MOCKOBCKWI ®M3UKO-TEXHUYECKANA UHCTUTYT

(FOCYL{APCTBEHHHI/UI yHI/IBEPCI/ITET)

C.B. NUBanosa

OOPMYVYJIA TEMJIOPA N EE
INPUMEHEHUE IIPU BBIUNCJIEHUN
I[IPEJIEJIOB ®VHKIIUN

Yuaebro-MeToutaecKkoe mocobne

Mocksa 2006






Conmep>kaHue

1. CIIPABOYHBbBIE CBE/JIEHN A

2.

1.1.
1.2.

1.3.

1.4.

1.5.

CpaBrenne QYHKIHAH . . . . . . . . . . . ... ..
Hexkoropsie ¢popmysisl mpeobpa3oBaHms
BBIPAXKEHUH, COMEPKAIMNAX O-MAJIOE . . . . . . . . .
®opmyna Tetsopa, . . . . . . ...
1.3.1. ®@opwmyna Teitgopa ¢ OCTATOTHBIM YJIEHOM
B dopme IMeamo . . . . . . ... .. ... ..
1.3.2. ®@opwmyna Teitgopa ¢ 0CTATOIHBIM YJIEHOM
B popme Jlarpamxa . . . .. ... ... L.
1.3.3. TeopeMma eTWHCTBEHHOCTH
npegacrasienus dhopmysioir Teitropa
1.3.4. @opmyna Magmnopera . . . . . . . . .. ..
Ouepauyuu Hai, PEACTABJICHUSIMU
dopmystoit Makaopera . . . . . . ... .. ... .
Brrauciierne mpeaenons
¢ momorpio dpopmyser Tedopa . . . . . . . . . ..

ITPUMEPHBI C PEIITEHNAMMN

2.1.

2.2.

2.3.

[Ipeobpa3opanue BbIpaKeHUI,
COMEPKAIIAX O-MAJTIOE .« .« + o o o o v o v e o o .
[Ipeacrasienue byHKIumit
¢dopmysoit Makjopena, . . . . ... ..o L. L
2.2.1. llpencrasimenne dyHKIIIT dopmytoi
MakJiopena 10 o(a:k), riae k — dQukcup-
OBAHHOE YHCHIO . . « o « o« v v v o v oo
2.2.2. llokazarempHasg QYyHKIML . . . . . . . . .
2.2.3. Tunepbosumdaeckue GpyHKIHAA . . . . . . . .
2.2.4. Tpuronomerpwdeckue (pyHKIAX . . . . . . .
2.2.5. Crenennag QYHKIAT . . . . . o . o . . ..
2.2.6. [pobuo-panmonasibHas (GpyHKIUT . . . . . .
2.2.7. Jlorapudpmuyeckas pyHKIMT . . . . . . . .
[Ipenacrasaenune hopmyaoit Teittopa.
3aMeHa MePeMEHHON . . . . . . . . . . . . ... ..

11

13

14



2.4. llpencrapnenne dpopmystoit Teitmopa npu © — o0
2.5. Tlpencrasienue ¢dpopmysoit Teitmopa
[IPOU3BEJIEHNsT MHOTOUJIEHA
Ha TPAHCIEHJACHTHYIO WUJIN

UPPAIUOHAJIBHYIO DYHKIMIO . . . . . . . . o . . .

. BBIUYNCJIEHUE TIPEJAEJIOB
O YHKIINI
3.1. Tlpencrasaenus dhopmysoit Makgopena

TabauanblXx GyHKImi npu . — 0 . . . ... .. L.

)

3.2. Tlpemes dbyHKIMM BHOA 7= . . . . . . . . . . ..

g(x)

(
3.3. Ilpemen dymkumn suma f (2)9@) .. ...

. BAJIAYN

4.1. Tlpencrassenne dhopmynoit Teitiopa . . . . . . . .
4.2. BprauciieHue TMPEJEIIOB . « .+ « v v v v v v v e o

. OTBETHI
5.1. Ilpencrasmienue popmynoit Teitopa . . . . . . . .
5.2. BplUuciaeHve mpPeaesoB . . . . . . . . ..o ... .

30

37

37
38

92

58
o8
61



1. CIIPABOYHBbBIE CBEJIEHN A

1.1. CpaBuenune pyHKIMit

IMycrs dbynkmus g (z) me obpamaercs B HOJb B HEKOTOPO# Tp-
OKOJIOTOI OKPECTHOCTH TOYKHK (. Torma:

a) ecam  lim % =1, To TroBOpaT, uro dynkmma f(z)
T—x0

9KBHUBaJIeHTHA (DyHKIMU ¢ (T) 1Ipu & — Zo, U THILYT

f(x)~g(z) mpu x — xo.
f(=)

6) eciun xli,%lom = 0, To roBopaT, uto dhyukmug f () ecTh o-Masoe

ot dbyukumu ¢ () npu x — xg, ¥ TATTYT

f(x) = olg(z)) mpu x — wo. (1)

3amevwanue 1. Dopmymy Buma (1) ciemyer 9uTaTh TOJIBHKO
CJIeBA  HATIPABO, TAaK KAK TIpaBasg dYacTh ODO3HAYAET KJIACC
byrkumii, GeCKOHETHO MAJBIX 110 CpaBHEHMIO C ¢ () Tpm * —
xo. Pasencrso (1) MOXHO mOHMMATH Kak O0O3HAYEHUE IIp-
unayiexxnoctu pynkmun [ () K xaaccy o(g (z)).

Bauuce f (z) = o(1) osnauaer, uro ¢pyukuus f(x) spisercs
GECKOHETHO MAaJIOi IpH T — T(, TO €CTh xlglgrcl f(z)=0.

0

Ecim f(x) = o(g(x)), rme g(z) — 6Geckoneuno wmagas
dbyrkuma npu © — xg, To Gynkumo f () HA3LIBAIOT GECKOHETHO
MaJIoit BoJiee BBICOKOTO MOpsIKa 10 cpaBHeHuio ¢ dhyHknuei g ()
upu T — Io.

Jutst roro arobel byukims f (2) 6bUIa SKBUBAJEHTHA (DYHKIUA
g () npm x — x0, HEOOXOAMMO U TOCTATOTHO, ITOOBI UMEJIA MECTO
dopmyia

f(x)—g(x)=o(g(x)) mpu z— xo.
B) B npejcrasyenun suga f () = a(x — z9)" + o((z — x0)") npm
x — xp, vae a # 0, craraemoe a (r — xp)" Ha3BIBAETCS TJIABHOM
gacrbio pynkupn f () npu x — xo.



1.2. HexkoTopsie popmyJibl nipeobpa3oBanus
BBIPDA>KEHU, COAEP>KAMINX 0-MAaJIO€

[TycTs B J1€BOi wacTu paBeHcTBa 3amuch Buaa o f) obosmagaer
KOHKPETHOrO mnpejcrasurens kaacca o(f), © — xp, C # 0 —
nocrogunag. Torma uMerT Mecto hOpMyJIbL:

o(Cf)=o(f); (2)
C-o(f)=o(f); (3)
o(f) +o(f) =o(f); (4)
o(o(f)) = o(f); (5)
o(f +o(f)) =o(f); (6)
o(f)-olg) =o(fg); (7)
7 ro(f) = o(f"); (8)

o(f")
f

= o(f”_l) , ecom f () #0 Va e Us (x); (9)
(o(f)* =o(f*),a>0. (10)

Hanpumep, dopmyna (7) o3magaer, 49TO TpPOM3BEIECHUE
a(x) - B(z) moboro snementa «(x) uz kiacca dbynkuuii o f)
u [ (z) u3 knacca dyHKIWA 0(g) ABIAAETCS JIEMEHTOM KJacca
bynkuuit o(fg).

3ameuvanue 2. TlpuBemennnie GOPMYIBI CreIyeT YUTATH
TOJIBKO CJIEBA HAIPABO, YYMTHIBAsi, YTO B JIEBBIX YACTAX yKa3aH
KOHKDETHBIHi TIPEJICTABUTENb KJIACCA, & B HPABBIX — KJIACC
dbyukuumit. Hekoropble u3 ykasaHHBIX (HOPMYJ HEBEDHBI IIPH
HCIIOJIb3OBAHNU WX CIIpaBa HAJIEBO.



1.3. Popmyna Teitmopa

1.3.1. ®Popwmyana Teitaopa ¢ 0OCTaATOYHBIM YJIE€HOM
B ¢popme Ileano

IIycte cymecrsyer f (n) (z9). Torma mmeeT MECTO MpeACTABIEHUE

F@) = £ o)+ T @) 4 U0 o gy
) (5
+ fi(o) (l’ — Cvo)n + o((a: — xo)n) opu T — Xg

n!

WIW, B COKPAIIEHHOH (hopme,

nfR) (g
f(z)= Z fk(!o) (x — xo)k +o((x — x0)") npu z — z. (11)
k=0

Muorouiex

nfk) (o
P, (z) = Z fk(!O) (x — [Eg)k

k=0

Ha3bIBAETCs MHOTOWIeHOM Teitnopa dynkunu f () B Touke .

Oynkuus r, (x) = f (x)— P, (), roe ry, (x) = o((x — x9)") upn
X — X, HA3BIBAETCA OCTATOYHBIM YJIEHOM N-I0 MOPAAKa HOPMyYJIbI
Teitnopa.

@opmyana (11) nazwiBaerca dhopmyaoit Teitopa n-ro nopsiaka
g Gyakmum  f (£) B OKPECTHOCTH TOYKHM T() C OCTATOYHBIM
wienoM B popme Ileano.

1.3.2. ®opwmyna Teitaopa ¢ 0OCTATOYHBIM YJIE€HOM
B ¢popme Jlarpanzka

Ecom dyukmus f (x) umeer B HEKOTOPOi OKPECTHOCTH TOYKH ()
npou3BoOAHbIE A0 (N + 1)-T0 mopgaKa BKIIOUATEJHLHO, TO JJIS JIO-
60ii TOYKKM T M3 ITOH OKPECTHOCTH Halijgercda Touka &, Jexkalas
MeXIy T U Zo (x < & < xp wim zp < £ < x), ¥ Takast, ITO



_ = o) Fo (€
f(z) —kzo k!O (z — m0)" + CESL

(x —20)" ™. (12)

®opwmyna (12) mazwiBaerca dpopmynoit Teitmopa ¢ ocTaToOUHBIM

(nt1)
QIeHoM 7, (1) = f(nﬂ)(f) et

(x — x B (popme Jlarpanxka.

1.3.3. Teopema eIMHCTBEHHOCTH
npeacrasjaeHus dopmysoi Teitaopa

[Tycrs cymectsyer f™ (xo). Torna dbyukuus f (r) exuHcTBEHHBIM
0Opa3oM TIPEICTABNMA, B BUIIE

n
f@) =) ap(@—20)" +o((x—20)") mpu z — z, (13)
k=0
npudeM KodddurmenTsr npeacrapierus (13) onpegenstorces gop-
(k)
MYJIaMU G = fT(!zo)’ k=0,1,...,n.
1.3.4. Popmyna Maxkaopena

Ecau xg = 0, To dopmyna Teitmopa npuarMaeT BUI

nf(k)
f(x)= Z ! k!(O) 2* + o(z™) upu = — 0 (14)
k=0

1 Ha3bBaeTcs hopmysoit MakiopeHa.
[TpuBenem mpencrasaenus dopmyioit Makiiopena OCHOBHBIX

byHKIHIA:
2

e$:1+x+x—+...+£+o(:p”) v
2! n!
n {[‘k
e’ = ﬁ—l—o(x”) npu = — 0. (15)
k=0



2 4 2n

= £ 2 x 2n+1
chzx =1+ —|—4' +. ( )] —I—O( ) ITH
n 2k
Z :1; +o(z* ) mpm z — 0. (16)
k: )
shr =z + 3+$—5+ A+ o +o(2*"?) wm
3! 5! (2n+1)
n 2kt
Shl’—l;)@k_'_)—i-O( 2n+2) Ipu xz — 0. (17)
(L’2 334 n w2n 2n+1
cosx—1—§+1—...+(—1) m—i—o(:n ) wmm
n 2k
x
cosx:Z(—l)k 25)! +o(z*"*!) mpm z — 0. (18)
k=0
. R g2l ot
Sln;E:l'—a—{—a—...—}—(—l) m—i—o(m‘ ) wom
. - poattl 2n+2
sm:c:Z(—l) m—ko(ﬂs ) mpu x— 0. (19)
k=0
a(la—1 ala—1)(a—2
1+z2)*=1+ar+ (2' )$2+ ( 3)'( ):c3+...+
-1)...(a—(n—-1
Lala=De@= (o)

n!
n

(1+$)a:zC§xk+o(x”), mpu ¢ — 0, a ¢ Nya #0, (20)

k=0
rme C0 =1,CF = a(a_l)"'li?_(k_l)), k=1,2,...; B vacTHOCTH,
1 n
s = (=% 2% + o(a™) mpu = — 0; (21)
r k=0



1
= Zwk + o(z") upu z — 0. (22)

n—1 z" n
— 4 o(z") wm
n

In(l42)= i (—=1)F1 % +o(z") npu =z — 0; (23)
k=1

In(l—-2z) = - + o(z™) npu x — 0. (24)

BaKHBIMM HA IPAKTHKE SIBJISIFOTCS CBOWCTBA IIPEJICTABJICHUI
dbopmymoit Makopena wemnws u Hewemnws Gyrkyud.

