
TepMHllhl H oope,IXeJieRHJI 

/.(uazpaMMa f/,03060ZO pa6H06tCll.R (iJuazpOMMa COCfflOJIHUR) - 
rpa<l>H'ICCKOe H306paxeHHe COOTHOWCHHSI MC)Klly napaaerpaxa 
COCTOSIHIDI (TeMnepaT}'POA, ,LlaBJICHHCM, COCTaBOM) TepMO.LlHHaMK 
'ICCKK paBHOBCCHOA CHCTCMbl, T.e. cpaJOBOro COCTOSIHIDI mo6oro 
cnnaaa H3yqaeMoA CHCTCMbl KOMilOHCHT B 3aBHCHMOCTH OT ero 
KOHUCHTPaUHH. 

KOMnOHeHm - COCTaBHa11 xacrs, B ,LlaHHOM cnyxae XHMH'ICCKHA 
3JlCMCHT, o6pa3yK>WHA cnnas. 

KoHoiJa - ropH30HTaJibHbIA OTpC30K, KOHUbl xoroporo orpaaa 
'ICHbl paBHOBCCHbIMH COC}'ll.lCCTBYIOIUHMH cpaJaMH H CO,LlCp)l(aHHCM 
B HHX KOMilOHCHTOB; xapaxrepasyer COCTaB cpa3, HaxO.Ll11IUHXCSI B 
paBHOBCCHH. 

Jlu1tt1ui)yc - reOMCTPH'ICCKOC MCCTO TO'ICK aaxana saraepaeaa 
HHSI 6HHapHbIX cnnaaoa c pa3J1HtlHbJM CO,LlCp)l(aHHCM KOMilOHCHTOB 
Ha .Ll»arpaMMe COCTOSIHHSI. 

JIUHllll ,J,11zypamllt1H61X mo11e1& - sepraxansxue JlHHHH Ha ,LlHar 
paMMC COCTOSIHHSI, COOTBCTCTByK)IUHC onpe.LlCJlCHHOMY XHMH'ICCKOMY 
COCTaBy cnnasa. 

JluHUR npeiJur,Hou pacmsopUMocmu - JIHHHSI Ha .LlHarpaMMe 
COCTOSIHHSI 6HHapHblX cnnasoa, xapaKTCPH3YIOIUaSI H3MCHCHHC 
paCTBOpHMOCTH KOMilOHCHTa C H3MCHCHHCM rexneparypsi. 

llep11me,emu,ea - crpyxrypaas cocTaen1110ma11 cnnaaa, npen 
CTaBllSIIOIUasr co6oA MCXaHH'ICCK)'JO CMCCb <Pa3, o6pa3YJOIUYJOCSI sa 
C'ICT paaee BbUlCJlHBWCACSI TBCP.LlOA cpa3bl H 3aKpHCTaJIJlH30BaB 
ureacs )l(HJlKOf:t 'laCTH cnnasa onpeaeneaaoro cocrasa. 

Pacmsop msepiJwu - O.LlHOcpa3HblA B TBCP.LlOM COCTOSIHHH cnnaa, 
e KOTOpoM COOTHOWCHHC KOMilOHCHT MO:lKCT 6blTb nepeMeHHblM H 
0.LlHH H3 KOMflOHCHTOB (paCTBOPHTenb) coxpanser CBOIO KpHCTaJJ 
JlH'ICCK)'JO peWCTKY, a aTOMbl npyroro (HJIH .LlPYfHX) KOMilOHCHTa 
pacnonaraiorcs B peurerxe 3TOro KOMilOHCHTa, H3MCHSISI ee pa3MC 
pbl (nepaoztsr peurerxa). 

3.3. AHA.JIH3 ,UHArPAMM <l>A30BOf0 PABHOBECIDI 
,UBO:AH1,IX CDJIABOB 
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CucmeMa (2emep02enHtu1) - MaKpOCKOfiHtleCKH HeO,llHOPO.llHWI 
TepMO,llHHaMH'leCKaSI CHCTeMa, COCTOHll{aSI HJ Pa3.IIH'IHbIX no $HJH 
'leCKHM CBOACTBaM HJIH XHMH'leCKOM}' COCTaBy xacrea (<f>aJ). 

CoeiJunenue XUMu11ec,coe - <PaJa, KPHCTaJIJIH'leCKWI peurerxa Ko 
ropoa OTJIH'laeTCSI OT peurerox KOMilOHeHTOB, ee o6paJ}'IOIUHX. 
B XHMH11ecKoM coenaaeaaa sceraa coxpanserca npocroe xparaoe 
COOTHOUleHHe KOMilOHeHTOB AmBn, rne m H n - npocrue 'IHCJia. 

CoAuiJyc - Ha ,llHarpaMMe COCTOSIHHSI reoxerpasecxoe MeCTO 
TO'leK KOHUa JaTBep.neBaHHSI 61,rnapHblX cnnasoa c paJJIH'IHblM co 
.nepJKaHHeM KOMilOHeHTOB. 

