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“9b0vdg

B5dMMmddo QoBboE0s 15530560Bs© BMASO LEbol Tgmeg Mool SMfM3030 LbgsMmdosbo
39b6GHM@gds.

A?u(k) + F(w)(k) = 0,

Losg Au(k) = u(k + 1) —u(k), 42 = Ao A, F: 1(N) - I(N) s F € V(7). L(N) 506086535 N-%g
296L5sBO3OHME BbdE0sms LOIMZ3EgL. 3350 7: N = N obgmo, HmI kl—l;TooT(k) = +o0. V(1)
50b603bMos gzgms m3gMsGmeoms F:I(N) — I(N) Lodmogarg, Mmdgeog 93059mz0mgdl
899009y  30MmdgdL:  F(x)(k) = F(y)(k) bBgdobdogho k €N o x,y € I(N), GmIgdos
530595309096 30610d, x(s) = y(s) OmEs s € Ny (N, ={mm +1,m+2,...}).

6586330 dmyz960w0s 15305 BMYsO B3d5MOLO 306HMdJdO, 0doLM30L, MHMI dmEgdwo
396@™M900l ymz9wo HgbogMo s3mbsblibo ogmlb Mbgzso.



1. 9gbogogro

3mdzom k € N, 899m30¢96mm 00b0836s N = {k,k+ 1,k + 2, ...}, 3odzom 7:N = N obgomo,
I kliT (k) = +00. V(1) 50608699005 439005 m3905@mOms F: I(N) — I(N) Lod®sgang (I(N)

506036531 N-Bg 996LsB03OME BMbd0sms LoIM3EgL), HMTYE0E 5305Y4MB0E9dL d9dgY
306Md90L:

F(x)(k) = F(y)(k) bgdobdogho k € N s x,y € I(N), G™m3wgdog 53054mz30oegdgb 306HmdL,
x(s) = y(s) O35 s € Nyp.

dm3990 dOMIsdo dg30LfHogerom d99ga0 bb3omdosbo obEmegdols

22u(k) + Fw (k) = 0, (1.1)

59BsblBYdOL  SLOBSGHMGHMO  gm@dd393oL,  Losg  Au(k) = u(k +1) —u(k), 42 =40
A, F:1(N) - I(N) oo F € V(7).

6gdoldogMo ko € N-30lb 5036086mm Hy 7, y39es 08 u gmbdsosms bLodMsgwg, GmBgdos
530598309096 u(k) >0 6 u(k) <0, Gmgs k € Ny, bosg k. = min{ky, 7(ky)}. d6O™Is30

930396 03IEobbdgds, G

F(u)(k)u(k) =0, Om3s k € Ny, u € Hy . (1.2)

3mJ3om kg € N, w: Ny = R 5309643000 9feagdes (1.1) gob@emegdol obogeo s8mbsblibo, or¢)

sup{lu()|:i =k} >0, OmEo k € Ny

©o 5®1YdMBL u*: N - R, 0bgomo, M u* = u Ny -b9, ©o

22U (k) + Fw)(k) =0,  Gogs k € Ny,

39605 F9ds 1.1, (1.1) ps6BHmegdol §abog® s0mBslbl u: Ny, = R gfimogds Gbg3s@0, 00y
69d0bdogMo ko € N-030L dm0dgdbgds kq, ky € Ny, oigomo, ®md u(k)ulk,) < 0, fobsswdwgy

d9000b393580, 5L 9l Yds SMMbY350.

2960563905 1.2. 30dy300, O (1.1) 2sbBHm@gds Hbgzs00s, vy dobo ymzggwo Fobog®o

59mbsblbo Mbgzsos.



06OHx8030  goobMow  sMyMdgbEgdosbo TgmMg Moyl Lbgsmdosbo  obEHMEgdgdolmzol
59mbsblBydOL Mbgz5MdOL Lszombo 339 Tglfogwrowo ogm [1-3]. sbsermyom®mo sdmEsbgdo
95050 0oL 0mJdob {53030 B6J30MbseME ORIHIBE05WIMHO YobEMegdgdolm3zol
15305M0L5© 39505 MOl dglfogerowo 93y IOmAgddo [4-6].

93900 Y3996 308molbdgdm, HmA LEO¥EYds G900 MIGHMEMDS

m 7i(k)
Fa@12 ) [ Y W@FOAE0 |, k€N, u € Her (13)
i=1 \s=0;(k)

ooy 057N =N, 1;:N - (0,+0), og;(k) <k, o;(k) < 1;(k), kliT oi(k) = +oo, I(-, k)

5053w 9g050s, [[:NXN - R (i =1, ...,m).

96m3sdo  dmyggzoboos (1.1) gobGmegdol Fglog®mo s8mbsblbol Mbgzsmdol bs3dsMobo
30MHMdYB0, MmEbss F € V(1) s 530590m530gdL (1.3) m@memdsb.

2. ©53bTotg mgdqdo

30639 H0ogdo ©sdbdscrg ¢gdgdol boboom Bsdmgs4sw0dmm boffoemdomo K530l BmGIMs
(5090l 2565gdbs) MIgelsi J39dmo 25dm30949bgdm.

@9ds 2.1. sgoemm {a}k,, (b}, 6s3goeo LaliGrwo dodryghmdgdo s A; = Xi_; a;.
d5dob

n—-1

Z a;b; = Apb, + Z Ai(b; — biyq).
i=1

3

=1

wqds 2.2. sgoomo {a; 1], (b} MLsbemmmn 808gzmdgdo, 3mdzse df3coz0 X b;
360905©05, bogwm a;Biyy = 0, GoEs i 400, Lssg B; = Xi%ib;. 85806 X1 aib; s

725(a; — a;_1)B; 353603900056 gOMIHMOL  3OGDSEMBOEB  od8mIEobsMmMmdl  gmOgls
369050MdS >



+ oo +oo

z a;b; = a;B; + Z(ai —a;_1)B;.

