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Abstract

The diploma work is dedicated to study asymptotic behavior of solutions of higher order difference
equations in the neighborhood of infinity.

The problems discussed in the work are actual. In the past few years, similar problems were
discussed in cases of higher order difference equations, in works of R. Koplatadze and N. Khachidze.

The subject of research is: to establish sufficient conditions for higher order difference nonlinear
equations to have A or B property. The analogical problem is almost well researched for functional
differential equations. The results given in the work are original. The deduced classes are different
from Emden-Fowler’s type nonlinear discrete equations’, for the classes mentioned above there
are established effective sufficient conditions, in order for such equation to have A or B property.
Produced results are interesting and can be further developed.
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L50IBSE oIMIPOLIOYMBL, MMI OO k-LM30L LOEEYdS (1.20), Mo3 53BHI0EIOL W gdol
L5FSOWOHMASL. O
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2 (1.1) &odob s3mbsblibgdol s®LYIMIOL 59309090 30OHMBGOO

3m935m, kg € N sl € {1,...,n—1}. Uj j,-00 503608600 (0.1) g06@magdols s9mbsblbgdols
LoIMS3eY, OMIWGIOE 53059 B0gd9b (1.1) 306HMBL. ImEIIME? 356M0aEM5d0 03 Iolbdgds,
68 LEOYEEYOS 9IIAO 30OHMBGdO:

|F(u)(k)| = p(k)w(u(e(k))]), Gomgs k € Nt,u € Hyy 7. (2.1)

w : (0,400) = (0, 4+00) 5053¢JOOS QS

+oo
/ A Lo, 2.2)
1 w(s)

a(k)gkﬁ)mgbkeN,a:N%N,klim o(k) = 4o0. (2.3)

—+00

09mM98s 2.1. 3mdzom, ky € N, bOmegds (0.2) ((0.3)), 3060mds, u : N, — R s6ob (0.1)
296@M@gdol Inbsblbo, HMIgEwos 53059mzogdl (1.1) 3o6MmdsL, I € {1,...,n— 1}, bssg [ +n
395309 (I + n @fos). 3oM@s 530bs LMD (2.1)-(2.3) 306H:MdYDO, Uy k, # 0, u € Upk, ©

+o0
AN (u(k)] = +o0, (2.4)
k=1

0 50530090505 s lim inf olk) > 0. (2.5)

k—4o0 k
35806

+oo
> ke (R)p(k) < +oo. (2.6)
k=1

©59()303909. BMPSOMBOL IIMHP3I3s© 30gw)obbdmm, Mmd u(k) > 0 GmEs k € Ni,.
(2.4)-0b 5b5bTo, 3B, LOM IS 1.5 gdol 30MHMBYOO. s580GH™I, 1.5 9ol Msbsbdsc,
LEOHME DS (1.19)-(1.21) 306:Md9d0. (1.21)-96, v 49300m35¢oLfobgdo (0.1) s (2.1), dogo-
©9om:

AuE) > Zki (i) (u(o(i)))
5990056, G536 w 993G, 235J3L
k
Ak > S (i) A (o). @)

(1.19) 306390 306HMBOL MBS, M) 3530M35¢0LF0bIdM, HMI o (k) < k, (2.6)-b

16



3030090m

Z n— l 1 l 1() () A(lfl) u(z))

1

A(lfl) >
(n— l !
i=ko

(2.8)

39l IbGOZ, ) 3530m35¢0L{0bJdM (2.5)-0b Fgmeg 30MMdL, SGBYdMBL ¢ > 0 s k1 €

Ny, 0Lg®0, Om 0 (i) > ¢ - i, OBmEs i € Ny, . 8585550539, (2.8)-b 33593

A(l—l)

‘Zz” 'p(i)w (oL (1) AU u(i)).

\

099 2530035¢0L{obgdm, MM o BMbJ30s 5615309050, 3965136900 MEBHMWMdOWID

33945900
z(k) > n_l,zn”l Jw(z(i)),

i=k1
boog z(k) = Sl (k) ALY u(k). (2.9)-0s6 335d3b

w(a(k) Lo

s 2o () =
5036086010
a(k) = i L i) (7))
(2.10)-©56 3333L o
p(k)k" o' (k)w(2(k)) c

>w(

WX, pli)intot = (iw(a(i) ~ Lo = 1)

0¢) 3530035¢00L{obgdm (2.11)-b, 35651369000 MEHMEMBd06 03009d™

(a(k) —a(k —1)) ¢
o) 2 m o

099 993956553690 MEHMWMBSL 53x% 50530 k1-09b k-009, 33946905

Jp(k)K" o' (k).

17

Jp(k)E" ! (k).

