da30BkIC MPEBpPAICHUA

da30BbIN nepexon

YpaBHeHue KnanenpoHa—Knayanyca
da3oBble nepexoabl | poaa
[TpaBuno gas ['nbbca

dasoBble nepexoabl Il poa



HN3oTepma peaibHOTO raza

NMpaBuno pblyara nMo3BONSET rpauyeckn  paccyuTaTb
COOTHOLWEeHMe mexay maccom XK xumgkoctm m maccoum [ rasa B
aByxdasHoun cucteme ¢ oobemom V: V,<V<V,,
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Takum obpasom, OTHOWEHMEe Macc B [ABYyXdra3HOW cucteme
obbemom V o00paTtHO nNpPonopuUMOHArIbHO AfIMHaM OTPE3KOB
rOpU30OHTaNbHOIO Yy4yacTka W30TEPMbIl, 3aKITIOYEHHOro Mexay

obbemamnV, n V,. 3TO yTBEPXKOEHME HA3bIBAETCS MpPaBUiIOM
pblyara.



HM3orepma peanbHOro rasa

« Paza — COBOKYMHOCTb BCeEX
YyacTeu TepMoaAnHaMMNYEeCKOoM
CUCTEMBI, OOQMHAKOBbLIX MO CBOUM
XUMUYECKUM 7 don3n4eCKUM
CBOUCTBaM, He 3aBuUcCAWUM OT
KonmyecTBa BellecTBa.
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> o /) v \ :: OQHOro MaKpOCKOMNYECKOro
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Hacrwimennsit nap HeHacbileHHBIH nap OCTOAHUA I? Apyroe B CUCTEME,
Ty < Ty <Ts < Top< T cogepxatilen bornbLioe
(Makpockonnyeckoe) 4ynucno

yacTuLl.



HM3orepma peanbHOro rasa

KUIKOCTh

o /  Va N

B OOHOKOMMOHEHTHLIX CUCTEMax as0BbIM Nepexond CBA3aH C
N3MEHEHNEM (Ha30BOro COCTOSIHUA 0e3 U3MEHEHUS XUMUYECKOro
coctaBa W  MPOUCXOAUT NpWU  ONpeadeneHHbIX  3Ha4YeHusIxX
napamMeTpoB (TemnepaTtypbl, AaBrneHUsA, WHOYKUMM MarHUTHOro
nona v T.N.), onpegensalowmx TOYKy as3oBoro nepexoana
(pasoBoro paBHoBecusl).



HN3oTepma peaibHOTO raza

p A
p [lpn pas3oBbIX nepexogax MoOryTt

paspyLwaTtbcs n/mnn cosgaBaTtbCs Kak
HOBble MEXMONEKYNAPHbLIE CBA3N,
Tak 7 N3MEHSTbCS
BHYTPUMONEKYNSAPHbIE CBA3N.
da3oBble nepexoabl Takxke
. npoucxogstT B MHOMOKOMMOHEHTHbIX
/ -. , cucremax npu XUMUNYECKNX
/| I, peakumsix. [py 3TOM U3MeHstOTCS

0/ Vi \ V BHYTPUMONEKYNSAPHbIE CBA3MN.
Hacoimennsld nap HeHacbileHHBIH nap

T <Ty <T3<Tp<Ty
OcobeHHOCTBIO  (pas3oBoro  nepexoga  SIBMFETCA  pe3Koe
(ckaukoobpa3Hoe) N3MEHEHME HEKOTOPLIX CBOUCTB BellecTBa. B
TedyeHne as3oBoro npeBpalleHns cUcTeMa OKa3bliBAETCS OYeHb
YYBCTBUTENBHOW K CrlabbiM BHELLIHUM BO3ENCTBUSIM.
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YpaBHenue Knanerpona—Kiaysnyca
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Hacoimennsld nap HeHacbileHHBIH nap
T <Ty <T3<Tp<Ty

KUIKOCTh

PaccmoTpum ©OeCcKOHeYHO Manbii obpatumbin  UMKn  KapHo,
n3otepmMamm B KOTOPOM  SABMAKTCA COCTOAHUA OBYyXda3HOU
cuctembl npu temnepatypax T v T— dT.



