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BBenenue

3anexun HeddTu U rasa npeacTaBniAloT codbon
CMeCK pasnunyHbIX KOMNOHEHTOB, KOTOpPbIE
nog P & T moryT cylwiectBoBaTth B pa3HbIX
COCTOAHUSAX.

OTU COCTOAHMA Ha3biBatOTCA hasamu.

da30Bble COCTOAHUA — KIMHOYEBOW acCnekT B
NOHMMAaHUN NPUPOabI U NMOBEeAEHUS
dorntongoB B nnacTe, BO BpeMsi 400bIYN K
NpPWN TPAHCMOPTUPOBKE

€ ACTODD



OnpeneAeHUs
Cucrtema

- Konwn4yecTBo BellecTBa B npegenax
3a[]aHHbIX rpaHuL, B onpeaeneHHbIX
YCIOBUAX, COCTOSALLNE N3 HECKOMbKNX
KOMIMOHEHTOB

- Ecnu cyuwecTtByeT aoBmKeHMe 4yepes
rpaHuLy, TO cUCTeMa MeHSAEeTCH

KOMMOHEHTHI

71 YucTble BelwlecTBa, cocTaBnsoLwme
cuctemy

€ ACTODD

- MeTaH ATaH ROMNA



OnpeneAeHUs
dasbl

1 OgHopoagHasa YacTb CUCTEMBI,
orpaHu4eHHasi MOBEPXHOCTbIO pa3gena

1 [pumep: nen, xngkas soga, nap
PaBHOBecue

1 Cucrema HaxoauTcst B paBHOBECUN, ECIN
don3nyeckne CBOUCTBA OTAENbHbIX a3 He
N3MEHAIOTCHA CO BPEMEHEM.
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OnpeneAeHUs
MHTeHcuBHbIE cBOUCTBA (Intensive

Properties)

1 mne3aBNCUMbI OT KOJIMHECTBA BELLECTBA

1 lNpumep: NNOTHOCTL, KOIPPULMNEHT
CXXMMaEeMOCTH

OKCTeHcuBHbIE cBoUCTBaA (Extensive
Properties)

7 3aBUCAT OT KonnyecTBa BeLlecTBa

1 MNpumep: obbem 1 macca
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BAusHME TeMIlepaTypbl U JaBACHUSI

Temnepartypa

1 NHpumkatop (nokasartenb)
KWHETUYECKON SHEPTUN MOSIEKYI.

1 Mepa namepeHus KMHETUYECKOU SHepruu
MOneKyn.

1 YBenun4mBaeTcH nNpu HarpeBaHUmn

1 YBennyeHue CKoOpoCTU MOJIEKYI

0 MOJ'IeKyJ'IbI oTAaJIIAKTCA Apyr OoT Apyra
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BAaudgHue reMiiepaTtypbl U JaBACHUYI
[1aBneHve

1 OTpaxaetT YyacToTy coydapeHMn MOneKyn co
CTeHKaMN eMKOCTU

-+ Bonbluee konNnnM4ecTBO MONEKYn yBennynBaeT
nasrieHue

Me>|<M0ne|<yn$-|pr|e ChIbl. CUJIbl MPUTAXEHNA U
OTTaJIKUBaAHUA MEeXY MOJiEKYITlaMU

- Cuvnbl NpUTSXKEHNSA YBENUYMBAKOTCA NPU
oTaaneHuu

. Cwvnbl OTTaNkUBaHUs yBENUYMBAKOTCS NpU
NPUONKEHNN



['a3bpl U X KUIKOCTHU

[a3bl

(] MOJ'IeKyJ'IbI PaCnosioXeHbl gareko gpyr ot
apyra

- Cwunbl NMPUTAXEHUA MeXOY MOJIeKYI1laMi

Kngkoctu

- bnunskoe pPacCnosioKeHne MOJ1eKyIl

1 Cunbl oTTankmBaHus rno3BossitoT
NPOTUBOCTOATb CXKATUKO
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dazoBoOe rIoBegeHUE
OIHOKOMIIOHEHTHOMU CUCTEMBI

