
à5ÄåXÚ�k.;�

S7+, 'å�

Á�. à5ÄåXÚ´do+�Ñ��aAÏÄåXÚ, �¿�ã%C�

êØ��kX;��éX. �©Vã'uà5ÄåXÚk.;��Ì�¯

KÚ(J, ¿0�§��Oppenheimß�!Littlewoodß�!Schmidtß

��¿�ã%C¯K�'X.

1. Úó

à5ÄåXÚ´�aAÏ�ÄåXÚ, ¤3��m�o+�à5�m,

ÄåXÚd+$�p�
¤. äN/, �G´o+1, Γ´G�4f+, ¿�Ä

à5�mX = G/Γ. à5ÄåXÚ'5G�,�f+H3Xþg,�²£�

^, ïÄù�+�^�;�ÚØCÿÝ�5�, ¿�	�H¥�+��ªu

Ã¡��+�^�ì?1�. ù��)�ÄåXÚ�¹eZ²;�¢~, X

~K­Ç­¡�ÿ/6Ú4��6�.

3éà5ÄåXÚ�ïÄ¥, (Üo+�ÄåXÚ��{, �±�

�'��ÄåXÚ�Ð�5�. ~X, Ratner½nL², éu�N�à5

ÄåXÚ, ;��4�þ�äk�ê5��f6/, ØCÿÝ��±l

�ê��Ý5©a[63]. éuÙ¦�
­���¹, <��ß�¿Ü©

y²
aq�(J¤á[12, 24, 26, 40, 48]. ,��¡, ·��f+Γ(~

XSLn(Z))�±�¹´L��â&E, �A�ÄåXÚ�êØkX;��

éX. ~X, 3¿�ã%C�¡, ±à5ÄåXÚ�óä, Margulisy²


Oppenheimß�[43, 44], KleinbockÚMargulisy²
Baker-Sprindžukß

�[35], Einsiedler!KatokÚLindenstrausséLittlewoodß��Ñ
­��í

?[25], ShahéDirichlet½n��U?5�y²
­��(J[68]. 3�êê

ØÚ)ÛêØ�+�, à5ÄåXÚ���
­��A^, �[27, 50, 51, 56,

70]�.

z�a¯�Ç90u�.
1�©¥�o+�¢o+. à5ÄåXÚ�'5Ù¦ÿÀ+(Xp-adico+)��/, �·�

3ùp6Ø�9.

1



éu­���¹, f+H3�mXþ�²£�^��´H{�. ù�, �

mX¥äk�È�H-;��:�¤"ÿ8. �´, �´ù
�È�;��N


ÄåXÚ�E,5, ¿�Ny
�êØ¯K�éX. 3é�È�;��ï

Ä¥, k.;�!uÑ;�!4�½4�8��½f8Ø���;��A«

;�a.Ñ��
2��'5.

�©{�nãà5ÄåXÚk.;��¡�Ì�¯KÚ(J9Ù�

¿�ã%C�éX. 12!0�à5ÄåXÚ���µe. 13–5!Uìf

+H�ØÓa., ©O?Ø�NXÚ!õëê�é�zXÚ!üëê�é�

zXÚ�k.;��5�, ¿0�§��Oppenheimß�!Littlewoodß�!

Schmidtß��¿�ã%C¯K�'X. 'uuÑ;��Ù¦a.�È�;

��ïÄ?Ð, �[7, 17, 23, 32, 37, 39]�.

2. à5ÄåXÚ�µe

�G´ëÏo+, Γ´G�4f+, ¿3à5�mX = G/ΓþD�g,

�1w6/(�. XJg ∈ G, KG�Ì�f+{gn : n ∈ Z}3Xþ�²£
�^p�
lÑÄåXÚZ ×X → X, (n, x) 7→ gnx. aq/, XJξ´G�

o�êg¥���, Küëêf+{exp(tξ) : t ∈ R}p�
6R × X → X,

(t, x) 7→ exp(tξ)x. ���/, à5ÄåXÚïÄG�?�f+H3Xþ�²

£�^

H ×X → X, (h, x) 7→ hx

)¤�ÄåXÚ, �	§�;�ÚØCÿÝ�5�.

