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:�HQBb a+�zQH/b �M/ :�HQBb JQ/mH2 ai`m+im`2 6Q`
hQi�HHv _�KB}2/ 1ti`�@aT2+B�H T@1ti2MbBQMb

>QT7 �H;2#`�b � :�HQBb JQ/mH2 h?2Q`v kykk

S�mH a+?r�`ix � E2pBM E2�iBM;

ai2p2Mb AMbiBimi2 Q7 h2+?MQHQ;v � lMBp2`bBiv Q7 6HQ`B/�

CmM2 R- kykk
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LQi�iBQM

:Bp2M � HQ+�H }2H/ E- r2 H2i pE : E → Z ∪ {∞} #2 i?2 MQ`K�HBx2/ p�Hm�iBQM QM E
UpE(y) = ∞VX LQi�iBQM�HHv r2 ?�p2 i?2 7QHHQrBM;,
2E = pE(T) Bb i?2 �#bQHmi2 `�KB}+�iBQM BM/2tc
OE = {t ∈ E : pE(t) ≥ y} Bb i?2 `BM; Q7 BMi2;2`bc
ME = {t ∈ E : pE(t) ≥ R} Bb i?2 K�tBK�H B/2�H Q7 OEc
πE Bb � mMB7Q`KBx2` 7Q` EX
A7 Ey ⊆ · · · ⊆ EM Bb � iQr2` Q7 iQi�HHv `�KB}2/ }2H/b r2 K�v `2TH�+2 i?2 bm#b+`BTi
EB #v i?2 bm#b+`BTi B 7Q` y ≤ B ≤ M ;BpBM; mb pB- 2B- OB- MB �M/ πBX
A7 E Bb � HQ+�H }2H/ rBi? `2bB/m2 +?�`�+i2`BbiB+ T- �M/ "p = (�R, ..., �M)- r2 H2i
6("p) = (�T

R, ..., �
T
M)X
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_�KB}+�iBQM ;`QmTb

G2i G/E #2 � :�HQBb 2ti2MbBQM Q7 /2;`22 TM Q7 HQ+�H }2H/b rBi? :�HQBb ;`QmT :X 6Q`
B ≥ −R r2 /2}M2 i?2 B@i? `�KB}+�iBQM bm#;`QmT #v
:B = {σ ∈ : : pG((σ − R)πG) ≥ B + R}X Ai Bb r2HH FMQrM i?�i :B Bb � MQ`K�H
bm#;`QmT Q7 : �M/ i?2 [mQiB2Mi :B/:B+R Bb �M 2H2K2Mi�`v �#2HB�M T@;Q`mTX h?Bb
�HHQrb mb iQ +?QQb2 � +QKTQbBiBQM b2`B2b : = >y ⊃ >R ⊃ ... ⊃ >M−R ⊃ >M = {R}
bm+? i?�i >B/>B+R ∼= *T 7Q` y ≤ B ≤ M − R �M/ {:B : B ≥ −R} ⊆ {>B : y ≤ B ≤ M}
("1Rj)X
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_�KB}+�iBQM MmK#2`b

6Q` y ≤ B ≤ M − R- +?QQb2 σB+R ∈ >B \ >B+RX h?2M b2i #B = pG((σB − R)πG)− R 7Q`
R ≤ B ≤ M- i?Bb BMi2;2` Bb BM/2T2M/2Mi Q7 i?2 +?QB+2b K�/2 �M/ r2 +�HH Bi i?2 B@i?
HQr2` `�KB}+�iBQM MmK#2`X
h?2 mTT2` `�KB}+�iBQM MmK#2` mR, ..., mM �`2 /2}M2/ `2+m`bBp2Hv #v
mR = #R, mB = mB−R +

#B − #B−R
TB−R 7Q` k ≤ B ≤ M ("1R3)X
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.2}MBM; :�HQBb b+�zQH/

