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IlepenmoBa

Hapuasibuuit 110ciOHMK HalMCaHO Ha IiJCTaBl JOCBIJly BUKJIQJAHHS [IPAKTU-
YHOIO KYypCy MaTeMaTHIHOIo aHaJi3y Ha (paKyJabTeTi MaTeMaTUKu Ta iH(pOopMa-
TUKK 1 pizuko-rexuivHomy daxkyabreri [Ipukapriarchbkoro HalioHaAJLHOIO YHIBEP-
cutery iMmeni Bacung CredaHuka mjs CTYJIEHTIB MATEMATUIHUX Ta TEXHITHUX
CITeIIaJbHOCTEM.

Y derBepTiit YaCTUHI TOCIOHUKA PO3IJIsIAETHCS METONKA, PO3B’si3yBaHHSI IIPa-
KTUYHUX BIPaB 3 HACTYMHUX TEM: YUCJOBI psiid, O3HAKM iX 301’KHOCTI Ta BJa-
CTUBOCTI1, 301>KHICTH 1 PIBHOMIpHA, 3012KHICTH (DYHKIIIOHAJIHHUX [TOCJIJIOBHOCTEN 1
PsiIiB, CTeleHeBl Psijiv Ta 1XH1 BJaCTUBOCTI, psiji Teitjiopa, po3Butentst pyHKIii B
crereHeBl psjiy, 3012KHI IOC/IIIOBHOCTI 1 A/ 3 KOMILJIEKCHUMK YUCJIAaMHU Ta CTe-
HeHeBl Psijiu 3 KOMIJIEKCHUMM 4jieHaMu, a TakoxK psiju Dyp’e Ta neperBopeHHs:
Dyp’e.

Ha nouarky KoXKHOTro naparpady nojiaoThcss KOpOTKI TeOPETUUHI BiJIOMOCTI 3
KOYKHOT T€MHU, 1K1 MICTSTh OCHOBHI O3HaUY€HH s, (DOPMYJIIOBAHHS BaXKJIMBUX TEOPEM
Ta OCHOBHI popMmysu. aJi momiieHo BipaBu jijist po3B g3yBaHHsA. JIpyra yacTuHa
KOYKHOT'O Tlaparpady MICTUTh 1HOBHE PO3B’si3yBaHHs BUOPAHUX BIIPaB.

Matoun HaBUaJbHUI TOCIOHUK 31 3pa3KaMy PO3B’I3aHUX IPUKJIAIIB, BUKJIA a4
MOXKE 30CEePEUTH yBary CTYJeHTIB Ha PO3B’si3yBaHHI OLIbIT CKJIAIHINTUX 3a/ad.
HastBuictb TeoperudHoro marepiaJjiy Ta HPUKJIA/IB PO3B A3y BaHHS 3a/1a4 JOIOMO-

JKe CTYJIEHTY OTPaIlbOBYBAaTU MaTepiasl MOCIOHUKA CaMOCTIHHO.



PO3/11JI 1. YncioBi paan

§ 1.1. YwmcioBmit pgana Ta iioro cyma. HeobximHa ymoBa 36i2KHOCTI

+00

Hexait {a,} — uuciosa nocsijosuicrs. Bupas E Qp =a1+ag+...+a,+...
n=1

HA3UBAETHCS YUCAOBUM PAIOM, a TUCTA Ap Ta S, = a1 + as + ... + a, —

BIJITIOBITHO 7 -UM EAEMEHITIOM Ta YACTNUHHONW CYMOI0 Ub020 PAJY.
Akimo icnye ckinuenna rpanuig  lim S, = S, TO YUCIOBHIL PsiJT HA3UBAETHCS
n—-+00

301ocHUM, & INCTI0 S HA3WBAETHCs HHoro cymoro. B TakoMmy BumaKy mosnada-
+00

0Th Zan =S

n=1

Axmo rpanuig  lim S, Heckinuenna abo He iCHY€E, TO Psiji HA3UBAETHCST PO3-
n—-+00

b61oHCcHUM.
“+00

Psin E Ay = Q41+ Q42 + ... HABUBAETHCS 3AAUUKOM IUCTOBOTIO Psijly

n=m-+1
—+00

E Qy, TCJs N-T0O eJeMeHTa (N -UM 3aAUWKOM DAY ).

n=1
+00 —+00

Teopema 1. Hexati Zan i an — qucnosi padu, ¢ € R. Todi suronyro-

n=1 n=1
mbvcCA C’I’LZGGZdHO’lLL@HHﬂ.’

+00 +o00 +o00
Z(an + bn) = Zan + Z bn;
n=1 n=1 n=1

400 +00

Z Ccy = C Z Ap,

n=1 n=1

npuvoMy 13 30InCHOCMI PALE NPABOPYY BUNAUBAE 30IHCHICMY PADIE NIBOPYY.
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+00
Teopema 2. Hucrosuti psad g a, 3b612aemoves modi © MIALKY MO, KOAU

n=1
301eaemuea 0ydv-axuti o020 3aruwok. Y yvomy pasi das 6ydv-akoeo m € N

CNPABINCYEMBCA PIGHICTND

+00 m +
Ay = g an + E Q.
n=1 n=1 n=m-+1

3 0CTaHHLOT TEOPEMU BUILINBAE, 110 BIIKUIAHHS BiJl Psijy ab0 NpUEIHAHHS JIO
HBOT'O CKIHUEHHOI K1JIbKOCTI eJIeMeHTIB He BILIUBaE Ha 3012KHICTH psiay. Kpim Toro,
Mm-nii 3aJIUIIOK 3012KHOI0 psijly IPSMYE JIO HYJs IpH M — +00.

I'eomempuyuroro npoepeciero ado 2eomempudyHUM PAJOM HA3UBAIOTH

+0oo
PsiL Z aq" !, e a # 0, ¢ — 3aani YuCiIa, 9Ki HA3KHBAIOTD BLALIOBIIHNO NepwuMm
n=1

ENEMEHMOM Ta 3HAMEHHUKOM Dsijly. 3ayBarKUMO, 1110 NEOMETPUYUHA ITPOIPECis

. ... . . a
30ixkHa TOJ 1 TiabKM Toxl, Kosu |q| < 1, Tomi cyma S = 1 .
—q
400 1
TI'apmoHiuHuM padoOM HABUBAETHCS TUCTOBUI PsiJl E —. lapmoniunuit psi
n
n=1

€ po30iKHUM 1 fioro cyma S = +400.
+oo

Kpumepiti Kowsi 36iatcnocmi psdy. Pad Z Gy, 30i2a6movea modi © MiAb-

n=1
KU modi, Koau

(Ve > 0)(3N € N)(¥n > N)(¥p € N) : {\anﬂ b an| < 5}.

BayBaxuMo, 1m0 301KHICTH Psijly piBHOCKIIbHA 301>kHOCTI TT0CIIi0BHOCT] {.S), }

floro JaCTHHHUX CYM, sIKa PIBHOCHJIbHA (DYHJIAMEHTAJILHOCTI II€T TOCJIIT0BHOCTI.

+00
Heobxidna ymosa 36iatcrocmi pady. Hrxuo pad g a, — 30iotcnut, mo
) n=1
lim a, = 0.
n—-+00
+00 1
YMoBa € Jiuiie HeoOXijiHOI, 00, HAIPUKJIAJL, FAPMOHIUHUI PsiJl E -~ po30i-
n=1
(X] : 1
>KHMi, xoua lim — = 0.

n—4+oco N
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Bopasu

1. Ba sajano0 nociijosuicrio {a,} nobypysaru nocuaigosuicrs {S,} 1 psij

nf;an ;
1) {n}, 2) {3n =1},
3) {n*}, 4) {n*},
1 5n-1 _ gn-1
D U
D{m™ g ey,

9) {(—1):@%'“‘171}, 10) {(—1)k§k2_1n}.

2. 3a 3aJaH0I0 YACTHHHOIO CyMOIO PsAay S, MOOYIyBATH UUCIOBHUIA P Ta

JIOCJLIATH HOro Ha 301KHICTh:

n(n+1)(2n+1)

1) S, =n, 2) S, = 6 :
_n(n+1) _on
3) 5, = "D, Y Si=
1 n
A Ut 6) 5, =
14 3
7) S, = sin o 8) S, =(n—1)2"+1,
249 1, sxmo n = 2k,
9) 5, — " 10) S, =

3(2n +1)(2n +3)’ 0, axmo n = 2k + 1.

3. Kopucrytounch o3Ha9eHHAM CyMU PsiJly, 3HAUTH CyMy JIaHOTO PsJIy:
+00 +oo 1

3n+1
D2 ey Y ; 2n—1D)En 1 1)

3) = 1 4)§3n2+n+1
= n(n—2)(n—3)’ — n3(n+1)%"
+oo | +00 1

5) ) 6) Z 2n—1"7
“—n(n+1)(n+2) = 5
400 1

n(2n +1)
7)Z(n+1)!(n+3)7 nzz:l (n+1)(2n—1)
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. 1 3 <= 1
9) ;SmQ—ncos o 10) ;::larctg 5.

+oo
4. Tlepekonarucs, 1110 PsiJi E @y, 30iraeThes 1 3HAWTU HOrO 3aJIUINOK MiC/Isd

n=1
Nn-ro ejeMeHTa.

+00 1

1 =30
)Zn2+7n+10’ " ’

n=1
—+00

2) Z(\/n+2—2\/n+1+\/ﬁ), n = 50,

n=1

+o0
1 2 3
3) 2(5_n+5n+1+5n+2>’ n:3’

n=1
“+00 _ _
RUW + (_1)71 12n 2
4) Z 6n—1 ?

n =3,

n—+vn?—1
8) ) . n =55,
— Vn*+n

+o00
2n —1
9 =8
)Z(n2+3n+2)(n2—|—4n+5)’ e

n=1
+00 3
n’ 4+ 3
10 | = 3.
)Z nn3+3n2+3n+2’ "

n=1

5. Kopucrytounch kpurepiem Ko, jgoBecTu 301KHICTh ab0 PO30IKHICTD -

CJIOBUX PsIJIIB:

X sinna =1
].) E 5n , T - R, 2) ﬁ,
n=1 n=1

—+00

(—1)™n 1
RR D rr v e P v

n=1
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+m>71+_1 +00 1
RSy 6) > o (1+7).
n=1 n=1
+00 oo 3
n+ 3\ n’>+1 1
7 ( ) 8 arcsin ———
) Z n ’ ) Z n-+3 n?+ 2’
n=1 n=1
<X cosnz X cos nx — cos(n + 1)z
9 —, x€R 10 r € R.
) Z n(n+1)’ ’ ) Z n ’
n=1 n=1
+0oo +00o
6. JloBectu, 110 SIKIIO psijin Zan 1 an — 30IrafoThCsd 1 JijIsd JOBLIBHOTO
n=1 n=1
+00
n € N BUKOHYETbCsI HEPIBHICTD G, < ¢ < by, TO psijl ch TAKOXK € 301KHIM.
n=1
+oo +oo +o0o
Axum € psan ch Ipu Po30IKHOCTI PsIJIIB Zan 1 an 1 BUKOHAHHI JTaHOL
n=1 n=1 n=1
HEepiBHOCTI?
+o00o +00o

7. loBecTn, mo gKIO E @, € 3012KHUM, TO 30ITa€ThCsI Pl E ai. Hosectn,

n=1 n=1
1110 3BOPOTHE TBEPJIXKEHHS HE BUKOHYETHCS.
+00
8. Hogsecru, mo skmo lim na, = a # 0, T0 psij g Ay, € PO30IKHUM.
n—r+00
n=1
+0o0o
9. /loBecTn, 1m0 AKITO P g G, 3 JIOMATHUMHU 1 MOHOTOHHO CIaTHUMHU eJie-
) n=1
MeHTaMu 30iraeTncs, To lim na, = 0.
n—-+00

10. /ToBecTu po3bIXKHICTH FAPMOHITHOTO Psijly, KOPUCTYIOUNChH KpuTepiem Ko-

11. YV xpyr pajiyca T BIUCAHO KBaJpaT, y KBaJpaT BIMCAHO KPYT i T. J. 3Ha-

HTH CyMU YUCJIOBUX PsJIB, YIEHAMU SIKUX € TJIOII 3a/laHuX KPYTIB 1 KBaJIPaTiB.

ITpuknaau po3B’sa3yBaHHsS BOPaB

n

2.9. OCKIJIbKH 38 O3HAYEHHSIM YaCTHHHOI CyMH THCJIOBOTO PALy S, = g ay

k=1
n—1
15,1 = Zak, TO Sy, — Sp—1=ap, en>115 =ay.
k=1
n? + 2n
Toni S, = .
OAL AT 3(2n+1)(2n + 3) MAECHO
0 =S 5 — n? + 2n _(n—1)2—|—2(n—1):

32n+1)(2n+3)  3(2n—1)(2n+1)
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_ (@ +2n)2n—1) = ((n—1)* +2(n—1))(2n +3) _
32n —1)(2n+1)(2n + 3)
20 —nP44n® —2n— (n® — 2n+ 1+ 2n —2)(2n + 3)
B 3(4n? — 1)(2n + 3)
2P +3n —2n—(n*—1)(2n+3)
B 3(4n? —1)(2n + 3) B

2P +3n* —2n—2n° —3n* 4+ 2n+3 1
B 3(4n? —1)(2n + 3) C (dn?2-1)2n+3)
) i ]‘
Omxe, 9UCJTOBUN Psijil MAE BUTJIS] nz_: (2n — 1)(2n n 1)(2n n 3). I3 Toro, 110
S, = n + 2n MAaEMO:
"3@2n+1)(2n +3)’ '
S lm S = fm 2y, MR L
=400 notoo 3(2n 4+ 1)(2n +3)  notee 3(24 1) (24 3) 12

3.10. 3anuimemMo crnovaTky 4acTUHHY CYMY 3aJIaHOI'0 9UCJIOBOIO Psijiy:

1 1 1
S, = arctg 5 + arctg 3 + arctg 13 + ...+ arctg 5

Tomi
1
S = arctg§ = aq,
S t 1+ t L
= arctg — + arctg —.
2 g2 g8
3Bijicn
tSt<t1+t1> s+s 10 2
= arctg — +arctg - | = —-2°—- = — = —.
BT B (M THERR) T T I T 153
Otxe, S9 = arctg 3
Haui,
S Sy + t 2+ t L
= a3 = arctg — + arctg —.
3 2 3 g3 g18
3BIIKA
tSt<t2+t1> 2+ 39 3
= arctg — + arctg — | = 25— = — = —.
o T ey T ) T L TR T

Otxe, S3 = arctg 7



12 POBALJI I. Qucaosi padu

HoBejiemMo, 1110 3a METOJIOM MaTeMaTUIHO! 1HJIYKIIil BUKOHYEThCSI PIBHICTH

n
S, = arctg ——.
n arcgn+1

IIpy n =1 maemo S; = a; = arctg 3"

[Tpumnycrumo, 1o piBHICTH CIPaBIKYEThCs ipu 1 = k :

k
Sk = arctg k——|-]_

JloBejieMo, BUKOPUCTOBYIOUN MPUITYIIIEHHST, 1110 PIBHICTH CIPABJKYEThCs 1IPU

n=*k+1. Tom

k
Spi1 = Sk + apy1 = arctg —— + arctg

k+1 2(k+1)%
3Bijicn
tg S t ( t i + t L )
= arctg —— + arctg — ) =
&kl =B\ S T SOk +1)2
k 1
ot e+ D 4+D(R+1) P42k +1)(k+1)
- k 1 3 _ T 93 2 _
=25 s 2(k+1)3 —k 2k’ + 6k +6k+2 -k
R+ E+D)(E+1) k+1 k+1
2R3+ 6k2+5k+2  k+2  (k+1)+1.
n :
Orxe, S, = arctg ] BUKOHYETECS Jist JOBLILHOIO YMCIIa, n € N.
n
n <X 1
Bpaxosytoun, 1o S, = arctg 1 JaCTUHHA CyMa, PSILy Z:l arctg 5.3 3%
TATIIEMO "
: . , T
$ =l S =l avetg o =l arctg =
<X 1 T
Orxe, psi nz:; arctg 2,2 € 301>KHMM 1 fforo cyma S = 1 >

+00
cosnx . .
5.9. [osenemo, 110 11 Py Z r € R, BUKOHYETHCsSI HEPIBHICTD
n=1

n(n+1)’
3 kputepito Korri. Toai jiuist 3a/1aHOTO IMCJIOBOIO PSIIY OTPUMAEMO

CoS Nx cos(n+ 1)z cos(n + p)x
= n(n+1)+(n+1)(n+2)  (ntp)ntp+1)
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1 1 1
St D maDmt2) U Tt )
1 1 1

(n+p)(n+p+1) :n+p_n+p+1

OckiyibKn Juist joBlabHOTO P > 0, TO

1 1 1
D) mEDmt2) Tt )

1 1 1 1 1 1

n_n+1+n+1_n+2+'”+n+p_n+p+1:
1 1 1

- < —.
n n+p+1 n

Bubepewmo joBisibae € > 0. Toji 3 Toro, mo lim — = 0, BumuBae HacTyIIHEe
n——+oo N

TBEPJ2KCHHA:

(Ve > 0)(3N(e) € N)(¥n > N)(¥p € N) :

{‘ cosnT cos(n + 1)x cos(n + p)x ) _ }

nn+ 1) n+1)n+2) 7 (ntpntp+l) ’

TOOTO HEpiBHICTHL 3 KpuTepito Ko Bukonyerhest. Orxke, psij Z ey 30i-
— n(n+1)

raeThcsa.  p
10. Axmo kpurepiit Ko ve Bukonyerhest, To icHye xoua 0 ojue € > 0 i xoua
O oyiHe HATypaJibHE YUCJIO P, MO JJd A0BLIbHOTO HOMepa N icHye Take n > N,

JIJIs IKOT'O BUKOHYETHCSI HEPIBHICTD

|an+1 + Apy2 + . an+p| > €.

+oo
1
st rapMOHIYHOTO psijly Z — Bubepemo Homep N Takwii, mo n = p = N.
n
n=1
Tomi
1 1 1 1

"N =

1

.. a = ...+ > —.

R Ll s T e s N+ N~ 2N 2
+00

o , 1

Orxe, HEPIBHICTH BUKOHYETHCS TIPU € = 27 TOOTO rapMOHIYHUI PsiJL E — €

n=1
po30iXKHUM. P
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§ 1.2. YwucsioBi psiu 3 HeBig emHumMu ejemeHramu. O3HaKmM 3012KHOCTI

BaxkjiuBy poJib B TeOpil YMCJIOBUX Psi/IiB BIJIIPAIOTh Psijid 3 HEBiJI'€EMHUMU
400

eJleMeHTaMU. MCIOBUM s E @, HA3UBAETLCSI HEB81d eMHUM, SIKIIO a, > (

n=1
T toBlbHOrO N € N,

OcCHOBHOIO XapaKTEPUCTUKOIO TAKOTO Psily € Te, IO MOCJIiJTOBHICTh HOTO Ua-
CTUHHHUX CYM € HECIIaJIHOIO, & OTKe, HEOOX1JIHOTO 1 JI0OCTATHBOIO YMOBOIO 3012KHOCTI
€ 00OMezKeHICTD I1I€] [TOCJIIJOBHOCTI.

Osnaxa nopieHarHsa. Hxuwo ichye nomep N maxut, uo oas eciz n > N
+00
surxonyemovca nepieuicms 0 < a, < b,, mo i3 36icrocmi pady g b, eunausae

n=1
“+00 “+00

301otcHICL PAdY Zan, a 13 posbiotcrocmi pady Zan catdye po3bINCHICTNG

+o00
pAady Z by,.
n=1

[Tpn BukoHauui HEpiBHOCTI @ < b, [JIsT PsIJIIB 3 HEBi'€EMHUMU eJIEeMEHTaMn

+00
PsiJl E b, HABUBAETHC MAHCOPAHMHUM PAIOM OO0 MAAHCOPAHIMOIO JIJIsT Psi-
n=1
+00 +00 +00
o1y g Gy. [HIIMMU cJIOBaMM, YHCJIOBUI Pl g Gy, MaXKOPYETHCS PsIJIOM g by,.
n:l TL:]_ . TL:]. i
I'paruvna o3naxa nopienarns. dxwo a, > 0, b, > 0, ma icnye cxin-
+00 +00
. . . Qp .
wenna, 61OMINHaG 610 YA, epanuyg lim 7 mo padu g a, ma E b, s0iza-
n——+00
) n n=1 n=1
omwves abo pos3odi2aromuvea 00HOUACHO.
+0o0
Osnaxa lanrambepa. Hexatl g a, — pad 3 HeBLd EMHUMU eAeMEHMAMU.
n=1
n+1

Todi, axuo ichye epanuys lim =, mo npu « < 1 pad sbizaemwvca, a

n—-+0o00 an

npu o > 1 pﬂa p036i206mbc,ﬂ.
+00

3ayBaxkKuMo, 1m0 1pu o = 1 psij g @, MOXKe SIK 30IraTHhCh, TaK 1 pO30IraTuCh.

n=1
+00

Osnaxa Kowsi. Hexatl E a, — pad 3 Hnesid emuumu esemernmamu. Todi,

n=1
AKWO icnye epanuysa  lim Wa, = B, mo npu f < 1 pad s6izaemwvca, a npu
n—-+00

B > 1 pad posbizacmuca.
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+00
BayBaxkumo, 1o npu 5 = 1 psij g @, MOXe sIK 30iraTnch, Tak i po30iraTnch.

n=1
—+00

Osnaxa Paabe. Hexat E a, — pad 3 Hesid emmumu esemernmamu. Todi,

n=1

Qp+1 .
Ao 1cnye epanuya  lim n( 1 — =p, mo npu p > 1 pad sbizacmuvca, a
n—-+00 anp
npu p < 1 pad posbizacmuvca.
Hnsa p =1 3H0By MaeMO CyMHIBHMI BUIIAIOK.

Inmeepanvna oznara Kowsi. dxwo dpynwuia f(x) > 040 f(z) — neapocma-

+00 +00
rnowa Ha npomzofcny [1 -I-OO) mo pﬂd E f , 1 nesaacHull ZHWGZPGJL /f
n=1

3bi2aromuvca abo po3bizaromuvea 00HOUACHO.

Kpumepiti 36i0cHocmi yY3a2a4bHEH020 2GPMOHIYH020 psady. Pad
+oo
1
g — 3b0ieaemvcea, axuo k > 1, 1 posbizacmoca npu k < 1.

k
n
n=1

Bopasu

1. BukopucToByr0UYM O3HAKM TTOPIBHAHHS, JIOCJIJIUTH HA 3012KHICTH PsJIN:

+00

1
1);3%1’ 24
+00 1 +oo 1
3)2_:1 3n’ 4)2_:1n2+3’
o0 +00 1

n=1
9) Z sin’ 3n 10) fln_n
n=1 n\/ﬁ n=1 7137
+00 0
vn+1—+vn—1
n=1 n=1
<=2 n(v/2 + sin /n) X arctg(n? + 2n)

—1 +00

Z arcsin 7— 16) Z cos & 4n
ny/In(n + 1 \/ 2nd —
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+00
17) Z ne ",

19) i Inn +sinn

n2+2lnn’
n=1

PO3JIJI I. ucaosi padu

93 (-0

+1nn)

Z\/n4+3n2+11n S(n+2)

2. JlocaimuTy Ha 3012KHICTH IUCJIOBUI P

arcsm

N
(VA1)
Z arcsin ———— 0 )

— 34+ 3n+2’
+0oo )
5 (en —-1>sh1 ,
); n—+1

+00 1 1
7 g in’ (— — arct —),
) 1nsm ~ —arctg

+00

DMCEEDE

n=1

+o0o 9
n® + 2n

1) Z 5n )

7_L|_:1

22-5-8-...-(3n—1)

3
)nz:;1-6-11-...-(571—4)7

+o0o

(2n + 1!

2 21 3nn!

+00

53n

7
) Z (2n — 1)

n=1

+00 n'
0> .

nj_l

= n!(3n 4 1)!

)Y =G

n+3

Zln ;

—~ n +4’

— 1 1
4)22\/_arctg Nk
®§§ 3+ 3n% 45

—ny/nib +nf+ 17

+o0 N
8)2(1—nsinﬁ) :

n=1

X (2n)!
2)21((n!)>2,
«22-5-8-...-(3n—1)
4);1-5-9-. (in—3)
5y
8 X
);3“(2n+3)’
Rala+D(a+n—1
m)E; ( @5—1W ),a>Q
< 3n)!
12) ; (751)3;%’
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+00
7T
15) ZB” cos ——,
— 3n—1

03 (5"
(n+1) ’
(22"

n?+n
<n+2> ’

3

( n+2> n2
vn+3/

Z <n+2)n’ >0,

+00

i
ff
3

5n+ 3 ’
narctg =

z; 3n2+2n+1)

93 G

+00 o

Mﬂ}jﬂﬂn+nﬁ

a > 0.

5. JlochaianTu 3ajaH] psijin 3a iHTEIPaIbHOI0 03HAKOW0 Kori:

n=1
+00
1 n—+1
7 1
)nz:;\/ﬁ YT

+00

1
2 ; (n+1)In*(n+1)

+00

Inn
4y —,
) — n(ln*n +1)

wifmm+zy4mn+n
2 )
— In“(n + 1)
400
>
“~ (n* —1)Inn’
400

8)
10) ; (i;:rli)?
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6. JlocuignTy Ha 301>KHICTH YUCJIOBI PsiJiN:

+00 +o0o
DSy )y
n=1 n

+00 2 +00 n
1-4-9-...-n 3\ 2
) 4 <_) 3
3); (dn — 3] )n; 7
“+00 “+00
o1 V3
5) Zarctg - 6) ZF’
n=1 n=1
+oo “+o0o
1 7'n!
7 8
2 2
+00 +00
1 n+1 1
9 , 10 (ln _ )
) nzz: Inn ) nz:; n n+1
400 +00 3
n
11) Y (Vnd+1—Vnd), 12)2—3n3_1,

n=1

n=1
13) +i’iaurctg vn+2 f (
— nin*(n+1)’
+00

+00

2 1 3 1

15) Z(\/n+ —2y/n++vn—1), 16)2 n++ cos — In N
n=1

n=1
+00 +o
1 1 (n—1)"
17) Z <tg — — arctg —) 18) Z —
Y +1 Y
1:1 n n Tfl n"
0 n+l
19y 20> (14 ———)"
n=1 <n + %) +00 1 n=1 % n+1
7. JlocniuTy Ha 301KHICTD DI Z ————— [IPU PI3HUX JIHACHIX 3HAUCHHIX
“—~ nP(Inn)
pla.
+0o0 1
3. : Giskcrti : .
Hocaigntu Ha 301KHICTH P ;::3 w2 (In )" (In In n)? MpW PI3HUX JIACHUX

3HAYEHHAX P, «, [.
+00

9. Jlosectn, mo osnaka Jlasambepa He3acTOCOBHA 0 Psijly g Qp, J1€

n=1
2n—1 on
Aop—1 = TR A9y, = 3 TOMI sK O3HaKa Komri mokasye, IO YUCJIOBUI psiT
301ra€ThCs.

+o0o
10. HocaiauTy Ha 3012KHICTD PsIT Z Ay, TKIITO

n=1
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% \/_d T+Tn d
rax COoS™ rax
1) a,= [ ¥, 2)an:/—.
¢+ 1 T
™

0

IIpuknaaum po3B’a3yBaHHS BIIPaB

+00 1 +00 1

1.14. Crnouarky m0CaiauMO Ha 301KHICTH PsiJI Z—n OcCKLIBLKH Z@ €
n=1

n=1

W=
—_

_ 1y

3

reOMETPUIHUM PsIJIOM, TO BiH 30iraerbest 10 cymu S
Bukopucraemo rpaHnvHy 03HaKy MOpiBHAHHA. /115 ThOT0 3HANIEMO TDAHUITIO

arctg(n?+2n
, —fn(mz : . arctg(n®+2n) w
lim ———— = lim — = —.

+00 1
— € 301>KHUM, TO 3 'PAHUYHOT O3HAKU TIOPIBHSIHHS BUILIH-

OcKiIbKY sl Z 3
n=1
00 2
arctg(n” + 2n) ,
BagE, 1110 PsI € 301>DKHUM. P>
i Pﬂ;; 2
3.14. 3a oznakoio Janambepa 3Haii1€eMO IPAHUAIO

(n+1)la™*!
S 1
i 2 i (n+'1)n+1 I (n+1a ]
e B
a a

= lim ——— = —.
n—-+0o0 (1 T %) e

= nla”
Axmo a > e, TO —>11pﬂ,zL Z— € po30ixkuuM. ko 0 < a < e, To

n=1
n
€ 301kHUM 3a o3Hakoro Hamambepa. B

n=1
4.10. iz 3a,1aHOTO Psijly 3HAMIEMO I'PAHUILIO hm Vay, e

( 3n? )n o, 1
a, = | —— ) arcsin” —
" 2n+1 n
Toui
) . . 3n?2 \n 1
lim /a, = lim <—) arcsin’ — =
n—+0o0o n—+00 on + 1 n
, 3n? , ~ arcsini 3n 3
= lim arcsin — = lim f” - lim = —.
N n—+oo - n—+oo 2n + 1 )

n—+oo 2n +
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o 3 </ 3n% \n 1
cKibKM 3 = — > 1, To 3a o3Hakow Komri ps ( ) arcsin” — €
b 2 b Z +1 n
pO30OLXKHUM. B
1
5.5. OueBnno, 1O s JoBlabHOrOo n € N Bupaz ———— > 0. OynKIlis
P nyvn+1 Y

1 ) . .
f(x) = ——=——= Busnauena, nenepepsna i jojarna na inrepsaii (1;+00).

zvr + 1

Kpim roro, ockinbku f'(z) =

x+1_2\/ﬁ 3x + 2
?(z+1) T 22z + Dyvr+1

2
f'(x) < 0 npu z € (—5;0) U (0;4+00). Orxe, f'(z) < 0 npu z € [1;+00),
1
o610 Qynkuis f(r) = T MOHOTOHHO CIIaJIa€ Ha, [IbOMY IIPOMIXKKY.
TV
+0oo
Tocsi Giskci L / dzx
OCJILIUMO Ha 301>KHICTh HeBJACHUH iHTerpans [ ———.
8 P v+ 1
Orpumaemo
400 b 3?+1=t2, LU1:1, t1=\/§

dx dz
/xm b—>+oo/a:\/r+1 r=rol m=h b=V
! ! dx = 2tdt

_ Vbh+1
= lim /—2tdt = lim / 2dt = lim ln‘t 1”

2 —1 b—+o00 t+1

:hm( \/bT1—1’ 1\/5—1> V2+1

NS A1) "5 = In(3 +2v/2).

b—+00

+00

dx
Orxe, / ———— € 30ikHuM. B pe3yibrari oTpuMaeMo, 110 YUCI0BUN PsiJl
x

voe+1
+00

1
————— ¢ 301KHUM. P
nz::l nvn—+ 1

6.15. PosryisineMo 4acTUHHY CyMy 3aJIlaHOI0 PsiJly:

1

n

So=> (Wk+1-2VE+VE—1)=(V2-2)+(V3-2V2+ 1)+

k=1

F(VA—=2V3+V2) + (VE—-2VA+V3)+...+ (Vn—1—2Vn—2+vn - 3)+
+(vVn—=2vn—1+vn—-2)+(vVn+1-2y/n+vVn—-1)=—-1+vVn+1—/n=
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1

— 14+ .
vn+1+4n

Ternep 3uaitjleM0 rpaHuUIIIO:

1
= lim §,= lim (—1+ )=-1.
n—-+00 n—-+00 w/n,+-1.+.wﬁﬁ
+00
Orxke, psij Z(\/n—{—l — 2v/n + V/n—1) € 36ixuuM i iforo cyma pisHa
n=1

—1. »

§ 1.3. 3uako3minHi pgaun. O3Haku 36i2KHOCTI

Psiji, 3HaKu €JIeMEHTIB sIKOT'O 3MIHIOIOThCSI, HA3UBAETHCS 3HAKO3MIHHUM.
+00

Pan E @, Ha3UBAETLCSI abCOAOMHO 30idCHUM, SKINO 30ITAETHCSI  PsIT

n=1
+00

E |a,|, cknajenuii i3 abCOMIOTHUX BEJMYUH €JIEMEHTIB JIAHOrO psly. By ib-sKuii

n=1
—+00

abcosroTHO 301KHUT psiji € 301KHUM, TOOTO 13 301KHOCTI sty E |a,| saBxu

n=1
+00

BUTIJINBAE 3012KHICTH PSITY E .-

n=1
+00

Pan g @, HA3UBAETHCSI YMOBHO 301HCHUM, SKINO BiH 30Ira€Thest, a Psij

n=1
“+00
g la,| — posbiraerbest.
n=1
st 3HaAKO3MIHHUX PsIJIiB CIIPABE MBI HACTYIIHI JOCTATHI O3HAKK 3012KHOCTI.
“+00 —+00
Osnakxa nopienarns. Hexat drs enemenmie padis g an 1 g by, b, >0,
n=1 n=1
+o00o +o00o
GUKOHYEMBCA Hepienicmy |a,| < b, i pad g b, € 3biocrnum. Todi pad g an,
) n=1 n=1
3012a6mbca abcoaommo.
+00
Osnaxa lanrambepa. Hxu,o dra 3narxo3aminnozo pady E Gy 1CHYE 2PAHULA
n=1
. An+1 .
lim =, mo npu a < 1 pad sbizaemwvca abcorromno, a npu o« > 1 pad
n—-+00 an

Po3bizaemues.
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+00
Osnaxa Kowsi. dxwo daq pady z:l Ay ICHYE 2PAHUUA ngrfoo Vlan| = B, mo
n—=

npu B < 1 pad sbieaemuvca abcoarommno, a npu B > 1 pad pozbizaemuoca.

