KOPPO3UsI METAJIVIOB

Koppos3ust (zam. COrrosion — pasbefaHue) — paspylleHHe TBEPABIX Tel,
BBI3BAHHOE  XUMUYECKUMU WU  BJIEKTPOXUMUYECKMMHU  MPOLECCaMH  MpPH
B3aUMO/JICICTBUHU C BHEUIHEN CPEIOM.

B pe3ynprare KOppo3un METAIUIMYECKOE U3AEIUE MOXKET MOTEPSITh PALl CBOUX
MOJIE3HBIX TEXHUYECKUX CBOMCTB. KOppo3us MoOHM)KaeT MPOYHOCTh U MIACTUYHOCTD
MeTajlla, MOPTUT IOBEPXHOCTh METANIA, YXYALIAET €ro JJIEKTPUYECKHE H [p.
CBONCTBA.

Martepuanibl, HUCHONB3yEMblE B  CTOMATOJOTMM, JOJDKHBI  00JaaaTh
NOBBIIIEHHON CTOMKOCTBIO K JKUAKOCTH IOJIOCTH pPTa U Cpele, BO3HUKAIOUIEH B
MOJIOCTH PTa MPU IPUHATHUH MHILIH.

Koppo3uu 651aronpuaTcTBYIOT TEMIEpPATypHbIE YCIOBUS M 3HAKOIIEPEMEHHBIE
HArpy3KH, WCIBITBIBAEMBIE METAUIMYECKUMHU 3yOHBIMU KOHCTpYKIusimMu. U3
MHOT'OUYHCIICHHBIX CIUIABOB Il M3TOTOBJICHUS 3yOHBIX MPOTE30B MPHUTOIHBIMU
OKa3aJIUCh JIMIIb HEMHOTME — 30J0Thle, IIJJATUHOBBIE, XPOMOKOOAJIbTOBBIE,
Hep>KaBerolas cTajib U Jp.

CTOMKOCTh METAJJIOB MOXET HApPYUIUTHCS TI0J] BIMSHUEM CIEAYIOIIMNX
MPUYUH:

1) xapakTep MoBepXHOCTU

2) BKJIIOUEHUS B COCTAB MeTasia

3) peXuUM TepMHUUYECKON 00pabOTKH

4) HarnpsKEHUE B MeTaie

Ha rpyOoii miepoxoBaToii MOBEPXHOCTH TMPOIECC KOPPO3UM HAYMHAETCS
paHbllle ¥ MpOTEKaeT 0oJiee MHTEHCHUBHO. BKIIOYEHUS M HANpPsDKEHHUS TMPUBOIAT K
BO3HUKHOBEHUIO  JJIEKTPOXUMHUUYECKOW  KOoppo3uu.  HempaBuibHBIM  pexuM
TEPMUYECKON 00pabOTKH, HAmpUMEp, HEPKABEIOMIEH CTalM, MOXET BBI3BATH

MEKKPHCTATHICCKYI0 KOppo3uio (Tadsuma 1).



Tabnuya 1

®opMbI KOPPO3UITHBIX Pa3pyLICeHUH

Ha3Banue
Mecto nokanuzanuu [Tpuunna Bo3HukHOBeHUs1 | CTeneHb pa3pynieHUs
KOPPO3UH
Bcs nosepxHoOCTh, yalie B | Bzaumogencrsue ¢ Menee onacHbIN U
CIuIaBax o0pa3yronmx BHEIIHEN CpeIO. MEIJIEHHO
PaBHOMepHast | TBepAbIE PACTBOPHI. MPOTEKAIOLIUN
(oOmmas) nporecc. Majuo BauseT
Ha MEXaHUYECKYIO
MPOYHOCTH U3JIEIHSI.
[IpuBoauT K pa3pyuienuto | Bo3Hukaer B ciydae Haubonee omacen, T.K.
OTJICTTbHBIX YYaCTKOB HEOHOPOTHOM MPUBOJHT K PE3KOMY
MecTHas MeTallia B BUAE IATEH 1 NOBEPXHOCTH P YXYILIEHUIO
TOYCUHBIX MOPAKCHUI HaJUYUH BKIIOUCHUN B MEXaHUYECKUX
Pa3IMYHON rTyOHHBI. METaJul UJIM BHYTPEHHETO | CBOMCTB MeTasuia.
HaIPsKEHUS
[Ipouecc npoTekaer B OcHOBHas NpuynHa Haubonee onacHsIit
IyOWHE BEIIECTBA HE HapyIICHHUE BUJT KOPPO3HH,
BbI3bIBAs] BHELTHETO TEXHOJIOTHYECKUX HACTOJIBKO OCIa0seT
Mexkpucran- | u3MeHeHus usaenus. [Ilpy | mporeccoB IuThs, W3/EJIUE, YTO OHO
nu4eckas 3TOM HapyLIAeTCs CBA3b ITAaMIIOBKH, MMasHUS, JIETKO JIOMaeTCs
MEXKIy KPUCTAIIIAMHU U TEPMHUECKON 00pabOTKH | pyKamu.
KOppPO3Usl IPOHUKAET u Jp.
BIIyOb METaJLIa.

[Ipomiecchl  KOppo3WM  JAENATCS HAa  JIBa  BUAA: XUMHYECKYH0 U
ANEKTPOXUMHUYCCKYIO KOPPO3HIO.

Xumuueckas Koppo3us — B3aNMOJICHCTBHE METaJIa C arpECCUBHBIMU CPEJIaMH,
HE TPOBOISIIMMH JIEKTPUUECKOTO TOKA.

[Tpumep — KUCIOpOIHAS KOPPO3HsI Kejne3a B BOJIC, MPUBOIAIIAS K ITOSBICHUTO
PKABUYMHBI:

4Fe+6H,0+30, — 4Fe(OH)s.

Koppo3uio MeTamioB W WX CIUIABOB BBI3BIBAIOT TAaKWE€ KOMIIOHEHTHI
OKpY>Karoled cpeabpl Kak BOJAA, KHUCJIOPOJ, OKCHIBI YIIEpoJia W CEepbl, BOIHBIC
pacTBOPHI COJIEH.

Dnexmpoxumuyeckas Koppo3us — B3aUMOJICHCTBUAS METaJIa ¢ arpeCCUBHBIMU
CpellaMH IT0J] ICUCTBUEM DJICKTPOJIHUTA.

Fe° + 2H" — Fe*" + H,.
[TonocTe pTa HAXOAWTCS B COCTOSIHUM HEMPEPHIBHOW a’pamuiyl MPH KaKIOM

BJI0XE (M30BITOK KHUCJIOpOAa) U KapOOHATHOM HACBIIMICHHOCTH MPU KaXKJIOM BBIJIOXE
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(u30bITOK yriekucioro rasza). OHa mpencTaBisieT cO0OH 3IEKTPOXMMHUYECKYIO
CUCTEMY, B KOTOPOM pOJIb 3JEKTPOJUTA BBHIMIOJHIET CclIoHa (Kuikas ¢dasa),
HACBIIIICHHAS] KUCIOPOJAOM M YTJICKUCIIBIM Ta30M, a POJIb JICKTPOJIOB — 3yObl, 3yOHBIC
nmpoTe3bl (TBepaas ¢asa). Ha rpanurie TBepaor u KuAKON (a3 BO3ZHHKACT Pa3HOCTh
MOTEHIIMAJIOB, WM MOTEHIIUAJ () DJIEKTPOA-CUCTEMbI, BETUYMHA KOTOPOTO 3aBUCUT OT
AIIEKTPOIIPOBOTHOCTH  TBepaor  (a3el  (3yOHOH mpoTe3) W KOHICHTPAIHH
MTOTEHIHAJIONPEACIISIONMNX YaCTHUIL B )KUJIKOM (haze (CIIroHa).

Jnst u3rotoBieHHss 3yOHBIX MPOTE30B MPUMEHSIOT PA3IMYHbIE METAJUIbl U
CIUTaBBI: KOOQIBTOXPOMOBBIC, CEpeOPSHO-MAIIAJANECBBIC CIUIABBI, HEPKABEIOIINE
CTaJIi, CIUIaBbl HA OCHOBE 30JI0Ta, TUIATHHBI U Jp. Kaxaplii MeTal, morpyKeHHbIN B
pacTBOp AJIEKTPOJIUTA, npuobperaer CBOMCTBEHHBIN TOJIBKO eMy
anekmpoxumuieckui. nomenyuan. Ecnu
B TOJOCTH pPTa HAXOJATCA CIUIABBI
METaJIJIOB C Pa3TUIHBIMA
MOTCHITMAIAMH, TO BO3HHUKAIOT
raJibBAaHU4E€CKUE TOKHU.

B HOpME CJIIOHA UMeeT

C1a00IIeNTIOYHYI0 peaKIuioo, HO OaaHc

MOXET OBITh CMEIIEH B KHUCIYIO
ctopoHy. Ilpum KuCHIOM peakuuu CIIOHBI €€ 3JEKTPOJIUTHYECKUE CBOWCTBA
YCWJIMBAIOTCSA, YTO MPHUBOAMUT K MPOIECCaM KOPPO3UM B METAJUTMYECKUX JIEeTalsuX
MPOTE30B.

