Jexuis 1

BCTYII 10 MATEMATUYHOI'O AHAJII3Y

MaremaTtuuHuii aHami3 — 1€ CYKYNHICTh pO3ZUIIB MAaTeMaTHKH, IPHCBIYCHUX
JOCTIKeHHIO (DYHKLIH MeTonaMu HecKiHueHHo ManuX. OcHOBHM naHo y mpausx l. Herorona,
I'. Jleit6nina, JI. Eiinepa Ta iHmmx marematukiB 17—18 ct. OOrpyHTYBaHHS MaTeMaTH4YHOTO
aHaJi3y 3a JOTIOMOTO¥0 TOHSTTs Tpanulll Hanexuth O. JI. Kormi.

Kypc MaremMaTH4HOrO aHajii3y MICTHTh Taki pO3JLIH: BCTYI IO aHami3y, TudepeHIiiaibHe
YUCJICHHS, IHTErpajbHEe YHCIICHHS 1 TEOPIs PSIIB.

§1. ®yHKumii.

1.1. MHOXMHHU.

[TOHATTS MHOXHWHH € OTHMM 3 (DYHJAaMEHTAIbHUX Yy MATEMAaTHlli, SKOMY HE MOXHA JaTH
CTpOre 0O3HaYCHHs. [HTYITHBHO MHOXKHHY PO3YMIIOTh SIK CYKYIHICTB (CIMEHCTBO, HAO1p, 310paHHs)
NesTKUX 00’ €KTiB, 00’ €JHAHKX 3a TIEBHOKO 03HAKOI0, XapaKTEPUCTHKOK YU BIACTUBICTIO.

[TpukinagaMyu MHOKHH MOKe OyTH MHOXKHMHA JI€Taje, 3 AKUX CKIAJaEThCsl JaHUN TPUIIA],
MHO)KHMHA KaB’SIp€Hb JAaHOI'O0 MiCTa, MHOKMHA DPO3B’SI3KIB JAaHOTO DIBHSHHS, MHOXHHA YCiX
MUHACHUAX YHUCEJT TOILO.

OO0’exTH, 3 SKHX CKJIAQJA€TbCsl MHOXKMHA, HA3HWBAIOTBCSA 11 eJleMeHTaMH. MHOXXHHU
MO3HAYAIOTh BEJIMKUMHU OYKBaMH JIATUHCHKOTO an(aBiTy, a iX eIeMeHTH — MaJuMH. Ko
€JIEMEHT X HAJIC)KUTh MHOXHHI X, TO MUIIYTh X € X.

3amuc x € X o3Hayae, 110 €JICMEHT X HE HAJIC)KUTh MHOXKHUHI X.

MHOXHHa BBaXKA€THhCS 3aJIaHOIO, SKIIO BIJIOMAa XapaKTEPUCTHKA il €JIEMEHTIB, KOJU PO
KOKHHMI €JIEMEHT MOKHA CKa3aTH, HAJIE)KUTh BIH LI MHOXHUHI UM Hi. Tak, MHOXKHHI I[IJIUX YUCET
HaJEKHUTh YUCIIO 9, ane He HaneKuTh uncio 0,9.

MHoXW1Ha, Ka MICTUTh CKIHYCHHY KUIBKICTh €JICMEHTIB, HA3UBAETHCSI CKIHUCHHOIO. 3aITuC
A ={aq,a,, ..., a,} o3Havae, Mo MHOXKMHA A CKiHYEHHA I MICTUTh S eleMeHTiB. MHOXuHa X =
{x1, %5, ..., X, ... }, KA MICTUTH HECKIHYEHHY KiJBKICTh €IEMEHTIB, HA3UBAETHCH HECKIHUEHHOIO.
Tak, MHOKMHA CITyXadiB B JJaHIA ayJUTOPii — CKIHYEHHA, a MHOKMHA TPUKYTHHKIB, K1 MOXHa
BIIMCATH B JIAaHE KOJIO, — HECKIHYCHHA.

MHoxu1Ha, sIKa HE MICTUTh KOJHOTO €JIeMEHTa, HA3UBAETHCS MOPOKHBOIO 1 TO3HAYAETHCS
CHUMBOJIOM (.

