Jlexis 24.04.2020
Yucaosi psaau

Yucnosum psioom (abO MPOCTO psidom) HA3UBAIOTH BUpa3
(0]
Uy =Uy T+ U + -+ Uy + - 1)
n=1

Ywucna uq, Uy, ... Uy, .... — HA3UBAIOTH YWICHAMU PSIAY. U, — 3aTATBHUM YJICHOM PSITY.

Psim BBaXkaroTh 3amaHUM, SKIIO BiJOMHIA 3arajdbHUN WICH PATY, BUPKCHHH SK
dyHkItis cBoro Homepa N: u, = f(n).

CyMa nepuiux n WieHiB psifly HA3UBAETHCS YACHKOBOK CYMOIO Py Ta MO3HAYAIOTh
Sp- Tooto S)y = uy +uy + -+ uy,.

PosrasineMo yacTkoBi cymu

Sl =u1,52 =u1+u2,53 =u1+u2+U3, STl =u1+u2+'"+un .
ko icHye KiHneBa rpanuilt S = lim S, mociimoBHOCTI YacTKoBUX cyM pany (1),
n

—00

TO ISl TPAHMIIS HA3UBAETHCA cymoro psdy (1), a caM psia HA3UBAETBCS 30L/CHUM.
Axmo lim S, He icHye abo lim S,, = oo, 1o psij (1) Ha3UBAIOTH PO3OIKHUM.
n—oo n—oo
Posrnsitnemo npukiiaau.
ITpuxnao 1.1. JJOCIiIHTH HA 30LKHICTE PAI

1+1+...+1+...= 3 1.

n=1

Poze’azanHa. S, =1+1+...+1=n, lim S, = lim n =« oTxe, pa1 po30LKHHH.
—_— —3»% n—»x
n J0IAHELE

Ipuxnao 1.2. JTocniaHTH Ha 30UKHICTh pAl

A ¢ | — = -
a+aq+aq’+aq’ +..+aq”" +aq” +..= Yaq™" (2)
n=]

Pag (2) HasHBalOTH TeOMETPHYHOK mporpeciero. YHcao a#(0 Ha3HBaKOTh

[IePIIHM 2IEHOM, a 9HCIO0 - 3HAMEHHHKOM I'eOMeTpHYHOI IIporpecii.

Po3ze azanna. Po3rmgaHEMO n -HY YaCTHHHY CYMY LIBOTO pAIY.

a-aq"
S, =a+aq+..+aq"" = 1-q AKIMO q #1
na. Aaxmo q =1

Mo>KJI1B1 K1JIbKAa BUNAIKIB:



1) |q|*:l, B usoMy BHNAaky lim q° =0, oTke,
lim S, = lim 224 ___2

I —#0 11— l—q :l—q.

TakHM 9HHOM, Y BHIIAIKY, KOIIH |q| <1, pan (2) 300KkHHH i Horo cyMa JOpiBHIOE

=2
1-q
2) |q|>1. B usomMy BHnmazky lim q* =, oTxe,
n—m
lim S, = lim =0 — o
n—w 11— ]—q

TaxkHM 9HHOM, Y BHOAIKY, KOITH |q| >1, pan (2) po30LKHHH.

3) q=1. B usoMy BHIIAOKY OTPHMYEMO DAL
a+a+..+a+...

lim S = lim(na)=o0, oT:ke, mpH q =1 paxn (2) po30LKHHA.

f—oo f—koo

4) q =-1. B upoMy BHIAOKY JICTAEMO PAI
a—a+a—a+..+a-(-1)""+...

S;=a,8,=0,8;=a,5,=0,...,¥y3aralbHOMY BHIIAIKY

0, K110 N mapHe 9HCIO,
a , AKIIO N HemapHe YHCII0.

OdepHiHO, lim S, He icHye, pan (2) po30LKHHH.

=

BucHoeox. I'eoMeTpHYHA Mporpecid € pAgoM 301KHHM, KOIIH |q| <1, 1 po306UKHHM, KOITH

jaf=1.

Hpuxnao 1.3. [JocniaHTH Ha 30DKHICTD pAl

1 1 1 =1
l+=+=+..+—+..=7 — (3)
2 n aoill

Pan (3) HA3HBAKOTE 2APMOHIUHLUM PAOOM.

Po3ze’azanna. Josenemo, mo pan (3) € po3OukHHM. [I14 HBOT0 3alHIIEMO N -HY

YacTHHHY CYMY pAIY IPH N = 2k,




1 1 1 1 1 1 1 1 1 1
Se=l+—+|-+— —t+—+=+=|+...+ +ot—
2 2 \3 4 5 6 7 8 21 g oE1. 5 2k

3aMiHHMO Y KOKHHX JY:KKaX BCi JOJAaHKH Ha OCTaHHiH, To0TO (l + l] 3aMIHIOEMO Ha
l+1 1+1+1+1 3aMIHIOEMO HA 1+]+]+1 i T. 4. Bix Takoi 3aMiHH a
4 4)\5 6 7 8 8 8 8 8) o
S, 3MEHIIyeThCA, OTKe, ClIpaBelTHBa HEPIBHICTh

1 (1 1) {1 1 1 1) 1 1 1
Sy >l4+—4+|—+—|+|—-F+—-+—+—|+...+ S el b
- 2 4 4 &8 8 8 8 2- 2 2

1 k
ld=t=+.+==14+—
2 2 2 2

K
lim [1 + E) =o0, OT&e, lim S =<0, 3BLOKH BHIUTHBAE, 110 TAPMOHIYHHH pAl

k—m =

PO3CLKHHHE, TOMY IIO S, <8, <...<8_ <...