Koppo3rnoHHbBIE TIPOLIECCHI TAKXKE CO3[IaI0T MHUKPOAIJIEKTPOTOKU. OmnHcaHHbIE
IIEKTPOXHMIYECKHE SBICHUS MOTYT MPOSIBISTHCS TATbBAHO30M .

PaccmoTpuMm BapuaHThl BO3HUKHOBEHHSI KOPPO3MOHHOI'O TallbBAHUYECKOTO

QJICMCHTA B IIOJIOCTH pPTa.

' TanpBano3 — 3a00JI€BAHKME, KOTOPOE BO3ZHUKAET IPU HAJIMYUM B MOJIOCTH PTa METAILIMYECKHX
MPOTE30B, M3MEHSIOMINX SJICKTPOXUMHUYECKHE TPOIECChl U MPUBOMSAIIUX K PA3BUTHUIO TaKUX
CHUMIITOMOB, KaK METAJNIMYECKUNA MTPUBKYC BO PTY, U3BPAILLECHUE BKyCa, JKKEHUE SA3bIKA, CHUKCHHE
CIIIOHOOTJICJICHUSI,  HapyIIeHHe  OOIIero  COCTOsIHUS ~ opraHu3ma  (TojoBHBIE  Oouw,
Pa3ApaXUTENbHOCTD, CIa00CTh, YTOMIISIEMOCTh, TPEBOKHOCTB ).
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1. Bo3HukHOBEHUE KOPPO3HOHHOI'O I'aJIbBAHUYCCKOI'O 3JICMCHTA IIPU HAJIUYNH

nporesa u3 30i0t1a (npu pH=5,5):

Karton AHon
T Au <+Au T

O, CiroHa CO,

AHOJHBIH npornecc (OKHCIeHHE):

2(HCOOH) — 4e” = 2CO, +4H .
Karoansiii mpornecc (BOCCTaHOBIEHHE):

0, +4¢” + 4H™ = 2H,0.
OO01mas DJICKTPOXUMHUYECKAsT peaKIy:

0, + 2(HCOOH) — 2CO, + 2H,0.
Eoe = 0°K — A =+1229 B — (0.2 B) = +1,429 B.

2. Bo3HukHOBEHHE KOPPO3HOHHOI'O I'aJIbBAHUYCCKOI'O 3JICMCHTA IIPHU HAJIUYHUH

ITPOTC30B U3 Hep}KaBGIOIHCI;'I CTallk:

AHOJI Karox
4e
Fe Fe
CmoHa
CO, 0,
2Fe —4e + 2H,0 + 2CO, — 2FeCO; (1B.) + 4H", QA =-0.756 B.
O, +4e +2H,0 — 4(0OH) , oK =+1,229 B.

2Fe + O, + 2CO, — 2FeCO, (TB.) + 4H™ + 40H .
QAC = 1,229 + 0,756 = ~2 B.
3. CpaBHUTENbHBIE AHOAHBIE MPOLIECCHI B KHUCIOM W HEUTpAIbHOW cpelne
METAJUTMYECKOT0 MPOTE3a U3 HEPHKABEIOLIEH CTAJIN.
pH=5.5,
Fe' —2¢” — Fe™,
Fe’ —1le — Fe.

Hner PACTBOPCHUEC aHOJHOI'O y4aCTKa ITpOoTE3a.

cr'—3e — Cr,
Ni’ - 2¢” — Ni’".



B  weittpaneHoit  cpene  (pH=7,0)  ayeKTpoXuUMHUYECKas  peaKius
COMPOBOXKAAETCS M30BITKOM BOJOPOJHBIX HOHOB, T. €. MOBBIIIEHHONW KUCIOTHOCTHIO.
O6pasyrotcst HapocThl MajopacTBopumbiXx Fe(OH), u Fe(OH); Ha aHOIHBIX ydacTKax

npoTesa.

Fe’ — 2¢ + 2H,0 — 2Fe(OH), + 2,
Fe’ — 3¢ + 3H,0 — 2Fe(OH); + 3H .

2Cr0 — 6 + 3H,0 — Cr,0; + 6H".
Ni’ - 2¢ + H,O — NiO + 2H .

B xucmotHo#t cpeae (pH<7,0) mnpoucXoAMT BBIpAXKEHHBIM  Mpoliecc
PaCcTBOPEHHUS METAJUIMYECKOTO MPOTE3a — AHOAHBIX YYaCTKOB.
0 & 2% .0
o Fe” /Fe'=-0,44 B,

o’ Cr/Cr’=-0.74 B.
o’ Ni*/Ni’ =-0,23 B.

DTO sBJICHUE MMOJATBEPKIACTCS U KIMHUYECKU: Y OOJIBHBIX, UMEIOIINX MPOTE3bI
U3 HEpXKaBeIoLIEeH CTaau WIM XPOMOKOOAJIbTOBOTO CIUIaBa, MOSBISAETCS YYyBCTBO
KHCJIOTBI, %KEHUS B IMOJIOCTH PTA.

Takum 00pa3oM, aHOJHBIE PEaKIMKU KOPPO3UHU IMPOTE30B XapaKTEPU3YHOTCS
MU3MEHEHUEM 3JIEKTPOJIHBIX MOTEHIMAJIOB BCIE/ICTBUE NEPEX0/Ia HOHOB METAIIOB U3
TBepAoi (pa3el (METAUIMUECKHUE MPOTE3bI) B JKUJKYIO (CITIOHY).

HepxaBeromass cranp, npemioxkeHHas B 30-x romax i 3yOHOTO
POTE3UPOBAHUSI, UCIBITHIBAJACh HA KOPPO3UUHYIO CTOMKOCTh. COTpyAHUKH
Kageapsl  OPTONEIUYECKOM  CTOMATOJOTMH  MOCKOBCKOTO  TOCYIapCTBEHHOTO
cromatosnornyeckoro uncruryta [{.H. Hurpun u B.H. [atnosa (1934) onpexnensuiu
CTENEHb KOPPO3UH, YUUTHIBAS MOTEPID MACChl U HM3MEHEHUE BHJIA HCIBITYEMOU
netanu. [lorepu Maccwhl ObUIM KpailHE HE3HAUUTENbHBI U OMPENEISIIUCh BECOBBIM
MeToioM. BHemHui Bua 00pa3oB He MeHsIcs. Ha OCHOBaHMM 3THX JaHHBIX aBTOPHI
NPUIIUIM K BBIBOJY, UYTO HEp)KaBeIas CTaldb SBISETCS YJIOBJICTBOPUTEIbHBIM

CIUIaBOM JJIs1 3yOHOIO IPOTE3UPOBAHHUS.



OBHIAA KIACCUHDPUKALA METAJIJIOB U CIIVTABOB

Bce meramibl yciaoBHO (MCTOPUYECKH) MOAPA3CSIOTCS Ha JBE OOJbIIUE
TPYIIIBL: YePHBIC U [IBETHHIC.

[ToapoOHas knaccudukamms mpuBeieHa Ha cxeme 1.

K depHbIM MeTa/IaM OTHOCSAT: JK€JI€30 W €ro IMPOW3BOAHBIC — ITOMHUMO
OCHOBHBIX (parMEHTOB, B €ro COCTaBe IPHUCYTCTBYIOT BCIIOMOTATEIIbHBIC
KOMITOHEHTBI M METAJUIMYSCKUE COCIWHEHHs. TakuM 00pa3oM, IOJTydaroT
JETUPOBAHHYIO CTajlb, M MMPUIAIOT €l XapaKTePUCTUKN HEPIKABEIOIIETO DJICMEHTA.

Cranp — mpencraBisgeTr coOOW JIETHPOBAHHYIO KOHCHCTEHIIMIO, B KOTOPYIO
NOOaBIAIOT WEIBIA PSAA  JPYTUX METAUIMYECKHX TPOU3BOJMHBIX. KX OCHOBHOE
MPEUMYIIECTBO B CIIOCOOHOCTH MEHSATh TEMIIEpaTypy IUIABICHHS, TBEPIAOCTh

IMOKPLITHA, INTACTUYHOCTD U CITOCOOHOCTH K KOBKE METaJlIa.

Hep:xaBewoumasi ctajab — camblil YCTOMYMBBIA K KOppO3UM, Marepuan. B ero
COCTaBE COJEPIKUTCS XpOM, B KOHIIeHTpanuH, 12-20 % ot Bceit Mmacchl u3ienus.

YyryH — npu ycJIOBUM COJAECpPX aHUS B HEM COeMHEHUN yriepona Oonee 2,1%.
B cTromaTosioruu He mpuMeHsIeTC.

Bce ocrtanpHble MeETaJUIbBI W CIUIABBI  COCTABISIOT TPYNNy IBETHBIX
(HeXKeIle3HBIX) MeTAJLIOB. XapaKTEepPHOH OKpacKOW IS HUX SBIISACTCS KpacHas,
xenrtast u 0enasi. M3 rpynmbl IBETHBIX METAJIOB BBIACIAIOT OJIarOPOIHBIE U PEIIKHE.

