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1
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X
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Pewenue. 3amena X =—— (X >0,y — 0). Torma Y1(X):}1]—:
1
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AHAJIOTHYHO PEenTaloTCs 3a1a9H:
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X pa—
_ X : _ 1
=T 1-x3 V2= in
Orset 1 ; y 1
TBET: Y, ~ ———————) ~—
N AI—x) 2™ T-x)
Tpumep 11. Bergucauts Dpeieis:
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Teopema 3. Tlycts dyuxmm £(X) u g(x):
1. Mudbdepenumpyemsr Ha maTEpBaNe (a,b);
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€noco0OM BEIUMCIICHHS IPENENoB, MOCKOJBKY JaeT IPOCTOE CPEACTBO BHIACICHHUS
ry1aBHOH wacty. CripaBeuInBa CAeAYIOIas TeopeMa.

Teopema 4. TTycts dpynxuua (X)), onpenenennas wa uarepsane (a,b), umeer B
Touke X, €(a,b) mpomssonHbie #o mopaska N BKIKOUMTENBHO. Torza mpu
X = X,

0 = 05) O (x = x) ..+ £°)@ x0)" +0((x — x0)"). (5)

CootHomenue (5) HasbiBaeTcs dhopmynoit Telnopa ¢ 0CTaTOYHBIM YIEHOM

O((x -X,y)") B opme Heano. IIpu X, =0 ona HaspBaeres TaxKe GopmyIIon
Maxsapena.
Hicnone3yst acHMITOTMYECKOE PABEHCTBO (5), HETPYAHO HOTYYHTh CIEAYIOLIVE

TIATH PA3NOMKEHUA, ABJMIOMAXCA YCHICHHEM OSKBHBAICHTHOCTEH (2), KOTOpbIC MBI
Oy/eM UCTOBE30BaTh!

2 Xt
l.e*=1+x+ +...+ +0(x)
3 5 2n+1 -
2.8inX=X-— X + +...+(—l)n_ _—X +0(X2n+2);
3 s @2n+1)!
2 X4 X2n -
3.cosx=1- + ...+ ( 1) + O(X2n+1); ©6)
2 4 2n)!
—Nx? _ _ k =
4 1+x)* =1+ax+ aa 2|1)X I a(a 1)(ka' k+1)x +0(x5);
x2 ;<3 no-
S0 (l4x) =X - ==t (DT 0",

(Bezme x — 0).
3ameuanue. B gactHoMm cnygae, korna B dopmyne (4) o - HarypanbHoe, Gopmyna
Teinopa npespamaercs B hopmyiy 6unoma Herorora. Ilpumenss dopmyny Teitnopa,
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Mumyr, aro  W(x) = 0(p(X)) , X —> X, , ecnu CymecTByeT Takas noctosruas C, uto

B HEKOTOPOH OKPECTHOCTH TOIKH X, 33 HCKIIIOUCHACM MOXET OBITH CaMO TOUKH X,
BBINTOJIHACTCA HCPABEHCTBO!

lwx) [<Clo®) |
HaHpHMep CIIpaBCAMHBH! CICAVIOMIUEC aCHUMIITOTHICCKUAC PABCHCTRA.!
1.2x-x*=0(x),x > 0;

2. arctgx =0 D), x > 4o

X+1 i
3. =0
x? +1 0 X

4.x=0(e"), x > +o0;

), X = +;

5.x% =0 (sinx),x = 0;

JoxaxeM, HarpuUMep, MIEPBOE COOTHONICHMAE:
]2x—x2 <| 2x|+’ x2’<| 2x |+ x|=3]x

,x—>0 (C=3).

( B I0KA3aTENBCTBE MBI HCTIONb30BaMH TOT dakT, uro X =0 (x), X = 0).
Ananormano fokassipaiores dopmynst (2.-3.). Qopmyna (5) creayer, Hanpumep, us
cootromenns  X> =0 (sin X), X — 0.