Cocmat1u,0114as, cmpy,cmypntu1 - xacrs cnnasa ( oaaooasuas 
HJIH MHoro<t>aJHaSI), HMe10ma11 xapaxrepayio (O.llH006paJHYIO) 
erpysrypy H O'I'.lleJieHHaSI O'I' OCTaJibHbIX 11aCTeA cnnasa nosepXHOCT$1 
MH paaaena. 

Cocma« tj>a3otlwii - KOJIH'leCTBeHHaSI xapaxrepacraxa coaepxaaas 
B Marepua.ne pa3.11H'IHblX <t>aJ. 

Cocma« XUMU'leCICUU - KOJIH'leCTBeHHaSI xapaxrepacraxa conep 
)KaHHSI B Marepuane XHMH'leCKHX 3JieMeHTOB. 

Cmpoenue - COBOKYJlHOCTb yCTOH'IHBbIX CBSIJeH aeurecrsa, o6ec 
ne'IHBaIOIUHX ero ueJIOCTHOCTb H TO)K.lleCTBeHHOCTb caMOMY ce6e, 
T.e. coxpaxeaae OCHOBHblX CBOHCTB. 

MuKpocmpyKmypa - <f>opMa, paauepu, xonasecrso H xapaxrep 
BJaHMHOro pacnpeneneaaa <P83 rereporeaaon CHCTeMbI, Ha6JIIO,llae 
Mble C noaomsio onraxecxoro HJIH 3JieKTpOHHOro MHKPOCKOna. 

To'IKII ,J,uzypamUtlHble - TO'IKH Ha .ZlJtarpaMMe COCTOSIHHSI, onpe 
,lleJI$1IOlllHe $aJOBbIA H XHMHlleCKHi!I COCTaB CHCTeMbl npa 38,ZlaHHOA 
resmeparype. 

'1>a3a - TepMO.llHHaMH'leCKH paBHOBeCHoe COCTOSIHHe aentecraa, 
xapaxrepasyioineeca arperarasrv COCTOSIHHeM, aTOMHbIM (MOJieKY~ 
HbIM) COCTaBOM H CTpoeHHeM, a raxxe orneneaaoe npocrpaacrsea 
HblMH rpaHHUaMH OT npyrax BOJMOJKHbIX paBHOBeCHbIX COCTOHHHi!I 
($83) roro )Ke seurecraa. 

3tlme1m1111«1 - CTpYJ<TYPHa.R cocraanmomas cnnasa, npeacraa 
IDIIOIUaSI co6oA MexaHH'leCKYIO CMeCb <P83, o6p83}'10lll}'IOCSI npa on 
HOBpeMeHHOH KPHCTaJIJIHJaUHH nayx (HJIH 6onee) $83 HJ pacnnaaa. 
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1. 0CHOBLI TeOpHH 

1.1. Cnoco6 H yCJJOBHSI nocrpoeaas .llHarpaMM 4>a3oaoro paBHO 
BCCHH 

)],,ISi nOC'l'pOCHHSI .llHarpaMM ct>aJOBoro paBHOBeCHSI HCnOJib3YIOT 
TepMHtJeCK.HA aHaJIH3. )J,,IH 3TOA UCJJH 3KCnepHMCHTaJibHO nOJJY'ia 
lOT KPHBbJC OXJla.)l(JlCHHSI OT.llCJlbHblX cnJJaBOB H no HX neperH6aM 
HJIH OCTaHOBKaM, CBH3aHHbIM C TCnJIOBbIMH 34>4>eKTaMH rrpeapa 
UleHHA, onpe,lleJUIIOT rexneparypu COOTBeTCTBYJOWHX npespaure 
HHR. 3TH TeMnepaTypbl Ha3bIBaIOT «pumusecxusu mO'IKQMU. ,l],JJR 
KOJIWICCTBCHHOI'O H Ka'ICCTBCHHoro H3Y'iCHHSI 3THX npespaurenaa 
B TBCP.llOM COCTOSIHHH HC00Jlb3YIOT paanaxasre MCTO.llbl cl>HJHKO 
XHMH'{CCKOro aHaJIHJa: MHKpoaHaJIH3, peHTfCHOCTPYKTypHblA, Mar 
HHTHblA H np, 

KaK npaBHJIO, .D.HarpaMMbl 4>a3oaoro paBHOBCCHH C'TpOJIT B KO 
OP.llHHaTa.X rexrreparypa  KOHUCHTpauIDI a npouenrax no xacce 
HJIH 8TOMHblX npouearax KOMTIOHCHTa. )lHarpaMMbl cl>a30BOI'O pas 

Bseaeaae 
Ilpa BbI6ope MaTepHaJIQB .llJISI H3roTOBJieHHSI pa3JIH'IHOro poaa 

H3JleJJHit, HCOOJJb3YJOWHXCJI 8 WHpOKOM naanasose YCJJOBHH 3KC 
nnyarauaa, Heo6XO.llHMa oueaxa HX cl>H311KOXHMH'ieCKHX, MexaHH 
qeCKHX H TCXHOJIOrH'ieCKHX CBOACTB H 803MO)KHOCTeit H3MeHeHHff 
nOCJJe,llHHX. PauHOHaJibHblA nonxoa K TaKOA OUCHKe .aaJOT JHaHHe 
,llHarpaMM cl>a30BOI'O paBHOBeCHJI H yMeHHe HX aHaJIH3HPOBaTb. 