[lepen n3y4vyeHnem 6oriee CnoXXHbIX
YrneBoaopPOaAHbIX CUCTEM HEODXOOANMO
N3y4nTb OOHOKOMMOHEHTHY CUCTEMY

da3oBble gnarpamMmmbl

Ouarpammbl gaBneHusa u TemnepaTypsbl
Unn gasneHnsa n oobema

OTobpaxxaeT dra3oBble COCTOSIHUS NPU
Pa3rMYHbIX YCIOBUSIX

€ ACTODD



[uarpamMmma gaBA€HUE-TeEMIIEpaATypa

A OOHOKOMIIOHEHTHOTO BEIIleCTBA

Pressure ——————m

Triple Point

Kputnueckas Touka
Cc

Critical Point

Temperature ———»




HarpamMmmMa JaBA€HHE-TeEMIIEpaTypa

i

A OMHOKOMIIOHEHTHOTO BellleCcTBa

Kpuag

nap006pa3OBaHMﬂ\\\\
N\

C
Critical Point

m
il

PasnensaeTt obnacTtu XXngkowu
doasbl OT ra3oBOU T

.l\:un
c |
= ll||l|

Solid

Melting Pojng

w0
o
o
?
ot
RE
Vapour Gas

YcnoBug Ha NNHUN -
@
5\)"\\ Triple Point

coBMeCTHOE cyLlleCcTBOBaHUE
Temperature ———

XUOKOCTU U rasa
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[duarpaMmmMma naBA€HHE-TeEMIIEpATypa IAL
OJHOKOMIIOHEHTHOT'O BEIIlECTBA

Triple Point

Temperature ———»

Kputnyeckas

/O‘—”’(a

MakcumarbHoe
3Ha4YeHne KpnBou

napoobpas3oBaHus
Kputnyeckas

Temnepartypa, I
Kputnyeckoe
nasneHue, Pc

BepxHaa rpaHuua
COCYLLeCTBOBaHUA
XMOKOCTW U1 rasa

e e
h\-lvr_u.a



[duarpamMmma maBAeHUE-TeEMIIEpATypa
IIASI OMHOKOMIIOHEHTHOI'O BEIIECTBA

TponHasa To4Ka

Critical Point

OTobpaxaeTt gaBneHue
TeMmneparypy, npu
KOTOPbIX COBMECTHO
CYLLECTBYIOT TpU doasbl

Pressure

Gas

Temperature ———»
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[duarpamMmma maBAeHUE-TeEMIIEpaATypa

IIA9I OMHOKOMIIOHEHTHOTI'O BelllecTBa

JNMnHns
cybnmumaumm

Critical Point

Gas

Temperature ———»
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[uarpamMa gaBA€HUE-TEMIIEpATypPa

A OMHOKOMIIOHEHTHOTO BEIIleCTBA

Pressure ————m

Triple Point

Critical Point

Temperature ———»

- JInHng

rNiiaBJieHNA
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[luarpamMa gaBA€eHUE-TEMIIEpATypPa

OLI,HOKOMI'IOHGHTHaFI XNAOKOCTb MNpw

q/) nasneHun P1
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Jlmarpamma gaBiicHUEe-TEMIIEpaTypa
O,D,HOKOMI'IOHGHTHaFl XNOKOCTb MNpw

nasneHun P1

13HaYUTEAbHOE CHUXKEeHUe

P1

9

P2

/

_ AaBAeHMs. HesHaumnTeAbHOE
U3MeHeHue obbema

T~

1 AaBAeHuUe
HacbIW,EeHUS

1 P2

1lMy3bIpbKM rasa s
PaBHOBECUMU C
XUAKOUN Pason



Jlmarpamma gaBiicHUE-TEMIIEpaTypa
OQHOKOMMOHEHTHAsA XUAKOCTb MPU  [lapneHue

YBenunyeHune
nasneHumn P1 HaCbILLEHNS
o H obbema
YBennyeHue razoBom
P1 P2 P3 dasbl, ymeHbLLEeHne
C/P @ KUOKOCT
® —— JlaBrneHune nocTtosiHHoe
1




