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= CtpoeHne aTOMOB METasnnMoOB.,
KpUCTanIn4yeCcKnx peLueTox.
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] = ®usnyeckme cBoUCTBa METaN0B.
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| [lnaH pegepama

= OOwwme xumnyeckne cBOUCTBA.
= INEKTPOXMMUYECKUU PAL HanpsKeHHs.
= Koppo3ua metannos.




(x HUM TaK)Ke OTHOCATCS DJIEMEHTBI TOOOYHBIX MOATPYII)s DIIEMEHThI,; PACIIOIOKCHHBIC

BOM3K auaroHaidu (Hampumep, Oepwninii Be, amomunnii Aly Turan Ti, repmanuii
Ge, unoouii Nb, cyppma Sb u n1p.), 0061am1ar0T JBOMCTBEHHBIM XapakTepoM. Kak
BUIHO, HAaHOOJIEE THITMYHBIC DJIEMEHTBHI=METAIIIBI PACIIONOKEHBI B HaYaje MePUOIOB

(naunnas co Broporo). Takum obpasom u3 113 smementor 89 sBisroTcs MeTaIaMH.



(cepebpo), Mapc (xeneszo), Mepkypuii (pryrs), CarypH

(cBunen), Benepa (menn).
AJXMMUKH CUWTAIIA, YTO ITOJ BIUSHHUECM JIy4Yel IIaHET B

Heapax 3eMIIH POXKIAIOTCS 3T METaIbla
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CTpoeHre aTOMOB METAJLIOB

KpHCTaHHHqCCKHe pPCIICTKHUy B Y3J1aX KOTOPBIX HAXOIATCA IMOJIOKHUTCIBHO
3aps’KCHHBIC MOHbBI 1 HCKOTOPOC YUCJIO HeﬁTpaHBHBIX dTOMOBy MCIKY KOTOPBIMH
nepeaBUraroTCsa OTHOCHUTCIbHO CBO6OI[HI)IC SJICKTPOHbIy HA3bIBAIOT

MCETAJNINYCCKNMM -

CBsI3by KOTOPYIO OCYIIECTBIISIIOT 3TH
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ANEKTPOHBI MEXIY MOHAMH
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METaJJIOBy 00pa3yIomMX

KPUCTALIMYECKYIO PEIICTKY,

Ha3bIBAIOT METAJJIHNYECKON.




Crpoenne atroMoB (IpomonKeHue)

Y aToMOB MeTansioB Ha HapyXHOM 3HepPreTM4eCKoOM ypoBHe 0ObIYHO HaXoAUTCA OT
OAHOro OO0 Tpex 3NneKTpoHoB. Ux aTombl o6nagatoT 6onbluum paguycom. Metannbl
SIBMAIOTCA CUNIbHbIMU BOCCTAaHOBUTENSIMU, TaK KaK JIerko oTAaloT HapyXHble
3NEeKTPOHbI. 03TOMYy aTOMbI MeTannoB NpeBpaLLaloTCA B MNOMOXUTENLHO
3apsikeHHble MOHbI. TaK KaK 3aJfIeKTPOHbl HAXOAATCA B HeNpepbLIBHOM ABWXEHUU, TO
NPU NX CTONTIKHOBEHUU C MONOXUTENbHO 3apsi)KeHHbLIMU MOHaAMU NocriegHue

npeBpaLlarTCcAa B HeUTpanbHble aTOMbI, @ 3aTeéM BHOBb B UOHbI.
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Crpoenne aromoB Me (mpomomkeHue)

Me mIaBHBIX TOATPYIII Ha BHemHeM ypoBHe umeroT 1-3 snexkrpona (4
snekTpoHa umeror Metayuibl IV rpynmer). Me TaBHBIX TOATPYIIT

3aBEPIIAIOT BHEIIHUN YPOBEHby OTIABASA 3JICKTPOHbI.

Me noOouHbIX noArpynn. [IpeaBHENTHNI YPOBEHh HE3aBEPIICHHBIMH,
BHEITHUN ypoBeHb MMeeT 1-2 3IeKTpoHa; 3aBEPIIAfOT BHEITHUN YPOBCHbD,

OTHaBas dJCKTPOHEl, CTeIeHb okucicHus: +1; +2;5 +3; (+4).

