da30BkIC MPEBpPAICHUA

da3oBbIN nNepexon

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

das3oBble nepexoasb! Il poa



HN3oTepma peaibHOTO raza

NMpaBuno pblyara nMo3BONSET rpauyeckn  paccyuTaTb
COOTHOLWIeHue mexay maccom XK xumgkoctm m maccoum [ rasa B
OByxdasHoun cucteme ¢ oobemom V: V,<V<V,,.
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Takum obOpasom, OTHOLEeHne mMacc B AByxdasHOM CcUcteme
obbemom V o00paTtHO nNpPoONoOpUMOHASIbHO AfIMHaM OTPE3KOB
OPU3OHTASIbHOr0 Yy4yacTKka W30TEPMbl, 3aKIIIOYEHHOro Mexay

obbemamnV, n V,. 3T0 yTBEpXOeHME Ha3biBaeTCA MpaBUIIOM
pblyara.



HM3orepma peanbHOro rasa

« Paza — COBOKYMHOCTb BCeX
yacTeun TepMognHaMn4ecKkomn
CUCTEMBbI, OQWHAKOBbLIX MO CBOUM
XUMUYECKUM 7 don3n4ECKUM
CBOWMCTBaM, He 3aBuUCAWMM OT
KOnmn4yecTBa BeLLECTBA.
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Hacwimennsii nap HeHacbileHHBIH nap OCTOAHUA I? APyroe B CUCTEME,
Ty < Ty <Ts < Top< T cogepxatlen bonbLuoe
(Makpockonu4yeckoe) 4YKCIo

yacTuu,.



HM3orepma peanbHOro rasa

KUIKOCTh
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B OOHOKOMMOHEHTHLIX cCUCTEMAaxX a30BblM Mepexon CBA3aH C
N3MEHEHNEM (Ha30BOro COCTOSIHUA 0e3 U3MEHEHUS XUMUYECKOro
coctTaBa W  MPOUCXOAUT NpWU  ONpeadeneHHbIX  3Ha4YeHusIx
napameTpoB (TemnepaTypbl, OaBrneHusl, WUHOYKUUN MarHUTHOIO
nona v T.N.), onpegenarWwmnx TOYKy as3oBoro nepexoana
(pasoBoro pasHoBecusl).



HN3oTepma peaibHOTO raza

[lp  Ppas3oBbIX nepexogax MOryT
paspyLwaTtbCs n/mnn cosgaBaTtbCs Kak
HOBble MEXMONEKYNAPHbLIE CBA3N,
Tak 7 N3MEHSTbCS
BHYTPUMOSIEKYNSIPHbIE CBA3W.
da3oBble nepexoabl Takxke
. NPOUCXOOAT B MHOMOKOMMOHEHTHbIX
/ . , cucremax npu XUMUYECKNX
/| I, peakumsix. [pu 3TOM UK3MeHsOTCS

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

T <Ty <T3<Tp<Ty
OcobeHHOCTBIO  (pa3oBoro  nepexoga  SIBMFETCA  pe3Koe
(Ckaukoobpa3HOe) M3MEHEHNE HEKOTOPLIX CBOUCTB BellecTBa. B
TeyeHne ¢al3oBoOro npeBpalleHnsi CUCTEMA OKa3sbiBAeTCsl O4YeHb
YYBCTBUTENBHOW K CriabbiM BHELLHUM BO3ENCTBUSIM.

KUIKOCTh




YpaBHenue Knanerpona—Kiiay3nyca
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Hacoimennsld nap HeHacbileHHBIH nap
T <Ty <T3<Tp<Ty

KUIKOCTh

PaccmoTpum OeCcKOHEYHO Manbii  obpatumbii  Umkn  KapHo,
n3otepmMamMmm B KOTOPOM  SABMAKTCA COCTOAHUA OBYyXdas3HOU
cuctembl npu temnepatypax T v T— dT.



Ypasuenue Kianenpona—Knays3uyca
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KonnmyectBo Tennotel Q HasblBaeTcd mensiomou ¢ha3oeo020
npeepaweHuUsi (WNU CKPbLITOM TENsIoTOW nepexopa). ATa Tensora
3arpadmBaeTCcd Ha [MpeodofieHMe CUIl  NPUTSXKEHUa  Mexay
MOJSieKynamMm npu U3MeHeHUW arperaTtHoro COCTOSHWSA BellecTBa.
YpaBHeHne  cnpaBeasiMBo  ansa  noboro PaBHOBECHOIO
ABYyXda3HOro COCToOAHUA.



HN3oTepma peaibHOTO raza

dG=-SdT+Vdp

PaccmoTpumMm OBYyX@asHylo CUCTEMY.
[lycTb 06beMbl a3 paBHbl V, UV, a
UX aHTponum 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

Mpu ghazoenix nepexodax | poda— noteHuman 'mbbca, HOPMMPOBAHHBLIN HA
OOWH MONb BeLLeCcTBa N3MeHSAETCA HenpepbiBHO. [Npu Temnepatype ¢asoBoro
nepexoga NpoucxoamT ckadykoobpasHoe naMmeHeHne aHTanbnmn H, aHTponun S
N MonspHoro oobema V.



