I'nmasa 29. I1ajika MeTa/1J10B
29.1. OcHOBHbIE MOHATHS U ONpeaeeHUs

[Taiikoi1 Ha3bIBalOT 00pa30BaHUE COCIMHEHUS C MEXKATOMHBIMH CBS3SIMH B pE3yJbTaTe
HarpeBa COEAMHSIEMBIX MAaTE€pPUAJIOB HIDKE TEMIIEpaTypbl WX TIUIABJICHUS, CMayUBaHUS HX
MIPUTIOEM, 3aTEKaHUS TIPUTIOS B 3230 U MOCEAYIOMIEH ero KPUCTAILTA3AIIHH.

B kawectBe mpumnos mnOpu Mailke MCHOJB3YETCS METaul WIM CIUlaB € TeMmIepa
TYpOW TIIABJICHUS HIKE TEMIEpaTyphl IUJIABICHUS TMasgeMbIX MaTtepuaioB. g ymaneHus
OKCHJIOB C TIOBEPXHOCTH MasieMOTO MaTepuaja U IPUIOs U MPEIOTBPAIICHUS UX 00pa3oBaHus B
MpoIIecCe MaKU MPUMEHSETCS] BCHOMOTaTEIbHBIN MaTeprall, Ha3bIBAEMbIN MASIIBHBIM (DITFOCOM.
CBoiiCTBO MaTepuasioB 0Opa30BHIBATH TMAasHOE COCAUHEHHE NPH 3aJIaHHOM PEXUME MaKu

HAa3bIBAETCS Masi€EMOCTBIO.
Pactexkanue pacriaBieHHOro MPUIOS MO MaseMOW MOBEPXHOCTH U €ro B3aUMOJACHCTBUE C
OCHOBHBIM METAJIJIOM YCJIOBHO ITPOTEKAIOT B TPH CTAIUH.

1. ®poHTANBHOE TIEPEMEIIICHUE TIPUTIOS TI0 TTOBEPXHOCTH METaJlIa XapaKTePHU3yeTcs CiIabbiM
B3aMMOJICICTBHEM MPHUINOSI U OCHOBHOIO MaTepuaia; MpU MO-BBIMIOIIKA TEMIEpPaTypbl WK MO
MEpe YBEIUYEHHUS BBIICPKKH 3Ta CTAJAMS EPEXOAUT B CICTYIOILIYIO.

2. JlokanpHOE TIepeMelIeHUE MTPUIIOST U PACTBOPEHHE MAaseMOT0 METa/lIa B JKHUIKOM IIPUTIOE
XapaKTEPU3YIOTCs 00pa30BaHUEM JICTKOIUIABKUX CTPYKTYP (IBTEKTHKA TBEPIBIX PAaCTBOPOB C
MHHHMYMOM Ha KPHBOH JIMKBH/IyCA).

3. (poHTANILHOE PACTBOPEHUE METAJlIa B MPHUIIOE XapaKTEPU3yeTCs] MHTCHCHBHBIM| OOIIAM
B3aUMOJICHCTBUEM IPHUIIOS C MAsEMbIM METaJUIOM.

@opMUPOBAaHUE KOHKPETHBIX CTPYKTYp B TOWM WJIM HWHOM CTaAUuU OIpEIeseTcs
MPOJOJKUTEIIBHOCTRIO UM TEMIIEPATYpOd NaWKH, a TaKKe MPUPOAON B3aUMOJICHCTBYIOLIHUX
METAJUIOB.

Haubosee mnpounHble W IJIaCTHYHBIC TMMasgHbIE IIBBI O0OECHEYMBAIOTCS TpU OOpa3oBaHUU
TBEPJIBIX PACTBOPOB, KOTOPHIE BOSHUKAIOT MPHU MaiiKe METAUIOB, 00JaaromuX OOIIUM THUIIOM
KPUCTAJUIMYECKHUX PEIIETOK U UMEIOIINX OJIM3KHUE 3HAUYCHUSI MEKATOMHBIX PACCTOSHUH.

Menee nIpOYHBIM SABJISICTCS IIOB C SBTEKTHUYECKOM CTpyKTypoi. Takas cTpykTypa oOpasyercs,
€CITU TaliKa OCYIIECTBISETCS MPUIIOSAMHU 3BTeKTHUecKkoro cocraa ([TIOC61, I1Cp72) wnu korma
OCHOBHOW METAJJI MU METaJUIbl, BXOJAIINE B COCTaB MPHIIOS, HEAOCTATOYHO CXOJHBI IO THITY
KPHUCTAJUIMYECKUX PEIIETOK.

OTpunatenbHO Ha TNPOYHOCTh MASHBIX IIIBOB BJMAECT HAIMYHWE XPYIKUX HH-
TEPMETALIMICCKUX COCTUHEHUA.

[Ipouecc maiiku METaJIOB UMEET MHOTO OOILIEr0 C MPOLIECCOM CBapKH IutaBiaeHueM. OnHaKo
napKa OTJIMYaeTCs OT CBAPKH CIEAYIONMMH XapaKTEPHBIMUA OCOOCHHOCTSIMHU.

1 IMaiika MpOW3BOIUTCS TPU TEMIIEpAType HIDKE TEMIIepaTyphl IJIABJICHUS 000UX HIIA XOTS
OBl OJTHOTO M3 COCTMHIEMBIX METAJIOB.

2.B mpomecce Malkk MEKIYy COCAMHICMBIMH JICTASIMH B ONPEIACICHHBIA MOMEHT
HAXOJUTCS KUIKASI METATUIMYECKAs ITPOCIOMKA ITPUIIOS.

3.B oTnmMume OT CBapKM IJIaBIIEHHEM TassHOE COCAMHEHHE o0Opa3yeTrcs He B pe3yiabTare
HEMOCPEJICTBEHHOI0  B3aMMOJICHCTBUS METAUIOB COCAUHSAEMBIX JIETAlleld, a BCIEICTBUE
B3aWMO/ICUCTBUS MIPUIIOSL U OCHOBHOTO METAJLJIA.

4. O0s13aTeNbHBIM  YCIIOBHEM TIAWKH SBJISIIOTCS CMadMBaHHUE IMasg€MbIX IMOBEPXHOCTEH
npumnoeM, Iud@y3usi KOMIIOHEHTOB TPUIIOS B CTOPOHY OCHOBHOTO METala MU KOMIIOHEHTOB
OCHOBHOT'O METAJIJIa B CTOPOHY MIPUIIOS U MOCIEAYIONIAs] KPUCTAIIU3alU )KUIKON TPOCIOMKH.

[Taiikoit MO’KHO M3TOTaBIMBATh CJIOXKHBIE N0 KOH(MUTYpPALIUH Y3JIbI U LIETbIe KOHCTPYKIIUH,
COCTOSIIME U3 HECKOJIBKHX JIeTalICH, 3a OJIMH MPOU3BOICTBEHHBIN UK (HArpeB), 4TO MO3BOJISIET
paccMaTpuBaTh MaiKy (B OTIMYKE OT CBAPKH) KaK IPYIIIOBOM METO COCAUHEHHS MaTEPHAIOB U
MPEBPAILIAET €€ B BHICOKOIPOU3BOJATEIbHBIA TEXHOJIOTHUECKUNA MTPOLECC, JErKO MOAIAF0ITUNCS
MEXaHHM3alMU U aBTOMaTU3AIUH.

[Taiika ymeHbIIAET, a HMHOrJA MOJHOCTHIO HCKJIIOYAET OCTATOYHBIE HAINPSHKEHUS |
nedopmaruu. K 4ucity odeHb BaKHBIX MPEUMYIIECTB MAMKU CIEAYET OTHECTH BO3MOXKHOCTH
COCIMHEHUST PA3HOPOJHBIX METAUIOB, a TaKXKE METAIOB ¢ HemeTauiamu. C MOMOIIBI0 Tailku
MOKHO TM0JIy4aThb HEpPa3beMHbIE U pa3zbeMHble coenuHeHusa. [locimenHee O4YeHb BAXKHO B
MIPOM3BOJICTBE PAIMOANICKTPOHHOHN ammaparypbl, KOTJla BO3HUKAET HEOOXOJAMMOCTh JEMOHTaXKA
MIPU HACTPOUKE WJIA 3aMeHe ACPEKTHBIX MPUOOPOB, YCTAHOBJICHHBIX HA MIEUYAaTHOM TIJIaTe.

B03M0XXHOCTh BapbUpOBaTh pa3Mepbl COCAMHSICMBIX MAWKON MOBEpXHOCTEH (BETMYMHBI

HaXJ'I€CTKI/I) IO3BOJISIET 00ECICUNTh PaBHOIIPOYHBIC C OCHOBHOM MEC- TaJlJIOM COCIUHCHUA. HpI/I
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3TOM ToJiydaercs Oosiee OmarompusitHas ¢GOpPM COCIUHEHUS C MEHbBIICH KOHIICHTPAIHEH
HaIlpsDKEHUH, YeM IPU KOHTAKTHOM CBapKe.

[lepeuncnenHble BbIlIE MPEUMYIIECTBA MaWKU IO3BOJISIOT paccMaTpuUBaTh €€ Kak
MIPOTPECCUBHBIA TEXHOJOTUYECKUM MPOIECC, HAXOISAIINK BCe Oojiee MIMPOKOE, MPUMEHEHHUE B
IIPOU3BO/ICTBE.

OU3MKO-XMMHUYECKOE  B3aMMOJCHCTBHE  pacCIUIaBICHHOIO MPUIOS C  HasieMbIM
MaTepHUaIoM, MPOSIBIISIONIEECS B PACTEKAHUU IPUIOST WM 00pa30BaHUM MEHHCKA C KPaeBbIM
YIJIOM CMAayuBaHUs, Ha3bIBalOT CMAYUBAEMOCTHIO.

B MOMeHT MOJHOrO TEPMOAMHAMHYECKOIO PpABHOBECHS MpPHU YCIOBUM OTCYTCTBHUS
TUpPy3un UM XMMHUYECKOM peaklMu B CUCTEME TBEPJO€ TeJI0 — JKUJIKUW MpUIoil — ras
CYIIIECTBYET I'paHHIIA pa3jeia Bcex Tpex (a3 — TBepoi, *HUaAKoi, razoodpasnoi (puc. 29.1).
JlByrpanHblii yrom 6 Mexay MJIOCKOCTBIO, KacaTeIbHOM K HOBEPXHOCTHU HPUIIOS y TPaHULIbI
CMa4yMBaHHs, U CMOYEHHOM IPUIIOEM IUIOCKOM IMOBEPXHOCTHIO MAsEMOT0 METAJlJIa HAa3bIBAOT
KpaeBbIM YIVIOM CMayuBaHWs. , Pa3nnuaroT paBHOBECHBINM KpaeBOW YroJl, OIPEACICHHBIA B
PAaBHOBECHOW CHCTEME IasgeMblid MaTepual — IPUIION, 1 HEPABHOBECHBIM.

VYcnoBue paBHOBecHst cucteMbl (puc. 29.1) MoxeT ObITh TNPEACTABICHO B BHUJIE
paBHOBECHS BEKTOPOB CHJI IOBEPXHOCTHOTO HATSKEHUS B TOUKE A

613= G 23+ G 12,C0S0,

IJIe BEKTOPBI, HCXOISIINE U3 TOUYKU A, — CHJIBbI, XapaKTEPU3YIOIINE BETMUUHBI TOBEPXHOCTHOM
SHEPIUH, TPHUBOJAIIMNE K PABHOBECHIO, G 23—IOBEPXHOCTHOE HATSDKEHHE MEXKIY - *KHJIKAM
[IPUIIOEM M TBEPBIM TEJIOM; G13 — IOBEPXHOCTHOE HATSHKECHHE MEXIY TBEPIBbIM TeiaoM (oc-
HOBHBIM METAJIJIOM) H T'a30M.

Ora

Puc. 29.1. Cxema paBHOBECHS BEKTOPOB CHJI TIOBEPXHOCTHOTO HATSDKEHHS KaIUTH KUIKOCTH Ha
MOBEPXHOCTH TBEPAOTO Teja: 1—ra3osast (paza; 2—KUIKOCTh; S—TBeprIoe Tesio

O0e 5TH cWiIbl IEWCTBYIOT BJIOJH TBEPJOTO TEia, HO B IPOTHUBOTIONOKHBIX HAIIPABICHUAX:
013 — CHJIa TPUBOJIAIIAS K PACTEKaHWIO XUIKOCTU IO IOBEPXHOCTH METalia, T. €. CHIIa
pacTekaHus U CMAa4YMBaHUS, G 12 — IOBEPXHOCTHOE HATSHKCHHUE MEXIY KHIKUM METAJUIOM H
ra3oM, JIEHCTBYIOIIEE IO KAcaTeNIbHOW K TMOBEPXHOCTH KHUAKOTO MeTayuia. JTa CHila, KOTopas
HA3bIBACTCSl TIOBEPXHOCTHBIM HATSDKEHHEM W BO3HUKAET B JIFOOOM KHUIKOCTH, CTPEMHTCS [0
MUHUMYMa YMEHBIINTE TOBEPXHOCTH KAIUIH TPHUTIOSL.