Bce MmeTamiabl = BOCCTAHOBUTEIN
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METAJNIMYECKUN 3BOH . M e

TeMIepaTypa KUMNCHUS / \ TEeMITepaTypa MIaBJICHUS

TBCPAOCTH IIJIOTHOCTD



N i

Oﬁmerme»

DJIEKTPUYECKHIT TOK — 3TO YIOPSIOUYECHHOE
(sanpaBiieHHOE) ABWKCHHE 3apSKEHHBIX YaCTHIla

2) Tor dakt, 4T0 MeTaUIBI 00JIAAAIOT XOPOIIEH NICKTPUICCKOW MPOBOJIMMOCTBIO, OOBSICHSICTCS
IPUCYTCTBHEM B HUX CBOOOAHBIX JIEKTPOHOB, KOTOPHIE MO BIUSHUEM Jaxke HEOOJBIION pa3HOCTU
MNOTEHI[MAIIOB IPUOOPETAIOT HANPABICHHOE JBM)KEHUE OT OTPULIATENILHOTO IMOJII0Cca K
HIOJIOKUTEIILHOMY =

C MOBBIIICHUEM TEMITEPaTyphl YBEIMYUBACTCS KOJicOaHHsT aTOMOB (MOHOB), YTO 3aTpyAHSET
HAIIPaBJICHHOE JABWKEHUE IEKTPOHOB U TEM CaMbIM IIPUBOAUT K YMEHBIICHUIO JIEKTPUUYECKON
IPOBOAMMOCTH. [Ipy HU3KHMX Temmeparypax KojaeOareabHOE BHKEHHE, HA000POT, CUIBHO
YMEHBIIAETCS U AJIEKTPUUYECKasi MPOBOJUMOCTb PE3KO BO3pacTaeT. Hanbonpmien 3eKTpruiecKoi
IPOBOAMMOCTBIO O0JIaiaeT cepedpo U Mebs 32 HUMU CIEIYIOT 30JI0TO, AIIFOMUHUI, Kene30. Hapsany
C MEIHBIMH M3TOTABIMBAIOTCS U ATIOMHUHUEBBIE MPOBO/Aa
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MOJIBUKHOCTBIO CBOOOJIHBIX AJIEKTPOHOB M KOJE€0ATEIbHBIMU ABUKCHUSMU
aTOMOB, OJlarofapsi 4eMy HPOUCXOAUT OBICTpEE BhIpABHUBAHUE TEMIIEpaTyp B
Macce MeTaiuioB. HamOounbIas TEmIONpoOBOJHOCTh — Yy cepedpa, U MEJIH,

HAMMEHBIIAS — Y BUCMYTa U PTYTH.
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4) MexaHn4YecKoe BO3JICHCTBUEC Ha KPUCTAI C KOBAJCHTHOM CBS3bIO BBI3bIBACT
CMEIIECHUE OTAEIIBbHBIX CIOE€B aTOMOB, B PE3YJILTATE YETO CBSI3U Pa3PhIBAIOTCS
Y KPUCTAJUI Pa3pylIaeTCsi. 1aKoe € BO3JICHCTBUE HAa KPUCTAILI C METAJNIMYECKON

CBA3bIO BbBI3BIBACT CMCHICHHUC CJIOCB dATOMOBy OHAKO4 6J1a1"0z(ap>1 IMEpEMCIICHUIO

ANIEKTPOHOB IO BCEMY KPHUCTAJLIy, Pa3pblB CBA3EH HE MPOUCXOAUT. sl MeTamioB
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9) Paznnuna maoTHOCTE MeTamioB. OHA TeM MEHBIIE, YeM

