
MEHSIFOT CBOM TIBET (HANpUMep, KpacHas 3Malib TIOCIIE MHOTOKPATHOTO O0KHATa MO-
XKeT cTarh uepHoi). [lepen 06urom u3 sMaieBO MacChl yAAIAIOT BOLY, KOTOpas
OblJla HEOOXOaUMa TP HaHeceHWH sManu. [loaroToBneHHbIE K O0XHUTY HM3ICIHS
TIIATEBHO MPOCYIIMBAIOT 0 T€X IMOP, MOKA MOPOIIOK HE CTAHET COBCEM CYXHM.
[Tocne Toro, kak B reun OyJET TOCTUTHYTA 3a/laHHAs TEMIIEPATYpa, B HEE OMENIA-
IOT XOPOIIO MPOCYIIECHHYIO 3aroTOBKY. Bpems o0xura 3aBUCHT OT BHAQ SMAJiH,
BUJA HarpeBa W TeMmmeparypsl meud. CHauala SMajb CIEKaeTcs B HEKPACHBYIO
MaccCy, BA3KYI0 M TATYUYIO, 3aT€M, MOBEPXHOCTh €€ BHIPABHMUBAETCSA, CTAaHOBHUTCS
IaaKOH, MprUoOpeTas CTEKJIOBUIHBIA OJIECK MPHU IBETE KpacHOTO KajieHus. Toraa
W3JEITME MOKHO BEIHUMATh.
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[Tocne oxoHUaTeTLHOTO OOXWra sMajb NLTUQYIOT, cMadnBas ee Bomoi. OT
MPOMBIBKM BO MHOTOM 3aBUCHUT Kau€CTBO rOTOBOro u3naenus. [[oBepXHOCTh 3Maliu
MOKPbITA MOPaMHU, KOTOPbIE MOTYT 3alOJIHUThCA YacTUIIAMU a0pa3uBOB, BCIE-
CTBHE YEro Ha 3MaJIM MOABJIAIOTCS cepble maTHA. [loaToMy m3nenve Hy»XHO Tiia-
TEJIbHO TIPOMBITh B MMPOTOYHOM BOJIE, MPOTUpas ero meTko. KpynHeie mopsl Tina-
TEJIbHO BBIYUIIAIOT UIJION U TIPU MOCJICAYIONIEM 00KUTE UX OCTOPOKHO 3AMOTHSIOT
sMajib0. OTHOBPEMEHHO UCTPABJISIOTCS MECTA, HA KOTOPBIE HE HAHOCUTCS SMAJTb.

JIist TISIHIEBOTO 00KHUra U3JIENE B MOCAEAHUN pa3 MOMEIAETCS B NeUb s
TOr0, 4TOOBl MOKPHITh OJHOPOJAHON TJIAJKOW INIa3yphl0 €ro HapyKHYIO MOBEPX-
HOCTb, CTaBIIYIO CJIETKA IIEPOXOBATON MPH NIITH(OBAHUH.

Jlexmus 30

1. UnkpyctupoBanue. CylIHOCTh OPOLIECCa, OCHOBHBIC MOHSTHS.
2. Marepuaibl 1 criocoObl BHITIOJIHEHUS YTy OJicHUI B 0OpabaThiBaeMOM Ma-
Tepuase
3. TexHonorus v pado4yre NPUEMBI 3aKPEMJIEHUS UHKPY CTUPYIOIIETO MaTepra-
Jla A OTIEIIKU U3IEITUH.

[Tpomiecc MHKPYCTHPOBAHUS 3aKTIOYAETCSA B TOM, YTO HA MOBEPXHOCTH H3JIEC-
JUS BHITPABHPOBBIBAIOTCSA, BBITPABIISIOTCS WJIM JCNAIOTCS HWHBIMH CIIOCOOAMH
YTy OJICHHS, KOTOPBIC 3aTEM 3aMOJTHAIOTCS APYTUM, OOBIIHO 00Jiee MATKUM METaJl-
oM. Kpacora pucyHKa JOCTHTACTCS 3a CUET PA3IMYHON OKPACKH BKJIAIBIBAEMOTO 1
OCHOBHOT'O METAJIJIOB,

[Ipu MHKpPYCTUPOBAHWHM K MaTeprajaM MPEAbIBIISAIOTCSA BA OCHOBHBIX TpE-
OOBaHUA:

OCHOBHOW W WHKPYCTHUPYIOIIAH METaUTBl JOJKHBI OBITh PA3HOTO IBETA;

WHKPYCTUPYIOIAH METaJUT IOJKEH OBITh MSITY€ OCHOBHOTO.

Xoporree codueTaHnue MOydaeTCs MPH WHKPYCTAIMKA CTAJIA 30JI0THIM HJTH CE-
peOpAHBIM OpHAMEHTOM. B kadecTBe pemumnueHTa MOKHO HCIIONIh30BaTh OPOH3Y
WJTW JIATYyHb, @ YIITyOJICHHS 3aIOJTHITh MEABIO UJIH CEPEeOpOM.

[Tpu BbIMOAHEHUM YIIyOJE€HUM B JIFOOOM Cilyyae CHauaja HAaHOCST PUCYHOK
OPHAMEHTA, a 3aTeM OJIHUM W3 OMMMCAHHBIX HUXE CTIOCOO0B BHIOMPAIOT METAILT, TIO-
naydas yrinyonenus. KoHTypHbIE OpHAMEHTBI WHKPYCTHPYIOTCSA TPOBOJIOKOW, IS
MJIOCKUX (PUTYp TPUMEHSIOT JHUCTOBOH MeTaul. [l obecrneueHusi HaAEKHOTO
KPETJICHUS BCTABJIAEMOTO METaJUIa YTy OJieHHs (KaHABKH ) PaCIIUPSIOT KHU3Y, T. €.
WX TOTIEPEYHOE CEUCHUE BHITIONHAIOT TPATICIIUEBH THBIM.

YrayOneHusa MOXHO TMOJyYUTh TPaBJACHHEM, C MOCIEAyIONeH T0pabOTKOM
KpaeB KaHaBOK ImTuxejgeM. OaHako HanboJiee pachHpoOCTPaHEHHBIM CIIOCOOOM MO-
JYYCHUsI KAaHABOK W YTUIyOJICHWI NP WHKPYCTUPOBAHUM SIBJISICTCA TPABUPOBAHUE.
[MItuxenem (puc. 2.4.11) mpope3aroT KaHAaBKK TO KOHTYpPY pucyHka. [locnme Toro
Kak OyJyT BbIpe3aHbl KaHABKH BCETO PHUCYHKA CO CKOCOM B OJIHY CTOPOHY, MPO-
pe3aloT TEM XKe CMocoOOM KaHABKHA C MPOTHBOTIONOXHO HAMPABJICHHBIM CKOCOM
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crenku. [lonyuuBineecs B pe3y/ibTaTe MOMNEPEYHOE CCUCHHUE KaHABKM HAIIOMHMHACT
dhopmy J1aCTOUKMHA XBOCTA.

\@ SR

a 6 B A

Puc. 2.4.11. UHkpycTHpOBaHUE B BHITPAaBUPOBAHHBIE KAHABKU: 0 — BPE3AHUE LITUXEIIS
(Bum cOOKY); O — MEpBBIH pe3 IMTUXEIEM; 8 — BTOPOM pe3 MTHUXEJIEM; T — YKJIaaKka 1 BOMBaHHE
MIPOBOJIOKU B KAHABKY; 0 — OKOHYATEJIbHO BOUTAasA MPOBOJIOKA

bosee mpocThIM B UCMOJHEHUH CIOCOOOM SIBIISIETCS BhIpYyOKa KaHABOK CIie-

UAJbHBIM 3yOusiom (puc. 2.4.12).

M
7 7000 5 77779

a 6 B r A

Puc. 2.4.12. MHKpycTUpPOBaHKE B BHIPYOJIEHHBIE KAHABKU:
a — BbIpyOKa KaHaBKHW 3yOMJIOM (BUI COOKY); 6 — pabouas 4acTh 3yOuiia ¢ pexKylIuMU TPaHIMHU;
6 — npo(usIb BRIPYOJIEHHON KaHABKY, 2 — 3aKpEIUICHHUE MTPOBOJIOKH MOIYEKAHKOM 00104,
0 — OKOHYATEJIBHO 3a4Y€KaHEHHAas MPOBOJIOKA

OOpabarbiBacMasi 3aroTOBKa KpEeMUTCs, Kak U MPU YEKAHKE, Ha KUTTE. 3yOHu-
J0 JOJKHO UMETh onpeaciacHHyo dopmy (puc. 2.4.12, a u 6). 3y0ua0 J0JKHO Ja-
BaTh BCE BPEMsSI PABHOMEPHYIO TNIyOMHY KaHAaBKH M TJIQJKOE JHO, HA KOTOPOM HE
JonyckatoTes 3apyOku u ycrynbl. [lonydaronasics npu BbIpyOKE KaHABKA UMEET
KB3J[paTHOE WJIK NPSIMOYTOJbHOE ceueHUe. CTEHKU €€ BHAYaJE MEePICHAUKYJISPHBI
W JIMIIb Kpasi €e clierka MpUII0JHUMAIOTCSI BCJISICTBUE 00pa3zoBanusi 00105 U3—3a
nedopmanuit merania npu pyoke (puc. 2.4.12, ). IToT 00JI0M NpHU 3aKJIaIKE HH-
KpyCTHUpPYIOLIEeH MPOBOJOKK 3auekaHuBaercs (puc. 2.4.12, 2) ¥ JI0THO yJIepKUBACT
ee.
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s obpazoBaHMs KaHABOK HCIONB3YIOTCS Takke 4dekansl (puc. 2.4.13; a).
OcTpoit pexyIned KpOMKON YeKaHa HaceKaroT KOHTYp opHameHnTa. [Ipm aTroM oOpa-
3yeTCsl OCTPOYTONbHAs KaHABKA, BEPXHHUE Kpas KOTOPOH Clierka MPUIOTHSTHI 00-
pasoBasmumMcs obioem (puc. 2.4.13, 6). Baone 510l KaHABKH TMPOXOIST IIOCKAM
YeKaHOM, YTOOBI pa3aarh €€ Mo MUPHHE Tt Ooliee CBOOOIHOTO YKITAIbIBAHUS TIPO-
BOJIOKM B KaHABKY (pHc. 2.4.13, 6, 2). DTOT criocod MpUMEHSETCs MPEHMYIIECTBEH-
HO JUIsI HHKPY CTUPOBAHHUS IIPOBOJIOKOU.

L4 L UL
a 6 B '3 A e x

Puc. 2.4.13. UHkpycTupoBaHHE B UYCKAHCHHBIC KAHABKM. ¢ — 4YeKaH (BHO COOKY);
0 — HACCYCHHAs YCKAHOM KAaHABKA, B — IUIOCKUH YcKaH (BUI COOKY); ¢ — KaHaBKa, PaCIIMPCHHAS
TUTOCKHM YCKAHOM; O — MOAYCKAHKA; ¢ — OKOHYATE/IbHO 3aUYCKAHCHHASI MPOBOJIOKA; JC — 3aKPYT-
JICHUC BKJIaIBIBACMOH MPOBOJIOKH MPH PEIbS(YHOM HHKPYCTUPOBAHUN

[Tpr MHKPYCTUPOBAHHWH YAIlle BCETO HUCIONB3YIOT KPYTIYIO MPOBONOKY, KO-
TOpas CjierKa BBICTYMAeT W3 KaHaBKW. B Hauajie BBIPE3aHHOHN WITM BHITPABHPOBAH-
HOM KaHABKH YKJIAJBIBAIOT KOHEI[ MPOBOJIOKH M JIETKUMH YyJapaMH MOJOTKA 3a-
KPEIUSIFOT €€ B OcHOBE (cMm. puc. 2.4.11, 2). 3areM yKITaabIBafOT CIEAYIOIIAHN y4a-
CTOK TPOBOJIOKH, 3aUYE€KaHWBAIOT €ro MOJOTKOM M T. A MSrkuil marepuan
MPOBOJIOKH IO/ yAapaMH MOJIOTKA MOJHOCTBIO 3aMOJNTHSIET yIyOJIeHUs Tpanenne-
BUIHON (opmbl. [locnme ykimaakud MPOBONOKH MO BCEW ee JUIMHE elle pa3 clierka
MPOXOIAT MJIOCKHM YEKAHOM, YTOOBI YCTPAHHWTH BO3MOKHBIE HEPOBHOCTH U yOe-
TUTHCS B HAZIE)KHOCTH €€ 3aKPETICHUS.

B Tex crnydasx, korja KaHaBKH BEIPYOJIEHBI 3yOHIOM WITH HAOWTHI YEKAHOM,
IPY 3aKPEIUIEeHUH TPOBOJIOKK MOCTYMAIOT CleayromuM obpasom. [locme Toro kak
MPOBOJIOKA BIIOKEHA B YIITyOJICHHUS, MO OCHOBHOMY METAJLTY BIOJIb HHKPYCTHPYIO-
el TPOBOJIOKH IO OOEMM CTOPOHAM KaHABKH MPOXOJAT CJIeTKa ePOXOBATHIM Ma-
TOBBIM YekaHOM (cM. puc. 2.4.13, 2). Ilpu 3Tom oOno# neopmupyercs u 3aKperis-
eT mpoBoNoKy. [locie aToro emme pa3 MPOXOaIT BAONb YIOKEHHON MPOBOJIOKH TEM
K€ MaTOBBIM YE€KaHOM M OKOHYATENIBHO BIIPECCOBBIBAIOT €€ B YLy OIeHne (CM. pHC.
2.4.13,0).
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[Tpu uHKpycTallMK METAUTMYECKUMU TIACTUHKAMU pa3Mephbl UX MO HIUPUHE
Y JUTHHE JOJHKHBI OBITh HECKOJIBKO O0JbIlie pa3MepoB yriryonenusa. Kpas atux mia-
CTUHOK MOYHO HECKOJIbKO CKOCHUTb, OTMJIMB TaKUM 00pa3oM, 4TOObl OHUA MOAXOAM-
JI¥ K CKOIIEHHBIM BO BHYTPb CTCHKaM BMaJAWHBI. [[7acTWHKA BCTABISIETCS Clierka
BBITIYKJIOW BO BIQJAWHY W (PUKCUPYETCSA OTACIHHBIMH yJapaMH MOJIOTKA, HAHOCH-
MBIMU TOCJICIOBATENIBHO MO €€ nepuMerpy. OKOHYATENIbHOE 3aKPEIJIEHUE UHKPY-
CTUPYIOILIEH BCTAaBKU MTPOU3BOJIAT MATOBBIM, UEKAHOM.

B BhieMKE ¢ CHJIBHO BBICTYNAOIIMM OOJI0EM YKJIQJAbIBAEMYIO MPOBOJIOKY 3a-
YEKAaHWBAIOT TaK, 9TOOBI OHA HECKOJIBKO BBHICTyTIAJIA HA/I OCHOBHOM TUTACTHHOM (pe-
ase(HOE WHKPYCTHUPOBaHKE). B mocaeaHem cirydae MpUMEHSIOT CIEIAAIBLHO TO/I-
TOTOBJICHHYIO MPOBOJIOKY OBaJbHOTO ceucHus. [locie 3auekaHuBaHUA TaKOW mpo-
BOJIOKH MaTOBBIM 4ekaHOM (cM. puc. 2.4.13, 0, e) mpoOXOaAT BIOJIb KPAacB KaHABKH
ClieTKa BOTHYTHIM UEKAaHOM, OJHOBPEMEHHO (POpMysl BBICTYMAIONIYI0 4YacCTh
npoBosioku (puc. 2.4.13, o).

[Tpy OOBIYHOM TJIOCKOM MHKPYCTHPOBAHWHU MPU OTHACIKE BCIO MHKPYCTHUPO-
BAHHYIO TIOBEPXHOCTh NMUIM(YIOT W 3aTeM MOJupPyIoT. PerbedHO MHKpYyCTHpPOBaH-
HbIE€ U3JICJUA CIEAYET BBIMOJHATh OYEHb THIATENBHO, YTOOBI MOCJE 3aKPEIJICHUS
MPOBOJIOKU HE ObLIO HEOOXOIMMOCTH B AOMOJHUTEILHON YMCTOBONH 00paboTKe.

Jlexmus 31

1. TexHon0rHUst U3rOTOBJICHUA OIPAB.

2. OCHOBHbIC TIOHATHS, HA3HAYEHUE W BUJBI OMPAB: KAaCTOBBIE, 00OIKOBBIE,
KOPHEPOBBIE, 3epKaJIbHbIE, COOPHBIE.

3. PaGoune MHCTPYMEHTHI OMPABILIMKA U UX HA3HAUCHHUE.

4. TexHonorus 1 pabouyre MPUEMbI 3aKPENKU KaMHS B OIIPaBe.

5. 3akpernka xxemuyra.

6. TexHonorust 0OpadOTKH FOBEUPHBIX U3JIETUN MOCIE 3aKPENKH U PACKPETI-
KW KaMHEH.

OCHOBHOM TIPU CO3JaHUU FOBEJIMPHOTO W3JENUS ABJISIETCSA TaKXKe oneparus
3aKPETKHA BCTAaBKH (KaMHS), TaK KaK OT 3TOTO 3aBHUCHUT 3aKOHUYCHHOCTh M XYI0XKe-
CTBEHHAs LIEHHOCTh FOBEJMPHOTO m3Aenusa. KOHCTpyKUMsA Oompasbl, B KOTOPOM 3a-
KPEIUISIOT BCTABKY, AOJKHA BBHITIOHATH CIICAYIONTHE (DyHKITHH:

— MPOYHO YAEPKUBATh KAMEHB,

— MOJAYEPKUBATH €0 KPacoTy,

— CIIY’KUTh CBA3YIOILUUM 3BEHOM MEXIY METALIMYECKONW YaCThIO U3IECIHASA U
KaMHEM.

B Hacrosmee BpeMs mMeeTcs OOJIBIIOE KOJIMYECTBO BUIOB ONpPaB M, €CTE-
CTBEHHO, METOJ0B 3aKPENKHA KaMHEMN.

[Tpocreiimieit ocHOBHOW (hOpPMOI OmpaBbl, KOTOpask 0OecIeynBaeT HAACKHOE
3aKPEIUICHUE KaMHS, ABJIAETCA TJIyXOM KacT. Yalleuka ¢ IUNIOCKUM JHOM, Ha KOTO-
POM MOKOWTCS OCHOBAHME KaMHA. KpemjeHwe KamMHA B 3TOM CJlydae OCYIIE-
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CTBJIACTCS 00XaTUEM MeETajula CTEHOK Mo ero nepumerpy. HemoctaTok onpaBbl —
MOJICBET KaMHS MPOUCXOJUT TOJIbKO ¢ BEPXHEH CTOPOHBI, MO3TOMY TAaKUE OMPaBbI
MPUMEHSIOTCS [T KPEIJIEHUA HEMPO3PAUHbIX KaMHEH.

OO0oxakoBasd omnpaBa ¢ MAPAUICIbHBIMU WM KOHUUYECKUMHM CTEHKAMU M3rO-
TOBJISICTCS W3 JICHTH ¥ IMeeT (hopMy (TIEpuMeTp) KaMHsl (KpyTJiasi, MPSMOYTOJIbHAS,
KBaJpaTHas, oBaJibHas U Ap.). O00AKOBYIO OTPaBy MPUMEHSIIOT MTPEUMYIIICCTBEHHO
JUIS KPEIUICHUsI MPO3PAuHbIX KaAMHEH, TaK KakK MOJCBET KaMHSA MPOUCXOJUT Kak
CBEpXy, Tak U cHu3y. KameHs B onpase (KacTe) JEKUT Ha OTIOPHOM TOSICKE BHYTPH
OTIpaBbI, KOTOPBIA BbIOWpaeTca wim (pe3or, mwim mruxenem Kpemmenne xkaMmHS
OCYILIECTBIJISIETCA 00XKATUEM METajia o NeEpUMETpy KaMmHs. JIJis yBeIUYeHUs OCBe-
mieHus (MOACBETKH) KaMHS (KpOME BEPXHETO M HMKHErO), a TaK)Ke ISl TOBBIIIIE-
HHS €70 XyJA0KECTBEHHOM IIEHHOCTH Ha OOKOBOM MOBEPXHOCTH 000AKOBOM OMpPaBh
Hape3al0T CKBO3HOM y30puUaThiii PUCYHOK. 3aKpeIieHHE KaMHs OCYIECTBIIACTCS
TaK k€, KaKk U B 0OBIYHON 000AKOBOM OMpase.

KpananoBasi omnpaBa sBsS€TCS Pa3HOBUIHOCTHIO OOOJKOBOM OMpaBbl ¢ TOM
JWIIb PA3HUIEH, UTO 3aKPEIJICHHE KaMHS B HEHW MPOM3BOJAUTCS BHICTYHAOIIUMU
HaJl BEPXHEH KpOMKOM 000IKOBOM OMpaBbl MPUJIMBAMH METajIa, KOTOPbIE HA3bIBa-
I0TCA KpanaHamu. B oTiivume oT BCeX APYTrUX ONpaB 3Ta MO3BOJISAET JIyUIlEe MOKa-
3aTh KaMEHb M 00ECTIEUMBACT €My JIydlliee OCBEIICHHE (MOJACBETKY ); MPUMEHIETCS
OHA IS 3aKPEIUICHUS BCEX BUOB JPArOLCHHbBIX, MOJIYJPAroleHHBIX U IBETHBIX
kamHel. Tak, OpWITMAHTBl KPENATCA B KparaHOBbIC OMpaBbl U3 OENOro 30J10Ta U
MJIATUHBI, TAK KaK METa/1 O€JI0TO 1BETAa HE MCKAXKAET I[BETA KAMHS U BCJICJCTBUE
MOBBILIEHHONW OTpakarolleil crmocoOHOCTH OENoro NBETa YBEJIWYMBAET €CTECTBEH-
HYIO €ro urpy.

JIist 3aKpeTyICHUsT MEJIKUX KaMHEH MPUMEHSIIOTCS TaKWe OMNpaBbl, KaK KOp-
HEpoBas, «kapey, haaeHoBass, TAKTOBAsA W KAPME3UHOBAS.

B riiyxoMm kacTe kaMeHb MOKOUTCA B THE3/C KacTa M yACPKUBACTCA BEPTH-
KaJIbHBIMU CTEHKaMHU KacTa, BEPXHUH Kpal KOTOPBIX MPHUJIABJICH K KaMHIO. B ry-
XOW KacT KPEenATCs TOJBKO HENMPO3PAYHBIE KAMHHU C IJIAJKOW HMIKHEN MOBEPXHO-
CTbIO, KOTOPBIE IOJKHBI MOJACTUIATHCA JHOM OMNpPaBbl CHU3Y. /i mojydyeHus riy-
XOro kacra 0epyT mojiocky merajiia tofuuoi 0,25+0,35 MM, 70CTaTOYHO MIUPO-
KYIO0, YTOOBl OXBAaTUTh KaME€Hb M MPOUYHO YJIEPKUBATH €ro, 3aT€M CrudaroT €€ Mo
dbopme kamus (puc. 2.4.14, a), oTpe3aloT B HY>KHOM MECTE W CIAWBAIOT (MIPUTION
HaKJIaJIbIBACTCS W3HYTpH). KaMeHb J0KEeH TOYHO BXOIUTH B OMPaBy W paBHOMEP-
HO mpujierath kK cteHkam (puc. 2.4.14, 6).

