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HEPEIMOBA

Ilett HaBUanbHUN TOCIOHWK CTBOPEHO Ha OCHOBI 0araTopidHOro
JOCBiTy aBTOPIB i3 YMTAHHS JIEKIIiil 1 MPOBEIEHHS MPAKTHYHIX 3aHATH 13
MaTeMaTHYHOTO  aHamizy Ha  (i3UKO-TeXHIYHOMY  (hakynbTeTi
XapKiBCHKOTO HaIiOHAIBHOTO YHiBepcuTeTy iMeHi B. H. Kapasina.

3a3HaunMo, MmO icHye OaraTto n0Ope HAMUCAHWX MMiIPYYHHKIB 1
3aJauyHUKIB 13 MaTeMaTHYHOro aHamizy. BoaHowac HeZOCTaTHBO
MOCiOHMKIB, AKi O y JNaKkOHIYHIM (QOpMi MOEIHYBAIM SK TEOPETUUHI
BIJIOMOCTI, Tak i 3a/a4i 3 MpUKJIaIaMH iX po3B’si3aHHSA. Malodu Ha MeTi
CHCTEMaTHU3yBaHHS TOTO Marepiany, M0 Mae OyTH 3aCBOEHHA Mija Yac
MEPIIOr0 CEeMECTPy IIel IOCIOHMK Ma€ JIOTIOMOITH CTYICHTaM Y
caMOCTiHHIlT po0OTI Ta cHopusTH BCceOIYHOMY 3aCBOEHHIO HHUMH
npeamery. Cnenudiko0 mHOro Kypcy € TOETHAHHS —CTHCIOTO
BUKJIQJICHHS 3 HEOOXIJHOW TJIMOMHOK Ta UIMPUHOK OXOIUICHHS
Matepiany. Moro MoxHa BHKOPHCTOBYBATH SK KOHCIIEKT JUISl JIOBiIKH
PO TEOPETHUYHI OCHOBM MATEeMAaTHYHOTO aHaji3y, a TaKoX 1 5K
MPaKTUYHUI TOCIOHMK UIS PO3BUTKY HABHUYOK PO3B’S3aHHS 3aad.
OOpanuit Qopmar wmae cBoi TmepeBard, WOro TMPU3HAYCHO IS
onTUMi3alii HaBYaHHS CTYJEHTIB. 3arajoM HaBYaJIbHUA ITOCIOHUK
CKJIQJICHO Tak, aOW 3aJ0BOJIGHUTH BUMOTaM, SKi IOCTAlOTh Mepen
MaTEeMaTHYHO OCBITOO CydacHOro (hi3uKa.

s mepma dyacThHa TOCIOHWKAa MICTUTh IUSITh PO3ALIIB, IO
MIPHUCBSIYEH] eIeMEHTaM MaTeMaTHYHOI JIOTIKH Ta Teopii MHOXUH, Teopil
TpaHMIlb Ta HEMEePEepBHOCTI, NU(EpeHIiaIbHOMY YHCICHHIO (YHKIIN
ofHiei 3MIHHOT Ta #Oro 3acTOCYBaHHIO, KOMIUIEKCHMM 4YHCIIaM Ta
HEO3HAUYeHUM iHTerpaiaM. TakoX y SKOCTI mam’ATKH MOCIOHWK Tepen
MEPIIUM  PO3JIJIOM Ma€ JOAATOK 13 HEOOXigHMUMH  (QOopMyJIaMu
eJIEMEHTapHOI MaTeMaTHKH, SKi CTYJCHTH MAarOTh 3HATH 31 NIKUIHHOT'O
Kypcy Ta SKHMH MalOTh OBOJIOAITH IE€pe] MOYaTKOM pOOOTH 3 HOBHM
MaTepiaioM.

Koxen 13 po3ainiB MOAUIEHO HAa 4YOTUPH maparpadu. Y mnepuiomy
naparpadi «OCHOBHI TOHSTTS Ta BIACTHBOCTI» HABEAEHO OCHOBHI
TEOPETHYHI  BioMOCTI  (BU3HAa4yeHHs, TeopemHu, (opmynn Ta
BJIACTHBOCTI), SKi € HEOOXITHMMM JUIsi 3aCBOEHHS OCHOB Kypcy Ta
MOJAJIBIIOT0  CaMOCTIHHOTO  PO3B’sA3yBaHHS  BIJAMOBIAHUX  3aJad
yerBeproro naparpady. ¥ npyromy maparpadi «KoHTposibHI muTaHHS
Ta 3aBAAHHS» HAaBEICHI MUTAaHHS Ha NEPEBIPKY PpO3YMIHHS Teopii
nepmoro maparpady. «llpukimamy po3B’s3yBaHHA 3agad» — TPETIH

naparpad, o € I0mOMOror a0 maparpady YOTHpH — «3amadi Juis
CaMOCTIHOTO PO3B’SI3KY».

s cTpykTypa mOCiOHMKA CHpHUsS€ BUPIMICHHIO TOCTABICHUX BHIIE
HaBUYaJIHLHO-METOAMYHUX 3aBIaHb. KOXKHMIA 13 pO3LTIB € caMOIOCTaTHIM
1 BUKOPUCTOBY€ HE3HauyHY KUIbKICTh MaTepially MONepeIHiX PO3MiliB.
OTxe, MOJKE BUBYATHCS HE3JICIKHO.

Tak, meprmuit po3min — «EjdeMeHTH MaTeMaTHYHOI JIOTIKH Ta Teopii
MHOXHH» Ma€, Ha MEepUIMKA MOIJIAA, CyTO aOCTpakTHHUH i JOAATKOBHMA
xapaktep. HacTymHi po3ninm 3aCTOCOBYIOTh 3HAHHS JIOTIYHUX 3B’SI3KiB,
KBaHTOPIB Ta oOmepanii HaJg MHOXHHAMHU JIWIIE Yy SKOCTI 3pyYHUX
MO3HAYOK, WIO CIPOUIYIOTh 3aluC MaTeMaTHYHHX BHUCIOBIIOBAHb.
BopHouac My BBaKaeMo, IO BCE K TaKH CyYacHUH (i3UK MyCHUTh MaTH
ysBy mpo (yHIaMEHT MaTeMaTHKH — TEOPIF0 MHOXHH Ta il MOBY —
MaTeMaTH4yHy JIOTiKy. KpiM Toro, s JOCUTH abCcTpakTHa YacTHHA KypC,
Ma€ CBOI MPUKJIAJHI 3aCTOCYBaHHs y ¢izuii. Tak, 10 po3aily BXOASAThH
3ajauyi Ha MOJENIOBAHHA EJIEKTPUYHOTO JIAHIIOra 3a JOINOMOIOI0
BHUCJIOBIIIOBaHb MaTeMaTH4YHOI JOTikK. OTKe, MU HE JaIeKO BIIXOANMO
BiJl KOHIICTILII{, 10 «MaTeMaTHKa — II¢ IHCTPYMEHT (hi3uKay.

VY ngpyromy poszmini «Teopiss rpanunp. HemepepBHicTb» Teopito
TPaHUIb BUKIAJAEHO Yy CTHUCIOMY BHUIJISIII, 1€ Teopis TpaHHIb
HOCJTIZIOBHOCTI PO3IIISAAETBECS HE OKPEMO, a SK YacTKOBAa TPAHUIA
¢ynknii. Tak, He BTpayaroud B OXOIUICHHI Marepiany, MOKIUBO
3a0MIAJMTH Yac Ha 3aCBOEHHS TEOPETUYHUX OCHOB. BogHOUac meTanbHO
PO3IIISIAETBCS JIOTIYHA CTPYKTypa TPaHMYHMX ITIEPEXOIiB VIS Pi3HUX
BUTIAJIKIB, BXO/ATH 33/1a4l HA PO3YMIHHS Ta 3aCBOEHHS I[LOTO 0a30BOTO
O3HAYCHHS, a TAKOX 3aj[adl Ha TPaHUIl IOCIIJOBHOCTEH. Jl0CTaTHBO
BEJIUKUI 0OCSr Marepially MPUCBSYEHO BH3HAYEHHIO ACHMITOTHYHOI
MOBeiHKN (PyHKIIT (TOJOBHHUN 4iieH, €KBiBaJEHTHOCTi, O-CHMBOIIIKa).
OcraHHE Mae ICTOTHE 3HA4YeHHs JIIs aHalizy Ta PO3YMIHHS
BiIacTUBOCTeH (yHKUii. Y $KOCTI 3acTOoCyBaHb HAaBHYKH 13 Teopil
IpaHMLb BUKOPHUCTOBYIOTh IIiJl Yac JOCIIIKECHHS Ha HENEepPEepBHICTH Ta
noOy/I0Bi ecki3y rpadika QpyHKIIii.

Po3nin Tpetiii «/{udepeHuiline YucieHHs Ta HOro 3aCTOCYBaHHSI»
MPUCBSYCHUH BUPOOJICHHIO HABUYKM MOLIYKY MOXiTHHX, PO3KIaJCHHIO
3a Qopmysoro Teinopa, AOCHIIKSHHIO BIacTUBOCTEH (GYHKIIH Ta
moOyoBi rpadikiB (QYHKIIH Ta KPUBUX. Y PO3ALT BXOJATH OCHOBHI
TeopeMu NU(DEPEHIIMHOTO YUCIICHHS, 3a/adi, Mo iX LIFCTPYHOTh, Ta
JeKiNbKa 3a/a4 Ha NPUKIagHe TeOMEeTpUuYHe Ta (i3UyHe 3aCTOCYBaHHS
Iu(dEepeHLiHHOr0 YHCICHHSA, a TaKoX 3adadi Ha JudepeHIiroBaHHS
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HepiBHOCTel abo MOBEACHHS iX 3a JOMOMOIOI0 O3HAYECHHS OIyKJIOCTI
GyHKII.

Poznin gerBepTHii «KOMIUIEKCHI YHCIa» TOTAETHCS VTSI TIEPIIIOTO
3HalOMCTBA, BiH HE NMPHU3HAYEHUN OXOMHUTH BECh KypcC Teopii (yHKIIIH
KOMIUIEKCHOT 3MiHHOI. X04a BiZJOMOCTI LIbOTO PO3MiTy MaloTh Oinbliie
anredpalyHuil XapakTep, 1 HOTO MOXHA MPOITYCTUTH 0€3 CyTTEBUX BTpaT,
BCE X TaK MU HaBOJUMO OCHOBHY TeopeMy anreOpu Ta ii Haciiaku mpo
PO3KJIaZIeHHs] MOJIiHOMa Ha MHOXHHKH ISl TOTO, 1100 OOIpYHTYBaTH
PO3KJIaZIeHHs] TMPaBWIBHOTO Apo0y Ha MPOCTIli Ui HOJAIbIIOTO
IHTETpYBaHHS y HACTYITHOMY PO3ILIi.

B ocranHbOoMy mT’ATOMYy pO3Iiii Ii€i YacTUHM HaBYAILHOTO
nocionuka «llepBicHa. Heo3HaueHwii iHTerpam» TOKa3aHi 3arajibHi
BIIACTHBOCTI HEO3HAYEHOTO IHTErpana, a TaKoXX OCHOBHI METOIH
IHTeTpYBaHHS palliOHANBFHUX (YHKIIH, JESIKUX IpparioHaIbHOCTEH,
pamioHanbHOT 3aJeKHOCTI BiJi TPUTOHOMETPHUYHHX (YHKIIH Ta Bixg
eKCHOHEeHTH. [0 po3/iidy BKIIOYEHO JeKijbKa crelialbHuX QyHKIIH, K
NpPUKIAaM TEPBICHUX, IO HE MOXKHA BHUPAa3sHTU YEpe3 €JIEMEHTApHI
GyHKIT, 18 TOro, 1mo0 CTYJIEHTH BXKE BiJl CaMOTrO IOYaTKy iXHBOL
BUIIOT MaTEMAaTUYHOI OCBITH 3BUKAJIM /IO YacTOl MOSIBH UX (QYHKLIN Y
MOJANIBIINX Kypcax.

ABTOpHM M yac CKJIaJaHHA LBOTO MOCIOHMKA MpParHyjad BpaxyBaTu
Ta IHTErpyBaTH JIOCBiJ] iHIIUX aBTOPiB. TakoX KOPHCHOIO JOTIOMOTOI0 Y
oro crBOpeHHI OylM METOAWYHI Marepiaii BHUKIAIa4iB MUHYJIUX
POKIB, IO TaKOX YWTAIHM JIEKUil Ta MPOBOAWIM HPAKTHYHI 3aHATTS 3
MaTeMaTHYHOTO  aHalizy Ha  (i3WKO-TeXHIYHOMY  (akynbTeTi
XapKiBCbKOTO HamioHaJdpHOTO YyHiBepcuteTy imeHi B. H. Kapasina.
Cepen HHUX MM Hacammepen 13 BASYHICTIO 3ragyemMo Mukory
PomanoBurya bensieBa Ta Bononumupa I'puroposuya 3umy. Lle BunaHus
MPUCBSYCHE caMe X 1mam’ sITi.
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JOJATOK.
EJTEMEHTAPHA MATEMATHKA

1. ®opmyau cKOpPOYEHOr0 MHOKEHHS i PO3KJIaJaHHA HA MHOKHUKHU
. (aJ_rb)2 =a’+2ab+b?;
. (a+b+c)2 =a’ +b?+c®+2ab+2ac+2bc;
: (aJ_rb)3 =a’+3a’h +3ab* +b’;
. (a+b+c)’ =a® +b* +¢® +3a’h + 3a’c + 3b%a + 3bc + 3c%a + 3c*b + 6abc;
. a’-b’>=(a-b)(a+b);
. a’ b’ =(axh)(a* Fab+b®).

2. KBaagpaTHe piBHSIHHSA

b+
.ax®+bx+c=0; a=0; x12=b;—ﬁ; D =b? - 4ac;
‘ a

D >0 — 2 pi3Hux aidcHUX KopeHi (X, # X, );
D =0 — 2 cniBnagarouux KopeHi (X, = X, );
D <0 — nema nilicHUX KOpEHiB.

cax® +bx+c=a(x—x)(x—X,).

. 3BeJieHe KBajpaTHe piBHAHHA: X° + pX+( =0.

Th (Biet): X, +X, =—p; X X, =0.

3. CreneHni Ta kopeni
X

.a"=a-a-...ra; 2.a*-a’=a""; 3. ax:ayza—zax‘y;
n ay
1 k
(a*)y =av; 5. (ab)X —a'v*: 6. a"=%; 7. a"=Ya*;
A =|a; 9.%¢a®  =a;  10.29"a =—2a;
1. Yf¥fa ="¥a; p 228 gy et
Ya ="Ya; =] = 5~



4. Jlorapnpmu 6. Iporpecii

1. log,b=x<a*=b (b>0, a>0, a=1); 2. a""=b; Apudmernina nporpecist
3. IOgaazl; 4, |Oga1=O; 1. a,, =a, +q; 2. a, :a1+q(n_1); 3. 2an =a,,; ta,
+a,
5. log, bc =log, b+ log, c; 6. Iogagzlogab—logac; 4.S,=a +a,+..+a,; 5.5, =alTn-
C
. 1 I'eomeTpuuna mporpecis
[£ |Ogab - ploga b; 8. |ngq azalogpa; 1 bn+1 :bn -q; 2. bn =b0 qn’ 3. br? :bn—l'bml;
b 1_ n+l
9. Iogab:L; 10. Iogab:M; 4.S,=by+b +...+b, =M; 5.S, _ B (Jal<1).
log, a log, a (1-q) (1-q)
11. log,, x=1g x; 12. log, x=Inx. 7. TpuronomeTpis
OcHoBHI TpUroHOMeTpHYHI hopmysin
5. I'padiku creneHneBoi, NIOKA3HUKOBOI Ta Jorapugmiunoi GyHkuii sina COS o
HY) 2 .
1. sina+cos”a =1, 2. tgo=——; 3. ctgar =———;
vi cosa sina
3t vy
X Vx 4, tga-ctga =1; 5. 1+tg°a=———; 6.1+ctg’ o =———;
Al cos” & sin“«
n=del - 7.sin(a + f)=sinacos f+cosasin j;
T 8. cos(a £ f3)=cosacos S Fsinasin f;
...y X tgor £t
T -1 -2 -1 1 1 3 9. tg(aiﬁ)zga—g’g;
1Ftgatg s
10.sin2a =2sinacosq;
11. cos2a =cos? a —sin‘a =2cos’ ¢ —1=1-2sin’ ;
29
12. tg(2a) = ;
g( ) 1-tg° «
13. sin3a =3sina — 4sin’ a; 14. cos3a = 4cos’ o —3cosa;
+ _
15. sinaisinﬂ:Zsina;’Bcosa;ﬁ;
16. cosa+cos,8=2005a;ﬁcosa;’3;
17. c05a—cosﬁ=—23inﬂsina—_'8;
2 2
4 3 -2 -1

18. sin asinﬂ=%[cos(a—ﬁ)—cos(a+ﬂ)];



19. coswcos,b’=%[cos(a—ﬂ)+cos((x+ﬂ)];

20. sin acos,B=%[Sin(a—ﬂ)+sin(a+ﬂ)];

21. coszazm; 22. sinzazm;
2 2
23. sin% =+ /l—COSa; 24.c0s% =+ /1+c05a; 25.19% =+ fl_cosa;
2 2 2 2 2 l+cosa
a ) a
2tg— 1-tg°— 2tg—
26. sinaz—za; 27. COSaz—i; 28. tgaz—za.
1+tg®> = 1+tg° = 1-tg®> =
g 2 g 2 g 2

TpuronomeTpuy4Hi piBHIHHSA

1. sinx=a (lal<l) = x:(—l)k arcsina +kz, keZ
2. cosx=a (lal<1) = x=+arccosa +27K, keZ;
3. tgx=a = x=arctga+kz, keZ,

4. ctgx=a = x=arcctga +kz, ke Z.

DopmyJiu 3BeICHHS

B L Tta 3z ta | 2r-a
2 2
sin g cosa tsina —COos —sina
cosf | Fsina —Cosx Fsina cosa
tg g Fciga Flgo tctga 21
ctg g +iga +Cigo ttga —ctga
3HaYeHHSI TPHTOHOMETPUYHMX (PYHKITIH
0° 30° 45° 60° 90° 180° | 270° | 360°
X 0 z/6 /4 /3 | 7/2 r 3r/2 27
sinx | 0 12 | 2/2 | B2 ] 1 0 -1 0
COSX1 g | B2 |22 y2 | o | 1| o 1
g X 0 J3/3 1 J3 0 0 0 0
ctgx | o NE) 1 | BB o s 0 o
10

I'padixku TpuronomMerpuaHux QGyHKIin

Hnst orpumanHs TpadikiB 3BOPOTHUX TPUTOHOMETPUYHUX (PYHKIIH Tpeba
BioOpa3uTy HaBeAEHi Tpadikud I TPUTOHOMETPUYHWX (YHKIIN 1010
OicexTpucu y = X.

yY y

e |
'y = arcsin X P\
3 i y=arccos X
] /2] N\

11



PO3/LI 1.
EJEMEHTU MATEMATHYHOI JIOTIKA TA
TEOPIi MHOXHUH

1.1. OcHoBHi NOHATTHA TA BJIACTHBOCTI

EjJeMeHTH MaTeMAaTHYHOI JOriKH

IIpocTi Ta cnioJiy4eHi BucjoBI0OBaHHsA. JIoriuHi 3B’ A3KkH1
OmnoBiganbHe pedyeHHs, sKE 3a 3MICTOM € iCTHHOK a0o HempasJolo,
HA3WBAIOTh BUCI061H08aHHAM (TIPUKIAN: 2 X 2 = 4 — BUCIIOBIIOBaHHS, IO €
icTHHOW; 2 X 2 = 5 — 1€ BHCJOBIIOBaHHS, IO € HempaBnor). lIpocti
BUCIIOBITIOBAHHS. TO3HAYalOTh JiTepamMu (MaJleHBKMMH a00 BEIUKUMHU
rpeubkuMu  abo JjatuHcbkumu A, B, C, D, ...) Ta Ha3uBaIOThH
NPONO3UYIOHATLHUMU ~ 3MIHHUMU. 3@ JIOTIOMOTOIO OIEepalliif  JOTiYHOrO
3B’SI3Ky MOJKHA CTBOPIOBAaTU CKIAOHI 6UCI08TI06aHHSA Ta  (HOpMYIIH.
3MiCTOBHO BUIIPABIAaHO BUKOPMCTAHHS 5-TH JIOTIUHUX 3B’s13KiB, Ki BKa3aHo
y TIOPSIIKY TIPIOPUTETY:

VHAPHUUL
1) 3anepeyenns « — » (— A4, He A);

OIHapHI.
2) kor’1oHKILig « A» (4 A B, AiB);
3) au3’ronkLig « v » (4 v B, A abo B);
4) immutikanis « = » (A = B, ko A 1o B, i3 A Bunmusac B);
5) ekBiBasieHIlis « < » (4 < B, A exBiBaJieHTHO B).