Baaropoanbie MoNyyuiauM Takoe Ha3BaHUE H3-32 OYEHb BBICOKUX (DUBUKO-

XUMHUUYECKUX M MEXAHHUYECKMX CBOMCTB KaK B YHCTOM BUAC, TaK WU B BHJIC



COEIMHEHHH C APyrMMH MeTaiaMd. K HUM OTHOCST 30710T0, cepeOpo U MIIaTHHOBBIE
METaJLIbI.

[IpyzHakamMu  peakoro  MeTayla B TEXHUKE  CUMTAeTcsl — Majas
pPacpOCTPAaHEHHOCTh B MPUPOJIE, CIOKHAS TEXHOJOTHS MOIYUYEHHs, CPAaBHUTEIIbHAS
HOBHU3HA IMPAKTUYECKOrO0 MPUMEHEHUs U JAp. B 3TOM npUYMHBI OTHOCHUTEIHHO
MO3/THETO OTKPBITHS, U3YUCHUSI U TEXHUYECKOTO0 OCBOEHUSI peakux meramioB. K Hum
OTHOCST TaJTUI, UHIWN, OSPUILINMA, IE3UH U JIp.

TepMmun «penkuii Metam» nosBuica B iurepatype npumepHo B 20-e rr. 20 B.
3a pyOexoM penkKue MeTasilbl MHOTJA Ha3bIBAIOTCS «MEHEE OOBIYHBIE METAaJUIbD»
(Less Common Metals). OcobGeHHO OBICTPO TPOM3BOJACTBO PEAKHX METAIOB
pa3BuBayioch nociie 2-i MupoBod BoMHBI 1939-1945 r.r. OHu ObLIM HEOOXOIUMBI
JUISL TAKUX HOBBIX OTpaciied TeXHHKH, KaK CKOpPOCTHAas aBUallMs, PaKeTOCTPOEHUE,
AJIEKTPOHMKA, AaTOMHAas SHepreThka. EcTecTBEHHO, UYTO MO Mepe YBEIHYCHHUS
IPOU3BOJICTBA U OTPEOJICHHS] 3TUX METAJJIOB TEPMUH «PEAKUN METaD) yTPAYMUBAET
NEepBOHAYAJILHOE 3HAUYCHUE.

Pa3znnuaroT TeXHUYECKH YUCThIe METAJUIbl U CIUIABBI.

Yucmvie memannvt  COCTOST W3 OAHOTO  OCHOBHOIO  JJIEMEHTa MU
HE3HAYUTEIBHOTO KOJIMYECTBA MPUMECEN APYrUX AIEMEHTOB. 1o cTerneHn 4ucToThI
paznuyaroT METaulbl TEXHUYECKOW, BBICOKOM M 0C000il uucTOThl. OJHAKO YHCTHIE
METaJUIbl HAXOMSIT OrPAaHUYEHHOE MPUMEHEHUE KaK B CTPOUTENIBbCTBE, TaK U B
MAalIMHOCTPOEHUU. B  OONbIIMHCTBE Ciy4yaeB OHU 0O0JaJaloT HEJO0CTATOYHO
BBICOKUMH (PU3UUECKUMU, MEXAaHUYECKUMU U XUMHUYECKUMHU CBOMCTBAMH, HUMEIOT
CPaBHUTEIIBHO BBICOKYIO CTOMMOCTD, JOCTATOYHO CIIOXKHYIO TEXHOJIOTHIO MOIYYEHHUS
U TepepadOTKu M MaJlo IMPUTOAHBI ISl TEXHUYECKUX Iieneid. VX ucnonb3yroT, Kak
IpaBUIIO, TOJBKO B TE€X CiIyyasX, KOTJa K MaTepuany HPEIbsBISIOTCS BBICOKHE
TpeOOBaHMSI B OTHOIIEHUWU TEIUIO- M 3JIEKTPONPOBOJIHOCTH, BBICOKOW TEMIIEPATypPHI
IUTABJICHMS], HAIPUMED, JIJISl U3TOTOBKU MPOBOJAOB, Kabeseid, 0OMOTOK 3JIEKTPUYECKHUX

MAILIVH U Jp.
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Cxema 1. Knaccudukanusi MeTalJI0B U CILUIABOB



B 3aBucMMOCTH OT IJIOTHOCTH METAJUThl OBIBAIOT JIETKHE W TsDKenbie. J[ms
9KOJIOTUU M MEIULIUHBI msdicesvle Memaiibl — 3TO METaJUIbl, KOTOphle 00JIaatoT
BBICOKOM  TOKCMYHOCTBIO M JKOJIOTMYECKOM  3HAYUMOCTBIO.  30J0TO  C
IUIOTHOCTHIO 19,32 r/cM® U aTOMHBIM BecoM 197 a.e.M. He OTHOCSAT K TSXKEJIBIM
MeTajljlaM, U3-3a €r0 MHEPTHOCTU U OTIMYHOU OMOCOBMECTUMOCTH.

[To 4yKcily KOMIIOHEHTOB CIUIABBI JIETSATCS Ha JBYXKOMIIOHEHTHBIC (IBOMHEIE,
WM OWHAPHBIE), TPEXKOMIIOHEHTHBIE (TPOMHBIC) 1 MHOTOKOMITIOHEHTHBIC.

B mnactosimee Bpemsi wu3BecTHO ©Oonee 10  ThIC. HKCHONB3YEMBIX B
IPOMBIIIEHHOCTH CIIaBoB. [logpoOHO paccMOTpUM XapakTEPUCTHKUA H3BECTHBIX
CIUTaBOB.

Cranb — 3TO CIUIaBBI Jceneza ¢ yenepooom, cojepxkaiie nocieasero 10 2 %.
B cocTtaB nerupoBaHHBIX CTaJIel BXOASAT U APYTH€ XUMHUYECKHE AJIEMEHTHI — XPOM,
BaHaui, HUKeIh. CTaneil Mpou3BOAUTCS ropa3ao OOJIbIIE, YeM KaKUX-TM0O0 JpYyrux
METaJUIOB M CIUlaBoB. Manoyriepoaucras crainb (menee 0,25 % yriepona) B
OOJBIINX KOJIMYECTBAX MOTPEOISAETCS B Ka4ECTBE KOHCTPYKIIMOHHOTO MaTepHaia, a
cTadb C Oojee BBICOKMM cojepkaHueM yriaepoaa (6omee 0,55 %) wuaer Ha
U3rOTOBJICHUE PEXKYIINX HHCTPYMEHTOB: OpUTBEHHBIE JIE€3BUS, CBEpIIA U JP.

XKene3o cocTtaBusieT OCHOBY 4yryHa. UyryHOM Ha3bIBae€TCs CILIAB XKeje3a ¢ 2—
4 % yrnepona. BaxXHbIM KOMIIOHEHTOM 4yTyHa SIBJISIETCS TaKXKe KpeMHUU. M3 uyryna
MOKHO OTJIMBaTh CaMbl€ Pa3HOOOpa3HbIC U TMOJIE3HbIC M3JEIUS, HAPUMEDP KPBIIIKU
JUTSL JIFOKOB, TPYOOIIPOBOIHYIO apMaTypy, OJOKU IMIMHAPOB ABUTATENEH U Jp.

bpon3a — cmiaB meodu, OOBIYHO C 07060M KaK OCHOBHBIM JIETUPYIOIIUM
KOMITOHEHTOM, a TaKXKe C aJTJFOMUHHUEM, KpEMHUEM, OEpHILTUEM, CBUHIIOM U JIPYTUMU
AJIeMEHTaMH, 3a MCKIIOYeHHeM IuHKa. OnoBsiHHbIE OpOH3bl 3HAIM MU LIUPOKO
UCIIOIB30BAIM €HIE B JPEBHOCTU. BOJBIIMHCTBO AHTUYHBIX U3AEIHN W3 OpPOH3BI
coaepxat 75-90 % meau u 25-10 % osioBa, 4TO JenIaeT UX BHEIIHE MOXO0XHWMH Ha
30JI0ThI€, OJHAKO OHU 0oJiee TYromuiaBKuMe. DTO O4Y€Hb NPOYHBIA cruiaB. M3 Hero
JIeJIalid OpY’KHME 10 TeX IOp, IMOKAa HE HAYYWIHCh MOJydyaTh Xeje3Hble ciiaBbl. C
npyUMEeHEHUEM OpOH3BI CBSI3aHA Iiejasl AM0Xa B MCTOPHUM 4YesoBeYecTBa: BpOH30BbIN

BCK.



Jlatyub — 3710 cmnaBel medu ¢ Zn, Al, Mg. ConepxkaHue IIMHKA B CILIaBE
MOXET ObITh OT 5 10 45%. DTO 1UBETHBIE CIUIaBBI C HEBBICOKOM TeMIEpaTypoi
IUTABJICHHS, WX JIETKO 0OpabaThiBaTh: pe3aTh, CBapWBaTh W IMasTh. ToMmak
(dp. tombac, ot manaiick. tambaga — menp) — natyHs ¢ conepxkannem meau 88—97%
u 1rHKa 10 10%, nonyrommak — ot 10 1o 20 % Zn.