Ypasuenue Kianenpona—Knaysuyca
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KornnyectBo Tennotbl Q HasblBaeTca mensiomou ¢ha3oeo20
npeepaweHuUss (WNU CKPbLITOM TENSIOTOW nepexopa). ATa TensnorTa
3arpadmMBaeTcd Ha [MpPeodofieHMe CUIl  NPUTSXKEHUA  Mexay
MOJSieKynamMm npu U3MeHeHUWN arperaTtHoro COCTOSIHUA BellecTBa.
YpaBHeHMe  crnpaBegsiMeBo  ans  noboro PaBHOBECHOIO
ABYyXda3HOro COCToOAHUA.



HN3oTepma peaibHOTO raza

dG=-SdT+Vdp

PaccmoTpmMm OBYyX@asHyrd CUCTEMY.
[lycTb 06beMbl a3 paBHbl V, UV, a
UX aHTponumnm S; n S,. [lockonbky
(p=const, T=const)

dG=dG,-dG,=0
dp _ 53— 5] Q

KUIKOCTh
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Hacoimennsld nap HeHacbileHHBIH nap
T <Ty <T3<Tp<Ty

[Mpn ¢ghazoenix nepexodax | poda— noteHuman mMbbca, HOPMMPOBAHHLIN Ha
OOMH MOJIb BELLLECTBA U3MEHSIETCSA HenpepbiBHO. [Npu Temnepartype dasoBoro
nepexona nponucxoauT ckadkoobpasHoe U3aMeHeHne aHTanbnuu H, aHtponun S
N MonspHoro oobema V.



TporHas Touka (Boaa)

P, 4TM pip=218arm

tp=374°C K

KpuBaga nnaeneHud
dp I e KpuBasa ncnapeHums

1

AT T(Vy —Vy) | [ dp Ly
dr  T(V, —Vy)

Kpusasi cybnmmanmm O
dp L[{p —— v
ar TV, -Vy) A Map | .
0 100 t, °C
TponHaa TOYKa B OOHOKOMIMOHEHTHOW CUCTEME — TOuYKa
CXOXOEeHUA KpUBbIX ABYX(a3HbIX paBHOBECUU Ha Nnockon P-T —
draszoBou avarpamme, COOTBETCTBYIOLLAA YCTONYNBOMY

paBHOBECUIO TpeX dhas.



TpexmepHaa ¢a3oBana gnarpamma BoAabl
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®a3osaa guarpamma H,O
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da3osaa guarpamma CO,
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da3oBasd gnarpamma cepbl
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®da3oebil nepexod | pooa

(Knaccudpukauma dasoBbix nepexoaos no IpeHdecTy)

[lpn @ha3oebix nepexodax | poda noteHuuan [Kn6Oca,
HOPMMPOBAHHbLIN HA OOWH MOMNb BELleCTBA W3MEHSAETCH
HenpepbiBHO. [lpn  Temnepatype (asoBoro nepexoga
NPOMCXOOUT  CKaykoobOpasHoe WM3MEeHeHue 3HTanbnum H,
SHTPONUN S U MoNsipHOro oobema V.

da3oBble nepexoabl NepBoro poaa

OTO nepexodbl, NP KOTOPbIX TEPMOANHAMUYECKUI MOTEHuMan
[MbOca HenpepbIBEH, a ero

nepBble NPOonU3BOAHbIE TEPMNAT Pa3pbiB.

G=H-TS
dG=-SdT+Vdp



®dazoBeic nepexons! |l poma

(Knaccndumrauma dasosbix nepexonos no IpeHbecty)

AH
)/ / [Mpwn ¢dazoBom nepexoae
an T ., 7 BTOPOro  poaa  HernpepbiBeH
" b noteHumnan mbbca n ero nepsble
)/ / NPOnU3BOAHLIE.
Ton T T G — H _TS
p dG=-SdT+Vdp
/l/ / OagHako BTOPblE W CMELUaHHbIE
Tan T e T TMPOU3BOOHbIE (UM HEKOTOpPbLIE U3
\ HUX) UCNbITbIBAIOT CKaAYOK.




®dazoBeic nepexons! |l poma

(Knaccndumrauma dasosbix nepexonos no IpeHbecty)

AH
)/ / [Mpwn ¢dazoBom nepexoae
an T ., 7 BTOPOro  poaa  HernpepbiBeH
" b noteHumnan mbbca n ero nepsble
)/ / NPOnU3BOAHLIE.
Ton T T G — H _TS
p dG=-SdT+Vdp
/l/ / OagHako BTOPblE W CMELUaHHbIE
Tan T e T TMPOU3BOOHbIE (UM HEKOTOpPbLIE U3
\ HUX) UCNbITbIBAIOT CKaAYOK.