Jlnis 3HaYeHb «ICTHHA» Ta «HEMPaBJa» BUKOPUCTOBYIOTH CKOPOUYCHHS «i» Ta
«H» abo «1» ta «0» BigmoBigHO. Pe3ynpTaTn 3acTOCYBAaHHS 5-TH JIOTIYHUX
3B’sI3KiB JI0 BUCJIOBJIIOBaHb HaBeAEeMO Yy Ta0uuill (Ta0uIll ICTHHHOCTI):

A B —A | ANB | AvB | A=>B | A B
0 0 1 0 0 1 1
0 1 1 0 1 1 0
1 0 0 0 1 0 0
1 1 0 1 1 1 1

! TomaTkoBi JOTiUHI 3B SI3KM:

« | » — antukon toHKis (uTpux ledpepa): A|B < — (4 A B);
« & » — anTuams oukis (crpinka Ilipca): A4 B < — (4 v B).
12

Omke, MOBa MaTeMaTHYHOI JIOTIKH CKJIAJa€ThCS 13 HACTYITHOTO aighagimy:
oc=o,Uc,Uac;,, ne o, ={A),A,A,,.} — 3minHi BHCTOBTIOBaHHS 260
MPOMO3UILOHANBHI 3MiHHI, 62 = {—, A, VvV, =, <} — JOriuHi 3B’S3KH;
Oy = {(, )} — IOIaTKOBI CUMBOJIH.

B3aeMo03B’s130K JIOTiYHUX 3B’A3KIB!
KosxHni 3B’s130K MOJKHA BHPA3HTH Y€PE3 TPU OCHOBHI —, A, V.
(4= B) < (- AvB);
AeB) o A=BAB=2A) < (—AvB)A(—BvVA).
AaredpaiuHi Bi1acTHBOCTi 3B’ s13KiB!

1. avb<bva — xomyratuBHHiI 3akoH (BCi OiHapHi 3B’SI3KH, KpiM
IMILTiKaIii, € KOMYTaTHBHUMH);
avibvc)elavb)ve . .
. — acomiaTMBHI 3akoHU (=, < €
anlbac)e(anb)ac
HEaCOI[laTUBHUMHU);

anlbvc)e (@anb) v(anc)
avibac)e(avb)al(ave)

—(lavb)e —-aan-b
a./\b <:>—|aV—|b

. TpamsutuBHicTh = (Tak came i <): a=>bTab = ¢, Togi a = ¢;
. 3aKOH MO/BIIHOTO 3amepedyeHus: — (—a) < a;

. [lpuHIIUTT TOTOXKHOCTI: —avaesl, —anrnas0;

. [IpaBuna mormuHanus:  av (@A b) < a, an(avb)ea;
.BakonnOrtal: 0Orhna<=0, lrhaea Ovacsa lvasl

3.

— IUCcTpUOYTHBHI 3aKOHH;

} — 3aKoHHU Je Moprana;

-

© 00 N O O

Dopmy.au Ta iX kiacugpikauis

@Dopmyna: = {nponozunionansHa sminHa | - U [ (U A V) [(UV V) | (U=V)
| (U< V)}, e UiV — gopmynu abo BHCIOBITIOBaHHS.

Def. ®opmyna moxe OyTu:

a) 30ilicHenHOI0 — SIKIIO 1CHY€ Ha0ip mapameTpiB (3HAUE€Hb 3MIHHHUX), 32 SKHX
(dhopmyIa € iCTHHHOIO;

0) masmonocicio (TOTOXKHA ICTHHA) — SKIO JUIS OYJb-SIKOTO HaOOpy
napameTpiB GopmMyJia € iCTHHHOIO,

B) Ccnpocmosanor — SKINO iCHye HaOOp mapameTpiB, 3a SKUX (opmyja €
HETIPaB/HBOIO;
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r) npomupiyuys (TOTOXKHA HEMpaBla) — SKIO M OyIb-sKOro Habopy
napameTpiB GpopMysia € HeIpaBIHBOIO.

dopmMynia Ha3UBAETHCS GOPMYNIOI0 3 MICHUMU 3anepedeHHAMU, KO0 B Hil
HEMAa€ CHMBOJIB —> Ta <>, 1 3alepeueHHS CTOCYEThCS TUIBKH
MIPOTIO3HITIOHATHLHUX 3MIHHHUX.

JoBinbHY KOH'IOHKIiO (AM3’IOHKLII0) (opMyn, KOXKHA 3 SKHX €
NPOMO3UIIIOHANIFHOI0 ~ 3MiHHOIO abo 11  3amepeueHHAM, HA3WUBAIOThH
enemenmapHoio Kow tonkyicio (0us tonkyicro).

Def. JloBinbHY [AW3’FOHKINIO €ICMEHTAPHUX KOH FOHKIIH HA3WBAIOTh
Ou3 TOHKMUBHOW ~ HOPMANbHOK  ()OopMOl0, a JIOBUIBHY  KOH HOHKIIIO
CNIEMEHTAPHUX U3 IOHKIIH HA3UBAIOTh KOH TOHKMUBHOK HOPMATILHOIO
¢opmoro (n.H.¢. 1 K.H.¢. BIATOBIAHO).

Def. T1.u.¢. (x.u.}.) HasuBaOTs dockonarow — AAH.Q. (L.K.H.Q.), AKIIO
KOXKHa 3MiHHA (OpMyNIM BXOAMTH JIO CJICMEHTapHOI  KOH FOHKIIIT
(mm3’roHKIIIT) piBHO ONTMH pa3 i3 3amepedeHHsIM abo 6e3 HhOTO.

3ayBaskeHHs: I.K.H.). 1a€ MOXJIMBICTh CKa3aTH, L0 BUXiAHA GopMmyna €
HENpaBAMBOIO JIMIIE Y BHUNAAKy, komu A, B i C — HenpaBausi. 3Ha0uu
I.K.H.Q., Jerko HamucaTd i J.J.H.Q., SKIIO BpaxyBaTH, IO OKpeMmi
eJIeMEHTapHI KOH IOHKIIi1 OMMUCYIOTh BUTIAJIKH ICTUHHOCTI (POPMH

(AvBv(C) & (AABACO)VAA-BAC)V(AABA-C)vV
(AA=BACYV(—AABA-C)V(AA-BA-~C)v(AABAQ).

VY 3anucaniit popmyni JiBOpYU Bif <> CTOITh A.K.H.Q., a mpaBopyd — A.1.H.}.

OOYMCIIUTH CKJIaJHE BHCIOBIIOBAHHSA, TOOTO BCTAHOBUTH, Y € BOHO
icTuHHEM a00 HempaBIUMHUM 3a pPI3HUX 3HAYCHHb IMPOTO3UIIOHAIEHUX
3MIHHHX, MOKJIMBO HE TIJBKM 3a JOIIOMOIOI0 TaOJIMIL ICTHHHOCTI, ajl€e 1 3a
JIOTIOMOTOI0  pernpe3eHTyrounx  QyHKIii.  BomHouac — oO4HCICHHS
BHUCJIOBIIIOBaHb POOJIATH 3a JONOMOTOI0 apupMeTnyHuX Aiii i3 0 Ta 1.

Hexaii f(icruna) = 1, f (uenpasna) =0, Toxi

f(=A)=1—f(A); f(BvA)=f(B)+f(A)—f(A)-f(B):
f(4AB)=f(A)-f(B) f(B=A)=1-f(B)+f(A)-f(B)
f(Ae>B)=1—f(A)—f(B)+2f(A)-f(B).
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OOuKCcIUTH BUCIIOBIIOBAHHS MOXKHA TaKOX, SIKIIO 3MOJETIOBATH BHXIiJTHE
CKJIaJiIcHEe BHCJIOBIIOBAHHS E€KBIBAJICHTHOIO EJIEKTPHYHOIO cxeMoro. Jlis
bOTO, 3amucaBIM BUXiAHY Qopmyrny sk ¢opMyldy 3 TICHUMH
3alepeueHHsAMH, MOXKHA 3aMIHATH i eKBIBaJICHTHUM CICKTPUIHUM
JaHIToroM. Tak KOH IOHKINIO A A B MOXXHa TIPOMOJICTIOBATH ITOCITiTOBHAM
BKJIFOYEHHSIM JI0 JIAHIfOTa JBOX BHUMHUKaYiB A 1 B, a qu3’toHKLi0 4 v B —
napanenbHAM. [IpoBimHICTE NTaHIIOra BU3HAYAETHCA ICTHHHICTIO (OpMYIH,
0 Ja€ MOXJIHMBICTH. @) CIPOUIYBaTH JIAHIIOTH (3MEHIIYBaTH KiIbKiCTh
pPO3MHKadiB), CHpPOINYIOYX BiAMOBiAHI (GOpMynmHn 3 BHKOPHUCTAHHSIM
anredpaidyHUX BIACTHBOCTEW 3B’s3KiB; 0) OyAyBaTH JIAHIIOTH i3 3aJaHOIO
(yHKII€0 POBITHOCTI BiJ] MOJIOKEHD (CTaHIB) MAKETHUX TIEPEMHUKAIB.

KBanTopu

Keaumop — xinbpKicHa IOTidHa omeparlis (CHMBOI), IO MEPETBOPIOE
TBEP/DKEHHS TIPO TIEBHY BIACTHBICTh Yy OO0’€KTIB JAESIKOrO0 Kiacy B
TBEPJIKEHHS MPO KUTBKICTh 00’ €KTIB, 1110 BOJIOJIIOTH II€F0 BIACTUBICTIO.
BaxxinBumu 17151 BAKOPUCTAHHS € TaKi KBAaHTOPH:

V — kBaHTOp 3aranbHOCTI (Big aHri. All, Any);

3 — xBaHTOp icHyBaHHs (Bix aHri. Exist);

3! — KBaHTOp iICHYBaHHS i OJJUHUYHOCTI;

Vx A(x) — au1st BCiX X BUKOHYETBCS BIACTHBICTh A(X);
dx A(x) — icHye x, ISt IKOTO BUKOHYETHCS BIaCTUBICTD A(X);
Alx A(x) — icHy€e TUIBKH OJIMH X, JUIS IKOTO BUKOHAHA BIACTUBICTh A(x).

AJiredpaiyHi BJaCTHBOCTI KBAHTOPIB:
1. Vx A(x) < —3dx —4(x),
Ax A(x) & —Vx —A(x);
2. KoMmyTyBaHHsI KBAHTOPIB 13 3aIepeyeHHIM
—Vx A(x) & Ix —A4(x),
—3dx A(x) < Vx —A4(x);
3. KomyTyBaHHS OTHOWMEHHHX KBAaHTOPIB 3a Pi3HUMHU 3MIHHHUMHU
Vx Vy A(x, y) < Vy Vx A(x, y),
Ix Iy A(x,y) < Ty Ix A(x,y);
PizHOWMEHHI KBaHTOPH, B3araii KaKy4H, He KOMyTYIOTb, aje
dx Vy A(x,y) = Vy 3Ix A(x, y), xo4a 3BOPOTHOT iMILTIKaLii HEMa;
4. IuctpuOyTUBHICTH V BiJHOCHO A Ta 3 BiTHOCHO V
Vx (A(x) A B(x)) < Vx A(x) A Vx B(x),
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Ix (A(x) v B(x)) © Jx A(x) v Ix B(x);
5. Vx A(x) v Vx B(x) = Vx (A(x) v B(x)),
Ax (A(x) A B(x)) = Fx A(x) A 3Ix B(x),
3x (A(x) = B(x)) < Vx A(x) = 3x B(x),
Vx (A(x) = B(x)) = 3x A(x) = Vx B(x);
6. BracTHBOCTI KBaHTOPIB II0JI0 OTOTOKHEHHS
Vx Vy A(x,y) = Vx A(x, x),
Ix A(x,y) = Ix Ty A(x, y);
7. AucTpuOyTHBHICTh KBAHTOPIB MO0 A, \V, => KOJIH OJHE 13 BUCIIOBIIOBAHb
HE 3aJISKUThH BiJ] KBAHTOPHOT 3MiHHOT
Vx (A(x) A B) < Vx A(x) A B,
Ix (A(x) A B) < dx A(x) A B,
Vx (A(x) = B) < Vx A(x) = B,
Vx (4 A B(x)) & 4= VxB(x);
8. KBanrop icHyBanHs i onuHHYHOCTI 3!
Alx A(x) & Ix A(x) A Vy (A() = y =x);
9. PensTuBiz0oBaHI KBAHTOPH:
Ve X A(X) < VX (R(X) = A(X)) «wis Beix x TakuX, mo R(X) Tomi A(x)»,
Fr X AKX) < IX (R(X) A A(X)) «icHye x Takwuid, mo R(X) i A(x)».

EaeMeHTH Teopili MHOKHH

Mnooicuna — 1ie 00’€JHaHHS B OJHE I[iJI€ MEBHUX, IIKOM PO3Mi3HABAIBHUX
00’ €KTiB (eemenmie) HAOTO CIPUMHATTS 200 JTyMKH'.

EneMeHTH MHOXHH 37€01IbIIOT0 MO3HAYATHUMYThCS MAJIUMH JITEpaMH i3
natuHChKOrO andasiry: a,b,c,...;X,y,Z,..... A MHOXHHH — BEIMKHMH

JiTepamMu JIATUHCBHKOTO andasiry: A, B,C,...; X,Y,Z,.... 3BicCHO,

HOCJIiJIOBHO BUTpUMYBATH MO YroJay 3araJloMm HEMOXIINBO, OCKIJIBKH
MHOKHHH caMi MOXYTb 6YTI/I eJIEMEHTaMU 1HIINX MHOKUH.

! Hapenene nonsrrs (I'. KaHTOp) HE € 03HAYEHHAM MHOKHHM, BOHO JIMILE TIOSCHIOE
foro, noB’s3y104u 3 iHIKUMH. [TOHATTS MHOXHHU HAJIS)KUTDH 10 0a30BUX IOHATS, 110
He BHM3HAYaloThes. Ilicist BIAKPHUTTS MapagokCiB «HAIBHOI Teopii MHOXHH», Ha
novyatky XX cTOMITTS Oynu 3arporOHOBaHI pi3HI CHCTEMM aKCiOM, Cepei SIKHX
Haiimommpeximoro € cucrema Llepmeno-®penkens 3 akciomoro Bubopy (ZFC, nus.
3aja4y 22 1bOT0 PO3ALIY).
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MHOXHMHa 3a/1a€ThCSI CYKYIHICTIO CBOIX €JIEMEHTIB, SIKI MEpeTiuyloThCs Y
oirypuux nymkax: M = {X, y, z}, N = {1, 2, 3, ...}. YUacto MHOXHHa
3a/Ia€ThCSl 32 JOMOMOTOI0 Kiaacugixamopa («|» abo «:»), MCIs SKOTO
OINUCYETHhCS BJIACTHBICTh, IO XapaKTePH3yE CIEMEHTH i€l MHOXWHHU:
M= {x | P(X)} — «MHoxmHa M € MHOXXMHOIO 00’ €KTIB X, IS SKMX BUKOHAHA
BJIaCTHBICTB P(x)».

HaBememo OCHOBHI TIO3HAYEHHS Ta UTFOCTpallii 0 HUX 3a JOIOMOTOIO
miarpam Eiinepa — Benna (MHOXWHH — (irypu Ha IJIONIMHI, €IEMEHTH —
TOYKH):

x€A — eNeMEHT X Hanedcums MHOXUHI A, a00 4 4
. Xe

A>x — MHOXHUHA A Micmumb €IEMEHT X,

x¢gA < — (xeA) — x He nanedxcums MHOXKHUHI A,

a00 APx — MHOXHHA A He MiCmumb €IEMEHTA X. Cj X xed

BinnomeHus pienocmi ii 6K1t0ueHHA A
1. A =B «mHOXMHA A dopieHIOE MHOXUHI B» < Vx (xeAd < xeB)
a) pedieKCUBHICTE: A = A;
0) cumetpisi: A = B= B =4;
B) TpaH3UTHBHICTE: A = BAB=C=A4=C.
2. A c B «mHOXUHA A Micmumbcs y MHOXKUHI B»,
(4 — niomnoorcuna, B — naommoscuna) Ach tos
& Vx (xed = xeB). .
A D B «A micmums B» < B c A B(zA’ Bed
a) pedUIeKTUBHICTh: A C A; s 4 B
0) autucumerpis: A c BABc A< A= B,
B) TpaH3uTuBHICTb: A Cc BABc C=A4 c C.
[TepeniyeHi BIaCTUBOCTI 03HAYAKOTh, 1110 BiHOIICHHS PiBHOCTI Ta
BKJIFOUEHHS BU3HAYAIOTH YACHKO8Y GNOPAOKOSAHICMb, HA MHOKUHAX.
3aysaocenns: axuo xe A, To {x} A, ane x # {x}.

Topoorcus muooicuna & — 1ie MHOXKWHA, SIKa HE Mae eJleMeHTiB: Vx xgd,
30kpema VX O c X.

Onepanii HaJi MHO)KMHAMH
1. AU B={xeAd v xeB}

AUB — 00’cOHanHs MHOCUH,
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https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%97%D0%B2%D0%BD%D0%B0_%D1%82%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%BC%D0%BD%D0%BE%D0%B6%D0%B8%D0%BD
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%BC%D0%BD%D0%BE%D0%B6%D0%B8%D0%BD_%D0%A6%D0%B5%D1%80%D0%BC%D0%B5%D0%BB%D0%BE-%D0%A4%D1%80%D0%B5%D0%BD%D0%BA%D0%B5%D0%BB%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%BA%D1%81%D1%96%D0%BE%D0%BC%D0%B0_%D0%B2%D0%B8%D0%B1%D0%BE%D1%80%D1%83

2. AN B={xeA A xeB}, B
ANB — nepemun MHONCUH, 4

3. A\B={xeAd A xe¢B}, B
A\ B — pisnuys MHOdCUH; A

JlonosHnenns 00 MHOJICUHY HA MHOXUHI F

E\A=Ced = A.
IIpu npomy E
AUB=ANB; ANB=AUB. @
4. Cumempuuna pizHuysi /A

AAB = (AUB)\(ANB)
5. [lexapmosg (npsamuii) 006ymox MHOXHUH
AxB={(ab) |acAAbeB},
TyT (@, D) — ynopsokosana napa enementis a i b na BinMminy Bix {a, b}, me
MOPSIIOK @ 1 b He BaKIUBHIA.

BaacruBocTi onepaiii
O0’eqHaHHA Ta TEPeTHH MHOXHH KOMYTAaTWBHI, acOIliaTHBHI 1
JIUCTPUOYTUBHI CTOCOBHO OJ[HE OJIHOTO:

1. AU B=B U 4, ANB=BNA4,

2(AuBUQO)=(A4VBUCQ);, AuBUQO=(AUB)UC

33AuBNC=ANCUBNQC); ANB)UC=AUC)N(BUDIAD).

4. O6’ennanHs 1 epetud ioemnomenmui AU A=ANA=A; AU D =A4;
A\ND=4; AND=0; D\A=D; A\A =O.

5. Pi3auug auctpuOyTHBHA 00 00’ €AHAHHS, IEPETUHY 1 PI3HULI
AuB\NC=@A\NCO) U B\O); ManNnB\NC=A4\CO)NB\O);
(A\B\C=MA\NC)\(B\O).

6. Ipssmuit 10OYTOK HE KOMYTY€E Ta HE € acOlliaTHBHUM (AxB)x C=#
#2Ax(BxC);, AxB#BxA; takok AxA=A% AxT=DxA=,

Ax(BUC)=(AxB)u(AxC)
(AUB)XC=(AXC)U(BXC)
Ax(Br\C)z AxB)ﬁ(AxC)
(AﬂB)sz(AxC)m(BxC)

} TUCTPUOYTHBHICTD U;

} JTUCTPUOYTHBHICTH M.
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TMpuxiaagm MHOKUH

(J — MOPOXHS MHOYKHHA,;

N={1,2,3,...} — HaTypaJIbHH} psJ;
Z=1{0,+1,+2,+£3,...} — MHOXXHWHA IUTUX YUCEI;

m .
Q= {— | neN,me Z} — MHOKHHA PalliOHAJIbHUX YUCET;
n

R = MHOXMHA TIHCHUX YKCET;

R: ={xeR | X >0} — MHOXKMHA HEBiI €MHUX JIHCHUX YUCEIT;

R?=R x R — 1ekaproBa IUIONIUHA;

C ={z|z=x+iy; X YER, i?=-1} — MHO)HMHa KOMIUIEKCHUX YMCEIL.
YucaoBi NpoMizKKu

a) intepea:  (a, b) = {xeR | a<x<b};

6) nanisinTepau: [a, b) = {xeR | a< x<b}, (a, b]={xeR| a<x<b};
B) cermeHT (abo Biapi3ok): [a, b] ={xeR |a< x< b}.