Iycrs f(x) — uernas dynxuus u cymecrsyer fHD(0),
torna ee ¢dpopmysia MakjgopeHa IIpUMET BHUT

f(x) _ im 2k +0(x2n+1)

k) x mpu = — 0. (25)

k=0

Mycrs f(x) — neuernas dbynxnus u cymecrsyer f2"+2) (0),
torya ee (opmyna Makaopena mpumeT Bu

n f(2k:+1) (0)

F@) =2 G

a2 4 o(2®™?) upu z — 0. (26)
k=0

3ameuanue 3. Tlopsiyiok o-masoro B upejcrasieHusx (25) u
(26) Ha enuHMITY BLINIE CTENEHU IIOCJIETHErO UjeHa MHOTOWIEHA,
TaK KaK B 0BGOMX MPEJICTABIEHUSIX CIATAeMOe, CIEIYIOMee 3a CTap-
mieit crenenbio muorowiena Teilsiopa, paBHO HyJIO.
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1.4. Omnepamuu HAA IPEACTABJICHUIMUI
dopmyoit Makjgopena

Samevanue 4. Apudmermueckme ~omepanwm  HAJ ~ OpeC-
rapieHuavu  dopmysioir  Teitsiopa B OKPECTHOCTH TOYKH T(
BBITIOJIHAOT aHaJoTu4dHO (popmysie Makiiopena. Baxxuo, uro ap-
ndMeTUIecKre OMEPAITHH TPUMEHUMBI TOJBKO K TPEICTABICHUIM
dopwmyiioit Teitstopa B OKpECTHOCTH OHOW M TOM XK€ TOUKH T(.

Caooicenue, 8vuuMAHUE U YMHOMCEHUE TTPEICTABICHUIT
dbyukmmit  dpopmysoit  Maksiopena  OCYIECTBIISIETCA  IIyTEM
BBITIOJTHEHUS] COOTBETCTBYIONIUX ONMepaIuil Ha i kosdduinrenramu
TPH OJAHAKOBBIX CTETICHIX. Ecau

f(z)= Zakxk +o(z"), g(x)= Zbkrnk +o(z"), x — 0, To
k=0 k=0

n

D) f@)+g@) =Y (ap£by)zF + o), z —0;
k=0
n k
2) f(z)g(x) = chwk +o(z"), =0, tme ¢ = Z ibg—i.
k=0 =0

3ameuvanue 5. YMHOKEHWE W BO3BEJEHWE B CTENEHb TIp-
encrapiaeHuit  Qopmynoir  MakjgopeHa — OCYIIECTBIIETCA IO
cTaHaapPTHBIM (HOPMyJIaM YMHOXKEHWS W BO3BEICHWST B CTEIEHD
MHOT'OWIEHOB, HO C yYeTOM IIPABWJI IpeoOpa30BaHUs BhIPAKEHU,
comepxkamux o-magoe ((2) — (10), c. 6).

[Ipencrapnenne popmyaoti Maxaopena caodcroli dyrryuu
F(z) = f(¢(z)) mo o(z"), tne ¢ (z) = o(1) npu z — 0, nody-
qaeM CIAeIyIOmuM 00pa3oM:

1) upeacrasasem dbynknuio ¢ () bopmysoit Maksiopena j10 o(z™);
2) npencrasisem dyukuio f (y) dopmysoit Makiaopena 10 o(y™);
3) 3amensieM y mpencTasiaenueM (opmyinoiit Makmopena ¢GyHnkuum
@ (v);

4) packpbiBaeM CKOOKHU, COXPAHZs YICHBI CTENEHU HE BBIIIE 7.

11



n
B uacrrocTH, ecim ¢ (z) = Az™, m € N, f(y) = > apy* +
k=0
+o(y"), To
n
F(z)=f(Az™) = ZAkakxmk +o(z™),  — 0.
k=0

Hpedcmasaenue  gopmyarot  Marasopena wacmuozo deyx
Pyrxyul  TOMYIAIOT WCHOJAB3Yyd HPABUJIO  IIPEJICTABJIEHUS
caoxkuoil dynkuuu. Iycrs f(z) = % = alx) - ﬁ(a:)’
rae ((z) — 0. Bropoit muoxwuTesb TpejgcTaBisgeM GhOpMyJIOi
MaxkJsiopena mo TMPaBuJy MPEICTABICHUS CJIOXKHON (DYHKIMM JJIs

1

BHelHel (DYHKITH THy 3areM TEePEMHOXKAEM IIPEJICTABJIEHUS

COMHOXKHUTEJIEH.

s mosyueHus NpeJCcTaBJIEHUS YACTHOTO JIBYX (DYyHKIHIA
dopmynoit  Makmopena HUCHOIB3yeTCS TakXKe Memod Heonp-
edeneHHblT KoapPuyueHmos.

[Iycrs f(z) = % U U3BECTHBI LIpe/icTasieHust GyHKIuii g ()
u h (z) bopmynoit Makiopena, To ot pasenctsa f () h (z) = g (x)
MEPEXOUM K PABEHCTBY COOTBETCTBYIONIMX TPEACTABICHUN (Hop-
Mmys0it Makmopena, npuaem juia ysmun f () Gepem mpemc-
TaBJIEHWE C HeompeaeseHHpIMu Kodddummentamu. B jepoit gac-
TH PACKPBIBAEM CKOOKHU TI0 TIPABUJIY YMHOXKEHUS IPEJCTABIECHUN
¥ noJrydaeM cuctemy ypasuenuii. [IpupasuuBaem koadphuimenThI
[IPA COOTBETCTBYIOIIUX CTEIEHAX IPEJCTABJIEHUN B JIEBOH U IIp-
aBoii wactax. Pemenus cucrembl gBigiorca Koddduimenramm
UCKOMOTO npejcrapyaenns dyukmun f ().

Csasv npedecmasaenut gopmyroti Makxsopena Pyrnruuu u ee

NnPou3coIHOT.
IIycrs cymecrsyer f™1)(0) u n3secTro, uTo

12



n
' (z) = Z arz® 4+ o(z"), Torma
k=0

fla) = £0)+ 3 et o), (@2n)
k=0

TO €CTh cjaraemble MHOro4jieHa Teiinmopa dyskmum f (x) momy-
9AIOTCA MOYJICHHLIM MHTErPUPOBAaHUEM MHOrodieHa Teiimopa mp-
ouzsouoit f/ (x). BaxHO Ipu HATErPUPOBAHUY HE MOTEPATH UJICH
mysnesoro nopsaka f (0).

1.5. BesruuciaeHune 1mpesesioB
c momoItnbio ¢popmyasl Teitmopa

f(z)

Ipeden dynryuu suda oK

[Iycts f () = ax™ + o(z"™) m g (x) = bx" 4+ o(z™), x — 0, b # 0.

Torma lim /@) = lim w = E,
z—0 g (:L') z—0 bx™ + O(l'n) b

1

IIpedea pynruyuu suda (f ())9@ .

Iycts f(x) =1+ az" +0(z"), 2 —0,a#0 u
g(x)=bx"+o(z"), x — 0, b#0.
1

B S o
Torpa liH[l)f (x)9@ = liH(l) (14 az™ 4 o(z™)) BT +=™)) = eb.
€Tr—

€Tr—>

13



2. IIPUMEPDBI C PEIITEHNUAMN

2.1. IIpeobpa3soBamnue BbIpaKeHUIA,
coZiepKariux 0-MaJjioe

IIpumep 2.1. YUPOCTHTL BLIpaXKeHUE
(Qx + 322 + 0(953)) — (x + 322 + 0(953)) npu x — 0.
> (22 + 32 + o(2%)) — (2 + 32 + 0(2?)) =2+ 0(2?) . <

3ameuvanue 6. BlamMmHOe yHWUTONREHWE KBAAPATAIHBIX
WIEHOB HE BJIEYET IIOHUKEHUS TOpsAKa o-MaJjioro. PasHocth
0(1:3) — 0(x3) = 0(3:3). HepepHo cuurarh ee paBHON HYJIFO, TaK
KaK MBI HAXOJWM PAa3HOCTH JBYX, BOOOIE TOBOPS, PABIUTHBIX
GYHKIINH OTHOTO KJIACCA.

Ipumep 2.2. YUpoCTUTH BHIPAKEHNE
(3z + 522 + z* — o(a*)) (1 4 5z — 2* + o(2®)) mpu z — 0.

> TTowieHHO yMHOKMM BBIPAXKEHHUs B CKOOKax (CM. 3amMeuanue
5, ¢. 11). HcnonpdyeM TabAMYHYIO 3a0MCh sl [TPUBEJICHUS
MOJO0HBIX CJIATAEMBIX:

3r + bBx? + 2t + of
+ 1522 + 2523 + 0(m4) —
- 3t + ofzt) =
= 3z + 2022 + 2523 — 22t + o(x4) .

Ysenbl BBIMIE 9€TBEPTON CTEIEHN SIBJASIOTCA 0(1:4) mpu z — 0. €

3amevanue 7. Tabnuunas (opma 3aIUCH TPEIIOJIATAET, ITO
HO,H‘O6HBIe CJIara€MbI€ BBITMCHIBAKOTCA IO MEPE UX MOJYyYCHUS IPpU
PACKPLITHU CKODOK II0 CTPOKAM HJIH II0 CTOJIOIAaM.

x4) +

2.2. Ilpeacrasiienune dyHKIIi
dopmyoit Makjgopena

2.2.1. Ilpeacrasisienue pyuknuii dpopmymnoit Makisopena
no o(z*), rae k — dukcuposannoe uucso

Hpumep 2.3. llpencraButs dopmysoit Maknopena ¢yHKIIIO
f(z) = e® + 22|z| no o(z™). Kakue 3nadennsi MOXKeT TPUHUMATD
n?

14



> B coorBeTcTBUHM C OlpeJiesleHUEM TOYHOCTH IIPEJICTABJIEHUS
dopwmysoit Teitsiopa B OKPECTHOCTH TOYKH Tg HE MOXKET OBITH
BBIIIE, 9eM HAMOOJLIINYA IMOPAI0K IIPOM3BOJSHOM, CYIIECTBYIOMIEH
B 9TOH TOYKE.

[lycrs g () = 2*|z], Torma g (0) = ¢' (0) = ¢" (0) = 0, ¢" (0)
He cymecTByeT. lloaTomy mpesacrapiaenus dpopmynoit Makmopena
dbyukuum g (z) po o(z™) mmetor Bug: g (x) = o(z) npu n = 1,
g(x) = o(wz) mpu n = 2; Ipu n > 3 NPEeJICTABJICHAsS He CYIIec-
TBYIOT.

Ucnonbzys  TabimdHoe  UpejCcTABIEHHE  [MOKA3aTEIbLHON
dbyskpm (15) u mpaBuIO CJIOKEHUS TIPEJICTABIEHUI, NMEEM
f@)y=1+xz+4o(x)mpun=1; f(x) = 1+m—|—%2—|—0(x2) npu
n = 2; upu n > 3 UpeACTaBJIeHUE HE CYIECTBYeT. <

[Tpu BO3BemeHVM B CTEEHDh W MEPEMHOKEHUN TPEICTABICHUN
dopmynoit  Teistopa TOYHOCTH TIPEJCTABICHUS OIPEJIEIACTCS
HAUMEHBIIIUM MTOPAAKOM (O-MaJIOTO B PE3YJILTUPYIOINEM BbID-
axxeHuu. “ieHbl DoJiee BEICOKOTO MOPSIKA MOXKHO HE BBIIUCHIBATH
" HE YIUTBHIBATH B BHIMUCJICHUAX, TAK KaK OHU ABJIAIOTCA O-MaJIBIM.

Hpumep 2.4. llpencrapurs popmysioit Makiopena ¢byHKITIO
f(z)=e"V1+z mo o(z?).

> OyHKIMS 9BJSEeTCS IPpOou3BeieHneM JiByX dpyHkmuii. Tak kak
e ~1lu+14+x ~1upu x — 0, TO HAXOIUM TPEJCTABICHUS
obenx GYHKIHI /10 HCKOMOTO MOPSIIKA:

flx) = (1—|—:E+x22—|—0(x2)> <1+§_9§+0($2)>

PackpriBaeMm mepByi0 CKOOKY, B KajXKJIOM CJIATAEMOM YIUTHIBAEM
TOJBLKO T€ WIEHBI BTOPOTO MHOXKWTENd, CTETIEHh KOTOPBIX MOCJTe
PACKPBITUS BCEX CKODOK HE TPEBOCXOJUT 2, TO €CTh TOYHOCTH IIp-
€JICTABJIEHUS, TOT/IA

f(z)= <1+x—$2+0(x2))—l—x(l—l—;—l—o(x))—l—

2 8
2 3 72
—1—%(1—1—0(1)):1—1—;4—%—1—0(3@2), x — 0.
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Hpumep 2.5. llpencrapurs opmysioit Makiopena ¢byHKIIIO
f(z)=sinz-In(1+z) go o(z®).

> Tak kak sinx ~ z, In(14+2) ~ x mpu x — 0, To sinx u
In (1 + z) npeacrasusiem dopmysoit Makmnopena 10 o(z?):

2 3 4

1@ = (o=t o)) (- T4 5 -2 o) =

2 2 2t 4 3 x? 9
:x(x—2+3—4+0(:c ))—?ﬂ(x—z—i-o(a: )>:

3 4 5
9 T T T 5
=x"——+———t+o(z x — 0.
7 "6 6 o)
OcrajbHBIE YJIEHBI OMYIIEHBI IO MPABMIAM TPe0bpPa30BaAHUs BbIP-

azKeHuli, cojiepKalux o-MaJioe.<

I[Ipu BO3BeneHum B crenenp upejcrapjicHust (HOPMYJIOi
Teiimopa Ba>XHO He MOTEPITH JIEHBI, SABJLIONMAECd MOTAPHBIMA
MIPOU3BEJCHUAMHU CJIAaraeMbIX, HAIIpUMeEp:

(z + 2% + 32% + 0(2?))” = 22 + (222" + (32%)° +
+ 2 (:c 2222 + 1 - 323 + 222 - 3x3)+0(x3) (a: +22% + 323 + 0(303)) .

Hpumep 2.6. Ilpencrasuts dhopmymnoit Makmopena GhyHKITHIO
f(2) = e no o(z%).