Jlmarpamma gaBiicHUE-TEMIIEpaTypa
OOHOKOMMOHEHTHasA XUAKOCTb MPU  [apneHne  YBeNn4yeHue

nasneHnn P1 HacCbILWEHNSA obbema
P2

[laBneHne

P1 P2 P3 P TOYKM POChI

@ 9 )

O \
ManeHbKkune
N e \ Karmnm XnuakocTu

[laBneHne nocTostHHoEe




Jlnarpamma JaBjieHue-TeMIIEparypa

pasrieHnn P1

OOHOKOMMOHEHTHas XMUAKOCTb NPU  [laBrieHne YeenuueHue [laBneHune
HacbIlWeHUsS obbema TOYKN POCHI
P2 P4
5o p3 [lanbHewnllee
P1 P4 PS pacLunpeHune
C] ) < P C];) € P rasa
O [MapeHne gaBneHus
1
1




Jlmarpamma gaBiicHUE-TEMIIEpaTypa

Pressure

Temperatur c




[IoBeaeHHne BIOJIb KDUBOU H&DOO6D&3%§&HI/IH
o P1

_~ A ->xupgkasa
dhasa

— Mexgy A&B Ha @ P3
NIUHUN — a3 U
XUOKOCTb

RN

20O Gas

B - rasoBasa ga
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[loBenenue B KpUTUUYECKOU TOUKE

At A liquid phase

A —xngkas gasa

E — cxaras xungkas
O dasa

From E to F from
liquid to gas with no
phase boundary Ot
E no F n3 xuagkoctu

ra3 6e3 4eTknx
rpaHuy
G - rasoBsad
doaza

B — rasosag

20 Gas
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BreIillie KPpUTUYECKOU TOYKHU

3 — Xnakaa gasa?

Q da3a C BbICOKOW
MNOTHOCTbIO

3-4 nepexopn ot
CBOMUCTB XXWOKOCTU K
CBoMCTBaM rasa 6e3s

onpeaeneHHoro
doazoBoro nepexoana

2O Gas

¢ ACTODD




PT gnarpamma gnga ataHa

Pressure - PSIA

800

700
Liquid
600

Vapor
500

400
40 60 80 100

Temperature -° F

120




Onarpamma L%BneHme-o&:eM

\ —
v T =Tc KpUTHUUYECKaA TeMnepartypa

\
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T~ \\/
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\
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[lrarpaMma JaBA€HHUE-00bE Mg a pasa

[MT TO4Yek KmneHusa u

TOYEK pochl
g V
g
a S
Ly 8 O/‘
— | S Pressure remajn§ constant whilefooq,
/ g‘ both gas andAiquid are present e
KngkocTb b
@ PHASE REGION

/ Volume - /
/ 7

[1Be dpasbl ras
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Jlnarpamma gaBiicHHE-00bEM IS dTaHa

Pressure - PSIA

900
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Specific Volume - Cu. Ft. per Ib.




3D gpaszoBaa gunarpamma ans

Y critical
-} point

pressure ------—»

critical
point

volume ~ vapour
- pressure
PP e

= temperature



[ BYXKOMIIOHEHTHAas CUCTEMA

OQuH KOMMNOHEHT Jierye gpyroro

KOMMOHEHTbI CMeLLIUBaEMbI
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[luarpamMmma gaBA€HUE-00bEM JIAS

ABYXKOMIIOHEHTHOU CUCTEMBEI

30TepMbl CXOXN C
n3otepmamu
OOHOKOMIMOHEHTHOIo
BellecTBa

[laBneHne ymeHbLUaeTcs

OT TOYKU KUMNEH

TOYKUN POCHI

V']
Pre/sure /

Dew Point

KomMno3nunoHHbIN COCTaB
Xngkomn dpasbl 1 rasa

M e HA eTCﬂ Volume

dunsnyeckne cBonNCTBa
— PYHKUMA
KOMMNO3ULIMOHHOIO
cocTaBa
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[luarpamMmMma maBA€HUE-00BEM OAS
JABYXKOMIIOHEHTHOU CUCTEMBI

