
天然气与石油

NATURAL GAS AND OIL

2022

年
10

月

0"#$

!!"!!#"<#"!

)*+,

!

`2¯

$&+,<#%&

H

&

�$�%M

&

\h9

&

:R

&

��ü;`$7Û<w]� ¡Þf�=¦eDE

' -#./01!

,"()&(<+,;PP=>4.

wx+Ä/ÅÆÇÈÉÊËÌÍTÎXY´u

ÂK*

&

*

n²,

!

&=

��-ð.ô4;/0W14;

&*

��

*)"&%%&(

!=

uU1v2I678�vDEFG

&*

<+

*

2I

*<%$"""

-

*

.

!

n,öÉS¯4-ØR/¨þ./��}´/V0Øq

&

�!"#1fÛÜRè<Á2

'

01�!"#1f3�xùúGg

&

1fÛÜð}Øq4f

&

¨ï�¯°LKR½°íÜn,öÉS5

/X,«¬Üx

&

Ï)U�þÿ

)

Øqãä

)

OPc�fLKr]^

'

a�/_5LKÛé]^

&

H�3

<

Ò1fÛÜ/n,öÉS8�ô[��}_

)

�H

&

����]^

&

¤íHn,öÉS/I�{ó��B

Ï

&

Hð}ªvØqxI�{ó��¢�

)

ef

'

BÏ.���

!

BÛÜHX,5//}¢I<

&

nsÐ,

¨s

&&" K'J&

nU¥�h�

&

¦>M /¢£¥£þ6N¥£

'

`GFØq�?

)

I�`�

)

7°&6@

Í¿.íUV¹ºxd%

&

B��-È/¿À1fÛÜ8Á^<

'

/01

!

1fÛÜ

(

n,öÉS

(

5/}¢

(

nUÉ�

(

��BÏ

DEF!&"G%+<+ '6=0887G&""<#$$%+G!"!!G"$G"&(

@"&')-&$1-))(?$+-()(0"I'$4#+#+"$,%"&(?"%6 +"&')(1(*6 0(%

."%-(5-&:1(25(2)01$#'+$)3(0)$+4%$1*$#.4%-0-&$+-()4)-+

"$",-0&,'0

7

& R(/A'07A

8

&!./0&&'&ES-+8+/#8+7 */&+&)-/2& 60&+,C-+,H(2-+#22T&/8$-&+8'6&''#,#& 60&+,C-+,& )"&%%&& 60-+8(

!!.G;="*6J8A0&(;8$(%8'<82"(%-E-/8$-&+6&!& ?$7!& J8A0&(& .-/0(8+& <%$"""& 60-+8

(789:,39! A3H:HL04J0>T149J497 O1/83 K/7M 08K3HMHNHP50:.H7KK48H:/L/KH9/KHL/7J 8KH/.OL4.K3H

T401HL=FK0890JH1N58HJ 07 K3H7/K5L/1I/8:5L0O0>/K047 :1/7K=@7/K5L/1I/8:5L0O0>/K047 :1/7KH7KHL8K3H1/KH

8K/IH4O:L4J5>K047 JHQH14:.H7K& 84.H4OK3H:5L0O0>/K047 HP50:.H7K3/8/IHJ& LH851K07I07 OLHP5H7K8KH/.

1H/M/IHJ5L07IL45K07H :L4J5>K047& 1H/J07IK4HP50:.H7K>4LL48047 /7J :HLO4L/K047& 30I3 H7HLIN

>4785.:K047& 0.:/>K47 L45K07H:L4J5>K047 /7J 4K3HL:L4T1H.8=F7 4LJHLK4841QHK3H/T4QH/>K5/1

:L4J5>K047 :L4T1H.8& K308:/:HL/7/1N2HJ /7J >4.:/LHJ K3H4:HL/K047 J/K/4OK3H:HL04J0>T149J497 O1/83

K/7M 07 K3H< KL/0784O:L4>H8807IO/>010K0H807 K308:1/7K=@OKHLK3HHR08K07I:L4T1H.89HLH0JH7K0O0HJ& K308

:/:HL:L4:48HJ 8HQHL/1KH>370>/10774Q/K047 .H/85LH8O4L:HL04J0>T149J497 O1/83 K/7M :L4>H88& 07>15J07I

5:IL/J07I4LLH:1/>07I84.H/884>0/KHJ HP50:.H7K/7J :L4>H88O1498>3H.H=c5IIH8K047847 ./KHL0/18

5:IL/J07I& :L4>H88:/L/.HKHL8/J658K.H7K& L45K07H./7/IH.H7K/7J >47KL41& HK>=/LHI0QH7 T/8HJ 47 K3H

LH8H/L>3=A3HLH851K88349K3/K/OKHL.4J0O0>/K047 T/8HJ 47 K3HKH>370>/10774Q/K047& K3HHR3/58K8KH/.>/7

THLH>4QHLHJ /7J LH58HJ& /7J K3H>0L>51/K07I9/KHL>/7 THLHJ5>HJ TN/T45K&&" K'J=A3H5:IL/JH8/7J

I;;