MEHBIIIE aTOMHAasl Macca dJIEMEHTa=MeTalyIa U 4YeM OOJIbIIe

paauyc ero aromMa. Campli JErKUMHA M3 METAJIOB — JIUTHUU

(mnoraocts = 0,953 r/cm® ), caMblii TSOKENBIA — OCMUI




XUMHUUYECKHUE CBOUCTBA

i Li| K Mn|Zn|Cr| Fe| Ni (H)

b

BOLCTHHOBMTeanaﬂ

CROCOBHOCTL MeTan- Bospacraer

noB B cBoboOAHOM
COCTOAHKH

p— —
Biaumogencrene beicTpo
OKMCAATCA MeAnenHo OKHCAAWTCA NPpU 06BLIYHOR He
CHMCNAKTCA

C HHCROpOAOM n
PH OObIYHOW TEMREPATYPE HAMH NPHW HATPEeBAHMH
BO3AYXa TemMnepartype R . s
Mpu o6blunHof
Bazawmonencreue leea;::g?ggpﬁ Mpuw narpesanun eoigennerca Ho» Hz #3 sonaw
CBOAOR u%ﬁpasyetcnz H 00pasywTCA OKCHABLI HE BLITECHAWT
THADOKCHA
He BoitecHarwy
BOAOPOA W3 pa3-
OaBAEHHBIX KMCAOT

Pearupyrwr | C nuc-
C HOHU.4 {NNOTaMK
by He pea-

BaawmonencTeHe
a BoiTecHAOT BOAOPOA M3 pa3sbaBAEHHBIX KHCAOT

C HHCNDTaAMH (xpome HNO;) 9336-HN[}#ruDymT,
M C HOHW. | pacTBo-
2S04npu [patwTea

HATPDEBAHNWM

Haxompenne Tonbko B coenmHennax B coeawnennax w
B NpHpoae B cBOOOAHOM BHLe

BoccranoBnenme yrnem OHCHAOM
Cnocobsi InenTponus
SR pacnAaBsos yraepoaa (1|), antOMHHOTEPMHKA,

y :memponns eoanux pacTsopos conen

K '|Ca |Na Mg niZn |CF |Fe NP 1Sn PbZT(H) Cu |H3 lAg

Bospacraer

drucnWTenbHan
CNOCOOHOCTL HOHOSB
METannNos




OO6mre XMMHYSCKHE CBOMCTBA (IIpOOoIDKEHIE)

HaunOoiee sHEprudHoO METaJllIbl PEarupyroT C
IIPOCTBHIMU BemiecTBaMu (HeMeTallJIaMi)s

28

IraJJorcHaMu R

I Ca - BoccTaHOBUTEID

2 A et
Ca Ol ~CaCl;

4E

KHNCJIOPOJI0OM
pOa AP Vg - BoccTaHOBUTENb
2Mg + O,= 2MgO
I‘/’I 28
cepo | | Na - BoccTanoBuTEID

+1 -2

0 0
2Na + S =Na,S



OO0I1IMe XUMHUYECKHUE CBOMCTBA

1) B3auMoneiicTBe METAIIIIOB C KUCIOTaMHU €CTh OKHCIIUTEIIbHO=BOCCTAHOBUTEIIHHBIN
nporecc. OKUCITUTENEM SBIISIETCS MOH BOAOPO/Iay KOTOPBIM MPUHUMAET 3JIEKTPOHBI OT

METaJlJIaa

2) B3anMoeiicTBie METAJIJIOB C PACTBOPAMH COJICH MEHEE aKTHBHBIX METAILIOB
MOXXHO WJLTIOCTPUPOBATh MPUMEPOM ACHCTBUS Kejie3a Ha pacTBOp cylibdara Menu. B
ATOM CJIy4ae MPOUCXOAUT OTPBIB JIEKTPOHOB OT aTOMOB 00Ji€€ aKTMBHOIO METAJLIA

(>kxenre30) u npHicOeIMHEHNE MX MOHAMH MEHEE aKTUBHOIO (Menm).

3) AKTUBHBIC METAJLIbl B3aUMOICHCTBYIOT C BOIOH, KOTOpas BBHICTYIACT B POJIU

OKHCIIUTCII -



OO0I1mue XUMHYECKUE CBOWCTBA

4) Mertanibl, THIPOKCHIBI KOTOPHIX aM(OTEPHBI, KaK MPABUIIO B3aMMOJICHCTBYIOT C

pPAacTBOPAMHU U KUCJIOTy U HIET0YEH.

