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BO3MOXHbIE MEXAHU3MbI ON®DPY3UUN B KPUCTAITNAX

Onppysma no mexaHnsmy eHeapeHus. OU@ysma No BaKGHCUOHHOMY MeXAHU3MY.
Camoanppysus. KoapgpuumeHT B3aumHoM anpgysuun. O606LeHHbIe
TepMOAUHAMUYECKME MHOXUTENU

Oupeysua no rpaHULIam 3epeH u @as. Moaens duwepa.

Bapoaugpysua. TTpocTble moaenu Ana rasa v AN XUAKOCTU ¢ 6apoangPysmeli u
06beMHOM BA3KOCTbHO.

Onppysuna u HanpsxeHus. Kosm@uULMeHTLI NepeHoca noa AelcTBUeM HAMpAXeHUIA.
TTpumepsr.

Ouppysua B o6beme
Oup@ysua B8 KpucTannuyeckux
marepuanax: —_— ﬂqupy:;mg no

l \ FPaHULIAM 3epeH U a3
MexeasHbIi

Ouppysua no HOuppysua no nepeHoc
MexXaHu3my MexXaHU3my
3amellieHuna BHeApeHu

-TToBepxHOCTHas ANGPY3Us
-OVppy3ma B NONIMMEpPHBIX CUCTEMAX, GMOPEHLIX MaTepuanax, cTeknax
-Onppysus u HanpsaxeHus (+ 6apoaNEEPY3US B Fa3ax U XUAKOCTAX)

Auppysua No mexaHUsMy BHeapeHUs.

TTpy ycnoBmaX NOCTOSHCTBAG TeMMepaTypbl U HANPSXKeHUI OMUCcaHUe AUPPY3UU B
obbeme TBepAOro Tena (KpUCTanna) no MexaHusmy BHelpeHUs OTnmMYaeTcs ot
OMUCAHUA AUPPY3UU FA30B U XUAKOCTEN NULLL TeM, YTO B CTy4ae GHU3OTPOTHLIX Cped
KO3(PPULIMEHT ANPPY3UU - TeH30p.
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- TepMoAUHAMUYECKNE MHOXUTENU

BenuumHbL B cKO6KaX MOKA Heslb3s HA3BATb NAPLIMAMBHBIMU KO3 MULMEHTAMU AUPPY3
[Hanee NpoaomIXUM BEIBOA O6LUMX BLIPAXEHUI ANS AUPPY3UOHHBIX KOIPPULIUEHTOB
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Bocnonb3syemca Tenepb onpeseneHnem Ko3PpULINEHTOB B/ v obobuweHHbIX cun:
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- Haubonee obliee BLIpaXeHUe AN NAPLMANBHBIX KO3PPULNEHTOB ANPPY3UU
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HTO6bI HAMTW ABHbIE BLIDAKEHWA AN KOI(PPUUMEHTOB (- /1 qpeHomeHonorudeckue
KO3(PEULMEHTEL, TpebyeTcs CAenaTb HeKOTOpLIE MPeAnONoKeHMs O CTPYKTYpe BeluecTs
(KpucTannos, pacTBOpOB) U NPOAHASU3NPOBATL PA3IUUHbLIE YACTHBIE CITyYau.
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B o6lwem cnyuae: Dy; # Dy

FeO, FeS, NiO, NiS, Cu,S, Ag,S  npaKkTU4ecKu MOABUKHBI INLIb MOHEL METANIOB

PbCl,  npakTUYeCcKM NOABUKHBI MOHLL Xnopa

B cucteme C-Fe KO3(PULMEHT AUPPY3UU yrnepoaa Ha 4-5 nopaakos npesbIllaeT
KO3 PULIMEHT camoangp@ysum Fe

KaxabIii U3 atomos (MOHOB) AUPPYHAUPYET Mo CBOeW noapelueTkel
(Mexpoy3nua Toxe MOXHO paccmaTpueath Kak 0cobyro pasHOBUAHOCTL MOApPeLLeTKM)
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Oudpcpy aus no mexaHmnamy sameuweHus - Oudpcpy3msa B cucteme c BakaHcuaMU

