Jlekuis
3araj/ibHa XapaKTepUCTHUKA MeTaJIiB




«MeTanu» MNOXOAUTD BiJl rpellbKOT0
metallon - maxra, konmajvuHa»

» MeTann — ue pe4oBUHU, AKI MatOTb NeBHI 0COBANBOCTI Y
6ya0Bi aTOMIB | KpMCTaNiB Ta 3@ 3BU4AUHUX YMOB BUAB/IATD
cneun@iyHi XapaKTepHi BNAaCTUBOCTI: BUCOKY
eNeKTPOMNPOBiAHICTb, TEN/IONPOBIAHICTb, BiA' EMHUNI
TeMnNepaTypHU KoedilieEHT eNeKTPUYHOI NPOBIAHOCTI,
3aTHICTb A0bOpe BiabmBaTK cBiTNOBI XBUAI (6AKUCK),
NNACTUYHICTb




bisbIIICTh MeTaJIlB I0OCTATHLO IOIIUPEHA B

[IPUPO/L
» B npupogi metann 3ycTpivatoTbCa y pisHUX dopmax:
Pyna [Npuknagn cnonyk metanie
CamopoaHi Cu, Ag, Au, As, Sb, Bi, Pd, Pt
Okcunan Al,O,, Fe, 0,4, Fe;0,4, SNO,, MnO,, TiO,, FeO+Cr,0,
FeO-WQO,, Cu,0, ZnO
KapboHatn | CaCO,, CaCO,*MgCO,, MgCO,, FeCO,, PbCO,,
BaCO,, SrCO;, ZnCO3, MNCO;,CuCO4+Cu(OH),
Cynbdign Ag,S, Cu,S, CuS, PbS, ZnS, HgS, FeS-Cus, FeS,,
Sb,S;, Bi,S3, MoS,, NiS, CdS
[fanign NaCl, KCI, AgCl, KCI-MgCl,+6H,0, NaCl ta MgCl, y
MOPCbKIX BoAl
Cynbdatu BaSO,, SrSO,, PbSO,, CaSO,+2H,0,
CuS0,*2Cu(OH),
Cwunikatn Be,Al,Si;O,g, ZrSiO,, Sc,Si,0,
docdatu LaPO,, LiF-AIPO,




Po3noBciomxeHHN :

Y npupos)

barato meTanis LUMPOKO NOLIMpPEHi B et

npupoAi. Tak, BMICT AeAKUX MeTanis B

3€MHiN KOpPi HAaCTYMHUMI:
aNtoOMiHito - 8,2%
3ani3a-4,1%

Kanbuito - 4,1%

HaTpito - 2,3%

MmarHito - 2,3%

Kanito - 2,1%

TUTaHy - 0,56%

Benunka KinbKicTb HaTpito
| MArHitO MICTUTBLCA B
MOPCbKil BOAi: -

1,05%, - 0,12%.

~— ﬂ_:s-f"‘—:f--.:_';f‘-; =

COCTAB 3EMHOM KOPbI

Harpun-2,4% OcransHsie

Oxeannveckan xopa

“Basansrossin” cnown

Maruun - 2,4%
Kanun-2,4%
Xenezo~-4,2%

anemeHTbl - 2,9%

Marepukosasn kopa

Kpemuun - Kucnopop -

ZG,V ' 49,1%

Kansuun AnromuHnn - 7,5%



3 XIMIYHOI MOYKU 30py MeTaJlaMUu Ha3UBaAKThCA MPOCTI
PEYOBUHH, aTOMH IKMX HAa 30BHIIIHIW 000JIOHI[I MiCTATh
HeBeJIMKY KIJIbKICTb eJIEKTPOHIB (BiJ 0THOrO0 10 TPhOX),
MalTb BeJIUKI ebeKTUBHI paiiycl, HU3bKi 3HA4YE€HHS

IMOTEeHIllaJ/I1B 10H13allll Ta BUCOKI BIJHOBJIFOBAJIbHI
BJIACTUBOCTI.

ATOMM MeTaniB MatoTb CXOXKiCTb B 6YA0Bi 30BHILLHbOrO €N1EKTPOHHOrO LWapy, AKNNA
YTBOPEHWIA HEBEIMKUM YNCIOM €/1eKTPOHIB (B OCHOBHOMY He Binblue Tpbox).

M+ ). )3

Y 3B'A3KY 3 TUM LLLO eNEeKTPOHM 30BHILUHbOrO LWapy aTOMiB meTaniB c1abo noB'A3aHi
3 A4POM, BOHM MOXYTb OYTU «BiaaaHi» iHWMM YaCTUHKaM, WO i BiabyBa€eTbCca Npu

XIMIYHMX peaKLiax:
WM”— ne = M*" BoccTaHoBUTENKM (OKMCNARIOTCA)

BnacTtuBicTb aTOMIB MeTaniB BiA4gaBaTy e/1EKTPOHU € IX XapPaKTEPHOI XiMIYHOIO
BJ1IACTUBICTIO i CBIAYMTL NPO Te, WO MeTasIn NPOABAAKOTb BiAHOBHI B/1aCTUBOCTI.



Cepen 118 BUBYeHUX eJIeMEHTIB 95 BBaXKalOThCSl MeTaJlaMU,
X04 Mexa MK MeTaJlaMU U HeMeTaJlaMU B IepPioAUYHIN
CUCTEMI € IOCUTb YMOBHOK - Big B g0 At

. - Hanismeranun - Fanoreum

- lHepTHI
enemMeHTu

e IVB VB VIB VB Vil 1B lB

IlA

WA _IVA VA VIA VIA

- HemeTtann

NanToHoign

AKTUHOIgM

f - NlyxHi Ny>xHo3emenbHi -MepexiaHi - AMpOoTepHi
meTanu meranum d-metanm p-meTanu




HaniBmeTasn — XiMi4yHI eJleMeHTH, 110 3aMMaK0Th IPOMIXKHY
[IO3UILi10 32 CBOIMHU €JIEKTPODIZUYHHUMH BJIACTUBOCTAMU MiXK
BJIACHO MeTaJIaMH 1 HalllBHPOBIAHUKAMH.

» AHI30TPOMNIA — HEPIBHOUIHHICTb PI3UYHUX BNACTUBOCTEN
(MexaHiYHMX, ONTUYHUX, EIEKTPUYHUX TOLLLO) PEYOBUHU
3a/1€KHO Big KpUcTanorpadiyHOro Hanpamky.

» HaniBnpoBIAHWUKN — PEYOBUHMU, AKI 32 CBOEIO MUTOMOIO
NPOBIAHICTIO 3aMMatOTb MPOMIXKHE MicUe MiXK
NPOBIAHUKAMMU | AleNeKTPUKAMU | BIAPIZHAOTLCA Bif,
NPOBIAHWNKIB CUNBbHOK 3a/1€XKHICTIO MMTOMOI NPOBIAHOCTI
BiJ KOHUEHTpPALWIT AOMILOK, TemrnepaTtypu i Aii pi3HUX
BUAIB BUNPOMIHIOBAHHA.

» Monimopdiam — ue 34aTHICTb OAQHIEI PEYOBUHU Y
TBEpPAOMY CTaHI YTBOPIOBATU PI3HI KPUCTANIUHI CTPYKTYPWN,
IO BiApi3HAOTLCA OAHA Big 0OAHOI He TiibKn 6yaoBotO
KPUCTaNIYHUX PELLITOK, asie | BNaCTUBOCTAMM.



K/JIACUDIKALIIA METAJIIB

4

[eoximiyHa KnacudiKaLif, sKa CKnanaca iCTOpmUYHO,
NOAINAE METAIN Ha YOPHI Ta

YOPHI meTanu, cepen AKMX HANTUNOBIWNUMM € 3aNi30 Fe,
MaHraH Mn, xpom Cr Tow,o. Lli meTann matotb TeMHO-Cipe
3abapBaeHHA, BUCOKY TeMNepPaTypy NAaBAEHHA, BE/IUKY
TBEpAiCcTb. [ANa AeAKUX 3 HUX XapaKTepHe ABuLLe
nonimop@ismy (Fe, Co, Mn, Ti, Zr, U);

, O MatoTb bifne, *KOBTE YN YEPBOHE

3abapBNeHHA, HU3bKY TEMNepaTypy NNaBAEHHS,
HEBENNKY TBepAiCTb. HAaMTUNOBIWNN NpeaCTaBHUK — Mifb



KJIACUOPIKALIA METAJIIB

YopHi meTtanu

Hixenn Huprownill

[eski




K/JIACUDIKALIIA METAJIIB

>

3a eN1eKTPOHHOIO KOHbIrypaujielo BaneHTHWX opbiTanen metanu
NOAINAOTLCA HA €/IEKTPOHHI POAUHMU:

S-MeTaNn — NIY}KHi Ta NYXKHO3EeME/IbHIi MeTanun, a TaKoXK marHin Mg i
6epwunin Be;

— antomiHin Al, ranin Ga, iHain In, Tanin Tl (ronosHa niarpyna
rpynu), repmanin Ge, onoBo Sn, cBuHeub Pb (ronosHa niarpyna IV rpynu),
6icmyT Bi (ronosHa niarpyna V rpynu), nonoHin Po (ronosHa niarpyna Vi

rpynw);
d-metanu — enemenTn I-VIIIB-nigrpyn nepiogn4yHoi cnctemum;
f-metanu — naHTaHoIAM | aKTUHOIAMW.

Mepwi ABi rpynu (s- i p-meTanun) iHoAi Ha3MBalOTb NPOCTi METANN, A ABI
oCTaHHi (d- i f-meTann) — nepexiaHi meTanun, oCKiIbKU BOHN BUKOHYIOTb
dYHKLiO HEHAYe CNOYyYaNbHOI IAHKWN MiXK S- | p-MeTanamu i BUABNAKOTb
BTOPUHHY NEPIOAUYHICTb Y 3MIHIOBAHHI NOTEHUiaNiB iOHI3aLil, aTOMHMUX
paaiyciB, PisUYHUX | XiMIYHUX BNACTUBOCTEMN.



KJIACUOPIKALIIA METAJIIB

IEPIOAVNUHA
\ CUCTEMA

@ Sglli, Bhiic Hsllin Mtl%zt‘h, Ds
LV e’ z

oKenan

Nerioui
BoAHesi
CROAYKH

**AKTAHOIAM




K/JIACUDIKALIIA METAJIIB

>

v Vv v V9

3a NPUPOAHNM NOXoAKeHHAM (TOOTO 3@ CYMICHUM 3HAXOAKEHHAM B OAHUX i TUX
MiHepanax, ripcbKUX NOpPoAax Y PyaHUX KONanMHaX) MeTasIn NOAiNA0Tb Ha TaKi

rpynu:

ny>Hi metanum (niTin Li, HaTpint Na, kKanin K, pybigint Rb, uesin Cs, dpaHuin Fr);
(kanbuin Ca, cTpoHUin Sr, 6apin Ba, pagit Ra);

poauHa 3aniza — 3aniso Fe, kobanbt Co, Hikenb Ni;
NNAaTUHOBI MmeTanu — pyTeHin Ru, ocmin Os, nanagin Pd, poain Rh, ipnain Ir,
nnatuHa Pt;

— 14 meTanis, WO CTOATb Y NEPIOANYHIN CUCTEMI €N1EeMEHTIB nicaA
NnaHTaHy °’La — Big uepito *2Ce go ntoteuito ’1Lu; iHKoAKM A0 L€l rpynu BigHOCATD i
CaM NlaHTaH; cepen NaHTaHOIAIB € OAMH PafAioakTUBHUIN MeTan — NpomeTin 51Pm;
aKTUHOIgM — 14 meTanis nicna akTuHito 8°Ac, nounHatoum Big Topito °Th i
3aKiH4Yytoum noypeHciem 193Lr; AK i y BMUNaaKy NaHTaHOIAIB, 40 POAUHWN aKTUHOIAIB
4acTo NPUEAHYIOTb | aKTUHIW; BCi aKTUHOIAM HaneXaTb A0 PaAiOaKTUBHUX
eNeMeHTIB, NPUYOMY Yy NpUpoAai 3HanaeHi Tinbku Th, Pa, U, Np, Pu i Ac, a pewTa, Big,
amepuito >>Am go noypeHcito 193Lr, ogeprKaHi WTYYHO;

pigKo3emenbHi meTanum — ckaHain Sc, iTpin Y, naHTaH La i nraHTaHoigwn.



