MOHOTOHZAbI ©CMNEJII X)KoHE KEMIMEJ1I TISBEK J

LLlskip Alimoc faHuxaHysbl
an-Papabu atbiHaarbl Kasak yaTTbik yHUBEpCUTETI
MaTemaTuka KadpeapacbiHbiH aFa oKbITywbickl, PhD

9 kbipkyiiek 2024
AnmaTtbl, KasakcTaH

Llskip A. (KasYV) 2-papic 9 kpbipkyiiek 2024 1/14



2Xocnap

DapicTtin, makcatbl — MoHOTOHABI ecneni xaHe kemimeni Tizbek Typanbi
aknapat bepy, onapapiH KacMeTTepiH Aanenaey.
Herisri cypakrap:

o MoHoToHAbI ecneni xaHe onapablH, KacneTTepi
e MoHoToHAbI KeMiMeni aHe onapablH KacueTTepi
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MoHoTOoHAbI Ti30eK >KaHe OHbIH, LWeri Typasbl Teopema

Aubiktama 2.1. Erep {x,} TisberiHiH opbip Keneci MyLueci OHbIH, anfblHAAFbI MYLUECIHEH KEM
(apTbiK) bonmaca, siFHM Bapabik n = 1,2,... Hemipnepi ywiH

Xp < Xp+1 (Xn > Xn+1)

TeHci3airi opbiHganca, oHpa {xnp} Tisberin kemimeliTiH (ecneiiTin) Tizbek gen aTaiigbl.
Aubiktama 2.2. Erep Vn € N ywin

Xn < Xp+1 (Xn > Xn+1)

TeHci3airi opbiHaanca, oHaa {xn} Tisberin ecneni (kemimeni) Tisbek gen aTaligbl.
TizbekTepain 6apnbik ocbl TypniepiH BipiKTipin, Xannbl aTneH MOHOTOHAbI Ti3bekTep fen
aTanapl.

Kes kenreH MoHOTOHAbI Ti36eK He >XKOFapfbl, HE TOMEHT| XKafblHaH LueKkTenreH bonaabl.
LLIbiHbIHAA, Ke3 KenreH KeMiMelTiH Ti36eK TOMEHTi XafFblHaH LekTenreH (420 TOMeHri LWwekapa
peTiHAe Ti3bekTiH BipiHwWi MyLeciH anyFa 6onaapl), an Ke3 KesreH ecneliTiH Tisbek xoFapFbl
>KafblHaH WwekTenreH (4an »oFapFbl LWekapa peTiHge BipiHwi mylwecit anyra 6onagpt).
CoHfAblKTaH, erep ecneiiTiH Ti3beK TOMEHTI XKafblHaH LUEKTENCE, OHAA OJ LUeKTenreH 6onaabl. ...
Lan ocbinaii, erep kemiMenTiH Ti36eK »KOFapFbl XKaFblHAH LUEKTENCE, OHAA O LUEKTENIrEH (
Ti3bek Gonagbl.

Lskip A. (KasYV) 2-papic 9 Kkbipkyiiek 2024  3/14




Mblcan,qa?

1) 1,1, %, S %, %, ... — ecneiiTiH Tizbek. On »ofapfbl XKaFblHaH BipiHwWi Myweci 1
CaHbIMeH, an TeMeHri xafbiHaH O CaHbIMEH LUEKTeNreH.

2) 2,2,3,3,...,n,n,... — keMiMeliTiH Ti3bek. On TOMeHTi XaFblHaH 2 CaHbIMEH LUEKTEreH,
aJl XKOFapFbl >XKafblHaH LEKTEJIMEreH.

3)1,2,3,...,n,... — MOHOTOHAbI ecneni Tizbek, cebebi n < n+ 1, an %, %, %, R %, ...

1
n+1"
Teopema 2.1 (MoHoToHgb! Ti36ekTiH, weri Typansi). Erep kemimelitin (ecneiitin) Tizbek
XOFapFbl (TOMEHT) >KaFbIHAH LUEKTENCE, OHAA OJ1 XKUHAKTbI.