Meabxuop — sBisiercs criaBoM meodu (70-95 %) ¢ nuxenem (5-30 %), uHorma
¢ no6aBkamu xene3a (< 0,8 %) u mapranna (< 1 %). [1o BHENTHUM XapaKTepUCTHKAM
MEIbXHOpP MOX0XK Ha cepedpo, HO o0nagaeT OOJbIIEH MEXaHUYECKOH MPOYHOCTHIO.
CrmiaB mIMpPOKO MPUMEHSIOT JJISi W3TOTOBJICHHS TOCYABl U HEAOPOTHUX IOBEIMPHBIX
u3zienanii. BoNbIIMHCTBO COBPEMEHHBIX MOHET CEpeOpUCTOro I[BETa M3rOTABIMBAIOT
u3 Menbxuopa (00b19H0 75 % Menu u 25 % Hukesns ¢ He3HAYUTEIbHBIMU 100aBKaMU
Maprasia).

Huxpom — o0rmiee Ha3BaHKWE TPYIIIHI CIUIABOB, COCTOSIINX, B 3aBUCUMOCTH OT
Mapku croiaBa, w3 55-78 % Hukems, 15-23 % xpoma, ¢ moOaBkaMu Maprasiia,
KpeMHUs, kene3a, amoMmuHus. OH HMeeT TOBBIIMICHHYI0 KapONpPOYHOCTD,
KPHIIOYCTOMYMBOCTB, IUIACTHYHOCTh, XOPOMIO ACPKUT (opMy. HHXpOM IMIHpOKO
UCTIOJIb3YETCS TUTST W3TOTOBJICHUS HarpeBaTebHbBIX AJIIEMEHTOB B
BBICOKOTEMIIEPATYPHBIX JJIEKTpOIeyax, Ieyax OO0Xura M CYNIKH; B KadecTBe
AKApOIPOYHOTO (3KapOCTOMKOro) cCIulaBa M XUMHUYECKH CTOMKOro CIUlaBa B
OTIPEJICIICHHBIX arPECCUBHBIX CpefiaxX U T.J.

JopajdiOMUHUI, WIKX JOpaJlb — 3TO CIUIaB HAa OCHOBE alIOMUHUSL C
no0aBIeHUEM JICTUPYIOIIMX 3JIEMEHTOB — ME/Ib, MapraHell, MarHWd M Keje30.
HasBanue crmmaBa mpoucxomuT oT ToproBoi mapku Dural (¢pp. dur — TBEpbIi).
OCHOBHBIMHY JICTUPYIOIIMMH 3JIEMCHTAMH B HEM SBJISUTMCH amroMuHui (93,5 %), Menpb
(4,5 %), marawmii (1,5 %) u mapraner (0,5 %). OH xapakTepu3yeTcs CBOCH CTAITbHON
NPOYHOCTHIO W YCTOWYUBOCTHIO K BO3MOXKHBIM TIEperpy3kaM. OTO OCHOBHOMU

KOHCprKHI/IOHHBIﬁ MaTcpual B aBUAlIUM 1 KOCMOHABTHUKC.

2 Craiu, JUTHTENHHO paboTaromiye mpu BEICOKUX TeMIlepaTypax, 001aJaloT CBOUCTBOM IOJI3YYECTH
(kpum), T.e. OHM OYEHb MEIJICHHO NPETEpIIeBAIOT HeoOpaTUMble aedopMaliii Mo Harpy3Kow,
HaMHOI'0 MEHbILIEW Harpy3KH, COOTBETCTBYIOLIEH IIPeIeily YIIPYTOCTH MaTepHalla.
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https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BC%D0%BF%D0%B0%D0%BA
https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D1%8C
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D0%BD%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%BB%D0%B0%D0%B2
https://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D0%BA%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A5%D1%80%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D0%B3%D0%B0%D0%BD%D0%B5%D1%86
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%96%D0%B0%D1%80%D0%BE%D0%BF%D1%80%D0%BE%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D1%81%D1%82%D0%B8%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C_(%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%B3%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_(%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D1%83%D1%80%D0%B3%D0%B8%D1%8F)

CIITABBI METAJIJIOB B CTOMATOJIOI'MHN

B nHacTosiiee BpeMs B CTOMaTOJIOTHU UCTIONb3yeTcs cBbIlie S00 cruiaBos.

B cromaronmoruueckoi mpakTUke HamboJee pacmpocTpaHeHa KiacCU(pUKAIHS
crmaBoB ISO 1989 r. MexayHapoAHBIMU CTaHAApTaMUd BCE CIUIABbl METAJIJIOB
pa3ziesieHbl Ha CIAEAYIOUINE TPYIIbI:

1. CrutaBbl 6J1arOpoOHBIX METANIOB HA OCHOBE 30JI0TA.

2. CnnaBbl OJaropoJHbIX METAIIOB, cojepxammx 25-50% 3osoTa Wiu
MJIATUHBI WM IPYTUX JIPArolieHHbIX METAJLIOB.

3. CmmaBel HEONAropoJHBIX  METAIOB  (KOOAJIBTOXPOMOBBIM  CIUIAB,
Hep)KaBeroIas CTajab, HUKEJIEXPOMOBBIH CIIIaB).

4. CrnaBbl U151 METAJUIOKEPAMUYECKUX KOHCTPYKIIHIA:

a) ¢ BBICOKUM cofiepkanueM 3o0i0t1a (>75%);

0) C BBICOKUM COJEpKaHUEM OJaropoJHBIX METAIOB (30J0Ta W IUIATUHBI,

30710Ta ¥ namuiaaus > 75%);

B) Ha ocHOBe nayaaus (6onee 50%);

I') HA OCHOBE HEOJIArOPOIHBIX METAJIIOB:

- koOanbTa (+ xXpom > 25%, monmubaeH > 2%);
- Hukens (+ xpom > 11%, monubaen > 2%).

CmnaBel 305I0Ta € TUIATHHOW W TaJUIafWeM, CepeOpsSHO-TaUTaiueBbie |
KOOaJIhTOXPOMOBBIE CILJIaBbl HA3bIBAIOT MPEIM3HMOHHBIMH, T.€. TOYHBIMHU. JIJIsi 3TOM
TPYINbl CIJIABOB TPEOYETCS CTPOroe COOIIOJICHUE OMPEIEICHHOIO0 XUMHUYECKOTO
COCTaBa M TEXHOJOTHYECKOIO0 PEXHMa, CYHIECTBEHHO OTJIMYAIOIIUXCA OT OOBIYHO
MPUHATHIX TIPU U3TOTOBJICHUU OTJIMBOK.

B cneunuanbHOW nuTepaType BCTpEYaeTCs JIEKCMYEeCKash MOJAMEHA JBYX
TEPMUHOB — 01A420POOHbIL MEeMALl N OPA2OYEeHHbIN Memalll, KOTOPhIE HE SIBISIOTCS
CMHOHHMMAMU: JParolieHHbIM yKa3blBa€T Ha CTOMMOCTh METallIa, a 01acopoOoHbIl —
OTHOCHUTCSl K €r0 XMMHUYECKHM CBOMcTBaM. [103TOMy 37€MEHTHI 30J10TO U IUIaTUHA

SABJIAIOTCA KakK 6HaF0pO,Z[HBIMI/I, TaK U AparoucHHbIMU, HaJ'IJIa,Z[I/Iﬁ - 6JI&I“OpO,ZLHBIﬁ, HO
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HamHoro pemesne. CepeOpo 3aBoeBaio MECTO B KiIacCH(PHUKAIMHM JIParoleHHBIX
METaJJIOB, HO HE ABJISIETCS] 0JIarOPOIHBIM METAJIIOM.

C uenbro cucTeMaTU3alMKU BCEX CBEJAEHUMN O
COBpPEMEHHBIX CIUIaBaX METalIoB Ha Kadeape
MPOIEIEBTUKN CTOMATOJOTUYECKUX 3a00JIeBaHUMN
Boar'MV npumensiercst o0miasi cucreMaTu3aius
CILIaBOB.

ITo xumHn4eckomy cocTaBy:

1.CrinaBbl 61a20p0O0HbIX METAIIIOB:

l) CIINIaBbI HaA OCHOBC 30J10Ta,

2) 30J10TO — IaJIaiueBbIE CILIABHI;
3) cepeOpsiHO — MaUIaeBbIe CIUIABHI;
4) TIaTUHOBBIC CILIABHI.

Takue cmIaBel MONB3YIOTCA 3aCITY)KEHHOH TMOMYJISIPHOCTHIO, IOCKOJBKY
o0iamaroT, Kak yKa3blBalU paHee, OTIIMYHOW OnmocoBMecTUMOCThIO. Ha HuX He
BJIMSICT KOPPO3Hsl, OHM HE BCTYMAIOT B KOHTAKT CO CIIFOHHBIM CEKPETOM, MOCTOSHHO
MPUCYTCTBYIOIIEM B TIOJOCTH PTa, W TAaryOHO BIMSIONIEM HA METAJUTHYSCKHC
KOHCTPYKITUU 00JIee «IIPUMUTHBHOTOY COJICPIKAHUSI.