=1 i=2

qds 2.3. sgoemo {a;};{5], {b;}2] 6s8g0e Gogbgms 808g3mmdgdo, 300d3s0m X1t a;b;

36090505, A, nbn = 0, GOEs § > 400, by = 0, O3> n - +00. 3580b bgdoldogmo ky € N

L5FoOPE060S BHMEPMDS
+o0 +o0
D b= Y Ay b)) = befggrr, k2 ko1,
i=k i=k

B5QG Akgi = Dty G-
w9ds 2.4. goggom kg € N, u: Ny, — (0, +00), o
A*u(i) <0, i€N,

sup{|A%u(i)|:i = k} > 0, k € Ny, (2.1)

d5dob

Au(k) > 0, k € Ny,. (2.2)

©59()303909: 556 u: Ny = (0, +0), 580@™a (2.1) -0l 306390 30HMBOL bsbTsE

Su(k) 20, k€ Ny, (2.3)

F5ONOE, 300g3000 5OLYdIMAL kg € Ny olgoo, ®md Au(k,) < 0, 35906 (2.1) -0 3oM3gwo

306md0L 056513 Au(k) 300gdsw0s, MmEs k € Ny ©d

Au(k +1) < Au(k)

Au(k) =c <0, k € Ny, (2.4)

5do¢™a 33946900

k
u(k) = ulky) + ) Au(@) < ulky) + ek ~ ky), (2.5)

i=k1



530@ ™0 15305MOLO® OO k- 9gdmbgg3zsdo 23593L u(k) < 0 M3 9Hobssdgagds Lsfyol
30605, 3595L5539 33543 (2.3), 5J9sb (2.1)-0b FgmMg 30OHMdO” §35d3L

40 40
Au(k) = — Z 22u(i) > Zmzu(m >0,
i=k i=k

(2.6)
k € Ni,,
3585L50599 LOHNMEYdS 30MIMBS (2.2). €gds TBHIOEJOIL0S.
s 2.5. 3093500 JgLO¥ergdmeos @gds 2.4-0b 30HMBYBO ©
400
Z i|A%u(i)| = +oo, (2.7)
izko
95906
u(k)
u(k) T +oo, e L. (2.8)

©3(%303905: 2.4 @gdol msbsbds Au >0 Lowog k € N, s80@md (2.6)-80 0ol
290350obfiobgdom, Mmd Au(k) = u(k + 1) — u(k) s M939OLOVWSE 25300 339769ds
k-1 4o

wk)z ) Y1au®l, ke, (29)

I=kg i=1

5960350 995 2.1-0b 065>, M) 530090 a; =1, b; = Z;:lAzu(i)l 33996905

+0o0 k-2

u(k) 2 (k—ko) ) [Pu@+ Y (A —ko+ DI,
i=k—1 i=kg (2.10)
kN,
(2.7) 306HMmd0L 565bTo
k-2
D = ko + DI&2u@)| » +o0, k> +oo, 2.11)

i=k0



53033 (2.10)-0b 056sbdo 335d3L u(k) — +00, GmEs k — +00. IgmMg IbM03, Moy Au(k) >
0, u(k) BOH0s s LOEEEYDS (2.8)-0b 30M39WO 306OHMBS. Fo630bOWM™ BHEIMDdS

k

Z sA2u(s) — koA?u(ky) =
s=kqo
k+1
= _kydu(ko) + kdu(k + 1) — Z Au(i) — koA?u(ky) = 2.12)

i:k0+1
=kAu(k+1) —ulk+ 1) — kodulky + 1) +ulky + 1) =
=kdu(k+1)—uk+1)+C

(2.7) 3o6t30L 05bsbIo

u(k) — kdu(k) - +oo, k — 4o (2.13)

QN (e P 3]

y <u(k)> _ uk+1)  uk) _ k(uCk + 1) —u(k)) — uk) _

k k+1 k k(k + 1)
B kAu(k) —u(k) (2.14)
T k(k+ 1)
580@08 (2.13)-0b dswoom X 1, 617) (2.8)-0b By 306 bsdsHorwosEos.
@9ds 2.6. 300d350m @, 1P: Ny, — (0,+0), kg €N,
Jlim info(k) =0, T +oo, k- too, (2.15)
Jm @(k)p(k) = +oo, (2.16)
Lo
@(k) = min{p(s):s < k,s € Ny } (2.17)

85806 56bydMBL DO 808©g3HMds {k;};1=7, obgmo, Gemd ,lirrn ki = +oo,
l—>+00



@(k) = p(ky), Pk (k) < @(s)P(s), s €Ny,
i=12,..

©58430(3909: 3o63LIBOIOM™M LodGSZEggdo E; < Ny, (i = 1,2) 8989absocsc:
k€ E = ¢k) =),
k€ E, = @(s)P(s) = p(k)p(k), s €Ny

(2.15) @5 (2.16)-056 (3bo@Os sup E; = +oo, (i = 1,2). 358396mm

supE; N E, = +oo. (2.18)

3009300, ki € E; @0 ki € E;. (2.17)-0056 200m3@06569, s®LYdMIL k; € [kg, k1), O3  @(k) =
P(ky) kb =kyky +1,ky + 2,..., k1 @5 @(ky) = @(ky). 9Lods30LO©, GG P BOO©OS S
k1 € B3, 339330

P(IP(s) = plk)p(kz), s €Ny,

33543L k, € E1 N E;. 250m30y969000 Bgdmo dmEgdrer dbxganmdsl k, < ks € E;, k3 & E; ©o
9030090m k, € E; N E3, 090L 25035¢00b{obgdom, Omad sup E; = +oo, (i = 1,2), 303009007 G™3
(2.18) 3900500 0s. Fglods3oLOE 9ds ITBHI0GEIOL0.

