3apaBcteyunTe!

Jlekunsa Ne3



[1penenbHbIN Nepexod B HepaBeHCTBAX

Teopema 1. IlycTh {x,} CXOASIMASICH MOC/IEIOBATEILHOCTD H
Vanx>b.Torma limx =>b.

n—>©

O6osnaunm lim x, = o . Toraa yreepxacHuE, NPOTUBOMOIOKHOE

n—>0
JOKA3bIBACMOMY, UMECT BUA:. a < b .
b—a

Bo3smeMm € = > 0. Toraa, o onpeacICHHIO, PEaca

IMOCJICAOBATCIIBHOCTH, MOKHO HAITHUCATDH

b—a
AN Vn>N |x,—a|<e = .
[locneqHEE HEPABEHCTBO PACIIMILIEM B BUAC ABOWHOTIO:
b—a b-—a a+b
a— < X, <a-+ = .
2 2
a+b

Ho Tak kak a<b 10 <b unonyyaercsuto Vv n>N x, <b,

2
YTO MPOTUBOPEUHUT YCIOBUIO TCOPEMBL. M



Caencreue. Ecom {x,} u {y,} cxoxsmmmecs mociexosaremnocrn
UVnx =2y,T0
limx, >limy,

1—>0 1—>0 ¢
JIOKa3aTeIbCTBO JACTCA CICAVIOMIECH HETIOYKON CIEACTBUN
x, 2y =>x, -y 20= lim(xn —yn)z() —

n—>0

limx —limy >0 = limx >limy,

n—>0 n—>®0 n—>0 1—>00
Baoicrioe 3ameuanue
Ecm Vn x, >b 10 limx, >5.

n—>0



Teopema 2. (Teopema o asyx mununmronepax) Ilycre
1. {x,} u {z,} cxonsumecs Nocaeq0BATENLHOCTH;

2.Vn x, <y <z ;

3.lmx =lmz =a.

n—>00 n—> 0

Torna {y,} Takme CcXOOAMIAACA TOCJAEAOBATENLHOCTD U

Imy =a.

n—>c0



Jloka3aTeabCTBO

limx =a = V&>03N, Vn>N, |x,—da<¢  wm
n—>0

a-e<x, <a+e

limz =a = Y&>03N, Va>N, |z,-d<¢  wm

n—>c0

a—-g<z,<a+eg
Bepa N =max(N,,N,) u yuurssas, uto V n x, <y <z MOXKHO
3anmcaTh

Vn>Na—-eg<x <y <z <a+eg.

BriOpaceIBast IMIIIHEE, TOJIYYHM YTO
Vn>N a-s<y <a+ewM |y, —al<s,

YTO M TOBOPUT O TOM, yTo 1 limy =a

n—r0



IIpeaess MOHOTOHHOM HOCJIEA0BATE/ILHOCTH

Omnpeaenenue. [locaenoBare IbHOCTD {xn} HAa3bIBACTCS
— MOHOTOHHO BO3pacTaroIeH (HCyObBawmici), ¢cau VYV 7

X

1+1 Z xn 3

— CTPOro MOHOTOHHO BO3pacTaroIicH (HEyObIBAIOMICH), €CIIH V 7
xn-i—l > xn 7
— MOHOTOHHO YVOBIBawmicHi (HCBO3pacTalwimci), ecimm Vn
xn+1 < xn ,
— CTPOTO MOHOTOHHO yOBIBaromicH (HEBO3paCTAOMICH), €CIH V 7
xn+l < xn ;

MOHOTOHHO BO3PACTAIOIIHC ITOCJICIOBATCILHOCTH
0003HAYaKOT CUMBOJOM X, ) ., MOHOTOHHO VOBIBAIOIIHC —

CHMBOJIOM X, \3



Teopema
1. Ecau mnocieaoBaTteIbHOCTh {X,} MOHOTOHHO BO3pacTacT M

OTPAaHHYCHHA CBEPXY, TO OHA CXOJUTCS K KOHCUHOMY IPEICITY,
2. Ecau mocieaoBaTeIbHOCTh {X, } MOHOTOHHO BO3PacTacT, HO HE

OTpaHHYCHA CBEPXY, TO lim x, = 400 .