[TpHKIa10M IOPOKHBOT MHOKMHHU € MHOKMHA JiHCHUX KOPEHiB piBHsAHHA x2 + 1 = 0.

Hexait 3amano aBi MHOXHHU A 1 B. SIKIIO KOXKEH €JIEMEHT MHOXXUHHM A € eJIeMEHTOM

MHOXHHHU B, TO MHOXHHY A Ha3uBaIOTh niOMHOMCUHOIO MHOXHUHU B 1 mumyts A € B abo B O
A («A mictutbest B By abo «B mictuth A»), Hampukmnan, MHOXMHA HATypalbHUX YHCEN €
HIJIMHOXXUHOKO I[IJIMX YUCEIL.

OueBUHO, M0 KOXHA MHOXHHA € CBOEKH MIAMHOXXHMHOIO 1 TIOPOKHS MHOXKHMHA €
i IMHOKHUHOO Oy/Ib-KOT MHOKHUHHU.

SIkmo MHOXMHU A 1 B MICTATH OfHI 1 TI caMi €JIEMEHTH,
T00T0 A C€ B 1 B C A TO iX Ha3uBalOTh pigHuMU 1 THIIYTh A =
B.

Busznaunmo pgesiki omeparii, siki MOXKHa BUKOHYBAaTH HaJl
MHOKHHAMHU.

Muoxuny C, ska MICTUTh €IIEMEHTH, KOXEH 3 SKHUX
HaJIE)KUTh MHOXHHI A a00 MHOXUHI B, Ha3UBaIOThL 00 'conannam
(cymoro) mnoxcun A ta B 1 mo3Havarote C = A U B (puc. 1, a).




MHoxuHY D, 10 CKIaJa€THCS 3 €JIEMEHTIB, KOXKEH 3 SIKUX 0JTHOYACHO HAJIC)KUTh MHOKUHAM
A 1 B, wHa3uBawTh nepepizom (0odymrxom) mHoxcun A Ta B 1 T03HAYAIOTH
D = AN B (puc. 1, 6).

Muoxuny E, M0 CKIaJa€ThCs 3 €IEMEHTIB, KOKEH 3 SKMX HaJEeKUTh MHOXKHHI A 1 He
HAJICXKUTh MHOXHHI B, Ha3uBaroTh pi3HUIEI0O MHOXMH A Ta B 1 m1O3HA4aIoTh
E = A\B (puc. 1, B).

KBanTopnu.

3araapHONPUIHSTI B MATEMATHUI[I CHMBOJIH 1 IIO3HAYEHHS HA3UBAIOTh KBAHTOPAMU:
& — pIBHOCHJIBHO,

= — CHiaye,

3 — icHye,

3! — icHye eIMHUHN, €IMHA, €IUHE (B 3QJI€KHOCTI BiJl KOHTEKCTY),

V — OyIb-Kuil, TOBUTBHHMA, BCIKHMA.

1.2. Craui Ta 3MiHHI BeJIMUMHH.

Benuunna — ojHE 3 OCHOBHHMX MAaTEMAaTHYHUX TMOHSTH, 3MICT SIKOTO 3 PO3BUTKOM
MaTEeMaTHKH 3MIHIOBABCS 1 y3arajibHIOBAaBCS. Lle MOHATTS HACTIJIBKM IMIUPOKE 1 BCEOXOIUTIOIOYE,
10 MOTO BAXXKO BH3HAYMTU. Maca, cuiia, THCK, Halpyra, IOBXKHHA, 00’ €M, TIICHE YHCIIO, BEKTOP
— BC€ II€ IPHUKJIAJIN BEIHUHH.

Ha mepmiit ctazii mia BEIMUUHOIO PO3YMIIH TE, 10, BUPAKAIOUYNUCHh B TIEBHUX OJWHUIIAX
(HampukIaa, TOBXKHHA B METpaxX, Maca — B IpaMax 1 T. [I.), XapaKTePU3y€EThCS CBOIM YHCIOBUM
3HAYCHHSIM.

