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1 Omnepamnii Hag maoKnHaMmu. BigobpakenHs

1.1 KuarouosBi 3aga4i
Bamada 1 3a osnavennam AAB = (AU B)\ (AN B). Josecmu, wo
AAB = (A\ B)U(B\ A).
Tpebda goBecTn piBHICTH MHOKHUH
(AUB)\ (ANB)=(A\B)U(B\ A).
Maemo

r€(AUB)\(ANB) = (x€ AUB)A(z ¢ ANB)
— (r€e ANz ¢ B)V(r¢ ANz eB) = (€ A\B)V(r e B\A)
— z€(A\B)U(B\A).

TakuM YMHOM

(AUB)\(ANB)C(A\B)U(B\ A4). (1)
3 iHIIOro HOKY MAaeMO
r€(A\B)U(B\A) = (x€ ANz ¢ B)V(r¢ ANz € B)
— (r€ AUB)AN(x¢ ANB) = € (AUB)\ (AN B),
3BIJIKN CJTJTYE, 110
(AUB)\(ANB) D> (A\B)U(B\ A).
Paszowm 3i coissignomenusm (1), orpuMaeMo HEOOXiAHY PIBHICTE.
Bagaga 2 Hexatii {Ay}, — cim’a mmoorcun i B — deaka mmoorcuna. osecmu, wo

BN <U Aa) C()(BU A). (2)

«

Yu moorcna 3amicms 3naxy C NOCMAsSUMU 3nak pieHocmi?

Maemo

xEBﬂ(UAa) — r€B = r€BUA,Va = xGﬂ(BUAa),

[0}

i mae wmicne Brimodenns (2). fkmo B = {1}, a A, = {2}V, T0

B (UAQ> = {1} {2} =0 £ {1,2) = {1} U {2}).

a OTKe ICHYIOTh Taki MHOKUHU B i A,, 171 skux B (2) He Ma€ Miciist PiIBHOCTI.
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Bagaua 3 3uatimu J;-, [-1+ 1,1 - 2].

Iokazkemo, mo J;, [ I+ = L1- —} = (—1,1). Ockinpkn s KoxkHOTO N € N,

[-1+11-1] ¢ (-1,1), o Uny [-1+2,1—2%] € (~1,1). 3 inmoro 6oky,

aximo |z| < 1, 1o smaiinersca n € N rake, mo |z| < 1 — £, a Tomy npn rako-

My n mMaeMo z € [—1+11—1]. TOMyUn -1+ 112 o (-1,1), sBiakn

n
BUIIJINBa€ aHOHCOBaHa plBHlCTb

Bamaua 4 Hexat X,Y — dsi muoorcunu, f: X — Y — ue desaxe sidobpasicerm,
B, CYVYa i B CY. /losecmu, wo

B (B \ ﬂBa) RGNS
Hexait z € f~' (B\ ), Ba). Taom :
f(@) € B\[)Ba = (f(x) € B) A <f<x> ¢ ﬂ&)
— (f(z) € B)A (Ha:af(rr) ¢B) = (e (B)AGard f(B)
— (zef <x¢ﬂf ) — ze B\
3Bijcn ciye, mo )
B (B \ Ba> C f7(B)\ ﬂ F7H(Ba) - (3)

Hexait renep z € f~Y(B)\ N, f " (Ba). Toui

(xef? (mgéﬂf ) (re fYB)A(Basa ¢ f1(Ba))
= (f(z) € B)A(Ja: f(z) € Ba) = (f(z) € ( ¢DB>

— f(x) €B\[|Ba = z€ [ (B\ﬂ3a> :
3Bijcu ciiaye, 1mo

! (B\ﬂ3a> S BN (Ba)- (4)

Bkurouennst (3) ta (4) 10BoJaTh HEOOXIIHY PIBHICTB.
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Bamaua 5 [lo6ydysamu Giexyio f: (0,1] — [0, 1].

Jlerko 6aunTn, 1Mo OYHKITA
0, =1,

_ 1 _ 1
f(l')— n—1’ l’—z,ﬂéN,ﬂZQ,

x, x # %‘v’neN,

€ MYKAHOIO DIEKITIETO.