(2.9)

(2.10)

(2.11)



9.0.

kel at
a(i—1) i ! l 1 2.12
2t 2 ZP (0 2.12)

0¥ 3530M35¢0Lobgdm, H™I w(a(l)) < ﬁ, Omgo a(i — 1) <t < a(i), (2.12)-s6 do30090m

k a(d) gt c
> w( ) (1)i" et (4).
;/ w(t) ~ M m— ) ;k:lp

i—k a(i—1) _
0505b500Y
/a(k) dt p in— l l 1 )
a(k1—1) w®) ~ =
5990096 dogowgdm )
> et o) <o [
i=k (k1—1)
bos3
1
cn =
’ (l!(nc—l) )
0595b500Y

k roo g
S il L @) < oo / CE ;< +ox.

i=ky a(k;—1) WS

099 993956553690 MEGHMEWMBST0 Q535w DBM3MHBY, HMEs k — +00, 80300930

+oo
Z "Lt p(i) < +oo.

1=k

9.0. LEMEPEYDdS (2.6) 30MHMBS, M3 59EJO(39OL MYMEMYOL LOTSMMNEOSEMBLS. O

09m69ds 2.2. 300435m, kg € N, Lermegds (0.2) ((0.3)), 3o06mds, u : N,:g — R 560l (0.1)
23963900l dmbsblbo, HGMmBgwog 93059mz30wgdl (1.1) 3oOHmdsL, I € {1,...,n — 1}, Losg
I+ mn 396305 (I + n @fos). 29O 530Ls LOWEYds (2.1)-(2.3) 3063900, SGBYdMdL M > 0,
3905000 BMbJ30s w : (0, 4+00) — (0, +00) ©s k1 € N obgmo, Hmd

1ok 1ok
(l‘ ’ )y)>w (l‘ ’ ))w(y), émgbk‘ele,y>M, (2.13)
35906, oo
lim mfﬂ > 0, (2.14)
k—+o0 k

18



33°J3L

+oo —1(,;
Zp(i)i"’lwl(l—l,g Z.(Z)) < +o0. (2.15)
k=1 ’

©59()303905. 300g350m, ko € N Lermargds (0.2) ((0.3)) o u : N,;Z — R 560 (0.1) 396@Hmeg-
B0l 53mbsblbo, GMBgeoa 53054mBowwgdl (1.1) 306MdSL, bywsg, I € {1,...,n — 1}, bosg [ +n

395300 (I + n wfos),
+oo
S E A u(k)| = +oo.
k=1

500@M3, 3boos LEOMEEGds 1.5 9ol 30OHMBYO0. 58M0YS®, 2.1 MgMEOYAOL sBsermyoMs©
39639690, OM3 u Bw96J(305 5305YMBOGIL MEMEMdL

k

Al > e S e ) A (o)), @16

50056 LOMEIds 1.5 Wgdob 30MHBYOO, 5d0GHMI, (3bo0s, SOLYDMBL ko € N, ,j; olymo, GHMJ
5 A=) y(o(k)) = M. 53030, (2.8)-0l 05655950, 335436

Ay (k) >

L3 (i (o' @)l A9 ulo(0) 2.17)

dgmegl IbM03, 1) 930035¢0LfobIdM, Mmd o (k) < £, (1.19) 3063900 306030 0sbsbTs

AD (k) k
=Dy (k) = < (-1
A Du(k) = k= \U(k)A u(o(k))
0505b500509
ADy(o(k)) = "g‘:) A=Y (k)

AT 4 5)). (2.18)

(2.14)-0b 0565bTs sGUBYdIMBL @ > 0 s k3 € Ni,0bgomo, GmA

19



1o(k
U(k)>a>0, ﬁ)mGokeN,j;.

590@™3 (1.18)-qs6 33593l

Ay (k)

WV

59490056 w FMBJ300L 56530 gdSMBOL dodm

k

D" p(@wn (o () (a A (i),

wlo AUD y(k)) = w(

599056 099 MEHM@MBOL MmBHOZg Tl 35353M3wgdm k™! p(k)w1 (0! 1(k)), Bogowdom

w(a A w(k))Ep(k)wi (a1 (k)
(G2 b " p(D)wn (07 (1) Jw(a A (i)

> k" p(k)wi (o' (K)).

079 99EHME™IOL MmH0Zg oML 93x 503 ko © k-0009, 335J3L:

i momw(a AT u(s))s"p(s)wi (o' (5)) i
(n—=10)! @ Sn—l $w O_l 1 s
2 S S P e o e AT )] © 22 G i Pl ()
(2.19)
5036036mm
=& _z r— Z ()i (0@ )w(a AT w(i))
i=ko
(2.19)-09b dog00900m
k k
(n ; W Z a(S)w_(aczS)_ D > Z s p(s)wr (o171 (s)). (2.20)
s=ko s=ko
dgmegl dbGO3
k ko fals)
a(s) —a(s —=1) _ <~ Jason @
2 al) fa(s) &2

k k a(s) a(k) 1 +oo
Za als 1)<Z/ 1dt:/ dt</ di_
= (a(s)) 5 Jasn w(t) a(ko—1) W(t) a(ko—1) W(8)

20



50030 0 (2.20) 3953500 B356ODY, MmEs kK — +00 803009dm

+oo
S 5 p(s)en (04 (s)) < +oo.