50b00d36900 2.7. 4398mo g439was6 30L569degd0 99890 50603369300

O, A = 0, _ Op A = 1'
hae() = {s, re1], Nee= {e, 1e0D),

2.19)
he(/l) = hye + hye



3. ©5©90000 5dMBIBLBOL SGBGOIMOOL 53000 gdGO F0MHMIYOO

93900 Y3956 308me0olbdgdm, Gmd LEWEYds T90IR0 MIGMEWMDS. 300350 kg € N

m Ti(k)
IF)(K)] = Z Z uIHOaL(s, k) |, k€ Ny, u € Hy q, 3.1)
i=1 \s=o;(k)

boos(3
0;;Ti:N > N, i N = (0, +0), 05(k) < k, 0;(k) < 7;(k), lim 0;(k) = +o0, [i(:, k)
5053090505, [;:NXN - R (i = 1,...,m). (3.2)

30J35m ko € N. Uy, -0m 5036086mm (1.1) g9b6@megdol yggars 08 s3mbsblbors Lodmsgery,
3903 53959MBogol 3oOHmdsL u(k) > 0, Gmas k € Ny .

09905 3.1. gmgdzem HmYewody ky € N-mgz0b bowergds (3.1), (3.2),

+00 m 7j(k)

ZZ Z sHOAT (s, k) | = +oo, (3.3)

k=1j=1 \s=0j(k)

ki D AL k) | = +oo, (3.4)

3060MdJ00. 3oM@s 530Ls vy Uy, # B, 85306

he(ho) m T

E § sAo—h2e(Ao)1j(s) ghe(Ao)uls) NGB ES®
+1 -
i ) ki \j=1s=0;)

llrgl sup llm inf(k — ko)k™ ’10+h2€u°)z
E—
©59()303909: 3733500 Lofobss0dYYM. 3MIZom SOBYdMAL ky € N oligmo, Omd Uy # @. Uy,
BodMg@ol g635OFHIdOL MsbsbTs (1.1) RobGHMEgdsL gosBbos u: Ny, — (0,+) fabogdo
58mboblbo. 30639 Mogdo 35B396mm, HMI SOLYdMBL ki € Ny, olgmo, O3

m  Ti®

+00 i
1
- 1A
u) 2 (k—ko) ) s D 1 D ) mOWOans D )
i=k-1 l=kq j=1s=0;0) (35)

k € N,

DM 50Md0L 99 B350 302wolbdmm, HmI

(3.4))



u(gi(k))=C>0, (i=1,..,m), kEeEN,. (3.6)

6939000 godeol A5dmygbgdom (1.1) 9bEGHMEgd0b 43593V

+00 m 7;(®

IMOEDIN I INTIOITRYNCE (3.7)

i=k j=1 \s=0;(i)

Lo0ObsE Egds 2.1 ol 45dmygbgdom

k-1 +0 m 7j(®

u(k) 2 Zz > MDA, | =
l=ko i=l j=1 \s=0;(i)
+00 7j(®

= (k=ko) ). i D OG0 |+ (39)

i=k—1j=1 \s=0;(i)

m 7;(0)
+ Z(l k0+1)z Z uSIHOAL( D) |, k€ Ny
i=ko j=1 \s=0;()

dgm6M9 36603, 049 30L5MYJOOM 2.3 9dom, J0300GO,
m
YD PO | =

15 WA e
= > D1 ) mePOALED | =

+00 i m 7j(V
= LI l WA (s, 1
- > G592, (94,15, D | -
i=k—-1 l=kq j=1 s=0;(1)
k-2 7; (@
1

m
— Z i z w0, |, k€ Ny ya

i=kgy j=1 s=0;(1)

(3.8)-096 (3.7)-0L gomgscrolifjobgdom g39690s

i m 7;(D)

ull) = (e=fo) Z (M))ZZ L) MG |- (3.9)
=k

0Jj=1\ s=0;()




k—2 . m [ HO
_Z(k‘“li(f?_”Z Z (I DAL (s, 1) | =

i=kg J=1 \s=0;(®)
+00 1 i m 7;(D)
> (k — ko) Z ( ) Z LY u)MOars D | -
4 (i+1)) L L 4
i=k-1 l=kqy j=1 s=a;(1)

—(ko—l)Zi > P40 | 2

i=ko j=1 \s=0;(i)

7;(D)

+0o0 1 i m
> (k — 13Oy —
> (k ko)__z (i(i+1))_ lZ Z ()14 413 (s, 1)
i=k—1 l=ko j=1 \s=0;)

—(ko — DAu(ko), k € Ng, 42
05056 u(k) T +00, Om@Es k = +00, 530E™I DMYoEMdOL F9MBLZ350 303)oLbbIM™M, H™I
[u(s)[#) > 1, Gogs s = 0;(i), 00@H®3 (3.4)-0b Msbsbdo Fg35¢BRomm ky € N, obg, ®ed

LOYWEIOS

ki-1 m 7;(D
D D] MO | = 200 — Dautk), (3.10)
I=ko j=1 \s=0;1)

(3.9)-0056 33996905

k1—1 m Tj (l)

u(l) > (k = ko) Z (l(lﬂ)) | D WM |+

I=ko j=1 \s=0;(1)

+00 i m 7;()
(ke ~ko) Z (i(i-ll-l)) 12 Z ()M AsL(s,0) | - (3.11)
i=k—1

I=ky j=1 \s=0;(1)

—(ko — DAu(ky), k € Ny,
500@™a (3.10) o (3.11)-0b msbsbdoo g3543L

400

1
w(k) = 20k — ko) (kg — 1)Au(k) Z D (o~ Dauke) +
i=k—1

+00 i m 7;(D)
— wA
+e—ko) ) (l(lH))ZlZ PROIEZRACH):
i=k—-1 I=k; j=1 \s=0;1)

&)(‘QGO k € Nkl’

10



(ON (e P B3] Zfzﬁ_1ﬁ= ﬁ, 5d0@md 3565536900 MBHMEMIOPB 2odmIE0bIMYMIL, H™I

LOHYYEEYOS (3.5) MEHMEWMDS.