1.2 3Bagadi ajsd caMOCTIifHOTO pPo3B’sdA3aHHSA
Hexait A, :={1,2,...,n}, n € N. JloBectn, 1o

1.
(a) UNAn =N; (©) Mnew An = {1}
ne
2. Hexait A, :={n,n+1,...}, n € N. [Tosecrn, 1o

(@) Upspm An = A Vm € N (®) Mp<m An = A Vm € N.

(6) Mysy An = 0Vm € N.

3. Hexait A, C MVa. Jlosectn, 1o
(a) Cu (Mg Aa) = U, CuAa- (©) Cu (U, 4a) = Mo CrrAa-

Hexait {A,}, — ciM’a MHOXKHUH i B — neska Muoxkusa. /losecru, 1o

4.
BU <ﬂ Aa) > JBNAL).
Yu MoxkHaA 3aMiCTh 3HAKY D MOCTABATH 3HAK PIBHOCTI?
5. 3uaiitu
(2) Moy (0,%) - (8) Mety (1= 1+ 7).
©) U=, (0,221) . (r) Unzi [0,4].

Hexait X, Y — nBi muoxkunu, f: X — Y — ne jeske Bijgoopaxkenns, i B, C

Y Va. Josecru, mo



(@) [T (Ua Ba) = Uo /71 (Ba)s ©) [T (Na Ba) =N S (Ba)

7. Hexait X,Y — nBi mooxkunu, f: X — Y — ne jeske Bijjoopazkenns. Jlose-
CTH, 110

(a) AC f1(f(A)), A C X. Yu moxkua 3aMicTh 3HaKy C IIOCTABUTH 3HAK
piBHOCTI?

6) f(f4B)=Bnf(X),BCY.

8. Hexait XY — nBi muoxwunu, f: X — Y — 1ne jesdke BimoOpaxkenus, i
A, C X Va. Hosecru, mo

(a) (U 4a) = U, f(Aa) .

©) f(N,A4) €N, f(Ay). Yu moxxna 3amicTs 3HaKy C IIOCTABUTH 3HAK
piBHOCTI?

9. IloOymysaTn OiekTuBHE Bimobpaxkenns f: X — Y, gximo:

(a) X = (_00700)7 Y = (07+OO); <F> X = (—O0,00), Y = [O7+OO);
(6) X =[1,2], Y = (—o00, +0); (1) X =[0,400), Y = [1, +00).
(B) X = (—00,00), Y =[-2,2]; (e) X = (—00,0], Y =[1,400).

10. Hexait X,Y — nBi muoxkunu, f: X — Y — ne jeske Bijoopazkenns. Jlose-
CTH, IO
(a) (f —in'eknisn) <= (VA,BC X, f(ANB) = f(A)N f(B)).
(6) (f — iweknia) < (VA C X, f71(f(A4)) = A).
(B) (f —iw'eknist) <= (VAC B C X, f(A\B)=f(A)\ f(B)).

2 Touni HI>KHS 1 BepXHs T'paHi

2.1 Kuamo4doBi 3aga4i
Bagaua 6 3uatimu sup{r € Q: x > 0,2? < 2}.

Hosnaunmo A = {x € Q: 2 > 0,22 < 2} i nokaxkewmo, mo sup A = /2. Sko
r €A 1oz >0, ao0mke 22 <2 < 1z < /2, 70610 V2 € BEPXHBOIO I'DAHHIO

muoxkuan A. fdximo € > 0 € goBiapHIM (ikcoBaHUM dHCIOM, TO icHye n € N Take,
1 . [10"v2] .
mo € > 5. Toai wneno x, = 5~ (e [y] — ne nina wacTuma 4yncma y, T06TO

HaibIIbIIe TiTe YHeIo0, Mo He mepesuinye y) Haxexkutb A i x, > /2 —e. Tomy
V2 € HANMEHIIIOI BEPXHBOIO TPAHHIO, IO 1 Tpeba 6YII0 JOBECTH.
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Bamaua 7 Hexait A C R e obmeorcenoro mrooicunoro. Hokaademo —A = {x: —x €

A}, Jlosedimo, wo sup(—A) = —inf A.