OCHOBHI BJIACTHBOCTI YHCJIOBUX PAdiIB
Teopema 1. JogaBaHHA a0o BIOIKHIAHHA B pALy

u1+u2+...+uﬂ+...=£uﬂ (1)
=1
CKiHYEeHO1 KITBKOCTI 4ISHIE He BIUTHBAE Ha 30UKHICTE PALY.
Teopema 2. fxmo pan
Uy +U, +... 0+ (2)
301iraeThbcd i HOro cyma JOpIiBHIOE S, TO pAl
Cly +CU, +...4+CU, +... (3)

e ¢ - Oyap-fAke QiKCOBaHE YHCIIO, TaKOXK 30iracThcA 1 HOro cymMa JOPIBHIOE CS.

Hoeedenna. HexaH S, - n -Ha 9acTHHHA cyMa pAny (2), ¢, - N -Ha 9acTHHHa
cyMa pany (3).

G, =CU; +CU, +...+cu_ =c(u,; +u, +...+u_)=cS_,

oTke, lim ¢, = lim ¢S, =c lim S, =c¢S, mo i noTpidHO 6y10 JOBECTH.
n—oo n—oo n—so



Teopema 3. Aximo pAgH

Uy +0, +... 40, +... 4)

Vi+Vy L HV (5)
36iraroTbcA i MarOTh BLOMIOBITHO CYMH S 1 S, TO pAIH

(uy+v)+(u, +vy )+ +(u, +v, ) +... (6)
(uy=vp)+(uy, =vy )+ +(u, —v, ) +... (7)

TAKOX 20iraloThcd 1 MalOTh BIIMOBIIHO CYMH S+ S Ta S—S.

Hoseoenna. Hexal S, =u, +u, +...+u_, S =V, +V, +...+V_,

G, =(u+vy)+(uy +vy)+...+(u, +v, ). MaeMo piBHICTB
6, =(U;+uy +.. 40 )+ (V; +Vy +..+V_ )=S_+S_,

orTke, lim o, = lim(S, +S,)=lim S, + lim S, =S+5S.
fl—»oo fn—»o0 n—so f—»

AHAIOT{4HO JOBOIHTBCA, IO PAA (7) CXOTHTBCA i Mae cymy S—S.
Hexaii pan
Uy +0, +... U+ (8)

30iraeThcA 1 Mae CyMy S. n -M 3a1uxom pady (8) Ha3HBAIOTh BETHIHHY

r,=5S-S,=u,,,+U,.5 +....0deBHAHO, lim r, = lim (S—-S_)=0. Benn4nHy r,

n—»o0 n—»oo
MOKHA PO3IIIANATH AK CYMY pAdY., AKHH YTROPKOETHCA 13 BHXITHOTO pany (8) micid
BiIKHIAHHT MEPIIHX N Horo wieHiB. To4He 3Ha4YeHHA r, . 4K IIPABHIIO, 3HAHTH BaKKO.
Ane B Gararb0X BHNAJKAX (HAIIPHKIAI, IIPH 3aCTOCYBaHHI pAdiB 0 Ha0IHKeHHX

o04HC/IeHb) Ba#/IHEO BMITH OLIIHIOBaTH BeIHIHHY |1, /=[S —S_ |, AKa MOKa3ye, 3 KO

TOYHICTIO JACTHHHA CyMa S, BH3Ha4dae cyMy S pany (8).



HeoOxinHa o3Haka 30i»KHOCTI YMCTI0BOTO PSAAY

TeopeMma. AxRmo pan

Uy +U, +... 40, 4. (1)

30LKHHH, TO limu =0.

n—=w
Hoeedenna. HexaH paz (1) 30LKHHH 1 Horo cyMa JopiBHIOE S. PosrimAHeMoO HOTo
JacTHHHI CYMH
S, =4 +uy+..+u, 4, S, =Uy+U; +.+U UL
ScHo, mo u, =S, — S, _;, KpPIM TOr0, KOTH N — %0, BeIHYHHA N —1 TeXK € HeCKiHYeHHO

BENMHKO: N —1 — 0. OTKe,

lim u, = lim (S, -S, ,)=lm S, —limS_, =S—S=0,

1 —»o0 n—x 1—o f—»x0

o i Tpeba 6y1o JOBECTH.

Hacaigok (nocTaTHs o3HaRa posdikaocTi pagy). Axmo lm u, #0, 10 pan

n—sx

Uy +U, +...+U, +... pPo30LKHHH,

3aveaxcexna. SIKIO BCTAHOBIEHO, IO lim u_ # 0, 10 pax (1) po3GLKHHH, ate 3

n—sx

TOro, o lim v, =0, IIe He BHIUTHBAE 30LKHICTE ALY — pAd MOke OYTH AK 30LKHHM,

f—»x

Tak 1 po30LKHHM.

1 2 3 n
Ipuxnao 3.1. PoarmadgeMo —+—=4+—=+..+ +.
P PMS 5 7 2n +1

n . : n 1 - i o

u, = . lim u_ = lim =—# 0, oTKe, 3aJaHHH pAd po30LKHHH.
2n+1 n-oe ns»eln+]l 2
. 9 1 1 1 1
IMTpurxnao 3.2. Po3raHEMO TapMOHIYHHH pAT 1+E+§+—+...+—+... L, =,
n n

. .1 . .
11111 11rl = llm —=0 . OT3EE, OJ1A FﬂpMﬂH.l‘ﬂIDl"D pH,E[}' EHKGHFETBCJI I-IEDﬁXL']]{EI O3HaEa
fn—»w n—= Il

30LKHOCTI, ajle pAd NPH BOMY € po30LKHHM, AK MOKa3aHo B maparpadi 1.1.