3ro/1oM BeIMIMHAMH CTAJH 1 TaKi MIOHSATTS, SIK YHCJI0, BEKTOP Ta iHIII. BemuuHu B 1esskomy
mporeci MOXKyTh Ha0yBaTH Pi3HUX a00 OJHAKOBUX YHCIOBUX 3HAY€Hb. Y TEPIIOMY BUIAIKY
BEJIMYMHA HA3UBAETHCS 3MIHHOIO, Y IPYTOMY — CTaJIOHo.

Hpuxaaau.

1. BigHOIIEHHS JOBXKHWHU KOJIa JI0 IOT0 JliaMeTpa € BeTUYHHA CTajia JJIsl BCiX KiJl 1 IOPiBHIOE
YHUCITY TT.

2. Bennuuna x, ska 3a10BosibHsI€ YMOBY X € [0; 1], € 3MiHHOIO BEIMYHMHOIO.

3. SIk1no B pi3HUX MICIISX 1 HA PI3HUX TJIMOMHAX 03€pa BUMIPIOBATH OJJHOYACHO THCK BOJIH 1
il ryCTUHY, TO BHSIBUTHCS, 1[0 TUCK — 3MiHHA BEJIMYMHA, & TYCTHHY MOYKHA BBRYKATH BEIIMIHHOIO
CTaJIoH0.

VY mepmmx IBOX MPHUKIANax cTaja i 3MiHHA BEJIMYMHH BU3HAYAIOTHCS TOYHO. Y TPETHOMY
BUIIA/IKY TYCTHHA BOJH, X0Y 1 HE3HAYHO, ajie 3MIHIOETHCS, TOMY BOHA € CTaJIOI0 TiJIbKH 3 TIEBHOIO
TOYHICTIO. B 0aratbox peajbHUX SBHIAX MOXKHA BKa3aTH BEJIMYWHH, SKi JIUIIE YMOBHO OyIyTh
CTaJIMMH.

[IpenMeTomM MaTeMaTUYHOTO aHATI3Y € BUBYCHHS 3MIHHUX BEITUYHH.

Crana BelMurMHA BBA)XAETHCSI OKPEMHUM BHUIIAJIKOM 3MIHHOI: CTajia — 1€ Taka 3MiHHA, BCI
3HA4YeHHS K01 piBHI MiXX CO0OI0.

Sxmo BenwunMHa HAaOyBae CBOIX 3HAYEHb JUCKPETHO (TMEpepBHO), TO il HA3HBAIOTh
nocaioognicmro. SIKIIO K 3MiHHA BeTWYMHA HaOyBae HEMEPEepBHUX 3HAUEHB, TO 1i MPOCTO
Ha3UBalOTh 3MIHHOIO.

1.3. O3HaueHnHs pyHKUii.

SIKIIO KOXXKHOMY YHMCIYy X 3 JesSKOi YMCIOBOi MHOXKMHHM X 3a NEBHUM HpPaBWIOM f
MIOCTaBJICHE Y BIAIMOBIIHICTh €IMHE YUCIO Y 3 JIEAKOT YMCIOBOI MHOXXMHH Y, TO KaxyTh, IO
3amana ¢yskuis f: X -» Y aboy = f(x), x € X.



3MiHHA X Ha3UBAETHCA HE3AIEHCHON 3MIHHOW, ab0 apeymenmom, a
3MIHHA Y — 3aA1edCHOI0 3MiHHOI0, a0 ¢hyHKyicio; T CUMBOJIOM f f
pPO3yMIIOTh T€ MpPaBUJIO, 3a SKMUM KOXXHOMY X BiANOBigae y, abo Ti X ' Y
orepariii, siki Tpeba BUKOHATH HaJ apryMEHTOM, 11100 TICTaTH BiAMOBITHE ——*
3Ha4YeHHS (DYHKIIII.

MHuoxuHa X Ha3UBa€ThCS obacmio eusHayeHHs Qyukyii. MHOXKUHA
Y ycix wucen y, takux, mo y = f(x) it KOKHOTO X € X Ha3UBAETHCS
MHOJCUHOIO 3HAYEHb PYHKYIL. Puc 2.

