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«¬§ṕ¬£ª­´~¬q~́ §±£ ³°¥~¢~µ·´£²~±K

±~w§°©́ £ª«p£¬£ ª­ §± ±~©§q¶§ «t§¢°­¢~~¢~©~´p§°£ ³ª§ ±~§¬g§¬°­

¥£­ª­¥§~±~¢~ ¥°³¬²§±¥~°£«­±q~¬I ~«¢£¬~¢ ~o¬§p¬³ª§ ±~«p£¬£ ª­I

±~§¬g§¬°­J²£̄ ¬§©³°§ ©´ª£́§± ±~©§q¶§ «£²~¢±~®~±³¶§«¥£ ª­~==¢~¥°³¬²§±

±§«²©§¡§±= = «~¶~±§~q£ £ª£ §± ~°~±°³ª·­¤§ª«~ p£¤~±£ ~« p£§wª£ ~

¥~«­§µ´§­±«£²~¢«w§«£p£¢£¥§K

¡¬­ §ª§~I°­«±~w§°©´£ªq«p£¬£ ª­ ~¸£§¶~°̈ £ ~p°­«§q§°£±³°±§±

NRJOMB| ¢~¢°­§± §³¨£²§±| QMBK«©´ª£´~°q~«§£°~o¬§p¬³ª§~«q£ª§

°§¥§p£«q¶£́́ ~¬~¥£ ­ ~q~~°~q~¬~ ~°§¢~¨¢­«§±~Ip£¬­ §±¢£¤­°«~¡§§±~
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°­«ª§±©³«ṕ~¢§ ~==¥~¡§ª£ §q==«£²§~I §́¢°£ ³¬£ °§´«¢¥­«~°£­ ~p§