InaTuna — waeajabHOE PEIICHHUE JIJI M3TOTOBJICHUS (PParMEHTOB OIOTEIBHOTO
MPOTE3UPOBAHUS JTUTOTO TUIIA, BKJIAJIOK M KJIAMMEPHBIX (PUKCATOPOB.

2.CrnaBbl Heb1a20pOOHbIX METAIIOB:

1) criaBbI Ha OCHOBE KeJie3a, XpoMa U HUKeJIs (Hep)KaBeroIast CTalb);
2) K00AJIbTOXPOMOBBIC CITJIaBHI;

3) HUKEJIEXPOMOBBIC CILIABBI;

4) cruTaBbl TUTAHA;

5) criiaBbl ATIOMUHUS U OPOH3HI;

6) criaBbl HA OCHOBE CBHHIIA M 0JIOBA.

He0aaropoaHble  MeTaJJbl  TPECICAYIOT B CBOEM  NPUMCHCHUU
€IMHCTBEHHYIO IIeJIb — CHIDKEHHE Ce0ECTOMMOCTH IMPOTE3HBIX KOHCTPYKIMU. B mx

OCHOBY 3aJI0OKCHBI 3KOJOIHYCCKH Oe30IacHbIC KOMIIOHCHTHI, CIIOCOOHBIE 3aMEHUTH
12



30J10TO WM TuiatuHy. Hawmmydmmm o0pazom [Uisi 3TOTO MOIXOJUT HEpKaBeromas
CTaJlb, XPOMOBO-KOOAJIbTOBbIE KOMOHWHAIIMM METANIOB, HHUKEIb — XPOMOBBIC
coenuHenus. Takue cocrtaBistomue — HauOosnee BOCTPEOOBAaHHbIE METaIbl B
OPTOJOHTHYECKOM mpakTuke. Kpome Toro, oHum o00JafarOT MPEKPACHBIMU
JETUPYIONIUMHU XapaKTepUCTUKaMM, OJlarojiapsi 4eMy COCTaBy MOKHO IpHJaBaTh
JT100BIE CBOMCTBA.

ITo MexaHMYeCKHM CBOMICTBAM:

1) CmuaBbl Hu3Kkoti TPOYHOCTH, JUISI OTJIMBOK TOJBEPTAIOIIAXCS
HE3HAUYUTEIbHBIM Harpy3kam (BKJIaJKH).

2) CmuiaBbl cpeduell TPOYHOCTH, JUISI OTJIMBOK IOJBEPrarOIIMXCS
YMEPEHHOU Harpys3ke (BKIAAKH, (haceTKm).

3) CmumaBel 6bicoKOUl TPOYHOCTH, [UIS OTIMBOK ITOJBEPTAOLINXCS
OonpIoi Harpy3ke (¢aceTku, TOHKHE JHUThIe METaNIMYeCKHe KapKachl, ITHUQTHI,
KOPOHKH U OIOTeJIbHbIE IPOTE3bI).

4) Cesepxnpounvle CIUIaBBI, IJIsl OTJIMBOK IIOABEPTalOIIUXCS OYCHBb
OOJBIIMM Harpy3kamM M TOHKHX B IONEPEYHOM ce4eHUH (OrorejabHble MpPOTE3bl,
KapKachl ChEMHBIX NPOTE30B, KIAMMEPBI, KOPOHKH, JINTbIE KOPOHKH M YaCTHUYHO
CbEMHBIE 3yOHBIE TPOTE3bI).

Ilo Ha3HaYeHHUIO:
1) CrutaBbl U1 U3TOTOBJICHUS 3JIEMEHTOB ChEMHBIX 3yOHBIX MPOTE30B —

IIAHUPYIOIMINUX alIiapaTtoB, AyT OrOreJIbHBIX IMPOTC30B, KIIaMMCPOB U T.A.;

2) CruiaBel JJ11 M3TOTOBJICHUS KapKacoB METaLIOKEpaMHUYECKUX PadoT,

AJI1 U3roTOBJICHHA KOPOHOK U MOCTOB ICJIBHOJIMTBIX KOHCTPYKHI/II\/'I;
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3) CmiaBbl JjIsi W3TOTOBJICHHS INTAaMIIOBAHHBIX KOPOHOK M TAasHHBIX
MOCTOBHJIHBIX IPOTE30B;
4) CruiaBbl, Uit U3TOTOBJICHUS CTOMATOJOTHYECKUX HHCTPYMEHTOB.
bponsza — cnnaB Menu ¢ 010BOM. B cToMaToNIOrMu MPUMEHSIETCSL allFOMUHUEBAs
OpoH3a (adrOMUHUNA BMECTO 0yioBa). M3 Hee nenaroT Juratypsl JUisl IMIUHUPOBAHUS

MEPEIOMOB YEITIOCTEMN.

Jlamyns — crutaB Meu ¢ IMHKOM — U3 HEe JeNatoT MTU(TH 11 pa30opHbIX

MOJIEJICH.

Maenanuii — cinaB aTlOMMHHS 1 MarHus — U3 HETO JACJIar0T ACTAaJIM CaMOJICTOB
o o 3
(CHJ’IaB O4YCHB JICTKHMH 1 HpO‘-IHI)II/I). B cTromarosoruu u3 Hero JenarT APTUKYIIATOPBI

N HCKOTOPLIC KIOBCTHI.

3 ApPTHUKYJISATOP — 3TO CHEIHUATbHBIA MHCTPYMEHT, UMUTHUPYIOIIHUN JBMKEHUS HUKHEU YEIIOCTH
yenoBeka. C €ro MOMOIIBI0 U3TOTOBIISIIOTCS pa3HbIC JETANU: TOJHBIE W YAaCTUYHBIE CHEMHBIC
3yOHBIE MPOTE3bl, HEChEMHbIE MOCTOBUIHBIE MPOTE3bl, KOPOHKHU, MPUKYCHBbIE MMIAOJIOHBI U T.A.
Taxxe maHHBIC yCTPOMCTBA MPUMEHSIOT B pea0MINTAIIMOHHBIX HETIsX.
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Uncmpymenmanvrnas cmans — cogepxkut yraepon ot 0,7% u Goree.

OTnuyaeTcs BBICOKOW MPOYHOCTBIO M TBEPAOCTHIO (MOCIE CHEUHATBHOU
TeMIieparypHoit 00padoTkm). JloGaBieHre k cTanu Boiabdpama, MOJIMOICHA, BaHA NS
M XpoMa JIeJIaeT CTajdbh CIIOCOOHOM XOpOIIO pe3aTh MPU BBICOKOW CKOPOCTH. Takyto

CTaJIb UCTIOIB3YIOT 7151 OOpPOB U Ppe3.

Kapbuo esonvppama — He crmaB. XuUMHUECKOE COEIMHEHUE Boib(pama ¢
yriepoaoM (xumuyeckas (opmyna WC). ComoctaBUM MO TBEPAOCTH C alIMa3oM.
[IpuMmeHsIoT A7 MPOU3BOJCTBA OPOHEOONMHBIX TAaHKOBBIX CHapsioB. A ewmé ans

TBEPAOCIIABHBIX CTOMATOJIOTHYCCKUX 60pOB.

IIo Temmeparype niiaBjaeHUs:
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1) JlerkoruraBkue CIUIaBbl C TeMmIepaTypow 1uiaBieHus do 300 C (cruiaBbl Ha

OCHOBE 0JIOBA);
CruiaBsl jierkoruiaBkue (Mennoma, Byoa, Posze) — copepkaT BHCMYT, OJIOBO

CBHHEI] — UX TeMIleparypa IiaBieHus okoso 70 °C
[IpumeHsitoTcst JUIsi OTJIMBKM INTAMIIOB M KOHTPILTAMIIOB, MPU IITAMIIOBKE

SY6HBIX KOPOHOK W IJIA MOI[GHCﬁ IIpHU U3roTOBJICHUHA OrOreJIbHBIX IIpOTC30B, Kallll

U JIPYTUX JICTaJICH.

Cnnas Byoa
Temneparypa mnaBiaenuss 68,5° C.
Cocrag: BucmyT — 50%, cBunen — 25%, 0J10BO : o
— 12,5%, xagmuii — 12,5%. TokcuueH, Tak Kak gixg“—g?é é’:/;
g;;;:rzfraannz::ss,, R

COJZICPKUT KaJMHUH.
Cnnas Mennoma

Temneparypa mnasnenus 63° C. Cocras: BucmyTt — 50%

cuHel — 20%, onoBo — 30%.