HpI/I HCIOJIB30BAHUU PABCHCTE C CHMBOJIaMHU CIIEQYST HMMEThH B BHAY, YTO OHH HE
SABJIAIOTCA PABCHCTBAMH B OOBIYHOM CMBICIIE. HyCTI:, HanpuMmep, O YJIOBJIETBOPACT
YCJIOBHIO!

a(x) =0 (x) =0 (x),X—0 *)

A ro?
B stoMm citydae 0L{X) MoxeT OBITh TOXACCTBEHHHM HyneM, MoxkeT Orte 0 (X°),

3 4.
(ecmm (X)) =X~ — X ; HO MOxeT U He 65ITh!). JlOKaXkeM, OJHAKO, YTO COOTHONICHHE

o(x)=0(x),x — 0,80 Besxom cnyuae, BHITONHAETCS.
JleHCTBUTENBHO, PABEHCTBO (*), O3HAUAET, UTO

a(®)=B,() -, (x), e BR)=0(X) n B(X)=0(x), mo torza

(X(X)Z(:)(X),TAK_ hm_a&_:hm Bl(x) —lim BZ(X) -0
x>0 X x>0 X x>0 X
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ClIpaBeUIMBS! CENYIOIMe PABEHCTRA, YaCTh KOTODBIX MBI JloKaxeM. IIycrs O - 6.M.
upu X —> X, , TOTAA CIPABEUIMBLL CIEAYIOLME COOTHOLICHHUS:

1. 0(a?)=0(a);
2.0(@)0(@)=0(c):

3. 0(a)+0 (o) =0(a);

4 0 0(0)=0(a);

5.0 (at+0?)=0(a);

6. [0(W] =0(a?);

7. 0(0)+0 () =0 (o)

8. 0(0 () =0(a);

9. 0(0(@)=0(;

10. Ecomu \By<6(a),m B =0(0);

11. 0 (Ca) =0 (at); (rme C - mocTosuma).
Pemenne.
1. Ilycts mekoropas pynkmms f(X) ymosneTsopseT yeIoBHio:

f(x)= 6 ((12) , X > Xg. 3T0 3HAYUT, YTO lim f[ X J =0, mo
o

2
X = Xg

. X . X . =
lim f(Tj =lim f[ 2 ) lim f(a) =0, cneposaremsro f (X) =0 (o)

o
X = Xg X = X X = X

2 Tyers £(x) =0 (c0) 0.(@), X = X,. 310 ossasaer, wro £(x) = B,(x) B (%),

e limM =0

uH B HeKOTOpOﬁ OKPECTHOCTH TOYKH XO CIIPaBEJIABO
X = X OC(X)

HEPABEHCTBO: ‘ B, (%) 1 < C{ o(x) ‘ Ho Torza st To4eK, JOCTATOYHO GIU3KHX K X
CTIpaBe/UTMBA OLEHKA:

fx) B (x) |.‘ B(x) |
o ‘ o |

Bi(x) '-C.
a(x) |

= <
o
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B(x)=0(cx), X =X, Hmeem lim—— =lim B i B2
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Hpumep 13. BEYucnuTh ceIyonme mpeaebl:
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cosx-e¢ 2
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1.A, =lim

-0 X

Perienue. 3neck HeolpeaemIeHHOCTh BHAA T Bocrnons3yeMces pasnoxeHdaMu (6)

A TIOCTPOMM YHCIHTCIKO JKBHABAIICHTHYIO 6.M. ¢ TOYHOCTBLIO pile] O.M. YECTBEPTOro
NopsaKa OTHOCUTENIBHO X.