KJIACUOPIKALIA METAJIIB

3@ KOHCTPYKLiMHMMW BAACTUBOCTAMM 3 YPaxyBaHHAM MeXaHi4YHUX, Pi3NYHNX, XIMIYHMX Ta iIHLWKNX
0cob6AMBOCTEN METaNM NOAINAKTLCA HA YACNEHHI TPyNu, HaNpPUKAaa,:

BaXKKi MeTanu, ryctmHa akux nepesuilye 5 r/cm3, Hanpuknag: miab Cu, UMHK Zn, cBUHeLb Pb,
PTYTb HE, HallBaXKunMm meTtanom € ocmiin Os, rycTMHa AKOro A0piBHIOE 22,6 r/cm3

Nerki MeTanu, Lo MaloTb ryCTUHY MeHwe 5 r/cm3, HanpuKknaa: Kanin K, HaTpin Na, marHin Mg,
antoMiHin Al, Hannerwmn meTtan — NiTin Li 3 ryctnHoto 0,53r/cm3

NIETKONMIAaBKI meTanu, Temnepatypu naaBAeHHA aKkux He nepesunytoTb 1500°C; a0 HMX HanexaTb
dpanuin Fr (T, = 18-21°C), uesin Cs (T, = 28,5°C), ranint Ga (T, , = 29,1°C), kanin K (T, , = 62,3°C),
HaTpin Na (T, = 97,8°C), onoso Sn (T, = 231,85°C), ceuHeub Pb (T, , = 327,4°C), a
Hannerkonaaskiwow € pTyTb HE, Temnepatypa nnasnaeHHA AKol AopisHioe T, =—38,9°C;

TyronnaeKi metanu, TemnepaTtypu nnasaeHHA akux suwe 1500°C: 3aniso Fe (T, = 1539°C),
monibaeH Mo (T, = 2620°C), ocmin Os (T, = 3030°C); HauTyronnaskKiwmim metan — sonbdppam W,
Temnepartypa nnaasieHHA AKoro cknagae T, = 3420°C

6naropogHi metanum, AKi BUABAAIOTb NiABULLEHY XiMIYHY CTiMKICTb 40 OKMCHIOBA/ZIbHUX | arPecUBHUX
peareHTiB; 6b1aropogHnMmM metanamm € 301070 Au, cpibno Ag, nnatuHa Pt, nanaain Pd, poain Rh,
ipnain Ir, pytenin Ru, ocmin Os;

PaAiOaKTUBHI METANMN — Le MEeTasn, YCi i30TONU AKMUX MAKOTb PafioaKTUBHI BNAaCTUBOCTI: TEXHELN
43Tc, npomerTit Pm, nonowiit 8Po i BCi meTanu 3 BinbWLMMM, HiXK Y NONOHIO, aTOMHUMMU
HOMEepaMMu.




KJIACUOPIKALIA METAJIIB

Aimii -
HaUreauul meman
0,53r/ e’

Pmyme ~
Halinezxonnasxiwuut meman
{Tvu- -38, 9°C)

Ocaitl -
KHaueamxyull meman

Bo.%d)pa.u
watimyzonaaexiuuil
meman (Tra=34920°C)



KJIACUOPIKALIA METAJIIB

» 33 NOXOAXKEHHAM BUAINAKOTb TaKi FPYynNu e/leMeHTIB:

» NMPUPOAHI MeTanu, AKi BXOAATb A0 CKAaay NPUPOAHMUX
cnonyk. Ue metanu Big Jlitito Li ao MayTtonito (°*Pu);

» LWUTYYHI MeTanu, WO YTBOPIOTbCA BHACNIAOK AAEPHUX
peakuin. OKpemy rpyny CKka1agatoTb PafioaKTUBHI
eNleMeHTH, AKNX Bigomo 27: TexHeLin 43Tc, MpomerTil
°1Pm, MonoHin 8*Po Ta BCi enemeHTH, Lo PO3MILLYIOTbCA B
nepiognyHin cnctemi 3a NonoHiem.



K/JIACUDIKALIIA METAJIIB

4

32 PO3MNOBCHOAXKEHHAM Y MPUPOAI BCl MeTan MOXKHa NoAiNnNTH
Ha TPU YMOBHI rpynu:

nowwupeHi metanm — ue, no-nepuwe, Al, Fe, Ca, Na, K, Mg, aki
pa3om 3 O i Si ctaHoBNATb 98,53% Big macn 3eMHOI KOpHK, a
TakKoX Zn, Cu, Mn, Cl, Ba, Sr ta Cr. Ha Bci iHWIi enemeHTH
npunagae nmuwe 0,85%;

piaKICHI meTann — masnonowmnpeHiy npupoai abo
MQAJIOBUBYEHI MEeTanmn, BMICT AKUX Y 3EMHIN KOPi HAaATO
HM3bKWUIK, Hanpuknaa: Jlitin Li, Pybiagin Rb, Uesin Cs, MonibaeH
Mo, Bonbdpam W, bepunin Be, LiupkoHin Zr, NladHin Hf,
BaHagpin V, Hiobin Nb, TaHTan Ta;

PO3CiAHI meTanu — MeTa/U, WO He YTBOPHOOTb BJIACHUX

POAOBULL i CAMOCTIMHUX MiIHEPANIB, @ 3HAXO0AATLCA 3 iHLWKUMM
MeTalaMMn AK AOMIilLKK, Hanpuknaa, lrepmanin Ge, Llesin Cs.



OCOBJIMBOCTI BY10BU METAJIIB. METAJITYHUH

3B'A30K

BinbHe nepemiweHHA eNeKTPOHHOrO rasy Mix
BY3/1aMU KPUCTANIYHOI PELLITKU B KPUCTaNi meTany

» MeTaniyHnn 3B'A30K —
ue TWN XiMiYHOro
3B'A3KYy B MeTanax Ta
IX cnnasax,
obymoBneHnm
B33aEMOJIEIO
e/IeKTPOHHOrO rasy,
YTBOPEHOro BHACNi 40K
yCyCni/IbHEHHA
BaJIEHTHUX €NEKTPOHIB,
3 OCTOBOM KPUCTaANIYHOI
pewWwiTKn meTany, y
BY3/1aX AKOI
PO3MILLYHOTbCA
NO3UTUBHO 3aPALXKEHI
IOHU MmeTanis..



[ITPOCTOPOBA bYAOBA METAJIIB

» lMpocTtopoBa byaoBa meTanis
— Le KPUCTan, AKMMA MOKHaA
YABUTU AK KNITKY 3 MO3UTUBHO
3apALKEHNMU IOHAMU Y
BY3/1aX, 3aHYpPEHY B HEraTMBHO
3apAAXKEHUN €IEKTPOHHUI
ra3. Bci atomu BigaatoTb cBOI
Ba/JIEHTHI €/IeKTPOHMU Ha
YTBOPEHHA eNeKTPOHHOrOo
rasy, LWO BiJIbHO
nepemilyoTbCa ycepeauHi
KPUCTany, He NOPYyLUYHOYU
XiMiYHOTrO 3B'A3KY.

Binbni loHH MeTamy _ J
eNexTPoOHn Y Byanax !qmcramquoi PEONTEY

BRBABRXR
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BJIACTUBOCTI METAJITYHHOI'O 3B’A3KY

» EnekTpoHHa KOoHIrypauia aTomiB MeTaniB € NPUYNHOK TAKUX HAUBAXKAMBILLINX
BJ1IACTUBOCTEN MEeTaNniYHOoro 3B’ A3KY:

4 — 0AHOYacCHEe BMHUKHEHHA XiMIYHOrO 3B’A3KY MiX BE/IMYE3HOIO
KiINbKIiCTIO BY3/10BUX YAaCTMHOK Yy KpUCTani; came baratoueHTPOBICTb 3abe3neyye
BUCOKY TenA0MnpoBiAHICTb MeTanis;

» BaraToeNeKTPOHHICTb — 3AiMCHEHHA XiMIYHOro 3B’A3KY 3a PaXyHOK yCyCni/ibHEHHA
BCiX BA/I€HTHUX €NEeKTPOHIB, WO 3HAaXo4ATbCA B KPpUCTaNi meTany;
b6araToeNeKTPOHHICTb 3YMOBJ/IHOE eNEeKTPONPOBIAHICTb MeTaniB;

b — PIiBHOMIpPHUIM PO3N0AIN ENEKTPOHHOI
YCTUHM 33 BCiMa HaNpPAMKaMU; NPU LLbOMY BaNE€HTHI €/IEKTPOHU KOPCTKO He
3aKPINAIOKTLCA MiXK ABOMA aTOMaMM, AK NPN KOBAaNEHTHOMY 3B’fI3KY, @ NepexoanaTb
y CTaH NPOBIAHOCTI, BHACNIAOK YOro NOBHICTIO A€/10KaNi3YIOTbCA | HaneXaTb He
OAHOMY KOHKPEeTHOMY aToOMY, @ O4HAKOBOK MIpOtO BCIM iOHaM Yy By3nax
KPMUCTaNiuHOI peLiTKu;

»  HEHACUYEHICTb — MOXK/MUBICTb YTBOPEHHA XiMiYHUX 3B’A3KIB MiK HEBU3HAYEHO
KiNbKICTIO aTOMIB, AKa 0OMEXKYETLCA NLLE TEOMETPUYHUMMN NapameTpamMm
(po3mipamu aTomiB) i B3BAaEMHMM BiALLITOBXYBAHHAM OAHOMMEHHO 3apAaKeHNX
BY3/10BUX YAaCTMHOK; HEHACMYEHICTIO NOACHIOKTLCA BENMKI KOOPAUHALINHI YMcna
(AK npaBuno, 8 un 12), AKi NOKa3yOTb KiNbKICTb HAMBAUKUYNX BY3MiB KPUCTANIYHOT
PEeLWiTKN, WO OTOUYIOTb AaHMI BY30.



IIIJIBHICTDb ITAKYBAHHA KPUCTAJIY

>

LWiNbHICTb NAaKYBaHHA KPUCTaNy — TaK Ha3MBalOTb 4YacCTKy 06’emy enemeHTapHOI
KPUCTaNiYHOi KOMipKK, besnocepeaHbo 3aMHATY iOHAaMKU MeTany, Npu AKin BOHU
YKNaat0TbCA Y MPOCTOPi AK KY/IbKM OAHAaKOBOro po3mipy.

CTpyKTYypa MeTaniYHUX KPUCTANIB BU3HAYAETLCA Yy NepLuly Yepry npocTopoBo-
reoMmeTpMYHUMM YNHHUKAMU — HaMAraHHAM aTOMIB PO3MICTUTUCA AKOMOra
WwinbHiwe. na meTtanis HanbiNbll XapakTEPHUMMU € TPU TUNU KPUCTANIUYHOI
peLiTKun:

KybiuHa rpaHeLeHTpoBaHa 3 KOOPAUHALIMHUM Ynciom 12 i WinbHICTIO NaKyBaHHA
74 %, TaKka peLliTKa YTBOPIOETLCA NPU KPUCTaANi3aLii meTanis: antomiHito Al, KanbLiito
Ca, migi Cu, cpibna Ag, 3on0T1a Au, a TakoxK nonimopdHoi moandikauii 3anisza Fe B
iHTepBani Temnepatyp 911-1392°C;

KybiuHa o6’emHoOULEHTPOBAHA 3 KOOPAUHALIMHUM YNCNOM 8 i LLLINBHICTIO
NaKyBaHHA 68 %; TaKy peLiTKy matoTb meTanun niTin Li, HaTpin Na, kanin K, BaHaain
V, Bonbppam W, xpom Cr, cBuHeub Pb, a Takox nonimopdHi mogmodikauii 3aniza Fe
no temnepatypun 911°C ta Big 1392°C 40 TOYKKU NNaB/IEHHSA;

rekcaroHasibHa 3 KOOPAUHALIMHUM YMcnom 12 i WinbHicTio nakyBaHHA 74 %, B AKiN
KpucTanisytotbca metanu bepunin Be, marHin Mg, kaagmin Cd, tTutaH Ti, kobanbT Co,
UUHK Zn.



PI3HOBU/JU MOJEJIEU KPUCTAJIYHUX
PEILIITOK METAJIIB

a) KybiuHa rpaHeueHTpoBaHa (Ca, Cu, Au, Ag, Al);
6) KybiuHa 06’emHoueHTpoBaHa (Li, Na, K, Ba, Mo, W, Cr, Pb, V);
B) rekcaroHanbHa (Be, Mg, Zn, Ti, Cd, Zn, Co)



OI3NUYHI BJTACTUBOCTI METAJIIB

Enexrponpomnmcﬂ.

Me

TemMmnepartypa KMniHHA / \ Temneparypa nnasrieHHA

MnacTnuHi Tb ..
¢ Tennonpomm-ucn.