«·­¤§¥°³¬²§±~K

~¢°£= = `~±­ §ª§ ¶§«§¬¨£ §±~µ£́§± E~«­µ£§́±F ±§¢§¢£

¢~©~́p§°£ ³ª§~W¥°³¬²§± ¢£¬~¢­ §± «~̀ £́¬£ £ª¸£X̀~±­ §ª§¶§«§¬̈ §±

­̧«£ ¸£X¶§«§¬¨­´~¬§£́ª§±=±§«t§¢°­́£̧£X¥°³¬²§±¥~°£«­± ®§°­ £  £̧X

`~±­ §±«£q­¢¸£X¢~±­ §±±§`¯~°£±~¢~±¶́~¤~̄²­°£ ̧£K¸­¬§±±§¢§¢§±

¸£«­̄«£¢£ ~~¢°£= `~±­ §ª§ ¶§«§¬¨£ §±¯´~ ³ª§¢~¬ ~«­µ£§́±±§«~oª£

w§°§q~¢~¢ ¢~«­©§¢£ ³ª§~ q§¶­´~¬§¥°³¬²§±¤§¸§©³°J«£~̄¬§©³°

q́§±£ £ ̧ £E«©́°§́§¢~=¢£¬~¢§«¢¥­«~°£­ ~FI¶§«§¬¨£ ±p­°§± §̈ ¸£¢~

¶§«§¬¨£ §±¢~±­ §±°§¥§q­ ~¸£K°~¡= ¬~©ª£ §~q§¶­́ ~¬§¥°³¬²£ §±

¢£¬~¢­ §±«~`´£¬£ £ª§I«§q= «£²§~ ~¢°£ ¢~±­ §ª§±~µ£´§±§¬²£¬±§´­ ~

«­«¢£¬́­ ¶§«§¬¨§±¢~±­ §±~±K¶§«§¬¨§I= °­«£ª§¡¯~́ ³ª§± ©§¢§±

«~¶ª­ ª~¢~~±~ ­ª­­¢ ¬~©ª£ ~¢~§µ£´±I´§¢°£= ¶§«§¬¨§I°­«ª§¡

¯́ ~ ³ª§±p³~¥³ªp§~K³¬¢~́§́~°~³¢­qI°­«·­́£ª§́£ £±¥~«­µ́£³ª§~

§«§qI°­«¶§«§¬£̈ §±«§«¢£´°­ §q¢~±­ §±~±·­£́ª§«­«¢£́ ¬­¶§«§¬§̈±



32

¢~±~±­ §¥°³¬²§±±§«©´°§´£§¸°¢£ ~K~«§²­«³¬¢~¥~´§q´~ª§±µ§¬­qI

°­«= £°q±~ ¢~= §«~´£«~¬w§ª¸£·­́ £ª§p£«¢¥­«§¶§«§¬̈ §±̀~±­ ~ µ§¬~

¶§«§¬¨q~¬p£¢~°£ §q §µ´£´±«£²¥~«­ ³°¡´~±K

£̧«­q¯«³ª§¢~¬¥~«­«¢§¬~°£I°§¥= p£«q¶´£´~p§«§̧ ~¬p£µ­¬§ª§~

`~±~²£¬§ ¶§«§¬¨£ §±¥~«­·£¬£ ~K«§³¶£¢~́~¢ ~«§±~I==¸­¥§£°q§ ±~¶§±

¥°³¬²p§E§­¢§¸£ ³ª§q§¶£ §I¥́§~¬¥~«·§¬´~°£ ³ª§ª£¬²³°§ q§¶£ §¢~

±¶´~F~±£´£=¶§«§¬¨§±`~±­ §±®°­¡£±p§¥~¢~¸£ª§ª§q§¶£ §±~¥°w¬­ ª~¢

~³~°£±£ ±±~«p£¬£ ª­q´§±£ £ ±E«¡§°¢£ ~w´°~¸£µ§¬~o­ ~¢~§°̧¢£ ~

©³«p´~¢­ ~FK~«§²­«= p£¬­ §±¢£¤­°«~¡§§±p£«¡§°£ §±«§¸¬§q

°£©­«£¬¢£ ³ª§~¶§«§¬¨§±¢~=p®³¬²§±`~°t­ ~J̀~¤́ª~¢~§µ·­±~°±£ ³ª§

p£¬­ ~J¬~¥£ ­ §±±~w§°©´ª§±«¶°§¢~¬¢~= ¥~«­·£¬£ ³ª§§¯¬£±«¡§°£

¥~¬§©́́£q§±¶§«§¬£̈ §K

±~·°¢£¬§©£¢ª§±= «~¶ª­ ª~¢¶§«§¬¨£ §±¢~±­ §±~± ~³¡§ª£ £ª§~

¥~q´~ª§±µ§¬£ ³ª§§·­±©£¢ª§±³©~¬̀~·°§ª§¥°³¬²§±p£¢¥£¬§ª­ ~K

q³=~o¬§p¬³ª§¥°³¬²§°¶£́§±~±¢~§µ·£ ±¢~¨¢­«~±Ip£±~wª£ £ª§~

©£¢ª£ ¸£ µ¬£´~±~¥°w¬­ ª~¢ ¥~§¸~°¢­±I~±£´£Iq³ ¥°³¬²§

«¡§°£²£¬§~¬§~I§±==p£§wª£ ~ ¢~§w°~± ©£¢ª§±©£¬ ¢~ ±~¥°w¬­ ª~¢

¥~̧~°¢­±¥~¢~«·§°~´£ £ª§«­«£¬²§K

~  

±³°KOKN°¶£́§±~«®ª§²³¢§±¡́~ª£ ~¢­ ~K
Az |E~F¶§«§¬§̈¢~¬¢~p­°£ §±«~¬w§ª§±«§¶£¢§́q

E F=¶§«§¬̈ §±̀~±­ §±±§o°«§±«§¶£¢§́q



33

~  

±³°KOKOE~F¶§«§¬¨§±¢~±­ §±̧ £¥~́ª£¬~~°±£ ³ª§p£¬­ §±²£̄ ¬§©³°«¢¥­«~°£­ ~̧ £
E F~¢°£̀~±­ §ª§¶§«§¬¨£ §±~«­µ£´~«­«¢£́ ¬­¶§«§¬̈§±̀~±­ §±~±K

~

 

±³°KOKP~¢°£`~±­ §ª§¶§«§¬̈ £ §±~«­µ£´~«­«¢£́ ¬­¶§«§¬¨§±̀~±­ §±~±K
E~F¶§«§¬¨£ §±¥~¬ª~¥£ §±±¯£«~X
E F¶§«§¬¨§±~«­µ£´~A |=¶§«§¬¨£ §±̀~±­ ~XNJNQ¶§«§¬¨£ §±¬³«£°~¡§~K