> f(x) saBagerca caoxuoit Gynkuumei (cm. c. 11—12). Buy-
TpeHHsas QYHKIUA T — 22 ~ x upd £ — 0, HOSTOMY BHEIIHIOK
dbyuknmio mnpegacraiageM dopmysoit Makjopena 10 HCKOMOTO
mopagka: ef = 1+t + % + % +0(t3), rage t = (w—xz) — 0
upu ¢ — 0. Torna
(z=2?)°"  (e—a?)°

2 + 6

f(m):1+(x—x2)+
[TosryueHHOE TIpEJICTABIIEHNE HE SIBJISETCS TpeJcTaBieHneM (hop-

myso#t MakjopeHna, jisi TMOJyYeHUWS TIPEICTaBJCHUS (HPOPMYIIOit
MaxkJjioperna pacKpbIBaeM CKOOKH U Oy 9aeM
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2 53
f($)=1+$—%—%+0(333),x—>0.<1

Hpumep 2.7. Ilpencrasurs dopmysnoit Makiopena byHKIHIO
f (1.) — esinln(1422) 10 0(1‘3).
>  @yukuusa  f(xr) aBaserca  caoxHOE  dyHKumeir ¢
HECKOJILKUMN BJIO2KEHHHBIMU Cl)yHKHI/IﬂMI/I Hpe,B;CTa,BJIeHI/Ie
HauUMHAGM ¢ BHyTpeHHel dynkmuu. Tax kak In(l1+t) =
t—%—i—%—l—o(t?’),r;;et:2x—>0np1/1x—>(), TO
(2z)*  (2z) 8z

In(1+2x) = 2x—T+T+o(:U3) = 2x—2x2—|—%—{—0(x3) .

Oboznavasg u = (2.7; — 222 + % + O(:BS)), nmeeM u — 0 mpu
r— 0, sinu=u— % +0(u3) , TOL A,

3
1
sinln (1 4 2z) = <2x — 222 + 8% + 0(1‘3)) ~& (22 + o(2))® =

4 3
:2x—2x2+%+0(x3).
Hos y = <2$—2x2+4%3—|—0(x3)) nmeem y — 0 mpu © — 0,
¢ =1+y+% +% +o(y%), roran

f(z) =1+ (2x — 222 + 4§3 + 0(3:3))4—; (2x — 222 + 0(m2))2 +
+ % (22 4 o(z))® + o(z®) =1+ 2z — :;3 +o(z?) <

> Pemerune npumvepa MoKHO 3anmcarh B Apyroit popme. Ipemc-
TaBJIEHHE HAYMHAEM C BHYTPEHHNX (DYHKIIN, BLIMHCHIBAS ~ CXeMy”
HPEJICTABJIEHUs] COOTBETCTBYIOIIEH (DyHKIIMM U HOJACTABJISAS B HEE
COOTBETCTBYIONIAN apPTyMEHT:
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f(z)=exp {sin <2:1c —22% + 8::';3 + 0($3)> } =

— exp { (233 —22% + 8§3 + o(:c3)> - é (22 + o(x))” + o(2?)

——
I

3
= exp{2x — 2% + 4% +0(aj3)} —

=1+ (23: — 227 + 471:3 +0(x3)) + 1 (296 — 227 + +0(x2))2+
N 3 2

1 3 3 4z° 3
+6(2$’+0(ZL')) —%—0(3:)21—1—230—?—1—0(:6), x — 0.<

Hpumep 2.8. llpencrapurs opmysioit Makisopena ¢byHKIUIO
f (@) = Eengs 1o o(af).

> Tak kak arcsinz® ~ 3, In (1+x2) ~ 22 upn x — 0,
T0 arcsinz® mpencrasisiem dopmymoit Makopena 10 o(m7), a
In (1 + 3:2) — 110 0(x6) 7 COKpPAIIAeM JIpobb:

2?4 o(z7) B z + o(a”)

1:2—%—1—%6—}—0(356) 1—%4—%4—0(%4)

— (24 o(c")) (1 _ (—x; e +0(w4)> i <—"“’; +0(x2)>2> _

2 4 3 .T5

= (v + o(2?)) (1 + % — % +0(954)> = w+%_ﬁ+0($5) <

3ameuvanue 8. llpm pemenmm 3a7ad TpejcTaBiaeHue (Gop-
myJio# Teitmopa citoxkuO# DyHKITMET UCITOJIB3YyeTCs Jijid HEOObITIX
(PHUKCHPOBAHHBIX N, TAK KAK 9TAIl PACKPBITHAA CKODOK B 00IIEM CJIy-
qa€ TPYAHO BBIIIOJIHUM JIJIs1 ITPOU3BOJILHOI'O n. I/ICKJIIOLIQHI/IQ COC-
TABJIAIOT YACTHBIE Coaydan, Tana ¢ (r) = Az, m € N. B npyrux
caydasx Ieaecoobpas3Ho mpeodpasoBaTh (PYHKIUIO TaKAM OOp-
a3oM, 9TOOBI W30eXKATh TPEJICTABICHUS CJIOXKHON dyuKmn dHop-
myJioi Teitmopa.

18



Hpumep 2.9. llpencrapurs popmysioit Makisopena ¢byHKITIO
f(z) =tgz no o(z°).

>  Bocmosb3dyemcs  METOIOM — HEONPEIETEHHBIX KO-
durmenTos. tgxr = i(‘)’;i , Torjia cosx - tgx = sinx. Tak kak
byukug y = tgr HedeTHad, TO ee MpeicTaBiieHue ¢Gop-
Mymoit  MakiopeHa ¢ HEONpeJeNeHHBIMA KO3 PUIHEHTAMA
GepeM TOJILKO TIO HEYETHBIM CcTermeHaMm. llpupaBHwBaeM mp-

encrapiaenua  ¢gopMmyiaamMu  MakJOpeHa ¢ TOYHOCTBIO  JI0
0(51:6): (1—%2%—%4-0@5)) (ax+bx3+cx5+o(x6)) =

3 5
= oz oz 6
—<x 6 —i—mo—i—o(x ))
PackpoiBag ckobkm m npupaBawBag KOIPPUIUEHTH TpU
OJIMHAKOBBIX CTEIEHSX, [T0JIyYaeM CUCTEMY ypPaBHEHMUIA:

x: a=1;
x3 + b= %
5. 1
2 -5 +e= g
1 _ 2
Pemas cucremy, nonydaem a = 1,0 = 5, ¢ = 5. Urax,

1 2 '
tgx:x+§x3+1—5x5+o(xb), xz— 0.<

3amevarue 9. AHAJOTMIHO TPEABIAYIIEMY TPUMEDPY MOXKHO
OJIYUYUTL Ipenacrasiaenne dopmyaoi Maxiaopena ¢GyHKIun
y =thz mo o(xG). A umenmno,

1
thx—x—gzn + 51’ +0( ),x—>0.

Hpumep 2.10. llpencrasurs dpopmysioit Makisiopena ¢dbyHKIIIO
f (z) = arcsinz mo o(z%).
> Haiimem mnpencrasienne Gopmymoii Maxjopena 1p-

OU3BOJIHON 10 o(xﬁ):

! 1 5
= =14 4= .
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UnTerpupys NmpeJICTABICHAE TMPOU3BOMHON M YUUTHIBAS, UTO
arcsin 0 = 0, umeem (cm. popmyay (27), c. 13):
3

arcsinx = x+x7+37x5+0( 6) <
N 6 40

Hpumep 2.11. Tlpencrasuth popmymoit Makmaopena GbyHKIIHIO
f (z) = arccos (5 + ) no o(z?).

> AprymenTt (yHKIUW HE CTPeMHUThCa K Hymio mpu © — 0.
Tem He MeHEe MOXKHO BOCIIOJIB30BATHCS CBHA3BIO MPEJCTABICHUN
dopwmysoit Makmopena GbyHKIMY 1 € TPOU3BOIHOM:

1 ! 1 2
arccos 5—1—3: = — 2:— - - =
R RCRUEES

V3 3 V3 3V3
1 2 227
Torna f (x) = arccos (2 + x) = g—T - \mf—i—o(xQ) , x— 0.9

Hpumep 2.12. llpencraBurs dpopmysoit Maksiopena ¢byHKITIO
f(z)=22In <x + m) ito) o(xzn).

> Haiimem mnpencrasaenne Gopmymoii Maxiaopena 1p-
ousBomHOH (yukmum ¢ (z) = In (w + m> Mo dopmyne

108y (1 (k1 kg
(4.7.) Hpna:f%,rﬂeCE%: 2(=3) ng (k=) _ 1)2535! 1)”’

v TpaBuiy TmpeacTtapienus opmysnoi MaksopeHna  CI0XKHOIM
GYHKIINE UMEeM

+Z Zk_l) x2k+o(a:2”),x—>0.

/
=1
9 (J:) ]__|_$2 P Qkkl

Yuuteisas, uro f (0) =Inl = 0, nonyuaem

n—1

(2k — )N
ln(aj—l— 1+$)_$+Z2kk;'k(2k—3—) 2k+1+0( ),x—>0.
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Torma f(w):x21n<;v—|— 1+x2>:

n—1
_ (2k — )Nt L2kt _
- <x+22k k! (2k + ) +o(a? )>—
n—2

2k_1” 2k+3 2n
=z +22k M 2k+) +0o(z"), z — 0.«

3amevanue 10. Tunuano#t omubkoil sBjseTCd NpUMEHEHHE
npuemMa udpepeHImpoBaHns K IPOU3BEJIEHNIO TPAHCIEH/IEHTHON
¢byEKIME Ha MHOTOWIEH, HAIpUMep, K (GyHkmun f () B mpuMepe
2.12. B ?r1oM ciiyuae BblpaKeHHME IIPDOM3BO/IHOM CJIOXKHEE MCX-
OJIHOT'O TIPOW3BEEHMUSI.

2.2.2. IlokazareapHas pyHKIUA

Ilokazarenbuyo (GYHKIMIO [PUBOJUM K OCHOBAHWIO € U
MOJIb3yeMCsl  TPABUJIOM  IIPEJCTABICHUS CJIOXKHON  (DyHKIMH

(cm. c. 12—13).
Hpumep 2.13. Tlpencrasurs popmysoit Maknaopena dbyHKIHIO

f(z )_5x2ﬂ‘0 0( 2n+l)
i 2ln5 ontl
—exp{x 1n5} Z o(w n+ ) =

n 2k
_Zx h’l 5+0($2n+1)

7l , * — 0.«

k=0

Hpuwmep 2.14. Tlpencrasutsh popmymoit Maknaopena ¢GhyHKITHIO
f(z) = exp {4cosz} no o(z?).

> f(x):exp{4(1—x22+o(x3)>}:

=etexp {—23:2 + o(a:3)} =et. (1 — 222 + 0(963)) =
=t —2et? + 0(:6‘3) , * — 0.
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Hpumep 2.15. Tlpencrasurh Popmynoit Makmopena GyHkImo
f(z) = (chz)™" no o(z®).

> f(z) =exp{sinz-Ilnchz} =

:exp{<x_"’§+o(x4))1n<1+”j+i+o(x4))} _

_ exp{ <x - —|—0(:v4)> <<§ + 2 +0(m4)> -

:exp{(z:f+o(:c4)> <"””22 f;+o(x4))} _

3 5 5
_exp{z—aé—i-o(;pg’)} :1—}—5—%4—0(1'5)7 r — 0.«
2.2.3. TI'mnepboamueckue HyHKIAN

Jluia 1mostyyeHus 1npeJiCTaBJIeHns ITPOU3BeIeHIS TUIEPOOTNIECKIX
dyHKIMI mpeobpaszyeM UCXOJHOE BBIPAXKEHWE B CyMMY THIIEp-
bosmmueckux (pyHKIUN IPYyTrUX apryMeHTOB:

Hpumep 2.16. llpencrasuts dhopmynoit Makisopena dbyHKIIIO
f(x) =sh?z-chz mo oz ).

1 1
> f(z) =sh’z-chz = §(Ch2$— 1)chz = Z(chSaz—chx) =

3amevarnue 11. Jna npeobpaszoBaHust BBIpaXKeHU yI00HO
HCIIOJIB30BATE (hOPMYJILL:



1 1
ch?z—sh?’z =1; ch’z= §(Ch2$+1); sh?z = §(ch2x— 1);

ch2z = ch®?z +sh?z; sh2z = 2shzcha;
sh(zty)=shxzchy+chzshuz;
ch(z+y)=chachy+shxshux;
2chzchy=ch(z+y)+ch(z—1y);
2shaxshy =ch(x+y) —ch(x —y);
2shaxchy =sh(x+y)+sh(x—y).

2.2.4. Tpuronomerpudeckue PyHKIIUU

Ipumep 2.17. Ilpencrasursp dopmysioit Makmopena GyHKIUIO
f(z) =sin*z - cosz no o(z?"1).

Ly e ot Y k (32)% 2n+1
4 <Z( ) (2k)! > (1) 25)] + o(z* 1)
k=0 k=0
Y R 137 o

(=1

k=0

Tt role ), a0

Hpumep 2.18. Ilpencrasuts dhopmynoit Makisopena ¢dbyHKIIIO
f (z) =sin (chz) no o(x?).

> f (z) = sin (chz) = sin <1 + 9522 _1_0(1,3))

Tak KaK apryMeHT CHHYyca He CTPEMUTLCA K Hymio npu z — 0, To
nCHoJIb3ys (POpMyJly CHHYCA CyMMBbI, LIOJIYHYaeM

Far=sin (145 +ole) ) =sintcos (5 0le?) ) +

x? z?
4+ cos1-sin <2+0(x3)> :Sinl—i—cosl-?%—o(:v?’), z— 0.«
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2.2.5. Crenennas pyHKIUsA

Hpumep 2.19. IlpencraButp dopmysnoit Makiaopena GyHKITI
1 3 3
Vit A=, 1+ g0 o(z?).
> a) Wcnoawsys tabawanoe upejcrasienne (20) creneHHOl

byHKIMYN Ipu @ = %, oJIy yaeM

L(_1 L _1y(_3
\/1—&-736:14-11:—1—2( 2)332—1—2( 2) ( 2)x3+0(x3):

2 2 6
r 22 2P
6) Ucnonb3ys rabnmanoe mupeicrasiaenue (20) creneHHOM
dbyHKIIMYE TIPU (@ = f%, MOJTy 9aeM
L1 (53)(55) o, (9) (53) (58) s sy
A E A R 6 wto(e?) =
r 32?2 528 3

B) Ucnons3ys rabnmanoe mupeicrasiaenue (20) creneHHOM
dbyHKIMY TIPU @ = %, MOJTy YaeM

e L AR AERD D)

31+x:1+§x+3 23 2?43 36 3 a:3+0(x3):
2 3

:1+§—%+58%+0(:c3),:c—>0.<1

3amevanue 12. Jljgg yuporenwns BBIYUCTCHUN ITOJE3HO
HCTIOJTH30BATH PEKYPPEHTHOE COOTHOIIIEHNE

CkH:a(a—l)...(a—(k—l))(a—k) —Ck-a_k

(k+1)! Rl

Hpumep 2.20. llpencrasurh dhopmynoit Makiopena dbyHKITH
\/ 2 1 2n+1
l14+z°m m,zpoo(w” )
> Mcnoap3yst mpaBmiao CI0XKHOM (GYHKIIAM, CBOHCTBA IIPEIC-

TaBJICHUN 9eTHBIX (DyHKIUH u npeacTapaeHus Gyuruuii /1 + z u
1
JiTs losmydaem
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2 o=l —3)n
m:H—z—i—Z( D°_(k 3)”x2k+0(1:2"+1), z —0;
k

~ ok . !
n
2k — 1)!!
= Y ey el ) 0
_x * .

k=1

Hpumep 2.21. Tlpencrasutsh popmymoit Makaopena GbyHKIHIO

f(z) =+v4+x mo o(z™).

n k—1
—1 2k—3)!1
pTax Kak \/m:1+g+ E (D" ( )
k=2

2k . k!