Cepej1 3HAKO3MIHHUX DPsJIIB BUJLIAIOTH MHOXKHUHY 3HAKOIIOYEPEXKHUX PsIIiB.
400
Psi1 g (—1)"*1an, ap > 0, HA3UBAETHCSI 3HAKONOUEPEHCHUM DPAIOM.
n=1

JLst loc1iJizKeHHs 3HAKOTIOUePEXKHUX PsiJiB HAHOLIbIN 3pyUHOIO € 03HaKa, JIeii-

OHIIA.
+00

Osnaxa Jletbniua. Hexal daa 3naronouepesicnozo pady g (—=1)" a,,
n=1
an, > 0, BUKOHYIOMBCA YMOBU:
1) a12a22-~-2an2an+12--'7
2) lim a, =0.
n—+00
Todi danuti pad e 36ixcHUM.
BayBaXKnUMo, 110 CyMa 3HAKOIOUYEPEXKHOr0 3012KHOI0 Psijly € MEHIIOI0 34, [ep-

Ui eJIeMeHT psify, a #oro 3auIiok R, 3aJ0BOJIbHSIE HEPIBHICTD

‘Rn| < Apt1-

+00
Hacrynni jiBl o3Haku 1epejidadatoTh MOJAaHHs €JIEMEHTIB Psijly E an, y BU-

n=1
+00
rasai a, = U,V, 1 gocnijzkenns nocaigosuocti {U,} 1 psiy E V...
n=1
Osnaxa ipixae. drxwo nocaidosnicme {U,} monomonna i meckinuenno

+00
MAAG, G NOCAIDOBHICMD YACTMUHHUL CYM  PAady E V, obmescena, mo paod

n=1

+00
g U,V,, 3bicacmuvca.
n=1

Osnara Abeas. Hdruwo nocaidosricmo {Uy} monomonna i obmesrcena, a pad
+00 +00
g V,, sbizaemwvea, mo 1 pad E U,V, sb6iecaemnca.
n=1 n=1

Bopasu

1. Hosecru, 1110 3ajiaHi psijiv € aDCOJIOTHO 3012KHUMMU:
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) f (—1)"(2n)!! 2 i’f (—1)”1n3’

n=1 (TL + 1)n n—1 3"
3) fn?’ sinne V", 4) f(—l)"( n >n,
1:1 ’fl 2n+1
= cos °F = n] nt
5) ) ; ’ 6) Y (-1l IEveEE
n=1 (n + 2)4/In°(n + 3) n=1 '
+00 . . +00 n )
sinn sinn nnt1) 2" 41
7 i ) 8) S (1) T
); o smW );( ) 3 1 n2
+00 2 n 400 .
n? + 2 (—1) sin 3n
9 In (1 + ) 10 |
) nz:; n? + 4n n+1 ) ;nln(n+1)ln2(ln(n+2))

2. Jlosecru, 110 3a/iaHi psijyu € YMOBHO 3012KHUMMU:

+00 +00
Vnt+l1—v/n—1 B n -+ 2
1§ —1) ! 2§j—1"11
) ( ) /n+2 ) )nl( ) nn2_|_47

n=1
+00 _ +00 7
(—1)" ! (In"n
DD 920
3_—1 \/ﬁ 7_1’_:1 n
= cosn = (n+1)"
5) Z n 6) Z (_1)nnn+1’
n=1 n=1
oo n—1 Foo 2 2
—1 2n+1— —2
ny U ) Y-y R
n—1In(n+1) n
3_:1 nil
Sy X -y
9) arctg —, 10) —_
nz_:l Vvn vn nz_:l nln(n +1)
3. JlocyiuTy Ha abCOIOTHY 1 yMOBHY 3012KHICTH PsiJIN:
<= cosPn = n o \"
n=1 n=
+00 n,,29n +00 n
(=1)"n"3 (=1)
3) 4D ,
c~ A+ “~ (n+1)In(n +2)
+00 1 +00
COS 7 COS 1 (2n + 1)!!
5); Jn o 6);(_1) 2-5-...-(3n—1)’
Pt S g
Inlnn vn+1’
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+oco . 400

sinn aon+1—vn?2—2n+1

9) g poa 10) E (—1) " :
n=1 n=1

4. Hocnipury Ha 3012KHICTD Psijin:

1) Z(_l)n_l%’ 2) i)

2

X sinnsinn < (=1)"

3) Z n ’ 4 nz:; nln2n’
+00
>

n=1

1

Z\/n2 1n+cosW%’
ln n —1)"
7 Z(—n N 9 Gy

1

<= 1 NG
10) S (~1 [005”1“—(1 n —) |
Z \/_ + ( ) nz:l( ) Vvn+1 n
5. Hexaix Zan, a, > 0, — 30ixkuunit psajg. HosecTu, 1o psij Z TaKOXK
. n=1 n=1
€ 3012KHIM.
+00 +00
6. osecTu, 110 KOJIK DPsJIH Zan i an 30iraf0ThCsl abCOJIIOTHO, TO PsiT
n=1 n=1
+00
Z(—l)"*lv |a,,b,,| 36iraeTbest abCOIOTHO.
n=1
7. Hosectu oznaky Jleitbuina sk wacsijok o3naku ipixie.
+00 R SR
8. Jlosecru, 1110 KOJIKU PsiJl Z @y, 30irae€rbcsi ADCOJIFOTHO, TO PsiJL Z G,

n=1 n=1

30iraeThcda abCOJIIOTHO.
+oo

9. Hexait p > 2 — narypaJjibie 4yucjo. Uu icHye Takuil 3012KHUN psiJl E s

n=1
+00
P 6 o1
10 P al 6yne po3OIKHIM.
n=1
10. [osecrtu, 1m0 KOJU IIOCJIOBHICTD JjlofaTHux uucen {a,} Hespocraioua
“+o0o 1 0
1 HECKIHYCHHO MaJa, TO PsaJin g (1) 1= g ay 1 g ()" aray .. - ay
n
n=1 k=1 n=1

301rat0ThC.



§ 1.8. Bnaxosminni padu. Osuaru 306i0cHocmi 25

ITpuknaam po3B’sa3yBaHHS BIIPaB
+00 n +00 n"

n
1.6. Jlna samaHoro psny Z(— n'3 —anii POSIVIAHEMO DN Z nlgntl’
=1

OueBuHO, 110 JJIsT JJOBLIHLHOTO HATYPAJILHOTO UMCIa N CnpaB;pKyeTbCﬂ CITIBB1/I-

HOIIIEHHA

n n n

<—1>H

n

n n
1 — .
n!3n+1

n!3n+1 < (_1) n)3n+l

n n ’

Hocaigumo ps E '3 o7 Ha 301KHICTH. 3a o3HaKoi0 Jamambepa orpumMaemo

n—+00 (A n—+00 (Tl + 1)|3n—|—2 n"

(n + 1)n+1 (1 + %) e
= lim = lim ——F— = —.
ns+oo (n+1)-3-n"  notoo 3 3

hm Ant1 B 1 <n+ 1)n+1 . n!3n+1 _

+o0 n"

OCK]JIBKI/I — < 1, To umcaoBuit pan
3 b Z

ETES 301kuuit. Toml mouyaTkoBuUii
77,
PsiT g n' T € abCcoJIIOTHO 301KHUM. P>

“+00
1
2.9. Crnouarky J0CJHIIEMO Ha 301KHICTD PsiJL Z — arctg —

e

SIKUM CKJia-

\/_

+OO 1
—1)" 1
JIAETHCs 3 aOCOIOTHUX BEJIUUUH MOYATKOBOI'O PSITy Z L arctg —.
| — vn Vn
3a rpaHUYHOIO0 O3HAKOIO MTOPIBHSHHSI MAEMO:
1 1 1
—=arctg —= arctg —=
n—+00 - n—+00 \/_ﬁ
X1 X 1 1
OckliIbKH — — pPO30LXKHUIA, TO arctg — — pos30LXKHMIi.
> w0 3 ot b
<= (—1)" 1
Posrisinemo tenep psij Z—arctg—. 3a oznakoo JleibOunina psi
— Vn Vn
(=1 86iFa€TbCH 00 — > 0 jus jgoBiabHOro uncaa n € N i
nz_:l \/_ T yn Vn+1
lim =0
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YuciaoBa mocsiq0BHICTD {arctg € MOHOTOHHO CIIaJTHOIO 1 0OMEXKEHOIO,

7

0o 0 < arctg Toji 3a o3nako Abesst 3aJanuii psiji 301raeThCsl.

1 <7

\/5_4'
—1)1 1

OT}KepH,D;Z )

NG arctg ﬁ € YMOBHO 301KHUM. P
4.9. 306pa31/1M0 N-uil eJeMeHT Py Y BULJISI
(=n"
NZENEIT

n—1

A e

:<_1)n_ \/ﬁ +(_1) " :(_1)n_ \/ﬁ . 1

n—1 n—1 n—1 n-—1

— (-1

Jlst aucioBoro psijy ;(—1)”—71\/_%1 OTPUMAEMO, 1110 nLlIJ{lOO n\/—ﬁl

NG

OCJI1JIOBHICTD { } € MOHOTOHHO CITaIHO0, 0O

n—1

G- 21

<\/5)’:ﬁ5($_1)_\/5 r+1

r—1

+00
n
npu x € [2;400). Orke, psij Z(— \/_1 e 361kHuM 3a o3Hakoro Jleitbnira.
n J—
n=2
1 o ( 1)”
OpHak psij Z — pos36ixkuuit. Topl nmoyaTkoBuUil Psij Z €

PO3OIXKHUM. >
+00

7. B uucnosomy psii Z(—l)”_lan nosuaunmo U, = a,, a V, = (—=1)""L.

n=1
Ockinbku nocaigosricts {U,} € monoronno cnajgnowo i lim U, = 0, ta nocJi-
n—+00
+00
JIOBHICTH YACTHHHUX CYM DIy g (—1)""! obMexkena B CyKyHHOCTi, TO yMOBH
n=1

+00

osnaku [lipixje BUKOHYIOTHCs. OTKe, Psijl g (— n—1

a, 30iraerbcs. TakuM 4n-

n=1
HOM, o3HaKa JleiibHila € yacTHHHUM HacaiakoMm o3Haku Jlipixje. B

§ 1.4. OcHOBHI BJIACTHBOCTI YUCJIOBUX PHAIIB

HapesieMo 0CHOBHI BJIACTHBOCTI UUCJIOBUX DPSJIIB.



§1.4. Ocnoeni 64acmMUBOCMNE YUCA0BUT PAJIS 27

+00 +00
1) Jlinitinicms. ko Zan =A#001 an = B # o0, 10
n=1 n=1
Z(aan + 5bn) = aA + B,
n=1

Jie o, f — 10BlabHL JificH] Yynca.
+00

2) Cnoayuna eaacmusicmo. Ko g a, = S, TO

n=1

(a1 +...4+an)+ (@ +...+an)+...+ (@1 +...F+ap)+...=S

JUIsl JTOBLIbHUX Mg € N Takux, 10 Ngiq > Ng.

3) AbcostoTHOo 301KHMI Psiji 3aJIUITAETHCsT 301KHUM, 1 flOro cyma He 3MIHIOE-
ThCsl 1P JIOBLIBHIN [EePeCcTaHOBI €JIEMEHTIB 1bOI0O PsiJLy.

4) SMIHIOIYN TOPSIOK PO3MIIIEHHS €JIEMEHTIB B YMOBHO 301KHOMY PsiJii, MO-
JKHA 3pOOUTH CYyMYy Psijly PIBHOIO Oy/Ib-SIKOMY Hallepe]| 3aJaHOMY YUC/Yy 1 HaBITh
3BECTH IIeii psiJi 10 PO30IKHOTO.

5) dximo 3Hako3MiHHUN Psiji 36iraeThest abCOMIOTHO, TO 30ITal0ThCs PSIIH,
CKJIaJIEHI OKPEMO i3 flo10 JIOJaTHUX Ta BijI'€EMHUX €JIeMEeHTiB. ZKI10 3HaKO3MiHHMiT

psij1, 30Ira€ThCsd YMOBHO, TO TaKi Psu € po30i>KHUMHU.

+o0o +oo 400
Zlobymxom 3a Kowi nBox psijiiB E ap 1 E b, Ha3WBAETHCS Psifl E Cn,s
n=1 n=1 n=1

ne ¢, = arb, + asb,—1 + ... +ayby, n € N,

6) Abcoarommua 36idcHicms dobymry deox psdie. 1obyrok 3a Kol
JIBOX a0COJIFOTHO 3012KHUX PsiJIiB € aOCOTIOTHO 3012KHUM PSIZIOM 1 cyMa, oro JgopiB-
HIOE JIOOYTKY CYM IIMX PsiJliB.

YacTo Ha TPaKTHIN BUHUKAE IMOTPeda CKOPUCTATUCS CYMOIO Psy, 301XKHICTH

SIKOro OOI'pyHTOBaHa, ajie CyMy HeMae MOXKJIUBOCTI 3HaiTu. Toji, BpaxoBy-
+00

Ioun Te, 10 y 301KHOMY Psijii E @, WTOTO 3aJIMIIOK MICTS N-T0 eJeMeHTa

n=1
+00
rn = g ap =S —S,, 1e S — HeBioMa cyMa, Ma€ TPAHUIO HyJb, MOXKHA,
k=n+1

IPHUIIYCTUTH, 110 S ~ S,,.



28 POBALJI I. Qucaosi padu

Ojrak, npu 1boMy BUHUKAE mpobiema (B GLIbIIOCTI BUTIAJKIB JIOCHTH CKJla-
JIHA) [P0 BUBHAYEHHs! KIJIbKOCT] JIEMEHTIB, siKa lapaHTY€e HADJIMKEHHS CyMU 1 -0F0
JACTUHHOIO CYMOIO 3 HallepeJ] 3a/1aH0I0 TOUHICTIO.

Hocuthb 1pocTo 15t 3ajiada poO3B’sA3yE€ThCs Y BUIAJKY, KOJIM 3aJlaHUil psijl €

3HAKOMOoUepeKHUM. JIJIs TaKoro psijly BUKOHYETHCST HepiBHICTD |S, — S| < |an11]-
Bnopasu

1. 3uaittn cymu psijis:

I3 (5 2) )3 (45

n=1 el
3>:§1<%ni1)’ 4):531%(30827%@7
13 0% (ks ) S
7) i(l)”lﬁ, 3) :il(l)nl?g;j)!l’
S EIRLELIL S SIS ELICS

2. CKIJIbKHM €JIEeMEHTIB 3aJIaHOI'0 YKCJIOBOIO psijly Tpeba B3dATH, 1100 JicTaTh

floro cymy 3 TOYHICTIO JIO €, SAKIIO:

+00 _ +00 _
(=) 4 (=) 3
1); S, e=107", 2)n:1 5 e=107",
+00 +
-1 n+1 1
3) ) (=1 . =105 4y =, e=107
—Vn?+1 “—~ nl
400 —+00 _
1 B (_1)n 1 B
5 — =10"* 6 =103
);(27@—1)!’ © ’ ) “—~ nl o ’
+00o _ +00
(=1)""-2n 3 (=1)" 4
7 =10 8 _ =10"".
)Z (4n+ 1)1’ © ’ )Zn'(ZnJrl)7 c

3. losectu, 1110 3a/iaHi HOCIIJJOBHOCT] € HECKIHUYEHHO MaJIMMMU:



§1.4. OcrosHi 84aCMUBOCMIE YUCAOBUL PADIE

29

S R

n= 3”’
+ (_l)n—i-l +OO( 1)n—|—1

~
3
M

p>1,

n=1 n=1
+0o0 +00
—1)" —1)»
4) (=1 - ( 5), a>0, />0
ne n
n=1 n=1
1)n+1
5. Ilokazaru, mo psij Z — 301KHUI, a psi
n=1 \/_
1 1 1 1 1 1 1 1
1+ — + +

B Ve VB VI VA VI3 Vo1 van

€ PO30IKHIM.
2

1 1 1
6. Bijomo, 1110 % =14+ = 5 + — = — - m + . ... 3Ha#TU CyMH PsiJIiB
— Ta
+00 _1)n—1
7. Ynenn pany Z IIEPECTaBUTH TaK, I00:
n=1

1) cyma psijty 30LIbIIMIACH BJBIYi,

2) psisi cTaB PO3GIKHIM.
+00 +00

8. JloBecTn, 110 SKINO PsJIH g 2 ' g 62 30Iraf0ThCs, TO TAKOXK 301raloThCs

“+00 “+00

n=1
st Z ‘an . bn|; Z Z |Cln‘




PO3JIJI I. ucaosi padu

30

+00 9 +00
9. JlosecTH, 110 (Za”_1> = Zna”_l, ne lal < 1.
n=1

n=1

IIpuknaau po3B’sa3yBaHHS BIIPaB

1.6. 3a o3HAUEHHSIM CYMH PsJIiB OTPUMAEMO
+00 1 n—|—1 +0o0 1 +00 n n+1
—f ! +< oL +(_1)n+ >+
- et 4 9 16 7 w2 7
1 1 1 (—1)"H - 1
T
+< 7R R T ;5n—1+
1 1 1 1 (=1 (=1)" 1
S I - ):
+( I T 2 ;5%1

[Ipu BukopuCTaHHI CIIOJIyYHOT BJIACTUBOCTI OTPUMAEMO I'€OMETPUUYHUN Psijl
1 5)

+00
1

Z Enm1» CYMa AKOTO S = 1

5

+oo 1 ) n+1 5

= Z
Omxe, Y (o + S + j’f S
n=1 n=1
400 \/m

3.4. Posruisinemo pH,[LZ BivDG1v2). (3—|—\/ﬁ)

3a 03HAKOIO ﬂaﬂaM6epa MaeMo 110

(n+ 1)!

A T TGV . BT
Brvn) _ o, Vatl

(3+\/I)(3+\/§) — lim _
oot 341

Vn!

Orxe, o3naka Jamambepa He Jjae 0JIHO3HATHOI BIJMOBII HA MATAHHS, 91 sl

€ 301KHUM.
3a o3nako Paabe maeMo:

n-+1 ) 3n
(- YELy gy B
3+vn+1 n—+00 3 4+ 1/n + 1

Omrxke, 10OyHOBaHM psiji € 3012KHUM

. ap+1 .
lim n(1— = lim n
n——+oo an, n—-+oo



31

§1.4. OchosHi 84a4CMUBOCNIT YUCAOBUL PADIE

Toui 3a HEOOXIHOIO 03HAKOIO 301XKHOCTI Psijly MaeMO, 1110

S Vil
n=rtse T noriss B+vVDB+vV2)-...-(3+n)

[Ilo it Tpeba Oyno JOoBECTH. B

4.3. Jlocaigumo wa 301KHICTH KOXKEH 13 PsiIiB 30KpeMa. 3a o3Hakoo Korri

N N 1
MAEMO, 1110 psiju 1 — Z (5) i1+ Z <§) (2” + ﬁ) € pO30IXKHUMMU.
n=1

n=
+0o0o

3a paBUIOM MHOXKEHHSI PSIJIB OTPUMAEMO PSL Z Cpn, €
n=1
n—1
Cn = albn + blan + Z akzbn—kz—i—la
k=2
3 n—1 n—2 1
ssigkn ay = 1, a, — —(5) b =1, b, = (;) (2" + 2—n) n=123, ..
Orxe,
n—1

3\ n—2 1 3\ n—1 I\ k-1 3\ n—k—1 1

Q7D - QRO e ) -
¢ (2) ( * o 2 Z:: 2 2 T
32 3\n-1 3\ 22 A 1
o n—2 n—=k o
=23 s (5) () (0 eem)
k=2
B - 3n—2 3\ n—1 Jn—2 n—1 1 Jn—2 n—1 .
=2-3 +22n—2_ (5) T 92 ok~ 92n-1 22 -
k=2 k=2
1 | 1 n—2
32 3\ -1 _< - (‘) ) 3n2  4(2n2_1
:2.37172_'_ _(_) _4.37172.4 2 _ . ( ):
22n—2 2 % 22n—1 1

2 3n+4<3>n 2 (3)n 2 3n+8 (3)n 2 <3)n+8 (3)71_
9 9\4 3 \2 9 9 \2 9 \2 9 \4/

OO

+00 0 a3l
Toui s ch = Z (—) € abCco/II0THO 3012KHUM PsiJIOM 1 HOro cyma



32 POBALJI I. Qucaosi padu

InguBigyasbHI 3aBaaHHs 10 po3aiay |

1. BukopucroBytoun o3HaueHHs, 3HaiiTH cymy 3ajiaHoro psijy. ObuncianTn da-
crunani cymu S, juisi n = 10 i n = 100. Insg KoKHOTO 13 BUITAJKIB 3HAHTH

abcoioTHy A, Ta BIIHOCHY 0, HOXHOKN HaOJIMKeHol piBHOCTI S, ~ S.

T S S
1-7 3.9 5-11  7-15 7

)+ o Lo Ly
1-6 2.8 3-10  4-12 77
4 4 4 4

1-5 3.7 5-9 7-11

4
) sstsst T o T

Vsstsn i T
6) 6, 5, 0 0
4.7 °7-10 10-13 ' 13-16
7) L I S S
1-5 5-9 9-13  13-18
3 3 3 3

8
>2-5+5-8+8-11+11-14+ ’

11
)3-6+6-9+9'12+12-15+ ’
5) 5 5) 5
+ ...,

12)4-9_|_9-14_|_14-19+19-24

4 4 4 4

Bostrsten s

9 9 9 9

211 5.14 ' 8-17 T 11.20
3 5 7 9
B) ppteptg pgreget

6 > 4 8o 8 8
1-9  5-13  9-17 ' 13-21 7

12 12 12 12

1-7+4-10+7-13+10-16+”"
7 7 7 7 N

6-13+13-20+20~27+27°34 '

14) TR

17)

18)




Indusidyaavni sasdanms do posdiay I 33

1 1 1 1

1
9>1~4+2-5+3-6+4-7Jr ’

23
)1~9+9-17+17~25+25-33+ ’

5 5) 5) 5)
+ ...,

27 T2 1217 1722
o I S N
2.6 6-10 10-14  14-20
A R R —
8-17 ' 17-26 ' 26-35 ' 35.44 ' 7

oty Ly Ly Loy
550 500 5000
S S
3.5 7-9 11-13  15-17 7
o)1 Lyl i
T
1 3 5 7
30)§+Z+§+E+....

DO
=~
N—"
+

26)

28)

2. BukopucToByroun HEOOXiIHY YMOBY 3012KHOCT1 psily, JOBECTH, 110 3aaHUi

PsIT € PO3OIXKHIIM.

) i’%L’ 2 f (COSLYR’ 3) i’% (n— 1)n(n—1)’
gt n — Vn “—~\n +1

y :ﬁ?nnﬁfn, 5 i% 0 :ﬁ(—n"“,

7) :i.i <Zi 4__ 1)“”“), 8) :i?arctg %, 9) :i? /0,005,

W e W eyt

13) :f;n?’ tg? g 14) :Oj ﬁ 15) :i? g: :t ?

16) iln (nfﬁj&i%’ 17) :ﬁni;jw 13) :ilrﬂ ei—l)g,



PO3JIJI I. ucaosi padu

19) ffnarctg \;_, 20) an(l — cos 2%), 21) fnsin \3/%,
n=1 n=1 n=1
22)22?3\?/_\/213, 23)§nln(1+%), 24):2?11&(2-!-%),
25) :i; (Zj_@?), 26) :ian sm%, 27) :ﬁ%ﬁ
MY (Gry)  wieegty WYL

3. 3HAUTH CyMy YHUCJIOBOTO PSIJTY:

+00

D ;Tﬂ—lin—l—%’
o0

3)nz_;n2—1;1n—|—35’
+o0

2 ;n2—1(6)n+24’
o0

7)2712—88%—1—15’
+oo

LD e

1) fﬁzms

3) i%
+00

15)71210n2—1?;31—|—48’
+o0

17) ;n2—132i+35’
+00

19) nzgn2—1102n—|—24’
+o0

21) ;n2—§2+15’

+00

18

2
)Zn2—13n+40’

n=9
+00

36

4
)ZnQ—lln—i—ZS’

n==8
+00

54

n=
+00

6
)Z7n2—9n+18’

72

8) nz%nQ—?n—l—lO’

+o0

10) )

n=>5
“+o0o

12) )

n=4
+00

14) )

n=0
+o0o

16) )

n=
+00

90
n —5n+4’
18
n?2—mn—2’
36
n?+ Tn + 10’
54

9n2—11n—|—28’

72
18
) nz:; n2 —9n + 18’
—+00
18
20
) ; n? — T+ 10’
—+00
36
22) Zn2—5n+4’

n=~6



Indusidyasvri 3asdarms do posdiay 1

+00

48
23) nz_:GnQ—GnJrS’
+oo 6
%) nz:;nz—ém—ki%’

400
24
27 —
) ;n2+4n+3’

03 >
- n?+6n + 8’

4. JlocaiguTy Ha 3012KHICTH PsJI 38 JIOMOMOIOK0 O3HAKHU IOPIBHSIHHS:

1) Z sin n\/_

n/n
n=1
+00
arctg®n
3
n=1

ncos’n
) Z nd+5"

n=1
+0o0o 92
n®+3
9
) ; n3(2 + cosnm)’

400
Inn
1) ;n3+n+1’

< arctggn
13) Z nt+3"’

n=1

+o0

1—sinn
15) ; (n+1)(n+2)’

Inn
17) Y ———,
—Vnd+n

+oo . 9
S~ n
19) Z n2+1’

7-1"_:1

21 + cosn
21)2 n?+2 "’

n=1

+00

54
24) ;—n2+n_2,

+oo
18
26 —_
)Y

n=3
+00

36
28) nz:;n2+n—2’

03
— n2+5n+4

+00

arctg n?
2) ,
o= n(n+1)(n+2)

1 —cosn
4)2 nd+2 "’

n 1

Z lnn

n=1
10) f 3 —cosn
n=1 v n3 ’
X sin?n
12) Y =
n=1
+00 . 92 4p
sin“ 2
1)) ——
n=1
16) f (2 4 cosnm)y/n
i /nT+5
~n(2 + cosnr)
18) Z m 2 _ 1 !

n 1
Zln\/n2+3n
vn2—n

+oo

3 +sinn
22) Y S ——,
- vnd —n

35



36

5. JlocaimuTu Ha 3012KHICTH PsI;

3) ;msin
5) iﬁ(““’snL)’

= 1
; 2lnn 4+ Vin
i

Z 2 —cosn
+OO arctg n
27) Z—,

“—~n(n+1)
400

29) Z 1 +sinn’

“— n(n + 2)

Z

\/_

1

n?+5
paiee:
— n24+4’

Zm(eﬁ_l)’

1
Z vn - arctg — 3

13 3400 L
DRLE

oo
15) Z (1 — COS %),
n=1
+00 )
+3
17) Z In RCR
n:2
1
Z \/ﬁarcsm nt —
21) Z sin !
— \5/n +1  /n’

PO3JIJI I. ucaosi padu

arctgn

Zm

+
cos n?
2) Z n?+n’
1

ZQ-l—COSﬂ

+oo

n3 + 2
30 :
) ; n?(2 + sinn)

n—1

+00
2) Z Vi - tg n3
n=2

1 n+3
4
);%+2acg n?+5’
+00
1 1
6 t
);n+4 g\/ﬁ’
1
3 .
)stmn—l—l’
n?+1
03
2 _n+2
+oo
nd + 2
12)27134—1’
n=1
+00
n+1
14) - ,
2 =D
16)+2.o L arctg L
Ti2n_1 vn —1
18)2(6“531—1),
=
20) Zn(erﬂ — 1),
n=1
“+00
. n
22)ZSIH\/TL5:—|_2,

n=1




Indusidyasvri 3asdarms do posdiay 1

+00
NG
23) Y (eng—l—— 1),
n=2
400
) 2n +1
25) Z sin PETPER
n=1
+00
3+ Tn
2) nz_:l 5% +n’
oo )
29) Zn(en — 1> :
n=1

1
24 arct ,
)nz:; g(7’L—1)5712+1
+00
1 2m
26 '
)2;¢ﬁmbn+r
+00 1
28 n - sin )
D
400
n
30) » sin —
~ n n—+5

1-4-7-...- (30— 2)
7-9-11-...-(2n+5)’

37



38 PO3JIJI I. ucaosi padu

23) N (%!tg%, 24) :flfi”(n;— D)
+oo n . 2 +0 on [
) ;fil 5%(22;'1)!7 28) :2’0 n'(?gn—)l—' 1)!)
20) < 1.4.7-2;1;1-75371—2)’ 30 *”2%!2
n=1 n=1
7. HocniuTu Ha 3012KHICTH PsiI;
+00 o +00 2
2 — anl’ 2);3%<n11) ’
- N +00 .
(Gt 9 (Gs)
5) §n2 Smn2l7 6) i (2;2j11)n27
+00 0 n
7);(1£)n’ 8);4_171(”%) .
0> ()" WY ()
11) in?’arctgngln, 12) +Zoj <§Zif)nn3,
o o Yoo 2
w3 () W ()
15) 5" n - arcsin 1, 16) f (32t21>n2,
n=1 n=1
D) g WS )"
19) f en’ 20) fzn—le‘”,
o 2n+ 1) n=1




Indusidyasvri 3asdarms do posdiay 1

+00 nn+2

23) Z (2n2 4+ 1)2°

n=1
+oo
1

5> 5 (")

n=1
+00

0> (255)"

n=1

+oo

29) Z n .53:—1—2’

n=1

8. JlocaimuTy Ha 3012KHICTH PSJI:

+00
1
1 )
);n\/lnn
400 1
3) nz: (2n —1)In2n’
+oo |
5!
) ; (3n—1)Inn’

+00

1
) nz; (2n 4 3) In*(n 4 1)’

1
9) nz:; 2n—3)mGn+ 1)

1
1) Z (n —2)y/In(n — 3)’

n=>5

1
13) 2 (3n —1)y/In(n —2)’

n=4
+00

1
13) ; (n+5)In*(n+1)

1
17) Z (n+3)In*(n+7)

n=2

+00 )

19) Z (n®+1)Inn’

n=2
—+00

1
2) Z (n—2)In(n —3)’

n=>5

+00
n 2n
24)Zﬁ<3n—1> ’
n=1
400
3n + 2\n
26) Zn2<4n—1> ’

n=

s n 2n-+1
28) Z (3n + 1) ’

n=1

+00
T
30 2" arctg?® —.
)Z; arctg™

n=

+00

1
2) ; (n+ 1) In*(n+1)

1
4 Z nin®*(3n 4 1)’

n=1
+00

1
6) Z (n+2)In’*n’

n=2
+o0o

1
82 2 ,
I (2n+3)In*(2n + 1)

1
10) nz:; (3n —5)In*(4n —7)

1
12) Zl 2n+ 1) In2(nv/5 + 2)°

1
14) ) - :
= (3n +4)In*(5n + 2)

1
162 (V2 + D) In’(ny/3 + 1)’

n=1
+00

1
18) Z (n+1)In2n’

n=1
+00

1
20) ) 3 ,
= (2n+3)In“(n+ 1)

1
29 ,
) Z (n +3)1In?2n

n=1

39



40

23)
25)

27)

29) >

+00

n
— (n2—3)ln2%’
>
“~ (n*+5)Inn’
c~ (2n* +3)Inn’
+o00o n+1

(5n2 — 9) In(n — 2)’

1) :i:u)” 1
9>y S
0%
13

%) i (n+ 1()_1?(7; 1)
11) f =

13) :ﬁ(mcos(aln,
15) § ((s;ﬁl)j .1;13’

17) in(h—l(z):z)’

0 Yo 2

PO3JIJI I. ucaosi padu

X 41

24
) Z (3n24+2)In%’

n=3
+oo

9. HocnimuTu Ha abCOIOTHY 1 YMOBHY 3012KHICTD PSIIH:

—+00 (_1)n
2 ————,
) Z n2 + sin’n

n=1
+00
(_1)n+1
4 N )
) nz_; In(n 4+ 1)’
+00 -
6) Z(—1)"Sm2—n,
n=1
+00
(—1)" - 2n?
8) Z 3 )
I (n+2)
% (1!
10 e
)2 T
+oo .
sinn
12) ) —
R
14) Z(—l)nSiHQ—n,
n=1
+00
(-1
16 -
) ; (V2n + 1)°
400
n—+1
18) Y (1" ——.
— n’y/n
+00 on
_1 n—1
)
“+00
(—=1)"
22) Z nlnn’



Indusidyasvri 3asdarms do posdiay 1

e Y/ v (D"
WIS iy
25) > (_;ﬁ)n’ 26) > (—1)"- ar:;gn,
27) Y (~1)"In (1 + 2—171) 28) p_(=1)" ;zn—tlw
-133 —1)* . nn Zj.g n
2) ; % 30) 2(_1)71 T

10. HocmimuTu Ha abOCOTIOTHY 1 YMOBHY 3012KHICTD PSIJIH:

DIE=T 2) (-1 7;;;
i 5y oo L
’ Z%’ 0>
) <= /—2n+3
ann < ) 6) ; (m> ’
\- (=1)"n” = (1) 2n
7)Z(n+2)47 8); (n+1)*
9) Zn4 arctg (_4#, 10) Z(_l) (ZZti;) |
1) Y _(=1)" n?; 12) > ln((;fl)’
4—?001 i 5n T_1|_:1 n y
13) ;(—1) o 14) ;(_1) Pt
5) Z \/ﬁarctg% 16) Z(_l)n _ \/ﬁi(; 10’
17) Z(—l)n . i_; 18) Z(_l)n arcsin\/#j)
Z \/ n — 1 2n—|— 1) 20) ;(_1)71 Smm7
WS Y e
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) Yo () e e o

25) Z(_Dn. ?OO”’ 26) Z n(:llilnn
S S

29) Z;\/;Z:H) 30) ;(—1)"@ %.

(=1D)"-n — (-1)"
1 = 0,001 2 — T = 0,0001
13 e a0 93 G v

ja)
~~

3) +§ (=1)" 0,001 4) f 2)” 0,01
= . O[ —
Za(au ¢ T 2\ " 5) "
g 7 — (-1
5) > (—1) o @ =0,0001, 6) ) g =001,
n=1 n=1
+00 I 1
< 1)n+1 (_1)n+
= 0,01 — 0,001
7); o a=0,0L, 8); @ = 0,001,
“+00 o0
(—=1)" (=1)"(2n+1)
9 = 0,001 10 . a=0,01,
) ;ni(ZnJrl) a=n ) nz:; n3(n+ 1) “
o0 —+00
T 2\ "
1) Y (1) o a=0,1, 12)2(—3) Ca=0,1,
n=1 n=0
+oo +00
(—=1)" (—=1)"
13 = 0,0001 14 = 0,001,
);(2n+1)'7 “= 7 >nz:; (2n)!’ “a=b
—+00 2 —+00
(=1D)"-n -y
15) Zl o =01, 16) ZO o @ =001,
+00 oo
(—=1)" (—=1)"
1 = 0,001 18 = 0,01
7)Z(n_|_1)n’ @ ) ’ >Z7’L3—|—17 o )
n=0 n=1
19) f(—u“ 2 a=0,01 20) f =D —0.001
o n2(n+3)’ ) ’ — ( 3 + 1)27 )
+ +00
(—=1)" (=1)"-
21 = 0,01 22 = 0,001
) 2 +n3’ “ T )Z(1+n3)2’ a ’



23) f D — 0,00001 24) f(—n” L 0 001
2 (2n)12n’ ! ’ £ (2n)n!’ o
+00 +00

(=1)" (=1)"

25);2n i, a=0,001, 26);3n(n+1), a = 0,001,

27) f D" 0,0001 28) f (=1 = 0,001
Sl T 2wy T
+00 oo

(- ="
29) Z; T 0, 00001, 30) ; ——, a=0,01

PO311JI 1I. ®yukiioHaJIbHI IOCJIJIOBHOCTI TaQ

pAan

§2.1. 30i>KHICTh 1 pPiBHOMIpHA 30i1>KHICTh (DYHKITIOHAJIBHUX

IIOCJIiTOBHOCTEIT 1 PAIiB

Hexait X — poBlibHa MHOXKHUHA, & f1, fo,..., fn : X — R — geaxi ¢ynkmii.
DynknionagbHa MocioBHicTh { f,,} 36iraerbest 10 dyukiii [ nomoukoso na

muOXkuHI X 400 f € nomoukosoto epanuuero GyHKIIOHAILHOI MOCIOBHOCTI

{fn}u AKIO

(Vz € X) : { lim fn(w)Zf(f)}a

n—-4o0o

TOOTO
(Ve > 0)(Vz € X)(3N(e,z) € N)(¥n > N) : {|fn(x) ~ fla)| < 5}.