BinoOpaxeHHs1 MHOKMH

v  Hexaii X Ta Y — noBinbHI MHOXKHH, f — 3aK0H
abo mpaBWIIO, 332 SKUM KOXXHOMY EJIeMEHTY
MHOKUHHU X BCTaHOBJIFOETHCS Y BIITIOBIHICTD
OJIVH €JIEMEHT MHOKUHH Y:
Vxe X dyeY y=f(xX), Toai roBopsaTh, 1110

X

3amaHo  gidoopadicennss (abo, y pasi YHCIOBHX MHOXHH, (DYHKYIA)
f:X —>Y wMooxumuu X Ha Y. Muooxuna X Ha3sUBA€TbCI 001dCHIIO

susnauenns Bimobpaxenus f i mosHagaeTses Dy ; MHOXHHA eeMeHTIB yeY,
SIKi TIOCTaBIIeHI Y BiJIMOBIJHICTh €JIeMEHTAM MHOXHWHH X, HA3WBa€ThCS
obnacmio 3navensv Binoopaxenus f i mosHadaerbes Er . BimoOpaxkeHHS Bix
muoxun 1e f (A) ={f(x)| x € A}, Toni maemo E, = f (D).

Tunu BignmoBigHocTel Mi’k MHOKHHAMM

1. f:X->Y — cop'exyin (f -sur,
B1IOOpaXKeHHS «Hay), Ko Y C Ef,

X1 o

% y To0TO VyeY IxeX y =1(X);

(x He 0boB’s13k0BO 3!)

! 3ayBakumo, 10 TYT MU He HABOJMMO aKCIOMATUYHHMX O3HAYEHD MEPENIYEHNX
MHOXUH. JleTasnpHille npo MHOKHHY R UB. HIDK4Ye y oMy po3aini, mpo Cy
po3aini 4.
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2. f: X =Y —in’exyisa (f -inj, BkMageHHs a60 BiTOOPAKEHHS «BY), AKIIO

VX1, X2eX X1 # X2 = f(X1) = f(x2).

3. f: X =Y — biexyin (f -bij, B3aemoogHO3HAYHE BiTOOPAKCHHS), IKIIO
f -sur A f -inj;
a0o Ei =Y Ta X1#X = f(x) = f(x);
To6Tro  VyeY 3FlxeX y=1(x);
a me te came, mo y f € obepuene no wuei

Y

BigoOpaxenns f':Y — X.

Def. Muoxunu X i Y HasuBatoThes pienonomyowcnumu (X = Y), SKIIO iCHYe
Oiekirist Mixk X Ta Y (B3a€MHOOTHO3HAYHA Bi/ITIOBIHICTB).

Def. MHOX#1Ha PiIBHOMIOTYXHa MHOXHHI HaTypalbHHUX yrcell N Ha3MBa€eThCs
3niuenHoro. MHOXMHA piBHONOTYHa iHTepBany (0,1) HazuBaeThcs
MHOKHUHOIO 1OMYHCHOCME KOHMUHYYM.

MuoxuHa pniicHux umcen R piBHonoryxHa inTepBany (0,1), oTke €
MHOXHHOIO MTOTY>KHOCTI KOHMUHYYM.

Th 1.1. Muoxuna Q pamioHaJbHUX YHUCE — 3JTiYCHHA.

Th 1.2. MuoxwuHa fificaux gucen R sk i intepsai (0,1) He € 3miueHHUMHY.
3ayBa)kuMoO, 110 iICHYBaHHsI a00 BiZICYyTHICTh MHOKHH IIOTY>KHOCTI Oijblie 3a
37iYE€HHY Ta MEHIIEe 32 KOHTHHYYM HE BUILIHBA€E 3 aKCIOM Teopii MHOXKHUH
(ZFC, nuB. 3amavy 22 110T0 po31iiy) i Moxe OyTH NMPUIHATO SK I OfHA
akcioma Teopii MHOXHH.

Jiiicna yucaoBa npsamMa. R — noBHe BnopsakoBaHe moJie
MHoxuHy AificHuX 4ucen R HamineHO omepallisMy J10/1aBaHHSA 1 JOOYTKY,
TOO0TO BimoOpaxkeHHsMH +:RxR >R, -:RxR —> R, 3 HacTymHUMH
BJIACTHBOCTSIMHU:

1. a+b=Db+aia-b=b-a (komyraTuBHUIi 3aKOH);
. (@a+b)+c=a+(b+c)i(a-b)-c=a-(b-a) (acomiarnBumii 3aK0H);
a(b+c)=a-b+a-c (mucrpubyTrBHMII 3aKOH);
. Icnyrotb pi3ni enementn 01 1 taki, mo O+a=a, 1-a=a ans Bcix a.
. Jlns kokHOTO @ icHye mpomunesxchui —a Takwi, mo a4+ (—a)=0;

g wN

i kokHoro a#0 icHye 360pomuuii eneMeHT A TakwWii, IO
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a-(@at) =1
MHoxvHa 3 JBOMa OIEpallisiMH, IO 3aJ0BOJIBHAIOTH akciomam 1 — 5,
Ha3UBa€ThCs nosem. MHoxkuHa Q parionanbHuX yucel, sk R 1 C, € moe.

Binnomenus nopsaaky <
MHOXWHA HMIHCHUX YHCENl 6HOPA0KO8AHA BIMHOMICHHSIM < 3 TaKHUMH
BJIACTHBOCTSIMHU:
6. Jlns kokHOI mapu aiiicHux uucen a i b BukoHyerbes a<b abo
b<a (axmo a<bib<a omgnouacuo, To a="h);
7. Skmo a<b i b<c¢, 10 a<c¢ (TpaH3UTUBHICTH);
8. Skmo a<b, To a+c<b+c maa Oymp-sixoro C, Ta sxmuo 0<c, TO
a-c<b-c.
[Tosie 3 BigHOUICHHSIM MOPSAKY, IO 33J0BOJIbHAE 6 — 8 € BIOPSIKOBAaHUM
nosieM. [Toste Q parioHanbHUX YHced, K i R, € BropsiikoBaHuM.
HaiiBaxmBimior0 akcioMoro AT MAaTEMATHYHOTO aHANi3y MIACHUX YHCEN €
nes’sita  axcioma noswomu. Ilepem TuM sk 11 copmylitoBaTh Ham
3HAO00IATHCSI IIE IEKIIbKa O3HAYCHb.

I'pani yuCI0BMX MHOKUH
Def. Muoxuna X Ha3MBAETHCS oOMedceHolo 36epxy (3Hu3y), SAKIIO iCHYE
niticue umcio L — eepxus epans (I — nuocns epanv) take, mo L Gimsire (1
MEHIIIE) KOKHOTO el1eMeHTy X.

OobwmexeHna 3Bepxy: dJLeR VxeX x<L.

Oomexena 3an3y: dleR VxeX x>1.
MHoX1Ha 0OMedicena, Ko BOHA 00OMEXeHa 3BepXYy 1 3HU3Y, TOOTO

L, leR ¥xeX I<x<L abo 34 e R VxeX |x|<A4.
Def. HaiimeHIia 3 BepxHiX rpaHeil MHOYKHHH, SIKIIIO BOHA ICHY€, HA3UBAETHCSI
cynpemymom abo mMouHOW 6epxuboio epannioo L* MHOXMHEH X i
no3HavyaeTses: L* = sup X. Haii0inpuma 3 HIWKHIX T'paHeH, SKIIO iCHYE,
HA3WUBAETHCS [H@iMymom abo mounow Hudxchvoto epannto |* muOKMHE X i
no3Havaetses: 1* = inf X.
Th 1.3. (kpuTtepiii cynpemyma ii ingimyma)
L*=supX < 1) vxeX x<L* i 2) Ve>0 IxeX x>L*-—¢.
=infX < 1) VxeX x>I* 1 2)Ve>0 IxeX x<I*+e.
Def. Sxkmo L*eX, Tomi L* Ha3UMBacTbCI MaKCUMATbHUM eleMEeHmMOoM
MHOXHHU X. L* = max X. Ananoriuso, skuo |1*eX, to |* nasuBaerncs
MIHIMATbHUM enemenmom MHOXUHK X |* = min X.
AkcioMa MOBHOTH. SIKIIO HEMOPOXXKHST MHOXMHA B R oOMexeHa 3Bepxy
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(3HM3Y), TO BOHA Ma€ TOUHY BEPXHIO (HIKHIO) TpaHb B R.

Po3miupena yuciaoBa npsima
UncnoBy npsimy R MoXHa po3MMPUTH, TOMAI0YH 0 Hel HECKIHYEHICTh o0,
a00 JIBi HECKIHYEHOCTI —00, +00 (He6naCHI enemeHmu):

R=RU{o} a60 R =RU{-0, +n}.
HactymHi pucyHKM 1MIOCTpYIOTH TOH (akT, M0 R = RU{~o0, +o0}
TOMOJIOTIYHO €KBiBaJeHTHA' TiBKOMY i3 KpaliHiMK Toukamu ayru abo
BIZPi3Ky, a R= RU {0} Tomomoriuno? ekBiBaleHTHa KOJY.

+o0 e

Ha R xoxna HETIOPOXKHS MHOXXHHA Ma€ TOYHY BEPXHIO (HIKHIO) TpaHb
(MOXITHBO HEBIIACHY).

Hpukiaagm

1. X=N infX=minX=1, sup X=+00, max X He icHyE€.

2. X=Q infX=-00, supX=+o0, max X i min X He iCHYIOTb.

! To6to icHye Giekiis, 10 30epirae BiKpUTI MHOKHHHU.
2 Bsarauni, Tononoziunuii npocmip — ue napa (X, I'), ne X — muoxuHa, a I’ — cucrema
miAMHOKUH MHOKUHM X (X HA3UBaIOTh Giokpumumu, a I — mononocieio), 10
3a/I0BOJIbHSIE TAKUM YMOBaM:

- MOPOXKHS MHOXXHHA & Ta MHOXKHMHA X Hajexath [

- 0o0'eqHaHHs IOBUILHOrO HAOOPY MHOKHH 13 /" TaKOXK HaJIEXKHUTH [ |

- MepeTHH CKIHYCHHOTO HA0OPy MHOXKUH i3 /' TaK0K HAJICKUTH [ .
Toni (BiZKpUTHUM) OKOIOM MOYKU HA3UBAETHCS OyIb-siKa BIAKPUTA MHOXKUHA, IIO
MICTHTB I[FO TOYKY.
AHaJIOTIYHO TOIIOJOTII0O MOJKHA 3aJaBaTH 3a JIOIIOMOIOI0 Oa3u OKOi6, AK CIM’I0
nigmMHOKUH {B(X) | Xe X}, 1110 3210BOJBHSIOTH BIACTHBOCTSIM:

- st kokHOro Xe X B(X) # &, i s koxuoro UeB(X) xeU;

- ko UeB(X) TayeU, to icaye VeB(y) takui, mo VcU;

- TepeTHH CKIHYEHHOI KiJIbKOCTi eleMeHTIB i3 B(X) MicTUTh mesikuil eneMeHT i3

B(x).

Toni o3HAYCHHS GIOKpUMOI MHOJMCUHU — TIe MHOXKHHA, BCi TOYKH SKOI MICTATHCS B
Hel 13 IeTKUM CBOIM OKOJIOM (T00TO enympiwmni, nus. Def. Hukue).
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Obmedicenicmv,  uucnosi  epaui, cynpemym  (ingimym)  pynxyii.  f
BU3HAYAIOTLCS K BIAMOBIAHI BIIACTUBOCTI A1 MHOXKUHH 11 3HaueHb E:.

Oxo/11 TO4OK
Def. Biokpumum oxonom Touku a (mo3nadaemo U,) Ha3MBAETHCS OYyIb-SIKUI
iHTepBaI, o il MiCTHUTB.
Def. Hexaii 3agano nesixe € > 0. Biokpumum &0KoaoM TOUKH & HA3HUBAETHCS
inrepBan O(a,e)=(a—¢,a+¢e)={xeR| |[x—a|<e&}.
Def. IIpoxoromum okonom Touky @ HasuaeThes MHOXHHA U, =U, \{a}.
BinnoBigHo, npoxoromum £-0K010M TOUKU 8 € MHOKHHA

O(a,e)=(@—¢ a+e)\{a}={xeR| 0<[x—a| <&}
Def. Oonobiunum oxonom TOUYKH & HA3MBAETHCS MIEPETHH OKOJY @ 1 OJHIEI0
i3 HaMmiBNPAMHUX, HA AKi & PO30MBA€E YNUCIIOBY MPSMY

U, =[a+0)NU,, U, =(-»,a]NU,;

U =(a+o)NU,, U; =(-w,a)NU,.
Jiist HeBNacHUX eJIEMEHTIB Ta € > 0 OKOJIM BU3HAYAIOTHCS Y TAKUH CIIOCi0
E-OKINl 00: O(0, €)= (-0, ¢g) U (g, +0) ={xeR | x| > €},
nieutl e-nanieokin +©.  O(+0,g)=(g, +o ) ={xeR | x> &},
npasuii &-nanigokin —©. O(—-0,g)=(-o,¢)={xeR|x<—¢&}.

Po3TramyBaHHS TOYOK BiTHOCHO MHOKUHU

Def. Touka a Ha3UBAETHCS BHYMPIUHLOK TOYKOK MHOXUHU M, SKIO BOHA
HAaJIEKUTh MHOXWHI M pa3oM i3 geskum okooM:  JU, | Uac M.
MHOXHMHA BCIX BHYTPIIIHIX TOYOK M HasWBaeThCs @uympiwmicmio M 1

o [0}
nmo3Havdaetbcst M. Sxkmo M =M, To M Ha3UBAETBCI GIOKPUMOIO
MHOKHHOFO (TOOTO BCi 11 TOYKM BHYTPIIIIHI).
Def. Touka a Ha3UBAETHCS MOUKOIO OOMUKY MHOXKHHU M, SKIIO Oy1b-SIKUI
11 OK1JT Ma€e CiIbHI TouKH 3 MHOXKHHOIO M: VU, | Uan M= J.
CyKyIHICTh TOYOK JOTHKY M HAa3WBAETBCS 3AMUKAHHAM MHOXWHH M 1
nosHavaeteess M. fkmo M =M, To M Ha3uBa€eThCst 3aMKHEHOIO (MICTUTB
BC1 IOT'O TOYKH JIOTHKY ).
Def. Touka a Ha3uBAETBHCA MOUKOIO 32yujeHHs MHOXKWHU M (epanuuna
MouKa), AKIO OyIb-SIKUH MPOKOJOTHH OKII ¢ Mae 3 M CHiJIbHI TOYKH:
VU, | U,nM=D.
MHOXHHA BCIX TPAaHHUYHUX TOYOK M HA3UBAETHCS HOXIOHOW MHOMCUHOIO 1
IIO3HAYa€eThCs M.
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https://uk.wikipedia.org/wiki/%D0%9E%D0%B1%27%D1%94%D0%B4%D0%BD%D0%B0%D0%BD%D0%BD%D1%8F_%D0%BC%D0%BD%D0%BE%D0%B6%D0%B8%D0%BD
https://uk.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D1%82%D0%B8%D0%BD_%D0%BC%D0%BD%D0%BE%D0%B6%D0%B8%D0%BD

Def. Touka a Ha3UBAETHCS i3016bOBAHOK) MOYKOI MHOKUHU M, KO iCHYE Ti
OKiJI, o He Ma€ 3 M CIIIBHUX TOUOK, okpiM Toukn a: U, | U, "M = (.
Def. Touka a Ha3UBAETBHCS MOUKOIO MexHCi MHOKHHHA M, AKIIO KOXHUHU Il
OK1JI Ma€ TOYKH, 1110 HAJIS)KAaTh MHOKHUHI M 1 TOUYKH, 110 HE HaJleKaTh M:
VU | IxeUanM A JyeU, | ye M.
CyKyIHICTh TOYOK MEKi YTBOPIOE Medcy MHOKHHU M 1 o3HavaeThess OM.
Def. Touka a Ha3UBAETHCS 306HIUHBOI MOYKOI MHOXXUHH M, SIKIIO iCHYE
ii okixn, o He Mae 3 M cminbHux Touok: JUx | Uan M = O.

KpiM ychoro, unciioBa npsma Mae JIBi BaXIJIUBI BIACTHBOCTI (akciommu®):
1. HamiBBimokpemiieHicts Touok: Va, b e R, azb 3JUs | b ¢ Uy
2. Bimokpemienicts Touok: Va,b e R, azb 3JU,, FUp | UanUp=.

Onepauii Hag pynkuismu. [ocaigoBHocTi
Hexait

f:Df—>Ef; DfCR, EfCR,

g:Dy — Eg; Dy c R, E;cR.
Onepamii Haj 4YACIOBUMHU (DYHKIISIMH YHCIOBOIO apryMEHTY BBOJISTHCS
MOTOYKOBO, TOOTO
L (F+9)(x) =f () +9(x), Dr+g = Dr M Dg;
2. (af)(x) = of (x), Dot = Dr;
3.(F-9)()=f(x) - 9(x), Dr.g = Dr 1 Dy
4. (f/9)(x) = f (x)/9(x), D/g=Dsn D\ {X g(x) = 0F;
5. (fo g)() =f(9(x), Drog = Dg\ {X g(x) £D}.

OcraHHs orepartist Ha3HBAETLCS Komnosuyicto abo cynepnosuyicio f i g.

Def. [lificno-3Hayna ¢yHkiis HartypaimbHoro aprymenty f: N — R
HA3UBAETHCS nocioosuicmio. KoxHOMY HaTypajgbHOMY YKCIy N BiANOBIiIa€E

miticie X, = f(n). INocmigoBHicTs mo3HavaeThes (X,),, abo mpocto (X,),
JIe Xn HA3HBAETBCS efleMeHmom abo ujieHoM TOCTIIOBHOCTI, a N — iHOeKkcom
abo HoMepoM Xn.

Cyma Ta iH1i apudmMeTHyHi onepauii HaJ MOCTIIOBHOCTSMH BU3HAYAIOTHCS
HOCJIEMEHTHO, KOMIIO3MIIiS JIBOX IIOCITIJIOBHOCTEH 3a YMOBH, IO OJHA

! BnacrusicTe 2 A 3aralbHMX  TOMOJIOTIYHUX —TPOCTOPIB  HA3WBAEThCH

gidokpemnenicmo 3a laycoopgom, a BINNOBITHUH  TOMOJOTIYHHMH NPOCTIp —
eaycoopghosum. BoHa 3abe3nedye OJMHWYHICTD TPaHUII 32 YMOBH ii iCHyBaHHA 1
4acTo JIOJAETHCS Y SIKOCTI aKCIOMH B O3HAYEHHS TOIOJIOTIYHOTO NPOCTOPY.
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(mpaBa, TOOTO BHYTpIIHs) 3 HUX MAa€ HATypajbHi 3HAYEHHs, HA3UBAETHCS
nionocaioognicmio Ta No3Ha4AETHCS (X, ).

1.2. KoHTpoabHi NUTAHHS TA 3aBIaHHS

1. Illo Take BUCIOBIIFOBaHHS?
2. SIki € omeparlii HaJ BUCIIOBIIOBAaHHIMHY, SKUMU € TXHI BIAaCTHBOCTI? SIKwuii
TTOPSIOK BUKOHAHHS omeparii y BHCJIOBJTFOBAaHHI
(+P=Q)v(P=(QAP)?
3. llepenmiunt Tpu OCHOBHI KBaHTOpW. K 3amepedeHHs Ji€ Ha
BUCIIOBIIIOBaHHA 3 KBaHTOpamu? UM KOMYTYIOTh KBAaHTOpU (HABECTH
npukiIagn)?
4. TToHATTs MHOXMHH, i1 ornuc Ta 300paxeHHs. Illo Take xiacudikaTop Ta
miarpamu Eiinepa — Benna? IlepemiunTtu BiTHOCHHH Ta OCHOBHI oreparii
HaJl MHO>KHHAMHU Ta iX BIIACTUBOCTI.
5. Sdxi 3 omepaiiii Hajg MHOXHHaMU KOMYTYIOTh, a ski Hi? HaBectu
OpUKIIaIH.
6. Akciomatnka nidcHUX dYnucen R: akcioMu OIS, YIOPSIKOBaHICTb,
NOBHOTA. Bu3HaueHHs BEPXHBOI 1 HIHKHBOT Ta TOYHOT BEPXHBOI 1 HWKHBOI
IpaHi MHOKUHH 1X KPHUTEDIi.
7. Uum BigpizasiroThest Max X ta sup X? HaBectu mpukinag MHOXKUHHA X Y
sIKOT HeMa Max X, aie € sup X.
8. 3anmucaru o3HauCHHS MHOKHHHU:

a) 0OMeXeHOI 3BepXYy;

B) 0OMEKEHOT; T') HeOOMEXEHOT 3BEPXY;

1) HEOOMEXEHOI 3HU3Y; €) HEeOOMEKEHO.
9. Banucaru TBepKeHHs, 0 QyHKIis f(X) Ha MHOKHHI X €:

a) 0OMEeXEHOI0 3BEpPXY; 0) 0OMeXEeHOIO 3HU3Y;

B) 0OMEXKEHOI0; ') HEOOMEKEHOIO 3BEPXY;

1) HEOOMEKEHOIO 3HUY; €) HeOOMEXKEHOIO.
10. ChopmynroBatn o3HaueHHs Ta Kpurepii iHPIMyMy Ta cynpemymy
¢yHKUii (U1 MHOXXHMHY 11 3HaY€Hb) HA IPOMDKKY.
11. 1o Take HeBIacHI eJileMeHTH R Ta po3mupeHa 4yncioBa npsma’?
12. HaBectn o3nauenHs ¢ynkuii. [l{o Take o0nacTs BU3HaUeHHA Ta 001aCTh
3HaueHHs QyHKUii? Ski € omepanii MiX (QYHKOISIMA Ta SK 3MiHIOIOTBCS
BiAITOBiAHI 001aCT] BU3HAYEHHA?