JlocTaTHi 03HAKW TOPIBHSHHS YUCJIOBHUX PSIIB 3 JOJIATHUMH YJICHAMHU
Hexali panx

U +U, +. 40+ (1)

Vi+Vy+...+V, +... (2)
MaroTh HEBi'€MHi 9IeHH, To0TO AnA Beix n u, =20 i v, =0. Taki pAaaH Ha3HBAaIOTh
3HAKOO0OAMHUMU.
Teopema 1. SIKmo 14 BCiX n =12,... CrpaBe/UIHBa HEPIBHICTh U, <V _ 1paa(2)
30LKHHH, TO H paa (1) Tex 30UKHHH.
Teopema 2. SIKmo 14 BCiX n =12.,... crpaBe/UTHBa HEPIBHICTh U, <V _ 1paa (1)
PO3GLKHHH, TO H pax (2) TeK po36LKHHH.

Teopema 3 (rpaHHYHA 03HAKA NOPiBHAHHA). SKINO 3a1aHO IBa PAIH

Uy +Uy +. U, +o

Vi+Vy o +V, +.. ,

2 > . u A
ATABCIX 11 U, 20,\"n >0 1 BHKOHYETBCA YMOBA hm—"=r,0<r<oc,rompm
n—-xoV
1

0HO4YacHO 3014Hi a60 po30iKHI.
Saveancenna 1. TeopeMH 1-3 MOXHA 2acTOCOBYBATH i TOHNi, KOMH IX VMOBH

EHKOHYHOTBCA HE OTIA BCIX HGMEPiB Il . & IOYHHAKYH 3 JSAKOI 0 HOMEpa 11 = N.

3ayeaxcenna 2. TIpH OOCHiCKeHHA pANiE 2a JONOMOIOK PO3IIAHYTHX O03HAK
Tpefa CcaMOCTIHHO CK/IACTH JONOMIKHHH psAld, BiJHOCHO SKOIO 3a3Janerilk BiIOMO
300KHHH BIH 49H po30i#HHH, abo K IeH pan OLIbIN 3py4YHHH T4 JOCHLUTKSHHA (Mae
Oinem mpocTHH BHIIAN). HaldgacTinme NIpH 2acTOCYBaHHI TeopeM 1-3 MNOpIBHIOKTE

- . = . =1
3ATAHHH pAO 3 TApMOHIMHHM DATOM Z— . y3araalbHECHHM TapMOHIYHHM DATOM Z _P
n=111 n=111

(Horo mocmim:xeHHA OyIe MpPOBedeHO Y HACTYIHHX po3dirax), afo 3 reoMeTpHYHOIO

mporpeciero E aq” .

n=1



Ilpuxaao 4.1. JJocIioHTH Ha 30UKHICTE pAl

1 1 1
— —+...+— + ..
1-3 4.3° n--3"
1 1 5
Po3e’azanHa. MaeMo HepiBHICTB <—.n=012...Pan Z—— E[ 1
n*.3" 3" n=13"  a=\3)

. " N _— 1
301KHHH, TOMY 110 LeH pAl € FeOMeTPHYHOIO MPOrpeciclo i 3HAMEHHHKOM = 3 <1.

OTxe, 3a0aHHH pAd 30UKHHH.

ITpurnad 4.2. JIocniaHTH Ha 30LKHICTh pAl

Z a.rctg -
=1

, 1 1

Posze’‘azayna. Maemo u, = arctg —. IlosHauHMO Vv, =—. 3HAXOOHMO TPAHHIIIO
n n
HacTKH U, /V
1
arctg — -
lim =& = lim —— =1+ 0. Ockintbkn rapMoHiYHHE paa 3 — po3GixHHIA, TO
fi—rw ‘ly’ fl—»0 4 a=111
n

1 3a7aHHH pAL po30LKHHH.

O3naka /I’ Anambepa
Teopema. HexaH MaeMo pAd 2 J0JaTHHMH WieHAMH

>u,., u, >0, n=12.. (3)

n=1

Sxmio icHye rpaHHIA lim Yntl _ =a, TO

f—»o0 ]_lﬂ

1) paa (3) 30uKHHAH IpH o <1;
2) pan (3) po3OLKHHH IpH o > 1.
3ayBakeHHsI: K0 o=1, To 03HaKa /[’Anambepa He mae BIAMOBII MO0 301KHOCTI

psany. Psan moxe OyTu sk 30DKHHM, Tak 1 po30DKHUM, TOMY Y LbOMY BHIIQJKy CIiJ
3aCTOCOBYBATH 1HII O3HAKH.



ITpuxnao 5.1. JJocnioHTH Ha 30LKHICTE pax
3 4 5 n+l

24—t —t =t .
21 3! 4 n!
Pose’ 3 * AmamGepa. Ma _n+l
036 ‘A3aHHA. 3acTocyeMo 03HaKy |’ AmamGepa. Maemo u ==
- n+2
e
1 2 F - -
tim 22l im n+2 n! — lim (n+2)-1-2-3-...-n _
n—sw U, a==(n+1)! n+l ns-==(n+1)-1-2-3-..-n-(n+1)
P
im—0*2 ooy
n—e(n+1)(n +1)
OT:Ke, 3a0aHHH pad 30UKHHH.
IMpuxnao 5.2. JJoCIiIHTH Ha 30UKHICTE pAl
1-2 1-2-3 n!
1+—+ +...+—+
9 n*
n'

Poze’q3a1HA. 3acTocyeMo 03HaKy " Amambepa. MaeMo u, = —,

¥

_ (n+1)!