公用工程

第
40

卷第
5

期
UTILITIES

.4J0O0>/K0478834980I70O0>/7K0.:/>K47 H7HLIN8/Q07I& /7J 3/8I44J H>474.0>/7J 84>0/1HOOH>K=A308

LH8H/L>3 LH851K>/7 TH/::10HJ 07 80.01/L:5L0O0>/K047 O/>010K0H807 K3H07J58KLN=

=>?@A:B8! V5L0O0>/K047 O/>010K0H8( VHL04J0>T149J497 O1/83 K/7M( -R3/58K8KH/.LH>4QHLN( -7HLIN

8/Q07I/7J >4785.:K047 LHJ5>K047( AH>370>/10774Q/K047

<T

23

^_5!¡Âá7-eö¯»�C

&

ºZë#\]

åâvz±pÉ"

*&+

'

|

"

+I,

#

¯â5

&

!"oçã

ï�lºZpä\]e±�L

&

�Ñ�eeU4pä/

�Z³lÑnZÉç�

&

d¾o-j�

&

{¤!ªºZ

ë#\]�p

&

¤mºZúäë#�kCD

&

T¤mä

L

)

ä5?.Ä7ð'Ñ

*!

X

)+

'

!¯KÐ«?Ééð#~�ÝcÃîf�Dn[

oDE\]

*$

X

<+

&

 lPð#~�Ý½9�ª«/0õ

_

&

èÎ,z¤m5

&

�Æn§ð¤n

*(+

'

$a

*,+

|b

PVsÄ!cÃîfVs

&

û

)

zñ��BR�8ñ

BLÃzE�ecÃ

&""!

îf

(

$:½M

*++

|K{

gn'Ñ� l(ecÃîf/0

&

d¾¤ÿÐÁ

&

º

Z¤n�¬

(

$5ã½M

*&"+

Þ,

&

Ñ

\]Z

¼zEôò

Y!µÝ

&

Pð#~�ÝcÃª«îf

(

$c(

*&&+

|d

�ð#~�Ý�UVcÃîfVs

&

��îfn4Íc

Ãµ�

&

Ìïîfnö�e;ÃuBà

&

¢£L]¼

(

>

(å½M

*&!+

P#J.ÔÓecÃ?uBà|îf¾h

5ÔÓeÍ�øçcÃª«nDE

&

è^,cÃîfV

sPKª«nuçîf^,

'

X��ó

&

cÃîf|Ð�

)

<\½ÓÔYøÎ,

"�

&

�e?ÓÔÉ"eµp´µ

&

¢¾§AVeÎ,

õ_

&

®LznºZú�e.e

&

 ü£¦ìDl�D

cÃîf\]eg�L?±�L

*&%

X

&$+

'

{`$7Û<d�5!¯»[ö

)

Ô�[¡e¡Âá

`$7Û<d

*&<+

&

fd�ì§O¡<±¦ºZpä\]

&

BYÛ<Vsð#~�ÝcÃá#½¤¥´µ

&

d¾/0

õ_?9�X88Ï½�þ

&

{¤Ò�nÓÔ5e

"

¢f

#

´µ

&

TÛ<VsU4¡¤\V« Íä�

'

;T

T�56jr�ÀUOTO�)�

;E;T

T�56jr

{`$7Û<dB{

<

zÛ<Vs

&

�zÛ<Vs

�Âªáã�

)

ªàã�

)

áÿîfã�

)

_7�Ïã�

8ãàÃ ã�

*&(

X

&++

'

Q|7¢¾§AV�Þ\Uá

p�¢�Ý7�

&

d¾8aià�`$7Û<dª«Û

<�Ï

&

��¢¾ªá

)

ªà½¢8aái

'

þ@Û<

¾hc�

!