Cnnae Pose
Temmeparypa mnaBnenust 94° C. Coctas: Bucmyt — 50%,

CBHUHEIL ¥ 0JI0BO 10 25%.
2) CmnaBel ¢ Temmeparypoit tuiaBieHus 0o 1100 C (cruiaBwl

OJ1IarOpOIHBIX METAILJIOB);
C TemmepaTypod IasiieHus egviwe 1200 C

3) TyrommaBkue CIUIaBbI

(k00aTETOXPOMOBBIE CITJIaBbI, HEPKABEIOIIASI CTAJh)
1. Ciu1aBbl 0J1arOPOAHBIX METAJJIOB
K OnaropogHbiM MeTalllaM OTHOCAT BOCEMb 3JeMeHTOB llepuonnueckoit

cuctembl: pyreruit (Ru), pomumii (Rh), mammamuit (Pd), ocmuii (Os), upuguit (Ir)

miatuny (Pt) (mnatuHoBas rpynma), a Takxke 3070To (Au) u cepedpo (Ag)
Kak yxe rToBOpmwiIOoCh paHee, OJaropofHBIC METAJIBI TMOJYYUINM TaKoe
Ha3BaHUE M3-32 BLICOKON KOPPO3MOHHOM CTOMKOCTH B aTMOC(hepe, BOJIe U HEKOTOPBIX

apyrux cpeaax. HekoTopble M3 3THX METaNIOB HUMEIOT JOCTAaTOYHO BBICOKYIO
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TEMIIEpaTypy IUIABJICHUS W IUIOTHOCTh. Bce MeTamibl HMEIT OTHOCUTEIBHO
BBICOKYIO CTOMMOCTb, HO OHa BCE€ PaBHO Maja MO CPaBHEHHUIO C CaMbIM JOPOTHUM
METAJIJIOM B MUPE KaTu(hOpHUEM.

B nacTosiiiee BpeMsi B CTOMaTOJIOTUH UCTIONB3YIOT 30J10TO, IUIATUHY, Majiaanil

U cepeOpo B BUJIE CruiaBoB (puc. 1).

Puc. 1. CniiaB 6,1aropogHoro Merauia

1.1. CniaBbl 30J10Ta, IVIATHHBI U NaJLJIaAUA

VYka3zaHHbIe CIUIaBbl 00Jalal0T XOPOIIMMH TEXHOJIOTMYECKHMHU CBOMCTBAMU,
YCTOHYMBBI K KOPPO3UH, IPOYHBI, TOKCUKOJIOIMUECKH MHEPTHBL. K HUM pexe, ueM K
APYTUM METajjiaM, MPOSIBISIETCS MAMOCHHKPA3HS.

Yucroe 3010TO0 — MATKUN MeTasul. [[j1si HOBBILIEHHS yIPYTOCTH U TBEPAOCTH B
€ro COCTaB J100aBIIAIOTCSA TaK Ha3bIBa€MbIE JIETUPYIOLIME METaJUIbl — MEJb, CEPeOpO,
IJIaTHHA.

CrunaBbl 30710Ta pa3IMyarOTCs MO MPOLEHTY €ro cojiepkanus. Yucroe 30J0TO B
MEeTpUYecKoil mpoOupHoil cucteme obo3zHadaerca 1000-i mpoboi. B Poccum no
1927r. cymecTBoBana 30JI0THUKOBas mpoOupHas cuctema. Bricmias mpoba B Hel
cooTBeTCTBOBaJIAa 96 3010THUKaM. l3BecTHa TakXke aHIVIMKCKasl KapaTHas CUCTEMA,
B KOTOpPOH BbICIIEH ITPoOOH sABIsAIOTCS 24 Kapara.

Cnnas 30n0oma 900-1i npo6bl NICTIONB3YETCA MPU MPOTE3UPOBAHUM KOPOHKAMHU U

MOCTOBI/II[HBIMI/I IIpOTEC3aMMu.
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https://yandex.ru/turbo?parent-reqid=1586008685353001-854860055681045147700158-production-app-host-man-web-yp-285&utm_source=turbo_turbo&text=https%3A//heattreatment.ru/samyj-dorogoj-metall-na-planete.html
https://yandex.ru/turbo?parent-reqid=1586008685353001-854860055681045147700158-production-app-host-man-web-yp-285&utm_source=turbo_turbo&text=https%3A//heattreatment.ru/samyj-dorogoj-metall-na-planete.html
https://stom.arut.ru/mod/glossary/showentry.php?eid=301&displayformat=dictionary
https://stom.arut.ru/mod/glossary/showentry.php?eid=369&displayformat=dictionary
https://stom.arut.ru/mod/glossary/showentry.php?eid=351&displayformat=dictionary

Cnnas  3onoma  750-ti npoObl TpPUMEHSETCA ISl  KAapKacoB  JTYTOBBIX

(6rorenbHBIX) (puc. 2) MPOTE30B, KJIAMMEPOB, BKJIAIOK.

Puc. 2. Kapkacel 010re/ibHBIX POTE30B HA OCHOBE 30J10TA

B Poccun pa3paboTtaHsl criaBbl 071aropoHBIX METAIIJIOB JIJIs OPTONEINIECKON
CTOMATOJIOTUHU, KOTOPBIE 110 CBOMM CBOMCTBAM HE YCTYMNAIOT 3apyOeKHBIM aHAJIOTaAM.
K Takum crutaBam oTHOCSTCS:

— H3HOCOCTOMKHU TepMOYHpPOYHSIEMBbIN 3050TOM cmiaB [ onxadenm (Cymep-
T3) 750-11 mpoObI. ITOT yHUBEPCATLHBIN CIUIaB IPEAHA3HAUCH JIJIS IITAMIIOBAHHBIX U
JUTBIX KOPOHOK U MOCTOBUAHBIX MPOTE30B.

— nammagueBslid crutaB (70% mammagus u 10% 3omorta) [lanradoenm
(Cynepnan) nuis MeTaUIOKEPAMUYECKHUX TIPOTE30B.

— BBICOKOIPOOHBIN 30JI0TOM CILIaB (CoAep)kaHue OJIaropoaHBIX METAIJIOB -
98%) [lracooenm (Cynep-KM) chnenuanbHo pa3paOOoTaH i LEIbHOJUTBHIX U
METAIJIOKEPAMHYECKUX KOPOHOK U MOCTOBUJIHBIX MPOTE30B.

— cmas-ipuniot Cynep-BIl mns crnmaBa [lmaroment. Ero mpouyHocTh Ha
pa3psiB coctaiisger 372 Mlla (ISO — 350 MIla);

— OeckamMHEBBIA 30JI0TOM TPUIONW JUIsi TAWKH CIUIABOB C BBICOKUM
cojepkanueM 3os0ta bexaoenm (Cynepbexam), KOTOPBIH TIOSBHIICS BMECTO

TOKCHUYHOT'O KaJMUMCOIEPIKAIIETO MPUTTOS.
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https://stom.arut.ru/mod/glossary/showentry.php?eid=300&displayformat=dictionary
https://stom.arut.ru/mod/glossary/showentry.php?eid=251&displayformat=dictionary
https://stom.arut.ru/mod/glossary/showentry.php?eid=370&displayformat=dictionary

— 30JIOTOM CITIaB /I KapKacoB JAYTOBBIX (OFOTEIBHBIX) TPOTE30B METOJIOM
JUThS TI0 BBIIUIABISIEMBIM BOCKOBBIM MojensiMm Cynep-JIB (JIb — nuTedHbIN
OroreNIbHbIN).

— KbMazieHT — KOMIIO3UIIMOHHBIN MaTepHrall Ha OCHOBE 30JI0Ta C PABHOMEPHO
pacrpeereHHbBIMU  YIIbTPAIUCIIEPCHBIMU YacTULIAMU OKCUIOB. I[Ipumensercs nus
AIEKTPOXUMHUYECKOTO 30J0UYCHHSI 3YOHBIX MPOTE30B M3 HEOJIAropoJHBIX CILJIABOB C
IeNTbI0 00eCTIeueHUsI MHEPTHOCTH U XUMHUYECKOW CTOWKOCTH TTOBEPXHOCTH MPOTE30B
B IIOJIOCTH pTA.

Cynep-T3 — 3TO «TBEpHOE  30JI0TO», TEPMHUYECKH  YIPOUHAECMBIN
W3HOCOCTOMKHUIN CIUIaB, KOTOPBIM COACPKUT 75% 30JI0Ta U UMEET KENThIA LBET,
anpTepHaTUBa 300TOMYy ciuiaBy 900 mpoObl. OH yHHBEpCaJeH U TEXHOJOTHYEH —
MOKET UCIOJb30BaThCA [JIi IITAMIIOBAHHBIX M JIUTBIX CTOMATOJIOTUYECKUX
KOHCTPYKIMI: BKJIAJOK, KOPOHOK, MOCTOBHJIHBIX IIPOTE€30B C MOJUMEPHBIMU
MOKPBITUAMH WM 0e3 HuX. V3 MaHHOro BUJA CIUIaBa ACNAOT TAKXKE 30JI0ThIE UTJIbI
JUISL aKYITYHKTYPBI.