_..]_ .
! (n 4—1)2

| Ll 2
tim 22l _ fim (n+1)._n_:]jm(n+1) n°_ . n_

n—se U n— (1 _|_1)2 n' now (n _|.1)2 e n+1l -

OTxe, 3a0aHHH pAd po30LKHHH.

Ilpuxnao 5.3. PO3rmaHeMo paa

1 1 1 1
- - Fo ...
1-2 23 34 n-(n+1)

3actocyemo o3HaKy J[’anambepa. Maemo

1 1
U, =—,u_ ., = .
" nn+1) Y (n+1)(n+2)
U,y 1 1  nn+l) n

u =(n+1}(n+2):n(n+l) B (n+1)(n+2)_n+2 i

n

. u . n
lim —2*L = lim —— =1.
n—e U n—w il + 2

OszHaka [’ AnamGepa He Jae€ BiOIIOBiI1 Ha IMHTAHHA [IPO 30LKHICTE PALY.



PagnkanbHa o3Haka Konri

Teopema. Hexal MaeMO 3HAKOJOJATHHH pA

>u,, u,>0, n=12,... (4)
=1
Sxkmo icHye rpaHHug lim §fu, = o, 10
=0
1) pax (4) 36ixuuii npa o <1;
2) pan (4) poaGiskHmMiL mpH o >1.

3ayBakeHHS: K110 o=1, To 03HaKa Kol He gae BiAMOBII 10710 301KHOCTI psy. Psin
MOe OyTH SIK 301KHUM, Tak 1 po301’KHIUM, TOMY Y IIbOMY BUMAJKY CJIiJ] 3aCTOCOBYBATH 1HIII
O3HaKH.

Ipuraao 6.1. JIOCIiOHTH Ha 30LKHICTE PAI

2 . n T
4+...+5m —+...
n

sin T+ sin

Lo |9

H L g i |
Po3eé ’a3anxA. 3acTOCyeMO 03HaKy Komni. Maemo u, =sin

==

. . . aT® . . W y . -
lim gfu, = lim 2/sin® — = lim sin— =0 <1, oTxe, 3aIaHHH pA7 201KHHH.
n

11— f1—»>0 11— 11

g

(n + l)n
ITpuxnao 6.2. JJoCIiIHTH Ha 30LKHICTE pAX n—n
=1 2

Po3ze’azanya. 3actocyeMo o2Haky Komri. Maemo

-

(n+1)ﬂb
n
u =

OTIKe, 3aJaHHH pAd Po30LKHHH.



InTerpanbha o3naka Komi

Teopema. Hexat dyHriiga f(X), BH2HAYEHA HA ONPOMDKKY [L+20), € IOOaTHOMO i

+0
HE3POCTAlOY0K0 Ha HbOMY mpoMizkky. Tomi HeBiacHmi iHterpan |[f(x)dx 3GimmHmit
1

(po3GiHHH) OJHOYACHO 13 3HAKOJAOJATHHM YHCIOBHM PAIOM
>fn)=f(1)+£f(2)+...+f(n)+... .
n=]
IMTpurnad 7.1. JJocTioHTH Ha 30DKHICTE PAT

14 - 14 - 14 +ot 14 -
2In"2 3In"3 4In" 4 (n+1DIn"(n+1)

Po3ze ’a3anHA. 3acTOCYEMO iHTerpalbHy 03HaAKy Ko

1 1 1
— f(n)= f(x)=
" (m+Dn*(n+1) ) )

u = , = .
(n+DIn*(n+1) (x+DIn*(x+1)

@yHENiA f(X) € momaTHOK 1 HEe3poCTardor Ha [L+o0), OT:Ke, BHKOHAHI YMOBH

IHTerpaabpHO1 03HaKH Kormi.

N 4+ dx }':]ﬂ(X+l); X3=Lwvg =In2
f(x)dx = = 1 =
{ { (x+DIn*(x+1) |dy =md}a; X; =Ay; =In(A+1)

In(A+D) g, 3

A _
A-otm s y A=t —3

In( A+1)
. 1 1 1
= l]_In — — + 3 = 3
i3 A-+=l 3In°(A+1) 3In°2) 3In°2

F

TakuM 4YHHOM, HEBJacHHH iHTerpan 30LKHHH, TOMY 3a oO3Hakow Komi-

3aJaHHH pAg TaKOXK 30iracTecA.

Ipurxaao 7.2. JOCTIHTH Ha 30UKHICTE pad

1+i+i+...+L+...=ZL. (5)
2P 3f n® a=1n"
Posze’azanua. Axmo p =1, 10 pand (5) NepeTEOPHOETLCA B TADMOHIYHHH pan 3 —.

n=1

AKHH € PO30LKHHM.



Axmo —w<p <0, 10 jiﬂ}ﬂuﬂ =r}i_I}I:DH—P=+DC-:GI}KE:}’EBDM}’E}ﬂIﬂDI}'H.HpﬂJ}’

(5) He BHKOHYEeTBCA HeoOX1qHa 03HaKa 30LKHOCTL, TOMY pal € po30LKHHH.

[TIpr p =0 pan (5) nepeTBoproeThed Ha pAd 1+1+... +1+... . AKHH, 049€BHIHO, €
PO36LKHHM.