s=ko

653 59()30390L 09MM9IoL LoAsONEOIBMBSL. O

09mM9ds 2.3. 3mgzom, kg € N, LErmegds (0.2) ((0.3)) 306HMds, u : N,;E — R 560U (0.1)
296@M@gdoL 53mbsbLBO, HMIgE0§ 93059530 gdL (1.1) 306, bosg ! € {1,...,n—1},1+n
396305 (141 @w9f0s). 965 530bs, LEMweEYds (2.1), (2.3) 30MMdS, Loz w : (0, +00) — (0, +00)
36530G050S S

1
| o < 02)
0 w(s)
SOLYIMBL M > 0 5 56539050 wy : (0,400) = (0, 4+00) obgmo, Gmd
w(l—llal_l(k)y) > wi (0" (k))w(y), Gogs k € NJB, 0<y< M. (2.23)
95306
S o1 g0 (20
> i p(iws ( ) < oo, (2.24)
i=1 ’

©59(}30(3905. 30g35m, kg € N s u € U 1y, H©0Ige0os 53059mx0mgdl (1.1)3060md5L, Boos
le{l,....,n—1}, 14+ n 396305 (I + n @Mfos). Goas6 LOHYEEYDS (2.3) 30HMBS, sdoE™a 1.5
@930l Mbsbds LEWgds (1.19)-(1.21) 3oMmdgdo. (1.21) s (1.20)-0b dsgroo 30300gdm

kR ol=1(3)
A(l_l) > n—l—1_/: A(l_l) ; Nt
wlh) = g Zz:;z pli)w(— u(o(i))), k € N;f

5990096 (2.23) 05bsbdoco g35943L

AD(o(i))

+oo
ACDy(k) > (nﬁl)t S i (e (0" (1) ))-
i=k

09 30L56JIGOD 00 FoJBHOM, OMI W 553 JISOOS S M 30905009, v35651369w0

M GHMEMO06 d030090m
A=y (k) 1 X, A=y (4)
S n—l—1 /- 1/ '
S g e e )
50360860 z(k) = M%”‘(k). 9935651369000 MBHMEWMBOEIB 335J3L
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+o0
w(z(k)) = w((nil)! > (e (0! (D)w(x(0)), k € Ni.
i=k

57056

w(@(k))E"" p(k)wi (o (k)

n—Il—1 w O'l .
Sl o e ) e

099 59 MBHMEMIOL MMH0ZY oML 53X 5053 ko-sb k-0, 03000900

k L w(z(8))s" I p(s)w (ot(s i
Z (1) (z(s)) p(s)wi(o'(s)) > 1 ' Z sn_l_lp(s)wl(dl(S))- (2.25)

(gt S in (e (o ()w((1) ~ (n=1)!

s=ko s=ko
5036086mm
1 =
als) = Gy 2o Rl (01 ()l ().

(2.25)-096 30300900

k k
_Zk G(S)w_(s((j)+ 2. = (n i ! _Zk s" T p(s)wi (o (s)).
5d90096 235943L
kSt ar 1 &
2 oD 7 ) 2l () 226)

50 m < w(a( 7y OOE a(s) <t < a(s+ 1), 580¢m™0 (2.26)-056 dog3009dm

B i1 ) ool de - _rtodt
(n—1)! Z s p(s Z /(s+1 / "0 </ 0 < +o0.

(k)

(2.26) 9GHM@MB5TO 01¥) o390 BB, O3S k — +00 03009dM

+o00 O'Z(S
Z s"_l_lp(s)wl(ﬁ) < 400.

s=ko

9.0. bOYEEYDS (2.22), Brog 59BHI0EIOL MYMMYGIOL bETIODEO0SBMBS. ]
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3 (1.1) 030l s3mbsblibgdol o6 sGlgdMdOL Ls3dsMolio 3oMHMdIdO

®9mMg0s 3.1. 3:gd300, LOEYds (0.2) ((0.3)), 3oGMmds, I € {1,...,n — 1}, bosg | +n
395305 (I + 1 @fos), LOMEEIds (2.1)-(2.4) 306HMdgd0. 35d0b 0dolom30L, HMI bgdolidogMo
ko € N-bongob Up i, = 0, b530560b0s

+oo
> ko (k)p(k) = +oo. 3.1)
k=1

©99(%)303905. 5393350 L0BssBIAM. 300J350, 5MLGIMBL ky € N obgmo, Gmd Uy i, # 0.
3060250, (0.1) 296¢Mgdsls 4598605 Halogho smbsblibo u : N ,:g — R, ®0039w03 53059830 qdl
(1.1) 306>005b. IgmMgb dbG03, LEWEEYdS 2.1 MYMEOHYIoL 306OHMdYdO

—+00

anflflo,lfl(k)p(k) < +00.
k=1

9L 30 9f0b55089gds (3.1) 30MHMBSL, J0WYdIo F0bsoBYYMds 59(BHI0EIOL MYMMgdols
L53oMNW06MBSL. O

8900930 3.1. 300350, LEHMEYds (0.2) ((0.3)), 30MMds, I € {1,...,1n — 1}, bssg I +n 396¢0s
(I + n nfos),

|F(uw)(k)] = p(k)u(o(k)]}, Gogok € Ny u € Hyyy, 3.2)

boQS3

A>1,p: N = Ry, 0(k) <k, 0 gmbdgos 56539050000 © klim o(k) =4o00.  (3.3)