�
�����ÄåXÚ5�, ·�I�éf+HÚΓ�À�\±��.

Äk, ·�F"H¥����±ªuÃ¡�, l
�	+�^�ì?1�. u

´, ·�b�:

(i) H´G��;4f+(l
G��;).

,��¡, 3é�§Ýþ, H-�^��²�ÄåXÚ5�´dΓ�ØëÏ5

���. �
{z^�, ·�b�:

(ii) Γ´G�lÑf+.

d	, �
A^H{Ø¥��{Ú(J, ·��b�:

(iii) Γ��8�mXþ�3G-ØC�BorelVÇÿÝµX(¡�HaarÿÝ, �

3�7��).

÷v^�(ii)Ú(iii)�f+Γ¡�G��:f+(lattice). XJ�mX´;�,

K¡Γ�{;�(cocompact); ÄK, ¡Γ��{;�(non-cocompact). X
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JX�f8E�4�´;8, K¡E�k.8. �©­:?ØX¥�k.H-

;�. ù�3Γ�{;�âk�²��¿Â.

·��Ñ�:f+�ü�Ä�~f.

~2.1. \{+Rn�f+Zn´{;�:f+. ¯¢þ, �mRn/ZnÓ�un �

�¡.

~2.2. �n ≥ 2. AÏ�5+SLn(R)�f+SLn(Z)´�{;�:f+. 3�

©¥, ·�P

Xn = SLn(R)/SLn(Z). (2.1)

'u�mXnþØCVÇÿÝ��35, �[58]. �uù��m�­�5, ·�

�Ñ§��;5�{áy².

�mXn�;5�y². XJXn;,K�3SLn(R)�;f8K÷vK·SLn(Z) =

SLn(R). d�k

K · Zn = K · (SLn(Z) · Zn) = (K · SLn(Z)) · Zn = SLn(R) · Zn = Rn.

ùíÑ, �3K¥�S�(gk)ÚZn r {0}¥�S�(vk)¦�gkvk → 0. d

uK;, Ø�b�gk → g. u´

vk = g−1k (gkvk)→ g−10 = 0,

�vk ∈ Zn r {0}gñ. �

'u�mXn¥f8�k.5, Mahler[42]y²
e¡��O{K. §3

à5ÄåXÚÚ¿�ã%C�må�
xù��^.

½n2.3 (Mahler�O{K). Pπ : SLn(R) → Xn, g 7→ g · SLn(Z)�ÝKN

�. �Ω´SLn(R)�f8. Kπ(Ω)3Xn¥k.�¿©7�^��Rn¥��

:´8Ü{gv : g ∈ Ω, v ∈ Zn}��á:.

¿�z�o+Ñk�:f+. �±y², XJG�3�:f+, Ké?

¿g ∈ Gk|det(Ad(g))| = 1, Ù¥Ad : G → GL(g)´��L«. ,��¡,

?¿�;ëÏ�üo+o�3{;�:f+, �o�3�{;�:f+. 


�)o+��:f+(XJ�3)�U´{;�. ù
(Ø�y²Ú�:f+

�Ù¦5�, �[46, 54, 58, 72].

à5ÄåXÚ���Ä�½n´MooreH{½n[52]. éüo+��¹2,

�±�ãXe.

2MooreH{½né�üo+�Ø���:f+�¤á.
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½n2.4 (üo+�MooreH{½n). �G´¥%k��ëÏ�;üo+,

Γ ⊂ G´�:f+. KG3à5�mX = G/Γþ�²£�^'uHaarÿ

ÝµX´r·Ü�, =é?¿�ÿ8E1, E2 ⊂ Xk

lim
G3g→∞

µX(gE1 ∩ E2) = µX(E1)µX(E2).

AO/, ?¿�;4f+H ⊂ G3Xþ�²£�^´H{�, =é?¿H-Ø

C�ÿ8E ⊂ Xk

µX(E) = 0 ½ µX(E) = 1.