0v) 393000350b{iobgdm, GMA u(k) — +00, Mmas k — +00, 35906 (3.4)-0b 0s65Hds (1.1)-ob
399030bs6MgMdL, H™I

+00
Z k| 42u(k)| = +oo,
k=1

5003 M3 905 2.5-0l 1sbobdo LOHIEIdS

u(k) T +oo, uk) 1.

(k)
396396Mmm, H®MA LBodoOME0560s uT 10, Odm@Es k — +00. §fobsowdgy 39dmbggzsdo dmodgdbgds

¢ > 0>k, € N, obgomo, ®md u(k) = ck, ®mgs k € Ny, 590¢m0 (1.1)-5b 335936

m 7;(K)
—Azu(k)zz Z cHiO st AL (s, k) |,
Jj=1 \s=0;(k)

Lo0obo 30300900

m
Au(k)ZZZ Z i skiSA (s, 1) |,

0¥ 390059350 BEZsOBY, OM3s k — +0

40 m 7j(k)

ZZ Z sHOAT(s,0) |, < oo,

i=ko j=1 \s=0j(k)

653 9P0b5508g2905 (3.3) 30OHMBSL, FoToloady

k
w(k) T +oo, % 10, k — +co. (3.12)

3009350 k1 € N, Ag-00m 5036086mm 00 1 € [0,1] LoIGsgzEg, MM IGIOLMZoLSE LOEIIdS
3990090 306005

11



I u(k)
k—")Too kl -

(3.12)-0b 3gemerg 3060dOL M6sHIs Ay # @ s Ay € [0,1], bsog Ag = inf Ay. 5360350 33543V
Ay € [0,1] @5 L5305M0bs@ d3069 € > 0-mg0L

L u(k) e g u(k)
m S Gy = 0 BB L inf Gy T T (3.13)
399m3000m0 50b0d36900
'Ll.(k) u(k)
(k) = (M) (3.14)
>
@(k) = min{p(s):k; <5 < k} (3.15)
Loog (k) goblsbmz®eos (3.20) GHemwmdom. (3.12)-ob dgmeg 306H:md0L 0sbsbds
JLim @ k) = 0. (3.16)
39563960mm, 0d
L he(Ao) A (1Y) —
Jim K1eG0g(1) = +eo. 3.17)

356053 bgdoldogeo k > ki, s6GLYdMBL sk € [kq, k] 0bgoo, GMA 5, = +00, GMEs k = +00 s

AN LGOI
¢ N 5k10+h1s(io) ’

50 BHOEWMd0H, Moob P(k) L 0, HmEs k = +oo, (3.13)-0b dgemeg 306HMBOL AsEr0 33593l

u(sg) _ u(sg) _
Skﬂo+h1g(lo) - Skio—hzs(io)

kheo) (k) > ), e(o) +00,

M3 99330390L (3.17)-0L LETsODEP0bMB.
(3.5)-0056 dog30090m

12



i)

+00 i m wi(s)
1 u(s) Ao—hze();(s)
w2 k=k) ) T Yt ) Toean)  SROEAT D ) (3.18)
i=k—1 I=k; |\ j=

_1s=0']-(l)

(3.13)-0b dgmerg 306MBOOL oom, HBMYsE™dOL FJHbOMs35® d9330dwos 30awolbInm,
u(s)

SAO th(lo) -

60d = 1, ®gd k € Ny, 980&™0 (3.18)-56 93996905

N . 210
© L m ()
1 u(s) \" - .
w0 = G=k) ), 75 )1 2, § , (m) st oA, 1(5,1) | =
i=k—1 =k, j=15=a,-(l)
' - (1) (3.19)
us) \ (A0 (5) ghe(Ao)u(s)
= (k - ko) - Z D +1) Z Z ) SR RO, s, 1) |,
=k |\ J= s a;(D
u(s) = min{L, g ():i = 1, ..., m). (3.20)
(3.19)-056 v a930m35¢0lobgdm (3.14) o (3.15), dog30090m
m M
u(k) = (k —ky) Z T Z Z @(S)M(S)Slo—hzg(/lo)ﬂj(S)Shg(lo)u(S)Asl}(S,l) )
i+ ) k1 j=1s=0;() (321)
OmEs k € Ny .
399m30@9bmm 50b0od3zbs
#;(k) = min{k, 7;(k)}. (3.22)
35906 (3.21)-056, Moqob @(k) 1 0, OmEs k = +00, 435930
+00 m 210,
u(k) = (k —ky) Z D l @ f l) Z Sﬂo—hu(/lo)uj(S)Shs(/lo)u(S)Asl}(s’ D |,
i=k—1l l 1=k, j=1 s=a;(1)
6)(")(35 k S Nkl'

6506 T;(k) < k @5 @(k) L 0, Om3s k = +00, 530G™A 93565L36900 MGHMEMOd06 3996905
13



m T

u(k) = (k- kO)Z e +1)(p()z z Z S/10—hZE(lo)uj(S)Shg(/'lo)u(S)Asl}(5’ D),

l=kq j=1s=0;)

6)(")63 ke Nkl'

(3.13) - (3.15), (3.17) 05b5bTs LB GdS Wgds 2.6-0b Y3gas 30MMdS, LOWSE

k (k)
"’“”%%) k) = kG, o

530@™8 930l Bobggom sMLYdMdL {k;};5 F9OGH0mMs 0bgmo BOEo©O J0dwYzO™dS, M

u(k ) ulky)

~ j - - . A

@(k;) = <](AT1:(AO)> , (p(s)she(lo) > gD(kl)klh ( 0)’
i

(3o S € Ny, 0 =23, ... .