AP¶~¶³¬§±³~°·­¤§q§¸£¥~´ª£¬~

p£¬­ §±= ~°~o°«~= ±~w§°©£́ª¸£ ~¥£ §±~±= p£±~wª­~¥~¬́§q~°¢£±

¶§«§¬­̈́~¬ ±~w§°©́£ª¸£ ~¥£ ³ª§ «~¶ª­ ª~¢«¢¥­«§ p£¬­ £ §±

±~¥°w¬­ ª~¢~°~q~¬~ ~°§¢~¨¢­«~K£±=¥~«­µ´£³ª§~³~°·­¤§q§¶~¶³¬§±

µ~°«­¯«¬§q¶§«§¬±̈~¢~¥~°£«­«¡́£ª¥°³¬²±p­°§±E±³°KOKQFK

©§¢³ª§¶§«§¬¨§I«­«³p~´£¶~¶³¬§±w~ª§± ®°§¬¡§®§q ¢~²´§°q´§±

¬~µ§ª±I¥~¢«­¡£«³ª±p£¬­ §¢~¬I¥~¢~±¡£«±¥°³¬²±¶§«§¬̈ §± ¥́ £°¢§±

¸£¢~®§°§qK~« ¢°­± ¶~¶³¬§±f w~ª~Iµ~°«­̄ «¬§ª§¶§«§¬¨§±¥́ £°¢§±

¸£¢~®§°±~¢~¥°³¬²±p­°§±I«§«~°q³ª§~̧£´§qK==«¡§°£ `~o°«~´£ §±

±~w§°©´ª£ ¸£«£̧­ £ª§p£¬­ §±= ©£¢ª£ §±q~¬¢~q~¬= ~·́ ~¬§±~±¥°³¬²§

«©´°§´¢£ ~¢~§µ·£ ± £́°²§©~ª³°~¢¯́£´§q¥~¢~~¢¥§ª£ ~±~°~«~°²­



34

~¶~ª§±~w§°©́ ª§±¯́£pI~°~«£¢«£­̧ £ª ³ ¬£ ¸£¢~¡I«~q p­°§±

~°±£ ³ª§³~¶ª­£±§¶§«§¬¨§±«~¶ª­ ª~¢~¡K~o¬§p¬³ª³ ¬£ ¸£¥°³¬²§

£¡¢£ ~¥~¢~~¢¥§ª¢£±̄ £́«­q¶§«§¬¨§±µ´£°§±«§«~°q³ª£ §qE±³°KOKQ~FK

¶§«§¬¨§±¥°³¬²q~¬ ¶~¶³¬§§¯¬£ ~«­¶±¬§ª§ ¢~= p£¬­ §¢~¬¥~¢~¡£«³ª§

«qª§~¬§µ¬£´~~o¬§p¬³ª~°£~ªp§ ¥~¢~£¡£«~¶§«§¬¨§±w§°~¬~µ§ª§qK

p£«¢¥­«¥~°£«­«¡´£ª§¥°³¬²§±w§°± «§«~°q³ª¥~¢~~¢¥§ª£ §±~±

¶§«§¬¨§o£ ³ª­ ±w§°±«§«~°q³ª§w~ª§±¥~«­=¢~«~²£ §q¢~²´§°q´~±|

¶§«§¬¨¸£¥°³¬²§±¶~¶³¬§±³~°·­¤§q«§«~°q³ª£ ~±| fn E±³°KOKQ~FK~«~¬

p£§wª£ ~ ¥~«­§µ´§­± ¶§«§¬§̈± ~°~q~¬~ ~°§̈¢£¬~ESs ~°£~ª§~FI

¥~¬±~©³q°£ §q©§°­¢£±~¡ ¶§«§¬¨§±µ£́°§±¯´£«­q ~°~±~©«~°§±~¢

«©´°§´§¥°³¬²§~I°­«£ª±~¡~¯´±«§¢°£©§ª£ ~p£«©́°§́¢£±w~ ´§±

¸£«­̄«£¢£ §q¢~²´§°q´§±¥~°̧¢§q= ¥~«­µ´£³ª§¶§«§¬¨§q¥~¢~¡£«³ª§

~¶~ª§p£¬­ §¢~¬ xOzK= p£±~ ~«§±~¢I~³¡§ª£ £ª§~p£¤~±¢£±¶§«§¬̈ ­́~¬§

±~w§°©´ª§±¢~«~²£ §q§~°~q~¬~ ~°§¢~¨¢­«~= µ~°«­̄ «¬§ª§¢~«~²£ §q§

w~ ´§q~¶~ª§= p£¬­ §±~¥£ §±~±I¶§«§¬ §̈± ¥́£°¢§q̧£¢~®§°̧ £¥°³¬²§±

µ§¬~o­ §±p£«¡§°£ §q¢~= ¶§«§¬§̈± µ´£°̧ £¥~¢~¡£«³ª§¢~²́§°q´£ §±

¥~̧ °¢§qI~¥°£q£́I³~°·­¤§q§¶~¶³¬§qK

±³°KOKQK¶§«§¬­̈́ ~¬±~w§°©´£ª¸£~¥£ ³ª§p£¬­ §±¢£¤­°«~¡§~I«§±
«~¶ª­ ª~¢~°~o°«~±~w§°©´£ª¸£E¤§ª~̧£Fp£¬­ §±~¥£ §±~±K

NJ¶§«§¬̈ ¸£~°±£ ³ª§p£¬­ ~XOJp£¬­ ~¤§ª~£̧X
PJ±³±²§¥°³¬²§XQ p£«©́°§´£ ³ª§¥°³¬²§K
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«©~¤§­«~¥~ª§q§~W«¢§¬~°£ «²©́~°¸£̄K¥­°§|³¤ª§±¡§¶§±¥̧ ~¸£¶§¢§±

p³~=  ³°¨§±¢~̈¢­«~I°§±= p£¢£¥~¢`~«­́~°¢~ ­°§«~ª§K¶p§°~¢

p£±~wª£ £ª§¶¢£ ~¥~¢~¶°§± ©­«®£±§°£ ~¥~±µ­°£ §q~¬©­¬±²°³̄¡§§±

~µ£´§±~±p³~±~¢£ §±̀ ~¢£ §qIq³ £± ¥~q~́ª§±µ§¬£ ³ª§®°­£¯²p§

µ§¬~±µ~°§¯¬£ ~K

~°~q~¬~ ~°§¢~¨¢­«~I°­«£ª§¡§µ£́́±©­¬±²°³̄¡§§±¢~«~¶§¬¨£ ~±

~¬¥~«°³¢£ ~±I¢~̈ ¢­«§±·£́ª~¸£¥~́°¡£ª£ ³ª§±~¶£~E±³°KOKŔFK
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³¤°­o°«~~Í §¢°£~°±£ ³ª§p£¬­ §±~K