[Tpu oTCyTCTBUM APYTUX CHIJI TIOBEPXHOCTHOE HATSDKEHUE TPUAAIO0 OBl Karie chepruaecKyro
dopmy, Tak Kak U3 BCEX CHJI PaBHOTO oObeMa map o0iagaeT MUHHUMAaIBHOW MOBEPXHOCTHIO.
['paBUTAIIMOHHBIE HANPSDKEHHUS W HANPSDKEHHUST MEXKIY KHIKOCTBIO M OKPYKAIOIMIEH cpemoit
OOBIYHO TIPOTHUBOJEHCTBYIOT JSTOMY IOBEPXHOCTHOMY HATSDKEHHIO TaK, YTO IKHIKOCTb
MPUHUMAET KaKyIo J100 OTINYHYIO OT chepsl hopMmy.

Pacrekanue u cMmaunBanue OyIyT ©IMETh MECTO, €CIIU G13 > O23+ G712 COSO !

O3 =03
L ]
ad,,

cos =

rae cos) xapakTepu3yeT CMadYHBAIOIIYIO CIIOCOOHOCTH JKUAKOCTH. Bemuumua yria 0 ciry:kut
[IOKa3aTejaeM CMAYMBAaHHMS METa/Ula KUIKAM IPHUIIOEM. [IByMs NpeAeabHBIMH COCTOSHHSIMH
ATOTO SIBJISIETCS IOJIHOE OTCYTCTBHE cMaunBanus, Koraa 0 = 180°, u mojaHoe cMaduBaHue, KOTIa
0 = 0°. IIpu 0°< 6 < 180° uMeeT MECTO YaCTUYHOE CMAaYMBaHHE.

[Tpu* maiike CylIecTBEHHas pOJb NPUHANICKUAT KaOWDIAPHBIM cuiaM. KanumnispHbie
SIBJICHHSI B MMAsUIbHOM 3a30p€e 00YCIIOBJICHBI B OCHOBHOM TE€M, YTO KPHUBOJMHEHHAS MOBEPXHOCTD
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YKUJIKOCTH MCIBITHIBAET PA3JIUYHOE JIaBJICHUE C BOTHYTOM U BBITYKIIOW CTOpOH. Ecnu p1 u p2 —
COOTBCTCTBCHHO HAaBJICHUA C BOFHYTOI\/’I 158 BBIHYKJ'[OI\/’I CTOPOH IMOBCPXHOCTHU KUJIKOI'O IIPUIIOA, TO
110 TIIEPBOMY 3aKOHY KammnispHocTH (Jlamraca) nmeem:

i 1
Fl_Pz=U1.:[“E_“R:]=
I7ie G 12 — TOBEPXHOCTHOE HATSHKEHHE KUIKOCTH Ha TpaHMIE ¢ ra3oBoil cpemoit; Ry u Ry —
pamuychl KpWUBU3HBI TMOBEpXHOCTH. [Ipn Manom aumamerpe Kamwuisipa CBOOOJHAS MOBEPXHOCTH
XKUAKoCcTH Oymer umeth opmy cdepsl, Torma R = (d /2)/cos 0, rae 0- kpaeBoii yroa cMaynBaHusl.
PazHocte naBneHuii p1 —p2 MEXAY BOTHYTOM M BBITYKJIOW CTOPOHAMH IMOBEPXHOCTH MEHHCKA
MOXXET OBITh BBIp@KEHA Yepe3 BBICOTY CTOJI0A >KMJIKOCTH HAaJl 3aJlaHHBIM YPOBHEM U €r0
IUIOTHOCTB: p1-p2= hyg, r1ie Y — mIoTHOCTH XuaKoCcTh. Toraa ypaBHeHue Jlammaca mpumer BUI:

g =0 [msﬁ+ ctrs{-}) _ 4o, c0s8
E=%a\ G ik y

OTKyZa BBICOTa IIOJTbEMA IIPUIIOS B KAIWLLIPE
40, , cos
dyg

B cJI1ydac KalUJIJIAPHOIO0 TCUCHHUA IMPUIIOA MEXKAY ABYMSA MapalJICJIbHBIMU INIACTUHKaAMHA
BBICOTY IMOABEMA MOYKHO OIMPCACIIUTD U3 TEX KC cootHomenul. Ecin Y4€CTh, UTO paCCTOSAHUC a
MCXKAY IUIaCTUHAMHW MaJlo, a IIMPUHA IUIACTHUH JOCTATOYHO BCJIMKA, TO IIOBCPXHOCTH IPHUIIOA B
3a30pe mpuMeT GopMy HUIHHAPA, 11 KoToporo Ri= a/cosd, a R, = 0. [lociie nmpeobpazoBanus
MTOJIYYUM YpaBHEHUE JIJIs1 KPYIJIOTO KalMuIsIpa

yg = 26,056 |

a

h=

OTKYJZa BBICOTA IMOAbEMA IMTPHUIIOA MCKAY INIACTUHKaAMHA

P 20,,cos0

g

Ha 3anosiHeHMe JXKMIKMM NpPUIIOEM 3a30pa OIPEACIICHHOE BO3JCHCTBUE OKa3bIBAET
COCTOSIHME TIOBEPXHOCTH TasgeMbIxX nerane. [[punoi mydnie cMaurBaeT MOBEPXHOCTh, €CIU HA
Hel uMeeTcst HeOOoIbIIas MepoX0BaToCTh, pUCKU. IHOT1a pUCKH, HETITYOOKHE KaHABKH, HAHOCAT
cnenuanbHo. OHM  CIIy)KaT JOTOJHHUTEIbHBIMU KamwuisipamMu. OpHAKO IIepoXOBaTOCTh
MMOBEPXHOCTH BIIUSET HA PACTEKAHUE MPUIIOEB, XUMUYECKHU CJIa00 BO3JCUCTBYIOIMIKMX C TaseMbIM
MarepuaioM. [Ipu HamM4Yuu XK€ 3HAYUTEIHHOTO (DU3HKO-XUMHUUYECKOTO B3aMMOJICHCTBUS MEXIY
HUMHU JKHJIKUWA NPUION JIETKO pacTBOPSIET IMIEPOXOBaThie BbICTYNBI. [lo3TOMy BiMsiHHE
IEPOXOBATOCTHU MPU MAKWKE TAKUMH MPUIIOSIMU HA UX PACTEKAHUE MEHEE 3aMETHO.



29.2. Cnnoco0bl MaKu

CoBpeMeHHBIE CHOCOOBI MalKW MPHHATO KIACCH(UIHMPOBATH MO CIEAYIONIMM HE3aBHCHMBIM MpPU3HAKAM. YIalleHHIO OKCHAHOW IJIEHKU, KPUCTaJUIM3alMH
MasHOTO 1IBa, MONYYSHUIO TIPUTIOs, 3aMOJHEHUIO 3a30pa MPHUIIOeM, HCTOYHUKY HarpeBa, HaJIM4YHIO AaBJICHUS Ha MaseMble JAeTalld, OMHOBPEMEHHOCTH BBITOTHEHUS
HastHbIX COECAMHEHUM.

Knaccugukanus cnoco60oB mailku o yka3aHHBIM NPH3HAKAaM pUBeeHa Ha puc. 29.2.
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Cnoco0bI NaiKku Mo yIaJ1eHHI0 OKCH/IHOW IJIEHKH

dmrocoBas maiika. [ obecrieueHus yaaleHUs OKCHUIOB C IMIOBEPXHOCTH MaseMbIX METAJUIOB U
TIPUTIOS], & TAKOKE TSI IIPEAYIPEKACHNST 00pa30BaHS
HOBBIX OKCHIOB TIpU HarpeBe B TIpollecce TMaWKK TPUMEHSIOTCS TasulbHBIE  (DITFOCHI.
Ilatixa ¢ npumeneHreM (¢uroca HaswpBacTca  (mocosou. DIIOCEI  MOIyT  OBITH  TBEpP-
O6IMA  (TOPOIIKOOOpasHblE  CMECH — PasiMuYHbIX  COJIeH), OKUOKMMH  (BOJHBIE  PacTBO-
pbl  XJIOPHUCTBIX  COJICM WIM  CIOHMPTOBBIE  PAacTBOPHl  OPraHMYECKHMX  COCJAWHCHHH), a
TalOKe  ra3000pa3HbIMU. WNuteHcuBHOCT,  BO3NEGHCTBUSL  (IIIOCOB  HA  OKCHIHYIO
IUICHKYy OrpaHMuYeHa MX  TEMIICPaTypHbIM  HMHTEPBAJIOM  aKTMBHOCTH.  HmkHmii  mpe-
JeN  9TOr0 WHTEpBAla — MHUHUMAIbHAs TeMIlepaTypa, Tpd KOTOpo (Iroc  BCTyma-
er BO B3aWMojchcTBHE C  okchgamu. C  TOBBIIICHHEM  TEMIICPAaTypbl  aKTHBHOCTH
¢moca  Bo3pactaer. [lo  JOCTWKEHMM ~ MakCUMaJIbHOW  TEMIIEpPaTypbl  aKTHBHOCTH
(uroca  3HAUMTENIBHO ~ CHIDKACTCS  W3-32  BBITOPAHMS, MWCTApEHWS WM YICTYy4YHMBAHUS
OT/IENBHBIX €10 KOMITOHEHTOB.

Mexanusm  Bo3nedcTBUS  ¢uroca Ha  OKCHAbI  METaUIOB  CJIOXKEH,  MHOrooopa-
36H M BKIOYAaeT B ceOs. paCTBOPEHHME OKCHIHOM TIUIGHKM OCHOBHOTO MeETalla U
npurioss  Bo  (uIOoce;  XMMHYECKHME B3aMMOJICUCTBUSL  (Foca € OKCHUIHOW  TUICHKOM, B
pe3yabprare  4ero - oOpa3yroTcs — JICTKOIUIABKWE — [UIAKW; — XUMHYECKOe  B3aMMOJICHCT-
BUEe (UIFOCA C OCHOBHBIM METAUIOM, B PE3YJbTaTe YEro IMPOUCXOAUT IOCTENICHHOE pPa3pyILICHHE
OKCHJTHOM  TIJICHKH, OTpBIB €¢  OT  OCHOBHOTO  MeTalyla W  T[EepeBoJ B
[UIaK; BOCCTAHOBJICHUE OKCUTHOM TUIEHKH.

B peanbHBIX YCIOBHMSX MAMKK 3TH IMPOLECCHl 3a4acTyK) B3aMMOCBSI3aHbI WA IIPOTEKAKOT

MapaJuIeITHHO.

IMaiixa B aKTHBHOM ra3oBou cperne. B Ka4deCcTBe BOCCTAHOBU-
TEIHLHOM Ta30BOM Cpelbl IPHMEHSCTCS BOAOPOM MM €r0  3aMCHUTCIM. OKCHHO — YI-
JIepoJia,  a30THO-BOAOPOJHAS  CMECh,  TOJydaeMasd  [OCPEACTBOM  JIMCCOLMAIIMM  aM-
MUaKa rpu Harpese Bbiine 535 °C:

2NHz=N, +3H,
BoccranoBieHre OKCHIIOB WAET MO PEAKLN
MeO +H,=Me + H0

HeobxomimMo ~ oTtmeTwTh,  YTO  BCIEACTBME  B3PHIBOOMACHOCTH  BOZOPOA  TIpHIME-
HSIOT PEIKO M, KaK MPaBUJIO, B I1€4aX MaJIoro pazmepa.

IMajika B HelTpaJbLHOM razoBoit cpene. B Ka4yecTBe HEW-
TPAIbHBIX Ta30BbIX CPEI HCIOJIL3YIOT aproH, remmii, a3oT. UHepTHele rassl  Mpeno-
XPaHsIOT TasieMbIM METa/lI ¥ IPUIION OT OKMCJICHHS B MpoIiecce Makku. Ecim ke B MPOCTPaHCTBO IIeUH
WM KOHTEHHEPA, B KOTOPBIX BEETCS TaiiKa, aproH MOCTOSIHHO T0/IaBaTh M0l HEKOTOPHIM JaBJICHHEM, T. €.
MAKy BECTH B NPOTOYHOM HEHUTPAJIBHOM CPEJIe, TO YacTh KHCIIOPOJia BMECTE C BO3AyXOM BBITECHSICTCS U
MapUHAIBLHOE JIABJIE- HUE €r0 B KOHTEMHEPE WM 1€YM CTAHOBHUTCS MEHBILIE. TeM cambIM CO3/Iat0TCs YCIIO-
BUSI JJTs1 HETIPEPHIBHOIO CAMOIPOU3BOJIBHOIO PacIiaia OKCHAOB—/IMCCOLMALINH.