Hexait x € —A. Toxi —x € Ai —x > inf A. 3eigcu © < —inf A, a orxke B cuty
JIOBLIBHOCTI &, uucyio — inf A € BepxXHBOIO I'PAHHIO MHOXKWHE — A.

s mosinbraOTO € > 0 icaye y. € A Take, mo inf A+ ¢ > y.. Toxi z. :== —y. €
—Aiz.+e > —inf A. BBigcu cuigye, mo — inf A € HaliMeHIIOI0 BEPXHBOIO I'PAHHIO
MHOXKHUHE — A, 110 1 Tpeba OyJI0 T0BECTH.

Banmaua 8 Hexat {a,} i {b,} — ue dei obmesrceni seepry nocaidosrocmi diticnux
yucen. Josedimv, uo

sup(an, + b,) < supa, + sup b,,. (5)
neN neN neN

Yu mootce mamu Micue cmpoza HEPIBHICML ¢

Mg xoxnoro n € N MaeMo a,, < sup,cy @y 1 b, < sup,,ey bn, @ TOMY @, + b,
SUD,en @n + SUD,en bp- 3Blacu ciinye mepisnicrs (5). fAxmo {a,} = {1,0,0,...
{bn} ={0,1,0,0,...}, o {a, + b,} = {1,1,0,0,0,...} i sup,,cy @n = SUP,,cn bn
sup,en(an +b,) = 1, a Tomy Jyra Takux nocrigosaocreit {a, } i {b,} mepisuicTs (5)
€ CTPOrOIO.

=7 IA

2.2 3ajadgi IJisi caMOCTIfHOIo po3B’I3aHHSA

1. Buaiitn
(a) inf{r € Q: x > 0,2% > 2}; (B) inf{z € Q: x > 0,2% > 5}.
(6) sup{z € Q: = > 0,2 < 3}; (r) sup{r € Q: x > 0,22 < 5};
2. Hexait A C R e obmexenoro muoxkunomno. [Tokmagemo —A = {x: —xz € A}.

Hosenite, mo inf(—A) = —sup A.

3. Hexait A C R € MHOXKUHOIO JogaTHUX duces. TTokaamgemo
JoseiTh, 1m0

:{IiiéA}.

o=

1

(a) fAxmo inf A > 0, To sup & = —;

1

(6) dxmo A obmerkena 3Bepxy, TO inf % = sp A’

(B) dkmo A HeobMexkeHa 3Bepxy, TO inf % =0.

4. Hexait A, B C R e obmexkernnmu MHOKHHaMu. [lokmagemo A £ B = {z £
y:x € Alye B} i A-B={x-y:z € A,y € B}. Josexirp, mo
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(a) sup(A+ B) = sup A + sup B; (r) inf(A — B) = inf A — sup B;
(6) inf(A+ B) = inf A 4 inf B; (n) sup(A-B) = sup A-sup B, gKiio
(8) sup(A — B) =sup A — inf B; A, B C [0,00).

5. Hexait A, B C R € obmexkennmu MHOXKUHaAMU. J[oBeIiTh, 110
(a) inf(A U B) = min{inf A, inf B},
(6) sup(A U B) = max{sup A, sup B}.

6. Hexait {a,} 1 {b,} — me aBi obmexxeni mocsimosHoCT] Alitcnux wncer. Jose-
HiTh, IO

(a) infpen(a, + by) > inf, ey ay, + inf, ey by;
(6) inanN(an - bn) 2 infneN Qp — SUPpeN bna

(B) sup,en(@n — bn) < sup,ey @n — infyey by

Yu MOXKyTh MaTH MiCIle CTPOri HepiBHOCTI?

3 I'panuiig mocjigoBHOCTI

3.1 Kuao4doBi 3agad4i

Bama4da 9 [Ipo nocaidosricmo {a,} Henyavosuxr wuces 6i0omo, wo

. An41
lim
n—oo

a’n
Losedimov, wo lim, o a, = 0.

an41

Hexait ¢ > 0 Bubpano Tak, 1o lim,,_ < 1 — 2¢. Toxi icnye Take 9ucIO

N € N, mo s Bcix n > N Maemo < 1 —e. 3Bigcu juig Beix n > N MaeMo

an4+1
a

0 < Jan] < (1= &)|an-| < (1 — €)|an_s| < ... < (1 —&)" Nlay].

8a TeopeMoro Ipo IMPOMIKHY TOCIOBHICTE oTpuMaeMo lim,, . |a,| = 0, 3Biaku
cJIiTye HeoOxiTHe.

