Moayas 2: HUCJIOBI TA ®YHKIIOHAJIBHI PAIN

Tema 2: 3naKko3MiHHI YHCJIOBI psiAA

JloTernep My po3MIIs AN PSAAA 3 HEBIJ €MHUMU YjeHaMu. Psau 3 HeoJaTHUMU
YJieHaMM BiAPI3HSIIOTHCS BIJl BIAMOBIIHUX PSAMIB 3 HEBI EMHUMH YICHAMH TUIbKU
MHOXHHUKOM —1, TOMY MUTAaHHS PO iX 301KHICTh BUPIIIYETHCS aHAJIOTTYHO.

PosrasiHemo psiau 3 yieHaMU JOBITBHHUX 3HAKIB.
2.1 AGcoIl0THA Ta yMOBHA 30iKHICTH

Osnauenns 1. 3uako3minHumM psi0om Ha3UBAETLCSA PAJ, YICHAMH SIKOTO € IMCHI
qyucia JOBUIbHOTO 3HaKy. Hexaii
a,+ a, +-- + a, + - (1)

— IeSIKUN 3HAKO3MIHHUH PAJl, 1€ YUCia a4, Ay, ..., Ay, ... MOXKYTb OYTH SIK JOMATHUMH,
TaK 1 BiJ’€MHUMHM, IPUUOMY PO3TAITyBaHHS JIOJATHUX 1 BIJ €MHHUX WICHIB y Psl
JIOBLJIBHE.
OaHOYACHO PO3MIISTHEMO Psifl, CKIAJACHUMN 3 abOCOIOMHUX 6eAU4UH YICHIB Py
(1):
lai] + laz| + - + lap| + - (2)

Cxnaaenuit 3 MoayJiB psf (2) € psiAOM 3 HEBIJL' €eMHUMU WICHAMH, TOMY MO0 MOKHA
JOCIIII)KyBaTH METOJIaMH, K1 BUKJIAJE€H] paHille.

Mix 30ixkHICTIO psaaiB (2) 1 (1) icHye 3B 530K, II0 BUPAXKAETHCS HACTYITHOIO
TEOPEMOIO.

Teopema 1. ([Jocmamus o3naxa 30idxcHoCmi 3HAKO3MIHHO20 psidy). SIKIO ps
(2) 36iraeTnes, To 36iraeThes 1 psia (1).

Hosedenns. Hexaihi psa (2) 30iraetbea. Ha ocnHoBi kpurtepito Ko,
IOCITIIOBHICTh 9acTKOBUX cyM {S',} psamy (2) Mae HacTyIHYy BJIaCTHBICTB: IS
KokHOro € > 0 icHye Takuil Homep N, mo mis Bcix n > N1 Bcix mimux m > 0
BUKOHY€ETHCSI HEPIBHICTh

|S’n+m _ S,nl <Eg

OCK11bKH,



S’n+m = |a1| + |a2| + e+ |an+m|1

S'n = lagl + lag]| + -+ + |ay]
TO CIIPaBEIJIMBO
1S hem = S'nl = lania| + lapiz| + - + lapiml < e

3 ypaxyBaHHSIM HEPIBHOCTI

|an+1 t Apyp + 0 + an+m| = |an+1| + |an+2| + e+ |an+m|
Ma€eMO

|an+1 + apgp + 0 F an+m| <g

Tt psiay (1), MOCTiAOBHICTS YaCTKOBHMX CYM psiay mo3Hauumo {S,}. OTxe

Sntm = A1+ Az + -+ + Apym,

TO CIIPpaBCAJINBO

ISntm = Sul = lapi1 + Apia + -+ + anyml <&
Taky caMmy HEpIBHICTh SIK sl 30DKHOrO psAny (2), 3 SKOi BHUIUIMBAE, IO
MOCITITOBHICTh 9acTKOBUX cyM {S,,} psny (1) mae HacTynHy BiactuBicTh: Ve > 0
icHye Takuit Homep N, mo ayist Bcix n > N 1 Bcix nuuux m > 0 crnpaBeasiuBo
|Sn+m _ Snl <é¢g
Ha ocnogi kputepiro Kot psig (1) 30iraerbes.
3ayBaxennsi: O0epHEeHEe TBEPPKCHHST HECIIPABEIUBE, TOOTO 13 301KHOCTI psi-

ny (1) He ButUIMBaE 301kKHICTB psay (2).