13. 3anumiiTe o3HaueHHs inj, sur, bij sizo6paxens f. I1{o Take f *:Y — X ?

0) oOMekeHOT 3HU3Y;

14. 1o Take 37mi4eHa MHOKMHA Ta MHOYKHHA TIOTYKHOCTI KOHTUHYYM?
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15. Ik BCTaHOBHUTH PiBHOMOTYKHICTh MHOXHH?
16. HaBectn ¢yHkmii, mo 3midcHiOOTh Oiekmii: a) intepany (0,1) Ta
inTepBany (0, 2);6) (-1, 1) Ta R (AuB. pUCYHKH HUXKUE).

d
7

-,

,
a4
/
4
T
1

o1 , -

-
g
7’

Q

17. HaBecTn nmpukiam MHOXHUHH, 10 € 00’ € JHAHHAM 3aMKHEHOTO TIPOMIXKKY,
BIJIKPUTOTO TPOKOJIOTOTO OKOJY Ta 130JbOBaHOI TOYKH, IO TMOMApHO HE
NEePEeTHHAIOThCA. SIKi TOYKM i€l MHOKUHH € BHYTPIIIHIMH, I'PaHUYHUMHU,
30BHIITHIMH Ta TOYKaMHU MEXi?

18. BimoOpa3utn Ha YHCIOBIH Bici, 3ammcaTd SK MPOMIXKOK Ta y BHUTJISAL
MHOXHMHHU: @) TPOKONOTHH 1-0Kin Touku 5; 0) mpasuii 0,5-okin Touku 1;
B) JiBHiA 2-okin Touku 0; T) 1-0Kin +oo; 1) 8-0Kinm —o.

19. ChopmymroiiTe BracTuBiCTh BigokpemieHocTi Touok R. IlosicHiTh ii Ha
npukian Todok —1 ta 0.

20. IIlo Take mocnigoBuicTh? IliamocnimoBHicTh? HaBeaiTh MpUKIAIU TBOX
MOCITIIOBHOCTEN Ta omepalliii Mixk HuMH. HaBemiTe puKIaa mociioBHOCTI
Ta ii mIMOCHiOBHOCTI 3a HEMApHUMH iHAEKcaMH. BKaXkiThb KOMITO3UILIIO,
sIKa YTBOPIOE IIFO ITiIOCIII0OBHICTb.
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1.3. llpukjaaamn po3s’si3yBaHHs 33124

Ipuxnao 1. O6uucnuty BucnosimoBanus: (A = B) = (- (C v 4) = B)).
1 5 3 2 4

Hudpu 1-5 BkazyoTh TOPSIOK OTIEpaIlii.

Cnoci6 1. 3a gonomoroto popmynu (A = B) < (— A v B) no36aBUMOCH
crioyartky Bij imMmutikauiid 1,4: (— A4 v B) = (Cv A4 v B). lani Big 5:
—(—=A4v B)v CvAv B. Ta3actocyemo 3akoH e MopraHna:
(AA—=-B)vCvAvB — orpumana popmyna € GopMyJIOK 3 TICHUMHU
3anepeucHHsAMH. 3amumiemo ii y Burisini (A A —=B) v (C) v (4) v (B),
PO3TIIyMauyrO4ul KOKHY CKOOKY SIK €JIEMEHTapHY KOH IOHKIII, 0adunMo
U3’ IOHKINI0 €JICeMCHTAPHUX KOH’IOHKIIW, To0TO ma.H.Q. BoHa He €
JIOCKOHAJIOI0, OCKUTBKH y KOXKHI Ty>KKH BXOJSITh HE BCl 3MiHHI (hOPMYITH.
Banumemo octanulo Gopmyny y Burisiai (A A —B) v (C v A v B) i
3acTocyeMo AUcTpuOyTHBHHM 3aK0H: (A vV CVv AV B) A (—wBv Cv AV B),
10010 (A v CV B) A (wB Vv C Vv A v B). BUcnopntoBaHHs y OCTaHHIHN TyxKIli
€ TaBTOJOTi€0, ToMy otpumyeMo: (4 v B v (), 10 € eneMeHTapHO
JIN3’IOHKIIIEI0, a OTKEe MM MaeMo J.K.H.}. Lle BUCIIOBIIOBaHHS € 3aBXKIH
ICTHHOIO, KpiM BUMNAJKY, KOJIU BCi 3MiHHI OJTHOYACHO HAa0YBalOThb 3HAYECHHS
«HETIPABIIa».

Cnoci6 2. Tabaung iCTUHHOCTI:

A B C 1 2 3 4 5
0 0 0 1 0 1 0 0
0 0 1 1 1 0 1 1
0 1 0 1 0 1 1 1
0 1 1 1 0 1 1 1
1 0 0 0 0 1 0 1
1 0 1 0 1 0 1 1
1 1 0 1 0 1 1 1
1 1 1 1 1 0 1 1

Y 5-My CTOBNUYMKY 3alMCcaHO ICTHHHICTh BChOTO  CIIOJyY€HOTO
BHCJIOBJIIOBAaHHSI 32 Pi3HHUX 3HAa4eHb icTHHHOCTI 4, B 1 C.

Ilpuxnao 2. 3anaiite MHOXKHMHY A = {X | x — 1ije HeBi eMHe Tax + 2 =5} y

HIMi crocio.
Kopinp piBHsHHS X + 2 = 5 nopiBHIOE 3 — mine HeBix emHe uncio. OTxe,
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BOHO 1 TiILKHM BOHO € €JIEMEHTOM IIi€i MHOKUHY. Bionosion: A = {3}.

Ilpuxnao 3. 3’sacyiite, 4u € pIBHUMU MHOXHHH
a) A={1,2,3}; B={2,3,1}.
b) 4 — MHOXWMHA BCiX PIBHOOIYHUX TPUKYTHHKIB, B — MHOKHHA BCiX
PIBHOKYTHHX TPUKYTHHUKIB.
c) A={1,5,8}; B={1, 8}.
d) 4={0, 1}; B ={{0, 1}}.

Po36’s130K: @) MHOKVHH CKJIaJIal0ThCS 13 OJTHAKOBUX €JICMEHTIB, OTXke 4 = B;
b) ockinbku y piBHOOIYHOTO TPUKYTHHKA BCl KyTH PiBHI, @ y PiBHOKYTHOTO
TPUKYTHHKA BCl CTOPOHU PiBHI, TO A = B,

C) A # B, OCKIIbKH Ili MHOKHHH MICTATh Pi3HY KUTBKICTh eleMeHTIB. Bci
eJIeMEHTH MHOXKUHU B € Takox B A, oTke B C A;

d) A4 # B, ockinbku A — IBOXEIEMEHTHA, a B — 0/IHOEJIEMEHTHA MHOKHHA.

Ipuxnao 4. Ins nBox muoxkuH A = {X| xeR, 1 < x <3} i B = {X| xeR,
2 <X <4} zanumieMo pe3yNbTaTH Pi3HUX Omepalliii HaJ] HUMU:
AUB={x|xeR, 1<x<4};
ANB={xxeR,2<x<3}; Av
A\B = {X|xeR, 1<x<2};
BVA={x|xeR,3<x<4};
AAB={x|xeR,1<x<2i3<x<4};
A={x|xeR, x<1ab6ox>3};
Ax B ={(x,y)eR?|xel[1, 3],

yel2, 4]}
[IpoimocTpyeMO OCTaHHIO OIEpAaIlito
Ha JICKapTOBIil TUIONIMHI (JIUB. IEPETUH
MI0JIOC Ha PHUC. IIPABOPYY).

Ilpuxnao 5. 3anumemo HopMyIIOr0 MHOKHHY, IO A
3amano rpadiuHo giarpamoro Eiinepa-Bena (aus.

pHC. TIpaBOPYY) B ’ .

ANBU(C\B)\DUD\C.

Ilpuxnao 6. Ins muoxun A={1, 2} i B={a, b} 3naitnemo A x B ta B x A:
AxB={(1,2a),(1,Db),(2,a),(2,b)}; BxA4={(a 1), (b 1), (a 2), (b 2)}.
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Hpuxnao 7. osectu popmyny ANB c A.
Posnumemo  BigmoBigHE ~— TBEPAXKEHHS (xeAnB)=(xeA) <=

< ((xe AA(xeB))=(xeA) ta nosHaunmo XeAoa, XeAoa,
XeB<PB, XxgB< B, Tomi TBEpIKEHHS NEPETBOPIOETECS HA TOTOXKHY

ictuay (aAP=0a) & (HarP)va)=(@vpva) e dvp) <l

Ilpuknao 8. BusHauuTH TOYHY HIDKHIO Ta BepXHIO rpaHi pyHkuii f(X) = iz
X

Ha MHOXHUHI R Ta 0OTpyHTYBaTH 3a IOTIOMOTOI) KPUTEPII0 CynmpeMyMma Ta
iHpiMyMa.

Pose’siz01; podbumo eckiz rpadiky ¢yHkKmii (quB. puc. Hux4e). OCKIIBKU
3HadyeHHs f(X) 3aBxkaM M0JaTHI Ta MOXKYTh OYTH SIK 3aBrOJHO MAallUMH,
npunyctumo, 1o inf f(x) =0. Boanouac, skmo X maini, To 3Ha4eHHs f (X)
SK 3aBrOJHO BenmuKi, omxke Sup f(X)=+o. [loBememo me 3a KpuTepieMm
inpimymy ta cympemymy ¢yukmii (Th 1.3 gt X = f(R), 3aBganns 10
I[LOTO PO3LTY):

1
XZ

inf f(X)=0 < 1) VxeR f(X)=— >0, 1o BoueBHIb BUKOHYETHCS, Ta 2)

1
Ve>0 3IxeR f(x)=i2<0+a. Tob6To Tpeba HaBecTH X <——= abo
X

Je
1 . ‘= 1 +1
ﬁ, HAIPUKIAA TIOXOAUTh X = ﬁ .
sup f (x) =+ < f(X) HeoOMmexena 3Bepxy <> VLeR IxeR f(X)>L <

1
&S VvVL I = eR, mo f(x)=i=|L|+1> L. TeepmkeHHs

I-tanp;mad \/m X 2

X>

JOBCJCHO.
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1.4. 3apayi 1ist caMOCTIHHOTO PO3B’A3KY

EjJeMeHTH MaTeMATHYHOI JOTiKH

1. IloGynyBaty TaONHIIl ICTUHHOCTI:
a) (=(P=-=(QAP)=(PVR));
0) (P A (Q=P)) = =P);
B) ((PA—=Q) = Q)= (P=Q));
D) (PAQvV—=P)A((=Q=P)vQ)).
2. JloBecTH 3MiHCHUMICTD POPMYIT:
a)(P=Q)=(Q=P);
0) (Q=(PAR) A=((PVvR)=Q)).
3. JloBecTH TOTOXHY ICTHHHICTH (TaBTOJIOTIIO):
a)(P=(Q =((PAQ));
0) (=P = —-Q) = (Q=P));
B)(P=Q=(Q=R)=(P=R);
N({(P=Q) =(P=@Q=R)=((P=R))).
4. ]JloBecTH €KBIBaJCHTHOCTI:
a) (A= —-A) < —A;
0O) AAAVCOABVO) < ((AAB) Vv (AAQ);
5. Ha nwuranHs, XTO 3 TPhOX CTYJEHTIB BHBYAB JIOTiIKY, OyJIO OTpHUMAaHO
MIPaBIJIBLHY BIAIMOBib: «AKIIO BUBYAB 1-uii, TO BUBYAB i 3-iif; ajie HENpaB/a,
110, SIKIIO BUBYAB 2-Hii, TO BUBYAB 1 3-ii1». XTO 3 CTY/ICHTIB BUBYAB JIOTiKY?
6. XTO 3 YOTHPHOX CTYICHTIB 37aB €K3aMEH 3a OJHOYACHOTO BUKOHAHHS
YMOB:
- SgKIIO 1-uii 374aB, TO 1 2-HMi 3/1aB;
- SIKIIO 2-uii 371aB, TO 1 3-ii 371aB 200 1-mit He 371aB;
- sKmio 4-uii He 31aB, To 1-uii 371aB, a 3-1i He 37aB;
- gKIo 4-uii 34aB, TO 1 1-Mii 371aB.
7. 3MopeNoNTe EJIeKTPOJIAHIIOr 13 TpPhOMa IEPEeMHKAYaMHU, M0 BMUKAE
CBITJIO 332 YMOBH:
a) SIKIIIO YCi IepeMUKavi BBIMKHEHO;
0) siki1o Oyab-IKHi 13 IepeMUKaviB YBIMKHEHO;
B) SIKIIO MEPIIVHA MepeMUuKad BUMKHEHO, a JiBa 1HIIUX YBIMKHEHO, a00 KOJH
MIePIIHA BKIFOYEHO (HE 3aJI€KHO BiJl OCTAHHIX JBOX);
r) akmo l1-uii BBIMKHEHO, a 2-WH BHUMKHEHO; a0 SKIO 1-Mil BBIMKHEHO,
2-uii BBIMKHEHO, a 3-ii BHMKHEHO; a0o 3-iii BBIMKHeHO, abo l1-mii
BHUMKHEHO.
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8. Bumaraerncs, mo0 BMHKAHHS CBITIAa B KIMHATI 3J1HCHIOBAJIOCH 34
JIOTIOMOT'OI0 TPHOX PI3HHMX MEPEMHUKAUIB Y TaKHid CIOCIO, 100 KOXKEH i3 HUX
BMHKAaB CBITJIO, SIKIIO BOHO HE TOPHTH, i BUMHKAB HOTO, SKIIO CBITJIO
TOpUTh. 3alWIIiTh, O€3 MOJIENOBAHHS eJEKTPOIAHIIoTa, BiIINOBITHY
dhopmyy.

9. V geskili MiCLIEBOCTI KOXKHHH MICLEBUH JKUTEIb 3aBKIU TI'OBOPHUTH
ictuHy abo 3aBxam Opemie, a Ha TUTaHHA HE3HAMOMIIB BiATIOBigae
OJTHOCKJIAJTHO «Tak» abo «Hi». TypuUCT MMIMIIOB JO PO3BWIKH JOPIT, AC
CTOITh MICIEBUH JKHTEIb. SlKe NHUTAaHHSA, 110 BHUMAara€ OJHOCKIITHY
BINMOBiAb, Tpeba 3amaTé TYpHCTy, MO0 MI3HATHCS NPABUIBHY JOPOTY?
BukopucTatu 00YMCIeHHS BUCTIOBIIOBAHb.

10. IlepeBipuTH 4H € TABTOJOTIIMU QOPMYIH OOYMCIICHHS BHCIOBIIOBAHb!
A)(A=>B=0))=((A=B) = (A= 0));

0) (A= BAC) A= ((BVvC)= A);

B A=0C)=(B=0)=(AvB)=()).

11. Tlobyay#ite popMyny oOUYHMCICHHS BUCIOBIIOBAaHb BiJl TPHOX 3MIHHHX,
sIka ICTUHHA TO/1 ¥ TiJIBKH TOJIi, KOJIM PiBHO Bl 3MiHHI Ha0YBalOTh 3HAYCHHS
«HETPaBJIay.

12. TloOyay#ite popMyny oOUYHMCICHHSI BUCIIOBIIOBaHb BiJl TPHOX 3MIHHHX,
sIKa Ma€ 3HAYEHHS ICTHHHOCTI TO/II, KOJIM 1 OiIBIIICTh ii 3MIHHUX.

13. [obyayiiTe dhopMyny OOUHCICHHS BUCIIOBIIOBaHb Bifl TPbOX 3MiHHUX,
sIKa Ma€ 3HAYCHHS ICTUHHOCTI MPOTHJIEKHO JI0 OLIBIIOCTI 3MiHHUX.

14. 3Benith 10 A.K.H.. popmymnu:

a) (C=A)=(-BvC)=A)

0) (~(AAB)=A)v(AABVO));

B) -(AABvVC)=(AAB)VvCO).

15. 3seaits 10 A.1.H.¢. hopmyiu:

) (—FA=-B)=(BACO)=(AAQ)

0) (A=>B)=-A)= (A= BAQ0));

16. 3naiitu popmyny X 0OOYMCICHHS BHCIIOBIIOBaHb, AJS SKOI TOTOXKHO
BHKOHYIOThCS TaKi (hOpMYJIH:

a) (XAB)=—-A)= (A= -B)=A);

0) (C=(-BArA))=X)=XAA=B)A(O).

17. Tpoe migO3pIOBaHUX 3 METOK 3aIUIyTaTH CJIiJCTBO JOMOBHUJIKCH
Ha3MBaTH Yy IIOKa3aHHIX MpaBIuBO abo Mapky, abo Koiip aBTOMOOLIS,
mpu4YeTHOro 1o 3mounHy. Cligunii BCTAaHOBHB TpaBay 3a HACTYITHHUMH
MmoKa3aHHAMH: 1) aBToMOGiIb — cuHit “Daewo0o”; 2) aBToMOGLIb — YOpHUI

31



“BMW?”; 3) aBTromo0ins — “Tesla”, ane He cuHiil. BCTaHOBITH, K 1 CTiIil,
npaBy, BAKOPUCTOBYIOUM OOYHMCIICHHSI BUCJIOBIIOBAHb.

18. laiiTe 03HAYeHHs KBaHTOpa iCHYBaHHA Ta OJUHUYHOCTI (po3numiTh 3!
yepe3 3 ta V) Ta 3’sacyiiTe [if0 3anepeyeHHs Ha HbOTO.

EJeMeHTH Teopil MHOKHH

19. BcraHoButH 0€3M0CEPEAHBO TABTOJIOTIT OOYHCICHHS BHCIIOBIIOBAaHb
JUTSL TAKUX PIBHOCTEH TEOPil MHOXKHH:

a) XuY)uzZ=XU((YU2),

0) XNY=Y NX;

B) CCX=X;

r) C(XNY)=CXu CY.

20. Ha sxi TBepmKeHHS Teopii MHOXHH TIEPETBOPIOIOTHCA HACTYITHI
TaBTOJIOT1i OOYHMCIICHHS BUCJIOBIIOBAHb!

a) (AA(—=AvB))=B; 60)AA(AVB)<=A;

B)Av —A; r)(AAB)= (AvB);

o) AAB<BAA e) A= (AA(Bv—B));

€)(A AB)VASA; %) AAB)ACSAA(BAC);

3) - (AvB)< -AA-B; n) = (AA—=A).

21. 3anuiiTe y JOTIYHUX CUMBOJIAX TBEPKEHHS MPO Te, IO MOCIIi0BHICTh
(Xn) He € 3pOCTaruoro, SIK 3alepeueHHs] TOTOo, MO IOCIIIOBHICTE (Xn)
3pocrae, Ta y TO3UTHBHOMY CeHCi K Qopmydy 31 UIJIBHEUMH
3arepeueHHsAMU.