71— 00



Yacrp 1. [Iycts *» OrpaHu4cHHBI CBEPXY, TO €CTh 1 A < 400 TAKOE,
yro V n x, <M . Torma, COrJacHO TeOpeME O CYIUCCTBOBAHHH

CYIIPEMyMa MBI MOYKEM yTBEP/KIATh, 4To 3 SUp{x, }=a.

BcnoMHuM cBoiicTBa sup {x, } . FIX 66110 1Ba

1. Vnx <a;

2.Ve>0 dN x,, >a-c¢.

Ho yurem Teneps 4to X, T 310 3HAYHUT, YT0 V n>N x, > x, . Tormaa

AMCCM CJIICAYIOIIY IO HCTIOYKY HCPABCHCTB ad — € <X,, <X, <a<a+eg.
BriOpaceiBas JIUIIHEE, MOAYYHM, YTO ¥V n>N a—&£<X, <a+& HIH

X, — a| <&, YT0 H TOBOPHT O TOM, uT0 J limx, = 4.

n—>C0

3aMeThTe, UTO MPEACT PABEH KaK pa3 CympeMyMy MHOKECTBA {x, }



Yacte 2. [TycTs Temeps x, HE OrpaHUYCHA CBEPXY. JTO 3HAYMT, YTO
VA>0 3N x,>A4.

Ho x T . 3Haumr, V n>N X >X, M MO3TOMY MOXKHO 3aIlHCATh

Vn>N x =2Xx,>A . BuiOpacsiBas B 3TOM HEPaBEHCTBE X, ,

MOJIYYHM OKOHYATEIBHO
VA>0 dN Vn>N x, > A.

YTO M TOBOPHUT O TOM, YTO lim X, =400

n—>0



Jlemma 0 BNOXeHHLIX OTpe3Kax

Onpenencuue 1. MHOXKECTBO, 3IICMCHTAMH KOTOPOTO SBJISTIOTCS
OTPE3KH, HA3BIBACTCA CUCTCMOU OTPE3KOB.

Onpenenchaye 2. CuctemMa 3aMKHYTBIX OTPE3KOB [an, n]

HA3bIBACTCS CTATUBAIOIICUCS, CCIIU
1. Vanla,.b, |c|a,b,] 10 ects xaxmbii mocmemyromui

OTPE30K PaCIIOI0KCH BHY TPU MPECABIIYIICTO;
2. b,—a,——>0, TO eCTb AAMHBI OTPE3KOB CTPEMATCS K HY JIFO

~r—

[ [ ]
L L 1
a a, a, e b, b

[ ]

>

_‘c-hd



JlemMMa O BIOKECHHBIX OTPE3Kax
J{1s1 mroO0M CHCTEMBI 3aMKHY THIX CTATHBAIOIIXCSI OTPE3KOB
l. cymectByrot lima, ,limb,

#—>c0 #—>Cc0

2. OHHU pPaBHBI APYT APYyTYy, To €cTh lima, =limb, =c ;

1—>C0 #—>C0

3. TOUKA ¢ MPUHALICKUT BCEM OTPE3KaM Cpasy, TO €CTh
vn cela,.b,].
Jloka3aTeabCTRO.
1. PaccMOTpHM MHOKECTBO {d,} TEBBIX KOHIIOB HAIIHX
oTpe3koB. OUECBHUIHO, UTO
a) a, T,
6) Vna <b.