MOHOTOHAbI KEMITIH Tizbek, cebebi % >
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Doanenpey {x,} Tisberi keMimMeliTiH >xaHe XOFapbl XafFblHaH LekTenreH boncoiH. OHpa
Beiiepwtpacc Teopemacs! 6oiibiHwa {x,} TisberiHiH fon >koFapfbl Wwekapackl bap, oHbl gen
6enrineliik, aFHn

a = sup{xp}.
Ocbl a caHbl {xn} Ti3beriHiH weri 6onaTbiHbIH kopceTeliik. Jan xoFapfFbl WeKapaHblH, KacUeTi
6oiibiHwa {x,} TizberiHiH ke3 KenreH myLuec
xp < a
TEeHCI3AIKTI KaHaFaTTaHAbIpaAbl XaHe Ke3 KenreH € > 0 caHbl ywid N Hemipi Tabblabin,

a—e < Xxy

TEHCI3AiK opblHAanagbl.
Bepinren {x,} Tisberi kemimeiiTin GonFangbikTan 6apsabik n > N Hemipi yuiH

xy<xn = 0<a—x,<eg,

Hemece
[xn — a] < g,
AFHN
lim x, = a.
n—oo
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TeopemaHblH, ekiHwi beniri, siFHn {xn} Ti3beri ecneliTiH 6oNbIN TOMEHTT XKaFblHAH LUEKTENreH
>Kafgalibl fa >KoFapblaafblgal gsnengeHea.

Teopema ganengeHai.

Canpap MoHoToHabl Ti3bek XUHaKTbl 6Oy YLUiH LIEKTENYi KaXKeTTi XKOHE »KETKINIKTI.
MrHakTbl Tiz3bek MOHOTOHAbLI 6ONMaybl MYMKIH.

KemimeliTiH (ecneiiTiH) xaHe xofapfFbl (TOMEHTi) »afblHaH LekTenreH {xn}
TizberiniH, 6apabIK 3NeMeHTTepi OHbIH, Wweri a-gaH acnaiigel (kem 6onmaiigest), aFHmn

xn < a (xn>a).

e MoHoTOHAbI Ti36eKTiH, Weri Typanbl TeopeMa weKTiH 6ap 6onybiH FaHa
TaFalibiHgaiabl, 6ipak oHbl aHbiKTamalabl. Anaiiia OCbIHbIH ©3i Ae WeKTep
TeopUACbIHAA 6Te MaHbI3AbI.
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Mbican TemeHgeri Ti3bekTi kapacTbipaiibik;

{xn}:(1+%)", n=1.2,... (2.1)

MoHoToHab! Ti3bek Lieri Typasibl TeopeMaHbl KOJAAHbIMN, OHbIH XUHAKTbl €KEeHIH Aanenaeiik.

Erep
. 1 .
lim (14— =1, lim n=o0
n— oo n n—oo

. 1\"
lim (1 + 7)
n—oo n

weri 1°° TypiHgeri aHblKTasMaFraHAbIKTbl BepeTiHi Kepyre 6onagbl.
Morapbigarbl (2.1) TizbekTiH, x, MyweciH HbtoToH BrHOMBIHBIH, hopMynackiH naliganaHbin
XKIKTeRiK:

6onaTbIHbIH €CKepcek, OHAa
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o= (1+1)

1 nn—-1) 1 n(n—1)(n—2) 1
=14n-- s LA
R TR~ 3! +
—1)-(n—k+1) 1
+n(n )kl(n )'7+.”+

SRR

! n n n
1 1 2 n—1
rerd (616
n! n n n
Ti3b6ekTiH Keseci Xp41 MyLUECI fe OCbl CUSIKTbI XXIKTeNea
2+ 1 1 1 1 1 1 1 2 "
Xpil = — — — — —
e i) T3 n+1 n+1
1 2 k—1
il _ (1= 2
+ ( +)( ) (o) @
1 1 1 n )
(n41)! n+1 n+1/)’
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Ocbi (2.2) »aHe (2.3) epHeKTepiH canbICTbIpcak, OHAA:

BipiHwigeH, (2.2) epHeKTiH OH >XaFblHAAFbI KOCBUIFbILITApALIH caHbl n+ 1, an (2.3)
OPHEKTIH, OH, >KaFblHAAFbI KOCLINFLILUTAPAbIH CaHbl N + 2 6onagbl xaxe (2.3)
epHekTeri CoHFbl (N + 2) KOCBIIFbILIBLIHBIH, OH eKeHi KepiHeA;.

9 ExiHwigeH, ke3 kenren k = 2,3, ..., n ywiH

G- i () () (-5

cebebi

CoHgablKTaH
Xn < Xn41,

aFHn {xn} Tisberi ecneni. Engi (2.1) TisbeKTiH >KOFapfbl XKafFblHaH LUEKTENETIHIH KOPCETENiK.
Ocbl MakcaTneH (2.2) epHeKTiH OH >KafblHAaFbl 9pbip XaKlaHbl 1 caHbIMEH anMacTbipaMbi3
xoaHe kI > 2k=1 "k > 2 tencisgirin naiigananameis. Conga

, 11 1 _,, 1.1 1
Engi
11,1 1l T -1
2 ' 22 2n-1 2 1-1 2n-1
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EKEHiH eckepcek,

Xp < 3 — < 3.