¢~±~®°­£²̄£ £ªp£¬­ ~±~°~̄´±
±~°¢~¤§K

¢~±~®°­£¯²£ £ª p£¬­ ~±~̄´±±~°¢~¤§K



53

AO±~«p£¬£ ª­ «­£¢¬§±±~§¬g§¬°­ ©´ª£́~Jw§£ ~

±~§¬g§¬°­J¥£­ª­¥§³° ¢~= ¦§¢°­¥£­ª­¥§³° ¥~«­©ª́£´~±µ§¬³¬¢~

³wo­¢£±¢~¸´£°́ §q§¶~±§~q§±±~§¬g§¬°­ ©ª́£́~J~¥£¥«́§± ¢~ ¢~¸́£°́ §q§

¶~±§~q§±±~§¬g§¬°­J¥£­ª­¥§³°§ ¢~= ¦§¢°­¥£­ª­¥§³°§ ¥~«­©´ª£́ ~I°~¡

§q́~ª§±µ§¬£ ±===~¢¥§ª§±±~§¬g§¬°­J¥£­ª­¥§³° ~¥£¥«´~±¢~ ¢~±~¸´£°§

t~³°£ §±==¢~p³°¤£ §±¢~«³p~£́ ~±I°§±p£¢£¥~¢~¡¢~¢¥§¬¢£ ~ ~¢¥§ª§±

¥£­ª­¥§³°§~o¬~¥­ ~I¥°³¬²§±¥£¬£̧§±§I¥°³¬²§±µ·ª£ §±°£g§«§I©~°±²³ª§

¶~±§~q§±o°«³ª£ §I¬~±¶ª£²£ §I£°­̧ §³ª§ ®°­¡£±£ §±~°±£ ­ ~¢~«~q§

¥~¬´§q~°£ §±p£±~wª£ ª­ ~K~o¬§p¬³ª§¥~«­©ª́£́£ §±p£«¢£¥¶¢£ ~¢~¢¥£¬~I

q³°~«¢£¬~¢~©«~·­¤§ª£ ±«p£¬£ ª­ §±«­£¢~¬§¢~¥£¥«~°£ §±«­q¶­́¬£ ±K

±~§¬g§¬°­ w§£ §±±~¤³ẃ£ª¸£¢¥§¬¢£ ~±~°q³ª£ §±¥£¥«~q~©­¬¤§¥³°~¡§~

¢~°~­¢£¬­ ~K

±~§¬g§¬°­w§£ §±==p£¢£¥£ §~§±~¶£ ~p£¬­ §± ±~°q³ª£ §±¥£¥«~̧£

®§°­ §q§= ¬§p¬£ §qI °­«ª£ §¡~o¬§p¬~́ £¬±~«p£¬£ ª­©­¬±²°³¯¡§£ §±

¥~«­´ª£¬§ª ¢£¤£¯²£ ±¢~= «~q§¥~¬´§q~°£ §±¶~°§±¶±±³°KQKNK£± «£q­¢§

±~±~°¥£ ª­~Iq³«¡~=¥~¢~µ·́£²§ª£ §±«§±~o£ ~¢«~°²­~o¬§p¬³ª§±~§¬g§¬°­

©́ª£´~Jw§£ ~±~©«~°§±§~°~°§±K

±~§¬g§¬°­w§£ §±~±®§°́£ª °§¥p§±~t§°­~p£±µ~́ª§ª§§¯¬£±~°̄§´p§

~°±£ ³ª§p£«¢£¥§«~±~ª£ §W

NK==§±²­°§³ª§¡¬­ £ § E«~qp§ ¶p§°~¢«­¡£«³ª§~±~§¬²£°£±­ «~±~ª£ §

«­£¢¬§±¥~¬~p£¬§~¬£ §±p£±~¶£ I°£©­¬±²°³̄¡§§±I===¢~p£¬£ §±I~°±£ ³ª§

p£¬­ §±°£©­¬±²°³¯¡§~J¥~¢~©£q£ ~J¥~wª§£°£ §±p£±~¶£ ¢~±¶́ ~FX

OK p£¬­ §±¬~¶~̧£ §¢~p£±~±°³ª£ £ª§==±¯£«£ §E~o¬§p¬³ª§«~±~ª£ §q

¥~¬§±~¸o´°£ ~±~w§°©́£ª¸£«­±³ª§ ~̈«³°§= ¢~²́§°q́~I§©́ £q£ ~p£¬­ §±

©­¬±²°³̄¡§³ª§±£̄«£ §I«~qp§= ¥~«­·£¬£ ³ª§ ±~°£©­¬±²°³̄¡§­ «~±~ª£ §FK

~o¬§p¬³ª§«~±~ª£ §±~¢~=±~ ³q£ §±p£±µ~´ª§±~± «§́¢§́~°q ¢~±©´¬~«¢£I°­«
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ẃ°£ §  ~̧°£ p§