[ToaToMy, IO MpeApI Ay IIEH TeOpeMe, CYILECTBYET KOHEUHBIHN lim a,

1—>0



2. PaccMoTpuM MHOXECTBO {b,} TpaBbIX KOHIIOB HAIIHX
oTpe3koB. OUECBHIAHO, YTO
a) b V.
O) Vnb >a,.

[TosToMy CymecTByeT KoHe4HbIN 11m b
n—>0

3. Tak kax mo ycnosuto lim(b, —a,)=0, 10 limb, —lima, =0

¥1—>CO 1—> 0 #1—>0

H, caexoBatenbHo, limb =lima, .

1—>0 1—>0

O0603HaYMM 3TOT OOIIMH npeaen Yepe3 ¢: limb, =lima, =c

n—>0 1—>0

4. Tak xak a, T a b . 10, oueBmmmo, uto V @, <c<bh . 10
€CTh TOYKA CE [an,bn] V n ; (OHA TPHHALICKHT BCEM OTPEC3KaM
cpasy)



BbnHom HbloTOHA

n'=1-2-3-4-... -n 0O!'=1
|
ok "
" k!(n—k)!
., n(n=1)(n-2).. (n—k+1)
Cr = k!
C}?:l C =n
szn(n—l)




(a+ b)n =C’a"b’ +C.a"'b+C2a" > +... +C'a’b"

_ 1) (n=2
(a+b)" =a" +ﬁa”1b+n(2' D grzpz 1 3)'(’7 ) a3 +

+0 + 5"

Uncno e

X :(1+ljn n=1273,..



3!

n(n—l) 1
20

L(l_

3!

_.__I_
1! n

x, =1+
-

{421

_I__
41

2
n

-

1
n

1
2!

2+



Ilokaxewm, 4To X, 0

P UL UL LN R (A RS R PR FRREA

n pA n 3! 7 7 41 n n 7
) +i(1—1)[1—2j". (1—”‘1)

n! n n n

I 1 1 I 2 1 1 2 n
X1 —2+2—!(1—mj+5[1—mj(1—mj+m +n+1!(1—ﬁj(l—mjm (l_ﬁj

n+l1>n LIPS B k=123,.. ,n
n n+1
Vnx.  >Xx

n+l1 n



IHoxaskem, UTO X, OrpaHM4YeHa CBEpPXy

1—5<1
n
| 1 | 1
X <24+—+—+—+. +—
21 31 4] n!

2!1=1-2=2 3!1=1-2-3>1-2.2=2
41=1-2-3-4>1-2-2.2=2

1 1

> 2"l —<
nl'>?2 1o




" 2 2% 2° 2 2"
1
:2+2 2n:3— 1 <3
1 2}1—1
1——
2

lim(l + l) =e=2,718281828...

N—>0 n




IHoanocaeoBaTe ILHOCTH

\/]
[IycTh {xn } = {xl 5 Xg 5 X3 R } — HEKOTOPAas MOCICA0BATEIILHOCTD.
IIycTh {ﬂl My, 1y, 1, N } €CTh TAKXKE MOCICA0BATEILHOCTD, Y KOTOPOH
a) BCE M, - LUEAbIC MOJOKUTEIBHBIC YUCIIA,

6) 77, MOHOTOHHO BO3DACTAET C POCTOM K |

B) limn, =+0.
koo

PaccmoTpum TEIEPh MMOCJICAOBATCIBHOCTH BH/IA
{ X, X, X, X, M } , KOTOpas INPEACTABIACT COOOM «KYCOYEK»
HCXOMHOH TOCTIenoBaTebHOCTH { X, } W KoTOpas momyuaeTcs 3 Hee

OCTABJIICHHEM 4WICHOB C HOMepamu 7,,7,,n, . . OHa Ha3bIBacTCA

MOITOCIEI0BATE TBHOCTBIO MOCTICI0BATEILHOCTH {X,, §



Teopema.
1. Ecin  mociie1oBareibHOCTD {xn} CXOUTCsH, TO Jodasm ee

MOAIOCTAEJOBATEILHOCTh TOKe CXOAUTCH K TOMY JK€ CaAMOMY
[peaey.