MeTanesum -
6nuck

TBeppaicTb KoBkicTb



OI3NUYHI BJTACTUBOCTI METAJIIB

» OnTUYHI BAACTUBOCTI MeTaniBs.

b 3YMOBJ/IHOETLCA 34aTHICTIO META/iB MaMKe NOBHICTIO BiabmnBaTtu
CBIiT/10Bi NpOMeHi 6yaAb-IKOi AOBXUHM CcNeKTpy. Llum noAcHIOETbCA Binni um cipmi
Konip 6inbwocTi meTaniB. YacTKa CBiTNa, WO NOMMMHAETLCA, BU3HAYAE iIHTEHCUBHICTb
6ancky. Hamackpasiwe 6anwaTte nanaain, ipnain ta cpibno. OgHak aesaki metanum
(30n10TO, Miab, Le3ill) cuAbHiLe NOrMMHAOTb CBITN0 3 NEBHUMW A0BKUHAMMU XBUD,
TOMY BOHM 3a6apBNeHi y XKOBTi UM YEPBOHI KONbOPU. Y NOPOLLIKONOAIOHOMY CTaHi
6inbwicTe meTanisa HabyBa€ YOPHOIoO YM TEMHO-CIPOro KO/bopy.

IManaodiil " Cpibno

» Henpo3opictb meTaniB NoB’A3aHa i3 HAABHICTIO B KPUCTANIYHIN FpaTLUi BiNbHUX
PYXIMBUX €/IEKTPOHIB, AKi racATb CBIT/IOBI KONMBAHHA, NEPETBOPHOOYN IX Y TENNOTY
UM, B AeAKMX BUNAAKaX, BUKOPUCTOBYHOUM IX EHEPTitO ANA BUBIIbHEHHA €NeKTPOHIB
3i cBO€Ei noBepxHi (aBue dpotoedeKTy).



OI3NUYHI BJTACTUBOCTI METAJIIB

» MexaHiuyHi BAaCTUBOCTI meTanis.

» TnacTuyHicTb — 34aTHICTb 6e3 pyMHYyBaHHA NigaasaTnca gepopmadiam 3a ymos
3BMYAMHUX YN NiIABULLEHUX TEMNEepPATypax, 3aBAAKN HOMY META/IM MOXKHA KyBaTy,
NPOKATYyBaTH, WTAaMMNyBaTU, BUTATYBaTM y APIT Towo. Hanbinbw nnactmyHnm metan
— 30/1070. NnacTnyHicTb meTanis 3abe3nevyeTbca cneunPivyHMMmmM 0cobMBOCTAMM
MeTanNivyHOro 38’A3KY: 3aBAAKM BAraToLEeHTPOBOCTI Ta 6araToeNeKTPOHHOCTI BiH He
PO3PUBAETLCA NPU Ail MeXaHIYHUX HaBaHTaXeHb, AKI BUKNNKAIOTb TiIbKW 3MIiLLEHHA
(KOB3aHHA) OKpPEMMUX LWAPIB KPUCTANIYHOT PELITKN OAUH BiAHOCHO OAHOrO i
nepepo3noain eNIeKTPOHHOrO rasy, Wo 3B’A3y€ aTOMN MeTany.

» TycTMHA — iHLWA XapPaKTEPUCTMKA MeXaHIYHNX BNACTUBOCTEN, 3aN€XKHO BiA, AKOI
MeTa /I NOoAINATLCA Ha Nerki Ta BaXKKi. AK B¥Ke 3a3Hayanocs, A0 Nerkux MeTais,
r'YCTUHA AKUX He nepebinbluye 5 r/cm3, HanexkaTb BCi S-MeTanu, aIloMiHIN, TUTaH i
CKaHAiN, a A0 BaXKKnx — B ocHoBHomy d-meTtanu V-VII nepioais. Hannerwmnim metan
— niTin (0,53 r/cm3), HaBaXKuuit — ocmint (22,6 r/cm3).

» TBepaicTb — Onip NPOHMKHEHHIO Y MeTa iHWOoro TBepAoro Tina. Hanteepaiwmnmm
MEeTaNnaMmn € Xpom, monibaeH i Bonbdppam, a HaMMeHL TBEPAUMMU — iHAIN Ta NYXKHI
MeTasnun. " v




OI3NUYHI BJTACTUBOCTI METAJIIB

» Tennosi BAACTUBOCTI.

» TennonpoBigHICTb MeTasiB MOACHIDETLCA TUM, LLLO BiNIbHI
eNeKTPOHU OOMIHIOIOTbCA EHEPTIEID 3 iIOHAMM, AKI
3HAaXOA4ATbCA Y BY3/1aX KPUCTANIYHOI pewiTKu. [Npun
HarpiBaHHI MeTany KOJIMBAHHA iOHIB HA MOrO NOBEPXHI
3POCTalOTb, @ EHEpPria KOIMBaHb Yepe3 e/IeKTPOHHMM ra3
MUTTEBO NEPeaa€ETbCA CYCiAHIM MOHaM, TOMY
BifOyBaETbCA WBUAKE BUPIBHIOBAHHA TEMMNEPATYpU Nno
BCiK maci meTany.

» MMnuToma TennoemHICTb ANA BiNbLIOCTI MeTaniB Mae
HeBUCOKi 3HaveHHA (meHwe 0,84 [x/r-K), ane Bce K Taku
MOXe KOJIMBATUCA Y AOCTAaTHbO LWMPOKOMY Aiana3oHi Big,
3,55 x/r-K y nitito o 0,115 Ax/r-K B ypaHy.



OI3NUYHI BJTACTUBOCTI METAJIIB

>
>

EneKkTpomarHiTHi B1aCTUBOCTI.

EnekTpuyHa npoBIiAHICTb 3YMOBJ/IHOETLCA HAABHICTIO 30HM NMPOBIAHOCTI, Ha AKY
3[aTHi NE€rko NepexoAuTn BaJEHTHI eNeKTPOHN, WO i 3abe3snevye
e/IeKTponpoBigHICTb MeTany. MaKCcMManbHa eNneKTpPonpoBiAHICTb NPUTaMaHHa ANA
MeTaniB, B aTOMax AKMX Ha 30BHILUWHbOMY S-MiAPIBHI MICTUTbLCA NO OA4HOMY
eNeKTPOHY, Ue — Xpom, monibaeH i ocobamso miapb, cpibno, 3o0n0T0.

— L Mipa MarHiTHMX BNaCTMBOCTEN MeETaNiB, AKi

BM3HAYalOTb iX NOBeAiHKY Y MarHiTHomy noni. Metanu 3 HeraTUBHOK MarHiTHOO
CMPUNHATANBICTIO, AKi BUABAIOTb OMip MAarHiTHUM CMNOBUM NOJIAM, HA3MBAKOTLCA

. [10 HUX HanexaTb bepunin, UMHK, KaAMil, PTYyTb, ranin,
repmaHin. MeTtanm 3 NO3UTUBHOI MArHITHOK CNPUMNHATAMBICTIO, AKI Aobpe
NPOBOAATb MArHITHI CUAOBI NONA, HA3MBAOTb NMapamMarHiTHI MeTasnun, a MeTanmn 3
0Cc0611MBO BUCOKOK MArHiTHOK CIPUNHATAMBICTIO — depomarHiTHi metanu.
[MapamarHiTHUMK € NYXKHi, TYKHO3EeMeNIbHi MeTanun i meTanun nobivyHux niarpyn, a
dbepoMarHiTHUMM — TiNbKK 3ani30, KOOANLT, HiKeb, rAA0NIHIM N ANCAPO3il.
depomarHeTnam 36epiraeTbca ine A0 NeBHOI KPUTUYHOI TEMNEPATYPU — TaK
3BaHOi TOYKM Kiopi, — BMLLE AKOI 3a/1MLLIAIOTbCA 3BUYAMNHI NapaMarHiTHi
B/1IACTUBOCTI.



OI3NUYHI BJTACTUBOCTI METAJIIB
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depomarHiTHi meTanu



XIMIYHI BJIACTUBOCTI METAJIIB. BBAEMO/IA 3

HEMETAJIAMHA

» TanoreHun. Cepep ranoreHiB OKUCHIOBaAIbHA 34aTHICTb 3MEHLLYETLCA NPU
nepexogi Big dTopy Ao nogy, tomy F, i Cl, okucnototb BCi metanu, Br, —
6inbLwicTb, a |, — TiNbKM HaNaKTUBHILWI. [pW LLbOMY aKTUBHI MeTanu LWBUAKO
3ropATb B atmocdepi F,i Cl,, 3 bBpomom peakuisa BigdysaeTbcA NOBiNbHiLLE,
a 3 MIOAOM — MNP NiaNaNtOBaHHI peaKkuinHoT cymili. BHachigoKk B3aemogaii
YTBOPIOKOTLCA CONi — rasioreHian meTtanis:

» 2Ag + F2 = 2AgF,
» 2Fe +3CI2 = 2FeCI3,
» 2Al + 312 = 2Al13.

anoreH MeTtan MpopykT
F,, Cl, Bci
Br, no Agy PCEN MHal,

no Cuy PCEI

a 0 G
3ropsiHHA meTaniB B aTMmocdepi ranoreHis:
a) marHito y xnopi; 6) marxito y noai; B) 3anisa y xnopi



XIMIHHI BJIACTUBOCTI METAJIIB. BBAEMOAIA 3

HEMETAJIAMHA

>

KuceHb. 3 KNCHEM 33 TUX YN iHLLIMX YMOB B3aEMO/IOTb MalKe BCi MeTann, ane

MEHLL eHEeprinHo.

AK NPOAYKTU, AK NPABUIO, YTBOPIOOTLCA OKCUAN METANIB, MPUYOMY HE

060B’A3KOBO BULL:
2Mg + 0, = 2MgO,

2Cu + 0, = 2Cu0,

4Al +30, = 2Al,0,.

JNIy>KHi meTanu (3a BUHATKOM NiTito, AKMIN OKMCAIOETLCA A0 okeuay Li,O) yTBoptooTb
NepoKCnam, e OKCUreH Ma€ CTyniHb OKMCHEHHA —1, Y HaANepPOKCUAMN, B AKUX
OKCUTreH BUABNAE AP0H6OBUI CTYNiHb OKUCHEHHA —1/2:

2Na + O, = Na,0,,
2K + 20, = K,0,.

Metan [MpoaykT

JTyxKHi | nyxHO-3emenbHi (1A M.O

l1A rpynu) 2=2
O,

OcTanbHble M,O,

3onoto (Au)

X — CO MeTany




XIMIHHI BJIACTUBOCTI METAJIIB. BBAEMOAIA 3
HEMETAJIAMHA

» CipKa. I3 cipKoto, 0cob6a1MBO Npu HArpiBaHHi UM 'y
PO3MNaBAEHOMY CTaHi, pearye 6inblicTb MeTaniB 3
YTBOPEHHAM BiHapHMX CNONYK — cynbdigm meTanis,

X

MoeTanHui nepebir peaku,ii, Wo BiabOyBaeTbCS
NPU B3aEMOAII MArHito 3 CiPKOK 33 CXEMOIO

HanpuKnaa:
» /Zn+S=17n§,
» Ca+S=C_Cas.
Metan MpoaykT MpuMmiTKn
TTy>xHi | ny>kHO-
- 3 BUBYyxom
3eMenbHi M,S,
S | IHwi Mpwr HarpiBaHHi
Pt PtS ApibHoaMcnepcHa
3onoto (Au) -

X — Cco MeTany

Mg + S = MgS



XIMIHHI BJIACTUBOCTI METAJIIB. BBAEMOAIA 3
HEMETAJIAMHA

BogeHb. 3 BOAHEM B3aEMO/iHOTb NEPEBAXKHO aKTUBHI meTanun. MpoayKTammn B3aemogii € biHapHi cnonyku —
riapuam metanis, AKi OyBalOTb TAKUMMU:

conenopgibHi, AKi npeacTaBAeHi rigpnaamun NyXKHUX i Ny>KHO3EMENIbHUX METANIB, WO YTBOPHOOTLCA BHACNIA0K
6e3nocepeaHbOi B3aEMOiT MiXK NPOCTUMWN PEYOBUHAMMU:

2Na + H, = 2NaH.