UroObl  aKTMBU3MPOBAaTh  HEWUTpabHBIE Tra3oBble  Cpeapl, B  HUX 4Yacto  J100aB-
JSIIOT ~ ra3oo0pasubie  ¢umrocel:  ¢ropucteii Bogopox  (HF),  tpexdropucteii  Gop
(BFs) wu gpyrue, KOTOpble, B3aUMOJCHCTBYS C  OKCHIHOW  IUICHKOM,  CIIOCOOCTBYIOT
ee ynatennio. [laiika B Bakyyme. becdrocoBast maiika ¢ mMpuMeHEHHEM Pa3peKeHHOTO Taza Mpu
nmasneHn Hipke 10° T1a HasbIBaeTCs Maiikoil B BakyyMe. [IpH CO3IAHMI B IIEYH WM KOHTCHHEPE BAKYyMa
C ONPEIENIEHHON CTENEHBIO Pa3pekeHusl apLUaIbHOE JABJICHHUE KUCIOPOIa CTAHOBUTCS HIKE YIIPYrOCTH
JCCOIMAITA OKCUZIOB. DT YCJIOBUSI HEOOXOAWMMBI ISl JAMCCOIMAIIMA OKCHUZIOB M TIPEIYIPEKICHUS
MOBTOPHOT'O OKHUCJICHUS MIOBEPXHOCTEN MAaseMbIX JETAICH MPU HarpeBe B Mpolecce naiku. B Bakyyme
OOBIYHO TASFOT M€JIb, HUKEIIb, BOJIH(PPaM, TUTAHOBBIE CIUIABHI, BHICOKOJIETUPOBAHHBIE M YKAPOIPOYHBIC
crami. CIuiaBbl, CO/IEp)KaIllie B CBOEM COCTaBE 3HAUMTEIILHOE KOJIMYECTBO ATFOMUHUS WM XpOMa, TIPH
Maiike B HU3KOM U CPEHEM BaKyyMe TpeOyIOT JIOTIOJHHUTENHFHOTO (NIFOCOBAHUS, TaK KaK OKCHIIBI
ATIOMUHUST ¥ XpOMa OY€Hb YCTOWYMBBI, UMEIOT MaJIoe JABJICHHE TIapa U HAYMHSIOT UCTIAPSIThCS MPU
BBICOKHX TeMIIepaTypax, OJM3KMX K TEMITEpaTypaM UX TUIaBJICHHS.

YabTpa3pykoBasa maiika. /{1 ygajgeHUS OKCHAOB C MHOBEPXHOCTH HEKOTOPHIX METAJIOB
(Hampumep, aTFOMMHHMS) TIPA HU3KOTEMIIEPATYPHON TMaiKe MPUMEHSIOT CIOCO0 MX YIBTPa3BYKOBOIO
paspymienusi. OH OCHOBaH Ha CBOMCTBE YITPYTHMX MEXaHUMICCKHX KOJIeOaHHH YIIbTPa3BYKOBOM YacTOThI TIPH
MIPOXOKACHUH Y€Pe3 KHUIKOCTH BBI3BIBATH KABUTAIMIO. YJIBTPA3BYKOBBIC KOJICOAHHS CO3MIAIOTCS B
pacIiIaBIEHHOM TPUITOE, HAHECEHHOM Ha TIasieMbIid METAUT CIICIUATHHBIM MAsSTbHUKOM.



Cnoco0bl maiiKku Mo KPpUCTAJJIU3ALUA TATHOI'O IIBA

Kpucranausanus npu oxjaxkaennu. Kak npaBuio, TemiepaTypa HarpeBa mpu maiike Ha 50-
—100° BpIIe TEMITepaTypsl TUIaBieHus Tprriost. [Ipy 3To¥ Temrieparype BCIICICTBHE B3aUMOJICHCTBHS
OCHOBHOIO METaJl/la M TPHIIOS 00pa3yeTcsl CIUIaB B JKHUAKOM COCTOSIHHH, W3 KOTOPOro (hOpPMHUPYETCS
CTPYKTypa masHoro mmsa. [Ipy OKOHYaHMHM HarpeBa IaseMbIe JICTATM OXJIAKIAIOTCS M HAYMHACTCS
KpHCTA/UTM3alKs MasHOro IIBa.

Ha crpykTrypy m cBoOicTBa IasHOTO IIBA BIMSIOT HE TOJBKO (DMBHKO-XMMHYECKHE CBOMCTBA
00pa3oBaBIIIerocss B IIBE CIUIaBa, TeMIIeparypa IMaiku, mporiecc Muddy3un, HO ¥ B 3HAYMTEILHOU
CTENICHH CKOPOCTh OXJKACHWS. MeJICHHOEe OXJIaXICHHE CIOCOOCTBYeT 0O0pa3oBaHHIO OoJice
PaBHOBECHOM CTPYKTYPBI U, CJISA0BATEIHLHO, IPOYHOIO M IUIACTUYHOIO MAsTHOTO COCMHCHHS.

Kpucranaumsanusi npu Bbigep:xke (quddy3uonnas naiika). Iuddy3HoHHON Ha3bBACTCS
TaKas Maika, Ipy KOTOPOH 00pa30BaHHE MAsTHOTO COSIMHCHIST COBMEIIICHO C M30TePMHUICCKOM 0OPaOOTKOI.
Mzotepmideckas 00paboTka OOYCIIOBIMBACT MpoxokacHHe muddy3nd ¢ IEIbI0  HApaBJICHHOTO
W3MEHEHHS CBOKCTB TIAHOTO COSJIMHEHMS, B TOM YHICIIC TTOCPSICTBOM KPUCTAIUIM3AIMH METAIUIA IIIBa TIPU
TeMITepaType MakKu, KOTOPas BBIITIE TEMIIepaTyphbl COIHTYCA IPHIIOSL.

Cxopocte mudy3u, KaKk W3BECTHO, 3aBUCHT OT Kod(duimenTa aup@dy3nd U KOHICHTpaLU
TUGOYHIUPYIONTNX 3JEMEHTOB Ha rpanuie pasuaena. JuddysroHHas makka oOecnedrBacT Ooliee
TOMOIE€HHBIN  (OHOPOHBINA) COCTaB IMAsSHOrO IIBA, II03BOJISIET IMOBBIIATH €r0 IPOYHOCTH M
TUTACTUYHOCTh M3-38 MPEIOTBPAIICHUS 00Pa30BaHKsI HHTEPMETALTH/IHBIX MPOCIOCK WM PACTBOPCHHUS
HX B OCHOBHOM METAILIE.

Crn10co0b1 NAIKH 110 MOTy4eHHMIO IPUTIOS

Iaika comosblm nonnocmeio  pacniasnsemvim npunoem. llaiika, Tpu  KOTOPOH
HCIIONB3YETCS 3apaHee M3TOTOBICHHBIN IIPHUIIOH, HA3BIBACTCS ITAHKOM TOTOBEIM IIPHUIIOCM.

[Ipu medHoM M Apyrux BUJAX IPYNIIOBOM MalKU IOTOBBIA MPUIIOM HAHOCUTCS B MPOLIECCE
COOpPKH JTO3MPOBAHHBIMHU 3arOTOBKAMH, MPEICTABISAIOMIMMU COOOM KOJbIA, U3TOTOBIICHHBIC 3
MIPOBOJIOKH, IIaObI, ITITaMIIOBaHHBIC W3 (DOJIBIH WX JICHTHI, U T. 1. [Ipu razomrameHHo maiike
MPUIION OAAETCS B 30HY LIBA C IUIABAIIETOCA KOHIA NpyTKa. [Ipu naiike masuibHUKOM MPUIION
HAHOCHUTCS Ha MMaseMyI0 MIOBEPXHOCTH C TTOMOIILIO 00TY)KCHHOM YacTH Kajia MasIbHUKA.

Haiika komnos3uyuonnvim npunoem. llpu 3TOM crnocoOe MalKu HCIOJB3YETCS IPHUIIOH,
coJiepKalmiii B cBoeM oObeMe HamojgHuTeNb. [lon HamojHMTEIeM ciemyeT IOHMMATh Marepuall,
KOTOpBIA NpUMEHSETCS I 00pa3oBaHUS B MAsIBHOM 3a30p€ CHCTEMBl KaIWULIPOB WM UL
o0ecreyeHNs CIICIMAIBHBIX CBOMCTB IAsHOTO COSAMHEHYS. I [pHMEHSIOTCS CIIeIyIOITHE THIIEI ITPHUITOEB.

Q) TIOJIydEHHBIM  CIIEKaHWEM  IIOpOIIKA WM BOJIOKOH  TYIOIUIABKOIO  Marepuaja

C HOCJIEAYIOIIEH IPOIMTKOM KM IKOH JIETKOILIABKOM (ha3oi;
0)cocTosInuii M3 TOPOIIKA MJIM BOJIOKOH TYrOIUIABKMX COCTAB/SIOIINX, CMOYEHHBIX

JIETKOTUTABKOM JKHAKOM (ha3oi;

B; COCTOSIIIIMIA M3 CMECH TIOPOIIIKOB TYr'OTIJIABKUX COCTABJISOIINX,;

I) IPEJCTABIIONIMIA  COOOM CETKY, M3TOTOBJIEHHYK) W3 BOJIOKOH METALIA-HAIOIHUTENS |
JICTKOILJIaBKOM COCTaBJISIOIIEH ITPUIIOS.

Konmaxkmmno-peakmuenaa naiika. Ilaiika, mpu KOTOpOi TPHUIION 00OpasyeTcs B pe3yJbrare
KOHTAaKTHO-PEaKTHBHOIO  IUIABJICHUS, HAa3bIBACTCS KOHTAKTHO-peakTWBHOM. (OHa OCHOBaHa Ha
CITIOCOOHOCTH HEKOTOPBIX METAIUIOB 00Pa30BBIBATE B MECTE KOHTAKTA CIUIABEI (3BTEKTHKU WM TBEPIBIC
PacTBOPBI), TEMITEPATYPA IUIABJICHHS KOTOPBIX HIDKE TEMIIEPATYPhI IUIABJICHHS 0000 M3 COEIUHAEMBIX
MeTaioB. B pszie ciydaeB, koraa coemuHsIeMbIe METAJITBI He 00pa3yroT MEX Ty COOO0# IT0I00OHOTO THTIa
CIUIaBBI, HWCIOJB3YIOT IPOMEKYTOUYHYIO TIPOCIOMKY WIM HAHOCAT TOKPBITHE HA COCOUHSCMBIC
MOBEPXHOCTH HAITbUICHUEM, TAIbBAHUYECKUM WJIH KAaKUM-JINOO JPYTrUM CIIOCOOOM.

IIpy KOHTAKTHO-PEAKTHBHOM IaMKe AETald HEOOXOJMMO CIaBJMBarh. IIprMeHeHre HeOOJIBIIOro
JIABJICHUSI HA IICPBOM CTaJMM IpOIecca CO3JaeT JIyUIIHMK (PU3MYeCKUil KOHTAKT MEXAY JICTASIMH, a
TaroKe CIOCOOCTBYeT BBIIABIMBAHUIO M30BITKA KHMAKOM (ha3pl. Bmecte ¢ W30BITKAMH KHIIKOCTH
YIIAJISFOTCS YaCTHIIBI OKCHZIOB, TIPUCYTCTBHE KOTOPBIX B MASHOM IIIBE MOYKET OTPHUIIATSIIHHO BIMSATH HA
MIPOYHOCTH COCTUHEHUSI.

Peakmueno-¢gniocoean naika. llaiika, py KOTOPOH MpUIION oOpazyeTcs B pe3ylbTaTe
PazJIoKeHMsT KOMITOHEHTOB (DITFOCA, HA3bIBACTCS PEAKTUBHO-(NIFOCOBOM. THITMYHBIM TIPUMEPOM TaKOM
AKX SBISIETCS TakKa aTFOMUHUS (IITFOCOM U3 XJIOPUZA IIMHKA, OCHOBAHHAsI HA CIIOCOOHOCTH JTFOMUHUS
BBITECHSITH [IMHK U3 paciuiaBieHHol comu mpu 400 °C:

3ZnCly+ 2Al =2AICl; +3Zn

OOpa3oBaBIIMIICS ITMHK U SBJISCTCS TIPHUIIOCM, COCTUHSIIOIIAM JeTaM W3 aaioMuHUSA. B pse
ciydaeB MeTainl (IIPOIYKT B3aUMOIEHCTBHS OCHOBHOIO MeTajuia ¢ (pJIFOCOM) HE SIBIIICTCS IIPHUITOEM.
OH TOKpBIBaCT IMOBEPXHOCTh B MECTE MANKK M YIy4IIaeT CMAaYMBAaEMOCTh JIOTIOJHHUTEIbHBIM
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NPUITOEM, KOTOPBIM BBOAMTCS B 3a30p. Tak, ¢ momompio ¢urroca AQCl MOXKHO OCYIIIECTBHTH
peakTUBHO-(ITIOCOBOE JIy’KeHHE (OKPBITHE) TUTaHa cepeOpoMm. [Iporiecc uer mo peaxiuu

Ti+4AgCl =TiCls + 4Ag

ITpu 350—400 °C xmopu1 TUTaHa B BUJIE a3a YIIETYYMBACTCA C IOBEPXHOCTH THTaHA, Paspylias Ipy
3TOM OKCHJIHYIO IUICHKY 110z, @ BOCCTaHOBJICHHOE CepeOpO TMOKPHIBACT YKCTYIO MOBEPXHOCTh THUTAHA,
KOTOPYIO 3aTeM MOYKHO TO/IBEprarh Maiike IpyruMu CIiocoOamH.