K HacromueM}' BpeMCHH H3Y'iCHO OKOJIO 10 TblC . .llHaI'paMM COCTOSI 
HHJI .llBOAHblX CHCTCM, H 'IHCJJO HX npO.D.OJI.lKaeT paCTH. 

l(Mt, npaKmur,ecKOii pa6ombl - H3Y'ieHHe OCHOBHblX THnOB nx 
arpaMM cl>a30BOro paBHOBCCHSI peanbHb)X .llBOAHblX CHCTeM, npHo6 
pereaae npaKTH'ICCKHX HaBblKOB HX HCnOJib30BaHJ.rn .llJISI HJY'ieHHSI 
npespaureaart, npoacxonsuiax a cnnasax, aHaJIHJa H pacxera 4>a30 
soro cocrasa H cocrasa raepasrx paCTBOpoB CHCTeMbl npa 33,llaHHOA 
TeMnepaTYJ)e. 

3tJme,m,011iJ - CTPYJ<TYPHcUI COCTaBJUIIOlllcUI cnnasa, npencras 
JUIIOlllaJI co6ott MexaHH'leClcylO CMeCb (pa3, o6pa3YJOlllYlOCSI npa on 
HOBpeMeHHOA BTOPH'iHOR KPHCTaJIJIH3aUHH nayx (HJIH 6onee) 4>a3 
HJ rsepnoro pacrsopa. 
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)iuazpaM.Mbl cocmosnus 
nenpepuenux meepoux pacmeopoe 

Ecna KoMnoHeHTbI A u B no cTpoeHHIO 3JieKTpOHHbIX 060Jio 
sex aTOMOB, HX PMHycaM H 3HeprHHM XHMH'leCKHX CBH3eH JlOCTa 
TO'IHO 6JIH3KH Me)l(Jly coeoa H HX saxeaa npyr llPYfOM He CBH3aHa 
C 3aTpY.llHCHHHMH CTpYJ<'fYPHOfO H snepreraxecxoro xapaxrepa, TO 
o6blt{H0 B03HHKaIOT aerrpepsraaue raepnsre pacrsopsr (pHC. 3.3.2). 
Han JIHHHeit JIHKBH.llyca I JIC)l(HT 06JiaCTb pacrrnaaa L, non JIHHHeit 
COJIHllYCa s - o6JiaCTb TBep)loro pacrsopa S, Me)l(Jly HHMH  06 
nacrs KpHCTa.JIJIH3aUHH. PaccMOTPHM oco6eHHOCTH KpHCTa.JIJIH3a 
UHH CHCTCM 3TOro rsma (pHC. 3.3.2, a). 

Ilpa COCTaBe, COOTBCTCTBYJOllleM q>HrypaTHBHOii TO'IKe <l>1, ox 
JiaJK,llaeM pacnnaa no TO'lKH /'. HatJHHaIOT ssmanars KPHCTa.JIJibl 
cocrasa s'. Ilpn OXJiaJK.lleHHH no TO'IKH K" ssmanyr KPHCTa.JIJibI s ", 
COCTaB pacnnasa orsexaer TO"IKe l", Ilo ¥epe OXJiaJK,lleHHJI COCTaB 
KpHCTa.JIJIOB H3MeHHeTCH no KPH Bo.A s=s" -s'", cocras pacnnasa  
no KPHBOit /'/"/"'. CooTHOWeHHe KOJIH'l'eCTBa BblnaBWHX KpHC 
Ta.JIJIOB H JlOJIH pacnnasa paBHO OTHOWeHHIO OTpe3KOB [(/ : Ks KO 
HOJlbl Is. 8 TO'IKe s"' pacnnas OKOHtfaTeJibHO KPHCTa.JIJIH3yeTCH. 

B xasecrse npasrepa )lHarpaMM COCTOHHHH nenpepusasrx TBep 
JJ.bIX pacTBOpOB Ha pHC. 3.3.2, 6 npaaeneaa peansaaa ]lHarpaMMa 
COCTOHHHH CHCTCMbl AgAu. )])tarpaMMbl COCTOHHHH aenpepsrs 
HbIX raepnux paCTBOpOB MOryr HMeTb MaKCHMYM HJIH MHHHMYM 
(pHC. 3.3.3). 

HOBeCHH B Y.Lt06HOH rpaq>H"leCKOit q>OpMe nOKa3bIBaIOT q>a30Bbl.A 
COCTaB cnnaaa B 3aBHCHMOCTH OT TeMnepaTYI)bI H KOHUeHTpaUHH 

·KoMnoHeHTOB H .LtaIOT aarnaanoe npeacraaneaae o npoueccax, npo 
HCXOMIUHX B cnnasax CHCTeMbl npn Harpe Be H OXJiaJK,lleHHH. 

