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1 34
� S �56
�, ����������� ε, ���� ω, ��7��� E(S), �8��

C(S). ���� ρ ∈ C(S), � kerρ = {a ∈ S | ∃ e ∈ E(S), aρe}, � trρ = ρ|E(S). 956

�����8���: ���!� — ���, ���"#!: 56
����8 ρ $�8�
(kerρ, trρ) %�&�. ; C(S) ���8 ρ :�����8' C(S) <���(! [ρk, ρK]; �

)", ; C(S) ���8 ρ :�����8*' C(S) <���(! [ρt, ρT ]. +#, ��$%

C(S) ��,�-=, �> K, k, T, t. ��� Γ = {K, k, T, t}, � Γ+ & Γ∗ '(�$ Γ . �?
$
�&?$@
�.

�/���"#&����)?/ [7]. � C(S) ����8 ρ, Γ∗ A09 ρ * ���8
1, �72� ρ, ρK, ρk, ρT, ρt, ρTk, . . . , 3�+,��. 40 Γ <�-=9 C(S) �. �5


� Γ(S)1 -6 Γ∗, ��$%����81.�/&�07 ρΓ(S)1, �<+,1�8 ρ. BC�8

����81���! Petrich & Reilly 9/ [6] <23�. Pastijn & Trotter 9/ [3] <�
?$9:56
���45�8��� Γ <-=6;1D<��. Petrich 9/ [4, 7] <&�1
Clifford 
�&9:7
��8��$ Γ <�-=. �
�. =8Æ9/ [10, 11] <���9
&>7 ω- 
�>1:?�;A.

E<, �?$7@8
�� Ix. 9 Ix �, 4!������8:,F, ���AF:B��
8=:C&�>?. E�@A�DE�FGBCGH.

?$7@8
�:IF�D�@*07'J,�<� C2 'J!$ Scheiblich9/ [9]<K3
�.?$7@8
���H@*07 C2 ���8!$ Eberhart& Selden9/ [2]& Djadcenko

& Schein 9/ [1] <$%�.

2 IJKL
� S �8
�, S �L�?EM��=
� N F�5G�, 4 E(S) ⊆ N , M����

a ∈ S, : a−1Na ⊆ N , E< a−1 � a �87. E(S) ���8 ξ F�5G�, 4N9EM5HD
�45�, I���� a ∈ S, e, f ∈ E(S), $ eξf J$ a−1eaξa−1fa.

� N ! S ��5G=
�, ξ ! E(S)��5G�8,4���� a ∈ S &��� e ∈ E(S),

LN

ae ∈ N, eξa−1a ⇒ a ∈ N,

a ∈ N ⇒ a−1eaξa−1ae,

6 (N, ξ) F� S ���8�. 9EFOKD, �P�� κ(N, ξ):

aκ(N, ξ)b ⇔ a−1aξb−1b, ab−1 ∈ N.

OP 2.1 (/ [5, �L 4.4]) � S �8
�, (N, ξ) � S ���8�, 6 κ(N, ξ) � S �Q

$ kerρ = N, trρ = ξ �%��8; MQ, S �����8 ρ = κ(N, ξ) R$EF�J$%.

?$7@8
�� C2 'J!0>SN
�<�72)>?�, >SN
��PT?/ [8].
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\ Petrich 9/ [8] <� Ix � C2 'J<�72U����8:�]@G, E<��*TVT0.

DE^23>SN
���P.

?_`��� N, N0 07BWU`�, @
� S = N0 ×N0, 9 S ��PX�

(m,n)(p, q) = (m + p − min(n, p), n + q − min(n, p)),

6F S �>SN
�.