Compositions
Jlerkue KOMIMOHEHTHI

Taxenble KOMMNOHEHTDI ‘

YKngkaa cmecb

\

/

B TOo4ke KuneHus

Pressure

\

XunakocTb ® o _~

YKngkocTtb B —
O a3 -

TOYKEe pOChI

Cwmechb rasos



[uarpamMmma gaBA€HUE-00BEM IAS

ABYXKOMIIOHEHTHOU CUCTEMBI

600
[Onarpamma
a4 52.4 500
o Critical point

Mornb% N- NG
rentaHa n N- 5 0 g ‘
NeHTaHa v 5

2 300 g

& 3

200

100 R

Specific Volume - Cu. Ft. per Ib.




L

TeMIIlepartypa aad

ABYXKOMIIOHEHTHOI'O BELIICCTBA

Kpunsag
napoobpasoBaHus

ans ~
OJHOKOMMOHEHTHOr

O BellecTBa \

[TlpeobpasyeTca B
LLIMPOKYO 0bnacTb
COCYLLIECTBOBaHUS

OByx pas

Pressure

—"
o
Y
s
T ogeh
e ?
o
< pew
=

Temperature —————»

Tea

Critical Point
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[duarpaMmmMma gaBA€HHUE-TEMIIEpATYpPaA OAA
JIBYXKOMIIOHEHTHOI'O BEIIIECTBA

Pressure ———»

Peg —

Temperature ————»

=

Critical Point

JInHMA To4YeK KuneHud
" 11 Tovex pOCbI
COEeNHAITCA B
KPUTUYECKOU TOYKe

[ —

/

Cmechb
__ XapakTepuayeTtcs
" KPUTNYECKMMU
[aBrieHneM U
TemMneparypou

¢ ACTODD



[duarpaMmmMma gaBA€HHUE-TEMIIEpATYpPaA OAA
JIBYXKOMIIOHEHTHOI'O BEIIIECTBA

Toyka KmneHusa

[1IpoUEeHTHbLIN cocTaB
— JKUOKOCTU

CAB —

PecA —

Pecg —

'~ Touka pocbl

Pressure ——»
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[duarpaMmmMma gaBA€HHUE-TEMIIEpATYpPaA OAA

ABYXKOMIIOHEHTHOI'O BEIIIECTBA

Liquid

Pressure ——» ov
w

Temperature

e

P

cag HGMHOTO Bbille, YeM PCAI/I PCB

PasHbI cocTaB cMecu
COOTBETCTBYET
onpeneneHHon popme
aByxdasHon obnactu.

YBenunyexHue
cogepXxaHug
KOMMOHEHTbI A
caBuraeTt aByxdasHyto
obnacTb BNeBoO

YBenunyeHune
coaepXxaHus
KOMMOHEHTbI B
caBuraet aByxdasHyto
obnacTtb BNpaBo
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Ouarpamma JJaBneHune-TemnepaTtypa onsa cmecu

9TadHaA U refnTtTaHa

KpI/ITW—IeCKI/Ie TOYKUN OJ1A

1400

PasfM4YHbIX cMecenr

/

Kputnyeckoe 3HavyeHue
ans
OOHOKOMMOHEHTHOW
CUCTEMDI

[MT KpnTmndecknx
TOYekK

N/

Composition
No Wt % Ethane
C 100.00
Cqy 90.22
C, 50.25
03 9.78
C; N-Heptane

1200

1000

- 800,

[y

Pressure, Ibs\$q.
(o))
o
o

E”’Qne

0 100 200 300 400 500

Temperature °F

600
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‘PerporpamHas KOHAEHCALIUSA
B aByxdbasHon obnacty BO3MOXHbI 3HAa4YeHUE
TemnepaTypbl BbllLUe KPpUTUYECKOU
TeMneparypbl U AaBneHne Bbille
KPUTUYECKOro JaBreHus

KpukopgeHtepma.