22. 3anuiuiTh y JOTiYHUX CUMBOJIaX akciomu teopii MuoxkuH (ZFC):

a) akcioma 00’€MHOCTI: JIBi MHOKWHU PiBHI TOMI W TUIBKH TOJIi, KOJIW BOHH
MAaroTh Ti CaMi eJIEMEHTH;

0) akcioMa MMOpPOKHBOT MHOXXHHHM: ICHYE TTOPOXKHSI MHOKHHA, 1110 HE MICTHTb
JKOJTHOTO €JIEMEHTA;

B) akciomMa 00’€JHaHHS: JUIsl KOKHOTO CIMEMCTBa MHOKUH € MHOKHMHA, sKa
MICTHTB B COO1 BCi €lIEeMEHTH KOXKHOI MHOXKHHH CIMEHCTBA 1 TIIBKH 1X;

T) aKCIOMH Tapu: Ui JABOX OYIb-SIKHX MHOXHWH ICHYe€ MHOXXHHA, sKa
CKJIAMAETRCS 13 IMX 1 TUILKHU IIUX MHOYKHH;

1) akcioma OyJieaHa a0 MHOYKHMHH ITIJIMHOXHUH: JJIs1 KOKHOT MHOXKHHH 1CHY€E
MHO>KHHA BCIX 11 IIIMHOYKHUH;

€) akcioMa HECKIHYEeHOCTi: IHAYKTHBHI HECKIHY€HI MHOXHHHU iCHYIOTb,
TOOTO ICHY€ Taka MHOXWHA A, 1[0 MIiCTHUTh MyCTy MHOXHHY & Ta s
OyIb-KOTO HAJIECKHOrO 1 eleMeHTa b MICTHTh TakoX 1 MHOXKHHY,
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copmoBany sk 00’ eHanHs b Ta ii cunrnerony {b};

) aKCIOMHa cXeMa BUAJICHHS: SIKIIO € JAesKe MaTeMaTW4YHE TBEPIKECHH,

10 MOXKe OyTH 3aCTOCOBAHUM JI0 OYIb-SIKOTO 3 €IEMEHTIB I€IKOi MHOKHHH,

TO MOXHAa BUAUIMTH TPUHANMHI OJHY MIAMHOXHUHY IIi€i MHOXXHWHH,

3aCTOCYBABIIH 1€ TBEPKCHHST;

3) akcioMa MiJCTaHOBKW: (PYHKIIOHAJIbHE BiIHOMIEHHS, IO MOXe OyTH

3aCTOCOBAaHE IO KO)KHOTO 3 €JIEMEHTIB JESKOi MHOXKHHH, BH3HAYAE TAKOX

MHOXXUHY;

1) aKcioMa PETyJISIPHOCTI: B OY/b-SKili HSIOPOXKHIA MHOXHHI 4 € €IIEMEHT

B, mo sk MHOXXMHA He TIepeTHHAEThCA 13 A. SIK HacHimok: KOHa MHOXKHUHA

HE € eJIeMEHTOM caMoi cebe;

K) akcioma BHOOpY: AJsi OyAb-KOTO HaOOpY HEMOPOXKHIX MHOXXHH, IO HE

MePETUHAIOTECS MOKHAa TOOYIyBaTH MHOXHHY, KOXKEH EIIEMEHT SIKOi €

€JIEMEHTOM OJIHIET 1 TIIbKY OJHi€T 3 MHOXKHH I[hOT0 Habopy.

23. HaBenith npukiaau, 10 JIEMOHCTPYIOTh HE 3BOPOTHICTh IMILTIKAIIIH:

a) VX Vy F(x,y) = Vx F(x, X);

0) 3Ix F(x,x) = 3x, y F(X, y);

B) Ix (A(X) A B(X)) = Ix A(X) A Ix B(X);

r) VXA(X) v VX B(X) = VX (A(X) v B(X)).

24. OnuIiTh CIIOBaMU €JIEMEHTH TaKUX MHOXKHH Ta HAMAJIIOUTE iX:
a)AnNnBNC;, 6)(AuB)n C.

25. Hexait A={1,3,5,7};B={2,4,6,8}; C={1, 2, 3,4, 5}. 3uaiiaits:
AUC,BNC, A\ C, BAC.

26. Hexait E={1, 2, 3,4}; A={1, 3, 4}; B={2,3}, C={1, 4}. Buaiigirs:
AUB, AnB, AnB, (B\A)UC.

27. 300pa3utn Ha YHUCIIOBIH  TpAMid
NepeTuH, 00’€JHaHHA Ta PI3HMII0 HACTYHNHUX MHOXHMH: X1 = {X | XeR,
x> —1<0} n Xo={x| [¥ <1

28. Bukonaiite BCi BiZioMi orepailii HaJ| 3aJlaHUMU MHOKHHAMHU:
a)A={1,2 3,4} B={1,3,5} C={56};

0)A={a b,d}, B={b,d, e h}, U={a b,cde,fqg,h}
B)A={2,4,6,8} B={3,6,9} C={1,23,...,10}
rA=[2,6), B=[57], C={1}u(6,7).

29. 3anuiite hopMyamMu rpadiuHo 300pakeHi MHOKUHH:
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https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D2%91%D0%BB%D0%B5%D1%82%D0%BE%D0%BD_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%90%D0%BA%D1%81%D1%96%D0%BE%D0%BC%D0%BD%D0%B0_%D1%81%D1%85%D0%B5%D0%BC%D0%B0_%D0%B2%D0%B8%D0%B4%D1%96%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/w/index.php?title=%D0%90%D0%BA%D1%81%D1%96%D0%BE%D0%BC%D0%B0_%D0%BF%D1%96%D0%B4%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BA%D0%B8&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BF%D0%BE%D1%80%D0%BE%D0%B6%D0%BD%D1%8F_%D0%BC%D0%BD%D0%BE%D0%B6%D0%B8%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%90%D0%BA%D1%81%D1%96%D0%BE%D0%BC%D0%B0_%D0%B2%D0%B8%D0%B1%D0%BE%D1%80%D1%83

’ *@’

30. Hus muoxkua A = {X, y} i B ={1, 2, 3}. 3uaiinits meKapToBi JOOYTKH:
AxB, BxA, BxB, AxA BxAxB, AxBxA.

31. BigoOpa3utu Ha monnHi qekapToBi 7oOoyTku: A x B, B x A, B x B.

a) A={x xe[0, 1]}, B={y| ye(-1, D}

6) A={x| xeR, x*>1}, B={y| yeR, ye[l,+ o)}

32. Io6ynyiitTe MEHOKHHY A2= A x A, AKIIO:
a) A=[0,1);
0) A={xy,z}
B) A={0,2,4,6,8}
r) A={1,3,5 7}
n) A = {neHb, Hiu};
e) A={ab,c,d}
33. IlepemidiTe eneMeHTH TaAKUX MHOXUH:
A={x| xeZ, 10<x<17},

C={x xeZ, 6x*+x-1=0};
B ={x| xezZ, x*<24};
D ={x| xeR, 6x*+x-1=0}.

34. HaiiTe oO3Ha4YeHHs 3a JONOMOTOI0 XapaKTEPHUCTUYHOI BJIACTHUBOCTI
(xmacudikaropa) Taki MHOXKHUHH:

S={2,5,811,...}; T= 1lli :
3715
35. HoBectn ToTOXHOCTI (32 jnomomorot jiarpam Eflinepa — Benna ta
BUKOPHCTOBYIOUN OOYHCIIOBAHHS BHCIIOBIIIOBAHb):

a) A\(BUC)=(A\B)N(A\C); 6) A\(A\B)= ANB;
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B) A\(B\C)=(A\B)U(ANC); r) (A\B)\C = A\(BUC);
m AN(BAC)=(ANB)A(ANC); ¢) AUB=(AAB)U(ANB);
) (A\B)U(B\A)=(AUB)\(ANB); x) AU(B\C)>(AUB)\C.
36. JloBecTH 3a JOIIOMOTIOK0 OOYKMCIIFOBAHHS BHUCIOBIIIOBAHb, II10:
a) AUB=B < AcB; 0) ANB=A< AcB;
B) AABcC < AcBUC; r) AUB=ANB= A=B;
1 ANBcC < AcBUC; e) AcBUC < ANB cC;
€) (A\B)UB=A< BcCA; x) Ac B= AUC c BUC.
37. Jlnsa MHOKHH X i Y BH3HAYNTH THII BKJTIOUCHHS
(XY, Y X, X=Y):
a) X =AU(B\C), Y =(AUB)\(AUC);
6) X =(ANB)\C, Y =(A\C)N(B\C);
B) X =A\(BUC), Y=(A\B)U(A\C).
38. JloBectH, MmO OIS KOXKHOTO BimoOpaskeHHS f: XY i OyIb-IKIX
nigmaoxkuH A, B € X BUKOHYIOTBCS:
a) f(AuB)=f(A)u f(B);
0) f(AnB)c f(A) N f(B);
B) HaBectu npukiaji, koo f(ANB)= f(A)n f(B);
r) f: X ->Y in'ekuin < VABc X f(ANnB)=1f(A)n f(B).
39. Bxaxits Oiekiito mpoMixkky [0, 1) Ha mpomixkok [-1,2) Ta Ha R..
40. JTosecTH 3J1iYeHICTh MHOKUHM palfioHanbaux uuceln (Th 1.1.).
41. JloBecTH, 1110 MHOXHUHA JificHuX uncen — veznidena (Th 1.2.).
42. 3HalfiTh CHIBBITHOIIEHHS MK HIDKHBOIO Ta BEPXHBOI TPaAHIMHU
MHOXHUHH Ta ii mi1(Ha )MHOXKHUHH.
43. 3maiigite SUp(AUB) Ta inf (AUB) uepes SupA, supB Tta inf A,
inf B.
44, JloBecTH ippalliOHAJILHICTh YHCEII:
a) V2 +4/3; 0) 0,121221222122221222221...

45. JloBecTH, IO MHOXXMHA A dYuCeNl KPaTHUX 3 PIBHOMNOTY)XHA MHOXKHHI
pamionanbHux uucen Q. HaBectu npukimaau ¢yHKIiH, 1m0 3AiHCHIOIOTH
oiekmiro A1 N; A1 Z.

46. JloectH, M0 MHOXHHA BCiX migMHOkuH N (mo3Hauaethes 2" ) Mae
MTOTYXHICTh KOHTHHYYM.
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47. Hexait A — MHOXMHA BCiX pallioHaJbHUX YHCEN 8 TaKHuX, IO a*<3i
B — MHOXXMHaA BCiX IHIIUX pamioHAJILHUX Yuceld. JloBecTy, 10 B MHOKHUHI

A HEeMa MaKCHMaJbHOTO YHcla, a B B — miHiManbHOTO. YOMY TOpPIBHIOIOTH
SuUp A, supB Ta inf A, infB BR?

48. BuzHauuTt omeparfii «+» Ta «-» TaKUM YHHOM, W00 MHOXHHA
F, ={0,1} crana monem.

49. Bu3HauWTH TOYHY HIDKHIO Ta BEpXHIO TpaHi (YHKLII Ha BKa3aHil
MHOXHHI Ta OOIPYHTYBaTh 3a JONOMOTOI0 KpHUTEpil0 cymnpeMyma Ta
iH(piMyMa.

1
a) f(X)Zm, XER;

2
0) f(X):ﬁ, x € (0,400);

B) f(x)= x+§, x & (0,40);

r) f(x)=e™, xe(0,+0).
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PO3/ILI 2.
TEOPISI TPAHUIb. HEIIEPEPBHICTh

2.1. OcHOBHI NOHATTHA Ta BJACTUBOCTI

I'panuns 3a Komri

Def (moBoro okomiB). Uuco b HasuBaetbes rpanunero Gynkiii f (X), komm X
IpsIMYE 110 @, JIe & ToYKa 3ryIIeHHs o0nacTi Bu3HaueHHs QpyHkiii f (X), sKiio
st Oyap-sikoro okony Ug (D) = {yeR | |y — b| < €} Touku b 3naiinerscs

MPOKOJIOTHH OKLI \75 (@ ={xeR | 0 < |x — a| < &} Touku @, 0Opa3 SIKOro
nanexuts U, (b), o610 f (V; (3)) = Us (b).

Def. (Cxopoueno, MoBoro «& — &»): f(X) > b xomu X — a abo
im f(x)=b < Ve>0 38>0 |wO0<|x—al<d= |[f(X)— b <e.

X—>a

Y upoMy O3Ha4YeHHI JIHIEIO MiAKPECICHO YaCTHHY, IO CTOCYETHCS
rpanndHoro nepexony f (X) — b, a kpamkamu mifKpecieHO YacTHHY, IO
CTOCYETbCS YMOBH X —> 4.

[HII1 TpaHUYHI TIePEeX0H, 30KpeMa 00HOOTuHI Ta ISl HEBIIACHUX €JIEMEHTIB,
MO>KHa OTPUMATH 33 JOINOMOTOI0 TAKOT'O «CIIOBHUKA»:

f(x)—>b |f(X)—bl<e

f(x) >b+0 b<f(x)<b+e

f(x) >b-0 b-e<f(x) <b

f(x) > Ve [T(X)|>e

f(X) > +o0 Ve f(x)>¢

f(X) > —0 Ve f(x)<e
X—a 6>0] O<|x—a<d=>

X—>a+0 6>0| a<x<a+dé=>

X—>a-0 I6>0] a-d<x<a=

X — o0 I | x| > 6=

X — +o0 I8 | X>06=

X — —© I | X<0=>

3ayBakMMO, 110 JiUIs HEBJIACHUX €JEMEHTIB 00, +00 B O3HAYCHHI TI'PAHUII
MOYKHa He 3MiHIOBaTH yMOBH € > 0 Ta & > 0. J{ys —oo, sikiio 3amummrty € > 0
abo 6 > 0, tpeba mucaru f (X) < —¢ Ta X < =4 BiamosigHo. To6TO MOKHA
3amaM’sITaTH HaCTYIHY CTPYKTYpPY O3HA4YEHHS He 3MiHHOIO
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Ve>038>0 [w %5 = *¢ |,
Ta MIACTABIISITA BIANOBIAHI 3HAYEHHS 13 TaOJIUIb HUKYE

X— *s f(x) - *

a O<|x—al<d b [f(x)—Db<e
a+0 a<x<a+d b+0 b<f(x)<b+¢
a-0 a-d<x<a b-0 b—e<f(x) <b

00 x| > & 0 [T(X)][>e¢

+00 X>9d +00 f(x) >¢
—o0 X<—=0 —00 f(x)<—

Th 2.1, Sxmo y ¢yHKuii icHye rpaHuI y OesKii TOYI, TO IS TPAHUILIS
€TMHA.

YcyHyTH HEOOXimHICTH Hamepex 3HATH TPaHUIO IS TepeBipkH  ii
iCHYBaHHsI IOTIOMarae HaCTyIHA TeopeMa.

Th 2.2. (Kpurepiit Komri). 3 )I(ITaf (X)) < Ve>0 38>0 |vx,x"eV,(a)

= [ f(xX)-fT(X")]|<e.
YacTrkoBa, BepXHS Ta HUKHSA MPAHUIL
Oomexennsm (ynkuii f Ha MHOXMHY X HasuBaetbes (ynkuis flx, mo
criBmamgae 3 f Ha XNDs, T06TO 007aCTh BU3HAYEHHS SIKOT 3BYKEHO Ha X.
Def. Yacmrkosoro epanuyero dyukiii f (X), konu X nmpsiMye 710 @ Ha3UBAETHCS
rpanus oomexeHHs: GyHkuii flx s mesikol MHOXHMHE X, Takoi, M0 & €
TouKOI0 3rymeHHs XMNDs.
IIpaBa Ta miBa rpanmmi (yHKIIT € TPUKIaTaMHd YaCTKOBUX TPaHUIb.
I'panuns ¢yHKIiT icHye Tomi ¥ TINBKH TOMI, KONW ICHYFOTh BCi YacTKOBI
rpaHuili Ta croiBnagaroTh. HaiiOinblna cepell BCIX YaCTKOBHUX TI'PaHMIIb
HA3MBAEThCSL  GepxHboio  epanuyero  ¢Gyukuii:  lim f(x) = lim sup f ().
X—a X—a

Haiimenmia  wactkoBa  TpaHUWIsl —  HudicHsa  epanuys  QYHKIIL:
lim f(x) = liminf f(x). Omxke, rpanuis icHye i nopiBHIO€e b Toxi i TinbKM
X—a X—a
toxi, komu lim f(x) = lim f(x) =b.

X—>a X—>a
I'panuns nocainoBuocti. I'panuns 3a I'eiine
Def. TI'panumero mnocimigzoBHOCTI (Xn) Ha3MBAETBCS TpaHHUL  (QYHKIIT
HaTypajbHOro aprymenry f(n) = X, komu N — +o00. MoBoIO «€ — O»
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im x.=b < VvVe>0 INeN|n>N= |x—bj<e.

nN—-+oo
Sxuio HOCHiI[OBHiCTI) Mae CKiH‘IeHy T'paHullO, TO BOHA HA3UBAETHCA
30idcHOI0, SKIIO HE Mae — po3diicnoro. YacTKOBOIO  T'paHHIICIO

TNOCIINOBHOCTI € IPaHuLs mifnocaifosxocti lim X, , ae ingexen Nk — ue
k—+o0

3pocTaroyi HaTypasbHi uncia. [locmimoBHICTE (X,) obmedcena, SIKIO BOHA
oOMexeHa Ik MHOXHHA, ToOTO icHye Taka C > (0 , 1110 [T BCiX HATYpaIbHUX
N BEKOHY€THCs |X, | < C.

Th 2.3. (Bonsmano — Befieprurpacca). Y Oyap-skoi 00MexeHOI MOCITI-
foBHOCTI (X,) icHye 301KHa MANOCTiTOBHICT (X, ).

Def. (I'panuns 3a Ieitne). Uucno b HasuBaeThcst rpanuiero 3a IeitHe
obyukii f (X), komu X mpsMye 10 @, AKIIO i Oyab SKOi MOCIiZOBHOCTI
X, = a, X, #a rpaund QyHKII 32 TOCIiIOBHICTIO nILrT+1w f(x,)=Db.

Th 2.4. O3nauenns rpanui ¢yskiii 3a Ko Ta 3a ['eiiHe criBnagamTh.
OTke, MOXJIMBO TEPEXOJUTH BiJg TpaHUlb (QYHKIH 10 TpaHHIb
[IOCIIIOBHOCTEN 1 HABITAKHU.

ApudmeTuyHi BJACTUBOCTI rpaHuLi

Th 2.5. I'panuns cymu, pi3HUIl, T0OYTKY Ta BiJHONICHHS (IO3HAYMMO IIi
omeparii *) aBox ¢yukmii f(X) i g(X) MOpPIBHIOIOTH JOJATKY, Pi3HHMII,
J00yTKy Ta BigHomIeHHO rpanuip f(X) 1 g(X) BiamoBigHO:

lim f(x)*g(x) = lim f(x)=*lim g(x) (2.1)
X—a X—=a X—a
3a YMOBM ICHYBaHHs I'DaHUIlb NPAaBOPYY, SKi HE JAIOTh HEBUSHAYEHOCHL
0 o
00 — 00, O'wy — "
0 o
Boanovac nnst a = 0 BU3HA4YeHI Taki omepailii 3 HEBJIACHUMH €JIEMEHTaMH
00 a
0400 =00, — =00, 0-00=00, &-00=0, —=00, —=0,
o0

Jnst xomrmo3wiii JBOX (YHKIIH 32 yMOBHM 37aro/pKEHOCTI ix obriacreit
BH3HAYEHHs TeOpeMa TaKOXK BipHa Ta HaOyBae 3HAYCHHS 3MiHHM 3MiHHOI:
limg(x)=b

lim f(g(x)) =2 = lim f(y). (2.2)
xa Bamina g(x)=y| Y°
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HemnepepsHi pynkmii
Def. ®ynkuis f (X) nenepepsna y Touni Xo, sixkimo lim f(x)= f(x,), Too6to

lim f(x)=f(lim Xx). ®ynxuis f (X) HasuBaeTbCs Henepepsrolo npasopyu
X=X X=X

(nisopyu) y Touni X, ii obmacti Bu3HaueHHs, skmo X, € D(f) i

Jm )= fGo+0)=f0ry) (lm £(0)=f =00 = £ (x,))

B i3onboBaHiii Toulli 00JAcTi BHW3HAUEHHS (DYHKINSI BBAKAETHCA
HETIEPEPBHOIO 32 O3HAYCHHSM. [3 HEmepepBHOCTI y TOUIl Xo BHIUIMBAIOTH
HETepepBHICTh TPABOPYY Ta JBOpYY y Xo 1 HaBmaku. Dynkmis f(X)
Ha3UBAEThCS Henepeperoto Ha muodcuni X (mumyTs f (X) € C(X)), sxiuo

BOHA HEMEPEepBHA y KOXKHIiM TouIli Xo€ X miel MuOkuHH. Skimo X = [a, b], To
HETIEPEPBHICTh Y X = & PO3yMIiIOTh JIIBOPYY, a y Toulli x = b nmpaBopyu.