Bamaga 10 Josedimov, wo saxuo nocaidosnocmi {an} i {b,} € 36icnumu, mo
nocaidosnicms {max(a,, b,)} € makooc 36iorcnor0 i

lim max(ay,,b,) = max ( lim a,, lim bn) )
n—oo n—oo n—oo



Hexait a = lim, o a, 1 b = lim,_, b,. Ilpunycrumo, mo a > b. Toxi icaye
N € N rake, mo a, > b,Yn > N, to6ro max{a,,b,} = a,¥Yn > N. Toxi
lim,, oo max{a,, b,} = lim, . a, = a = max{a,b}, mo i Tpeba 6ys0 TOBECTH.
Burmajiok a < b posrisiiaerbesa anasgoriauno. Hexait, napemri, a = b. [l KoxKHOTO
g > 0 icayrots anciaa Ny, Ny € N Taki, 1o

la, —a| <e¥Vn> Nyilb, —0b|=|b, —a| <e¥Vn> N.

Toni mst Beix n > N = max{ Ny, No} maemo | max{a,,b,} —a| < e, 3Binku ciinye,
o lim,, oo max{a,, b,} = a = max{a, b}.

Bama4da 11 Pisno odua 3 nocaidoswocmeti {a,} i {b,} € 36ioicnoro. Yu moorcha
wocy ckazamu npo 36iicricms nocaidosnocmi {a, + by} ¢

Bes 3MenIennst 3araabHOCTI MOZKEMO BBAYKATH, 110 NOCJI0OBHICTD {a, } € 3612KHOTO,
a mocstioBHicTh {b,} € posbixkuow. [Ipumycrumo, mo nocaigosricrs {c¢, == a, +
b, } € 36ixxu00. Toxi i mocigoBricTs {¢, —a, } € 3612KHO0, 110 CylIepednTh yMOBi, 60
Cp— @y, = by, miis Beix n € N. Takum oM, nocaigosuicTs {a, +b,} € po3biKHOTO.

Bamada 12 Hexat 3adano dei obmesrceri nocaidosrnocmi {a,} 1 {b,} maxi, wo
a, < b,¥n € N. (6)
Josecmu, wo lim,, oo @, < lim,, oo by,.

Ockinpku nocigoBrocti {a,} Ta {b,} € oOMekeHUME 3BepXY, TO JIsi KOKHOI'O
n € N icuytors TouHi Bepxui rpani A, := SUp;s, ax Ta@ B, := sups,, bx. Blibie
Toro, 3 (6) crimye, mo A, < B, mns koxuoro n € N i 3a 03HaUeHHAM, TOCIITOB-
nocri {A,} i {B,} € mespocratounmu. Ilocrimosrocri {a,} i {b,} € obmexxennmu
3HU3Y, TOMY OOMeKEeHUMU 3HU3Y Oy/1yThb 1 nocaigosuocti {A,} i {B,}. Tomy BoHu
€ 3012KHUMU 1

lim a, = lim A, < lim B, = lim b,,
n—oo n—oo n—oo n—oo

1o i Tpeba OyJ10 JTOBECTH.

Bamaga 13 Josecmu, wo 6ydo-axa nepecmanoska {ay iy} 30idcnoi nocaidoeho-
emi {a,} € 36iocror nocaidosricmio.

Hexait nocainosrocri {a,} € 36ixknoo i 7: N — N ¢ 6iekniero. st 10BLIEHOTO
e > 0 3a xpurepiem Komii icuye take aucio N € N, mo |a, — a,,| < € jyist Beix
n,m > N. Ockinbku 7 € 6iekuieto, To muozkuna 7 ({1,2,..., N}) micTuTh pisHo
N enementiB, a Tomy icuye 1T makcumym N*. Jlnsg Beix k& > N* maemo w(k) ¢
{1,2,...,N}, to6ro m(k) > N. Tomy nnst Bcix m,n > N*, |arn) — Gr@m)| < €.
Orxe, 3a kpurepiem Kol nocioBHicTs {ar(n)} € 36izkHOM0.
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3.2

1.