2 .
cosx=l-— +- X 10(x*),x>0.
2! 41
I 2
Iockomeky €' =1+t + +0(t*),t = 0, noxcrasmss B opmyne t = — 5
X — 0 ,nonyuaem
_x 2 4 - 4 2 4 =
e 2 =1- X2 + ); +0(); y=1--2_ 4 +0(x*). Arornma
2 P 2 .
A =limf0-—+ X o) -1+ - X ox*yx] =
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x* P 4
=limJ(- +0NxT]
limf(-— 40 (xPx)
MBI UCIIONIB30RAIH ACHMMITOTHYECKOE PaBCHCTBO!
0(x)-0(x)=0(x*),x—>0; A1=—T12—.

sin(sinx) - x’v1-x?

5

2. A, =lim

x =0 X
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Pemnenue. 3mece HeonmpeaeneHHOCTh (+00) —(+0) ( HOA BTOPHIM KOpPHEM CTOHT
pasHocTs 6.6. BemmuMH pasHOro mnopsaaka). Jng Toro UToOBI BOCIIONB30BATHCA

FOTOBBIMH PA3JIOKEHUAMH (3), BHIIONHAM 3amMeHy X =——, Y — 0,

A3:lim(6\f16 P _6\/ LN T
- y—20 Y y y y

—llm(—(i/lw ~§fi=y ).

y >0

( Tlpy BEIHECEHHMM M3 TIOK KOPHA MBI HCMONE30BaH TOT dakT, yro Y > 0! ). Pasnoxmm
€ TOYHOCTBIO 70 6.M. IEPBOTO NMOPSAKA BRIPAKEHME B CKOOKAX:

Py 4oy =12 007 -1+ =+ 0y) =3+ 0y")

1
Ayj=—.
3
Jameuanme. Ecnu X —> —00, TO npeaen paBeH — L
AHAJIOTMYHO PEIIaloTCs IPUMEPHIL:
A, =lim € 51r1x—3x(1+x) :
x>0 X
A, _hm[(x -x2 +—2—)e x _x®+1 ];
_ sinx
x>0 X
xin(- 0%y L I
A, =lim X - 6
x =0 X
Ortser: A, :L; A, =L; A, :L; A, = __1___
3 6 2 180

Hpumvep 14. [n 6.m. v npr X —> 0 onpeaenuts rnasubii 4ien suia Cx"
y, =tg(sinx)~x; y,=(1+x)"-1.

>
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x? 1 2x X =,
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X 100 100

100In2
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Wrak, MOCNEOBATENBHOCTS {X,} BO3DACTACT U OrPAHWUEHA CBEPXY, & 3HAUWT,
corniacHo Teopeme UMeeT mpefen. IToT npefell U o6o3HauacTces OykBoi €.

TMepexoas x mpeneny B (2), monygaem 2 < € < 3. Bomee TOYHBIME OLEHKAMHA MOXHO
MOIYYUTh, YTO CIIPABEUIMBO NPHUOIMKEHHOE PABEHCTBO

e~ 2,718281828459045.

HOKaSHBaeTCﬂ TaKXKe, 4TO YHCA0 € MpPAlMOHAIBHO H, oonee TOTO, TPAHCHCHACHTHO,

+...



[image: image23.png]T.. HE SfBIAETCS KOPHEM HHKAKOro aireOpanvecKoro ypaBHEHHS C ILENBIMU
k03 duuuentamu. Yueno € B MaTeMaTHueckoM aHanmse urpaet ocobyro pons. OHo,
B YaCTHOCTH, ABJIETCS OCHOBAHHEM HATYPAIBHEIX JIOTAPU(PMOB.