ConenogaibHi riopmuan metaniB XxapaKTepmnsytoTbCa IOHHUM TUNOM 3B’A3KY, BUCOKOO BiAHOBAKOBA/IbHOI 34aTHICTIO,
A06pOoto PO3YMHHICTIO ¥ BOAI, NpU AKiM BiabOyBa€ETbCA AOCTaTHbO OYypXnBa peakLin:

2NaH + H,0 = 2NaOH,;

meTanonoaibHi rigpnaun, AKi 3a xapakTepom XimivHOro 38’A3Ky 6/1M3bKi 40 MeTaniB, a 3a CKNaA0M HanexaTb A0
6epTonigis, TO6TO HEe MatoTb GiIKCOBAHOTO CTEXIOMETPMUYHOIO CMiBBIAHOLWEHHA MiXK KOMMNOHEHTAMM:

U+H,=UH,3;

KOBaNEHTHI rigpuam, AKMM nputamaHHa nosiimepHa npupoaa, — Ue rigpuan Takux meTanis, ak Be, Mg, Al, Cu, Zn

Ta iH.:
[a3 |Metan [pogykT YmoBu
2Al + 3H, = 2AlH,. PR —"
N, |3eMmenbHi NagN; CagN, 1—120700000_
AKTUBHI AIN; TiN,; Zn;N,
Ty>kHi i ny»HO- MH
3eMerbHi MH,
B MeH, i MeH, T(S-Ogcz%—
H, |[IVB MeH,
VB MeH

metanu VIB, VIIB i VIIIB rpyn (kpiMm Pd) npu nornmHaHHi
BOZHI0 HE YTBOPKKTL NEBHUX XiMIYHUX CMOMNYK




XIMIHHI BJIACTUBOCTI METAJIIB. BBAEMOAIA 3
HEMETAJIAMHA

» HiTporeH € cnabKnum OKMCHMKOM 3aBAAKU HAA3BUYANHO
MiLLHOMY XiMiYHOMY 3B’A3KY, TOMY Ha binblUy YaCcTUHY
MeTaniB BiH He Ai€. J/lnwe aedaki metanm 34aTHI 3ropATU B
aTMmocdepi HiITporeHy 3 yrBopeHHAM BiHapHUX CMONYK, AKi
Ha3MBAOTbCA HITPUAM, @ 38 KIMHATHOI TemnepaTypun y
pPeaKLUito 3 HUM MOXKe BCTYNaTu TiNbKK NITIN:

6Li+ N2 = 2 LiaN
2A1+ N2 —E 32AIN

Mg+ N2 —5 5 MesN:



XIMIHHI BJIACTUBOCTI METAJIIB. BBAEMOAIA 3
HEMETAJIAMHA

» IHWI cnabkKi OKNCHMKK (BYyrneub, KpemHiii, 6op) npu
BMCOKiM TemnepaTypi yTBOPIOOTb 3 meTanamu biHapHi
Crnonykn — Kapbign, cuniuman, 6opuam BianosigHo.
[na 6aratboX i3 HUX XapaKTEPHI BUCOKA TBEPA,CTb
(hanpuknag, WC, TiC, CrB,), »kapomiuHictb (ZrC, MoB;,
TiN, ), ximiyHa cTinkictb (TiN,, ZrN), TOMy BOHM
3aCTOCOBYIOTbCA AAK abpa3nBum, BOrHETPUBU, MaTepianm
Pi3a/IbHUX IHCTPYMEHTIB, }KAaPOMIiLHi Ta XiIMIYHO CTiMKi
NOKPUTTA. MeTan MpoaykT YmoBY

MetaHign M,C,

AKTUBHI .
C AueTtineHign CaC, 003NNaE

d-enemMeHTU HecTexiomeTpuyHi
kap6ian WC, ZnC, TiC

ManoaKkTuBHi —

X — CO MeTaly



XIMIYHI BJIACTUBOCTI METAJIIB. BIIHOLIEHHS
710 BOJIU

=
lMocnabnerns 8ioHOBM0OBANLHOI GKMUBHOCMI Memarnie
Li, K, Ba, Ca, Na, Mg, Al, Mn, Zn, Cr, Fe, Co, Sn, Pb, H,, Cu, Hg, Ag, Au
Li - s-meTanu, Pb - p-metanu, Ag - d-metanu
»  BinbLWicTb MeTaniB He PO3YMHALOTLCA Y BOAI, OAHAK MaMXKe BCi s-enemeHTH, Kpim bepunito Be, BcTynatoTb 3
HEe y XiMiYHY peaKL,ito 3 yTBOPEHHAM BignNoBiAHOI 0OCHOBM i BogH0. Mpn ubomy pybiagint Rb i uesin Cs

pearyoTb i3 BUbyxom, Kanin K — i3 camo3arimaHHAM BOAHIO, AKUI BUAINAETbCA BHACNIAOK peaKLii, HaTpil
Nai nitii Li — 6ypxnmso, a metanu lIA-nigrpynu — 6e3 3ropAaHHA:

» 2Na+2H,0 =2NaOH + H, 1,

» Ba+2H,0=Ba(OH), + H,.

» p-EnemeHTH, HE3BAXKAIOUYMN HA Te, LLO CTOATb Y PAAI HANPYr 40 BOAHIO, HE MOXKYTb PO3K/1aCTU BOAY, OCKI/IbKK
iX MOBEpPXHA MOKPUTA XiMiYHO CTIMKOK OKCUAHO NAIBKOLO, LWiNbHO 3'€AHaHO0 3 meTasioM. OaHaK AKLWO
BUAANIUTU 3aXUCHY MIBKY UM MepeBecTy MeTasl Y TOHKOAUCNEPCHUI cTaH (Y BUrsa4i NopoLLKy), TO AesKi 3
HUX 30aTHi PO3YNHATUCA Y BOAIi, HANPUKAAA, a/IlOMIHIN MOXKe B3aEMOAIATU 3 PiAKOI BOAOI NPU KiMHATHIN
Temneparypi, a ranivn — npu NiABULLEHIN TemnepaTypi 3 Napamu BOAM:

»  2Al+ 6H,0 = 2AI(OH); + 3H, 1,

» 2Ga+3H,0 =Ga,0; + 3H,T.

» Cepepg d-enemeHTiB TiNbKWU NaHTaH BCTYNAE y PeaKL,ito 3 BOAOH

» 2La+6H,0 =2La(OH); + 3H,1.

» [lia BOAM Ha MeTaNIn NOCUNIOETLCA 33 HAABHOCTI PO3YMHEHOTO B Hill KUCHIO. [TpU LbOMY AESKi ManOaKTUBHI
MeTan, AKi 3a 3BUYaNHUX YMOB He B3aemMogitoTb 3 H,O, OKUCAIOIOTbCA aepOBaHOO BOAOKO 33 CXEMOIO

»  2Me +nH,0 + 0,5n0, = 2Me(OH). .



XIMIYHI BJACTUBOCTI METAJIIB. BIIHOIIEHHS
710 KUCJIOT.

4

3a XxapaKTepom aii, B TOMY YUC/I MO BiAHOLWEHHIO A0
MeTaNiB, KNCNOTM YMOBHO NOAINAKTb Ha ABi rpynu:

HEOKUCHOBA/IbHI KUCNOTU, B AKUX OKUCHUKOM BUCTYMAE
IOH rigporeHy H*;

OKUCNOBAJIbHI KUCNIOTU, B AKUX OKUCHUKOM € KUCNOTHUMN
3a/IMLLOK 33 PaXYHOK LEeHTPa/IbHOro atoma, LWo

nepebyBa€e y MaKCMManbHOMY YN AOCTAaTHbO BUCOKOMY
CTyNeHi OKNCHEHHA.

Kpim TOro, 3aneXHo Bif, KiZIbKICHOrO BMICTY KUCNOTU Y
PO34YMHIi BOHU MOXKYTb OYTU KOHLEHTPOBAHUMMN |
po3BEeAeHUMM, O TAKOXK BMNJIMBAE Ha WAAX nepebiry
peakuil Ta CKiag NPOAYKTIB, AKI NPU LLbOMY YTBOPHOOTbLCA.



XIMIYHI BJACTUBOCTI METAJIIB. BIIHOIIEHHS
710 KUCJIOT.

» HeoKkucHoBanbHi KMcn0TU (po3BeaeHa cynbPaTHA
H,SO,, ranoreHosogHesi HF, HCI, HBr, HI, opTodocdaTtHa
H;PO,, outosa CH,COOH Ta iHWwi chabki KNCNoTH) AitoTb
TIIbKM HA MEeTaNun, WO CTOATb Y pAAl Hanpyr 40 BOAHHO i
MatOTb MOMITHO BiZ’EMHE 3Ha4YeHHA CTAaHAAPTHOrO
e/IeKTPOoAHOro NoTeHLiany.

» Y pe3ynbTaTi Taknx peakuin BUAINAETLCA BI/IbHUM BOAEHDb
| yTBOPIOKOTHLCA COI.



XIMIHHI BJIACTUBOCTI METAJIIB. BIJHOIIEHHA
10 KHUCJIOT.

» Chnig B3ATM A0 yBarn AeKisibKa BaXXMBUX MOMEHTIB.

» To-nepuwe, AKLWO MeTaN 34aTHUN BUABNAATU Y CNOJIYKaX AEKiIbKa CTYNEHIB
OKWUCHEHHSA, TO HEOKUCHOBA/IbHI KUCNOTU OKUCTHOIOTb MOro MiHiManbHO.
Hanpuknag, Fe i Cr TaKMMKM KUCIOTaMU OKUC/TIOKOTBLCA TiJIbKM A0 CTYNeHHA
OKMCHEHHA +2:

» Fe + 2HCl = FeCl, + H, T,
» Cr+H,S0,p035) = CrSO, + H, T

» Mo-gpyre, Aesaki meTanun, CTaHAAPTHUN eNeKTPOAHUN NOTEHLiaN AKUX
61M3bKUIN A0 HYNA, MalXKe He B3aEMOAIIOTb 3 HEOKUCHOBAIbHUMM
Kncnotamu. Lle nos’A3aHo i3 3HAYHOIO NepeHanpyrow BUAINEHHA BOAHIO Ha
Taknx meTanax. Hanpuknaga, cTinknmum o Aii po3seaeHoi cynbPaTHOI,
XIOPUAHOI Ta CNabKMX KUCNOT € MeTaNIn: Fanin, Bonbdpam, iHAiN.

» To-TpeTe, AKLLO NPOAYKTOM peaKLil MeTany 3 HEOKUCNOBA/IbHOLO
KWCNOTOK € MAJIOPO34YUHHA CiNlb, TO BOHA NOKPUBAE NOBEPXHIO MeTany
NNiBKOK | TUM 3aXMLLLAE MOTO BiA NOAANbLUOI B3aEMOAiT, HANPUKAaa,:

» 2Al + 2H,PO, = 2AIPO,, + 3H,M,
» Pb +H,SO = PbSO, + H, 1.

4(posB.)



XIMIHHI BJIACTUBOCTI METAJIIB. BIJHOIIEHHA
10 KHUCJIOT.

» OKUCNKOBAIbHI KUCNOTKU, A0 AKUX HANEXKATb: HITPATHA
kncnota HNO; 6yab-AKOI KOHLEHTpPAaL,il, KOHLEHTPOBaHa
cynbdatHa H,SO, Ta iHWIi KNCNOTK, OKNCNIOBAJIbHA
34aTHICTb AKMX 3YMOBNIOETLCA HE HAABHICTIO IOHa H, a
B/IACTUBOCTAMM HEAMNCOLLIMOBAHUX MONEKY/T CAMUX
KWUC/IOT UM IX aHIOHIB.

» OKMCNOBaNbHI KUCNOTU B3AaEMOAIOTL i3 YCiMa meTanamu
BiA, NOYaTKy pAAy Hanpyr Ao cpibna BkAOYHO.

» OcobuBICTb ATl OKUCNOBANBbHUX KNCNOT NONATAE B TOMY,
LLLO BOHW OKUCNIOIOTb MeTan 6e3 BuaineHHA BOAHIO.



XIMIYHI BJACTUBOCTI METAJIIB. BIIHOIIEHHS
710 KUCJIOT.

>

MacuBauia - ue HabyTTa TEPMOANUHAMIYHO HECTIMKMM META/IOM
KOPO3iNHOI CTIMKOCTI BHAC/NiAOK YTBOPEHHA Ha MOro NOBEPXHI LWiIbHUX
HernopyBaTUX NJIIBOK i3 MAaJIOPO3UYMHHUX CNOJYK, AKI 3aXMLLAOTb MeTan BiA
PYMHYBaHHA.

CXUNbHUMM A0 NacmBaLii meTanamm € antomiHin Al, xpom Cr, 3ani3o Fe,
TMTaH Ti Ta iH. 33 CXMABHICTIO A0 NAcUBaLil HAMNOWMPEHILi Y TEXHIU,
MeTann Po3MilLyoTbCA Y pAA;:

Be>Al>Ti=V>Ta>Cr>Nb>8Sn>Fe>W=>Cd>Mo >
=Co>Ni=Pb>Cu>Pd>Ir>Pt> Ag > Au.

Mpn KOHTaKTi TakKUX meTanis (Hanpuknag, antominito Al, xpomy Cr um 3ani3a
Fe,) 3 OKMCNOBANbHUMM KUCIOTAMM HA MOBEPXHI CXUNbHUX A0 NacuBaw,ii
METaNiB BUHMKAE 3aXUCHA MJ1iBKa MaJIOPO34YMHHUX CNOAYK, WO 36epirae
MeTa Bia NoAaNbLLIOrO PO34YMHEHHA Y KUCNOTI, TOMY NMPU KiIMHATHIW
TemnepaTtypi peakuia MUTTEBO NPUNUHAETLCA. Aslie NPU CUIbHOMY
HarpiBaHHI 3aXMCHa NNiBKA PO3YNHAETLCA | TOAI NOYMHAETLCA B3aEMOLA
MeTany 3 KUCNOTOHO



XIMIYHI BJIACTUBOCTI METAJIIB. BIAHOLIEHHA
10 KHUCJIOT.