3agadi ajIsi CAMOCTIfHOTO PO3B’sI3aHHS

Hosenite, mo lim,, . a, = +00, gKIIO Ipo MOCTI0BHICTE {a,} momaTHUX
qucesT BiJIoMO, 1110

(a) lim, o agzl > 1; (6) limy, 00 /a, > 1.

"y MOKHA IOCH CKa3aTH MPO 301KHICTH TOCTII0BHOCTI {ay, }, SKIIO 1Mpo 110-
CJIOBHICTD {a,} mojaTHUX YuCes BiIOMO, IO

(a) limy,_yoe ™ = 1; (6) lim,, 0o /a, = 1.

n

. Hosenite, mo lim,, ., a,, = 0, K110 PO HOCIIOBHICTD {a,, } TogaTHUX duces

BiJIOMO, TI10

(a) lim, o “ZII <1 (6) lim, 00 /a, < 1.

. Hosenite, mo sximo nocsigosrocti {ay, } i {b,} € 36ikaMME, TO TOC/TITOBHICTH

{min(a,, b,)} € Takoxk 361:KHOIO i

lim min(a,, b,) = min ( lim a,, lim bn) )

Piuo ozna 3 nmocaigosuocreit {a,} i {b,} € 36ixkuoro. [Ilo MmoxkHa ckazaTu
po 3012KHICTH TOCIiIOBHOCTI

(a) {max(an,b,)}; (r) {an-by};
(6) {min(an,bn)};
(8) {an —bn}; (1) {b—} b, # OVn?

[Mocainosuocti {a, } i {b,} € po3bikummu. o MokHa cKazaTH PO 301KHICTH
MOCJIJTOBHOCT1

(a) {max(an,bn)}; (8) {an —bn}; (@) {an - bn};
(6) {min(ay, ba)}: (1) {an + bu}; (&) {2}, bu # 0Vn2

I[Ipo mocmigoHicTs {a,} Bimomo, mo i1 mignocigoBHoCTI
(a) {agn}, {agni1} i {as,} € 36ikuMMI;
(6) {asn} i {aoni1} € 36ikuNMY;

(B) {azn} i {as,} € 36ixmmMu;



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

(r) {asn}, s € N, s > 1 e 36i:kunmy;
Hu 060B’A3KOBO MOCIIIOBHICTD {a,} € 361KHOI0?

[Mlo MokHa CTBEP/XKYBATU PO IOCJIIOBHICTD IIJIMX YHCEs, SKIIO BiJIOMO,
o BoHAa 30ixkHa”?

I3 36ikHOT TTOCTITIOBHOCTI BUKPEC/IUIN YJICHH, K1 CTOSAThH HA MTAPHUX MICIIX.
Yu Oyme moCIiJOBHICTD, 10 3aJHAIIIIACh, 30iKHA?

Yu MOKHA WIEHU HATYPAJIHHOIO DIy MePeCTaBUTH TaK, 00 oJ/lepKaHa 110~
caioBHICTD Oysta 30iKHAT

JloBecTn, 110 AKIMO MOCIIOBHICTD 30i2KHA, TO B Hiil € a60 HaHOLILIINI djIeH,
abo HaliMeHmuit 4ien, abo i Toii i iHmii.

[Tpo obmezkeny 3HU3Y MOCAIIOBHICTD {a, } BiZIOMO, 1110 BOHA HE Mae MiHIMAJIb-
Horo ejiemenTa. Jlosenirs, mo lim . a, = inf,cyay,.

[Tpo obmezkeHy 3BEpXY MOCJIIOBHICTD {a,} BiIOMO, 10 BOHA He Ma€ MAKCH-
MaJIbHOTO ejieMeHTa. JloBeniTs, mo lim, o @, = Sup,,cy an-

ITocaimosnocTi (079 i bn MalOTh OJIHY 1 Ty 2K I'DAHUIIO, YU IIPABUJILHO (6]
) )
IOI0 I'paHUIIO Ma€ 1 HOCJ’Ii,ILOBHiCTb ay, b17 asg, bg, as, b3, L7

Hosecrn, 1o lim,, o0 @, = 0 <= lim,,_,o0 SUPg>,, |ax| = 0.

JloBecTn, 110 TpaHUIlS OCIIIOBHOCTI HE 3aJI€:KUTh BiJl JIOBLIBHOI 3MiHU J10-
BLJIBHOI'O CKIHYEHHOI'O YMCJIA YJIEHIB II0CJIJOBHOCTI.