5003 ™3 (3.23)-05b 33543L

~he(A0) m T
e\to
Z Z sho=hze(o)uj($) heGo)u() 4 (s, 1)

=k, Jj=1s=0;()

u(ky) = (ki = ko)§ (k" Z D

5990056 (%) gomgzscrolifjobgdom g39690s

u(ky) = (ki — ko) <—l) J he(Ro)

ki/10+h1£(/10)
& oo & (88 Ao=h2e(Go)itj(s) ghe(Ao)u(s)
. - lzz 0~ N2l soliSA['.’l
Z nn+1) , s s sli(s,D
n=k; 1=k, j=1s=0;()
Lo0bs3 B98I OBIMYMOL
1-p(k;)
( u(ks) ) _ (ki — ko)l
Ao+hie(Ao) = Aot+hie(4o)
kl 0 1 0 kl 0 1 0
. +Z L‘E(AO) N l i ]Z: 5/10_hzs(/lo)lij(s)shs(lo)#(S)A F(S l)
nn+1) , ST
n=k; l=kq j=1s=0;()
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lim inf| (k —ko)k~ ﬂo+h25(zo)z
k—+0o0

1—)00

lim sup | (k; ko)k_’1°+h2£(l°) Z

59956  450mB0bsMg (*)-0b obobBs, MoEpsb @G(k) L 0, Gmgs k - +o s uk;) <1
9030090m

0595b50539

9595b50539 gL YdMOs (3.47) 306MDS, M3 59BI0BIOL MYMMHGIOL LosMNEI0IBMBSL.

~he(Ao) m GO
Z Z sho=h2eGois() . e a p(s, 1) | | < 1
l(l+1) .
=k, Jj=1s=0;1)

~he(Ao) m T

Z Z shohze)ui(s) . sheGou A r(s,1) | | <1

n(n + 1) l=kq j=1s=0;()

9900930 3.1 ©9m©H580L ©LsdHI0EIBWI© ©33F0MIBS B98I0 TG 9d9d0

qds 3.1. godgom 7;: N = N,

Jim 1(k) = +o0,(i = 1,...,m), (3.24)
35806 56LYOMBL 5653w gds©O BYbd30s 0: N = N obgmo, Hmd
kl_l)Tooa(k) = 400,
o(k) < min{k,t;(k):i =1,...,m}, (3.25)

a(N,) o U:zlrl-(Nk), 69d0LBoge0 k € N-;g0U.

©59()30(3909: 25630b0M0o 308Y3MIMdS

A={ay,a,,..,05m42, 3} ={1,7:(1),75,(1), ..., T, (1), 2,7, (2), ..., T;p (2), ... }

@5 d99m300mm BbJ30s T: N = A. (3.24)-0b 0sbsbdo 3bsos
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Jim t(k) = 4o, T(N) > 7(Ny),  Vk €N (3.26)

399030000 LOIMHZEGMS MY SHO A;:

s€A; ©seN,t(s) =inf{r(k):k € N},
s€A o seENT(s) = inf{r(k):k EN\ U{:Ai},j =23..,

5036086mo

§=maxd;,j=12,.., &=¢&, & =max{§, & 1},j=23..

535900 & Br3bg305 BgBeogebromec: o (k) = 7(£1), Gegs 1 < k < &0, o (k) = 7(§;), Geago €0y <
k < E](-), J=23,... 0 gnbdzos 3bscos 5600l 5053009050 s 53059Mmx30egdl 1) ©s 2)
306MHMdJOL. B39gb 03Mgm3g 33593L (N) D (N ) bgdolbdogto k € N-mg0b. sdo@Hmad (3.26)-0b
00bobdo o (Ny) D 7;(Ny), (i =1,...,m). 35955539 LEXYEEYOS 3) S0MMDS.

@905 3.2. 300d3500 P, 9: Ny, = (0, +00), P 560b 55O ©d

lim (k) = +oo,

Jim (3.27)
knga(k)w(k) =0, (3.28)

Losg P(k) = inf{e(s):s = ky;5 € N}. 35806 5OLgdmIL BOHEI©O Bo@m@oc® Gogbzms
800@930™ds {k;}{=] obgmo, Gemd

ok =k, Uk = gk (ky),  k <k,

i=12, ... (3.29)

©59()30(39%5: 3mgzom k € N. Ej-0m 5036086m0 9990930 LodGMsgwrggdo:

keE o k) =qpk), (3.30)
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k€E, o ¢l = g)P(s), s=12, ..k (3.31)

3b5@0s, @M sup E; = +oo, (i = 1,2). BsGnog, 3004350 k € N, s036086mm ky = inf{p(s);s €
N} }. 85806 (3.27)-0b 0065bo 3bsos, ki € [k, +0) 5 @(k1) = @(kq). 0585b50539, kq € E;.
0 3939536M3JWIIMN s 5300900 k = ki, 35OEH0350 ©930(dbgdom, GmA sup E; = +oo.
965 M0MMo© 3956396900, OMI sup E, = +oo.

3963960, ©ma sup E; N E; = +00. 30329e0olbdmom, Oma k, € E; sk, € E;. 530@™3 sGBdmdL
k* >k, k™ €N obgmo, Gmd @(k™) = (k) Gogs k € [k, k*] ©s (k™) = @(k™). 8585L5009
k* € E;. 3gmeg 36603, 0500 1P 565DM5009, 5d0EHMmI 3bowos, dmd k* € E,. g.0. k* € E; N
E;. 009 293530090900  9bsgrmyom®  dlxgemdslt dogz00900 sup E; N E, = +oo. gds

©53(303900.

M9 3.2. goggsm kg € N, Uy, # B 5 bO@@gds (3.1), (3.2) 300md9d0, 35806 sOLgdmdl
Ao € [0,1] obgmo, Bmd

m T

k-1 + 00
limsup| lim infk"lo‘hzf(’lo)Za(l)hf(’l")z Z Z s(’lo‘hls(’lo))“i(S)Asl}(s,i) <1,
=1

£-0 k—+o0
i=l \j=1s=0;(i)

bo@d3  hyer hae he m3EgdMEo0s  GHMEwmdoom (2.19) ©s g 6503 §MbE05, GMIGEo3
53059mi3009dL (3.25) 306Mmd9DU.