Cynep KM (puc. 3) — ciuiaB Ha ocHoBe 30i10Ta (85%), anpTepHaTHBA 30J10THIM
CIUTaBaM U3BECTHBIX MUPOBBIX (GUPM, HE YCTyHaeT UM 10 (PU3UKO-MEXAaHUYECKUM H
TEXHOJIOTUYECKUM CBOWCTBaM, aJalTUPOBAH K IIMPOKOM raMMe KepaMHUYECKUX
MOKPBITUN, MUMEET CBETIO0-KENThIM 1BeT. Ha3zHaueHwe — BKIIAJIKH, MOJTYKOPOHKH,

KOPOHKH, MOCTOBHUJIHBIC IIPOTC3bI IPCUMYIICCTBCHHO C KCPAMUYCCKHUM ITOKPBITUCM.

Puc. 3. CniiaB KM (Poccusi)
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1.2. CniaBbl cepedpa U najnaaaus

Kpome cepebpa u mnamnaaus, CIUIaBbl COJAEpKAT HEOOJIBIIME KOJIMYECTBA
JETUPYIOUIUX 3JE€MEHTOB (LMHK, ME€Ib), a I YJIyYIICHHUs JIUTEHHBIX KAauyecTB B
CIUIaB JOOABJISIOT 30JI0TO.

[To ¢u3mKo-MexaHMYECKUM CBOMCTBAM OHM HAIIOMUHAIOT CIUIABBI 30JI0Ta, HO
YCTYIAIOT UM O KOPPO3UOHHON CTOMKOCTH M TEMHEIOT B IIOJIOCTH pTa OCOOEHHO IIPH
KHCJIOM pEeaKkIUu CIIOHBL. OTH CIUIAaBbl IUIACTHYHBIE, KOBKHE. IIpumenstorcs npu
IPOTE3UPOBAHUU BKJIAJKaMHU, KOPOHKAMHU U MOCTOBUIHBIMH MPOTE3AMH.

Kommanueit «3M» (CILIA) u3 amacTuyHOTO cijiaBa cepedpa U 0J0Ba OCBOEH
BBINIYCK CTaHJAPTHBIX BPEMEHHBIX KOPOHOK HM30-Dopm sl 3alUTHI MOJIIPOB U
OpPEMOJISIPOB  TOCJIE€ HMX MpenapupoBaHus. Takue KOPOHKM HE TOJBKO JIETKO
NoAIaroTCs 00paboTKe, HO TaKXKe JIETKO PACTITHBAIOTCS U U3MEHSIOT CBOIO (hopMy
IPU COXPAHEHUH MPOYHOCTH.

2. CniaBbl HeOJIArOPOAHBIX METANJIOB

B mpouecce npuMeHeHus: B MpakTUKe 3yOHOrO MPOTE3UpPOBAHMS CILIAaBOB M3
HEOJIaropoAHBIX METAJUIOB 11O MX KIMHUYECKOE U3yueHUe. bplto yCTaHOBIIEHO, YTO
ATIOMUHHM, POHJ0IB(, JIaTyHb, HEH3UIBOEP JIETKO PaCTBOPSIIOTCS B MOJOCTH PTa MO
neicTBUEM (PEpPMEHTOB POTOBOM KUIKOCTH. B 3TO#l CBS3M y HOCUTENEH MpOTE30B
HAOJIIOAANIMCh  TMPU3HAKKM  OOIIEed MHTOKCHKAalMM OpraHu3Ma M MECTHBIX
[aTOJOTMYECKUX CHUMIITOMOB, TAKMX KaK MPUBKYC METaula U pa3BUTHE 3a00JIeBaHUN
CJIM3UCTOM 00O0JIOUKH MOJIOCTH PTa.

Crnenyer 0coO0 OCTAaHOBUTBHCS HA BPEIHOM BO3JCHCTBUU XpOMa, MOCKOJIbKY
XpOMHPOBaHUE MPOTE30B pPaHbIIe IIUPOKO IPUMEHSIOCh B  IPAKTHYECKOU

CTOMATOJIOTHH, ITPUMCHACTCA U B HACTOAIICC BPEMS, XOTS U PCIKE.
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2.1. Hep:kaBerwomiasi cTajib

Bce cmnaBel kene3a ¢ yriaepoaoMm, KOTOpbie B pe3yjbTaTe IEePBUYHOM
KpUCTAJIM3AllMM B PAaBHOBECHBIX  YCJIOBHUSX  NPUOOpPETAIOT  ayCTEHUTHYIO
(omHO(A3HYI0) CTPYKTYPY, HA3BIBAIOT CTAJISIMH.

[To mexmynapomusiM crangaptam (ISO) crmumaBwl, conmepkamue Oonee 1%
HUKEJs,, MpU3HAHbl TOKCHUYHBIMH. M3BECTHO, 4YTO OOJBIIMHCTBO CHELHUATBHBIX
CTOMATOJIOTUYECKUX CIUIABOB M HEPXKABEIOIIMX CTallel comepkar 6onee 1% Hukens.
Tak, muterinpiii craB KXC conepxut 3-4% nHukens, Bupon (I'epmanusi) — OKOJO
30%, hrozooenm — 4%, nepxaneromue craian — 10 10%.

[IpumepoM Oe3HUKEIEBOTO CIJIaBa MOTYT Ciykutb Xepaneym CE u EH
(I'epmanus). B Hacrosimee Bpems cotpyanukamu MMCH (Mapkos B.I1. u 1998 r.) u
PAH B skcniepumenTe pazpaborana Oe3HuKeneBas azorcoiepkamias cranb PC-1 s
JUTBHIX MOCTOBUJIHBIX U JYTOBBIX (OIOTEIbHBIX) MPOTE30B.

Mapranen, BXOISAUIMA B COCTaB CTajliM, MO3BOJSET MOBBICUTH MPOYHOCTH,
yIy4lIUuTh TOKa3arenu xujakorekydectd. Crtanb copepxkut 0,2% a3zora, KOTOPHIi
MOBBIIIAET KOPPO3HMOHHYIO CTOMKOCTh, TBepaocth (HV 210), crabunmmsupyet
aAyCTEHHT U 00ecTeunBaeT OOJIBIION MOTCHIHAT Ae(hOPMAIIMOHHOTO YIIPOYHECHHUS.

A30T B TBEpJIOM pacTBOPE YJIy4YIlIaeT CBOMCTBA, KOMIIEHCHUPYET OTCYTCTBHUE
HUKEJISI TIOBBIIIAET TOKCUKOJIOTMYecKue cBoicTBa. [IpucyTcTBUEe a30Ta 3HAUMTEIBHO
yIy4IIaeT XapakTEPUCTHKHA  yOPYroCcTH, 4YTO 00ECmeurnBaeT CTaOMIBLHOCTH
coxpaHeHus: (GOPMbI B TOHKUX aKyPHBIX KOHCTPYKITUSIX.

Cranpb gaet manyo ycaaky (Menee 2%), 4To Takke 00€CredyuBaeT TOYHOCTh U
KauyeCTBO OTJIMBOK. XpOM SIBIIIETCS OCHOBHBIM JIETUPYIOIIUM  3JIEMEHTOM
KOPPO3MOHHOCTOMKON CTaJlM, a TaKXKE€ PACTBOPUTEIIEM a30Ta M B COYETAHUU C
MapraHieM o0ecreurnBaeT ero Heo0XoAuMyIo KoHIeHTpauuo B ctau (Mapkos b. 11.
u coasT., 2001 r.).

2.2. Ko6anbTOXpOMOBbBIE CIJIABbI
CocTtaB K00aTbTOXPOMOBOT'O CIIABA:

o Kxo0banvm 66-67%, OCHOBA CIIaBa, TBEP/IbIN, IPOUHBIN U JETKUNA METAILI.
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o xpom 26-30%, BBOIMMBI B OCHOBHOM (Kak W B CTaJH) JJIsl TIOBBITIICHUS
YCTOWYUBOCTU KOPPO3HUH.

o Hukenb 3-5%, TOBBINIACT IUIACTUYHOCTh, KOBKOCTb, BSI3KOCTh CILIABA,
yIIy4YIIaeT TEXHOJIOTHYECKHE CBOMCTBA CILJIaBa.

o Mmonuboen 4-5,5%,M0BBIIIIAET TPOUYHOCTH CILJIaBA.

o mapeaney 0,5%, yBeIMUNBAIOIINN TPOYHOCTh, KAYECTBO JIUThS, TOHUKAKOLINN
TEMIIepaTypy IUIABJICHUS, CIOCOOCTBYIOIIMN  yHAJIEHUI0O TOKCHYECKHUX
COEIMHEHUH Cephl U3 CIIaBa.

o yenepoo 0,2%, cHWKaeT TeMIlepaTypy IUIaBICHUS W YIy4IIaeT >KHJ-
KOTEKYyYeCTh CILJIaBa.

o xpemuui 0,5%, yiIydliaeT KadyeCTBO OTJIMBOK, MOBBIIIAET KUIKOTEKYYECTh
CIUJIaBa.

o diceneso 0,5%, MOBBINIAET KUIKOTEKYUECTh, MO3BOJISIFOIICH OTIUBATh aXKypHbIE
U3JIEHS BBICOKOM MPOYHOCTH.