Hexait terep p € (0]1) U (L+=0). Poaraauemo dyumito f(x)= ip . @ynruia f(x)
X

: 1
€ JOJATHOK 1 HE3pOCTar40K Ha [L+w0), f(n)=-—=u . OmKe, BHKOHAHO YMOBH

IHTerpaabHO1 03HakH Kot

A
® 1 A _xP AP
| —dx= lim [—dx= lim = —_—
1 xP A—:-+::.1XP A—>+x.1—p1 As+o 1—p

+0o0, Armo 0<p <1,

1
———, 4Kmo p >1
1-p

TakHM 9HHOM, HEBIIACHHH iHTerpan 30iraeTbcd, KOMH p >1 1 po30iraersca, KOIH

0 < p <1. 3rigHo 3 o3HaKow Komi-MakmopeHa paa (5) Tako:k 30iraeTbes, KOMH p >1. 1

po3biraeTecs, komH 0<p<1.

o

pax > — 30iraeThcd, KOMH p > 1, 1 po30iraeTscd, KOMH p <1.
n=I111

Bionoegion:

o
SaveaxceyqHa 1. Pan Z—P HA3HBAKOTh V3A2aTbHEHUM 2apMOHIYHUM padou. Lled
n=111

pAd YacTO BHKOPHCTOBYHOTh Yy AKOCTi JONOMUIKHOIO pAIy IPH JOCILUTKEeHHI Ha

30DLKHICTE PAIIE 2a JONOMOIOK 02HAK MOPIBHAHHA.



3nakonepemixui psau. Teopema JleiiOHNIA

Pan, B AKOIO 3HAKH WIEHIB CTPOr0 4epryloThed, Ha3HBAKOTE 3HAKONEPeMINCHUM
paocom. Hagami JOMOBHMOCS, IO MEPIIHH “IeH 3HAKOMEPEMIKHOIO PANY € DOJaTHHM,

TOJ1 3HAKOIEPEM KHHH pAd Mae BHILA]
n-1
U —Uy +Ug +...+(=1) u, +...,
Jeu, >0, n=12,...

J14 3HaKoNepeMbKHHX PAIIB Mae Miclle HACTYIIHA JOCTATHA O3HaKa 30DKHOCTLL

Teopema JleOHina. SKio B 3HAKONEPEMIKHOMY PAIi
Z(-D"u, M
n=1

1) u, z2u_; mmEBcix n=12.... ;

2) limu, =0,

f—»oo
TO TAKHH pAn 30iracTecd, 1 HOro cyma S 3aJ0BONIBHAC HepiBHOCTI 0 =S =u,.

Ipuraao 8.1. JIOCIIOHTH Ha 30LKHICTD pAd

Po3ze’azanHa. JlaHHH pAd € 3HAKONEPEeMUKHHM. [IepeBIpHMO YMOBH Te€OpEeMH

N 1
JlenGHia. u, =—,

=

1 1 1
1) 1>=>=>..>—=>..,
2 3 n

2) limu, = lim +=0.

fi—»o0 n—sx= 11

TaxkHM 4HHOM, 3TiAHO 3 Teopemoro JIeHOHINA 3a0aHHH pan 36iracTecA.



3HaKko3MiHHI psigu. YMOBHA Ta a0COIHOTHA 30iKHiCTH

YucnoBuii psij, YWIEHH SKOTO MOXKYTh OyTH SIK TOJTATHUMH, TaK 1 BiJl'EMHUMH,
Ha3UBAIOTh 3HaKo3MiHHum. Hanpukian,

3HaKOMEepPEeMIKHUN PsI/l € OKPEMUM BUIAAKOM 3HAKO3MIHHOTO PSY.
Po3ri1aHeMO JOBUIEHHH 3HAKO3MIHHHH pAl

oo
U, =u +uy L+
n=1
YTBOPHMO pAZ 3 MOIYIIE WIEHIE JaHOTO PALY:

=]
Zlu, [=u [ +uy [+ u, [+
=1

Teopema. Sxkmo pan 3 |u, | 30LKHHH, TO 1 pAI X U, TaKOX € 30LKHHM.
n=1 n=1

ITpurnao 9.1. JIOCIiTHTH HA 30LKHICTE pAl
2D
z

n=l 11

Posze’azanna. CraageMo paa 3 MOAYIIIB WIeHIB 3aJ1aHOT0 pAIy

=1 1 1
==l
ﬂ=1né Hz_, 34. nx.,

" . =1
Llen pan € ysaralbHEHHM TapMOHIMHHM pAIOM. 2>1, OTKE, pal 2 —

n=111
30iraeThCA, a TOMY 3aJaHHH PAI TAKOXK 30iracThed.

[+ =}

O3HayexHA. 3HAKO3MIHHHH pAl Y U Ha3HBAIOTh AOCOMIOMHO 30IHCHUM, AKIIO
n=]

==}
pan > |u, |, cKIameHHH 3 MOIYMIIB HOTO 9IEHIB, € 301KHHM.
=1
3 HaBeleHO! BHINE TEOPEeMH BHILTHBaE, IO KOo:keH abcomoTHO 30UKHHH pan €

0JHOYAacHO 1 30uKHHM. IIpoTe He KOMeH 30DKHHH 3HAKO3MIHHHH pAld € abCOmOTHO

301KHHM, 10 MATBEPIKYETBCA HACTYITHHM IPHKIAI0M.