Mpn cunbHOMy HarpiBaHHi Fe (a) i Al (6) 3
KOHLUEHTPOBAHOI HITPATHOO
KMCNOTOI 3aXMCHA NJIiBKA Ha NOBEPXHiI meTany
PO34YMHAETHLCA i BiabyBa€eTbCA B3aEMOAIS MeTany 3
HNO,, BHacnigok akoi Buainaetbca bypui ras NO,



XIMIYHI BJIACTUBOCTI METAJIIB. BIAHOLUEHHA
10 KHUCJIOT.

» 3 MipKyBaHb TEXHIKK Be3NeKn He NPOBOAATb PEaAKL,it0 NYHKHUX
i BiNbLWOCTI NY)KHO3EMENbHUX MEeTaNiB 3 KOHLEHTPOBAHMMM
CYNbPATHOIO | HITPATHOK KUCIOTAaMM, OCKIZIbKU TaKa B3aEmMoAin
CYNPOBOAKYETbCA CUIbHUM BUOYXOM

B3aemogis HaTpito Na 3 KOHLEHTPOBAHOO cy/ib$haTHOO
KWUC/IOTOO NPOXOAUTb 3 BUDYXOM:
a) koHueHTpoBaHa H,SO,, B AKy onycKatoTb LMaTo4oK Na;

6) nepebir peakuii Na 3 H,SO,,0.4)



XIMIYHI BJACTUBOCTI METAJIIB. BIIHOIIEHHS
710 KUCJIOT.

>

KoHueHTpoBaHa cysibdaTHA KUCNOTA, OKUCAOBAIbHA 34aTHICTb AKOI
BUABNAETLCA 33 PaxyHOK cynbdypy (+6), npu B3aemogii 3 metanamm
3a/1eXXHO0 Bif, X aKTUBHOCTI, TemnepaTypu cepenosuula, CTyneHs
KOHLEHTPYBAaHHA KMCNOTM MOXKe BiAHOB/IIOBAaTUCA NO-Pi3HOMY.

ManoakT1eHi MeTanu BifHOBNOOTL CyNnbPaTHy KNMCAOTY H,SO, 00, ) 80 SO,,
Hanpuknaa:

2Ag + 2H,SO = Ag,S0, + SO, + 2H,0,

4(KoHu,.)
MeTaNn cepeaHboi aKTUBHOCTI — A0 BiNIbHOI cipKu S(0):
3Ni + 4H,504,0,,,) = 3NISO, + S + 4H,0,

aKTUBHI MmeTanun — nepesaxHo Ao H,S:
4Mg + 5H,SO =4MgS0O, + H,ST* + 4H,0.

4(KoHu,.)
[MpogykT BIQHOBNEHHSA
KoHueHTpauis kucnotn w, %
Metanu 2?12 15<i<d0 fﬂg
AkTUBHI 0o Zn H,S
CepenHb0oT akTUBHOCTI Big Zn Ao H, S
Pb SO, (T)
ManoakTueHi Big Ge oo Ag - -




XIMIYHI BJIACTUBOCTI METAJIIB. BIAHOLUEHHA
10 KHUCJIOT.

» KOHUEeHTpoBaHa HITPATHA KUCAOTA MNP B3aEMOAIT 3
MeTa/laMM BiAHOBAOETbCA, AK NpaBuao, A0 byporo rasy —
HiTporeH (V) oKkcuay, a meTan Npu LbOMY OKUCHOETHCS
HaMyacTille A0 MaKCMManbHOro (YM AOCTaTHLO BUCOKOTO)
CTYNEeHA OKUCHEHHA, HanpuKnaa;

» Cu +4HNO = Cu(NO,), + 2NO, ™ + 2H,0,

3(koHL,.)

3(KoHu.) —

» Sn + 4HNO =H,SnO;{ + 4NO,T + H,0.

[NoeTanHa B3aemoAisa onoBa Sn 3
KOHUEHTPOBAHOIO HITPATHOIO
kucnototo HNO;, BHacnigok akoi
BuAinAeTbca bypunt ras NO,




XIMIYHI BJACTUBOCTI METAJIIB. BIIHOIIEHHS
710 KUCJIOT.

» Po3BeaeHa HITpaTHA KNCNOTA Y peaKkLuiax i3
MmanoaktmsHumm metanamum (Cu, Ag, Hg, Pb) Bnainse
HiTporeH (1) okcua:

» 3CuU + 8HNOj o) = 3CU(NO,), + 2NOM + 4H,0,
» 3Hg + 8HNO, 0.0 = 3HE(NO,), + 2NO + 4H,0,
» 3Ag + 4HNO, o) = 3AgNO; + NOM + 2H,0.

B3aemogaia pTyTi:
a) 3 KOHUEHTPOBAHO HITPaTHOLO
| — KMCNOTOIO;
& 6) 3 po3seaeHoto HNO,




XIMIYHI BJACTUBOCTI METAJIIB. BIIHOIIEHHS
710 KUCJIOT.

» IHKO/IN AeAKi MeTanu, Wo CToATb YCEPEAUHi paay Hanpyr
(Fe, Cd, Ga), moKyTb BiAHOBUTU PO3BEAEHY HITPATHY
kucnoty go N,O uum go BizibHoro asoty N,:

» 10Fe + 36HNO = 10Fe(NO,), + 3N, + 18H,0,

3(po3B.) —

» 4Cd + 10HNO; o, ) = 4Cd(NO;), + N,O + 5H,0.



XIMIHHI BJIACTUBOCTI METAJIIB. BIJHOIIEHHA
10 KHUCJIOT.

» [ly»Ke po3BeaeHa HiTpaTHa KMCN0Ta B3AEMOE 3
akKTMBHMMKN meTanamu (Mg, Al, Zn, V, Nb) 3 yTBOpeHHAM
amoHiaKky NH; (un ioHa amoHito NH,+), akun pearye 3
HaAJIMLWLKOM KUCNOTU | A€ HITPAT aMOHIt0, HAanpuKnaa,:

» 4Mg + 9HNO, ..+ = 4Mg(NO;), + NH; M + 3H,0,

» 8Al + 30HNO, .. ) = 8AI(NO,); + 3NH,NO; + 9H,0.



XIMIYHI BJACTUBOCTI METAJIIB. BIIHOIIEHHS
710 KUCJIOT.

» OT)Ke, y 3araJibHOMy BUNAAKy 0cObaMBOCTI B3aEmoa,ii
meTaniB 3 HNO; i xapaKTep NpoAyKTiB, WO YTBOPIOKOTHCA,
3a/1eXKaTb Big aKTUBHOCTI MeTany, KOHUEHTpauii Ta
KIZ1IbKOCTI KNUCNOTU | YyMOB NPOBeAEeHHA peaKuil

He pearyiots 3 HNO:
By Ab-AKOI KOHUEHTPaUil
Pt _Au
He pearyioTb
Al, Fe,Cr
(nacueauis)
ol HNO0%5,
NO P TNO,N,,
MRS g, NHy, NHNO,
NO NZO [MpogyKT BiAHOBNEHHA HITporeHy A
KoHueHTpauis kucnotm w, %
MeTanu po3BedeHa cepen.KoHL,. KOHLI.
w<15 15<w<40 w>45
AKTUBHI A0 Zn N-3H,NOzor NH;  N,O, N, NO,

CepeaHboi akTMBHOCTI Bif

Zn no Pb N, (T) NO

NO, (T)

ManoakTusHi Big Ge o Ag - NO




PEAKLII 31 CYMILIAMM KHUCJIOT: OKUCHMUK I
JIUTAH/

Au+ HNO, +4HCl - H[Au(Cl, |+ NO +2H,0,
Au’ +4Cl" -3e —>[AuCl, | E =0.82B,

[AuCl, ] /Au

NO; +4H" +3e > NO+2H,0 E =0.96 B,

NO3/NO

Cl" — muranpg; NO; — okucaurens

3Ta+5HNO, +21HF - 3H,[TaF, |[+5NO+10H,0,
Ta’ +7F —5e - [TaF, ], F~ —nmuranp, nemaccuBaTop
NO; +4H" +3e -~ NO+2H,0, NO; — okucauTesb



XIMIYHI BJIACTUBOCTI METAJIIB. BIIHOLIEHHS
J10 JIYTIB

>

v Vv Vv Vv

Y peakuito 3 nyramu BCTynatoTb inwe amdoTepHi meTtanu. Y 3araibHomy
BUNaAKy TEpMiHOM amddoTepHicTb (Big rpeubk. amphoteros — i Ton |
IHWMM) NO3HA4YaloTb 34ATHICTb XiMIYHUX CMONYK BUABAATU KUCNOTHI abo
OCHOBHI B/1aCTUBOCTI 3a/1€XKHO BiJ NPUPOAM APYroro KOMMNOHEHTA, Wo bepe
Yy4acTb Y KUCNOTHO-OCHOBHIN B3aEMOAil.

BinHOCHO A0 meTaniB ampoTEPHUM BBaAXKAOTb MeETaN, 34aTHUM
B33aEMOAIATU 3 IyraMm 3 YTBOPEHHAM CepPeaHiX YN KOMMIEKCHUX CONEN, B
aHIOHI AKMX MICTUTbCA OKUCHEHUN MmeTan. AMPOTEPHI meTann — e
6epunin Be (s-enemeHT), antominin Al, onoso Sn, ceBuHeup Pb, repmanin Ge
( ), UMHK Zn (d-enemeHT).

AKLO B3aemoais BiabyBaeTbCA Y BOAHUX PO34YMHAX, TO YTBOPHOKOTLCA
KOMMAEKCHI riApOKCOCO/i, KOMMAEKCOYTBOPIOBAYEM B AKUX € KaTIOH
am@PoTepHOro meTtany, HanpuKknaa;:

Be + 2KOH + 2H,0 = K,[Be(OH),] + H,M,
Pb + 4KOH + 2H,0 = K,[Pb(OH)] + H,M,
2Al + 2KOH + 6H,0 = 2K[Al(OH),] + 3H, 1,
2Al + 6KOH + 6H,0 = 2K,[AI(OH),] + 3H, 1.



XIMIYHI BJIACTUBOCTI METAJIIB. BIAHOLIEHHA
J0 JIYT'IB

MoeTanHui nepebir B3aemogii atoMiHito 3
JIYFOM i 3rOpAHHA BOAHIO,
LLLO BUAINNBCA BHACNIAOK peaKuil



XIMIYHI BJIACTUBOCTI METAJIIB. BIIHOLIEHHS
J10 JIYTIB

4

[1pn pO3YMHEHHI 0/10Ba Y KOHUEHTPOBAHOMY /Y3
YTBOPHOOTLCA CONi AyXe cnabKoi CTaHITHOI KUCNOTU — CTAHITH:

Sn + 2KOH o, = K;SNO, + H, T,
a Yy po3BeaeHoOMY PO3UYUHI YTy — KOMMJIEKCHITIAPOKCOCTAHITH:
Sn + 2KOH + 2H,0 = K,[Sn(OH),] + H, .

Mpun cnnasneHHi ampoTepPHUX MeTaNiB 3 TBEPAUMM Nyramu
OTPUMYIOTb 3BMYAUNHI cepeaHi coni — bepuaaTtn, antomiHaTy,
UMHKATU | T.IH.:

Be + 2KOH = K,BeO, + H, T,
2Al + 6KOH = 2KAIO, + 2K,0 + 3H, 1,
Zn + 2KOH = K,ZnO, + H,T



XIMIYHI BJIACTUBOCTI METAJIIB. BIIHOLIEHHS
J10 JIYTIB

>

[esaki meTanun xod GaKTUYHO | HE HaneXKaTb A0 aMPOTEPHUX, MOXKYTb
B3aEMOAIATM 3 1yramu 3a HAABHOCTI CUNbHUX OKUCHUKIB. Hanpuknag, akwo
yepes PO34YMH Nyry NponycKaTu nig TUCKOM CTPYMIHb KUCHIO, TO TaKi
MeTanun, K BaHaain V, Hiobin Nb i TaHTan Ta (d-enemeHTn) BCcTynatotb y
pPeakKL,ito 3 yTBOPEHHAM CONen — BaHaAaTiB, HiobaTiB i TaHTanaTIB
BiaNoBiAHO, HabyBalO4YM MAaKCMMaIbHOTO CTYNEHA OKUCHEHHSA +5, 3rigHo i3
3ara/ibHOK CXeMOlo

» 4Me + 50,+ 12KOH = 4K,MeO, + 6H,0.

AHanoriyHo noBoAATb cebe i3 Nyramm 3a HaABHOCTI OKUCHUKIB i d-meTanu
pyTeHin Ru Ta ocmin Os. Mpu cnnaBAEHHI i3 CYMILLILLIIO NYTY | OKUCHMKA BOHM
AaloTb cepeHi coni — pyTeHaATU | OCMATU, B AKMUX CTYMiHb OKUCHEHHA
MeTany AOPIiBHIOE +6:

» Me + 3KCIO + 2KOH = K,MeO, + 3KCl + H,0.