?$7@8
� Ix :IF@*:B, �<��F�PaD
C2 = {((m,n), (p, q)) ∈ C × C |m + p = n + q > 0},

�< C �>SN
�, ��X��

((m,n), (p, q))((m′, n′), (p′, q′)) = ((m + m′ − r, n + n′ − r), (p + p′ − s, q + q′ − s)),

E< r = min{n,m′}, s = min{q, p′}.
Ix <�A���7R%��07 emfn = ((m,m), (n, n)), �< m,n �?_`, MLN

m + n > 0, em = ((m,m), (0, 0)), fn = ((0, 0), (n, n)),

� Ix ����72 u = ((m,n), (p, q)), u �G� w(u) = m + p (Y/ [8]).

VW 2.2 (/ [8, IX2.4]) ρ � Ix ���8, b l(ρ) �Q$ enρen+1 �Bc?_` n, 4E
)�?_`4Z9, 6� l(ρ) = ∞; �d", b r(ρ) �Q$ fnρfn+1 �Bc?_` n, 4E)�
?_`4Z9, 6� r(ρ) = ∞.

XY 2.3 (/ [8, IX2.7]) Ix ���8 ρ 4LN ρ |[x] ([x] �$ x . �?$
�) ::e
�:, 6F ρ ::eZ`, [6F ρ :feZ`.

Ix ���8 ρ �:B:DE,FO':

(1) (k, l), 4 xk+lρxk, M k, l �Q� 8�Bc?_`;

(2) (k, ω), 4 k = l(ρ) = r(ρ) < ∞, M ρ ::eZ`;

(3) (k,∞−), 4 k = l(ρ) < ∞, r(ρ) = ∞;

(4) (k,∞+), 4 k = r(ρ) < ∞, l(ρ) = ∞.

DE\�gAFO'23 Ix ��d��8.

OP 2.4 (Y/ [8, IX2.10–2.12]) (1) ���� k ∈ N, Ix ���� ρ �PaD:

���� u = ((m,n), (p, q)), u′ = ((m′, n′), (p′, q′)) ∈ Ix, uρu′ ]M^] u = u′, _

w(u), w(u′) ≥ k M (m,n) = (m′, n′), 6 ρ ! Ix �:B� (k,∞+) �%��8, �� ρ(k,∞+);

(2) ���� k ∈ N, Ix ���� ρ �PaD:

���� u = ((m,n), (p, q)), u′ = ((m′, n′), (p′, q′)) ∈ Ix, uρu′ ]M^] u = u′, _

w(u), w(u′) ≥ k M (p, q) = (p′, q′), 6 ρ ! Ix �:B� (k,∞−) �%��8, �� ρ(k,∞−);

(3) ���� k ∈ N, Ix ���� ρ �PaD:

���� u = ((m,n), (p, q)), u′ = ((m′, n′), (p′, q′)) ∈ Ix, uρu′ ]M^] u = u′, _

w(u), w(u′) ≥ k M m − n = m′ − n′, 6 ρ ! Ix �:B� (k, ω) �%��8, �� ρ(k,ω);

(4) ���� k, l ∈ N, Ix ���� ρ �PaD:

���� u = ((m,n), (p, q)), u′ = ((m′, n′), (p′, q′)) ∈ Ix, uρu′ ]M^] u = u′, _

w(u), w(u′) ≥ k M m − n ≡ m′ − n′ (mod l), 6 ρ ! Ix �:B� (k, l) �%��8, ��

ρ(k,l).
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3 [\]^_`abc — defghijk
E<23 Ix �� — �:<�`l�8, haHbE�c-. ^dÆ�8��;�.

mn 3.1 9?$7@8
� Ix �, :hD@G:

(1) kerρ(k,∞+) = E(Ix),

trρ(k,∞+) = {(emfn, emfq) ∈ Ix × Ix |m + n ≥ k, m + q ≥ k} ∪ {ε|E(Ix)×E(Ix)};
(2) kerρ(k,∞−) = E(Ix),

trρ(k,∞−) = {(emfn, epfn) ∈ Ix × Ix |m + n ≥ k, p + n ≥ k} ∪ {ε|E(Ix)×E(Ix)};
(3) kerρ(k,ω) = E(Ix),

ltrρ(k,ω) = {(emfn, epfq) ∈ Ix × Ix |m + n ≥ k, p + q ≥ k} ∪ {ε|E(Ix)×E(Ix)};
(4) kerρ(k,l) = {((m,n), (p, q)) ∈ Ix |m + p ≥ k, m ≡ n (mod l)},

trρ(k,l) = {(emfn, epfq) ∈ Ix × Ix |m + n ≥ k, p + q ≥ k} ∪ {ε|E(Ix)×E(Ix)}.
op (1) ���� u = ((m,n), (p, q)) ∈ kerρ(k,∞+), Z9 esft ∈ E(Ix), Q$ uρ(k,∞+)esft,

I u = esft, _q m+p ≥ k & s+ t ≥ k M (m,n) = (s, s).�i�FOK, j_ u ∈ E(Ix). �b

�FOK: m = n.r+� m+p = n+q,6$% p = q,I u ∈ E(Ix). H! kerρ(k,∞+) = E(Ix).

���� emfn, epfq ∈ E(Ix),4 emfnρ(k,∞+)epfq, 6 emfn = epfq, _q m+n ≥ k & p+q ≥ k

M (m,m) = (p, p). �i�FOK, j_ (emfn, epfq) ∈ ε|E(Ix)×E(Ix). �b�FOK: m = p.

H! trρ(k,∞+) ⊆ {(emfn, emfq) ∈ Ix × Ix |m + n ≥ k,m + q ≥ k}∪ {ε|E(Ix)×E(Ix)}. M+,ks,

H! trρ(k,∞+) = {(emfn, emfq) ∈ Ix × Ix |m + n ≥ k,m + q ≥ k} ∪ {ε|E(Ix)×E(Ix)}.
(2) ���� u = ((m,n), (p, q)) ∈ kerρ(k,∞−), Z9 esft ∈ E(Ix), Q$ uρ(k,∞−)esft, I

u = esft, _q m + p ≥ k & s + t ≥ k M (p, q) = (t, t). �i�FOK, j_ u ∈ E(Ix). �b�

FOK: p = q. r+� m + p = n + q, 6 m = n, I u ∈ E(Ix). H! kerρ(k,∞−) = E(Ix). �

��� emfn, epfq ∈ E(Ix), 4 emfnρ(k,∞−)epfq, 6 emfn = epfq, _q m + n ≥ k & p + q ≥ k

M (n, n) = (q, q). �i�FOK, j_ (emfn, epfq) ∈ ε|E(Ix)×E(Ix). �b�FOK: n = q, 6
trρ(k,∞−) ⊆ {(emfn, epfn) ∈ Ix × Ix |m + n ≥ k, p + n ≥ k} ∪ {ε|E(Ix)×E(Ix)}. M+,ks, H!
trρ(k,∞−) = {(emfn, epfn) ∈ Ix × Ix |m + n ≥ k, p + n ≥ k} ∪ {ε|E(Ix)×E(Ix)}.

(3) ���� u = ((m,n), (p, q)) ∈ kerρ(k,ω), Z9 esft ∈ E(Ix), Q$ uρ(k,ω)esft, I u =

esft, _q m + p ≥ k & s + t ≥ k M m − n = s − s. �i�FOK, j_ u ∈ E(Ix). �b�F
OK: m = n. r+� m + p = n + q, $% p = q, I u ∈ E(Ix). H! kerρ(k,ω) = E(Ix). ��

�� emfn, epfq ∈ E(Ix), 4 emfnρ(k,ω)epfq, 6 emfn = epfq, _q m + n ≥ k & p + q ≥ k M

m−m = p− p. �i�FOK, j_ (emfn, epfq) ∈ ε|E(Ix)×E(Ix). �b�FOK, +� m−m =

p− p t! 8�, 6 trρ(k,ω) ⊆ {(emfn, epfq) ∈ Ix × Ix |m + n ≥ k, p + q ≥ k} ∪ {ε|E(Ix)×E(Ix)}.
M+,ks, H! trρ(k,ω) = {(emfn, epfq) ∈ Ix × Ix |m + n ≥ k, p + q ≥ k} ∪ {ε|E(Ix)×E(Ix)}.