1.4. Cnioco0u 3aganHs GyHKIi.
OcHOBHI crocoOu 3aanHs (QYHKIIII:
1. AHamITHYHMIL;
2. I'padiunnii;
3. TabmuuHuid.

Ipu ananimuunomy cnocobi 3a0anus yuKyii 8i0N0GIOHICMb MIdHC ApeSyMeHmMoM i PYHKYIEIO
3A0AEMbCSL POPMYION0 (AHATIMUYHUM BUPA30M), O 3A3HAYeHO, SKI Oii NOMPIOHO BUKOHAMU HAO
SHAYEeHHAM apeSyMeHmy ma CIMaiuUMy Yuciamu, wobd oicmamu 8ionogioHe 3HaueHHs PyHKYIL.

Tlpu epagiunomy cnocobi ynxyis 3adaemucs c80im epaghixom, moomo MHONCUHOK MOUOK
naowunu 3 koopounamamu (x; f(x)).

I'pagiunum cnocobom 3a0anus GYHKYIl WUPOKO KOPUCMYIOMbCA NPU OOCAIONCEHHSIX,
NO8'A3aHUX 3 BUKOPUCMAHHAM MAKUX CAMONUCHUX Npunadis, sxk odapoepadh (0ns 3anucy 3miH
ammocgheprozo mucky), ocyunozpagh (01 3anucy 3miH e1eKmpuyHo20 cmpymy abo Hanpyau),
enekmpoxapoiozpag (0n1s 3anucy eieKmpuyHux Aeul, HNO8'SI3aHUX 3 OUIbHICMIO Ccepyst),
mepmozpag (01a 3anucy smin memnepamypu nosimps) mowjo. Kpuei (6ionogiono 6apoepama,
OCYUNOZPaAMa, erekmpoKapoiozpama, mepmocpama), wo ix SURUCYIOMb RPULIAOU, 3a0a0mb
Yinkom neeui QhyHKyii, sIKi xapakxmepuzyoms nepedie mozo uu iHuo2o npoyecy.

Tabnuunuti cnoci6 3adanns gynxyii y = f(x) nonseac 6 momy, wo 6ionogionicmo midxc
SMIHHUMU X Ma Y 3a0AEMbCs Y 8U2is0i maoauyi.

Tabauynuti cnocib6 0ocumb Yacmo SUKOPUCMOBYEMbCS NPU NPOBEOEHHI eKCNepUMEHMIs,
KOMU 3a0aioms NeBHy CYKYHHICMb Xq1,X3, ..., X 3HAYEHb apeyMeHmy 1 OOCHIOHUM ULIAXOM
3HAX005AMb BIONOBIOHI 3HAYEHHS DYHKYIL: V1, Vo, ) Vn-

1.5. Knacudikauis esemeHTapHuX PyHKIIi.

OcHogHUMU eleMeHMAaPHUMU PYHKYIAMU HAZUBAIOMbCS MAKI:
1. Cmenenesa ¢ynxyisn y = x%,a € R. Obnacmo suznauenus i epaixu yiei ynrkyii 3anedxcamo
8i0 3HAYEHHS .

Yy g Yi

y=x*

Puc 3.



2. llokasnurosa pynryiny =a*, a >0, a # 1.
) y2af

O<a<t a>1

xy

¢ Puic 4.
4. Jlocapugmiuna ¢ynxyiay =log,x, a>0, a+ 1.
g ;
y togax
a>f

ol A X
0<a<f

Puc 5.

5. Tpueconomempuuni ¢pyukyii: y = sinx,y = cosx,y =tgx,y = ctg x.

__.yf y'sﬂ__ T} e
\
&4 \/ _L \n/
y 92tgx y=ctgx
x 0 £ | X T [\ 0 T | X
8 2 Puc 6.

5. Obepneni mpueoHomempuuni QyHKyii: y = arcsinx, y = arccos x, y = arctg x,
y = arcctg x.

y Yz Yl
1
= / E I =3 z‘
EL—- y=arcsinx y=arceosx 2
2 I
| I y=arelgx
€A /10 1 x 1o 1t x 0 X
£
~Z & g S
y T 2
T
2
y=areetgx
0 X
4 Puc 7.