EnemenTapni ¢pynkuii

Def. Ocnosni enemenmapni GyHKII 116 — KOHCTaHTH, CTEIIEHEB, MOKa3Hi,
norapu@MiyHi, TPUrOHOMETpUYHi 1 QyHKIIT 3BOPOTHI 10 HUX. Eremenmapni
¢yskOii — ne QyHKii, OTpUMaHi 3 OCHOBHUX €JIEeMEHTapHUX 3a JIOTOMOT OO
KIHLEBOI'O Yuclia apupMeTHIHUX onepaiii (+, —, -, /) 1 cyneprno3uwii.

Th 2.6. (npo HemepepBHICTh eneMeHTapHUX (yHKIiH). EnemenrtapHi
(GyHK1ii HeTlepepBHi B 00J1aCTi iX BU3HAYEHHS.

I3 1iei Teopemu BUIUIMBAE, IO M eleMEHTapHUX (QYHKIIN (e OlTBIIICTb
3a/1a4, Mo PO3TIIIAI0TECS Y IBOMY IMOCIOHUKY) TTiT4ac OOYMCIIEHHS TPaHUIIi
NPaBOMIpHO MiJICTABIATH Y (YHKIIIO BiAMOBIIHE IO TPAHUYHOTO MEPEXO.TY
3HAYEHHS Xo, SKIIO II€ HE IPUBOAUTH JI0 HEBU3HAYCHOCTI. YCyBaTH
HEBU3HAYEHOCTI MOXKHA 3a JIOTIOMOTOK apu(METHYHUX Ta IHIIWX Jii,
CIPONIYIOYHM BHpa3 Ta BUKOPHCTOBYIOUM BXKE BiJOMi T'PaHUII, CEpell SIKUX
HaMBaXIMBILIMMU € nepula Ta opyea yy0osi epaHuyi.

Kom x—>0
sin x
Iepma yygosa rpanuns |im — =1
X
i ocHOBHI HacminKN
. tgx i . arctgx l-cosx 1
Ilmg—zl; "m_arcsmle; Ilm—gzl; | —=x.
X X X X 2
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1
Jpyra uynosa rpanuns | lim (1+ X)§ =e|

Ii macminku
X
L PP
X X X
Sxmo apryment (yHkuii npsimye 10 Oyap-sKoro iHmoro okpiM 0 dncia abo
JI0 HEBJIACHOTO E€JIEMEHTa, MOXXKHa 3BECTH BHpA3 O OJHOTO 3 HAaBEICHHX
BHIIE 32 JIOTIOMOTOF0 3MiHH 3MiHHOT (IuB. popmyy (2.2)).

X_ /l_
a 1=Ina; Iimwzy
X

_im (L+): =e.

t—0

L
X

3ayBaXMMO, IO Apyra 4yj0Ba TPAHHIS CTOCYEThCS HEBM3HAYEHOCTi 1%,
Tako’k Tigyac PO3MJISAJAHHS CTENEHEBO-MOKA3HUX BUPA3iB  BHHUKAIOTH
nepusHaueHocti 0%, oo, Bomhowac mis a>1 BHKOHYIOTbCS PiBHOCTI

a+

Mpukaax. lim (1+£j =
X

X—>00

Y =+00; a " =+0; T1a qug a>0 pisHocti (+0)? =+0; (+00)? = +o0;
(+0)™ =+oc0. 3pyuHHM B Tpoleci poOOTH 3i CTENEeHEBO-TOKa3HHUMH

(YHKILISIMU € HACTYITHE MTEPETBOPEHHS

) ) ) lim g(x)In f (x)

lim f (x)9%) = limed™N () — g2 : (2.3)
X—a X—a

1[0 BUKOPUCTOBYE HEMEPEPBHICTH QYHKILT €.

CuUMBOJIM ACHMIITOTHYHOIO NMOPiBHAHHS, O-CUMBOJIiKA

HactynHe TOHATTS Ta Teopema JAlOTh 3MOTYy 3HAYHO CIPOCTUTH
00YHCIIEHHS TPAHUII.

Def. @yukmii f (X) i g(X) Ha3UBAIOTBHCS exsi6aIeHMHUMU, TTAIIEMO

f(xX) ~ g(X), xomu X —a, AKIo Iimw =1.
x>a g (X)
Th 2.7. TIpu oOuKcieHHi rpanuili 100yTKy a0 4aCTKK CKiHYEHHOT KITbKOCTI
(GyHKIiN OyIb-sIKY 3 HUX MOKHA 3aMIHUTH Ha €KBiBaJICHTHY.
3ayBa)KuMO, 110 JUIsl Pi3HUIL, CYMHU a00 KOMIIO3HIIII I1e B3araJii He mpaBja.
I3 mepmoi Ta apyroi 4YyJOBHMX TpaHUIb Ta iX HACHIJKIB BUILUTUBAIOTH
HACTYIIHI

Yynosi ekBiBasieHTHOCTI (X — 0)
2
. . X
sin X ~ X; tgx~x; arcsinx ~ x; arctgx ~ x; 1—cosx~7;
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1+ x)"* ~e; N1+ x)~ x; e* -1~ x; a* —1~xlna;
@+ %) ~1+ x.

Def. f(x) = o(g(x)), xomu x —> a < f(X) = g(X)o(1), me o(1l) — me
HecKiHYenHo Mana BeludnHa, To0To Oyab-saka ¢yHkiis h(X), 1o npsMye 10
0 xomu X — a. (Yumaemo: f (X) € HECKIHUCHHO MAJIOI0 BEIMYHMHOIO IIOJ0
9(x)).
Def. f(x) = O(g(x)), xomu x —» a < f(x) = g(x)O(1), me O(1) — me
obmedicena B Toumi @ ynkiis h(X), To6To icuye € > 0, 110 B OKOJIi TOYKH &
¢bynkuis h(x) 3a momynem wmenma 3a €. (Yumaemo: f(X) € oOMexeHOO
BEIMYHMHOIO 1110710 J(X)).
Def. ®ynkuii f(X) i g(X) Ha3uBArIOTBCA GyHKYAMU 00HO20 NOPSAOKY KOIU
X —a, mumemo f(X) = g(x), axmo f(xX) = O(g(x)) i g(x) = O(f(x)). 3okpema
IIe BUKOHY€ThCS, SAKINO rpanuis BimHomenus f(X) i g(X), komu X —a, €
CKIHYEHHOIO BEJIMYMHOIO, BIAMIHHOIO Bix 0: lim —= F(x) =C=#0.

x—>a g(x)
Def. ®ynxiiis f(X) siookpemnena 6io nyas, xoma X —a, sxmio 1/f (x) = O(1).
Def. ®yuxkuis f(X) € neckinuenno senuxoro, komu X —a, skmo 1/f (X) = o(1),
tobto lim f(X) =

X—a
[HmwMiA cnoci®é roBOpUTH MPO EKBIBAJICHTHOCTI — 1€ 3aCTOCYBaHHS PiBHOCTEH
i3 momaBanHsM HeckiHuenHo masoi: f(X)~ g(x) < f(x) = g(x)+0(g(x)).
Yynogi piBHocTi

sin x = x +0(x); tgx = X + 0(x); arcsin x = x + 0(x);

(l+x)%=e+o(1); In(L+x)=x+0(x); e =1+x+o0(x);
=l+xlha+o(x);  (@+x)* =1+ x+0(x).

Def. fkmo 3a ymoBu X — a ¢yskmio f (X) MOXHa momaTu y BHIJISII

f(x) = f,(X) +0(f,(X)), re nepumit romanox fo (X) He KOpiBHIOE HYIIIO, TO

fo (X) HazuBaeTbes conosnum unenom ado acumnmomuxoro yskuii f (X).
[onoBHMI YJIeH — 1ie iHIIIa Ha3Ba JJIsl eKBIBAJIEHTHOT (DYHKIII.
3a3Bu4ail MIyKalOTh HAHMPOCTINIY aCHMIITOTHKY, & CaMe T'OJIOBHHUH YJIEH Y

surnsani fy(X) = C(x—a)*, axmo X — a; ta fy(x) = Cx*, sxmo X — o a6o

X — 0. Tyt C # 0, A — noka3Huk 3pocranns/crnananns Gyskiii f (X).
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3ayBayKUMO, 110 TOJOBHHUN WiEH eJIeMEHTapHOi (YHKIIT HEe 3aBKAM MOYKHA
MpEeICTaBUTH  CTENEHEeBOIO  (YHKII€IO, BiH TaKOXX MOXE  MaTH
norapudMivyHME ~ abo0  eKCIOHEHIIaNbHUN  BUIIN, abo  OyTH
IO00yTKOM/BITHOIIEHHIM, CKIQJICHUM i3 WX Tphox (QyHKmiA. lle moxHa
JIETKO 3PO3YMITH, CIIUPAIOYMCH Ha IIKATy 3pOCTaHHs, 0 HaBeIeHa HIDKYE
Ta (akr, OO TONOBHMA wWiIeH JOOOyTKY/BIIHOWmIEHHS —  IIe
00y TOK/BiTHOIIICHHS TOJIOBHUX WieHiB (Hacmigok Th 2.7).

OpHuM 13 HacmigkiB JUQEpeHLiHHOr0 YHCICHHS € HACTYIMHHUH 3pydHHUH

. . 0 5] .
CHoOCi0 yCyHEHHS HEBU3HAYCHOCTEH BHUINIALY — aGo —, KOJH ICHYE
0 ['e}

TpaHUIS BiAHOMIECHHS TOXiTHUX (PYHKIIIMH.

IMpasuiio Jlomiraai: lim fEX; 0,2 m MG
x—>a g(X

0 o xoag(x)

3 1bOTO MpaBMJIa MOKHA JIOBECTH TaKy LKAy 3pOCTaHHS.

[Ikana acHMOTOTHYHOT O MOPiBHSIHHS (LIKAJIa 3POCTAHHS)
X—>+o VapBy>0 (In x)* << x” <<e¥|,

F)

BijHomenHs f (X) << g(x) o3nauae f (x) = 0(g(x)), roéTo lIm ——==0.

x>+ g(X)
[HIMM ~ BaXJIMBUM  pe3ylnbTaToM JUQEpPEHIIHHOTO YHCIEHHS  (JIUB.
HACTYNMHUH PO3ALT 1pOro mociOHuWka) € dopmyna i psn Teinmopa Ta ii
OKpeMui BHIAJ0K — (popmyna ta psg MakiopeHa, koau X — 0. Hacrynsi
(bopMyIH € y3araJbHEHHSIMH 9yIOBUX PIBHOCTEH.

II’ATH OCHOBHMX PO3KJIAAaHb 32 (OPMYJI0I0 Maknopeﬂa
2 3

X X X"
_1+x+5+§+ +—+o(x) Z_+o(x)
. B X3 . 2n+1 o2y n (_l)kxzk+1 .
o et O gy T gy o0
cosx—1- % +(-1)" - +o(x*") = Zn:(_lk - +o(x*")
2 (an) & () ’
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n(L+ x)= X aa X" iy N ket XS -
+x)_x—7+...+(—1) TH)(X )= (1) ——+o(x");
k=1

k
(1+X)#=1+ux+”(ﬂ_l)xz+'u(”_1)(y_2)x3+...+
21 3!
+,u(/u_1)“r'](!:u_n+1)xn+O(Xn):élu(/u_l)”l;(!’u_k*-l)xn+0(Xn)-

3ayBaxnMo, IO Yy KOXXHOMY i3 IT'SITH PO3KIAJeHh MOXKHA O-MaJeHbKe
3aMiHUTH Ha O-BEJHKE, y IKOMY X BXE € Y CTeleHi Ha | mopsnok Oinbie.

MonoToHHi ¢pyHKUii Ta MoCJai10BHOCTI
Def. ®ynkiis f(X) HasuBaetbes spocmatrouoio (cnaonoio) na X: f(X) 7 ()

Ha X, gKmo VX <X, € X=f(x) < f(x,) (2). Oyuxuist f(X) cmpoeo
spocmaioua (cmpozo cnaoua) f(x) T (¥), sKimo ocranms nepiHicTs cTpora
f(x) < f(x,) (>BigmoBimHO). 3pocTatoua abo crnagHa QyHKIIiS HA3UBAETHCS

MOHOMOHHOIO, CTPOr0 3pocTaroya abo CTPOro cHajgHa — CMpozo
MOHOMOHHOI0.
1 TocnioBHOCTI O3HAYEHHS TPOXH CHPOLIYETHCS:

X .
(x,) 7 (\), axmo VneN X, <X, (2), abo ™ >1 (<). Ina crporoi
Xn
MOHOTOHHOCTI OCTaHHI HEPIBHOCTI — CTPOT1i.

JlonaBaHHsi OJJTHOMMEHHO MOHOTOHHUX, JOOYTOK HEBiJI’€MHHUX OJIHOMMEHHO
MOHOTOHHMX (YHKIIH Ta mepexij A0 B3aeMHO oOepHeHOI (QyHKIIT —
3aJIMIIA€ THI MOHOTOHHOCTI HE 3MiHHMM. 3MiHEHHS 3HaKy ¢yHKuii ado
3HaKy apryMeHTy abo mepexii A0 apu(MeTHYHO 3BOPOTHOI (QYHKIHT —
3MIHIOE THII MOHOTOHHOCTI Ha MPOTWICKHUH. KoMIo3uilisi ogHOMMEHHO
MOHOTOHHHUX — HE CTPOTO 3pOCTa€, Pi3HOMMEHHO — HE CTPOT'O CIAfae.
Amnarnorom npasuiia Jlomitaio 11st MOCiJOBHOCTEH € HACTYITHA TEOpeMa.
Th 2.7. (I0tonem). Hexa#t mocmimoBHicTs (Yn) CTPOrO MOHOTOHHA Ta
HEOOMEXEHa, TOJi, AKIIO IiCHye TpaHMLs NpaBOpydY, TO ICHYE TPaHHUL

. . . X Xy =X
MBOPYY Ta BOHHU CIiBNAgaioTh (« <|»): lim —- <:| lim ==L
Yn Yn = Yna
Th 2.8. (Beiiepmrpacc, Npo TpaHMII0 MOHOTOHHOI Ta OOMEXEHOT
MOCJi0BHOCT). MOHOTOHHA Ta OOMEXEHa IMOCHIIOBHICTh Ma€ CKiHUCHY
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rpaunto. J[ns MOHOTOHHO 3pOCTar0uoi JOCTAaTHRO BHMAaraTtéd TUIBKH
00MeXeHICTh 3BepXY, U CIIaJHOT — 3HU3Y.

3ayBa)KuMO, IO II0 TEOPEMY MOXKHA c(hopMyroBaTH 1 s PYHKIINA: SKIIO
f (X) mMoHOTOHHA y mpaBoMy (JIIBOMY) OKOJIy TOYKH i OOMEXeHa B HbOMY,

TO iCHY€ mpaBa (J1iBa) TpaHuisl QYHKIIT y il TOYII.

Chopmymnroemo mie AeKinbKa BaXIJIMBUX O3HAUY€Hb Ta TBEPIKEHb. BoHH
OCUTh a0CTpaKTHI Ta BIAITpalOTh (QYHIAMEHTAIBHY pOJb Y Teopii
TOIOJIOTIYHUX Ta METPUYHHUX MPOCTOPIB.

3ragaemo Th 2.2 ta chopmymnroemo kputepiit Komri mis mocmigoBHOCTEH:
3lim x, & Ve>03INeN |v n,m>N = | X, — Xn | < &. BuciosmnoBanus

nN—+oo
NPaBOPyY € O3HAYCHHIM  (PYHOAMEHMANbHOI  nociiooenocmi — abo
nocaioosnocmi Kowi. Otxe, kputepint Komri mist mocitiJOBHOCTEH TOBOPHTS,
o 6yab-gKa (yHIaMEHTaIbHA OCIIIOBHICTh JIHCHHUX 9Hcen 30iracThes’t,

Th 2.9. (llpuHumn BKJIAACHMX MHOXHH). bBy/b-sika MOCIIIOBHICTD
BKJIAJICHUX 3aMKHYTHX HPOMDKKIB, JOBKHHHM SKHX NPSIMYIOTh [0 HYyIIS,
CTATYeThCA 10 €/IMHOI cHinbHOi Touku: [a,,b ] >[a,.b,]>...o[a,.b]>...,

lim(a,—b,)=0 = 3lc ce[a,,b ], vkeN.

Def. Muoxuna K y R Ha3MBa€ThCsi KOMITAKTOM, SIKIO i3 OYIb-SKOTO
HECKIHUEHHOTO BIIKPUTOrO MOKPUTTS K MOXHA BHJIUIMTH CKiHYCHE
Hi,Z[HOKpI/ITTS{Z. To6ro saxmo VM , ne M, — BIAKpHTH MHOXHHH, 0. IIpoOirae

JeSKy HecKiHueHy MHOxeHy A, Ta KcC UMa, TOJIl iCHYe CKiHYEHa

aehA
MHOkMHa B — ATaka, mo K U M,.
aeB
VY Teopemi 2.10, 1m0 HaBeJACHA HUXKYE, CKBIBAJCHTHICTh 1 Ta 2 HA3MBAIOThH
nemoro bopens — Jlebera, a exkBiBaJIGHTHICTh 2 1 3 — IIe BXKe BijoMa HaMm
Th 2.3 Boneiano — Beitepmrpacca.

1V saranenoMy Bunagky npoctopy X ne He Tak (konTpnpuknan Q). Merpuuni
MIPOCTOPH 3 HASBHICTIO Li€1 BIACTUBOCTI HA3MBAIOTHCS nOGHUMU. ISl UX TIPOCTOPIB
TaK0X BUKOHYETHCS IPUHIMIT BKJIQJAEHUX MHOXHH.

211e € 03HAYEHHAM KOMITAKTY JJIsl Oy/Ib-KOTO XaycA0p(OBOTo TOMOJIOTIYHOTO
npocropy. ¥ Th 2.10 xapaxrepu3anis 2 bopens — Jlebera npaBanBa Juist CKIHUEHO-
BUMIPHHX €BKJIIJJOBUX MPOCTOPIB, a 3 — IJIsl IOBHUX METPUYHHX IIPOCTOPIB.
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Th 2.10. HactymHi yMOBHU €KBiBaJICHTHI.
1. KkomnakTy R;
2. K 3amkHeHa Ta oOMexeHa MHOKWHA Y R;
3. Bynp-ska mocmigosmicts (X,) i3 K mae (x,) — 30ikny B K

M AITOCI IOBHICT.

OcHoOBHI TeopeMu Npo HenepepBHICTH QyHKLIN

TeopeMy Tpo HENEPEepBHICTh €JIEMEHTApHUX (QYHKIIE MH  BXKe

(hopmymmoBany. 3anuimemMo e JeKiTbKa BaXKIMBUX TEOPEM.

Th 2.11. (1, 2 Teopemu Beiiepiurpacca). Sxmo f (X) HemepepsHa Ha [a,b], To

1) f(x) oOmexena na [a,b];

2) f (X) mocsirae cBoix iHGpiMyMy Ta cympemymy Ha [a,b], ToOTO icHYIOTH
Xms Xy €[a,0] Taki, mo f(x,)=min f(x)=inf f(X) wa [ab] Ta
f (x,, ) =max f (x) =sup f(x) Ha [a,b].

Th 2.12. (Bonsiiano — Kormri, npo npoMikHi 3HadeHHs). SIkmio ¢yHKis

HelepepBHa Ha MPOMIKKY, TO BOHA CIOp’€KTHBHA Ha [a, b], ToOTO HabyBae

BCiX CBOIX MPOMIKHUX 3HAUCHb.

Th 2.13. (Kpurepiit nHenepepBHocTi MoHOTOHHOI (pyHkmii). Hexair  f ()

MOHOTOHHA Ha mpoMixkky [a,b]. Toxi f(x)eC[a,b]< f(X)-sur Ha [a,b].

Th 2.14. (Ilpo HemepepBHicTh oOepHeHoi QyHkii). fAkmo Yy = f (X)

BU3HA4YEHa, CTPOrO MOHOTOHHA Ta HelepepBHa Ha MPOMIKKY X, TO Ha

BiZIOBITHOMY TIpOMiXKKY Y 3HaueHb i€l QyHKIi icHye oOepHeHa QYHKIIiA

x= f7'(y), Takoxk CTPOro MOHOTOHHA Ta HETIEPEPBHA.