Cnoco0bI NaiKy 10 3aM0JIHEHUIO 3230pa

Kanunnapnaa naiika. Ilaiika, mpu KOTOpO# pacIlIaBJICHHBIN IIPUIION 3alOIHSICT MasuIbHBIA
3a30p M YACPKUBACTCS B HEM IPEUMYIICCTBEHHO TIOBEPXHOCTHBIM HATSDKCHHMEM, Ha3bIBAaCTCS
KamwuTipHOH. KanmyuisipabIe sIBJICHUST IPHUCYINA TTOYTH BceM crioco0aM maiiku. Ho mposBiistioTcest oHu B
OCHOBHOM TOT/Ia, KOTJIa MEXKITy MaseMbIMUA JCTAISIMH MMEETCS TIEPEKPhITHE — HaxXJIeCTKa — M IIPH
cOopke oOecreunBacTCs MasUGHBIA 3a30p. B KaXIOM KOHKPETHOM CjIydae B 3aBHCHMOCTH OT
MIPUMEHSEMOTO MCTOYHHMKA HArpeBa, IaseMoro MeTajlla, IIPUIOEB U T. JI. BEIMYMHA 3a30pa OMpeIeiIsIeTCs
OTIBITHBIM ITyTEM, HO JUIS TIAMKKW HanOoJIiee pacipOCTPAaHCHHBIX METAUIOB M HCIIOIB3YeMBIX MPH TOM
TIPUTIOEB PEKOMEH I0BAaHBI ONTUMAJIbHBIC BETMIMHBI MAsJIbHBIX 3230 POB.

Hekanunnapnasa naiika. 1laiika, mpu KOTOpOM pacIUIaBJICHHBIM IIPHUIION 3aIlONHSCT 3a30D
MPEUMYIIECTBEHHO IT0/1 ICHCTBUEM CBOEH MACChl MJIM IIPHJIAracMOM K HEl U3BHE CHUJIBI.

K HexanmmisipHOi MaiKe OTHOCHUTCS MaiKOCBapKa, Py KOTOPOHM COCMHSIEMBIM KPOMKAM 3ar0TOBOK
npumaercs popma, TIogo0Has pa3aeike KpOMOK ITPH CBApPKE IUIABICHUEM.

CoemuHenne neTajiell OCYIISCTBIIICTCS TIPHEMaMH, XapaKTePHBIMH JUTS CBapKH; TOJIBKO B KauecTBE
MIPHUCAJIOYHOTO METa/Ia WCIIONIBL3YeTCS TPHITON, T. €. MeTaUl WIM CIUIaB, TeMIlepaTrypa IDIaBICHUS
KOTOPOTO HIDKE TEMITepaTyphl IJIABJICHHS] OCHOBHOTO METaslia.

K HexamumisgpHOM Iaiike MOXKHO OTHECTH M cBapKomaky. CBapKoIaiKol HasbIBaeTCs ITaiika
Pa3HOPOJHBIX MaTepHasioB, MPH KOTOPOH OoJiee JICTKOIUIABKMI MaTepuajl JIOKAIbHO HarpeBacTcs 0
TEMITEPATyPBbI, MIPEBBIIIAIOIICH TEMIIEPATyPy €TO TIJIABJICHHS, ¥ BBITIOIHSIET POJIb IPHUIIOSL.

Cnoco0blI naiiky 10 MCTOYHUKY HATPeBa

Ilaiika 6 neuu. Ee npriMeHeHNE B IPOU3BOICTBE OOBSICHIETCS CIEAYIOIUMU (haKTOpaMHU.

1 BrICOKOI MPOM3BOIUTEIILHOCTBIO, KOTOPask 00ECIICUMBACTCS BO3MOXKHOCTBIO TTAHKH CIIOMKHBIX
W3/ICNNA OJTHOBPEMEHHO B HECKOJIBKMX MECTaX WM TMaWK{ OOJIBIIIOTO YHMCiIa OJHOTHITHBIX W3ICIUH,
3arpy’KeHHBIX B TI€Yb C TIOMOIIBIO KOHBEWEpa WK IPYTUX CPEJCTB MEXaHU3AIIHIH.

2. Beicokoii CTaOMIILHOCTBIO KauecTBa MASHOTO COCMMHCHUS W3-32 BO3MOXKHOCTH TOYHOTO
KOHTPOJISI TEMIIEPATYPHBIX PEKUMOB TAKK Ha JIFOOON CTaH TEXHOJOTMYECKOTO TPOIIEcca, a TaKKe
CO3IAaHMS. KOHTPOJMPYEMOM arMocdepbl Ipu maiike (BaKyyM, BOCCTAHOBHTENbHAS, HWHEPTHAS
armocepa).

3. MuHMMATBHBIMA JIehOPMAIASIMA U OCTATOYHBIMH HAIPSDKCHUSMH B TIASHBIX y37IaX B CBS3U C
PaBHOMEPHBIM HArPEBOM M OXJIKICHUEM HX B TIPOIIECCE TTANKH.

Jlis  maliky TpPUMEHSIOT TEeYM € TIOJIOTPEBOM  AJICKTPOCONPOTHUBICHUEM, HHAYKIIMOHHBIE,
razoriaMeHHble. [leun Moryr ObITh C BO3MyIIHOM arMocepoi, KOHTPOJIMPYeMOU arMochepoit
(3armoTHEHHBIC BOJIOPOIOM, CMECHIO BOIOPO/A C a30TOM WM OKCHIOM YIJIEPO/a, UCCOIMUPOBAHHBIM
aMMHaKOM) WJIH BaKyyMHBIE.

B pane ciyuaeB Gonee menecooOpazHO co3/1aBaTh KOHTPOIMPYEMYIO atMochepy He BO BCEM
o0beMe T1euH, a B CIICIMATLHBIX KOHTEHHEPaX.

Hnoykyuonnas naiika 1aet BO3MOXHOCTh OCYIIECTBIISITH JIOKAJIBHBIA HAarpeB, 00eCTIeunBast
OOJIBIIIYFO CKOPOCTh HArpeBa MECTa MAMKH |, CJICJI0BATEIBHO, BBICOKYIO TPOU3BOIUTEILHOCTD (3TO e
OCHOBHOE€ OTIMYKME OT APYTMX THIIOB Iaiku). IIporecc MHAYKIMOHHON IAWKH JIErKO IOIIacTCs
ABTOMATH3AIIMH, & YCTAHOBKH IS Hee 0€3 0COOBIX TPYIHOCTEN BCTPAMBAIOTCS B ABTOMATU3UPOBAHHBIC
vHuH. VHIYKIMOHHBIA HAarpeB MOXKET IMPOM3BOJMTHCSA B JIFOOOW aTtMocdepe, B TOM YHCIIE B
BaKyyMe.

OT 1amMIioBOro WM MalIMHHOTO T€HEParopa TOK BBICOKOM YaCTOTHI MOJBOUTC K OXITAKIACMOMY
WHAYKTOpY. B maseMolt aetami 1oz BO3NCHCTBHEM TEPEMEHHOTO MAarHMTHOTO TIOJIs, 0Opa3oBaHHOTO
TOKOM, TIPOXOJSIIMM TI0 HMHIYKTOPY, BO3HHMKAIOT MOIIHBIC BHUXPEBBIC TOKH, Pa3OTPEBAIOIIME €€ JI0
HEOoOXOIMMOM TeMIiepaTypbl. HarpeB ompenensercs MOIIMHOCTBIO TeHepaTtopa, PAacCTOSIHUMEM OT
WH]IyKTOpa TIO JIETAIH, a €ro ITyOMHA — YacTOTOM TOoKa. HekoTopble THITbI MHIYKTOPOB TIPHBEICHBI Ha PHC.
2.3
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Puc. 29.3. Turbl HHIYKTOPOB: @ — HAPYKHBIH, O— BHYTPEHHHH; B — IUIOCKHI

Hapsiny ¢ 1mepeuncieHHBIMEA —paHee NPSHMYIISCTBAMHM HMHIYKIMOHHBIA HAarpeB HMEET sl
HEJIOCTaTKOB. JTO MPEXKJIE BCEro HaMUMe JeopMarii ¥ HapsDKeHHM BCIIC/ICTBHC HEPAaBHOMEPHOTO
HarpeBa IpH TaiKe, ONpeACTICHHBIC TPYIHOCTH KOHTPOJIA 32 TEMIICPATYPHBIM PESKHAMOM H3-32 BBICOKOM
CKOPOCTH HarpeBa, OrpaHHYCHHBIC BO3MOYKHOCTH TIAHKKM KPYITHOTA0APUTHBIX W3/ICIIHI, a TAKoKe JIeTalch
CJI0OHON KOH(UTYpaLUu.

ITaiika 3nekmpoconpomuenenuem (puc. 29.4).

P

-

]
{

I 2

Fm

P B
Puc. 29.4. Cxema HarpeBa maiiku METOJIOM SJIEKTPOCOTIPOTUBIICHUS: @ — Ha KOHTAKTHBIX
MaIIWHaX; O — C MCIIOJIb30BAaHUEM CBApOUYHBIX TpaHC(hopMaTopoB; 1 — anexTpoasr; 2 —

neranu, 3 — npunoid; 4 — tparncopmarop

Kak BuHO U3 puCyHKa, IpH 3TOM METO/Ie MAKH MOKHO MCIOJIb30BaTh MALIMHBI JIs1 KOHTAKTHOM
cBapku (puc. 294, a) u cBapounbie TpaHchopmaropel (puc. 294, 6). B oboux ciydasx Harpe
OCYILIECTBIISIETCS. B pE3yJIbTaTe BbIIEICHHUS TEIUIOTHI B MECTE KOHTaKTa MEXK/Ty JETasIMU, T/€ BETMUMHA
COIPOTHBIICHUS] MAKCHMAJIbHA.

[puriol, pa3MeleHHbl MEeKAY JeTasIMU B BHIE (HOJIBIM WIIM HAHECEHHBIN TPEABApUTEIILHO Ha
TasieMble MIOBEPXHOCTH, IUIABUTCSI ITPU HarpeBe, 00pa3ys MasHOe COEITUHEHHE.

K maiike a5eKTpoCOoNpOTUBICHHEM OTHOCHUTCS IAlKa C HAarpeBOM TOJIBKO OJHOTO JIEKTPOAA,
TEIUIoTa OT KOTOPOIO IMEPEAAETCS 3a CUET TEIUIONPOBOJHOCTU Yepe3 JeTallb K MECTY PacIOIOKEHUs
MPUTIOs. ITOT METOJl HarpeBa MPUMEHSETCS ISl MAlKK JeTaied MajibIX TOJIIMH, B OCHOBHOM TIpH
W3TOTOBJIEHUH W3/IETUH AJIEKTOOHHOM TEXHUKH.

Dnexmponumnan naika. dnekTpouTHas naiika (puc. 29.5)

Puc. 29.5. Cxema maiiku B 3JeKTpojuTe: 1 — masemble AeTainu; 2 — UCTOYHHK TOKa; 3 —
ANEKTPO,T; 4—ITy3bIPHKH BOJIOPO/IA; S—OJIEKTPOIIAT



Ocy1iecTBisieTcsl MpU KOHTAKTE MasieMbIX JAETaleid C BOAHBIM AJIEKTPOJIUTOM, Yepe3 KOTOpbIi
TIPOITYCKACTCSI TIOCTOSIHHBIN EKTPUUYECKHI TOK. B KauecTse anekTpomra ucrtoinb3yrorces 10—15%-Hpie
BoiHBIC pacTBOpbI NapCOs.

DNeKTpUYECKU TOK, IPOXOJIS uepe3 JIEKTPOJIUT, pazjaraet ero. BolaenuBimuiics Ha CTEHKaX
nasieMbIX JIeTaneld BOJOPO] YBEJIMYUBAET CONPOTUBIEHUE MPHIIETAIOIIEr0 K HUM CIJIOSl, 4TO
BBI3BIBAET HArpeB JeTajieil U IUIaBJIEHUE MPUINOS. DTOT METO IPUMEHSETCS TOJIBKO MPH Maike
neranell HeOOoJIbIIUX Pa3MEPOB.

Ilaiika nozpyscenuem. CynecTByiOT JB€ OCHOBHbIE Pa3HOBUHOCTHU MAKMKK MOTPYKEHHEM B
3aBHUCUMOCTH OT CpeJlbl, KOTOpast UCTOJB3YETCs B KAUECTBE MCTOUHMKA HArPEBA: NALIKA NOSPYIHCEHUEM &
PACNNIAGTIEHHYIO COMb U NALIKA NO2PYIHCEHUEM 8 pachiasiieHHblil npunoti. B 000ux cirydasx teMrieparypa
xwukoi Banabl Ha 30—50 °C BbIIIie TeMIiepaTyphl IUIABJICHHUS TIPHTIOS.