©59()30(3909: 306039 Modo 9936086mm, MH™A (3.1) gdol Msbsbdoq, s®lgdmdl Bwbjsos o,
O™IgEog 53059830090l (3.25) 306mdYRL. 358396mm, MM sGLYIMBL Ay € [0,1] obgmo, Bmd
LOMwEIds (3.32) 300mds. Uy, -0l gobdsmGHgoom (1.1) a9bGHmegdsl gosBbos s8mbsblbo,
390§ 53959530l 306MdL u(k) > 0, OmEs k € Ny . 85806 095 2.5 dseroo 33543L

u(k)
u(k) T +oo, TlO, ARAR k —» +oo.

(3.33)

Qo
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k-1 +0 m 7D

u(k) = Z ZZ Z [u()[M O ALG(s, 1) |, k € Ny,

l=ky i=l j=1 \s=0;(i)

G035 9L 658396930 0ym mgm©gds (3.1)-0b G 3I0EgO0L OHMU.

399m300m0 50b0d36s

Ay = {/1 €[0,1): lim Q = +00} u € Hy, -

k—+0o0

(3.33)-00956 259m30bstg 3bsos 0 € A, s 1 & A, 535L507

c [0,1) o Ay = sup Ay,.

3956396m0m, GMI sby FgOBgmo Ap-;m30L Lods@mosbos (3.32) wWEMmEMmds. (3.32)-
25903 0bsMgMdL

l u(k) l u(k)

L i ety = 0 B8 m inf ey = T

0 <2Ap—hig(Ap) < g+ hye(Ap) =1
5036036mm
U(S) u(s)

@(@:mm{(m) s>k >k, seN

Loo3

u(s) = min{1, y;(s):i = 1,2,...,m}

3963960mm, 03 BgdoldogMo e-m30L LOMYIEYdS

lim k()@ (k) = 0.

k—+0o0

35603 15305MOLO® F30MY IIIOMNO £-30U (3.36) s (3.37)-0b Mobsbdo 239769ds

u(s)  uls)

sho—h1£(20) - sAothae(A0)’

s~he@o) G (k) < s7he(t0)

(3.34)

b

(3.35)

(3.36)

(3.37)

(3.38)

(3.39)
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580¢ ™3 099 (3.35)-0b 30639 30OHMBL, J03009dm, OHMA LoFsMIME0560s (3.39).
(3.34)-09b, Mop0b g (k) — +00, GmEs k — +00, 33946905
o(k)-1 +00 m T](l)

u(o(k)) = Z zz z [u() [ AL(s, 1) |,k € Ny, (3.40)

=k, i=l j= s=0;(0)

Bo@oi k2 € Ni, 1538560b50 @00 B¢ Mo ®o Gogbgos (3.35) s (3.36)-0b 0bsbdo
SURHIERNEY
)
ut) " —he(A
P = <W> - ) =k ©)

53054330996 3.2 @qdol 30MHMdJOL, sdoBH™md g BMbJ3ool  Fo6MEHIOOL  MBsbIo
8m0dgdbgds olgmo {k;}73 , ki € Ny, Bo@ag®aan® Gogbgms 308 36mds, Hrmd

#(ak)) = p(a(ky)), #(ac())P(a(k) = @(a(k))p(o(ky)),

ky<k<k; i=34,... (3-41)
650390 0 36300 53059MmB0gdL (3.25) 306, Sd0GH™I bSO
¢ (1(0) 2 (o)), j=12,..,m,. (3.42)

(3.35)-0b dgmeg 306MdOL Fom35¢0obfiobgdom, (3.40)-b b5356MH0LE OO k-m30L 3397690

7;(0)
o(k)-1 +0 m (s) 1;(s) ©
E 2 2 u Ao—h1e(g) Y (S ,
u(o(h) 2 | z , (szo hla(Ao)> (st0me@)YV AL (s, 1) | 2

=k, i=l j= \s U](l)

o(k)-1 40 m 7; (@)

EES(S st

=k1 =l j=1 \s=0;()

50 @ 50530090500 (3.42)-00 23976900

U(k) 1400 m T](l)
u(o(k)) = Z ZZ 7 (5) Z (sP0~me@0) i 15,0 | =
=k, i=l j= s=a;(1)
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o(k)-1 400 mMm T](i)

1(40)) (st~ hlg(lo))”’( ) (s, D)
2 2, 702 { 2

i=l j= s=0;(i)

5990056 ) 93035 oLobgdom (3.41)-0l IgmEg MEHMEMdSL s (*)-0b IgMOYg GHMEMdl

o(kj)-1 +00 m Tj(l)
- - - (s)
w(o (k) = §(ok)) @ (k)R N (@)D N NN (P mel0) I 4 15,1y |
n=kq I=nj=1 \s=0;(1)

530@¢™3 (3.41)-0b 3060390 30600H 33976905

u(o (k)
u(O'(ki)) ) (O'(ki))_hs(}‘o)

u(a(k)) = <(g(ki))lo—h1s(lo)

o(k)—-1 +o m [ TGO

Z (O’(n))hs(lo)Zz Z (S)lo h1g(lo))“](S)A (S,l) ’

n=kq = s= cr](l)
9.0.