¥ +o(z"), © — 0,

2k . k! 4
k=2
n k-1
x (=D 2k =3)!
=2+ 1 + 531 i ¥ +o(z"), r — 0.<

2.2.6. pobHo-panuoHaabHad HyHKIUA

1. Ipobs ipeicTaBiasieM B BHJIE CYMMBI MHOTOUJIEHA, (BO3SMOKHO
HYJIEBOTO) M NPABUJILHOM JpO6H.

2. Ilpu HEOOX0IMMOCTH TPABUIIBHYIO JpOOb PACKJIAILIBAEM HA,
cymmy apobeit co 3aamenaresieM Busa 1 + at”', oTBeUAIONAX UK
CBOJISAIINUXCH K TAOJUIHBIM ITPEJICTABICHUSIM.

3. Tonyuaem mnpexcrasienusa 1o (opmysne Maksgopena s
BCEX BXOJANIUX B UpejcTapieHus japobeit. 1lpuBogum momobube
CJIAraeMbIe.

Mg monydeHns Ipe/ICTaBJEHUT JapodM BHUIA 10 dop-

1+at™
mysioii Makmnopena, e Py, (f) — MHOTOYJIeH, IMEIONIUI HECKOTIBKO

OTJIMIHBIX OT HYJS CJAraeMbIX, MOXKHO MPEJACTABUTH (POPMYJIOii
1
Maxksiopena 1po0b 5w W YMHOXKHTD €€ Ha MHOTO'JIEH.
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Hpquep 2.22. llpencraButsb dhopmysoit Maksopena dbyHKIIIO
f (@) = 2T g o(rnH).

1

n
= D 2 4 o(2*3) | — 0. YMHOKUM HOMLyUeHHOE

k=0
242
PeJICTABICHNE HA MHOTOWIEH T° + 22 + 7 u npuseeM moao0HbIe

claraemble:
f(z)= (x2 + 2z + 7) <Z 4 0($4n+3)> =
k=0
n n n
:Zw4k+2+0(x4n+5)+z 2_$4k+1+0(m4n+4)+z 7~x4k+o(x4n+3) _
k=0 k=0 k=0
n
_ Z (7 kg Akt x4k+2) + O(x4n+3) z— 0.4
k=0

Hpumep 2.23. Tlpencrasuts dhopmynoit Makmopena ¢yHKIIIO
2024207
f (@) = 2222557 a0 oa™).
> IlpeacraBum (pyHKIHMIO B BHAE CyMMBI MHOTOWJICHA, W IIP-
ABUJILHOM JPOOK W Pa3JIOKUM TPABWIBHYIO JPOObL HA CyMMY

3 1 1
=2- =24 — - _
f () -2 +x—i—2 z—1

T flz)y=2+ +1 + L _
or 1A = > 1+ =

5 l—uw
_o4t (zn: (—1)F (f) + 0(96")) + zn:x’f +o(z"), z — 0.
2 2 P

Tak Kak wWieHBI HYJIEBOM CTEIEHU HE IMOIMAJIAI0T 110, ODIIyIo
dopmyity, TO, IPUBOIL MOJ00HBIE CJIATAeMbIe, BHIIIMCHIBAEM KOHC-
TaHTY OT,Z[eJIbHO

+Z<2k+1 )xk+0(iﬁ"),x—>0-<1

3amevarnue 13. Ecim o € N, 1o ocTaTo4HbIfl WieH B Ipesc-
Tapnenun dopmynoii Makmopena (14 2)* = Y7, C*zF papen
mys0. O mpescrapiaernn MHOTOUIeHa, dopmysioit Teftopa B okp-
eCTHOCTH TOUKH X 7 0 cM. mpumep 2.27.

26



2.2.7. Jlorapudmuyeckas pyHKInsA

Bameuanue 14. Tax kax (In (1 +z)) = H—x ulnl =0, ro dpop-
Mmyna (23) Moxer OBITH MOJYYEHA WHTErPUPOBAHUEM (HOPMYIIBI
(21). @opmyaia (24) moxer 6bITH mosydeHa u3 Gopmyast (23) mo
MPABWITY CJIOXKHOW PyHKIAN.

[Tpeacrasnernne morapumdpmMuaeckoil (QYHKIUU BBHITOJIHIIOT,
3aIUCAB (PYHKIUIO B BHIE JUHEHHON KOMOUHAIIUN DYHKIIAN BUIA
In (14 az™) u, BO3MOKHO, KOHCTAHTHI.

Hpumep 2.24. llpencrasurs dpopmysnoit Makisiopena ¢byHKIIIO

f(z)=In (3724;% 1o o(z™).

> f(x)= lné+ln<1—z>—ln<1—23x>—ln<1—§>:

n 2k k n

241% Z 3k +Z%+O

4 a2k 7o\ 1 1
:]n15+;k<<3> —1—57 T +o(z™), z — 0.4

Hpumep 2.25. Tlpencrasutsh popmymoit Makmaopena ¢GbyHKITHIO
f ( ) In 4+x < 110 0( 3n+2)'

>f(w)=ln+ln(1+f>—1n(1_§> —

=l **Z Ui Z%*O (%) =
)k 1 1
=In- +Z ( +3k>+0(:1:3”+2),x—>0.<1

2.3. Ilpeacrasiienune dpopmysoii Teiisopa.
3ameHna nepeMeHHOI

Pemrenwe 3anaau npencrasienns dyukmun popmysoit Teiaopa B
OKPECTHOCTH TOYKH Lo 7 0 COCTOUT U3 TPeX STAIOB:
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a) 3aMEHOI IepeMeHHON { = & — Ty UCXOJHAd 33,1394 CBOJIUT-
ca K mpejacrasienuto (opmynoii Maknopena dbyuknuu g (1) =
f (zo 4+ t) mo TOTO XKe MOpAIKA 0-MAJIOr0, ITO U UCXOMHAL 33044,

6) pemaercs 3agaua npejcrasiaenus dopmysoil Maksopena
bynxnuu g (t) = f (o + 1);

B) BBINOJIHAETCSI O6pATHAS 3AMEHA IEPEMEHHOTO, TO €CTh MOJIC-
TAHOBKA BBIPAXKEHUA L — L) BMECTO NTePEeMeHHON .

Hpumep 2.26. llpencrasuts dopmysioit Teitaopa B 0OKpecTHOC-
i Touku o = —1 pyuknmo f (z) =1In(z +2) go o((z + 1)").
> Ilyers ¢ = z + 1. Tak xak f(z) =In(x+2) =In(1+ (1 + x)),
10 g(t) =In(1+t) =30 (~1D)F 1L 4 o(t"), t — 0. Torma

N DL

f@)=In(1+(1+2))= k:

+o((z+1)"),

k=1
r— —1.d

3ameuvanue 15. He 3a0bbiBaiiTe BHIMOIHUTL 0OPATHYIO 3aMEHY
nepemenHbIxX. lloyuenne npejgcrapienus dbopmysnoit MakiopeHa
dbyuruum g (t) = f (zo + t) He saBAsIETCA pElIEHUEM TOCTABIEHHOR
3a,/1aMH.

Hpumep 2.27. Tlpencraputs dpopmynoit Teitsopa B OKpecTHOC-
TH TOUKH To = —1 MHOrowneHa f (z) = z°.

sf(z)=(+1)°=3@+1)?+3@+1)—1.

Onyckarhk CKOOKHM HeJIb3s JIaXKe B JIMHEHHOM UjieHe. <

Tak kak (opmysta Telsopa gBiisieTcs CIIENUATIBLHOTO BUJIA IIP-
esncrapjaeHueM (HYHKIMA B HEKOTOPON OKPECTHOCTH TOYKH IIP-
€JICTABJIEHUs, TO IIPU peElIeHu: 33aJa9 HeobXoaumMo 00paTuTh
BHUMAHUE Ha CJICAYIOINE MOMECHTHI:

1. Ilpencrapmenne ¢opmymoit Teitopa B OKpeCTHOCTH TOUKH
xo dbyukruna f () JOIKHO IPEICTABIATH COOON CYMMY CIATAEMBIX
Buga  ap (r —x0)', B KOTOPOW TPUBEJEHBI BCE TOJO0HDBIE
CJIaraeMbie.
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k
2. Heponycrumo packpbiTHe CKOOOK B BBIPAXKEHHMH (I — ()
npu JboMm k.
3. 11 i F
. IIpeacrasnenune pyHKImMu cymMMoil nmo crenenam (x — )
upu T /> Ty 10 OIPEAEJEHUIO He BJIeTcs LpejcrasjaenueM ¢pop-
myJioi Te#tsiopa B OKPECTHOCTH TOYKHU Z.

2.4. Ilpencrasienue popmysioit Teitnopa mpu r — oo

st nmosygenus: upeacrasienus gopmysioit Teiopa dyukimmu
f(z) mpm x — oo 1o o(x%) BBITIOJHSECM 3aMeHy TTePeMeHHON ¢ = %,
npeacrapiageM (opMmysioil Makiaopena dyukmuo f (%) q0 o(t") u
BBITIOJTHSIEM OOPATHYTIO 3aMEHy MePEeMEeHHOM.

Hpumep 2.28. llpencrasuthk dopmymnoit Teitstopa dyHKIUIIO
f@)=Va?—z—1—1z 1o o() upn z — +oc.

> IlycTtb t = %, torna t — 0 mpu © — o0.

1 1 1 J1-(+8) -1
ey oo = .
y () 21 t ¢

Tak Kak pe3ysIbTUPYIONIEE IPEACTABIECHHE 10 0(t2), TO YUCJINTEIH
IpeaCcTaBIIgeM JI0 0(t3):
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2.5. Ilpeacrasienune dpopmysoii Teiitopa
Npou3BEeAeHNSI MHOTOYJIE€HA
HA TPAHCIEHJEHTHYIO WJIN
UppannoOHAJbHYI0 (DYHKIINIO

Samaua mpencrapienus ¢dopwmynoit  Tefiopa mpousBeseHus
MHOI'oO4J€eHa Ha TPaHCIHEHICHTHY O NI UPPATUOHAJIBHYTO
GYHKIMIO peniaeTcd B HECKOJIBKO TAIOB:

1. 3ameHoil mEepeMEHHOI CBOJAMM 33Ja4y K MPECTABICHUIO
dopmyoit MakaopeHa.

2. TpancuendenmHyo UAU UPPAUUOHAABHYIO HYHKITIIO
npejicraBisieM (opmysioii Makiopena.

3. YMHOXKA€EM 1I0JIyYEHHOE IIPEJICTABJIEHUE HG MHO20%AEH
(KaK IpaBWIIO, ABYJIEH).

4. IlpuBommMm TOMOOHBIE WJIEHBI, TPU HEOOXOIUMOCTH
HUCIOJIb3Y4 3aMEHY WHJICKCA CYMMHUPOBAHUSL.

5. Boinosiasiem 06paTHYIO 3aMeHY.

Hpumep 2.29. Hpe,zLCTaBI/ITb dopwmysnoit Teiopa dynkimo

f(z) = (:U—i—l)ln% B OKPECTHOCTH TOYKH To = —1 110

0((1‘ + 1)2”) .

> BrmosmanMm 3ameny nepemMennoit t = x + 1. [lomyanm
1+¢2 5 t2

[Ipescrapiienne HEOOXOIUMO BBIMOJHUTH C TOYHOCTBHIO JI0
o(tzn), HO TaK KaK jorapudpmudeckne (pyHKIUN yMHOXKAIOTCI HA
t, TO UX MOXKHO MPEJCTABATH ¢ TOYHOCTHIO IO 0(t2”*1):

n—1

2k
In (1+ t2) = Z (1)1 % + O(tQ"_l) , t—0;
k=1

1n<1—> i ), t—0.

k=1
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_ -1
k-1 2k " 12k

n—1
g(t) =1t <_1nz+z D +o(t2n—1)) _
k=1

k=1
t2k’+1

n—1
1 "
:_t.1n2+;<(—1)’“+2k> - +o(t™), t — 0.

Brrmosiasiem obpaTHyio 3ameny:

n—1 " 2k+1
f@)=—(r+1)n2+) ((—1)’“‘1 + 21k> (+;)+
k=1

+ o((x + 1)2") , r— —1.q

Hpumep 2.30. llpencraBurs dopmysoit Teisiopa dyHKIUIO
f(z) = (%2 — 2z ) cos (2 — 4) B OKPeCTHOCTH TOYKM Ty = 2 JIO

0<(x - 2)2”+1).

> Ilycrs t = © — 2. Ionyumum g (t) = (% - 2) cos 2t.

[Tpejcrapyienne  HeOOXOAMMO — BBIIOJHUTHL € TOYHOCTHIO
J0 0(t2”+1), TPUTOHOMETPUIECKAST (DYHKIUS  YMHOXKAETCH
HA, MHOIOYWIEH ¢ OTJHYHBIM OT HyJId MJIAJIIAM IEHOM,
CJIEJIOBATENIHHO, TPUM YMHOXKEHUM HA MHOTOYJEH TOYHOCTH
[IPEe/ICTABJICHHS HE TTOBLICUTCH.