Kak mpaBuiio, coctaB COJISTHOM BaHHBI TOAOMPACTCS TaKAM OOpa3oM, YTOOBI COJIM SIBIISUTUCH
¢mocoM y1s nasieMoro Merasuia. 1103roMy, BBINOJHSSL poIib TEIWIOHOCHUTENS U (Iroca, paciuiaB cojieit
IPU TOTPY’KEHUH B HETO JETajel OYMIaeT MX OT OKCHZIOB M OOECIeUMBAET 3AILUTY OT OKUCIICHUS B
TMPOLIECCE MTANKH.

Iaiika eoanoii. CyniHOCTB 3TOTO MPOIIECCa COCTOUT B TOM, YTO IOJABAEMBbI B CIICIMATIHHOES
COILJI0 MEXaHUYECKUM WJIM MAarHUTHBIM CIIOCOOOM U MOCTOSHHO NEpEMEIMBAEMBIH MPUIIO 00pa3yer
HaJ| IOBEPXHOCTHIO BaHHBI HETIPEPHIBHYIO BOJHY. JleTaiy, Hanpumep pao3IEMEHTh, YCTaHOBJICHHbIE
Ha MEeYaTHOM IUIaTe, BMECTE C HEW IepeMellaroT Haj BOJMHOW mpuros. Kacasch mpurosi, BbIBOBI
JeTanen 3arnanBarorcs. [laiika BOIHOM MPUIIOs IHMPOKO paclipOCTPAHEHA B POU3BOCTBE I1€YaTHOTO
paZiiOMOHTAaXa.

HenocratkoM Meronma malku NOTPY)KEHWEM B PACIUIABICHHBIA IIPUNIOM W BOJHOM SIBIIIETCS
pacxo/ioBaHle OOJBIIOro KoiuuecTBa mHpumos. Kpome Toro, mpu morpykeHud JeTaneidl B MHpUIIon
HEM30eXHO OONY)KMBaHWE BCEM MOBEPXHOCTH JeTaned. Ui yMmeHbIIeHusl pacxoja MpUIosl Ha
MIOBEPXHOCTH JIETAJIeH, He MOISKAIUX MalKe, HAHOCAT pa3IniHble TIOKPBITHSI, MACKU U3 AMOKCHIHBIX
CMOJI, SMIEH U JPyrue MUHEPAIbHbIE U OPraHUYECKUE TOKPBITHSL.

IHaiuka ceemosvimu ayuamu. llpu 1aiike CBETOBBIM JIy4OM C [IOMOINBIO JIaMIl
00ecTieunBacTCsl HarpeB C MAOM TEIUIOBOM WMHEPIIMOHHOCTBIO. Tak, Uil KBApIEBOM JIAMIThl BPEMs
JOCTVKEHNS] HOMHHAIBHOTO SHEPreTHYecKoro MOTOKa ¢ MOMEHTa ee BKIoueHus cocrapiser 0,6 c.
JIOCTOMHCTBOM HarpeBa CBETOBBIMU JTy4aMH SIBJISETCS OSCKOHTAKTHBIN MOJBOJI SHEPIUH, B TOM YHCIIE
Yepe3 ONTUYECKH Mpo3payHble CTeHKH. C MX MOMOIBI0 MOXKHO IasiTh HA BO3/IyXe, B MHEPTHOM Cperie,
BaKyyMe, a TalkoKe HarpeBaTh MarHUTHbIE 1 HEMArHUTHBIE MAaTEpUATIb], B IIIMPOKUX MPENIENax PeryJpoBaTh
TeMIIEpaTypy HarpeBa, BU3yalbHO HAOMIOIATh 3a MPOLECCOM IMaiKu. B 3aBUCHMOCTH OT THIIa JlaMmIibl, ee
MOILHOCTH, TI0JIBOIMOTO K Hell HAIPSDKEHISI MOKET OBITh T10JTydeHa Temrieparypa ot 1980 1o 2930°C.

Dnekmponno-nyuesan naiika. INEeKTPOHHO-IIyYEBOI HarpeB MPUMEHSETCS ISl JIOKAILHON MaliKH,
B TOM YHCJIE UMITYJIbCHOM, MalKU W3IEIUIA 3JIEKTPOHHOW U PAJIMOTEXHUYECKOW MPOMBIIUIEHHOCTH,
MaKK JeTaleld U3 TYrOIUIaBKMX METAJUIOB. BbICOKas KOHIIEHTpaIwis SJIEKTPOHHOTO ITy4Ka CYILIECTBEHHO
COKpAIIaeT BpeMsi HarpeBa M IUIABJICHUSI TIPUTIOS], YTO OCOOEHHO BAXKHO TP MaHKe YyBCTBUTEIBHBIX K
HarpeBy TYroIUIaBKUX METAIOB. [alika MOXKET MPOM3BOIUTHCS KaK HEMOABWKHBIM C(DOKYCHPOBAHHBIM
Jy4OM, TaK W CKAHUPYIOIMM (COBEpIIAOIIMM, HAIPUMEp, MOIepeuHbie KosebaHus). B kauectse
MprMepa MOKHO Ha3BaTh MaWKy SJCKTPOHHBIM JY4OM JIEKTPUUYECKUX BBIBOJIOB K KOHTAKTHBIM
TIJIOIAIKAM TUICHOYHBIX MUKPOCXEM.

OJIeKTPOHHO-Ty4e€BOM HarpeB ASPQPEKTHUBEH TMpU TalKe METAUIOKEPAMHUUECKUX — Y3JIOB,
CUIB(OHHBIX KOHCTPYKITUH.

Jlazepnaa naiika. HarpeB mnaseMblx JeTalied C TOMOINBI Jla3epa SBISIETCS BECbMa
TIEPCTICKTUBHBIM, OCOOCHHO TPU TMAKe MUKPOMHHHATIOPHBIX JIETajlel, KOHTAKTOB U T. M. JlazepHbIit
HarpeB B OIPEJIEIICHHOM OTHOIIEHUH OoJiee YHUBEPCAJIEH, YeM SJIEKTPOHHO-JTy4eBOM: CBETOBOM JIyd
CBOOOJTHO TPOXOIUT CKBO3b IPO3PauHbIE MPErpajibl, He TPEOYETCs AMEKTPHYECKOr0 KOHTAKTa C JieTa-
JIbIO, Talika BOBMOXKHA HE TOJILKO B BaKyyMe, HO M Ha BO3JlyXe WM B 3alLUTHOI atmMocdepe. Bricokas
yebHas TeIIoBasi MOIIHOCTh JIA3€PHOTO JIyda CIIOCOOCTBYET MCHAPEHUIO C MOBEPXHOCTH HPHIIOS U
OCHOBHOTI'0 MeTaJljla OKCHU/IHBIX INIEHOK, YTO YJIYYIIAeT IPOLECC MalKH.



I'azonnamennaa naiika. J{511 BBICOKOTEMIIEPATYPHOM AWK MOTYT IPUMEHSTBHCS Ta30Bble
TOPEJIKH, B KOTOPBIX TEIJIOBAsl SHEPrusi 00pa3yercs B pe3ylbTare CropaHusi Kakoro-imoo Toprovero rasa,
Hanpumep aueruiena CoHp, B cTpye kuciopoa.

Ilhasmennas naiika. 1lpyu UCHONb30BAaHUM IJIA3MEHHBIX TOPENOK MaiKa OCYIIECTBIISIETCS
TUIA3MOH, 00pazyemoii B muiazmarpoHe. [1na3mMeHHas roperka mo3BossieT 3a CYeT U3MEHEHHS CHIThI TOKA,
JaMeTpa CoIula PEryjMpoBarh B IIMPOKHUX Mpefenax Kak oOllee KOJMYECTBO BBOJMMON B JeTanu
TEIUIOTHI, TaK ¥ BEIMYMHY [TOBEPXHOCTH Harpena.

Ilaiika  naanvHukoMm. C MOMOIIBI0  TAasUIbHUKOB MPOU3BOIUTCS  MaiKa
HHU3KOTEMIIEPAaTypHBIMUA TPUIOSMU. [lepeHoc TemoTsl B 30HY MaKu OCYILECTBIIAETCS BCIIEICTBHE
KOHTaKTa paboyel YacTH NasuTbHUKA C [asieMbIMU TIOBEPXHOCTSIMH.

CymectByer 00JbINIOe pasHOOOpasye MassIbHUKOB, KOTOPBhIC Pa3IMYarOTCs CIOCOOOM Harpesa,
MOIIIHOCTBIO, (popMoid. OHM MOTYT OBITH C MEPUOUUECKHM U MOCTOSHHBIM HarpeBoM. [lasuibHuKM C
MIEPUOJIMYECKIM HAarpeBOM IO MEpe HUX OXJIAKAEHMS MOJOTPEBAIOTCS OT IMOCTOSIHHOTO HCTOYHHUKA
TEIUIOTHI (TUTAMEHH,

AIEKTPUUYECKOM JTyrd). AKKYMYJTUPOBAHHAS UX MACCHBHON MEIHON pabOYei YacThIO TEIUIOTA PaCXOIy-
eTcsl Ha PacIUIaBJICHUE TPUIOSI U HArpeB MaseMbIX Jietaieil. OObIMHO Takue NasuIbHUKK PUMEHSIOTCS
TIPY MalKe U JTy>KeHUH KPYITHOrabapUTHBIX M MACCUBHBIX JIETAIICH.

Tt 6ecdimroCcOBOTO JTY>KEHHS AITFOMUHHEBBIX CTUIABOB, HE COZICPYKAILIFX MAarHHsL, IPHIMEHSIIOT CTICIAab-
HBII TIPHOOP, HA3BAHHBIN YIIHTPA3BYKOBBIM MAsUTLHUKOM (pHc. 29.6), KOTOpbIii HMEET MAarHUTOCTPUKTOP 6,
M3ITyYaroui KojeOaHus, Mmepeaaronmecs HakoHeUHUKY 5. Bo30Oyxaaempie B pacIjIaBICHHOM MPHUIIOE
KOJICOMIOIUMCS HAKOHEYHWKOM KaBHTAI[MOHHBIE MYy3bIpbkH 4 3(O(EKTHBHO pa3pylIaloT OKCHIHBIC

mwieHkr 3. OOMOTKa MarHUTOCTPUKTOPA TOKIIOYAETCS K BBICOKOYACTOTHOMY I'eHepaTopy 1, maroiiemy
UMIYNbCHI ¢ yactoroi 15—20 kI,

=
g—

SCCOCATIOUT B

5

Pric 206. Cxema yIBTpa3ByKOBOTO TSI THHIKA

HakoHeuHHMK HarpeBaeTcs CHUPAIBIO 2, 4epe3 KOTOPYIO IPOITYCKACTCS AIICKTPHUYESCKHMA
ToK. [Ipy my)XeHHMM HAaKOHEYHUK JOJDKEH paclojlaratbCs Kak MOXKHO OJIMKE K IOBEPXHOCTH
JeTand, HO He KacaTbcsi ee. HakoHeUuHHMK mNasyibHUKAa H3rOTaBIMBAETCS M3 CTOMKOro K
KaBUTALIMOHHOMY pa3pyILIEHUIO cepeOpsIHO-HUKEIEBOTO CILIaBa.

OOny>keHHBIE C IOMOIIbIO YIbTPa3BYyKa AETaIN MOXKHO MasTh OOBIYHBIM AJIEKTPUUECKUM

nasuibHUKOM, 0e3 ¢uitoca, ¢ MPUMEHEHUEM OJIOBSIHHO-LIMHKOBBIX HJIM OJIOBSHHO-CBUHIIOBBIX
IIPUIIOEB.

29.3. TexHoJIOTMYECKHUI MpoLecc NaiiKkn

TexHONOTHUYECKUI MPOLIECC MaWKKh BKJIIOYAET KOMIUIEKC BBINOJHIEMBIX ONEpalui,
OCHOBHBIMH W3 KOTOPBIX SIBJISIOTCSA CJCAYIOIIME. IMOJArOTOBKA IMOBEPXHOCTEH MOJ TMaWKy;
cOopka Aerasiedd; ykiaaka TMPUIIOs, B psle clydaeB HaHeceHue ¢uiroca; maiika; oOpaboTka
JIeTajJeH II0CIe MalKH.
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Iloozomoska nogepxrnocmu noo natixy. KauectBo NoAroToOBKY MOBEPXHOCTHU MOJI AHKy BO
MHOTOM OIpPEIENSeT YPOBEHb U CTaOMIIBHOCTh CBOMCTB MAasiHOTO coenuHeHus. CyliecTByoT
CJIEYIOIIE OCHOBHBIE CIIOCOOBI OUUCTKH MOBEPXHOCTH:

1) repmudeckuii (ropesikaMu, OTXKUIOM B BOCCTAHOBHUTEIILHON aTMocdepe, B BaKyyMe);

2)mexanndeckuii  (0OpaboTka  pPEeXKYIIUM  HMHCTPYMEHTOM WM  abpasuBOM,
THIPOTIECKOCTPYHHAS WK IPOOECTpYitHasl, TAJITOBKA);

3) xumuueckuii  (00E3KUPUBAHHE, XUMHYECKOEC TpPAaBJICHHUE,  AIICKTPOXHUMUYECKOE
TpaBlieHHWEe, TpPAaBJICHHE C  YJIbTPa3BYKOBOW  0OpabOTKOW, KOMOWHHPOBAaHHOE C
00e3>)KUPUBAHHEM H TPABJICHHEM).