G2i Ey #2 � HQ+�H }2H/ rBi? `2bB/m2 +?�`�+i2`BbiB+ TX
�bbmK2 EM/Ey Bb � iQi�HHv `�KB}2/ 2ti2MbBQM Q7 HQ+�H }2H/b Q7 /2;`22 TM r?Qb2
HQr2` `�KB}+�iBQM MmK#2`b �`2 `2H�iBp2Hv T`BK2 iQ T �M/ 7�HH BMiQ QM2 `2bB/m2 +H�bb
KQ/mHQ TM `2T`2b2Mi2/ #v y < # < TMX
G2i STM = {y, R, . . . , TM − R}X .2}M2 a : Z → STM #v a(D) ≡ −D#−R mod TM

("*1R3)X 6Q` y ≤ B ≤ M − R- H2i a(D)(B) /2MQi2 i?2 B@i? /B;Bi BM i?2 T@�/B+ 2tT�MbBQM
Q7 a(D)X
Smi � T�`iB�H Q`/2` , QM STM /2}M2/ #v b , i B7 �M/ QMHv B7 b(B) ≤ i(B) 7Q` 2�+?
y ≤ B ≤ M − R- r?2`2 b = ∑M

B=R b(M−B)TM−B �M/ i = ∑M
B=R i(M−B)TM−B �`2 i?2 T@�/B+

2tT�MbBQMb Q7 b �M/ i ("*1R3)X
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.2}MBM; :�HQBb b+�zQH/ AA

G2i : = :�H(EM/Ey)X :Bp2M �M BMi2;2` c ≥ R- irQ i?BM;b �`2 `2[mB`2/ 7Q` � :�HQBb
b+�zQH/ Q7 T`2+BbBQM c ("*1R3),
RX 6Q` 2�+? i ∈ Z �M 2H2K2Mi λi ∈ EM bm+? i?�i pM(λi) = i �M/ λbλ

−R
i ∈ Ey

r?2M2p2` b ≡ i mod TM.
kX 1H2K2Mib ΨR,Ψk, . . . ,ΨM BM i?2 �m;K2Mi�iBQM B/2�H (σ − R : σ ∈ :) Q7 Ey[:]
bm+? i?�i 7Q` 2�+? R ≤ B ≤ M �M/ i ∈ Z

ΨBλi ≡
{

mB,iλi+TM−B#B mod λi+TM−B#BM
c
M B7 a(i)(M−B) ≥ R

y mod λi+TM−B#BM
c
M B7 a(i)(M−B) = y

r?2`2 mB,i ∈ E �M/ pE(mB,i) = yX
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:�HQBb JQ/mH2 ai`m+im`2 B

G2i ((λi)i∈Z, (ΨB)M
B=R) #2 � :�HQBb b+�zQH/ 7Q` G/E Q7 T`2+BbBQM cX G2i y < # < TM

b�iBb7v # ≡ #M mod TMX 6Q` 2�+? b ∈ STM - H2i

Ψ(b) = Ψ
b(y)
M Ψ

b(R)
M−R · · ·Ψ

b(M−R)
R ∈ E[:]

b(b) =
M∑

B=R
b(M−B)TM−B#B

/(b) =
⌊
b(b) + #

TM

⌋

r(b) = min{/(b + D)− /(D) : D , TM − R − b}

r?2`2 b = ∑M
B=R �(M−B)TM−B Bb i?2 T@�/B+ 2tT�MbBQM Q7 b ("*1R3)X
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:�HQBb JQ/mH2 ai`m+im`2 BB

h?2Q`2K U"vQii- *?BH/b- 1H/2`- kyR3V
R amTTQb2 c ≥ RX h?2M {π−r(b)Ψ(b) : b ∈ STM} Bb �M OE@#�bBb 7Q` AG/EX A7

r(b) = /(b) 7Q` �HH b ∈ STM - i?2M OG Bb 7`22 Qp2` AG/EX JQ`2Qp2`-
OG = AG/E · ρ 7Q` �Mv ρ ∈ G rBi? pG(ρ) = #X