1.6. Ckaanena pyunkuisi (cynepno3uuisi pyHkiriii).

Han ¢yHKIiSIMM BUKOHYIOTH 1 TaK 3BaHy OIEpalliio cynepnosuyii, abo naxiaoanns. Hexai
¢byukuis z = g(y) BusHadeHa Ha MHOXUHI Y, a GyHkitis y = f(x)— Ha MHOKHHI X, TPUIOMY
JUIsL KOKHOTO 3HadeHHs X € X Bigmosigne 3uauenust y = f(x) € Y. Toxi Ha MHOXHHI X
BHU3HAYCHA (YHKITiS g( f (x)), Ky Ha3WBaIOTh CKIAOeHOW (yHKYiE BT X, aD0 cynepno3uyicto
3ananux QpyHKIiN, a00 (yHryieto 8i0 (yHKyii.

3minny y = f(x) ¢yakuii z = g(y) Ha3WBarOTh NPOMDKHMM aprymMeHToM, abo
BHYTPIIIHBOIO (QYHKIL€I0, a 3MiHHY Z = g () 30BHINIHBOIO (YHKILIEO.

Y z
P
e P
w =81 (x))
Ipuxkaaau.

1. ®ynxuis y = /c0s X € cynepHnosuIieio 180X OCHOBHUX eleMEHTapPHHUX (hYHKIiii—
creneneBoi y = Yu, u € [—1; 1] Ta TPUrOHOMETPHYHOI U = COS X, X € (— 00; +00).

Cxknazneni GyHKITT MOXHa YyTBOPIOBATH 3a JOTIOMOT'OIO CYINEPIO3HIlii He TUTBKHU JBOX, a i
OUTBIIOT KUTBKOCTI (PYHKIIIH.

2. dynkmio y = 35" *” MoHa PO3TIISIIATH K CYNEPIO3ULITI0 TPhOX (PYHKIIIH:

y=3%u€[—1;1], u=sinv,v € (—o; +m®), v = x’, x € (— 00; +0).

Puc 8.

OcHoBHI eneMeHTapH1 (YHKIIIT, a TAKOXK QYHKIIi1, yTBOPEHI 3a TOIOMOT0I0 (OPMYJI, B IKUX
HaJ OCHOBHMMH €JEMEHTApHUMH (YHKLISIMA BHKOHYETHCS JIMIIE CKIHUYCHHE YHCIIO
apudMeTUYHUX oOmepamiil (JomaBaHHs, BiIHIMAHHS, MHOXKEHHS, IUICHHS) 1 CYNEPIO3HINH,
HAa3HUBAIOThCS e/leMeHMAapHUMU.

IIpuxkaan.

287°192X _ 7 sin Iog4(3x2 —5x + 4)
6+ (tg(9x +Inx)—8cos x)*

1.7. O6me:xeHi GpyHKUiI.

Osnauennn. Oynxyiro f(x), eusnaueny na mHosxcuni A, HA3UBAIOMb OOMENCEHOI HA YLl
MHOMCUHI, Kou ichye make yucio M >0, wo Ona ecix x € A BUKOHYeEmbC HepieHiCMb

lf ()l <M.

__& y=M
PNAY
a 0 & x
1 |
y=-M

Puc 9.



1.8. MoHoTOHHI pyHKIiI.
Osnauenns. Hexaii pynxyis f(x) eusnauena na muoscuni A. Sgxuwo 0ns 060X 008L1bHUX

PI3HUX 3HAYEHb X1 [ Xy Ap2YMEeHMY, 83amux i3 MHOMCUHU A, 3 HepigHocmi X1 < Xy BUNIUBAE, WO

a) f(x1) < f(x3), mo ¢ynxyis nasusacmocs 3pocmarouoro,
0) f(x1) > f(x3), mo ¢ynxyis nasusacmocs cnaonoio;

6) f(x1) < f(xy), mo pynxyin nasusacmocs necnaonor;

2) f(x1) = f(xz), mo pynxyia nazusacmocs He3pOCmMarO4oI0.

A

A

y

iFﬁxu EF.;‘H_J\

X X2 X

B) HecMmagHa ) He3pocTarya

Puc 10.