[loarotoBka neranu mojJ Nailky BKIOYAeT B ceOsl TaKKe HAHECEHUE CHEIUATbHBIX
TEXHOJIOTUYECKUX TMOKPBITHA TajJlbBAHUYECKUM WM XUMHYECKHM CIIOCOOOM, TOpPSYUM
ayxeHrueM (MOTpy)KEHHEM B PpACIUIABJICHHBIA TIPUIOI), C MOMOIIbIO YIBTPa3BYKa,
IJIAKUPOBAHUEM, B)KUTAHHEM, TEPMOBAKYYMHBIM HAaIlbUIEHHEM. YKa3aHHbIE TEXHOJIOTUYECKUE
MOKPBITUSL HAHOCAT C Pa3IMYHBIMU LIETSAMU:

a)uIsl  YIYYIICHUS CMa4MBaeMOCTH  HEKOTOPBIX TasgeMbIX METAUIOB  pacIuiaB
JICHHBIM IIPUIIOEM;

0) Uis 3alIUThl OCHOBHOTO MeETa/ula OT WCHAPEHUS OTHICNBHBIX HMX KOMIIOHEH-
TOB B ITPOLECCE MANKH;

B)IUIL  TPEJOTBpAICHHS  BPEIHOTO  B3aUMOJCHCTBUS  MPUIOS C  OCHOBHBIM
METaJJIOM, IPUBOJIALIETO K 00pa30BaHUIO XPYIKUX CTPYKTYP;

I') B KQ4eCTBE MPUIIOS MPH KOHTAKTHO-PEAKTUBHOM Maiike.

Yknaoka npunosa. Yacto cbopka BKiIro4aeT B ce0s HaHECEHUE IMPUIIOS, YKJIAJKYy €ro B
BUJIE JIO3UPOBAHHBIX 3arOTOBOK M3 MPOBOJIOKM uiu Qoabru. Ilpu pasmemenun npumnos
HEOOXOJIMMO YUWTBHIBaTh YCJIOBHS MalKU: pPacHoJIOKEHHWE HU3JeNHsl B €YU WIK JPYyrom
HarpeBaTe’IbHOM YCTPOUCTBE, PEKUMBI HArpEBa U OXJIAXKICHHUS.

Maccy npunosi, HeoOX0JUMYIO JJIsl TOTYYEHUsI KaYECTBEHHBIX COEIMHEHUH, ONPEAETSIOT
13 COOTHOILIECHHUS

Q =1,5Ahly,
rae A — HauOOJIBIIUIT 3230p B COCIMUHECHUH MPH TEMIIEpaType naiku, M; h — BbicoTa Win
[IMPUHA COCAMHEHHsS, M; | —IpPOTSHKEHHOCTh COCAMHEHHS, M; Y — YJAelIbHas IUIOTHOCTh

IIPUIIOS, Hiv®. Koapdumuent 1,5 yuuteiBaeT oObeM ranTeseid NpUNOs U HeU30ekKHbIE
TEXHOJIOru4YecKkue norepu (yrap, pa3oOpbI3ruBaHue).

Hanecenue ¢pnrwoca. noraa npu cOopke aetaneit noj naiiky tpeOyercs HaHecTu ¢uiroc.
[TopomkooOpa3Helif (QIirOC pa3BOAAT TUCTHIUIMPOBAHHOW BOJOW 1O COCTOSIHHSI HETYCTOM
MaCThl U HAHOCSAT HINATeIeM WIH CTEKJIIHHON NaJIoYKOM, MOCiIe Yero JeTaiu MoACYIINBAIOT B
tepmoctare nipu /0—80 °C B teuenne 30— 60 mumnu. [lpum razommameHHo# maiike (uroc
MOJAI0T Ha MPYTKE pa3orperoro MpHIos, HpU MalKe MasIbHUKOM — pabodeil yacTbio
nasuIbHUKA UM BMECTE C MPUIIOEM, B CIy4ae MPUMEHEHHUS OJOBSHHO-CBUHIIOBOIO MPUIIOS —
B BUJIE TPYOOK, HAIIOJHEHHBIX KaHU(OJIBIO.

IMTaiika (narpeB MmecTa COCIMHEHHsST WM OOIIMA HAarpeB COOpPAaHHBIX JieTaiei)
BBINIOJIHAETCS MPU TeMIlepaType, IMPEBBIIAONIEH TeMIepaTypy IUIaBJIEHUS MPUIOs, Kak
npaBuio, Ha 50—100 °C.B 3aBucMMOCTH OT TeMIepaTypbl IUIaBICHUS TMPUMEHIEMBIX
MIPUIIOEB MaliKa MoApa3/esisieTcsi Ha BBICOKOTEMIIEPATYPHYIO U HU3KOTEMIIEPATYpHYIO.

[Ipn HU3KOTEMIEPATYPHOM Mailke HAarpeB B MECTE KOHTAKTA IAas€MbIX MaTEpPUAIOB H
npurost He npesbimaet 450 °C, mpu BeicokoTeMnepaTypHoit — npebimaeT 450 °C.

OOpaboTka Tmocie mNaiku BKIOYaeT B ce0s yaalieHne ocTaTtkoB (iroca. DIrocHl,
YaCTUYHO OCTaBIIMECS IOCie MalKu Ha W3IENUU, HNOPTAT €ro BHEUIHUM BUJ, WU3MEHSIOT
AJIEKTPUYECKYIO MPOBOJAUMOCTb, @ HEKOTOPBIE BBI3BIBAIOT Kopposuio. [loaToMy ocTaTku ux
[I0CJI€ MaiKK JOJKHBI ObITh THIATEIBHO Y/AaJICHBI.

Octarku kaHU(pOIU U CIUPTOKAHU(DOIBHBIX (PIIFOCOB OOBIYHO KOPPO3UHU HE BBI3BIBAIOT, HO
€CJIM M0 YCIIOBUSIM JKCILTyaTalluu U3Jenuil TpedyeTcs ux  yAajduTh, TO U3/EJIUE IPOMBIBAIOT
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CIUPTOM, CIIUPTOOCH3MHOBOM CMECHIO, allETOHOM.
ATrpeccUBHBIE KHCIOTHBIE (DITIOCHI, COJACpIKAlIUEe COJSHYIO KHCIOTY WM €€ COJIH,
TILATEIHHO OTMBIBAOT MOCJIEIOBATEIBHO TOPAYEH U XOJIOIHOW BOJAOM C MOMOILBIO BOJIOCSAHBIX

IIETOK.
29.4. OcoOeHHOCTH MalKN MaTepPUAJIOB

IMajika KOHCTPYKIMOHHBIX cTajiedl. OCOOEHHOCTH TEXHOJIOTMM MaWKU OIpPEeAestoTCs
KOJIMYECTBOM COJEPIKALIErOCs B HUX YIJIEpOJia U JIETUPYIOLINX IEMEHTOB. B 3aBucuMoOCTH OT
3TOTrO BBIOMpPAIOTCS (DIFOCHI, HA3HAYAKOTCS CIIOCOOBI M PEXKUMBbI MTAMKH.

Venepooucmeie u nHuzkonecuposanmvie cmanu. Ilalika cTaneil 3TOTo Kjiacca HE BBI3BIBACT
0COOBIX TPYAHOCTEH M MOXKET OCYLIECTBISATHCS BCEMU H3BECTHBIMU cCIOCOOAaMU: B IEYH,
IIOIPY’KEHHEM B PACIUIABJIICHHBIE COJIM, HArPEBOM TOKaMH BBICOKOM YaCTOTHI, Fa30IUIAMEHHON
TFOpENKON W NasIbHUKOM. IIoAroTOBKa NMOBEPXHOCTH, MOJUIEKAIIEW IMaWKe, 3aKII0YaeTcs B
3aYMCTKE HAIWJIBHUKOM, IIKYPKOI M 00€3)KUPUBAHUU B TOPSUUX LIEIOYHBIX PACTBOpAX.

JUist BBICOKOTEMIIEpAaTYpPHOW ITalKM HU3KOJETMPOBAHHBIX U MaJOYIUIEPOAMCTBIX CTaleH
IPUMEHSIOT Melb, JIaTyHH, MEJHO-UMHKOBble mpunou. CepeOpsiHble NPUIION U3-3a
NeQUIUTHOCTH cepedpa MPUMEHSIOT PEeAKO, B CTPOro OOOCHOBAHHBIX M SKOHOMMYECKU

OIIpaBJAaHHBIX CIIy4asX.
@urochl, UCTOJIb3yeMble JUIsl MalKU cTajieil, colaepaT B CBOEM cocTaBe Oypy, OOpHBIi

aHTUAPUI, GTOPHUCTHIE COJIU.

[Ipy Hu3KOTEMIEpPATYpHOM MaliKe yYrIEpOJUCTBIX W HU3KOJIETHPOBAHHBIX CTalei
MIPUMEHSIOT OJIOBSHHO-CBHHIIOBBIE IIPUIIOH, Mailka BeJeTcs NasuIbHUKOM, a B KayecTBe (iroca
— pacTBOp XJIOPHUAA LUHKA UM AKTUBUPOBAHHBIM CIUPTOBOM pacTBOp KaHU(DOIIH.

Bovicoxonecuposannvie cmanu. llalika 3THX CTajged OCJIOXKHSETCA HAJIUYUMEM Ha HX
MIOBEPXHOCTH TEPMUYECKHM M XUMHUYECKH CTOWKHMX OKCHUJOB XpoMa, THUTaHa M JPYrux
JETUPYIOIIUX D3JEMEHTOB. YKa3aHHbIE OKCHIbl YXYIIIAIOT CMayuBaeMOCTh Iase€MBbIX
MIOBEPXHOCTEW MpUNosAMH. [loaToMy 171 Maliky BBICOKOJIETMPOBAHHBIX KOPPO3MOHHOCTOMKHX
cTaJiel Ta30IJIaMEeHHON TOPESIKOM MCIOJIb3YIOT aKTUBHBIE (DITIOCHI.

Oxcuanas 1uienka, coxaepkamas Crp0;, Ha KOPPO3MOHHOCTOMKOW CTalmM  BOC-
CTaHABJIMBACTCS B BOJOPOIHOM cpejie pu Temmeparype okosio 1200 °C.

HuskoremriepaTypHas naiika KOPpO3MOHHOCTOMKHX CTal€d OCYILIECTBIISIETCS OJOBSHHO-
CBUHLOBBIMU MPUIIOSAMU C (IIFOCOM, NMPEACTABISAIONINM COO0H pacTBOp KaHU(OJIU B CIIUPTE C
no6askoit oprodochoproi kucioThl. [locne maiiku Bo n3bexaHue KOPpPO3uu OCTaTKu (hiroca
CIIETyeT yalIUTh.

XKapornpouHsle cTany Ha CBOEH MOBEPXHOCTU TAKKE UMEIOT TPYAHOYAaIsie-Mble OKCUIHbIE
IUIEHKH XpOoMa, TUTaHa U psijia IPYrux 3JIE€MEHTOB, BXOAAIUX B cocTaB craneil. [loaromy npu
Maike TMPUMEHSIIOT BBICOKOAKTHUBHBIC (IFOCHI, BOJOPOJHYIO aTmocdepy ¢ mpo0aBKamu
¢bTopucTeIX coeauHeHHM. s Jydmiero ynajleHus OKCHUIOB Xpoma BO (DIHOCHI BBOJSATCS
terpabopat u ¢ropunsl. [laiika >kapoONPOYHBIX CTaJIed, KaK U KOPPO3UMOHHOCTOMKUX, MOXKET
MIPOU3BOJIUTHCS B 3alIUTHON aTMocdepe aproHa, rejids ¢ UCIHOJIb30BAaHUEM OJHOBPEMEHHO U

(rocoB.