Ipurnao 9.2. Posrmanemo pax > (-1 l Sk Oymo mokazaHo v §1.5, meH pax
n

n=1

. . i 1 1 =1
30iraetbed. CrIageMo pAd 32 MOIVIIE 9ISHIE IBOTO PALY: 1+:+§+... =2 — . 1e
a n=1ﬂ

TapMOHIYHHH pAd, AKHH, AK BigoMo, € po30LKHHM. TakHM YHHOM, 3aJaHHH pAd

30iraeTbCA, ale NpH UEOMY pAd, VIBOPEHHH 3 MOIVIIE HOTO WIeHIB, po30iracTecA.

o0 oo
O3xayexHA. SIKINO 3HAKO3MIHHHE pAn > u  30DKHHH, a pag > |u, |, CKIaJeHHH
n=1 n=1

o

3 MOZY/IiB HOTO WIEHIB, pO30LKHHH, TO pAd D U, HASHBAIOTH VUMOEHO 30IHCHUM.
n=]

o - 1 .
HampHkiaz, 3Hako3MiHHEA pag 3 (—1)" — € YMOBHO 30DKHHM.
n

n=1

ITpurnao 9.3. JIOCIiTHTH HA aGCOMKOTHY Ta YMOBHY 201KHICTE pal

—£+E—l+...+(—1]“ L
5 7 3 in+3
a 1 . n 1 .
Poze’azanna. Maemo u, =(-1) . lim =—=#0, omke, limu_#0.
n+3 n-=ln+3 2 n—®

Jdnd 3agaHoro pAdy He BHKOHYeThCA HeoOXidHa oO3Haka 30DKHOCTI, OTHe, paxd

po30iraeThea.



[Tpaxtruni 3aHATTS 3a Temoro jekiii (24.04.2020, 27.03.2020, 30.04.2020)
YucsioBi psigu

JI1s1 301KHOCTI YUCIIOBOTO PsiTy HEOOX1IHO, 1100 HOro 3arajibHUN YieH IPsAMYBaB 10
HYJIs, KOJM N HecKiHdeHHO 3pocrtae. ToOro, sAkmo psag 36iraerbcs, To lim u, =0

n—-oo

(HeoOxiHA 03HAKa 301KHOCTI YMCIIOBOTO PSAY).
Aune He HaBnaku: ko lim u,, = 0, To He MOKHA 3pOOMTH BUCHOBOK, IO PsIJT 000B’I3KOBO

n—oo
30iraeTecs: BiH MOXe, SK 30iraTuch, Tak 1 pos0iratuck. ToOTO 1 O3HAKAa € JIHIIE
HEOOX1HOI0, ajie He € JOCTaTHHOIO JIJIS 3015KHOCTI.

Sxmo lim u, # 0, To psa po30iraeTbes (HocTaTHS 03HAKA PO3OIKHOCTI YHCIOBOTO

n—-oo
pany).

3aBaanns 1. locaianTu Ha 301KHICTH YUCIIOBI PSIU.

(00
) 3n+4
a —
5n—-1
n=1
Po3B’sa3anns. [lepeBipuMo BUKOHAHHS HEOOX1THOT O3HAKU 301)KHOCTI psiLy
I I 3n+4 I 3n £0
imu, = lim ——= lim — == .
nso " nsobn—1 nowbn 5

Ockinbku lim u,, # 0, To psin po30iraeTbes.

n—oo
) D gwonts
) 2n2 —n+5
n=1

Po3B’si3anns. [lepeBipuMo BUKOHAHHS HEOOX1THOT O3HAKU 301)KHOCTI PsIIy
. . n? 2
rlll—r>{>loun - Al—{{}OZnZ —n+5 noo2n? 2
Ockinbku lim u,, # 0, To psin po30iraeTbes.

n—->oo
(0e]

I

n=1
Po3B’sa3anns. [lepeBipuMo BUKOHAHHS HEOOXI1THOT O3HAKU 301)KHOCTI ALY
I I (n + 4)" e = 1 (1 N n+4 1>n
noe = e \n—1) T = oo n—1 B
_ n+4-—n+1\" 5 \"
:11m<1+ ) =]1m(1+ ) =
n-oo n—1 n-oo n—1
n-1 5
5 \ 5 n-i" sn
= lim (1+—) = lim en-1 =¢e®> # 0
n—-oo n—1 n-oo

Ockinpku lim u,, # 0, T0o pan po30iraerbes.

n—->oo



JocTtaTHi 03HAKM 30iKHOCTi PSAAIB 3 10AATHUMH YWIEHAMU

O3Haky NOpPiBHAHHSA
Ilepma o3HaKka NOpiBHSAAHHA:

o0 o0
Hexaii nanu 1Ba psau Zan Ta an , mpudomy A Bcix N> N ap <bg. Toxi:
n=1 n=1

o0 (e8]
a) 31 301KHOCTI psITy Z b, BHIUIMBaE 301KHICTH PSITY Zan ;
n=1 n=1

o0 o0
0) 13 po301KHOCTI pALY Z ap BUIUIMBAE PO3OLKHICTD PALY Z bp, -
n=1 n=1
JIpyra o3Haka nopiBHSIHHS (epanuuna ¢popma 03HaAKU NOPIGHAHHSL):

o0 o0
. . a
Hexaii fanu 1Ba psan Zan Ta an ,ficaye lim —0 =L (L#0,L # o),

TOJ1 00MIBA PSIAM 301rat0ThCsl a00 pO30IraroThCA OJJHOYACHO.

[Ipu 3acTocyBaHHI O3HAaK MOPIBHSHHS PN, IO JOCHIKYETHCS Ha 301KHICTS,
MOPIBHIOETHCSA 3 eMalOHHUM psO0OM. 3a €TAIOHHI PAIA 3a3BUYall MPUIMAOTh:

o0

: 1 : . :
v’ y3arajbHEHUN FapMOHIYHUIN P ——|, mo 30iraeThcs pu P >1 1 po30iraeTbes

Y
- N

n

npu p <1,

) . 301ra€Thesl, SIKIIO |q| <1,
v’ psii FEOMETPUYHOI IIPOrpeCii; Zaq - .
= po3GiraeTses, skwo |q| > 1.