I 1aBHOE XMMMYECKOE CBOMCTBO METAJJIOB — OHHU SBJISIIOTCS BOCCTAHOBUTEISIMHa

5) Meramibl MOTyT 00pa30BBIBaTh XMMHUYECKHUE COCTUHEHUS MEKIY c000i. OHU MMEIOT

06mee Ha3BAHUC — MHTCPMCTAJUVIMYCCKHUC COCANHCHUSA HJIM MHTCPMCTAJIN/Ibla HpI/IMepOM

MOTYT CIIY’)KUTb COCIUHEHUS HEKOTOPBIX METAJJIOB C CYypPbMOM: Nasz, ca3Sb,

NiSb, Ni4Sb, FeSbx (x = 0,72 - 0,92). B nux yaiie Bcero He

CO6J'IIOI[3IOTC$I CTCIICHHU OKHCJICHUAy XAPAKTCPHBIC B COCOIMHCHUAX C HCMCTAJIJIAMHW»



O0mme XuMHUYSCKHEe CBOMCTBaA (IIPOIOIDKCHICE)

MeTtamibl MOI'YT OKHCJIATBCA TAKIKC MOHAMMU
BOAOPOad U MOHAMHU APYIHNX MCTAJIIOBa

MeTraisl pearupyrT CO CIO0KHBIMHU
BEIIICCTBAMMUE

BOJOMA 0 1 +1
MNa + 2HOH = ?NaOH + H Na - BoccTanoBurens

KHUCJIIOTaMUa +1 -
Zn + "HC] leCl e H Zn - BOCCTAaHOBUTEb

acTBOpaMH COJICH: 7 +2 -2
P P ) ; Fe - BoccranoBuTenp

Fe+ C uS-O =FeSO,+ Cu




DJIEKTPOXUMUYECKUU DIl HAPSIKECHUA

L1, K, Ba, Ca, Na, Mg, Al, Mn, Zn, Cr, Fe, Co, Sn, Pb, H, Cu, Hg, Ag, Au

OTOT psAJ HA3BIBACTCS AJICKTPOXHUMUYECKUM PSIIOM HaIPSHKEHU S

DHeprus HOHU3aIluN, OMPEACIACTCS MOJOKEHUEM METAJIa B MIEPUOJUYECKON CHUCTEME. B
AIEKTPOXUMUYECKOM DSy HAMPSIKEHHUS METalll, CTOSIIAN JIEBEEy; MOXKET BBITECCHUTh U3 PACTBOPOB
WJIN PACIUIABOB COJIEM METaJll, CTOALICH ITpaBee. [10b3ysACh 3TUM PAIOM,; MOKHO ITPEICKA3ATh,
kak Me OyzieT ce0st BeCTU B mape C JApyTruMa

B 35IeKTpOXUMUYECKHAN PSJ HAMPSIKEHHUS BKIFOUEH TAKXKE BOJIOPO/ia

OTO MO3BOJIAET CAENATh 3aKJIOUYCHUE O TOM, KaKhue Me MOryT BBITECHUTHh BOJAOPOJ U3 PaCTBOPOB
KUCJIOT. Tak , HampuMep, JKEJIE30 BBITECHSAET BOAOPOJ U3 PACTBOPOB KHUCIOT, TAK KAK HAXOAUTCS