MooreH{½níÑ, XJH ⊂ G´�;4f+, KX¥�A�¤k:

�H-;�È�. XJX�;, Kk.H-;��½´�È��. Ïd, 8Ü

{x ∈ X : Hxk.} (2.2)

'uHaarÿÝ´"ÿ8.

��, ·��Ñà5ÄåXÚ�ü��Ä��~f.

~2.5 (~K­Ç­¡�ÿ/6Ú4��6). �Σ´NÈk��~K­Ç

��­¡. K§�ü �mT 1ΣÓ�u,�à5�mX = SL2(R)/Γ, Ù

¥Γ ⊂ SL2(R)´�:f+. 3ù�Ó�e, T 1Σþ�LiouvilleÿÝÒ´Xþ

�HaarÿÝ. �ÄSL2(R)�üëêf+

D =

{(
et 0

0 e−t

)
: t ∈ R

}
, U =

{(
1 t

0 1

)
: t ∈ R

}
.

KDÚU3Xþ�²£�^)¤�ÄåXÚ©OéAXT 1Σþ�ÿ/6

Ú4��6(�[11]). là5ÄåXÚ��Ýéùü�6?1ïÄ©

uGelfandÚFomin[28]. ÿ/6Ú4��6äk�~ØÓ�5�. ~X,

�Σ�;�, ÿ/6�k.;��±�~E,, 
4��6�k.;��U

´±Ï;(�[20]).

'uà5ÄåXÚ��[�0�, �[11, 22, 36, 69]�.

3. �NXÚ

�âf+H�ØÓa., ·�©�¹?Øk.;��5�9Ù�¿�ã

%C�éX. Äk�ÑA�½Â.

½Â3.1. �G´ëÏ�;o+.
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(1) éug ∈ G, XJgþ��5C�Ad(g) − idg´�"�, K¡g�AdG-

�N�; XJAd(g)´�é�z�, K¡g�AdG-�é�z�.

(2) �Γ ⊂ G´�:f+, X = G/Γ, H ⊂ G´ëÏ�;4f+. X

JHdAdG-�N���)¤, K¡H3Xþ�²£�^��NXÚ;

XJH¥���Ñ´AdG-�é�z�, K¡H3Xþ�²£�^�

�é�zXÚ.

�NXÚÚ�é�zXÚ´à5ÄåXÚ�­��ü«a.. 3,«¿

Âþ, ��f+H��¹�±�z�éùü«�¹�ïÄ. ~2.5¥�4��

6´�NXÚ, 
ÿ/6´�é�zXÚ.

�!?Ø�NXÚk.;��5�. ��5¿�´, dIwasawa©)�

±wÑ, XJH´�;üo+, K§dAdG-�N���)¤. Ïd, �!�?

Ø�¹H´�;üo+��¹.

Äk�ÄG = SL3(R), Γ = SL3(Z)��¹. d�X = X3(�(2.1)ª).

�H´ÎÒ�(2, 1)�2Â��+�ü ©|SO+(2, 1). §´�;üo+.

1980c�, Margulis[43, 44]y²
e¡�(J.

½n3.2. �mX3¥�k.SO+(2, 1)-;�o´;�.

ù�½n��µ´¿�ã%C¥�Oppenheimß�. êØ¥�Meyer½

nL², XJQ´Rnþ��òzØ½kn�g., K�n ≥ 5�, �3v ∈
Zn r {0}÷vQ(v) = 0(�[67]). Oppenheim3[57]¥ß�, éuÃn�g.,

Meyer½n3%C�¿Âe�¤á. ß��^��5�~f�n ≥ 3, î��

ãXe.

ß�3.3 (Oppenheimß�). �n ≥ 3, Q´Rnþ��òzØ½�g.. b

�QØ´kn�g.�~ê�. Ké?¿ε > 0, �3v ∈ Zn r {0}÷
v|Q(v)| < ε.3

N´y², XJß�é,�n = n0¤á, K§én > n0�¤á. u´, �

Iy²ß�én = 3¤á. CasselsÚSwinnerton-Dyer[16]�Raghunathan(�

uL)uy, ß��½n3.2¥�äó´�d�. Ïd, Margulisy²�½

n3.2íÑ
Oppenheimß�¤á. 3ù�y²Ñy±c, <�|^)ÛêØ

��{, y²
ß�én ≥ 21¤á. Margulis�y²Äuo+SO+(2, 1)d

�N��)¤ù�¯¢, ±9�Nüëêf+�^�ÄåXÚ5�.