TTpu cTaTUCTUYECKOM pacripeaesieHUU BCe NONOXeHUs B pellieTke MOTYT 6bITb C paBHOM
BEpOATHOCTLHO 3aHATLI ATOMAMU JIH060r0 copTa. T.e., MOXHO 6b1n0 6bI Nonaratk, 4TO
BEpOSTHOCTb 06MeHa MeCT 0OAMHAKOBA A9 ATOMOB copTa A U copTa B. Ho obmeH
MeCTamu B 3TOM CllyYae CBA3GH C paspbIBOM cBsseld 4— A4, 4A—B A4 aTOMOB copTa
Aucease B—-B,4A-B pansatomos copta B ,4to npusoauT K pasnuumio

KO3 PULIMEHTOB ANPPY3UU

BakaHCUU NPUHUMGAFOT HenoCcpeACTBeHHOe y4acTue B 0O6MeH MeCT npu Augpysuu!

Kak onpegenum KoHUEeHTpaLuuo BakaHCU?
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M3 aByx nocneaHWX ypagHeHUi crieflyeT Bce, YTO U3BECTHO U3 TEPMOAUHAMUKN 2. Ecnu paavnoakTUBHBIX U3OTOMNOB HeT, HO BaKGHCUM HepaBHOBECHLI, TO TaKXe
ANPPY3UN AN BUHAPHBIX CUCTEM. BO3MOXHBI YMpoLUeHUsa. PacTBOp BAKaHCUIA eCTeCTBEHHO TOXe CUMTATb UACANbHBIM.
TTpumepbi: Visycnosus J,=-J, waiimem Lyj=Lyy =L =Lyy
1. TTycTb BaKaHCUM paBHOBECHBI. XMUMUYECKUA NOTeHLMAN paBHOBECHLIX BAKAHCUIA paBeH
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Oundpby3ma no rpaHuuam 3epeH u a3

OnVH 13 OCHOBHBIX CTPYKTYPHBIX SNIEMEHTOB MONUKPUCTANNNYECKOro BeLecTsa —
rpaHuua 3epHa npeacraensieT cobor 0bnacte aHoMansHoON AMdy3noHHOM
nogswvxHocTw. Mpu Temnepatypax Huxke 0,75T, koadduumeHT anddysum B
MOHOKpMCTanmax MeHbLUe, YeM B NMOMVKpUCTarnax 13-3a CyLecTBOBaHUs rpaHuLy
3epeH. C yMeHbLUEeHNEeM BENUYUHBI 3epHa CKOPOCTb Anddpy3nm Bo3pacTaer.
PasHuua B koadduumeHTax amddyanm no rpaHmLam 3epeH 1 B oobeme
OOCTUraeT HECKOIbKMX NMOPSAKOB, @ 3HEPrUii akTUBaUum — B 2 pasa.
TeopeTnyeckuit aHanuns 3aTpyaHEH 13-3a OTCYTCTBUS XOPOLUEN KONMYeCTBEHHOMN
MoAenu rpaHnLbl ¢ 6onbLLON pa3opueHTupoBkol (6onee 15-20 rpagycos).

MeTon KONMYeCTBEHHOW OLEeHKM andbdy3mm no rpaHuLam 3epeH Obin Bnepeble
npegnoxeH ®uwepom (1951), a 3aTem yTouHANCA 1 pa3BuBarncs B psge Apyrux
pabort. MNpuyHuMNuaneHO MoAenb C Tex Nop He nameHunack. Bo Bce mogenu
BXOAMT HEN3BECTHAs BENMYMHA — LUMPUHA IrPaHULLbl 3epHa. OTa XxapakTepucTuka
MOXET OKa3aTbCs Pa3nMYHON NPU UCCnenoBaHnM CTPYKTYpPbl, COCTaBa 1
pa3nn4YHbIX CBOWCTB; MOXET 3aBMCETb OT Cnocoba NnonyyeHns kpucranna
(nonkpuctanna), Hanuuua NPUMeECen, yCroBu Tepmmnyeckon obpaboTkm u T.4.
XoTa anddy3na naeT npenmyLecTBEHHO Mo rpaHnLe 3epeH, anddyHanpyoLlee
BELLECTBO MOXHO OOHapY>XUTb B LUIMPOKON 061acTu B OKPECTHOCTU rpaHuLbl.
Ounddysunsa Boonb rpaHyy, Takke BecbMa HeogHOPOAHa.
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Modens duwepa