~°~°§±
RJ«¢£

®§°́£ª§

¢~¶°§ª§¢~´£°J
²§©~ª³°§ ̧~°£ §
¤~¬̈ ~°p­°§±
±~°²·ª£ ±~¢~
¸o³¢~°£ p§N««
±§¢§¢§±  ~̧°§

  ~̧°£ §µ·­ ~±
¢~®~¬£ª£ §±
¬~©£°£ ±p­°§±N
««J«¢£±§¢§¢§±

¢~̧§~¬£ £ §¢~
w´°£ §~°
p£§«`¬£́ ~

OMJ«¢£

«£­°£ §¥§£́IR««J«¢£ §¥§´£IR««J«¢£

 ̧~°£ §p£³oª£J
 ³ª ©­¬±²°³¡̄§J
£ p§¢~w´°£ §
~«­p£¬£ ~p§

QMJ«¢£

«£±~«£

¥~«t­ª§¦­°§­̧¬J
²~ª³°§¢~́£°²§J
©~ª³°§ ̧~°£ §
µ·­ §±¥~«­¡´£¬~

R«««£²§±§¥~¬§±
  ~̧°£ §I
®~¬£ª£ §±ẃ°~
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¥~«̧~¢£ ³ª t~³°£ p§Kq§q­£³ª§ «§ª±´£²§± p§¥¬§q¢¥~«£¬ «£­°£I³¤°­

«¡§°£¢§~«£²°§~¬«§ª±I°­«£ªp§¡~²~°£ £¬¥~«~¡§́£ £ª¶±¬~°±K§¥§§©~´£ ±

­°«§ª±p­°§±°¥­ª³° ±§́°¡£±¢~·§¬~´±«§±§°¥́ ª§¥́°³¬²±K



94
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¢~¬X=p®³¬²§±ẃ°~X¶§«§¬¨¸£³~°·­¤§q§¶~¶³¬§±¥~¬´§q~°£ ~X~°~ «³ª ¥°³¬J

²£ ¸£¢§¬~«§©³°§¸£«­̄ «£¢£ ~p®³¬²§±~¬= ¶§«§¬¨§±¢~±­ §±~± ¢~¥°³¬²§±

¥~«­ ³°¡́ ~̄ ~́ ³ª§±«¶~°£±K

®°~¯²§©~«¢~¥́ ~¬~¶~I°­« ¤³w£J±~w§°©´ª£ §±¢~¨¢­«~¢­ §±®§°­ £ §

§̄«¬£ ~£¯±®ª³~²~¡§§±®£°§­¢p§I°~±~¡= ¶p§°~¢«­·´£ ~~°~±~±³°´£ª§¢£J

¤­°«~¡§£ §¢~¡~ª©£³ªp£«q¶́£́~p§±~¶§¤~q­ ~́~°§£ §¡K

¥°³¬²§±=¢£¤­°«~¡§§±¥~«­«µ´£´§~°~¶£ª±~·°£ª§¤~̄ ²­°£ §w§°§q~¢~¢

°£¥§­¬~ª³°§ ¶~±§~q§±~~¢~= ~«§²­« ±~t§°­~ «p£¬£ ª­ §±¢~µ·£ ~«¢£¥~°©J

£́³ª§o­¬§±w§£ §± `~²~°£ ~I°~¡¥~°©´£³ªµ§ª~¢¢~©~́p§°£ ³ª§~²£°§²­J

°§§±±®£¡§¤§©³°®§°­ £ q~¬I©£°w­¢I«q~¥­°§~¬§°£ª§£¤§I±¶~́¢~±¶´~p£¢J

¥£¬§ª­ §± ¢~¥£¬£̧ §±§±Eµ~°«­p­ §±F¥°³¬²­´~¬§¥~°£«­q§Eq~ ~p§°p£«¡´£J

ª§= ª§­±§±£ °§¥°³¬²£ §I¢~²­°¤§ª§ ¢~= ¢~ª£ £ ³ª§I~±£́£ n̄ ´§p¬~°£ §I

q§¶¬~°£ §I==q§¶£ §¢~±¶́ ~FK~o¬§p¬³ª«~±®£¡§¤§©³°«~®§°­ £ «~Ip£¬­ ~J

¬~¥£ ­ ~q~«p£¬£ ª­ §±¢~®°­£̄ ²£ ~p§¢~ṕ£ ³ª«~p£¡¢­«£ «~¢~¶~°´£¸£ J
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±~w§°©´ª§±±¶´~¢~±¶´~³ ¬§±~q́ §±K¤³w£J¥°³¬²§±±~p³~ª­µ§¬~o­ ~§~¬¥~°§J