VY rpaHeHbIX KaMHEH HUPKYJIEM 3aMEPSIOT JUTMHY KaXKI0W rpaHu, BHOCAT TO-
MPaBKX B Pa3Mep HA MOJOBUHY TOJIIMHBI ONPABbl U B HY>KHOW MOCJIEA0BATEIbHO-
CTH CTHOAIOT JINCTOBYIO TIOJIOCY THToCKoTyO1amu (puc. 2.4.14, 6). Ha onpasourom
purene, ¢popMa cedeHrus KOTOPOTO COOTBETCTBYET OMPaBe, MPOU3BOAAT €€ MPABKY.
OnopHyt0 MJACTUHY OTXWUTalOT, PUXTYIOT U MPUIAUBAIOT K onpase. Bo Bpems
naiku mapra (00070K) OTpaBbl MPYKUMAETCS K OCHOBAHHUIO OyJlaBKaMH, COTHYTHI-
MH 1oJ1 psAAMbIM yryioM. [Tocse TpaBiaeHus OCHOBAaHUE OMUIMBAIOT MO 0OcualKe.
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Puc. 2.4.14. Ilepexons! U3roTOBJICHHs ITIyXOH KaCTOBOM ONPAaBhI C NapaJIIEIbHBIMU CTCHKAMU

O00AKOBYIO OMpaBy MPUMEHSIOT MPEUMYIUECTBEHHO JUISl KPEMJIEHUA Mpo-
3pauHbix kamHeH. KperieHue B Hell Takoe e HaJeKHOES, KaK U B TIIyXOM KacTe.
[TpeumyriecTBO 3TOH OMPaBBl COCTOWT B TOM, UYTO CBET MAJACT HA KAMEHD CBEPXY M
cauzy. KaMenb B ompase JISKHUT Ha OMOPHOM TOSICKE, PACTIONIOKEHHOM Ha BHYTPEH-
Hel cTopoHe onpassl. [ JlyOuHa ycTyna A0IXKHA ObITh TAKOW, UTOOBI BEPXHUN PAHT
000/1Ka HECKOJIBKO BO3BBITIAJICS HAJl PYHIUCTOM KamHs. ba3zoBas moBepxXHOCTH TO-
ACKa JOHKHA OBITh POBHOM, B MPOTHBHOM CIlydae KaMeHb OyIeT AepKaThCsA He-
MPOYHO W TIPH 3aKPETUICHHH MOXET BBHICKOYMTH. TONIMHWHA TOSICKA JAOHKHA OBITH
TaKo#, 4TOoObl KAMEHb HE MOT MPOBAJIMBATHCSA BHU3. DTO SIBJICHUE WHOTAA HAOIO-
JIAETCS y OTNpaB C MapajuieJbHBIMU cTeHkaMu. [1o dopme oboaka paznuuaroT ornpa-
BBl C TAPALICIHHBIMA M KOHHYCCKUMHU CTCHKAMHW, a TO0 CIOCO0Yy H3TOTOBJICHUS
rHe3/1a KaMHs — Ha IOCTUPYEMbIe U MOHTHpYyeMbie. O000K OINpaBhl ¢ Mapaiesib-
HBIMHU CTCHKAMHW W3TOTOBJISIETCSA TaKAM K€ CITOcOO0M, Kak Ijapra TiyXoi KacTOBOM
onpabl. O00AKH ONPaB ¢ KOHMYECCKUMHU CTEHKAMHU MOTYT M3TOTOBJISTHCS HECKOJTb-
KuMH criocobamu (puc. 2.4.15).

1. M3roroBnsa0T 000A0K OMpaBbl C MAPAUICTIbHBIMU CTCHKAMHU U O yTJiaMm
€To JCNAl0T HAAPE3hI 0 BEPXHEH TpaHu. 3aTeM rpaHu C)KUMAOT 0 COMPUKOCHOBE-
HUA U 3aManBalOT U3HYTPH.

Henocratku 3roro cnoco0a: npu rudke 000JI0K B YIax MOXKET NEPETOMUTh-
Cs, KpOME TOTO, Ha KQXKJIOM YTJIy OMPaBbl UMEETCS MAasSHBIN OB,

2. M3rotoBsoT 000J10K ONpaBkl ¢ NApaJUICTbHBIMA CTCHKAMHU O pa3MepaMm
HIDKHETO OCHOBAHMS KOHYCAa Ha POre HAKOBAJbHU WJIM HA PHUTEJIE MPOKOBHIBAIOT
BEPXHIOIO YaCTh OTIPABHI, BEIMUHUBAS €€ TICPUMETP.

Henocrarok 3toro cnocoba 3akirouaeTcss B TOM, YTO TOJIMHA METajula B
BEPXHEH YaCTH ONPABBI M3—3a KOBKH TMOCASAYIONICH 3aUMCTKH YMEHBIIACTCS.

3. V3roToBNIIOT 1apry ¢ mapauieIbHBIMA CTEHKAMH, KaK W B TIPEABIIYIIEM
Cilydyae, W BEPXHIOI YacTh €€ PaCHIUPSIOT KOHYCHBIM MYaHCOHOM B KOHHUECKOM
OTBEPCTHH MATPHIIHI.

[lpu pazmaue mapru BO3HHWKAIOT 3HAYUTEIBHBIC HANPSHKEHUS B MeETalIe,
MOATOMY JJTA TIPEJAOTBPAIICHUS PA3PBIBOB CIICAYET MPOU3BOIUTH TTPOMEKY TOUHBIE
OTXKUTH AeTanu. MOXHO TakXe MpeaBapuTesibHO 00padoTaTh 000J0K OMPaBbl MO
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BTOPOMY croco0y Ha pPore HaKOBAJIbHA M 3aT€M HEMHOTO €€ pas3/aTh B MaTpHIE.
OTOT cnocol onpaBasiBacT ce0d 0COOEHHO MPU U3TOTOBJCHUU OJTHOTHITHBIX OMPAB.
B srom cnyuae Tpebyercs TOIbKO 0Tpe3aTh MOJOCKH YCTAaHOBJICHHOW JJIMHBI U CIia-
MBaTh WX MEPEN Pa3dayeH.

Puc. 2.4.15. Ilepexonbl U3roTOBJIEHUsI KOHYCHOMN ONPaBbl U3 LIAPTH C MAPAJUICIbHBIMU CICITKAMHU

[lpu pazmaue mapru BO3HHWKAIOT 3HAYUTEIBHBIC HANPSHKEHUS B MeETalIe,
MOATOMY JJTA TIPEJAOTBPAIICHUS PA3PBIBOB CIICAYET MPOU3BOIUTH TTPOMEKY TOUHBIE
OTXKUTH AeTanu. MOXHO TakXe MpeaBapuTesibHO 00padoTaTh 000J0K OMPaBbl MO
BTOPOMY croco0y Ha pPore HaKOBAJIbHA M 3aT€M HEMHOTO €€ pas3/aTh B MaTpHIE.
OTOT cnocol onpaBasiBacT ce0d 0COOEHHO MPU U3TOTOBJCHUU OJTHOTHITHBIX OMPAB.
B srom cnyuae Tpebyercs TOIbKO 0Tpe3aTh MOJOCKH YCTAaHOBJICHHOW JJIMHBI U CIia-
MBaTh WX MEPEN Pa3dayeH.

Henmocrarok manHOTO crioco®a COCTOMT B TOM, YTO JUISl KaXaA0H (hOpMBI U
pasMepa onpas TpeOyeTcs ONpeAesICHHbIN MyaHCOH U MaTpHILIa.

O0010K KOHUYECKOW OMPaBbl M3TOTOBIIAIOT U3 MOJIOCOBOM 3arOTOBKH, COOT-
BETCTBYIOIICH pa3BepTKe Mapru. JJIMHy pa3BEePTKH 3arOTOBKH PEKOMEHTYE€TCSI TIPO-
BEPUTH CHauasia no OymMaxHomy mabnony. B cnyuae n3rotoBnenus 60IbIION map-
TAWA OJIMHAKOBBIX OMpPaB PEKOMEHIYETCS CleaTh MalioH Pa3BEPTKHA M3 TOHKOTO
MeaHOoro aucra. C MOMOILBIO TaKOro 1madiioHa, OYEPUYHUBAs €ro KOHTYDP Ha JIUCTO-
BOM METaJIJIe USPTHIIKOH, YI0OHO IEPEHOCUTD (hopMy M pa3MeEPhl pa3BepTKH Ha UC-
xoaHbii Matepuan. Ha puc. 2.4.16, a noka3aHa cxema noJlyueHHUs IUIUHIPUUECKO-
ro o6oaka ompaBbl. CTHIK TOJYYCHHOH OOCUAMKM 3amamBaeTCs 3aTeM HW3HYTPH.
Kpyrasie koHYCHBIE LIApTU ONMPAB U3FOTOBJISAIOT TaK, KAaK MOKa3aHO Ha puc. 2.4.16,
0. [Ipu onpeaenennu GopmMbl U pa3MEPOB Pa3BEPTOK 3arOTOBOK LAPT UCXOAAT U3
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ux OOKOBOTO BUjA. [IpoasieBarOT HAKJIIOHHBIE CTEHKH J0 TOUKH WX MEPECCUCHMS,
ABJIAIOIIEHCS OJHOBPEMEHHO U LIEHTPOM YT OKPY>KHOCTEH KOHTYpPa Pa3BEPTKH.
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Puc. 2.4.16. CxeMbI MOCTPOCHHUSI pa3BEPTOK 3aroTOBOK JIJIsl OTIPAB

Pa3pe3nas onpaBa ucCHoiab3yeTcs AJid TOro, 4TOObl JaTh KaMHIO OOKOBOE
OCBEIIICHUE W OKUBUTH OMPAaBY, MPU 3TOM HA €€ MOBEPXHOCTH HAHOCAT CKBO3HOMU
y30puaThlii pucyHOK. B mpocreiiiem ciydae Ha OOKOBOW MOBEPXHOCTH OITPaBbHI
MPOCBEPIUBAOT B OMPEACICHHOM MOPAJAKE OTBEPCTHS. MOXKHO Takke PacluInTh
TFOTOBYIO IAPry OMPaBbl MAPAJUICIIBHO €€ BEPXHEMY KParo, TIOMECTHTh MEKIY pas-
PE3aHHBIMH YaCTSAMM KaKOM—JIMOO OPHAMEHT M3 MPOBOJIOKH WJIM JPYyTOro Marepua-
Ja, a 3areM 00e¢ yactu crnasaTh. OJHA U3 BO3MOXKHOCTEH MOJIyUYEHHsS OPHAMEHTA B
pa3pe3Hoit onpaBe mokazaHa Ha puc. 2.4.17.

Puc. 2.4.17. Ilepexonsl U3roTOBICHHS Pa3pe3HO 000IKOBOH OMPAaBHI:
a — HUKHAA 4aCTh OPHAMECHTA, 00— BEPXHsA 4aCTh OpHAMECHTA, B — IOTOBAast OIIpaBa

Cnauana oT HHKHEH 4acTh 000/1Ka OTPE3atoT JJOO3UKOM y3KHi 00pyd. Tpex-
IPaHHBIM HaA(HUIEeM Ha BEPXHIOIO YacTh HAHOCHUTCS pucyHOK (puc. 2.4.17, a) u 06-
pPyd MPUTIAUBAIOT CHU3Y, 3aTEM OTACIIAIOT BEPXHIOK YacTh 000Ka U Ha 00pa3oBaB-
meiicss HIKHEW JacTu BRIMAIMBaeTCs opHameHT (puc. 2.4.17, 6). Ilocne maiiku m
OTIVJIMBAHUS OTIPABHI TIOJTyYACTCs 3UT3aroo0pa3Hbiii pucyHok (puc. 2.4.17, B).
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B cexnmoHHBIX OmpaBax 3aKPEIUIAETCA PSAJOM HECKOJIBKO TPAMOYTOIBHBIX
kamHel. OnpaBa MOXKET UMETh MapaJUICIIbHBIE MPAMbBIE CTEHKH WM U3TOTOBIIACTCA
CO CJIETKa U30THYTHIMU (BBIMYKJIBIMHA) JJIMHHBIMU cTOpOoHamMU (puc. 2.4.18).

Puc. 2.4.18. CexunoHHas poAoJibHAs ONpaBa C BCTABHBIMU NEPEropoKaMHU

OnpaBy ¢ mapaieJibHbIMH CTOPOHAMHM HW3TOTaBJIMBAIOT TaK K€, KaK 3TO
OBLJIO OMUCAHO AJISI MPOCTHIX OOOJKOBBIX OMpaB. JlJisi U3rOTOBJCHUS W3O0THYTOH
OTIPaBhl ACNAIOT IA0J0H Pa3BEPTKH, BHIPE3AIOT MO HEMY 000/ OMpPaBbl U CIAUBAIOT
ero. Onopy AJis KaMHS BBIMOJIHSIOT U3 TUIOCKOW BaJIbIIOBAHHON UEThIPEXTPAHHON
MPOBOJIOKH, BEPXHAS T'PaHb KOTOPOHM CKOIIEHA BHU3 Uil TOTO, YTOObl KAMEHb Ha-
JICKHO MPUJIETA] K €€ MOBEPXHOCTH. DTa Onopa A0JKHA ObITh MapaJijieibHA BEPX-
Hel rpanu 000Ja onpasbl. B Tex MecTax paMKu OMpaBbl, IJ€ KAMHUA COMPUKACAIOT-
Cs CBOMMM PYHJIMCTAMH, BBIMWIMBAIOT HA 00EUX CTOPOHAX TPEXTPAHHBIM HAMWJIb-
HUKOM KJIMHOOOpa3Hbie yrityOneHud. KoHIbl TPOMEXYTOUHBIX MEPErOPOI0K OMU-
JIMBAIOT TaK, 4TOObl OHU TOYHO BXOJUJIU B yIiIyOneHus pamku. Ileperopoaku mpu-
MManBAIOT K PAaMKE ONPABHI.

Pamounas onpaBa npumeHseTCA A1 3aKPENKN KaMER U TJIACTUH, MOKPBITHIX
sMajibt0. OCOOEHHOCTh €€ 3aKJIF0YAETCs B TOM YTO HA OMPaBYy CBEPXY HAMauBaeTCs
pamKa, a KaMmesi BCTaBJsAeTcs ¢ 00paTHo# ctopons! (puc. 2.4.19).

Puc. 2.4.19. PamouHas onpasa

KoHCTpyKIHs onpaBbl B MOCICA0BATEIBHOCTh €€ M3TOTOBJICHUS BUIHBI H3
puc. 2.4.19. Cneayer ToabKO CKa3aTh, YTO MOCJIC YCTAHOBKA KaMEX OCHOBAHMUE IS
Hee, M3rOTOBJIICHHOEC W3 ITOJOCKHA METajllla WM CIUTIOMICHHOM YEThIPEXTPaHHOM
ITPOBOJIOKH, IPUIIAUBACTCS OJIOBSTHHBIM ITPHITOEM .
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KpananoBasi onpaBa sBJSE€TCS Pa3HOBUIHOCTHIO OOOJKOBOM OMpaBbl, HO B
OTJIMUKE OT MOCJICIHECH KaMEHb KPEMUTCA B HEM HE BCEM PAHTOM, a OT/CJIbHBIMH
BBICTYTMAIONIMMHU TMOJOCKAMH METajllIa — KpamaHaMu, KOTOPbI€ HAMauBaIOTCA HaA
OTIOPHYIO [IApry W 3axBaThiBAIOT I'paHW KamHsA. KpamaHoBas ompaBa moO3BOJIACT
Jydllie TOKa3aTh KaMEHb U J1aeT €My OOJbIIE CBETA, UEM IUIyXasd KacToBas OMpaBa.
Henocrarok ee 3akitouaercs B TOM, UTO KaMEHb B HEM JIEPIKUTCS MEHEE HAJICIKHO.
HNmeerca OGecuncieHHOE MHOKECTBO PA3IMYHBIX BUAOB KPAMAaHOBBIX OMPaB, KOTO-
pBI€ 3aBUCAT OT (hOPMBI KaMHS M XyI0’KECTBEHHOTO 3aMbIciia. M3roTOBICHHE TaKOM
OTIPaBbl HAUMHAIOT C OMOPBI KAMHS, KOTOPAsl BBITJIAIAT KaK OObIUHAS UETHIPEXTPAH-
Has mapra (puc. 2.4.20) [ToBepXHOCTh OMOPHOTO MOSACKAa MOKHO CKOCHTH BHYTPb,
eciu 310 TpedyeTcs ¢hopMmoi kaMmHA. B mpocteiimeM ciydae Ha KaKAOW CTOPOHE
LApry CHAPYHM HAMaWBAKOTCS METALIMYECKUE TMOJIOCKU OOJIbIICH WM MEHbIICH
IUPUHBI. BepxHue 4acTu 3TUX MOJOCOK JOJIKHBI BHICTYTATh HAJ OMOPHBIM T'HE3-
JIOM HACTOJIbKO, YTOOBI MX MOXKHO OBLJIO YJI00HO W HAJACKHO MPHKaTh K KaMHIO
P 3aKPETKE.

V¥ onpassl, npeacTaBieHHON Ha puc. 2.4.20, kpamaHbl U3rOTOBJEHBI U3 O-
HOMW MOJIOCKM METaJIjIa U MpUMasiHbl K 1apre. [Ipu 3akpenke kaMHs €ro yCcTaHaBIu-
BAIOT HA OMOPY W BHAYaJIe CJierka MPUKUMAIOT KpamaHbl I TOTO, 4YTOObl KAMEHb
HE MOT BHINACTh WJIM CBOOOJHO CIABHUHYTHCS C MECTA. 3aTE€M €ro BhIPABHUBAIOT U
YK€ MPOUYHO MPUIKUMAIOT KpamaHbl K MOBEPXHOCTH KaMmHs. [locye 3Toro kpanasbl
00pe3aroT 10 HY>KHOM JJIMHBI U ONMWIMBAKOT, CJIETKA 3aKPYTJsAs WX KOHIbI, U B 3a-
KJIFOUEHUE TUIOTHO MPHXKUMAIOT JPHOKEpOM OOpe3bl KpamaHoB K KamHIO. Ecim
KpamaHbl OCTaBUTh CJIUIIKOM JJIMHHBIMH, TO YKpalleHue He OyAeT BbIVIAACTb
U3SIIHBIM.

Puc. 2.4.20. Kpananosas onpasa ¢ NpUNassHHbIMU KpalaHaMHu

OmnpaBa «maTtoH» SBJISETCA PA3HOBUAHOCTHIO O0OIKOBOM ompasbl. B or-
JUYUE OT KParaHOBOH, OMmOopa KaMHs ONPaBhbl IIATOH MPOPE3aHa B BHJIE KOPOHHI,
4TO 00€CIEYNBACT TOCTYT CBETA K KAMHIO CO BCEX CTOPOH (puc. 2.4.21).

Henocrarok 3T0# ompaBbl COCTOUT B TOM, UTO OHA JIETKO W3HAIIMUBAETCS, UTO
MOJKET MPUBECTH K BHIAJACHUIO KaMHs. J[j1s1 OpWUTHAHTOB MATOH OBLT JOIT0E Bpe-
Ms ~ TPEHMYIISCTBEHHBIM  BHJIOM  OOpaBbl. Hapsay ¢ ONHMCaHHBIMH
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«KJIACCUYECKMMHY BHJIAMHU OINPAB TMOABUJIUCH B HACTOAIICE BPEMSA COBPEMEHHBIE
BAPUAHTHI, B OCHOBE KOTOPBIX JIEXKUT TOT K€ MPUHLMIT KPEIJICHUS KaMHEH, KOTO-
PBI CYIIECTBOBAJI B CTAPUHHBIX U3JICTHSIX.

ki

a 0

Puc. 2.4.21. OnpaBsa «1aToOH»: a — C BBIUJIEHHBIMU KpanaHamy,
0 — MOArOTOBJIEHHAS K MAlKe ONMpaBa C ONOPHBIM O0OIKOM ISl KAMHS

OCHOBOW /1711 U3TOTOBJICHHS OMPABhI IIATOH SABJIACTCS FOCTUPOBAHHAA KOHYC-
Has 000JKOBas onpaBa. B 3aBUCHMMOCTH OT YMCJia KPANaHOB Pa3MEUalOT BEPXHUM
Kpaii onpassl. [1wno# niam HaadwuiaeM B onpaBe MPOMMIMBAIOT Ma3bl. Haxomsmuecs
MEXy HAMHW TOJIOCKH 00pasytoT kpamansl (puc. 2.4.21, a). Tpexrpanasim Haadu-
JIEM HA HUXKHEW CTOPOHE OMpPaBbl TOYHO MOJA KaXKIbIM KpamaHOM MPONWIMBAIOT
nasel (puc. 2.4.21, 6). 3yObs CKPYIISIOT HAMWIBHAKOM M 3a4uIaioT. M3 ueThipex-
IPAHHOMN WJIM MPSAMOYTOJILHONW MPOBOJIOKA CTHUOAIOT OMOPHOE KOJIBIO, HA KOTOPOE
MPUIMAUBAIOTCS 3y Obd aToHa. ONMOPHOE KOO MOXKHO TAK¥KE BbIPE3aTh U3 JIUCTO-
BOrO METajlJia U 3aTe€M MpuUMnasTh. Ero MOKHO MOJyYUTh TAKXKE, €CJIM OTPE3aTh OT
HWKHEH YacT OMpaBbl KOJIBIIO W MOCIE MOAMUIOBKH HUXKHUX 3yObE€B CHOBA MpPH-
MasTh €ro K OMpaBe.

KopHepoBbie ompaBbl XapaKTEPU3YIOTCS TEM, UTO KaMEHb YIAEPKUBACTCS B
HUAX MAJICHBKUMH CTOJIOMKaMU (KOpHEpaMu). DTH KOPHEPHI BHIPE3AIOTCA U3 MaTe-
pHuaia ompaBbl, MPYKUMAIOTCS K TPaHU KaMHA B 1e(POPMUPYIOTCS KOPHAR3EHOM 10
MOTYUYEHHUS TOJIYKPYTJIOH TOJIOBKH.

OTtkppiTasd 0001KOBasE ONpaBa SABJIACTCS MePexoaHol (hopMoH 0T 000KOBOM
onpaBbl K COOCTBEHHO KOpPHEpPOBOW ompase. KameHb yaep:kuBaercs, Kak Kpaem
OTIPaBbl, TAK U BHIPE3aHHBIMU KOpHEpaMu. [Ipu M3roTOBICHUM OTKPHITON OMPaBhI B
KAueCTBE MCXOJHOM 3aroTOBKH HUCIOJIb3YIOT TOJCTOCTEHHYIO KOHYCHYIO KOCTHUPO-
BAHHYIO 00OJKOBYIO OMPaBy, B KOTOPYIO KaMEHb BCTABJISIETCA HECKOJBKO TJTy0XKe
ob6eranoro. Kpaii 060ma onmpaBbl MOATOHAIOT K PYHAUCTY (HO HE TIPHXKUMAIOT), TaK
yTOOBl KaMEHb ObLIT MJIOTHO OXBAUEH LIAPToMl W MPOYHO cujaes B Hel. Ecnu nasne-
HUS JAPIOKEpa HEAOCTATOYHO, TO MOXHO BOCIOJIb30BAThCS MJIOCKUM YEKAHOM, Ha-
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HOCSI C €r0 MOMOMUIBIO JIETKUE yAapbl M0 MeTauty. OT HWKHEN YacTH 1Iapru K BepX-
HEMY €€ Kparo ACNAITCS PacXoAsIIuecs B IIUPUHY KOPHEPHI.