(4)���� u = ((m,n), (p, q)) ∈ kerρ(k,l),Z9 esft ∈ E(Ix),Q$ uρ(k,l)esft,I u = esft,

_q m+p ≥ k & s+ t ≥ k M m−n ≡ s− s (mod l). �i�FOK, j_ u ∈ E(Ix). �b�F
OK: m−n = s− s (mod l). H! m ≡ n (mod l), 6 kerρ(k,l) = {((m,n), (p, q)) ∈ Ix |m+p ≥
k,m ≡ n (mod l)}. ���� emfn, epfq ∈ E(Ix), 4 emfnρ(k,l)epfq, 6 emfn = epfq, _q m +

n ≥ k& p+q ≥ kMm−m ≡ p−p (mod l). �i�FOK,j_ (emfn, epfq) ∈ ε |E(Ix) × E(Ix).

�b�FOK,+�m−m ≡ p−p (mod l)t! 8�,I trρ(k,l) ⊆ {(emfn, epfq) ∈ Ix×Ix |m+
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n ≥ k, p+q ≥ k}∪{ε|E(Ix)×E(Ix)}.M+,ks,H! trρ(k,l) = {(emfn, epfq) ∈ Ix×Ix |m+n ≥ k,

p + q ≥ k} ∪ {ε|E(Ix)×E(Ix)}.
hDTL23 Ix ��8ec+,���>?.

mn 3.2 ����?_` k, k′, l, l′ :Df@G 8:

(1) ρ(k,∞+) ⊆ ρ(k′,∞+) ⇔ k ≥ k′, �F": ρ(k,∞−) ⊆ ρ(k′,∞−) ⇔ k ≥ k′;

(2) ρ(k,ω) ⊆ ρ(k′,ω) ⇔ k ≥ k′;

(3) ρ(k,l) ⊆ ρ(k′,l) ⇔ k ≥ k′, ρ(k,l) ⊆ ρ(k,l′) ⇔ l′|l;
(4) ρ(k,∞+) ⊆ ρ(k,ω), �F": ρ(k,∞−) ⊆ ρ(k,ω);

(5) ρ(k,ω) ⊆ ρ(k,l).

op (1) ρ(k,∞+) ⊆ ρ(k′,∞+) ]M^] kerρ(k,∞+) ⊆ kerρ(k′,∞+) M trρ(k,∞+) ⊆ trρ(k′,∞+).

$TL 3.1(1), u kerρ(k,∞+) ⊆ kerρ(k′,∞+) t! 8�; gM trρ(k,∞+) ⊆ trρ(k′,∞+) ]M^]

k ≥ k′, I ρ(k,∞+) ⊆ ρ(k′,∞+) ]M^] k ≥ k′. � ρ(k,∞−) �OK:?Js.

(2) ρ(k,ω) ⊆ ρ(k′,ω) ]M^] kerρ(k,ω) ⊆ kerρ(k′,ω) M trρ(k,ω) ⊆ trρ(k′,ω). $TL 3.1(3) u,

kerρ(k,ω) ⊆ kerρ(k′,ω) t! 8�; gM trρ(k,ω) ⊆ trρ(k′,ω) ]M^] k ≥ k′, I ρ(k,ω) ⊆ ρ(k′,ω)

]M^] k ≥ k′.