p£ ~¤­°«³ª§qW

n n

R±~ Z RiAi AI (7.1)
iZ1 eZ1

±~¢~¡Ri ¥°³¬²§±±~~¬¥~°§p­µ§¬~o­ ~~±~w§°©́ª§±¥~¬±¶́ ~£́ ³ª§ ³ ¬£J

 §±q́§±X

Ai |±~w§°©́ª§±¤~°q­ §X

A |±~w§°©́ ª§±̈~«³°§¤~°q­ §K

¤³w£J¥°³¬²§± ±~~¬¥~°§p­ µ§¬~o­ ~= = ¥~¬§±~ó̧°£ ~ p£¬­ ~J
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¬§©­®­ªp§ ¥~¬¶­°¡§£ª¢~==ª§­±§±£ °§ ¥°³¬²£ §±¥~±~«~¥°£ £ª§ ±~¡¢£ª§

±~«³p~­£ §I±~¢~¡¥~«­·£¬£ ³ª§§¯¬~PIQ±~¬²§®³~¸§±©~° ~«§¢³ª§¤§±£ §WЂ¢
NINRU¢~ PH TIOK¥~±~«~¥°£ £ª¶±¬~°±~«¸~¢£ ¢¬£¬¤§±§±~¢~µ·ª§±ENWNX

NWNIR=¢~=NWOF=¤~°¢­ §±p£±~ ~«§±§~°£́§qK¶±¬~°§±±§«©´°§´£§¡´ª£ ­¢~OIOJOIR

±~¬²§®³~̧§±¤~°¥ª£ p§IN«� ¥°³¬²§±¥~«~¥°£ ~¸£§¶~°£̈ ­¢~QRKMJQUKMª§²°§

¶±¬~°§K¥°³¬²§±±§«²©§¡£~oµ£´¢~TJNP ©¥L±«�K~o¬§p¬³ª§«£q­¢§q¶¢£ ~

~¥°£q´£§±£q§¥°³¬²§±¥~«~¥°£ ~I±~¢~¡¤§ª²°~¡§§±©­£¤§¡§£¬²§MIP«L¢o£J

o~«£¸£«£²§~K

«K= £ª£́§²§¬~± «§£° ~oµ£°§ª§~̀ ~¨¢­«~¢§ ª§­±§±£ °§¥°³¬²§±©~° ~J

«§¢³ª§¤§±§q¥~«~¥°£ §±°£~̄ ¡§§±~°±§p£«¢£¥§~W«~¬¤~̄²­ °§´~¢ ¥~~¥°J

w£ª~~o¬§p¬³ª§ ±~«³p~­¢~= ¢~~¢¥§¬~I°­« ¥°³¬²p§CaCO3J§±«­«~²£ ³ª§

p£«¡́£ª­ §±~±¥°³¬²§±±§«²©§¡£©~° ~«§¢³ª§¤§±§q= ¥~«~¥°£ §±¢°­±

«¡§°¢£ ~K¡¬­ §ª§~I°­«=ª§­±§±£ °§~̀̈ ¢­«~¢§¥°³¬²§ p£¢¥£ ~t~° §«§J

¬£°~ª£ §±~¥~¬I°­«ª£ §¡¶~±§~q¢£ ~³~°·­¤§q§£ª£¯²°³ª§«³¶²£ §±~°±£J

 ­ §qq~´§~¬q¸£¢~®§°̧ £I«~p§¬°­¢£±~¡©~° ~«§¢³ª§¤§±§ µ~°«­~¢¥£¬±

~̄²§³°̧ £¢~®§°§~¬¬§´q§£°£ ~±¢~~¯́±¢~¢£ §q§«³¶²§K~«§²­«~««­´ª£¬~±

«§¬£°~ª³°§£ª£̄ ²°­¢~©~° ~«§¢³ª§¶±¬~°§±q~´§±£ ³°£ ~³w£´±±~¤³wJ

´ª~¢K

±³°KTKSK¥°³¬²£ §±¥~¤§±§~¬£ ~W

N §¬§£̄²­°§XO «³p~pª~¬¥§XP §¬§£̄²­°§XQ «³p~~́¸§X
R ±~¡­ §~¬§±~©£²§XS ©­«®°£±­°§~¬©³«p´~¢§~§°§± ~ª­¬§K