[TosnagaroTh MOTOYKOBY 3012KHICTH Ha MHOXKUHI X HACTYNIHUM dYuHOM: f, — f.
X
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Oyuknionanbha nocaiosuicrs { f,} HasuBaeThest pieHOMIPHO 3612HCHOM0 HA

MHOXKUHI X 10 Pyl f, gKio
(Ve > 0)(3N(e) € N)(¥n > N)(Vz € X) - {|fn(x) ~ fz)] < g}.

PiBHOMipHY 3012KHICTH IIO3HAYAIOTH TakK: f, = f.
x
Teopema 1. Qynruionarvna nocaidosnicmo {fn,} € pishomipno 36iscror Ha

muootcuni X do pynkuii [ modi 1 misvku modi, KoAu SUKOHYEMBCA PIGHICTND

limsup |fu(2) — f(@)] = 0.

N—+00 pcy
Teopema 2 (kpurepiit Komri piBHOMIpHOT 36i2kHOCTI DYyHKIIOHAIBHOT
TOCiIOBHOCTI). Pynruyionanrvra nocaidoswicms {fp,} € pienomipro 36iocnoro

Ha mrootcunt X modi 1 miavky modi, Ko
(Ve > 0)(3N(e) € N)(Va € X)(¥m,n > N) : {\fn(:z:) ~ ful2)] < g}.

Hexait X — posuibna muoxuna, a f,U;,Us, ..., U,, ... : X — R — jesuxi
+0o0

dbyukiil. OyHKIIOHATLHUT P g Un(x) mnomowukoeo (pienomipro) 30irac-
. .n:]' . .
Thesd 10 GyHKIil f na Muoxuni X, FKIIO IOCTIIOBHICTL HOT0 YaCTHHHUX CyM
n
{S.}, ne S, = E Ui(z), moroukoBo (piBHOMIpHO) 36iraerhest jio dbyHKIil f Ha
_ k=1
117 MHO>KHHI.
400
Axmo g rg € X uncaosuii psy E Un(xg) 36iraerhbest, 1o HyHKITOHATBHUIT

n=1
—+00
P E Un(z) 36iraerbes B TouIi xg. SAKio B KoXKHii Touri xg € X1 C X uncio-
n=1

(0. ¢]

BUIi psij E Un(xo) 36iraernes, 70 GyHKIIOHAJLHWIA Psijl HABUBAETHCS 30THCHUM

n=1
B obstacti X1. Cymoro psady HasuBacTbesa GyHkiis S(r) = lirf Sn(z).
n—-+0o0

OcranHio piBHICTH 3a aHAJOTIEID 10 YUCJIOBUX PsiJIIB MOXKHA 3alMCATH Y BU-

TJIST1:

(Ve > 0)(Vz € %1)(3N(e, 2) € N)(¥n > N) : {]Sn(x) —5(2)| = ral2)] < g},

+00
ne () = Z Uk(x) — n-wii 3aumioK (HyHKIIOHATIBHOTO PSILY.
k=n+1
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Teopema 3 (kpurepiit Ko moroukoBoi 36ikHOCTI (byHKITIOHATH-
+00

HOTO psiay). s mozo, wob @ynkyionarvrud pad ZUn(m) 06 NOMOUK0GO

n=1
301o1cHut Ha mrootcunt X1, Heobxidno 1 docmammvo, uob

(Ve > 0)(Vz € X1)(3N(, 2) € N)(¥n > N)(¥p € N) : {‘ i Uk(:r;)‘ < g}.

k=n+1

st BU3HAUEHHS 3012KHOCT1 ab0 abCOJIFOTHOI 30i?KHOCTI MOXKHA CKOPUCTATHUCS

: : Upsi1(
abo oznakoio Jlamambepa, abo osnakoro Komi. fkmo lim Uni1(2) )‘
n—+00 L%(x)
+00

abo lim +/|U,(z)| = B(x), To dyHKIioHaTbHWI psi Z Un(x) 36iraerbest ab-

n——+00

= a(z)

n=1
COJTIOTHO JJTs BCIX @, TI0 3a/I0BOJBHSIOTH HepiBHiCTh ax) < 1 abo [(x) < 1 i

posbiraeThes, ko a(x) > 1 abo f(z) > 1.

Teopema 4 (kpurepiit Komi piBHOMipHOT 36i>kHOCTI (byHKITIOHATB-
+00
HOrO pany). /s mozo, wob dynryionasvnut pad Z Un(x) 6ye pisnomipno

n=1
30iotcnuti Ha muootcuni X1, Heobxidno 1 docmamuvo, u0b

(Ve > 0)(AN(e) € N)(Vn > N)(vp € N)(Vz € X)) : {’ S Uk(:c)‘ < 5}.

Ha npakTuiil jjst goc/ijizkeHHsi (pyHKIIIOHAJIBLHOIO Psijly Ha, PiBHOMIpHY 30i-
XKHICTH PIJIKO KOPUCTYIOThCS O3HAYEHHSIM (BOHO Iepeibavae 3HaHHST CyMU PsijLy)
abo kpurepiem Ko,

st jrocaijipkertst (PyHKIIOHAJIBLHUX PsiJIiB HA PIBHOMIPHY 3012KHICTH BUKOPH-

CTOBYIOTb JIOCTATHI O3HAKHK PIBHOMIPHOI 3013KHOCTI.
+00
O3naxa Betiepuumpaca. Hxwo esemenmu pady g Un(x) sadososvnsaomo

n=1
Yymoesy

(Vz € X)(Vn € N) : {\un(x)l < cn},

400
npULoMY g cn < 400, mo et GynKyIoNasvHUl PAd € PIBHOMIPHO 301AHCHUM

n=1
Ha MHOHCUME X.

Osnaxa ipizae. Hevat dynruii a,(x) i by(x), de n € N, susnaueni na

MHOHCUNE X, NPUYOMY BUKOHYIOMDBCA YMOBU:
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+0oo
1) nocaidosnicmo wacmunnur cym pady Z an(x) — obmescena, mobmo
n=1
(3M > 0)(Vk € N)(Va € X) {‘Zan ’ }

2) (va € X)(¥n € N) : {bu(a) 2 bua(2)} i bulr) 0.

Todi psd Z an(z)by () € pisnomipno 36iscnum na muoscuni X.
n=1
Osnaxa Abeasn. Hexati dynruii a,(x) i by(z), de n € N, susnaueni na

MHOIHCUNL % npuuomy BUKOHYITNDCA YMOBU!
1) pad E an(x) pisnomipno sbizaemuvcs wa mmoorcuni X,

2) (Vx E %)(Vn e N): {b,(z) > byr1(x)} i nocaidosnicmo {b,(x)} obme-

otcena na X, mobmo

(3M > 0)(Vn € N)(Vx € X) : {\bn(g:)| < M}.

+00
Todi psad Z an ()b, () € pisnomipro 36icrum na muoscuni X.

n=1

Bopasu

1. Jlocsijuru Ha piBHOMIpHY 301KHICTb 3a/1aH] PYHKIIOHAJBHI 11OCJII0BHOCTI

Ha BKa3aHIli MHOXKMHI X :

1) fulx)=2", X =10;1], 2) falz) =€, X =(0;1),

3) fu(z) = nQixQ, X=R 1) fulw) = 2" — a?n, X = [0:1],
zn? 5 T

5) fulz) = T2 X=(0;1], 6) fu(x) =sin™z, X= {O; Z]’

7) ful) = % x=[4o0), 8 fule)=(14-)" x=(01),

) fule) = Ty X=[51),10) i) = T x=R

2. JloBectu, 110 3ajaHa IMOCJIJOBHICTH PIBHOMIDHO 30ira€ThCsi Ha BKa3aHiit

MHOYKWHI:
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nh@:Tf%? X = [1;+00),
2) fule) =sin(ne ™), X = [L; +o0),
&ﬁ@ﬁi%? X = [1: o0),

4) fulz) =€ ™Inn, X =(0;4+00),

5) fulz) = nsini, X = [1;+00),

QTMC
6) fule) = oo, X =12,
7”mm:m@+;§%) X =[1; +00),
) fulz) = T2ERL % [0;400).

\/n+:c’

47

3. Buznauntu MHOXKMHY 3012KHOCTI Ta, MHOXKUHY PIBHOMIPHOI 3012KHOCTI (pyH-

KITIOHAJbHOI TIOCJI1JIOBHOCTI:

1) fulw) = 2" —a™", 2) fulx)
3) fulz) = Vsinz, 4) fo(x) = v/ 1+ 22,
6) fulz) =

5) fu(z) = xe ™, (1 + %)n,

7 Jul@) = n( V T+ % - x), 8) fulz) = 2™ — 32"F% 4 22"

nt*—n-"*

9) fo(z) = cos™z, 10) fo(x) = p——

4. 3unaiTi 00JacTh 3012KHOCT] Ta CyMy 3aJlaHuX (PYHKIIOHAJbHUX PsAJIIB:

+o0 +00
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DyEnans
"I)O (_1)n—|—1 tgnﬂf
9); 1)

PO3JIIJT 1I. Qynkuionansvti nocatdosHoCE ma padu

+00 1 p2n—2
8 S [ |
)20
T

nx

m)%;u+xxy+mﬂl+&”’

(1 +nz)

<=2 n(3z — 4)" = 1
1>Z 3n ! Q)ZTLQ—'—ZU?’
n=1 n=1
+00 +oo
(2n — D! ( 2z )"
4 In"
3) ; 2n) \1+a2) " ); b
+ oo 2
n( n n*+1
5) Zn <€n - 1) ) 6) Z n2(5z + 9)2n—1’
n=1 n=1
") ZSIHQ_”’ 8) Z z"nlnn’
n=1 n—l
oo ntl
9)§ 8 10)
>; Z 2n2+n+x2)2
400
r(x +mn)\"
W3 (Y Y
n=1
400
1 (n!)"
13 14
);(ern—l)(strn)’ );n"%"’
+00 0
sinn - sin n? (2n — 1NNz
15 16) > (o)
TR wy (O

6. 3naiiTu 06acTb 3012KHOCTI 1 006/1aCTb aOCOTIOTHOI 3012KHOCT] (DYHKIIOHAJb-

HUX PsAJIIB:
+00 n
T
1) Z 1 — ¢n’
n=1
+00
(=1)"
N
12+ \/n
+00 2
5) Z 1+ x?n’
n 1
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400
nwT n+ 2 ZE —533—!—6
9 in —
DL Z\/ m :1:2+5:17+6

n=1

7. Kopucryounch o3nakoi Beiiepiirpaca, JIoBecTH PiBHOMIpHY 3012KHICTH

¢ yHKIIOHAJIBHUX PsIJIiB Ha BKA3aHUX ITPOMIXKKaX:

+00 9
X
1 T 5 o x ER)
);1+n3x2
+00
(z —1)"
3 P — el—1;3
+00
3D o ©ER,
n=1
400
(n+ 2)3(22)2" 11
7 ) |:__;_:|7
DD e ey L

f (z + 2) cos® nx
V3t

x € [—3;—1],

4) Z 27" cosnx,
n=1

oo

2) Z% v e [-1;1],

n=1

r e R,
6) f arctg nx
4 3 /n’
“— zt+ndy/n
<X sinnz
8) Z 1+ ndx3’

n=1
+00 .
COS N sin %

10 ,
) ; 3 + 1n3(n +1)

8. HocaijuTu Ha 3012KHICTH 1 PIBHOMIPpHY 301KHICTH (PYHKITIOHAJIBHI Psijiv HA

3a/JJaHNX MHOXKHMNHaX:.

+00 2 9
x
1) Z <7’L2ZL'5+1> X = [O;+OO)7
=1
+OO 2,.2
B)Ze_”xsinna:, X =R,
n=1
oo o .
¥ sinny/x
Y2 T £ e
n=1
+00
(x 4+ 3)
5) ) = X=[-4-2),
n=1
+o0o 9
1
0> (e + ) =552,
B 2

n-x

X = (0;+0),

7)

(]

n=1

(n? 4+ 1)(1 4+ n*z?) arctg(1 + x)’
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12) f VICOSIT % (0 4o)
n(2nz? + 1)’ - ’

n=

—+00
n T 1
)Y a5 2 )

n=1

+00

rsinz(x + n) .
14) Z n2r2+n+1’° X = [05+00),

n=
+0o0

15) ZE<1+1—1~>”, x=1[0:1],

n=1
+00 9

T
16) nz:; arctg pOppE X = [0;+00),
+o0

1
17 te—. X =(0:1
);arcgnzx, (0;1],
+00

18) e x = (0,7)
)Ze ’ "9 )’

=1

Zw(#l—)n( O x =]
20)Zln(1+m>, X=R

+00

1
9. llokazaru, 110 PsiJi Z
1 o (x+n)(z+n+1)

kil f(x) = — ma inrepsai (0;+00). g sikux n 3amuimok psay |r,(x)| < 0,1

30ira€ThCsi PIBHOMIPHO J10 (DyH-

nuist josiabaoro x € (0;1)7
+00

10. doBectu, 1110 ko1 (PYHKIIOHAJBHUI Pl Z U,(x) piBHOMIpHO 30iraeThest

n=1
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400
na Muoxkuni X, a dyukiist f(x) obMmexena Ha Iiii MHOXKUHI, TO Psij Z f(x)U,(z)

n=1
piBHOMIpHO 306iraeTbcs Ha X.
+0o0

11. Josectn, mo koan GyHKIIOHATLHWI PsijL Z Up(x) abcosorHo 36iraerhest

n=1
B TOUYKax @ 1 b i jus posimsaoro n € N dyukiil U, (x) MonoTonHi Ha BiJpi3Ky

[a; b], TO 1€l psaj 36iracTbest AbCOMIOTHO 1 piBHOMIpHO Ha [a; b].
ITpuknaam po3B’sa3yBaHHS BIIPaB

1.5. 3BHaitjemMo crodarky HOTOYKOBY TI'DaHMIO Ii€l mociigoBHOcTi. Hexaii
2

2.2
n“x , x
c (O, 1), TO,Z[] nEIEmm = n1—1>1—|I—100 # I 22 1.

. n? . 1

IIpu z = 1 maewmo, mo lim = lim =1
n—+oo 1 + n? n—+oo = 4 1]
n’a? '

Orke, MOCLJIOBHICTD {—} IIOTOYKOBO 30iraerbcst 0 1 Ha MHOXKHHI

1 + n2a?

n’az?
% = (0:1): Omeamio sup 11,(&) = S, a0 folo) = T J0) =

Buaitemo naitbinpie snadenns dyuknii F(x) = f,(zr) — f(x) na Bigpisky

[0; 1]. Maemo
F(2) < n2z? >’ 22n?(1 + n?x?) — 2an? - n?2? 2xn
) = _— = = .
1 + n2z? (14 n2x2)? (14 n2x2)?

Hust x € (0;1] F'(z) > 0, robro dbyukuis F(x) = f,(z) — f(x) 3pocrae

2

a (0;1]. TIpu x = 0 F(0) = 0, oguax Touka 0 we Bxogurs B npomixok (0;1].
Orxke, Haiibiabie 3navenns pisuung fp(r) — f(x) nabysae B rouni z = 1.

BpaxoBytoun 11e J0CJIKEHHsI, OTPUMYEMO

n
sup [ fale) — f@) =1 - ——
2€(0;1] ! 1+ n?
B pesyabrari Mmaemo, 1o
2.2 2
n°w n
lim sup ﬁ—llz lim (1— 2):0.
n——+00 2€(0:1] 14+ n4x n+—00 14+n
2.2
Orxke, 3a Teopemoro 1 nocuijiosuicrs f,(x) = ————— piBHOMIPHO 36iraeThest
1 + n2a?

1o f(z) =1 wa vuoxuni X = (0;1].  »
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4.10. 3naiigzemo obsiacTh 301KHOCTI (DYHKITIOHAJIHLHOTO PSITY

o0

nx
c—~ (1+z)(1+2z)(1+3z)-...- (L +nz)’
BUKOPUCTOBYIOUM 03HaKy Jamambepa:
Hm sz:—é?’ = nEToo’u o +25c)(1(%7—%?j:_c)1?%. TA+xmrin)
X(1+x)(1+2x)(1+333)-...-(1+nx)’:hm n+1 1 o<l

nx n—oo|l n 1+ (n+ 1)z

Omrke, psi)| 30IraeThCst Ha, BCI MHOXKUHI JIIACHUX YUCEJI.
Bobpazkaouu n-uil ejeMent dyHkiionasbuoro psyty U, (z) y Burssi

1
Unlr) = (14+2)1+22)1+32)-...-(1+(n—Dzx)
1
1+2z)(14+22)1+3z)-...- (1 +nx)’

3HAXOJIMMO YaCTUHHY CYMYy DTy

1

Sn(w) =1 - (1+2)(1+2z)(1+3z) ...  (1+nz)

3BijicK CIIiye, 1Mo

5@ =l S = I (1~ e o)

1, gaxmo x # 0,
0, gakmo x =0.
Orxe, 3ajjauuit GpyHKIIOHAJTBLHUN PsiJi aOCOTIOTHO 3012KHUI HA BCIil MHOXKHUHI
gificanx aucen. Cyma psany pisaa 1, npu x #01 0, npu x =0. »
6.8. [l1s mocaijizkeHHst (pyHKIIOHAJIBLHOIO PsIAy Ha abCOJIOTHY 3012KHICTH BU-

kopucraemo o3naky Korri. Tojii orpumaemo:

N
(1 +x3)

OT:ke, 3aaHUi psij1 301Ira€ThCst AOCOIOTHO JJIsl BCIX 3HAUEHD T, 1110 3a,[0BOJIb-

lim +/|U,(z)| = lim ¢ 29

n—-+00 n—-+oo

‘<1.

< 1.

HSIIOTh HEPIBHICTH —1 <
1+ a3
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Posp’sizkeM0 oTpuMaHy HEPIBHICTH, 10O 3HAWTH MPOMIXKOK abCOJIIOTHOT 30i-

JKHOCTI:
z> 2x3+1 1
T > b N Rt >0, PR R
3
X
1_’_?<1, 1+m3>0 x> —1.
1 | ? o\
Orxe, pu T € ( — %, +oo> dyHKIIOHATBHUHT PsiJl ; (1 n x3> 30irae-
ThCsT ADCOJIFOTHO.
+00
. : 1 : . n
HocmiguMo psiji B To4ll £ = ———. 1o/l OTpruMaEMO YNCJIOBHUI PsiJl Z(—l) :

w n=1

sikuii € posbikuum, 60 lim (—1)" we icuye. »
n—+0oo

7.8. Ilpu x € [1;4+00) orpumMaemo, 110
sin nx ‘ 1 1 1
1+ n8x3

< < < .
1+n8x3 14n® nd
+00 1
OcCKIJIBKH y3araJbHEHUI TapMOHIUHUN PsI E — 301KHII, TO 3a 03HAKOIO
n

n=1

sin nx , : :
5 DIBHOMIDHO 30lraerhbest 1pu

Beitepirpaca GyHKIIOHAJILHUI PsiT ZH—g
ndx

€ [l;400). »

8.4. lna = € [0;400) cupasenmusa HepiBuicts 1 + n3z? > 2n222. Toni

OTPUMAEMO:
z?sinnz ‘ ’ 2% sinnzx ’ | sin nx|
— < < —.
3 3 3
1+ ndzt 2n3 2 2n2 nz
OCKIJIBKHI PsiJT g — — 30iKHMii, TO 3a 03HaKOI0 BeitepiTpaca GpyHKIIOHAIb-
nzl

r°sinnw
HU Psijy Z —————— piBHOMIpHO 36iraerbes npu x € [0;+00). B
(="
nt + T
+00

OyHKIIOHATBHUNE P Zan piBHOMIpHO 36iraeTnest mpu = € [0; 1], 60

n=1

8.19. Ilosnaunmo uepes b, (z) = (1 + E) , ap(z) =
n

/nt ¥z

— 3012KHUIA.
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[Mocaigosnicts {b,(x)} obmexena na [0; 1], 60

AN 1\n
<1+—> §(1+—) <e
n n

T\
i morororna st © € [0; 1], 60 Gynkuis p(t) = <1 + ?> crajiae npu t > 1 s
nosinbHOTO = € [0;1].

400

G A

Orxe, 3a o3nakoio Abenst GyHKIIOHAILHUANA Psi E ( )
< 3/nt + Jz

pisHOMIpHO 36iraerhes npu = € [0;1].  »

§ 2.2. BaactuBocTi piBHOMiIpPHO 30i>KHUX (DYyHKITIOHAJIBHUX

IIOCJIi,JOBHOCTEIT 1 pPAIIiB

PosriisineMo BJIaCTUBOCTI, SSIKUME BOJIOJIIOTH PIBHOMIPHO 3012KHI (DYHKITIOHAb-
H1 TTOCJIIJIOBHOCTI 1 (PYHKIIOHAJBHI PsiJIN.

Teopema 1 (IIpo MOYJIEHHWIA TEPeXis A0 IPAHMUI Yy MOCIiTOBHOCTI).
Hxwo pynryionanrvra nocaidoswicrns { fr} pienomipno sbizacmocsa na npomioic-
ky X 4 daa dosiavrozo n € N icnye epanuus xh_gl fulz) = ¢y, de xy — eparunna

0

mouka muootcuny X, mo nocaidosnicms {c,} 30iicna i ukonyemvca pienicmo

Jm co(e) = lim lim fo(e) = lim lm fo(z),

mobmo cumeon 1im  epanuyi nocaidosnocmi i cumeon lim  epanuui dymrui
n—-+o0o T—x0
KOMYMYI0Mb Midic co0010.

Teopema 2 (1ipo HemepepBHICTh TpaHUYHOT bYHKITT). Hrwo dynruyio-
naavna nocaidosnicmo { fr} nenepepenux na npomiocky X dynruid pisnomipho
30120€MbCA HA HOOMY, MO 1T 2panuHa GYHKULA € HENEPEPEHOIO HA UBOMY NPO-
MIAHCKY.

Teopema 3 (po mowieHHMIT epexia g0 rpaHuIll y (hpyHKIIOHATIBHO-
+00
My psafi). drxwo dynryionasvnut paod Z Un(x) pisnomipno sbiscrnud na X do

n=1



§2.2. Baacmusocmi pisHOMIPHO 3010CHUT PYHKULOHAADYHUL Nocatdosnocmel & padie 25
pynruii S(x), a tozo esemenmu Uy, (x) nenepepeni na X dynryii, mo Gozo cyma

S(x) e nenepepenoro dynruiero na X, mobmo 6uKOHYEMbCA PI6HICY

+00

i (32 001) = Jim $00) = S(a0) = 300 = 3 Y 060).

n=1

Teopema 4 (mpo mo4seHHe iHTerpyBaHHsi (DYHKI[IOHAJIBHOI ITOCJIi-
JOBHOCTI). dkwo dynkyionarvra nocaidosnicmo { fn} nenepepsnux na 6idpisky

[a; b] Ppynruyit pisromipro s6izaemoca do Gynkuii f na Hoomy, mo sUKOHYEMbLCA

ngrfoo/bfn(w)dx /bngrf fa(z)dz = /bf(w)dx

Teopema 5 (mpo moY/jieHHe IHTErpyBaHHS €JI€MEHTIB (byHKI[IOHATb-
400

PIBHICTND

HOTO psAay). Arxwo dynruyionarvrut pad Z Un(z) s6izaemuvces pishomipro Ha
n=1

[a; b] do pynruii S(x), a tozo wrenu Uy,(x) nenepepeni na yvomy 6idpisky @iym-

KULi, mo
b b

/(ZU dx—/S (/Un(az)da:).

a a

Teopema 6 (mpo nouseHue AudepeHiiioBanasa (GbyHKITIOHAJIBHOI TMO-
caigoBHOCTI). Sxwo dynryionarvua nocaidoswicms { f,} nenepepeno dugepen-
uitiosnur Pynryit na eidpisky [a;b] 3b6icacmuvcs xoua 6 6 00HIT MOuYL 14020
cidpisra, a nocaidosnicms { f1} pisnomipno sbizaemoca na a;b], mo i nocaidos-

nicmo {fn} pisnomipno sbizaemuvca na |a;b] i sukonyemuvca pienicmo

iy ol?) _ d (

n—+oo  dx dx

lim fn(m)> :

n—-+o0o

Teopema 7 (mpo mo4useHHe nudepeHIiioBaHHs eJeMeHTIiB (byHKITio-
+00

HAJIBHOTO PSAAY). kw0 dynryionasvnut pao Z Un(x) s6icaemvcs na 6idpis-

n=1

y |a;b] do S(x), dynwuii U,(x) — nenepepeno dudepenuitiosni na [a;b], i pad



56 PO3JII II. Oynxyionasvhi nocaiodosHocmi ma paou

—(Un(x)) piernomipro s6izaemoca na [a;b], mo cyma pady S(x) e nenepeps-
n=1
Ho duepenyitiosnoto GYHKULEN, NPUYOMY BUKOHYEMBCA DIGHICTIG

L (St) =56 =3 L)

Bopasnu
1. 3naitTn rpaHunI:
=1 X1, x \n
1) arlg—rkloz; onnpe’ 2) xl—lgknooZE(x—}—Q) ’
n— n=
+o0o .
—1)" n
3) fim SO DTy gy, o sinr
z—1-0 n "+ 1 T—+0 2 + zn!
—+00 —+00 2
. E : n __ n—l1 . E :
5) 331—1>I1Ii0 1($ v )7 6) xl—l>r—{loo . 1+ n2zx?
n—= n=

2. Bkazaru obs1acTh icHyBaHHsI 3aJaHUX (PYHKIIIH 1 JOCTIIUTH 1X Ha HeIepeps-

HICTh:

400
D) fla) =3 2%,
n=1

2) f(z) = Zx2(1 —zHr

910 =2 2 0@ = Y
) @) =3 (e+) 6w =3

n=1

n=1

D) =Y T ) ) = () Y (- 1,
9) f(z) = Zaz?’e_”x, 10) f(x) Z(nxe_m — (n — 1)ze”"H7),

3. 3HalTH CyMU HACTYIHUX PSJIiB:

n

+00 T
1) Z W’
n=1
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—+00 +00 — —
" (__1)n 1x2n 1
3 — 4
DI
5) f p2ntl 6) f( + 1
n x
“—~ (2n—1)(2n+1)’ — ’
+00 ) ) +00 pin+3
7) ;m@; — )", 8) n; T DET Y
X /Inzy - n
9> (5) 10) Y- e
nj-l T_L|_=1
~n(n+2) , ~ n-
n=1 n=1
+o00 +o00
13) » n(n+1)a" ", 14) ) (2n® = 2n + 1)a",
n=1 n=0
+00 +00
2n* —n +3 (—1)" ! cosx
15 16 :
>;(a:2—:c+1)“’ ); n(n+1)

4. 3naiitu 00sacTh Bu3HaUeHHsT DYHKIHT 1 JoC/ainT 11 HA HENnepepBHICTDH 1

nbepeHIiiioBHICTD:
=1 — -
D@ =3 77 D@ =) W(+a),
n=1 n=1
+00 oo
3) f(z) =) sin %, 4) f(x) = Zx”;
n=1 n=1
= x <X sin 2"z
5) f(z) =) In cos . 6) flz) = > —
B Ep
) fla) =, ) f(@) =Y 5t 2%
12 e E
sin(nx e x
9) flz) = ;ng—ﬂa 10) f(z) = ;(—1) 1% arctg NG

5. [Mokazaru, 1o nocsijgosuicrs f,(z) = - arctg " piBHoMipHO 30iraeTbest Ha

muoxkuHl R, xoua

9 lm f(@) # lim (o)),

d$ n—-40o00 7r++a3d$
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. . —mp2 . . .
6. losecru, mo nocsijgosicrs {nxe """} 36iracrbest Ha Bijgpisky [0; 1], xoua

S / folz)do 7 / LA

) ) 1 . T )
7. Tlokazaru, mo nocaiyouicrs f,(x) = 2 + —smn(a: + 5) 30IraeThCs
n

pisHoMipHO Ha R, aje

9 lim ful@) # lm - (fue)).

daj n—-+00 n—-+0o0o gj

8. IMokazaru, mo nocyigosHicTs f,,(x) = nx(l—x") 36iraeThbest HEPIBHOMIPHO
Ha Bipisky [0; 1], asue

1 1

lim [ f,(z)dx = /nh_{glo fo(x)dx

n—00
0 0

9. Yu 3akonHmil mepexij 10 TPAHUIN IIiJT 3HAKOM 1HTerpaJa y Bupasi

1

. nx
lim [ — o da?
n—+00 1+ n2x
0

+00

1
10. /Tosecru, mio jzera-gynkuis Pimana ((x g — HerepepsHa B 00/1acTi
. . . . . . n 1
x > 11 mae B 1iit 0bsacTi MOXiTHI BCIX TOPSIKIB.
400
: 2 : .
11. Hdosecru, mo rera-dyukiist 0(x) = g e ™" puznavena 1 HECKIHUYEHHO
n=—00

Jjudepenniioua pu r > 0.

IIpuknaau po3B’sa3yBaHHS BIIPaB

+0oo
1.5. 3uaiijileMo YaCTUHHY CyMY PsiLy Z(az" — 2" 1), Tomi orpumaemo

n=1

n

Sn(x):Z(xk—xk_l):x—1—|—a:2—x—|—x3—x2—|—...—|—x”—x"_1::1;”—1.
k=1

[Tepesipumo, uu nociosricTsh {.S,} € piBHOMIpHO 361KHOI0 HA MHOXKUHI, 1110

MicTUTh TOUKY X = 1, HaupukJ/aj, Ha Biapisky [0;1].
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3HaifeMo CrovYaTKy MOTOYKOBY TPaHUIO nmpu 1 — +00. Toi

—1, gaxkmo x € |0;1),
lim (2" —1) = 0:1)
n—-+oo

0, «axkmo z = 1.

Opuak sup |[z" — 14 1] = sup |z"| = 1 # 0. Orxke, nociijosuicrs {5y}
z€[0;1] x€[0;1)
HepiBHOMIpHO 36iraerbes Ha [0; 1], 10610 DyHKITOHAILHUI DsJ| € HEPIBHOMIPHO
30ikuuM Ha [0;1].
B TakoMy BuIAJIKy M HE MAE€MO IpaBa MMEPEeXOJUTH 10 TPAHUII IIiJT 3HAKOM

CYyMU 3aJ1aHOr0 (DYHKIIIOHAJIHLHOTO Psijiy, 00 YMOBU T€OPEMU 3 HE BUKOHYIOTHCH.

BHaiijIeMO IPaHUIIo DE3110CePeHbO:

+00
lim E (z" —2" ') = lim lim S,= lim lim (2" —-1)=—-1. »
x—1-0 . z—1-0n—+o0 r—1—0n—+oo

n=

2.10. Hocuigmumo criouaTky (pyHKIIOHAbHUE psij| 3a 03Hakoi [lajiambepa Ha

abCOTIOTHY 3017KHICTD:

1 —(n+l)z __ —nx
lim Un+1(a¢)‘: lim (n+1)ze nxe

n—+00 Un(iﬁ) n—+oo | nre " — (n _ 1)6—(n—1)x
n(<1 + %)e‘x —1)

= lim ‘ —

n—r—400 n(l . (1 . %)ex)

— i | ~x((n+1)e” —n)‘_

n—+oo | e - x(n — (n — 1)e%)

‘e—x—1 Loy € (0;+00)
=|——|=—<1, upu x ; +00).
1—e* e’ P
BayBaxkumo, 1o npr = 0 cyma GyHKIIOHATBHOTO DSy JOPIBHIOE HYIIO.
400
Omxke, obsacrio icuysanns Gynkiii f(r) = Z <na:e_m” —(n — 1)6—(”—1)33) e

n=1
vuokmHA X = [0; 400).

BHaiijileMo 4acTUHHY cyMy (DYHKIIOHAJBHOIO PSIJLY:
So(z) = xe ™ + 2we ** — xe™* + 3we " — 2we T ...+

+nze™™ — (n — 1aze” "D = pre™

Toni f(x) = lim nze ™ =0, axmo x € [0; +00).

n—-4o0o



60 PO3JII II. Oynxyionasvhi nocaiodosHocmi ma paou
Orxe, dynknia f(x) € nenepepsrnoio npu z € [0;+00).
3.16. Ockljibku

. (—1)""2 cos™ 2 x n(n+ 1)
im

lim M’: : = | cos x|
nstoo | (n+1)(n+2) (=1)"*lcos"tlz ’

n—-4o0o Un(x)
To 3a ozHako Jamambepa psiyi 36iraeThes Ha Maoxkuni R\ {7m, m € Z}.

Hocaignmo ioro B Toukax © = mn, n € Z. dxmo x = 2wk, k € 7Z, To

YUCJIOBUI Psil g ————— 30iraerTbcs K 3HAKOIOUYepeKHUI 3a o3Hakowo Jleii-
1)
+0o0o 1
ouina. Axmo r = m+ 27k, k € Z, T0 UnuCIOBUIl Psi g ——— 30IraeThes 3a
“n(n+1)
n=

O3HAKOIO TTOPIBHIHHSI.
+00 (_1)n+1 COSnJrl T

Orxe, psij 30Ira€ThCs Ha BClil MHOXKHUHI JIACHUX dKCeI.
n(n + 1)
n=1
+o0o
(=1)"(n + 1)cos xsinx "cos" xsinx
Posriisinemo renep psij E E :

— n(n+1
[eit psajg 36iraeTbes 1o HyHKIHT — sina:ln(l + cosx) na muoXkuHI R \ {m+
21k, k € Z}. Kpim Toro, psiji piBHOMIPHO 30ira€ThCst JIjisi BCIX X 3 1IET MHOKUHH.
: .om
[TpoinTerpyBaBin 1eit psiji MOUJTEHHO Yy MeXKax Bijl 5 B0 T, Ie T eR\ {r+

21k, k € Z}, orpumaemo

f/ " cos™ ¢ sin t g f (—1)"cos™ 1z
B n(n+1)

n=1

T €T

— / In(1 4 cost)sintdt = /ln(l + cost)d(1 + cost) =

NIE
NIE

X

X
—|—/sintdt:
3
X

= (1 + cosz)In(l + cosx) —cost| = (1+cosz)ln(l + cosz) — cosz,

jus
2

In(1 +cost) =U, d(1+ cost)=dV
= _sintdt = (14cost)In(1+cost)

AU = ——, V =14 cost
1+ cost

[SIE]

jge v # 7w+ 2k, k € Z.
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BayBaKuMo, MO sIKIO T = 7 + 27k, TO OTPUMAEMO HHMCJIOBUH Dsi
+00 +00
1 1 1
LSS (L
;n(n+1)a0; n n+1 o
1 1 1 1 1 1
Sp=1l—=-4+=-—=+...+—— =1-—
2 e T3 T L T ntl

S:hm&ﬁzmlo— 1):L >

n—-+00 n—-+o00 n -+ 1

) ) ) 1 . T
7. ITokaxkemo, 1110 (HyHKITOHAIBHA MOCHI0BHICTL [ (7)) = 4+ =sinn (x—|— 5)

30ira€ThCsi PIBHOMIPHO Ha BCIf MHOXKMHI JIIICHUX YMCEJI.
3HaiiIeMO TTOTOUKOBY T'PAHUIIO ITOCII1TOBHOCTI:

lim f,(x) = lim (x2 + lsinn(:zc + E)) = 2%

n—-4oo n—-4oo n 2

Buaitzemo sup |f,(z) — f(x)|. B namomy Bumajky maemo
z€R

1. 7 1
sup —smn(az + —>‘ = —.
zeR M 2 n
1 1
Toxi lim sup —sinn(erz) = lim —=0.
n—-+00 zeR 1M 2 n—+oo N,
1
Orxe, x2—|——sinn(x—|—z) — 22,
n 2 R
O6uucsumo renep lim  f/(x) Ta ( lim f,(x)) :

n——+0o n—-+o00

lim f/(x)= lim (25E + Cosn<:1: + g)) — He icHye,

n—-400 n——+00

(lim f(2)) = (&) = 2z.

n—-+00
. e . / . /
Hiiicno, nl_l}gl_loo fl(x) # (nl_lgloo fn(x))".
BayBakKUMO, 10 PIBHICTH HE BUKOHyeThCsi, 00 nocsuigosuicrs {f ()} we €

piBHOMIpHO 301KH0I0 Ha R.