IMajika TMTaHOBBIX cIIaBOB. [Ipomecc maliku TUTAHOBBIX CIUIABOB CONPSDKEH C PAIOM
TpyAHOCTEH, 00YCIOBIEHHBIX UX (PU3UKO-XMMHUYECKUMH CBOMCTBaMM, IPEXAE BCErO BBICOKOM
XUMHUYECKOM AaKTHMBHOCTHIO. YKa3aHHOE CBOMICTBO THUTAaHOBBIX CIUIABOB TpeOyeT IMpH Maike
ofOecrieyeHUsT XOpOLIeH 3alliuThl MeTajyla OT B3aUMOJEHCTBUS C BO3JYyXOM, a TaKxKe
HaJUIeKalled MOATOTOBKHY MOJ Maiky. [Io Tem ke mpuYnHaM HEnpurojHa IpU Mailke rasosas
3allMTa, CoAeprKamias BOAOPOA WM a30T. JlONMyCTUM JMIb BaKyyM WM aproH IOBBIIIEHHOMN

YUCTOTEI.
[Ipouecc maku OCHOKHSET BBICOKAs XMMHYECKAsl CTOMKOCTh OKCHJAQ, MOKPBIBAIOIIETO

MOBEPXHOCTh jeTayniedi. Jlns ero ymajgeHdus NPUMEHSIOT XHMHYECKOE TPaBJICHHE B BOIHOM
pacTBOpe a30THOW M IUIABUKOBOM KHUCIIOT (U1 HEOOJBIINX IO TOJIIUHE IUICHOK) W B BOIHOM
pactBope HC1-HNOz u NaCl uian HC1 u HF (ipu Gostbiom ciioe okamuHbl). YacTo UCOIb3YIOT
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MEXaHUYECKOE YJaJIeHue OKCUAHBIX IJIEHOK OINECKOCTPYMBAaHUEM, 3aYMCTKOM HaXJAayHOU
Oymaroi, a Takke CTaIbHBIMH IETKaMU U T. II.

[Ipu BbIOOpPE mNpUNOST M PEKUMOB TEXHOJOTMUYECKOTO IIpolecca Nailku HeoOXoIuMo
YUUTBHIBaTh CHOCOOHOCTh THUTaHa OOpA30BBIBaTh XPYINKHE HHTEpMETAl-TUAHbIE COEIMHEHUS,
OTPULATENILHO BIIMSIOIIME HA MPOYHOCTHBIE XAPAKTEPUCTUKHU MasHOTO IIBA, MOYTH CO BCEMHU
3JIEMEHTaMH, BXOJSIIMMHU B cocTaB npumnoeB. C cepeOpoM TUTaH oOpa3yeT MHTEpMETAIINA
MEHee XPYIKUH, 4eM C OCTalbHBIMU MeTajuiaMu. [loaToMy yarie Bcero Ui mailku NpUMEHSIOT
MIPUTION HA OCHOBE cepedpa.

JUis TOBBIIIEHUS] NPOYHOCTH U IUJIACTUYHOCTU TMAsIHBIX COEJUHEHHM, IOBBIIICHUS
OJIHOPOJHOCTH MAasHOTO MIBa MPOBOJAT AU(PPY3MOHHYIO MalKy TUTaHa WiIu AU(QYy3MOHHBII
oTKUr. 3a cueT TupPy3nOHHOTO OTKUTA YAAETCS MOJYUUTh MPOYHOCTh MAsSHBIX COCANHEHUN U3
TUTaHa, OJU3KYI0 K IPOYHOCTU OCHOBHOT'O METala.

B psnme ciydaeB, OCOOCHHO MpM MaiiKe HU3KOTEMIIEPATYpHBIMU Hpumosmu Sn—Pb,
MIOBEPXHOCTh TUTaHa IMOJ MaiKy MOKPHIBAIOT METAJUIAMHM, YAYUYIIAIOIIUMH €r0 CMauylMBae€MOCTb.
K takuMm MeraniaM OTHOCST MpE]e BCEro HUKENb, a TaKKe cepedpo, Mellb, 010B0. [lokpriThe
OCYILIECTBJISICTCSl TaJIbBAHUYECKUM IyT€M, MOrPY)KEHHEM JleTalledl B pacIUIaBJICHHBINH MeTalll,
HampuMep oJioBo, Harpetoe g0 700—750 °C.

BricokoTremnepaTypHas maiika TUTaHa IO MOKPBITHUSIM OCYIIECTBISETCS C (QIirocami,
KOTOpble OOBIYHO HCIOJB3YIOT JUIsl MaliKu MeIu, HHKeNs, cepedpa, CHUPTOKaHU(OJIbHBIM
OECKHCIOTHBIM WJIM CIIUPTOKAHU(OIBHBIM, aKTUBU3UPOBAHHBIM COJISTHOKHUCIIBIM TUATHIIAMUHOM.

IMajika aJIOMUHUSA, MarHusi M UX cIviaBoB. [Ipomecc maWku yKa3aHHBIX METAUIOB M
CIUIaBOB HA WX OCHOBE OCJOXHSIOT TYTOIUIaBKME OKCHUJHBIE IUIEHKM Ha WX HOBEPXHOCTH,
oOranarolye BbICOKOH XMMUYECKOH YCTOMYMBOCTBIO U HE YAAJISIOLIMECS MIPU Maiike B BBICOKOM
Bakyyme (o 0,1 MIIa) u B BOCCTAaHOBHUTEIBHBIX [A30BBIX CPEIax.

JUJis OUMCTKH MMOBEPXHOCTHU JE€Tajeil U3 allOMUHHUS U €ro CILUIAaBOB OT OKCHJIOB IPUMEHSIOT
MEXaHWYECKYIO 3a4UCTKy H TpaBieHue B 10—15%-HoM pactBope enxoro Hatpa mpu 60 °C. C
LETIBIO MPEAYNPEKACHUS TOCIENYOLIENR KOPPO3UU

JIeTay MPOMBIBAIOT B XOJIOJHOM BOJIE, TIIATEIBHO CMbIBAs OCTaTKU €IKOTO HATpa, a 3aTeM
oOpabarteiBatoT B 20%-HOM pacTBOpe a30THOH KUCIOTHI. [IpoMBITEIE B TOpsiUEi M XOJIOTHON
BOJe JeTanu mpocymuBaioT. OKcuAHAs IUIEHKA HAa MarHUEeBBIX CIUIaBax yJajiseTcs
TpaBIICHHEM B BOJHOM pacTBope xpomoBoro axrmapuma (20—30 xelu®) mpu 60—70 °C.
[ToBpItIasi KOHIIEHTPAIMIO 3TOTO PAacTBOpA, MOKHO CHU3UTH TeMIieparypy TpasieHus g0 30
°C. Ilocne TpaBieHHs IeTaIM MPOMBIBAIOT B TOPsUEH, a 3aTeM B XOJIOJHOM Bojie. BpeMeHHOI
WHTEPBAI MEXIY TPABJICHUEM U MMaiKO¥ HE JTOJDKEH MPEeBBIIATh 24 4, HHaue TOJIIMHA BHOBb
00pa3yromecst OKCUAHON TIJICHKH OyIeT HeOTTyCTUMOM.

BricokoTremnepaTypHas maiika alIOMHUHHS ~ OCYLIECTBIISIETCS BCEMHM HM3BECTHBIMU
crocobaMM HarpeBa: Tra3oIUIaMEHHBbIM, HMHAYKLIMOHHBIM, B Ii€yaX, I[OTPY)KCHHEM B
pacIuIaBJIEHHBIE COJIU.

KonraktHo-peakTuBHas mnaiika B Bakyyme (1 MIla) u B ra3oBbIX cpenax IO3BOJISIET
COEJIMHSAThH AJIIOMUHUN Yepe3 MPOCIONKY KpeMHus, Meau, cepedpa. DIrockl B TaKUX CIydasx
He npuMeHstoTcs. IlepcnekTuBHBIM MeTO0M OecuitocOBOM BBICOKOTEMIIEpPATypHOIl Hailku
AIOMHHUS SBJISICTCS Naiika B aTMocdepe mapoB MarHus, co3uaBaemoit B Bakyyme (1 MIla).
Atmocdepa mapoB MarHus (BCIAeACTBHE OOJBIION XUMHYECKONH aKTHMBHOCTH MAarHusi K
KHCIIOPOJly) HE TOJIbKO BOCCTAQHABIMBAET OKCUAHYIO TUICHKY Alp03, HO M CIYXHUT Cpeloi,
KOTOpasi 3alUILaeT HOBEPXHOCTh OCHOBHOTO MaTepHajia OT OKUCIIEHHUS B IPOLIECCE MANKH.

Jletanu W3 MarHMeBBIX CIUIAaBOB MAasliOT NasUIbHUKaMH, TOPEIKaMH, HWHIYKIIMOHHBIM
HArpeBOM, B pacIUIaBJICHHBIX (IIFOCax, B IeUax € KOHTpompyemoin armocdepoii (aprow,
aproH ¢ a30ToM, a30T), B BaKyyMe.

HuskoremneparypHas maiika Marusi OCyIECTBIISIETCS 10 MPEABAPUTEIHHO HAHECEHHOMY
MOKPBITUIO W3 MeIu, HHUKens uiaum cepebpa. B Takom ciywyae mnpumoit BbeiOupaercs
MPUMEHHUTENBHO K METaJTy MOKPBITHS, HAIIPUMEP OJIOBSIHHO-CBUHIOBBIH.

1. B mewax c¢ KOHTpojsupyemMoil armocdepoil a3oTa, aproHa WIM B Bakyyme Imas
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I0T U3JeNUsd W3 MarHus KOHTAKTHO-PEaKTHBHBIM crocoboMm. [lns 3Toro  moBepx-
HOCTh TMOJl MadKy TIOKPBIBAIOT CJIOeM Metauia (Meau, HHUKeNs), KOTOphIi 00pasyeT
C MarHueM JICTKOIUIaBKyl0 9BTeKTHKy tpu 450—600 °C. C wuenblo NOBBILICHHS
CTOMKOCTM MAarHUEBBIX CIUIABOB IPOTUB KOPPO3HHM MOBEPXHOCTh MX IIOCJIE MalKd YacTo
aHonupytor.  [lpm  ompeneneHur  ONTUMAIbHBIX  PEKMMOB  NAWKW  MarHUEBBIX
CIUTABOB HeoOXoaumo wMmeTh B Buay, 49ro npu 300—400 "C mnpoucxoaumT pasiio-
KEHUE TUAPUIOB OKCHUJIA MarHus, 4To MPUBOAUT K 00pa30BaHUIO OPUCTOCTH.

IMajika Meam u ee cmuaBoB. Ilalika Meaum MW OCHOBHBIX €€ CIUIAaBOB — JIATYHEH,
OpOH3 M MEJIHO-HUKENEBbIX CIUIABOB — MOJKET OBbITh OCYIIECTBJIIEHA IIOYTU BCEMH BH-
JaMU TAalKd TIPU HUCIOJIb30BAaHUU OOIIMPHOW HOMEHKJIATyphl mpumnoeB u ¢aocoB. Ka-
XKIbIA M3 YKa3aHHBIX BBIIIE€ MaTEpPUAJIOB MMEET CBOM XapaKTEpHble OCOOEHHOCTH, KO-
TOpble BIUSAIOT HAa TEXHOJIOTMIO NAalKW, BBIOOpP pexuMa, 0O0OpyAoBaHMS U T. .
IMajika TyromnaBkMx MeTa/IoB. TyromiaBkue  MeTaulbl  OTHOCATCA K pas-
psAAy TPYIOHOMAsieMbIX BBICOKOTEMIIEPATypHBIMU MPUIOSMHU. TpyaHOCTH MaiKu OOYCIOBIIEHbI
CIIEIYIOIIMMU OCOOCHHOCTSAMU HX (PU3UKO-XUMUYECKUX CBOMCTB. TyromnaBkue MeTalbl
00Ja/1a0T MOBBIIIEHHON XMMHUYECKOW aKTUBHOCTBIO IIPU BBICOKHX TEMIIEpaTypax, 0COOEHHO MO
OTHOIICHUIO K KUCIOPOY, HIMPKOHUN — K BOJIOPOAY U a30TY.

2. TyromnaBkue MeTaibl CKJIOHHBI K COOMPATENIbHOW PEKPUCTAILIM3AINN [IPH HATPEBE 10
BBICOKHMX TEMIIEPATyp, 0OCOOCHHO 3aMETHO IMPOSBIIIOLIEHCS Y MOJIMOIeHa U BoJib(pama.

3. TyromnaBkue MeTaibl, OCOOCHHO IMPKOHMMU, MPU IMaiike 00pa3yloT ¢ KOMIIOHEHTaMH
NPUNOS  XPYNKHE HWHTEPMETAUIUAHBIE COEIMHEHHS, KOTOpble YXYIIIAIOT IUIACTHYECKUE
CBOMCTBA METAJLJIOB.

HuskoremmneparypHas mnaiika yKka3aHHBIX METAVIOB IMPUMEHSETCS OYEeHb pPEIKO U
OCYILIECTBIISIETCS 0JIOBSIHHO-CBHHIIOBBIMU MPUIOSAMHU C KaHU]oecogepxKauMu
aKTUBHUPOBAHHBIMU (UIFOCAMH T10 MPEABAPUTEIHLHO HAHECEHHOMY HUKEJIEBOMY ITOKPBITHIO.

BricokotemnepaTypHas naiika BoJib(ppama HeKenaTeabHa, Tak Kak IIPU TeMIIEpaType BBIIIE
1300—1400 °C oH peKpHCTaLTU3yeTCs, TepsieT MPOYHOCTh, CTAHOBUTCS XPYNKHM. B 3TOM
clydae TIepCIEKTUBHOW SIBIISIETCS TNalKa MOpH HHU3KOM Temmeparype ¢ MNOCIeAYIoIen
muhy3rnoHHOM TepMooOpaboTKo. [IpUMEHSIOT MPUTION HA OCHOBE HUKEIIS, TUTaHA, MaJUIaaus
u Jp.