[Ipencrasum opmystoit Makiopena dyukimio y (1) = cos 2t

2n+1Y\.
110 O(t ) n i 92k . 42k -
cos 2t = (—1) ————+o(t"), t — 0.
S e
2 n 22k . g2k i1

g tpuBeseHUs TMOMOOHBIX CJIATAEMBIX BBIMOJIHAM 3aMEHY
WHJEKCA CyMMHUpPOBaHUdA. PacKpoeM TepBYI CKOOKY ¥ BHECEM
MHOXKHUTEJHU O/ 3HAKU CYMMHUDOBAHUS:
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n —
L $2kH2 . g2k=1

(2k)‘ + 0(t2n+3) _

120 92+

- kzl (—-1) @ + o(t*"1).

3aMeTuM, 9TO NpHU (DUKCHPOBAHUEU WHIEKCA CYyMMUDPOBAHUS
B 0DEHX CyMMaX CTEleHH MePEeMEHHOW COOTBETCTBEHHO PaBHBI
2k + 2 u 2k. 3uauwnt, 3ameHuB B mepBoit cymme k + 1 Ha HOBBIT
HHIEKC CYMMHUPOBAHHUS, MBI TIOJYIUM B 00EHX CYMMaX OHHAKOBLIE
CTEMEHN MEPEMEHHOM TPU OIUHAKOBBIX WHIEKCAX CyMMUPOBAHUSI.
Broiiensiem B siBHOM Bujie k41 BO Bcex MecTax BXOXKJIEHUS UHJIEKCA
CYMMUPOBAHHS B [EPBOI CyMMe:

120k+1) | 92(k+1)—3
9(75)22(—1)k+1 '

CICESY TR

t2k 22k+1

- Z 72]{)' +o(t?" 1)

IIpu usmenenunu k or 0 10 n HOBBIA uHaEKC k + 1 u3mensercs or 1
0 n+ 1, o6o3Havast HOBBIN MHJIEKC CYMMHPOBaHW JII000H GYKBOIA,
HAIpuUMep, k, HOJIydaeM

n+l - 12k . 92k—3 -
t) = B ) L ——— A3y
g(t) k§1:< A T TR G

12 . 92k+1

- kz_o (—1) W + 0(t2n+1) .

[TpuBoaum no00HbBIE CyraraeMble: EPBBIH YJI€H BTOPOM CyMMBbI
— KOHCTaHTAa — He IIO0Ma aeT moj o0Iyo hopMyJIy, TAK KaK 3Ta
CTENEHb TPUCYTCTBYET TOJIBLKO BO BTOPON CYMMe, €r0 BBIITUCHIBAEM
oTaesrHo. Kpome TOro, orTbOpachiBaeM UJIEHBI MPEICTABICHUSI,
comepxkamuecs B o(t?"1):
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n B 12k | 92k—2
g(t) = 2+ka1 (—1)F 7 (2k% — k + 8) e

+o(t*"t1), t —0.

ITocste o6paTHO 3aMeHBI TTEPEMEHHON MeeM

flo)=2+ i (—1)F 1 (202 — k4 8) B2 2% %2
k=1

(2k)!

—|—0((:E - 2)2n+1) , T — 2.

Bropoit BapumanT BBIIOJSHEHUS 3aMEHBI WHIEKCA CYMMUP-
oBauud. VHIEKC CyMMHPOBAHUS 3aMeHIeM B CyMMe, B KOTOp-
OH cTeleHb IIEPEMEHHON 1IPM OJIMHAKOBOM 3HAYEHUN TEKYIIEro
WHJIEKCa CyMMHUPOBaHUs OOJIbITIE, B JAHHOM CJIy9ae B IEPBOif

cyMMe: "
. 1262 92k—1

Z k4, t2n+3 ]

O6o3zHaunM HEMOW WHJEKC CYMMHDOBAHHS B JPYTOfl cymme
uepe3 [. Jlygg Toro 4robbpl MOXKHO ObLIO mpuBECTH 0A00HBIE
cjaraeMmbie, HeOOXOAMMO, UYTOOBI TIPU OJMHAKOBBIX 3HAYEHHUSAX
WHACKCAa CYMMHPOBAHUSA CTEICHU IIEPEeMCHHONM B IIEPBOH H BO
BTOPO#l CcyMMax coBmagaJm, To ectb 2k + 2 = 2. Torma
k =1 — 1. Hosblit ungekc mensercs or 1 jgo n + 1. Ilogcrasiss,
IOJTy IaeM

il Ly 12923 -
lel (-1) R +o(£273) .
BHOBDL 3aMeHUB HEMOH WHIEKC CYMMUPOBAHUS HA K, TTPHBOIAM
MOMOOHBIE CJIATAEMBIE TAK XKe, KaK B TIEPBOM PeIeHu . <
Hpumep 2.31. llpencraBurs dopmysoit Teisiopa dyHKIUIO
f(z) = (2 +62+7)37*"! B oxpecrnocTn Touku To = —3 10
o((z +3)").
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> Brmosaum 3aMeny nepevennoi t = x + 3. Ioayuaum g (t) =
9 (t? —2) e~tn3,

[Ipeacrapum dpopmysnoit Makiopena dbynkmmio y (1) = e
Jio ot"):

—tln3

n

ERRLITIN
ypy=3 CUIIT3 im0

k!
k=0

n (=1 Rk
Torpa g (t) = 9 (¢ — 2) (Zk:O (1)]:,13 + o(t")> :

BremonageM  3aMeHy — MHJIEKCA — CYMMHPOBaHHSA,0003HAYAd
HOBBIN WHIEKC CyMMupOBanusg OykBoit k

n

k
g(t) _ Z (_1) .9. tk’—i—? lnk3 N O(tn+2) B

k!
k=0

n

kr k
18- t¥1
_Z 8 n* 3 o(th) =

n (71)164’2*2 .9. tk+2 lnk+2_2 3

= + o(t""?) —
— NI
— ((k+2)—2)!
L (—-1)F 18- tFInF 3 .
- ) ] +o(t") =
k=0 )

1)k2 9 tFInk—23

)l

M+

oftm+2) -

M

" (—1)* .18tk 1k 3
D= S o) =
k!
k=0

= —18+ 18t - In3+

k k1,.k—2
9 tl 3
+§ S 2 (k(k—1)—2m23) +o(t"), t — 0.
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[Tocsie o6paTHOl 3aMEHBI IEPEMEHHON Ipu © — —3 UMeeM

f( ):—18+18(3:+3)-1n3+

+Z G ,+ 3) '3 (k* — k —2In*3)+o((z + 3)") .<

3amevanue 16. Henb3s packpbiBaTh CKOOKH B JIMHEHHOM
qJIeHE TPEJICTABJICHNsSI, TAK KAK OHO BBITIOJHEHO B OKPECTHOCTH
TOUYKHA X9 = —3.

Hpumep 2.32. lTlpencrasuth dopmymoit Teimopa dyHKIHIO
f(z) = (#* =22 —1) (22 — 2?)2 B okpecrHoCTH TOUKM To = 1

J10 0((£B — 1)),

> Hycrs t = x — 1. Tloayaum g (t) = (2 — 2) V1 — 2.
[Mpeacrasum dopmynoit Maknopena dynkmumio y (1) = /1 — ¢2

70 0(t2”+1):

I R G Vi (2k ok p2nt
y(t)—1—2+l§ b ottt —o.
Nmeem

2 n
g(t)= (" —2) (1 - % Ty e H* (%kk, Mk o(t2”+1)> :
k=2 ’

BrimonmsgeM 3aMeHy WHIIEKCA CYMMUAPOBAHHUS

th =~ (=1 (2k - 3)! .
g(t):_2+2t2_2+z( )zlg.k! )t2k+2+0(7§2+3)—

Qk 3) 2k 2n—+1
o Z 2k L.l "+ O(t ) =
(= 1)’“ ' (2k — 5)!1
+ 2+k7 Tk _1) +o(t" ) +
2k 3) 2k 2n—+1
+ Z 2k L.l "+ O(t ) =
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tt 2k
:—2+2t2—4+2( ;k(l,;d ) (k 3)t2k+0(t2n+1) F0.
k=3 )

ITocste o6paTHO 3aMeHBI TTEPEMEHHON MeeM

(z - 1)"
4

f():—2+2(x—1) +

Z 2k: ?k — 5! (k—3)(z— 1)2k+0<($ — 1)2n+1) , x— 1.«
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3. BBIYMCJIEHUE IIPEJIEJIOB
OVHKIINN

Sameuanue 17. llpu BBIYUCTIEHUHN IIPEJIESIOB BUJIA hn%J g éfjg "
L
BUJIA liH(l) f (2)9®) npencraBnenme byukmmit dbopmymoit Maxmop-
xTr—

eHa Oyzem mucaTh moapaszymMmeBas, uto  — 0.

3.1. Ilpeacrasienus dpopmysoit Makjgopena
Tabanyubix yHKIuii mpu r — 0

a3 x? 6
sine = aj—g—i-m—i-o( ),
z?2  xt
cosx—l—?+ﬂ+o( )
he—e+ S b Do),

shx ==z 5 120 0
2 2t
chz =1+ +57+0 o(z"),
tgr = +x—3+2i+( %,
gr==x 3 5 0
22
3 32° 6
arcsm:v—x—i—g+ﬁ+o( ),
x>
arctgx:x—§+€—l—o(x6),
2 3 4
l(1+x)—xf?+§f4+o(x4),
z2 2 gt 4
ln(l—x)——x—?—g—q—l-o(m),
ln<x+ 1+x2)—x—x3+3x+o( %),
6 40
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=1-z+2°— 2%+ 2" +0(z?),

1+
: =1+az+a22+a3+2t +o(a?),
— X
x 2 a2l
[fo=145—"+= +o(*
VIte =145 o+ to(e),
1 r 3x*  5ad 3
ek R S TR
3.2. Ilpenen dyHKmum BUIA %

Sameuanue 18. B mgaHHOM pasjiese BO BCeX TpUMepax MBI
ucnosnzyem obozuavenue f () juig aucamrens apobu u g (x) ams
3HAMEHATEIS.

—arct
Mpumep 3.1. Haiirn if%xﬁi?y:j%gx

> Tak Kak B 3HaMeHaTeae IpoOW oaHA (PYHKIHUS, TO IIp-
ejcrasum ee dopmynoii Makyopena 10 epBoro 3ua9uMoro (me
Hyseoro) wiena: g (z) = —a° + o(z?) .

Yucaurens apobu Tak xe mpeacrasum qropmysion Makiopena
0 0(903). Taxk Kak COST yMHOMXKAETCA HA T, TO €ro CIAedyeT Ipec-
TaBUTH JIO 0(:1:2).

2 3
cosle—%—i-o(xQ), arctga::x—%+o(:c3).
3 3 3
f(x) :;1;_%4_0(;33) —$+%+o(ﬂz3) =" +o(z%)
f (x) —4% +o(z%)

sin (ﬁ) +In(1—2)— %
Ipumep 8.2. Haitru  lim .
2—0 tg (shz) — arctgx
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> B npencrasienun tgx u sh x Bece WieHBl IEPBOrO U TPETHETO
HOPSAKA HOJOKUTEIbHBI, 8 B LIPEJACTABICHUHA arctg r 4jeH Tper-
bero MmopsgKa — oTpuuarejied. l1losToMy B 3HaAMeHaTe e WieH Tp-
erbero mopsaka owmdeH or 0. IlpemcraBum dbopmysmoit Makiop-
eHa 3HAMEHATeJ b JIpodu 10 o(;rg):

3 3
Tak Kak shx:1:+%+o(:n3), tgt:t+%+o(t3), t — 0,10
3 3
tg (sha) = (m—i— % +0(w3)> + (x—i—g(m)) +o(z?) =
3 3 3
:x+§+o(a§3)+§+o($3) :.’L‘+?+O($3).

3
Tax kak arctgr = o — 5 + 0(x3), TO

3 3 3
x T T .
9(@) =2+ +o(a¥) = (z— 5 +o(a%) ) = %= +o().
2 3 6
TaK KaK HaﬁﬂeHa TJlaBHad 9aCTh IPEACTABJICHUA, TO TOYHOCTD
MpeCTABICHUS BHIOpAHA TPABUIBHO.
[Ipeacrasum dopmysoit Maksopena wucsuresb apobu 10

o(ac?’). Snamenaresb Apobm 17— TPEACTABEM C TOYHOCTBIO JIO

O(.T2), TaK KaK YUCJAUTEIIb TMOPAIKA T:

X

= :x(1+x+x2+o(m2)) :m—i—x2—|—aj3+o(:v3).

Tak kax sint =1t — g—?; —|—0(t3) ,t — 0, To

3
Sin( ZL' ):(gp+x2—|—x3+0(333))_(x—i_o(x))+O($3):
11—z 3!
3 3 3
:x+x2—|—:c3—|—o(:c3)—m—i_;(x):x+x2+5g+0(:c3).
2 .3
1n(1—x):—x—%—%+o(:n3).
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f(z)= <x+x2+553+0($3)>+

2?23 2?2 23
+<—x—2—3+o(az3)>—2 —+0(353).
z3 3
i d @) _ oy 200 3
z—0g (x) x—>05%+0(z3) 5

N

tg ($€_IZ> _ ln(ch2 x)

T

Ilpumep 3.5. Haiitn

lim
z—0 arctg (zcos) —tgw
> Ilpencrapmenws tgxr wu arctgxr oWIMYAOTCA 3HAKOM

KyOH9IecKoro 4jieHa, I03TOMY MOIpodyeM IpeICTaBUTh (POPMYJIOi
Maxkopena 3HaMEHATEh IPOOH 10 0(3;3).

B aprymenTe ciiokHOU (YHKIMH COST YMHOXKAETCS Ha T,
3HAYUT, COS T IPEJICTABILIEM JI0 0(332):

2 3
T COST =X (1—3;—1—0(332)) :x—%—i—o(aj?’).
x3 t3
tgx:x+?+o(fc3), arctgt:t—§+o(t3),t—>0.

Torma arctg (zcosx) =

(x S 0(x3)> Ao

3
3 3 3 3
x—m——i-o(a:?’) _Lo(.w)+0(x3) :x—5i+0(x3).
2 3 6
3 3 3
g(:c):a;—g)g—&-0(953)—(374-:;—#0(3;3)) —%—i—o(x?’).