InguBigyasbHi 3aBAanHs 10 po3aiay 11

1. 3naiiTn obsacTb 301KHOCTI PYHKIIOHAJIBHOTO PSJLY:
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1
(@ — 4z +6)",
3TL
n 1
n+1 (322 +4x +2)"

1 14+ ax\"
n+3.<1—x> ’
n-2n 1
n+1 (3a2+8z—06)"

+00
(% — bz + 11)"
9
>Z 5r(n?+5)

2n(n? + 1)
o2n3 1

- (252% + 1),

— n3 + 2
0 g
_ox

15 2n
) n

sin(x 4 mn),

n=1
n
(1) /1 —a\»
! (12)
9)227’@—1 1+2
03

400
4TL
17) Z — - 2*sin(2x — ™),
B
3"
21) Z e "cos(z + ),
Z 23" arcsin —
I 3n’

T
27) Z 16"z arcsin —=,
oo v

29) Z 32725 arcsin ——

N

n=1

(322 4 10z + 9)"

PO3JIIJT 1I. Qynkuionansvti nocatdosHoCE ma padu

+00

- x*sin(3x + mn),

2

n=1

+00 6"

sin(bx — mn),

" cos(x 4+ mn),

" sin(3x — 7n),

12) Z 2" 13" sin %

n 1

g 32" sm—
g 231 1 sm—

+oo
3

18) Z 3" sin %,

n 1

Z 3"x" tg —

+oo

) 2871 3ntg4\/_

7_1’_:1
oo
2x
Z 2"x" arctg
n+1’

2. 3naitti 0071aCTH 301KHOCTI (DYHKITIOHAJBHOTO PSIJIY:

2) Z <§>n : % - %" cos(z — mn),



Indusidyaavhi 3a6danns do posdiay I1

+00 .an +00 1
1 2
);.ﬁfn—i—l’ );1+e—nx7
+00 T
_1)n+1 —n?sin 2HL
3) Z nn(1+z) ’ 4) Ze "o
n=1 n=1
+00 +00
n 14+ 2"
5t 6
);(\/ﬁ+%+1)x+2’ );1—35”’
+00 +oo
4 2 n-+95
- n(z?—4)+z/n
7) Z (1 + n) € ? 8) Z n3x—x2’
n=1 n=1
+ +o0
\?/ﬁ ne
9) Za:2+n2’ 10) ZnarcsmS :
o = .
n? sin L
11)26 ) 12)Zl+x2n’
13) Z <2 + E> 4% 14) Zn arctg 2",
n=1 n=1
1 +o0o 1 X +00 n
5)Zenx+1’ G)an2+1_|_4’
n=1 n=
+00 @ dpt ) o +00 (_1)n+1
17) Y ne ) 18) D nin(lra?)’
n=1 n=1
+00 Tl2 oo 1I\N? 2
19 , 20) > (3+2) 4%,
P v 2B
+00 +00 nd
21) Znarcsini’)m, 22) Zma
n=1 =
+00 oo
T (_1)n+1
23 24 —_—
);n(n—kex)’ ); nzl
+00 +00 n
25 tg 27" 26
);" wess );(mew)(n?ﬂ)’
” 400 n+1 2 400 (eAo1)?
) D ) D e 7
i ER

2\ " n n
29 (1 —) Srate/n g .
D SI(RES PRCRICRET) S S s

n=1 n=1

3. 3uHaiTi 001acTh 301KHOCTI (DYHKIIOHAJIBHOTO PSIIY:

63
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~+00 5n
1
) Z n(z? — 6x + 13)’

n=1
400 6"

3) Z 3 sin” z,

n=1
400
In"(x + e)
17) ; n+e
19) *i (2% — 6z 4 12)"
mn(n?2+1) 7’
n=1
+oo 3n o
21) Z — tg™" x,
5
23) ne sz
1_z|_:1
(0.9] Sn
25) Z n2(x2 + Q)n’
n=1
400
27) Y n-55,
=

PO3JIIJT 1I. Qynkuionansvti nocatdosHoCE ma padu

— 4n s 2n
2) Z 3 - sin™
n=1
Xy
4) Z 2nn2’
n=1
+00
377,
6
) nz_:l n(x? — 2x + 3)"’
foo |
" oo
10) Zne nsmx’
n=1
+00
(IQ + 1)n
12
1_L|_:1
o0 477,
14
) ; n(z? — bz + 10)»’
foo |
16) > tg" x,
’fl nv 3"
2 In"(x —e)
18) e
n=1
20) *2’0 (22 — 22 4 2)"
c~  2M(n*+2)
+00 \/@
22) Z -tg" 2z,
n=1 \/ﬁ
+00 2n
24) > — +sin” 3,
B
26) > — 475,
N
28) Z E . ensmx,
too 4

n3(x? —dx + 7))

i
I

3
)
N—

: M



Po3zain III. CreneneBi psaan

§3.1. CreneneBi pgau. BiaactuBocTi

+00

DOyHKIIOHAJIBLHAN PsiJ g an(z — x0)", ne {a,}r>, — nocaioBHiCTh JificHIX
n=0

qHCesT, HA3UBAECThC cmenenesum psdom. Uucna a,, n = 0,1,..., HazuBao-

ThCA KOoe@dIuleHmamu CTEIIEHEBOTO Psy.
+00

Crenenesuii psi E an(x — )" 3aBkKM 30Ira€THCS B TOUIL T = ().
n=0
+o0
Teopema Kormi-A gamapa. Cmenenesuti pad E an(x — x0)" abcomommo
. . . . n:() . .
30120EMbCA 6 MONYL Ty 1 OAA GCIT 3HAYEHD T, U0 3040080ALHAIOMD HEPIEHICTILY
1

|z — x| < — . Bamanuil pajg € po3OIXKHUM s BCIX 3HAYEHb X, IO
lim  {/|a,|
n—-+00

1
3aJI0BOJILHSIOTH HEPIBHICTD |T — | > —— :
lim {/|a,|

n——+00

1
Huciio R = ——— HA3UBAETHCS Padiycom 3061HCHOCME CTEIICHEBO-
lim /|ay|
n——+00
ro psijty, TpoMikok (xg — R;xg + R) Ha3WBa€ThCs tHMEPBAAOM 30iHCHOCTNE

CTETIEHEeBOIO PsiJLy.

Patiyc 3612KHOCT1 CTEIIEHEBOI'O PsITy MOXKHA MIYKATH TAKOXK 3a (POPMYJIOH0

an

R = lim

n—-+o00 an—H

Obaacmio 3612cHOCME CTEIIEHEBOrO Psijly HAa3WBAIOTh OJWH 13 1HTEpBaJIiB

(wO—R;Io-i-R), (xo—R;xo—l-R], [l‘o—R;CIfo-FR), [IQ—R;$0+R].
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+0oo
Teopema 1. Hexatii cmenenesuti psad Z an(x —x0)" Mae padiyc s6iocrocmi
n=0
+00
R >0, i ¢ynruis f(x) = Zan(x —x0)", |z — x| < R. Todi daa 6ydv-sxoeo
n=0

dodammozo wucaa r < R pad pienomipno sbicacmuoca npu |x—xo| < T, a dynruia
f(x) e nenepepenoro na (rog — R;xo + R).
400
Teopema Abens. dxwo R — padiyc 36iscrocmi cmenenesoz2o pady Z a,x",

n=0
R < 400, 1 yeti pad sbieacmuves npu r = R, mo 6in 3012aembea PL6HOMIPHO Ha

gidpisry [0; R], a o020 cyma € nenepepsnoo na ubomy 6idpiaky, 30Kpema

+0oo +0oo
lim g apx" = E a, R".
x—R—-0
n=0 n=0
+00
Teopema 2. dxwo cmenenesuti pad E an(x—x0)", an, g € R, mae padiyc
n=0

sbiotcrnocmi R >0, mo:

1) 6 inmepsaai s6iscnocmi (vog — Ryxo + R) dynwuia f(x) mae noxioni
OYdb-A%K020 NOPAIKY, U0 OMPUMYIOMBCA 306 JONOMO2010 NOUAEHH020 Jupepertyi-
106aHHA CMENEHEB020 PAJY;

2) 6 cepeduni inmepsany 3011cHocmi cmenenesull pAd MOACHA NOUNENHO (1~

mezpysamu, moomo

x +0o0 (Z’ . xo)n+1
[ e =30, I e (- Rizo + R
o n=0
+00
3) cmenenesi padu, wo OMPUMYIOMBCA 13 CMENEeHe6020 PAJY Z an(x — x0)"
n=0

nPU NOYNECHHOMY QUDEPERUIIOBAHHT A THME2PYBAHHE, MAOMb MAKUT CaMUT Pa-

diyc 301CHOCE, ULO 1 NOYAMKOBUT PAO.
Bopasu

1. SuaiiTu pajiyc, iHTEpBaJ Ta 00JacTh 301>KHOCTI CTEIIEHEBOIO Psijly:

+00 R +00 n

1)2 n2 "’ 2)2%7
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+00 0
(3x +2)"
3 - 4 5" 2)"
— (n+1)? «— (2n)!
5)2 1 x", 6)2 — ", ¢>0,
n Cn
n=0 n=1
+00 +00
3vn (n!)?
7 x", 8 x",
PONCES 2wy
+ o
3"(x + 1)" (=)™ /m\"
9 , 10 (2) «",
— nin? (n + 1) ) HZ:; n! e
“+00 “+00
3" + (_2)n n n 2n
11) D (x +2)", 12);n(aj+1) ,
+00 ) n +
n- 4+ 3 1
13 _ o) 14 In cos — | ",
);<n2+5) (x —2)", )nz::l(ncosgn)x
+o0o +00
15) Y 2"z —1)", 16) ) ——,
n=1 n=1
+00 n? +00
(x—2)"
17 1 t 2)", 18
400 3 +00
In” (n+1) " 2y
19) ) o = 20) » nle ",
n=0 n=1
— TL2 TL2 — n n2
21) » 2" a", 22) > “n"a",
n=1 n=1
+00 +oo
S +4)n n!x”
23) Z;(_l) n-3n "’ 24) z; (2n — 1)1
00 =
(3 —2x)" (x—1)" n+4
25) ) -, 26) In :
—~n—In"n vn n—4

(2n)!

o (7).

+o0
2
— n=1
+00
2

= (z +5)"
) 2 VT )

n=1

2. 3HalTH CyMU 3aJJaHUX CTEIEHEBUX PSB!

+00

1) an”_l, 2) Z(n + 1)(2* = 1),

n=0

Y
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= 4n(2n —1)
+oo 3n 00 dn+1
x x
5 6
);271-3”’ )n_04n—|—1’
+00 +oo 2
7 n’+n+1)z"3, 8 —,
) ;( ) ) ; )
+o0 +00 x2n
9 2" 10 —1)"
)g;nx’ )%;( )@n—lmw
+00 +00
(=1)"+n 2
11) 2", 12) ) n(2n+1)a"t
2 =) 2
= < 1 1
13 14 1)t — "
Sy WX ()
+00 ) +oo (_1)77,1.271—1—1
15 7 D", 16
);(n+n+ )", ); T
+00 +0o0
(=1)"a®r 2 2
17 18 —2n — 2)z""
)2 s )nz%(n n —2)a"*,
400 +00
(—=1)" L tg" 2n* —n +3
19 20 :
)nz:; n(n+1) °’ )nz:;(a:2—a:+1)“
3. O0uucIUTH CyMHU YUCIOBUX PsiJIiB:
400 +00
1 2"(n 4+ 1)
1 2
) ; n-2n’ ) nzo n!
+00 +00
(—1)" (—1)"
3 4 —_
);3n+1’ )nz:;n2+n—2’
400 400
(-1 1
5 6 —
)RZOZn—Fl’ );n@n—l—l)’
+o0 9 +00 n
n®+6n+5 (—1)
7) — 8 :
nz:; Jntl nz:; (n+1)2n+1)
+00 +00 1

1
9)Zma

n=1

1 .
(Dgguﬁ—&ﬂ+4ﬁn

4. CkyacTu JiiHIHI gudepenniajibii piBHIHHS, Kl 38/J0BOJbHAIOTL CyMI Ja-

HUX crereneBnx psijiiB. CKOPUCTABIINCH OTPUMAHUMU PIBHSIHHIMMA, 3HANTH CyMI

X PSIJIIB:
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nx 3n
D _(=1) nl 2) ) DI
n=0 n=0
X V2 sin 7t R L
3) Z n L 4) Z(_l) 93ny,
n=0 n=0

5. /loBectn nacTymHi piBHOCTI:

(D1

Y ;4n+1 :4\/§
(=)t 1/
2)Zm_§(%_1”2)’

n=0
2n— 1)” 1

1+Z =7

(7 +2In (14 v2)),

=1+ Z 3a/I0BOJIbHSE YMOBY

6. losecru, mo ¢ynkuisa ly(x 2 ”
n)

xr
/ To(x — ) Io(t)dt = sin .
0
IIpukJiaau po3B’sa3yBaHHs BIIPAB

1.17. 3naiigemMo pajiyc 30612KHOCTI CTEIIEHEBOI'O PSIIY:

1 1
It = : wiiye  lim (1 + arctg ”*1) -
n1—1>r—|{loo \ (1 + arctg W)n n—-+00
B 1 B 1 1
Colim (L)Y HyEEE e
TN T
1 1 , : :
TKe, | —2— —;— — ) — iHTepBaJ 3012KHOCTI 3a/TaHOT'0 CTEIIEHEBOIO PSATY.
0 ( 2 2 4 ) 6 v
e e
1
OCJIJINMO PsIJ Ha KiHIAX iHTepBasay. Hexait x = —2 — —, Toai orpuMaeMo
Y
e
+00 n?
. n+1 (=)™
YUCTOBUMN P Z <1 + arctg . ) .

n=1
[TepeBiprMo BukoHaHHsT HEOOX1IHOI yMOBM 301>KHOCTI:

1\" 1
lim |a,| = lim (1 + arctg TH; ) — =
n e’

n—-+o00 n—-+00



70 Posdia III. Cmenenesi padu

2 n+l1

1\ mi T
= lim (1+n—|— > — = lim """ =e#£0.
en

2

n—+00 n n——+0o00
: , 1
Otxke, psij PO3OIKHUI B TOUIl & = —2 — —.
e
—+00 n?
: : 1 n+1 1
Anajioriago, B TO4Il & = —2 + — YUCJOBHIA PsiJT g 1 4 arctg —
e n? en

n=1
€ po30I:KHUM, 0O

1\" 1
lim a, = lim (1+arctgn+ ) — =ec#0.

n——+00 n——+00 n? e -

Orxe, 0bsracTio 3012KHOCTI 3aJIaHOTO CTEIIEHEBOI'O Psijly € MHOYKMHA 3HAYCHD

1 1
T € <—2——;—2—|——). >

e e -

2.2. B creneneBoMy psijii Z(n—l— 1)(x* —1)" 3pobumo 3aminy 22 —1 = t. Toxi
n=0
+00

OTPUMAEMO CTENeHEBUIl psiy Z(n + 1)t". Buaiijgemo obsacTb 361KHOCTI OO
n=0

: : a .on+l1 :
paay. Ockiibkun R = lim | = lim =1, ro (—1;1) — inrepnan
n—=+00 | (hy41 n—+oo N + 2

3012KHOCTI.

+00
dkmo t = —1, To pan Z(n + 1)(—1)" — posbixknuii, gkmo t = 1, To psij

n=0
—+00

Z(n + 1) — posbixHuii.

n=0
Orxke, t € (—1;1) — obactsb 36ikH0CTI. Bpaxosyoun, mo ¢t € (—1;1), npo-

iHTEerpyeMo oOMJIBI YaCTUHU PIBHOCTI

+00
s(t) =) (n+1)t",
n=0
TOJIl OTPUMYEMO
¢ +0o0 ¢
dy =) t"h=—.
sty =3 e =
0 n=0

t Y 1
3Bijcu s(t) = <m) = A= Ockinbkn t = 2% — 1, To

+00 1

d (n+ 1)@ -1)" = e

n=0
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[Is1 piBHiCTH Ma€ Micle JiJjisi BCIX 3HAYEHb T, IO 3aJI0BOJIbHSIOTH HEPIBHICTH

l2? — 1] < 1. Bsigen = € (—v/2;0) U (0;v2).

+00
1
Omse, Y (n+1)(2* —1)" = (g2 Pu T E (—vV2;0)U (0;v2). »
n=0
0. OJIaMO C (@) — Ta
JIAMO DI nzo(”+1)(2n+1) SIK CyMY JIBOX PsiJIiB 2 — T
400
(—1) | 1 1 2
2 6 — .
;QnJrl’ POSKHABII DI N o ) nr 1 2n 1

+00 (_1)n—|—1xn+1 +00 (_1)nx2n—|—1
Tenep po3rIgHEeMO TOMOMIXKHI DN 1 —
bp A 2D nt1 Z% o + 1

n:O n=

3ayBaxkMo, 10

("i’i (_l)n—&-lxn—i—l N +00 (1)n$2n+1> B +00 (_l)n

n+1 < 2n+1 _nzo(n—l—l)(Zn-l—l)'

n—= n—=

lim
z—1-0

+00 (_1)n+1xn+1 +00 (_1)nx2n+1
3HaiieMo Ternep CyMu CTereHeBUX PsiJiiB g '

n+1 : — 2n+1

n=0
O06YnCIUMO CIIOYATKY HOXIJIHI UX PSIiB:
400 1
S r_ -1 n+l_n —
(i) = 1 =
+00 9
I n_2n __
(So) =231 =
3BlcH
[dt
Sl([E) = _/1——|—t = —ln\l—kx\,
0
[odt
So(x) = 2/ i 2 arctg .
0
“+00 “+00
-1 n+1,.n+1 —1)" 2n+1
Orxe, 2 ( ??H_f + _0%:2arc‘cga}—ln|1+x|. Toni
+00
) o
Z i Dentl) x1_1>11110(2arctgx —In|l+2z|) = 5 In2. »

n=0
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4.2. Sajanuii creneHeBnii psiji € 301KHUM Ha BCI MHOXKMHI JIiicHUX unces1, 00

R = nl—l>rfoo {/(3n)! = +oo. Hosnaunmo uepes S(z) = 1+ z—:: + 2—? + % +... .
Toni npopudepenniroemo S(r) noUIeHHO:
S’(x):;—?—l—g;—?—l-z—f—l—...,
y@:%+§+%+m,
S/"(a:)zlJrz—?Jrz—er... .

Baysaxnmo, mo S(x) = S"(x). e crniBBigHOMEHHS MOXKHA PO3TIISIIATH, STK
mudepenIianbie piBHsIHHSA BIHOCHO cymu S(z). s nboro piBHSHHSA HOYATKOBI
ymoBu Matorsb Burisi S(0) =1, S(0) =0, S”(0) = 0.

Piusunsa S"”(z) — S(x) = 0 € niniiHUM OJHOPIAHUM DIBHSIHHSIIM 31 CTAJUME

koedimienramu. CkiagemMo xapakTepuctiuune pisasaaasa > — 1 = 0, Toi \; = 1,

1 V3 1 V3

A= —=4+—1, \3 = —= — — 1. OTKe, 3arajbHuil pO3B’'I30K PIBHAHHS 3aIIM-

2 2 2 2
V3 V3

: . NP L1,
merbest y Buryisii S(x) = e’ + cee” 2% sin — @+ e cos -

BpaxoByrouu 1mo4aTKoBl yMOBU, MaEMO:
(

Cl+03:17

V3 1

Cl+762—503:0,

V3 1

M =0,
(17 9 @753

o

1 2 1 2 1 3
3 2= 0, c3 = 3 Orxe, S(x) = 3 ex+§ e 2" cosgx — PO3B’sI30K
pisasinns S (z) — S(z) = 0, wo s3ajgososbusie ymosu S(0) = 1, S’(0) = 0,
+oo  3n

T

S”(0) = 0, i € cyMOI0 CTENeneBoro psy g Bl
n)!
n=0

3Bijicn ¢ =

>

§3.2. Pan Teitnopa. Po3BuHeHHst QPYHKIIiI B cTEeNeHEB] psaan

Hexait dyukiist f(z) Bu3HaueHa B JiestkOMy OKOJI TOUKK To 1 Ma€ B 1iil TOUI]

MOX1HI BCiX TOpsiiKiB. Tojl cTerneneBuit psij

200 (3
Zf ( )($—$0>n

n!
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HasuBaeThest padom Tetinopa Gyuxuii f(r) 3a crenensimu x — .
+00

: "o
E S — _
151 TOBLILHOTO CTENEHEBOro PsijLy an(x — )" tioro cyma f(x) e dyn

n=0
KIII€I0, BUBHAYECHOIO Ha 1HTepBaJii 301>KHOCTI 1, MOXKJIMBO, B OJITHOMY abo0 JIBOX #Oro

KiHIsIX, sIKIMO iHTepBas ckinvyennuii. [lojanns f(x) y ckinyennomy Buji uepes
eJleMeHTapHl ab0 HeeJileMeHTapHI (DYHKIIT € pe3yabTaToM 3adayi nidcymysarHs
pady.

ObepHEeHOTO JI0 BUINEHABEICHOI € 3ajiada BIJIIYKAHHS 38 3a/]aHO0I0 (PYHKIIEIO
f(z) crenenesoro psiy, ast sikoro f(z) € fioro cymoro. Taka 3ajiaua Ha3UBAETHCSI
3adavero po3suHeHHs Pynruii 6 cmenenesuli pad, a 1po camy (QyHKIIO
f(x), nag sikoi icnye creneneBuii ps, 361KHUI HA MHOKIHI X, Ka’KyTh, IO BOHA
PO3BUBAETLCA B CTEIIEHEeBUI psJT Ha 11 MHOXKHUHI.

Teopema 1. Hrxwo ¢ynruito f(xr) moocna 300pasumu 6 0KoAL MOUKU T
cymoro cmenenesozo pady, mo uet pad edunut i € padom Tetinopa ors Pynrusi
f(x) 6 mouui x.

QyHKII0, MO 3aJI0BOJILHAE YMOBH TEOPEMH, HA3WBAIOTH GHAALMUYHONO B
TOUI X. AHaJITHYIHA B TOUII To (PYHKIA MA€ B JIEIKOMY OKOJI T MOXIJTHI BCIX
nopsijikis. ObepHeHe TBep/pKeHHst Henpasusibhe, 60 psj Teisiopa dyukuii f(x)
He 3aBXK/1 30ira€Thes J10 i€l 2K PYHKIII.

3’sicyeMO Ternep yMOBHU, sIKUME HOBMHHA 3aJ10BOJIbHATH dyHKIist f(x) s
Toro, o0 11 MoxKHa, OyJI0 300pas3uTu psgoM Teitsopa, ToOTO, 00 BUKOHYBAJACH

PIBHICTD
400
@)y =3 )
n=0
Hust dyuxiii f(x) moxkna samucatu dhopmyay Teiinopa y Burisi

f(QS) = Pn(xa 517()) + RnJrl(x) ZU()),

nfk)
ne P(x,xg) = ka—('xo)(a: — x0)" — wmuorounen Teitnopa, a Ry (z,x0) —
k=0 '

3aJIMIIKOBII esieMeHT dopmyau Teitjopa, sikuii MOXKHa 3amucaTu abo y ¢opmi

[Teano

Ry1(z,20) = o((z — x0)"),
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abo y dopwmi Jlarpamnxa

F ) (2 + 0(x — 20))

(1) (z —x)"™, 0<0<1,

Rn+1 (.CIZ, 560) =

abo y dhopwmi Korrri

f(”“)(xo + 0(x — xg))
n!

Rn+1($,l’0) - (1 o Q)n(x - xO)n—H? 0<0< L,

abo y ¢opwmi [lnemisibxa-Pora

f<"+1)(9:0 + 0(x — xg))
nlp

Ry1(z,x0) = (1=0)""P(x—2¢)"™, 0<O <1, p>0,

abo B iHTerpaJibHiit (popmi

xT

/ (z — )" FD) (1) d.

Lo

1

Rn+1(ZE,ZL'0) = E

[lepeiimoniu B ¢popmyii Teitsopa j1o rpaHuiii npu n — +00 MaEMO

+00 (k) 0
fay =3 T i
k=0 ’

Jim Ry i1(x, xo).

Teopema 2. /s mozo, wob gynkuia f(x) 6yara cymoro ceozo pady Tetinropa
Ha G020 inmepsant 30icHocmi, Heobxidno i docmammvo, uLb s Jdo6iAbHO20

x € (xg — R;x0 + R) sukonysanacey pisnicmy

Jim Ryi1(z,20) = 0.

OuenuiHo, 110 KO GYHKINA f(2) HECKIHYEHHY KITbKICTH pasiB audeperii-
fioBHa Ha inrepsasi (rg— R;xo+ R), Taicuye M > 0 rake, mo jus n = 0,1,2, ...
i jist jloBlibHOrO « € (Tg — R; 29 + R) BUKOHYETHCsI HEPIBHICTD !f(")(x)} < M,
TO IBOIO JIOCTATHLO JJIs1 po3BuHenus Gyukiuil B psi Teitgopa.

Axmo xg = 0, To psy Teitiopa HazuBaeTbesi padom Maxaopena i Toji

R (D)
fay =3 W
n=0 )

n

Hapejiemo posBuHeHHst JIesiKUX eJieMeHTapHux PyHKIIR B psju MakjaopeHa:
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o " r 2 "
+00 2n+1 3 2n+1
T x T
2) si = ) =0——4.. (1) ..., € R,
) sinx ;( ) Gnt 1) x 3+ +(-1) (2n+1)!+ x
+00 on 2 4 n
€T €T €T T
3 = V' =1—- =4+ —+ ... —1)" , € R,
) cosa nyﬁ( e TP TR T i g
—+00
o ale—=1)-...-(a=n+1) ,  ar ola—1)z
1) (1+2) _H; w 1" =
—1)-...- —n+1
Ly Mzl '(O‘ nAED v € (—1;1),
n!
+00 vt 22 o3 ( )n n+1
5) In (1 = 1" —r—+— o, xe(—151,
) In (1+x) ;()n+1x2+3++ o ve(=1 1]
+00 g2+l 3 p2n+l
§ t = —1)" —r—— —1)" ..., * €R,
) arctg z nz_%( )(2n+1)| r—t )(2n+1)!+ x
_ +00 2n+1 +x3+ . p2ntl R
= =r+=+... .., zeR,
) sha Zenr 1) T3 2n + 1) v
+00  op 2 4 2n
T T T
&) chx = =14+ ==+ — , eR
) chx ;(Zn)' —|—2'-|—4!—|— +(2n)'+ x
Bnopasu

1. PossunyTu B psijy Maksiopena 3ajany dyukiio f(x) i suaiitu iforo pagiyc

3012KHOCTI:

1) f(z) = et, 2) f(x) = 3ze”,

3) flz) =e "+, 4) f(x) = sindx,

5) f(x) = x cos 2z, 6) f(x) = cos’ z,

7) f(x) = sin 3z cos Tz, 8) f(z) = x cos® 3,

1 x

9)f($)—Wa 10)f($:x+5

11) f(z) = P T 12) f(z) = arcsinz,

13) f(x):x3+:c2—2x—9’ 14) f(z) =In(x + V1 + 22),
15) f(x) = 2* arctg =, 16) f(z) =1In L :1:’
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17) f(z) = In (2 + 7z + 10),

19) f(x) zln(12—x+az2),

21) f(r) ="
/wdt

25) f(z)=In((2+ 2)*") +In ((2 — 2)*™"),

27) f(x) = arctg® x;

2 —2r+1

P = G-

Poszdia III. Cmenenesi psdu

1 -2z
18) f(x) = arctg\/—1 o

20) () = (1+2) (1 +2)
22) f(x) = xarccosx — /1 — 22,

0
1

l+x 1
26) f(x)—zln - + éarctgx,
28) f(z) =1n* (1 — x),

v1—tt

2. Possunyru dynkuito f(x) y pajy Teitopa B okosi Touku g 1 3uaiitn iforo

paJiiyc 301>KHOCTI:

1) f(z) =e", zg=—2,
3) f(l') - 3.%’ To = 17
5) f(z) =cosz, xg %,
7) f(z) = arctgz, xo =1,
1
9 = 1
)f(x) $2—5$—|—67 0 )
1
11 T)= = 6,
)= i ™
13) f(z) =sin’z, x¢ %,
3. JloBecTn HacTylHI PiBHOCTI:
2n 1
1) cos T = 1—1—2 ,
1+ i xQn*l
2) 1 =2 <1
)y ;271 o lel<t
3) 1 <= (2n -1,
- 72",
V1 — 2 (2 )H

Q)f(l' :\/57 I'()—].,
1
4) f(x :$2—17 o 7_‘_27
6) f(z) =sinz, BL
2
8) f(x :1n2+x, xo = 1,
10) f(z) = cos*z, xo——g,
22 —2x+3
12 =1 =1
)f(x> n 9 _ o y Lo ’
3—22% -2z 1
14 =arct - __
) [(@) MO g4 2
r € R,
x| <1
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2 I

400
2 __ ZL_ _ n—1(2n’__3)” 2n
HNA14+22=1+ 5 +n§:2( 1) @ ", ] < 1,

400

n pn b

5) In (az+b) =Inb+ 3 (1) (%) % 2| < —,
n=1

|al
. <2 V20sin 2
6) e sm:zszg ——— ", zeR,
n!
n=1

+00 (__1)n 2n—1

x T 7r
7) (a:—tgx)cosx:1—|—Z(2n_1)!(2n+1), x € U (—§+k7r;§—|—k7r),
n=1

+000 3n
T L/, a V3
8);(3n)!:§(6 + 2¢72 cos >, xr € R,
+_oo .’,C4n 1
9) 2 = 2 (chz +shz), zeR,
oo n+2 2
x x°+2z 1 9
10 = —(I—2)In(1— <1
+0o0 n+2
x 3 z 1
11 =22 ——(1—-2)n(l- c R,
);;nm+JXn+2) 1% T3 g w)ml-w), @
+oo 6
12) Z;(n +1)(n+2)(n+3)2" = A= | < 1.
n= oo
4. Hexaii f(x) = Z x—| Hosectu Gesnocepenino, mo f(x)- f(y) = f(x+y).
n!
n=0
+00 +00
5. dAxmo psi Zanx” Mae paJjiiyc 36ixknocti Ry, a psij ana:” ~ pajiiyc
n=0 n=0
30i2kHOCTI Ro, TO KUl pajiiyc 30i1KHOCTI Oye y psiiB:
+00 +00
a) Z(an + by,)z", 0) Z anb,x"?
n=0 n=0
+oo 2+l
6. 3a o3HaUeHHAM MalOTh MiCIle TaKi PO3BUHEHHS: Sin T = nz_%(—l)”m
+00 .Z'Qn
i cosx = Z(—l)”(2n)!. Hosecru, 1o toxi sinx - cosx = 3 sin 2.

n=0
7. Hexait f(x) e meckimuenno mudepenriiiopuoo dyukiieio Ha (a,b) i

If™(x)] < ¢ nen =0,1,2,... upu X € (a,b). Josecrn, mo dyukmis f(x)
+00
PO3BUBAETHLCS B CTENCHEBUIl PsiJl Zan(aj — x0)", o € (a,b), sikuii 36iraeTbes

n=0
Ha inrepsasi (a,b).
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ITpuknanu po3B’sa3yBaHHS BIPaB

1.17. Tlepenummenmo nouarkoBy dhyukiio f(x) y surisiji

f@)=l((z+5)(z+2) =1l <10(1 + %) (1 n g)) _

:1n10—|—1n<1+§) +ln<1+g>.

Ckopucraemoch poskiajgom byskil In (1 4 z) :

+00 n+1
x
m(l+z)=Y (-1)"2— ze(-1:1
N ) =3 v L
Tomi
= i x
1 (1 z n 1< Z<n,
noT ;( )5"“(n+1) 57~
+0oo n+1
x x
1 (1 z _q)n 1< <
T ;( )2"“<n+1> 2~
Orxe,

x
—Inl - B
flz . O+Z 5”+1n+1)+nz:%( ) 27t (n 4+ 1)

+00
(—1)" 1 1 1
:1n10+2n+1 5n+1+2n+1 X ?
n=0

Je —2 < x < 2, Tobro pajiyc 301KHOCTI oTpuMaHoro psajay R=2. »

0 2n—1
T
1.27. Ockinbku arctgx = g (—1)”_12 T [—1, 1], To juist poskiaLy
n p—
n=1

bynxmii f(r) = arctg? z cKopucTaeMocs IPaBUIOM MHOMKEHHS CTEIeHeBUX PAIIB.

Toi
+00 .%‘2 n—1 +00 l‘
— 1 n—1" 1 n— 1— . .
f(x) ;( ) ;( ST Zc,
n 2k—1 2n—2k+1
S N . S . 3
e e ;( e g, gy Soiaen
n 2n
Cp = (_l)n—l L

2k—1)2n—2k+1)
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- 1 1 1
— (=1 n—1_2n
(=1)"e Z(Qk—l 2k—1—2n>2n

k=1

B (_1)n—1x2n i 1
N 2%k —1 2k—1—2n

2n —
—1)"x
—( 1)n " 1 L +1 L + + +1+ +1) =
- on 1—-2n 3 3—=-2n 2n—3 3 2n—1 -
—1)"x
= D 1—|—1—|—1+ + L + L
- n 3 5 77 2n—=3 2n—1/"

+0o0

(=1)" 1 1 on .