JlerupoBanue (HeM. legieren, mnar. ligare — coenuHsATH) — BBEICHUE B METaJLI
WIM B METATMYECKUN CIUIaB APYroro d3JEMEHTa I YIy4lIeHHs (U3HUYECKUX,
XUMUYECKUX WIH (U3UKO-XUMHUYECKUX CBOWCTB OCHOBHOTO MeTauia. Hampumep,
BBEJICHUE B CTajb Xpoma, BoJb(dpama, BaHAIUs, MOJIUOACHA U T.I. (JErMpOBaHHAs
CTajb).

Jlurarypa (mar. ligatura — cBsi3pIBaTh) — 1) BcmomoraTenbHBIC CIUIABHI,
noOaBiisieMble B IUIABWIIBHBIX I[€4aX K OCHOBHOMY CIUIaBY (METaJlly) MpPU €ro
PACKUCJICHUW WIHM MPU BBEJACHUU B HETO JITUPYIOIIUX KOMIIOHEHTOB; 2) METaJUlbl,
BBOJIUMBIE B COCTaB CILJIAaBOB OJIArOPOIHBIX METAJJIOB (HApUMep, Meb U cepedpo
B CIUIaBE C 30JI0OTOM) JIJIsl IPUJIaHUSA CIIJIaBY OOJIbIIEH TBEPIOCTH.

B Hactosiee Bpemsi 0e3yriiepoJucTble OT€YECTBEHHBIE KOOATBTOXPOMOBBIE
crutaBel  KX-/[enm, m1On00HBIE KIACCUYECKOMY CIUIaBY Bumannuym, HaXOIAT
MIMPOKOE NPUMEHEHUE MPU MPOTE3UPOBAHUHN METAIIOKEPAMUYECKUMU MTPOTE3aMHU.

2.3. HukesexpoMoBbIe CIJIABBI

HukenexpoMoBble CIUIaBbl, B OTJIMYHE OT XPOMOHHUKEIIEBBIX CTalled He

CoJieprKalllie yriaepo/i, MUPOKO MPUMEHSIOTCS B TEXHOJIOTUHN METAJITIOKEPAMUUECKUX
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3yOHBIX TIPOTE30B. K €ro OCHOBHBIM 3JI€eMEHTaM OTHOCATCS HUKeNb (60—65%), xpom
(23-26%), momubaen (6—-11%) u xpemuuit (1,5-2%). CrjaBbl UMEIOT XOpOIIHE
JUTEWHBIE CBOWCTBA — MAaJlyl0 YCaAKy M XOPOIIYK JKHIKOTEKy4yecTb. (OueHb

MTOJATIMBEI B MEXaHUIECKON 00paboTKe.

CnnaBbl Ha OCHOBE eje3a, HUKEIS U Xpoma HCHOJB3YIOTCS IJsl JIMTHIX
OJIMHOYHBIX KOPOHOK, JINTHIX KOPOHOK C IJIaCTMAaccoBOW oOsmioBkoil. Haubonee

MOMYJISIPHBIM M3 3TUX CIaBoB siBisieTcss BupoH-99 ¢upmer «bero» (I'epmanmus)

(puc.4).

Puc. 4. Wiron 99 (I'epmanmus)

2.4. Cii1aBbl THTAHA
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IIpu pocTe TOKCHUKO-aJUIEPTHUYECKHX PEAKUMKA Ha PA3JIUYHbIC METAJUIBI U UX
CIUIaBbl, MPUMEHSIEMbIE B MEIUIIMHE, TUTaH, Onarogaps BBICOKOW HHEPTHOCTH U
CTaOMJIBLHOCTH, pacCMaTpUBAaeTCs B  CTOMATOJOTUM Kak  OOHaJeXuBaroas
anbTepHaThBa. Ero  BBICOKHME TOKCHKOJIOTMYECKHE KadecTBa  OOYCIIOBJICHBI
CIIOCOOHOCTBIO OBICTPO 00Pa30BHIBATH HA CBOEH MOBEPXHOCTH 3AIIUTHBIA OKCUIHBIN
cJoi, Onarojiaps KOTOPOMY OH HE KOPPO3UPYET U HE BBIJIENSAET CBOOOJHBIE MOHBI
MeTajia, CloCOOHbIE BOKPYT MMILUIAHTATa WX MPOTE3a BHI3bIBATH MATOJIOTUYECKHE
npouecchl. TUTaH JaeT BO3MOKHOCTHb MCIIOJIB30BAaHUSI TOJIBKO OJHOTO MeETaia B
nosioctd pra. OH npuMeHUM (PaKTUUECKHU AJis JTF0OBIX MPOTE30B, B TOM YHUCIE U JJIA
CBEPXIUIACTUYHON (POPMOBKH JIETKUX U MPOYHBIX OA3UCOB.

Bxnagku W HakiIaaKd, UEJbHOJUTHIE W KOMOWHUPOBAaHHBIE KOPOHKH,
MOCTOBHJIHBIE, JYTOBbIe (OIOTENbHBIC) MPOTE3bl, JUThIE OA3UCHI MOJHBIX CHEMHBIX
IPOTE30B, UMIUIAHTATHI — BCE 3TO MOXET ObITh BHITIOJIHEHO U3 TUTAHA.

2.5. CnjiaBbl IPUIIOEB

Ilpunou — mertann Wid CIUIAB, 3aNOJHSIONIMK 3a30p MEXKIY COECAUHSEMbIMU
netansimu npu nasHuu. CocraB npunoeB (Au, Ag, Cu, Zn, Sn, Cd, naryss). Onu
JIETKO IUIABATCA M TMO3BOJISIIOT JENaTh MPUIIOW M IITaMIOBaTh HEOOXOIUMBIE
KapKacCHbIE KOHCTPYKIIMOHHBIE COCTABJISIIOIINE.

Ilpunoii ona 3ono0meix cnaasos. llpunoem st 3010ta 916-if poObI CITyKUT
3o5i0TOM crutaB 750-i mpoObl, coctosmuii U3 75% 3omota, 8,39% cepebpa, 16,6%
Menu U 10% xaamus. DTOT CIUIaB MO LBETY, COCTABY U MEXAaHUYECKHUM CBOMCTBaM
OJIM30K K OCHOBHOMY METaJUTy M HMMEET 00Jiee€ HU3KYI0 TEMIepaTypy ILIaBJICHHUS.
Ilpunoti ona Hepacaseroweii cmanu. llpunoeM s HEPXKABEIOLUX CTAJICH SIBIISICTCS
ClieHUAIbHBIN CcruiaB, mpemioxkeHubli J.H. LutpuneiM. B ero cocraB BxoauT
cepebpo, MeJb, IMHK, MapraHell, HUKeJb, KaJIMUi, MarHu.

2.6.Dj10chl

@Dnrwc — xumuueckoe BemiecTBO (Oypa, OOpHas KHUCIOTa, XJIOPHUCTBIE U
dbTopucTBIE CONM), CiIyXamiee JUisi PacTBOPCHHSI OKHCIOB, OOpa3yroIMXcs Ha

CITanBaACMBbIX ITOBCPXHOCTAX MCTAJIJIOB IIPH IIAsTHUU.
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KoMmnoHeHTRI

¢bmroca

Bypa (Naz B407)

bopHas kucnora

(HsBOg3)

dTopun Kanus

(KF)

Conepxanue, %

25-30

35-50

20-40

Haubonbiee pacnpoctpanenue B coctaBe ¢iroca moigydwmiia Oypa — Oenoe

KpUCTAJIMYecKoe BellecTBO. [Ipu HarpeBaHWM OHa MOCTENEHHO TEPSieT BOAY, a

Temrepatypa ee MiaBieHus jgocturaer 741°C. Kpome Toro, Oypa moriomaer

KHUCJI0pOod, MNPCHUATCTBYA TCM CaMbIM O6p2130BaHI/IIO Ha IIOBCPXHOCTH MCTAJllIia

OKHUCJIOB, U CHOCO6CTByeT JydmieMy pacTCKaHUIO ITPHUIIO-A. (DJII-OCBI, KaK 1 OKaJIMHY,

YAAIAI0T C IOBEPXHOCTHU MECTAJIJIOB oTOeIaMH.

2.7. CtoMaToJIOrH4YecKas amMmajibramMma

&2

¢ pmocoMm

yrax. |[Napmwifssd

NpoBONOKa NPHNOS cepebpsnoro
xul:n opToneanyeckoi CTOMaTonorkK
III:pMu-37-IIHCC-37

<
&

ec._ /
e |

AmManpramMmaMm Ha3bIBAIOTCS CIlJIaBbl, MCTAJJIMYCCKUC CHUCTCMBI, B COCTaB

KOTOPBIX B KAa4YCCTBEC OJHOI'O M3 KOMIIOHCHTOB BXOAWUT pmymb. B 3aBucumocTtu ot

KOJIMYECTBEHHOTO COOTHOIIEHUSI PTYTU M APYTUX METALIOB amanbramel npu 37 °C

MOI'yT OBITH KUIAKUMHU, TIOJNYXUAKHMHU ¢ TBCPIAbIMHU. B cromaronornyeckoi

MPaKTUKE HANOOJbIIEe PACIPOCTPAHEHUE TTOTYUNIIU CEPEOPSIHBIE aMalbraMbl.
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