Hosenito, mo sxmo icaye N € N rtake, mo a, < A gag Bcix n > N, 10
lim,,_, a, < A.

Hogenitn, mo sximo icaye N € N rtaxke, mo a, > A aag Bcix n > N, 10
lim a, > A.

——n—00

HoseiTh, 1o gKio {a, } — 1e obMexkeHa 3HU3Y HOCIIOBHICTD 1 /1 KOKHO-

ro k € N icuye narypaibue ny > k rake, mo a,, < A, volim,_, a, < A.

Hosenith, 1mo skimo {a,} — e obMexkeHa 3BepXy MOCIIOBHICTD 1 Jist KO-
»)kuoro k € N icuye narypasbue ng > k Take, 1o a,, > A, 1o lim,,_,. a, > A.

Hexait 3a1a10 181 06Mexkeni nocstinosrocTi {ay, } 1 {b,} Taki, mo a, < b, ais

Bcix n € N. [osectn, mo lim, , a, <lim . b,.
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22. Hexait nocigosuicts {a,} 36iraerbes jio dncia a, a nocaijgoBuicrs {b,} €
obMmezkenom. JloBeliTh, M0

(6) lim, . (a, +b,) =a+lim b

——n—00 n—oo 1

23. JloBeiTh, 110 Jyisi JIOBLIBHOI 06MeskeHOol nocsijgoBaocti {a,} Mae Micue He-
PIBHICTH

(a> mn—>o<> Qp S SUpP,eN Gn; (6> h_mn_>oo Qp Z infnGN Q.

Yu 0060B’sI3KOBO Ma€ MicIie piBHICTDH?!

24. JloBeiTh, Mo JJig JOBUIbHUX OOMeXKeHuX mociigoBaocreit {a,} i {b,} mae
MicIle HEPIBHICTb

(a> h—mn—>oo an + h—mn—>oo bn S h—mn—>oo<an + bn)’

Yu MoKke HEepIBHICTH OyTH CTPOroio?

25. /loBecTw, 110 Taki ITOC/IiJOBHOCTI HE MAOTh T'PAHIIi:

(a) a, =sinn,neN;  (6) a, =cosn,ne€N; (8) a, =tgn, n € N.

4 I'panung pyHKITIL

4.1 KirodoBi 3aja4i

Bamada 14 B mepminazr -0 3anucamu o3navenns lim, 1 f(x) = oo.

3a o3HaYeHHSM, I Oy/Ib-4KO01 0a3u B i ducja abo 0JIHOro 3 CUMBOJIIB HECKIHIEH-
HocTi A Maemo

lim f(2) = A <= YU(A)3B € B: f(B) C U(A).
B mamomy Bunajxy
B=x—1={1-0,14+0)\{1}:0>0}={{z: 0< |z —1| < 0},6 > 0},
A =00, Tomy U(A) =U(0) = (—00, —¢) U (g,00) = {x: |z]| > e},e > 0.

lim f(z) =00 <= Ve>030>00< |z -1 <d = |f(x)]>¢e). (7)

z—1
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Bagaua 15 B mepminax -0 3anucamu meepotcenmns npo me, uo 0o He € 2PaHU-
uero pynruii f npu x — 1.

Bpaxosytoun (7), oTpuMaeMo:

!(nﬂf(x):oo) e I(Ve>03>00<|z—1] <6 = |f(2)]>2))
— " >0:1(F>00< |z -1 <d = |f(x)] >¢€))
— F>0:V>010< |z -1 <d = |f(x)] >¢&"))
= " >0:V0>030 < |z" -1 <d: I(|f(z")| > )
— F">0:V0>03x" € (1—0,1+9)\{1}: |f(a™)] < e
Bagaua 16 Hezai icnye hH(l) f(x), a liH(l] g(x) mne icnye. Illo moorcha crazamu npo
T— T—
epanuo lin% f(x)g(x)?
T—
Axmo f(x) =0, a g(xr) =sgnz, x € R, 10 lirr(l) f(x)=0,a lir% g(x) ue icuye. [Tpn
z— z—>

mpoMy lim, o f(x)g(x) icuye i nopismioe 0.
dxmo f(x) =1, a g(x) =sgnz, x € R, 10 hn% flz)=1,a lirr(l)g(:r;) He ICHYE.
T— r—r

[Tpu mpomy lim, o f(x)g(x) = lim,_,¢ g(z) He icuye.
TakuM YMHOM, IPU BKA3aHUX YMOBaX I'PAHUIlA 0Oy TKY MOXKE ICHYBaTH, & MOXKe
He ICHYBaTH.