k �bbmK2 c ≥ TM + #X h?2M OG Bb 7`22 Qp2` AG/E B7 �M/ QMHv B7 r(b) = /(b) 7Q`
�HH b ∈ STM X JQ`2Qp2`- B7 OG Bb 7`22 Qp2` AG/E- i?2M OG = AG/E · ρ 7Q` �Mv
ρ ∈ G rBi? pG(ρ) = # ("*1R3- h?2Q`2K jXR)X

h?2Q`2K U"vQii- *?BH/b- 1H/2`c kyR3V
G2i G/E #2 � iQi�HHv `�KB}2/ :�HQBb 2ti2MbBQM Q7 /2;`22 TM r?2`2 M ≥ kX �bbmK2
i?2 HQr2` `�KB}+�iBQM MmK#2`b Q7 G/E �`2 `2H�iBp2Hv T`BK2 iQ T �M/ 7�HH BMiQ QM2
`2bB/m2 +H�bb `2T`2b2Mi2/ #v y < # < TMX �bbmK2 i?�i G/E TQbb2bb2b � :�HQBb
b+�zQH/ Q7 T`2+BbBQM c ≥ TM + #X h?2M OG Bb 7`22 Qp2` AG/E B7 �M/ QMHv B7 # | TM − R
("*1R3- h?2Q`2K 9X3)X
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1ti`�@aT2+B�H T@:`QmTb

�M 2ti`�@bT2+B�H T@;`QmT Bb � T@;`QmT : Q7 Q`/2` TkM+R 7Q` bQK2 M ≥ R bm+? i?�i
w(:) ∼= *T �M/ :!w(:) ∼= *kM

T X q?2M T Bb Q// i?2`2 �`2 irQ +H�bb2b Q7
2ti`�@bT2+B�H T@;`QmTb,
URV 1tTQM2Mi T- /2MQi2/ HkM+R(FT)
UkV 1tTQM2Mi Tk- /2MQi2/ MkM+R(FT)X
q2 mb2 i?2 i?2Q`v Q7 J�+E2MxB2 �M/ q?�TH2b (Jq8e) iQ +QMbi`m+i iQi�HHv
`�KB}2/ 2ti`�@bT2+B�H T@2ti2MbBQMb 7Q` Q// T`BK2bX h?2M r2 mb2 i?2 rQ`F Q7
"vQii- 1H/2`- �M/ E2�iBM; BM ("1R3) �M/ (1Ekk)- iQ +QMbi`m+i :�HQBb b+�zQH/b 7Q`
Qm` 2ti2MbBQMbX
h?2 irQ 2ti`�@bT2+B�H ;`QmTb Q7 Q`/2` 3 �`2 i?2 [m�i2`MBQMb Z3 �M/ i?2 /B?2/`�H
;`QmT .3 r?B+? #Qi? ?�p2 2tTQM2Mi 9X AM i?2 +�b2 T = k �M/ M = R- #Qi? Q7 Qm`
+QMbi`m+iBQMb T`Q/m+2 .3@2ti2MbBQMb ("H�NN)X
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1tTQM2Mi T

A7 " Bb � +QKKmi�iBp2 `BM; rBi? R- r2 /2}M2 �M �H;2#`�B+ ;`QmT

HkM+R(") =




R "� +
"y R "#
y "y R



 ≤ :GM+k(")

r?2`2 "� Bb � R × M `Qr p2+iQ` rBi? 2Mi`B2b BM "- "# Bb � M × R +QHmKM p2+iQ` rBi?
2Mi`B2b BM "- �M/ + ∈ "X
h?2 ;`QmT

Hj(FT) =




R ∗ ∗
y R ∗
y y R





Bb +QKKQMHv `272``2/ iQ �b i?2 >2Bb2M#2`; ;`QmT (1Eky)X
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>2Bb2M#2`; 2ti2MbBQMb BM +?�`�+i2`BbiB+ T

amTTQb2 "� := (�R, . . . , �kM+R) ∈ HkM+R(Ey) bm+? i?�i �B /∈ ℘(Ey)X *?QQb2
"s := (tR, . . . , tkM+R) ∈ HkM+R(Eb2T

y ) bm+? i?�i 6("s) = "s ∗ "� i?�i Bb iQ b�v
tT

B − tB = �B 7Q` R ≤ B ≤ kM- �M/

tT
kM+R − tkM+R = �kM+R +

M∑

B=R
�M+B�B.