CHavaja OHM HaAMEYarOTCS HAa BEPXHEM Kparo Iapru KopHaizeHoM, Mexny
HUMHU MaTe€puas BbIPE3ACTCS, OMUIMBACTCS W MOAYCKAHUBACTCA JI0 TEX MOp, MOKa
He OyneTr nojydeHa TpeOyemasi popMa KOpHEpoB. Marepuan MexIy KOpHEepaMu
JIENAETCS K BEPXHEMY KParO BCE TOHBIIE W Y PYHAUCTAa CTAHOBUTCSI HACTOJBKO TOH-
KHM, YTO €CJIM CMOTPETh CBEPXY, TO BHUJIHBI TOJIBKO KOPHEPHI BOKPYI KaMHs —
OnpaBa «OTKPBITA». 3aTeM MOJYUYEHHBIE KOPHEPHI MPUKUMAIOT K KaMHI0. B naHHOM
CJIy4a€ OHU CJIY>KaT CKOPEE NOTOJHUTEIbHBIM YACPKUBAIOIINM YCTPOUCTBOM, TaK
KaK KaMEHb YK€ 3aKPEIIEH B OMpPaBe.

BcerpoeHHbie onmpaBbl XapaKTEpU3YKOTCS TEM, YTO KaMEHb MOMEIIACTCS B
TOJICTYIO METAJUIMYECKYIO TUIACTHHY. Eciu onpaBbl 1O BHEHIHEMY BHIY BEChbMa
pa3HoO0pa3Hbl, TO THE3[0, KOTOPOE YIASPKUBAET KaMEHb, MPUHIIMIUAIBHO BE3JIE
0JIMHaKoBO (puc. 2.4.22).

B I

Puc. 2.4.22. BaxxHeumize TATIBI OTIPAB; a — KACTOBas; O — BCTPOEHHAS TiTyXas;
B — 000IKOBAs; T — BCTPOCHHAS CKBO3HAS

Henpo3paunble KaMHU TaK K€, KaK W MOJOBHUHBI )KEMUYKHH, MMOMECIIAOT B
«OMpaBOYHbBIA KACT», BBICBEPJIMBAS I[EHTPOBBIM (KEMUYKHBIM) CBEPJIOM HE-
0oJbIIOE OTBEpCTHE B iacTuHE (puc. 2.4.22, a) Kpyrible mIOCKHE KAMHU MOYKHO
cpasy 3aKperJisaTh B 3TOl ompaBe; Mg kKaMHel apyrux ¢opm yriayosenue obpada-
THIBAKOT C MOMOIIBIO IITHXENSA U Qpe3 (puc. 2.4.22, 0).

[Tpn ycTaHOBKE MPO3payHOro KaMHsi HEOOXOUMO 1M03a00TUTHCSA O TOM, YTO-
Obl OH TOJy4YaJ AOCTATOYHO CBETa M ¢ 00paTHOU cropoHbl. Kpome Toro, omopa
J0JDKHA 00ECNeYnBaTh MJIOTHOE MPWJIEraHUE K HeM HIKHEH KOHYCHOM 4acTu Kam-
Hs (puc. 2.4.22, B, 1). CHayaja CBEpJIOM, AUAMETP KOTOPOr0 MEHbBIIE PYHAMCTA
KaMH$1, TPOCBEPIUBAIOT OTBEPCTUE B ILUTACTHHE. J[pyrum CBEpJOM, THAMETP KOTO-
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POTO COOTBETCTBYET PYHAWCTY KaMHSA, PaCIIUPSIOT OTBEPCTHE Ha TIIyOWHY, KOTO-
pas obecrieunBasa Obl KAMHIO HAJCKHOE TOJI0KECHHE. J[OTTIOTHUTEIBHO €T0 MOYKHO
00paboTaTh KOHHYECKOH (ppe3oit mo ¢opMe ocHOBaHMSA KaMHS. [ KaMHEH, KOTO-
pBI€ UMEIOT HEMPaBWIbHYIO (hopMy, HampuMmep, KEMUYKHHBI, (GOpMYy OTBEPCTHS
W3TOTABJIMBAIOT ¢ TMOMOIIBIO (ppe3sl U mTuxens. /(s oBalbHBIX KaMHEW MOKHO
MPOCBEPJINTH /IBA OTBEPCTHS U BBHIPE3aTh METAILI MEXTy HUMH (hPE30i WITH IITHXE-
nem. CnenanHoe yriry OJICHHE TOJKHO TOUYHO COOTBETCTBOBATH (hopMe KamHsA. Ecnm
OHO CITUIIKOM OOJIBIINOE, TO KAMEHb HEBO3MOXHO MPOYHO 3aKPETHTh.

Uto06bl yKpaIIeHne XOPOIIo BHITIIAALIO U ¢ U3HAHOUHON CTOPOHBI, TIPOCBEP-
JICHHBIC OTBEPCTHS MOXHO YKPACUTh QXKyPHBIM JCKOPATHBHBIM BBHIMTMIMBAHUEM.
Ho HeoOxoaumo ciaeauTh 3a TeM, 4TOoObl HE MOBPEAUTH OMOPY KaMHS U 4TOOBI
OCTaBIIIMECS TEPETOPOJIKH MEK/IY OMpaBaMH ObLINA JOCTATOYHO MTUPOKH JUTs 00ec-
MCUEHUS YCTOWYHUBOCTH KaMHS.

3epKabHBIE OMPaBHI - ATO OMPABHI C Y3KUM OTTOJUPOBAHHBIM METAILTAYE-
CKkuM 00070M (3€pPKajIoM), KOTOPBIH OKPY’KaeT KameHb. B OONBIIMHCTBE Cilydaen
MEXKy OTPaBOH W 3€PKAJIOM OCTaBJIAIOT HEOOJBITION IPOMEKYTOK, M OTpaBa yIep-
KUBACTCA OTICILHBIMH HE3aMETHBIMHU HOXKEBUHBIMH MTPOBOJIOUKAMHU, CTIASTHHBIMH
B BHJIe KpecTOBUHHI (puc. 2.4.23, a, 0).

a 0 B r bi

Puc. 2.4.23. 3epkanbHble ONpaBbl: a — 3€pKajio, BHYTPEHH:s Liapra oIpasbl, OTIOPHAsi KPeCTOBUHA
u 6as3oBast mapra; 6 — Kpyruiasi 3epKajibHasi AproBast OIPaBa C PABHOMEPHBIM 3330POM MEXIY
BHYTpEHHEN LIaproii u 3epKajioM, B — [IECTUYTOJIbHAS MJIaTa ONpPaBbl, IPUMBIKAIOLIAs YIJIaMHU K
CTEHKaM OTBEpCTHs 3epKaja, I — [EeCTUyroJbHas I1aTa ONpaBbl, BMOHTUPOBAHHAsS C paBHOMEp-
HBbIM 3230pOM B LIECTUTPAHHOM 3€pKaje

[TocnenoBareabHOCTh PAOOTHI MPU U3TOTOBJICHUH KPYTJIOW 000JKOBOM TJiaji-
KO# ompasel cieayromas. M3 nucra TOMMMHONW OKOJIO 2 MM U3TOTOBJISIOT CJIErkKa
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BBIMYKJIOE 3€pKayio. BeicoTa 3epkasia 3aBUCUT OT pa3MepoB kKamHs. B 3epkase npo-
CBEPJIMBACTCS WM BBIPE3AETCS OTBEPCTUEC IJIA MPOXOJA LWIMHAPUUECKON 1apru
OTpaBbl C TAaKUM PACUETOM, YTOObI PACCTOSIHUE MEXKIY OMPaBOW U 3€pKaJIOM CO-
crapyiio okojio 1 mMm. HapyxkHad koHycHas 0a3oBas 1iapra mpu U3rOTOBJIECHUU
TOYHO TMOATOHSETCS K 3€pKajay nmo auaMmetpy. M3 mpoBOIOKK TPEyTrojibHOTO ceue-
HUA TIOATOTOBJISIOT OTIOPHYIO KPECTOBHHY IS MAJIMHIPUYESCKON BHYTPEHHEH 1ap-
ru onpassl (puc. 2.4.23, a) ¥ MpUNanBaiOT €€ K HIKHEH 0a3oBoi mapre. Ha Hux-
HEM TOPIC BHYTPEHHEH IapTH OMPaBhl MPOPE3AIOT YTJIOBHIC Ma3bl, KOTOPHIE TOYHO
MOATOHSIOTCA K TMPO(HITIO TIPOBOJIOK OTOPHOM KpecToBHHBI. [lapra mpumanBaetcs
TBEPJbIM MPUMOEM K KPECTOBUHE. 3€PKAJIO HA/ICBAETCA HA BHYTPECHHIOKO LAPTY U
MPUTIAUBACTCA K BEPXHEMY Kparo 0a30BO# 1apTy TBEPIBIM TIPHUIIOEM, BBl 3aUHIIA-
fotcs (puc. 2.4.23, 6), TOHKYIO POBOJIOKY BHYTPH 000/1a OTIPaBbl OTPE3AI0T, YTOOKI
OHA HE MPEMATCTBOBAJIA 3akpenke kamHsa. Ha puc. 2.4.23, e, r noka3aHbl pa3HOBU/I-
HOCTH 3€PKaJIbHBIX OTIPAB.

CocraBHbie OMpaBbl MOXHO PAcHoiaratb OJHY PAJIOM C APYTOoll CPaBHUTENb-
HO TJIOTHO, OJIHAKO B OOBIYHBIX OOOJKOBBIX OMPaBax TaKOE PACHOJIOKEHHUE HEBO3-
MOKHO. Eciin Obl HamamBajioCh HECKOJIBKO OOOJIKOBBIX OMPaB APYT 3a APYroMm, TO
KaMHH HeTb3sl ObIII0 OBl 3aKPEMUTh B TEX MECTaX, IJe Kpas ONpaB COMPHUKACAIOTCA.
[TosTromy omnpaBel HEOOXOAMMO YCTAHABJAMBATh HA OMPEACIICHHOM PAaCCTOSHUHN
JPYT OT ApyTra, KaK 3TO MOKa3aHo Ha puc. 2.4.24.

CHauasia M3roTaBIMBAIOT OMOPHYK KPECTOBUHY W3 MPOBOJIOYEK MPSIMO-
yroJibHOro ceueHus. OnpaBbl JTOJKHBI PACIONArarbCsi Ha TaKOM PACCTOSIHUU JPYT
OT JipyTa, 9TO0Bl MOXHO OBLTO YIOOHO paboTaTh (hacOHHBIM HHCTPYMEHTOM MEXKTY
onpaBaMu. ToJIbKO MOCHE TOro, KOr/Aa BCE YKpalleHue OyJIeT CMOHTUPOBAHO, OT-
pE€3al0T 4acTU OMOPHOM KPECTOBHMHBI, KOTOPbIE PpaCMOJararoTcsi BHYTpU o0oaa
OTIPaBbI, YTOOBI TOMECTUTH KAMHH B OTIPABY.
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Puc. 2.4.24. CocraBHbie 0001KOBBIC OTPABHI, Puc. 2.4.25. C6opHas 3eprajpHas
COCOUHACMBIC ITPOBOJIOYHBIMHU KPCCTOBUHAMU ompasa
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PaccmoTpum mipoltecc W3TOTOBIICHWSI TPEX KPYTUIBIX, KOHYCHBIX TJIaJIKHX
omnpaB ¢ obmuM 3epkanioM (puc. 2.4.25). Onpassl coOuparoTca CHavajia Ha OMop-
HOM KPECTOBUHE W3 MPOBOJIOKH TPEYTOJIHHOTO CEUCHHS TTO00HO TOMY, KaK 3TO TIO-
Ka3zaHo Ha puc. 2.4.24 B nmpuMepe MOHTAXKa OTPaB HAa YETHIPEXTPAHHOM MPOBOJIOKE.
W3 TonmcTrocTeHHOTO MaTepwaiia /Uil KaX[AOW OMpaBbl M3TOTOBJISETCSA 3epKabHASA
1apra, T.¢. KOHyCHas 1apra, BEpXHss rPaHb KOTOPOH HCIIOIB3YETCS KaK 3€PKajIo.
CHauana JBe 3epKaJIbHBIC NAPTH MPUNHAIUBAIOTCS W MPHUMACOBBIBAIOTCA ¢ OOKOB
TaK, 4TOOBI OCTABAJICSI PABHOMEPHBIN 3a30P MEXIy OMPABON M 3ePKAJIOM, U CTIanBa-
foTcs. Takum ke 00pa3oM MPUMACOBBHIBACTCS W MTPUTIAUBACTCA TPEThA 1apra. Bepx-
HAA KPOMKa, T. €. COOCTBEHHO 3€pKaJlbHAsl IOBEPXHOCTH, ClieTka ckammBaeTcs. Ha
HIDKHEH CTOPOHE JOBOJIAT IO TUIOCKOCTH BCE TpH 0Oeuaiiku. Ecnm mmacTrHa TomK-
Ha Iy OTMPOBATHCS TOHKAM JINCTOM TIIATHHBI, TO JIUCT YKJIAABIBAIOT HA CBHUHIIOBYIO
MOAKIAAKY, Ha HEM PacmoJiaraloT CasHHBIC BMECTE 3epPKAbHBIC MAPTH W JIETKAMH
yJapaM# MOJIOTKA TIPUAABJIMBAIOT WX K JIUCTY TJIATHHBI TaK, 9TOOBI OH TOYHO COOT-
BETCTBOBAJT (hOpMe BEpPXHEH CTOPOHBI, a 3aT€M WX ClamBaioT BMecTe. Ha BepxHem
Kpae He JOJKHO ObITh BUAHO MIBOB. Ha 000pPOTHOM CTOpPOHE 3€pKaIbHBIX 00€4acK
HaNMAJILHAKOM JICJTAtOTCS HAAPE3hl TAaK, YTOOBI OMOPHAs KPECTOBHMHA TOYHO COOT-
BETCTBOBAJIA OMpare. B 3akimoueHre BMAanBalOTCS TOHKHAE MMPOBOJIOKHA M Y IAISIOTCA
BBICTYTIAFOIINE HAPYKY ¥ BHYTPh €€ KOHIIBI, HO TaK, YTOOBI OCTAJINCh KOPOTKHE CO-
CAMHUTEITBHBIC KYCOUKH.

[Ipu M3roToOBJICHUU OMpaB IOBEIUP, KaK MPABUIIO, MOL3YETCA HEOOTBITUM
KOJTMYECTBOM TPOCTEHINNX, 3a4aCTYI0 CAMOCTOSITENIPHO HM3TOTOBJCHHBIX HHCTPY-
MEHTOB. Ycrex padoThl 3aBUCUT MUCKITIOUHUTEIHLHO OT €ro Mactepcra. Hexoropsie
CTaHJAPTHHIE WHCTPYMEHTHI OH M3MEHSET, UCXOMA W3 MX HA3HAUCHWA, CBOMX TIO-
TpeOHOCTEH U T. 1.

B mpomsBoacTBE OmpaB MMUPOKO MCTOIB3YIOTCS pPaHee OMMCAHHBIC YHHUBEP-
CaJIbHBIC MHCTPYMEHTHI: CBEpJIa, (Ppe3bl, MITUXETH, a TAKKE CIICIUATbHBIE HHCTPY-
MEHTHI. APIOKEPHI, aHPeOephl, KopHak3eHb! u ap (puc. 2.4.26).

[Ipu 3akpenke kamHe# B ompaBax (MPUAABIMBAHAM KPanmaHOB, KOPHEPOB U
CTEHOK OIpaB) IOBEJUP HWCIONB3YET CIENHAAbHBIE WHCTPYMEHTHI — JPIOKEPHI U
dopmrekcenn. X HM3rOTOBISIOT W3 CTAJbHBIX MPYTKOB MPAMOYTOJIBHOTO WA
kBagpatHoro ceueHuid. [lo cBoelt gopme m pasmepam OCTpbie APIOKEPHI (PHC.
2.4.26, a) HAMOMHUHAIOT OTBEPTKY.

[Tpocroii aprokep (puc. 2.4.26, 6) IMEET OTHOCUTEITHFHO MAJICHBKYIO MPSAMO-
YTOJBHYIO Pabouyro TOBEPXHOCTH, a Y Ookdyca (puc. 2.4.26, B) pabouas moBepx-
HOCTh YBEJIMUEHA 3a CUET cruda KOHIA CTAIbHOTO CTepkHs. B OonmbmmHCTBE City-
yaeB paboure MOBEPXHOCTH 3TUX WHCTPYMEHTOB TJIAJKO MOJIPYIOTCS, HO JUTSl OCO-
OBIX TIEJIe MOKHO BBHITTMJIMBATh HaA(WUIEM HAMPaBIIAIONIAC YCTYTBI U JKETOOKH
(puc. 2.4.26, ). Ecnmu paboune mOBEpXHOCTH PIOKEPOB UMEIOT TOHKYIO HACEUKY,
TO COCKaJIb3bIBAHUE WHCTPYMEHTA K KaMHIO Oy €T MPEA0TBPAIEHO.

®dopmrexcens (aapeiidbep) mo cBoeit popme MOX0XK HA OCTPHIH APIOKEP, HO
W3TOTABIMBACTCA OH W3 TOHKOTO MPYyTKa KPYTJIOTO CEUSHUS, TIEPEIHUIA KOHET] KO-
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TOPOTO 3a0CTPSETCSA KaK y WIJIBI, a OCTPUE cierka ckpyrisiercs (puc. 2.4.26, ).
JItst MSITKOTO KaMHS UCTIONB3YIOT (POPIITEKCENH U3 MEAH WA JIaTYHH.

Puc. 2.4.26. UaCTpYMEHTHI A 3aKPETIKH KaMHS:
a — OCTpPBIi APIOKEP; O — MPOCTOM APIOKEP; B — OOKPYC; T — APIOKSPC HANPABIISIOINM KEJIOOKOM;
1 — (hopIITeKCEb (AHPSHOED); € — KOPHSIH3CH; K — MUTTCIbIPu—pPeaXeH; 3 — BaxcOaiH

Kopmnatizens! Onm3ku mo dopme k mruxensm (puc. 2.4.26, €). 310 Kpyribie
CTaNbHBIC TTH(THI, HA TIEPEIHEM TOPIIE KOTOPHIX UMEETCS MOIYKPYTIIOE, XOPOIIIO
OTIMONUPOBAHHOE yriyOnenue. Korga kaMeHb BIOKEH B THE30, MOATOTOBIEHHOE
JUISl HETO B OIPaBe, CTABAT KOPHAN3EH HA Kpail OnpaBbl U BPALAIOT €ro MPU HA/IaB-
JVBaHWH, MOJy4yass TakuM oOpa3oM MaJICHbKWN monyiapuk—kopHep. KopHepsi
CJIy>KaT, C OJTHON CTOPOHBI JUIsl 3aKaTUA KaMHsA, a ¢ APYTroi, MpUaatoT onpase Kpa-
cuBblid BUA. [IpuMeHAIOT 1enbiii HA0Op KOPHAW3EHOB ¢ YyIIIyONEHUAMH Pa3IUUuHOM
BEJIMUUHBI.

®uoHaMU HA3BIBAIOT LITAMIIbI 11 KOPHAN3EHOB, T. €. 3aKAJICHHbIE CTAJIbHBIC
TJTUTHI ¢ MAJICHBKAMH TIOJTyCHEPUUCCKUMU BHITTYKIOCTAMH PA3IAMYHON BEITMUWHBI,
OTIOJTUPOBAHHBIMHU JI0 3€PKAJILHOTO OJIeCKa W COOTBETCTBYIOIIMMH IO CBOCH (Hop-
M€ U pa3MepaM KopHepam omnpas. [1o 3TUM BBIMYKIOCTSAM HAHOCAT yJapbl Bpalllao-
IMMCSI KOPHAW3EHOM, YTOOBl MPUAATH €r0 MOJYKPYIJIOMY YTI1yOJICHHIO MPaBUIIb-
HYI0 (OpMY.

Murrensrpud—penxen mokaszan Ha puc. 2.4.26, xx. Ha mepemnem koHIe
CTaNbHOTO MTU(TA KPETTUTCS B BIJIKE Kojiecuko. Ha Kojmecnko HaHECEHBI MaJICHb-
Kkue yryOnenns noiaychepuaeckoin popmel. C JIETKHM HAKAMOM MPOBOIAT KOJIe-
CUKOM MO META/UTy W MOJYYatOT KPACUBBIN Y3KUH PUCYHOK. U3 pAla MEJIKUX KOp-
HEPOB, KOTOPbIA MUCMOJIb3YETCA OOBIYHO JJISl YKPAILICHUS OMPABbl U 3aKPEIKHU JKEM-
yyUH. PaHbliie Takoil pUCYHOK C TPY/IOM HAaHOCHUJICA MEJIKUMH KOpPHa3eHaMU.
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Baxco6aiin npeacrapiser coOoi IepeBAHHBIN WU TJIACTMACCOBBIM CTEPIKEHbD,
Ha OJIMH M3 KOHIIOB KOTOPOIO HAaHECEHO HEMHOTO Bocka (puc. 2.4.26, 3). C momo-
IIBIO 3TOTO0 BCIOMOTaTEJIbHOKD MHCTPYMEHTA MOKHO JIETKO MOCAJAWTh B THE3JO
omnpasbl HEOOJIbIIIME KaMHU. BaxckacT npeacraBisieT co0oil HKECTAHYIO KOPOOOUKY,
HAMOJHEHHYIO MOJEIbHBIM BOCKOM. MaJjieHbKHE APArolEHHbIC KAMHU B/IABIMBAIOT
B BOCK B TOM TIOPAJIKE, B KAKOM OHHW JOJKHBI OBITh PACIIOJIOKEHBI B yKPAIICHUH.
bmaronaps sToMmy OHE HE MOTYT OBITh TIEPEIYTaHbI WJTA TTOTEPSHBI.

Jlns oOpaboTKU OOJBIIMHCTBA OBEIUPHBIX M3JCTUN IOBEIUP MOJIb3YETCA
KUTTIITOKOM, KOTOPBIH MPEACTaBISAET COOON NCPEBSHHBIA OpYyCOK JUIMHON OKOJIO
10 + 12 cM ¢ Haceukoi Ha TOpIE IS TOTO, YTOOBI HA 3TOM MOBEPXHOCTH XOPOIIIO
yIEP>KUBAJIUCh HAIJIABJICHHBIE KUTT WK cypryu. Pasmepsl paboueil mOBEpXHOCTH,
MOKPBITON KATTOM, OMPEACNISIOTCS BEIUUYMHON mpeaMeTa. OHA AOJKHA HAJEKHO
yIEpP>KUBATh 3ar0TOBKY, HO HE ObITh 0OJIbIIIE, UEM 3TO HEOOXOAUMO, UTOOBI HE TIPE-
NATCTBOBAThH 00pabOTKE MpeaAMETa ¢O BceX CTopoH. KoJiblla 3aKMMar0T B THCOUKAX
C TMOJYKPYTJIBIMA TYOKaMu MEXIy NBYMS MOKPBITHIMH KOXXEH JACPEBAHHBIMH JI0-
IEYKAMK, KOTOPbIE CHKUMAKOTCA ¢ MOMOIIbIO BUHTA U Tallku—Oapalika uiu Jaepe-
BSIHHBIM KJIHHOM. KUTTIITOK WM THCOUYKH BO BpeMs pabOTHI JTUOO MPHUKUMAIOT K
(mHaremo, MO0 YKPEIJIAIOT HA TPaBUPOBAIILHOM miape. Tojbko OombIme Tpe-
METHl MOYKHO YJEP>KHBATh JTOCTATOYHO HAJIEKHO TPHU 3aKPEIICHUN KaMHEH PYKOM
Ha ¢uHarene.