IHpuxkaan 1. Po3rasaemo psia
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3a J0BeIeHOK O3HAKOH, PAI 30ITA€ThCH, OCKUIBKH 30ITA€ThCA PAI,
CKJIAJeHHH 3 a0COTOTHAX BeIHYHH UIeH1B JaHOTO paIy
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Ipuxaan 2. JlocaiauTi 3HaKO3MIHHUAM Psif

o Sinka
k=175 @ ER

Po3B A33aHHA. 3JamHIIEMO pag 3 A0COMFOTHHE BeIHYHH WICHIB AAHOI'C pAaAda.

, : sinkor| . 1
CEOPHCTaEMOCE MePIIOK 03HAKOK TOPIEHAHHA = = PR Pan
oo
S — 30iraeTeca, Tak =K p=3=1 OTxe. pan 3 abCOMOTHEX BelIHYHH TEXK

30IrA€TECA. A TOMI 3TTHO TEOPEMH JaHHH 3HAKOIMIHHHE PAT TAKOXK 30ITaEThCH.

O3Havenns 2. 3Hako3MIHHUN psif (1) Ha3UBaeTbCS abcontomHo 30idCHUM, SKIO
30Ira€ThCs Psi, CKIAACHUMN 3 MOAYJIIB HOro uieHiB (2).

BBeneHe o03Ha4YeHHSI JI03BOJISIE TMPUBECTH EKBiBaJIEHTHE (hOPMYJIFOBaAHHS
Teopemu 1.

Teopema 1°. (Jocmamus o3naxa 36ixcnocmi 3HaK03mMinH020 psdy). JloBUTEHUH

a0COJIIOTHO 301KHUMN Psif] 301ra€THCA.

O3naueHns 3. SIKI10 psij, CKIAACHHUH 3 MOIYJIIB HOT0 WIeHIB (2) po30iraeThes, ane

naHui 3HaKO3MIHHUN psf (1) 30iraeTbesi, TO BIH HA3UBAETHCS YMOBHO 30IHCHUM.

2.2 BaacTtuBocTi 3HaKO3MiHHHMX Psi/IiB

30cepeIMMOCh Ha OCHOBHHUX BJIACTUBOCTSIX a0COIOTHO 301KHUX YHCIOBUX PSIIIB.

Teopema 2. (IIpo mooiciugicmv nepecmasisimu 4ieHu 6 AOCOIOMHO 30IHCHUX
padax). SIkmo B abCOMIOTHO 30DKHOMY pPsfi JOBLIBHO NMEPECTaBHTH WICHHU, TO
OTPUMAaHUH Pl TaKOXK OyJie aOCOTIOTHO 301KHUM, a Horo cyMa OyJie TOpiBHIOBATU
CyMI1 JIAaHOTO PSAy.

be3 0osedenus.

Tenep 3aitMemocss MHOKEHHSIM psaiB. Hexail maHo naBa 301KHUX pSau



I.
uy+ it tuy+ = Yu =5Y (@)

1--'1+'|--':+._._1" T = Sv =5I:_} (b)

n' -7 autn

Hacnigytoun nmpaBuiio MHOKEHHS KIHIEBUX CYM, PO3TJITHEMO YCAKI MOXJIMBI MapHI

TOOYTKHU U; V), YICHIB IIUX PAMIB. 3 IUX TOOYTKIB CKJIaAeMO HECKIHUCHHY TaOJIMITIO

1V 2V UiV .. MV
H1V2 Havs M3V . HVa

()

[{i moOyTKH MOKHA pO3TalllyBaTH Pi3HUMH CLIOCOOAMHU Y BUTJIS TTOCITIIOBHOCTI.

Teopema 3 (I1po mnoowcenns abconromno 30idcHux psois). Slkimo oduasa psau (a) i
(b) € abcoFOTHO 301KHUMHU, TO PsIJl, CKIAJACHUMN 3 JOOYTKIB (C), Y3ATHX Y OYIb-IKOMY
MOPSZIKY, TaKOXK € aOCONIFOTHO 301KHHUM, 1 CymMa HOro JOPIBHIOE JOOYTKY CyM
sMg2)

3ayBaskenHs. [lpy MHOXEHHI psAaiB 3py4yHO pO3MillyBaTH [O00yTKH (C) MO

laroHayIgX. Y TaKOMY BUMAJKY

S - 59 = vy + (uva +uavy) s + uava + usvy) +

2.3 Psain, 3HAKM Y/IeHIB SIKUX YePryloThes -3HaKonepeMexHi psigu. O3naka

JlenOHina

OkpeMHM BHUITaJIKOM 3HAKO3MIHHUX PAJIIB € TaK 3BaH1 3HAKONEPEMIHCHI PAOU.
O3nauveHHst 3. 3HAKO3MIHHMU PsIi HA3UBAETHCS 3HAKONEPEMINCHUM, SIKIIO HOTO
CYCIJIHI YJIEHU MalOTh Pi3HI 3HAKU

a;— a,+as—a,+--(—D"a, + - (3)

ne a, > 0.
J171s1 3HAaKOMEPEMIKHUX PAJIIB MA€ MICIIE TaKa 00CMAamHsL 03HAKA 30I%CHOCHI.