Tak kak HaligeHa rJIaBHAT YACTH MIPEICTABJIEHU, TO TOUHOCTH
[IpeJICTABJIEHUs] BEIOPAHA TPABUIIBHO.
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[Ipencrasum opmymoit Makiopena ducauTes b Apobu 10
0(1‘3). OKCIIOHEHTY TPEJCTABISIEM JI0 0(562), TaK KaK OHa

YMHOXKaeTcd Ha T. Tak Kak apryMeHT MOKa3aTeJbHOH (yHKIUU

IOopdaKa 332, TO B IIPEACTABJICHUHN IKCIIOHCHTBHI JOCTATOYIHO B34dTh

nBa mepsbIx wiena ¢! = 14+t+4o(t), Torma, moacTaiss —r2 BMECTO

t, momywaem: ze=" =z (1 — 2% + o(2?)) =z — 2° + o(2?).

3
Tak xak tgt:t+%+0(t3), t — 0, T0
3
tg (a:e*xQ) = (x — 2?4 0(1:3)) + (l’—}—;(l‘)) + 0(953) =
3 +0(x3) 223

:1:—:1:3+0(x3)+ +0(x3):x—7+0(953).

3

Jlorapudmudeckasgs (YHKIUA JEJIUTCI HA T, HOITOMY IIp-
eJICTABJIIEM €€ JI0 0(964). Ksaypar runepbosmyeckoro KOCUHYyCa,
MOYKHO Mpeobpa3oBaTh 1o GHOpMYJe MOHUMKEHUs CTETIEHN, HO TaK
KaK OH SBJIZETCSI apLyMEHTOM JOrapu(pMHUUECKOi (DYHKIMH, TO
ynobuee mpeacrasuth popmysoi Maksmopena dyHKIIIO

In (ch2x) =2In(chz) =2In <1 + ﬁ + 24 +0(x4)> =

2 24

2 4 <ﬁ+o(x2)>2
N ay _\? 4 | =
=2 2+24+0(3:) 5 +0(:z:) =
_ IE2 $4 4 x4 A o .’IJ4 A
—2(2+24+0(3§‘)—8+0($)>—$—6+0(33)
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1/4 — )
IIpumep 3.4. Haiitu lim (In(e(1+20)) "+ VI—= 200555'
z—0 exXp (\/11._%) - (LU + 1) ch (\/5:[;)

>Ecim TpyHO 1Pe oo uTh HeOOXOAUMYI0 TOTHOCTD ITPEJIC-
TABJCHUS, TO HAXOJAWM IIEPBBIE TPHU 3HAYAMBIX (OTJIMIHBIX OT
HyJIsl) 9JIeHa. 3aIiCh BeJEeM TaK, YTO0OBI TPH HEOOXOAUMOCTH JIETKO
6BUIO J0MMUCATH JOIIOJIHUTCJIbHBIC 9JICHBI JIJId BBLIJICJICHUA TJIABHOM
JaCTH.

[Tpeacrasum dopmymnoit Maksoperna 3naMeHaTe b IpodU 10
o(a?).

ot Toro wTOOBI TPEACTABUTH APTYMEHT TOKA3ATEIbLHOM
GYHKIIIH 710 0(:1:3), b YHKIIHIO \/ﬁ MIPEJCTABAM € TOYHOCTBHIO

0 0(1'2)7 TaK KaK OHa YMHO2KAE€TCd Ha T.

T ! LN (), t—0
aK KaK, ———— = -+ —+0 , t—0, TO
V1—t 2 8
x dx 3(4@2 2 2 3 3
——=x |1+ —+ +o(2%) | = x+22° 462" +o(z”) .
e (1 2 o )

exp <\/1x_ﬁ> = exp (7 + 22% + 62° + 0(2?)) =

2

=1+ (x + 222 + 623 + 0(m3)) + (33 + 2 + 0(:52))

2 G

(et ofa))
6

+ 0(:1c3) =

22 + 4x3 + 0(1’3) 3+ 0(:163)
+
2 6
522 4923

:1 —
+x+2+ 6

=1+2+22%+62° +
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[Ipencrasum  opmysaoir  MakjopeHa  BTOpOil  WwieH
3uamenarend. Tak kak £+1 ~ 1 npu T — 0, To rI/Inep60J11/1quKy10
GYHKIIMIO IPEACTABIIEM 10 0( ) ch (\f x) =1+ 5”” + 0( )

(z+1)ch (V5z) = (@ +1) <1+52 +o(x )) _
522 b3

522 4923
g(m):<1+x+§+ 6'7" +0(:c3)>—
502 5a’ 1723 3

[Ipencrasum opmymoit Makiopena dvucauTesn b Apobu 10
0(903). Tak kak sorapudmvuyeckas GyHKIMS mpeacTaBumMa (pop-
MyJioii MakJiopeHa B OKPECTHOCTH TOYKHA 1, a He TOYKH ¢,
TO BOCmOJib3yeMmca popmysoit mpeobpazosarnus Jorapudma mp-
OM3BEJICHUS

In(e(1+2z))=Ine+1In(1+2z)=
@_’_@ 3 2 8a°

— _ — _ 3
=1+2z 5 3 +0(m) 1+22—22"+ 3 +0(x).
o232 L. (3). (7)) ,3
(14 )4 1+4+4 (24)33 ! ( 4)6( 7 +o(z?) =
r 322 Ta?
=147 5 s o)

8.’1}3 1/4
(In (e (1 4 22)))/* = <1 + 22 — 227 + -5+ O(xS)) —
(2x—2x2+%+0($3)> 3(2x_2x2+0($2))2
4 B 32 +
7(2x + o(x))?
+ 128

+ 0(303) =
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2 3 2 3 3
T T 2z 3z 3z Tx
=1+ -+ 4o(2®) - S+ T4 0(2®) + = +o(2?).
375 T o) syt el b g el
Tak kak yder KyOWdeckoro djeHa MPEJCTABIEHNsT KOp-
H KBAJPATHOTO 3HAYUTEJHHO YIPOCTUT MPHUBEICHUE MOTOOHBIX
CJIaraeMblX, TO IIOKA He IPHUBOAUM IOJ00HBIE CaraeMble.
2 3 2
xr x x
1—x:1——————+0(x3), cos:z:zl——+0(a:3).
2 8 16 2
Bocmosib3dyemca  TabauvHOM  3amUCHIO  JIUIS  [IPUBEJIEHUS
OIO6HBIX TICHOB (CcM. 3aMedanue 7, c. 14).

—1 1 24
+5 -5+
+ (-2 - %) —Z g2
3 3 3 3
HE L AE) f el =
2 3 3 43
= <3 +ot 8) z? +o(2%) = ﬂaz?’ + o(z?)
wd (z) _ Bad+o(z®) 43

chz + cos (ﬁ%) —2v/1+ 324

rarctgr — exp (%) +1

Hpumep 3.5. Haitru  lim

xz—0

> ApKTaHreHC — HedeTHas: (PYHKIUS, CJIEOBATEHLHO, €r0 mp-
efcrasienne popMmyso Makmopena COTEpKUT TOJHKO HEUYETHHIE
crenenn. llocsie yMHOXKeHMST HA T TOJYYMM [PEJCTABJICHUE,
cojiepKaliee TOJLKO YeTHBIE CTEemeHW. APryMeHT TOKa3aTeIbHOM
GyHKIIME — YeTHad (PYHKIWS, 3HAYHUT, CJIOKHAT (DYHKIAT —
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JeTHAs, ee IPEJCTABJIEHUE TOXKe OYIET COJIEPKATH TOJBKO YETHBIE
CTETEHN.

B IpeacTaBJICeHUN 3HaMCEHaTe/Id YJA€HLI HYJIEBOro IIOpAIKa
2

B3aMMHO yHEYTOXATCs. Jasee, x - arctgr ~ 22, 117 ~ 2 u

x? 2
1 —exp (1 +$2> ~ z* mpu x — 0. Tak, 9IeHLI BTOPOTO TOPSIJIKA
TaK)Ke B3aUMHO yHUUITOXKAaTcd. llpencraBiienue 3HameHaTess 10
O($3) HEJOCTATOYHO, TaK KaK HMEET BUJI O(CCg) n HE oImpenedeT
[JIABHYIO YaCTh.
[Tpeacrasum dopmymnoit Maksioperna 3naMeHaTe b Ipodu 10
0(955). Tak KaK apKTaHI'€HC YMHOXKAETCH HA, T, TO €ro JOCTATOYHO

3
MIPeJICTABUATDH JI0 o(w4), TO ecTh arctgx = x — 5 + o(w4).

2
3uamenarelib Apobu 1_1”_? JOCTATOYHO LIPEACTABUTD 10 0(1‘3)2

$2

m = 22 (1—x2—|—0(x3)) :x2—m4+o(a:5).

2

Torma exp (@) = exp (xQ 2t 0(x5)) =

— 14 (952 _ —I—O(QZ5)) + % (952 +0(x3))2 +o(gg5) =

:1+x2—%x4+o(a¢5).

Baxmo: ciaraemoe B BHIE % (:U2 + o(xQ))2 BMECTO

% (352 + O(CL’3))2 OpUBeJIeT K TIOHUXKEHWI0 TOYHOCTU MpPeJCc-
TaBJEHUAL JI0 0(x4).

o at 5 ot 5 at 5
g(z) =1 —§+0(ﬂs )—<1+x —?+o(x ))+1: €+o(:c ).
[yrtapHas dYacTb 3HaMeHATEds HaljaeHa. TOYHOCTH MpeJic-
TaBJICHUS BBHIOPAHA MPABUJIBLHO.
[Ipeacrasum opmymoit Makmopena dYucauTen b Apobu 10
5
o(z?):
(=) .

x
cha:zl—l—;%—ﬂ%—o(m‘r’).
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2x
2412
n ee nmpeacraBJieHrue COACPXKUT YJICHBI TOJIBKO YeTHBIX CTeHeHeI;‘I7

TO €ro apryMeHT JOCTATOYHO HIPEeJCTABUTH JO 0(x4). To ecTn
3HAMEHATENb APObU JOCTATOYHO TPEACTABUTH 0 0(3:3):

20z 72 3\ 3 4
2+x2—1+$22—:v<1—2+0(37 )>—:v—2+0(3:).

2 3
Torma  cos <2 +xx2> = cos <£L' - % + 0(x4)> —

“1e (G ole) g b)) ol -

2 ozt 2 1324

X z 5 _1_ T
=1 2+2+24—|—0(x) 1 2+24

Tak kak ~ x mpu ¢ — 0, KocuHyc — deTHas (PYHKIIH

9.8/1 4 _ 3a? 5\ _ 4 5
+ 3x* =2 1+—+0(:U) =2+ +o(m).

6
2 4 2 134
f(z)= +352+§4+o(x5)+(1—x2+ 25 +o(a:5)>—
4
— (2+x4+0(x5)) = —% +o x5)
Cf@) o) s
1’%09(3}) z—0 Z +O($5) 2

; o VT 4 1)
pumep 3.6. Hatitu mli%sh (ln (1 n %)) “am (ln (1 n %))

> AprymMeHTBl THIEPOOJHYECKOTO W TPUTOHOMETPUIECKOTO
cuHyca B 3HaMeHaTeJie Apodu coBnaiaoT. Ciie0BATEIbHO, 1IEHb
MEPBOTO TIOPAJKA B3aWMMHO YHUUTOXKATCA. B cmiy HedeTHOC-
T 00emx QYHKIWA [TPEJACTABICHUSA COMEPHKAT TOJHKO TJICHBI
HedeTHOH cTenenn. [IpmaeM WieHb TPETHETO MTOPAIKA OTINIAIOTCT
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TOJTBKO 3HAKOM. [loaTOMY TIpesicTaBuM 3HAMEHATENh Jpodu (op-
Mmysioit MakJiopena j0 0(3:3).
Jlorapudmuueckyto HpyHKIUO TPEJICTABILEM JI0 o(:vd):

n(1+5) =516+ 5 e

alo(145)) = (5-3()+5 () o)+

1 /x 3 3
—i-f(f—i-ox) +ol(z”).
i (5 o)+ ole)
ITepByio ckOOKy MOXKHO HE PaCKpPhIBATH, TaK KaK OHA
B3aUMHO YHHUYTOXKAETCI C TAKOW Ke CKOOKOH B IpeICTaBICHUU
TPUTOHOMETPHUIECKOTO cuHyca. Kybmdeckoe cjaraemoe B mp-
€JCTaBJIEHUN TPUTOHOMETPUIECKOI0 CHHYCA OTJIMYAETCA TOJILKO
zrakoM. Ciie1oBaTeNbHO,
1 /x 3 z3
T :2'7<—+ox> +o(x3) = == 4+ o(2?).
Anajornyno mpemcTaBUM — UHCIUTENbL Apobu  opmysIoi
MaxkJtopena 10 o(x3):
(2z)  (22)* (22)° 3
1-2z=1- — — +o(x’) =
v > ~ s 16 o)
2 23

Xz 3
=1—z 5 2—1—0(37).

2

exp{m}:exp{l_x_g_fﬂ(xs)}:
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3

3
—% —{—o(xg)) —e—exr — %-FO(JS?’)-

oo lmete -2 +old).
TN @t 1) (1?0 oe)] =
=e[(2® (1+0(1) +2° (1 -2+ o(z)) -

—(1—z+2*—2*+0(z?)))] = —e+ ez + ez’ + o(z?).

f(x)—e—em—ezs+0(m3)+(—e+6x+6x3+0(a¢3)) =

3
= ber + 0(953) .

6
5ex® 3

/(@) = lim-%—~+ 7~ +o(@’) = 20e.<
a=0g (x)  2=0 T4 o(a?)

Hpumep 3.7. Halitn

In ((1 = 33:)2/3 -1+ 33:)2/3 + ch 8z — %1@)
li .
2010 sin (sinx) — arctg (arctg x)

> IlpencraBum 3HamMeHaTes s GpopmyIoil MakaopeHa, 10 o(x3):

. ¢3 3 3 5
smt:t—g—l—o(t), arctgt:t—g—i—o(t), t— 0.

a? (z + o(z))?
o)) - )

sin (sinz) = <:1:—+0 5
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arctg (arctg z) = <x N o(x3)> _ (@ to(@)’

3 3 +o(2?) =
= — 23963 +o(z?)
o) = (o - 4 ofa?) ) (= - 2 o)) = 2 ole?).