1—p(a (k)
( ) u(o (k) u(o (k) 1
u(o(k;) _ Ao—hz£(4 0)+( - >hs(/10)
yR——ew (k) e > (o(k)) Kotk
(o(k)) (3.43)
3.
o(kp)-1 +o0 m ;O
Z (O’(n))hs(/lo)ZZ Z (S)lo h1s(lo))”](s)A (S, D,
n=k, =1 \s=0;()
dgmeg dbM0g, Moyb u(o(k;)) < 1, s8o@Hma
(a(k;)) o) < (g (k;)) e(odulo(ky)
9.0.
( ) u(o (ki) ( ) ulo (k)
u(o(k;) B u(o(k;)
e (o (k)™ %) < Ao has i)
(G(ki)) (U(ki))

905 3.2-0b Msbobdo, vy gogomzscolifjobgdom (3.28) s 00 Bog@L, HmI _liln infu(k;) >0,
l—>+00
SCHARHEY
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u(a(kq))

tim [ —400) (o (k)% = 0

= \ (ot ))/10 h1e(ho)

9595b50539 153856MOLOE OO k-mM30L (3.43)-0L Jotzbgbs FbsEIY 653¢9d05 b BHmero 1-0b.

9.0.
1 a(k)-1 +oo m [ GO
—Ag—hze(4 )<1_7>hs(l )
Jim sup(ak) N KOG (a<n>>w°>ZZ D (P a s | < 1,
n=kq =1 \s=0;()
o(k)-1 400 M T](l)
lim infk " o)+ (1= 20 Z (a(l))hs%)zz Z (st~ 94 (s, 1) | < 1,

i=l j=1 \s=0;()
50 MBHMEMBSI0 01) F9WIZ9 BPZMBY, OHMEILss € = 0, do300gdm (3.32)-b. MgmMHgds
©390306009L0>

4. 53mbsblibgdol Hbgz50™dOL Lo3doMolio 30MHMdYdO.

09M9ds 4.1 godzeom G®Agwody ko € N-mgob LEmwEgds (3.1)- (3.4) 306mdJdO ©s
69d0LdogMo 1 € [0,1]-mgz0L

7;(D)

+o0 hg().) m

. L ep1-A+hy (D) (A=hoe)pj()+he(Du(s) p 1

él_r)r&sup kl—l:|-noolnfk l(l+1)§ E E s J Adi(s,D) | ] > 1, (4.1)
i=k =k, Jj=1s=0;()

boSG Rie, hye, he B0E90M@0 BHMEMdOm (2.19), 35806 (1.1) gobGHMmEgdsl ymggero Fobogo
59mbsblibo Mbgzsos.

©59(%)30(3905: 53298350 LoFobss0dIYM, 300d39m u: Ny — (0, +0) 560U (1.1) 3obGmegdols
Fabogo 53mbsblbo, 85355@sdg Uy, # D. 007y 35300035¢olffobgdm 0gm®gds 3.1-b, szowo
doLob3z9®0s, MM sGLYdMBL Ay € [0,1] oLgmo, GM3 LEOMEWEIds (3.4) FbGHMEWGds. B3
900655039905 (4.1), G353 583303gOL MgMEOYIOL LOTsOPEOSBMB.

09905 3.2-0L 565¢PMY0MM 5 50300 FoLswgd0s d900gRO.
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M)MmMHqds 4.2 gmdzsm Mmdqewodg ko € N-o30L b6 ds> (3.1)- (3.4) 3060d9d0 ©S
Jemg 3933 Jodag 3 JLQJ Joo @

6900LdogMo A € [0,1]-mgz0L

k-1
lirgsup lim infk~ l—th(A)Za(i)hs()‘)z Z Z s()‘_hla()‘))“i(s)zlsl}(s,l) > 1,
E—>

k—+co0

I=i \j=1s=0;)

Lo@OE @O 0 6v00) BMbJE0ss, MMIgwon 53059mBowgdl (3.25) 306MHMdYdL, dsdob (1.1)
396@ ™90l gmzggaro Halogeo s3mbsblbo Mbgzsos.

d90p0 4.1. godzsm Gmdgwody ko € N-ogol UeHmamogds (3.1)- (3.4) 306Hmd)d0 ©d
6900L30gM0o A € [0,1]-m30L 5GLYdMIL § > 1 obgmo, H@I

k m Tj @

liminf( lim infk=A"M1e@ Z Z s(A=h2eD)u;($)+he(Du(s) 4 G0 || > @ —2)8,

-0 k—+0o0
i=1 j=1s=0;()

353906 (1.1) 396 ™gdsl ymgzgero Falogeo sdmbsblibo Hbg3z50s.

©59(})30(3909: 356396Mmm, M 0gM©9ds 4.1-0l MobobTo LG Yds (4.1). (4.3)-0b MsbsbIs
5OLYomdL k1 € N, g5 > 0 o 61 € (0, 5] obgmo, Omd Omss k € Ny,

m Tj(l)

k—/l—hlg(/l)zl Z Z SR +re @G 4 1 (5,1) | > (1 - D)8y,
=1 j=1s=0;()

(4.4)-096 33593V

O ) m T

I(k, &) = k'~ l+hzs<l>z Z z Z (A=) +he W) 4 (5.1 | =
(k,e) =k l(l+1)_ S j (s, D) | =

ky \Jj=1s=0;1)

i+1

- iA=he(D)+hye(A)
o it N L= Dbi 51— k- /1+h2£(/1) -npe [ 9
= ii+1) ! &2

i+1

I(k,e) = 6;(1 — )1 — gk~ /1+h25(/1)z(l + DA th(A)f df

7=
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+oo i+1

> 51(1 ﬂ)(l —c )kl A+h25(l)z—[ El 2—h,(1) dse _

i=k i
i 5:(1— (1 — &)
- —¢
=S5 (1= (1 k1—1+h28(l)f A-2-hoe(D) g = 1 0
1( )( £o) ) '3 '3 T— 2+ hy(A) )

Loog 61 (1 — &) > 1. 5Jgsb

6:(1 -1 — &)
1—24+h,,(1) ’

lim infl(k, &) >
k—>+0o

LOHYYEEIOS (4.1) 30OHMDY, F030090 ILITEZOEJOICO.

d90030 4.2. godzom (3.1)- (3.4) 306H™mdgd0 @5 6330LFogMHo A € [0,1]-:30l sGLGdMd § > 1

obgomo, ™I
k m Tj(i)
timinf( lim infk~1 )" 2R Z Z s Oth: DU 4 (5,0 | | > 21 - DS, (45)
¢ i=1 Jj=1s5=0;()

35806 (1.1) g9b6GHMegdsl ymzgaro FgbogMo s8mbsblbo Mbgzswos.