PEAKUII 3 IVTAMU: OKUCHUK ABO/TA JIITAH/I
Cr, W, Mn, Fe u IIp. pEarupyroT CO MIEI0YaMHU TOJIBKO
B ipucytctBuu okucnurens (H,O,,KCIO,, NaNO, u ap.)
2Fe+ 2NaOH +3H,0, — 2NakeO, + 4H,0,

Fe’ +40H™ —3e — FeO; + 2H,0,
H,O, +2e—20H"

H,O, — okuciurels.
4Au +2H,0 + O, +8NaCN — 4Na[Au(CN), | +4NaOH,

Au’ +2CN™ —e —[Au(CN), T, E =—0.611B,

Au(CN), ] /Au

O,+2H,0+4e—>40H", E - 0.413 B,

0, /OH"

CN™ — nmurang, O, — OKUCIUTEB.



XIMIHHI BJIACTUBOCTI METAJIIB. BBAEMOAIA 13
COJIAMHU IHILIWUX METAJIIB

MeTanu y BifIbHOMY CTaHi BUABAAIOTb BiAHOB/OBA/IbHI BNACTUBOCTI, IKi N0C/1abntooTbCA i3 3pOCTaHHAM 3HaYeHHA
CTaHAAPTHOrO e/IeKTPOAHOro NOoTeHLiany Big NOYaTKy pAAy HanNpyr 40 MOro KiHUA, a Y CTaHi NO3UTUBHO 3apAaXKeHUX
iOHIB — OKWCAIOBA/bHI, AIKi Y 3a3HAa4YEHOMY HANPAMKY, HaBMNaKuK, NOCUoTLCA. Lie € nepeaymoBoto Ana BUTICHEHHA
MaN0aKTUBHMUX METaJliB i3 PO3UYMHIB iX CO/lIeN BiNbll aKTUBHMMUM METaNaMm, HaNpPUKIaa;:

» Fe+ CuSO,=FeSO,+ Cu,
» Zn +SnCl, = ZnCl,+ Sn.

HeobxigHo nam’aTaTh, WO HaMbiNbl aKTUBHI MeTaNK, AKi PO3MILLYIOTbCA HA CaMOMY MOYaTKy pAAy Hanpyr, npu
BHECEHHI iX Yy BOAHI pPO34YMHU CONEN MAIOAKTUBHUX METa B BCTYNAKOTb Y B3AEMO/II0 HE 3 Cififko, a 3 BOAOHO, O
MIiCTUTbCS Y PO3UMHI. TaK, AKLLO LMATOYOK Kanito 3aHYPUTU Y PO3YMH CONMi MaNOAKTUBHOro MeTany (Hanpuknag,
CuSO, un Pb(NO;),), To peaKuin BiabyBa€eTbCA 3a CXeMOI0:

» 2K+ 2H,0 =2KOH + H,.

PeaKuiji MiXk meTanamu i NPOCTUMM HEPO3UYNHHUMM CONIAMM MEHLL aKTUBHUX MeTasiB (ranoreHigamu 3arasibHoro
cknagy MeHal,, xanbkoreHigamm MeXSy) 3BMYaMHO BigbyBatoTbCA TiIbKM NPU CUNBHOMY HarpiBaHHiI, Xou i
CYNPOBOAMKYOTbCA EK30TEPMIYHUMM ePeKTaMN:

» Mg +SnCl, = MgCl,+ Sn,
» Be+Ag,S=BeS +2Ag.



XIMIHHI BJIACTUBOCTI METAJIIB. BBAEMOAIA 13
COJIAMHU IHILIWUX METAJIIB

B3aemogia meTany 3 CinAko iHWOro meTany B PO34YUHI:
a) BUTICHEHHA aKTUBHILLOIO MNOPIBHAHO 3 cpibnom miaato KaTioHiB Ag* 3 po3unHy coni AgNO,
BHACNIQOK peaku,ii

Cu + 2AgNO; = Cu(NO,), + 2Ag°,

nNpu UboMy CPibN0 OCaaKYETLCA HA MigHIN NNACTUHL,;

6) Npu 3aHyplOBaHHI MigHOI NIACTUHKM Y PO34MH coni Binblw akTMBHOro metany (ZnSO,) peakuia He
BifAOyBa€ETbLCA;
B) BUTICHEHHA aKTUBHUM aNtOMIiHIEM KaTioHiB Cu2+ 3 pO34YMHY CONi BHACNiAOK peaKui
2Al + 3CuSO, = Al,(SO,); + 3Cu®,
YMCTa Migb OCifA€E HA AHI NOCYAUHI



PEAKIIII 3 COJIAMU 3 YPAXYBAHHAM T'1JIPOJII3Y

Al+Na,CO, +H,0->7?
l. E,.,, =—1.63B>E_ ., =-2.73B;
2.Tunponus: Na,CO, — 2Na* + CO7,
CO:” +H,0 —» HCO; +OH";
3. Peakius Co MIETIOYBIO :
Al’ +40H™ -3e —[AI(OH), ],
2H,0+2e—>H, +20H ;
4. CymMmmapHas peaxkus

2Al+2Na,CO, + 8H,0 — 2Na[Al(OH), ]+ 2NaHCO, + 3H,



PEAKIIII 3 COJIAMU 3 YPAXYBAHHAM T'1JIPOJII3Y

Fe+ AICL, + H,0 —?

0 0 .
LE', =-163B<E’, =-044B;
2. Tuapomus : AICL, — 3C1 + Al
Al +H,0 — AIOH*" + H™;

3. Peakius ¢ KUCIIOTOU
Fe’ —2¢ — Fe*",
2H"+2e—>H,;

4. CymMapHas peaxIus :
Fe+ 2AICIL, +2H,0 — Fe(Cl, + 2AI0HCI, + H,



3aranbHi XimidyHI BNacTUBOCTI meTanis

&i K Ba Ca Na Mg Al Mn Cr Zn Fe NiSn Pb (H) Cu Ag Hg Pt Au

BiAHOBHI BNACTUBOCTI NOCUNIOIOTLCA

B3aemoaitoTb 3 HeEmeTanamm

B3aemopnitoTb 3 | B3aemoaiioTb 3 BOAAHOK NApoKo

BOAOIO 32 3a BUCOKMX Temneparyp 3
3BUYANHMUX YTBOPEHHAM OKCUAY | BOAHIO
YMOB 3
YTBOPEHHAM

Nyry i BOAHKO

3 BOAOK He
B3aEMOAIOTH

B3aemopjitoTb 3 po3unmHamm KMcnoT (kpim HNO,)3
YTBOPEHHAM COAI | BOAHIO

3 PO3YMHAMM KUCNOT
He B3aEMOAITH

B3aemopaitotb 3 HNO, Ta KOHUeHTpoBaHow H,S0,3 yTBOpEH-

HAM COni, BoAW M oaHiel i3 cnonyk Hitporeny un Cynbdypy

|
B3aemoaitoTb 3 pO3YMHAMM CONEN, BUTICHAOYM MEHLL aKTUBHI MeTanu

AmdotepHi metanu ( Hanpuknag, Zn, Al) B3aeMogjtoTb 3 nyramu




B3AEMOAIA PISHUX METAJIIB. CIIJIABH

» MeTaniyHi cnaasu — Ue PEeYOBUHU, WO MAOTb TUNOBI
MeTaNiYHi BNaCTUBOCTI Ta CK1a4aloTbCA i3 ABOX YM Dinblue
e/IeMEHTIB, 13 AKMX MEHLLOIO MIPOO XO4Y OAHUM € MeTarnl.

» BnactnuBocCTi cnaasiB 3HAYHO BIAPIZHAKOTLCA Bif,
B/JIACTUBOCTEN TUX KOMIMOHEHTIB, WO BXOAATb A0 CKAaay
cnnaasy. Hanpuknaa, MmiuHiCTb HAa PO3PUB Y NaTyHiI (cnnasy
Mifi 3 LMHKOM) Y TPU pa3un BULLLA, HIXK Y YMUCTOI Migi, iy
LIICTb PA3iB, HIXK Y YACTOrO LUMHKY. 32 NeBHUMU O3HAKaMM
PO3PI3HAOTb TaKi CNAaBU: XapPOMILHIi, }apOCTiMKi,
aHTUOPUKLINHI, KOPO3IMHOCTINKI, Nerki, Haanerki, CTinKi
[0 3HOLWYBAHHA, @ TAKOXK Ti, LLLO MatoTb 0cobMBI
BN1aCTUBOCTI, @ Came: Tenno0Bi, e/IeKTPUYHI, MAarHiTHI TOLWO.



B3AEMO/IA PISHUX METAJIIB. CIIJIABH

OpepXkaHHA cnaasis. Ansa oaepXaHHA cnnasiB po3pobieHi YNCNEHHI
cnocobun. HanyacTiwe BUKOPUCTOBYIOTb TaKi:

»  KPUCTanizauia Npm OX0N0XKAEHHI pO3nNaaBAeHUX KOMIMOHEHTIB;

> CYMiCHe eNleKTPoOoCaaKeHHsA TBepaoi ¢asm i3 po3vnHY YuM 3 ra3oBoi pasu;
»  ANPY3ilHE HACUYEHHA O4HOr0 KOMMOHEHTA IHLWNM.
>

Mpupopga cnnasiB byBa€ Pi3HOW 3aN1€XKHO Bif iIHAMBIAYA/IbHUX
XapaKTEPUCTUK, Oya0BU | BAACTUBOCTEN METaNiB, 3 AKUX CKNAJAETbCA
CNNaB, a TaKOX Bi MOX/IMBOCTI XiMIYHOI B3aEMOAil MiXK HUMU Ta B3AEMHOI
PO34YMHHOCTI. Cnig, YTOYHUTU, LLO HEMAE MeTaiB, abCONOTHO HEPO3UYMHHUX
OAWH B OQHOMY Yy TBEPAOMY CTaHi, OAHAK AKLLO IX B3AEMHA PO34YMHHICTb He
NepeBULLYE COTOI YaCTKU BiACOTKY, TO TaKi MeTaan NPUNHATO BBaXKaTuH
HEepPO3YNMHHUMMN. [lesaki meTanu (nyXHi, marHin, 6epunin) e noraHMMmm
PO3YMHHUKAMM | CaMi NOraHO PO3YMHAIOTLCA B iIHWNX MeTanax. na cucrem
3a IX Y4aCTHO HaMYacCTille CNOCTePIraeTbCcA po3LlapyBaHHA B pigKin ¢pasi
(Hanpuknap, Na-Al, K-Fe, Li-Cs Ta iH.). Y TaKux cuctemax KOMMNOHEHTU
KpuctanisytoTbea (i nnaBnaTbCA) HE3aN1EXHO OAMH Bia oaHOro npu 6yab-
AKUX KINbKICHMX CNiBBIAHOLIEHHAX.

v



GA30BI AIATPAMU CTAHY
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[iarpama cTtaHy gnAa cnnasy metanis A i B, Hepo34YMHHUX
OAWH B O4HOMY Yy TBEPAOMY CTaHi:
E — eBTEKTMYHA TOYKA (piBHOBara pigKoi ¢pasu i
eBTEKTUYHOI cymili ApibHUX KpucTanis)



[IPUPO/IA CIIJIABIB

» 3 ypaxyBaHHAM NPUPOAM CNNABIB PO3rNAAAI0OTb TPM OCHOBHUX BUMAAKM.

» MexaHiyHi cymiwi, WO CKNa[atoTbCA i3 CYKYMHOCTI OKPEMUX KPUCTANITIB KOXKHOTO
KOMMNOHeHTa (To6To 3epeH HEBENMKNX MOHOKPUCTANUKIB). MexaHiuHi cymiuli
MOXYTb YTBOPIOBATUCA METaslaMU, AKI MatOTb BUCOKY B3AEMHY PO3UYUHHICTb Y
PO3MNaBAEHOMY CTaHi | YTBOPIOKOTb TOMOreHHI PO34YnHK, ane y TBepAOMY CTaHi He
PO3YNHAIOTLCA | HEe B3AEMOAIOTb O4MH i3 O4HUM.

»  MexaHiYHi cymiwi oTpMMYIOTb NPU CYMICHIN KpUCTani3auii meTanis, AKi CyTTEBO
BiAPi3HAIOTHCA 33 TUNOM KPUCTaNiYHOI rpaTkn, Hanpuknag, Pb-Sn, Pb-Sb, Cd-Bi, Sn-
Zn.

» TemnepaTypa KpucTtanisauii (6o nnaBieHHA) TAaKOro CNAaBy 3a1eXUTb Big,
cniBBiAHOWEHHA KOMMNOHEHTIB.

»  CKnag mikporeteporeHHoOI MexaHi4YHOI Cymilli KpucTaniyHux teepamx das, AKomy
BiANOBIAA€E MiHIMaNbHa TemnepaTypa NNaB/leHHA, HA3MBAETLCA €BTEKTUKA.