—+o00

85806 080Lsm30L, MMA 63d0LA0YMO ko € N-Logol Uy, = 0, bazdsGoboos

+oo
> kI p(k)o' (k) = +oo. (3.4)
k=1

©59(}3033909. (3.2)-(3.4) 3060900l 05655, 3H90s OIS 3.1 MYMMHYTol 30HMdYdO,
Boog w(s) = s M3 99(3130390b 990930L LSO 06ML. O

09093 3.2. 300435m, LOHY9ds (0.2) ((0.3)), (2.1)-(2.3), (2.9), (2.10) 306HMdJdO, Los3
le{l,...,n—1},14n 396¢05 (I +n @fos). 35806 0doLsmgol, ®md 69d0bdogMo ky € N-Lmgob,

23



Uky1 = 0, 553856000

+oo
Zp(i)i”_lwl(l—llal_l(i)) = 400. (3.5)
k=1 )

©59(%)303905. 53798350 Ls0bss®BIAM. 3007350, 5MLGIMBL ky € N obgmo, Gmd Uy, ; # 0.
0505L5005d9, (0.1) 96EGHMgdsl A55BB0s [glog®mo sdmbsblbo u : N, ,; — R, ®m09co3 93054ma0-
@90 (1.1) 30OHMdL.

dgmO9l IbO0GZ, o6 LOHYYdS 2.2 NIl 30OHMDYdO, 43593

9b 30 9f0655039gds (3.5) 30MMBL. J0WYdo F0bsomdgamds 59(3303J0L MgmMgdols
15O OHMASL. O

990920 3.2. 300435m, LOEYdS (0.2) ((0.3)), 306GMds, I € {1,...,n— 1}, 1+ n 396¢00 (I +n
wgfjos),

|F(u) (k)| = p(k)|u(o (k)| Inu(o(k)], Gogsu € Hy, 7k € N,;z, (3.6)
boo3
. .. .o(k)
A>1,0(k) < k’khrf o(k) =+oo,p: N — R+,11m1nf7 > 0. (3.7)
—400

85806 080Lsm3z0L, MMA 63xdoLdogMo ky € N-Logob, Uy, = 0, bs3dsGobos

Zp i"lol (i) = +oo. (3.8)

©59(}%)30(3905. 890930l LT3 03I B3OS 893608bMmm, HMA (3.6)-(3.8) Mobsbdo
56930900 w(s) = sIn* s, w; (s) = 5 53059mBoIDY6 3.2 NGMOHIIOL 30HMBIAY, Gag 50BHIOFIOL
3909200 LYF>OWOSBMBS. O

090935 3.3. 300g350, LOgds (0.2) ((0.3)), (2.1)-(2.3), 306>09d0, LHWOE W S W1 M3~
905000 $bJ309005, OMIWGIOG 5305YMBOWGdJ6 306MdJIL

1l1

Tk (k)y) = wi(o' 7 (k)w(y)), Gogs k € N,;),y =M, (3.9)
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Loog M > 0 B53050m0b5© oo MoEbz0s,

/1 4 oo (3.10)
0 w(s)

85306 030Lom30L, MMA bgdoldogmo ko € N, € {1,...,n — 1},, 1+ n 3gb@os, (I + n corfios),
Uk, = 0, b5385®0b0s

S ity (20
Zz” p(i)wi( ) = +o0. (3.11)
k=1

I

©99()303909. 53998350 Lbofobs5AEIAM. 30J35m, SOLYdMIL kg € N sl € {1,...,n — 1},
Boosi |+ n 396Bos, (I + n @ffos) obgmo, Gmd Uy, # (. g.0. (0.1) 3o6@megdsl 3558600
fobog®mo s0mbsoblibo u : N, ,;; — R, &03gog 93059mx30gdl (1.1) 306:0mdsl. Howsb (3.9) s
(3.10) 0565b3sc LEOMEEYds 3.2 PYMMHYIOL 30OHMBYOO0, Sd0EHM™I

l .

+o0o o (Z)
;in_l_lp(i)wl( 0 ) < +o0,

9L 30 90655089909 (3.11) 30MHMBSL. F0gdo HoboowdYAMdS 59(3303JOL MgMMgdols
LSO OBMBSL. O

990920 3.3. 3009435m, LOEYdS (0.2) ((0.3)) 3oMMds, Losg ! € {1,...,n — 1}, 1+ n 396¢0s
(I + n nfos),

[F(u)(k)| = p(k)[u(o ()] (3.12)
boo3
p: N — Ry, o(k) < k:,kli{l: o(k) =+00,0 <A< 1. (3.13)

85806 080Lsm3z0L, MMA 63d0LA0YHO ky € N-Logob, Uy, = 0, bs3ds60obos

“+oo

> i p(i)oM (i) = +oo. (3.14)
k=1

©59(}30(399%. 90090L ©oLYIE30EJIOWS® B3ToMOLOS d93608bmm, MmA (3.12)-(3.14) dsgroom
35505 LONIRS 3.3 Mol 30HMdIBO, Losg w(s) = w, (s) = s O