6Q` �Mv "" ∈ HkM+R(FT) ⊆ HkM+R(Ey) r2 ?�p2

6("" ∗ "s) = 6("") ∗ 6("s) = " ∗ ("s ∗ "�) = ("" ∗ "s) ∗ "�.

aQ "" ∗ "s Bb � bQHmiBQM iQ 6("h) = "h ∗ "� 7Q` �HH "" ∈ HkM+R(FT)X
G2i � ∈ Ey bm+? i?�i T " py(�) < yX *?QQb2 ωR, . . . ,ωkM+R ∈ Ey bm+? i?�i
y = py(ωR) ≥ . . . ≥ py(ωkM+R)X 6Q` R ≤ B ≤ kM + R b2i �B = �ωTkM

B �M/ b2i
"� = (�R, . . . , �kM+R)X �bbmK2 i?�i py(�kM+R) < py(�k

kM�M)X
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>2Bb2M#2`; 2ti2MbBQMb BM +?�`�+i2`BbiB+ T AA

*?QQb2 "s := (tR, . . . , tkM+R) ∈ HkM+R(Eb2T
y ) bm+? i?�i 6("s) = "s ∗ "�X h?�i Bb

tT
B − tB = �B r?2M R ≤ B ≤ kM �M/

tT
kM+R − tkM+R = �kM+R +

M∑

D=R
�M+DtD.

6Q` R ≤ B ≤ kM + R- b2i EB = EB−R(tB)X

h?2Q`2K UE2�iBM;- ac kykkV
EkM+R/Ey Bb � iQi�HHv `�KB}2/ HkM+R(FT)@2ti2MbBQM rBi? mTT2` `�KB}+�iBQM
MmK#2`b mB = −py(�B) 7Q` R ≤ B ≤ kM + RX JQ`2Qp2`- EkM+R/Ey TQbb2bb2b � :�HQBb
b+�zQH/ Q7 T`2+BbBQM c = #kM+R − TkM(mkM + mM) ≥ TkM + #kMX
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>2Bb2M#2`; 2ti2MbBQMb BM +?�`�+i2`BbiB+ y A

G2i � ∈ Ey bm+? i?�i T " py(�) �M/ − T2y
T−R < py(�) < yX *?QQb2 ωR, ...,ωkM+R ∈ Ey

bm+? i?�i y = py(ωR) ≥ py(ωk) ≥ . . . ≥ py(ωkM+R)X 6Q` R ≤ B ≤ kM + R b2i
�B = �ωTkM

B �M/ b2i "� = (�R, . . . , �kM+R)X �bbmK2 i?�i py(�kM+R) < py(�k
kM�M)- �M/

py(TTk�T(T−R)
kM+R �T

kM�M) > y.

S�mH a+?r�`ix Uai2p2MbV 1ti`�@aT2+B�H T@1ti2MbBQMb CmM2 R- kykk Rj f k8



X
X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X

>2Bb2M#2`; 2ti2MbBQMb BM +?�`�+i2`BbiB+ y AA

*?QQb2 "s := (tR, . . . , tkM+R) ∈ HkM+R(Eb2T
y ) bm+? i?�i 6("s) = "s ∗ "�X h?�i Bb

tT
B − tB = �B r?2M R ≤ B ≤ kM,

tT
kM+R − tkM+R = �kM+R +

M∑

D=R
�M+DtD r?2M B = kM + R.