3akpenka KaMHEH MPOU3BOAUTCS CleAyIoImuM oOpa3oM. B 06oakoBoO#M ompa-
BE€, TAK)KE KAaK U B KAaCTOBOMW, KAMEHb yJACPKUBAETCA OjlaroJapsi TOMY, UTO BEPXHHUMA
Kpaii OTpaBbl MPUKXUMAETCS K PYHAUCTY KamHs. JIprokepom mimm 6okdycom cHava-
Jla CJIETKA KPENAT OMpPaBy B HECKOJbKUX MPOTUBOMOJIOAKHBIX MECTAX AJISl TOTO, UTO-
Obl KAMEHb MOJIYUUJI NPEABAPUTENBHYIO YCTOMUUBOCTh. 3aTE€M €Ille Pa3 KOHTPOJIU-
PYIOT, XOPOULIO JIA JIEKUT KaMEHb HA MOSICKE W MPABUJIBHO JIM OH CHJIUT B THE3JE.
Ecnu yknaapiBaeTca HECKOJIBKO KAMHEH psAIOM, TO HEOOXOAUMO YOEIUThCS, TS
CO CTOPOHBI, HA OJHOM JIM BBICOTE HAXOAATCSA MX OMOPHbIC TUlomwanku. Eciau stu
YCIOBUA BBITIOJIHEHBI, TO Kpail 000/Ka OMpaBbl MO BCEMY MEPUMETPY MOCTENEHHO
MPHKUMAIOT K KAMHIO JIPIOKEPOM.

[Ipu 3akpenke KaMHs B MHOTOTPAHHYIO OMPaBy CHAvajia MPY>KAMAIOT K KaM-
HIO YIJIbl [IAPTH, a 3aT€M CTOPOHBI. B MpOTHBHOM ciiydyae Ha yrjax Laprd MOTYT
MOSIBUTHCSI OCTPBIC BHICTYTIBI. [10 OKOHUaHWM 3aKpenku Kpail onpaBbl MOKHO o0Opa-
6oTtare (prAxmTEXEIEM IS TOJyUYSHUS OJICCTAIICH MOBEPXHOCTA WA MHTTEITh-
rpud—peaxXeHOM TSI HAHECCHHS OPHAMEHTA.

JIiia mmockux KaMHEH CO CKOIMEHHBIMA TpaHsaMu ((packamu), KOTOpbIE 00bIY-
HO BCTaBJIAIOT B MY>KCKHE MEPCTHU, TPUMEHAIOT 3epKajibHYIO ompaBy. O0010K Ta-
KOH OmpaBbl AOJXKEH ObITh JOCTATOUHO BBICOKUM, YTOOBI MOCJIE 3aKPENKUA OH MOJI-
HOCTBIO 3aKpbhIBaJT hacku kamHs. PanT 0601ka mioTHO oOxumaror. B 3akmoucHme
BEPXHUH Kpai OnMpaBbl OMWIMBAIOT 3aMOJJTUI0 ¢ MOBEPXHOCThIO KamHs. [locne mo-
JIMPOBKH CO3J]a€TCA BIIEUATIIEHUE, OyATO BOKPYT KaMHS HaXOUTCA Y3KOE METAJIJIU-
YECKOE 3epKaJIo.
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OxonuaTenpbHass o0paboTKa MPOM3BOAWTCS ciaeayrommMm oobpazom. Ilocre
TOTO KaK BCE KaMHU Oy Iy T 3aKpPEIJICHBI B OMPaBe, HEOOXOAMMO YOSIUTHCS €Il pas
B HAIC)KHOCTH WX 3aKperieHus. [|Jig 3Toro THCOUKaMu, B KOTOPBIX 3aKPETUICHO W3-
JIeNHe, TOCTYKUBAIOT 110 KPalo BEPCTaKa M CIIYIIAIOT, OOJTAETCS JTU KaMEeHb B THE3-
Jie, WUIA TPOOYIOT CABMHYTH KaMEHb ¢ MOMOTIBIO BaxcOeiHa. Ecim kamens mepen
3aKPeTnKOi ObIJT YCTAHOBJICH B M3/ICJIMHA HA KUTTE, TO 3Ty MPOBEPKY OCYIIECTBIISIOT
nocie ynajgeHus kutta. [Ipu 5ToM u3aenue cnerka HarpeBaroT B IJIAMEHH Ta30BOM
TOPENKA W YAAJISIOT PasMATUCHHBIM KHTT. ECW OCTaTkW KUTTA COXPAHWIHNCH B
TPYAHOJOCTYITHBIX MECTaX, TO W3/ICJINE MOMEIIAIOT B CIUAPT, MPOMBIBAIOT MATKOM
METKON M MPOCYMIMBAIOT B ONMUJIKAaX. B 3akimroueHne u3aenue eme pa3 clierka mo-
JUPYIOT HA KPYT€ U3 MIEPCTH.

Packpenka xkamHel MPOW3BOAUTCS B CIIydae PEMOHTA W3JCIHS WM 3aMCHBI
kamHs. [Ipr 5TOM HE0OXO0IMMO YUHUTHIBATh CBOWCTBA M KauecTBO KamHsA. [Ipu pabo-
T€ C XPYNKAMH KaMHSIMHW WM ¢ KaMHSIMH, AMEIOIITAMHA TPEIIAHBI, CJICAYET MPOsIB-
JATh 0COO0YIO0 OCTOPOKHOCTh. OCTpUEM HOXA MPOBOAAT MEXKIAY OMPABOA U KAMHEM,
MIPH STOM HOX JEHCTBYET KaK KJIMH W OTXKUMAET CTCHKY OTPAaBhI. Y CHIINE HAXXHMa
JIOJKHO PETYJIMPOBATHCSA B 3aBUCUMOCTH O T TIPOYHOCTH W COCTOSTHUS KaMHS, HY K-
HO CTapaThCs HAIPABJIATH €ro OOJBIIE HA OMPaBy, YeM Ha KameHb. Hu B koem cy-
Yyae HEJIb3S MEepPeKalMBaTh HOX WK JACHCTBOBATh UM KAaK PHIUArOM JUIsi OTOOPTOB-
K1 onpaBbl. OCOOEHHO TPYJHO PACKPENUTh TAKWUE OMPABBI, Y KOTOPHIX Kpail ObLI
MJIOTHO TIPUTHAH K KaMHIO C MTOMOIIBIO JpIokepa. B 3ToM ciydae mpu HeNpaBUIIb-
HOM pacKperke, €CM OCTPHE HOKA HE MOMaJaeT MEKIy KaMHEM M KpaeM OIPaBhl,
MOXHO, HA000pOT, eIe MPOYHEee 3aKPeNuTh KaMeHb. B Takoil cuTyanum HaIo
HaWTH MECTO, TJIe MOKHO BCTaBUTh OCTPUE HOXA MEXKTY KaMHEM U 000 IKOM OTTpa-
BBI, @ 3aT€M TMPOBEET HOXXOM HECKOJIbKO Pa3 BOKPYT KaMHs TOJ OMPaBOM, MOKa
PaHT T[apTy OMPaBbl HE OTOJABUHETCA HACTOJIBKO, UTO MOKHO OYyJET BHIHYTH Ka-
MeHb. Ecnu ke UMEKT JeI0 ¢ TOJICTOW OMPaBOM HMIJIM OMPaBOM, KOTOPYK) HEBO3-
MOXHO PACKPENHUTh dTUMHU CIIOCOOAMH, TO €€ CJIeAyEeT Ha OJHOW CTOPOHE pacIu-
JUTH JTOO3UKOM. B HEKOTOpHIX CiIydasx ompaBy HY>XHO PACTVMIIMTh B JIBYX MPOTH-
BOTIOJIOXHBIX MecTax. MecTo pa3pesa BIOCIIECACTBUY 3allanBalOT W 3aUMINAIOT.

Packpenka kpanmaHOBBIX W KOPHEPOBBIX OMpPaB, KaKk MPaBWJIO, HE BHI3BIBACT
3aTPyAHCHUIN W MPOU3BOIUTCSA C TOMOIIBIO (PIAXIITHUXENSA, KOTOPHIM OCTOPOIKHO
OTTECHSIIOT B CTOPOHBI YIEPKUBAIOIIHAE KaMEHb KpamaHbl. [IJisi 0OUeHb MENKUX KaM-
HEW HCMONB3YIOT MTH(T, UAMETP KOTOPOTO TIOUTH COOTBETCTBYET pa3Mepy Kam-
HA. OTHM MTHA(TOM BBIIABIMBAIOT KAMEHB M3 OTIPABHI.

Jlexkums 32

1. TexHONOTUSA U3rOTOBJICHUS MOJABUKHBIX COCIMHEHUMN: 3B€HBEBBIX, IAPHUP-
HBIX, 0apeTTePHBIX, TITH(TOBHIX W TIOIBHKHBIX OTPAB.

HpI/I HW3TrOTOBJICHUH LICOCH U 6paCHeTOB, CCPLr U KYJIOHOB OTACJIBHBIC ACTAJINA

JOJIKHBI MOJBUKHO COEUHATHCS PYT ¢ apyrom. HecmoTps Ha MmHOrooOpasue mno-
JBHUKHBIX COEUHECHUN, NX MOKHO PA3JEIUTh HA HECKOJIBKO OCHOBHBIX THUIOB.
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1. 3BenbeBoe coenunenne. OcHOBHAs (popMa BCEX BO3MOXKHBIX COSAMHEHU
— KOMOMHAIMA BCTABJICHHBIX JIPYT B JApyra KOJblLEBbIX 3BeHbeB. Ha puc. 2.4.27 no-
Ka3aHbl MPOCTEHIIIME 3BEHbEBBIC COCMUHEHMS. [IJis yBEIMYEHUA IUIONAAN Crias
CTBIKA KaXKJIOTO 3BEHA CJIETKA CKAIIMBAIOT, 3BE€HbA COOMPAIOTCS B3aUMHO MEPIEH-
JUKYJSPHO, a 3aTEM 3aManBarOTCA.

=5 I
—~~~_J[_,:“
e

Puc. 2.4.27. TlpocTeiimue 3BCHBCBBIC COCTUHCHIS

|

1]

2. [lapuupHble coeauHenus. M3rotTopieHne mapHUpHO TpyOKH ObLIO yKe
onucaHo Bbie. s obecneyeHus HEOOXOAUMON MPOUYHOCTH TOJIIMHA CTEHKH
TpyOKH NOJDKHA COCTAaBJISAITH 1/4 OT ee HapyXHOTOo auamerpa. Bce moaBrkHBIC
HIAPHUPHBIE COSAMHEHUA COCTOAT U3 HEUETHOTO YKCJIA IIAPHUPOB U 0003HAUAKOTCA
COOTBETCTBYIOIIMMHU HOMepamu (3, 5, 7 u T. A.). Y TOABHKHBIX IIAPHUPOB, COCTOS-
IIUX U3 TPEX YacTeH, CPeAHSSA yacTh ACNIACTCs UpPE, YeM JIBe KpaiiHux. KoHeuHbie
HIAPHUPBI JOJAKHBI PacloJiaraThCsl HA OCHOBHOW yacTu u3aenus. [ aBHag Tpyad-
HOCTb MPU U3FOTOBJICHUU COCTABHOTO MOJBUKHOTO IIAPHUPA COCTOUT B TOM, UTO
OT/EJIbHBbIC OTPE3KU TPYOKH IIApHUPA AOJKHBI TJIOTHO MPUJEraTh APYT K APYTrYy H
B TO K€ BpeMs CBOOOAHO ABurathca. Eciv mepen malikoi OTAENbHBIX 3JIEMEHTOB
HIAPHUPA YJIOKUTh BCE €r0 OTPE3KHU B CHELHMAIBHO MOATOTOBJCHHBIN KeI000K, a
3aTeM MPUNASATh UX TBEPJBIM MPUMOEM MOOUEPETHO C PA3HbIX CTOPOH K CKperuisie-
MBIM JETAISAM, TO CIAEAYET OXKUJATh MOJYUECHHS TYroro MapHUPHOTO COCIMHEHMUS,
TaK KaK OMAacHOCTh MPOTEUKH MPUIOA Beauka. Ecnu ke mpunauBaTh J€Talu CHaua-
Jla K OJTHOM CTOPOHE, a 3aTE€M K JAPYTO#, TO 3TO 0OECIEUUT XOPOIIYIO MOABUKHOCTD
HIAPHUPY, HO €ro TOYHAs MOJTOHKA BHI30BET TPYAHOCTH.

Ot mMacTepcTBa IOBEIMPA M OT CYIIECTBYIONIEH HEOOXOAUMMOCTH 3aBUCHUT, Ka-
KOM M3 3TUX JBYX METOJIOB CTOUT MCIMOJIb30BaTh.

[TocnenoBarenbsHOCTh PAbOTHI MPU MEPBOM MeToAe. KpyriabiM HANUIbHUKOM
B MecTe OyayIlero COSIMHEHMS AeTajeill BBHIMWIUBAIOT KAHABKY TaK, YTO KOHEII
KXol neranm mpuobpertaer (opmy momyxenodka. TpyOky pacnmuimBaioT Ha
HEO0XO0IMMOE KOJIMYECTBO YACTEH, MPUUEM TUIOCKOCTH pe3a JOJIKHBI pacroyiararh-
Csl HETIPEMEHHO TOJT MPSMBIM YTJIOM K OCH TmapHupa. Ha crampHo# mTudr, crierka
CMa3aHHbIN TMJIACTUJIMHOM, HACAXKUBAIOT ACTAJIM IIAPHUPA, BIUIOTHYIO keiio0. Bee
YacTH MIApHUPA Yepe3 OJHY MPUTIAUBAIOT C OJTHOM cTOPOHHI (puc. 2.4.28, a).
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[IpumasHHBIC YacTH MapHUAPa H3OIHPYIOT INIACTHIIMHOM, YTOOBI MPeI0TBPa-
THTHh PacTEKaHWE NPHUIOS OT MECT maiiku. YacTu, pacmoyoKeHHBIE MEKIy HHUMH,
MIPUIIANBAIOT C IPYTOM CTOPOHBI M BBIHUMAIOT IITHQT.

ITocnenoBaTenbHOCTh padOTHI MpH BTOpoM MeToje. ONOopHBIN kenod aena-
€TCA TaKUM K€ CII0cO00M, Kak M IpH nepBoM Metoje. IllapaupHYyIo TpyOKy AemsT
Ha HY»XHOE KOJMYECTBO YAaCTEeH W HAAPE3al0T €€ OT CThIKa IapHHUpaA CTPOTO Tep-
MICHIUKYJISIPHO K OCH HACTOJIBKO, 9TOOBI MEXKAY OTACIbHBIMHM YaCTSIMH OCTAJIHCh
TOJBKO MAJICHBKHE MEPEMBIUKH.

a 0 B

Puc. 2.4.28. IlpunauBaHue 31EMEHTOB MOABMKHBIX LIAPHUPOB ABYMS CIIOCOOAMHU

Hanpessl cpennux yacTed mapHUpa MOKHO KIIMHOOOPAa3HO PacHIUPUTh, UYTO
MPEIOTBPATUT NOATEKAHUE MTPUTNIOS K cOCeTHUM yacTaMm. [IlapHup momemaroT B xe-
7100 W TMPUTIAWBAIOT €r0 YaCTH TBEPABIM MPHUIIOEM C OJHON CTOPOHBI (puc. 2.4.28,
B). TpyOKy OKOHUATETEHO Pa3pe3aloT W yAATAIOT HETPUTIASHHBIC YacTH. BeIHyThIC
YaCTH IIAPHUPA 3aUUILNAOT U TOUHO MOATOHSIOT K MPOMEXKYTKAM. 3aTeM 3TH TPyO-
KW HACAXXUBAIOT HA CTAJIbHON MTHET, pactipeAeaiOT 10 €ro AJIMHE Ha TPeaHa3Ha-
YEHHBIC WM MECTa, (PUKCHUPYIOT W TPHUMAWBAIOT K APYTOH uYacTu wu3aenws (puc.
2.4.28, 6). lItudt BRIHUMAIOT, COOMPAIOT 00€ TOJIOBUHBI COCITUHCHUS BMECTE H
CKPEIUISAIOT UX OCBIO LIAPHUPA.

[TpyXuHHbIE IAPHUPHI MPUMEHSAIOTCSA, KaK MPaBWIO, B MOPTCUTapax Jyls aB-
TOMATHYECKOTO OTKpPbIBAaHUA Kpbiliku. COOpKa IIapHUpa MPOU3BOJAUTCS TaK K€,
Kak ¥ cOopka mpocToro mapHupa. Bmecto mTudra BHyTph MApHUPHBIX TPYOOK
BCTABJISAIOT MJIOCKYIO MPYXUHY. B 3aBUCMMOCTH OT Beca KPBIIIKKA TPEOYETCs OJHA
WJTM HECKOJIBKO TaKWX MpPYkUH. OHU AOTKHBI ObITh HECKOJIBKO JUIMHHEE, YEM IIap-
HuUp. C OAHOTO KOHIA MPYKUHBI TPUAKUMAIOT K BHYTPEHHEH MOBEPXHOCTH TPYOKH
HEOOJBIINM KJIIMHOM, KOTOPbIA MPOYHO BOMBAIOT B IIapHUP. BriosiHe qocTtatouHo,
€CJIH TIPYKWHA TIPA OTKPBITON KPBIIIIKE JISKUT TOPU3OHTATBHO (puc. 2.4.29, a).
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Puc. 2.4.29. Ilpy>kxuHHBI [APHUP: a —B MOJOKCHUH MOKOS; O — M0 HAMPSHKCHUEM
CKPYUYCHHOU NPY>KUHBI IPH 3aKPBITON KPBIIIKE

MoXHO, 0OTHAKO, YK€ MPH YCTAHOBKE MPYKUHBI UyTh TTOBEPHYTH €€ BOKPYT
MPOJIOJIBHOM OCH M CJieTKa 3a0UTh KJIMH ¢ MPOTHBOIIOJIOKHON CTOpOoHBI. Ecnmu nipu
ATOM YyBCTBYETCS, UTO MPYXKHUHA HAMPSDKEHA B IOCTATOYHOMW CTETICHH, TO 3a0MBa-
10T KJIMH OKOHYATEJIbHO M ¢ 3TOM cTOpoHHI mapHupa (puc. 2.4.29, 6). B 3axmoue-
HUAC KOHIIBI KJIMHBEB W TPYXKWH Ha IIAPHUPAX CPe3al0T BPOBEHb C TOPIAMH
KpaitHuX Tpy OOK.

CoOcTBeHHO TIOABYMIXHBIE YacTH KoHTprmapaupa (puc.2.4.30) momernmaroTcs
BHYTPH TPyOKH OOJBIIIOTO AUAMETPA, Pa3pe3aHHOM MO 0CEBOM MIOCKOCTH BAOJb,
npunanBaloTcs K Her. [IpenBapuTenbHO TOIOBUHKHN TPy OKH, 00pasyromue Hapy K-
HYIO YacTh MApPHUPA, MPUTIANBAIOTCA TBEPABIM IIPUTIOEM B BEIEMKaX TOPIIOB Opac-
nera. [lo cpaBHEHMIO ¢ MPOCTHIM MIAPHUPHBIM COCAMHEHUEM OH WMEET JIyUIlHe
HarmpapJjstomue U 00Jiee HANEKHBIM 3aXBaT. OTH MIAPHUPHI MPUMEHSIFOTCA, KaK
MpaBWIio, B OpacieTax.

a §) B r

Puc. 2.4.30. Ilpunausanue yacteii KOHTpLIAPHUPA (OpacieT NPIMOYTOIbHOTO CEUCHUS 110 IIUPH-

He OOJTBIIIC KOHTPIIAPHUPA): @ —BCTaBKa 3ambIKaroiiei cThik (U—00pa3Hoii MOJ0CKH, B — MaiKa BHEIIHEH
TpyOKH mapHUpa OONBIIOro JUAMETPA; B — NalKa CPeIHEH YaCcTH BHYTPEHHEH TPYOKH NOABHKHOTO
KOHTPLIAPHUPA MAJIOTr0 JUAMETPa; T — MalKa KpalHUX YacTed TPYOKH MOJBHKHOTO KOHTPLIAPHHUPA

3. baperrepHbie coeqMHEHUA. DTO BUJI COETMHEHHUS OCOOEHHO YacTO MCMOb-
3YETCA B FOBEJIUPHBIX U3ACIUAX. BO3MOXKHBIN paanyC ABUKEHUA OTPAHUYEH C OJ-
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HOM CTOPOHBI (POPMOH BCTABJICHHOTO KJIMHA, C JPYTOM CTOPOHBI — BETMIMHON TIPO-
MEKYTKOB MEXKIy 3BeHbsAMU. Dopma 3BEHHEB HE HWMEET 3HAUCHHUS, HO B
OOJIBIIMHCTBE CIYYaeB 3TO COCAMHEHUE MPUMEHSETCS JI 3aKPbIThIX MPAMOYTOJIb-
HBIX KopoOuaTeiX B U—00Opa3HbIx IpogrIcii.

[Tpu M3roTOBJNICHNU COCIMHEHUS OEPYT B KAUECTBE CEPJICUHMKA MEAHBIA WIIN
CTaJbHON CTEPXKEHb KBAJAPATHOTO WJIU MPSAMOYTOJIBHOIO CEUEHUS U OOKOBBIBAIOT
BOKDPYT HEro YEThIPEXTPaHHYIO TPYOKy. CTHIK Cliely€eT M0 BO3MOXHOCTH Pacmofio-
UTh MO TpaHu TpyOku. B ToM ciyuae, korjaa mpeanosiaraercsi U3roTroBUThH Opac-
JIET, MOIYUYCHHYIO TPYOKY BMECTE C CEPACUYHUKOM CIMOAtOT BOKPYT OMPABKH, COOT-
BETCTBYIOILICH BHYTPEHHEMY pa3Mmepy Opaciiera. 3aTeM pachuIMBaiOT 3arOTOBKY
OpaciieTa Ha 3B€HbS U BHITPABJIMBAIOT U3 HUX CEPJICUHUKHU.