Ilpaaep nocrpoeaaa JJ.HarpaMMbI q>a30BOro paBHOBeCHJI npHBO 
.llHTCH B nonpaaaene «3BTeKTH"leCK~ ]lHarpaMMa COCTOJIHHH aenpe 
PblBHbIX TBep]lbIX paCTBOpoB», a .llJUI CHCTeMbl «OJIOBO  UHHK»  
B npHJIO)l(eHHH. 

1.2. 0CHOBHble THflbI .L{HarpaMM q>a30BOro paBHOBeCHH 
PaccMOTpHM Hau6011ee pacnpocrpaaeaaue THnbI .n.uarpaMM q>a 

soaoro paBHOBeCHH (B Jla.JibHeitweM  JlHarpaMM COCTOHHHJI) 6H 
HapHbIX CHCTeM, nocrpoenasrx Ha OCHOBe repaorparpavecxoro H 
MHKpOCKOfiH"leCKOfO aHa.JIH30B (pHC. 3.3.1). 
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Pac. 3.3.1. BruKHeitwHe THnbl AHarpaMM COCTO.A:HH.A: o 6HHapHblX CHCTeMax 
{no B.A Heuanosy) 

- 0IIIOJl()l(l#IIW t:IIMW - - - JdKflMlllltll CIIAlltl 
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PRc. 3.3.3. )lHarpaMMhl COCTOllHKll HenpepblBHbIX TBCPD.bIX pacrsopoa c MaKCHMY 
MOM HnK MHHHMYMOM. TipKMCpOM nepeoro cnyt1all llBn.RCT!::.11 CHCTCMa PbTi, 

np1tMepoM eroporo  CKCTCMa CuMn 

A· B A 

t, ·c t. ·c 

Pac. 3.3.2. )lHarpaMMbI COCTOllHHll Henpepb!BHblX TBCPD.bIX paCTBOpoB: a - xo.a. 
KPKCTaMH33UHH B TaKHX CHCTCMax; 6 - D.HarpaMMa COCTOllHHll CKCTCMhl AgAu 
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a) Be3 o6nacTeH TBep,llbIX paCTBOpOB 

3sTeKTHtiecKa.R ,llHarpaMMa COCTO.RHH.R HMeeT naa MaKCJ:IM}'Ma, 
COOTBeTCTBYJOIUHX tIHCTbIM KOMilOHeHTaM A H B,. H tieTKHH MHHH 
MYM, COOTBCTCTBYJOWHH 3BTeKTHtieCKOH TOtIKe E_ (pHC. 3.3.4}. Cno 
co6 nOCTpOeHH.R .zmarpaMMbl IlOKa3aH Ha pHC. 3.3.4, a H 6. KpHBbJe 
OXJiruK,lleHH.R COCTa.BOB A, B H E HMelOT ropH30HTaJibHbte ruIOIUa.llKH, 
COOTBeTCTByioIUHe rexneparypaa KPHCTaJIJIH3auHH pacnnaaos 3THX 
COCTilBOB. 

KaK BH.llHO Ha pHC. 3.3.4, 6, mrnrpaMMa COCTOHHHSI paaaenena Ha 
TpH 'laCTH: 

• sepxaee none pacnnasa L, orpaaaxennoe CHH3Y nHHHeii 

JIHKBH.llYCa /; 
• HIDKHee none raepnsrx q>aJ S, orpaaaxeuaoe csepxy JIHHHeii 

COJIH.llyCa s; 
• ofinacn, KpHCTilJIJIH33UHH (OK)  Me)K,L(y JIHHHSIMH I H s. 
JlHHHH nHKBH.llyCa H conanyca conpHKaCalOTCSI 8 3BTeKTHtieCKOA 

TOtIKe E. 
<l>opMa 38TeKTH'leCKOi\i ,llHarpaMMbl 38BHCHT OT pa3HOCTH rexne 

paTYJ) ruiaB1IeHHSI KOMUOHeHTOB A H B. Ecnn reemeparypsr nnaane 
HH.R 6JIH3KH, TO'IKa E ne)KHT np11MepHO nocepenaae ,llHarpaMMhl. 
EcJIH TeMnepaTYJ)bI nJiaBJieHH.R CHJlbHO OTJIHtI810TCSI, TO'IKa E CMe 
utaerca K TOt{Ke nJiaBJieHHSI HH3KOTIJiaBKOro KOMilOHCHTa H 8 npe 
nene cnHBaeTC.R HJIH IlOtITH CJIHBaeTCSI c Hei\i (pHC. 3.3.4, 8). 

Ha pHC. 3.3.4, iJ npeacraaneaa .llHarpaMMa COCTOHHHSI c perpo 
rpa.nHoti paCTBOpHMOCTblO. B 3TOM cnyxae paCTBOpHMOCTb KOMilO 
HeHTa B c nOBhIUICHHCM ressneparypsr OT TOtIKH t E cnepsa naaaer no 
TOtIJQl /a, 3aTeM CHOBa pacrer, Ilpa narpesaaaa OT le.D.O f KPHCTilJI 
JlbI KOMilOHeHTa B esmaaator, a npa .llaJibHCHWeM aarpeaaaan CHOBa 
paCTBOpSIIOTC.SI. 