3Oppenheimß�éun = 2´Ø¤á�: N´�y, é?¿(x1, x2) ∈ Z2 r {0}k|x2
1 −

(1 +
√

2)2x2
2| ≥ 1.
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Oppenheimß��8vkXêØ���y². 'uOppenheimß��°

[�½þ(J, �[29, 41, 47].

e¡{�`²½n3.2�Oppenheimß��'X. �ÄR3þ��g.

Q0(x1, x2, x3) = x21 + x22 − x23.

KR3þ�?¿�òzØ½�g.Q/XQ = c(Q0 ◦ g), Ù¥c��"~ê,

g ∈ SL3(R). Oppenheimß��½n3.2��d5N´de¡�·KíÑ.

·K3.4. Pπ : SL3(R)→ X3�ÝKN�. K±eü�äó¤á.

(1) ;�SO+(2, 1) · π(g)´k.8�¿©7�^�´

inf
v∈Z3r{0}

|Q(v)| > 0.

(2) ;�SO+(2, 1) · π(g)´48�¿©7�^�´Q�kn�g.�~ê

�.

�
NyMahler�O{K3à5ÄåXÚ�êØ�m�xù�^, ·�

�Ñ(1)�y²V�.

·K3.4(1)�y². PH = SO+(2, 1). é?¿¢êa, +H3­¡

{v ∈ R3 r {0} : Q0(v) = a}

�ëÏ©|þ��^´D4�. u´, éuv ∈ R3, |Q0(v)|¿©��d
uinfh∈H ‖hv‖¿©�. Ïd,

inf
v∈Z3r{0}

|Q(v)| = 0 ⇐⇒ inf
v∈Z3r{0}

|Q0(gv)| = 0

⇐⇒ inf
v∈Z3r{0}

inf
h∈H
‖hgv‖ = 0

⇐⇒ �:Ø´8Ü{hgv : h ∈ H, v ∈ Z3}��á:.

dMahler�O{K, ù�du;�Hπ(g)Ã.. �

53.5. ·K3.43p���¤á. (ÜMeyer½n, ùíÑ�n ≥ 5�, é?¿

Ú�n���êp�q, �mXn¥�SO+(p, q)-;�o´Ã.�.

1990c�Ð, Ratner[59, 60, 61, 62]y²
ÿÝ©a½n!;�4�½

n!�Ý©Ù½n��X�­�(J(,�[49]). Ù¥�;�4�½nXe.

½n3.6 (Ratner;�4�½n). �G´ëÏ�;o+, Γ ⊂ G´�:f+,

X = G/Γ, H ⊂ G´ëÏ�;4f+. b�HdAdG-�N���)¤. Ké

?¿x ∈ X, �3G��¹H�ëÏ4f+L÷vHx = Lx.
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N´d½n3.6íÑ½n3.2. ,��¡, Ratner�ó��íÑ:

½n3.7. 3½n3.6�^�e, XJX�;, K8Ü(2.2)�¹3X��êõ�

ýf6/�¿8�¥, l
ÙHausdorff�ê�uX��ê.

duRatner�ó�, é�NXÚ�½5
)®²'���(�[21, 45, 53,

63]). �´, l½þ��Ý, �NXÚE,kéõ�)û�¯K, �[40, 48]�.

4. õëê�é�zXÚ

±eü!?Ø�é�zXÚ, =f+H¥���Ñ´AdG-�é�z��

¹. XJdimH = 1, K¡�A�ÄåXÚ�üëê�; XJdimH > 1, K¡

�A�ÄåXÚ�õëê�. ùü«�¹��é�zXÚäk�~ØÓ�5

�. 3�!¥, ·�?Øõëê�é�zXÚ. éuù«�¹, <�F"��

��NXÚaq�5�. �´, ù�Oy��vk�¤. y�ã®��Ì�

(J8¥3H�G�4�R-©�f�¡��¹.