2n—1

CoHfbl TeHcizaik {x,} TizberiHiH >koFapfbl XKafblHaH WekTeneTiHiH kopceTeai. CoHbiMeH, {xn}
Ti3beri ecneni )xaHe XOFapfbl XKafblHaH LWEKTENreH ekeH. Jlemek, oHbIH, WeKTini weri 6ap,
OHbl Diinepai kypmeTiHe Diinep caHbl fgen atan, e apnimeH benrineiimis:

1 n
lim x, = lim (1 + 7> = e.
n—oo n— oo n

e — vppauuoHan caH. Herisi e 6onaTeiH norapudmaepai Hatypan norapudmaep Hemece
Henep norapudmpepi gen ataligbl, oHbl In x gen 6enrineiimis, gemex

Inx = log, x.

Bis anpafbl yakpiTTa ocbl HaTypan norapudmaepai kebitece naiiganaHambls. Engi In x nen
Ig x, ¥x > 0 apacbiHgafbl baiinaHbiCTbl KapacTbipaiiblik. Ocbl MakcaTneH x = elnx
Tene-TeHairiH Herisi 10 GoiibiHwa norapudpmaeiimis. Conga

lgx =Inx-lge Hemece Igx= MInx,

MYHZAafbl

! =~ 0.4342
0

M=Ige=——
In

CaHbIH HaTypan JsiorapumMaep XyieciHeH OHAbIK XKyliere eTy Moaysi Aen aTaiigbi:

Lskip A. (KasYV) 2-papic 9 kpbipkyiiek 2024




Mpebican ecen: MoHoToHAb! Ti3bek
Bepinren Tizbek:

Xp = , n=1,23,...
n+1
Kagam 1: MoHoToHAbIKTBI TEekcepy.
TisbekTiH keneci myLueci:
n+1
X, = .
n+1 n+t2
CanbicTblpaiibik;
n+1 n (n+1)2 = n(n+2) 1
Xp+l — Xn = — = = > 0.
n+2 n+1 (n+1)(n+2) (n+1)(n+2)

CoHpbikTaH
Xp+1 > Xn, Vn € N7

AFHM Ti3bek ecneni (MOHOTOHABI ecneni).
Kagam 2: XKorapfbl LIeKTeNreHgiriH Tekcepy.
Bapsbik n € N yuwin:
n
n+1

COHp,bIKTaH Ti3bek XOFapfbl XXafblHAH LUEKTENTEH, TOMeHTi »afblHaH bosca:

<1

Xp =
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KopbITbiHAbI:
Ti3bek ecneni )aHe LEKTENreH, COHAbIKTAaH MOHOTOHAbI Ti3bekTiH weri 6ap. LLlerin Tabaiibik:

. . n
lim x, = lim =1
—o0

n n—)oon+]_7

Jewmek, Ti3bekTiH weri

[1]

Lskip A. (KasYV) 2-papic 9 Kkbipkyiiek 2024 12/14



Kocbimwa aknapart
CrynenT Tonbik aknapattol [1], [2], [3], [4], [5], [6] »xymbicTapaaH kapayFa 6onagbi.
@ ®uxtenronsy .M.
OcHoBbl MaTeMaTu4deckoro aHanmsa. — M., 1968, 1972, 1956, 1960, 1964, 1957, 2002.

Hdemuposuy B.11.

C6opHuk 3afay u ynpaxkHeHuii no maTemaTunyeckomy aHanusy. — M., 1997, 1990,
1977, 1962, 1998, 1969, 1966, 1958, 1956, 1952, 2002, 2004, 2006, 2005.
Temipranues H.

MaTemaTukansik aHanns. — Anmatsl, 1991.

Kyapsisues J1./.
CbopHuk 3agay no matematmdeckomy ananusy. — M., 1984, 1981, 1988, 2003.

Nneun B.A., Mosnsak D.T.
OcHoBbl MaTemaTuyeckoro aHanmsa. Y. 1. — M.: Hayka, 1982, 1987, 1985, 2004, 2006

) & & & &

Catbifynosa C., Vckakosa A.K., Aiitxanos C.E.
MaTtemaTukanbik aHanus |. — AnmaTtel: Kasak yHusepcuteti, 2020. -236 6.

Lskip A. (KasYV) 2-papic 9 Kkbipkyiiek 2024 13 /14



HA3APIAPBIHbBIZFA
PAKMET!
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