JICBEC €roy MEIb KE HC BBITCCHACT BOAOPOLdy TAK KAK HAXOJIUTCS IPABCC €TI0



Kopposus MerasioB

Koppo3us — 3T0 XUMHUYECKOE U AJICKTPOXUMHUUYECKOE pa3pyLICHUE

MCTAJIJIOB U UX CIINIABOB B PC3YJIbTATC BOSHGﬁCTBHH Ha HHUX

OKPYXKAIOIIEH CPEIbla

CyiiecTByeT 1Ba BUAa KOPPO3UHE XUMUYECKaAs U
BJIIEKTPOXUMHUYECKAS -

XUMUYECCKAA KOPPDO3UA NEeKMPOXUMUYECKASL _KODDO3US

0 + 2+ 0

Fe-+ 2H= Fe +H

Kopposuio Me u ux CIuiaBoB BBI3BIBAIOT bonee aktuBHBIN Me 1ipu

TAKHWE KOMIIOHEHTBI OKPY>KAIOIIEH CPE/ibl, AIEKTPOXUMHUYECKON KOPPO3UHU

KaK BOJIa, KHCIIOPOd, OKCUJIBI yIJIEpOAa U pa3pylIaeTcs, Nepexoas B BOAY, TEM
CEpPbly BOJAHBIC PACTBOPHI COJICHa CaMbIM IIpEIOXpaHsiss MEHEe aKTUBHBIA Me

OT pa3pyIlICHUS



[Ipumenenue
3AIUTHBIX
ITOKPBITHI

1. Merammnueckue u3aeans
IIOKPBIBAKOT ApyruMu Me

2. MertajulnyecKkue u3aeiIus
TIOKPBIBAIOT JIaKaMH,
KpacKkaM# U SMajIsiMU.

MeTtoabsl OOpPBEOBI C KOPPO3UEH

OcHOBHBIC MCTOAbI 3aIUTBI OT KOPPO3HUHU

[IpuroToBiieHHE CIIIIaBOB,
CTOMKHUX K KOPpO3HH

YacTtu MaiivH,
WHCTPYMEHTHI U
npeaMeThl ObITa
W3rOTaBIMBAIOT M3
HEP)KABEIOLIEU CTAIN U
JIPYTUX CIIJIABOB,
CTOMKHX K KOPPO3UU

DJIEKTPOXUMHUYECKUE N3menenne
METO/BI 3aLIUThI COCTaBa CpeJbl

1. [IpuMeHeHHE 3aKIICTIOK, Jlo6aBnenue
M3TOTOBIICHHBIX U3 00Jiee aKTUBHBIX WHTHOUTOPOB
Me

2. IIpukpervieHHe MIACTHHOK U3
Oosiee akTUBHOrO Me ISl 3aIMTEI
OCHOBHOI'0 METaJIJIMYECKOTO
U3JIeIns

3. HeiiTpanuzanus Toka,
BO3HUKAIOIIETO MPH KOPPO3HH,
INOCTOAHHBIM TOKOM,y IIPOITYCKa€MbIM
B IIPOTHUBOIIOJIOKHOM HAIIPpaBJICHHUHA




CIUlaBel |

Cnnaebt — >TO Marepranbl ¢ XapakKTEPHBIMA CBOMCTBAMMU,
COCTOSIIIIME M3 ABYX MM 00JIEE KOMIIOHEHTOB, U3 KOTOPBIX

[0 KpannHEeW MEpEe OAWH — METaJlla

CrutaBbl 00JIaIatOT TAKUMU CBOMCTBaMH, KOTOPbIE HE UMEIOT 00pa3yIolue 1x
MeTauibl. [loTyyeHne CriaBoB OCHOBAaHO Ha CIOCOOHOCTH PacIlIaBICHHBIX Me
pPacTBOPATHCS B YT Apyre. [Ipu oxnaxaeHnu oOpa3yroTcs CIJIaBbl ¢ HY>KHBIMU

CBOMCTBaMU: JIETKOIUIABKUE, KAPOCTOMKNE, KAUCITIOCTOMKUE U Talla

CniaaBbl
OJHOPOIHBIE HEOIHOPOIHBIE
IPH CILIaBJIEHHU 00pa3yeTcsi pacTBOP IPH CIUIABJIEHHH 00pa3yeTcs MEXaHW4ecKas CMECh
onHoro Me B IpyromMa WS
ITpunoii: ofHa YacTh CBHUHIA U JBE Mropamomun: 95% amomunus, 4% menu,

4acTH 0JI0Ba 0,5% wmapranna u 0,5% wmaruus



il
CmaBsl (IpomomkeHue)

