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4()*% 1"(/,"2)/,3

!"#$%$&$’($
(2"$)126%&2 7$&6"$#36"’& (X , ω) 3#:;’#2"68 M-6’8:3;,, 26+) 9+8
+<=;* "&12% A,B → X 60>26"’02" 3#=&$ "&12% {Ai}Ni=0 ↑ X , "#%&/ 1"&
A0 = A, AN = B , ω(Ai ,Ai→1) ↭ M ↓i → 1, n.

?+8 ,2"$)126%&-& 7$&6"$#36"’# X , &-$#3)1233&-& Q ↑ X )
7&+&5)"2+@3&-& 1)6+# µ &=&:3#1), 12$2: U X ,µ

Q ,3&526"’&
32&-$#3)1233;* %&,7&323" µ-6’8:3&6") ’ X \ Q.

A06"@ X - ,2"$)126%&2 7$&6"$#36"’& ) 60>26"’02" 7&6+29&’#"2+@3&6"@
&-$#3)1233;* ,3&526"’, )612$7;’#<>#8 X , ".2. "#%#8 {Qi}↑i=1, 1"&

1 ↓i : Qi ↑ Qi+1;
2 ↔↑

i=1Qi = X .
B)6+& %&34&’ 7$&6"$#36"’# X &7$292+82"68 %#%

eµ(X ) := max
i↓N

|U X ,µ
Qi

|
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5$6-& (1"&7&8&)-9

ε : (X , ωX ) ↗ (Y , ωY ) - &"&=$#523)2 ,2"$)126%)* 7$&6"$#36"’.

!"#$%$&$’($
C"&=$#523)2 ε 3#:;’#2"68 6&=6"’233;,, 26+) 9+8 %#59&-&
&-$#3)1233&-& U ↑ Y , 7$&&=$#: ε→1(U) &-$#3)123.

!"#$%$&$’($
C"&=$#523)2 ε 3#:;’#2"68 =&$3&+&-)126%),, 26+)

↓ϑ > 0 ↘Sω ↓x , x ↔ → X : ωX (x , x
↔) < ϑ ≃ ωY (ε(x),ε(x

↔)) < Sω.

!"#$%$&$’($
C"&=$#523)2 ε 3#:;’#2"68 -$0=;,, 26+) &3& 6&=6"’233&2 )
=&$3&+&-)126%&2.
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42’ +(:&, +&)9,;/9 ’(8-.&/,3( ’()*(3

)("*+$,-
A06"@ X ,Y D ,2"$)126%)2 7$&6"$#36"’#, X µ-6’8:3&, ε : X ↗ Y D
-$0=&2 ) 6<$E2%")’3&2 &"&=$#523)2. A06"@ "#%52 9+8 ϖ > 0
’;7&+323&

↓x , x ↔ → X : ωX (x , x
↔) ↭ µ ≃ ωY (ε(x),ε(x

↔)) ↭ ϖ.

F&-9# eµ(X ) ↫ eε(Y ).

.*’+#"#(/$#
G&:@,2, H25)%#I ’ R↑: X = ↔↑

i=1Xi , -92
Xn := {x1 = 0, x2 = 0, . . . , xn→1 = 0, xn → [0, n], xn+1 = 0, . . .} ↑ R↑.
J63&, 1"& 0 25)%# 32" %&34&’.
G %#126"’2 ε ’&:@,2, K03%4)< x ⇐↗ ω(x , 0). A&+01), -$0=&2
6<$E2%")’3&2 &"&=$#523)2 ): 25)%# ’ R↫0, ".2. ’ 7$&6"$#36"’& 6
&93), %&34&,.
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42’ +(:&, +&)9,;/9 ’(8-.&/,3( ’()*(3

)("*+$,-
A06"@ X ,Y D ,2"$)126%)2 7$&6"$#36"’#, X µ-6’8:3&, ε : X ↗ Y D
-$0=&2 ) 6<$E2%")’3&2 &"&=$#523)2. A06"@ "#%52 9+8 ϖ > 0
’;7&+323&

↓x , x ↔ → X : ωX (x , x
↔) ↭ µ ≃ ωY (ε(x),ε(x

↔)) ↭ ϖ.

F&-9# eµ(X ) ↫ eε(Y ).