�
;�Eâ5�^�, �©��ÄG = SLn(R), Γ = SLn(Z), ¿

�H�uf+

A = {diag(et1 , . . . , etn) : ti ∈ R, t1 + · · ·+ tn = 0}

��¹. 5¿dimA = n− 1. Ïd, �n ≥ 3�, �A�ÄåXÚ´õëê�.

'uk.A-;�, Margulis[48]ß��½n3.2aq�äó¤á, =:

ß�4.1. �n ≥ 3�, �mXn¥�k.A-;�o´;�.

�n = 3�, l¿�ã%C��Ýéù�ß���d�ã�QÑy

uCasselsÚSwinnerton-Dyer�ó�[16]¥(�eãß�4.6). 'uù�ß�,

�8�­��?Ð´dEinsiedler!KatokÚLindenstrauss[25]�Ñ�. ¦�

ÏLïÄXnþA-ØCÿÝ�5�, y²
:

½n4.2. �n ≥ 3�, 8Ü

{x ∈ Xn : Axk.}

�Hausdorff�ê�un− 1.

�±y², �mXn¥�3;A-;�, ¿��k�êõ�. Ïd, 8Ü

{x ∈ Xn : Ax;}

�Hausdorff�ê�´n− 1. Einsiedler�[25]�y²
e¡�r�(J.
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½n4.3. �n ≥ 3, A+ ⊂ A´kS:�f�+, g ∈ A+´S:. �

ÄSLn(R)�f+

U(g) = {u ∈ SLn(R) : lim
k→+∞

g−kugk = In}.

Ké?¿x ∈ Xn, 8Ü

{u ∈ U(g) : A+uxk.}

�Hausdorff�ê�u0.

|^4�8�Vg, �±�Ñß�4.1��d�ã. éuSLn(R)�f

+SÚXn�f8Y , XJY´S-ØC48, ¿�Y¥vk��S-ØC4ýf8,

K¡Y´S-4�8. AnÚWeiss[8]y²
:

½n4.4. �n ≥ 3. éu1 ≤ i < j ≤ n, PAij�A¥1i�é���1j�é

�����Ý
�¤�f+. K±eü��ã�d.

(1) ß�4.1én¤á.

(2) éz�Aij, �mXn¥�?¿;A-4�8�´Aij-4�8.

ß�4.1Ú½n4.3�¿�ã%C¥�Littlewoodß�k;��'X.

éu¢êa, ·�P〈a〉�a��ê8�ål, =〈a〉 = infk∈Z |a − k|.
Littlewoodu1930c�mJÑ
e¡�ß�.

ß�4.5 (Littlewoodß�). é?¿a, b ∈ Rk

inf
q∈N

q〈qa〉〈qb〉 = 0.

Littlewoodß�´¿�ã%C¥�­���)¯K��. CasselsÚ

Swinnerton-Dyer[16]JÑ
e¡�ß�, ¿y²
§�±íÑLittlewoodß

�.

ß�4.6. �f1, f2, f3´R3þ�5Ã'��5., ¿�ÄR3þ�ng.F =

f1f2f3. b�FØ´knng.�~ê�. Ké?¿ε > 0, �3v ∈ Z3 r
{0}÷v|F (v)| < ε.

N´wÑß�4.6�Oppenheimß��aq�?. �½n3.2ÚOppenheim

ß���d5aq, |^Mahler�O{K, �±y²n = 3��ß�4.1�ß

�4.6�d. Ïd, ß�4.1�±íÑLittlewoodß�.

,��¡, Einsiedler�[25]|^½n4.3, y²
Littlewoodß�3��

�"�8Ü�¿Âe¤á, =:
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½n4.7. 8Ü

{(a, b) ∈ R2 : inf
q∈N

q〈qa〉〈qb〉 > 0}

�Hausdorff�ê�u0.