©59(})303909: 9909308 ©oLYIB30EIOWI©  153dsM0Los  39B3gbmm, O™ (4.5)-sb
399030b56MgMBL (4.3). oOHNE3, ) 30L5MRJOGOM (2.1) Cwgdom, 339J69ds

m  T®

s hzgmz z z sO=hze)uy©)1+heRE) 4 [1(5,1) | =

i=1 Jj=15=0;(i)

k / m f}'(i) \
k—l—hZE(A)Zil—1+hzg(l) j2=A=hae(2) Z Z S(A—hZE(A))uj(S)+hs(/1)u(5)451;.(5’i) /:

Jj=1s=0;(i)

m T] ®

= z 12-A~hse () Z z sO-hee@i)+he M) 4 1,1 | +

j=1s=0;(i)
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k-1
K —A=hze@) Z(il—1+h2£(l) (i 4 1A THRe@) g,

i=1

m Ti(l)
A= [2-A=h2e(2) S(A—hzg(l))uj(S)+hs(/1)u(5)451;.(5, D |

j=1 S=0'j(l)

3505b5053g (4.5)-0b MsbsbAs, 1153d5M0L® OO k-M30L 3399690

k m TJ'(")
—Ahae@® N S(A—hzg(/l))u,-(S)+hs(/'l)u(S)ASI}(S,i) >

i=1 Jj=1s=0;(i)

k-1
> A1 — )8 + k~Ahee@ Z i(iA1Hhee@) — (j 4 1)A7 1R )71, >
i=1
k-1
>A(1 =8| 1+ kAhee@ Z i(iA e — (4 1) 1) | =
i=1
k-1 | i+1
l
=21 =8| 14 k~Ah2e@ Z — (+1D(A—1+hye(D) f §A72+h2e() ¢ | >
i=1 ' i
k—1i+1
> A1 = D)8| 1+ kAW (1 - ¢) Z f AR 4E (2 — 1+ hye (D)) | =
i=1j

k
>A1 =S| 1+ kA e (1 —¢) f AT gg (A — 1+ hy (D) | =
1

(1-e) (2= 14 hy(D)
A+ hy(R)

=21-2)§ <1 + (k“hzs@) — 1)k—l—h25(/1)> =

=21 - A)@HTO(U > A(1 — )8 + o(1).

050550539  LOMEEYds T9JA0  (4.1)-0L 30MMds, 53 99BH30EIdL  Fggao  (4.1)-0ob

LMD bMD.
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990990 4.3 3ogzsm a; € (0,+00), (i =1,...,m) ©>

k
k(m) > 0, i=1,..,m), (4.6)

lim inf
k—+o0

35906, 0dolsmgzol, Mmd (1.1) 496EHMEgdol ymzgao 53mbsblbo oyml Mbgz500 Ls3dom0olOY,
6™ 6990Ldogeo 4 € [0,1]-030L bLEWEEIBdMEIL

m T

limsup| lim infk-l-hzewzz'“he(ﬂ)z Z z s A r(s,0) | | > 1, (4.7)
-0 k—+c o

=i \j=1s=0;()

a =min{l, ay, ..., Ay }-

©59()30(3909: 39009206 ©LEIBHI03IOs© 358396mm, MM sOLYdMdL 0:N = N, 1mbjsos,
(3903 53054Mmx3000gdl (3.25) 306093l s LOHMEWEYdS (4.2) 306Mds. (4.6)-05bsbdo
5OLYdMBL obgoo ¢ € (0,1), Mmd bLEOwMwgds 0;(k) = ck®, (i=1,..,m), k €N, bosog a
dm3gdmwo (4.8) GHO@®Mdom > §bdsos a(k) = [ck®] 53059mB0wgdL (3.25) 306HMdYOL.
dgm6Mg db603 (4.2)-56 33543L

—_ m T](l)
Lim sup kliTwinfk—A—hnm a(i)hsmz Z Z sO-meMmG . rs,1) | | 2
= I=i \j=1s=0;()

k-1 +oo /m T
> limsup| lim infk=A"h2e@ “hs(l)z Z Z s(A=h1eMD)uj(s) o NHER)) llm inf che@),
&0 ke i=1 I=i \j=1s=0;()

5090 h (1) = 0, Oemgs € = 0, 5d0E™3 09 4930135¢0LF0bYdM (4.7)-b J0g300gd™.

m TO

limsup| lim infk=*~ hze()‘)Za(L)hfu)z Z Z s(A=h1eD)uj() 1 D | 1>1,

£-0 k—+coo
I=i \j=1s=0;()

3505L500539 LOHIEEYDS (4.2). 90 4.3 ITFZOEIOWOS.

J90030 4.4. 3004350 LOYYEEIDS (4.6) 30HMBIBdO s BgdOLBOYMO A € [0,1]-;30L 33593L
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+oo /m O
limsup| lim 1nfk1"1+“hs(’1)‘h28(’1)z Z Z sAme@MiOA (s, | | > 2, (4.9)

£-0 k—+c0
1=k \j=1s=0;()
95906 (1.1) gobGHmgdol ymggwo sdmbsblibo Mbgzswos.
©59()30(39%9: 9900908 LOFBZ0EYOWIE  Lo3TsMobos  39B39bmm, MM (4.9)-sb

258m8©0BsMmdL (4.7). (4.9)-0L M3bbIs sOLYRMBL {£;}{= o©d0m 658z0w Gogbgos
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