(3) ρ(k,l) ⊆ ρ(k′,l) ]M^] kerρ(k,l) ⊆ kerρ(k′,l) M trρ(k,l) ⊆ trρ(k′,l). $TL 3.1(4)

u, kerρ(k,l) ⊆ kerρ(k′,l) M trρ(k,l) ⊆ trρ(k′,l) ]M^] k ≥ k′, I ρ(k,l) ⊆ ρ(k′,l) ]M^]

k ≥ k′; ρ(k,l) ⊆ ρ(k,l′) ]M^] kerρ(k,l) ⊆ kerρ(k,l′) M trρ(k,l) ⊆ trρ(k,l′). $lm 3.1(4) u,

trρ(k,l) ⊆ trρ(k,l′) t! 8�; kerρ(k,l) ⊆ kerρ(k,l′) ]M^] l′|l, I ρ(k,l) ⊆ ρ(k,l′) ]M^] l′|l.
(4) $TL 3.1 u kerρ(k,∞+) = kerρ(k,ω) M trρ(k,∞+) ⊆ trρ(k,ω), nh ρ(k,∞+) ⊆ ρ(k,ω). �

LJs ρ(k,∞−) ⊆ ρ(k,ω).

(5) $TL 3.1 (3), (4) Ju trρ(k,ω) = trρ(k,l) M kerρ(k,ω) ⊆ kerρ(k,l), nh ρ(k,ω) ⊆ ρ(k,l).

o9��Jh'OK23 Ix ��`l�8, I�8h-= T, t,K, k A0hb�@A.

Xn 3.3 9 Ix �:Df@G:

(1) ρ(k,∞+)t = ρ(k,∞+)T = ρ(k,∞+), ρ(k,∞+)k = ε, ρ(k,∞+)K = ρ(1,ω);

(2) ρ(k,∞−)t = ρ(k,∞−)T = ρ(k,∞−), ρ(k,∞−)k = ε, ρ(k,∞−)K = ρ(1,ω);

(3) ρ(k,ω)t = ρ(k,ω), ρ(k,ω)T = ρ(k,1), ρ(k,ω)k = ε, ρ(k,ω)K = ρ(1,ω);

(4) ρ(k,l)t = ρ(k,ω), ρ(k,l)T = ρ(k,1), ρ(k,l)k = ρ(k,l) = ρ(k,l)K;

(5) εt = εT = ε, εk = ε, εK = ρ(1,ω);

(6) ωt = ρ(1,ω), ωT = ω, ωk = ωK = ω.

op $Tpi'Ju, ρt �& ρ :�����Bc�8, ρT �& ρ :�����Be�
8, I ρt ⊆ ρ ⊆ ρT ; �d", ρk �& ρ :�����Bc�8, ρK �& ρ :�����Be�
8, I ρk ⊆ ρ ⊆ ρK. j��8��]M^]N���&�=��. #�hDsC�"q.

(1)kTL 3.1��Jl%, Ix �& ρ(k,∞+) :�����8v: ρ(k,∞+) �r,nh ρ(k,∞+)

t = ρ(k,∞+)T = ρ(k,∞+). +� kerρ(k,∞+) = E(Ix), nh ρ(k,∞+) !��m�8, 6 ρ(k,∞+)k = ε.

$TL 3.1, 3.2 u Ix �& ρ(k,∞+) :���M+, ρ(k,∞+) ��8v: ρ(k,ω) &N�r, M

trρ(k,∞+) ⊆ trρ(k,ω) ⊆ trρ(1,ω){(emfn, epfq) ∈ Ix × Ix |m+n ≥ 1, p+ q ≥ 1}∪{ε|E(Ix)×E(Ix)}, I
ρ(1,ω) � Ix �& ρ(k,∞+) :���, M+, ρ(k,∞+) ��Be�8. H!$ ρ(k,∞+)K = ρ(1,ω).
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(2) ��Jh:?"sC.