990920 3.4. 3009435m, LOWEYdS (0.2) ((0.3)) 3oMMds, Losg L € {1,...,n — 1}, 1+ n 396&0s
(I +n nfos),
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|F(u) (k)| = p(k)[u(o (k)| In* (1 + |u(o(k))]) (3.15)

bos3
p:N = Ri,0k)<k, lim o(k)=+00,0< <1 (3.16)

k—+o0
85806 030Lsm3z0L, ®™A 63d0LA0gHO ko € N-bmgzol, Uk, ; = 0, L530sG0bos
+oo
> i (i)l (i) = +oo. (3.17)
k=1

©59(%303909. 9900930L LMD E0bMdY, (3.15)-(3.17)-0b MsbsbTs, 49dMIObIGYMAIL 3.3
396580056, Loog w(s) = sIn (1 + 5),wi(s) = s O
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4 85050 ool Bbgomd0sbo 35bEMEqd9d0 A m30L9d0m

9909 356M0aMoxTdo dmy3z560e0 G9Yag00L 93mygbgdom, 3g-4 s 39-5 35MoaM5539dd0
9dmy39600 046905 Bo3zdsMm0OLO 30OHMBId0 0TS, ™A (0.1) 4bEMEgdSL 2o5Bbgl A s B d30l9-
0o.

®9m©90s 4.1. 300d35m, LEKYEEYds (0.2), (2.1)-(2.3) 306H:MdGBO, bxgdoLdogdo ! € {1,...,n—1}-
Logob, Lo I 4+ n 3gb@os,

+oo
> ket (k)p(k) = +oo, (4.1)
k=1
5 39630 n-ob dgdmbggzsdo
+oo
> kI p(k) = +o0. (4.2)
k=1

2396005 530Ls, ) 0 5M53WYdSO, limy_, | o inf # >0,

+oo
>k w(eo ™ (k))p(k) = +oo, (4.3)
k=1
6900bdogMo ¢ > 0-boogol, I € {1,...,n — 1}, (I + n) 39609, 35806 (0.1) 256 m@gdsl asshbos A
30L930.

©59(3)30(3905. 300935m, u : N, ,;t) — R 560U (0.1) 256™gdol s650bg3500 59mbsblbo. 35806
1.1 @930l 05bsbdo sGMLgdMdL I € {1,...,n — 1} 0bgoo, ®md I + n 396¢05 s LOMEgds (0.1)
306Mds.
30639 G080 356396mm, GMA ol € {0,...,n — 1} s6GLYdMIL ¢; > 0 sk € N,:B obgmo,
6H™a
u(k) = k™", Gogs k € N (4.4)

BODW3, Mgsh ADu(k) = 0, s90@H™md 435J3L

ADu(k) > ¢p, Gogs k € NiE.

5303™3 GHMEWMd0s6

k
A2y (k) = > ADu(k) + A u(k).
k=ko

) 3530m35@0lFobgdm (4.4) 33996905 A2 u(k) = c1(k — ko), 530&md 99356Rom® cz > 0 >
ko € N]:; obg, ®md AU2y(k) = ok, k € N,:;. 099 50 AB3EGEMOIL 253580dYgdm, J0Z300900,
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63 5OLYIMOL ¢; > 0 s Kk € IV, ,;2 090, OMI LOYEYDS (4.4) 30OHMBS. sdo@mad (0.1), (2.1) s
(4.3) 0565b3s>¢0, 3030090

+o00
Z AMy(i)i" ™ = o0, L€ {1,...,n—1}, I+ n 396¢0s. (4.5)
k=1

6goobdogmo I € {1,...,n — 1}, bdog I + n 396309, (4.1)-0b msbsbds LOHMEEYds 3.1 ;gm-
6990b 306mdY00. 5d0@MI, 3.1 MgMEgdol Msbsbdo I ¢ {1,...,n — 1}. 3535L5©sdg 1 3960 s
[ = 0. 59 999mbgz935d0 Mbs 35B396mm, Mmd

ADy(k) L0 =0,...,n—1), Gogs kT +oo. (4.6)

30639 H0ydo 356396Mmm, HMA LEAsMNE0560S B98I0 BHMEIMDS

k
Z jnfl A(n) U(]) — knfl A(nfl) U(k 4 1) . (kO o 1)7171 A(n—l) u(ko)_
J=ko

DAy A G- ke NEL (47)

5036086mm

k
ur(k) = Y 5" A u(f),ua(k) = k"7 AP u(k 4 1) = (k= )" AT u(ko)
J=ko
k
S ATy A G- ke NE. (48)

233°J3L
ur(ko) = kg~ A u(ko),
ua(ko) = k7 APD (kg + 1) — (ko — D" L AP 4y(kg) — AP VDay(kg) A (kg — 1)1 =
= k7P ACTY (kg 4+ 1) — AP Dy(ko) (A(ko — 1)+ (ko — 1)"7Y) =
= kP APTD (kg + 1) — AP Dk k= ERY A Du(ky + 1) — AP Da(ke)) =
=k AD (k).