[IpeacraBum guciaurens dopmysioir Maksoperna 10 0(1’3).
Tax kKak B TEPBBIX JBYX CJIATAEMBIX UJIEHBI UYETHBIX CTEMeHEeH
COBITQIAIOT, 8 HEUETHBIX CTEMeHeH OTIMIAIOTCA 3HAKOM, TO

(1- 3:L‘)2/3 -1+ 3x)2/3 =

_ 52 (3)(=3)-(=3) _ 8
__2.5(33;)_2. 3 é 3 (3:c)3—|—0(:c3)——4:C—§$3+0(x3),
Vi) (VB (vam)©
v =1+ 2 L 24) + (24-3)0 to(e”) =
2 3
:1+4m+8%+3i§ +o(2%).

3 2
f(x) :]n<<—4$—8§—|—0(x3)> +1+4x—|—8%+

32a° 822 88 88
LT o(z?) - 3) =In (1—45x3+ 0(w3)> =——a’+o(2%),

45
88
m /(@) = lim —_Exg +o(e’) _ 5 <
2=0+0g (x)  2—0+0 %3 + o(23) 15

arctg (3 + 22) — arctg (2 + cosx
Mpumiep 3.8. Haiiru  lim et ( ) 8( )
z—0 In(l+x)—e*+1
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> IlpemcraBuMm 3HamMenaTes b ¢popmystoit Makigopena 10 0(:U2):
a? 2 a? 2 2 2
g (x) :z—?—i—o(x )— 1+x+?+0(x ) +1=—2x +o(x )
ApryMeHThl apKTAHIEHCA B YUCJIWUTENE POOU HE CTPEMITCI K
ayaio pu x — 0. [Ipoguddepentupyem arctg (3 + x2) U IpeJic-
TaBUM TPOU3BOAHYIO (hopmysoit Maksopena 10 o(z):
/ 2z 1 T T
arctg (34+2%)) = —— == . — =" 4 o(x).
2

Torma (cm. c. 8) arctg (3 + mQ) = arctg 3 + % + o(mg) .
—sinx
Amanormano  (arctg (2 + cosz)) = =
(arcte ) 1+ (2 + cosz)?
—sinx —x + o(x T
( ) = —T0+O(x) .

T b+dcosz +costy 5+4+o(x)+ 1+ o(x)
2

x 2
Torma arctg (2 + cosx) = arctg 3 — %—I—o(x ).

x? 2 z?
f (z) =arctg 3+~ +o(a?) (arctg3 ~55+ 0(952)> =55 +o(@?)-

10
2
fx) . 3540(a?) 1
i =lim-2— = —— g
a—0g (z) a—0—22+ o(x?) 20

arcsin (% + %x) — arctg (1 + x\/i)

Ipumep 3.9. Haiiru lim
©=0  (cos2z)®T — (1 — th5z)/°

> IlpemcraBum 3HamMenaress apobu mo dpopmyse Teitopa o
2
o(a2):

Incos2x=In <1— @—i— 0(x3)> =In (1—2$2+ 0(1:3)) = —2x2+0(x3) .
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cosz - Incos2x
sinzx

(cos 22)°8* = exp {

B (1+o0(2)) - (—22% 4 o(2?)) et {20 1 o(22) =
—eXP{ (z + o(z2)) }_ Pi2etole)}=

=14 (—2z+ 0(3:2))4—% (—2z + 0(962))2 = 1-2z+22+0(z?).
(1 —thbz)%° = (1—5z+ 0(962))2/5 =

=12 (S5t 0(a?) — o (—5et0(e))’ +o(s?) =

3
5 _%(

=1-2z —32% + o(2?).
g(z) = (1 -2z +22° +0(2?%)) —
— (1 =22 — 32% + 0(2?)) = 52° + o(2?)..
[IpeacraBum gucsmresnb apobu dopmysoit Maksopena 10

0(362). st 3Tor0 HEOOXOAMMO TIPEACTABUTE TTPOU3BOAHBIE 000MX

coaraemMbix Jio o(x):

) (1 L ! 1 1
arcsin (| — — = = =
\/5 2 x2 2 l—i‘f'OZL‘
21— (H+3) 2w el
1 1 x

+ 0(m)> .

:ﬂ 1—2\"’”/54—0(1:):\@<1+4\/§

in (4t 7T+90+9["2+(ac2)
arcsin | — - = — — — o] .
V2 o2 4 2 16

Awnanornuno

arctg(l—i—m\/i),: 7 (1+\/1§$+ @) :\}i (1—\/§x+ o(a:)) .

2
arctg(l—i—xﬁ) 22—1—%—%4—0(:62).
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92 2
lmf(ff) — i 16 +0(2?) :g.q
a—0g(z) +—0522+o(x?) 80

_1
3.3. IIpemen dyukmuum suga f ()9

Jameuanue 19. B pgaHHOM pasjiesie BO BCeX IPUMEPAX MBI
ucnosb3yem obosnauenme f (r) agm ocroBamms m g (r) aoa
[IOKA3aTeJisd CTEleHH.

Ipumep 3.10. Hajitu  lim

z—0 COS T

> Ta.K KaK 3HaMCHATEJIb IIOKA3aTeJid BbIPpAaXKCHUA HUMEeT
YETBEPTYIO CTENEeHb, TO MNPEJCTABAM OCHOBaHME (HOpMyJIOii
Maxkstopena 10 o(z*) (cm. c. 13).
f (@) = 1- %xQ - éx‘l + 0(954)
1— 322 + 372t + o(xh)

_ <1—5622—9684+0(x4)> (1— (—f+§i+o(a¢4)>+




5x

3 arcsin®
— Vcos 2x .

z—0

Ipumep 8.11. Hajitu  lim (3 e

> PaccMOTpHM IIOKa3aTes b CTeleHy arcsin® & = x5+o(:n5). Tak
KaK B YUCJIUTEJE DT, TO OCHOBAHUE (PYHKIIMU JIOCTATOYHO MTPEJIC-
TaBuTh (popmysioit Makiopena 10 o(x4):

6 2 z? ot 4
= =211——4+ — .
3+a2% 147 ( 3+9+0(x)>

24
Vcos 2z = {’/1 — 222 + % +o(z?) =

- 1+% (—2x2—|—2§4—|—0(ﬂs4)> —2% (222 + 0(2?)) + o(a?) =
:1—2§2+22x;+o(:c4)
f(x):2<1—a;2+:gl+0(x4)>—
= <1—23$2+2;74+0(m4)> :1+42x;+0(a:4).

S5x
. - 4t ) e 20
lim (f ()" = liny <1+27+0(“T )> = e

1
1— cosac) I 44’

1+3x
2
x
sh 5

x—0

Hpumep 3.12. Haiitu lim (

2 2 2
> 3amerum, uro 1 — cosx ~ %5, sh% ~ & mpm x —

0. Ecsm upejcraBuTh OCHOBAHUE IO 0(3:3), TO TIOCJIE COKp-

x2 1+ox)
amenust JIpobu Ha G- MBI MOJIyYUM OTHOIICHHE 7 o) [Tosy-
YE€HHOE BBIPAKEHUE HE IMO3BOJIFET BBIJICIUTH TJIABHYI YaCTh
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ocHoBauud. HeobxoauMo yuecThb cJIeyIoluil YwieH Ipe/IcTaB eI
U BBIIOJIHUTD IIPEJICTABJIEHUE JI0 0(x4). [Tpugyem BTOpPOIT WiIeH
peJcTaBjJeHns 3HaMeHaTeIs HIeCTOro IOpsdJjiKa, a HYHACIATeNd
— QETBepTOPO HOpHﬂKa.jHOCHe BBIIIOJIHEHU A ﬂﬁHeHHH Hpeﬂo
TaBJEHUI 3HAYUMBIM OKAXKeTCd TOJILKO YjIeH MeHBIIell CTeIleHH,
HO3TOMY IIpeJICTaBICHUE 0 0(3;4) JIOCTATOTHO.
[Mosicamm:  yuuThiBag CHAEAYIOMIUA 9JIEH TIPEICTABICHUS
3HaMeHaTeNsd, HeoOXOMUMO BBLIIOJHUTL —IpeJCTaBICHHE JIp-
2 4 6
obu 1o o(xG). To ects 1 — cosx = 5 — 57 + 5735 + 0(1‘6),
2 2 6
[ T 6
shs =35 +48+0(95 )
2 4 6 2 4
[ A A 6 _x= oy ozt 4
) =2 244‘2430"‘0(3’;)_1 12+12.30+0($)_
o z2 | b 6 - zt 4 -
2+48+0(x) 1+ 35 +o(z?)

B 2 xd 4 xt o) x? 9
= <1—12+M+0(x )> <1—24+0(:r )>—1—12+0(:c ),

TaK KaK Ha 3HaYCHUE IIPpCAeJia BJIMAET TOJBKO 3HAYCHUC BTOP-

OTO YJIEHA MPEICTABIEHNS OCHOBAHMA. 10 €CTh MbI B3I JIUIITHAE
WIEHBbI B TIPEJACTABICHUH JIPOOH.

2 4 2 2
Urak, 1—cosx:%—;—4+o(x4), Sh%:?+0($4)
T paele) _L-maol®) a2
fla) = %2+0(x4) - 14022 _ﬁ—i-o(x)_

[Ipeacrasum dopmysnoit Maksiopena 10 0(3:2) 3HAMEHATEb
MMOKA3aTeJisl CTEIeHN:

(1+a)°
1+ 3z

=3 (a- 4 ow) - (30 - S os?)) =807+ 0la?).

=3ln(l+2z)—In(1+3x) =
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1
2 3 +dx?) 1
; 9(@)  _ _r 2 — ¢ 36
}}i% (f (z)) - i{% (1 12 + 0($ )) e 36.4

1

In? (:v+\/1+ac2)
rtgx

Hpumep 3.13. Hajiru lim .
=0\ chz — exp (—%)

> PacemoTpuM ocHOBaHme. UncanTenb mpeacTaBuM J0 BTOPOTO
3HAYUMOTO YJIeHa:

x> z?
rtger =x <;E—|—3—|—0(a:3)> :x2~|—§—|—0(az4).

3HaMeHaTe /b IPeICTABUM 0 0(:1:4):

2 2 4
chx— exp (—2) =1+ % + % +0(w4) —

$2 1'4 $4
— <1—2+8+0(l’4)> :l‘2—ﬁ+0(ﬂ'54)-

z? + %4 +o(z?) 1+ %2 + o(z?)
Torma f () = T o= 5 5
r? — 55 +o(xt) 1— 35+ o(x?)

2 2 2
- r 2 r 2y) =14 2% 2
_<1+ 3 +o(x )) (1+12+0(37 )>_1+ D +o(z?).

[TokazaTenb cTElleHU JJOCTATOYHO NPEJCTABUTH JO 0(3:2), TO

ecTh In <a: +V1+ a:Q) Jo o(x):

ln<x+ 1—1—3:2) =ln(z+1+o(z)) =z+o(zx).

Slen

<

1
. x . 51’2 m2+0(w2)
Ura, lim (f (2))") = lim (1 Tt 0(3“’2)> h
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2 4
tgx /71 D) rectgx
IIpumep 3.14. Haiitu lim( ¢ o 2) .
=0 \2zchz —In (1 + shz)

> IlpeacraBum moka3arTesib CTENEHW TaK, YTOOBI OMpPEaeIUuTH
IIepBbIe 3HAYMMBIC YJICHBI YUCIUTENd U 3HAMCHATEIIA:

4 x? cos 2 B 22 (1 +0(x4)) 1 —i—o(wz)

2
t = = .
vesy sin 24 xt + o(x?) z? + o(x?)

CrenoBaresibHO, OCHOBAHHUE JOCTATOYHO MPEJICTABUTEL (op-
Mmysioit MakJiopena j0 0(3:2).

2
2z chz —In (1 +shx)® = 2z <1+$2+0(a:3)> -

_mn@+m+4m()>=@x+ﬁ+4#»_

2(<x+$6 x4)>— (x+x63;rO(x4)>2+
+

(z + o(?) 3_(:L‘+0(:U))4> 0

3 1
(87 TT 3 =
:exp{x+3§+o(a:4)} <1+x—:§+3;3—5§+0( )) -
=1+ <:U+a;3—|—o(ac3)> +% <x+3§+o(g¢3))2+
+é@+o@%)+gf@+0@ﬂf+0@ﬂ—

_ _r T 9T ) _ o2, 4 4
<1+x 53 8+0(:v)> z® +z* 4 o(z?).



142t 4o(a?)
f@y_1+%?+0@%-—

= (1+:U2+0(x2)) (1— 5362%—0(3:2)) = 1—|—x62+0(a:2).

6

z—0 z—0 6

1 ;33 arctg %
Hpumep 3.15. Haittw  lim (cosx + 2. \3/ T+ ) .
z——+0 8

> Tak kak arctg % ~ & upu x — 0, TO i II0KA3aTeIid CTeleHr
.3 1 " 3m
uMeeM: —z arctg - ~ 55 mpu x — 0.

OcHoBaHKE LPEACTABILEM 10 o(x3):

2 e
lim (f ()" = lim <1+x+0(x2)> o

2
1
f(x):1—%+0(x3)+§x2-\3/1+8x:

2 3
T 3 15 8x 4z 3
_l—z%m@)+2x<k%3+d@>—l+i;+dm)
3 o
- 9@ _ 47 N S
i (£ =t (175 o)) o
24cosx
$2 4
Ipumep 3.16. Hasiru  lim <ln <1—) —l—chx)
z—+0 2

> AHAJIOTHYHO TpUMeEpPY 3. 15, B TpeACTaBIeHIN KOCHHYCa HOp-
Mysioit Maksiopena B rokaszaTesie CTENeHW Ha, 3HAYEHHWE ITPejIesia,

BJIMSIET TOJILKO IEPBLIA WieH. A MMeHHo, 2"’;’% ~ x% npu x — 0.
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[Ipeacrasum popmysioit Maksiopena oCHOBaHKE 10 0(:):4):
2 4

F@ = (-5 -5 o) +

2zt N\ xt 4
+<1+2+24+0(x )>—1——|—0(x).