[MoBepxHOCTb, Ha KOTOPY HaHeceH Anddy3aHT,
nepneHauKynsipHa K rpaHuLle 3epHa.
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Y 3akoHbl auddy3un cnpaBennvBbl kak B 06beme, Tak un
BJOJb FpaHuLibl

KoadhdbmumeHnTbl anddysum - nocTossHHbIE

MoTok anddpysaHTa HenpepbIBEH Ha rpaHuLe pasgena
3epeH U kpucTanna

TonumHa rpaHnLbl Mana, Tak YTo U3MeHeHeM
KOHLIEHTPaLMM MO TOMLLUMHE rpaHuULIbl MOXHO NpeHeGpeYb
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Knaccudmkaums pexnmos anddysun:

Voes coctont B TOM, 4TO AMAEY3UNOHHBIN NPOLLECC MOXHO PasnoXuTb Ha
HECKOIbKO 3MeMeHTapHbIX NMPOLIECCOB: ABWWKEHME aTOMa BAOSb rPaHuLbl
(cobcTBEHHO rpaHuyHas audpdpysust), yTeuka aTOMOB B MPUrPaHNYHbIN 06bem
1 anddysna B o6beMe, NpuyemM Kak B ropu3oHTarnbHOM, Tak 1 B
BEPTMKanNbHOM HanpaBneHusx. B 3aBUCMOCTN OT CKOPOCTEN TEX NI UHbIX
CTafvn pasnmyaroT pasnuyHble pexumsl Auddysmu.

Ansa andpdysnm npumecn B YMCTOM MeTansne npuHnumaetcs Cj, :SC(t,x,y :16/2)

S - KOahhuumMeHT pacnpeaeneHms

Modenu uHozo muna: rpaHvLa 3epHa paccMaTpMBaeTCs Kak ¢pasa co
CBOVMM TEPMOAMHAMUYECKMMWN CBOWCTBaMM, OTAENEHHas oT obbema
«CTEHKOW» - MOBEPXHOCTbIO, HA KOTOPOWM CKAYKOM MEHSAETCH NOABUXHOCTb
aTOMOB NPUMECU 1 pacTBopuTens. PacnpeaeneHune npyuMecu mexay
rpaHulen n o6 beMOM He ABMSieTCA TepMOAUHAaMUYECKN paBHOBECHbIM. M3-3a
60nbLUIOW pa3HOCTM NOABWKHOCTEN MPUMECH HE YCMEBAET «yXOAUTb» B
06BbEeM, UTO NPUBOAUT K NOSIBMIEHWIO OABIIEHUS, aHANOMMYHOTO OCMOTUYECKOMY
AasneHuto B pacteope. OHO 3aBUCUT OT pacTBOPMMOCTY B 06beme 1 Ha
rpaHvle, COOTHOLLIEHUS KOadhdPUUNeHToB AMddy3nmn, BpEMEHN.
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PeanbHbIn
nonuKkpucTann

PasnuyHbIe BAPUAHTEI AHANUTUYECKUX MOAeIen
AUPE@Y3UM MO MPAHULIAM 3epeH
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He cmoTps Ha TO, 4TO 2paHuy kI ¢ha3 No CBOEN CTPYKType 1 npupoae bonee
pa3Ho0bpasHbl, YeM rpaHuLbl 3epeH (MOryT BO3HWUKaTb NpU 9BTEKTUYECKOM,
nonMMopgHOM, NpeBPaLLLEHNSIX, MPU pacrnaze NepechILEHHOro pacTeopa, B
CUMbHO HEPABHOBECHBIX YCMOBUSX U T.4.), MoAenb duiiepa MOXHO Nerko
«MoAMMMUMPOBaTLY U Ha STOT cnyyai. Toraa B kaxgon n3 as byaer
cnpaBeanvBeo ypaBHeHne duka co cBoUM KoadbdmumneHTom anddysum.