0595b5sdY
u1 (ko) = uz(ko)- (4.9)
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sbaws 30839600 w1 (k) o ua (k) gMBJ30900L bbgsmdgdol GHememds. JsOMESE

k+1 k
AOuy (k) =Y "t AW i)y = > it A () = (k+ 1" AM u(k + 1),
i=ko i=ko

k
AWuy(k) = AW ERT AP D w(k + 1)) - 2O ACDu() A (- 1)" ) =
Jj=ko

= AWk +1)(k+ 1" + A Dk + 1) AW EE - AP Dy 4 1) AW E =
= (k+1)"" P AP y(k +1).

AWy (k) = AWuy(k), k€ N (4.10)

(4.9) 5 (4.10)-56 358mI065GYMBY, MM u; (k) = uz (k). 9.0. LEASOME0605 (4.7) BHErawDS.
099 359030996900 (4.7) BHmemdsls Ms8gbx Mg, 33945905

k n—1
DA u() =) (-1 A9 (k= )Tt AP ulk 4 1)
j=ko =0
n—1
D (=1 (ko —j = 1)" I AT (k). (4.11)
7=0

sbans 356396Mmm, M bLOHMEEYOS (4.6) 30MXMds. §oboswdgy 9dmbggzsdo dmodqdbgds ¢ > 0 s
ko € N obgomo, ®md u(k) > ¢, Bogs k € N,;;. 9.0. (0.1) s (2.1)-0b 05bsbdo vy 33593l

k k
oA ) +w(i) Y i p() <0, ke Nt
Jj=ko Jj=ko

5d03™a (4.11)-0b 0sbsbdso B030090m

k n—1
w(i) Y 5" p() <D (ko —j — DI AT (k).
i=ko =0

599056 3boos

—+o00
> () < 400,
Jj=ko
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653 9006550009390 (4.2) 30OHMdL. F0gdMeo Hoboswdgymds 59330390L, HMA LMmIEIdS
(4.6) 306005, HM35 1 396G I = 0. F535L55dg (0.1) gobBHmergdsl 4osBbos A 30lgds. mgm-

905 59(3H30(39OI0. O

09mM9ds 4.1°. 300935m, LEWEEYds (0.2), (2.1)-(2.3) 306>:MdYdO, BxdoldogMo ¢ > 0-bLogol s6-
19dMBL €1 > 0 0LgMO, OH™A L53FMOLO© OO k-Logob sl € {1,...,n—1}-Logolb l+n 396&0s,

w(e- o' (k) = e1(w(o (k)™ lim infw(ak(k)) > 0. (4.12)

k—+4o00

05306 030L5030l, ®MA (0.1) 496@MEgdsL gosBbrgl A mgz0lgds, byzdsMolos:
+o0
> ko™ 2 (k)p(k) = +oo. (4.13)
k=1

©99(%)303995. 30639 G080, 8936086mm, MMA (4.12)-0b MBsbAS®, oY o (k) < k (4.13)-
56 258MmIE0bsMMBL, HMI LEWYdS (4.3)-0b Yy39ws 30MHMds. FgmMgl IBGO3Z, bW, MM
LOYEEIds (4.1) Bgdobdogmo I € {1,...,n — 1}-bogob, bowsg (I + n) 396&0s. Moz Tggbgds
(4.2) 30609050, 30605306 35dmIE0BIMYMIL 30MHMOd0E o (k) < k. 3535L5@sTY, LOHMWEYdS 4.1
09990l 439es 30O MBS, M3 5930390l 0gMEYISL. O

390930 4.1. 300d35m, LOMEYdS (0.2) 30OHMdS,

|F(u) (k)| = p(k)|u(o(k)]*, Gogs k € N,:g,u € Hy, -, (4.14)
Lo
A>0,p: N = Ry, o(k) gmbdcos 56530qd5000, o(k) < k’khT o(k) = 400, (4.15)
—+oo
A
lim inf 7" <o, (4.16)
k—-+oco k

35306 0doLsm30L MHMA (0.1) 56GHMEgdsl 359hbIl A ;g0Lgds
+o0
> ko2 (k)p(k) = +oo.
k=1

©59(3)303905. 8900930L BT3HI0EJIWS® B53T>MOLOS 936086mm, HMI (4.14)-(4.16)-0b 0o~
Bobdsc, LB gds 4.17 MgMegdols 30HMBYBO, bowsg w(s) = 5. O

09M98s 4.2. 30d35m, LEWEJDS (0.2), (2.1)-(2.3) 306HMdYBdO, I0d7d6Yds w; : (0, +00) —
(0, +00), k1 € N obgmo, H0J:
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1ol (k) 1ol (k)

w( ) - w(y), G0 k € Ny > M, (4.17)

le{l,...,n—1} (I 4+ n) 396&0s. 0w limy_, 4~ inf@ > 0 s

“+oo
Zp(i)i"_lwl(%al_l(i)) = 00, (4.18)
k=1 '

2396005 530bs, 396EH0 n-0l d90mbggzsdo

+o0
> kK p(k) = +oo, (4.19)
k=1

35306 (0.1) 256¢mgdsl 2558605 A mg0Lgds.