�
`²½n4.3�Littlewoodß��'X, �ÄSL3(R)�f�+

A+ = {diag(et1 , et2 , e−(t1+t2)) : t1, t2 ≥ 0}. (4.1)

éua, b ∈ R, ·�P

ua,b =

1 0 a

0 1 b

0 0 1

 , xa,b = ua,b · SL3(Z).

|^Mahler�O{K, �±y²:

·K4.8. �mX3¥�;�A+xa,bk.�¿©7�^�´

inf
q∈N

q〈qa〉〈qb〉 > 0.

|^·K4.8, N´d½n4.3í�½n4.7:

½n4.7�y². 3½n4.3¥, �n = 3, A+�(4.1)ª�Ñ�f�+. Kg =

diag(2, 2, 1/4)´A+�S:. d�U(g) = {ua,b : a, b ∈ R}. Ïd, 8

Ü{(a, b) ∈ R2 : A+xa,bk.}�Hausdorff�ê�u0. 2|^·K4.8=�

½n4.7. �

5. üëê�é�zXÚ

�!?Øüëê�é�zXÚ�k.;�. ÑuS., ù�·�r

f+HUP�F . e¡�(JÄkdMargulis[45]±ß��/ªJÑ, ��

�KleinbockÚMargulis[34]¤y²(,�[37]).

½n5.1. �G´�;o+, Γ ⊂ G´�{;�:f+, X = G/Γ,

F´G�AdG-�é�züëêf+. K8Ü

{x ∈ X : Fxk.} (5.1)

�Hausdorff�ê�u��mX��ê.

ò½n5.1�½n3.7Ú½n4.2�'�, �±wÑüëê�é�zXÚ�

ØÓ�?. 3ù�Ä:þ, An!GuanÚKleinbock[6]JÑ
�r�ß�. �


Qãù�ß�, ·�k0�SchmidtÆ����8�Vg[64].
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½Â5.2 (SchmidtÆ�9Ù��8). �½��Ýþ�mX, f8S ⊂ X, Ú

¢êα, β ∈ (0, 1). Alice�Bobü<Ueã5K?1Æ�: BobÄkÀ�X¥

�4¥B0. 3BobÀ�
4¥Bi��(i ≥ 0), Alice3Bi¥À��»�Bi�

»α��4¥Ai, ,�Bob3Ai¥À��»�Ai�»β��4¥Bi+1. ù��

�
4¥�Ã¡S�

B0 ⊃ A0 ⊃ B1 ⊃ A1 ⊃ · · · .

¤kù
4¥��8�ü:8, P�{x∞}. XJx∞ ∈ S, K�½Alice¼

�; ÄK�½Bob¼�. XJAlice3Æ�¥k7�üÑ, K¡S�(α, β)-�

�8((α, β)-winning set). XJé?¿β ∈ (0, 1), Sþ�(α, β)-��8, K

¡S�α-��8. XJ�3α ∈ (0, 1)¦�S�α-��8, K¡S���8.

N´wÑ, XJS���8, K§3X¥È�. Schmidt[64]�y²
:

·K5.3. �X´��Ýþ�m.

(1) é?¿α ∈ (0, 1), �êõ�X�α-��f8��8E,�α-��8.

(2) XJX´iù6/, KX���f8�Hausdorff�ê�u��

mX��ê.

©Ù[6]¥JÑ�ß�Xe.

ß�5.4. �G,Γ, XX½n5.1¤ã, ¿36/XþD�dGþ�mØCiù

(�p�
��iù(�. K�3α ∈ (0, 1), ¦�éG�?¿AdG-�é�z

üëêf+F , 8Ü(5.1)þ�X�α-��f84.

d·K5.3, ù�ß�íÑ: éG�?¿�êõ�AdG-�é�züëêf

+{Fk}, 8Ü
{x ∈ X :¤kFkxk.}

�Hausdorff�ê�u��mX��ê. 'uù�ß�, ®��(JXe.

½n5.5. e¡�(Ø¤á.

(1) �G�R-��1��üo+�, ß�5.4¤á[19].

(2) �G = SL3(R), Γ = SL3(Z)�, ß�5.4¤á[6].

(3) �G�k�õ�SL2(R)�¦È�, ß�5.4¤á[4].