Mnxpocrpyxrypa llUIH<POB .ll.lI.R COCT3BOB, OTBetiatOIUHX ¢mypa 
THBHbIM TOtIKaM Ha pHC. 3.3.4, a 11 6, npencraaneaa Ha pac. 3.3.4, e. 

3sme,cmu11ec,ca11 iJuazpaM.Ma cocmOJIHUJI 
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Pac. 3.3.4. 3BTCKTH'ICCK3JI miarpaMMa COCTOllHHll: a - KpHBblC oxnaJl(JlCHHII, OT 
BC'laIOl.llHC pa3HbIM CHHrym1pHblM TO'IKaM; 6, 8, t - BK.I{ llHBrpaMM COCTOllHHII; 
iJ - MHICJ)OCTpYJCTYpbl cnn:aeoe, COCTaBbl KOTOpblX YKll33Hbl COOTBeTCTBYIOWHMH 

6y,ceaMM Ha PHC. 3.3.4, 6 
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)ruazpOMMa cocmosnus c xususecxu» coeounenueu 
,ll;Ha.rpaMMbl COCTOSIHHSI TaKOfO THna COCTOSIT KaK 6bl H3 ,llByx 6onee 

npocrsrx .auarpaMM, npH'ICM MaKCHMYM Ha JIHHHH JIHKBH.llyca SIWISl 
eTCSI TO'IKOH, pa3,lleJISIIOI.Udi .llHarpaMMy. 

a) Ee3 o e n ac r e a TBCp.llbIX pacT.BOpOB 

ECJIH B CHCTeMe A - B o6pa3yeTCS1 XHMH'ICCKoe COC.llHHCHHe, Ha 
npHMep AB (HJIH AmBn>• TO Ha .llHarpaMMC COCTOSIHHSI B03HHKaeT 
CUHzyARpHa.R mosxa D (OT nar. singularis - OT.llCJlbHbii:t, ocoesrn), 
pa:meJISIIOI.UWI .zurnrpaMMY Ha .llBC 3BTCKTH'ICCKHe .llHarpaMMbl C 38 
TeKTH'ICCKHMH TO'IKaMH E, H £i (pHC. 3.3.6, a). 3aCJiyxHBaCT BHH 
MaHIDI OCTpOTa IlHKa MaKCHM}'Ma. ECJIH nHK OCTpbIH, nnaanenae SIB 
nsercs 1'0H2J)Y3HmHblM, T.e. 6e3 pa.3JIO)l(CHHSI. ECJIH TIHK nonoraa  
nJiaBJICHHC UHJ(,()HZpY3HmHoe, T.e. c pa3JIO)l(CHHCM. Ha pHC. 3.3.6, 6 npa 
BC.llCH rrpasrep .llHarpaMMbI COCTOSIHIDI c XHMH'iCCKHM COC.llHHCHHCM 

6) c O 6 JI a c T SI M H TB e p .ll bl x pa c TB O p O B 

Ha npaxraxe, KaK npaBHJIO, o6HapY)ICHBaeTCsr XOTSI 6hl HHtfl'O:lK 
HaR paC'I'BOpHMOCTb KOMilOHeHTOB .npyr B npyre, H rorna HMCCM .l{Har 
paMMY COCTOSIHHJI c o6JiaCTSIMH TBep,llbIX paCTBOpOB. Ha PHC. 3.3.5, a 
npHBC.llCH OOWHH BH.ll TaKOA. .D:HarpaMMbI. 

Ilpa OXJIIDK.l{CHHH pacnnasa, oraesaiourero q>HrypaTHBHOH TO'IKC 
<1>;! no TCMnepa'l)'p Ha 6eCKOHe'iHo MaJIYI() BCJIH'IHHY HIDKC TCMne 
paryp KJ)HBOA. JIHKBH.l{yca asmaaaior KPHCTaJIJibI He 'IHCTOfi: $a3bl A, 
a aq,a:JM, T.e. reepaoro pacraopa B a A. TaK, pacnnasy COCTaBa /' 
OTBC'laeT COCTaB KPHCTaJIJIOB s', pacnnasy COCTaBa l" - COCTaB KpH 
CTaJIJIOB s", Ilpa resuteparype 's H3 pacnnaaa, oreesaiourero 3BTeK 
TH'lecKoA. TO'IKe E, KJ)HCTaJIJIH3YeTCSI semexmuxa, T.e. MexaHH'ICCKaSI 
CMCCb KJ)HCTaJIJIOB aq>a3bl (TBep,llbIA. paCTBOp B B A) H KPHCTaJIJIOB 
13cl>aJbI (TBCP.llbl.H paCTBOp A a /J). 