Ecmm 3Benbs momkabl uMeTs U—00paszHbiii MPpoQib, TO UX U3TOTOBIISIFOT Ta-
KUM 3k€ 00pa3oM, HO B JIOOOM CJydae YEThIPEXIPAHHBIN HIAPHUP U3TOTOBJISIOT
TOJBKO C MEIHbIM cepaeuHukoM. [Ipu u3rorosnennn U—-0Opa3HbIX 3BEHBEB CTHIK
00pa3ytoT Ha Oyaylieil BHYTpeHHEH CTOpoHE OpacjieTa M €ro HeT HE0OXOAUMOCTH
3amamBaTh. 3aTeM YETHIPEXTPAHHYIO TPYOKy Takke CruOaroT, mpuaaBas € Gpopmy
Opacniera. OTHaKO BHYTPEHHIOK CTEHKY TEMEPb CNWIUBAKOT /10 METAUITMYECKOTO
crepxkHs. [Toce paspesku TpyOKH Ha 3B€HbSI KyCOUKH CTEPXKHSA CBOOOHO BHIHHMA-
1oTcsa. O0a KOHIIA KaKAOTO 3BEHA CJICTKA CKAIIMBAIOT, UTOOBI 00CCICUNTh HEOOXO0-
JUMYTO TIOJABHKHOCTH. K KOHITY Ka)KA0TO 3BEHA MPHUMANBAIOTCS YETHIPEXTPAHHBIC
KJIMHOOOPA3HbIE€ BBICTYIbI. DTHU BBICTYMbI BCTABJAIOTCA B MOCIAEAYIOUIEE 3BEHO,
MPOCBEPIIMBAIOT B HUX OTBEPCTHS U CKIIEMBIBAIOT (puc. 2.4.31).

Puc. 2.4.31. bapeTrepHOC COCTUHCHUC

4. CoequHEHNE y3KHUX 3BEHBEB. DTOT METOJ MOXKHO CUHTATh YJIyUIICHHOM
dhopwmoii baperteproro coeauaeHus (puc. 2.4.32).
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Puc. 2.4.32. llltudgToBe COCTUHCHUS 3BCHBCB

3BEHbSI U3TOTOBJIAIOTCA TOUHO TaK XK€, KaK 3TO ObLJIO OMHCAHO MPH KIIUHO-
BOM OapeTTepHOM CoeauHEHHUH. JIs 3TOro COeIMHEHWS MOXKHO NMPHUMEHHUTH Kak
YyeThIpeXrpaHHbIi mapHUp, Tak 1 U—oOpasHelid npodmib, IOCIE TOTO KaK eMy MpH-
nanyT dopmy Opaciera. [lpu pacnuiamBaHMHM 3arOTOBKH Ha 3BEHBS HEOOXOAHMO
HWMETh B BHJy, UYTO OHM JOJKHBI OBITH HECKOJIBKO JJIMHHEE, YeM TpeOyeMoe ToTo-
BO€ 3B€HO. B Ka)kJI0M 3B€HE HA OJHOM M3 KOHIIOB BBHIMHIMBAIOT MOJYKPYTJIbIE IIEU-
KM, @ Ha APYTOM KOHIIE MOJYKPYTJIO€ YyriyOJieHHE, COOTBETCTBYIOIIIEE IIEUKaM Tpe-
JBIAYIIETro 3BeHa. M3 yeThipexrpanHoil MpoBOJIOKH, KOTOpas MJIOTHO BXOAMUT B 3BE-
HbS, U3TOTABJIUBAIOT COCAMHUTENbHBIE BCTaBKKA. OAWH KOHEI STOH MPOBOJIOKH 3a-
KPYTJIAIOT HAMJIBHUKOM M 3aTE€M OTPE3al0T BCTaBKY OT MPOBOJIOKH M 00pabaThiBa-
IOT APYTroMl KOHEIl TaK, YTOObI €ro MOXKHO OBLJIO TIOMECTUTh B 3B€HO M MPHUIMASATh Ha
CTOPOHE € MOJYKPYTJIbIM YIIyOJIecHHUEM. 3BEHbA COSUHAIOT MONAPHO, MPOCBEPJIU-
BafOT ¥ MTH(TYIOT. [Ipr TakOM COSTMHEHUH 3BEHBS MMEIOT TaKyIO MOJBHYKHOCTD,
yTO OpacjeT MOXXHO Pa3orHYTh A0 MPSAMOW JUHWH. ECIW MOABHKHOCTH 3BEHHEB
Majia, TO B MECTE€ COCAUHEHHUA MX CJIEAYET HEMHOrO MOIMUIIUTH CBEPXY, UTOOBI
YBEJIMUUTH 3JIECH 3a30P U OOJIETYUTh PACOPSIMIICHUE 3BEHBEB.

5. CoequHeHne MUAPOKUX 3BEHLEB. [Ipy M3rOTOBICHUH HMIUPOKUX OPACIETOB
HEBO3MOXHO OOOUTHCH TOJBKO OJTHOW COeAMHUTEIbHON BcTaBkoi. Ha obenx Bep-
THKaJIbHBIX OOKOBBIX CTEHKAX 3B€HA C BHYTPEHHEH CTOPOHBI HAMAWBAIOT MO OJHOH
MOIYKPYTJIO# TOoHKOM BeTaBke (puc. 2.4.32, 6). [locnemoBareasHOCTh pabOTH TIPH
COCJIMHEHUHN IMMPOKHX 3BEHHEB MOUTH TaKas K€, KaK U MPU COCAMHEHNH Y3KHX 3BE-
HbeB. BHauaje W3roToBISAIOT M3 MOJIOCOBOrO METa/ia JBa o0pyua Mo pa3mepy
OpacnieTa ¥ ¢ BHEITHEH CTOPOHBI K HUM MPHUIIAUBAIOT HA OJUHAKOBOM PACCTOSHHH
Hakjaaaku. PaccTosHua Mexay HakaaJkaMH JOJDKHBI OBITh JOCTaTOUHBIMHU JIJIA
M3TOTOBJICHUS W3 MPOMEKYTOUHBIX YacTel 0oOpydYeH MOJYKPYTJBIX IEUeK. 3aro-
TOBKY OpaciieTa paCnuJIMBalOT Ha 3BEHbS, KOTOPbIe 00pabaThIBAIOTCS TaKKUM K€ 00-
Pa3oM, Kak OBLJIO OMKMCAHO BBIIIC, H COSTUHSIOTCS MTH(TAMH.
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6. [lItudroseic coenuaenms. bpacieT ¢ kayaroMMUCs Ha MTH(TAX 3BCHbDS-
MM TOKa3aH Ha puc. 2.4.33.

Puc. 2.4.33. BpacneT co ITuTOBEIM COCTUHCHUEM 3BCHBCB

Ilpn wsroroBneHun Takoro OpacneTa OepyT IUIOCKYIO BaJIblIOBAHHYIO
YETHIPEXTPAHHYIO MPOBOJIOKY ceuenueM 0,7 * 2.5 MM u crubaroT u3 Hee Tpu 00py-
4ya, BHYTPEHHUH pa3Mep KOTOPBIX COOTBETCTBYET pasmepy Opaciera. OOpyd AensT
Ha oTpe3ku AuHoh oT 10 g0 13 MM — Oyayuiue 3BeHbs. I3MepUTEIbHBIM LIUPKY -
JIEM HAXOJAT OCEBYIO JIMHHUIO O0pydYa M HAMEUAIOT MECTa CBEPJICHUS OTBEPCTHS.
OOpyu mpOCBEPJIMBAIOT MO 3TUM MeTKaMm. BTopoil o0pyu knagaeTcs mojd MEpBbIN.
BTopoit 06pyu mpocBepauBalOT B ABYX MPOTHBOIOJIOXKHBIX MECTaX Yepe3 WMEIO-
necd y»e OTBEPCTUA M COSIUHAIOT 00a oOpyua BpeMeHHOMN 3akyienkoi. Tenepb
MPOCBEPJINBAIOT BCE OCTAJIbHBIE OTBEPCTHA, HE Omacasch capura oopyuei. [Tocme
TOTO, KaK 3BeHbS OyMyT OTACIICHBI, €CTh YBEPEHHOCTh B TOM, UTO OTBEPCTHS HAXO-
JATITUXCST PSAIOM 3BEHBEB TOYHO MOJOUMAYT APYT K APYry. 3aTeM oOpydH paciuiv-
BAIOT HA 3BEHbS U CKPYIJIAIOT MX KOHIBI. O0€ BpEMEHHBIC 3aKJICNKUA yAAISAOT. U3
TpeThero o0Opyua AeNatoT 00jiee KOPOTKUE MPOMEKYTOUHBIC 3BEHbA, UEM U3 MEp-
BBIX JBYX, M MX KOHITBI TaKX€ MPOCBEPJIMBAIOT U CKPYISIIOT. Jlasee mpon3BoasT
cObopky Opacniera. Berasiaennsie mtruThl 3amanBaroT Ha KOHIAX, CJIETKA CMa3bIBas
MPEeABAPUTEIIFHO BHYTPEHHNE YaCcTH OpaciieTa »XHPHBIM TPETEJIOM IS 3aIUTH OT
3aTEKaHUs TTPUTIOS.

B 1oBenuWpHBIX WU3METUAX WHOT/AA W3TOTOBJIAIOT TOIABHUKHBIC OMPABHI, KOTO-
pBIE MOTYT UMETh JBE BO3MOYXHOCTH /ISl IBMOKCHHS. B CTOPOHBI WIIM BIIEPE] U Ha-
3an (puc. 2.4.34).

Omnpassl ¢ GOKOBBIM JBMIKEHUEM COTIPHKACAIOTCS TI0 BO3MOKHOCTH TJIOTHO U
UMEIOT BO3MOYHOCTh TEPEMEIIAThCA B CTOPOHBI B OOKOBOM HampasiicHud. [lapru
ompaB ¢ OOKOBBIM JBMKCHHUEM JIOJKHBI UMETh TApaUICIbHBIE CTOPOHBI, TIOITOMY
MPOIIE BCETO MX MOXKHO M3TOTOBUTH W3 TPYOKH T IAapHUPOB. B cooTBETCTBHM C
MMUPUHONW COCTMHUTEIFHOTO YIIIKA Ha HWKHEH YacTH ONPaBbhl HAHOCAT JBE PUCKH.
Mexay 5THMHA METKaM¥ BBITTMJIMBAIOT JIBA OKOIIICUKA, OCTABISASA MEKIY HUMH Tepe-
rOPOJIKY, 32 KOTOPYIO 3areM OyAeT 3alerIaThCs COCAMHUTENBHOE YIIKO. YIIKO C
BBIpe3aHHOHN 1/4 OKpPYXHOCTH MPOCOBBIBAIOT Y€PE3 OKOIICUKH W TMPUITAWBAIOT €TO
KOHITBI K CJAEAYIONMICH OmpaBe TakuM o0pa3oM, 4ToObl OHW HAXOIUJIUCh TOYHO
nepe] ePEropoIKONA MEXAy BRITMIICHHBIMA okoteukamu (puc. 2.4.34, a). Ha sto
cienyeT oOpatuTh 0co00€ BHUMAHHWE, B IPOTHBHOM CiIydae psAM OnpaB He Oyaer
BHCEThH MPSAMO B CITOKOHHOM COCTOSTHUH.
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Puc. 2.4 .34, TloaBukHBIC COSAUHCHHS OTIPAB. a — C OOKOBBIM JBHKCHHCM;
0 — C MPSIMOJTHHCHHBIM JBHUKCHHUEM; B — KAYAIOIIUCCS OMPABBI

B ompaBax ¢ BO3BpPaTHO-—MOCTYMATEIBHBIM MPAMOJMHEHHBIM JIBHKECHHUEM
OUYCHb BAXKHO, UYTOOBI PACCTOSHWE MEKIY IAapraMH OCTaBajOCh MO BO3MOXHOCTH
HeOompmuM. [Iportece MX M3TOTOBJICHHS 3aKITIOUAETCA B CleaylomeM. B kaxmoi
1apre, Ha MPOTUBOTIONOKHBIX CTOPOHAX, MPUMEPHO TIOCEPEANHE, TIPOCBEPIUBAIOT
OTBEPCTHE, a IO HUM Ha HI)KHEM KPae BBHIMIJIUBAIOT MOYKPYTIYIO BRIEMKY. YII-
KaMH U3 KPYTJION TPOBOJIOKH COCIWHSIOT OTPABHI, IPUMANBasi KOHIIBI YIIIKa K CO-
ceaneit mapre (puc. 2.4.34, 6). BmecTo kpyryioi IpoOBOJIOKH MOXHO HCIIOIh30BATh
U TpodMIbHYIO, HANPUMEP TMONYKpPYyTNIylo. B 3TOM ciydae BepxHee OTBEPCTHE
JIOJKHO OBITHh TIOIYKPYTJIBIM, 8 HYKHSS BRIEMKA — IPSIMOYTOJIbHOM. [Inst coemmne-
HUA T[apT MEXIy co00i BMECTO yIIEK M3 TMIPOBOJIOKH MOXKHO MPUMEHHTH TIJIOCKHE,
BCTaBisieMbie B Ta3bl ymiku (puc. 2.4.34, B). [lpu m3roroBneHurn U cOOpPKE ITUX
OTIpaB, HA3bIBAEMBIX TAKXKE KAYAFOITUMUCSA, paOOTy BBITIOIHSIOT B CIASAYIOIIEM TT0-
psanke. JIoO3uKOM ¥ TUTOCKUM HaA(wiIeM B IBYX THAMETPATIHHO MPOTHBOTIOTOKHBIX
MeCTax OMpaBbl JASNAOT HaApe3bl. M3 momockn MeTaia, CEUeHUe KOTOPOH TOYHO
COOTBETCTBYET MPOUIIO HAIPE30B, ACIAIOT COSAMHUTEIIHLHOE TONYKPYTIJIOE ¢ Of-
HOM CTOPOHBI YIIIKO, TUIOCKHI KOHET] KOTOPOTO 3aManBaiOT B TIa3 OMPABBI, PACIoJio-
KEHHBIN cripaBa. OnpaBbl COCAMHSIIOT 3aTE€M TOMAPHO, MPOCBEPIIMBAIOT OTBEPCTHS
B Taprax W ymike, MTUTYIOT, 3aManBalOT KOHIHI MTU(TOB W 3aUMINAIOT (PHC.
2.4.34,8).

Jlexkuus 33

1. OcobenHOCTH M3rOTOBJICHHS 3aMKOB I LieTniei, OpacieTos, OynaBok, Opo-
IIEH U 3aCTEKEK.
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2. Buabl 1 KOHCTPYKIIMH 3aMKOB.
3. PydHas u MaImuHHAs TEXHOJOTHH H3TOTOBJICHHS 3aMKOB I Ienei, Opac-
JIeTOB, OyJIaBOK, OpOIIeH U 3aCTEKEK.

N3 GonpIoro yrcia pa3iuyHbBIX BUAOB 3aMKOB PacCMOTPUM Hambosee pac-
MPOCTPAHCHHBIE THTIHI.

1. 3acTexkka Ha KOCTbUIb. DTOT 3aMOK MPOCT MO KOHCTPYKIMU U HAJIEKEH B
AKCIUTyaTallil, TaK KaK HE MOXKET OTKPBITHCA CaMOTPOU3BOJLHO. Takue 3aMKH
MPUMEHSIOTCS I TOHKUX IEMOYEK, BRITIOJTHEHHBIX W3 M3AMIHBIX 3BeHbEB. [locie-
JIOBATELHOCTh MPOILIECCA €r0 U3rOTOBJIEHUSA MOKHO MOHATH U3 puc. 2.4.35.

Puc. 2.4.35. 3acrexxka Ha KOCTBLUIb

2. 3aMOK KPIOYKOBBIH HE MEHEE MPOCT MO KOHCTPYKIMH, YEM 3aMOK, Mpe-
CTaBJICHHBIH Ha puc. 2.4.36.

Sacie s, i o el

Puc. 2.4.36. 3amok kproukoBoit

OH MOXeET ObITh U3TOTOBJICH U3 KPYTJIOH MPOBOJIOKU WK JTUCTOBOrO Mare-
puajna. ITOT 3aMOK HAJICKEH B TOM CJIy4yae, €CJIM Ha LEMOYKE MOJBCIICH TAKEIbIH
KyJioH. Jljia OpaciaeToB OH HE MOAXOIUT.

3. IlInpuHrenbHbI 3aMOK SIBISETCA BAPUAHTOM JAJIbHEHUIIETO pa3BUTHUA
KPIHOYKOBOTO 3aMKa. M3roToBAIOT €ro 00bIYHO MAIIMHHBIM COCOOOM U MCHOJIb3Y-
10T B M3JICTUAX KPYyITHOCEPUIHHOTO pon3BoAcTBA. Ho He Beeraa ero popma moaxo-

AT K OOIIeMy BHy YKpaIIeHWsS W TOTJA OH BBITJIIIUT KaK YYy>KEPOAHOE TEJIO
(puc.2.4.37).

Puc. 2.4.37. lllnpuHre16HBIN 3aMOK

H3—3a TOro, 4r0 B 3TOM 3aMKE MPUMEHSETCS CTaJIbHASA MPYKUHA, YIIKO HE-
Jb351 NPUNAUBATh TBEPABIM MPHUIOEM, TO3TOMY HEOOXOJUMO MPUMEHATH OJIOBSH-
HbIA npunod Hamwuwe CTanpHOW NPY>XKWUHBI HE JA€T BO3MOYXKHOCTH MOJABEPraTh
TPABJIEHUIO MOJTHOCTHIO COOPaHHBINA 3aMOK.
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4. Kopobuarbiii 3aMOK OYE€Hb YACTO MPUMEHACTCS Il OpaciaeToB U LECMEH.
HecMoTps Ha TO, 4TO M3rOTOBJIEHUE €r0 TPYAOEMKOE, OH HAXOAUT OONBIIOE MPH-
MEHEHHE, 0OCOOCHHO B TE€X W3JENMAX, [ MO 3aMbICITy XYJ0KHHKA 3aMOK HE J0J-
KEH BBIICTATHCA U3 o0miero pucynka Kak mo ¢gopme, Tak U Mo TEXHOJOTHA U3TO-
TOBJICHHS CYIIECTBYET MHOTO PA3HOBUAHOCTEHM 3TUX 3aMKOB. Bce mx MOXHO CBe-
CTU K OJHOMY OCHOBHOMY Tumy. Ha puc. 2.4.38 noka3zaHo W3roTOBJIEHUE €ro MO
OT/ACJIbHBIM ONEPALUIM.

Puc. 2.4.38. Ilepexoapl H3roToBICHHS KOPOOIATOTO 3aMKa

W3 nonocel nucra tonumHo# 0,3 MM crudaroT pamMky. PaMka cBepxy U CHU3Y
3aKpbIBACTCS TOHKUMHU JIMCTAMU, KOTOPbIE€ BHITMOAIOT B COOTBETCTBUU C BBIMYKJIO-
CTBIO WJIM BOTHYTOCTBHIO Opacmera (puc. 2.4.38, a). Jlna BBeAeHUS 3amopHOM
MJIAHKK KOPOOKY MPOMUIMBAIOT HA IIMPUHY 2 MM CBEPXY BHHU3 JIO0 OMOPHOIO JIUCTA
(puc. 2.4.38, 0). JIuct Tommmuo# 0,4 MM crubaroT U 00KOIAUMBAIOT BOKPYT TOHKO-
ro CTAJIbHOTO JINCTA Tak, 4ToObl cTeHKH Jmcrta U—oOpasHoro mpoduis Obutd Ta-
paiienbHbl Apyr Apyry. [lonydeHHas 3amopHas MjiaHKa AO0JXHA ObITh TAKOTO pa3-
Mepa, 4TOObl OHA C TPEX CTOPOH HECKOJIbKO BhICTyNana u3 kopoOku [1naHky BCTaB-
JIAIOT B MOJATOTOBJICHHBIH 1a3, Pa3MEUAOT YEPTUIIKOM KOHTYP KOPOOKH U BBITTUIU-
BAIOT HAJPE3BI CTyNeHYATOH (hOPMBI I BEpXHEH 1 HIKHEH 3ammenok (puc. 2.4.38,
B) B cooTBeTcTBMM ¢ HAaHECEHHBIM KOHTYPOM TOJTOTOBJICHHAS 3allOpHAs TIaHKA
OTSATh TOMENIAETCA B M1a3 KOPOOKH M 3aMauBaeTCs TBEPAbIM MPUIIOEM MO KOHTYPY.
3aTem 3aMopHYIO IJIAHKY MO MECTY Cruda U HUXKHIOK CTEHKY KOPOOKH pa3pe3aroT,
BBIMMWJIMBAIOT B €¢ 00€MX YacTAX Ma3bl B COOTBETCTBUU C pa3MepaMU 3allleNIKu U
MPUTIAUBAIOT K KOPOTKOM YAaCTH MPKUMHYIO TUIACTHHKY ¢ 3artenkoi (puc. 2.4.38,
r). B 3akimodeHne K 3aIenke mpruianBaloT HAKAMHYIO KHOTIKY, Ha pedpe KOTOpoi
BBITIOJTHEHbBI BOJTHOOOPA3HBIC BHICTYIIHI.

5. llenno# 3amok. Ha puc. 2.4.39 uzoOpaxeHa ynpolieHHas pa3HOBUIHOCTh
KOpOOUYaToro 3aMkKa — LEMHOTO 3aMKa, KOTOPbIH OCOOCHHO YacTO MPUMEHSAETCA i
LEMOYEK.
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Puc. 2.4.39. IleniHoM 3aMOK

Kopmyc Takoro 3aMka W3roToBjstOT U3 TpyOoku. Ha ogHOM KOHIIE €€ mpuman-
BaeTcs monycepuuecknii KoJmavyoK, a Ha JAPYTOM KOHIE — TUIOCKas 3amopHas
MJIaHKa, B KOTOPOH BRIPE3AIOT KBAIPATHOE WIIH MIPAMOYTOJILHOE OTBEPCTHE IS 3a-
LIEJIKH.

Ha 3akpyrieHHoM KOHIIE KOpIyca W Ha KOHIIE 3aropa HAmanBaioT MO OHO-
MYy COEIMHUTEIBLHOMY YIIKY. 3allleJIKy CrMOAlOT TaK, KaK 3TO MOKA3aHO HAa PHUC.
2.4.39.

Ha ocHOBe TOIBKO YTO pacCMOTPEHHBIX KOHCTPYKIHHA CO3JaHO MHOKECTBO
THTIOB 3aMKOB, METO/I, U3TOTOBJICHNS KOTOPBIX aHAJIOTHUYEH PACCMOTPEHHBIM BHITIIE
3alUParOIMM yCTPOUCTBAM.

Ha puc. 2.4.40 nokazan 3amok ajis Opaciiera. CoeuHEHHE 4YacTell 3amKa
MIPOU3BOAMTCS C IIOMOIIBIO TIPYKWHHOHN 3aIEITKH.

Puc. 2.4.40. 3amoxk a1 Opacnera ¢ mpeJoXpaHuTeIeM

JIna HaIe)KHOCTH COCAMHEHUS HA OJHOM M3 4acTel 3aMKa MPHUITAauBArOT IIap-
HHP C TIETJIEH, a HA Apyro# yactu — mapuk. [Tocne 3akpbITHs 3aMKa TeTsa HaOpa-
ChIBACTCS HA IIAPHK.

Pa3zHOBUIHOCTEIO 3TOr0 3aMKa SABJISIETCS 3aMOK C TOPU3OHTAIBHOM 3aIETKON
(puc. 2.4.41), xotopeiii mpeAcTaBisieT coboii KOpoOKy oBanbHOUW (hopmbl, B 0O-
KOBBIX T'PaHSAX KOTOPOM MPONMUJICHBI OKHA JUIs (PHKCAIMK 3a1mopa.