[image: image24.png]TlocrostHHAas IIEPA

TMocrosuuas Jiepa - MackepoHu, IMCI0 Y , OUPEASIAEMOE KaK CyMMa

w 1 k+1 . a1
CXOAALIETOCH pana Y = Zk:l(T —In 1_: )= hm[zk:l‘k— —In(n +1)].

n—ow

Hcmonssys cBa3b O.11. ¢ ramMa — dyHkuwel, J1.O#nep ( 1740 ) seiBen dopmyay ,
HO3BOJIAIONTYIO BHIIHCIUTE Y C 000 TOYHOCTHIO HAIpUMeED, ¢ 15 BepHBIMHU
3HAKaAMU:

y=0,577215664901532...
H‘Sﬁnep Jan ais Y psif npelcTaBieHui B GopMe PAIOB M HHTErPasioB, HalpuMep:

1 1
=l dx,
Y -E( 1+x In x ydx

w 1
ly=3" &1,
rne £(8) - mzeta - hynxima. ApudMeTnieckas OpupoAa D.II. He M3yUeHa,

HeussecTHO (1987), aBiseTcd U oHA PAaUMOHAIBHBIM YHCIIOM WA HET.



[image: image25.png]Uncno TIN.
Uucsto T, - 0003HAUEHWE OTHOIICHHMA MIMHBI OKPY)KHOCTH K JAHAMeTpy. OTO
o6o3HaueHue (BEPOATHO, OT TPEUYECKOTO- TEPLPEPELD. —OKPYIKHOCTD, IIepudepus) craio
obmenpuusaThiM nocne paborsl J1.Oinepa, oTHOcsmelcs k 1736, ogaako BriepBble OHO
6u10 ynorpebnero V. xoncorom (1706). Kak u Bcakoe HppannoHAIbHOE YHCIIO,
T MPeACTaBSIeTCs OeCKOHEYHOH HEMEPUOANYHOM TECATHIHOM APOOHIO:

n=3,141592653589 793238462643 ...

Hy»Xnapl mpakTHdeckux pacdeToB, OTHOCILIMXCS K OKPYXKHOCTH M K KPYTIBIM TelaM,
3aCTaBHIIA YK€ B TIyOOKOH MPEBHOCTH MCKATh it T NpubmibkeHuit ¢ MOMOLIBIO

PALHOHATBHEIX Yucen. J[peBHEETUIIETCKIE BRIYMCIEHHA (2-€ ThIC. IO H.3.) IUIOUIaIX
KDYra COOTBETCTBYIOT MNPHOIEKEHHOMY 3HAYEHHMIO T &~ 3 win, OoJee TOTHOMY,

n:(%)2=3,16049.... Apxumen (3 B. A0 H.3.), CPaBHHBAas OKPYKHOCTH C

NpaBMJIbHBIMHA BITUCAHHLIMM W OIIHCAaHHBIMA MHOTOYTOJBHUKAMH, HAIlCl, 4TO T
3aKMOYACTCA MEXIAY

310 314084 w 31 =314285...
7 7

(mocnmemHMM M3 OTHX NPUOMDKEHWH 10 CHX IIOp IONB3YIOTCS IIPHM Pacuerax, He
Tpebyrommx Gonbinoit Tounocti). B Kurtae Bo Bropoit monoeune 5 sexa L3y UyHwxu
noyymn juis T npubmmkenue 3,1415927, BHoBb HaliieHHOe B EBpOIIE 3HAUUTEIRHO
no3akee (16 B.);, 3T0 NPHOIIDKCHNE JaeT OMMOKY NHIIb B CEJBMOM ACCATHIHOM 3HAKE
Toucku Gosee TOuHOro npubIVKEHHS T TMPOJODKAIUCE U B JanbHEeHmeM;
Harpumep anb-Kaum (nepsas nonosuna 15 Beka) Berapenmt 17 AeCATHIHBIX 3HAKOB T,
Jlynonsd Ban Ieitnen (Hayano 17 Beka) - 32 OecaTHIHBIX 38aka (JIyXonbhOBO YHCIIO).
Jist mpakTHaecKX HamOOHOCTEH, ONHAKO, HOCTATOYHO 3HATH HECKONBKO NECATHYHBIX
3HAKOB 4MCIAa T W MPOCTEHINNX BBIPAXKCHMI, COACPXKAMMX T; B CHPABOYHHMKAX
O0BIMHO [aloTCs NMPUOIDKEHHBIE 3HAYeHUs i T, ~1—, ”  oum lgn ¢ 47
I