115
115

 Fª§­±§±£ °§`~¨¢­«~¢§¥°³¬²£ §±§̄«§³°§¥~«~¥°£ ~

p~ §~«¬§±¶±¬~°§qE ­°¢­F

~o¬§p¬³ª§«£q­¢§= «§£©³q́¬£ ~±~~̄°q£́ª­±²£̄ ¬§©³°§ ³¬§´£°±§²£²§±

¤³w£J±~w§°©́ª£ §±«§«~°q³ª£ §±·­¤§ªq~¬~«p°­«£ª±ªK ±¶§°²ª~w£±I

°­«ª§±±~¡¢£ª§±~«³p~­£ §`~²~°¢~q §ª§±p§±~¡¢£ª ®­ª§¥­¬̧£K

~««£q­¢§q·­´£ª~±ª§²°µ·~ªp§N=©¥±®§ª£¬w§±~ ~̈±®§¢~P©¥̀ ~«J

¯°~ª§©§°§ECaO) ¡~ªJ¡~ª©£¥~§¶±¬£ ~¢~p£«¢£¥ ~§°£́~£°q«~¬£qp§K«§o£J

 ³ª§¶±¬~°§I®£°¤­°­°£ ³ª§ª§q­¬§±«§ª£ §±«£p´£­ §qEPJR±«F§µ¬£¶£ ~

¥°³¬²p§NIMJNIR«£²°§±±§o°«£̧ £NIM=~²«­±¤£°­±µ¬£´§qK¶±¬~°§±©³q°§µ­¬~ЂpZMIR©¥wL±«� ¢~=q§q¯«§±~°=¥~¬±¶́~´¢£ ~µ·ª§±¥~¬. ¡¬­ §ª§~I°­«±®§ª£¬w§±

~ ~̈±®§±¢~`~³«̄°~ª§©§°§±~°£´§±~±«§«¢§¬~°£­ ±p£«¢£¥§ °£~̄¡§~WCu-

SO4õ5H2O+Ca(OH)2ᴼCu(OH)2+ CaSO4+2H2O «§§o£ ~q~ ~p§°§¢~±®§ª£¬w§±¦§¢°­J

g~¬¥§±=¬~ª£§̄I°­«ª£ §¡³£°q¢£ ~ª§­±§±£ °§`~¨¢­«~¢§¥°³¬²§±p£«¢¥£J

¬§ª­ ~p§~°±£ ³ª§©~ª¡§³«§±~¢~«~¥¬§³«§±«~°§ª£ ±¢~ §̄«§³°~¢~«~¥°£J

 £¬¥°³¬²±I°§±p£¢£¥~¢~¡¥°³¬²§ ¶¢£ ~µ·~ª«£¢£¥§ ¢~©~°¥~±́ `~̈¢­«~J

¢­ §±q´§±£ ~±K

`~²~°£ ³ª«~¡¢£ «~~̀´£¬~I°­«=~±£q~¬§°~¢¢~«³p~́£ ³ª§¥°³¬²§¢~±J

£́ª£ §±p£«¢£¥ P©¥wL±«� ¢~²´§°q´§q«¶­ª­¢ Q««J§q ~̀̈ ¢£ ~I«~p§¬°­¢£J

±~¡ §¥§´£¥°³¬²§~«~´£¢~²´§°q´§±~± ³¬£ °§´«¢¥­«~°£­ ~p§¢~±́£ª£ §±

p£«¢£¥~̀̈ ¢~OMM««J§qK

~oµ£°§ª§«£q­¢§£©­¬­«§©³°§==«~`´£¬£ ª£ §q ¤°§~¢£¤£̄²³°§~KN «�

¥°³¬²§±¥~±~«~¥°£ ª~¢§¶~°¨£ ~  ­°¢­± ¶±¬~°§~°~³«£²£±NMMª§²°§±~I

£K§KN©¥±®§ª£¬w§±~¨~±®§¢~O©¥©§°§K

¥Fq£°«³ª§¥~«~¥°£ ~

¥°³¬²§±q£°«³ª§¥~«~¥°£ ~¥~«­§·£¬£ ~q§¶­́~¬Iª§­±§±£ °~¬p~́ «§µ~

¥°³¬²p§I°­«£ªq~¤§ª²°~¡§§±©­£¤§¡§£¬²§K¤ZMIN«L¢o£Jo~«£Kq£°«³ª§¢~J

«³p~´£ §±p£¢£¥~¢¥°³¬²§±±§«²©§¡£§°̧¢£ ~NMJQM©¥wL±«� ¢~³̧ °³¬´£ª·­¤±

¥°³¬²§±µ·~ª³g­¬́~¢­ ~±I==°~±~¡ ~oµ£´±¡¶£ª§~§°§±̀~t§°¶¬́§qE¶¢£ ~

¥°³¬²§±¥~«­µ́~FK¥~«­µ§́± p£¢£¥~¢ ¥°³¬²§= ©~°¥~´±®ª~±²§©³°­ ~±I¥~J

¨§°̈ £́ §±¢~¥~µ·ª­´~¬£ §±q́§±£ ~±K¥~«­µ´§±¶~¬¥°wª§´­ ~RJT¢o£Jo~«£~I

²£«®£°~²³°~©§|SMMJSRMM̀K



116
116

N ©­«®°£±­°§X
±³°KTKTK¥°³¬²§±q£°«³ª§¥~«~¥°£ ~

O q¶£~́¢§±~̄́ ~ §±~́ ¸§X
P =q ³°§°£g§«§±²³« ­X
Q ¤­°±³¬©~X
R  ³°o§ª§X
SJ~°~¢~̈ ¢­«~¢§¥°³¬²§X
T `~¨¢­«~¢§¥°³¬²§K