1.9. lapHi i HenapHi pyHKIIii.

Hexaiit ¢pynxyis f(x) eusnauena na mnodxcuni A mouox oci OX, po3MIWEHUX CUMEMPUUHO
gionocno mouku x = 0, moobmo sxuo x € A, mo it —x € A.

Osnauenna. Oynxyio f(x) nasusaromo napnoio, saxwo f(—x) = f(x), x € A, i nenapnoro,

akwo f(—x) = —f(x), x € A.

X LA

Puc 11.

I'pagix naproi ¢pyuxyii cumempuunuli 6i0HOCHO oci opounam, epapik HenapHoi QyHKyii
CUMEMPUYHUL BIOHOCHO NOYAMK) KOOPOUHAM.
DyHKYito, Wo He € Hi NAPHOI0, Hi HENAPHOI, HA3UBAIOMb PYHKYIEIO 3a2ANbHO20 BU2TISOY.

1.10. IepionnuHni pyHKIii.
Dyukyin f(x), eusnauena na 6citi YuCI06ill NPAMILL, HA3UBAECMBCS NEPIOOUUHOIO, AKUIO ICHYE
maxke uucno T, f(x +T) = f(x). Yucno T nazusacmocs nepiooom pyuxyii. Axwo T — nepioo



@yHxyii, mo ii nepiooamu € maxoxc uucna kT, oe k = +1,%2,.... Hatimenwuii 3 dooamHux
nepioodie (hyHKyii, AKuWo maxuil iICHye, HA3UBAEMbCSL OCHOBHUM Nepioo0om (YHKYIL.

Mu susnauunu nepioouurny yrkyiro, 3a0any Ha 6Cill YUc108il npsamii. birbw 3acareHum €
maxe 03HAYeHHs.

Osnauenns. Oynxyia f(x), eusnauena na muodcuni X, HA3UBACMbCA NEPIOOUUHOIO HA Yill
muocuni, akujo icnye maxe yucio T #0, yox + T EX i f(x+T) = f(x), x € X.

¥ flz)=flx +T)
asaas
A A A
Puc 12.

1.11. HesiBHo 3anani ¢pyHKIii.

Axwo pynryin saoana piensunam y = f(x), poss'azanum 6i0HoCHO 3a1ex#CHOI 3MIHHOL Y,
mo Kaxcymn, wo (yHKYis 3a0ana y AeHil hopmi abo € 16HO10.

ITi0 nesisnum 3a0annsam Qyukyii pozymirome 3a0anns yukyii'y euensnoi pisusanns F(x,y) =
0, He po38'a3a1H020 GIOHOCHO 3ANEHCHOI 3MIHHOI.

Hosineny seno saoany gyuxyio y = f(x) moscna 3anucamu Kk HesA68HO 3A0AHY PIGHAHHIM
f(x) —y = 0, ane ne nasnaxu. Hanpuxnao, ¢ynxyito cos y — y?sin x + xy = 0 aeno 3anucamu
He MOJICHA, 00 ye DIBHAHHA He MOXCHA po38'sizamu eioHocHo Y. Tomy HesasHa gopma 3anucy
@yHryii binvw 3a2anvha, Hidic 8HA. Heseno 3a0any )yHKYIIO HA3UBAIOMb HESIBHOIO.

1.12. O6epHeni pyHKii.

Hexaii 3a0ana ¢ynxyis y = f(x) 3 obnacmio eusnauenns X i mmoowcunorw snauemns Y.
Oyukyis f(x) koocrnomy snauennio xo € X cmasums y 6i0no6ionicme e€oune 3Hauenns yo € Y
(puc. 13). Ilpu yvomy modnce UABUMUCH, WO PIZHUM 3HAYEHHIM APSYMEHmY X1, [ Xy 8i0nosioae
oome i me came 3navenns Qynukyii' y, (puc. 14). Jooamroso eumazamumemo, wo6 ¢ynxyis f(x)
PIBHUM 3HAYEHHAM X CMABUIA Y 8i0N08I0OHICMb pPi3Hi 3HayerHs Y. To0i kodcHoMmy 3HayerHi0 Y € Y
gionosioamume coune 3Hauenns X € X, moomo mooxcna eusnauumu @ynkyiro x = @(y)s3
obnacmio eusHaveHua Y i MHOMCUHOIO 3HaueHb X. L[ pyHnKkyis Hasusaemovcs 06epHenoto hyHKyico
00 0aHOI.