3araqbHUM BUCHOBKOM TEOpil TpaHUIb € 3MOTa MEepeBipsATH HENEPEepBHICTh
pi3HUX (PYHKIINA Ta JOCHIHKYBaTH IXHIO aCHMITOTHYHY TIOBEIiHKY B OKOJI
Toukn abo HeckiHueHHOCTi. lle, 30kpema, mae 3mory moOyIIOBH €CKi3y

rpagiky QyHKii.
Haranaemo ymoBy HenepepBHOCTI ¢yHKIT f (X) y Toumi X = X,

(2.5) f(Xy +0)=f(x,—0)=f(x,)
SIKIIo 111 yMOBa mopyyeTbesi, To GyHkiis T (X) Mae po3pus y Tourri X = X, .
Kaacudikanis Touox po3puBy pyHKuii
Pospusu 1-20 pody (konu niBa Ta npaBa rpaHULll iCHYIOTh Ta CKIHUEHHI):

- yeysnuu mun, skmo f(x, —0) = f(x, +0) = f(X,);

- muny cmpubok, sxmpo f (x, —0) = f(x, +0).
PospuBu 2-20 pody (konu xoua O6u ogHa 3 OAHOOIYHUX IPAHHULB JOPiIBHIOE 0O
a0o He iCHYE):
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- neckinuennuu mun, Skmo f (x, —0) ta f(x, +0) icHy!Tb Ta X04a 6
OJTHA 3 HUX JOPIBHIOE 00;
- He icuye epanuyi, skmo T (x, —0) ado f(x, +0) ne icuye.

AJTOpPUTM JAOCTiKeHHsI PYHKIII HA HellepepBHICTH i MOOyI0Ba ecki3y:
1. BcranoBuTH, ¥ € (DYHKIIISI €1€eMEHTAaPHOIO;

2. 3naiitu 061acTh Bu3HaueHHs Dy . Bunucaru Touku X, Ha rpanuii Dy ;

3. 3Haiitu npaBy Ta JiBY rpanuni GyHKi f (x) 11 KOKHOT TOUKH X, ;

4. KnacugikyBaTu TOUYKH PO3PUBY;

5. [lomuBuTHCS TpaHHUII y F00;

6. TTobynyBatu ecki3 rpadika QyHKIl, 3’ €qHy0un, 3a HenepepBHicTO f (x)
Ha D, oTpuMaHi 3HaYCHHS rpaHUIb QYHKIIT y JOCTIPKEHUX TOYKaX Ta y
+o0,

Sxmo yHKITIS HE € emeMeHTapHO0, TIepeBipKa 11 Ha pO3PUBH 3MIHCHIOETHCS
3a O3HAYEHHSIM, i3 BHUKOPHUCTaHHIM cHenu(iKu Ta BIIACTUBOCTEH Ili€l
(hyHKI.

3a3HaunMoO, MO0 HAa MHOXHHI X YacTO aKTYyalbHINIOW 3a 3BUYAHHY
HETEPEePBHICTh € HACTYMHA, OUTHIII BUMOTIINBA BIACTHBICTD.

Def. ®ynkiis f (X) HasuBaeThCs pisnomipHo Henepepsroio Ha X, KO
Ve>0 36>0 | Vx,aeXNDs O<|x—al<d= |f(x)—f(a) <e.

Th 2.15. (KanTopa, npo piBHOMipHY HENEPEpBHICTb). I3 HemepepBHOCTI Ha
3aMKHEHOMY ITPOMIXKKY BHUILIMBAE 1 PIBHOMIpPHA HEMEPEPBHICTh HA HHOMY.
KoumnBanns ¢yHkUii Ta ii 3B’130K i3 HenepepBHICTIO

Def. Koausannsm ¢pynxyii f (X) na mmnooxcuni M Ha3sUBaeThCs BETUYHHA:

a)(f)|M= o(f,M) = sup |f(X)—f(X’)|.
x,X'eD(f)NM
Sxo H!Sirrga)(f,O(aﬁ)):a)(f,a)ZO, To Bemuunny o(f,a) HasuBaroTh

KOMUBAHHAM QYHKYIT 6 mouyi.
Th2.16. f(x) eC({a}) & w(f,a)=0.
Def. Mooynem nenepepsnocmi dyuxiii f (X) Ha MHOXMHI M Ha3uBa€eTHCS:

o(f,0)= sup | fF(x)-f(X)].
X, X'eM
|x=x|<8

Th 2.17. ®yukuis f (X) pisHOMipHO HemepepHa Ha M Tomi # TinmeKM TOI,
KOJIX 11 MOJTyJTb HETIEPEPBHOCTI Ma€ HYJILOBY TPAHUIIIO, KO & — +0.
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2.2. KoHTPOJILHI NUTAHHS Ta 3aBIAAHHSA

1. 3anucatn BW3HAYEHHS TpaHUII YHCIOBOi (PyHKHIi i mocmimoBHOCTI. Sk
3MIHIOIOTBCSI O3HAYEHHsS JUIsI OAHOOIYHMX BWIIQAKIB Ta Ui HEBJIACHHUX
€JIEMEHTIB?

2. 3anmcaty kputepiit Kol icHyBaHHS TPaHUII YHCIIOBOT ITOCTIIOBHOCTI Ta
(hyHKIIi.

3. Uu moxe Oyt y ¢yHKIii ab0 MOCTIZOBHOCTI JACKIIbKA TpaHUIlb?
Jexinpka 94acTKOBUX TPaHUIb?

4. SIx moB’s13aHi YacTKOBI TpaHuIi 3 rpanunero ¢yakmii. [1lo Take BepxHs Ta
HWDKHS MEXa MOCIIITOBHOCTI 1 (DyHKITIT?

5. Ik ¢dopmyntoeTbcss BU3HAUeHHsI TpaHuii ¢yHKUii 3a [eine, skuii i
3B’SI30K 3 BU3HAUEHHM Tpanuii 3a Komri?

6. SIki MOXKyTh BUHHKATH HEBU3HAYEHOCT] KOJIH IITYKA€EIT TPAHUIIO?

7. ChopmyntoBaTd BH3HAueHHsI HemepepBHOCTI ¢yHKuii. Ski OyBaroTh
po3puBH y pyHKIiT (knacudikaris)?

8.1llo Take ememeHTapHa (QYHKIOIZ Ta O BIiAOMO Tmpo i
HeTepepBHICTL/Po3puBU?

9.lllo0 Take MOHOTOHHa (yHKIiZ Ta 0O BIiGOMO mpo i
HEeTNepepBHICTH/po3puBH?

10. SIxi TeopemMu BimomMi TmTpo TpaHUII OOMEXeHOi (MOHOTOHHOI)
nociioBHocTi? [IpoinrocTpyBaTH iX Ha MPHUKIIAII.

11. HaBect mnpukigaaud 3acTocyBaHHA mpaBwia Jlomitamo Ta TeopeMu
Ironk1za.

12. 3anucary mepity i APYry YyAOBi TPaHUIl Ta iHIII TPaHUI, IO 3 HUMHU
NOB’s13aHi.

13. SIxi ¢yHKIT HA3WBAIOTHCS €KBIBAJCHTHUMH, a SKi (YHKIISIMH OIHOTO
MOPAAKY?

14. 1o o3nauae 3amwucu f (x) = o(g(x)) Ta f (X) = O(g(x)), ko X —>a?

15. [llo Take mrkama 3pocTaHHs?

16. Illo Take royoBHHUI WieH QYHKINI Ta K HOr0 MOXHA BUKOPUCTOBYBATH
MiJ] 9aC OOYMCIICHHS TPaHUIIb?

17. HaBecTH npuKiaj, KOJIM HE MOYKHA 3MIHIOBATH (YHKLIIO HA il TOJIOBHHUN
YJIeH I1iJ] Yac 00YHCIIeHHS TPaHUIIb.

18. HaBecTu BioMi MpHKIAAX ACUMITOTHYHUX PIBHOCTEH Ta BiAIMOBIIHUX
€KBiBaJICHTHOCTEH.

19. BumnucaTy acMMOTOTHYHI PO3KIaAeHHs 3a (Gopmysor MakiopeHa s
5-TH OCHOBHHX €JIeMEHTapHUX (YHKIIIH.
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20. o Take konuBaHHs (QyHKIIi HA MHOXHHI Ta y TOYI?

21.YuMm  Bigpi3HSAIOTHCS BU3HAYCHHS 3BUYAWHOT HENEPEPBHOCTI Ta
piBHOMIpHOi HemepepBHOCTI (YyHKIII Ha MHOXHHI? Ska 3aIeXKHICTH BiA
3aMKHEHOCTI/BIIKPUTOCTI ~MHOXHWHH, IO po3niimaeteesa? HaBectn
MPUKIIA/IH.

22. Illo Take KOMITaKT Ta sIKi € oro xapakrepusaiii B R?

23. loBecTH, o0 Oy/Ib-SKHUH MOJTHOM HEMApHOTO CTEIEHS Mae Xo4da O OJH
JificHUi KODiHb.

24, CpopmymnioBaT TeopeMy MpO HENepepBHICTh O0O0EpHEHOi (QYHKIII.
[IpoimocTpyBaTn ii Ha mpuKIani OOEpHEHWX TPUTOHOMETPUYHHX 1
rinepOoniyHuX QYHKIIIH.

25. Slka QyHKIisT Ta Ha SKOMY MPOMIDKKY OOOB’sI3KOBO HalOyBae CBOiX
HaNOIIBIINX Ta HANMEHIIUX 3HAUYCHb?
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2.3. [Ipuknagu po3B’A3yBaHHA 3a1a4

Sko mijx yac 0OYUCIIEHHS TPAHUIl, KOJIU X —> a, BUHUKAE€ HeBU3HAYCHICTh

9, TO II€ O3HA4aeE, MO X =a € KOPCHEM YHUCCIbHMKA Ta 3HAMCHHHUKA. OT)KG,
0

Tpe6a BUILIMTH y YMCEIbHUKY Ta 3HAMEHHHKY MHOKHHUK BUTIALY (X —a)*,

IO MiCs CKOPOYEHHS yCyBa€ HEBW3HAdeHicTh. [|Jia mMomiHOMIB HaBeneHa
BKa3iBKa O3HA4a€ PO3KIAJCHHS HAa MHOXXHUKH 32 JOMOMOIOI0 PO3B’s3aHb
PiBHSIHb y YHCENBHUKY Ta 3HAMEHHHKY a0o 3a JIOMOMOTrOI MiICHHA B
CTOBITUKK Ha (X —a).
Ilpuknao 1.

o x*=2x+1 0 . (x=-1* . (x—1)° . 1 1
lim————=—=Ilim——5=Ilim 5 5= > =—.
OLXT=2x"+1 0 =1(x"=1)° =1(x=1)°(x+D)° =t (x+1)° 4
Jnst npo6iB 13 ippallioHaTbHOCTSIMHE ISl BUAIIEHHS! HEOOX1THOTO MHOKHHKA
Tpeba YCyHyTH ippallioHaJbHICTh, TOMHOXYIOUH Ul MApHUX KOPEHiB Ha
CIpsDKEHE ISl TOTIOBHEHHS JI0 PI3HUIN KBaJpaTiB Ta HA HEMOBHHUU KBajpat
JUTSL KOPEHIB TPETHOTO CTETICHSL.

Ilpuknao 2.

_JIx-1 0 . (x-1)

lim =—= = lim =
—13/x -1 0 o1 3/x —1fVx +1)

(x—1{§/?+?\’/;+1) - (x—l)(i’/?ﬁ/;ﬂj

) IXITl (W—lxi/?+i/;+l)(\/; +1): x>l (X_l)(\/;Jrl)

. oo o . -
VY HeBH3HAueHOCTI — Tpeda BU3HAUMTH HaMO1bLIl 31 3pocTatounx QyHKUil
0

YKMCeIbHHKA Ta 3HAMEHHMKA Ta BHHECTH 1X 3a Jy)KKH. 30Kpema s
MOJIIHOMIB Ta 3aralibHUX CTEMICHEBUX BUPA3iB, TpeOa BHHOCHTH 3a JTYIIKH
3MIiHHY CTapIIOro CTETEHIO.

Ilpuknao 3.

. 2x% +4/2x+1 © )
lim =— = lim =§_
e 0]

X>+0 J9x4 —2x +1+ X

_3
>
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SIK110 HEBU3HAYCHICTH % BUHUKA€ y BUPa3ax, M0 MICTATh TPUTOHOMETPHYIHI
¢yHkOii, To Tpeba 3aCTOCOBYBATH HACIIAKH MEPIIOi YyJOBOi TrpaHumi. Y
BUTIAJIKY JIOTAPU(PMIUHKMX, CKIaTHUX CTENCHEBUX YH IMOKA3HUKOBHX
(dhyHKIIi# Tpeba BUKOPUCTOBYBATH HACTIIKH APYTOi YyA0BO1 TpaHuIi. Takox
Jpyra 4yZoBa TpaHMLs BHHUKAE€ 32 HEBU3HAUCHOCTI 1* Ta y cTemeHeBo-
MOKa3HUX BHpa3ax.

Ilpuknao 4.
) ) 3amina )
lim SN X _0_ im sin(7 — X) I o —sint
or3 -3 0 x-r37(3F-1) | T 03730 -1)
X—>r<t-0
. -t 1
= lim =

503"th3  3°h3’
Ilpuxnao 5.

1 2_ 2_
2 2 1 X Iimlln X z2xil Iim1 X ol 2X+1—1 Iiml -5%
X" —2ZX+ _ eX%OX x243x+1) eX%OX X2 +3x+1 _ 0K x2+3x+41) _ e 5

x>0 x? +3x+1

Binpi 3araneHUM 32 4yA0Bi €KBIBAJIEHTHOCTI BHSBISETHCS 3aCTOCYBaHHS
po3KkIaneHs 3a Gpopmyioro Teinopa abo BUKOpHCTaHHS npaBuia JlomiTairo
Ta IWKAIM pocTy. Ko (QyHKIT, 0 CTOSATh Y JIESIKOMY BUpa3i MarOTh BXKe
BiJIOMi po3KiajzicHHs 3a (popmysioro Teiiopa abo i PO3KIaJEHHS MOXKHA
JIETKO OTPUMATH, TO IX CJIiJl BAKOPUCTOBYBATH ITiJ] Yac O0YHCIICHHS TPaHUIIb.
SIKmo OTpUMaHHS 3a3HAYCHUX PO3KIAJCHb IIOB’S3aHO 13 3HAYHUMH
TEXHIYHUMH TPYAHOLIAMH, TO OLTBII 3pYYHHUM JJIsi OOUYHMCIICHHSI TPAHUIIb 13
JUICHHSIM BUSIBIISIETHCSL 3ACTOCYBaHHA NpaBiia JlonuTaito.

Ilpuknao 6.
Cnocib 1.
2 3 2 3
X X 3 X X
e et oy | IEXHo H o FO() Tl XD - 2X
lim————=Iim : : ! |
x>0 x—sinx x>0 3

X 4
X— x—§+o(x )
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X 3
§+0(X)_ . 2+6-0(0)
= lim =lim———==2
x>0 X3 3 x>0 1+60(1)
—+0(X
6
Cnocib 2
. eX—e*-2x 0 |3a npasunom . e*+e*-2 0
lim —————— =~ = =lm——% ==
x>0 X —Sin X 0 |Jlonimanio mpuui| x>0 1—COSX 0
X —X X —X
_im& = 0 et o

x—0  Sin X 0 x>0 cosx

Jdns  HacTymHMX 3afjad Ha 3HAXO/KEHHS TOJIOBHOTO wWieHy abo
€KBIBAJICHTHOCTI MPOCTIMIOTO BUTJISAY MOXKHA BXXKHBATH BCi BHUINICHABEICHI
3aX0/M, OKpiM MpaBuia Jlomitato.
B 3arampHOMy BHUMAJKy TIONIYK TOJIOBHOTO YJIEHY BHKOHYETHCS IS
BimoOpakeHHS TMOBeMiHKH (YHKIII B OKOJI TOYKH, 10 AKOI MpSAMYyeE X 3a
JIOTIOMOTOFO CIIPOIICHOT (PYHKIII].
[MpoananizyeMo MOXKIMBY MOBEeAIHKY QyHKIii. Bona Moxe martu:

- CKIHYEHY TpaHMIIIO, 10 HEe JJOPiBHIOE HYIIIO;

- MaTH HyJIbOBY I'DaHHIIIO;

- MAaTU HECKIHYEHY IPaHUIIIO.
B nepmiomy Bumazaky, ckiHueHa He HyJiboBa rpanuild C # 0 i € rosoBHUIA
e ¢QyHkiii f(X), 1Mo m00pe y3romkyeThes 3 O3HAUCHHSIM. B ocTaHHIX

JIBOX BHUIaJKax Tpeba BKaszaTu, sk came (yHkuis npsmye no 0 abo oo.
Haromicte 0 abo oo (rosioBHuUii 4ieH He Moxe qopiBHIOBaTH () 260 ),
Tpeba 3a JOMOMOTOI apupMETHYHUX il Ta BIIOMHUX EKBiBAJIEHTHOCTEH
3HaWTH TpocTimy (yHKIiO, M0 Mae TakKy caMmMe MIBHIKICTb
3poctanHs/cnaganus 1o 0 abo oo, sk y f(X).

3a3BUyail MIyKalOTh HAHMPOCTINy aCUMNTOTHKY, a caMe TOJIOBHUN WiIEeH Y
Buriani f,(X) =C(X—a)ﬂ, AKIO X — a; Tay Buriai fy(x) = Cx*, skmo

X = © abo X = 0. Tyt C # 0, A — MOKa3HHUK 3pOCTaHHS/CIaJaHHsT PYHKIIT
f (X). 3ayBaxkumo, sikmio A = 0, Mu oTpumaemo nepiuuid Bunanok f(x) ~C;

akmo A > 0, To 1e Apyruii Bumnanok komu, f(x)~C(x—a)* ——=—0; axmo

A <0, To ue Tperiii Bunagok f(X) ~C(x—a)* ———x.

Takox 3asHaunmo, skmio ¢yskmig f(X) ckiaagaeTrscs i3 MHOXHHKIB, TO
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TOJOBHUIA WIEH MOXKHA IINyKaTH JiIi KOXKHOTO i3 MHOXHHKIB OKPEMO:
TOJIOBHUIA WieH N00yTKy abo 4acTKH NOpiBHIOE AOOYTKY/4acTIi TOJOBHHX
YJICHIB.

Ilpuknao 7. 3HaiiTi TONOBHMH WieH (EKBIBaJEHTHICTb HAHMPOCTIIIOrO
(x*=1)-(e* 1) -Inx-(1+coszx)
sinx-+x -1
Po36’a30k.: Ockinbku BUXinHa (YHKINS CKIIAHA€ThCs 13 6 MHOXKHHKIB — 4 y

YHCENbHUKY Ta 2 y 3HAMEHHHMKY, TO 3aJady MO)XXHa po30utH Ha 6
MIPOCTIIIHX:

BUTJISIAY) AJIst PyHKIIT , komn X —1.

1) x*-1-0, ane 0 He MOxe OyTH TOJIOBHUM YJIEHOM, OTKe, Tpeba
x—1

eKBIBAICHTHUMH [issMM 3BOJUTH (QyHKIi0 g0 Buraagy C(x—1)7.

Jomamo Ta BimHIMEMO | Ta BUKOPHUCTAaEMO BiJIOMYy €KBiBAJICHTHICTH

@+t~ -1 ~ Mt oTpumyeMo x*—1=(1+(x-1)° -1 ~le(X—1), e
[Sd X—"

i € HaitnpocTimmi Burisin (C = e, A =1);
2) e“—1 xoua i cxoxa Ha BiJOMYy €KBiBaJEHTHiCTh, aie X —>1, a He
1m0 0. Ockineku mifcraHoBka X =1 He mpuBoauTh 10 0 260 oo, TO

e* -1 ~ e—1 i € rOIOBHKMM YJIEHOM, 1[0 MU LIyKAJIH;
x—1

3) makcamoskiy 1): Inx=In(1+(x-1) ~1(X—1);

2
4) (1+ COS;rX) —>10, o0 3aCTOCYBaTH €KBIBAJIICHTHICTH 1—COStt~ —
X—>.

—0

JUIss KOCHHyca, Tpeba 3poOMTH Tak 1100 apryMeHT KOCHHYCY
npsimyBaB 70 0, a He 70 7. Jljs 1bOro J07aMo Ta BiHIMEMO 7 i
3actocyeMo (HopMyITy 3BEICHHS
(1+coszx)=1+cos((zx— )+ ) =1-cos(zx— ) ~

x>l
aX—7—0

B (X —7)? B 7’

2 2
5) sk i B 2) BiIoMy €KBiBaJIeHTHICTh SIN X~ X TYT 3aCTOCOBYBaTH HE
MOXHa, TOMY IO apryMeHT He npsamye 10 0. Omke, SINX ~sinl, o

B3

.
€ IpuOIN3HO SIN — = 7;

(x-1)%
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6) Vx’*-1-—>0, omke IIyKaeMO MepPEeTBOPEHHS [0 MPOCTIillIOro
Burisiny. Hns mporo Ttpeba 1mo30yTHCH cTemeHO 3y X

\/X3 -1= \/(X ~1)(x* + x+1) . Baunmo 1Ba MHOXHHKA T1iJ] KOPEHEM.