Ha PHC. 3.3.5, 6 npaseaeaa .llHarpaMMa COCTOSIHHSI CHCTeMbl Ag 
Cu. Ilpa KJ)HCTaJIJIHJaUHH COCTaBOB, JIC:llCal.UHX WICBO OT 38TeKTH 
'lecKOH TO'IKH, asmaaaer TBCP.llblH paCTBOp MC.llH a cepe6pe (q,aJa a); 
npa KJ)HCTaJIJIHJaUHH COCTaBOB, JIC)KalUHX snpaeo OT 38TeKTH'ICCKOH 
TO'IKH,  TBCP.llblH pacrsop cepe6pa a MC.llH (q>a3a p). Ilpa rexne 
parype le= 779°C COCTaB 3THX TBCP.llblX paCTBOpoB paBCH, COOTBeT 
CTBCHHO, 8,8 H 8,0 Bee.% paCTBOpeHHOI'O KOMilOHCHTa. 
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Piie. 3.3.6. L{HarpaMMa COCTOIIHHJI c XHMH'ICCXHM COCJIHKCHHCM 6e3 o6naC'l'CA 
TBCP.11b1X p8CTpoB: a - o6lllHA DH.a ,llHarp8MMbl c CHHfYJIJlpHoA TO'IXOA; 6 - Jl}lar 

p8MM8 cocro11HHJ1 cHC'l'CMhl MgSn 

t, ·c 
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Piie. 3.3.5. 3BTCKTH'ICCK8JI JIHarpaMM8 COCTOJIHHII C 00Jl8CTIIMH TBCP.IU>IX paCTBO 
poa: a - OOlllHA BH.11 .D.HarpaMMbl; 6 - JIH8rp8MM8 cocrosaas CHC'l'CMW AgCu 
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Mg2Sn. HanH'IHe CHHryJUipHOit TOlfKH nO.D.TBep)KllaeTC.R He TOJlbKO 
MaKCHM)'MOM Ha KPHBOH nJiaBJieHH.R, HO lif MlifHHM)'MOM Ha KpHBOH 
3JieKTPODpoBO.llHOCTH. 

6) c O 6 JI a c T .R M H TB e p .n bl x p a c T B O p O B 

ECJIH XHMH'leCKOe coenaaenue, Ha KOTOpoM OCHOBaHa q>a3a ne 
peMeHHOI'O COCTaBa, nesorr B npenenax ee o6JiaCTH fOMOfeHHOCTH, 
ro 3Ta <l>a:3a Ha3bIBaeTC.R OOJlbmOHUOOM (pHC. 3.3.7, a), a eCJIH sa npe 
.nenaMH o6JiaCTH roMOfeHHOCTH, ro 6epmO/lAUOOM (pHC. 3.3.7, 6). 

1.3. AHanH3 .llHarpaMM q>a30Boro paBHOBCCH.R 
AHanH3 .llHarpaMM q>a30BOI'O paBHOBCCH.R HSlfHHaeTC.R C yCTaHOB 

JieHH.11 npHHa.llJ[e)KHOCTH .llHarpaMMbI COCTOSIHHSI K 0.llHOMY H3 mrrH 
onacaaaux BbIWe THflOB (CM. pHC. 3.3.1). Ilpa 3TOM cnenyer HMCTb 
~ BHJIY, 'ITO HaJIH'IHC O.llHOH HJIH HCCKOJibKHX 3BTeKTHlfCCKHX TO'leK 
Ha .n11arpaMMe CBH)leTeJibCTByeT O npHHa.llJ[C)KHOCTH K 3BTeKTH'Ie 
CKHM .llHarpaMMaM TOJlbKO npa OTC}'TCTBHH CHHryJI.llpHbIX TO'leK. 
B npoTHBHOM cnysae MbI HMeeM .nHarpaMMbl COCTOSIHHSI c XHMH',{e 
CKHMH Coe.llHHeHH.RMH. 

An» BbinOJIHeHHSI q>a30BOro aHaJJH3a no 33.l{aHHOH .nHarpaMMC 
COCTO.RHH.11 He06XO.llHMO pa3.llCJIHTb ee Ha 'laCTH, xaxnaa H3 KOTO 
psrx nonxaa 6bITb noxoxa Ha THnOBbJe .llHarpaMMbl. 3areM Hy)KHO 
onpenemrrs see q>a3bl CHCTeMbl H MHOI'Oq>a3Hble 0611aCTH Ha naar 
paMMe cocrosaas. Ilocne sroro paccMaTPHBaIOTc.R npespaureaaa 
npa KpHCTaJIJIH3al.{HH )l(HJIKOH q>a3bl H npespautexaa B TBCP.llOM 

A A0Bm B 
6) 

Piie. 3.3.7 . .l(HarpaMMbl COCTO.l!Hll.11 c XllMH'ieCKHMH coemrneHH.IIMH H o611aCT.RMH 
TBeP.IUilX paCTBOpoB: a - c .lllUTbTOHHJU{Oit (i,a30lt; 6 - c 6eprOMH.llHOR tt,aJOlt. 
no11omit nHK HMeeTC.11 Ha KpHBOII He TOJlbKO JlHKBHJzyCa, HO H comuryca, r.e. cl>aJa 

JD(CCOUHHpyeT H B lKH,llKOM, H 8 TBCpllOM COCTOJIHHH 

T 
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2. DpaK1'H11ecKa.s1 11acTb 