3aBaanns 2. locaiauTu Ha 301KHICTh YUCIIOBI PSIU.
(0]

Z n
a) n2+5

n=1
Po3B’si3anns. HeoOxinHa o3Haka 301KHOCTI BUKOHY€EThHCS:
_ _ n .on 11
limu, =lim ———=1lim—=lim—=—=0
n—oo n-on?+5 n—oo N2 n-on (o%e}
3acTocyeMO JOCTATHIO IPaHUYHY O03HAKy MOPiBHAHHS. OCKIIBKU
n n 1
Uy = ——— ===,

n?+5 n? n



. . . . . 1
MOPIBHIEMO JaHU Pijl 3 pO30I1’KHUM FapMOHIYHUM PSIIOM g = -
n

S u,  n-n - n?
lim — = lim —— = lim — =1 (# 0,# o ).
n-oo Uy, n-oo nN“ + 5 n-oon

OTxe mi psau MOBOAATH ce0e OHAKOBO, TOOTO 3aIaHHUM PSIJT TAKOXK PO30ITaETHCS.
(0]

6 2 e
) n3 + 2

n=1
Po3B’si3anns. HeoOximHa o3Haka 301)KHOCTI BUKOHY€ETHCS:

. : . . 1
ggrgoun—ihrgom— lim — = llm——g—O.

Ock1inbKu
n n 1
u,, =——~— = — =7
" n34+2 nd nZ2 "
. - w 1
3acTocyeMO Ieplly 03HaKy MOPIBHAHHSA 31 301KHUM PSIIOM ).y . (p>1).

n n 1

Uy =—F——=<V, =—=—.
" ond3+2 " nd n?

Ockunbku Uy, < Uy, TO 3aIaHUM PsiJ] TAKOXK 301raeThCsl.

Osnaka /I’ Anamo0epa

Hexaii 11 3HaKoCTaN10r0 psAAY ICHY€E TPAHULS YaCTKU

. Un41
lim =
n—oo un

toai: mpu p <1 psa 30iraerbest; npu p > 1 psg posOiraeTses; npu p = 1 o3HaKa
Janmambepa HenpuaaTHa.

)

Ha mpakruri o3naky JI° Amambepa AOIIBHO 3aCTOCOBYBATH 0 PS/IIB, WICHH SIKHX
MICTATh (paKTOpiaiv, TOKa3HUKOBI (DYHKIII].

3aaanns 3. J{locaiauTu Ha 301KHICTH YHCIIOBI PSIIH.

(0e]
3n+1
47’1
n=1
Po3p’si3aHns. Y 3arajbHUN 4WIEH IOTO PSIY BXOJIUThH MOKAa3HUKOBAa QyHKIis 4",
TOMY JIOIIJILHO 3aCTOCYBaTH J0CTaTHIO 03HaKy JI Anambepa:

a)

3n+1 3(n+1)+1 3n+4
Un = 4—11; Unt1 = gn+1 = 4n+1
_ Upyr . (Bn+4)4" o @Bm4ar 1
lim =

= lim = lim—=-< 1.
noo U, n-oo4"1(3n+1) now4-4"(3n) 4
OTxe, 3amaHuii psij 301ra€ThCesl.



(00]
n!
6 Z
) n? +3
n=1
Po3B’sizanHsi. Y 3araipHU WICH IMHOTO PSIAY BXOAUTH nN!, TOMy JOIUIBHO
3aCTOCYBaTH J0CTAaTHIO 03HaKy J[ Amambepa:

_onl _ (n+1)!
n =3 M T D2+ 3
CUpyr . (+DIMP+3) -+ 1)n® B
i T T D AT g Am D) = >1

OTxe, 3a0aHui psT po30IraeThes.
PagnkanbpHa o3Haka Konri

Hexait 11 3HaK0CTaNIOrO psifly 1CHY€ TPaHUIIA:

lim W =D,

n—-oo
toal: ipu p < 1 psia 30iraerbest; npu p > 1 psag posoiraerses; npu p = 1 o3Haka Kol
HEIpUAaTHA.

PanukanbHy o3Haky Kol 3py4HO 3aCTOCOBYBATH, KOJU 3arajibHUM WIEH ALY MA€ B
CBOEMY CKJIaJll TTOKa3HUKOBI (PYHKUIi BIJI N, 3 SKUX JOCHTh MPOCTO JOOYBAETHCS KOPIHb
N - ro CTENeHs.

3aBaanns 4. JlocnianuTu Ha 301KHICTH YUCIIOBI PSIIN:

(00
) 3Gy
a —
4n -3
n=1
’ v 3n+1
Po3B’si3anHs1. 3arajibHUI YJieH sy € N-M CTeTeHeM Apo0y 23> TOMY 3aCTOCYeMO
paaukagbHy o3HaKky Kori:

lim ’{/u—n = lim

n—-oo n—-oo

n

=lim——=1lim—=-<1.

n-»o4n—3 n-owd4n 4

(3n+1
4n — 3

)n_ 3n+1 3n 3

OTtxe, 3aMaHuil psAl 301TAETHCS.
oo

, n
O ) s g

n=1
Po3B’sa3aHHs1. 3aranbHUil WICH PsIy € CTENEHEM 3 IMOKa3HUKOM N BHpazy Sin

4n2+1’
TOMY 3aCTOCY€EMO paauKaibHy o3HaKy Korri:
. o n . ...n . .n o1
lim {/u, = lim [sin® ———= lim sin———— = lim sin— = lim sin—— =
n—oo n—oo 4n+1 noe0 4n+1 n-oo  4n n-co  4n
=sin0=0<1.