(3)$TL 3.1u Ix�& ρ(k,ω):���M+, ρ(k,ω)��8: ρ(k,l)&N�r,M kerρ(k,ω) =

E(Ix) ⊆ kerρ(k,l), I ρ(k,ω) � Ix �&��r:�����Bc�8, nh ρ(k,ω)t = ρ(k,ω). $

TL 3.1, 3.2 Ju, ^: ρ(k,l) � Ix �& ρ(k,ω) :���MÆ+, ρ(k,ω) ��8, 6 ρ(k,ω)T d

� ρ(k,l) <�Be�8, r$TL 3.1 u kerρ(k,l) ⊆ kerρ(k,1) = {((m,n), (p, q)) ∈ Ix |m + p ≥
k}, I ρ(k,1) � Ix �& ρ(k,l) :�����Be�8, nh ρ(k,ω)T = ρ(k,1). $TL 3.1 u
kerρ(k,ω) = E(Ix), I ρ(k,ω) ���m�8, nh ρ(k,ω)k = ε. $TL 3.1, 3.2u, Ix �+, ρ(k,ω)

M;N:�����8v:N�r, M trρ(k,ω) ⊆ trρ(1,ω) = {(emfn, epfq) ∈ Ix × Ix |m + n ≥
1, p + q ≥ 1} ∪ {ε|E(Ix)×E(Ix)}, I ρ(1,ω) � Ix �+, ρ(k,ω) M;N:�����Be�8, nh

ρ(k,ω)K = ρ(1,ω).

(4) $TL 3.1 u Ix �; ρ(k,l) :�����8: ρ(k,ω) &N�r, r kerρ(k,ω) = E(Ix) ⊆
kerρ(k,l), I ρ(k,ω) � Ix �& ρ(k,l) :�����Bc�8, nh ρ(k,l)t = ρ(k,ω). $TL 3.1, 3.2

Ju, Ix �+, ρ(k,l) M&N:����v:N�r, r kerρ(k,l) ⊆ kerρ(k,1) = {((m,n), (p, q)) ∈
Ix |m + p ≥ k}, I ρ(k,1) � Ix �&N:�����Be�8, nh ρ(k,l)T = ρ(k,1). $TL 3.1

u Ix �& ρ(k,l) :�����8v:N�r, nh ρ(k,l)k = ρ(k,l) = ρ(k,l)K.

(5) $ ε ��� E(Ix) ������, r$TL 3.1 u Ix �& ε :�����8v:N?
r, 6 εt = εT = ε. εk = ε j_. $�E�sCu εK = ρ(1,ω).

(6) $TL 3.1 u
kerρ(1,1) = {((m,n), (p, q)) ∈ Ix |m + p ≥ 1, m ≡ n (mod 1)} = kerω,

trρ(1,1) = {(emfn, epfq) ∈ Ix × Ix |m + n ≥ 1, p + q ≥ 1} ∪ {ε|E(Ix)×E(Ix)} = trω,

I ω = ρ(1,1), 6$ (4) �@GJu ωt = ρ(1,ω), ωT = ω, ωk = ωK = ω.

4 [\]^_`abgc — dwx`a
S �8
�, ��F$ C(S) ��-= T, t,K, k . �
�� S �� — �-=
�. E�

i', ��n23 Ix �$-=
� Γ . �, MLN Ix �81���f�� Σ �
� Γ+/Σ∗.

23�LQi��sHTL.

mn 4.1 � Ix �����8 ρ, : (1) ρtk = ε; (2) ρtKT = ω; (3) ρtK = ρ(1, ω).

op �A��J�sC, ��a0�L 3.3, '(� Ix �,:B�����8, ����

ε &��� ω '(6;ts.