Teopema 4 (Osznaxa 36ixcnocmi Jletibniya).
SIKo aOCONIOTHI BEIMYWHHU UJICHIB 3HAKONEpPeMiKHOTO psiay (3) YTBOPHOIOTH
MOHOTOHHO HE3POCTaI0uy MOCIII0BHICTD, 1110 TIPSMYE /10 HYJISI, TOOTO

A1 = Ay =2 A3 = Ay =" = Ay = -
lima, =0
n—>00

TO psix (3) 30iraeThesl.
Hogedenns. Hexaii 3anano psn (3)ia, = a,y1 M =123,...),a, = 0,n - oo,

Po3srisiHeMo 4acTkoBy cymy psiay (3) 3 MapHOIO KiTBKICTIO YJICHIB

Son = a1— Ay + az— az + ... + Ayp_1— Aoy =
= (a1- az) + (az- ay) + ... + (Azn_1- azn)

3a yMOBOIO TEOPEMH, PI3HUII B Iy’KKaX € HEBil'eMHUMH. TOMY TOCITIIOBHICT {S,,, }
€ HecnagHo. JloBeneMo, 10 11 TOCIIIOBHICTh € 00OMEKEHOIO.

[IpeacraBumo Sy, y BUTISIL

Son = a1- [(az- az) + (a4= as) + ... + (Azn_1- Azn_1) + 24l
3a YMOBH TE€OpPEMH, y BCIX KPYIJIUX AYyXKKaX MICTAThCA HEBIJ €MHI YMCIla, OTXKE,
CyMa, IO CTOITh y KBaIpaTHUX JYy’KKaX, € HeB1J €MHOO. 3BiJICH
Son S 4

TakuMm YMHOM, MOCIIZOBHICTE {S,,} € HecmamHo, 0OOMEKEHOK, TOMY BOHA MAe€
TPaHMIITIO.

limS,, =5< a4

n—>oo
[TokaxeMo Tenep, 110 MOC1I0BHICTh YaCTKOBUX CYM HEMApHOI KIIBKOCT1 YICHIB
{S,5+1} TIpAMYE 10 Ti€l %K caMoi rpaHuIl.
Son+1 = Son t Q2nt1

[lepelineMo A0 TpaHUIll TpU N — ©© y A PIBHOCTI. 3 ypaxyBaHHAM YMOBH

lim a,, = 0 maemo
n—-o0o

llm SZTL+1 - llm (SZTL + a2n+1) — llm SZTL + llm a2n+1 - S + 0 - S
n—oo n—-oo n—oo n—oo

TaxkuM 4KHOM, ITOCITIAOBHICTE {S,,} YacTKOBUX CyM psiny (3) IpsAMy€ 10 TpaHmiii S.

Ile o3nauae, mo psa (3) 30iraerbes



Hpuxaaa 3. JlocmiauTy 3HAKOIIEPEMIXHHAMN PSI
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€ 3OUKHHH, OCKUIBKH 3aT0BONBHAE VMOBaM 03HaKH Jlefi0oHINA
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n—smo H

Hacuaigok. /{51 3nakonepeMi>kHOTo psiay (3), 110 3a10BOJIbHSIE 03HAaIIl 301)KHOCTI
JleliOHima, 3aMuIIOK psIAy 7, 3a aOCOJIOTHOIO BEIMYMHOI HE TMEPEBUIIYE
a0COJIFOTHOT BEJTMYMHU TIEPIIIOTO 3 WICHIB, IO BiAKUIAIOTHCA.

|Tn| = An+1
Jloeedenns. 3avIOK PSIAY 7;, 32 O3HAYSHHSIM SIBJISIE COOOO PSiI
h =T T Ay T apz £
10 3aJI0BOJIBHSE BCl YMOBH O3Haku JlehOHima. Tomy BiH 30ira€Thcs, a Ha OCHOBI
BUILIE IOBEJICHOI HEPIBHOCTI - HOTO CyMa 33 a0COJIFOTHOIO BEJIMUMHOIO HE TIEPEBUIILYE

MOZYJIA MEPUIOTO WICHA PSIYy.