JIECATUYHBIMU 3HaKaMH.
Upcno 7 NOABAETCS HE TOJNBKO NPM PEIICHHH reoMeTpHueckux 3anad. Co BpeMeHH
®. Buera (16 Bek) pasbicKauue INPENEIOB HEKOTOPHIX  apUDMETHYECKHX
MOCIEeIOBATENBHOCTEH, COCTABIAEMBIX [0 IPOCTHIM 3aKOHAM, IPUBOJMIIO K 3TOMY XKE
uyucny T . [Ipumepom moxeT cITyxuth psn Jleit6uuma (1673-74):

T 1 1 1

+

4 3 5 7
DTOT psaja CXOAUTCA OueHb MeUIeHHO. CyIIECTBYIOT 3HAUMTENBHO OBICTPEE CXOAAIIMEC
PAZIBL, IPUCOHbIE JUIs Bhidncienns 7. Tak, Hanpumep dopmyna

1
n=24 arctg—s— + 8 arctg +4 aICth’ Te 3HAUCHUS APKTAHTEHCOB

BHIUHUCIIAOTCA ¢ IOMOIIBIO pAaa
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3 5 7
Oblla MCIIONB30BaHA IS BBHIUMCICHHA c ToMmomeio OBM cra ThICSY OecATHYHBIX
3HAKOB uHciaa 7. Takoro pojia BBIUMCIEHMA IPHOOPETAIOT WMHTEPEC B CBA3U C
IOHATHEM CITyJaWHBIX W 1ceBAociaydaiiHeix umcen. Craructuueckas oOpaboTka
YKa3aHHOH COBOKYIHOCTH 3HAKOB T  IOKa3hIBAacT, 4TO OHa ob6iajaeT MHOIHMU
YepTaMu CIIy9aiHOM [TOCHeIOBATENBHOCTH.
Bo3MOXHOCTE 9HCTO AHAMMTHYECKOTO ONPEACNEHHS YHCIA s uMeeT
NPUHLIUIHAAILHOE 3HAYEHHe U JUia reoMeTpud. Tak, B HeeBKIMJIOBOH TeOMETpHH T
TAKKEe YYaCTBYET B HEKOTOPHX (opMynax, HO YK€ HE KakK OTHOINECHHE JTHHBI
OKDYXHOCTH K JUaMeTpy (3TO OTHOLIEHWE B HEEBKIMIOBOH TE€OMETDHH BOBCE HE
ABJIAETCS TMOCTOAHHBIM). CpelncTBaMu aHANIH3a, CPEAM KOTOPHIX PEHIAIONIYIO POJIb
cHirpaia 3aMmedarenpHas hopMyna Difepa

e27\:1 =1

( e — ocHoBaHMe HATypanbHbIX jorapudmoB, 1=+/—1 ), OwIa OKOHYATENBHO
BBLACHEHA U apudMeTHdecKas MPAPOIa THcIa T .

B xonue 18 Bexa U.Jlambepr u AJlexaHnp yCTaHOBHIH, YTO T- YHUCIO
upparonansHoe, a B 1882 rony ®.JlurneMan jokazan, yTo OHO TPAHCIEHICHTHO, T.¢.
HE MOXET YIOBIETBOPATh HHKAKOMY ainreOpanueckoMy YPaBHEHHIO C LEIbIMU
K09 dUIHEHTaMH.




[image: image27.png]CHucoK JTHTepaTypsl

1. T M. Duxrenronsi «Kype auddepeHIHanbHOro 1 HHTErPATBHOTO HCUHCICHH»
2. JL. A KynpsBrer «Kypc MaTeMaTHYECKOTO aHAIIM3a»
3. KO B.Ilpoxopos «MaTeMaTHIeCKu# SHIMKIONEIUIECKAN CIIOBAPE

4. K.A Pri6uukos «Vctopus MaTeMaTHKI»
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