6Q` R ≤ B ≤ kM + R- H2i EB = EB−R(tB)X

h?2Q`2K UE2�iBM;- ac kykkV
EkM+R/Ey Bb � iQi�HHv `�KB}2/ HkM+R(FT)@2ti2MbBQM rBi? mTT2` `�KB}+�iBQM
MmK#2`b mB = −py(�B) 7Q` R ≤ B ≤ kM + RX JQ`2Qp2`- EkM+R/Ey TQbb2bb2b � :�HQBb
b+�zQH/ Q7 T`2+BbBQM

c = min{#kM+R − TkM(mkM + mM), TkM+R2y + #kM+R − TkM+RmkM+R} ≥ TkM + #kM.
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1tTQM2Mi Tk

G2i " #2 � +QKKmi�iBp2 `BM; rBi? RX G2i

.(s,u) = sT + uT − (s + u)T

T =
T−R∑

B=R
T−R

(T
B

)
sT−BuB ∈ Z[s,u].

.2}M2 �M QT2`�iBQM ∗ QM "kM+R #v

(sR, ...,skM,skM+R) ∗ (uR, ...,ukM,ukM+R) = (wR, ...,wkM,wkM+R)

r?2`2

wB =






sB + uB, 7Q` R ≤ B ≤ kM

skM+R + ukM+R + sT
MukM + .(sM,uM) +

M−R∑

D=R
sDuM+D 7Q` B = kM + R.

G2i MkM+R(") /2MQi2 i?2 ;`QmT ("kM+R, ∗)X
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h?2 ;`QmT Mj(FT)

LQi2 i?�i Mj(FT) ∼= 〈t, v|tTk
= R = vT, vtv−R = tR+T〉 ∼= *Tk # *TX aQ Mj(FT) Bb

� K2i�+v+HB+ ;`QmTX LQr r2 rBHH +�HH MkM+R i?2 ;2M2`�HBx2/ K2i�+v+HB+ ;`QmTX
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:2M2`�HBx2/ K2i�+v+HB+ 2ti2MbBQM BM +?�`�+i2`BbiB+ T

�b r�b i?2 +�b2 rBi? HkM+R- Bi Bb 2�bv iQ +QMbi`m+i MkM+R(FT)@2ti2MbBQMb BM
+?�`�+i2`BbiB+ TX LQr r2 +QMbi`m+i MkM+R(FT)@2ti2MbBQMb i?�i TQbb2bb � b+�zQH/X
*?QQb2 � ∈ Ey bm+? i?�i T " py(�) < yX *?QQb2 ωR, . . . ,ωkM+R ∈ Ey bm+? i?�i
y = py(ωR) ≥ . . . ≥ py(ωkM+R)X 6Q` R ≤ B ≤ kM + R- b2i �B = �ωTkM

B �M/ b2i
"� = (�R, . . . , �kM+R)X �bbmK2 i?�i py(�kM+R) < min{py(�k

kM�M), py(�kM�T
M)}X
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:2M2`�HBx2/ K2i�+v+HB+ 2ti BM +?�`�+i2`BbiB+ T AA

*?QQb2 "s := (tR, . . . , tkM+R) ∈ MkM+R(FT) bm+? i?�i 6("s) = "s ∗ "�X h?�i Bb
tT

B − tB = �B 7Q` R ≤ B ≤ kM- �M/

tT
kM+R − tkM+R = �kM+R − �kMtT

M −
M−R∑

D=R
�M+DtD − .(tM, �M).

6Q` R ≤ B ≤ kM + R- H2i EB = EB−R(tB)X

h?2Q`2K UE2�iBM;- ac kykkV
EkM+R/Ey Bb � iQi�HHv `�KB}2/ MkM+R(FT)@2ti2MbBQM rBi? mTT2` `�KB}+�iBQM
MmK#2`b mB = −py(�B) 7Q` R ≤ B ≤ kM + RX JQ`2Qp2`- EkM+R/Ey TQbb2bb2b � :�HQBb
b+�zQH/ Q7 T`2+BbBQM
c = min{#kM+R − TkM(mkM + mM), #kM+R − (T − R)TkMmM} ≥ TkM + #kMX
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:2M2`�HBx2/ K2i�+v+HB+ 2ti2MbBQMb BM +?�`�+i2`BbiB+ y