2. Ecin  moc/1e0BaTeILHOCTh (X, OeCKOHeYHO G6O0JbIAas, TO
1002 ee MoAINoC/1e/I0BATe/ILHOCTH TOKe 0eCKOHeYHO 00/ILIIasl.

I[OK&S&TCJIBCTBO :
l. HYCTB HCXOJHasd ITOCJICTOBATCIIEHOCTL CXO/ALIaACH. HMmeeMm

dlmx,=a > Ve>0 AN Vnu>N ‘xﬂ—a|<8,

H—> 0

n T+0 = VN3IAsVk>sn >N.
CoOBEpPIIUM «ITPOTYJIIKY» 10 3TUM CTPOKaM KBAaHTOPOB 110 CIIECYIOIEMY

MapIpyTy
Ve>0 - AN -5 VN - ds Vs - m>N - V>N — |x,—al<e




Torna xomOuwmHaruss KBaHTOPOB INVN «B3aHMHO VHHUYTOXKACTCS.
OcTaBIISIs JIUIIE IO JMEPKHY ThIE KBAHTOPHI, IIOJIY YUM
Ve>03s Vk>s|x, —al<s,

4TO IO OTPE/ICIECHHIO O3HaYaeT, 410 3 limx, =a.

n—©0

2. 1lycth Temepb WMCXOJHAsA IIOCIEAOBATEIBLHOCTL OECKOHEYHO
OoawIinag. Torjaa nmeeM
{x,} —0.01. > VA>0 IN Vn>N |x, >4,

n, T40 = VN IsVk>sn, >N
CoBepIUM «IIPOTVIIKY» IO 3TUM CTPOKAM KBAHTOPOB IO CIE/Y IOIIIEMY
MapmpyTy
VA >0 — AN 5VYN - ds >VEk>s > m>N — V>N - x| > A.
OcTaBiIsd THIND ITOAICPKHYTBIC KBAHTOPHL, ITIOJIY1TUM

VA 3s Vk>s |x, >4,

OTKY JIa, TI0 ONIPEJICIICHUIO, U CIIEAYET, YTO {xnk} — 0.0.11.



Jlemma boabnano - Beitepmrpacca. U3 110601 orpaHHY1eHHOM
MOCJIe/I0BATEILHOCTH MOJKHO BbIOpaTh CXOASAMYIOCH
100 C/1eJ0BATE/IbHOCTb.

N3 1000 HeorpaHUYEeHHOI IOC/Ie0BATEILHOCTH MOJKHO
BBIOpaTh 0€CKOHEYHO 0OJILIIYIO MOAIOC/Ie0BATEILHOCTb.

JloKa3aTreaneTBO.

Yacte 1. [Ipu j0Ka3aTeIbCTBE STOR JIEMMBI UCIIOIB30BaH MIUPOKO

HpHMeHﬂeMbIﬁ IIPUCM — KACJICHHUC OTPC3Ka ITOIIOJJIaM».

Hrak, mycTh HEKOTOpas IIOCIEIOBATEILHOCTD {xn} OrpaHUYICHA,
1o ectb J a,b V' n a<x <b . Dro o3Hauaer, 910 BCE WIECHHI X,

ITOCJICAOBATCIIBHOCTH {xn } JICIKAT Ha OTPC3KC [Cl, b] :



1. ITocrpoeHne cTarnBaonieiicst CHCTEMbI OTPE3KOB.
a+b

Pasgemm orpesok [a,b| momomam Toukoit . Mb1 nonyumm

b
JBa OTpe3Ka [a,a; } u {a;b,b} . Takx xak Ha BceM OTpe3ke [a,b]

“MeeTcsl 0eCKOHEUHO MHOI'O WIEHOB IIOCJIC JOBATCIIBHOCTH, TO XOTI
OBl Ha OI[HOﬁ IIOJIOBUHC TaAKXKC 6YI[€T OECKOHEUHO MHOI'O WIEHOB
ITOCJIC JOBATCJIIbHOCTH. OcTraBuM JIIA I[aHbHei/JIH_Iel"O pPacCMOTPCHUA 5TY
ITOJIOBUHY (GCHI/I Ha 00enxX IIOJIOBHHAX OECKOHEYHO MHOI'O WIEHOB
ITOCJIC JOBATCJIIbHOCTHU, TO OCTaBHUM JIIO6yIO n3 HI/IX), U Ha30BCM CC

oTpeskoM |a,, b, |.