OT}Ke,arctg2$:E 1+-4+...+ ™, 1 R =1 — paziyc
—~ n 3 2n — 1

3012KHOCT1 OTPUMAHOIO psijly. B>

1.30. Hocuijiumo, un MOXKHA OOUUCJUTY IHTErPaJl / = B CKIHYEHHOMY
0

BUJIL:
1

/ 4 :Oan_4ap:_27
—tY .
/—_4 m-+1 1 m—+ 1 1

0

Orxe, 3a Teopemoro Hebuiesa 3ajiaHuil iHTErpPa B CKIHIEHHOMY BUTJISJI HE

OOYUCTIOETHCS.

Poskiajgemo miginTerpanbay (byHKINO B creneneBuit psija. Tonl orpuMaemo:

—+00 n
I IR ()" (=5)(=5—1)-...-(—3—n+1) ,,
=(1-th=1+) =
Vv1—tt — n!
+00 2nl 3 2n—1 400
=1 =1 A T
+n§::1 ! +n§::1 X

[aTerpytoun KpaitHi YaCTUHU CIIBBIJIHOIIEHHSI, OTPUMYEMO, 110

/ 1+Z t4" dt +Z (2n — Dt
=z
\/1—t4 2" n' 2rnl(4n 4+ 1)

B sskomy R =1 — pajiiyc 36ikHOCTI. P>

2.10. 3pobumo 3aminy x + g =t, r=1— g Toni

fr(t) = f<7f - g) = cos* (t — g) — sin*¢.
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[Tepersopumo dyukuito f*(t) 1 poskiaajgemo i1 B psij Makiopena. Tosi

(1 — cosZt)2

—-10, 2 cos 2t + cos? 2t) =
9 = 1 COS COS =

fr(@t) =
1 1 1 3 1 1
— 1—50082t+§(1+c084t) = §—50082t+§0084t.

Poskaiay dyskiil B psij Makjiopena matume BULJIsiL:

31X (2t)2" 1 <X (4¢)2"
* t _ - _ = _1 n - _1 n —
3 1 (—1)
- _ - ( )' 471(1 . 4n—l)t2n.
8 24~ (2n)
OcraTouHO OTPUMYEMO PO3BUHEHHs (DYHKINI B psij Teitjgopa B OKOJI TOYKHU
Ty = —g BU/LY
3 1= (—1)" 1 7 2n
— 2= MI—M‘( -ﬁ ,
@) =3 2 2= (2n)! ( @+

e x €R. »

3.12. IIpoinTerpyemo Ha mpoMiKKy Bijt 0 10 & MOCJITOBHO CTEICHEBUI Psi
+0oo
Z(n +1)(n 4+ 2)(n + 3)z" rpu pasu. Toxl Ha BIANOBIIHEX KPOKAX OTPUMAEMO

n=0
PsijIn:
400
> (n+2)(n+3)2"H,
n=0
+00
Z(n + 3)2" 2,
n=0
+00
Z In+3.
n=0
+00 1‘3
Bpaxosytoun, mo —1 < x < 1, 3anumemo Za}"+3 =7 . Tpuui mpo-
-

n=0
JinpepeHIiioeMo 0b6uJiBl YaCTUHU OCTaHHBOI PIBHOCTI, 11100 OTPUMATH 1HOYATKOBUI

creneneBuit pag. Tomi

+00 3 / 2 3 2 3
3x*(1 —x)+ 2> 32°—2x
3 n-+2 — z
S = (7o) = T =

n=0
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= w1 (62 —62%)(1 — )2 +2(1 — 2)(32% — 22°)
> (n+2)(n+3)"! = o —

n=0
6z — 62° — 627 4 62° + 62° — 42> 6z — 62% 4 227
(1—2)? (=P
“+00
> (n+3)(n+2)(n+1)a" =
n=0
(6 —12z +62%)(1 — z)® +3(1 — 2)*(6z — 62> +22°) 6
N (1—2)° (-

[I1o it Tpeba OyJio jJ0BECTH.
3ayBaxKuMo, 1110 JIJIsI JOBEJIeHHs 11€1 TOTOXKHOCT1, MOXKHA B3SITH IIPaBY UaCTHU-

6
HY m 1 po3BunyTu i1 B psaj Maknopena. Togi

ﬁ:&l$)4:6(1+§(—4)(—5)-....

(~4-n+1) (1)%n> _

n!
—6<1+§4'5"'ﬁ;(n+3)x”> _6<1+§(n+1)(n;—‘23)(n+3)xn> )
=6+§(n+1)(n+2)(n+3)$”=i(n+1)(n+2)(n+3)x”,

ne lz| <1. »

§ 3.3. 3acTocyBaHHS CTEIIEHEBUX PHAIIB

Ha npakruii pospunennsi pyHKIi y psjgn Teitjiopa MMpoKO BUKOPUCTOBYE-
ThCA TIPU PO3B’SI3yBaHHI 337ad MAaTEeMATHIHOTO aHaJi3y, OB I3aHUX 3 TOHATTAM
yHKIII.

3a joromororo psiiB Teisiopa 1 Makjiopera MOXKHa BUSHATUTH (DYHKIIIT, 3HA-
XO/IYM 3HAUCHHA 1X 32 JIAHUMU 3HAUEHHIMU apryMeHTa ad0 3HAUEHHS apryMeHTa
3a 3aJaHUMK 3HAYEHHsIMU (DYHKINT 3 BIAMOBIIHOI TOYHICTIO, JOC/IJP)KYBaTH 3a-

nany (YHKINO 1 HaBiTh BIATBOPIOBATH (DYHKIIO Ha OCHOBI 1T BJIACTUBOCTEI.
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1. O3navenna Gynruyii. YxKe HeOHOPA30BO HATOJIONIYBAJIOCH HA TOMY, IO
OCHOBHI ejieMeHTapHl (DYHKIT MOXKYTh OyTH O3HAUYEHUMU $iIK CYMU CTElEeHEBUX

psaaiB. Hanpukmian,

1 +00
= -2, —1<zx<l1
+00 p2ntl
SIN T — nz:%(—l) m, T &€ R.

BayBaxkKuMo, 1110 Oy/Ib-siKKii CTeIeHeBUi Psijl, 3012KHMIT Ha BUSHAUEHI MHOXKHUHI
X, Bu3Havae QPyHKINO 3 00JIaCTIO BU3HAUCHHs HA 111ii MHOXKHUHI.

2. O6uucaenns 3navens dynryii. [lpu possunenni dyukuii f(z) B psij
Teitnopa 3a creneHsiMi T — ¢ MOXKHA HaOJIMKEHO OOUMCIIOBATH 3HAUYEHHST (DYH-
KIIi B TOYI Xg, Ji& Xo HAJEXKUTH oro obJacti 36i>kHoCTi. B Takomy Bumnajky B

psi Teftsiopa 3aaniaioTh nepmx k eJeMeHTIB, a OCTaHHI BlJIKMIAI0Th. A caMme,

400
gkimo f(z) = Zan(x — a)" 1 TouKa T( HAJEXKUTH 00JIACTi 301KHOCTI sy, TO
n=0
k
f(xg) =~ Z an(xg—a)".

n=0

k
Orinka moxubKu Takoro HabJMKeHHs1, To0To oninka | f(xg)— g an(zo — a)"|,

n=0
+o00
3BOJUTHCS JIO OIIHKU 3AJIUIIKY PsITy, TOOTO BEeJUIHHU g an(xg—a)"|.
n=k+1

+oo
BayBarKuMO, 110 SIKIIO Psijl g an(xg — a)" 3nakocrasuii, TO fOro MoXKHa

n=k+1
HOPIBHSATH 3 I'€OMETPUUHOIO Tporpeciero. fKINo psiji 3HAKO3MIHHUI, TO BUKOPU-

CTOBYIOTH OIIHKY

+00

Z an(zo — a)"| < |agsa(zo — a)* .
n=k+1

dxmo f(xg) morpibHo 3HANTH 13 HaEpe]| 33J]aH00 TOYHICTIO, TO, OIIHIOIOYH
3aJIMINOK PsJly, BUSHAYAIOTH KIJILKICTEL €JIEMEHTIB YaCTUHHOI CyMU, SIKa IapaHTye

TaKy TOYHICTD.
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3. ObuucaeHHs 3HaveHDd apeymerHma 0asi 3a0ar020 3HAYEHHA HYH-
xkuii. Baxkaemo, mo dyukuis f(r) Busnasena na muoxkuni X 1 3ajaHe 4ucjI0
yo = f(x0), ne xy — Hepijgomi unciaa 3 MHOKUHNA X.

[TorpibHo 3HAKTH HEBIJOMI 3HaYEHHsI apryMeHTa X i3 X, 110 3a/I0BOJIbHAIOTH
piBHsHHS Yo = f(X0).

Adxmo yo € f(X) i dyukuis f(xr) mae obepHeny, TO iCHYy€e €/MHE 3HAUEHHSI
zo € X rake, wo f(x0) = yo, upuuomy 2o = f~(yo).

dxmo npumycruru, mo f1(y) possuBaeTbea y crenmenesuit pani f(X) e mig-
MHOXKHHOIO 00J1acTi 3012KHOCTI I[OI'O Psijly, TO 3HAXOJKEHHSI XT( 3BOJMUTHCS JI0
OOYUCIICHHS 32 JIOMOMOTOIO CTEIIeHeBOro pALy 3Hadennus GyHKI f 1 (y) y Todmi
Yo-

4. Bacmocysannsa psadie Tetinopa @ Maxaopena 00 0b6MUCAEHHS 2Pa-
HuYb. KopucTyodnch BIJIIIOBIIHUM pO3BUHEHHAM (DYHKINN B psaau Teitaopa mpu
xr — xo abo MakJjiopena nipu x — 0, MOXKHaA 00YMCIIOBATA IPAHKIN (DYHKIIT, 110
OB’ s13aH1 3 HEBU3HAYEHICTIO BUJLY %

5. Bacmocysanms psdie Tetinopa do obuucaernHs noxidHuxr. Poskias-
i byuknio f(x) B psag Teiisiopa B okosi Touku gy 3 obuacrio 36ikuocti X, jie
ro € X, MOXKHa 3BOJIUTH BIJIIYKaHHS IOXiHOT 1I€l (DYHKIIT Oy Ib-SIKOr0 MOPAJIKY
JIO BiJIIyKaHHs 11oxijiHol psijy Teitopa el pynkiii B obsiacti 36ixkHocTi X.

6. 3acmocysanna paodie Tetinopa do obvucaerHs tHmMe2pais. AKIo

—. ((b . ﬂ?o)n+1 o (CL o $0)n+1) .
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7. 3acmocysarna paodie Tetinopa do pose’sasysarms pieHaHb. Po3kia-
Jn byHkil B psiju Teisiopa B 6ararbox BUIIAJIKAX 3PYIHO BUKOPUCTOBYBATH JIJIsI

po3B’si3yBaHHs (DYHKIIOHAJIbHUX Ta JHU(EPeHIiaIbHIX PIBHSIHb.

Bopasu

1. Hexait F(«,B3,7,2) = me—n e (a)g = (B0 = (7)o = 1,

—~ (V) nl’
(@) =ala+1)-...-(a+n=1), (Ba=BB+1) ... (B+n—1), (V)=
yy+1) ... (y+n—=1), o,8,y €R, v#0,—1,—-2,... — rinepreomMerpuana

dynkmig. JlopecTn HACTYIHI CIIBBIIHOIICHHS:

1) zF (1,1,2, — ):n(l—l—x),
1 3 1

) ouF (21,227 ) = ln——%,
2 2 1—2
113

) xF 5,5,5, 2) = arcsin z,

sin :L') = COos T,

1
2’
( = ) = arctg x,

m,l,l, )= (1+2z)™

2. O6uncauTu 3 Tounictio mo 107° 3amaHi 3HAYCHHS:

1) In2, 2) €2, 3) % 4) \3%

5) In 3, 6) lg 5, 7) lgg, 8) In0, 8,
9) sin 16°, 10) cos 10°, 11) tg8°, 12) ctg16°,
13) V18, 14) /1,3, 15) V82, 16) arctg%,

1 3
17) arcsin 3 18) arccos %, 19) ch1, 20)shl,3.

v

3. Kopucryounch piBHICTIO i arctg ODYMC/IUTU YUCJIO T 3a JIONOMO-

1
V3
roto psijty JJist (PYHKINT arctg x 3 TOUHICTIO J10 1072,

.TQ

4. Tlpu skux 3HaUEHHAX T HabOJIMXKEeHa PIBHICTL cosT ~ 1 — ) JIa€ TTOXNOKY,

gka He nepesumye 1072, 1073, 10747
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5. Ilpu sikux 3HaveHHSAX T HAOJIMKEHA PIBHICTH SINT R T ja€ NMOXUOKY, sKa

e nepesuiye 1072, 10737

: _ 1
6. Poss’szarn 3 Tounicrio go 1074 piBusnng tgx = =
: : 3 . 1
7. Posp’si3aTu 3 TounicTio 1o 107° piBusaHus shx = 7
8. Pozsunysiiu ¢yukiii B psiji Makjopena, 3HailTi rpaHulli:
1,2
. X —arctgx . e’ —cosx
1) lim —————, 2) im —————,
z—0 x3 z—0 2

1 1=
3) lim (;r; — 22In (1 + —)), 4) lim Ry
X

70 i—0et —1 —cosx’
2 .
In(1+2z)+ % —sinw

1
I lim ( — — ctg”

2 o0 arctg? r ) S\ )
7) Tim 2(tgx — sinx) —xg, 3) Tim \/Earctg\/f—x’
20 xd =0 (V8 + 1z —2)

T (esm% —In (2% + e)) sinZ — cos
9) lim , , 10) lim —2 2.
z—0 tgx —sinx z—Z COS T

9. 3uaiitu noxijny k-ro nopsiky dyuximii f(x) B 3agamiii Touni o :

1) f(z) =cosx, k=4, xozz,
2) f(x) = 2%", k=10, 29=0,
3) f(z) =cos’z, k=9, xo——g,
4 fle)=(r—-2)In(Bx+2), k=7, z9g=2,
1
5 - k=5, my=—3,
6) f(z) =1 247y 0
) =1N——, =4, Lo =V,
VI — 222 ’
T
:E'_
= — :1
8) f(x) 556—{—%7 67 To )
9) f(z) = k=9, xg=2,

Va? —dx + 8
10) f(z) = In(2* — 92 +20), k=4, x¢=2.

10. 3naiiTy HACTYIIHI IPAHUTIL:
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(n)
In (1 2 (n)
1) lim ((M> ) : 2) lim <(arcsina:)3) :
z—0 €T z—0
2\ o\ (M)
t
3) lim ((arc gx) > | 0 lim <81n2:c> |
x—0 x z—0 x

_ In(x+ 1+ 2?) " , 1 14+2 (n)
5) lim , 6) lim In :
7—0 V1F 22 r=0\2z(1 —22) 11—z

11. O6uncanru 3 rounicrio go 1073 nacrymnui inrerpasu:
e’ dx shz
—dx, 2 — 3 —dx,
x ) / 1+ a4 ) / x
0
1

2
1/1 01
4) /sinx2dx, 5) /\/Eexdx, 6) /xln(1+x2)d:ﬁ,
0 0
1

N =
—

dx, 8)

(an] [an}
(Sl

1
210 sin zdz, 9) / /x cos xdx,
0

1

0
In (1 + 2?) dx
10)/—2d:c, 11)/—, 12)/\/1+aj3d:r:,
YR _ 13
4 8—x

5
t
13) / Y1+ e, / 15) / AT
0

1 100

0 0
/ In(1+x)
16) /x‘rd:c, /lnxln (1 —z)dz, 18) /n(—xdx,
T
0
h / h
/S—xdx /arctga: /C—xda:
0
12. BHaHTM dbynkuito y = f(x), ska 3aJ0B0JbHIE plBHHHHH xy +et =y i

PO3BUBAETLCA B psaji MakjopeHa.

13. 3uaiitu Gyukuito y = f(x), sika 3aj10B0JbHsie piBHsinnst y = In (1 + x) —
xy 1 po3BUBaeThCs B psiji Makjiopena.

14. Buaiitu dyuknio y = f(x), ska possusaerhes B psj Maksopena i 3a,10-

BOJILHSIE PIBHIHHS Ta MOYATKOBI YMOBH:
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y'+ Ny =0, f(0)=0, f(0)=2

y—y=0, f0)=1,
(1_$2)y”—5$yl—4y:0, f(O)Zl, fl(o):O7
4) vy —y —a*sinz+1=0, f(0)=1.

X
: . sint _
15. O6uncanTy 3HaYeHHA IHTETPAJbHOTO CUHYCa, S1X = — dt 3 TOUHICTIO

1o 1074, axmo:
1
1)z =1, 2):(::5, 3)x =

16. [osectu, 1o rimepreomerpudHa QpyHKIisg F

~/

a,,7,T), BA3HAYEHA Y

BIIpaBi 1, € po3B’si3koM JinpepeHIiaibHOI0 PIBHAHHS:
(1=Ny" + (v = (a+ B+ 1Ny —aby =0.
IIpuknaanu po3B’a3yBaHHSA BOPaB

2.16. Ockijibku
+00 2+l

arctg r = Z(—l)”%—H,

n=0
1
e x € [—1;1] 1 3 € [—1;1], To

1 = 1
to — = —1)" .
arctg 3 = > (~1)" Gy g

n=0

B ocranHiit piBHOCTI clipaBa MagMO 3HAKOTIOUEPEXKHUH Psijl, TO MOXUOKY 00Un-

CJICHHA MO2KEMO OL[iHI/ITI/I HaCTYIIHUM YMHOM

(3)

Omxke, noxnbKa HAOJIMKEHOI PIBHOCTI

1
2k + 3)32k+3'

<1

1

k
1
to — ~ —-1)"
wees ;6(  an e

ne niepesumtye 107° Tosi i TiABKE TOMI, KOIH

1
(2n + 3)320+3

<1075,
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1 1 1

3BiJicH 3HAXOUMO, 110 N = 3, 00 299 = 77147 < 100000"

Tomi

3
1 1 11 1 1
to — & —1)* = _ _ _ —
arctg g~ > (~1) k1135 3 3.3 5.3 7.3

= (,666666 — 0,012346 + 0, 000823 — 0, 000065 = 0, 321745.

1
Orxe, arctg 3 ~ 0, 321788 3 Toumnictio 10 107°.  »
7. Baysaxumo, mo ¢yukuis f(r) = shz Busnauena i nenepepsHa Ha BCiii
MHOXKMHI JIIACHUX 4KCeJI, IIPUYOMY BOHA 3POCTa€ Ha BCiil 00J1acTi BU3HAYEHHS.
Ot2Ke, BOHA Ha MHOXKHMHI JIHCHUX YUCE] Ma€ OOEpHEHY, siIKa 3HOBY € 3POCTalU0I0

1 HeriepepBHOIO Ha RR.
e’ —e

2 I
3BigKn Maemo €2 —2ye® —1 = 0. Toxi = In (y + /y2 + 1) — obeprena GyHKIis

Bnaitiemo obepueny ¢yHKIo g0 shx. OTpuMaeMo piBHSIHHS Y =

jo y =shz.

[Toxinna i€l pyHKI

¥= =14y

o1 S CDED 2 by SR EDCn D,

n!

3 pajiycom 30iknocti R = 1.

3Bijicu
+0oo +o0o
T e T < e A C e L.
x_y+; 2 2n+1_y+; 21(2n + 1)n! '

Toji mykaHuii po3B’si30K T € CYMOIO YUCJIOBOT'O PSILY

L f (=D)"@2n -1 1

2 20(2n + L)n!  22+1

2
n=1

[eit psag € 3HAKOTIOYEPEXKHUM 1 OT0 OCTada OIIHIOETHCA HACTYITHUM CITiBBiJI-

HOIICHHSIM:
(1) _ (2n + )N 1
Tn - * .
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3 yMOBH 3aJ1a9l Ma€MO, IO

(2n + 1) L1
2120 + 3)(n+ 1)1 22743 1000

[Tpu n =1 orpumyemo, 110

1-3 3
4.5-26 1280

= 0,0023 > 0,001.

IIpm n = 2 orpumyemo, 1Mo

1-3-5 15
23.7.6-27 43008

= 0,0003 < 0,001.

Orxe, 3 Tounicrio 1o 1072 Maemo, 110

( )k@k—UH 11 L3
2k(2k 4+ 1)k! 22k+1 2 2.3.23 © 4.5.64

+

DN | —
o~
I rO

1

=0,5—0,0208 + 0,0023 = 0, 4815.

TobTo uncio 0,4815 € kopeHem piBHsiHHS Shx = % 3 rounictio go 1073, »

8.4. Posknajgemo GpyuKIl € 1 cosx B psajg Makiopena.

+00 (_1)n 2n

x
e’ _va’ COS?C‘Z (2n)!
n=0
Tomi
1o n,.2n
1 — (=)
1 —coszx nZ::O (2n)!
lim = lim =
e=0e’ —1—2x  a=0 I .,
L —1—x
n.
n=0
2 4 —1\)" 2n 2 4 —1)" 2n
i 1—1+%—%+...+%+... B e
= l1m = lim : =

0 g+l L4 —l—x @0 o SR L L
2 2
y —%+...+(—1)”—$(2n)!+..._1
_g;lir(l) l+£+ +x”_2 =1L »
s+&+...

DO —

: 2 + 22
9.4. Posrusinemo dyukiio f(x) = In —— y paja Maksopena. Maemo

V1 — 222
1 A
f@y:m@+x%—§mu—aﬁ):m2+m(y+%)—§mﬂ—2ﬁ):
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+00 (_1)nx2n+2 1 +00 ont1,.2n+2
=1In2 Z 2
! +n§(n+12n+1 2L« il
Tomi
f/(x) _ ‘i’i (—1)”(271 + 2)x2n+1 1 +00 2n+1(2n + 2)x2n+1
— (n+ 1)2n+l 2 &~ n+1
+00 n..2n+1
(— 1) Z 2 2
— N = 2n+ n+1
n=0
“+00 +00
2 1)z
Z n+ Jo™ | > 2t (20 + 1)a”
n=0 n=0
( Z "+ Z 2" (2n +1)2nx
n=1 n=1

(—1)"(2n + 1)2n(2n — 1)

+00

V) =)

omn
n=1
3-2-1

2
72

Orxe, f1V(0) = —

11.17. Poskiajemo cos ) B psj Makiopena Ha BIPI3Ky T € {

,IQ

COS — =
2

Tou

n .4n

+00 (_1) T
2n |
= 22"(2n)!

1
2

/7

1

4

cos &

+00
x_/z 22n

+00

1

+922.3.2.1=3+24=21.

n=1

>

n 4n 2 n$4n—1

p%@mJ

(D)
nz:; (4n —1

N N[

1 400 (_1)n

2

—1)"
S

— (4n — 1)2*"(2n)!

(

24n—1

- 44n—1

n(4% — 2)

11

4’2

2n—1
Y

2?4 T2 (204 1)2n(20 — )22,

} . Tomi

4

-5

)

42n

(

2)

(4n — 1)47(2n)!

42n _

22

3 0CTaHHLOI'O BHPa3y OAYUMO, IO Pl Z

KHHUM, TOMY

4n — 1 )4°m(2n)!

2+22 4n_1

+00

45n )

(= 1)”(42” ~2)
— 1)45n(2 )

1

420 — 9 1

| <

<
(4n + 3)4857+5(2n + 2)]

1000

44n

>:

€ 3HaKOIIo4depe-
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4—-2 254
7410 .41 176160768

Mpu n = 1 maemo — 0,000001 < 0,001.

1

x? 3-4°-2 45

z? 14 14
Orxe, /COS L dp—2—2—— _—2_ " _9_00046 = 1,9954.

1
4
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1. 3uaiiTu obsractb 301KHOCTI CTEIIEHEBOTO PSILY:

+

8

+00 —1)" 1)~
1)2%-(.@%)”, 2)2ﬁ.(:p—3)n,
+oo n 1 o +T>o r—1 m
3) ; (Bni 1)3 (z =47, 4 ;%
X (z—6)" L1+ 1
2 2 (Ez n 3))2n’ 6) 2 <(n JZ 3()2;—1) @+
= (n — 2)3 on — 2n+1
7>Z 2n + 3 (z+3)™, 8>Z(n+1)!.(x+5) ’
9) > (_;):_ (z — 2)*, 10) > % Az —3)",
+00 ( 5)2n+1 +00 (I _ 5)n
11) — 3n4+8 12) nz:; (n+4)In(n +4)’
13 . (=1)" (z+6)", 14 A 4y
)2 amery Y WL g "
+00 T —6)" +00 ) -
15)2%, 16);(n+2)!-(x+1) ,
+00 T 4+ 5)2n—1 +00 —1)»
17) Z}ﬁ 18) Zl (375_)1)271 (z +3)",
<X (x—T)2 L hilaq 2n
= (z—2)" = (-1
21) le 22) Zl (475_1)271 (x4 2)",
23) (5n3ﬁb o (x — 2)3"7 24) Z (4n71 7 (z — 4)3n7

91
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400 (_1)n

(z+1)",

nz::l (n+2)In(n + 2)
2 (z+2)"

28) ; (2n 4 1)37’
2

(n+ 1)5 ‘xQn
2n + 1 '

+00 n
T
2
) nz:% (n+1)(n+2)’
+00 2n71
4) n$4n—4’
n=1
+o0o _
(1 _ 1.5)71 1
oy U=
n=1
400
(1 —a%)"
8) ; n+1 '
+00 n+6
T
10
) nzg (n+1)(n+2)’
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+00 n 0
COS ™ T
25 : 26
)& 2
+00 x,n—&—B +00
27 — 28
2 2
+00 2n +00
29 — 30
) — (n+ 1)a*’ ) ;::1
3. 3HaliTi CyMy CTENEeHEBOIO Psijiy:
+oo +oo
DY (45" 2) Y (et
& &
4) ) (n+2)2", 5) Y (n+4)z""
& &
DYt 8)Y na
10) Y (n+3)2" 2  11) > (n+ )2,
o i
13)  na"?, 14) Y (n+ 1)z"?,
= i
16) Y (n+2)a™, 17) Y (n+4)2",
i o
19) Y (n+2)2"% 200> (n+3)a"",
i i
22) Y “(n+3)2"F 23) > (n+1)a"2
i o
25) ) (n+1)2"", 26) > (n+4)a"?,
& i
28) > (n+5)z"", 29) ) (n+3)z™",
n=0 n=0

93

3) Y (n+5)a™,

4. Pozknactu dynkiio f(z) B psu Makiaopena i 3HaiiTu 06gacTh 3612KHOCTI

OTPHUMaHOI'O CTEIIEHEBOI'O PAJY:

1) f(x) ’

T 20—z — 22

2) f(z) =2z sin2§ —x,
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3) f(z) = ,

5) f(z) =In(1 — 2 — 627),

7) f(z) = 22 cos2g _

o) flr) = 2L

1) fle) = 12+Z 22’
13) /(@) = w0y,

15) f(z) = In(1 + 2 — 627),
17) J(2) = -——.

4 — bx

23) flz) = arciinx 1
7
%) [(r) = ———.

27) f(z) = 2*V4 — 3z,

29) f(z) = In(1 + 22 — 82%),

Poszdia III. Cmenenesi psdu

4) f(x) = (x —1)shux,

sin 3x

6) f(x) = " — cos 3z,
G 5o

5
10) f(r) = ey

12) f(z) = V16 — b,

14) f(z) = In(1 — z — 202?),

16) f(z) = (2 —¢€")?,
18) f(z) = (z — 1) chux,

20) () = 53—,
29) f(x) = (2 — 1) sin 5z,
1) f(o) = S5
2) () = =,

28) f(z) = av/27 — 2z,

30) f(z) = In(1 4z — 122?).

5. Posknacrn dynkuio f(x) B psag Teiiiopa 3a crenensMu  — a 1 3HaiiTH

00J1acTh 301’)KHOCTI OTPUMAHOTO CTEIIEHEBOT'O PSIY:

1) f(x)
3) f(=)

1242 — 22’

7
a=1,

< a=—1

V2 — 31 ’

5) f(z) =In(6 — 4v +27%), a=

7) f(z)

o L

-9 - —0
TCOS" 5 — %, @ ,

2,

4) f(z)=Inz, a=1,

6) f(z) = 3cos’x —sin*x, a =0,
1

VI = s =%

10) f(z) = In(z* — 92 4 20), a =3,
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11) f(z) = (z — 2)sin 3z, a =0,
6
13) f(ZIJ') - 8+ % — 22 a=—3,
15) fa) = = a=4
17) f(z) = (3+ e *)? a=0,
19) f(a) = =gz @ = =3
21) f(z)=(14=z)In(24+x), a = —1,
1
23) f(z) = lnm, a=—1
25) f(x) = In(30 — 10z + 2?), a =
27) f(x) = m(11+_+;;> a=0,
1
) @) =g 70

6. O6unciinT HAOJIMKEHO 13 3aJIAHOK0 TOYHICTIO (v HACTYIIHI 3HAYEHHST (DyH-

KIT1i:

1) In4, a =0,001,

3) ge, a = 0,001,

5) Ve, o= 0,001,

7) 3/1,06, o = 0,001,
9) 2sin 20°, a = 0,001,
11) V29, a = 0,001,
13) In3, « = 0, 0001,

15) cos 15°,

17) v/20, a = 0,001,

19) sin 0,4, a = 0,001,

a = 0,0001,

12) f(z) =2, a = -3,
14) f(z) = V7, a=2
1
16) f(x) x2i;_x+3 T

2) f(x) % A
27 + 1
2®f@%=@iiy,azz
%) flr) =2, a=-2
28) f(z) =sinz, a = —%,
30) f(z)=2°—T2*—5x4+4, a=-3.

2) cos 10°, o = 0,0001,
4) arctg 0,2, a = 0,0001,
6) cos0,2, a = 0,0001,
8) V1029, a = 0,0001,
10) v/640, a = 0,0001,
12) tg9°, a = 0,001,

14) (*/_5 o = 0,0001,
)

16 = 0,001,

\/_
18) In 1,25, a = 0,001,

20) e, a =0, 00001,
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21) \/% a = 0,0001, 22) V7, a = 0,01,

23) In0,7, o =0,0001,  24) e, a = 0,001,

25) In5, o = 0, 0001, 26) In2, o = 0,001,

27) V68, o = 0,0001, 28) cos 16°, a = 0, 0001,
29) In1,2, a = 0,001, 30) sin 20°, a = 0,001.

7. Binrerpysaru HabJimkeHo 3ajady Ko, B3sBIM 90TUPK TEPIii, BiMIHHI

BiJI HyJISI, €JIeMEHTU PO3BUHEHHs 11 PO3B’'SI3KY B CTEIICHEBUN PsiJI:

1) y" —asiny =0, y(1)=0, y'(1) = g

2)y —axy=In(y+x), y(l)=0,
)y +ay +y=1, y(0)=1y'(0)=0,
/!

)y —zy+y=x y0)=y(0)=0,

5) y = 2x +cosy, y(0)=0,
Ny +y =2y’ y(0)=2, ¥(0)=1,

8) Y +ay +y=u, y0)=0, ¢ (0)=1,

)
)
)
)
6) y'+y=ay +e", y0)=1, ¢(0)=0,
)
)
9) y" =ycosx+x, y0)=1, 3 (0)=0,

10) ' = arcsinz + z, y(0) = =,

y 1

y
13) i = 2cosz — xy?, y(0) =1,
14) " = —2zy, y(0) =¢'(0) =1,

15) y" = 2%y, y(0) =0, y'(0)=1,
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Y

17) y' = L +1, y(0)=1,

Y
18) y' = zyy', y(0)=1, y'(0) =1,
19) '+ 2 =L y)=1, y(1)=o,
20) ¥ —xy' =y, y(0)=1, ¥ (0)=0,
21) o/ + xy* —2cosz =0, y(0) =1,
22) y" —x =ycosz, y(0)=1, 3(0)=0,
23) y" =ye", y(0)=2, y'(0)=1,
24) oy = 4y + e — 2xy%, y(0) = 2,
25) y" —ay = (v)%, y(0) =4, y'(0)=-2
26) 2y' — (x +y)y =", y(0) =2,
27) y" +y'sine =1—y, y(0)=y'(0) =1,
28)  + 2xy* = 4y + ¥, y(0) = 2,
29) (1+2%)y" +y=0, y0)=1, y'(0)=2,
30) (1 — 2?)y” — 4oy’ — 2y =0, y(0) =/(0) = 1.

8. ObumncauTy Bu3HaUeHuit iHTerpaJ 3 Tounictio o = 0,001 :

1)

4)

7)

o

O\Ho"\ugo\u

1

_ 2
e % dx,

sin (1002%)dz, 5)

cos z2dx,

jen]
N
(en]
w

=
St 09— oo
n
2
~~
o] !
~—
&I\D
8

[\)
~
®|
w
8
o
QU
8
o
~
®|
[N}
8
o
QU
8

[N
=~

DO
t
8

*)dz,

sin (

(@31
[\

00)
~~—

o\aoo\aoo\“

")dz,

Ne)
~

cos (252%)dx,

Q
@)
[02]
Y
=~
&



22) [ e +dux,
dx
25) | -——,
V256 + x*
25) dx
/8 + 23

—_
—_
~—

—_
I
ml

)

—_
S
N—

—_
\]
go\go\wo\io\go\’_l
: =3
—
—_
_|_
N8
N—
SH
“H

DO
=
(o))
>,
_|_&
S
w0

2
=
—~
W~
8
N
S
ﬁ

26)

_
Ut

21) [ —2
) V125 + a3

o

DO
o~
N——
I\DO
>
@)
o
n
N\
Ut
‘\3|&
N——
[N}
9
5

DO
-3
N——
Q.
&

V625 + g4’

o°
=

30) [ cos (100z%)dz.

S

PO3I1JI IV. CreneneBi pgaam 3 KOMIJIEKCHIMUA

qncJjiaMm

§4.1. 30i>KHI TTOCJTIJTIOBHOCTI 1 PN KOMIIJIEKCHUX YUCEJT

Byjemo posrisgaru muostcuny xomnaexcrnur wucea C = {x + iy :

x,y € R}, B skiii 3ajia10 s8I oneparii:

1) mofaBaHHsT KOMILIEKCHUX TUCEJT

(z1 4 itn) + (22 + iy2) = (21 + x2) + i(y1 + va);
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2) MHO>KEHHA KOMIIJIEKCHUX YUCEJI

(21 4 iy1) (22 + iy2) = (x129 — Y1y2) + i(T1Y2 + T2y1).

Haytani komiiekcrae ancio 3 muokuan C Oyzmemo mnosuadaru depe3 2, ToOTO
z = x +1y. Yueno r Ha3WBaETHCA JINRCHOI0 YaCTUHOIO YHUCTa 2 1 TMO3HATAETHC
r = Rez, a y — ysBHOIO 9acTUHOIO 1 TTO3HAYaEThesA Yy = Im 2.

BayBaxxKuMo, 10 MixK ejiemenTamu MHO>KMHU C 1 TOUKaMK NPSIMOKYTHOT JleKap-
TOBOI CHUCTEMH KOODJIMHAT MOYXKHA BCTAHOBUTH B3a€MHOOIHO3HATHY BiJIIIOBIIHICTD,
1pu sKiil KOKHOMY KOMILIekcHOMY unciy & + iy € C Bijgunosigae rouka M (z;y).
[Ipu oMy muOKHHA R 300pazkaerhest Biccio abcruc (JificHa BiCh), a MHOXKUHA,
BCIX KOMIIJIEKCHUX YHCEs BUJLY 1y — Biccto opauHar (ysiBHA Bich). [Lionuny, Touku
SIKOT 300paXkaloTh KOMILJIEKCHI YKCJia, HA3UBAIOTh KOMNAEKCHON NAOULUHOTNO.