G2i � ∈ Ey bm+? i?�i T " py(�) �M/ − T2y
T−R < py(�) < yX *?QQb2 ωR, ...,ωkM+R ∈ Ey

bm+? i?�i y = py(ωR) ≥ py(ωk) ≥ . . . ≥ py(ωkM+R)X 6Q` R ≤ B ≤ kM + R b2i
�B = �ωTkM

B �M/ b2i "� = (�R, . . . , �kM+R)X �bbmK2 i?�i
py(�kM+R) < min{py(�k

kM�M), py(�kM�T
M)} �M/

py(TT�T−R
kM+R�T

kM�M) > y.
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:2M2`�HBx2/ K2i�+v+HB+ 2ti BM +?�`�+i2`BbiB+ y AA

*?QQb2 "s := (tR, . . . , tkM+R) ∈ MkM+R(Eb2T
y ) bm+? i?�i 6("s) = "s ∗ "�X h?�i Bb

tT
B − tB = �B 7Q` R ≤ B ≤ kM �M/

tT
kM+R − tkM+R = �kM+R − �kMtT

M −
M−R∑

D=R
�M+DtD − .(tM, �M).

6Q` R ≤ B ≤ kM + R- b2i EB = EB−R(tB)X

h?2Q`2K UE2�iBM;- ac kykkV
EkM+R/Ey Bb � iQi�HHv `�KB}2/ MkM+R@2ti2MbBQM rBi? mTT2` `�KB}+�iBQM MmK#2`b
mB = −py(�B) 7Q` R ≤ B ≤ kM + RX JQ`2Qp2`- EkM+R/Ey TQbb2bb2b � :�HQBb b+�zQH/
Q7 T`2+BbBQM
c = min{TkM+R2y + #kM+R − TkM+RmkM+R, #kM+R − TkM+RmM, #kM+R − TkM(mM + mkM)} ≥
TkM + #kM.
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"QM/�`FQ@.B2pbFv
LQr r2 `2bi`B+i iQ i?2 +�b2 *?�`(E) = yX

G2KK� U"QM/�`FQ- .B2pbFvc kyyNV
G2i G/E #2 � iQi�HHv `�KB}2/ :�HQBb UMQM@+v+HB+V T@2ti2MbBQM Q7 /2;`22 [ = TM

bm+? i?�i OG Bb 7`22 Qp2` AG/EX A7 i?2 `�KB}+�iBQM MmK#2`b 7Q` G/E �`2 +QM;`m2Mi
iQ −R KQ/mHQ [- i?2M AG/E /Q2b MQi +QMi�BM �Mv MQM@i`Bp�H B/2KTQi2Mib
(".yN- G2KK� kXR3)X

h?2Q`2K U"QM/�`FQ- .B2pbFvc kyyNV
G2i : #2 � MQM@+v+HB+ T@;`QmT- �M/ A ⊆ E[:] �M OE@Q`/2`X h?2 7QHHQrBM; �`2
2[mBp�H2Mi,

R i?2`2 2tBib � iQi�HHv `�KB}2/ :�HQBb 2ti2MbBQM G/E bm+? i?�i AG/E = A- OG Bb
7`22 Qp2` AG/E- AG/E /Q2b MQi +QMi�BM �Mv MQM@i`BpB�H B/2KTQi2Mib- �M/ i?2
/Bz2`2Mi DG/E Bb ;2M2`�i2/ #v �M 2H2K2Mi Q7 Ec

k A Bb � +QHQ+�H +QKQMQ;2MB+ >QT7 �H;2#`�
(".yN- h?2Q`2K jXRR)X
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�M 1t�KTH2