MakcumanbHasa Temnepartypa
COBMECTHOIO CYyLLIeCTBOBaHUA ABYX (pa3

KpukogoeHbapa

MakcmnmanbHoe gaBneHne COBMECTHOIO
CyLLecTBOBaHMA ABYX a3

€ ACTODD



[ToBeaeHune npwu
Perporpaanas KoHACHCAWA MOCTOSHHOM
Temriepatype mMexay
KPpUTUYECKOM
TemMnepaTtypomn u
KpUKogeHTepMou

KpngoneH6apa

10 Toyka 1 — ogHa
doaza

yka 2 —
TOYKa pocChbl

Pressure

TodYika 3 — MmakcumasnbHoe
KOJ-BO XXWOKOCTU

Touka 4 — Touka
pOCHI

Temperature

7 To4yka 5 —

YUCTbIN ra3

KpukogoeHtepma



PerporpamHasg koHIeHcalud

Pressure

Cricondenbar

i Dt 0---

Dew Point LIn®

Temperature

Region of retrograde condensation

@

-
- -
T L

Cricondentherm

-
-
-




MHOTOKOMIIOHEHTHAaAd cucreMa YB

[TnacToBble dontonabl cogepxar
COTHW pPa3fNYHbIX KOMMNOHEHT

MyJ'I bTUKOMIMOHEHTHAA CUCTEMA

das3oBble nepexoabl aHanornmyHbl
OBYXKOMMNOHEHTHON CUCTEME

€ ACTODD



dPa30BbIE COCTOIHUSA MHOTOKOMIIOHEHTHOM
cucremMmbl YB

_@ iquid ?ritical Point

; H;j#

e

40% »XnakocTtu

Temperature Volume ______ .
[NocneaoHsa kann n

1

TonbKko ras

To4ka pocb

—

3
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Kaaccuc

ODUKAILIUL [IAAQCTOBBIX C

Black Oil

1 Taxkenaa HedTb

1 ManoycagoyHaqa HedTb

INerkasa HeTb

0 JleTydyaqa HeTb

PeTporpagHbin ras

BnaxHbin ras

Cyxou

a3

¢ ACTODD
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da3oBble COCTOAHUSA NMMAacTOBbLIX PrNoNaoB

_ _ — Single Phase region
«———3Single Phase region " Gas Gas
Liquid Cdndensate
Black Oil  \/olatile Oi
/':-—:: ----- GaS
% Liquid
o 100
a
80+ e
2 — ______________
B e e g e .
R oS Loy (P G S QY0 o) — 08
1§ o o s S PO
0 Single Phase Region Gae

Temperature -




Hedranaga cucrema — Tazxkeaas HeC

Bbille [gaBneHus
HacbIWeHns —
HeHacCbILWEHHbIN

dontong,

[1pn gaBneHnu
HaCbILLEHNS —
HaCbILLEHHbIN
dontouna

1&2 — ogHa
doasa.
CenapaTtop —
nse gasbl
XNAKocTb/ras
85/15% -
ManoycaaoYHbIV

dontong,

T BBIIIE TUIACTOBOM TEMIIEPATYPHI
C

OTh

Pressure

1. Undersaturated

Mole % Liq.
Critical Point

§Q Ay, )'égo phases in
@ / geservoir
4 QC
Separatg/ 50 ,"é?\ Gas
/25
/0"'

Temperature
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Hedtsanas cuctema — Tsokenmas He(Th

LLinpokaga
OByXdpasHas
obnacTtb

Bbicokoe

coaepXxaHue
XUOKOCTU

Taxenble YB

GOR<500scf/stb

[111OTHOCTb
HedpTn 30°API

YepHbIn UBET

Pressure

Liquid

2. HacblweHH

%
&
°

\0
Separa

1. HepocblweHHas

(o
Mole % Liq.