B coBpemMeHHOW TeXHUKE HamOOJIbIlIee MPUMEHEHHE HAXOMAAT CIUJIABbI KEJIC3aa
Tak, HarpuMep, B MAaTMHOCTPOCHNUU Ha UX aoito npuxoautcs 90 % or
o0111e¥ MacChl MPUMEHIEMBIX METAI0B. BaKHEWIIMMHU CIIJIaBaMU JKeje3a

ABJIFOTCA YYT'YH U CTaJlba

YyryH — 3To0 CIIIaB xkele3a, comepxkamuii 6onee 1,7 % yrnepona, a Takxke

KpEMHUI, MapraHell, HeOOJIbIINE KoJUYecTBa cephbl U Ghocdopa.

Crajn - 570 cIuiaB xene3a, copepxammii 0,1-2 % yriepona u HeOobIITe

KOJINYECTBA KPEMHUsA, MapraHiia, gocdopa u cepsol.



MeTtannbl B npupoae, obwme cnocobbl nomyvyeHus

NOJE3HBIE HCKOIIAL
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MeTtannel B ipupoae, 0O0IIue CIIoCOObl MOTYUYCHUS

CaMbIM pacrpoCTpaHEHHBIM Me B 36MHOM KOPE SIBJISICTCA aJTIOMHUHHMa. 32 HAM CIICIYET
KEJIE30, HATPUM, KaJlnil, MarHui U TUTaH. COJEpKaHUE OCTAIBHBIX METAJIJIOB
HE3HAYMTEIbHO. Tak, HallpUMep, XpoMa B 3eMHOM Kope mo Macce Bcero yuib 0,3%,
nukens — 0,2%, a menu — 0,01%. Me BcTpeuarorcs B IpHpoje Kak B CBOOOITHOM

BHUIICy TAK U B PA3JIMYHBIX COCIWMHCHUAX

IréeMarur

OOKCHUT MAardeTUT

Koctomykia

Cesep Kapenun [Tynoxropckuii



Meraniibl B Ipupoae

Camopoziok cepedpa

CaMOpoI0K 30510Ta

CaMOpoa0K MIaTHUHBI

HedenuH



Hanbonee aktrBHBIE Me MOMYy4YarOT 3JIEKTPOIU30Ma

MeHee akTHBHBIE Me BOCCTaHABIMBAIOT U3 UX OKCHIOB (IIPUBEAEM HECKOJILKO MPUMEPOB):

1. Boccranosinenrne Me u3 ux okcuaoB yriem win okcugaoM yriepoaa (I):

+4 -2 0 +4 -.2 0
SnO,+ C=CO,+ Sn

+2 -2 +4 -2
F O +3C0O =3CO, +”Fe

2. O0xur cynbumoB Me ¢ MoCaeayOmUM BOCCTAHOBICHHEM 00pa30BaBIINXCS OKCUIOBS

2 4422
"ZnS g %() = 2710 + 250,

3. Boccranopienne Me U3 Ux OKCUIOB 0oJiee aKTUBHBIMU Me:

+4 I
3MnO, + 4A1=2A1,0, + 3Mn



MeTtaibl B IIPUPOJIEC,
o011e CMOCOOBI TTOTYYECHHUS

HaxoxeHne MEeTajijioB B IIPUPOJIE

CpEIHEW aKTUBHOCTH B

AKTHBHBIX B BHJIE CONCH BHJIC OKCHUIOB U bnaroponssie B
CyIb(puI0B CBOOOIHOM BHJIE
X10pUObly CYIbGHAMblLy HUMPANbl, Ag, Pt, Au

opmodghochamuly KapboHamoi,




I IppumeHeHne aarroMuHuA

ANIOMUHHH

CTPOMTENBLCTBO

TPAHCNOPTHOE
MALIWHOCTPOEHME

INNEKTPOTEXHWKA

ABHACTPOEHHE

MALLEBAS
NPOMbIWNEHHOCTD




[ lpoumMeHeHne TuTaHa

ABUACTPOEHHME

XUMHYECKHASRA
NMPOMbIWJIEHHOCTD

XWMHYECHOE
MALWKWHOCTPOEHHUE

PAKETOCTPOEHME