Q|7ªyi78a

&

`aªyªáã�Q

|7¾ÜÝ

&

¾ÜQ|75eÐÃ

&

$½�çªy§8

�´fB

)

àÒìÎÝ�ø8�´fB

&

|§8?ø8

�´fB¯�Ã'øÅx/�°

$?D-@%

xÃìÎ

&

¾

¿L´fQ|75eá<þ?øJ<ä½

&

ªyªàã

�e,Ûwx

$A-W%

ª«ªà�Ï

&

LzáiÔR7�

�

&

iàl=

'

´fá<þe/°¢uÓB

&

û�´f

eá<þÒ´lu

&

iàªyáÿîfã�

&

¢¾ÊQ

©��Æ8ÊQ©ìÎ

&

ûá<þÈT°Xá

&

d¾8

aiàªy°áæb8áÿg¼Vs

&

6ÏgTYqe

°Xá?tXáÿ

'

;EDT

ÀUOTO�)�

�zÛ<Vse5�?¬��µd�9:{ð

)

A

#8k

&

.e�#*d�¯¡0<ÕÕ8t@

)

gqÐ

Ã

&

�äÁKU4

)

¡¤V«

*!"+

'

Û<VsV«Ç4

&

5

�d�Ã�?¬�d�Ã�ÔÓeòà#�ð#~�

Ý

&

¢¾Ã<8Ãà�/Ý½\½�Ï

&

cÃOxv3

#k

&

òàªyòà�Ï@ª«�§ì�Ï

'

DT

ÀUOTO~�_å45

ð#~�Ýd®T®�æ

&

5�?¬��µd�#

ke�àáé«<¡

&

¢¾ð#~�Ý~�ë�½Ï�

kö�cÃ?Í��u7

&

[®ÓÔük38k#lö

�cÃ

'

.Ú

&

wzÛ<Vs®lmcÃá#em0

&

ÏÔÓZ�ËÚ

)

9�56

)

ö÷Ää<ÓÔ½´µ

'

DE;T

LMV�

ÓÔÇ4

&

Û<Vsð#~�ÝcÃhÇá#

&

|

ÓÔm�/g

"

¢f

#&

_gö�¬�cÃ®¯

&

§ðh

<�_gZ[ËÚ

'

DEDT

�ÙW<

cÃhÇá#

&

^_«<ú¬

&

á7X¢T°X

&

0

�|FZe9�

)

8k�

&

��MáVsbøö7A<

Ä!

&

P9�

)

8keö756Ä1

'

DEFT

��FØ�äT

cÃeeUá#

&

üÛ<VseÄhÓÔNu�

^

&

ö÷Û<VseÄä<ÓÔ

'

FT

34XY�c�uv

FE;T

îÀ34XYpÇ

|�×ZÉa�e'Ñ�

*$

X

&$+

&

BYm�ÓÔ¤

¥

&

d¾�D/0bÉ�DE

&

¤þ\½�hõ_

&

ûð

#~�ÝÔÓecÃ!�îf?^,

&

|ð#~�Ý�

J;;



天然气与石油

NATURAL GAS AND OIL

2022

年
10

月

0Ä9ziô¶�Ý

&

|äÁà����ziÊ/��

��e���

&

e�Xeµ7�|ziÝzj(ÀkÚ

p°�B£ú«°<

&

¤mLÃîf

'

FEDT

�Ù$%

FEDE;T

EFO$%

áé34vÔ

&

¶�Ýf�¾¿@¦7

)

¡<õ5

e9�

'

d¾/0a�etl

)

ÐÁ

&

;¾ziô¶�

Ý]TLÃ¶�9�

&

ï9��0V{�Ý>0

&

�~

ã÷¯0�|

'

FEDEDT

EF,�$%

×Ø:á^,¶�§Ã

&

�ë\Tf\hþ\�

&

ï×ØLÃ¶uîf½eàÃLÄl}

&

ïäîf¶u

°Zÿ�¹p^,

&

;¾¹pà]T¶�§Ã

'

¶�Ý¯0ü�z��çT�1*kÝ

)

ziô¶

�Ý

)

��(ÀkÚp

'

ziÝ¾,�Xmôzi=

ô

&

�~|å½ùÇ5~éÏã÷

'

ziô¶�Ý\

½�hrs

&'

8

;T

Z[¥EFO56jr8

0̂I=&* 1̂49>3/LK4O8:L/N#KN:H>441HL:L4>H88

FEDEFT

�ÙS�$%

¢¾m�iD�Å

&

BY9�V«l}

&

Pð#~

�Ýõ_e9�½¯qª«;¾

&

����ziô¶�

Ý

)

O8

)

nq?½�

&

þ@¯q?º���rÇ

&'

z

;T

ÀUOTO\]1!�Ù^�z

A/T=&*c:H>0O0>/K047 108K4OHR3/58K8KH/.LH>4QHLNHP50:.H7KO4L

:HL04J0>T149J497 O1/83 K/7M

� ¯q º� �"

ziô¶�Ý

%

)"<G)

d

& %<$

d

,

&

Ñ

O8

D<"G%

d

%G&,&!"o&

ÀÃÑ

Y

WC%",(,!"",0

¬�d

�,eÆ¹8

1

��

&&" .