(1) ρ(k,∞+)tk = ρ(k,∞+)k = ε, ρ(k,∞−)tk = ρ(k,∞−)k = ε,

ρ(k,ω)tk = ρ(k,ω)k = ε, ρ(k,l)tk = ρ(k,ω)k = ε, εtk = εk = ε, ωtk = ρ(1,ω)k = ε;

(2) ρ(k,∞+)tKT = ρ(k,∞+)KT = ρ(1,ω)T = ω, ρ(k,∞−)tKT = ρ(k,∞−)KT = ρ(1,ω)T = ω,

ρ(k,ω)tKT = ρ(k,ω)KT = ρ(1,ω)T = ω, ρ(k,l)tKT = ρ(k,ω)KT = ρ(1,ω)T = ω,

εtKT = εKT = ρ(1,ω)T = ω, ωtKT = ρ(1,ω)KT = ρ(1,ω)T = ω;

(3) ρ(k,∞+)tK = ρ(k,∞+)K = ρ(1,ω), ρ(k,∞−)tK = ρ(k,∞−)K = ρ(1,ω),

ρ(k,ω)tK = ρ(k,ω)K = ρ(1,ω), ρ(k,l)tK = ρ(k,ω)K = ρ(1,ω),

εtK = εK = ρ(1,ω), ωtK = ρ(1,ω)K = ρ(1,ω).
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oÆ�E�@G, ��Rn�<� ρ 90pJ<uv, 0DE��q07Cl-=
ε = tk, ω = tKT, ρ(1,ω) = tK.

�Cl-=�� Δ, Δ = {ε, ω, ρ(1,ω)}.
DTL231 Γ <-=9�8� C(S) �LN���, E�>?9 C(S) �-=. �
�

!y�GH�.

mn 4.2 ?$7@8
��, Γ <�-=LNDf�J Σ:

(1) K2 = kK = K, T 2 = tT = T, k2 = Kk = k, t2 = Tt = t.

(2) KTK = KTk = KT = kTKT, Kt = kTKt, kTk = kT, TkT = Tk.

op (1) E]@GJTV$ Γ <-=��P$%.

(2) �), a0�L 3.3 � Ix �,:B������8, ���� ε, ��� ω '(c-$

ρ(k,∞+)KTK = ρ(1,ω)TK = ωK = ω, ρ(k,∞−)KTK = ρ(1,ω)TK = ωK = ω,

ρ(k,ω)KTK = ρ(1,ω)TK = ωK = ω, ρ(k,l)KTK = ρ(k,l)TK = ρ(k,1)K = ρ(k,1),

εKTK = ρ(1,ω)TK = ωK = ω, ωKTK = ωTK = ωK = ω,

r KTK = KT .
ρ(k,∞+)KTk = ρ(1,ω)Tk = ωk = ω, ρ(k,∞−)KTk = ρ(1,ω)Tk = ωk = ω,

ρ(k,ω)KTk = ρ(1,ω)Tk = ωk = ω, ρ(k,l)KTk = ρ(k,l)Tk = ρ(k,1)k = ρ(k,1),

εKTk = ρ(1,ω)Tk = ωk = ω, ωKTk = ωTk = ωk = ω,

r KTk = KT .
ρ(k,∞+)KT = ρ(1,ω)T = ω = ρ(k,∞+)kTKT = εTKT = εKT = ρ(1,ω)T,

ρ(k,∞−)KT = ρ(1,ω)T = ω = ρ(k,∞−)kTKT = εTKT = εKT = ρ(1,ω)T,

ρ(k,ω)KT = ρ(1,ω)T = ω = ρ(k,ω)kTKT = εTKT = εKT = ρ(1,ω)T,

ρ(k,l)KT = ρ(k,l)T = ρ(k,1) = ρ(k,l)kTKT = ρ(k,l)TKT = ρ(k,1)KT = ρ(k,1)T,

εKT = ρ(1,ω)T = ω = εkTKT = εTKT = εKT = ρ(1,ω)T,

ωKT = ωT = ω = ωkTKT = ωTKT = ωKT = ωT,

r KT = kTKT , nh KTK = KTk = KT = kTKT .
ρ(k,∞+)Kt = ρ(1,ω)t = ρ(1,ω) = ρ(k,∞+)kTKt = εTKt = εKt = ρ(1,ω)t,