Puc. 2.4.41. 3amok 1711 KOJIbE 1 OPACICTOB ¢ TOPU3OHTANIBHOH 3AINCIKON

3aiiiesika U3roToBJAETCS U3 ynpyroro Metauia. OAuH U3 KOHIIOB 3amopa Bbi-
MOJTHCH B BHUJIC YIITKA, HA APYTOM KOHIIC HaHeceHbl puduieHns. [Ipu 3akpeiTim 3am-
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Ka BEPTUKaJIbHbIE peOpa KOpIyca OXBAThIBAOTCS U3HYTPHU NPAMOYTOJbHBIMU Ma3a-
MH 3alIETKA U HAJAEKHO MPEAOXPAHAIOT 3aMOK OT pacKpbITHsA. boiiee HaneKHBIMU
ABJISIFOTCSL 3aMKH C JBYCTOPOHHUMH TOPH30HTAIBHBIMU 3amieakamu (puc. 2.4.42 u
2.4.43). DTy TUTIBI 3aMKOB MPUMEHSIOT AJIs KOJIbE U OPacyieToB.

Puc. 2.4.43. 3amok ams Opacriera ¢ TOPU30OHTAIBHON JBOMHON 3aIle KON

byrensubie 3amku (puc. 2.4.44) npuMEHIOT B OCHOBHOM JTsl OPaciieToB.

Puc. 2.4.44. byrenpHeiii 3aMoK Ans Opaciera

[ITeikoBBIE 3aMKH (pHC. 2.4.45) TPUMEHSIOT U4 LEMOYEK U OKEPENUH.

Puc. 2.4.45. IIITeIKOBOI 3aMOK

3anopHbId Mmajiel] 3aMKa W3rOTOBJISAETCA W3 TPYOKH, HA KOHIIAX KOTOpPOH
HamauBaT nonycheprueckne konmauku. CrnimpaiabHas MpPy>XKWHA BKIIAIBIBACTCS B
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TUJIb3Y, HOKHUWA BUTOK €€ 3aXOJUT B KOJIbLIEBOW Ma3, PACTOYEHHBIN B CTEHKE TUJIb-
3bl. TeM caMbIM MpY>KMHA HAJAEKHO YJEPKUBACTCS B TMJIb3€. 3aMOK ACUCTBYET MO
CIIECYIOLIEMY TPUHLMITY: KOTJa MNajel] BABUIAECTCA B THJIb3Y, COKAMAs NPYIKUHY,
HaMpPaBJIAIOMUNA MTU(T C TOJIOBKOW, WMEIONIMIACSA HA TMaJIbIle, CKOJIB3UT IO Ma3y
TWIb3bl JI0 €r0 3aKpyriieHus. 3aTeM, Mocjae HEOOIbIIOr0 MOBOPOTA 3alMOPHOTO
Mnajabla BOKPYT MPOAOJIBHON OCH, TTAJIEN MO JICHCTBUEM CHKATOW NMPYKUHBI MMOIHHA-
MaeTcs 00paTHO, TIPY 3TOM MTU(T CKOIB3UT MO COCEHEMY Ta3y M0 YIopa u, OCTa-
HaBJINBASICH, HAIC)KHO (PUKCUPYETCS B TOM TOJIOKEHHUH.

JInH30BBIC 3aMKH NPUMEHSIOT U1 LETIOUEK ¢ HABCIICHHBIMA HA HUX MACCHUB-
HBIMU YKpameHusMu (puc. 2.4.46).

H3roToBadioT 3TH 3aMKH clieaylonmM oOpa3zoM. Ha KonbIlo M3 IIOCKOM
YETHIPEXTPAHHONW TPOBOJIOKM HAMaMBAOT C OOEUX CTOPOH BBIMYKIIbIC JTUCTOBBIE
macTuHbl. K KOIpIy NPUNIanBarOT TAKKE COCIMHUTEIBHOE YIIIKO U3 KPYIJIO# Mpo-
BOJIOKM. HHke yiika IMHKY KOJIbIIa MPOCBEPIMBAIOT. JlMaMeTp OTBEPCTHS TOIKEH
COOTBETCTBOBATh IIMPUHE IWHKH. [ [JTOCKMM HAaMWJIBHUKOM, IIMPUHA KOTOPOTO CO-
OTBETCTBYET MPUMEPHO MOJOBUHE IIWPUHBI [IWHKH, BBIMWJIABAIOT Ma3 MO HAMPAaB-
JICHUIO OT OTBEPCTHS K cepeawHe muHkn. Ha mrudrt, namamerp KoToporo cooTeT-
CTBYET LIMPHUHE Ma3a, HAIUIABIIAKOT IIAPUK, KOTOPBIA TOYHO BXOAUT B OTBEPCTHE
muHkA. K mTrgty mpunanBaroT yuiko U3 Kpyriiod mpoBojiokd. YToObI 3aKpHITH 3a-
MOK, TITapuK MTH(TA BCTABJISAIOT B OTBEPCTUE TIMHKK, HaXo sIeecs Ha puc. 2.4.46,
a CJIeBa U CMEMIAIOT MTU(T 1O Ta3y MPOTHUB YaCOBOM CTPEKH J0 KOHIIA MOCIICIHE-
ro. Oba yiika A0JXHbI ObITh MPU 3TOM YCTAHOBJIEHBI TOUHO APYT MPOTUB JAPYyTa.

a 5] B r

Puc. 2.4.46. JIunz0BEIN 3aMOK: a —IPOJOTBHBIA pa3pe3; O — BUX COOKY CO CTOPOHEI
COCAMHHUTCJ/IPHOI'O YIIKA, B — BUJ C60Ky C HpOTHBOHOJ'IO)KHOI\/'I CTOPOHBL, I' — ICPCIICKTUBHOC I/I306pa.>KCHI/IC

6. BuntoBoii 3amok. C moMOIIbi0 pe3b0bl 00€ MOJIOBUHKHU 3aMKa CBUHUMBA-
10T BMecTe (puc. 2.4.47). 10T 3aMOK OCOOEHHO 4acTO MPUMEHSIOT [T 0XKEPEITHH.
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Puc. 2.4.47. BuHTOBOH 3aMOK

Henmocratok 3T0T0 3aMKa 3aKIFOYAETCS B TOM, YTO BUHT MPH SKCILTy aTaIliH
MOXET CJIOMAThCsI, M TIOATOMY TIOJTHOW TapaHTHUH OT PACKPBITHS ATOT BHJ 3aMKa HE
naet. [Ipy M3roTOBNEHUN BUHTOBOT'O 3aMKa B JIBYX MyCTOTEJBIX IIapax, CAasHHBIX
W3 TOJyIapHii, MPOCBEPIMBAIOT OTBEPCTHA [UIsl BUHTA M pe3bO0oBOM BTynku. Ha
MPOTHUBOIIOJIOKHON CTOPOHE IIAPOB TMPOCBEPIIMBAIOT MAJICHBKUE OTBEPCTHSA JUIA
mtugToB. [IITHdTH ¢ HaMIaBIEHHBIMU HA KOHIIHI IIIAPUKAMHU CBOOOTHO BCTABJISIOT
B MaJICHBKHME OTBEPCTHS W3HYTPH W MPUNAWBAIOT K HAM YIITKHA W3 KPYTIIOH MPOBO-
J0ku. B moclienHIO0 ouepeb B OTBEPCTHS BIIAUBAIOT BUHT U PE3bOOBYIO BTYJIKY.

7. lllapHupHbBIC 3aMKHU MPUMEHSIOT Yallle B OpaciieTax U PekKe B OKEPENbIX.
[Tpocreiimii B MIAPHUPHOTO 3aMKa Noka3aH Ha puc. 2.4.48. M3roroiieHue ero
HE MPEACTABJIAET TPYAHOCTEH.

PaznoBuaHOCTSIME TITH(TOBBIX 3aMKOB SBJISIOTCS 3aMKH C BPAIAIOIIAMCS U
HenoABWXKHBIM mTudTamu (puc. 2.4.49 u 2.4.50), a Takxke OyrenbHbIN 3aMOK ¢ Ha-
kuaHOH ckobOo# (puc. 2.4.51) u OyrenbHBIH 3aMOK ¢ OTKPBITHIM IHAPHUPOM (PHC.

i

Puc. 2.4.48. IpocToii mrrrdToBO# 3aMOK

)

Puc. 2.4.49. IlosopoTHbIi IITHPTOBOH 3aMOK: & — B OTKPBITOM COCTOSIHUH,
0 — B 3aKPBITOM COCTOSIHHH
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Puc. 2.4.50. 3amok ¢ HeMOABMIKHBIM [THHTOM

fr

Puc. 2.4.51. ByrenbHbii 3aMOK ¢ HAKHAHOH CKOOOH

I

Puc. 2.4.52. ByrenbHBIM 3aMOK € OTKPBITBIM HIAPHUPOM

8. 3acrexku u 3aMku s OysiaBok u Opomeii. McexoaHoi dhopMoi 3acTexKr
MOXHO C YBEPEHHOCTHIO Ha3BaTh MPOCTYIO OynaBky. [IpoBojoka, oluH KOHEIT KO-
Topo# 3aoctpen (puc. 2.4.53, a), yToObl OHA MOTJIA JIydIlle MPOHUKATh B MaTEPHall,
UMEET Ha JIPYTroM KoHIe yrommenue (puc. 2.4.53, 0), MpensaTCTBYIONEe €€ Mmpo-
CKaJTb3bIBAHUIO.
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Puc. 2.4.53. Buabl Oy1aBOYHBIX 3aCTCKEK

C naBHUX TOp 5TO YTONIIEHHWE HWCIONB30BANOCH KAaK JCTalb YKPAIICHHS,
HanpuMmep y OyJaBok i rajcTykoB. OCHOBHOM HEIOCTATOK MPOCTOH OyJiaBKH 3a-
KITIOYaeTCA B CIab0OM CIETJICHHH ¢ TKaHbIO, MO0 OHA TOYHO TaK K€ JIETKO BHICKATh-
3bIBACT M3 HEE HA3aJ, KaK M BXOJIUT B TKaHb. JTOT HEIOCTATOK YCTPAHACTCS TEM,
yTO OyJIaBKHM OCHAIMAIOT PA3IMYHOTO POJIAa CTPAXYIOMUMH YCTPOUCTBAMH, KOTOPHIE
OJTHOBPEMEHHO SIBJIAIOTCS M YKpAIICHUsIMU. B KOHCTPYKIIMH, MTOKa3aHHOW Ha PHC.
39, B, OyJiaBKa 0OBUBAETCS BOKPYT OTKPBITOTO KOJIbIA. Y TOIIICHHBIE KOHIIBI KOJIb-
11a MPEMATCTBYIOT COCKAIBb3bIBAHWIO OyJiaBKH. bynaBkol 3aXBaThIBAIOT MaTepHual,
cJIeTKa TMPUTIOAHUMAIOT OCTpHE OyJIaBKH, TPOCOBBIBAIOT €T0 YE€PE3 OTBEPCTHE KOJTb-
11a ¥ CMEIIA0T KOIbIO Mo OyjaaBkoit npuMepHo Ha 90°. bnaroaapsa stomy OyJas-
Ka MPOYHO yJAepkuBaeTcs B Tkanu. COBEPIIEHHO APYTrod Croco0 HAIEKHOTO 3a-
CTETMBAaHMS TaK Ha3bIBaEMOM «Oe30macHoi OynaBku» nmokas3aH Ha puc. 2.4.53, r. Ee
CrudaroT U3 ynpyrod MmpoBOJIOKK TOMIMIMHOMN okosio 1 MMm. OcTpue OyJiaBku ykia-
JIBIBACTCSL B CHENUAIBHYIO BHIEMKY, OTKOBAaHHYIO Ha MPOTHBOMOJIOKHOM KOHIIE
MTPOBOJIOKH, W HAJIEKHO (PUKCUPYETCS TaM OJiarofapsi ynpyromMy HampsuKEHUIO BUT-
KOB TPOBOJIOKH.

Ha puc. 2.4.53, n noka3zana OyjiaBKa, y KOTOPOH CKOOAa MMEET BBITHYTYIO
dhopmy, UTO MO3BOJIAET OECIPEMATCTBEHHO 3aXBATHIBATh OOJBIIIOE KOJIMYECTBO Ma-
Tepuana. B To BpeMs Kak KPIOYOK MPETepriesl 3HAUYUTEIbHBIC U3MEHEHUS W TPH-
KpEIUIIeTcd KaK CaMOCTOATEIbHAs 4acTh, Yy OyJIaBKH €Ille COXpaHEHa e¢ crapas
dhopma, CyIIIECTBEHHBIM HEJAOCTATKOM KOTOPOH ABJIACTCS HEOOJBIOHN YTOJl PaCKPHI-
THA.

CospemenHnbie (OPMBI 3aCTEKEK JJIA OPOIIEH OTIMUAIOTCS OT CTaphiX (hopm
0oJiee CI0XKHOM KOHCTPYKIMEH U HACKHBIM KperuieHueM. [Ipu BeIOOpe TOro wuiu
WHOTO 3aMKa CIIEyeT YUYUTHIBATh KOHCTPYKIMIO W BeC camoi Opomm. J[ns kpym-
HBIX OpoIIel 3aMOK CIIEYET KPETUTh HECKOIBKO BBIMIE CEPEAUHBI €€, JUIS y3KHUX
Opolrieil Tpu 3aKajbIBaHUM Ha OJy3Ky MPABHIBHOE TMOJIOKECHHE €€ 00eCreunBacT
JBOMHAas OyjiaBKa.

9. Hlapuupsl OynaBok Opoiei. J[Jis u3rotosaeHus mapHupa OyJiaBku TpyO-
Ky PacliJIMBAIOT HA TP YacTH. /[Be KpaliHue "acTy MPUManBaiOT K KEITOOKOBOMY
ocHoBaamio. K cpemaHeit yacTh ONOBSHHBIM MPHUMOEM TPHUIIAWBAIOT TPOBOJIOKY U3
ynpyroro matepuana (puc. 2.4.54, a).
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Puc. 2.4.55. Buas! 3actesxek ams Opoiueii; a — npocTeHITHI OCHOBHOU THIT (KPIOYKH U3 IPOBOJIO-

KH H [IOJIOCOBOTO METALIa); O — 3aCTEKKH M3 TIOJOCOBOTO METAIA (3aCTCIKKA C TTOATOTOBICHHBIM
MPSIOXPAHUTEICM, TAOTOH PA3BEPTKH KPIOUKA, TOTOBASA 3aCTEKKA C TPESIOXPAHUTEICM); B — 3aMOK C
Sa,Z[BI/DKHOI\/'I FHHLSOﬁ (B HOJ'IYOTKprTOM COCTOSHHH, OTACIBHBIC ACTAJIHN 3aMKa, B SaKprTOM COCTOHHI/II/I)

OauH KOHEIl TPOBOJIOKA COTHYT MOJ MPSMBIM YIJIOM, a APYTrOd 3a0CTPEH.

Cpennioro 4acTh MapHupa MOATOHSIOT MEXKIY ABYMS HETIOJIBHKHBIMHU dacTAMH. B
ITAPHAUP BCTABJIAIOT 3aKJICTIKY, PACKJICTIBIBAIOT €€ M 3aUMIAOT KOHIb. Ha mapuup-
Ho#t Oymaske (puc. 2.4.54, 6) Mexay mapHUPOM U OyJIaBKOW NPUMANBASTCA yTIOP,
W3TOTOBJICHHBIN U3 yNPyTOro jrcra TommuHo# 0,5 MM, OCHOBaHHMEM TIapHUAPA MO-
xeT ObITh Tipoduie U—ob6pasnoit popmsr (puc. 2.4.54, B) unm map, paciuICHHBINA

no auametpy (puc. 2.4.54, ). Buaspl 3amopos ((hukcaTtopoB) UTJIbI PUBEACHBI HA
puc. 2.4.55.

WO AW

KonTpoabHbie Bonpochl K pa3aeny 2.4

. Kakue MCTOAbI MOJKHO HCIIOJIB30BAThH AJIAA MOACIIMPOBAHHA HOBCJIMPHBIX H3-

nenuii?

Kakoe nporpammHoe o0ecrieueHrne UCHoJib3yeTCs MPU 00BEMHOM MOJIETUPO-
BAHWU IOBEIUPHBIX U3AECIHI?

Kakue cyiecTByrOT TEXHOIOTHH ObICTPOr0 MPOTOTUNMPOBAHUSA?

JIis uero MpUMEHSIOTCS TPaBUPOBANTbHO-(PPE3epHBIE CTAaHKA?

Kakos npuHuumn padoTsl mTuxens?

Kakue ObIBarOT BU/IBI IITHXETICH?

JIns gyero npuMeHSI0TCA 3aKUMHBIE TIPHCTIOCOOICHHUA?

B uem 0COOEHHOCTH U3rOTOBJICHUE IITHUXENCH ?

B yem 0COOEHHOCTH TEXHOJOTWU PYYHOTO TPaBUPOBAHMS W paboOuMX MpHe-
MOB?

10. /1151 yero mpuMeHsETCS MEXaHU3UPOBAHHOE TPaBUpPOBaHKE?

11.B ueMm cyTh npolecca YepHeHUs?

12. B yem 0COOEHHOCTH T€XHOJIOTHH IPUTOTOBJICHUE YESPHHU ?

13.B ueM 3aKiI04aeTCs MPOLECC HAHECEHUS U MPOKAJTUBAHUA YEPHU?
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14.B yem 0COOEHHOCTH TEXHOJOTHH OTACIKA YEPHEHBIX W3S ?

15.Kakne ¢pyHKIMA JOMKHA BHITIOIHATE OTIPaBa B IOBEIIMPHOM W3/ICITAN?

16.Yto Takoe rayxoi kact?

17.Kak kpenutcst kKameHb B 000JKOBOM Orpase?

18.Pa3HOBHIHOCTHIO KaKOH OMpaBhbl SBJIACTCS KpanaHoBas onpasa’?

19 .Kak usroroBinseTca KacToBas onpana?

20.Kak usroraBnuBaeTcsa 000KoBas onpana’?

21. /115 kakux KaMHEH MPUMEHAETCS CEKIMOHHAs oTpaBa’?

22 .Kakue onpaBbl UCHOJIB3YIOTCA AJIA 3aKPENKU KaMed W TJIACTHUH, MOKPBITHIX
AMaJIbIo ?

23 Kak yaep:K1BaeTca KaMeHb B KOPHEPOBBIX OrpaBax?

24. Yem oTamgaeTcs IprOKep oT dopmrekcens?

25.B KakuX IOBEUPHBIX U3JETUAX UCTIOIb3YIOT OABUKHBIE COCAMHEHUS?

26.Kakve NoaBMXKHBIE COSTMHEHUS MTPUMEHSIOT B MOPTCUrapax, MeAAJIbOHAX U
HIKaTyJjaKax?

27.B KakuX IOBEJIUPHBIX U3ETUAX TPUMEHSIOT OApETTEPHBIE COCAMHEHUA?

28.B kakux HampaBJEHUAX MOTYT MEPEMEIIAThCA 3BEHbSA B MOJIBHXKHBIX OTpa-
Bax?

29 B kakuX MOABHKHBIX COSTMHEHUSIX MCITONb3YETCA MPYKUHKH ?

30.B kaKkux 1OBEIMPHBIX U3ACTHSIX UCIOIB3YIOT KOHTIIAPHUPHI?

31.Kakue TexHHUUEeCKUE MPOTUBOPEUHS BOZHUKAIOT MPU U3TOTOBJICHUH IIAPHUP-
HBIX COETMHEHHUN?

32 Kakyto ¢popmMy UMEIOT 3BEHBS B 0aPETTEPHBIX COSAMHEHUSX ?

33.Kakoe ceueHne uMeeT MPOBOJIOKA ISl H3TOTOBIICHHS INTH(TOBBIX COCIHHE-
HHM?

34 Kakyt0 OTHOCUTENIbHYIO TOJIIIMHY JOJ’)KHA MMETh TPyOKa JUIsl IIAPHUPHBIX
COCAMHEHU?

35.Kakoit npunoit ucnoyib3yroT NpU U3rOTOBJICHUH IIMPUHTEIILHOTO 3aMKa?

36.Kakoi 3aMOK M3roTaBJIMBAIOT MAIIIMHHBIM CIIOCOOOM M MCIOJB3YIOT B IOBE-
JIMPHBIX U3JETUAX KPYTHOCEPUHHOIO MPOU3BOACTBA?

37.B kakux 3aMKaX FOBEJIUPHBIX U3/ICTUN MIPUMEHSIOT 3aIIETKN?

38.Kakyto TONIMHY UMEET JIUCT AJIsI U3rOTOBJICHUSI KOPOOUATOro 3aMka’?

39.Kopnyca kakux 3aMKOB U3rOTaBJIMBAIOT U3 TPYOKHU?

40.B kakux 3aMKax NPUMEHSAIOT MPYKUHKA?

41.13 kakux AeTaliell COCTOUT MPEOXPAHUTEINb 3aMKa sl Opaciiera?

42 B kakoM MeCTe KPEMMTCs 3aMOK ISl KPYIMHBIX OpoIei?

43 Kaky1o uexoaayr GopMy UMeeT 3acTeKka?

44 Kakyto 3aCTEKKY MPUMEHSIOT AJi1A Y3KUX Opoiieii?

3aK/IoueHue
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Jlexnusa 34

1. Oxpana Tpyaa B 11€xax Mo Npou3BOACTBY IOBEIMPHBIX U3CIIUA U MEPHI 1O
OXPAHE OKPYIKAIOIIEH CPEIBI.
2. TeXHUKO—PKOHOMHYECKHE ITOKA3aTelId MPOM3BOACTBA IOBEIUPHBIX H3C-
JINH.
3. CoBepIICHCTBOBAHHE TEXHOJIOTHH ITPOM3BOJICTBA FOBEJIMPHBIX HM3JCIUN 3a
CUET MCITOJIb30BAHHUS HOBOM TEXHUKH U HOBBIX MAaTCPHAJIOB.

[Tpyu npou3BOACTBE FOBEIUPHBIX H3ACIUNA pabdOTHUKH MOTYT MOJIBEPrarbcs
BO3JICHCTBHIO PA3JIMUHBIX OTMACHBIX W BPEIHBIX MPOWU3BOACTBEHHBIX (hakTopoB. K
HHUM OTHOCSITCA: MOJBUKHBIC HE3AIIUIICHHBIE 3JIEMEHTBI IPOU3BOJCTBEHHOTO 000-
PYJAOBAaHUA, IBUKYIIMECS MEXAHU3Mbl U MAILIMHBI, TPAHCIIOPTUPYEMBIE U3ACIUSA U
MaTepUaJibl; TOBBIIIEHHAA TEMIIEpATypa MOBEPXHOCTEN 000pyI0BaHMS, 3arOTOBOK,
WHCTPYMEHTA, a TaKXKE BO3/lyXa B paboueil 30HE; BHICOKMH YPOBEHb IIyMa MpPH pa-
00T€ MHEBMATUUYECKUX OOpMAIlIVH MPU PYYHOH MPABKE U JTOBOJKE OBEIUPHBIX W3-
Jenwid, mpy ux (puHUITHON 00paboTKe, MOBBIIIIEHHBIN YPOBEHD YIbTPa3ByKa HA WH-
OYKIMOHHBIX MeYax Ul HarpeBa 3aroTOBOK, OMACHBIA YPOBEHb HAIMPAXKCHUA TPU
00CJTy’KUBAHUU 3JICKTPOOOOPYIOBAHMS U CETEH; 3arpA3HEHHUE BO3AyXa B pe3yJibTa-
T€ TJIABKH W PA3JIMBKH IOBEIUPHBIX CIUIABOB, BBIMOJHEHUA PA3JIMUHBIX ONEPALAM ¢
MpUMEHEHNEM a0pa3uBOB, MPU pabOTe TPABUIIBHBIX BaHH.