[IpruMepn! Ppa30BEIX TIepexoqoB | poaa

" KoHpeHcauua— nepexof
& BelllecTBa B XUOKoe Unn meépaoe
COCTOsIHME U3 2a3006pa3Hoeo.

KonaeHcauua WcnapeHue

I l UcnapéHmne— npouecc ¢asoBoro
{ bl ' “

nepexoga BellecTBa U3 KXUOKO20
COCTOSIHUA B napoodbpa3Hoe unu
2a3oobpa3Hoe, nponcxoadalmn Ha
NOBEPXHOCTM BELLIECTBA.




[IpruMepn! Ppa30BEIX TIepexoqoB | poaa

YKngkocTtb
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=~ lNnaBnéHune — 3T0 npouecc
.| nepexoga Tena 3
KpUCTanIM4eckoro TBEPAOro

COCTOAHUNA B XKNAKOE

Kpuctannusauma — 39T0 npouecc
BblaeneHna teBepaon dasbl B BUAE
KPpUCTanmoB W3 pacTBOPOB UMK
pacnnaBoB.

== TBepnoe TENO



[IpruMepn! Ppa30BEIX TIepexoqoB | poaa

TBepooe Teno
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Cyonumauus (BO3roHka) —
nepexon BellecTBa W3 TBEPOOro
COCTOSIHUA cpasy B rasoobpasHoe,
MUHYS XXUAKoe.



da3osble nepexoabl

BanaHue temnepartypbl

Pa3oBbli

nepexoa
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KPUCTANNTUYECKOE AMOP®HOE
coctofHue ¢Pasbl coctofHue ¢pasbl
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"OnoBAHHaA Yyyma"

Benoe o0n08o (B-popma) ~ 13 °C

~ 13 °C

Cepoe onoso (o-¢popma)



®dazoBeic nepexonsl |l poma

T Ttlul
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K gpasoBbiM nepexogam BTOPOro poaa,
NOMMMO nepexoaa rennst u3 obbIYHOro B

CBEpXTEKyYyee COCTosiHue, crneayet

NPUYUCTINTD:

* nepexon ANaneKTpuKa B
CErHETO3NEKTPUYECKOE COCTOSAHNE

* nepexon napamarHeTuka B

doeppomMarHMTHoOe COCTOAHUE,
* nepexoq rnpPoBoAHMKA N3 0ObIYHOIO B
CBepxnpoBoasiLliee CoOCToAHNE

* nAap.



dazoBbie niepexoanl | u |l pona




Huciao tepMoanHaAMHUYECKUX

CTEIICHEU CBOOOIbI

Uncno TepmoauMHaMuyecKux cTeneHeum cBoOOAblI — 4UCIO
napamMeTpoB |, KOTOPble MOXHO MPOU3BONILHO W3MEHSATb, He
MeHSAA yncna gpas B CUCTEME U HE Hapyllas paBHOBECUS:

j=(k+2)-N

Hanpumep,

e [ON4a ngeanbHoOro rasa (ogHOKOMnoHeHTHon k=1 u ogHoda3Hou
N=1 cucrembl) |=2, TO €CTb WMEKTCA TOMbKO [ABa
He3aBMcUMbIX napametpa (p,V unm p,T).

e [ONna cMmecu 13 aByx mgeanecHbix razoB (k=2 , N =1):|=3 . B
KayecTBe TPETbero napameTpa BbICTYNaAeT KOHUEHTpauus n
OQHOro N3 KOMIMOHEHTOB.



IIpaBuio a3 I mb0ca

KUIKOCTh
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Hacrwimennsii nap HeHacobileHHBIH nap
T <1y <T3<T(p<T}

r
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NpaBuno ¢¢a3 [unbb6ca (9dns
¢ghazoebix rnepexodoe nepso2o
poda). B cucteme, copaepxauwien k
KOMMNOHEHTOB 1 N gbas, npu ycrnosum,
YyTo KaXXObIn KOMMOHEHT
npucyTCcTBYeT BO Bcex N pasax, npu
paBHOBECUU 4yncno doas He
NPEeBOCXOAUT YMcna KOMMNOHEHTOB

nmocmea: N S K + 2



dasoBaa gnarpamma (Cnnasbl)
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