�TK̄ §«§³°§¥~«~¥°£ §±©­¬²°­ª§

§̄«§³°§===«£q­¢§q¥°³¬²§±¥~«~¥°£ §±~± «§«¢§¬~°£­ ± ¯§«§³°§

¬£¢ª£³ª§± E«~±~ª§±FI«³p~J¶±¬~°§±¥£ªµ~°«­«̄¬§±³¬~°§± E±§«©´°§´£I

±§ ª~¬²§±I²£«®£°~²³°§±¢~= ~±£p£«¢£¥F¢~= ¥°³¬²§±¥~«~¥°£ §±¶~°§±¶§±

«³¢«§́ §©­¬²°­ª§K

§̄«§³°§¬~°£́ §±©­¬²°­ª§ ¢~ ¥°³¬²p§¥£ªµ~°«­«̄¬§±³¬~°§±

¥~±§¬¨´~¶¢£ ~= ª~ ­°~²­°§³ª®§°­ £ p§±~±§¬¨§¥~«­¡¢§±p£¢£¥£ §±

±~¤³w´£ª¸£Ip£«¢¥­«©§§±§¬¨£ ~±§«²©§¡£¢~µ·~ª³g­¬´~¢­ ~W

±~«³p~­q~= ¶~°§±¶§±= ©­¬²°­ª§ ¢~§·´~¬£ ~¥~«­¬­ª§q£ §± ¢~

µ·~ª³g­¬́~¢­ §±©­¬²°­ª £̧X

±~«³p~­q~¶~°§±¶§±©­¬²°­ª§¶­°¡§£ª¢£ ~±~©­¬²°­ª­  ³°ó§q
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±~¤£¶³°£ ¸£§q´ª£ ­¢~­q¶§§¬¢§©~²­°§±̀ £́¬£ ~q~«§¶£¢´§qK

¢~²´§°q´§± ±§¢§¢£±́~°`£́ ¢§q§±£q¬~§°~¢I°­«¥~¬±~¸ó°³ª§·­
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1



178
178

iZk iZk 2 iZk iZk

iZk iZk iZk iZk

1

a Z ϲ z ϲ P ϲ ( z P )ĕϲ P
X EVKTF

1 i 1 i 1
i i 1 i

1

b Z Kϲ ( z P ) ϲ z ϲ ĕϲ P

X EVKUF

1 i i
1 i 1 1 i

iZk 2 EiZk F2Z Kϲ P ϲ Pi 1 i X EVKVF

1
Z i Z З X EVKNMF

K J¢~²´§°q´§±±~¤£¶³°£ §±°§¡¶́ §I°­«ª§± ¢°­±~¡¶§«§¬¨§±¢~̈ ¢­«~

¢~«­©§¢£ ³ª§¢°­§q~°§±«§ª£´~¢§K

p£¬§p´¬~W©­£¤§¡§£¬²£ §a ¢~ b ~°§±µ°¤§±®~°~«£²°£ §I~¥£ ³ª§§«¡§°£±

1
©́~¢°~²q~«£q­¢§q©­­°¢§¬~²£ p§¼i¼¢~¼З¼E±³°KVKO¥FK



179
179

¶§«§¬̈ §±¸o´°³ªµ§¬~o­ ~¢ ~§o£ ~ϵ
¸oK
¢~²´§°q´~I°­«£ª§¡§µ´£´±

¬~¥£ ­ §±£̄±®ª³~²~¡§§± ¢~±~±°³ª± Et ¢°­§± ­ª­±F S(t) ¢~¨¢­«~±I
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182



183
183

P

±³°KVKPM~¶~ª§¶§«§¬ £̈ §±«§£°̈~«³°§¢~²́§°q́~±~ϲP ( a )¢~¢~²́§°q́~±
n

«­±³ª±£°q¶§«§¨¸£EbF¢~«­©§¢£ ³ª£ §±¥°~¤§©£ §±~ ³°oJ§¬§£¯¡§³°§
¶§«§¬£̈ §±°§¡¶´±p­°§±K

~³¡§ª£ £ª§~±~ ³°oJ§¬§£̄ ¡§³°§¶§«§¬̈£ §±°§¡¶́§¥~¬§±~¸ó°­±¤­°«³ª§q
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