¤p

&"" .

nq

DU$"&S1/88&$" &

Ñ

½�

DU$"&

h+s

+"q&

D<"G%

d

%G&,&!"o&

P»

,

ÿ

FEFT

34XYjr

¢¾9�¾¿

&

/0Må8þ\Måm�¾¿6o

\½õ_rs

&

ïÆ¶�ÝÉ¸9�e.s

&

BYõ_

=S

&

;¾õ_.s

&

õ_½m�0�\½�hrs

!'

/%

cÃ¶uªy¹pà�

/%VL4>H884OHR3/58K8KH/.>47JH78/KH07K4K3H

>0L>51/K047 9/KHLN/LJ8

T%

8k�ziô¶�Ýx.

T%A3H:0:H107H08>477H>KHJ K4K3H8:L/N#KN:H>441HL

8

DT

XY�_�Wu56jr8

0̂I=!*V/LK4O47#80KH:L4>H88/OKHLKH>370>/10774Q/K047

GT

c��cHuv

GE;T

â�c�

|

<

z5e§cYøAVÛ<VsÎ,ð#~�Ý

cÃîf/0õ_�h

&

d¾}ïxy¹pàe��Þ

�¤mcÃe<4îf

&

¤mÅ#k

&

V«¤n)¼

&

rs

%

b

)'

8

FT

XY2ef

0̂I=%*CHO4LHKH>370>/10774Q/K047

K;;



公用工程

第
40

卷第
5

期
UTILITIES

8

GT

XY�ef

0̂I=)*@OKHLKH>370>/10774Q/K047

õ_½e\½�h�ã

&

��xy

&

cÃîf�L

+,!

��

(

���¬

&

õ_<g�ì

&

}{lmp¨+

½��

(

ë\nVíjW

&

äÇå\e·Sq¸

'

GEDT

kLc�

Pjú«@�l.e��Þß

&

õ_Úú«@ÔÓ

eà��T

&!" K'J&

õ_½ÔÓeà��T

!," K'J&

K

5¶��,¹pà��T

$" K'J'

GEFT

cHuv

GEFE;T

¯GcH

/0õ_-.îfe¶uàèyÛ<d¹pà8

1

&

ÉW:

&

ãAV

& /

º�¹pà¤à��

$&<"

X

$"%

d

%<$

`

)" &$" K(

ÓÔüà2

!

�

'K

:ì

&

2ãAV

/0õ_��À|Ú

!G%

~�

&

M\Ú,Y:�

&G$

~

�

&

é:J+�

%G,

~�

&

ãAVº�Ú,

)G!%

~�

'

GEFEDT

`acH

¤mð#~�ÝcÃeîf^,

&

Þë\cÃee

U#k

&

¤mÄhÓÔ

&

×Æ[¼eºZ¤n

'

HT

\]1!pq�·H

HE;T

\]1!pq

&%

"±9�ÀÃ

'

{`$7Û<dQ|75á<

þÂ�¡

)

9�56´µj[�±

&

Pé§¨É¸V«

9��8°ª«X8

)

ã÷

&

|Ã����qðÉ

&

Hh

9�eV«#1

'

!%

;<ió\½�º

'

|K{õ_�he'Ñ�

&

ª§ì!1\½�º;<xy

&

 ¡LÃÃ�?RÃ

&

m�!1[�xy

&

�McÃîf�Lz

&""!'