4. 3AJIAUU

4.1. IlpencraBienmne dopmyJioii Teitmopa

3adaywa 1. llpencraButh dopmynoii Teitjiopa B OKpPECTHOCTH
Toukm o9 = b dyskmuio y = logg(222 — 20z + 53) gm0
o((:z: - 5)2”+1).

3adaua 2. llpencrasurs dopmysoit Teisopa B OKpecTHOCTH
Toukn 2o = 2 dyHKImIo y = 5 07127 16 0((x - 2)3n+2).

3adaua 3. Tlpencrasutst dhopmysoit Makiopera (yHKIm0O 3y =
= 2sh®z o 0((30)2” .

3adaua 4. llpencraButs dopmysioit Tefsopa B OKpeCcTHOCTH
ToukY 2o = —1 dpyskmmo y = (z+1)1n 2242042 1o 0((1‘ + 1)2">.

1—2z—x2
3adaua 5. llpencraBurh (opmynoit Teitmopa B OKpecTHOC-
TH ToukM To = —75 Qyskumio y = (z+ F) (sinz + cosxz) mo

0<(ZC + %)%H)

3adaua 6. llpencrasurs dopmysioit Tefsopa B OKpecTHOCTH
ToukM To = 2 hyHKIMIO Y = 1%4 qo o((x —2)").

3adaua 7. llpencraBurh dopmysioit Teitnmopa B OKpecTHOC-
™M TOYKU Tg = —2 yHKumo y = cos(r+2) - cos(z+3) g0
0<(x + 2)2").

3adaua 8. llpencrasuts dopmysnoit Teinopa B OKpeCTHOCTH
toukn o = 3 dynknuio y = sh (x — 3) ch (x — 4) g0 0((3: - 3)2n).
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3adawa 9. llpencrasurh ¢opmymnoit Teitmopa B OKpecTHOC-
TA TOYKH T = % dbyukmmio Yy = (2x+3)64m2+4z—3 10

o (z —1)*).

3adaua 10. Tlpencrasuth dopmysoit Teiiopa B OKpeCTHOCTH

TOYKH Tg = —3 (YHKIUIO y = (x+5)e(;p2+6x+8)(12+6x+10) 10
0((90 +3)4 ).
3adawa 11. Tlpencrasuth dbopmysoit Teitnopa B okpecTHOCTH

TouKE x( = 2 DyHKIUO Yy = ﬁ 1o o((x —2)").

3adawa 12. llpencrasurh dopmysoit Teitnopa B okpecTHOCTH
TouKH o = 1 dhyHKIUIO ¥ = m JI0 0((3: - 1)2n>.
3adaua 18. llpencrasuts popmysioit Teisiopa B OKpeCTHOCTH

TOUKYM Lo = —1 dyHKIMIO Y = % q0 o((z +1)").
3adaua 14. llpencraBurh opmysioit Teisiopa B OKpECTHOCTH
TOUKKM Lo = —1 dyHKIMIO Y = % J0 o((z+1)").

3adaua 15. llpencraBurh (opmysioit Teisiopa B OKpECTHOCTH
TOYKHE To = —1 pyHRIHIO Yy = #3?34‘3) J10 0(($ + 2)3”+2>.
3adaua 16. llpencrasuth opmysioit Teiiopa B OKpeCTHOCTH
toukn xg = —1 dynkmmio y = (z + 2) In (z + 3) g0 o((z +1)").
3adaua 17. llpencraButh popmysioit Teisiopa B OKpECTHOCTH
Touku o = 1 dyskumo y = (2% — 2z —1)Inva? — 2z +5 o
0 (l’ - 1)2n+1 ]
3adaua 18. llpencraButh dopmysioit Teitopa B okpecTHOC-
1 3197 (F2+])
TH TOYKH Tg = 5 (ymkmmo y = logs (555,
1\2n
of (x=3)").
3adaua 19. llpencrasurh opmysioit Teisiopa B OKpECTHOCTH

Touky x9 = 5 ymxmmo y = (2 — 7z) cos® x 10 0((37 - %)an).

10

3adaua 20. Ilpencrasuth (opmysoit Teitmopa B oKpecTHOC-
2 .
™ ToukM To = —1 dyskmuo y = ¢ +10z=3 (1+sm %m) JI0

r+1
0((96 + 1)2").
3adaua 21. Tlpeupcrasurs dopmysioit Teisiopa B OKpeCcTHOCTH
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Toukn ro = —1 bynkmuio y = (z + 2) v/—x go o((z +1)").

3adaua 22. llpencrasuth dopmysoit Teitgopa B 0KpecTHOC-
™M Toukm Ty = 2 ¢ymkmmo y = (2 —4x) 9o’ —dzt5 g
o (x —2)*" ).

3adaua 28. llpencrasuth opmysioit Teitiopa B OKpECTHOCTH
Touky xo = 3 dynkumio y = (z? — 6z) 572 1o o(z — 3)").

3adaua 24. llpencraButs (opmysoit Makmopena ¢GyHKIHO
y= (22 —3)ch’z o 0((3:)271“).

3adaua 25. llpencraBurs dopmynoit Makmopena QyHKIIIO
y = (4o — 2*) sh 2z no o((m)2n>.

3adaua 26. llpencrasuth dopmysoit Teitjopa B okpecTHOC-
T TOuKH Ty = —45 ymkmmo y = (z+ §)sinz + cosz mo
o (z+ %)%H

3adaua 27. lpencrasuth dopmysoit Teitiopa B OKpeCTHOCTH
Toukn 2o = —1 dynknmo y = (22 + 2z) V=22 — L mo o((z + 1)").

3adaua 28. llpencrasuth dopmysioit Teiiopa B OKpecTHOCTH
Toukn zo = 4 Gynkmmo y = (22 —6)sh (Invz — 1) + f;% 110
of( — 4)").

3adawa 29. Ilpencrasuts ¢dopmymoit Teitmopa B OKpecTHOC-

M TouKH Tg = —3 ¢ynkmmo y = (22 +6z)th(In vz +7) mo
o((z +3)").
3adaua 30. llpencrasuth popmysioit Teiiopa B OKpECTHOCTH

Toukn To = —3 dynkmmio y = arctg 28 1o 0((x + 3)2").

X
3adaua 31. llpencrasuth dopmysioit Teiiopa B OKpeCcTHOCTH

Toukn g = 4 ¢pynrkmuo y = In (5 + z + 3) no o((z — 4)").
3adaua 32. llpexpcraBurs dopmysioit Makjopena QyHKIUO
y = zarcsin /1 — 23 10 o(2?"+1).
3adaua 33. llpencrasuth dopmysoit Teitgopa B 0KpecTHOC-

)
TH TOYKH Tg = —2 dymkmuio y = (v +2) arccos% 1o
O<($+2)2n+1 .

3adaua 34. lpencrasurs dopmysioit Teiiopa B OKpecTHOCTH
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z—1

TOYKH T( = 1 d)yHKH‘I/IIO Yy = (3;'2 — 2z —1—3) arccosm pALY)

0<(x - 1)2"> .

4.2. BpluuciieHue mpeaesioB

Haiity npegesnnt
1. lim——— 2%
z—0arcsinx — x
2
. cosx —€¥
2. lim—.
e—0y/1 422 —1
2z 4 _
ch Tra? +41In Ycosx — 1

3131_>I% 12/2_,/1_x2
1
1 cos? zsin2(1—x)
4. lim <\/§—2lnaj> 1 .

r—1

1
5. lim <\/3 —z4+1n E) sin(2-2)
r—2 2
In <\/1+x2 —IL‘) +tgx
6. lim .

z—0 z (chx - 69”2)

e®% —x —chzx

im— .

z—0 slnx — arctgx

s lim arcsin (ze®) — z+/1 + 3z
. lim

z—0In (1 + sin2z) — 2sh (v — 22)’

ctg x
9. lim Tarcsing
’ z—0 \ In (1 + .ZU2) '
) 62s1n:v—|—:c _m_5$2
10. lim .
z—0 sh2r — In <1+x)

11—z

3z + ch 2z — w—x
11. lim .
=0 tgz-e %/2 —In(1+ x)
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12.

15.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. < shz
lim
z—0\chx —cosx +x

sh? z

lin%(l +sin(e®* —1)+In(l —z)) -5 .

l—cosx
+ arcsinx .

lim
z—0 tg shx —x
2 .
I e” /2 arcsinz — V/cos 3z shx
11m .
z—0 ltarctgz \
1 ( l—arctg x) 2z cosx

Invchax — th (% shx)
=0  eVItae®-1 _chgp

i (1 + x2)2 — (1 — x2)_2 + %x?’
(tgx — arctgz) In (e + )

ez — (1+ 236)i — ex/T— b5z + a3

)1/;1:

arccos (§ + %) — arcctg (V3 + 22)

lim
2 (e (0v/3) " — (14 20

z—0 sinxz +shz

) tgr — Va3 —ad 2
lim — In (cos )
x

1
In(tg x)

z—+0 \ sin T 10

lim ((1 —sh (22 —2)) "

r—0

. ( z shz sin? x>
lim — +

COS T

7 + sh 2z — 4 arctg (e*)

im -
z—0 tgx —sinx

r + 21n 0tz
im - z .
a—07 — 2arcsin (1 — 224)
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4
2 2\*
24. lim e 3 <ilnw+ >

T—+00 xr—2
o4
z2 24 92r — 2_9
25. lim e~ % (Wj R m)
T——400 2

1 1 1
26. lim (ln (tg2 In (+ — h2 3)> +41n x) .
r——400 €T

27.  lim <4lnm—ln(a:ctg:1;—\/l—sh2 )

rz—+0
28. lim 3lnm—ln(1—;sin2x—cosx)>.

z—+0 T shz

5. OTBETDI

5.1. IlIpeacraBiaenue dopmysoit Teitmopa

n

k—1
114+ Y S @ -5 o —5).

=1
n
2.3 B (o — 2 4o (2 - ™)
}=0
3 okt opig o
e z +o(z*").

—1
o@Dz > ()4 3 ) o (@ 1))
n_l k=1 7\ 2k-+2 a\2n+1
5. 5 St e+ )" o+ D))

n—2
) (l‘ _ 2)2+($ . 2)3+2 (.fL' _ 2)4_|_kz (3/43—2)(?]);?—5)-...-1 (IE _ 2)k+2+
=3
(
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_1\ko92k—
2 4 2)% +%(:€+2)2k>+

5.5 (231;3})1!1 (= 31 Egtt (o - 3)2’“) +o<(x _ 3)2n) .
9.% (% (:n— %)Qk_l_ 62474; (x— %)2k+1> +O<($_ %)2n+1) '

10. i (;2, (z +3)* + ﬁ (x + 3)4k+1> + 0((90 + 3)4"+3) .

o1
1. k(=2 4 o((z —2)") .

ol
12. S k(z— 1) 4 0<(:(: - 1)2"> .

k=0 "
13g+g;«_nk_i%>@+1ﬁ+oww+nq.
145 (-1 + ge) @+ D" + ol + 1))

kzO

z T 3k+1 ol (x 3n+2 '

152%(( + 1) —(z+1) >+ « +1) )
16. 2+ (In2+ 1) (x4 1)+ Z gkkk’ﬁl (z+ 1) +o((z +1)").
17. — 4 + (In2-1)(z—1)? Z(Mk,f’“ll) (x —1)% +

+ 0((30 - 1)2"+1) )
n—1

k+1 n
18. 1n%'($_%)+2%($—%)2+ +0<(:c—%)2 >

Ed
—_

bSO e ) (oo 4

+o(e=5)"").

20. —m (x+1)+2<17”(20/< — 10k + 572) (z + 1)* 7' +

7R 2(2k)]
+ 0((95 +1)° ) :

19. —

SRS
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201 + L@ +1) - Z(@+1)? — z@;,j (4k — 3) (z + 1)k

+o((x+1)" )
22. —8+ Z”n

k12

(k—4In2) (z — 2)% + o((:p - 2)2““) :

23. — 9 + 18(z—3) + Z DU (52— k — 36) (z — 3)F +
+o((z —3)").
2f. — 34222+ 2 2(22’; L (4K% = 2k — 12) 22 4 o(22nH1)

22k—1

25. 8x? +Z(Qk+1), (16 — 4k? — 4k) 2°*+1 + o(2®") .

(1—2k) 2k | (=1)*T1(2k) o\ 2k+1
2. 3+ 3 (SUiet e+ D™+ et 6+ ™) +
—f—o((m—}— )2n+1).
27. -~ 1 + (@+1) + 3@+1)?® - if@+1)® +
+Z @E-T (3K2 — 17k + 15) (z + 1) + o((z + 1)) .
ng + 5 (1 — 4) + Y5 (5 — 47 +
+z%(4“3)@—4)%0((3:—4)").
29 - 27+ 3(x+3) + Y@+3® +
+ZW(14I¢—9)(x+3)k+o((x+3)”).

n—1 1k "
30. arctg 3 + Z 2%517122“) (z + 3)2 1 4 ((x +3)? )

k,
31. In6 + z% (z —4)F + o((z — 4)™)

' (—1)h ok 2k—1) L2k+2 2n+1
32. 47— < +ZW +o(a®")

33. 2 - (24 2)%2 4 0((;10 n 2)2"“)

5’4.7r + (x—1) + T(x—1) +

Nell\}
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n—l k
-1 n
+1§1 (9k+)1 <2k:2+1 - 2k9—1) (z— 1)2k+1 + 0((33 - 1)2 )

5.2. BeruucieHnue npeaesion

1. — 4. 2. — 3. 5. — 1 4.e§p{mﬁ}. 5. exp{—1}.

6.5 7.3. 8.2. 9. exp{3}. 10. — 3. 11. — 3. 12. exp{3}.

13 exp{—1}. 14.13. 15.6. 16. — 2. 17.¢% 18. 2. 19. /fe.
20. €. 21. exp{—22}. 22. 10 23 L. 2/ exp{i}. 25. exp{3}.
26. In3. 27. In5. 28. In ;.

w|oo
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