Bamaua 17 Ob6wucaumu w(sinz, [—1,1)).

QyHKIIiA SiN € MOHOTOHHO 3POCTAIOYOI0 Ha BiJIPI3KY [—%, %} , & OT7Ke 1 Ha MHOKWHI
[—1,1) C [-%,Z]. Tomy ans Gyap-skux z,y € [—1,1),
|sinz — siny| <sinl —sin(—1) = 2sin 1.

3Bijcu BUILIUBAE, IO

w(sinz, [—1,1)) = sup |sinz —siny| < 2sin 1.
z,y€e(—1,1)

3 inmoro 60Ky, BpaxoByl0un HelepepBHicTb (DYHKIIT sin,
|sinz — sin(—xz)| = 2|sinz| — 2sinl,z — 1.
Tomy w(sinz, [—1,1)) = 2sin 1.

Bamaga 18 Josedimo, wo npu danid 6asi B sinz - o(f) +5-o(f) = o(f).

12



3a o3HaYEHHAM ICHYIOTH HECKiHUYeHHO MaJii mpu 0a3i B GyHkil ag 1 o 1 eement
B 6a3u B Taxi, mo a1 Bcix ¢ € B,

sinz-o(f)+5-0(f) =sinz- f(x)-a1(x)+5- f(2) -ae(z) = (a1 (x) sinz+das(x)) f(z).

Bamummiaocs momiTuTh, Mo GyHKIiA a1 (x) sinz + bag(r) € HecKiHUeHHO MAJIo0
npu 6a3i B, ockiJbKH 100YTOK HECKIHYEHHO MaJiol Ha OOMeXKeHy i cyMa JBOX He-
CKIHYEHHO MAJIUX € HECKIHYEeHHO MAJIOI0 (DYHKITIEIO.

Bama4da 19 Bidomo, wo daa koorcrnozo a € R, lim, o f(a+n) = 0. Yu caidye 3
4020, wo lim, o f(z) =07

Hi. /Tna ippamnionasibaoro v > 0 po3ryigneMo (OyHKITIO

fla) = {1, r=ny,n N,

0, /s IHITIAX T.

Bposywmino, mo lim, . f(z) He ichaye. [Tokaxkemo, 1mo st Takol GyHKIIT BHKO-
HYIOThCs yMoBH 3a1adi. Hexait a € R. 3 ipparioHa/JbHOCTI Yuca 7y CIIjIye, Mo He
Gisiblle HiXK OJIMH eJIEMEHT 3 MOCJIIOBHOCTI {a + n} MOXKHA MPEJICTABUTH Y BUTJISA-
i my, m € N, a orzke He Olibiie HiXK ouH eslemenT nocsigosrocti {f(a +n)} e
HeHyboBUM. Tomy lim, . f(a +n) = 0.

4.2 3ajgadi ajid caMOCTIiTHOro po3B’dA3aHHS

1. B Tepminax e-d 3ammcaru o3HaYEHHS

(a) lim f(t) = C, lim f(t) = +o0, lim f(t) = —oo, lim f(#) = oo;

(6) Jim f() =0, lim f(t) =+oo, lim f(t)=—ooc, lim [f(t)=
(8) lim f(t)=C, lim f(t) =+o0, lim f(t) = —oo, lim f(t)= oo;
(r)

r

lim f(t) = C. lim f(t) = +o0, lim f(t) = —o0, lim ) =0

2. B repminax e-0 3ammcaru TBepiKeHHd 1mpo Te, 1mo unciao C (cuMBosm 00,
—00, +00) He € rpanuteio GyHKIHl f npu

(a) t > AR, (B) t — +o0;
(6) t — oc; (r) t = —o0;

3. Hexait icuye lir% f(z),a lir% g(x) me icuye. I1lo MOXKHa cKa3aTH PO TPAHUITIO
xr—r xr—r

13



(a) lim f(x)g(x); (0) lim £, g(x) # 0¥z,
(6) lim f(x)g(x), lim f(z) # 0; (e) lim 9, flw) # 0V
(8) lim(f(x) +g(x)); () limmin{/(z), g(x)};
(r) lim(f(x) - g(x)); () lim max{f(x), g(x)}?