v Yy

Jv— J—-’
f Xq Xz X
Puc 13. Puc 14.

o o S

>V

Omoxce, pynryin x = @(y) € obepnenoio 0o pyuxyii' y = f(x), axwo:
1) obnacmro eusnauwenns pynkyii @ € MHOMCUHA 3HAYeHb QYHKYIL |
2) MHOJCUHA 3HAYEHb PYHKYIT @ € 00aacmio usHauyeHHs pyukyii f;
3) KodCHOMY 3HaueHHI0 3MiHHOI' Y € Y 6i0nosidae eouHe 3nayeHHs 3MiHHOT X € X.



3 yvo2o eunausac, wo kodxcua 3 060x Gyuxyin y = f(x) i x = @(y) moowce 6ymu nazeana
npamoio abo obeprenoio, moomo yi Qynkyii 3aeMHO 0bepHeHi.

J: J'. — E.‘l’

Puc 15. Puc 16.

§ 2. TPAHULSA ®YHKIIII.

2.1. YucsaoBa nocCJaiIOBHICTb.
O3HauyeHHs. SKII0 KO)KHOMY HaTypaJbHOMY 4UCiIy . € N 3a IEBHUM MPABUJIOM CTaBUTHCS
y BIAMOBIAHICTH YHCIO X,, TO MHOXHHY 4YHMCEN {Xi, X, ..,Xp, ..} HA3UBAIOTH YUCIOB0IO
nocnioosnicmio (a60 KOPOTKO HOCI0068HICMIO) 1 TIO3HAYAIOTH CHMBOJIOM {X;, }.
Oxkpemi uncna xq, Xy, ..., Xp, ... HA3UBAIOTh WICHAMHU 200 eIeMEHTaMH MOCTIJOBHOCTI: X1—
MIEPIINIA YWICH MOCIiI0BHOCTI, Xy — APYTHH 1 T. 1., X, —n-ii, a00 3arajJbHUI YWIEH MOCIiIOBHOCTI.
Tlocnioosnicms 88axcacmvpcs 3a0aHO10, AKWO 6KA3AHO CROCIO 3HAX0OHCEHHA 1T 3a2aNbHO20
ynena. Hattuacmiwe nocniooguicms 3a0aecmucsi popmynoro ii 3a2aibHoeo uieHa.
OueBuHo, 1m0 Besika (yHKIs y = f(n), 3agaHa Ha MHOXHWHI HATypaubHuUX ymcel N,
BU3HAYaE JeIKY YUCIOBY HOCIiIOBHICTE {V,} 3 3aransHuM uiaenom y, = f(n).
[HIIMME crtoBaMM MOCTIAOBHICTE — 1€ PYHKITISI HATYPAJIBHOTO apTyMEHTY.
[Ipuknann:
1. {l, n= 1} abo {1,1,1,.. l, }
n 2°3 n
2.{(-1D", n=1} a6o {—1,1,-1,...,(-D", .. }.

2.2. I'pannus moCaiZ0OBHOCTI.
O3nauvenHst. YUC0 @ Ha3MBAETHCA TPAHUIIEIO TIOCIIIOBHOCTI {X;,}, AKIIO JIs TOBIILHOTO

uncina € > 0 icaye takuit Homep N = N(g), mo mpu BCix n > N BHKOHYETHCS HEPIBHICTH
|x, —al <e abo a—e<x,<a+e.

X X3 Xyse Xn+2 Xy X3
0 a—¢g a a+ g X
Puc 17.

3anuc: lim x, = a.

n—-oo

Teopema. SIkio rpaHuiis MOCIIJOBHOCTI ICHY€E, TO BOHA €IMHA.