» Hanpwuknag, ana cymiwi 87% Pb 1a 13% Sb eBTeKTMKa Ma€ TemnepaTypy NiaB/ieHHS
i KpucTanizauii 246°C, B TOM Yac AK TemnepaTypu NiaBJeHHA OKPEMUX KOMMOHEHTIB
CTaHoBANATb BignosiaHo ana Pb 327°C, a ana Sb 631°C.

» Cnnas, ANa AKOro TemnepaTtypa nnaBneHHs 36iraeTbca 3 TemnepaTypoto
KpWcTanisau,ii, Ha3MBAETbCA KOHIPYEHTHUIA CNNaB.



HA ®A30BIU JIATPAMI MEXAHIYHUX CYMIIIEHU
MOXHA BUAIIUTU IT'ATh OBJIACTEHU

>

Temnepamypa

Mepwa — pigKkuMn cTtaH, TOBTO rOMOreHHMM po3naas meTanis A i B. TOUKM Kpnsux
Kpuctanisauii T, Ai T B, WO nexKaTb Ha OCAX OpAMHAT, BiANOBIAAOTb
TemnepaTtypam nnaBneHHs (i ogHo4YacHO — KpucTanidauii) ynctux metanis A i B.
3riaHoO 3 ApYrMm 3aKOHOM Payns po34mH KPUCTaNIi3yETbCA NPU HUXKUYNIN TEMNEpPaTYPI
NOPIBHAHO 3 TeMMepaTypoo KPUCTaNisauil YNCTOro PO3YNHHMKA. Tomy y mipy
A00aBaHHA 00 YNCTOro meTtany A AOMILLOK meTany B i npun gogasaHHi 40 YNCTOro
meTany B gomiwok A byae cnocTtepiratuca 3HUMKEHHA TeMnepaTypu Kpuctanisau,ii
Ccymiwi. EBTEKTMYHA TOYKa E Hanexxntb 06om KpmMBUM i BignoBiga€e Kpuctanisauii
€BTEKTUYHOIO CK/1Ia4y CYMilli, O KPUCTANI3YETbCA NPU HAMHUKYNIA TeMNepPaTypiI.

AK npuKknag $a3oBoi Aiarpamu CNNaBy, WO HANEKUTb A0 MEXAHIYHUX CyMilLen,
MOHa HaBECTU CUCTEMV KaaAMiN—BiCMyT
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TBEP/II PO3YHUHHA

TBepAai po34MHM — U rOMOreHHi CUCTEMMN, Y BY3/1aX KPUCTANIYHMX TPATOK AKX PO3MILLYIOTLCA NOYEProBO aTOMM
MEeTani., WO BXOAATb 40 CKNAAAy CNAABY i MalOTb HEOOMEKEHY B3AEMHY PO3UYMHHICTb AK Y PO3MN1aBAEHOMY, TaK iy
TBEPAOMY CTaHi. TBepai po34nHM NoaibHO A0 pigKUX ABNAKOTb 0600 pa3m 3MIHHOIO CKNaay, AKi nepebyBatoTb Y
CTaHi TepMOANHAMIYHOI piBHOBArw.

OaHak, Ha BIAMIHY Bif, piaKUX, ANA TBEPAMX PO3YUHIB NPUTAMAHHI TaKi O3HAKU: HAABHICTb Aa/IbHbOIrO NOPALKY,
6inbl CMNbHA B3aEMOAIA MiXK YaCTUHKAMM | TPUBANILLNIK Yac AOCATHEHHA CTaHy pPiBHOBaArw.

Y piarpami ctaHy gna TBepaoro po3vymHy 3 HeoObMeXKeHO B3AEMHOK PO3UYUHHICTIO METANIB HA NPUKAAAI CUCTEMU
Cu-Ni BepxHA KpuBa NiHifA, AKA Ha3MBAETbCA NiKBiAYyC, MOKA3YE 3a/IEXKHICTb TEMNepaTypun NoYaTKy Kpuctanisauii (4m
NOBHOMO PO3M/aaB/AEHHA) BiZ CKNaZy CUCTEMMU, @ HUXKHA — COJMiAYC — 3aNeXHiCTb TemnepaTypu NOBHOIO TBepAiHHA
(41 noyaTky NnaBAEeHHA) Bif, CKNady cuctemu. Yci TOYKM NiKBiayca i conigyca 3HaxoAATbCA MiXK TemnepaTypamm
NNABNAEHHA YNCTUX MeTaNIB.

Cnnas, AnA AKoro TemnepaTypu KpucTanisauii Ta nnaBneHHA He 36iratoTbCcs, Ha3MBAETLCA IHKOHTPYEHTHMI CN1aB

Ni Cua
1455 da3oBa Agiarpama 4na cMCTeMU Hikenb—miap AK

NPUKAaa TBEPAOro PO34YnHY ABOX
MeTaniB 3 HeOOMeKeHOK PO3UYMHHICTIO:
1 — pigkni po3nnas;

2 — CUCTEMA, LLLO KPUCTaNi3yeTbes (um,
HaBMaKKW, PO3MN/1aB/IIOETLCS);

3 — TBEPANIM PO3YMH
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Cu 0 20 40 60 30 100 %%

Ni 1D 50 a0 40 20 0 %%
Macesuii cicrad, %




TBEP/II PO3YHUHHA

» AKWO PO34YMHHICTb MeTaniB obmerkeHa, TO 3a/1eXKHO Bif, iX
KIZIbKICHOTO CrniBBiAHOWEHHA MOXYTb YTBOPHOBATUCA AK
MeXaHIYHI CyMilli 3 eBTEKTUKOIO BKJIKOYHO, TaK | TBepA,
PO34YUHMU, Ki 3BUY4ANHO NO3HAYatOTb ByKBamm o i B (K

nna cnctemu Cu-Ag).
[iarpama ctaHy cuctemu Cu-Ag 3 yTBOPEHHAM

cu | Ag TBEPAUX PO3UYMHIB:
1085 - o — TBEpAUM po34nH cpibna Ag y miai Cu;
- ! 962 B —tBepanmn po3uunH miai Cuy cpibni Ag;
o &
HE‘, - - ‘: E — eBTEKTMYHA TOYK3;
B 1a 2 - 3 Bl i . o
£ - i - F 1 — piAKWI PO3YUH;
§ . | 3 g‘ 2 — CyMilll PiAKOro PO34YMHY i APiIBHUX KpUcTanis
. 4 | 5 -
" | -S Cy;
] | -
- | i _ L o :
I B 3 — CyMilll PiAKOro PO34YmMHY i APiIBHUX KpUcTanis
Ag 0 20 40 60 80  100% Ag-
Cu 100 20 60 40 20 0% ’ . . .
Macosuii cxrad, % 4 — cymiw KpynHux Kpuctanis Cu i eBTEKTUKN;

5 — cymiw KpynHUX KpucTanis Ag i eBTEKTUKU



TBEP/II PO3YHUHHA

» Y TBEPAUX PO3UYMHAX aTOMM PiI3HUX METANIB YTBOPIOOTb EAUHY CRiIbHY KPUCTANIUHY
PEeLWiTKy. 3a/1eXXHO Bif, il 0cobaMBOCTEN TBEPAi PO3YNHU NOAINAKTLCA HA TaKi TUNW:

»  TBEPAI PO3UMHM 3aMILLLEHHA, B AKUX aTOMKU MeTany, Lo PO3YMHAETLCA Y MeTani-
PO34YMHHUKY, 3aMMatOTb BY3/1M KPUCTANIYHOI rpaTKK; TBEPAI PO3UYMHM 3aMilLleHHA
YTBOPHOKOTLCA MEeTaslaMM, AKI MAOTb CXOXKY ENEKTPOHHY KOH®Irypauito i 6amn3bKi 3a
PO3MipamMmun aTOMHUX pPaaiycCiB, HaNpuUKNag, cmctemu, cknageHi 3 metanis Ag—Au, Ni—Co,
Cu—Ni, Mo-W,;

» TBEpAi po34ynHM BNpoBaaKeHHs (abo YKOPIHEHHSA), B AKMX KOMMOHEHT, WO
PO3UYMHAETLCA, NPOHUKAE Y NYCTOTU KPUCTANIYHOI FPAaTKN MeTany-po3vYnMHHUKA; TBepai
PO34YMHUN BNPOBAAKEHHSA HANYACTILLE YTBOPIOOTLCA NPU PO3YMHEHHI IETKMX HEMETANIB

(C,PH,O,S, B, NiT.n.)y po3nnasneHnx nepexigHux metanax 3 gebektHumm d- i f-
eNeKTPOHHMMUM 060NOHKaMM.

CTpyKTypa TBEPAUX PO3YUHIB:
a) 3amilleHHs;
6) BNpoBaAXKeHHA




-

Tewnepamypa

IHTEPMETAJIIA

IHTepmeTanign — XimidHi CNONYKKW, YTBOPEHI BHACNIAOK B3AaEMOAII MiXK
AeKinbkoma metanamun. CKnag i CTpyKTypa iHTepmeTanifais 3yMoB/EHI
NO/IOXKEHHAM METaNiB-KOMIMOHEHTIB Y NepPioaAnNYHINA CUCTEMI,
CMiBBiIAHOLWEHHAMM iX €NEeKTPOHEraTUBHOCTEN, NOTEHLiaNIB iOHI3aUl Ta
aTOMHMUX paaiyciB. Hanbinbl cxmabHi 4O XiMiYHOI B3aEmOZii 3 iHWMMM
META/IaMM NIY}KHi, NYXKHO3eMe bHi, piAKO3eMeNnbHi MeTanun, a TaKoX bepunin Ta
MarHil. Baanoca ogep»atu NoABiliHi Ta NOTPIVHI iHTepmeTanian. Ix cknag moxe
6yTK AK CTaNUM, TaK | 3BMiHHUM, O1HAK BiH He BiANOBiJA€ KNACUYHUM
YyABNEHHAM MpPO BaNeHTHiCcTb, Hanpuknaa: Na,,Ba, Mg,/Al,,, TiBe,,, CaZn,,,
LaAl,, MgNi,, MgCu,, Mg,Sb,, Ni,Al,, La,Ni,. Mpun upomy aeski meTanu 3aatHi
YTBOPIOBATU AEKiNbKa iHTepmeTaniAis pisHoro cknagy: AuzZn, AusZn., AuZn,.

a BAs K P | Diarpama ctany cnnasis:
. \/Mi/ E. a) iHTepmeTanig cTanoro cknaay;
\/\/ - : ;-:, 6) iHTepmeTania 3 yTBOPEHHAM TBEPAUX
. E; Ey 2 | PO34MHIB;
A+AB|AB+B A+AB| AB+B | B) iHTepMeTanifa, Wo He PO3KNa[aAETbCA Y
! pO3naaBAeHOMY CTaHI

| | ! ] ! | I I 1 I ! !

0

Crrad, mac % Crrad, mac % Crzad, mac®

i
4]



JObYBAHHA METAJIIB. 3bAT'AHEHHA PY/IU

» 3b6arayeHHA pyau NPOBOAATH i3 3aCTOCYBAHHAM Pi3HUX cnocobiB:

» dnortauyiHUKU, 3aCHOBAHUIN Ha PiI3BHOMY 3MOYYBaHHI BOJOI NOBEPXOHb
MiHepaniB i NycToi nopoau; AnA ubOoro TOHKonoapioHeHy pyay 06pobnsatoTb
BOJOIO 3 HEBEIMKOIO KiNbKiCTIO GIOTALLIMHOIO peareHTy-NiHOYyTBOPHOBaYa,
AKMN NOCUNIIOE 3MOYYBAHHA PyAHOro miHepasay i NycToi nopoau, a NoTim
NpPOoAYBalOTb KPi3b OAEPrKaHY CyCNeH3ito cTucae nositTpa, bynbbawKku AKoro
HA/IMNAKOTb HA YaCTUHKM 3 NOraHOK 3MOYYBAHICTIO | BUHOCATb iX Ha
NOBEPXHIO

4 I'paBITaLI,IMHMM AKUN 6a3Y€TbCFI Ha BI,CI,MIHHOCTI I'YCTMH [ BI,CI,I'IOBI,CI,HO
LUBI/I,CI,KOCTEM OCI,EI,aHHﬂ ) pl,ﬂ,MHI 3€pPeH pyaHOoro N\lHepany I I'IYCTOI nopoaun,

» MAarHiTHUIN, CYTHICTb AKOrO NONIAAITAE Y PO3AiNEHHI MiHepaniB 3a ix
MArHITHUMM BNACTUBOCTAMM. [pn MmarHiTHomy 36aravyeHHi pygy CnoyaTKy
noApibHIOTL, NOTIM COPTYIOTb HA MarHiTHomy cenapatopi. Mpu ubomy
nycTa Nopoaa Bigpa3y ONYCKAETbCA YHM3, HAMiBMArHiTHa dpakuia Ha
KOPOTKMM Yac npuaunnae Ao bapabany, ane ayxe WBMUAKO Nia A€l
BiJLLEHTPOBOI CU/NM BiAKMAAETLCA | NaAa€ y OyHKep, a MarHiTHa —
3a/IMWaETbCcA Ha 6apabaHni, 3BiAKM ii 3HIMalOTb 33 JONOMOrO cneLiaNbHUX
NPUCTPOIB.