3aysaoicennsn. Hacmipok 3 o3HakuW 30DKHOCTI JIeHOHIA J103BOJISIE OIIHUTH
noXuOKy, 10 JOMYCKAEThCS MPU BIIKUAAHHI BCIX WICHIB psay, MOYMHAIOYM 3

JESIKOTO.
Oyinka noxXubKu npu 0OYUCTIEHHAX 31 3HAKONEPEMINCHUMU PAOAMU

OOGuncneHHs CyMHU psay S €, SIK TPaBUIIO, OLTBII BAXXKOO 3a4a4€i0, HIXK 3 SICYyBaHHS
NUTaHHS TPO 301LKHICTE psAxy. YacTo TOYHE 3HAYEHHS CYMH 3aJIMIIAETHCS
HeBimoMuM. OJIHAK, 3aBXKIM MOXKHA OOUYMCIIUTH HAOMMKEHE 3HAYCHHS CyMH PSITy 3
OakaHUM CTyNeHeM TOYHOCTI. J{ificHO, Hexal 3aaHo0 P, 110 301raeThes

a+ a+ ... + a,+

Toni #ioro cyMmy mo3HayeHa sk S,



S=a1+a,+ ... + a, +
Hexaii S,, — n-a yactkoBa cyma psiay. OTke Ma€ MicIle CIiBBIJHOIICHHS:
n=3S8-5,,
1€ T;, — N-1 3aJTUIIOK PSATY, IPUIOMY 32 TEOPEMOTO PO 3ATUIIIOK PSITY, 110 301raeThes

limnr, =0

n—oo

dopmyna s 0OOYUCICHHS 7;, TIOKa3ye: SKIIO 3aMiCTh TOYHOTO 3HAYEHHS CyMHU S
y3ITH S,, TO MOXHOKa, Ky MH JOIMYCTUMO, Oyae JOPIBHIOBATH 7;. 3 TPaHMII
BUTUTMBAE, 1110 3aBXKIM MOKHA B3SITU N1 HACTIJILKHU BEJIUKHUM, 11100 TOXHOKa 7;, Oyna K
3aBTOJTHO MaJoIo.

Takum unHOM, CyMy psify S, 1110 30iraeTbCs, 3aBXKIU MOXKHA OOUUCIIUTH 3 OY/Ib-
KO0 TOYHICTIO. BenuuuHa 7;, ykazye nmoxuoOkKy, SIKy MU JOIYCKaEMO, 3aMiHIOIOYH
CyMy psITy CYMOIO HOTO TIEpIINX N YWICHIB.

VY npakTUYHUX O0YUCIEHHSX 3a JIOTIOMOT'0I0 PSJIIB € ICTOTHOIO OIlIHKA MOXHUOKHU
7, BaXIJIMBO 3HATH, CKIJIbKK HEOOX1AHO B3ATH WICHIB PsiAy, 00 OOUHUCIUTH CyMy
psiay 3 TOTPIOHOKO TOYHICTIO.

JI1st cyMu 3HaKOTNIepeMi>KHOTO PsTy, 10 33JI0BOJIbHSIE YMOBH O3Haku JlelOHina,
BiJIOMa OIliHKa TOXUOKHU 7;,. Ha OCHOB1 HaCHIJIKy T€OpeMu

|rn| = An+1

1€ Apyq — MOJYJIb MEPILIOTO BIAKUHYTOTO WICHY.

Hpuxkaan 4. OiHUTH MOXUOKY, 1110 BUHUKAE B1Jl 3aMiHU CYMH DSy

|{ _l}n—l -

-

2 3 4 - yvi—1 M
1-—+ —14+__.+[_—1} ;+--.=

[ 8

~H

]
Il
[

CYMOH HOoro Nepmux 15 4IeHIB.
Po3g’azanna. [JaHUH pad 3a10BONBHAE YMOBH 03HaKH JleA0HIIA
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2) lim u, = lim —=0.
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OT:xe, JaHHH pAd 301racTbed. OMIHEAMO NOXHOKY 7, HAOIHASHOI PIBHOCTIL
5 = 5,

n+1
2?‘1+1 i

|rﬂ |£u,,_1 =
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15+1 _ 16 1 1
< =—= < 0,00025.
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TakuM 4YHHOM, 3aMIHIOKYH CYMY paIy § cyMow Sis, JODYCKA&EMO
MOXHOKY, 3a MoZyaeM MeHITY 0,00025.