©59(})30(3909. 89360860m0m, H™I (4.17),(4.18)-0b Msbsbdog, bydolbdogMo I € {1,...,n — 1}-
bongob, [+ n 396@09, bOXMWEYds 3.2. MYMEOHGIOL 306HMBYO0. 300350, U : N,;Z — R 560U (0.1)
23963MEgdOL 5GMHY350 53MBIBLBO. 5906, wgds 1.1-0L MsbsbIs, sOLYdMAL I € {0,...,n—1}
olgmo, MM | + n 396@05 s LEWWEIds (1.1) 30MMds. (4.17),(4.18)-0b M9BsbTs©, 19 Hog30m-
35¢00Lobgdm 3.2 MgMm©9dol 33303909, 339906905 I ¢ {1,...,n — 1}. B585LosdY, n 396¢F0
5 1 = 0. (4.19)-0b 0565bTo, MmO E gl Bsb3z969d0 0gm 4.1. MgMGgdol s3EHI0EJO0L MM,
39396900, M3 LEW YOS (0.4) 30OMBds. F5FoL55TY, (0.1) FobEHMEGdSL Qo5hbos A M30LYds.

0906995 ©9FZ03IOMX000. O

096905 4.2°. 3009435m, LOVEEGdS (0.2),

|F(u) (k)| = p(k)|u(o(k)|In* u(a(k)), Gogs u € Hy, 7k € N,;;, (4.20)
b5,
. .. .o(k)
A>1,0(k) < k:,khm o(k) =+oo,p: N — R+,11m1nf7 > 0, (4.21)
—+00

05306 030L5mM30L, ®MA (0.1) 496EMEgdSL gosBbgl A mgz0Lgds, Ly3sMOLos

“+00

D i(a(i)"?p(i) = +o0. (4.22)

k=1

©59(%30(3905. BSIZHI0EJOWO® B53ToMOL0S T9360dbMm™, MMI LHVYEIOS 4.2. MYMGOHIol
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3068900, basg W ©d Wi BrBI309d0 mEgdIEwos BrEMdYBom: w(s) = sIn* s, s > 1,w(s) = s,

(efl,....n—1)).

096905 4.3°. 3009435m, LOMEEGDS (0.2) 30OMDdY,

| (u) (k)| = p(k)[u(o (k)| In* (1 + [u(o (K))]), u € Hiyy,

bos3

p:N— Ry o(k)<k, lim o(k)=+400,0< <1

k—4o00

05906, 0dobom3z0l, HmA (0.1) 256EHMEgdsl 359hbgl A 130L9ds, Bo3doMOlos

+oo
Zan_l(k)p(k:) = 400.
k=1

O]

(4.23)

(4.24)

(4.25)

©59(3)30(3909. 300935, u : N, lj;) — R 560 (0.1) 3563 ™Meg00l sG10mbgzs000 58mbsblibo. 35806
1.1 ¢930b msbsbdo sMLgdmdL [ € {0,...,n — 1} obgmo, MGemd bLOHMEEIds (1.1) 3oOHMdYdO,
Boog | + 1 396305, Moyob a(k) < k, 500@™ (4.25)-0b 00bsbdo (3bo@0os, M@ 69dobdogeo
le{l,...,n— 1} bOMEYds (3.17) 30MHMds. 5d0GM™A 3.4 Tggaol sbsbds | ¢ {1,...,n — 1},
boog | + 1 3gbG0o. 3585150539 1 396G05 s I = 0. M6 (4.25)-5b godmd0bscrgmdl, Gma
LOMEXEYOS (4.2) 30HMdS, 530G™A 4.1 MYMMH9dsdo Imy3z560¢0 3EI0(3JOOL bsEMYOMES©
39639690, G u GMbJ305 53059430090 (0.4) 306:mdL. g.0. (0.1) 2058605 A z0Lgds. 0gmE9ds

©59(}H30390IEN0s.
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5 ULbgomdosbo 2sb@Hmwgdqgdo B mzolgdom

096935 5.1. 3019350, bLEMYEEYds (0.3), (2.1)-(2.3) 3oGMdIdO, bgdobdogho I € {1,...,n—2},
boog I + 1 yfos

+oo
> ko (k)p(k) = +oo, (5.1)
k=1
+o0o
Z k" w(cot T (E))p(k) = 400, BgdolBogeo ¢ > 0,1 € {1,...,n — 2}, + n @nfos.  (5.2)
k=1

3965 530LS, 1) o (k) 5605390500, limy,_, 1 o inf %k) > 0, o

“+oo

> w(eo™ ! (k))p(k) = +oo, (5.3)

k=1

bem oo n-ob 999dmbggzsdo
+oo

> kT p(k) = 4o, (5.4)

k=1
05906 (0.1) 356FHMegdsl 4558605 B ovg0lgds.