Muoxuna C 3a anajori€ro 10 MHOXKHWHK JIIHCHAX TIUCET JOMOBHIOETHCSA CHM-
BOJIOM 0O, SIKWii HA3WBAETHCSH HEBAGCHUM (HECKIHYEHHUM) KOMNAEKCHUM
YUCAOM, 3 TOUKA CKYITICHHS TOUYOK, B SKiii XOU OJHA 3 KOOPJIMHAT piBHA +00 4N
—00, HA3UBAETHCA HeCKIHYeHHO 81ddaneroro moyukoro. KomiiekcHa miomnm-
Ha, JIO SIKOT J10DaBJ/IeHa HECKIHYEHHO BljJlajieHa TOUYKA, HA3UBAETHCS PO3UIUPEHOIO
KOMNAEKCHOIO TAOULUHOIO.

KowmruiekcHe 4ucio 2z = & + 1y MOXKHa 300pa3suTu BEKTOPOM 3 MOYATKOM Yy
rouni O(0;0) i xinnem B Touni M (x;y). Hosxkuny Bekropa OM HazuBaioTh

. —
MOOYAEM KOMNAEKCHO20 HUCAA 1 TO3HAUAIOTH |z|, To6TO jyist OM maemo, 1110
|z| = /2% + 2.
Bijicranb MiXK JiBOMa TOUKaAMU KOMIIJIEKCHOI IJIOIUHU 21 1 29 MOXKHa BHU3Ha-

IUTH 38 (POPMYJIO0

d(z1,22) = |21 — 29| = \/(5171 —29)% + (y1 — y2)%

Ky mix jlogaraum naipsimom oci Oz 1 sekropom OM 3 koopunaramu (2, y)
HA3UBAETHCS AP2YMEHMOM KOMNAEKCHO20 “HUCAA 2 = T + 1Y 1 TTO3HAYAIOTH
Argz. dkmo z # 0, To aprymMeHT BH3HAYAETHCS 3 TOUYHICTIO 110 JojaHKa 27k,

k € Z, 1 3 1€l MHOXUHUA 4YUCEJ TUILKKA OJIHE 3aJ0BOJILHSIE HEPIBHICTD
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—1 < Argz < w. Voro HasmBaiTh 20406HUM 3HAYEHHAM GP2YMEHINA
KOMNAEKCHO20 YUCAQ Z 1 TTO3HAYAIOTH (v = argz. B TakoMy BUNAJKY /s

z # 0 MOXKeMO 3aIliCaTH, 10

arctg y, sakio r > 0,
x

arctgy +m, gaxkmo x <0, y >0,
x

arctgg —m, gkmo x <0, y <O0.
x

\
p

T
-, skio y > 0,
V Bunajxy, ko z 20, £ =0, 10 o = { 2
T
5 akio y < 0.
\
Hust =0 (|z| =0) i g z = 00 apryMenTu HeBU3HAYEH].

Yucao r —1y HA3UBAETHCS CNPAHCEHUM JI0 YUCIa, 2 = T+1Y 1 TO3HATAETHCsI
Z. dxmo z #0, To argz = —argz. dkmo z =z, x <0, To argz = argz = 7.

Popma KOMILIEKCHOTO YUCIa 2 = & + 1Y Ha3WBAETHCA a.n2ebpaiuroro dop-
MO10 NOJaHHA, 3a1uc 2z = |z|(cosa + iSin ) HA3BUBAETHCSI MPULOHOMEMPU-
Y1010 Popmor0 nodarHs KOMIJIEKCHOTO JHUCTIA.

3 BUINEHABEJCHUX MIPKYBaHb BUILINBAE, 110 B TPUTOHOMETPUIHIH (dopmi He-
MOXKJIMBO TtojiaTn uncyja 2z = 01 2 = o0.

Oxoaom mouru zy Ha KOMILJIEKCHIN ILJIONMIKMHI HA3UBAETHCS OY/b-sIKHI BiI-
KPUTHUIE KPyr' 3 IHEHTPOM B TOUIl Z). €-0KOAOM MOYKU Z) HA3UBAETHCS Bij-
KPUTHI KPYT 3 IEHTPOM B TOYI Zo 1 pajiycoM €, TOOTO MHOXKHHA TOYOK {z :
|z — 20| < €}. Oxosnom meckinuenrno 6i00aneHOT MOUKU OO HABUBAETHCS
30BHIIIHICTH Oy/Ib-SIKOI'O Kpyra 3 neHTpoM B Todll 2 = 0. R-okoaom mourku oo
HA3MBAETHCs 30BHIIIHICTH Kpyra 3 HeHTpoMm y Touli z = 0 i pajgiycom R, T06TO
mHoxkuHa TOoUoK {z: |z| > R}.

BinobpaxkenHns, sike KOXKHOMY HaTypaJIbHOMY YHCJIY CTaBUTh Y BIITIOBIIHICTH
KOMIIJIEKCHE YKCJIO, HA3UBAETHCS NOCALI0BHICTNIO KOMNAEKCHUL YUCEA 1 T10-

3HAYAETHCA {2}
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[Tocaiosricts {2,} HasuBaerbes obmesrceroro, sikio (IM > 0), wo s
J0BLIbHOTO 1 € N BUKOHYETHCs1 HEPIBHICTD |2,| < M.

Pasom 3 mocuigosuicrio {z,} = {x, + iy,} posriasgnemo Bl nociijoBHocTi
aiiicaux uucen {x,} 1 {y,}. Toui gocijpkenns suacrusocreit {z,} MoxHa 3BeCTH
710 jtocatiikenns BiaacruBocreit {x,} 1 {yn}.

Teopema 1. [locridosnicmov komnaexchux wucea {z,} obmescena modi i
miavku modi, koau obmestcenumu € nocaidosnocmi {x,}t ma {y,}.

KowmiuiekcHe 9uciio ¢ Ha3UBAaEThCsl 2paHuyeto nocaidosnocmi {z,}, gKio
(Ve > 0)(3N(e) € N)(Vn > N(¢)) : {\zn | < g}.

Axmo ¢ — rpanung nocaigosuocti {z,}, ro sanmcytors lim z, = ¢ abo z, — ¢
n——+00
npu n — +00. B rakoMy BUIIaJIKy HOCJIOBHICTD {2,} HasuBaeTbhCst 36124CHOM0.

[Tocaigosricts {z,} HazuBaeThCst GYHOAMEHMAABLHOW SIKIIO
(Ve > 0)(AN(e) € N)(Vn > N(£))(¥p € N) : {\zn — | < g}.

Kpumepiti Kowi 36i9tcrnocmi nocaidosHocmsi. /s mozo, w0 nocaidos-
nicmov {z,} 0yaa 36iocno10, neobriono i docmamnvo, wob 6ona oyaa Pyrndamen-
MAALHOT.

Teopema Boabmano-Beiiepmitpaca. 3 xootctoi obmestcenoi nocaidosrnocmsi
MOHCHA 8ULAUMY 301HCHY NIONOCAIIOBHICMD.

[ToctiloBHICTH KOMILIEKCHUX drces {z,} Mae HeCKIHYeHHY TPAHHUINO, SIKIIO
(VM > 0)(3N(e) € N)(¥n > N(¢)) : {w > M}.

Y TakoMy BHIIQJIKy 3allUCYIOTH lim 2z, = o0.
n—-+00
Toxi 3 meopemu DBouibiiano-Beiiepiirpaca BUILIMBAE HACTynHHE daxT: 3
O6Ydo-aK01 NOCAIIOBHOCTNT  KOMNACKCHUL YUCEA MOHCHA 6udiaumu  30icHY
nioNOCAIQ06HICTD.

Hexaii {z,} — nociijiouicrs komiiekcaux ancest. 100y ryeMo noc/iijioBHicTs

n +00
{S.}, ne S, = g 2. Toni psan g 2, HA3UBAETHCA PAOOM 3 KOMNACKCHUMU
k=1 n=1

enemMeHmamu, a Sn Ha3UBa€TbCA YACTMUHHONO CYMOIO 11bOT'O DAILY.
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3ayBaykKnMo, 1110 Ha, I1i PSIIA TTEPEHOCUTHCST BCS TEPMIHOJIOTISA, siKa, BIAHOCHTHCS

JIO YMCJIOBUX PsiJilB 3 JIIACHUMU €J1eMEHTAMU.
+00
Hanpukiaj, psi g 2, 36totcHul, Ko icoye rpapung  lim S, = S, i
n—-+00
n=1
qUCI0 S HA3UBAETHCST CYMOMO PSITy 3 KOMILIEKCHUMHU €JIeMEHTaMU.
+00

Teopema 2. Pad g Zn 3b0izaemuves modi 1 miavku modi, Kol 00HOUACHO

n=1
+00 +00
3biearomuvea padu g Tp 1 g Yn-
n=1 n=1
+0o0
Kpumepiti Kowsi 36iocrocmi pady. Pad E Zp 30t2aemues modi © MIALKU
n=1

modi, Ko

(Ve > 0)(3N(e) € N)(Vn > N(£))(¥p € N) : {\an bt 2| < s}.

—+00
Psn E Z, HA3UBAETHCSI abCcoAOmMHo 30iHCHUM, SIKIO 30IracThbCsi Psij

n=1
—+00 —+00

g | 2| Psn E 2, HA3UBAETLCS YMOBHO 3012CHUM, STKIO BIH caM 30iraeTnes,

n=1 n=1
“+o00 +00o
a psijl g |2,| € posbikunm. Ao 36iKHM psijL g |2n], TO 36iIkHUM Oyjie psijt
n=1 n=1
“+00 “+00
E Zn. Psit E Zy = E Ty +1 E Yp 30ira€rbesi aDCOIIOTHO TOJII 1 TIJIBKK TO/I,
n=1 n=1 n=1
+o0o +oo
KOJIX aOCOJIFOTHO 3012KHUMU € PsJIH g Ty 1 g Yn.-
n=1 n=1

400
3ayBaykKnNMO, 1110 KOJIW PsiJT g 2, 30IraeThest abCOTIOTHO 1 Ma€e cymy S, TO Psi/l,
n:1 . .
YTBOPEHHUI 3 JJAHOTO MMEPECTaHOBKOIO HOr0 €JIeMEHTIB, TaKOXK 30iraeThCst aDCOTIO-
THO 1 Mag Ty camy CyMy.
+0o0o
Teopema 3. Psad g Zn abCOMOMHO 301206MbCA, AKULO BUKOHYEMBCA NPU-
) n=1
HaUMHL 00HG 3 HACMYNHUT YMOS:
1) (3N(e) € N)(AM > 0)(3q : 0 < q < 1) maki, wo daa dosiavHO20
n > N(e) sukonyemoca nepienicmov |z,| < Mq",

2) lim

n—-+o00

Zn+1
Zn

=q <1,
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3) (AN(e) € N)(Ja > 1) maxi, wo daa dosinvnozo n > N(g) sukonyemvcs

HEPLBHICTND
M
2] < e
“n+1
4) lim n(l— ):a>1,
n—-+0o0o Zn

5) (AN(e) € N)(IM > 0)(3a > 1) maxi, wo dan dosiavrozo n > N(g)

BUKOHYEMBCA HEPIBHICTD

1. 300pa3uTu Ha KOMIIJIEKCHIN TIJIONUHI HACTYITHI MHOYKUHU:

1){2; \Rez|=1}, 2){ |argz\<g}
3 {=: |2l <3}, {2 Re zﬂzo}

20 Re(z(1—1i)) < \/E}

7)

{ {
5) {z: ]z—i|+\z+z’|<4}, 6){2: Isz_i:O},
{ {

0< Z'_Z<7T} 8)
z . ar -
S vi 2l

2. Jlosectn, 1Mo SIKINO TOCTiIOBHOCTI {zle)} i {27(12)} 301KHI, TO 301KHUME
(1)

OyJLyTh MOCJIIOBHOCTI {27(11) + 27(12)}, {zn’ - 27(12)}, % npu ymoni, mo (Vn € N)
Zn
z7(12) # 0, npuaomy
lim (z(1> + zr(f)) = lim 2M+ lim 2,
n—-+o00 n—+o0 n——+o0o
lim (20 22) = lim 2. lim sz),
n—400 n—+00 n—-+400
(1) lim z,gl)
lim Zn’  n—+oo
n—+00 27(12) lim Zr(z)
n—-+00

1) lim
n—+00 21—|—nz
3
2) lim nt Z,,




104 PO3AIJI IV. Cmenenesi padu 3 KOMNAECKCHUMU YUCAAGMU

B -1
3 m e

9 n1—1>r—&{loo <\/§1_ ¢>n2’
5) lim (Vn+1—+/n+1),

n——+00

6) lim (vVn+1+ivVn2+1—+/n—ni),

n—+00
2 1
7) lim n z+2 n* +
n—+4-00 KL + 1

8) nﬂrfoo<zzk“zsk)
nt
9) nl—lﬁloo(nQZk n—I—QZk_?)’

1 1
1mnﬁ%(%;uk+n*'hﬂ@k—n@k+n)

4. 3HaiiTi rpaHUIll TOCJIITOBHOCTEH:

1) lim (( (n—1) —z‘),

n—+oo \(n + 1)3 — (n + 3)3

3n—1 n+2)>

lim 5

n—>—|—oo

lim
n—>—|—oo

—2n n+1) n4)
4—|—3n3 n4—|-3 ’

%(Zk2+22k k+1 ))

7
(3
(
(4 -2))
6) nETOO((n + 1)( Injfl(Qn—l +n2:1k§::k:),
(>
(
(

4 lim
n—H—oo

lim
n%Jroo

3

1 1
1¥“1 k—2)(3k+1))’

<2n211>n+2(1+ 5)n+6)’
n<\/5—1+m( — "K/_>>), a >0,

1
lim (n (In(2n + 3) 1n2n)+iln(1+—)>.
n

n—>—|—oo

lim
n—>—|—oo

8 lim
n—>—|—oo

lim
n%Jroo
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5. Jocaigntn Ha 301XKHICTH PsiJin:

Jr
n! i
D> (o + (1" =),
+00 .
2n+ 1+
)2 G
' Y
—~ (2n+ 1)!
<< no\" 1
5) ; ((arctg — 1) + 4 arcsin” ;),
00 - -
7) Z (ntg SrT + in?sin 2—n>,
n=1
+00 o )n—l
9 . @ ),
);271—2—1 +(2n—1)2

+0o .
i
2D~
n=1
A <= n-nl+i(2n — 1)
) — 3mn! ’
+_o<> 3
2n— 1)1 /0?4 5yn
O3 Tt iGess) )
>%; et '\Z1e
(n+1)! In"(n+1)/’

(2n — 1)! "
(n)2 1+

sinn

n+2i

n=1
+oo

18)

ng

n=

6. JlocuiuTy Ha 3012KHICTH Ta aOCOIIOTHY 301XKHICTD pPsiJIn:

+00

2m 1 1
1 E — 4 7sin — 2 —2. —3,...
) e ’I’L' ‘l_ZSlnn; ) £ (Tl—|—2) 1I127’L) zZ 7é ) ) )
400 —+00 2
3\" ./ —2n \" (—1)”-2” , 1\n
D> ((02) +i(557) ) 92X 5 i)
)nz_; nn T 3n+1 )z_; 3"+ n T n
+00 9 +oo . sin (2n + %
n 2 sin 2n ( 4)
5 E-——i@—c%—» 6) ( i )
+00 3 % n n
onl mn (—1) (—1)
D> (0 ) 8> )
L e i) Y e

+00

2n—1)!!
9) Z((_l)n ' 2,5?,,,- (Z)))?’L—l)—i_Z

n=1

.(—1)"1n2(n+1)>
nyvn+1 ’

105
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X (—1)"(sinn + cosn)
10) 5 ,
n
n=1
400 400 .
(2n — 1)! 1+ 4\n
)Y 12) Y ()
n=1 1
<% 14

i
400 .
(2n —1)! (1+4)"
(n1)? 2% 4 (1 +i)

1 i o
u9220+ >1+(1wm’1®2;M+f’
16) »

400 1
15
) Z n(cosn +isinn)’

n=1
+00
7. Hosectu, mo ko Rez, > 0, Imz, > 0, i psiy g 2, 30Ira€ThCsl, TO PSIK
n=1
+00 +00
. ) .
Zp 1 2, 30IraloTbest aDCOIOTHO.
n=1 n=1
+00 +00
8. Hosecru, mo ko Re z, > 0, i psamn E Zn 1 E zg 30IrafoOThCsA, TO P
n=1 n=1

400
g | 22| Taxox 36iraeTbes.
n=1

Ilpuknanu po3B’sa3yBaHHS BIIPaB

3.10. Bpaxosytoun, 110

BRI oy . U P SR S S S
—h(k+1) = \k k+1 2 2 3 7 'n n+l1
B 1

a n—|—17
kl@k—nzk+1"2: —1 2%k+1/
—1<1—1+1—1+ N 1 B 1 >_1<1_ 1 >
2 3 3 5 77 on—1 2n+1/ 2 2n+1/’
OTpUMaEMO, 110
“ 1 " 1
fim (i ) -
n > klmk+n*”;;@k—nuk+n

I (1 L +]”<1 ! )) T
= 1m — — — = —1.
nt+1 ' 2 o+ 1 2"
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4.8. dAxiro mykaTu rpaHnIll YUCIOBUX TTOC/IIIOBHOCTEN, YTBOPEHNUX 3 JIIHCHUX
1 YABHUX YACTUH IOC/IJOBHOCT] 3 KOMIJIEKCHUMU YUCJAMU, TO 3PYUYHO CKOPUCTA-
1\7
THCS BIJIOMOIO (DOPMYJIOIO hm (1 + —> = e.

—+00 n
Orpumaemo:

2n n 5\ n+6 1 n 5 %.5(n+6)
n——+o00 2n + 1 n st oo o+ 1 0

1 72n1+1'(72’r:_1) 5 %.5n+30
= tm_((1- ) ri(142)
n—-+00 2n +1 n

n . . 5n+30
= lim (e @i4ie » )=
n—+o0o
. S g 1 .
= lim (e 243 —|—ze5+n) — —— +ied. »
n—-4oo \/E

+o0o +o0o 3
(2n — 1)!! n*+5\n
5.6. PosrinsireMo unciaoBi pagu E — 1 E ( ) 1 JIOCTILITAMO
I 2
—~  (2n)!! n*+6
KOXKHUI 3 HUX Ha 3013KHICTD.
2n — 1 I
st psiy g ) BUKOpHUCTAaEMO 03HaKy Paabe:

2 nHn 2n)!!
lim n(l—anH)Z lim n(l—( nt ) . (2n) ):
n—+00 an, n—+00 (2n+2)!I (2n— 1!

— lim n(1—2”+1>: m Ly

n—+00 2n + 2 n—-+oo0 2N + 2 - 2
(2n —1
Orxe, psif Z —)) € pO30IKHNM.
(2n —1 = /1?4 5\
Toni as psy Z n—)”) +1 nz_; (77;—16) He BUKOHYIOTHCSI YMOBHU Te-

opemnu 2. Orxe, Sa,ZLaHI/H/I psijl € po30iKHUM. B>

6.12. 3a dhopmysioro Myaspa 3anuiiemo

[SIE

(1+i)" = (V2)" (COS%TJrzsm%T) =2 <cos%r+isinn—7r).

4

Toni movaTKOBHI P TEPENUANICTHCA Y BATJIAI

+oo 25 <COS —|—ZS1114>

o (1 +i\n X cos T 4 jsin T
Z(T) :Z( 2" )ZZ o

n=1 n=1 n=1

Pozrisinemo psiji, cKiajgeHuit 3 aOCOMIOTHUX BEJIMUNH OCTAaHHBOI'O psity. OTpu-

+00 1
Ma€MO PAL E 2—2
2

n=1
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3a oznakoio Jamambepa maemo:

. a . n+1 1
lim — = lim 217 =—<1
n—+o00 Ay, n—-+00 2—% \/§
400 400 .
1 : . 14 0\" :
Orxe, psin g 27 36ixkuuit. Toni g < 5 > € aDCOJIFOTHO 301KHUM. B>
n=1 n=1

§4.2. CreneneBi pgan 3 KOMIIJIEKCHUME €JIEMEHTaMU

+00
Oynkijonagabuuii psij| BULy E an(z—20)", 1€ a, 1 2p — KOMILIEKCHI YucIIa, a
) n=1
Z — KOMILJIEKCHA 3MIHHA, HA3UBAETHCSI CMeneHesum padom 3 KOMNAEKCHUMU
enemMeHmamu.
Ax 1 g BUIaAKy cTelmeHeBUX PSAJIB Ha MHOXKHHI JIMCHUX UHCEN, OCHOBHOIO
€ 3ajla4a JIOCIIJP>KEHHSI CTEIIEHEBOIO Psijly 3 KOMILJIEKCHUMU eJieMeHTaMK Ha, 30i-
+00
JKHICTD, TPUUOMY TaKe JIOCTJKeHHsT MOYKHA TTPOBOUTH JIJIS PsA/IIB BULY g a,z".

n=1
+oo
Teopema Abensa. fxuo cmenenesuti psd g apz" 30izaemuea 6 Mol
n=0

20 # 0, mo 6in 30ieacmuvcs abcoatommo npu 6ydv-axomy z, oas akoeo |z| < |z
Hrwo pad posbizacmves 6 mouut zp, Mo 6iH po3bizacmoes npu 6ydo-axomy 2z,
das axozo |z| > |z

Hegin'emue unciio R, xapakTepHe THM, IO IPU BCIX 2, JJIsA AKUX |z| < R, psij

—+00 “+00
n . . n .
E ap 2 361Fa€TbC5{, a 1JId BCIX Z, JJIA AKUX |Z‘ > R, P E ap 2 p0361Fa€TbCH,

HA3WBAETHCA Padiycom 361HCHOCTMNE TIHOTO PAJY.
Ao psi 36iraernes st koxuaoro z € C, o R = +oo.

MuoXuHa TOUOK 2, Juisd sikux |z| < R, HasuBaeThCst Kpy2om 30icHOCTI

+00
psiLy Z anz".
n=0

Axmo R = 0, 7o Kpyr 3012)KHOCTI BUPOJIXKYETHCS B TOUKY, siKIIO [ = 400, TO

KPYT 3017KHOCTI 30ITA€THCS 3 YCI€I0 KOMIIJIEKCHOIO TIIOMTHHOTO.
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Ao Bei (abo mounHarow 3 jesikoro) koedinientu a, # 0, To pajiyc 306i-

+00
JKHOCTI CTEIEHEBOI0 PsIJLy g a, 2" MYKAIOTH 38 OJHIEI0 13 hOpMY.I:
n=0
: Qp, 1
R = lim ‘ abo R = — ,
n—+00 [ dpyq lim /|y,
n—+00

IIpU YMOBI, IO TaKl I'PAHUI ICHYIOTD.

BayBaxkumo, 10 y Bua Ky, Koan 0 < R < 400, st JOCTi>KeHHsT 3012KHOCTI
+0o

psLy Zanz” Ha mMexi {2 : |z| < R} norpibi j104aTKOBI JI0C/KEH ST BIJIITO-

n=0
BirZ[HI/IX YUCJIOBUX pH,ZLiB 3 KOMIIJIEKCHUMU €eJIEMEHTaMUN.

Bnopasn

1. BuaiiTu pajiiyc 3012KHOCTI CTEIIEHEBUX PsiJIiB:

(z43)" +Z<n—|-1>
gn 2 \2n 43

< 1+z3”

3.n T
n°z", nz: n—|—2)( z41)",

O

2
n=0
400
2
Z—ié (Z . Z)n +00
0D a ) Y
= -
=
400
2

1
400

7) ((1 — %)narctge_")z”, ;n ()7'1-1—/6 ~1) 2",
—ive Fo0 \/_
9) 2 (1 2 Z) 2, nz; sz\/‘ on

2. 3HaiiTu Kpyr 3012KHOCTI CTEIEeHEBUX PsiJIiB:

+00 9 3 “+o0o .
n” 4 3\ , . (z+1—14)"
1)21(n2+5) (z+i+1)", 2);—7@! ,
o0 +o0
n! ny . n
3) > (22)", 4) ) (24 (-1)")z2",
n=0 n=0
+00 oo

5) ZZ(Z:}))Y o 6) > (2" +i3")(z — 20)",

n= n=1
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7)§§n(cos%>2n(z+i)", z% Z+1+Z VT
9) i(l—i—n W)z — )", i (lncos—) (z —20)".

3. 3HaiiTu 001acThb 3012KHOCTI CTEIIEHEBUX PSIJIiB:

+00 +00
(z42)" 23"
]‘) Z 2 ) 2) on
E .
2 (=1 =~ )
3 4 "
); n+l );(Qn—i—l)'!z !
- +
2" (2n)!
D 6 "
) n/n’ ) Z (nv)zz )

X Bn)(=1)" hlliaq z”
9) ((271)#2” 10) Z

IIpuknaau po3B’sa3yBaHHS BIIPaB

1.7. OckinbKu

1\ 1 0
lim {/|a,| = lim (/(1 — —) arctge™" = lim <1 — —) (arctg e”) =
n

n—+o0o n—-4o0o n—4o0o n

—n

. o n . In arctge 1 arctge =
= lim (arctge ”) = lim e » = lim en™ v ¢ =
n—+00 n—-+00 n—-+00
1 —
= lim en™¢ " =71
n—-+00
1 1 : . .
o R = . | = — = € — pajilyC 301KHOCTI CTENEHEBOro psfLy. B
m +/|a €
n—-+00 | "

+o0
2.6. st psiy 2(2” +43") (2 — 2i)" mykaemo pajiyc 361:KHOCTI CTerneHeRo-

n=1

1o pany

R = lim

n—-+00

2" 43" |
on+l 4 Zgn—i—l‘ -
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2\" |

= lim - —
1. . 1 . .
Orxke, R = 3 {z 2 =21 < §} — KpyT 3612KHOCTI 3a[aHOTO CTEIIEHEBOTO
psansy.
3.3. 3uaitgemMo paJiyc 3012KHOCT1 CTEIIEHEBOI'O PSIIY:
a —1)" n+2 n+2
R = lim —n‘zlim ( ) + ’: im + =1
n—+00 | Ay 41 n—+oo|ln 4+ 1 (—1)”+1 n—+oon + 1

+00 (_1)nzn

Orxe, psij E ~———— 36ikuuii abCcoJIOTHO B KPY3i {z 2] < 1}.
— n+1

Hocaigumo 3ajianuii psij| Ha MexKi 0bJ1acTi {z c oz = 1}.

1
n—+1

+00
Axmo 2z = —1, 1o Z

n=0
Axmo z # —1, TO BUKOPUCTOBYIOUHM TPUTOHOMETPUIHY (DOPMY UHCIA 2, HAII

— PO30IraeThCsl, sIK FapMOHIUHMIA.

PsIJl JIJI TAaKAX 2 3allUIIeThCs Y BUIJIS/I

i’i (—1)"(cos na + i sin na) f (—1)" cos na L f (—1)"sinna
— n+1 — n+1 n+1
n=0 n=0
+00 +00 .
(—1)"cosna | (—1)"sinna .
Panm i 30iraroThca 3a 03HaKowo Jlipixie.
8 nz:% n+1 nz:: n+1 A
400 ..
—1)»
Orxke, KOMILJIEKCHUR PsIJ E (=1)"(cos nj_é ;_ isin na) € 301>KHMM Ha, MHOXHHI
n
n=0

{z: |z\g1}\{_1}. >

§4.3. OcHoBHI ejiemeHTapHI (PYHKIIIT KOMIIJIEKCHOI 3MiHHO1

BimobpaykenHsi, sike KOXXKHOMY KOMILIEKCHOMY 49ucay 3 mHOXKuHH 2 C C
CTABUTDH Y BIJIIOBIJIHICTD €/MHE KOMILJIEKCHE YUCJIO, HA3UBAETHCsI 00HO3HAYHONO
dynryiero xomnaekcHor 3minroi, Busnadenoro Ha MHOKKHI Z. [lo3nadaeTnes
w= f(2).

BimoOpaxkenmsi, sike KOXKHOMY KOMILIEKCHOMY unciay 3 Mmuoxkuan Z C C cra-
BUTH Y BIJMOBIIHICTH HE MEHIIIE OJTHOTO KOMILJIEKCHOTO YKCJIa, HAa3WBaEThCs baza-

MO3HAUYHO010 PYHKUIEID KOMNAEKCHOT 3MIHHOT.
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Hapamni mu Oyzemo posrisijiaTit TiIbKK OJHO3HAUHI (DYHKIIIT.
BayBaxkKuMO, 110 KO € MoxkJuBicTb f(z) noparu B anarebpaiuniii dopwi,

TOOTO
f(z) = o(z,y) +id(z,y),
To 3ajanig GyHknil w = f(2) ekBiBaJEHTHO 3aJ@HHIO JBOX JiHCHEX (DYHKIIH
u=p(x,y)iv=1(zr,y), Tobro f(2)=1u+iv.
Opniero 3 HaimpocTimux (ByHKIH € creneneBa GyHKIg w = 2", ge n € N.

3a JIOIOMOTOIO CTeleHeBol (PyHKINT Oy/1yI0Th MHOTOWIEHH KOMILJIEKCHOI 3MIHHOI
Py(2) = agz" + a1 2"t ... 4 ay,

Je ag, ai, - - -, a, € C, npuaomy ag # 0.
Muorodsenn Ha3NBAIOTHCA ULAUMUY PAULOHAABHUMY PYHKUIAMU. TacTKy

B1JI JILJIEHHsT JIBOX MHOI'OUJICHIB

R(z) = Qm(2) _ boz™ + b2 L+ ...+ b,
P,(z2) ap" +azv 14+ ... +a,’

sIKI BBaXKalOTh B3AEMHO IIPOCTUMM, HA3UBAIOTH 0P0bH080-PAUIOHAAbHOO BYH-
KUENO.

IToxa3Huxo8010 PYHKULEIO KOMNAEKCHOT 3MIHHOT HASUBAETHCS (DYHKILIsT
f(z)=¢€* ne z € C.

TpuzorHomempuuroro GYHKULEI KOCUHYCA KOMNAEKCHOT 3MIHHOT Ha-
suBaerbes Gyukuist f(z) = cosz, z € C.

TpuzorHomempuuroro PYHKUIEID CUHYCA KOMNACKCHOT 3MIHHOT HA3N-
BaeThest Gynkiisa f(z) =sinz, z € C.

Oyukiii tgz 1 ctgz y KOMIUIEKCHIN IJIOHNIMHI BU3HAYAIOTHCH (DOpMYyJIaMu

sin z COS 2

tgz = , ctg 2 = ——.
COoS 2 sin z

BayBaxkumo, 110 jorapudmidaa (PyHKINsS KOMILUIEKCHOI 3MIHHOI € DaraTro3Ha-

YHOIO (DYHKIIIEI0, TOMY 11 PO3IVISIATH B Iiif YaCTUHI OCIOHUKA He Oy1eMo.
BuitTn 3a Mexi Kjacy palioHaJbHUX QPYHKIH MOYXKHa 1 3a JIOMOMOI'OI0 CTerie-

HEBUX PSJIIB 3 KOMIJIEKCHUMY 3MIHHUMU.
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+00
AKIo creneneBuit psis Z a,z" Mae pajiyc 36ixkxnocti R > 0 abo R = +o0

n=0
1 obsracTh 301KHOCTI Z, sTKa BKJIOYAE KPyr 3012KHOCTI 1 MOXKJIMBO JIESKI TOYKN

MeXKi 00J1aCTi, TO OUEBHJIHO, 110 HA MHOXKHUHI Z MOXKHa 03HaunTH HyHKIi0 f(2),
+00

3HAUCHHSAMU KOl B KOXKHII TOUI 29 € Z € cyMa psijly E an 2 -
n=0
Y Takmnii ¢rocid Ha MHOXKWHI £ MOXKHA BU3HAYUTH (DYHKIIIO

400
f(z) = Z anz".
n=0

Beranosiiennst BiactuBocTeil Takux (pyHKIIH ¢Tae HpOCTIHIAM, SIKIIO 1X MO-
’KHa II0JIaTU B ajredpaidniit popmi.
HageieMo mpejicraBieHtsi OCHOBHEX €JIEeMEHTApHUX (DYHKINH Y BUIJISJIL PsijLy

Teitnopa Ha BIAMOBIIHUX MHOXKUHAX:

+00 2n
cos z = Z(—l)”&, z € C,
n=0 )
+00 ZQn—l—l
Sln 2 — Z(—l) m, zZ € C
n=0

Bnopasu

1. 3naiiTn 3nadenns QyHKINT w = €° B TOYKaX:

1) 2mi, 2 %Z 3 4w, 5) -1+ %

2. Po3p’st3aTn piBHSHHS:

1) e* =2, 2) e + 8 =0,
5
3) e +2ie" +i—1=0, 4) sinz = 2
3i 3
5) cosz = - 6) cos a

4
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3. losectn, 1o (byHKIIT cos z 1 sin z nepioandHi 3 nepiogom 27.
4. Josecru, 10 Jis JOBLILHOIO KOMILIEKCHOIO dncia 2z € C BUKOHYIOTHCS

PIBHOCTI:

1) cos® z 4+ sin*z = 1,
2)
3)
4) sin z = cos (g — z),
)
)

cos 22 = cos® z — sin? Z,

sin 2z = 2 cos z sin 2,

5) sin(z; £ 22) = sin 21 cos 29 & cos 21 8in 2o,

6) cos(z1 & 22) = cos 21 COS 22 F sin z; sin zs.

5. 3HalTH JilcHY 1 YABHY YaCTUHU, MOJYJb 1 apryMeHT 3aJJaHUX TUCEJT

m .
1) cos o5 2) sini,

3) cos(l —1i),  4) cos(2— 3i).

6. 3HaliTu MHOXKWHY TOYOK KOMILJIEKCHOI IJIONIMHU, y SIKUX (DYHKIIT COS 2,
sin z npuiiMalOThL JifCHI 3HAYUEHHSI.
7. 3HalWTH MHOXKWHM TOYOK KOMILJIEKCHOI TJIONIMHU, y STKUX (DYHKINT COS 2,

Sin 2 TpUiiMaloTh ySIBHI 3HAYEHHS.

8. Bpaxoywoouu, mo chz = # i shz= % JIOBECTH HACTYIIHI
dopmyiu:
1) ch’z —sh?z = 1, 2)Sh(z+%i>:—shz,
3) ch (z + %) =1ishz, 4) cos(iz) = chz,

5) sh(zy + 2z9) = sh z; ch zg + sh zo ch 2.