2.3. I'pannus 3MiHHOI BeJIMYUHH.
O3nauyenHsi. YnucI0 @ Ha3UBAETHCS IPAHUTICIO 3MIHHOT BEIMYHHA X, SKIIO JIJIS JOBUIBHOTO

yhpcia € > 0 icHye Take 3HAYEHHS X', HOYMHAIOYHM 3 SKOTO JUISL BCIX HACTYIHMX 3HAYEHb X
BHKOHYETHCSI HEPIBHICTD |X — al < &.



3anuc: limx = a abox — a.

2.4. HeckiHnyeHHO BeJIMKi 3MiHHI BeJJHUMHH.

Skio juis oBineHOrO ymcna M > 0 icHye Take 3HaYeHHs X', TIOYMHAIOYU 3 SIKOTO BCi
HACTYITHI 3HAYE€HHS X 3aI0BOJBHAIOTH HEPIBHICTE |x| > M, TO KaKyTh, 1[0 3MiHHA X HPAMYE J0
HECKIHYEHHOCTI.

3ammc: limx = o abo x — oo,

SIk1ro 3MiHHA X — ©0, TO il HA3UBAIOTh HECKIHYEHHO BEIUKOIO 3MIHHOIO BEIUYHNHOIO.

2.5. B1acTuBOCTI HECKiHYEHHO BeJIMKHX BeJTMYHH.

1. Cyma HECKIHYEHHO BEJTUKOT BEJIMYUHU 1 BEIMYMHU OOMEXEHOI € BETMYMHA HECKIHYEHHO
BEJIMKA.

2. Cyma [BOX HECKIHYEHHO BEJMKUX BEJIUYMH OJHOIO 3HAKy € HECKIHYCHHO BeJIMKa
BEJINYMHA.

Ha BinMiHy BiJ IbOTO cyMa JBOX HECKIHUEHHO BEJTMKUX BEJIMYHMH Pi3HUX 3HAKIB HE 3aBXKIH
Oy/ie HECKIHYEHHO BEJIMKOI0 BEJIMYMHOIO, TOMY Il CyMa Ha3MBA€THCS HEBU3HAYEHICTIO BUAY
00 — 00,

3. J1oOyTOK 1BOX HECKIHUEHHO BEJIMKHUX BEJIMYMH € BETMYMHOIO HECKIHUEHHO BEJIUKOIO.

4. J1oOyTOK HECKIHYEHHO BEJMKOi BEJIMYMHU HA BEJIMYMHY, 110 OLIbIIa 32 aOCOIIOTHUM
3HAYEHHSM JESKOI0 10IaTHOTO YMCIIA, TAKOXK € HECKIHYCHHO BEJIMKA BEJIMYMHA.

Yacmka 060X HECKIHUEHHO 8eTUKUX 8ETUYUH He 3A8HCOU € HECKIHUEHHO 8eIUKOI0 8EIUYUHOIO,
momy Opo6o8ull 8upas, YUCENbHUK | 3HAMEHHUK K020 HeCKIHUEHHO 6eNUKI 3MIHHI GelUYUHU,

. oo
HA3UBAIOMb HEBUBHAUYEHICMIO 614())/ ;

2.6. I'pannus pyHKUii y To4ui.

[lpunycTuMo, 10 He3aleKHa 3MiHHA X Ma€ TPAHMIIO Xo. Po3riasHeMo 3MiHy QyHKIIi
y = f(x), npnx = xo.

Hexait pynkuis y = f(x), Bu3HaYeHa B JessKOMY OKOJTi X TOUKH X, KPiM, MOKIIHBO, CaMoi
TOYKH X.

Osnauenns zpanuyi 3a Ieitne. Yucno A nazusarome epanuyeio gynxyii 'y = f(x) 6 mouyi
Xo (abo npu x — Xg), AKWO 01 008iNbHOL 30idcHOI 00 Xy nocaidoenocmi {x,}, de x, € X,
Xy # Xo, nocnioosenicms {f (x,,)}, mae epanuyio, saxa oopisnioe uucny A,

Banuc: lim f(x) = A.

X—Xg

Oyukuis f(x) MOKe MaTH B TOYII X TUIBKH OIHY IpaHMIlio. Lle BUITHBAE 3 TOTO, 1110 KOXKHA
3MiHHA MO€ MaTH JIUIIE OJHY TPAHUIIIO.