[TosTomy mipu pa3paboTKe U MPOBEACHUMN TEXHOJIOTUUYECKUX MPOLIECCOB FOBE-
JIMPHOTO MPOU3BOJICTBA MPECC—U3ACINA HEOOXOAUMO MPEAYCMOTPETh CHUXKCHUE
3TUX BpeAHBIX (hakTopoB. OTXOABI IOBEIMPHOTO MPOW3BOACTBA, KOTOPHIC MOTYT
0Ka3aTh BPEIHOE BO3JAECHCTBUE HA OKPYIKAIOLILYIO CPENY, CIEAYET 00E3BPEIKUBATD.

[Tpouecchl M3rOTOBJCHUS FOBEJIMPHBIX U3ACIUA HEOOXOAUMO OCYIIECTBIISThH
B COOTBETCTBUHU C TEXHOJOTHUECCKUMH UHCTPYKLUSAMU. Paboune 10BETUPHBIE CTOJIbI
JOJOKHBI MMETh 3AIlUTHBIE OTPaXXACHWS, MYJIbTHl YNPABJICHHS HWCMOIb3YyEMBIX
YCTPOMCTB NOIAKHBI ObITh 00OPYAOBAHbI 3BYKOBOW M CBETOBOM CUTHAJIM3ALIUCH IS
U3BEIIECHUS O MyCKE U OCTAHOBKE OOCTY)KMBAEMbIX MEXAHU3MOB.

[ToTeHIMaNbHBIMU UCTOUHUKAMU MOPAKEHUS PadOTAIOIIUX HJICKTPUUECKUM
TOKOM SIBJIIFOTCA MHAYKTOPbl MHIYKIIMOHHBIX TIEUYEH, 3JIEKTPOTIPUBOABI 000pY10Ba-
HUS, YJIbTHl YIPABJICHUSA, CBETO3BYKOBad CUrHain3auus U np. CTeneHb nopaxe-
HHS YEJIOBEKA JJICKTPUYECKAM TOKOM 3aBUCHUT OT COCTOSIHHS KOXKHBIX IOKPOBOB,
BJIAXXHOCTH Cpeibl U Apyrux ¢aktopos. [Ipu 3TOM compoTuBieHrne opraHu3Ma de-
noBeka usmensiercs ot 600 go 10000 Owm.

OnacHo /15 YeI0BeKa HAMPSKEHUE SJICKTPUUECKOTO TOKA B ChIPBIX MOMEIIIE-
Husx ceeilie 123 B u B cyxux 36 B. Dnexrpuueckuii Tok cuioit 0,0015 A crmabo
OIIYyTUM Y€eJIOBEKOM, a ToK cuioit 0,1 A cmepreneHn.

K npeaynpenurenbHbIM MEpPaM 3JIEKTPOOE30MACHOCTA OTHOCATCS: YCTAHOBKA
CPEACTB KOHTPOJIA HANPSHKCHUSA W TOKA, U3OJHUPYIOIIMX MOACTABOK;, WCMHOJIb30Ba-
HUE AJi1 pabOThl AUAICKTPUUYECKUX MEPUATOK U KOBPUKOB, MPEHyNPEAUTEIbHbIX
TJIAKATOB; UCMOJIb30BAHME CBETOBOW CUTHAIM3ALWAN U OP.
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Mepbl MPEAOCTOPOKHOCTH OT TEIJIOBBIX MOPAKECHUN — HAJEkKHAd TEIUIOBas
W30JIALMUSA, KOHTPOJIb 32 €€ COCTOSTHUEM, YCTAHOBKA BEHTUJIATOPOB ISl OXJIAXKIE-
HUs paboumx mect. [leun MOMKHBI UMETh COOTBETCTBYIONIEE OXJIaxKaAeHHUe. Brico-
KOTeMIEepaTypHble eun 000pyAyIOT BO3AYITHON WM BOASHOMN 3aBECOM IS 3allu-
Thl OT UHTEHCUBHOTO TEIJIOBOTO MU3JTyUEHHUS.

[Tpu »KcmlyaTaluv BbICOKOUYACTOTHBIX 3JIEKTPUUECKUN TeUed MpOU3BOAAT
SKPaHUPOBAHUE U pabouee MECTO OrPaKJal0T OT MCTOUHHMKA BBICOKOUACTOTHOTO
W3JIyYE€HUA KAlIUTAJIbHON CTEHOW WM OTHAJAKOT OT HErO Ha JOCTATOUYHOE PACCTOs-
HHUE.

Tepmuueckyto 00padOTKY FOBEJIMPHBIX U3/ICIUNA ClieyEeT MPOBOAUTh B TIeYax
U CHEUUAJIbHBIX YCTAHOBKAX B COOTBETCTBUU ¢ TpeOoBaHusAMHU «lIpaBui mo TexHU-
ke 0€30MaCHOCTH M MPOMBIIIJIEHHOW CAaHUTApUU MPU TEPMUUYECKONH 00paboTKe Me-
TayutoBy. [loMertenns, riae HarpeBaroT METALI, TOJDKHBI UMETh 3 OEKTUBHYTO TIPH -
HYJUTEIbHYI0 BEHTWIALMIO WIH €CTECTBCHHYIO a3palldio, MCKIIIOYAIOIINE TMOBbI-
HIEHUE TEMIIEPATYPhI B LIEXE BHIIIE JOMYCTUMBIX CAHUTAPHBIX HOPM.

TpaBUIbHO—AHOAMPOBOUYHBIE OTIEIEHUA NIPU PACHOJNIOKEHUHN WX B IOBEIUP-
HBIX [[€XaX Pa3MEIIA0T B U30JMPOBAHHBIX oMeleHusX. K mojgam, creHam, BEeHTH-
JIALMY, YCIIOBUSM PA3JiiBa XUMHUKATOB B 3THUX MOMEIICHUSAX MPEAbABIIAIOTCA 0CO-
Oble TpeOOBaHMUS.

MHorue U3 XMuMHAYECKUX BEIECTB, MPUMEHACMbBIX B IOBEJIMPHOM JI€Jie, MOTYT
MPU HEOCTOPOKHOM OOpAIllCHUH C HUMU HAHECTH TEJIECHBbIE MOBPEXKACHUS B BUIC
07KOTOB KOKH, MOPAXKEHUN CIIM3UCTON 000JI0UKH IJ1a3, OPTaHOB JbIXaHUA U IPYTHE,
a TAK)KE BbI3BATh OTPABJICHUE OPraHU3Ma.

Oco0eHHO OMacHbIM JACHCTBUEM OOJANAIOT I[MAHUJBI — COJIM CUHWJIbHOM
KUCIO0Thl. OHU JOJIKHBI XPAHUTHCS B 3aKPBITBIX COCYJAX, CHA0KEHHBIX COOTBET-
CTBYIOIITUMHU HaamucsaMu, B ceiidax. K pabore ¢ HUMHU fommycKaeTcs JIUIb Mepco-
HaJI CTICIUAIbHON KBATM(PUKAITAN, TPOTIC I He0OX0AMMYI0 TTOATOTOBKY. Omac-
HBIMU MPU HECOOJIFOJICHUU MEP MPEAOCTOPOKHOCTH B OOpaIlICHUX ¢ HUMHU SBJISIOT-
Cs 4aCTO UCIMOJIb3YEMbI€ B IOBEJIUPHON MPAKTUKE CIASAYIONIME XUMHUUECKUE BEIIE-
CTBa;

— a30THAs, CEPHAs U COJIAHAS KUCJIOThl U UX BOJHBIC PACTBOPHI C KOHIIEHTPA-
e Berme 15%;

— THAPOOKHUCH HATPUS U TUAPOOKHUCH KaJlusl ¢ KOHIEHTpAaUeH Bhiiiie 5%;

— pacTBOP aMMHUaKa C KOHILIEHTpalued amMmonus Beitie 10%.

Bce 3Tur BemiecTBa OMKHBI XPAHUTHCS B CTEKJISHHBIX OaHKaX W OyThUISAX C
MPUTEPTHIMU NPOOKAMU WA APYTHUX, TUIOTHO 3aKPBIBAOIIMXCS COCYAaX, CHA0XKEH-
HBIX HAKJIEHKOW C HAAMHUCHIO «OCTOPOKHO». DTH COCYABI TIO CBOEH (hopMe U BUIY
JIOJKHBI OTJIMYATHCS OT BCEX OYTHUJIOK M COCYJOB, MPUMEHSIEMBIX JUISl MUIIEBBIX
MPOAYKTOB.

XpaHeHue OOJbIIUX KOJMYECTB YKA3aHHBIX BEIIECTB JOJDKHO —OCY-
HIECTBJIATHCA B CHECIUAJBHBIX 3aKPbIBAEMBIX MOMEIICHUAX. Y paboUyero MecTa roBe-
JUpa TOJDKEH OBITh 3aTTUPAIOTITHICS KA U1 XpaHEHUT XUMUIECKHAX BEITIECTB.

266



[Tpu oOpallieHUK ¢ XUMUUYECKUMU BEIIECTBAMMU CJICAYET COONIOATh CASAYIOIINE
OCHOBHBIE MEPBI OE30MACHOCTH.

1. He nonyckaTh monajaHus siIOBUTHIX BEIIECTB HA TEJIO WJIM HA OJICKIY.

2. PaboTtaTh TOJIbKO B PE3MHOBBIX MEpPUATKAX.

3. IIpy BO3HUKHOBEHHUH SITOBUTHIX MAPOB, BHIACIACMbBIX, HAMPUMED, A30THOU
WJIH COJITHOM KHCIIOTOMW, pabOTy BBITIONHATH TOJBKO B BBHITSDKHOM Imikady WU, B
KpailHEM cjydae, B XOPOIIO BEHTWIMpPyeMOM mnomelineHuu. [locneanee A0MKHO
ObITh O0OPYJIOBAHO CHUCTEMON MNPUTOUHO—BBITSKHOW BEHTWISILIMKM TIO HOpMaM
OXpaHbI TPY .

4. Tlocne ucnoab30BaHuA IIOBUTHIX XUMHUYECKUX PEAKTUBOB MX CJICAYET He-
MeJUICHHO yOupath B mkad Mo 3aMOK.

5. Ilepen oOeeHHBIM MEPEPHIBOM U B KOHIIE pabOYEro AHS TIIATENbHO MbITh
PYKH C MBIJIOM.

6. He nomyckaTh mpremMa NUIK U KYpEeHUs Ha padoueM MECTE BO BpEeMs He-
OOJIBIINX IEPEPHIBOB B padoTe.

Bonbimoe 3HaueHne B odecnieueHH 0€30MacHbBIX YCIIOBHI TPy/1a UMEET mpa-
BWJIBHOCTh OpraHu3aliuu TIpy30noTokoB. Haubosee COBEPIICHHBIMU ABJISIOTCS
LEXU C MPAMOJIMHEHHBIMU Tpy3onoTokamu. O0opy10BaHKE, pa3MEIIEHHOE B FOBE-
JUPHOM IIeXe, MOJHKHO oOecrneunBaTh yA0OCTBO M 0€30MacHOCTh padOThI, 00CIY-
YKUBAHUA U PEMOHTA, TTPU 3TOM JOJIKHA ObITh UCKIIFOUEHA TPAHCIIOPTUPOBKA Harpe-
TOr0 METajIa Yepe3 1IEXOBOW Mpoxoa win nmpoe3. PaccTosHue Mexay o0opyioBa-
HHUEM U 3JIEMEHTAMHU 3/IaHUI JOJIKHO COOTBETCTBOBATh OTpaciieBbiM «Hopmam Tex-
HOJIOTUYECKOTO MPOEKTUPOBAHUSA OCHOBHBIX I[IEXOB METALTYPrAYECKUX 3aBOJOB
OTpaciny.

B nomenieHuax OBENIUPHBIX LEXOB AOJMKHbI MOAIECPKUBATHCA CIEAYIOIIUE
yCI0BUA, 00eCeUnBaKOIIE TPEOYyEMbIE TEMITEPATYPY, BIAKHOCTh U CKOPOCTh JBHU-
YKEHHUS BO3/IyXa:

— TemIeparypa BO3Iyxa 3uMOM 1oJbkHa ObiTh He Huoke 12 °C, a metom — He
soime 28 °C;

— TeMrmepaTypa MOBEPXHOCTEH 000pyI0BaHUA M TEUei He J0JKHA MPEBBI-
math 45 °C;

— OTHOCHTEIbHAS BIAXXHOCTh Bo3ayxa 40 + 60 %;

— CKOPOCTh JBHKEHUS BO3/yXa B paboueit 30He — He Oonee 0,3 m/c.

Takue ycrnoBus 00eCHI€UMBAIOTCSA B COBOKYITHOCTH KOHCTPYKIHMSAMU 000pY-
JIOBAHUS Y MIEUEH, CUCTEMOM OTOIJICHUS, €CTECTBEHHOW a’dpalluer WU UCKY CCTBEH-
HOMW BEHTWJISILIUEN.

HeoOxoaumMocTh B YCTPOHCTBE BEHTUJIALIMOHHBIX CHUCTEM WJIM OTIEIbHBIX
YCTAHOBOK OMPECIISETCA CAaHUTAPHBIMU HOPMAaMU JIsl IPOU3BOJACTBEHHbBIX MOME-
HIEHUH, TPEACIbHO JOMYCTUMBIMU KOHIICHTPALIMAMU BPEIHBIX BEILECTB, a TAKXKE
(hakTHYEeCKUMU YCIIOBUSAMH TPYJa HA OCHOBE HCCIEAOBAHUS METEOPOIOTHUCCKUX
(haKTOPOB TETUTOBBIX M3IYUCHHUN W BO3AYIITHON CPEIbl — 3aNbJICHHOCTH, 3ara30BaH-
HOCTH, 3ampiMiiecHHOCTH. [IpoBepky >(pdekTuBHOCTH AEHCTBUS BEHTHIIAIIMOHHBIX
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CHCTEM BBITIOJTHSIOT TI0 TpaduKy, YTBEPKIAEMOMY TIIaBHBIM WHXEHEPOM TPETPH-
ATHSI.

JIist mpeAOTBpAIllCHUST MOKAPOB WJIA BO3TOPAHUN HEOOXOIUMO MPOBOJUTH
EKEMECTIHYIO MPOPUIAKTHIECKYIO pabOTy, B TOM UYHCJIE Pa3TUIHBbIC MHCTPYKTa-
*u. cTOUHMKaMuU 3aropaHusa MOTYT ObITh: TOPIOUYME BEIIECTBA, OKUCICHHBIE BO3-
JyXOM; UCKPbI, 00Opa3yIOIINECS MPU CBAPOUYHBIX padOTaX, OT COYAAPEHUS CTATbHBIX
MPEIMETOB, OT KOPOTKOTO 3aMbIKAHUS B AJICKTPOMPOBOAAX, OT OPOLIEHHON rops-
yell CuuKky Wi manupockl. ClielyeT MOMHUTh, UTO TeMIIepaTypa BCIBIIIKA Aepe-
Ba 1 Oymaru cocrasisier 240260 °C, munepanbubix Macen 100215 °C.

Bonbiiol yiiepd HaHOCHUT B3PhIB OT CMECH MPUPOJHOIO raza ¢ BO3AYXOM,
IPH STOM TEMIEparypa B ouare B3peisa gocruraer 4000 -+ 5000 °C, ckopocTs yaap-
HOM BOJHBI — 710 4 M/C, TaBJieHUE yAapHOM BOJHEI — 10 2 Mlla.

EcTecTBEHHOE M MCKYCCTBEHHOE OCBEIIICHME B IOBEIUPHBIX 1€XaX JOJIKHO
cootBeTrcTBOBaTh [ OCTam u canurapusivM HopMam u ipaBuiiam (CHull).

JIsis IOHW>KEHUS YPOBHS IITyMa B MPECCOBBIX I€XaX MPUMEHSIOT M30JISAIUIO
OT/AENIbHBIX BUAOB O0OPY/IOBAHUS, HAMPUMEP MAIIIMHHBIX F€HEPATOPOB, B 000C0O0-
JICHHbIE TTOMEIIECHHUS.

K pabotre B roBeaupHOM I€X€ JAOIMYyCKalOTCAd padouue, MPOIISANIie Meau-
LIUHCKOE O0CIEIOBAHUE, KOTOPOE MOBTOPSIOT YEPE3 OMPEACICHHBIE MPOMEXKYTKH
BPEMEHU.

OTBETCTBEHHOCTh 3a COOJIIOJICHUE MPAaBUJ TEXHUKU O€30MACHOCTU B LIEXE
HECYT HAYaJbHUK 11€Xa U PYKOBOAUTENH 1LIEXOBBIX MOAPA3IACICHUMN.

TeXHUKO—KOHOMHMUYECKUE MOKA3aTEIN FOBEJIMPHOTO MPOU3BOACTBA OMpEec-
JISIOT YPOBEHB €T0 pa3BUTHS U d(PPEKTUBHOCTE paboThl mpeanpusatuii. Oprannsa-
US| FOBEJIMPHOTO MPOU3BOJICTBA BKIFOUAET KOMILJIEKC BOMPOCOB, PAJl KOTOPBIX pas-
padaThiBalOT OJHOBPEMEHHO C TEXHOJOTMUECKOW 4YacThlO MPOEKTA: OTHECEHUE
MPOEKTUPYEMOTO 11€Xa B COOTBETCTBUHU C 33JIaHHON MPOrpaMMoil K ONPEAETICHHOMY
BHJIy ¥ XapaKTepy NMPOW3BOJCTBA;, BHIOOP OPraHU3alMOHHON (hOPMBI OCYIIECTBIIE-
HUSI TEXHOJIOTMYECKOTO MPOIIECCa; OMPEACTICHUE CXEMbl KOOMEpPALMU ¢ JIPYTUMHU
[exXaMu W CTy’k0aMu 3aBOJa; OPraHMW3aIvs TPyJa B 1exe (OpraHu3amus OCHOBHBIX
pabdounx MecT, MOPAJOK UX 00eCTeUeHUA HEOOXOAUMBIMU MaTE€pUaIaMu U 00CITy-
KUBAHMS).

DTy 4acTh pazjena NPOSKTUPOBAHUA BHIMIOJHAIOT, UCMOJIb3YsI OCHOBHBIE TO-
JIOKEHUA OPraHu3alliyd MPOU3BOACTBA B KOHKPETHBIX 1I€XaX, a TAKKE IMOCIEAHUE
TEXHUUYECKUE JIOCTUIKEHUS, B YACTHOCTU B 00OJIaCTH aBTOMATH3AlMU YTMPABJICHUSA
OCHOBHBIMU TE€XHOJOTHMYECKMMH TPOLIECCAMHU, B TOM YHCJIE C HCIOJIb30BAaHUEM
ANEKTPOHHO—BBIUMCTUTEIHHBIX MAITTHH.

BaxxHbIMU 371IEMEHTaMU OpPraHU3alMKi MPOU3BOICTBA, OKA3bIBAIOIIUMU CYIIIE-
CTBEHHOE BJIMAHHE Ha OecrepeOoiiHyo padoTy 11exa, a TaKKe MO3BOJIAIONIAMH YET-
KO pearupoBarh Ma U3MEHECHHE MPOTrpaMMbl 11€Xa, SIBISAIOTCS YCTAHOBJICHHE OMTH-
MaJIbHOTO 00bEMa MPOU3BOACTBA U OCHAIIEHUE HEOOXOAUMBIM 000PY10BAHUEM

B 3aBucuMocTu OT XapakTepa, BUaa U 00bemMa MPOU3BOJCTBA B LIEXE pa3pa-
0aTHIBAIOT CUCTEMY OPraHW3alMM Psfa BCIOMOTATEIbHBIX CIYKO: TEXHOJOTHUE-
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CKOM TMOATOTOBKM TMPOU3BOACTBA, HHCTPYMEHTAJIBHOIO XO3SAWCTBA, PEMOHTHOWU
CJTy>KObl OCHOBHOT'O BCLIOMOTATEIbHOTO 000PY/I0BAaHUS U TICUEH.

BaxHbIil 371eMEHT OpraHv3allid MPOU3BOJICTBA — OPraHU3alUs YIPABJICHUS
uexoM. [Ipu npoekTupoBaHuu 1iexa OOBIUHO OMPEACIAIOT PAA UCXOJHBIX MOJI0XKE-
HUM, HA OCHOBE KOTOPBIX MOKHO COCTaBUTh CXEMY YMNPABJIEHUA U IITATHOE PACIIH-
canue. PazpaboranHas cxema yIrpaBjieHHs JIOJKHA OCHOBBIBATHCS HA COOIOICHUH
MPUHLNNA €TMHOHAYAJIMA, KaK B YIPABJICHUU BCEM IIEXOM, TaK U €ro OTACIIbHBIMHU
MOJPA3ACICHUAMMN HE3aBUCUMO OT WX BEJIMUMHBI U 3HAUMMOCTH, a TAK)KE Ha 4eT-
KOM pa3rpaHUUCHUM TPaB U OOSI3aHHOCTECH MEXKIY BCEMHU WICHAMHU yIpaBjeHYE-
CKOT0 MIEPCOHAJIA 1IeXa.

CebecToMMOCTh FOBEIIMPHBIX W3ACIHA CKJIAABIBAETCSA M3 3aTparT HA METal,
Ha TEXHOJIOTUUYECKOE TOIUIMBO U 3JICKTPOSHEPIHUIO, HA OCHOBHYIO U JIOMOJIHUTEIb-
HYIO 3apIuiaTy OCHOBHBIX MPOU3BOJCTBEHHBIX pabdOYUX C COOTBETCTBYIOIIMMU OT-
YUCJICHUSIMU, PACXOJIOB MO COACPIKAHUIO U SKCIUTyaraluu 000pyJ0BaHUA, IEXOBBIX
1 00IIeNPOU3BOJCTBEHHBIX PACXO/IOB.

1. OcHOBHBIE MaTepUabI;

2. Bo3BparHbie 1 O€3BO3BPaTHBIE OTXO/IBI;

3. BciomorarenbHbie MaTEPUATbL;

4. DneKTpOsHEPTrUua TEXHOJIOTHYECKas,

5. OcHOBHaA W AOMOJHUTENbHAS 3apab0oTHAsA TUIaTa MPOU3BOJICTBEHHBIX pa-
00UMX C OTYHUCIICHHUSIMH,

6. Pacxo/ibl IO COJIEPXKAHUIO U AKCIUTyaTalMu 000PY I0OBAHUS,

7. CHEUUHCTPYMEHT;

8. [Ipoune 1IeX0BbI€ PACXO/IbI;

9. ITorepu ot Opaka;

10. IlexoBast ce0ECTOMMOCTB;

11. OO01enpon3BOACTBEHHBIE PACXO/IbI;

12. IIpoune mpon3BOACTBEHHBIE PACXO/IBI;

13 Obme3aBoackas ceOCCTOMMOCTD,

14. BHenpon3BOACTBEHHBIE PACXO/IBI;

15. Ilomras ¢ce6eCTOMMOCTD,

16. OnToBas 1eHa.

OTxo0/bl U3 JAParoliCHHBIX METAJUIOB SIBJSIOTCS BO3BPATHBIMU M TOJAJICIKAT
cTtporomy yuety. OHAKO OpH 3TOM CJIEAYET YUUTHIBATh yrap MeTaia, CBI3aHHbIH
C OKHCJICHHEM B 3JICKTPUUECKUX HArpeBaTEIbHBIX MEYaX, KOTOPbIH COCTABIACT HE
oomnee 0,1 % oT macchl HarpeBaeMoro MeTaia.