9. 3HaiiTH PO3BUHEHHS B PsiJi JAaHUX (DYHKIIIH KOMILJIEKCHOI 3MIHHOI B OKOJI1

TOYKH 2 :
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5) f(z) =cosz, z=1, 6) f(z) =sinz, 2= —1,
7) f(z) =chz, 2=0, 8) f(z) =shz, 2z,=0,
22 —5 1

IIpukiaaam po3B’da3yBaHHsA BIIPAB

1.3. Bpaxosyoun, 1110

z __ iy . x o x+oo (Zy)n R 3 (Zy)Qn - (iy)Qn_l _
cTe o Tee T Z T (;_%(Zn)! +Zl(2n—1)!)_

n—=

+00 n

:e"”(fg

n=

0
2n n 1 2n 1
+1 Z 2n—1 )ze‘”(cosy—i—isiny),

OTpuUMaEMO pOpMyIy €° = e (cosy +isiny), gxa HazuBaeThCs hopmyson Eie-

pa.
Toi

=i 0( 7T+, ) 7T> 2+, 2 >
e+ =elcos—+isin— ) = — +1—.
4 4 2 2

2.5. 3 piBHocreit €Y = cosy +isiny i e Y = cosy — ¢Sin Yy OTPUMAEMO, IO

1/ . .
cosy =3 <e”’ + ely).

TOZU +oo /. +00
L) -HE S S
- %(; <Z;!)n T 2 (ZZ!)H) - ; ((15757 - ; ( é):)v% -

) ] 1 . w
3 piBHocTi cosz = — [ e€* + e ¥ ) orpumaemo
p 9 p

cosz =g (ey(cosx +isinx) 4 eY(cosx — isin x)) =

] :
—(e’+eY)cosx — %(ey — e Y)sinz = cosxchy — isinzshy.

9
37

3a yMOBOIO COS 2z = VR TOJIl OTPUMAEMO CUCTEMY PIBHSIHD

cosxchy =0,

—sinzshy = —
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3 mnepmoro pisHstHEs Maemo, 1mo chy # 0. Tomi cosx = 0. 3Bigcu
T . : :
T=3 + 7mn, n € Z. IlijgcraBuMo i 3HaYEHHsI B JIPYIe PIBHSIHHSL.

OTprMaEMO pPIBHSIHHSI:
i (W n ) hy— 5
— Sin { — ™ | S = —.
2 y=1

3 3
Beijcu —(—1)"shy = 1 abo shy = Z(—l)”“, n € 2.
3 y—e¥ 3
Axmo n = 2k, To shy = 1 abo % =7

3igcu e/ —e ¥ + 5= 0. Toal orpuMaemMo piBHAHHSA

2¢%Y + 3¢¥ — 2 = 0.

[Toznaunmo €V =t > 0, Toxi KBajgparue piusnus 2t2 + 3t — 2 = 0 mae Jpa

1 1 1
PO3B’'a3KU t1 = —2, ty = 3" Orpumaemo e = 3 Y= In o
3 3

Axkmo n = 2k 4+ 1, o shy = 1 BBijcu e/ —e ¥ — 3= 0. Toxi orpumaemo

piBusHHs 2% — 3eY — 2 = 0.
3HoBy nosuaunmo e’ =t > 0, Toxi kBajparTHe piBHAHHe 2t° — 3t —2 = 0 Mae
1
JIBA PO3B’'SI3KU T = 2, ty = —5 Otrpumaemo eV =2, y =1n2.

OTrke, MHOYXKMHOIO PO3B’SI3KIB 3a/1aHOTO PIBHSIHHS €

{g + ™ +i(—1)”_11n2}, nez. »

5.3. Bpaxosyioun, 1o cos(l — i) = cos1ch1+isin1sh1, maemo, 1o
Recos(1 — i) = cos1ch1 — niiicna vactuna,
Imcos(l — i) =sinlsh1 — ysBHa vacTuna.

BuaitgemMo Mostysb unciaa cos(l — i) :

| cos(1 —i)| = V/cos21ch?1 + sin? 1sh? 1.

TOﬂi JJId TOJIOBHOI'O 3HAQYEHHA apryMEHTa KOMIIJIEKCHOI'O YMCJIa Ma€MO:

sinlshl1
1—1)= tg ———— = tg(tgl-th1).
arg cos(1 — i) = arc & Ty~ AC g(tg ). »
22 —5

9.9.P 6 ——m—
O3KJIQJIEMO JIpl 5216

22—-5 A N B _Az—?)A—i—Bz—QB
22-5246 2—2 z-—3 22 —-52+6 ’

Ha 1POCTi JIpobu:




A+ B =2,
_34—2B = -5, B=1
Toui f(2) = iQ—I—Zi . 3Bijicu
1

1 400
OckinmbKu 1 = g 2", |z| <1, 10
—z

n=0

o= /2\" le=/2\" <=y 1 1
16=-32() —326) :_;(2n+1+3n+1)2n’
ne |zl <2. »

PO3/I1JI V. Pangu ®yp’e. Interpan Pyp’e

§5.1. Oproronajapua cucrema dpyHKIiii. Tpuronomerpuyti psijau

dyp’e
Hsi dyuknii ¢(z) ra ¥(x), BusHaveni Ha BiAPI3KY |a;b], HazuBaIOTHCA Op-

MO20HAABHUMUY HA, TIHOMY BIIPI3KY, SKIIO

[ @iz —o

a

Posruisinemo cucremy dynkiiii {¢, ()}, Busnadennx Ha Bijgpisky [a;b] Ta iH-

TETrPOBHUX Ha HbOMY Pa30M 31 CBOIM KBaJIPATOM.
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Cucrema dyuxkiiii {p,(r)} HasuBaeThes opmo2orasvHo0, KO Oyjib-sKi

JIBl (pYHKIIT 3 1€l CUCTEMU € 1IOIIAPHO OPTOIOHAJILHUMU, TOOTO
b

/gpn(x)gpm(x)dar =0, (n,m=0,1,2,...),

a

pu 11bOMY OyJIeMO BBaxKaTu, 110 Jiist JI0BLIbHOT DyHKIIT @, () 3 OPTOroHaBHOT

CUCTEMH BUKOHYETLCA YMOBa
b

/gpi(a:)dx =\, > 0.

dxkmo A, =1, (n =0,1,2,...), 1o cucrema bynxuiii {p,(r)} nasusaerbes

HOPMAABLHOO. ZIKITO 115 YMOBa, HEe BUKOHYETHCS, TO MOXKHA IIEPEHTH JI0 CHCTEMU
{ gpn(ZL‘ )
VA

[IpukiaioM OPTOTOHAJIBLHOI CUCTEMH € CUCTEMa TPUTOHOMETPUUHUX (DYHKITi

}, sika, B2Ke OyJie HOPpMaJIbHOIO.

{1, cos x,sin x, cos 2x, sin 2z, . .., cos nx, sinnx, ...} Ha BiaApisky [—m; 7.
Hexait na Bijpisky [a;b] 3ajana joBiibHa oproroHajibha cucrema QyHKIii
{¢n(x)}. Oyukuis f(x), BusHavena ua BinpisKy |a;b], poskiagaerbest 3a dyH-

KIsiMu @y, () B psiji BULY
f(x) = copo(x) + crp1(x) + ... + cpon(x) + .. -,

KOeMIIEHTH SIKOTO BU3HAYAIOTHCS 3 PIBHOCTEH

b
cn:)\i/f(:p)gpn(w)dx, (n=0,1,2,...).

400
Pan g Cnpn(T) 3 KOedilieHTaME ¢, HA3UBAETHCS Y3A2ANDHEHUM PAIOM
n=0
Dyp’e 3amanol GyHKil, a cami koedinientn 11 ysazasbHenumu Koediyie-
mamu Pyp’e BijHocHo cucremu {@,(x)}.
BayBaxxumo, 110 y3arajbhenuii psiji Qyp’e, nobyposanuii st Gyl f(z),

OB sI3aHuil 3 Heto Juire dpopMajgbHO. B 3araabHOMYy BUNAJIKY 3B'sI30K (DYHKITIT
+o0o

f(z) 371 y3aragbHennm psijiom nosHadaorh f(z) ~ Z Cnon(x). 36LKHICTH psigy

n=0
J0 Gyukuii f(x) norpebye JogarKoBOro JOCHIKEHH.
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TpuzorHomempuurHum pAOOM HABUBAETHC (DYHKIOHAJIBHUN Psijl BUJLY

“+00
on) .
— + E a, cosnx + b, sinnzx,
2

n=1
e ag, Gy, b,,m € N — 3agani jiiichl dmcia, gKi Ha3UBaIOTLCA KoediuieHmamu
1bOI'O PsiJLy.
SAKIMO TPpUrOHOMETPUIHUE Psiji pIBHOMIPHO 36iraeThest J0 byHKINT f() Ha

BIJIPIZKY [—7; 7], TO 3HAUEHHSI

- 1
aoz—/f(x)dx, an:—/f(x) cos nxdz,
T T

1 s
bn:—/f(x)sinnxdx, n €N,
T

Ha3UBalOTLCsl Koegdiuienmamu Pyp’e dbyuxuil f(x), iHTerpoBHOI Ha BijpI3Ky
[—m; 7). ¥ rakoMy pasi TPUrOHOMETPUUHUIT PsiJ| HABUBAETHCS MPULOHOMEMPU-

ynum padom Pyp’e dbyukuil f(x) i nosnauaioTs
a +0o0
f(x) ~ 50 + Zancosn:p + b, sin nz.
n=1

Oynkiis f(z) nasuBaerbes QYHKIED, M0 3a0B0JIbHsIE yMoBr Jlipixie Ha
BUIPI3KY [a;b], K10 BOHA HA LOMY BiJpI3KY:

1) Mae ckiHYeHHY KUIBKICTB TOUOK po3puBy | poy,

2) Mae CKIHYEHHY KUIBKICTh TOUYOK EKCTPEMYMY.

Teopema 1. Pad Qyp’e kyckoso-2aadkoi na eidpisky |—m;w| dynwxyii f(x),

wo 3adosonvrac ymosam ipirae, 3012aemoes 6 KOACHIT MONUL Ty THIMEPEAAG
2o+ 0)+ f(zo—0
(—m;m) do snavenms f(xo +0) + flarg = 0)

2

f(=m+0)+ f(m - 0)

5 :
Jlocmammni ymosu 36iacHOC™IE MaA PIBHOMIPHOT 30iatcHocmi psady

f(zo+0) + f(zg —0)
2
oaa dosinvrnozo o € R. Todi pad Pyp’e wiei pynruii 306teaemvca Ha MHOACUHI

, 46 MoYKar * = —"T 1 T =T — do

SHAYEHHA

Dyp’e. Hexati gynwuyia f(x) e 2m-nepioduunoro i f(xg)=

X C [—m; @] do pynruii f(x), axwo eukonyemves npunatimmi 00na 3 Ymos:
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1) das dosiavrozo x € X icuyromo

f(z) — flzo+0)

f/(xo T0) = xlioglw T — Xy 700
f'(xg—0) = lim f(@) = flao = 0) + 00,

x—x0—0 xr — X
sokpema Pynruia f(x) Jupepenyitiosna na mruoocuni X,
2) daa dosiavrozo xo € X icuyromo wucaa h >0, H >0 ma 0 < a <1
maxt, U0

|f(zoxt) — f(zo £ 0)| < HtY, t€[0;h],

3) das dosinvnozo xy € X icuye wucao h > 0 maxe, wo dynruia f(zr) e
Pynryicto obmencenoi sapiayii wa eidpisky [xo — h; xg + h].

Ao, kpim Toro, X = [—m; 7|, dyukiiga f(r) nenepepsua nHa mMuoX)uHI X 1
B ymosi 1) noxigui f'(z —0) i f'(z 4+ 0) obmexeni Ha 1iit MHOXKUHI, & B yMOBI 2)
ancya h, H i « e 3amexarb BiJ g, TO BUKOHAHHs X04da 6 ojimHiel 3 ymoB 1)-3)
3abestieuye piHOMipHY 30DkHicTH psijry Pyp’e jo dyukiil f(x) wa inreprasi
(—00; 00).

Teopema 2 (mpo mnowienHe interpyBanHsa pany DPyp’e). Hezai
21 -nepiodunna dynruia f(x) inmezpoena na 6idpisky [—m; |, a pad

+00
ag .
5 + E a, cosnx + b, sin nx

e padom Qyp’e uiel pynwuii. Todi das dosiavrozo eidpiska [a;b] C [—m; w] suko-

HYEMBCA PIBHICTID.

b b
ao
/f(l’)d /E :C+Z/ (ay cosnx + b, sinnx)dzx.

ap

Boxpema, axwo F(r) = ] <f(t) - §>dt mo
0

+oo +oo
b

n n
F(x) = — g (— sinnx — — cos n:c)
n n

n=1 =1
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de x € [—m; 7|, 1 ocmannit psad e padom QPyp’e das pynruii F(x).

s koedinienrtis @yp’e 2m-nepiopnunol Gyukuii f(x) cnpasemiuba nepis-
HICTD

400
%%+Z( +b2) < /f2

n=1

sIKa, HA3UBAETHCs HepieHicmio Becceas, a piBHICTH
CL2 +00
0 2 2
— + E (a2 +b2) f
2
n=1
Ha3UBaETHCs pteHicmio Ilapcesaasn-Cmexaosa.
dxmo dyuknia f(x) e napuoio, rooro f(x) = f(—x), —7 <z <7, To BCi 17
koedirientu Oyp’e b, =0, (n =1,2,...), a koedinienru ay, a, 06IUCITIOIOTHCSA

3a hopMyJIaMu:

m ™

2 2
aoz—/f(x)dx, an:—/f(x)cosnxdx, n € N.
m T

0 0

Psan @yp’e B Takomy Bunajky juisa Gyl f(x) mae Burisy

+0o0
ag
—+ Z an, COSNI,
2
n=1
To6T0 napua dyukiis f(x) possuBaeThesa B paj Oyp’e 3a KOCUHYCAMH KpaTHUX

JIyT.
dxmo byukiig f(z) — nenapua, rooro f(—z) = —f(z), —7 <z <7, 1o Bci
i1 koedinientn Pyp’e a, =0, (n=0,1,2,...), a koedinienru b, 0OUUCTIOIOTHCST

3a hopMyJIaMu:

2
:—/f(a:)sinnxdx, n € N.
T

Psy @yp’e B rakomy Bunajky juis Gyl f(x) mae Burisy

100710 Henapha dyHkiisa f(z) possuBaeThest B psij Pyp’e 3a cuHycamMu KpaTHUX

AYT.
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Baysaxkumo, 1mo (opmysnn st obuncienns koedimnientis Pyp’e MoxkHa 3a-
crocyBaru Jio Oyjb-skol Gyukuil f(z), 3asanol Ha BiApI3Ky [zo;xg + 27|, He
00OB’SI3KOBO IIePioJInIHOI. ZIKINO Jiisd Hel BUKOHAHI yMOBU TeopeMu 1 Ha BIJIPI3KY
[z0; 2o + 27], 10 psiyy Dyp’e 36iracTbes. OpHak, i nam’ siraTu, 10 TPUrOHOME-
rpuanmil psiyt Pyp’e 36iraeTbest 10 GyHkiii f(x) TIILKK HA OCHOBHOMY ITPOMIXKKY
[z0; 2 + 27].

Axo dbyukuis f(z) e 2l-uepioguunon, 1o dyHkiis @(y) = f(%) Oyae
2m-11epioIMIHOI0. 3aCTOCYyBaBIIK JI0 (DYHKIIIT (0 HaBeJIeHI BHUIE MipKyBaHHS, MO-
KHa Jiicratu possubenns Gyukuil f(x) B ysazaavrenutd psad Pyp’e:

nmwx nmwx
n COS —— —+ b, sin ——
+ Z a + n l

Je

1
bnzi/f(x)sin@dx n € N.

Y Bunajky napuoi Gyl f(z) psajg i koedinientu Oyp’e a, MawOTh BULIs

+00 l
2

f(x)N%Jrz:lanCOS—m;x n:7/f cos—mmda: (n=0,1,2,...),
n= 0

TOOTO IMapHa QPYHKIIS PO3BUBAETHCs B Psaji Pyp’e TIIBKU 38 KOCHHYCAMU KPaTHUX

T
JIyT e

s memrapuol ynkiii f(z) psg @yp’e 1 koedirienTn b, MaOTh BUTIAT

“+0o0 l
. nTx 2 . nTx
f(x)Nansm l n_i/f sm—daz (n=1,2,...),
0

TOOTO HerapHa PYHKIIS PO3BUBAETHCs B Psijl Dyp’e TLILKY 38 CUHYCAMU KPaTHUX
T
e

Oyuknito f(x), 3agany wva npomixkky [0;1], MOKHA POZBUHYTH B TPUTOHOME-

TPUYHMI PAJT TIIBKHU 328 CHHyCaMHu ab0 TIIBLKH 3a KOCUHycaMu KpaTHuX ayr. 1o
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oTpuMaTh psiji 3a Kocurycamu, GyHKIio f(x) npogosxKyoTh Ha 1PoMizKOK [—(; 0]
TaK, m1ob orpumaru napuy GyHkiio i koediuientn a,, (n = 0,1,2,...), 06un-
CJIIOIOTHCS 32 BunleHasegenumu popmynamu. Jig orpumanns psaay Oyp’e TiabKu

3a cuHycamu KparHux Jyr ¢gyHkmio f(x) HpO,JOB)KyIOTb Ha Bijpizok [—(; 0] ne-
: . . nmx
HapHUM YMHOM, TOII KoediiienTu b, = /f sin —— dr, (n=1,2,...).

PosryisimemMo rTemep cucreMy KOMILIEKCHOZHAUHMX (GyHKIiH ¢,(r) = ™,
(n=0,1,2,...), oproronajibHy Ha BiApi3Ky [—m;].
Pan @yp’e pust 2w-nepioguunol Gyukuil f(x) B Komnaexcrit gopmi mae

BULJIA]T,
+00
:C) ~ E :Cnezna:7
—00

KOeMIIIEHTH SIKOI'O OOUHCIIOITHCA 32 (DOPMYJIaMU:
1 —ine
cn=2—/f(x)e dr, (n=0,£1,£2...).
7

AmaJioriuHo cucreMa KOMIIEKCHO3HAUYHUX (DYHKITI

nTx

U,(x)=et, (n=0,£1,£2,...)

€ OPTOrOHAJILHOIO CUCTeMOIO Ha Biipisky [—1;1]. Pag @yp’e 2[-nepiognanoi ¢yH-

kil f(x) B KoMILIeKCHIi (opmi 3a 1i€r0 cucreMoio hYHKIH Mae BUTIA/

+00

flz) ~ Z e T

—00

Jie KoeilieHTn ¢, 004nC/IIoIThCS 3a (opMyJiaMu:
l

]_ inTx
cnzﬂ/f(x)e Udr, (n=0,£1,%+2,...).

-l

AKIo po3risijlaTy JIOBLILHY OPTOTOHAJBHY CUCTEMY (DYHKIIIH, TO HEPIBHICTh

Beccesist st koedinienris @yp’e inrerporoi 3 kBajparom dyukuii f(z) mae

cr /bgo da:</bf2(x)dx,

BUTJISI]T
+

8

3
Il
—_
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a pisuicTh [lapcesans-Crexioa,

Bokpema, siKIo Juist KoedilieHTiB ¢, oproroHajibHol cucremu dyskiii {@;,}
Ha [a;b] 1 dynkuil f(x), iHTEerpoBHOI 3 KBaJAPATOM Ha |a; b], BUKOHYETHCS PIBHICTD

HapCGBaHH—CTGKHOBa, TO TaKa OPTOI'OHaJIbHa CUCTEMa HAa3UBAETHCA 3AMKHEHONO

Ha [a;b|.

1. TlokazaTu, 1o 3ajani cucremu (PYHKIIH € OPTOrOHAJIHLHUMYU Ha BKA3aHUX

oo b b
o [ en(@)de = [ f(z)dx.
;c a/gp x)dx a/ x)dx

Bnopasnu

BIJIPI3KaX:
2
1)sinﬂTx,sinﬂ,...,sin@,..., x € la;a+l], a€R,
2) 1 2rx . 2mx . nmx € [a: 1]
— cos —, sin ..., sin x € |a;
2 b—a  b—a 7 b—a T
3) 1, cosx, cos2x, ..., cosnz, ..., x € (0;7),
4) sinx, sin2z, ..., sinn, ..., x € (0;m),
1
5) Tw(x) = 5— cos(narccos x), (n=0,1,2,...), z€[-1;1],
et d"(z"e™")
6) Ly(x) = — 22 J —0,1,2,..), € (0:400),
)L =S ).z e (0:+o0)
er d"(a™)
7) Hn(x)zﬁ T (n=0,1,2,...), z € (0;+00).

2. Iosi zagianol dyukiil f(x) suaiiru i1 psiyg @yp’e Ta Brazaru, jie Bin 36ira-

erbest 10 f(x) -

1) f(z) = sinaxz, 2) f(z) = cosax,

3) f(x) = |z, 4) f(x) = sgn(cos z),
5) f(z) =sin'z, 6) f(z) =sgnz,

) flx) =€, a#0,  8) f(x)=|coszl,

9) f(z) = arcsin(cosz),  10) f(z) = |sinz|
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3. PozsunyTu y psij @yp’e y BKazaHOMy TPOMIXKKY (DYHKIIII:

(
T — 1 0, akmo —1<z <0,

1) f(x) = , x € (0;2m), 2) f(x) =<

r, gkmo 0 <z <1,
\
(

r+1, gxkmo 0<x <1,

3)f(95)272—9527 x € (—m;m), 4)f(5’3):<2, gakio 1 <z < 2,

\4—:1:, gkmo 2 <z < 3,
5) f(a:):x(z—x), x € {O;E}, 6) f(x)=¢€", x€(—2;2),

™ ™
a, 4dKIo ——<Ir< —,

) (@) = shaz, =€ (mim), 8) f(x) = RN
b —<z<-
, KO o S @< o,
14z, gaxkmo —1<2x<0, 1, gkmo 0 <z <1,
9) flx)= 10) f(z) =
l—x, gaxkmo 0<z<1, 2—z, gxkmpo 1 <z <2
4. Bukopucrosyioun possunennsi B psig Qyp'e dyukuii f(x) = sgnuz,

0 < z < 7 1 OPOMOBXKUBIIN 11 MEPIOIUIHO Ha BCIO MHOXKHHY JIHCHUX UHCEI,

JIOBECTH, 110:

JrOOl 7_(_2 400 1 7T2
ny = =" )] Y
);nQ 6’ );(271—1) 8’
400 400
(=" o« cos(2n+ 1z w 4
3 _Ty T2 o<a<
);Qn—l K )n; n+22 2 o = ="

5. Pozsunyrtu B psiji Pyp’e PpyHKIIIT:

1) f(z) =2z, x € (0;7), 3a cuHycaMu KpaTHUX JIyT,
2) f(x) =2, x € (0;7), 3a KOCHHyCaMU i 3a CHHyCAME KDATHUX JIYT,
3) f(z) =xsinx, x € [0;7], 3a cuHycaMmu KpaTHUX JIyT,

1, gkmo 0 <z <1, '
4) f(z) = 34, CUHyCaMU 1 KOCUHYCAMU KPATHUX JIYT,

2—z, gkmpo 1 <z <2,

5) f(x) = , ¢ € (0;7), 3a cuHycamMu 1 KOCHHyCAMY KPATHUX JIYT.
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6. 3amumcaru pisaicth IlapceBans-Crekmosa mjast  3aganol  QyHKIT

400 . +00
1, axmo |z| < a, 5 _ sin? an . cos? an
f(x) = Ta 3HAUTHU CYyMU P/JIIB E 3 1 E 2
0, saxmo a<|z|<m, n=1 n=1

7. Buaoun koediientu Pyp’e a, i b,, (n = 0,1,2,...), inrerposuoi Qyu-
kil f(z) nepiony 2w, obuuncauru koedinientn Pyp’e A,, By, (n =0,1,2,...),

dbynkiii CrekioBa
z+h

fuw) =55 [ €1
x—h

8. Hexaii f(x) — nenepepsua dyukiis 3 nepiogom 27 1 ay,, b,, (n =0,1,2,...)
— 11 koedinientu Pyp’e. Busnaunru koedinientu Oyp’e A,, B,, (n =0,1,2,...),

3rOpTKOBOI (PYHKIIIT
1
Fla) = [ fO7(a+ 0t

Kopucryounch oTpuMaHuM pe3yabTaToM, BuBecTu piBHICTH [lapceBass-Crekiio-
Ba.

9. Pozsunyru dgyukiiii B komiuiekcuuii psij; Oyp’e:

0, gkmo — 2<x<0,

1) f(z) =¢€", —m<az<m, 2) f(z) = <
>—x, gkmo 0 <z < 2,
1, akmo 0<z <, 1, akmo 0 <z <1,

3) flz) = 4) fz) = S
—1, gakmo <z <2, \—1, dakmo 1 < x < 3.

10. PossunyTu dyuknio f(x) = 2®, —1 < x < 1, B pajg Oyp’e 3a MHOrOUIC-

1
namu Yebumesa 1), = o1 cos(narccosz), (n=0,1,2,...).

11. Possunyru dyukiii na npomixkky (—1;1) B psjg @yp’e 3a MHorousenamu

I da
= 5 (@ =" Lo=1, neN:

Jlexanypa Ly, (x)

0, gakmo —1<z <0,
1) flz)=lz], 2) f(z)=

1, akmo 0 <z < 1.
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2

12. Buatoun, mo psajg Pyp’e byukuii f(z) =z, —7 < x < 7, Mae BUNIIsIL

:——}—42 COSH.CC,

HalllCaTU PIBHICTH HapCGBaHH—CTGKﬂOBa.

0, gakmpo —I[<z <0,
13. Pan @yp’e byukuii f(x) = MAa€ BUTJISI]T

1, gakmo 0<z </,

1 2AR 1 2n—1) X1 . nrm
f(x)—i—ﬁnl (Zn—l)QCOS l x—|—%;Esm—.

Hanucatu njs mporo poskjajiy piBaicrsb Ilapcesans-Crekiona.
IIpuknanau po3B’sa3yBaHHS BIIPaB

2.3. Oyukuis f(x) = |z| € inrerpoBHO0O Ha BiPi3Ky [—7; 7] 1 MOXKHa 3HANTH

i1 koedinientn Pyp’e. OTpumaemo:

T 0 T
1
_—/|gj‘d,§[;_ / /:cdx—
T

20 1 2?2
_ﬁ;?

x| cosnxdr = x cosnrdx + rcosnrdr | =
| ‘
0

—T

1 s

T
0 2

x
2

0
U=z, dV =cosnuz, 1 smnx 1 smnx m
= sin na :—<(—£E —I— smnxdx+ ) —
dU =dz, V= m -m N n 0
n
17 1
—_ smnxdx) :—< sinnxdxr — smn:z:dx =
n ™
0 —T 0
1 0 T 1 0, n=2k,
:—(—Cosn:c +cosnx ): ( 2+2(— 1)>: 4
™2 _r 0 ™2 _ _97._
, n=2k—1.
m(2k—1)?

. 1 . .
Koedinientu b, = 0, 60 — [ |z|sinnxdr = 0, 9K inTerpajs B CUMETPUIHUX
T

—T
MeKax BiJi HelapHOl QyHKIII.
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Orxe,

4R 1
~ = — = E e 2k — 1
= 2 i (2k — 1)? cos( )z,

ne x € [—m; .

Ao noknacru p(x) = |z|, z € [—m; 7], 1 p(z+27) = p(x) st TOBLTBHOTO
x € (—00;00), To dbyHKIIs p(x) € neplojuuHO0 3 HepioJoM 27 1 HelepepBHOO
Ha Beiit iitcniit oci. Just pynkuil ¢(2) BUKOHYIOTHCsI JocTaTH yMOBH 361KHOCTI

psany @yp’e. Toji

w4 1
== —— § ————cos(2k — 1 Vo € R,
() 5 4 2k — 1) cos(2k )z, T c

Ockinbku p(x) = |z| npu x € (—m;7), 10

4R 1
= — — — E I 2k — 1)x.
= 2w (2k —1)? cos( Jo. >

p

r+1, axkmo 0 <x <1,

3.4. Oynxuis f(r) = {2, gkio 1 < x < 2, 3aJI0BOJIbHSIE YMOBU PO-

\4—x, gkmo 2 <z <3,

spunennst Gyukiil B psigy Dyp’e va sijgpisky [0;3]. Orke, 1T MOXKHA PO3KJIACTH B

pan Pyp’e Ha nmpomy Binpizky. Tomi

nmwx
+Zancos +b sin —— l

3
==
A€ 5

SHaxoauMo KoedinieHTn po3puHeHHst GpyHKIT B pajg Pyp’e. Orpumaemo:

1

3 2 3
:§/f / d:z:—|—2/dx—|—/ —xd$:
0 0 1 2

2 2

Gl DD -5
3 o 0 xl v 2/12) 37
1

3 2

2 2 2 2 2

= §/f cos Y dx:§(/(aj—|—1)cos T x4 2 / U
0 0 1
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3 1
2nmx 27 3 . 2mm: 2n7r:€
+ ) cos dx) = 3( (x 4+ 1)sin
2 0

2nm

3

2+(4 ) 3 . 2n7rx’3+ 3 / . erscd)
—x)- sin sin ) =
1 2nm 3 12 2nm 3

2

n 6 . 2nmx
sin
2nm 3

2/3 . 2nw 9 2nmx|t 3 . 4dnm 3 . 2nm 3 .
—( ‘ + —sin — — —sin — + ——sin 2n7—

— Sin + COS
nm 3 An2r? 3 lo nrm 3 nm 3 nm

3 dnm 9 2nmx |3

——sin — COS
nm 3 4An27? 3

)_2( 9 2nm 9

o) — 3 \4n2n? 0 3 4n2n?

9 Anm 3 2nm Anm
) = —(cos—+cos— —2> =

————cos2nm + coSs =
4n2m2 4n2m2 3 2n2m?

; (2005717“303M — 2) _ 3 ((—1)” . cos = 1).
3 n?m? 3

- 2n2m?
2
2
T dr 42 / i ”;x do+
1

3 1
) 2nﬂx
f(x)sin sm
0 0

3 1
2 2/ -3 2 1 3 2
-|—/ x) sin nre dx) =3 <%($ + 1) cos mrx 2—/ Gl
2 0

C.OI[\D

3
3 2 2 3 2 3 3 2
mra:‘ —(4—x)- cos mrx‘ — /cos n37r:c da:) =

—— COS
nmw 3 I 2nm 3 12 2nmw
2

3 2nm 3 9 C 2nmx b3 dnmt 3 2nm 3

2
—3(—5005 3 o a3 T

) 3 ( o 2nmw L 4n7r)
= sin sin — | =
2n2m? 3 3

n 3 Adnm 9 . 2nTmx ‘3
— CoS — sin
nmw 3 4An272 3 o
3
= W . QSinnWCOS% = O

Omrxke, poskJaj 3aaH01 GyHKIIT B psiji Dyp’e MaTuMe BUALJIsL

nmw 2nrmx
CcoS

flz 7T2Zn2< COS?_l 3
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1, gkmo 0 <z <1,
5.4. Cnouarky poskJjajgemo dynkuio f(z) = 34,

2—z, gxkmpo 1 <z <2,

KOCHHyCaMyi KpaTHUX Jyr Ha Biipisky [0;2]. Pobumo maprHe HpojioB:KeHHs Ha

[—2;0]. Toui b, =0,
2 1 2 1 o g
x
S O R
0 0 1

2
a, = /f(x) cosnmx dr =
0

2
cosmrxdx—l—/ (2 —z)cosnmx dr =
1

O\H

2

__smmr@" _|__(2_g;)sinn7T$‘ —l——/Sianxdac:

nt lo n7 1 nr
1

1 2 1 " 0, n = 2]{3,

I cosmm:‘l =5 (1 — (-1) ) = _9 .
ok — 1) TR
Orxe,
2 cos 2]43 —1 )X
°_ 2 e 0:2].

Tenep poskiagemMo GyHKIHIO f (a:) 33 CHHyCcaMH KPATHUX JIyT Ha BLIPI3KY
0; 2]. Pobumo uwenapue npogosxkentst va [—2;0]. Toxi ag = 0, a, =0,

2

1 2
:/f(x)sinnm:dx:/sinnw:cda:+/ (2 —z)sinnmrdr =
0 0 1

2
cosnrx|l 1 2 1
=— — — (2 —x)cosnrx| — — [ cosnmrdr =
1

nmt lo nm 1 nm
1 1 1 2 1
- 4”—Q N ’:—n
nw << ) + n (=1) n2m? S nTE 1 nr
Orxe,
1$X1
==Y S 0;2. »
f(z) - Z —sinnmz [0; 2]

n=1
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1, gkmo 0<ax <1,
9.4. Busnaunmo s Gynkuil f(z) = JIOBXKUHY BiJI-

—1 gaxkmo 1<z < 3,
piska [. Maemo 2l = 3, 3Bigku [ = 7" Toxi mommpumo dyukiio f(z) Ha BCIO
JICHY BiCh 1ePIiOJIMUHUM YMHOM 3 Tiepiojgom 1" = 3.

Kommiekcui koedimientn psay Pyp’e o0UnCIOeMo 3a (popMysaMu

2l

]_ Z’ﬂﬂ'{L’

cnzﬂ/f() dr, (n=0,£1,£2,...).

0
B namomy BHTIaJIKy MaeMO
3 . 1 . 3
/ 2mm dr = —/emyd:c — —/emﬁd:ﬁ =
3 3
0 0 1
1 _ 2inmx ]. 2inmx 3 ]_ 2zn7r . 2inm
= — 3 e = — 1 —2inm — _3> —=
2inm 2inm | 2fm7r< ¢ vl c

1 _ 2inn

1N ]__ é
(2—2e S ) _L, n 0.
2m7r

/f Ydx = = /dm—/dm :— —x‘j):—é.

Orxke, poskiaa GyHKINl B psaa Pyp’e B KOMILIEKCHI (hopMi MaTHMe BUTJISIT

2inm

) ]__ INTT
f(x:————z ey

BayBaxkKuMo, 110 3Haiienuii psii 36iraerbes 1o dyukuil f(z) npu x € (0;1)
ta x € (1;3), a B kpaiinix Toukax £ = 0 1 = 3 Ta B rouni x = 1 iioro cyma
14+ (1)

2
10. BpaxoBytoun o3naveHHs, MOKEMO 3alUCATH

piBHA, =0. »

+00

R Z a, T, (x),

n=0
. : : y .
sie koedinientu Pyp’e a, norpidHo 3uaiiTu. s ix 06UMCICHHS CKOPUCTAEMOCS

BJIACTUBICTIO OPTOroHaJbHOCTI MHOrowienis Yebumesa wa inrepsasi (—1;1) 3
1

BaroBo (pyHKIE .
—x
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[TomHOXKMBIIIM 00MIBI YaCTHHU PO3KJIAJLY Ha BaroBy (ByHKIIIO, OTPUMAEMO
- fz
a,T,
1— a2 x?

[Tpoinrerpyemo 0bujiBi yacTuHu piBHOCTI 110 T B Mexkax Bij —1 jjo 1:

1 1
T 1 +00o
——dr = | —— a1, (x)dx
/1\/1—:152 /1\/1—x2nz% ()

3Bijcu orpumMaemo, 1o ag = 0.