2.1. Ilopaaox BblfiOJIHeHHH pa60Tbl 

L{m1 BblnOJIHeHHff 3a.llaHHff He06XOllHMO: 

2.1. l. IlOJIY'{HTh y npenonasarens HH.ll.HBH.nyaJibHoe 3aJ1aHHC. 
2.1.2. Haseprnrs e Macwrn6e aHaJIH3HpyeMyIO .1111arpaMMY cocro 

11HH.II. 
2.1.3. ,[(aTb 6y1<BeHHbie 0003Ha"leHHH BCeM JIHHH.IIM .llHarpaMMbI 

COCTO.IIHHH. 
2.1.4. Onpeaeaars, K KaKOMY rany (CM. _pHC. 3.3.1) OTHOCHTCSI 

.1111arpaMMa COCTOSIHHSI. 
2.1.5. Ilposecrn q)a30Bbl'1 H CTPYKTYPHbIA aHaJIH3bl .1111arpaMMbl 

COCTO.IIHH11. 
2.1.6. Paccsarars COCTaBbl TBCP.llblX pacrsopoa (npa HX HaJIH'{HH 

B CHCTeMe). 
2.1.7. Hanacars npaJCTHqecK}'IO xacrs orxera o pa6oTe e COOTBCT 

CTBHH C BblWeYKaJaHHbIMH n}'HKTaMH 33.llaHHSI. 

COCTO.IIHHH. Hanpaxep, .llHarpaMMY COCTO.IIHH.11 CHCTeMl,] Ag  Cu 
(CM. PHC. 3.3.5, 6) MO)KffO pa3.ZleJIHTb Ha urecrs o6nacreit ,11.Be H3 
HHX .IIBJUIIOTC.11 o6JiaCTIIMH raepasrx pacTBOPOB ex 11 ~ Ocransasre 
OTHOC.IITC.11 K 0.11HOq>a3HbIM (aanpuuep, pacnnas Ha ,ZlHarpaMMC Ha 
XO.llHTC.11 BbIWC JIHHHH JIHKBHJI,yca) HJIH .neyx$a3HbIM o6JiaCTHM. 

Cocran TBCP.ZlbIX pacraopos onpenenaercs, xax npaBHJIO, B TO'IKe 
MaKCHMaJibHOit paCTBOPHMOCTH. )ln.11 3TOfO H3 Hait.lJ.CHHOA TO'IKH 
onycxaercs nepneaaaxynsp Ha OCb a6cUHCC, H B COOTBCTCTBHH c 3a 
.naHHbIM MacwTa6oM onpe.11eJIHCTC.II COOTHOWeHHe Me)K.lly KOMno 
HeHTaMH. 
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s 

C=K-<l>+l, 
rne c - 'IHCJJO creneaea CB060.llbl, T.e. 'IHCJJO H3MCHSIIOLUHXCSI 
BHeWHHX H BHyrpeHHHX <t>aKTOPOB (resmeparypa, KOHUCHTpaUHR, 
nasaeaue): K - 'IHCJJO KOMnOHCHTOB; <1> - \fHCJJO <j>aJ. 

Ilon 'IUC/IOM cmeneneu ceo6oiJbl cucmeuu noHHMaeTCSI 'IHCJIO aesa 
BHCHMbJX rtepexeaasrx q>aKTOpOB,. KOTOpoe MO)l(HO H3MCHHTb npa 
coxpaaeaaa 'lHCJJa <PaJ B CHCTeMe. B xaxecrse npasrepa paCCMOT 
PHM KPHCT8JlJIHJal.lHIO cnnaeos CHCTeMbl Sn  Zn (CM. PHC. nn. 

KpHCTaJIJJHJaUHSI cnnasa 3BTeJCTH\feCKOro COCTaBa 3TOti CHCTeMbl 
(9% Zn+ 91% Sn) npoHCXO.llHT npa nOCTO.RHHO~ reuneparype, H s 
CHCTeMe COCYll{CCTBYJOT TpH <f>aJbJ ()KH.llKOCTb + KPHCTaJJJibJ UHHKa + 
+ KPHCTaJJJibI OJJOBa). B COOTBeTCTBHH C npaBHJJOM q>a3 lfHCJIO CTe 
neaea CBOOO.llhl paBHO H}'JIIO: 

C=K-<1>+ 1 =23+ l=O, 
T.e. CHCTeMa 6e3BapHaHTHa, H mo6oe HJMCHCHHe rexneparypa HJIH 
KOHUCHTpaUHH Bbl30BCT aapyureaae paBHOBCCH.R. HanHtfHe ropa 

IlpHMep noc,poeHHJI .i:utarpaMMLI COCTOJIHHJI 
( CHCTeMa «OJJOBO - llHRK~) 

.l(Ju1 nOCTp<>eHH.11 ,llHarpaMMbI MeTO.llOM TepMH\feCKOro aHaJJHJa 
Heo6XO.llHMO flOJJY'{HTb KPHBbJe OXJia)l(JleHH.11 \fHCTbIX MeTaJJJJOB H 
paaa HX cnnasoa. B .n.aHHOM cnyxae npoaeaexo HCCJJe,llOBaHHe lfHC 
TbJX MeTaJIJIOB OJJOBa H UHHKa, a TIUOKe HX Cil.JlaBOB: .ll03BTeK'J'H\{eCKO 
ro (4% Zn+ 96% Sn), ssrexraxecxoro (9% Zn+ 91% Sn) H .llByx 
cnnasos Ja3BTeKTHlfeCKHX (20% Zn + 80% Sn H 50% Zn + 50% Sn) 
COCTilBOB (pHc.nl). 