G2i Ey = Qj
(
B, RRj√j

)
- bQ T = j �M/ 2y = RRjX G2i # = Tj − R = ke- �R = π−#

y -
�k = BN�R = B�R- �M/ �j = (π−Ry

y )N�RX G2i tR, tk, tj b�iBb7v

tj
R − tR = �R

tj
k − tk = �k

tj
j − tj = �j + �R�k + �ktR + .(�R, tR),

�M/ H2i Ej = Ey(tR, tk, tj)X Ai Bb i?2 +�b2 i?�i Ej/Ey Bb � iQi�HHv `�KB}2/
Mj[Fj]@2ti2MbBQM r?B+? TQbb2bb2b � :�HQBb b+�zQH/ Q7 T`2+BbBQM c = Rj9X h?2
HQr2` `�KB}+�iBQM MmK#2`b 7Q` Ej/Ey �`2 #R = #k = ke �M/ #j = 3je rBi? `2bB/m2
−R KQ/mHQ N `2T`2b2Mi2/ #v #X aBM+2 i?2 T`2+BbBQM Bb ;`2�i2` i?�M Tj + # = 8j- Bi
7QHHQrb 7`QK i?2 i?2Q`v Q7 "vQii- *?BH/b �M/ 1H/2` i?�i Oj Bb 7`22 Qp2` AEj/Ey X
LQr Bi 7QHHQrb 7`QK i?2 "QM/�`FQ@.B2pbFv i?2Q`2K i?�i A Bb � >QT7 �H;2#`�X PM2
+�M i`v iQ mb2 i?2 Oy@#�bBb 7Q` AEj/Ey +QMbi`m+i2/ BM ("*1R3- h?2Q`2K jXRURV)-
#mi Bi b22Kb iQ #2 p2`v +QKTHB+�i2/X
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h>�LE uPl
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_272`2M+2b A

LB;2H SX "vQii- GBM/b�v LX *?BH/b- �M/ :X :`B{i? 1H/2`- a+�zQH/b �M/
;2M2`�HBx2/ BMi2;`�H KQ/mH2 bi`m+im`2- �MM�H2b .2 GǶAMbiBimi 6Qm`B2` e3
UkyR3V- MQX j- Ne8ĜRyRyX
JXoX "QM/�`FQ �M/ �XoX .B2pbFv- LQM@�#2HB�M �bbQ+B�i2/ Q`/2`b Q7 rBH/Hv
`�KB}2/ 2ti2MbBQMb- CQm`M�H P7 J�i?2K�iB+�H a+B2M+2b R8e UkyyNV- MQX eX
LB;2H SX "vQii �M/ :X :`B{i? 1H/2`- :�HQBb b+�zQH/b �M/ :�HQBb KQ/mH2
bi`m+im`2 BM 2ti2MbBQMb Q7 +?�`�+i2`BbiB+ T HQ+�H }2H/b Q7 /2;`22 Tk- CQm`M�H Q7
LmK#2` h?2Q`v Rjj UkyRjV- j8N3ĜjeRyX

- am{+B2Mi +QM/BiBQMb 7Q` H�`;2 :�HQBb b+�zQH/b- CQm`M�H Q7 LmK#2`
h?2Q`v R3k UkyR3V- N8ĜRjyX
aBKQM _ "H�+F#m`M- :`QmTb Q7 T`BK2 TQr2` Q`/2` rBi? /2`Bp2/ bm#;`QmT Q7
T`BK2 Q`/2`- CQm`M�H Q7 �H;2#`� kRN URNNNV- MQX k- ek8Ĝe8dX
:`B{i? 1H/2` �M/ E2pBM E2�iBM;- :2M2`B+ `�KB}+�iBQM BM ;2M2`�HBx2/
>2Bb2M#2`; 2ti2MbBQMb- T`2@T`BMi UkykyVX
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_272`2M+2b AA

:X:X 1H/2` �M/ EX E2�iBM;- :2M2`B+ T@2ti2MbBQMb BM +?�`�+i2`BbiB+ TX UT`2T`BMiVX

_X 1X J�+F2MxB2 �M/ :X q?�TH2b- �`iBM@a+?`2B2` 2[m�iBQMb BM +?�`�+i2`BbiB+
x2`Q- �K2`B+�M CQm`M�H Q7 J�i?2K�iB+b dj URN8eV- MQX j- 9djĜ938X
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