%%

!1å®8Ï

'

cÃá#�<\e?STý|

e´µ

&

|ÓÔ5Î!1å®rI�<

&

Cm´µ8°

�s

&

ïäá#cÃÆzîf

'

HEDT

34bc·H

ð#~�ÝcÃîf/0õ_-.K|§cYø

AVÛ<Vsg�Î,

&

f�KÐ

$

zÛ<Vs4Í¤

þð#~�ÝcÃîf/0õ_

&

îfð#~�Ýk3

cÃèª«uç^,

'

ð#~�ÝcÃîf/0õ_

}~nQ{9:Ï×

&

¤mnPcÃe{¤îf

&

þ{

§ðeaªL?Þ!"L

'

IT

�¡

&%

`$7Û<VsV«Ç4

&

vw'��XYö

÷

&

cÃá#´µ�$ý|

&

��IÒ���§ðeM

�?¸�

&

Þ�ü9�ÀÃ

)

\½�º8å®8Ï=¦

ª«óõ

&

¤mPcÃe{¤îf

'

!%

OPSTý|eð#~�ÝcÃá#´µ

&

Þ^

,VsI

)

ù½Å\BÏ

&

;¾ºZ9�

&

d¾/0

õ_?9�ÀÃX8½j�

&

¤mPá#cÃe¡¤î

f

&

TKÐ<\e?ºZú� Í,-?��

'

%%

{`$7Û<dK¢U4V«

&%

*

&

9�56

)

Z�Ù�ö½´µå¥Å�

&

|½GV«8Ï5

&

Îù

(8Ï?w]=ô

&

�ËU4V«�ºZú�kìª

«

&

|U4\ÓÔeÚ �

&

�ú¬à

)

Ð

)

7

)

�½Z

[eÙ��T.Ä

&

¤mZ[^,6;<

)

¢£¤¥6

ö<

'

*

!"#$

!

*&+

Z¬)

&

ghú

&

gs6

&

,

=

£/j<=>ÚDåæS¶

ÉÊPQ

*\+=

DEEÌô{

&!"!"&)<$!%!&+<#&+(=

S@Ej3H7K/4& BFS3/7I>357& BF\07I350& HK/1=cK5JN47

H7HLIN8/Q07IKH>37414IN4O30I3 851O5L7/K5L/1I/8:5L0O0>/K047

570K*\+=S3H.0>/1-7I07HHL07IDH80I7 S4..570>/K0478&

!"!"& )<$!%! &+<#&+(=

*!+

º�K

&

|§8

&

ÄRÒ

=

}~bcÉÊE�J�Ö�X9

NO

*\+=

j¾§5S¶

&!"&&&!($)%!)$#)(=

jeEi\0/7I347I& W@Ec3H7IO/& BFiDHN/7I=-R3/58K8KH/.

LH>4QHLNKH>37414IN/7J 0K8/::10>/K047 07 JH/HL/K4L*\+=

-7HLIN c/Q07I 4O U47#OHLL458 ?HK/115LIN& !"&&& !(

$)%! )$#)(=

*%+

Ó

*

À

=

¯©)*}~bcS¶m�O�NO

*\+=

~ZE

FÉÊ

&!"&$$&$%!&)&=

Z@UW \07I=@::10>/K047 4OH7HLIN8/Q07I/7J H.088047

LHJ5>K047 :L46H>KO4LHR3/58K8KH/.LH>4QHLN07 K3HL.4H1H>KL0>

8N8KH.*\+=\45L7/14Oc3/7J47IF7J58KL0/1AH>37414IN& !"&$

$&$%! &)&=

*)+

´�H

=

DEåæ}~bcdO

*\+=

UDÉÊ

&!"!"&!(

$(%!&#!=

hi\0/7707I=]H>4QHLN/7J 5K0102/K047 4OQ/:4L807 >3H.0>/1

:1/7K*\+=VHKL4>3H.0>/1F7J58KLNAH>37414IN& !"!"& !(

$(%! &#!=

*$+

Ä.y

&

�

*

à

&

Ä��

&

,

=

�Ö�}~Û¯bcÉÊJ

�VDEE\M9NO

*\+=

MTUV3DEÐÑÎÒf

&

L;;



天然气与石油

NATURAL GAS AND OIL

2022

年
10

月

!"&<0%<$&(%!&",#&"+=

BFie50T40 ciU\0/70 BFi\0/7.07I0 HK/1=@::10>/K047 4O

HR3/58K8KH/.LH>4QHLNKH>37414INOL4.JH/HL/K4L07 LHO0707I

/7J >3H.0>/107J58KLN*\+=S307/VHKL41H5./7J S3H.0>/1

cK/7J/LJ /7J h5/10KN0 !"&<0 %<$&(%! &",#&"+=

*<+

ü

*

�

0

ÓlÞ

=

}~bcåæJ�Ö�X9NO

*\+=

W

Ô�

0!"&(0)"$$%!%$&#%$%=

e@Ug0/40 Z@UWg0/4OH0=@::10>/K047 4OHR3/58KHJ 8KH/.

LH>4QHLNO/>010K0H807 JH/HL/K4L*\+=B/LIHc>/1HU0KL4IH7458
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