.*’+#"#(/$#
G&:@,2, H25)%#I ’ R↑: X = ↔↑

i=1Xi , -92
Xn := {x1 = 0, x2 = 0, . . . , xn→1 = 0, xn → [0, n], xn+1 = 0, . . .} ↑ R↑.
J63&, 1"& 0 25)%# 32" %&34&’.
G %#126"’2 ε ’&:@,2, K03%4)< x ⇐↗ ω(x , 0). A&+01), -$0=&2
6<$E2%")’3&2 &"&=$#523)2 ): 25)%# ’ R↫0, ".2. ’ 7$&6"$#36"’& 6
&93), %&34&,.
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42’ +(:&, +&)9,;/9 ’(8-.&/,3( ’()*(3

)("*+$,-
A06"@ X D 6&=6"’233&2 µ-6’8:3&2 ,2"$)126%&2 7$&6"$#36"’&, Y D
7$&):’&+@3&2 ,2"$)126%&2 7$&6"$#36"’&, ε : X ↗ Y D -$0=&2 )
6<$E2%")’3&2 &"&=$#523)2. A06"@ "#%52 9+8 ϖ > 0 ’;7&+323&

↓x , x ↔ → X : ωX (x , x
↔) ↭ µ ≃ ωY (ε(x),ε(x

↔)) ↭ ϖ.

F&-9# eµ(X ) ↫ eε(Y ).
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!"2<% 4=8-

A06"@ -$077# G :#9#3# 3#=&$&, &=$#:0<>)* X

!"#$%$&$’($
C7$292+), -$#K Cayley(G ,X ) 6+290<>), &=$#:&,. A06"@ ’2$L)3#,)
-$#K# 8’+8<"68 M+2,23"; -$077; D V (sk(G )) := G , ) %#59#8 7#$#
’2$L)3 a, b → G 6&29)323# &$)23")$&’#33;, $2=$&, 6 ,2"%&/ x → X ,
26+) ax = b

N<=&/ -$#K OM+) 6’8:23 ) ’2$L)33&-"$#3):)")’23.

A$),2$. P$#K OM+) -$077; Z 6 &=$#:0<>),) 2, 3.
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>-2?"2++% /(1"9:&))(/,-

!"#$%$&$’($
C7$292+), -$#K sk(G ) 6+290<>), &=$#:&,. A06"@ ’2$L)3#,) -$#K#
8’+8<"68 M+2,23"; -$077; D V (sk(G )) := G , ) %#59#8 7#$# ’2$L)3
a, b → G 6&29)323# &$)23")$&’#33;, $2=$&, 6 ,2"%&/ x → X , 26+)
x→1ax = b

C=&:3#1), %&,7&323"0 6’8:3&6") M+2,23"# u → G 12$2: sku(G ).
C7$292+), &"&=$#523)2 ϱ : Cayley(G ,X ) ↗ sku(G ) 6+290<>),
&=$#:&,.
• ’2$L)3# g 72$2*&9)" ’ g→1ug ;
• Q2=$&, 7&,21233&2 M+2,23"&, x → X , 72$2*&9)" ’ $2=$& ,2590
’2$L)3#,), 7&,21233&2 "2, 52 M+2,23"&, x .
C7$292+233&2 "#%), &=$#:&, &"&=$#523)2 ϱ 8’+82"68 6<$E2%")’3;,
) ,&3&"&33;,.
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@-/8( ’()*(3 ?"2<2 4=8- - 7-2?"2++% /(1"9:&))(/,-

0$*#$/- (1*"2)
B)6+& %&34&’ -$#K# Cayley(G ,X ) 7$)3#9+25)" ,3&526"’0
{0, 1, 2,+⇒}.

)("*+$,-
B)6+& %&34&’ -$#K# sku(G ) 7$)3#9+25)" ,3&526"’0 {0, 1, 2,+⇒}.

R928: )67&+@:&’#"@ 6’&/6"’# $#322 &7$292+233&-& &"&=$#523)8
ϱ : Cayley(G ,X ) ↗ sku(G ) ) -)7&"2:0 &= ):,2323)) %&+)126"’# %&34&’
7$) 6<$E2%")’3&, &"&=$#523)).
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A82) )2 /&+&/,"

)("*+$,- 1
A06"@ X D 6&=6"’233&2 µ-6’8:3&2 ,2"$)126%&2 7$&6"$#36"’&, Y D
7$&):’&+@3&2 ,2"$)126%&2 7$&6"$#36"’&, ε : X ↗ Y D -$0=&2 )
6<$E2%")’3&2 &"&=$#523)2. A06"@ "#%52 9+8 ϖ > 0 ’;7&+323&

↓x , x ↔ → X : ωX (x , x
↔) ↭ µ ≃ ωY (ε(x),ε(x

↔)) ↭ ϖ.

F&-9# eµ(X ) ↫ eε(Y ).

)("*+$,- 2
B)6+& %&34&’ -$#K# sku(G ) 7$)3#9+25)" ,3&526"’0 {0, 1, 2,+⇒}.
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