TporiHas Touka (Boaa)

P, 4TM pip=218arm

tp=374°C K

KpuBaga nnaeneHud
dp I e KpuBasa ncnapeHums
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AT T(Vy —Vy) | [ dp Ly
dr  T(V, —Vy)

Kpusasi cybnmmanmm O
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0 100 t, °C
TpouHaa TOYKa B OOHOKOMMOHEHTHOWM CUCTEME — TOYKa
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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da3oBasd gnarpamma cepbl
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da3oebilt nepexod | pooa

(Knaccudpukauma dasoBbix nepexoaos no IpeHdecty)

[Mlpn ¢ba3zoebix nepexodax | poda noTeHuman [KnbOGca,
HOPMUPOBAHHbLIA Ha OAWH MOMb BeLlecTBa U3MeHdeTcH
HenpepbiBHO. [lpn  TemnepaTtype (asoBoro nepexoga
NPONCXOAUT  CKaykooOpasHoe W3MEeHeHue SHTanbnuum H,
SHTPONMUK S N MonsipHoro oobema V.

dPa3oBble nepexoabl NepBoro poaa

OTO nepexoabl, NPU KOTOPbIX TEPMOAMHAMUYECKUA MNOTEHLMan
[Mbbca HenpepbIBEH, a ero

nepBble NPON3BOAHbIE TEPNAT 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
b dG=-SdT+Vdp
/l/ / OagHako BTOpPblE W CMELUaHHble
Tan T e T TMPOU3BOOHBbIE (UM HEKOTOpPbLIE U3
\ HUX) UCNbITbIBAOT CKa4OK.




®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
b dG=-SdT+Vdp
/l/ / OagHako BTOpPblE W CMELUaHHble
Tan T e T TMPOU3BOOHBbIE (UM HEKOTOpPbLIE U3
\ HUX) UCNbITbIBAOT CKa4OK.




[IpruMepn! Ppa3oBEIX TIepexoqoB | poaa

- KoHpeHcaunsa— nepexon
& BelllecTBa B Xudkoe nnn meépooe
COCTOsIHME 13 2a3006pa3Ho20.

KoHaeHcauna WcnapeHwue
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UcnapéHue— npouecc dpasoBoro
nepexoga BeLlecTBa U3 XUOKO20
COCTOSIHUA B napoobpa3Hoe unu
2a3oobpa3Hoe, nponcxoadalmn Ha
NOBEPXHOCTM BELLECTBA.




[IpruMepn! Ppa3oBEIX TIepexoqoB | poaa

“)‘KI/I,EI,KOCTI:

—_— - " " MnaBnéHme — 93T0 npouecc

L e FSan. . nepexona Tena n3
| KpUcTann4yeckoro TBEPAOro

COCTOAHUNA B KNAOKOE

Kpuctannusauma — 370 npouecc
BblAeneHns Teepaon dasbl B BuaeE
KPpUCTanmoB U3 pacTBOPOB UMK
pacniaBos.
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[IpruMepn! Ppa3oBEIX TIepexoqoB | poaa

TBepooe Teno
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Cybnumauus (BO3roHKa)  —
nepexon BellecTBa U3 TBEPAOOro
COCTOSIHUA cpasy B rasoobpasHoe,
MUHYS XXUAKoe.



da3oBble nepexoabl

BanaHue temnepartypbl

Pa3o0Bbliif
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KPUCTANNNTUHECKOE AMOP®HOE
coctoaHue ¢dasbl coctoaHue ¢Pasbl
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"OnoBAHHAA Yyma"

Benoe onoso (B-popma) ~ 13 °C

~ 13 °C

Cepoe onoso (o-¢popma)



dazoBeic nepexonsl |l poma
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K gpa3oBbIM nepexogamMm BTOPOro poaa,
NOMMMO repexoaa refinsa n3 oobIYHOro B

CBEpXTEKyYee COCTOsiHMe, crneayeT

NPUYNCIINTD:

* nepexon ON3ANeKTpuKa B
CErHETO3NEKTPUYECKOE COCTOSAHNE

* nepexon napamarHeTtka B

doeppomMarHMTHoOe COCTOAHUE,
* nepexoq rnpPoBoAHMKA N3 0ObIMHOIO B
CBepxnpoBoasiLliee COCToAHNE

° K Aap.



dazoBbie niepexoanl | u |l pona




HYuciao tepMoanHaAMHUYE CKUX

CTEIICHEU CBOOO/IbI

Uncno TepmoaunHaMuyecKux cTeneHeum cBobOoAbl — 4UCIO
napamMeTpoB |, KOTOPble MOXHO MPOU3BONbHO W3MEHSATb, He
MeHSAA yncna gpas B CUCTEME U HE HapyLuas paBHOBECUS:

j=(k+2)-N

Hanpuwmep,

e [ONn4a ngeanbHoOro rasa (o0gHOKOMMNoHeHTHon k=1 u ogHoga3Hou
N=1 cucrtembol) |=2, TO €eCTb WMeEKTCA TOMbKO [ABa
He3aBMcUMbIX napametpa (p,V unm p,T).

e [ONn4a cmecu 13 AByx nmgeancHbix razoB (k=2 , N =1): |=3 . B
KayecTBe TPETbero napameTpa BbICTYNaeT KOHUEeHTpauus n
OAHOro N3 KOMIMOHEHTOB.



IIpaBuio (a3 ['mdboca

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

r
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NpaBuno ¢¢a3 [mnbb6ca (9dns
¢ghazoebix rnepexoooe nepso2o
poda). B cucteme, copgepxauwien k
KOMIMOHEHTOB U N doas, npu ycnosum,
YyTO Ka>kKO bl KOMMOHEHT
npucyTcTByeT BO Bcex N dasax, npwu
paBHOBECUU 4ncno das He
NPEBOCXOAUT Yncna KOMMOHEHTOB

nnwoc Asa: N < k + 2.



dasoBaa gnarpamma (Cnnasbl)
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