Ilaijika pasHopoaHbIX MeTaIoB. [Ipu BbIOOpe mpuIoeB, crnOCOOOB HarpeBa, THUIIOB
COEIMHEHUS] HEOOX0IMMO YUUTHIBATH!

1)crenenp pa3nuuusi (PU3MYECKUX CBOWCTB MaTEpPHANIOB M KO3(DOHUIIMEHTOB TEIIOBOTO
paciupeHusi, TEMJIONPOBOJHOCTH U TEMIIEPATyphl IIABJICHUS;

2)0COOCHHOCTH XMMHYECKHX CBOWCTB — HAJIMYUE OKCHUIOB, UX XUMHUYECKYI CTOMKOCTS,
OKHUCJISIEMOCTh M aKTUBHOCTB IO OTHOIIEHUIO K TAKMM ra3aM, Kak a3oT, BOJIOPOJ;

3) cMauMBaEMOCTh Pa3IMYHBIMU TPHUITOSIMH;

4) BO3MOKHOCTb U YCJIOBHUSI 00pa30BaHKsI HHTEPMETAUTHIHBIX TPOCIOCK.

[Ipu naiike KOHCTPYKLUUNA U3 Pa3HOPOJHBIX METAUIOB HEU30€XKHO MPOUCXOJIUT M3MEHEHHE
NasyIbHOTO 3a30pa M3-3a pa3sHOCTU Ko3(hdULMEeHTOB TepMuueckoro pacimupenus. [Ipu 6osbiiem
K03 (UIIMEeHTe TEPMUYECKOTO PACIIUPEHUs] COEAMHUTENbHBIN 3230, OXBAThIBAIOIIMNA JETAIH,
[P HarpeBe€ MOXKET YBEIMUYUTHCS HACTOJBKO, YTO MPHUION BBITEUET WM HE MOJHUMAETCS IO
kanuwuisipy. Ecnum ke gerans ¢ OonbliuM  KO3(D(QUIMEHTOM TEPMHUYECKOTO pacCIIUPEHUS
pacnojiaraercs BHyTpH, TO 3a30p IPH TeMIIepaType MaKu MOXKET YMEHBIIUTHCS U CIION MPUIIOs
OKaXeTCs TOHKUM, YTO MPHUBEAET K Pa3pyLICHUIO MPH OXJAXJEHUU WIA BO3HUKHOBEHHUIO
BHYTPEHHUX HampspkeHuil. Jljig mpenoTBpallleHusl pa3pylieHUs NasHbIX COEJUHEHHH U3
MaTepUajJoB C pa3HbIMU KO3(G(UIMEHTAMH JIMHEHHOTO pacIIMpeHUsl CleayeT HPUMEHSTh
MIPUNOHN, 00JIaJatOIIHI MOBBIILIEHHON MJIACTUYHOCTHIO, KOMIIEHCUPYIOIIEH pa3HUIlY B YKa3aHHbBIX
CBOMCTBAX, HAIIPUMED IPUIION HA OCHOBE MH]US WIN YACTHIA UHIUM.

B Ttex cmydvasx, Korja MpUION IJIOXO CMAauMBaeT OJMH W3 MaseMbIX MaTepuajoB WU
o0Opa3yeTr ¢ HUM XpYIKUE COeIMHEHUS], HA HETO HaHOCST MOKPBITHE TaJIb-

BAHWYECKUM WJIM XUMHYECKMM METOJIOM, OOJYyKMBAaHUEM, OCAXKICHHEM M3 ra3oBoil (asbl,

14



KOTOpO€ 1 00eCIeYrBaeT ManKy.
[Taiixa Merayiuia ¢ HEMeTaJUIaMH, HAPUMEpP C KEpPaMHUKOH, (HeppuTOM, MPOU3BOJUTCS II0
[IPeIBAPUTENILHO METAJUTU3UPOBAHHOM MOBEPXHOCTH.

29.5. KoncTpyupoBaHue nasiHbIX coeIMHEHH A

KoncTpykTuBHOE OdopmileHHe TasHBIX M3AETUN  ONpeAessieTcsl  YCIOBUSIMH — HX
SKCIUTyaTallMy, perjaMeHTHPOBAaHHBIMU TEXHUUYECKMMHU YCIoBHsIMH. B cBoro ouepens,
AKCIUTYaTal[MOHHbIE TapaMeTphl NasHbIX U3ENUi, TMHaMUYecKasi IPOYHOCTh, TEPMETHUHOCTD U
BaKyyMHasi  IUIOTHOCTb,  DJIEKTpUuYecKas  IMPOBOJAUMOCTb, KOPPO3HUOHHAs  CTOMKOCTb,
paboTOCIIOCOOHOCTH MPU BBICOKUX U OTPULIATENIbHBIX TEMIIEPATYpax U T. J. ONPEAEISIOT BHIOOD
OCHOBHBIX MaTepUajOB, IPUIIOEB U (IIFOCOB.

DJeMeHT MasHOTO M3/eus, BKIOYAIOIINUNA MasHbIi MI0B U MPWIErallliue K HEMy Y4acTKU
nasieMbIX METAJUIOB, MPEACTaBIseT cO00M NasiHoe coequHeHHe. TuM MasHoro COeIUHEHHs], €ro
KOHCTPYKTHBHBIE IapaMeTpbl 3aBUCAT OT TpeOOBaHMI K MPOYHOCTU M3JENUs, €ro Macce, a
TaKKe OT XapaKTepa Harpy30K U HalpaBJICHUN UX JEUCTBHUA.

Jleranu BO u30exaHHE CMEIIEHHWS IpHU MalKe JOKHBI OBbIThb 3aQUKCUPOBAHBI ApPYT
OTHOCHUTEJILHO JIpyra.

Tunosble nasiHple COETUHEHUS], BCTPEUYAIOLIUECS B INIOCKUX MassHbIX KOHCTPYKIHUAX, — 3TO
COC/IMHCHUSI BHAXJIECTKY, BCTBIK, B TaBp, B yroi (puc. 29.7, a, 6, ¢, u). IlpennoyTuTenbHo
MIPUMEHEHHE COEAMHEHMsI BHAXJIECTKY, TaK KakK 3a CUET YBEJIMYEHHS YAaCTUYHOIO MEPEKPBITUS
B3aMMHO  MapaJUICJbHBIX  MOBEPXHOCTEH  Jeraiedl  (HAaXJECTKH)  JIOCTUTAeTCs  €ro
PaBHOMPOYHOCTH C OCHOBHBIM METAJLIOM.
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Puc. 29.7. Tunbl assHbIX COSIMHEHUI

CoemuHenuss BCTBIK U B TaBp (puc. 29.7, 6, 6) NPUMEHSIOTCS KpaHE PEAKO, TaK Kak
PaBHONIPOYHOCTH OHU HE OOECIEUMBAIOT W UCIHOJB3YIOTCSA JIMIIbL B TEX CIydYasX, Korja
KOHCTPYKITUSI HE MOXET OBITh BBHITIOJTHEHA HHAYE.

Hexotopeie npyrue coeauHeHus, XapakTepHbIC I TAKd TpyO W CTEp)KHEH, MPHUBEICHBI Ha
puc. 29.8.

Puc 29.8. Ilpumepsl masHbIX COEIUHEHHM TPYO M CTEPKHEH

B cBs3u ¢ Tem, 4TO masHBINA IIOB, KaK ITPABMJIO, MMEET IOHM)KEHHYIO IJIACTHYHOCT,
CICAyeT TaK IMPOCKTUPOBATh COCIWHECHHUS, YTOOBI OH HE HAXOJWJICSI B 30HE KOHIIEHTparTopa
HaNPSDKCHUIM.

[IpouyHOCTh MasHOrO IIBAa B 3HAYMTEIBHOM CTEICHHM 3aBUCHUT OT PACCTOSHUSI MEXIY
MasHBIMH  MMOBEPXHOCTAMM (IasuIbHOTO 3a30pa). YCTaHaBIMBAaeMas BEIWYMHA IasUIbHBIX
3a30pOB, B CBOIO OUYEPE/ib, HAXOJUTCS B MPSMON 3aBUCHMOCTH OT (DU3UKO-XMMHUYECKUX CBOWCTB
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masg€MbIX MaTCpPHUaJIOB U ITPUIIOCB.

IIpu ciuimkom MajoM 3a30pe MPUIIONM MOXKET HE 3aIlOJHHUTh MasHbIA IIOB W IPOYHOCTH
COCTMHCHMS, TaKUM oOpa3om, Oyaer ocnabiiena. IIpu odeHs OONBIIOM 3a30pe KalHMLISPHBIS
CWJIbl IEPECTAIOT HeﬁCTBOBaTB, B IIOB HE 3aT€4eT A0CTATOYHOI'0O KOJHMYCCTBa IIPpUIIOA H
INpOYHOCTE COCIMHCHHA TAKIKC 6YJIGT IIOHU>KCHA. 3aBI/ICI/IMOCTB nopeacia MpoYHOCTH ITasgHOI'O
COCIMHCHHUS IIPH Cpe3e OT BEIUYMHBI 3a30pa Moka3aHa Ha puc. 29.9.
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Puc. 29.9. TIpenern MpOYHOCTH MAsTHOIO COEMHEHHS B 3aBHCHMOCTH OT BEJIMYMHBI 3a30pa (IIPUITOH —
[TOC-61, ocHOBHOM MeTa/LT — JIATYHb)

B masieMbIX KOHCTPYKIIMSAX BCET/Ia BO3HHKAIOT COOCTBEHHBIC HAMpPsDKCHUS. OHU SBISIOTCS
pe3ynbTaTOM HEPABHOMEPHOTO HarpeBa, (a3oBBIX U CTPYKTYPHBIX HM3MEHEHHMH B MeETalle,
Pa3HBIX 3HaYEeHUN KOA(DPHUITUEHTOB JIMHEHHBIX PACIIUPEHUN TTPUIIOS, OCHOBHOTO METaslIa, a Ipu
Maiike pa3HOPOJHBIX METANIOB — PE3YIbTaTOM pPa3HHUIBI HX KOIPPUIHEHTOB JIMHEHHBIX
paciupeHnii. DTU HAMPSHKEHUS BBI3BIBAIOT Ae(OpMAaIMK YKOPOUYEHHS UK U3TH0a KOHCTPYKIIUN
MOCJIe MAKH, CHIXKAIOT MPOYHOCTh COEIMHEHUH, MOTYT CTaThb NPUYMHOW pa3pylI€HUU MOpHU
BHOPAITMOHHBIX HArpy3Kax.

OmHuM ®3  CPEACTB YMEHBIICHUS BHYTPEHHUX HANPsDKEHUN  SIBISIETCS  TIOCIIEMYHOIIAs
TepMooOpaboTka. OHa, €CTeCTBEHHO, sBIITCTCS HEI(DPEKTUBHOM /IS MAsTHBIX KOHCTPYKIIUKA U3 pas-
HOPOJIHBIX METAJUIOB, TaK KaK BHYTPECHHUE HANpPsDKEHUS BO3HMKAIOT BHOBb. B 3TOM cnywae
CHU3WUTh BEJIUYHHY BHYTPCHHHX HAINPSHKCHUH MOXKHO PAIMOHAIBHBIM POCKTUPOBAHUEM
COeIMHEHUN (MCKIFOUEHUEM KOHIICHTPATOPOB, MPUMEHEHHUEM B KOHCTPYKIIMSX COTJIACOBAHHBIX
10 KO3(PPUIIMEHTY JTUHEHHOTO TEIUIOBOTO PACHIUPEHHS MAaTEPUAIOB, YBEIIMYECHUEM TOJIIIUHBI B
30HE MMalKi METAJUTHIECKOM JICTAIH, PACIIOIOKCHHON CHAPYKH).

KonTpoJsibHbIE BOITPOCHI
B uem 3akirouaeTcst CymHOCTD MpoIiecca Mailku U KaKOBBI €70 0COOSHHOCTH T10
CPaBHECHHIO CO CBAPKO?
[To xakuM IIpU3HAKaM U KaK KJIACCH(PHUITUPYIOTCS COBPEMEHHBIC CITOCOOBI MaiKu?
KakoBBI OCHOBHBIC 3TAIbl TEXHOJIOTHYECKOTO TIpoIiecca Maiku'?
B uem 3akiro4aroTcst 0COOEHHOCTH MalKH CTaJIEH, AIIOMUHUEBBIX, MATHUEBEIX,
MEIHBIX, TUTAHOBBIX CILIABOB, TYTOIUIABKAX METAUIOB ¥ PA3HOPOIHBIX MAaTEPHAIIOB?
KaxoBbl paznuuust B mo1x0/1e K KOHCTPYHPOBAHUIO MASHBIX U CBAPHBIX COCTUHEHUH,
9eM OHHU 00YCIIOBJICHBI ?

o poN B

16