oG _ D, o%C; . o°C;
ot ox? 8y2

B aTom crniyyae B mogenu ¢ naeansHOW rpaHULEN CUMMETPUS HapyLuaeTcs

OdpeKTUBHbIN kKO3DDULMEHT Anddy3nm:

12 2
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2l 8 S,

D, Dy dppekT KupkeHaanna
Dg D 70% Cu +30%2n T=785 C; 56 Anen
natyHb Monu6pieHoBele 33 370 BpeMsi Npoucxoamna
——— npogefiotku andpdpyausi, pacctosiHue [
/ [ | | natyn Mexy NpOBONoYKamm
= ) yMeHbLLIANoch
Cu’

[axe npu oanHaKOBbIX rpagueHTax KOHUEHTpauui HabniogaTcs pasHble
NIIOTHOCTM NMOTOKOB aTOMOB: 3a BpeMsi onbiTa 6orbliee KonM4ecTBo aToMOB
Zn NpuxoauT U3 naTyHu B Medb, YeM atomoB meau 13 Cu B naTtyHb

Bce o6bsAAcHeHUus aToro acpchpekra AaHbl B NPUONMKEHUN 71 = const
Oy, Teopus
olnn, HapkeHa

*
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KoadhduumeHT B3anmHoii aucbdyaun  Dyp = (DAnB +Dpgny {1 +

CuWnbHO 3aBMCUT OT YCIOBUIA SKCMEpUMEHTA
CKOpPOCTb CMELLEHUS CINIOEB = «CKOPOCTb NIMacTUYECKOro TeYEeHUsI»:

Ecnu Ha gmarpaMMe COCTOSIHWSI ABYX SNTEMEHTOB eCMmb MPOMEXXYMOoYHbLIe ., oIy, \on Koppekm#o amom
¢pazbil, To B AndPy3noHHON nape MoryT obpasoBbIBaTbCsl U pacTu Criou u :(DA -Dp {14—61[4]6[4 3?4’9""’
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Onpepenstowme cooTHoweHnus (Il) - cooTHoweHus ans 0606 LWEHHbIX
TEPMOAMHAMUYECKMX NOTOKOB

[ns NoTOKOB KOMMOHEHTOB aHanorn4yHo 6apoanddysnmn Haxoaum:
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=1 J=1 (i)

= TLZLHB(]-[) - 0bOblYHbIE NapumanbHble kKoadduumeHTsl Auddysum
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HeupeanbHbiit pacteop ‘ij‘ <L

Bce chopmMynbl B 3TvX ABYX Crydasix CyLLECTBEHHO YNpOLLaKTCS

OnaroHanbHble heHoMeHonormyeckne koapmumneHTsl B niobom criydae
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KoadhhmLmeHTbI KOHLIEHTPALMOHHOIO pacLLuMpeHus CucTtema ypaBHeHuit MaccoynpyrocTy

B GuHapHoOW cucteme ocTaeTcs eANHCTBEHHOE ypaBHeHne - ypaBHEHUNe

1( v EcTb nogobue ¢ 06beMHbIM
Mo onpegenenuio: Ol =7 f KO3 PULMEHTOM TEMMOBOrO ONA NOTOKa npumecu
0 k 7 <
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Ecnv npumem o =o¢ , Npugem kK cucteme

> - aBHEHUN «MaccoyrnpyrocTn»
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Teopuu TepmoynpyrocTu! n
- W=3Zak(Ck ~Cro)=3(o) ~22)Cy
k=1

TepmoynpyrocTs U Maccoynpyroctb
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