Pacxoabl o CoACpKaHUIO U SKCILTyaTaluu 000pyI0BaHUS BKJIFOUYAIOT 3aTpa-
Thl HA COJEP)KAHWE, aMOPTU3ALMUI0O U TEKYUIMH PEMOHT MPOU3BOJCTBEHHOTO M
BCIIOMOTATEILHOTO 000pYIOBAHKS, 1IEXOBOTO TPAHCIOPTA, pabOUMX MECT, a TaKKe
M3HOC M 3aTpaThl HA BOCCTAHOBJICHUE ObICTPON3HAIIIMBAIOIIErOCS HHCTPYMEHTA.

I{exoBble pacxodbl BKIIOUAKOT 3aTparThl HA 0OCIYKUBAHUE 11€Xa U yIpaBJje-
HHUE UM: 3apabOTHYIO IJIaTy anmnapara YIpaBJCHUS LEXOM C COOTBETCTBYIOIIUMH
OTUHUCJICHUSAMH, aMOPTHU3ALMOHHbBIE OTYUCIICHUSA, 3aTPAaThl HA COJCPIKAHUE U TEKY-
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IUHA PEMOHT 3/IaHUM, COOPYKEHHM W MHBEHTApA OOIIEIIEXOBOr0 HA3HAYEHUA, 3a-
TpaThl HAa OMbIThI, UCCJICAOBAHUS, PALIMOHAIM3ALUIO U U300PETATENBCTBO; 3aTPAThI
Ha MEPOMPUATHS IO OXPaHE TPyAa U Ap. DTH 3aTPaThl HA PACUETHBIN MEPUO] Ope-
JEJIAIOT IYyTEM COCTABJIEHUS CMETHI LIEXOBBIX PACXOI0B 10 HOMEHKJIATYPE CTATEM.

Pacxoapl Mo coaep aHUIO W 3KCIUTyaTauud 00OpYJAOBaHUsA, a TaKKe LEXO-
BBIC PACXO/Ibl SABJIAKOTCS KOMIUIEKCHBIMA CTAThsMH, COCTOSIIMMH U3 PA3HOPOIHBIX
AJIEMEHTOB 3aTpaT; UX ONPEACIHIOT B LENOM 1o 1exy. [Ipn kanpkynupoBanum ce-
0E€CTOMMOCTH Pacxoabl IO COACPKAHUIO U AKCIUTyaTauuu 000Py10BaHUA pacipeie-
JA0T MEXKIY M3ACIUAMU MPOMOPIUOHAIBHO OCHOBHOW 3apa0OTHOMN TUIaTe MPOM3-
BOJICTBEHHBIX PabOUMX, a LIEXOBbIE PACXOJbl — MPOMOPIUOHATIBHO CYMME OCHOB-
HOMW 3apa0OTHOM MJIaThl MPOU3BOACTBEHHBIX PA0OUHUX U PACXOJOB IO COAEPKAHUIO
Y SKCILTyaTaluu 000pyA0BaHUS.

CebecToMMOCTh TOBAPHOM MPOIYKLUHK OMPEACTAIOT, KaK MPOU3BEACHHUE MOJI-
HOM ce0eCTOMMOCTH OBETUPHBIX U3JETUN U 00beMa UX BBIMYCKA:

C,=¢ C'B (3.1)

i=1

rae C; — ce0eCcTOMMOCTh I—TOTO BHIA IOBEIUPHBIX M3ACIHM, pyod/mrT; B; — 00beM
BBITTY CKa TIPOIy KIIWH i—TOTO BUA; 1 — KOJIMUECTBO BUIOB IOBEIMPHBIX U3ICITHIA.

CBomHBIE PE3yJIbTAThI PACYETOB O(POPMIISIOT B BHIC TAOJIHIIBI CO CIICTYFOIITH-
MH TTOKa3aTEIISIMHU:

1. 'ogoBoit 00beM MPOU3BOACTBA, IIT.

2. UNCIeHHOCTh TPY AAIIUAXCS, Y€il., B TOM YHCIIE TTPOU3BOACTBEHHBIX Pado-
YuX, Yeil.

3. TpymoeMKOCTh TIPOAYKIAX, YEIT. * /T

4. Boimmyck MPOAYKIMHM HA OJHOTO pabOTAOIIETO, IIIT/TO/

5. Cpennss 3apaboTHas mara oJHOTO padoTarommero, pyo/mec.

6.Y nenpHBIC KaMUTATBHBIE 3aTPaThI, PyO/T

7. CebecTOMMOCTh MPOAYKITHH, Py O/IIT

8. [TpubObLTH (T0XOM) 3a TOA, THIC. PyO., B TOM YHCIIC OTUHUCICHUSA B OIOKET

9.PeHTabenbHOCTh TPOM3BOACTBA MPOAYKIIUH, Yo

10. Cpok oKynmaeMoCTH KaluTaIbHbIX 3aTPaT, IOkl

JlaHHBIE TOKA3aTENHM COTMOCTABIIAIOT C 0a30BBIM BApHUAHTOM, 32 KOTOPBIH
MPUHUMAIOT OJIMH W3 QHAJIOTMYHBIX TPOEKTHpyeMomy Tiexy. [lisi KOppeKTHOCTH
CpaBHEHUS 00BEMBI TTPOU3BOICTBA MPUBOIAT K OJHOMY 3HAUCHHIO,

D¢ deKTHBHOCT MTPOSKTA CTPOHUTEIIHCTBA OICHUBAIOT Yepe3 PeHTA0CIIbHOCTh
MIPOU3BOCTBA M CPOK OKYTTAa€MOCTH.

PentabenpHOCTh TPOM3BOACTBA F XapaKTEPU3yeT CTEMECHb JIOXOJIHOCTH
MPEANPUAATHAS U OTIPEACITSICTCS OTHOIICHUEM BETMYMHBI IPUOBLTH [/p K CTOMMOCTH
OCHOBHBIX ()oHA0B DD 1 HOPMHUPYEMBIX 000POTHBIX cpeacTB OC:
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IIp

= ————Y100% (3.2)
OD+0OC

PenTabenbHOCTh OTAENBHBIX BHUAOB NPOAYKIMH P, XapakTtepu3yeT NpHObIIb-
HOCTh WX MPOMW3BOJCTBA M ONPEACIACTCA KaK OTHOIICHHUE PA3HOCTH MEXKIY OMNTO-
BOW LIEHOM /]; 1 c€0eCTOMMOCTBhIO KOHKPETHOTO BUJA IOBENUPHOTO M3aenus C;

1

-
P - —Ulc £4100% (3.3)

i

[Ipr mpoeKTHPOBAHUHM HOBOTO IieXa Y(PPEKTHBHOCTH XapaKTEPHU3IYETCS CPOKOM
OKyHaeMocTH 7

. K
(Cop-Cip ) 4B:

(3.4)

rae K — cMeTHast CTOMMOCTh TPOEKTUPYEMOTO 11€XA;

Cos 1 Cpp — c€0€CTOMMOCTH €IMHUIIBI TPOIYKIIMU B 0A30BOM BapUAHTE U MPOEK-
TUPYEMOM 1IEXE;

Br — romioBoii 00beM POU3BOACTBA.

TexHOoMoruM NPoOU3BOACTBA FOBEIUPHBIX U3ICNUNA TPeOYIOT MOCTOSIHHOTO CO-
BEPILICHCTBOBAHUS. ACCOPTUMEHT — HA0Op Pa3IUUHBIX BUJOB M Pa3MEpPOB OJHO-
POAHBIX IOBEIUPHBIX W3ACIUNA HEMOCTOAHEH. CTpeMJIEHUE K OPUTHMHAIIbHOCTU B
YKpaITleHUH 9eJIOBEeKa U ero ObITa, Pa3IMUHbIE MOJHBIC HAMPABJICHU, reorpaduye-
CKHME U 3THUUYECKUE OCOOCHHOCTHU U TPAJULIMKU MPUBOIAT K CO3/TAaHUIO HOBBIX BHUJIOB
IOBEJIUPHBIX U3ACIWHA, OTIMUYAIOIINXCS MO0 CBOEMY Ha3zHaueHUt0. BeneacTeue 3toro
MOCTOSIHHO MPUCYTCTBYET HEOOXOIMMOCTh PACIIMPEHUS IOBEIUPHOTO aCCOPTUMEH-
Ta. Hepeako HOBBIC IOBEIUPHBIC U3CTUSA UMEIOT HE TOJBKO OPUTHHAILHYIO (pop-
MYy, HO U W3rOTaBJIMBAIOTCS M3 HOBBIX IOBEIMPHBIX CIJIABOB HA OCHOBE TUIATHHBI
unu najuaausa. Bee 3To TpeOyeT npoBeACHHS AOMOJHUTEIbHBIX HAyYHO—UCCIEI0-
BaTEJIbCKUX PA0OT U NaJIbHEHIIIEE COBEPIICHCTBOBAHUE TEXHOJIOTUU MTPOU3BOJICTBA
FOBEJIUPHBIX U3MICITUNA.

Oco0oe BHHMMaHHWE TIPH COBEPIICHCTBOBAHWHM TEXHOJIOTMH MNPOU3BOJCTBA
IOBEJIUPHBIX U3JIETUN JOJKHO ObITh 0OPAIllEHO Ha KAYE€CTBO TOTOBOTO MU3JACIIHUS, KO-
TOPO€ 00ECTICUNBACTCA:

— IPUMEHCHHUEM BbICOKOKAUECTBEHHBIX MATEPUAJIOB;

— KPacuBOW MOJEIBIO,

— U3ALIHOM KOHCTPYKIIUEN;

— COOTIOAEHUEM TEXHOJIOTHUECKOTO PEXKUMA.

Marepuasbl Jyisi U3rOTOBJEHUA FOBEJIMPHBIX W3JCIUNA TOMXKHBI YIOBJIETBO-
pATH TPEOOBAHUAM JACUCTBYIOIIUX TOCYJAPCTBEHHBIX CTAHJIAPTOB M TEXHUUECKUX
ONMCaHWN. B 4aCTHOCTH, MOBEPXHOCTH JINCTOB U MOJIOC M3 30JI0THIX U CEPEOPSHBIX
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CIJIABOB JOJIKHA ObITh YUCTOM, O€3 TPEILUH, MJICH, PACCIIOCHUMN, BMITUH, LIapaIvH;
MOBEPXHOCTh JIMCTOB WJIM JICHT W3 MEJIbXMOpPA, HEH3uiabOepa, ToMMmaka IOJKHA
ObITh UACTOMN W IMIaAKOM, 0€3 TPEIIUH, TJIEH, My3bIpeil, HAAPHIBOB, PAOUH, BMSATHH.

Mojaenb U KOHCTPYKIMS U3JENUS JTOTKHBI COOTBETCTBOBATh YTBEPKICHHO-
My 00pa3ily, YepTeXy, PUCYHKY M0 CBOEMY pa3Mepy, (popMe u Ha3HAUCHUIO, a TaK-
XK€ ObITh IOCTATOUHO TE€XHOJOTUYHBIMH, T. €. 00€CIeYMBAaTh BO3MOMXHOCTh U3rO-
TOBJICHUS W3AENHS HA JACHUCTBYIOIIEM OOOPYJOBAHUM C BO3MOXKHO MEHbBIIMMU 3a-
TpaTaMu TPyJa, HE B yIIEPO KPACOTE U XYJ0KECTBEHHON LICHHOCTH U3/IEIIUA.

[Ipu TexHonormyeckoil oOpabOTKE FOBEIUPHBIX M3AEIHNA JTOJKHO COOMO-
JaThCsl TIIATEILHOE BBIMOJIHEHUE KAKJIOW TEXHOJOTMUECKON Omepaliuu, Mpuaaro-
HIEH U3JENUIO U3SIIECTBO, XY0KECTBCHHYIO IIEHHOCTh, HATPUMEP YETKOE U300pa-
YKEHHUE PUCYHKA TMpPH IITAMIOBKE U YEKAHKE, COOJIIOJCHUE MPABWIBHOTO KOHTYpPA
U3ACNNs, OTCYTCTBHUE CJEJOB MHCTPYMEHTA, 3ayCEHIIEB, HE3aMPaBJICHHBIX MECT
TTaNKWU.

Buenmane mokpeITHA (30JI0TOM, SMaJIIMA W AP.) JOJKHBI OBITh HAHECCHBI
POBHBIM CJI0€M, 0€3 MATEH, MOPUCTOCTH, My3bIPEH, TPEIINH, CKOIOB.

OdopmiieHrE FOBETUPHBIX W3JCIHHA JTOJDKHO OBITH BBITIOJIHEHO CO BKYCOM,
U3AIIECTBOM, YJOBJIETBOPATH 3CTETUUECKUM TPEOOBAHUSIM MOTPEOUTEIS.

Hapsay ¢ oOumumu TpeOOBaHMSMU K KAueCTBY IOBEIMPHBIX H3JEIUN K
OT/ACJIbHBIM WX TPYIIaM MPEIbABIAIOTCA YaCTHbIE TpeOOBaHUsA, OOYCJIOBJICHHbBIE
WX KOHCTPYKTHUBHBIMH OCOOCHHOCTSIMHU. Hampumep, K KauecTBYy ceper AOMOJIHU-
TEJIbHO MPEABABJISAIOTCS CIAEAYIOIIME YaCTHbIe TPeOOBaHMS: HEOOXOAUMO, YTOOBI
3aMOK HAJIC’KHO 3aMupajl CEPbIv, OTKPHIBAJICS MPHU JIETKOM HAXaTHUW HA HETO, B TO
XKe BpemMa 00Jiaian TOCTaTOYHOM yIPYTrOCThIO, MPEAOTBPAIIAOIICH BO3MOXHOCTh
CaMOOTKpPbIBAHHS; OCHOBAHUE U TMOJBECKU UMEIU Obl CBOOOJHOE KAayaHWE, OMpaBa
Obula mpunasHa 0e3 MEePEeKOCOB M CTPOro COOTBETCTBOBAJIA Pa3MEpPy BCTABKH;
KpamnaHbl IJ1aJKO 3aMPaBJICHbl;, BCTABKU HA CEPbrax JOJKHbI ObITh MapHbBIC MO pa3-
MepaM, LBETY U OTPaHKE.

K kadecTBy KOI€l MPEABABISAIOTCS JOMOJHUTENBHO CIACAYIOIIAE YaCTHBIC
TpeOOBaHUS: OHU NOJKHBI MMETh TJIAJKO 3allpPaBJICHHBbIC Kpas, OMpaBa AOJKHA
CTPOr0 COOTBETCTBOBATh Pa3MeEpy KaMHA, CTEKJIAa WIM WHON BCTABKH, KpamnaHbI
JOJI>KHBI OBbITh TJIAJIKO 3aIPaBJEHbl U HE 1lapamnarh pykKy.

CoBpeMeHHas IOBEMPHAs MPOMBIIUIEHHOCTh 0a3UpPyEeTCa HA JIOCTHUIKECHUIX
HAYKH U TEXHUKH, Pa3pabOTKax MPUHIIMIUAILHO HOBBIX TEXHOJIOTHU B aKaJeMHUue-
CKMX MHCTUTYTaX M Mepeaaue 3TUX pa3padoTOK B MPOMBIILIEHHOCTD.

K Takum HOBeHIIUM pa3zpabOTKaM, OKHUJIAIOIIUM CBOErO BHEJIPEHUA B MPO-
MBIIIJIEHHOCTh, OTHOCHUTCSI TEXHOJIOTHS BbIPAIIMBAHUA MaTepuajia, HE MUMEIOIIETO
aHAJIOTOB B MPUPOJIE — KPUCTAIUIOB (pMaHUTA Pa3HOOOPA3HOTO 1BETA, UTPA U OJIECK
KOTOPBIX OJIU3KU ajmasy. B CBA3M ¢ HEOOXOIUMOCThIO S3KOHOMHOTO PacXx0J0BaHUA
MAaTEpUAJIOB MPUHIIUITUAIBHO BAXKHBIMHU SABJIAIOTCA PA0OTHI MO cOOPY M yTUIN3ALMHT
OTXOJIOB, MOJyYaEMbIX HAa BCEX CTaAuAX OOpabOTKA HCKYCCTBEHHBIX KOPYHJIOB.
ONbITHBIE YCTAHOBKHU, B KOTOPHIX BBIPAIIMBAIOT MOHOKPHUCTAJLIBI PyOWHOB U carl-
(hMpOB IOBENMPHOTO KAUECTBA U3 OTXOJ0B TPOU3BOJICTBA, YIKE MOSBHIINCH B SKCIIC-

272



PUMEHTAJIBHBIX TieXaxXx 3aBojoB. llocmemnue paspaboTkm kpuctamuiorpados
HAIMpaBJICHbI HA BHIPAIIMBAHUE KPUCTAILJIOB UCKYCCTBEHHBIX JPArolCHHBIX KaMHEH
3aMaHHON (OPMBI W pa3Mepa. OTH HOBBIC HAYYHO-TEXHHUYECKHE Pa3pabOTKH HE
UMEIOT HAYEro OOIIEro ¢ IOBEIUPHBIM MPOU3BOACTBOM MPOIILIBIX JIET U SABJISIFOTCA
Oy Iy UM FOBEIUPHON MPOMBIILIIEHHOCTH.

IOBenvpHass MpOMBIIUIEHHOCTh TOJIB3YETCA OTPAHUUYCHHBIM KPYrom Oyaro-
POAHBIX METAJJIOB U UX CIUIaBOB. B TO k€ BpeMs COBpEMEHHAsi MEeTaJjuTyprus Oja-
TOPOJHBIX METAJLJIOB MO3BOJIACT BBECTU B MPAKTUKY NPUHIUIHAIBHO HOBBIE CILIa-
BBl C OPUTHHAJILHBIMU CBOWCTBAMH W IBETOM. TaKWe CIUIaBHI TIPH W3yUCHUH XUMH-
YECKOW TEXHOJIOTUU YHUCTHIX BEIIECTB U MHTCPMETALTUUECKUX COSIUHEHHUM TIaTH-
HOBBIX METAJIJIOB TIOJyYCHBI (HATPUMEDP, MHOTOUMCIICHHBIC TIBETHBIC CTUIABHI TTaJi-
Janus).

OnHako B HACTOAILECE BpPEMs JJi1 U3TOTOBJICHUS OBEIUPHBIX M3JCIUN UC-
MOJIb3YIOTCSA B OUEHb OTPAHUYEHHBIX KOJIMYECTBAX IJIaTUHA, Najiaaui, poauid. OT-
CYTCTBHUE TEXHOJIOTUH 00pa0OTKM HE MO3BOJISAET BBECTH B MPAKTUKY M3rOTOBJICHUA
IOBEJIUPHBIX U3/ICIUNA CIIaBbl HA OCHOBE UPHUAUS U OCMUS, pa3HOOOPA3HBIC CIJIABbI
MJIATUHOBBIX METAJUIOB C HEOJArOpOIHBIMU €I1I€ TOJIbKO BBIXOJAT U3 CTAAUM J1a0o-
PaTOPHBIX UCTIBITAHUM.

Cnoco0sl 00padOTKH MaTEpPHAIOB PE3aHUEM B IOBEIIMPHOM JIEJIE TTOKa Pa3BHU-
BAIOTCS TOJIKO B HAMPAaBJICHUU YBEIMUYEHUSA TBEPJAOCTH abpa3uBa — MEPEXO]e OT
KOpPYH/Ja K aamasy. B 3Toif o61acTi TOBKO HAavaT MOWCK WHTCHCH(PUKAIMHA TPO-
11eCCOB NMUIU(OBAHUA W TIOJMPOBAHUSA TYyTEM HMCIOB30BAHMS TTOBEPXHOCTHO—AK-
TUBHBIX BenlecTB. [[lupoko ucnonb3yroTcs s 00pabOTKM METAJIOB U CILJIAaBOB
ANIEKTPO—3PO3UOHHBIE METOJbI, MOKA HE pa3pabOTaHHbIE I CILJIABOB OJaropo/-
HBIX METAJUIOB, HO WX MPUMEHECHHE AaCT BO3ZMOXHOCTH TOyUSHUS CIIOKHOMPOQH-
JUPOBAHHBIX FOBEIIMPHBIX U3JICTUH C pa3NMAYHON (haKTy POl MOBEPXHOCTH.

KpoMe TexHWYECKMX M TEXHOJIOTMYECKUX BOMPOCOB COBPEMEHHAS KU3Hb
BBIJIBUTACT NIEPE] IOBEIUPHON MPOMBIILJIEHHOCTHIO U HOBBIE 3CTETUUYECKUE 3a]aUH,
pElLIEHUE KOTOPhIX HEBO3MOXKHO 0€3 yueTa MOJHbIX HaNpaBJieHUH

OTMmeueHHbIEe TPOOJIEMbl BIOJHE PEIIAEMbl HA COBPEMEHHOM 3Tarie, HO Tpe-
OYIOT MOCTOSIHHOT'O BHUMAHUS FOBEJIUPOB — CIEIUATUCTOB YHUBEPCAIOB, OCHOBHAA
1[€J1b KOTOPBIX IAPUThH PAJOCTh JIFOIAM.

KoHTposibHBIE BOTIPOCHI K pa3aesty

1. Kakwe mepbl oxpaHbl TpyAa MPEAYCMOTPEHBI B IIEXaX MO MPOU3BOACTBY FOBE-
JIUPHBIX U3IETUI?

2. Kakme mepsl o oxpaHe OKPY’KAIOIICH CPeabl MPEAYyCMOTPEHBI B IEXax 0
MIPOU3BOCTBY IOBEITUPHBIX U3CITHIA?

. Kakue Mepbl OTHOCAT K NpeAyNpeuTEIbHbIM MO 3JIEKTPOOE30MacHOCTH?

. Kakue mepsl MpuMEHSIOT IS 3alTUTHI OT TETUTOBBIX BO3ACHCTBHIA?

. Kakum 00pa3zom pacnosararoT TpaBUIbHO-aHOAWPOBOYHBIE OTACTICHUS B Lie-
Xax T0 TPOU3BOACTBY IOBEIMPHBIX U3ACITAN?

N o= W
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6. KakuMu TEXHUKO-3KOHOMHUECKUMH TTOKA3aTEIAMHU MOXKHO XapaKTEPU30BaTh

JEATEILHOCTh 1I€XOB MO MPOU3BOJICTBY FOBEJIUPHBIX U3CTUN?

Kakwue cTaThu 3aTpaT BKIIIOYAET CEOECTOMMOCTD FOBEIUPHBIX U3ACIIHI?

C noMoIp0 Kakux Mep 00eCeUrBatOT KaU€CTBO FOBEJIMPHBIX U3CTUN?

. Kakue TpeGoBanus mpeabaBIAIOTCA K FOBEJIMPHON MPOAYKIIMHU MO KAUECTBY ?

O Kakue cyliecTBytOT HanpaBiI€HUA COBEPILICHCTBOBAHUS TEXHOJIOTHU MPOU3-
BO/JICTBA FOBEJIMPHBIX U3CIINN?

= 0 0
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