JObYBAHHA METAJIIB. 3SbATAHEHHA PY/IU

dnoTtauinHe 36aravyeHHs pyau:
a) dnoTauihHa MaLLMHa;
6) mexaHi3m 36arayeHHs




JObYBAHHA METAJIIB.
BUJIYHEHHA METAJIIB 13 PY/l

»  MMipomeTtanypriiHi metoamM — BiAHOBAEHHA MeTaniB i3 6€3BOAHMX CMOMYK 33 YMOB BUCOKUX TemnepaTyp. Mpwu
LbOMY BifJHOBHUKAMMN MOXYTb BYTU K MeTanun (MeTanotepmis), Tak i HemeTanu.

» Y memanomepmivyHux npoyecax ANs BiAHOBNAEHHS MeTaniB BUKOPUCTOBYIOTb iHWI, 6inbll aKTUBHI MeTanu, 3aneXHo
Bi4 NpUpoAM AKMX MEeTanoTepPMIiYHI MeToAn MatoTb LWe i cneuianbHi Ha3BU:

»  asomomepmis — BiAHOBNEHHA METaniB i3 iX CNO/YK NOPOLWKONOAIOHMM aNtoMiHIEM; aNFOMOTEPMIIO HallyacTiwe
3aCTOCOBYHOTb A1 OAEPKaHHA nopiBHAHO goporux meTanis (V, Cr, Mo, Mn ) i3 ix okcuais:

»  Cr,05+ 2Al = 2Cr + Al O;.

»  MazHiEmepmia ma Hampiemepmisa — opepxaHHa Ti, Zr, Nb, Ta Ta iHWKX meTanis i3 xnopuais um dayopuais npm
Bi4HOBNOBAHHI IX 32 AOMNOMOIOK MArHit0 YN HaTPItO:

» TiCl, +2Mg =Ti + 2MgCl,,
» BeF,+ 2Na = Be + 2NaF.

»  BioHosHUKu-Hememasnu (rpadit, Byrinns, BogeHb) BUKOPUCTOBYHOTLCA NPU OAEPKAHHI MeTaniB NoOMipHOI
aKktmBHocTi: Fe, Cu, Zn, Pb.

»  Kapbomepmis — BiAHOBNEHHA METAJiB MPU BUCOKUX TEMMNEpPaTypax ByreLem, AKUN 3BU4aiHO BUKOPUCTOBYHOTb Y
BUINAL] KOKCY

» Fe, 05+ C=2FeO+ CO.

»  KapboH (IlI) okcuAa, sknii yTBOPIOETLCA Ha NOYATKOBIM CTail, y CBOIO Yepry, TAaKOXK BiAHOBMIOE METaNM i3 iX OKCUAiB:
» Fe;0,+CO =3FeO + CO,,

» Fe,05+3CO = 2Fe + 3CO,.

» BodeHb 3aCTOCOBYIOTb Y MeTanyprii AnA BiAHOBNEHHA AEAKUX KONIbOPOBUX MeTaniB, HaNnpuKnaa:

»---CuO+H; & Cu+H,0,

» WO, +3H,BW +3H,0.



JAObYBAHHA METAJIIB. BUJIYYHEHHA METAJIIB 13
PY/l

Cxema BUM/IaBKM YaBYHY



JObYBAHHA METAJIIB.
BUJIYHEHHA METAJIIB 13 PY/l

» FippomeTanyprinHi metrogu — BiAHOBNEHHA
MANI0aKTUBHUX | B1aropoaHUX MeTaniB i3 BOAHUX
PO34YMHIB IX CONEN, HaNPUKNaa:

» 2K[AuU(CN),] + Zn = Au + K,[Zn(CN),].




JTOBYBAHHS METAJIIB. BUJIYYEHHS METAJIIB I3
PY/I

» EnexktpomeranyprivHi metoam — BiAHOBAEHHA MeTanis Npu
e/IeKTPOoANIi3i pO3M/1aBiB YN PO3YUHIB IX CNONYK.

> OAepXKYIOTb aKTUBHI MeTanu, Wo
PO3MILLYIOTbCA BMKYE A0 NOYATKY PAAY HAaNpPyr i MatoTb AyKe
BiA'EMHiI 3HAYEHHA CTaHAAPTHUX eNeKTPOoAHMX NoTeHuianis: Al,
Mg, Na, Be, Cai Li. [ina pobyBaHHA HAMAKTUBHILLUX METanNiB
(K, Ba, Rb i Cs), Aaki nobpe po34ynMHAIOTLCA Y PO3MN/1aBAEHUX
CONAX, eNIeKTPONI3 PO3MN/1aBiB ManKe He 3aCTOCOBYHOTb.
OCTaHHIM Yacom 3HanaeHa MOXAUBICTb A0OYBaHHA
e/IeKTPONI30M i3 PO3NJ1aBIB | AeAKUX TYronaaBKMX MeTanis,
Takux, Ak W, Mo, Ti, Zr, V, Ta, Nb.

) — e/IeKTPONIITUYHE BUAI/IEHHA MeTaniB i3
PO34YMHIB, 332 AOMNOMOrOI0 AKOI O4EPHKYIOTb FOIOBHUM YNHOM
Zn, Cui Cd.



JObYBAHHA METAJIIB.
OAEPKAHHA YNCTHUX METAJIIB

XIMIYHI MeToaM 3aCHOBAHI Ha XiMIYHUX peaKuiax, y pe3ynbTaTi AKMX BiAOYBa€ETbCA BUAINEHHA MeTaliB.

KapboHinsHi npoyecu 3aCTOCOBYHOTLCA AN1A OA4EPKAHHA HAAYMCTOrO 3aNi3a, HiKeto, MapraHuto Ta
AEeAKUX iHWKMX meTanis. CyTHICTb MeToAy NONAra€ B pO3KNaJaHHI NeTKOI KapbOoHINbHOI CNONYKK, AKY
OZleP*KYIOTb NPU HarpiBaHHi meTany B atmocdepi KapboH (I1) okecmay nig Tuckom 20 MMa, npuyomy
AOMILLKMW, HaABHI y BUXiAHOMY meTani, 3 KapboH (ll) okcnaom He B3aemogitoTb. Hanpuknaa, 3ani3o i
HiKesb 33 3a3HAaYEeHMX YMOB BCTYNAKOTb Y peakKu,ito:

> Ni+4CO = Ni(CO),,
» Fe +5CO = Fe(CO)..

OpeprkaHi Npu UboMy pignMHK TeTpakapboHinHikento (T, = 42°C) i neHTakapboHindepymy (T, = 105°C)
HarpiBatoTb A0 6iNbl BUCOKOT TEMNepPaTypu, BHACAIAOK HYOro BiabyBaETbCA iX pO3KNaAaHHA Ta BUAINEHHA
HAZYMCTOro mMeTany

> Ni(CO), = Ni + 4CO,
»  Fe(CO), = Fe + 5CO.

MooudHull crioci6 6a3yeTbca Ha TEPMIYHOMY PO3KAafi NETKMX CMONYK, AKi 1erko BigainaoTbea Big
AOMILLOK. Y Takui cnocib oaepKytoTb LMPKOHIN, TUTAH i radHii BUCOKOro CTyneHsa Ynctotu. na uboro
rpy6o oumueHMn meTan, noapibHeHM A0 nopoliKonoAibHOro ctaHy, HarpisatoTb 3 Mogom npu 100-200°C
y repmeTMYHOMY anaparTi. Hanpuknag, y Bunaaky TUTaHy yTBOPHETbCA NeTKMI TuTaH (1V) nogma:

4 T|(3a6pyp,HeHm71) + 2I2 = TI|4(pi,qu7|)'

AKUIM NOTIM NPU HACTYNHOMY HarpiBaHHi 4o 1200-1300°C po3Knaga€eTbea:
» il

4(piaKknin) = Ti(oqmu.l,eHMﬁ) + 2'2'



JAObYBAHHA METAJIIB. OJEPAKAHHA YUCTHUX
METAJIIB

DiznKko-ximivyHi meTogm BKAOYAOTb AeKi/ibKa Pi3HUX cnocobiB OYMLLLEHHA METaNIB.

Enexkmponimu4yHe pagiHysaHHA BUKOPUCTOBYETbCA ANA OYULLEHHA 3abpygHEHMX meTaniB — Miai, cpibna, 301073,
HiKesNo, CBUHLO Ta 010Ba. MN1acTUHK, BiAAUTI i3 meTany, AKMN HeOBXiAHO NiAAaTU OYMLLLEHHIO, MOMILLLAIOTL B
eNleKTponi3ep AK aHoA,. Mpu NpOoNyCKaHHI eNeKTPUYHOTO CTPYMY aHOZ NOCTYNOBO PO3YMHAETLCA | NepexoauTb y
PO34YMH Yy BUMNALI NO3UTUBHO 3apAAKEHUX MOHIB — KaTioHiB. KaTioHM nepemillytoTbca A0 KaTtoga — TOHKOI
NAACTUHWN YN CTEPXKHA i3 YUCTOTO MeTay i BiAHOBOETLCA HA HbOMY. [JOMilIKM Binbll aKTUBHUX METANIB, AKi MatoTb
MeHLUEe 3HaYeHHA CTAaHOAPTHOMO eNeKTPOAHOro NOTEHLIANY, PO3YNHAIOTLCA PA3OM i3 OCHOBHUM METANOM, O4HAK
Ha KaToAi He BiAHOBNIOIOTLCA, @ HAKOMUYYOTLCA B €NEKTPOITI, AKMN NepiogNYHO OHOB/IOKTb. MEHL aKTUBHI
AOMILLKM, AKI MatoTb Hinblle 3HAYEeHHA CTAHAAPTHOTO e/IeKTPOAHOro NoTeHLUiany, He NiaaatTbCA aHOAHOMY
PO34YMHEHHIO, TOMY B XOZ4,i NPOLLEeCY OCiAat0Tb Ha AHO, YTBOPHOKOYM LWIAM, AKMM Yac Big Yacy BUAANAKOTD i3
enekTponisepa.

[lepezoHka y sakyymi (OucmunauitiHut memod) 6a3yeTbCsa Ha Pi3HUL Y NETKOCTI pO3n/1aB/lEHOro MeTany i
AOMILOK. 3abpyaHeHNn meTan pPo3niaBAAOTb Yy cneLiaibHOMY anapaTi, 3 AKOro NOCTIMHO BiAKa4yloTb NOBITPS,
o6 YHUKHYTU OKMCHEHHA METaNyY i 3HU3UTU TeMNepPaTypy NAaBAEHHA. Y NPOLECi NePEeroHKM Ha By3nax anapaTa,
AKi BECb YaC OXONOAKYHOTbCA, BiabyBaeTbCA KOHAEHCaLA BiNbll NEeTKOro KOMMNOHEHTA — AOMILLOK YXM MeTany.

KpucmanizauyitiHut memoo, abo 30HHe r7108s1eHHs, 3aCHOBYETbCA Ha Pi3HiM PO3YMHHOCTI AOMILLOK Yy TBEPAOMY i
po3naaBneHoMy meTani. MeToz nonAara€e y NnoBiNbHOMY NepecyBaHHi 30HM BUCOKOTEMMNEPATYPHOro HarpiBaHHA
B340BX CTEPXHA YM BpycKa, BignmToro i3 3abpygHeHoro metany. Y mipy nepemileHHA meTany B HbOMy
YTBOPIOETHCA BY3bKa PO3M/1aB/ieHa NO0Ca, AKA PYXAETLCA Y MPOTUNEXKHOMY HanpAMKY. binAa nepegHbOi MeXi 30HU
HarpiBaHHSA BiabyBaeTbCA NAaBNEHHA MeTany, a 6ina 3agHboOi — Moro Kpuctanisauis. OaHi AOMILLKK,
KOHLEHTPYOUYUCH Y PO3NAABAEHIN 30Hi, 3MILLLYIOTbCA PA30M i3 HEHO A0 KiHUA BbpycKa, a iHLWi 3a/11LWaoTbCca No3a
30HO0 HarpiBaHHSA Ta HAKOMKMYYIOTbCA Ha NOYATKOBIM YAaCTUHI BpyCKa, Ae NpoxoanTb KpucTtanizauia. Mpwu
HeoAHOpPa30BOMY NOBTOPIOBAHHI NpOLLECY BCi AOMILIKK NOCTynoBo 36upatoTbea Ha 060X KiHuaX bpycKa, a cepeaHa
MNOro YaCcTMHA CTAa€E HaMBINbLL YNCTOHO.
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