ρ(k,∞−)Kt = ρ(1,ω)t = ρ(1,ω) = ρ(k,∞−)kTKt = εTKt = εKt = ρ(1,ω)t,

ρ(k,ω)Kt = ρ(1,ω)t = ρ(1,ω) = ρ(k,ω)kTKt = εTKt = εKt = ρ(1,ω)t,

ρ(k,l)Kt = ρ(k,l)t = ρ(k,ω) = ρ(k,l)kTKt = ρ(k,l)TKt = ρ(k,1)Kt = ρ(k,1)t,

εKt = ρ(1,ω)t = ρ(1,ω) = εkTKt = εTKt = εKt = ρ(1,ω)t,

ωKt = ωt = ρ(1,ω) = ωkTKt = ωTKt = ωKt = ωt,

r Kt = kTKt.
ρ(k,∞+)kTk = εTk = εk = ε, ρ(k,∞−)kTk = εTk = εk = ε,

ρ(k,ω)kTk = εTk = εk = ε, ρ(k,l)kTk = ρ(k,l)Tk = ρ(k,1)k = ρ(k,1),

εkTk = εTk = εk = ε, ωkTk = ωTk = ωk = ω,
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r kTk = kT .
ρ(k,∞+)TkT = ρ(k,∞+)kT = εT = ε, ρ(k,∞−)TkT = ρ(k,∞−)kT = εT = ε,

ρ(k,ω)TkT = ρ(k,1)kT = ρ(k,1)T = ρ(k,1), ρ(k,l)TkT = ρ(k,1)kT = ρ(k,1)T = ρ(k,1),

εTkT = εkT = εT = ε, ωTkT = ωkT = ωT = ω,

r TkT = Tk.

b Σ � Γ+ ��s7��, MLNTL 4.2. b Σ∗ � Γ+ �$ Σ . ��8, 6 Γ+/Σ∗ �

w
�. Γ+/Σ∗ <�72xt$ Σ∗ <��f�8:�07, MLN��J Σ. o9��23E
�GH�@A, N�sCI�c- Γ+ <z�uv, wxt�9yz�8 Δ <�72��A09
DE��L<��v23yH�sC.

Xn 4.3 � Ix �?$7@8
�, 4b Σ !$TL 4.2 23, b Σ∗ � Γ+ �$ Σ . 

��8, 6 Γ+/Σ∗ = {K,KT,Kt, k, kT, kTK, kt, T, TK, Tk, TKT, TKt, Tkt, t} ∪ Δ � Ix ��

$-=
� Γ+ . �� - �-=
�, �<�X�LN�� Σ, M Δ <�72� Γ+/Σ∗ �{
{7, Δ � Γ+/Σ∗ �L#.

op kTL 4.2<��� ΣJ$ ΔΓ = Δ, M���� J ∈ Γ&��� I ∈ Δ, : JI = I.

I Δ <�72� Γ+/Σ∗ �{{7, Δ � Γ+/Σ∗ �L#. a0�� Σ, ��RsC$ t z|��

�z=& Δ <�72: Σ∗ ��, {1 t�r. }D�vHsC$ T, k,K z|�z, �H��$
T z|�zW ,4W !$ Δ<�72 V @~,6W & V : Σ∗ ��; [6RsCW ;DE�
z: Σ∗ ��: T, TK, Tk, TKt, TKT, Tkt. :?", �H K, k z|�z�|p*!5&�. Bb
ts��� Γ+/Σ∗ <j�729E]�8��A0, � Γ+/Σ∗ <���j�72, }_Z9�
��8, Q$�9Ej�72A0D$%4��@A. ~a�H72 TK, Tk, Z9�8 ρ(k,∞+),

Q$ ρ(k,∞+)TK = ρ(k,∞+)K = ρ(1,ω), ρ(k,∞+)Tk = ρ(k,∞+)k = ε, I ρ(k,∞+)TK �= ρ(k,∞+)Tk.

��N��4�72, �LJs. +#sC1�E���j�z=�: Σ∗ ��.
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