OTxe, 3amaHuii psij 301ra€ThCes.



(e0)

n—2
0 2 ()

n=1

Po3p’si3anns. 3aranbHuil WieH paay € (N—2)-M CTeleHeM BHpasy —

3aCTOCYEMO paJuKaibHy 03HaKy Kori:

n—-2 n
o n(5n+3>"_2_1_ <5n+3>T_1_ (5n>ﬁ_l_ (5)1_5>1
noe VI =000 \Zn+2)  Talbe\an+2)  Tatelzn) TRle\2) T2

OTxe, 3a0aHuil psT po30iraeTbes.
O3naka JledOHuns

K0 17151 3HAKONEPEMIKHOTO PSIAY

n=1

BHUKOHYIOTHCS JIBi YMOBH:
1) lim a,, = 0;

n-oo
2) a, > ay4q1, 008 Bcixn = 1,2, ...,

TOJI LEH Pl € 301KHUM.

SIK1110 30iraeThCst psil, CKIAICHUHN 13 MOIYJIIB WICHIB JAHOTO PSIY, TOOTO PSA Yopeq Ap
€ 30DKHHMM, TO caM psia Y.n—1(—1)"a,, Ha3uBaeThCs aOCOTOTHO 301KHUM.

SIKIIO PsII 3 MOAYMIB Ypeq A, PO30Iracthcs, a cam psinm Y..—;(—1)"a,, 30iraerscs,
TOJl BIH HA3UBAETHCS YMOBHO 301KHUM.

Buxonanus o3naku JleiOHuUISI rapaHTy€e HE a0COJIIOTHY, a JUIIE YMOBHY 301KHICTb

pagy.
3aBaanns 5. J[ocaiauTu Ha yMOBHY Ta aOCOJIFOTHY 301>KHICTh YHCJIOB1 PSIIN:
Ry
a — —————
3n2+1
n=1

1
Po3p’si3anns. CkiaaemMo psj 3 aOCOJIOTHUX BEIUYUH Z;‘{;lm. Bukopucraemo

O3HAaKy MOPIBHSHHS

: 1 : o o 1 _
Ockinmpku S271 "~ 2 TOPIBHAEMO 3i 301KHUM PSIJIOM Y opeq —~ p=2>1).
1 - 1
Up =<V, = —.
" 3n2+1 " n?

OckinbkH Uy, < Uy, TO PSI 3 MOJYJTIB 301raeThCsl.
Takum unHOM, TaHUI 3HAKONIEPEMIKHUH pAJl 30ira€Tbess aOCOIIOTHO.



(e0)

2n
6) Z(_l) RN R

n=1

2n
Po3B’si3anns. Cxiaagemo psiji 3 aOCOMIOTHUX BEIUYHH ),y —————.
(n+1)(n+4)

2n 2n 2

OckiJIbKU D W MOPIBHSAEMO 3 PO30IKHUM TapMOHIYHHMM PSIIOM

w 1 : :
Y1 -~ (p = 1) . Buxkopucraemo rpanndny GpopMy 03HAKH TOPiBHSIHHS

2

lim 22 = i 2n -n lim 2 = 2 (£ 0, o )
—_— = — _— oo ).
oo vy, o (n+1D(n+4) oo 12 ’

Takum guHOM, PsiT 3 MOAYJIIB pO30iraeThes.

) ) . o n 2n ..
JlocmiIuMO 3HAKOMIEPEMDKHUH Pl Y p=q(—1) DD Ha YMOBHY 301KHICTB 3a
03HaKo10 JlernoHuUIS.
. . 2n . 2n . 2
1) lim a, = lim ——— = lim — = lim = = 0;
n—-oo n—ooo (n+1)(n+4) n—-oo n2 n—-oon
2n 2(n+1) _ 2n+2

2) , 0Jid Bcixn = 1,2, ...,

N (n+1)(n+4) M1 (n41)+1)((n+1)+4)  (n+2)(n+5)
Takum ymHOM, MaHUU psii 30iraeTbes, aje, OCKUIBKU PsJi 3 MWOro aOCOMIOTHUX BEIUYHMH
po30iraeTbesi, TO 1151 301KHICTH YMOBHA.

3asoanHs 05t camocmitiHo2o po36 "sI3aHH5L.
JocaiguTi HA 30IKHICTH T1aHi YUCJIOBI psiam:

. i 3n 5 i n3 3 = n44
) n+6 ) 5n3 -1 ) VnZ +2
n=1 n=1 n=1
A ' _n 5 S n 6 " aresin-L
) Zn‘*—l ) zn2+2n—1 ) ZarCSan_"
n=1 n=1 n=1
20 + 3 > (n+ 1)! R e
7 Z 7n 8) n3+1 9) Z n2
n=1 n=1 n=1
10 i (4n + 1)” 1 i Lo n 1 i 3n2+1 \"!
) 5n—13 ) gn3+2 ) 2n2—-3n+5
n=1 n=1 n=1
13 i( 2t m 14 i( 1)"<2n+3>n 15 i( 1
) ] (n+1)(n+5) ) ] 5n—2 ) ] In?(n+4)
n= n= n=

I[OMaIHHC 3aBAaHHA
Bukonatu 3aBJaHHA 1 ‘ICTBGpTO'l' YaCTHUHU IH}II/IBiI[yaJ'IBHOFO 3aBJaHH.

Bukonane 3aBmaHHs HamicaaTH JUIs HepeBipku Ha azapecy i.morachkovska@gmail.com a6o
TELEGRAM 0502983683
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