4©Ù[6]JÑ
�r�ß�, =8Ü(5.1)´�²¡ýé��8. ù«��8�Vg´

3[14, 38]¥Ú\�, äk�Ð�5�. �©�
Qã�B, �é½Â5.2¥�Ñ���8Vg

?1?Ø.
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(4) éuG = SLn(R), Γ = SLn(Z)Ú

F = {diag(et/pIp, e
−t/qIq) : t ∈ R}, p+ q = n,

8Ü(5.1)´��8[15, 7].

(5) éuG = SLn(R), Γ = SLn(Z)Ú

F = {diag(ertIn−2, e
st, e−t) : t ∈ R}, r ≥ s ≥ 0, (n− 2)r + s = 1,

8Ü(5.1)´��8[30].

ß�5.4��µ�¿�ã%C¥®�y²�Schmidtß�. éud ≥ 1, �

Ä8Ü

Wd = {(r1, . . . , rd) ∈ Rd : ri ≥ 0, r1 + · · ·+ rd = 1}.

éur = (r1, . . . , rd) ∈Wd, ½ÂRd�f8

Bad(r) = {(a1, . . . , ad) ∈ Rd : inf
q∈N

max
1≤i≤d

qri〈qai〉 > 0}.

8ÜBad(r)¥��þ¡���r���%C�þ(badly approximable

vectors). �d = 1�, ½Âòz���%Cê�Vg. ��%C�þ´

¿�ã%C�Ä�ïÄé�. Schmidt[64, 65]y²
Bad(1d , . . . ,
1
d)´��8,

¿3[66]¥éd = 2��¹JÑ
e¡�ß�.

ß�5.6 (Schmidtß�). Bad(13 ,
2
3) ∩ Bad(23 ,

1
3) 6= ∅.

Schmidtß��Badziahin! PollingtonÚVelani[9]¤y². ¦��y

²
é,«�êõ�(AO/, ?¿k�õ�)�r1, r2, . . . ∈ W2, �8⋂∞
k=1 Bad(rk)�Hausdorff�ê�u2. ��, An[1]|^ØÓ��{y²


ù�(Jé?¿�êõ���¤á, ¿3[2]¥y²
:

½n5.7. �3α ∈ (0, 1), ¦�é?¿r ∈W2, Bad(r)´R2�α-��f8.

d·K5.3, ù�Ñ
Schmidtß��,��y². ?�Ú�(J�[3, 10,

55]. Beresnevich[13]rþãBadziahin�[9]�(Jí2�
d ≥ 3��¹, l


y²
p��Schmidtß�. �C, Yang[71]y²
Beresnevich�(Jé?

¿�êõ���¤á. ,	, GuanÚYu[31]y²
�r1 = · · · = rd−1 ≥ rd�,

Bad(r)´��8. �´, éu����r, Bad(r)´Ä���8E,´��k

]Ô5�¯K.

e¡`²��%C�þ�k.;��'X. �n = d + 1. éur =

(r1, . . . , rd) ∈Wd, �ÄSLn(R)�üëêf�+

F+
r = {diag(er1t, . . . , erdt, e−t) : t ≥ 0}.

11



éu1�þa ∈ Rd, P

xa =

(
Id aT

0 1

)
SLn(Z) ∈ Xn.

�·K4.8aq, |^Mahler�O{K, Dani[18]ÚKleinbock[33]y²
:

·K5.8 (Dani-KleinbockéA). ;�F+
r xak.�¿©7�^�´a ∈

Bad(r).

�ÄX3¥�2��¡T2 = {xa : a ∈ R2}. d·K5.8, Schmidtß��d

u: �3x ∈ T2¦�;�F+
( 1
3
, 2
3
)
x�F+

( 2
3
, 1
3
)
xÓ�k.. 
½n5.7�±lÄå

XÚ��Ý­#Qã�: é(4.1)ª�Ñ�A+�?¿üëêf�+F+, 8Ü

{x ∈ T2 : F+xk.}

´T2���f8. Ïd, ß�5.4�±À�ÄåXÚ¿Â�Schmidtß�. ©

Ù[6]�é*Ü4�¥f+(expanding horospherical subgroup)JÑ
aq�

ß�. �
;�LuEâz, �©Ø2?Ø.
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