PaspennM oTpesok [q,4 | momonaM. Mbl IOJIyYHM JBa OTpe3Ka

a, +b, a, + b,
a,. 5 b, |. Tax xax Ha BceM OTpesKe [a.b | Haxo UThCS
2 2

OECKOHEYHO MHOTO WIECHOB IIOCJIC JOBATCIILHOCTHU, TO XOTI OBl Ha
OI[HOfI IIOJIOBHHC TAadKXKC HaXOIUTCA OECKOHEUHO MHOTO WJICHOB
ITOCJIC JOBATCJIIbHOCTH. OcTaBUM JIIA H&HBHCﬁIHCFO PacCMOTPCHUA 5TY

ITOJIOBUHY U HA30BCM €C OTPC3KOM [622 R b2 ] :



[TpogomxuM 3Ty mpoueaypy A0 OCCKOHEHHOCTH. B pesynbrare
MBI IOJYYHM CHCTEMY OTPC3KOB [al,bl] , [az,bz] . |alby ],
KOTOPHIC XapaKTCPHIVIOTCA TEM, UTO

a) HA KKIOM H3 HHX HMEETCA OCCKOHCUHO MHOTO YJICHOB
OCICA0BATCILHOCTH,

0) la,.b,12la,.b,|Dla;.0,]1>...

_b-a

o 2” n—
[lo neMMe O BIOKEHHBIX OTPE3KAX OTCHAA CICAYET, YTO
Jdlima, =limb =c

n—>® n—>w

B) b, —a, —>0.



2. BojesieHne noanoc/ie10BaTe/;IbHOCTH
Pacemotpmm  otpesox  [a.5] ®  Bo3pMeMm  moboit  wien

[IOCJIEIOBATEIILHOCTH X, € la.5].

Paccmorpmm  oTpe3ok  [a4,.b,] m BoseMeM moGo#t  wieH

IocNIeI0BaTeNbHOCTH X, €[a,,b,| . Tak xakx Ha [az,bz] OECKOHEUHO
MHOTO WIEHOB {xn} , TO BCErJla MOXHO BBIOpaTh 7, > 1.
Paccmorpum  oTpesox [a3,b3] U BO3bMEM JIOOOH  wieH

[IOCJIEIOBATEIILHOCTH X, € lay,b, ] . Tax xax Ha [a3,b3] OECKOHEUYHO

MHOTO WICHOB {xn} , TO BCeT/la MOKHO BHIOpaTh n, >n, .
[Ipomoikast 5Ty  mponeaypy J0  OECKOHEUHOCTH,  HOIYYUM

\/
I10 IO CJIE JOBATESIbHOCTD {xnl s Xy > X, ! } TaKyIo, 4qTO

Vk x, €la.b]



3. CXOI[I/IMOCTI) HOﬂquBﬂleﬁCH nmoanocC/ic10BaTC/ibHOCTH

Tak xak V k a, <x, <b, u llma, =lim b, =¢ 1o 1o reopeme «o
& k—w k—

JBYX MWJIAITMOHEpax» Jlimx, =c.

n
k—wo %



Yacrr 2. CroBa «HEOIpaHWYEHHAsd  IIOCIIEOBATEIHHOCTDY
ozHauatoT, uto VA >0 dx_ |x, |[> 4.

Bo3sMmeM mocie 1oBaTeIbHOCTD {An} TAKYIO, UTO
Ay <A, <Ay <Ay <N mlimd, =+oo.