Ilocne nposeneaaa TepMHlfeCKOro aHaJJH3a }'KaJaHHbIX MeTa.lI.JJOB 
H CnJJaBOB .ll1UI nonyqeHHJI KPHTH'leCKHX TOlfCK He06XO.llHMO nocrpo 
HTb KpHBble HX KpHCTa.lIJIHJaUHH. no nonyqeHHbIM ,llaHHbIM CTpOH'tCSI 
,llHarpaMMa COCTOSIHHJI CHCTeMbl Sn  Zn (CM. pHC. Ill). 

)lnsi: reoperxxecxoa rrposepxa npaBHJibHOCTH nOCTpOeHIDI naar 
paMMbJ COCTO.IIHHSI H aHaJJHJa KPHBblX OXJia)l(JleHH.11 nOJJbJYJOrCSI 
npaBHJIOM <j>aJ: 

Ilpunoocenue 
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PNc. Ill. KpHBble OXJJID1UteHJ1R H AHarpaMMa cocroRHKR cnaasos onosaa UHHKa 

30HTaJJbHOro yxacrxa Ha KPHBOJ:i OXJTaJK.neHH.R (CM. pac.Il l) cnnaea 
nOKa3bIBaCT nOCTO.RHCTBO resmeparypsi. Teuneparypa oCTaeTC.R no 
CTO.RHHOit .110 nOJJHOro HC'IC3HOBeHH.R o.aHOl1 H3 (pa.3, T.e. )KHJ.lKOCTH. 
KpHCTaJIJJH3aUH.R .110 H 3a3BTeKTH'ICCKl1X cnnasoa npOHCXOJIHT B 
aarepaane rexneparyp Me)KJly JJHHIUIMH JJHKBH.llyca H COJJHJlyca. 
Ilpa 3TOM CJlJiaBbl COCTOHT H3 KpHCTaJJJJOB OJIOBa H UHHKa B 3aBHCH 
MOCTH or COCTa.Ba )l(J.fJlKOCTH, r.e. </> = 2. lIHCJIO creneaea CBOOO.llbl 
paBHO C.llHHHue: C = 2  2 + 1 = 1. 3.11ecb CHCTeMa 0.llHOBapHaHTHa, 
'ITO n03BOJUleT, coxpaass paBHOBCCHe cnnasa, npoH3BOJJbHO MCHJITb 
JIH6o TCMneparypy (3aBHCHMOA nepeMCHHOA 6y.aeT KOHUCHTP3UHH), 
JIHOO KOHUCHTJ)aUHJO (JaBHCHMOA nepeMCHHOl1 6yD.eT rexneperypa). 

8 CHCTCMC OJlOBO  UHHK npa KOMH8THOA reuneparype cyuie 
CTByJOT .D.BC reepnsre (pa3bl: KpHCTaJIJ[bl OJIOBa H UHHKa. BJaHMHa.R 
pacTBOpHMOCTb 3THX MeTaJIJlOB B TBCP.!lOM COCTO.RHHH HC3H3'1H 
TCJibHa, TI03TOM}' OJIOBO H UHHK npaKTH'l'eCKH ClfHTaJOT He paCTBO 
p.RIOWHMHCR npyr B npyre. TIO COCTaBY H CTPYKTYJ)C CJ1JI8Bbl .aaHHOA 
CHCTeMbl .11emrrcsr Ha J103BTCKTH'ICCKHe, 3BTeKTHI.JeCKHe H Ja3BTCK 
TH'l'CCKHe. 

Crpyxrypa .ll03BTCKTH'ICCKHX cnnasoe (MeHee 9% Zn) COCTOHT 
H3 H36bITO'l'HhlX KpHCTaJIJlOB OJJOBa H 3BTCKTHKH. MHKpOCTpYKTYJ)a 
3BTCKTil'ICCKoro cnnaea, conepxauiero 9% Zn H 91 % Sn, COCTOHT 
H3 MexaHH'ICCKOA CMCCH MCJIKHX 3CpeH nayx (pa.3  OJIOBa H UHHKa. 
Crpyicrypa Ja3BTCKTHI.JeCKHX cnJJaBOB (6onee 9% Zn) COCTOHT H3 
H36bITOlfHblX KPHCTaJIJIOB UHHKa H 3BTCKTHKH. 

t, 0 e, c 

100%s 4% Zn 9% Z .,_ __, 
96% Sn 91% 

lbuoe Sn 
. Sn L l 

t • . 
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