©59(}30(3909. 300350, u : N, ,;E — R 560b (0.1) 496090l 5G56b935000 Fgbogemo sdmbsblbo,
35806 1.1 0930l 0sbsbdsq, sOLYdMBL I € {0, 1,...,n} olgmo, G™mA [ + n wwfos s LOEMWEYdS
(1.1) 306HMds.

(5.1)-b5 9 (5.3)-0L MSBsbTs, MMaMOE gl b5B3969d0 0gm 4.1 MgMEOITOL SIBHI0EJOOL
©OML, 39839690m, M3 I ¢ {1,...,n —2}. 0 n @fos s I = 0, 4.1 ©gm@93oL sbsgwmyom®s©
993300005 35639600, H™I LEWEIds (0.4) 3061Ddo.

Sbs 3mdzom | = n. 35806 (1.1)-0b dogrom, Jo6EH0350 3956396900, ™A 1153056M0L OO
k-borgol 33996900 u(k) = ck™ 1, basg ¢ > 0. 530@™d, vy gd30mz5@obfobgdm (2.1), (0.3), (0.1)
2396¢Mg30sb dogz00mqdm

A u(k) > |F(u)(k)] = p(k)w(co™ " (k).
099 53X 59530 k-5b k-00g 0300900

3 Al Zp L)), ke N

i=kg i=ko
J-0.
APyl 4+1) > AP Dy (k) —i—Zp (k)).

i=ko

8585500599, (5.2)-0b BB AP Du(k) 1+ +oo Gmgs k T +00. 858550507 LHEEYDS
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(0.5) 306Hmds.

3049350 1 oo s | = 0, 35906 4.1 0gmE9dsdo dmyzs60eo Ay gEMmdol sBsemy0Mo,
3956396Mmm, M LOHYEIDds (0.4) 30OHMBs. M3 59BZ03g0L, MM (0.1) FobEHMWGdSL Joshbos B
30L9d0. O

390090 5.1. 300d35m, LM gds (0.3), (4.19), (4.21) 306HMdJdO. 35d0b 0dobosmgzols, Hma (0.1)
2396@MgdsL 409hbgls B 09309009, Lozdo®obos

“+oo
> p(k)o™ (k) = +oc. (5.5)
k=1

©59%303909. 300d35m, u : N — R 560b (0.1) 3563Mgdol s656bg3500 5dmbsblibo. dsdob
1.1 @930l mbobdo sGLYRdMdL [ € {0, ..., n} obymo, G®d I + n wnfos s LOHMEEYds (1.1)
30OMds. MYM9s 4.2” 965Ma0Mo 35639690m, @A | ¢ {1,...,n — 2}. vl = n, (5.5)-0b
056563500 5.1 gm0l 565¢Mmy0mEs© 356396900, HMA LM Yds (0.5) 306Mds. vl = 0
@5 1 @fos, Moysb o (k) < k, (5.5)-0L 0sbsbdso 396396900, H™I LGwargds (0.4) 306G MdS.
0535b500509 (0.1) 256EHMEgdsl 359hbos B 0d30L90d0. O

0] 393003500 gdm 4.3” 1mgm©H5dol o9 Z0EJd, sbsermaom@ma 356396980 d9dwgao
3900920 L5F>OWOSBMBS.

3900920 5.2. 3003350, bOHNMEEYds (0.3), (4.23) 306:MdYdO. 85906 0ToLsM3oL, O™ (0.1) QbEH™-
@905l 25586 gly B 3030l9ds, Logda0olios glermargl (4.25) 30OHMdS.
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Qsl3336s

L5350BEGHMM 65dMIMIT0 EYHIH0 05 115305MOLO 306OHMBJd0 0ToLs, HMA FooE0 MOYOL M3g-
5GMOME BH35MB0D 2563 Megdsls gosBbgl 9.§. A 96 B 0930l90s. dmygzsbowos bmyog@omo
dmbm@Hmb©Ho olizhgB o gmbdiogdol m30l9d9d0. FoMEs 5doLs LTEHIOEIOIL0s IO M-
0oL 3Ho30b BMMIMEgd0 BHZ5MdYd0L J90mb3935d0. AIHO0s FME7FMEO M3GMHOGMOVIXO
b35md0560 496E™MEgd0l IO FglogMo 53MbsbLBYdOL SOLGdMBOL 59(30¢9dIL0 30MM-
0900, 51939 L385MOLO 30MHMBYOO 0oL, HMA I (39T Q9BEBHMEIGOSL 56 go3BbgL 9.§. I BHodol
5dmboblbgdo.

Losbengl Ho63Mmogbl ol 4o69amgds, MM bodMMIdo gobbowrmeos 890mbg939d0, MHm3s
F 03965@ MmO 2508605 990096-33599e96m0l Ho3ol 5015053030 dobmMo@obasb goblbgsggdwmwo
565(MR03Mds s 58 90mmb3935d0 ImYyz5600s 9BIJGHVIO0 306MHMdJd0 0doLY, MM dm(3gdwre
2396@™MgdsL gosBbgl A 56 B 0v30L9d0.
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