T, (x
Jaui, ToMHOKIMO 00UIBI 9ACTUHN PO3KIIALY HA () = 1 IPOIHTErpPyEMO 1O
—x
1mo x B Mexax Bl —1 jio 1:
3 o3
T, (z) 1 x” cos(n arccos ) Tay,

T =

Vi Vi-a? P
—1

x3 cos(n arccos )

VA

st obumcienHst iHTerpaJa, / dx TmpoBeseMo IiJICTaHOBKY

~1
arccosx = t. Toxai orpumaemo

1
_ 2" [z 3 cos(n arccos x)

a dr =
"o 1 — 22
~1

arccosr =t, dr=—sintdt, xr1=-1, t1 =

x =cost, 1—cos?t=sint, x9=1 t1 =0
2” 2” 1+ cos 2t

= cos® t cosnt dt = +— cost cosntdt =
T T 2
0 0

2n-1 1
= /(1 + cos 2t) - é(cost(n + 1) 4 cost(n —1))dt =

Tr

0
™

2n—2
= ( cost(n+1)+cost(n—1)4cos 2t cost(n+1)4cos 2t cost(n— 1)) dt =
T
0
on—2 1 1 1
= ( cos t(n+1)+cos t(n—l)—|—§ oS t(3—|—n)—|—§ oS t(n—l)—|—§ cost(n+1)+
7T
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1 22 rsint(n+1)  sint(n—1) 1 sint(3+n)
=)ot 2 1 sint(3+n)
+2COS< n) ™ n+1 n—1 Jr2 3+mn

1 sint(n—1) 1 sint(n+1) 1 sint(3—n)) 0
. S =0 1 3.
, =0 nFL s

+2 n—1 +2 n—+1 +2 3—n
dAxmo n =1, o

™

2 | 2 [ /1 9\ 2
a1=—/cos3t~costdt:—/<i) dt =
s T 2
0

0

™
™

27r
0

dAxmo n = 3, To

1 At 1 ¢l
<1 1 9cos 2t + ﬂ)dt _ 2—(t+sin2t+§+—sin4t)
T

3
2 8 1

0

s

8 | 3
agz—/cos3t-0083tdt: —/cos?’t-cos(t—FZt)dt:
T 7

0 0

™ m

8 8
= —/cosgt(costcos 2t — sint sin 2t)dt = —/0083 t(cost(2cos®t —1)—
7r

0 0
T

8
—2sin®tcost)dt = — /(2 cos®t — cos*t — 2sin’t cos* t)dt =
m
0

_8/ 2 1—|—C082t> (1+0082t>2 (1—0082t)(1+0082t)2)dt_

3

o

™

1 1
/ (1(1 + 3 cos 2t + 3 cos® 2t + cos® 2t) — Z(l + 2cos 2t 4 cos? 2t)—
0

8
7T

™

1 2
_Z(l — cos® 2t + cos 2t — cos® 2t)>dt = — /(—1 + 3 cos? 2t + 2cos’ t)dt =
m
0

m s

271 .9 )
— ;(5 /(1 + 3cosdt)dt + 2/(1 — sin t)d(smt)> =
0 0

= 1.

2/t 3 2
= —(——|—— sin4dt + 2sint — 3 sin3t)
0

T\2 8

Orxke, orpumaemo poskiaj dbyuknii f(z) = x

3 3a Muorowrenamu Yebumena

3
y BurIAal 0 = ZTl( x) +Ts(x), ne z € (—1;1).
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Ao posnucaru muorownenn T1(x) 1 T3(x), To

3 1
= i 1008(3 arccosz), x € (—1;1). »

§5.2. IleperBopernHa @yp’e. Inrerpan Pyp’e

Oynukiis f(r) HazuBaeThHCA AOCOAOMHO tHMeE2po6Hoto Ha R, SKIo icHye
+00

HEBJIACHWH 1HTErpaJ /|f(:1:)\d:z;‘

—00
Teopema 1. Hexati dynruin f(x) na neckinuennomy npomiocky (—oo;00) €
00MeEINCEHO010 T ADCOMOMMHO THIMEZPOBHOI0, 4 HG 0YJb-AKOMY CKIHYEHHOMY B10PI3KY
[a; b] 3adososvnse ymosam Jipixae, mobmo mae Ha UboMYy GIOPI3KY CKIHYEHNY
KIABDKICMD MOY0K PO3PUBY NEPULO20 POOY T CKIHYEHHY KIALKICTL MOY0K eKcmpe-

mymy. Todi euronyemoes cniceidHOWEHHA
400

f(x—O);‘f(x+0) 1/dw/f ) cosw(t — z)dt.

0

BokpeMa, B Toukax HerepepsHOCTI GyHKIIT f(2) BUKOHYETHCsI PIBHICTH
+00

flz) = /dw/f ) cosw(t — x)dt.

i piBHOCTI YacTO HA3UBAIOTH tHMeE2PasbHUMuU popmyasamu Pyp’e, a 110-
BTOPHUII IHTErpaJ cIpaBa Ha3WBalOTh tHmezpasom Pyp’e.
SayBarknumo, 110 inTerpagbay dpopmysny Oyp’e B ToIKax HEMEPEPBHOCTI MOXKHA,

HepernucaT y BULIs I
+0o0

f(x) = % /(a(w) cos wx + b(w) sin wx)dw,

0

ne a(w /f t) coswt dt, b(w /f t) sinwt dt.

st HapHI/IX dbyHukiit popmyiia CDyp € Ma€ BULJIS]]
+o0o  +00

f(@:% / ( / F(t) cos ot d ) cos o d

0
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a(w) = \/g J]Oof(t) cos wt dt, (1)

To iHTerpas Pyp’e nepenunierbes y BUi

f(x) = \/g ywa(w) cos wx dw. (2)

Dopmyita (1) HasuBaeThCs KOocuHyc-nepemeoperusam DPyp’e mapHol HyHKIII.

dkio nosnayuTH

st nenapuux (pyHKIi# iHTErpasibHy (OPMYJIy MOXKHA 300pa3uTH Y BUIJISII
+oo  +0o0

f(:z:):% / ( / F(t) sincot dt) sin o d

0

b(w) = \/g ]oof(t) sinwt d, (3)

TO iHTerpaJjbHa (POpMyJia IePeluIeTbCs y BU/I

fx) = \/g 7oob(w) sin wx dw. (4)

Dopmysa (3) HazuBaeThCst cunyc-nepemsopennam Pyp’e venapuol GyH-

kil f(x).

BayBaxkiMo, 10 napHy abo HemapHy &yHKIH0 f(r) MOXKHa BIJIHOBUTH,

dkio nosnaynTH

BUKOPHUCTOBYtOUM Bifmosigni inrerpasin @Pyp’e (2) abo (4) 3a BignmosigHum

KOCHHYC-1IepeTBOpeHHsIM abo cunyc-rieperBopeHtsim Oyp’e.

Dopwmyna .
f(x):% / ( / f(t)e_i“’(t_x)dt)dw

HA3UBAETHCS tHMezpasom Pyp’e 8 xomnaexcHiti popmi.
Hexait jnst dbyuxiii f(x) Bukonyworhbes ymou teopemu 1. Tomi npamum

nepemeseopeHHam Pyp’e Ha3UBAECTHCs IHTEIPAJ

flo) = Flr@)] = <= [ fae . )
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Obeprene mepemeopennsi Pyp’e, sike BIIHOBJIIOE MOYATKOBY (DYHKIIIIO

f(x), Bu3HAYAETHCA CHIBBIAHOIIEHHSIM

~

+oo
fla)= P[] = == [ fw)e (6
“x

Orpumana 3a jornomoroio nepersopertst Oyp’e (5) dyukitisa f(w) HAZUBAE-

ThCsl 306pasicennam 3a Pyp’e Pynruii f(x).
HagejieM0o 0CHOBHI BJIACTUBOCTI HPSIMOI'O Ta, 00epHeHOoTro 1eperBoperts Pyp’e.
1) Jlinitinicms nepemeopenns Pyp’e. Hxwo pynxuii fi(z) ma fox)
300080AbHANMD YMOBU meopemu 1, mo 0aa d08IAbHUT DIUCHUT “uces G Ma Qg

BUKOHYIOMBCA PLEHOCTIL
Flaifi(z) + aafo()] = an F[fi(@)] + o F [ fa(@)],

F~ oy fi(w) + a2 fo(w)] = a1 F 7 [fi(w)] + o F 7 [fa(w)).
2) @opmyaa 38’°a3ky. drxwo s dynkuii f(x) icnye npame ma obeprene

nepemsopenns Pyp’e, mo

3) Ilepemeopenns @yp’e noxidnoi. Hdrwo ora gynxuit f(x) ma f'(x)

icnye nepemeoperns Pyp’e, mo

Flf'(2)] = iwF[f(z)]

Hxwo Pynwuia f(x) e neckinuenno Judepenuyitiosnoro i das 006iAbH020
k€ N icnye nepemesopenna @yp’e F[f(k)(ﬂf)]a Mo Cnpasediuse Hacmynme

CNIBBIOHOWEHHA

F[f®(2)] = ()" F[f()], keN.

4) Ioxidna 6id nepemeopenns @yp’e. Hexatli pynruyis f(x) nenepepsna

na R, a xf(x) abcorromno inmezposna na R, mo

F'[f(2)] = Fl=ixf(x)].
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B zarajbHOMY BHITAJIKy BUKOHYETHCST (DOPMYJIa
FO[f(2)] = Fl(=iz)"f(2)], keN.

5) Ilepemeopenns DPyp’e inmezpana. Hdruwo das Pynwuii f(x) icnye ne-

pemeopenns Dyp’e, mo
F[ [ soi] = Fire),

6) Ilepemeopenns @yp’e scynymoi dynryii. Adxwo daa pynruii f(x)

icnye nepemsopenna Qyp’e, mo daa f(x — a) cnpasedausa Gopmyaa
Flf(z —a)] = e F[f(x)],

a dan Pyrwuii f(z + a) — Gopmyaa
P(f(z +a)] = e“"F[f(2)].

3eopmxoro nBox dyukmiit fi(x) ta fo(x), BusHAUeHUX Ha BCiil mificHiil oci,

HasuBaeThest yHkiisa fi(x) * fo(x), mo BusHAYAETHCs PIBHICTIO

mwaM@:/ﬁm—wmwﬁ:/ﬁ@ﬁ@_mw

7) Ilepemeopenns Pyp’e 3eopmru deox pymnkuiti. HArxuo s dynruyid
fi(x) ma fo(z) icnye npame ma obeprene nepemeopenns Oyp’e, mo suronyio-

MbCA HACTMYNHE CNIGEIOHOULCHHA

Flfi(z) * fo(x)] = V21 F[fi(z)] - Ffa()].

~

Bobpaxkennst Dyp’e f(w) = F[f(x)] bynkuii f(z) nazuBaerbest cnexkmpaasv-

Hot0 Pynruyiero abo cnexkmpaavholo xrapaxmepucmuroro i f(x). Dyu-

¥ HA3UBAETHCS KOMNAEKCHONO 2aPMOHIKO10, a (W) — KOMNAEKCHOI0

Kifisa e
aAMNAIMYIo10 2apMOHIKY e'“”.

P

3ayBaXKnUMO, 1110 3 MEXaHITHOT TOYKHU 30py PyHKIIsT €Y Tpu HOBLILHOMY 3Ha-

YeHHI w OMmecye rapMonidHe KosmmBaHHs. Toxi meperBopentst @yp’e (5) MoxkHA
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Bnopasu

PO3YMITH $IK 300paskeHHs PYXY, 1110 OMUCYeThest (DYHKIIEO €%, v BUTIIsi Il HECKiH-
YEHHOI HEIEPEPBHOT CUCTEMH HE3aJIC’KHUX KOJIMBAHL €
w. OyHKITiAg f(w) IIPHU I[LOMY IIOKa3Y€, 3 AKOK IHTEHCUBHICTIO BiJIOYBaIOTHCA KO-
JIMBaHHsI, 10 BIIOBIIAIOTH pisHUM 3HadeHHsM w. Qyukiis |f(w)| nasubaerbes

amnaimyonum vacmomuum cnexkmpom Gyukiii f(x).

1. Bobpasutu inTerpagom Pyp’e 3amani QyHKII:

3 PIBHUMU 4YaCTOTAMU

0, akmo x < 0,
1) f(x) =
e ", gakmo x > 0,
2) fla) =,
3) fla) ="
(
T
cosx, skmo |r| < =
4) f(z) = 2
0, AKIO || > —
\ 2
sinz, gkmo |z| <,
5) f(x) = 4
0, SKINO x| > T,
’
1, gakmo |z| <1,
6) f(z) =40, sxmo |z|> 1,
1 o =1
—, skmo |z| =1,
2
1, gkmo —1<z <0,
1
—,  SIKIIO
7) flz) = *
x, gkmpo 0 <z <1,
0, skmo |z| > 1,

Ve

r=—1,x=0,z=1,
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(
—x — 2, gxkmo —2< < -—1,

T, gkimo — 1 < x <1,
8) f(x) =
—x+2, gkmo 1<z <2,
>0, AKIO |x| > 2,
sgnzx, sgkmo |r| <1,
9) fx) =
KO, skio |z > 1,
10) f(z) =sgn(z —a) -sgn (x —b), b> a,
1
11) f(x) = a0 > 0,
T
12) f(x) = i O > 0,
4< —m>, gk |z| < 2,
13) f(z) = 2

0, AKIO x| > 2,
14) f(z) = el cos Bz, a >0,
15) f(z) = el gin Bz, a >0,

—_
N
~~
—~
S

I

8

ml

8

D S = 2) fa) =,
1, axmo 0<z <1, .
@=L Y J@) = s,
e e axmo >0, a >0, ) = 4T 2] < 2,
\O, akmo x < 0, 0, sakmo |z| > 2,
7) f(z) = we o, 5) f(a) = =
0) fla) = 2 10) f(a) =

3. Buaiitu Kocunyc-niepersopenns Qyp’e byunxiii f(z):
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e gkmo x>0, a >0, o
1) fz) = 2) flz)=e
0, ko r < 0,
2 1
3) flz) =€, 4) f(x) :%,
1 1, gaxkmo 0 < x <1,
5) () = 3
aKmo x> 1,
22 + b smﬁx
0 f) =, .
9) f(z) = sin fz?, 10) f(z) = cos pz’.
4. 3naiitu neperBopennsi Oyp’e vacTynHux QyHKI:
(
o] 1, gkmo |z| <1,
1) f(x)=e a >0, 2) f(z) = <
0, skmo |z|>1,
(1
1 1 —, gaxmo |z| < a,
3) flz) =— , T €R, 4)f(a:):<2
T 1422
0, AKINO |z| > a,
2
5) f(:v):xe_a|m|, a >0, 6) f(:z:):e_?, r € R,
7) f(z) = _%COSBZC z€R, BER, 8) f(xr)=e¢ Tsinfz, 2 €R, BER,
2 z—a)?
9) f(z) = x;c—ijQ, reR, beR, 10) f(z) = e , x€R, a€R, 0>0.

+00

5. Oyukiisa f(x) 3a70BOJIbHSE YMOBY /(1 + 2%)|f(z)|dr < +oo. Bupaznu-

—00

1 nepersopenns Pyp’e dbynxuii 22f(x), © € R, gepes nepersopenns Oyp’e
dbyskmii f(z).

6. /loBectu piBHOCTI:

400
COS W T
7 — = ol
1)/a2—|—w2dw_2ae oxeR, a>0,
oo
1
2) /e_“coswxdw:—, r €eR,
1+ x2

0
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+00
152, 22
3) [ e27% coswxdw = ex?, r€eR, o>0,

Q|
o

0
]_ a:2 2
4 F[ ew] — Vome ™, zeR, t>0
) lovm

7. 3uajitu neperpopents Pyp’e GyHKIIT:

1) f(l”):(xf%‘[)y 2) f(x):ﬁ-

8. 3uaiitu neperpopenns Pyp’e Gynkuil f(x — 3), gximo

|z|, akmo |z| <3,
fx) =

0, skmo |z| > 3.

9. 3uaiitu neperpopenns Pyp’e Gynkuil f(x), axio:

1 2

DI@ = e YIW = ommss

400
10. Hexait f(x) — nenepepsuo judepenniiosra GyHkiiis i / |f 8 () |dz <
+o00, k=0,1,2,...,1 f(x) = 0 npu © — Fo00. 3HalTH 3B’I30K MiXK MEPETBO-
pennsm Oyp’e dynkniit [ ra f'.
11. Buaittu dyukuii p(x) 1 ¥(x), akiuo:

+00
1

+00
1) / p(y) coszy dy = 152 2) / Y(y)sinzydy = e *, x> 0.
0 0

12. 3naiiTi 3ropTKy HACTYIHUX (DYHKITI:

)
e~  grkmo x>0, a>0, e P gxmo >0, >0,
1) fi(z) = folz) =

0, akmo x < 0, 0, akmo x < 0,
0

1, gkmo 0 < x <1,
2) fi(x) = folz) =" x>0, a>0,

0, gaxmo <0, z>1,

\
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(

0, gkmo x < 0,
3) filz) = 4 fo()
sinz, skmo x > 0,
’
0, gkmo x < 0,
4) fi(z) = fo()
sinx, saxkmo x > 0,
’
0, axmo z <0,
5) filz) = < fo(x) =
e’, gakmo x > 0,
’
0, gakmo x < 0,
6) fi(z) = 4 fo()
shx, sakmo x>0,
’
0, gakmo x < 0,
7) filz) =< folz) =
et skmo x>0,
’
0, gaxmo x <0,
8) fi(z) = 4 fo(x) =
22, saxmo z > 0,
’
0, gaxmo x <0,
9) fi(z) = 4 fo(z) =
r, skmo x > 0,
\
0, akmo r < 0,
10) fi(z) = fo()
sh2x, saxmo z > 0,
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2

) 0, gkmo x < 0,
- shx, saxmo z > 0,

) 0, gk r < 0,

- kcos 2x, gxkmo x > 0,
0, gakmo x < 0,
sind3x, gakmo x > 0,
0, gakmo x < 0,
chx, gaxkmo x> 0,

0, gakmo x < 0,

1 —e*, gxmo x>0,

0, akmo z <0,

23, axmo x > 0,
0, akmo r < 0,
sin?z, saxmo z > 0,

0, gakmo x < 0,
- cos3x, «gxkmo x > 0.

13. 3naiitn neperBopennst Pyp’e 3ropTku PyHKITIi

e, gakmo x > 0,

0, sk r < 0,

1, axmo |z| <1,

fo(z) =

0, skmo |x|> 1.

14. 3naiitn obepuene neperBopentst Oyp’e st GyHKIIT

~ 1

(a+iw)(B + iw)’

a>0, >0
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ITpuknaam po3B’sa3yBaHHS BIIPaB

1.6. Oynukuiss f(x) 3am0BobHAE yMOBE TeopeMu 1. Omke, Jist HEl MOXKEMO
obuuncutu iHTerpas @yp’e. Orpumaemo:

+00

f(x) = % / dw +/Oof(zf) cosw(t —x)dt = % 70</1cosw(t — a:)dt)dw =

0

—+00

/Oo(é sinw(t — $)‘1_1)dw — l / l(sinw(l — x) + sinw(l + w))dw _

v W
0

—+00 . —+00 .
1 2sin w - CoS Wx 2 SIn w - COS WX
= — dw = — dw
T w T w
0 0

— inTerpaJ Eitnepa juis 3ajaHol DyHKIIII.
+o0o
1 2 sin w cos w
3 dpopmynun — = — / ——— dw OTPUMAEMO
2 7 w
0

T / sin 2w d(2).

2w

Orxe,

sint
/idt >

1.8. Baysaxkuwmo, 1o 3agana dyskiis f(x) Ha TpoMikKy (—00;00) € obMe-

XKEHOIO 1 abcosnoTHO iHTerposHo0. YMosu Jipixne s f(x) Bukonyrorbes. OTxe,

400 +00
1
dbyukiio Moxxna 300pasuru inrerpajom Pyp’e — / dw / f(t) cosw(t — z)dt.
T
0 —00

Ob6uncauMO CIOYaTKy BHYTPIIIHIA IHTErpaJ:
-1

00 1
I(x,w) = /f(t) cosw(t—x)dt = /(—t—2) cosw(t—x)dt+/tcosw(t—x)dt—!—
—00 — -1
U=—t—2, dV =cosw(t — x)dt

2
+/(—t+2) cosw(t — z)dt = 1
/ dU = —dt, V = —sinw(t — )
w
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U=t dV =cosw(t—x)dt| |U=—-t+2, dV =cosw(t— x)dt

+ 1 + 1 =
dU =dt, V =—sinw(t — z) dU = —dt, V = —sinw(t —x)
w w
2 i 1
—t— - t
= sinw(t—x)‘ +—/sinw(t—x)dt+—Sinw(t—x)‘ —
w 2w w -1

1 2

1 —t+2 2 1

__/sinw(t —x)dt + il sinw(t — x)‘ + — / sinw(t — x)dt =
-1 1

w

= lSimcu(l + ) — icoscu(t — $)‘_1 + lsincu(l —x) — lsinw(l + x)+
w w? 2w w
1 1 1. 1 2 1
t cosw(t — x)‘_l — ;smw(l —x)— Ecosw(t — :1:)‘1 = E(—cosw(l + )+

+cosw(2+ ) +cosw(l —z) — cosw(l + ) — cosw(2 — x) + cosw(l — x)) =

1
= —(cosw(2+z) —cosw(2 —x) —2cosw(l+z) +2cosw(l —z)) =

w2
= —(—2sin2wsinwz + 2 - 2sinwsinwr) = —(2sinw sinwr — sin 2w sinwz) =
w w
2 i ) ) ) 4 sin w )
= —(2sinwsinwzr — 2sinw cosw sinwz) = (1 = cosw) sinw.
2 2
w w
Orxe,

+00
4 1— i
f(x):—/ ( COS;))Smw-Sinwxdw.
T w
0

— inTerpaJy Oyp’e st 3a1aH01 QYyHKIHT. P
2.6. 3ajana dyukuis f(x) e wenapuow i obmexenor. Kpim roro f(z) e
abCOJIFOTHO 1HTEIPOBHOIO Ha BCiii jIificHiil oci 1 3a10BosbHsAe yMoBaM Jipixie. Toui

cunyc-tieperBopernsi Pyp’e 3a1aH01 PyHKIIT 00IUCIIOEMO 38, (POPMYJIOI0

b(w) = \/g 70 F(t) sinwt dt.

Orpumaemo:

5 7 U=t, dV =sinwtdt
b(w) = —/tsinwtdt: 1 =
T dU =dt, V = ——coswt

0 w
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2

2 1 2 1 2 2 1 . 2
= —<——tcoswt’ + — coswtdt) = —(——0082w+—281nwt‘ ) =
m w 0 w 7r w w 0

0

2 2 1. 2 sin2w — 2w cos 2w
= —(——6082w+—2s1n2w>: — - 5
T W W T w
— cunyc-tieperBopenns Qyp’e 3ajan0i QyHKIHl. B
, sin Bx _ ,
3.8. Dyukiia f(x) = € abCoOJIOTHO IHTErpoOBHOIO Ha IIPOMIXKKY
x

(0; +00) (mus. mpuknas 1.6) i 3agoBosbhsie ymosu ipixse. Tomi kocumyc-miepe-

rBopentst Dyp’e obUMCII0EMO 33 (POPMYJIOIO:

+o00 +o00
2 2 in Ot
a(w) = \/; / f(t) coswtdt = \/;/ smtﬁ coswt dt =
0 0

400

- \/g / 2% (sin(f + w)t + sin(f — w)t) dt =
0
+00 +00

_ ! (/wm/w@:

Vor t
0 0
1
= = (5o B +w) + S (6 -w)) =
g, Ko 3 > w,
1
:5\/§(sgn(ﬁ+w)+sgn(ﬁ—w)> = 9 % g, AKIo 3 = w,
0, aKimo [ < w.

3ayBaxkKnMo, IO INPH 3HAXOKeHHI KocuHyc-neperBoperds Dyp’e 3amganHol

dyHKIIIT, MU ckopucTajuch interpajom ipixie, a came
+0o0

D(pB) = / sinxﬁx dr = zsgm B. »

2
0

22

4.6. [l dbyukmil f(xr) = e~ 2 BUKOHYIOTHhCs BCl ymoBu Teopemu 1. Toxi 3a

dopmyiioro nepersoperds Oyp’e oTpuMaemo:

400 400
~ 1 2 1 1(.2 1 0; C N2V L 32
W) = e” T e W ]y — €—§(x +2iwr+(iw)?)+3 (iw) dr =
fw) 2T / V2T /
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400
O6uncaumo rerep inrerpan I(w) = / e 2+ gy Toni
—00
A ) Atiw
Z =T+ 1w 22
I(w) = lim e 2 gy — = lim e 2dz
A—+o0 dr = dz A—+o0
—A —A+iw

IIpoaudepentioBaBiiy KpaiiHi 9acTUHU 11€] PIBHOCTI 110 W, OTPHEMAEMO

I'(w) = lim (ze 2(Atiw)? _ joms(—Ativ)? ) = 0.

A—+o0

Bsiyicu [(w) = ¢, ne ¢ = const.

+o00 +o00
22 y2
O6uuciumo 1(0). Orpumaemo [(0) = /e_2d33 i 1(0) = /6_2dy. ITepe-
MHOXKKMO 111 piBHocTi. Toji . .
400 400 +00
1*(0) = /e_x?d:r: / _2dy = / / d:cdy

[Iepexonsgan B OCTaHHLOMY 1HTErpaJi J0 MOJAPHUX KOOPAUHAT, OTPUMAEMO

2T +00

r=rcosp, 0< <271 2
I*(0) = 4 =¥= :/dgp/re2dr:
y=rsingp, 0<r<+oo

0 0
2m 400
X o [ erae?) =2 ( B)‘+OO—2
=5 [de [ e r¥)=2m( —e , =2m
0 0
+00
Orxe, I(0) = /e‘gdx = V2m.

IToBepratounch o neperpopents Pyp’e moIaTKoOBOI (DYHKIIIT, OTPUMAEMO

N 1 w? w?
flw) = e 2 -\V2r=e 2. »

g — 2
7.2. Baysaxumo, 1o ¢ynkuis f(x) :(xQ——I—xQV € 1oxijgHow QyHKiil
O(z) = ﬁiw 10610 @'(2) = f().
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3Haifgemo Bij 00MIBOX TaCTHH OCTaHHBOI piBHOCTI eperBopentst Oyp’e. Tomi

-~ ~

Flf] = f(w) = F[®'] = iwF[®] = iwd(w).
st roro, mob suaiitn nepersopenns Oyp’e dyuxuil ¢(x) = 2ﬁ— g CloR-
x
1
TKy 3Haiiziemo nepersopenns ®yp’e Gynkil — :
¢+ 9

OckiJbKu

0
1 , 1 , :
F[6—3|x|] _ €—3|x|e—zwxdx _ ( eSxe—zwxdx + €—3z€—zwxdx) _
V2 V2

—00 0
+00 +00
—(B—w)T |00 p—(B+iW)T | 400
:L(/e—(3—iw)xdx_|_/e—(S—!—z’w)xdx): 1 (_e B—iw)z |+ > e (3+iw)z | 4 ):
V2m V2 3 —iw 10 3+iw o
0 0

1 1 1y 6

N \/%<— —3+iw+3+iw> V279 + w?)

-1 6 6 —3|z
[\/%(9+w2)} N F{\/ﬁ(9+w2)} =¥,

3BiJICcH, TIOMIHSBIINA MICIAMHU 3MIiHHI W Ta X, OTPUMAEMO

o F

—3w|

{ 1 }_ 2me
9+ 22 6

3 BJaCTUBOCTI 4 MOXKEMO 3allucaTu

F[_m}:F’{ 1 }:( 2me” >':
9 4 z2 9 4+ 22 6 w

Bl| _ V2T 3l

- (—=3)sgnwe

OcTaToYHO OTPUMYEMO, 1110

9 — 2
F{(Q-l——;)Q] = jwsgnw \/gie_gM = —\/gw sgnwe 2@ p

12.9. 3a o3HadeHHSM 3ropTKE JIBOX (DYHKIIIH 3aUIIEeMO:

=[5
=)

3BljcH

X

fi(@)* fa(x) = /f1(:v—t)-f2(t)dt:/(;c—t)sin2tdt:

0

B 1 — cos2t
N 2

sin®t
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|7 1/ f 1/
:5/($—t)(1—0082t)dt:5/(:E—t)dt—g/cos2tdt—|—§/t0082tdt:
0 0 0 0
1 2y 1 z 1 [ U=t, dV =cos2tdt
:—(xt——) — —xsin 2t +—/t0052tdt: 1 =
2 2/10 4 0 20 dU =dt, V =zsin2t
2 vl
:5-%—1xsin2x+1tsin2t0—Z/sin%dt:
0
2 1 T 2 1 1 1
:%JrgcothO:%+§cos2x—§zz($2—sm2 ). »

IaguBigyasbHI 3aBAaHHsA 10 po3aiay V

1. Possunyru B psaj @yp’e sagany dyukuio f(z), (T = 27). [obyysaru

rpadik cymMu psijty. SHAWTH 3HAUEHHsT CyMU PsIIy B 3a/@aHiil To4Il X :

x, x € [0; 7], 32 cuHycaMu KpaTHUX JIyT, To = T,
=z, x € [0; 7], 3a KocuHycaMu KpaTHux Jyr, £o = 0,
z, x € [0; 27, »y = 2,
(
—1, akmo x € [—7;0),

1, akmo z € [0;7],

)
2, akmo z € [—m;0),
5)f($):< xo =0,
—1, sakmo x € [0; 7],

\

6) f(x) = —z, x € [0; 7], 38 KOCHHyCAMU KPATHUX JIyT, Lo = T,
7) f(z) = —x, x € [0; 7|, 3a cunycamu KpaTHUX Jyr, To = T,
8) f(z) = —x, x € [0;27], xg = 2,
9) f($) =TmT—I,TEc [O;ﬂ-]?x():ﬂ_u

T, skio ¢ € [—m;0),
10) f(x) = < xo =T,

7 —x, axmo x € [0;7],

—z, skmo x € [—m;0),
11) f(z) = < xo =0,
—1, saxmo x € [0; 7],
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12) f(z) =7 — 2, x € [0; 7], 3a KOCHHYCaM¥ KpaTHUX JyT, To = T,
(
—z, skwo x € [—m;0),

13) f(z) = S xg =,
0, akumo x € [0;7],

0, skmo x € [—m;0),
14) f(x) =< xTg =T,
z, sxmo x € [0;7],

0, skumo x € [—m;0),
15) f(x) =< x9 =0,

1, sxmo x € [0;m],
)
T+ x, akmo x € [—m;0),
16) f(z) = < XTo =T,
T, akmo x € [0; 7],

T+ x, akmo x € [—m;0),
17) f(z) = < xo =0,
, akmo x € [0; 7,

xr, sgkmo x € [—m;0),
18) f(x) = < To =T,
0, akmo x € [0;m],

r, gkmo x € [—m;0),
19) f(z) = < 9 =0,
1, sgaxmo z € [0;7],

zﬂ—g,xE[O;%r],a:o:O,

) f(z)
) f(x)
22) f(z) = —7 + x, x € [0; 7], 3a cunycamu KpaTHux Jyr, To = 0,
) f(x)
) f(z)

23) f(x) = —m + x, x € [0; 7], 3a Kocunycamu Kparaux jyr, o = 0,
24) f(x) = =27+ x, x € [0;27], o = 0,
(
0, sk ¢ € [—m;0),
25) flz) = 9 xg =0,
—m+x, axkmo z € [0;x],
)
1, sk x € [—m;0),
26) f(x) = < To =T,

—7+x, akmo z € [0;7],

149
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—m —z, skmo x € |[—m;0),

27) f(z) = < Ty =T,
0, sk € [0; 7,
;
—m —z, sxmo x € [—m;0),
28) f(x) = < xo =0,
1, sk € [0; 7,
’
—m —x, akmo x € [—m;0),
29) f(x) = < xo =0,
T, sk € [0; 7,
’
—1, gakimo ¢ € [—m;0),
30) f(z) = < xog =0,

—m 4z, sxkmo x € [0;7],

\

2. Possunytu B psj @yp’e dynkuio f(z) na saganomy inrepsadi. [Tobyry-

BaTu rpadik i€l pyHKIil, a TakoxK rpadik i1 IepiojIuIHOro npoI0BKEHHSI.

1) fle)=4—z,x€(2;6), T =2] =4,

2) f(z) =a+42m, x € (=3m; —2m), T = 2] = 7, 3a KOCUHyCaM¥i KPaTHUX JIyT,
3) f(x) =1,z € (2;3), T =2l =1, 3a cunycamu KpaTHUX JIyT,

4) f(x) — 4w, x € (4m;bm), T = 2l = 7, 3a cuHycamu KpaTHUX JIyT,

5) f(z) =x+2m, x € (=3m; —2m), T = 2] = 7, 3a cuHycamu KpaTHUX JIyT,
6) f(x) =—1, 2 € (=2;—1), T =2l = 1, 3a cunycamMu KpaTHUX JIyT,

) flx)=2nr—x,x e (m2n), T =2l=m,

8) flx)=2—2,x€(2;4), T =2l =2,

9) flz)=4—x,x€(3;4), T =2l=1,

10) f(e)=o+1,ze(—2,-1),T=20l=1,

) f(x)
) f(x) —3,x € (2;4), T =2l = 2, 3a cunycaMu KpaTHUX JyT,
) fz) =2 —3m, x € 2mdn), T = 2] =2,
13) f(z) =4m — 2, x € 3m;4n), T =2l =
) f(z) =3 —=x, x €(2;3), T:2121,3a KOCUHYCAMU KPaTHUX JIYT,
) fl)=2—-2,2€(0;2), T =20=2,
) f(z)

— 3w, x € (0;37), T = 2]l = 37, 3a cunycamu KpaTHUX JIyT,
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17) f(z) = —x, x € (—27m;0), T = 2] = 2,

18) f(x) =6m —x, x € (5bm;6m), T =2l =,

19) f(x) =2 —4m, x € (4m;57m), T = 2l = 7, 3a KOCMHYyCAMU KDATHUX JIyT,
20) f(x) =—x—m z e (2m—m), T=2l=m,

21) f(z) = +2m, v € (=3m —2m), T =2l =m,

22) f(x) = —x—1,x € (—2;—1), T =2l = 1, 3a KocuHyCcaM¥ KPATHUX JIyT,
23) f(x) =242, v € (—3;-2), T =20=1,

24) f(z) =2 —2, 2 € (2;4), T =2l =2,

25) f(x)=3—x, 0 € (2;4),T=2l=2,

26) f(x) =—x—m oz e (2m—m), T=2l=m,

27) f(x) =6 —x,x € (5;6), T =20 =1,

28) f(z)=5—x,x € (46), T =2l =2,

29) f(z) =a—4,2 € (3;5), T =2l =2,

30) f(z) =x— 3,z €(2;3), T =2l =1, 3a KOCUHyCAMU KPATHUX JIYT.
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