. Hexait rpanumi lim f(z) i lim g( ) me icmyiors. Illo moxkna ckasaTu Ipo
z—0 z—0
IDAHMUINO

(a) lim f(z)g(2); (v) lim 73, g(x) # OVa;
(6) lim(f(x) + g(x)); (n) lim min{f(z), g(x)};
(8) lim(f(z) - g(x)); (¢) limmax{f(z),g(z)}?

. Hosenite, mo skmmo icaytors rparuri lim f(z) i lim g(z), To
z—0 z—0

(a) lim max{f(z), g(x)} = max { lim f(x), lim g(x) } .
(6) lim min{ f(x), g(x)} = min { lim f(2), lim g() } .

. O6uucintn
(a) w(x? [-1,2]) (B) w(sgnzx,[—1,2 (n) w(sgnz,[—1,0))
(6) w(z?[-1,2)) (r) w(sgnz,[-1,2)) (e) w(sgnz,[-1,0])

. O6unciaurn komusanust w(f, E), ne E = (—¢,¢) \ {0} a6o E = (0,¢), € > 0:
sin 75 (8) f(z) =sgny;

6) f(x)= cos%

[Ilo moxkHa ckazaru 1npo rpaxut lim, o f(x) Ta lim, o f(z)?

. HosesiTh, mo npu ganiit 6a3i B

(a) 2-0(f) +3-o(f) = o(f); (8) o(f) - O(f) = o(f?);
(6) o(f) - o(f) = o(f?); (r) O(f)-O(f) = O(f?).

. Hexait f = O(1), a g = o(h) npu gesxiit 6a3i B. Hosexits, mo fg = o(h)
pu 6asi B.
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10.

11.

12.

13.
14.
15.

16.

17.

18.

19.

20.

Yu icuye dyukmia f: R — R, maa gxol npu Beix o > 0, 2% = o(f) npn
r — 4007

Yu icaye HeobMmexkena dyukiisg f: R — R, aaa sakoi npm Beix a > 0, f =
o(z®) mpu & — +00?

Bizomo, 1o nmpu x — +00

(a) f(x)-sinz = 0O(1); (6) f(x)-cosz =0(1).

Yu o6os’a3koBo f = O(1) mpn & — +00?
Bigomo, mo f = O(z) npu x — oo. Yn npasna, mo f = o(x?) upu x — 0o?
Bigomo, mo f = O(x?) npu z — 0. Yu npasia, mo f = o(x) npu x — 07

Binowmo, mo f = o(1) npu x — 0. Yu o6os’s13k0BO 11pU @ —> 0
(a) f=o(z); ©) f=0()?

Binomo, mo koxkua 3 hyHKIIIH f, g € HEOOMEKEHOI0 B JIOBIJILHOMY OKOJIi 4-00.
Yu moxke fg = O(1) mpu © — 4007

Bizomo, mo f ~ g npu x — +oo. [Ilo MoxkHa cKa3aTu Ipo CIIPaBeIUBICTDb
ACUMITOTHYHOI IIPU T — +00 PIBHOCTI

(a) f+g=o0(1); ©) f—g=0(1)
Hexait 3ajano dyukiis f: R — R.

(a) Hosexith, mo lim, o f(x) = A <= lim,_,( f(sinz) = A.
(6) Hosexith, mo lim, o f(x) = A = lim, o f(|z|) = A.
(B) Yu npasuibHo, mo lim, o f(|z]) = A = lim,_o f(z) = A?

Hexait P(x) — me muOrowien 3 pogarHivu koediriearamu. O6ancantu

(a) limy o %; (6) limg_,—oo %; () limg_a ufjg;l.
[TokaxKiTh, 1110 3 KOJIHOI 3 PIBHOCTEI
(a) limgo(f(x) + f(22)) = 0; (6) limgo f(2) - f(22) = 0;

He criaye, mo lim, o f(z) = 0.
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