fesen/ow

Gas

o

O

Temperature




Hedrrauaa cucrema — Aerkasg HEPTH

CenapaTtop —
Osa gasbl
XNOKOCTb/ras
65/35%
Bbicokoe
coaepxaHune
nerkmx YB

Pressure

Liquid

Critical Point
Mole % Liq. *\

Temperature
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Hedrrauaa cucrema — Aerkasg HEPTH

[1ByxdpasHas
obnacTb MeHbLLE,
yem Ond TAXKernou
HeqTU

MeHbluee
KOJTN4YecTBO
TaKenbix YB

TeMHbIV UBET
API<50°
GOR<8000scf/stb

Pressure

Liquid
Critical Point
Mole % Liq. “\

Temperature
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PerporpaagHsbiii ras

CyulecTByeT Mexay KpUTUYECKOM TemMnepaTypon

N KPUKOOEHTEPMOWU

Liquid

Pressure

Critical Point

OpHa dhasa

- Touka pochl

MakcumanbHoe

Temperature

~ cogepxaHue

Xrugkom dasbl
T~

ObnacTb
peTporpagHou
KOHOEeHcauum

~—_ A L

To4ka pocel

¢ ACTODD
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PeTporpamaHbii

KoHoeHcaT
HenoaBWMXXEH

[MToTeps 0obbiun

[1pn BLICOKMX
3Ha4YyeHnax
KoHOeHcaTa

Bo3MOXHOCTb
LIUKNMNYECKON
3aKayku rasa

ra3

\

Pressure

Liquid

Critical Point

@
oUW
-66\“\0

o

Temperature

Gas
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A K /\ IV -“’ 1 Y\ \ 7 - Y-

. [na npepoTBpalleHnsa obpasoBaHUAa KoOHOeHcaTa
PErynMpytoT yCnoBusa ogHogasHOoro noTtoka

MmnopT rasa

Cenapauus ' :’

[lpooarka KoHOeHcaTa |

ObpaTHpSA 3akayka Cyxoro rasa
KoHaeHcaTt

[lobbiBatoLLaa CKBaXkKMHa

[[@30BOOSIHOW KOHTAKT




A K /\ IV -“’

. 3akayka npoaornkaeTcsa 4o npopbiBa Cyxoro rasa

. Cyxon ras nMeeT MeHbLLYIO
BA3KOCTb YeM BnakHbIn

Cenapauus

[lpooarka KoHOeHcaTa |

[loObIBatoLLLaa CKBaXXMHA

KoHaeHcaTt

MmnopT rasa

3akadka cyxoro rasa

" a30BOASIHON KOHTaKT



[llukandyeckad 3aKadkKa rasa

. 3arnexb Cyxoro rasa

lNpopaxa rasa SKcnopT rasa

[lobbiBatoLLad
CKBa)uUHa

[[@a3oBOgAHOU
KOHTaKT




BAaasKHBIN a3

Liquid

Critical Point

Pressure

Mole % Liq.

o

Gas
Z[Oﬁbl‘la KOoHJACHCATa B Cemaparope

Temperature




Cyxou ras

Bue AByX(pa3zHOM
o0s1acTn

GOR>100,000 sct/stb

He Boimagaer
KOH/IeHCAT

Pressure

Gas

emaparop 3a
AByX(pazHon 00/1aCTHIO

Temperature




PacrnonoxeHne apyxdasHbix obnacremn

- Single Phase Region (Liquid) - Single Phase Region (Gas)
Black Volatile Gas

Qil Qil ECOndensate Gas

Where:

Pressure

Pb - Bubble point pressure
at indicated temperature

Pm = Maximum prassure at which
two phases can conxst

Tm = Maximum temperature at
which two phases can coexist

C = Critical conditions

XS = Cricondentherm

Single Phase Region Xg

Temperature

\J




PacnoAoXkeHue
ABYX®a3HbIX
obAacTen

Pressure

Dry G

@ Critical Point

Temperature (°C)

Wet Gas Condensate /Volatile
as Oil

Black
Qil