1—>0
Ho Torma mist moboro A; cymecrByer takoe X, , 4TO |xnk > A, .
Kpome Toro, Tak Kak B IOCJEJOBATEIBHOCTH {X,} OECKOHEYHO MHOIO

qJIEHOB, BCeTrJa MOXHO JTOOWUTBCI TOTO, 4UTO Oyjaer #;>np1. B
pe3yjbTaTe IIOJIYYUTCS IIOJIIOCIIEIOBATEILHOCTD {xnk} , oOiaaroniag

TeM CBOHCTBOM, uTO VA |X, [> A, . Ho TorNa

lim | x

>1lmA, =+
k—o nkl k—o k ’

OTKyJla W CJIeAyeT, 4YTO }(im|xnk =400 , TO ecTh, UTO {x”k} -
—>a0
O€CKOHEYHO OOJIbINas MOCe0BaTeIbHOCTD.



IIpu3nak bomnano—Komm.
Josi Toro, uro6nl mMocC/EA0BATELHOCTH {x,] CXOAWIACH K

KOHEYHOMY Npe/iesly, Heo0X0AuMO U J0CTATOYHO, YTOObI
Ve dN Vmn>N ‘xm - X,

HOCJIGI[OB&TCJIBHOCTB, YAOBJIICTBOPAONIAA 5TOMY YCIIOBHIO HA3bIBACTCA

« q)y HJIaMC HTaJIbHOM ITIOCJIC JOBATCIbHOCTBIO» HJIN
IIOCJICAOBATCIILHOCTDBIO, KCXO I[SIH_Iei/JICSI B celey.
I[O Ka3aTCJIbLCTBO.

Heobxooumocms. Ilycth cymecTByeT koHewHbld llmx, =a . Dro

n—>0

3HA4YUT, UTO

x, <%
2
Ho torma ¥V mn> N

‘xm—xn‘z‘(xm—a)—(x —a‘<‘x —a‘+’x —a‘<2+§: ,

qTO U YTBCPXKIACTCA B YCIOBHUH TCOPCMBI.



Jlocmamounocmo
1. /lokazamenbcmeo ozpanudeHHOCHU ROCE008AMENbHOCU.

Vrak, mycts V& 3N Vmn>N |x, —x,|<¢ . 3aduxcupyem
m>N.Torna Vnu>N
x —e<x,<x, +&.
Pacemorpum
a:min(xl,xz, ,xN,xm—s),

b=max(x,,x,,0 ,xy,x, +€).

Torma oueBujHO, uT0 V 1 a<x,<h W NOCIECTOBATEILHOCTH {xn}
OrpaHUYCHHA.



2. Boioenenue cxoosmetica noonocieooeame b Hocrmiu
Ccrutasgch Ha JiemMy boabnano—BetlepimTpacca BBIICIHNM W3 HaIlleh

IIOCJIEIOBATEIBHOCTH 110 JIIOCIIEIOBATEIILHOCTD {xnk} KOTOpast CXOJUATCH
K KOHEUHOMY IIpe JIeITy }Cim x, =C.
—>0

3. /Joxkazamenvcmeo mozo, uUmo €cA HOCAE008AMETIbHOCHD
CXO00UMCA K HOMY Jice npeoey

. €
Tax xax Iimx, =c, 10 V& I N Vn >N, ‘xn —c‘<—_
ko 'k e 2
g
IIo ycaoBuro Teopembl V& A N, V mn> N, |xm—xn <—.
2

BosbmeM N =max (N1> Nz) . Torma V n>N , B3IB IPOU3BOJIBHOE

n, >N | IOIy4uM

e €
X —C’<—+—=8,

+ 72
¢ 2 2

x,—c|= ’(xn —-x, )+ (x, —c)‘ <lx, —x,

4TO ¥ TOBOPHUT O TOM, yTodlimx, =c.
17—