[lepmmit mpsimye 1o 0 Ta BXKe € MPOCTIMIAM 32 BUTIISAOM, a IPYTHA
1
npsmye 10 3, omke, VX —1 ~/3(x—1)2.
. . 7’ 2, 1
Bionosion:  e(x—1) (e—1)(x-1) ?(x—l) :(sin1+/3(x=1)?),  To6TO

e(e—1)7* u

ele_ D ) (x-12.

2./3sin1

IlIpuxnao 8. 3HaiiTh TONOBHMN WiIeH (EKBIBAICHTHICTh HAWIPOCTIIIOTO

.. (X*=1)-(e* =1)-Inx-(1+coszx)
BUTTISIAY ) A7l PyHKIIIT
sinx-§/x® -1

Po36’a30k: Tak caMo po30MBa€EMO 3a/1a4y Ha 6 POCTIIINX:
1) x*-1~-1;
x—0

, komu X—0.

2) e -1~x;
3) InX—>—oo. g QyHKIlA € BUKITIOUCHHAM, TOMY L0 HE MOXKE OyTH
x—0
3Benena 10 CX*, i Tak camo, siK i eKCIIOHEHTA € 31 CBOIM YVHIKQJIIbHUM
«3POCTAHHSAM» y MIKaJi ACHMIOTOTHYHOTO TOPiBHSIHHA:
(Inx)* << x” <<e|, ko X — +o  Va By > 0. Omxe, y

BizmoBii, kpim CX” Moxe GyTH C(In X)a ta/abo Ce’;
4) (1+coszx)~2;
5) sinx~x;
6) Ix-1~-1.

Bionosios: 2InX.
Ilpuknao 9. 3nHaiiTn TONOBHMU 4ieH (€KBIBaJCHTHICTh HANMPOCTIIIOrO

1 1
[J0 . w22 (9% _ o0l 2x+1
surnaay) as pyskuii (X' +In'% x+e*) - Ix° + x+3-(2¢ —2%1) - tg 7 3’
X —
KOJIM X —>+0.
Po3e’s130x: po3duBaeMo 3aaady Ha 4:
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1) (X°+In'®x+e*)~e*, 3a mKanow aCUMHTOTUYHOTO TOPiBHAHHS
caMe CeKCIIOHCHTa BHU3HAYae, SK I[eW BUpa3 TMpsIMye [0
HeCKIHYeHOCTI. )1 cTeeHeBUX BHPa3iB, 30KpeMa IMOIIHOMIB, SKIITO
X —> 400 TOJOBHUM WIEH — 1€ JOJAHOK 13 HalOLJIBIIINM CTEIIEHEM X;

, 1 3 . - .
2) UxP+x+3=x31+ <t~ X*, OCKUIBKM OCTaHHil KOpiHb
X X

npsmye 1o 1;
O T 1
3) 2x—2x1 =212 _1)~1.—— _In2~x2-In2;
X(X+1)

CTENIHb OUIBIINI 32 YUCENBHHUK, TO

4) OCKiNbKH y 3HAMEHHUKY —

X" —

2x+1 2x+1 2x 1
BECh aprymenr npsimye 1o 0, omke, t9———~——~— = 22X
X*—=3 x°-3 X

Bionogiow: 2In2x7'e*.

Ilpuxnao 10.
1+ X .1 1+ X 1z -4 1 r -2
Inf — |-arcsin—-arctgx ~ |——-1|-——=——-—-— ~ >
5+x X x40\ 54 X X2 B5+X X 2xo%0 X

ExBiBaneHTHOCTI Ta po3kianeHHs 3a (opmynoro Teinopa TakoX 3pydHO
BUKOPUCTOBYBATH il 4ac OOYMCIICHHS TPAHMIb 13 OOYTKOM Ta y OLIbII
CKJIaJJHHUX BHpa3ax. Hanpukian, y pa3i HEeBU3HAYEHOCTI O - oo , KOJIH MPABUIIO
Jlomitanro BUMarae JoJaTKOBHUX MOIEPEIHIX EPETBOPEHb.

Ilpuknao 11.

. 1+x .1 2 . _272' 2

lim In| — -arcsm—'arctgx-(Bx +2x+7): lim ——-3x° = 6.
X—>400 5+x X X—+0 X

Ilpuknao 12. Jlocninuti QYHKLII0O Ha HENEPEPBHICTb: BU3HAUYUTH TOYKH
PO3pUBY Ta 3’sicyBaTH iX xapakTep. HamanroBaru ecki3 rpadika QyHKIII.

esin X 1
y= ar
tg(2x)

3uaiizemMo obnacTh Bu3HaueHHs i€l pyHKii. @yHKIIS BU3HAYEHA BCIOAM 32
BUKITIOUCHHSIM TOYOK [ 3HAMEHHUKH JOpIBHIOOTH Hym0, (g(2X)=0 i

ctg .
X|-7
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|X|—7z =0, a takox ne¢ HeBm3HaueHa (yHkiis tg(2x). OTke mMaemo Tpu
1 7 7zn
HAO0OpPH TOYOK: X;tzﬁk,keZ, X#+7r Ta X¢Z+7,neZ. Jost

BU3HAUYEHHS THITy PO3PHBY OOYMCIMMO OAHOOIYHI TpaHWIi y BKa3aHUX
TOYKaX.

Jlist epioro Habopa TOYOK MaeMo JBa BUMaJku: K mapHe abo HemapHe.

1) Posrmsmemo Bumamok mapuoro kK, Tto6to k=2m,meZ. Tonui

Xzxzm,meZ.

O0uMCITMMO TIPaBy TPAHUITIO:
esinx _1 l l esinx _1

lim arct = arct lim ,
X—>7zm+0 tg(2x) 9 |x| - g 7z-(|m| _1) X—7zm+0 tg(2x)
im gsinx —1_(0j_ 3a npasuiioM| e cos x ~
Xx—>zm+0 tg(2x) 0 Jlonumanro X—7am+0
cos’(2x)

sin(zm+0)
e cos(zm+0 1
= 1(7[ ) = Ecos(;zm +0) = {

cos’ 2(zm + 0)

+1/2, m-—napue

-1/2, m- HenapHe'

) 1 +1/2, m-—napue
Orxe lim y(x)=arctg . 3ayBakuMo, 110 1€

X—>7zm+0 ﬂ-(|m| _1)
BIpHO IS BUTIaAKy M = +1.
O6uncanMo JiBYy TpaHHULIO:
esinx _1 1 1 esinx _1

-1/2, m-—mnuenapue

lim arctg =arctg lim ,
X—>7m—0 tg(zx) |X| - ﬂ-(|m| _]_) X—>7m-0 tg(2x)
- e"'"‘x_l_(oj_ 3a npasunom| e cosx
xomm-0 tg(2X) 0 Jlonumanto x—>zm-0 2 1
cos’ (2x)

esin(;rm—O) +1/ 2, m— napme

- 1
coi(nm 0) _ Ecos(zrm _0)= {

cos” 2(zm - 0)

-1/2, m- HenapHe.

+1/2, m-
Orxe lim y(x)zarctg;,{ napmue

Xo>2m-0 7z(|m|—1) -1/2, m—HenapHe.
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TakuM 9rHOM y BHMaAKy X=7zm, meZ, m=#=+1 lim y(x): lim y(x).

X—>am-0 X—>7m+0
3 [pOro BUXOAUTH, IO TOYKH X=7zM, MeZ, m#=+l € ycyBHHMH
po3puBamu 1-ro poxy.
Posrnsnemo Bunamok M==1, To6T0 X =+7 — 1e HaW Apyruil Habip TOUOK.
O0unCIUMO TIpaBy TPAHUITIO:

) sin x _ 1 1 ) esin>< _1 T 1 T
lim arctg =arctg| — |- lim == —=|=—.
x40 1g(2X) x| -7 +0) w=motg2x) 2 | 2 4

O064YrCINMO JTiBY TPAHHUIIIO:

sinx

et 1 1) . e™-1 7z (1 T
lim arctg =arctg| — |- lim =——: —= |=+—.

=m0 tg(2X) x| -7 —0) 70 tg(2x) 2\ 2 4
AHAJIOr1YHO MaEMO IJISL X = —77.

Takum 4YuHOM y BUIAAKy X==x7x: lim y(x)¢ lim y(X). 3 1poro

X—+7-0 X—>+7+0
BUXO/IUTh, III0 TOYKH X = *+7 € po3puBamu 1-ro pomy THITYy CTPUOOK.
2) PosrisHemo Bumagok HemapHoro K, to6to K=2m+1 meZ. Toxi

x#x(m+1/2), meZ

O0unCIUMO TpaBy TPAHUITIO:

sinx esin;r(m+1/2)+0

x—wr(lrlnrﬂlw0 tg(2x) e x| -7 B tg(z(2m+1)+0) el |7(m+1/2)+0|-7
-0, m=0,1,+3,45...

- {+oo, m=-142,+4..

OO0YHMCITUMO JIIBY TPAHHMIIIO:

| sin x -1 1 esin 7(m+1/2)-0 1

im arct = arct =
x-r(m+12)-0 tg(2X) g|x|—7z tg(7z(2m +1)-0) g|7z(m +l/2)—0|—7z
B {+oo, m=0,1,43,45...

—o, Mm=-1+2,44...

3 1BOr0 BUXOAWTH, IO TOYKH X=7r(m +1/2), meZ, € po3puBaMH

HECKIHYCHHOT'O THITY 2-TO POJIY.
., . T 7N
PosrnsiHemo Tperiit Habip TOUOK: X # " + X neZ

OO6uncnuMo rpaHumo QyHKLIT B IIMX TOYKAX.
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. (7 7n
sinx sm(ZJrT]
e

lim —arctg 1 —arctg 1 =0. Taxum
7m0 1g(2X) x| -7 o r  7zn
4 2 —+—| -
4 2

T 7N
YUHOM, TOUKH X # 1 + X NneZ, € yCyBHUMH PO3PUBAMH 1-TO POIy.

Buxozsuu 3 mpoBeneHOro aHajizy MU MOXEMO MOOyAyBaTH ecKi3 rpadiky
hyHKII.

Y
40

4.0

PosrnsiHeMo 111e 01Hy 3a7a4y Ha HEePEBIPKY PIBHOMIPHOT HENIEPEPBHOCTI.
. 1 . .
Ipuknao 13. JloBenemo, mo o¢yukiis f(X)== He e piBHOMIpHO
X

HenepepBHOIO Ha poMixkKy X = (0,+00) , Xoua i HeepepBHA Ha HHOMY.
V>0 f)-fl)= -t X _ 9 _—
X XX, X (% +96)

> + 0.
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2.4. 3amadi a1 caMOCTiifHOTO PO3B’ 3Ky
O3HaveHHs BeJIUYUH Ta IPAHUIIL MOBOIO «€ — &»

1. MoBoI0O «€ — O» TOBECTH, BKa3yIOUH IIPABIIIO 3HAXOKEHHS O 32 3aJaHUM
€, 10

a) lim x? =9; +00.

X—3

6) lim sin x =1/2; B) lim——— =
x—»% x—>1(1_x)

2. 1o 03HAa4arOTh HACTYITHI BUCIIOBIIOBAHHS:

a) Ve>0 338>0 |0<x—al<d=If(X)—Db|<¢g;

0) 3e>0338>0 |0<|x—a|<d=[f(X)—Db| <¢;

B) Ve 36>0 |0<|x—a|l<d=[f(X)—Db| <¢;

r) Ve>0 V>0 |0<|x—a|<d=[f(X)—Db| <¢;

a1 Ve>0 398 [0<|x—al<d=[f(X)—Db|<¢;

e) Ve>0 33>0 |[x—a|<d=]f(X)—bl<¢;

€) Ve>0 33>0 |[[x—a|>0=|f(X)—b|<¢;

x) Ve>0 33>0 |0<|x—a|<d=[f(X)—Db|>c¢;

3) Ve>0 30>0 |0<|x—a|<d=1f(X)—b>g;

n) Ve>0 36>0 |[0<x—al<d=f(X)>z¢;

i) Ve>038>0|0<x <8 = f(x)<-g;

i) Ve 38 | x <3 = f(x)>¢g;

K) Ve>0 338>0 |0<x—a<d=0<f(Xx)-b<e.

3. [lepeBecTy y BUCIIOBIIOBAHHS HAa MOBI1 «€ — O»:

a) y—>b-0, x—a; 0) y>b—-0, X—o0;
B) y—>b—-0, x—a+0; r) y—>b-0, xX——ow;
o) y—>b+0, x—a-0; e) y—>b+0, X—+wo;
€) y—>w, X—>a-0; K) Y —> —0, X —>-+o.

4. MoBOIO «€ — O» UIA X —> @ Ta Al X —> 00 3alHCaTh TBEPDKCHHS, IO
bynkis f(x)

a) oOMexeHa;

B) BiJJOKpEMJICHA BiJ| HYJIS,
1) Ma€ CKiHYE€HHY TPaHULIIO;
€) HECKIHYCHHO MaJIa;

3) HECKIHYCHHO BEJIHKA;

0) He oOMexkeHa;

T') He BiJOKpeMJICHa Bijl HYJIS;
€) He MAa€ CKiHYEeHHOI I'paHuLli;
) HE HECKIHUEHHO MaJia;

1) HE HECKIHYEHHO BEJTUKa.
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O04uc/IeHHs] TPAHUIb

OOYKCINTH HACTYITHI TPaHMIIL.
x* —5x+6

5(a,0,B,T, 1). lIm————
( ) x* —8x+15

3x2+9x+6

6 (a, 0,8, T, 1). Im———
( A 20 + 6x — 2x>

2x? —5x+3
7. lim ————.
x>0 4 4+ 2X —BX

3 4
ot VXXX
X—>+00 1/2)(_|_1

6
11 1im (1+5x +x3
X—>+00 (2X—1)

12 )1/4

2_
13, fim X X2
X=>I X" —4x+3

100
15 fim X —2X+1
x—>1 x50 —2x+1

17, m Jx+13 —2\/x+1.
x—3 x2 -9

3 2
19, fim V8+3X >2( .
x—0 X+ X
21. Iim\/;_\/ng X2

x—a \/XZ _aZ

23. lim ( (x+a)(x+b) —x).

X—>+00

25. lim (%/x3 +3x2 =2 —2xj.

X—>+00
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,(a>0).

Xx—1l x—>2
X—5 X—>3, X—>on

Xx—=0 x—>-1
X—>5 X—>-2, X—> oo

8 Im (2x —3)°(3x +20)"
o (2x +1)°

3 2
10. lim (X:i— xj.
X—>+00 X +1

12. hm(

1+ x )1+ 2x)1+3x)-1

X—0 X

4_
14. fim X 23%*2
x>1x° —4x+3

16, fim Y1t2X=3
X—4 \/;_2
4 —
18. lim \/; 2

x—)lﬁ\/;_z]_'
. A9+ 2x -

20. i

m——--.
-0

5
Xx—>8 é/;_z
20 fim YEX—VI-X
x>0 31+ x —31-x
m(\/x+«/x+«/§—\/§

li
x>

j.

. x? +1
26. 3uaiitu ctamu a i b 3 ymoBu: lim —ax—-b|=0.
x—o| X+1

OO6uncnnTH, 32CTOCOBYIOUH MIEPITY YyJOBY TPAHHIIO Ta 11 HACIIAKH.

27, fim 16X 28, lim S 0X
x>0 X x>0 sin” X
. . 3 2
29, Tim smSX.—sm3xl 30. liml cos X .
X—0 sm X X—0 X2 sin X2
31 lim 1+_smx—cosx . 32 lim In(l—cosx).
x->01+sIn pX —COS pX x—>+0 Intgf
2
. sinmx in(x —
33. lim — , (mneZz). 34. lim M
x=7 SIN NX v 1=2cosX
35. lim tg(2x)tg(£—xj. 36. |jm 21X —°1N&
x—>xld 4 X—a X—a
. X . Jl+tgx —/1+sinx
37. lim(1-x)tg = 38. lim VIt 3 :
x-1 2 x—0 X
. 1—+/cosx i X
39, lim — Yo% 40. lim arctg .
XHOI—COS\/; X—> -0 ’1+ XZ
. arccos(l-x . arcsin3x-arctg2x
41. lim # 42.I|maCS Sx-arctg .
N x>0 2arccosX — 7
. AJcosx —3/cos x '
43.1im — . 44. lim S_'n 6x arctg ! .
X0 sin® x o 28in X -1 (6x —7)°
45, Iim(1+cosﬂx+1j5x_l. 46. lim (sin x+1—sin«/;).
X0 X-2 ). T X—>+00
sin ™
X
O06uHCIUTH, 3aCTOCOBYIOUH APYTY Uy0BY TPAHMITIO Ta 11 HACIIIKH.
x2 K2 sint
a7, tim[ X2 ) a8, fim[XE2)
x>\ 2X -1 x>0\ X+ 9
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49. ﬁxn(1+x2)“gzx.

2 X
51, |im("2 +1j
X— 0 X _2

53, Iim( oS X j .

57. lim Yfcos/x .

X

5. lim(2- x)tg?

x—1

. 1 (x-27)2
50. lim (— .
x—27\ COS X

52. Iing ¥1-2x.

54. lim (sin x)'®.

Y
X—>—
2

X+1
56. |im(2x+3yj
x>\ 2X+12

58. lim cos"

X
n—+o0 ﬁ ’

><2+1

x 2
60. Iimo 2ex1 -1 .

I'panmi mop’sizani i3 JorapuMiYHMMH, TMOKa3HHUMH Ta CTEICHEBHMH

(dyHKITIAME.

61. lim

X—a X—a

2_
63. lim Inix“ —x+1

x>+ In(x10 4 x +1)

65 (a, 6). lim M

X—>Fo0 ]Il(l'f’ 2Xj

67 fim ln(cosax).
x—0 In(coshx)

.at=x
69. lim
X—a X_a

.(a>0).
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Inx—Ina,(a>0).

62. lim [sin In(x +1)—sin In x].
X—>+00

_In(2+e*
64. lim At
x>+ [n|3+e

66. lim ]n(l+2x)-h1(1+§].

X—>+00 X
68. Ixim(l—x)logXZ
I

70. 1i1n(x+ex)§.

x—0

71. lim x? (4“* —41’“*1)) .

X—» 0

R
73. lim X[ZX—Z XJ.

. Y1+8x-1

75. lim ———.
x>0 7 X -1

77. lim (1+ cos nx) 2—2
X—2 (X—2)

79 (a,6). lim (chx—shx).

X—>to0

81. lim (x—Inchx).

X—> 400
. A1+ xsinx -1
83. lm ——— .
x—0 ex _1

85. lim nz(Q/;—”+i/§), (x>0).

nN—+o0

1 _2
72. lim(10* =10 *1)y/x* +1.

1
T PRE
74, Iim[9 1} .
x—0| |n cos X
Cove
76. fim LEsnX) —1

x>7 14 CcosX

sin 2 (- 2%

78. hm
x>+ In[cos|m-2*
80 (a, 6). lim thx.
sin2Xx _ ,sinX
82. m S &
X—0 thx
sinx

1—(cosx)
3

84. lim

x—>0 X

1 1
86. lim x[(Ze)x +ex —2}.

X—0

OOumncneHHs TpaHUIIb 13 3aCTOCYBaHHSIM paBuiia JlomiTamio Ta po3KiaaeHb

3a popmymnamu Teitopa (Makiiopena).

87, lim 118 aX.
x—0 In sin bx
1
89. “m(cosxj
x->0\ ch x
2 2 2
o lim X +1(1_x 10X J2rx+1
x-0 X X X*+1
93, IimIn(1+ x)—3x\/1—x .
x—0 X
1
X _ 3 _
95, Iime +(1-3x) 2cosx.

x—0 X2

|

88. lim¥/x?.
9. | a*—xlIna )¢
x—>0 b*—xInb
92. Ilma (a>0).

x—0 X

94. lim x[l—(ij ]
o | e \X+1

9. Iim(i—ij.
x=>1\X=1 Inx
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g7 o Mer+1)-2*-1)
. Xx—=0 )(3 .

sin(sinx)—x- \3/1— X2

5

99. lim
x—0 X
In(L+ x) —sinx—cosx +1

X3

101. lim
x—0

1/x
103. Iim(tg X ) :
x>l T 2X+1

105. lim Inx-In(1-x).

x—1-0

1
107. lim 1000x® +100x? +10x + 17

X—>+00

109. lim {x —x? ln(l +lﬂ .
X—>00 X

e*sin x— x(1+x)

111. lim 3

X—0 X

113. lim x3’2( x+1+\/x—1—2\/§).

X—>+0

X—>+00

1
115. lim (x —X +2)ex—\/x6+1].

116. lim g’/x3+x2+x+l—\/x2+x+1

X—>0

(In(1+ x)j]/X ()
X X

n

117. lim
x—0 X
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98. Im
X—0 X

4

100. lim (ctgx)™™* |

Xx—0

102. ]lm(l— ! ]
x>0 X eX—1
1

104. lim (amg"sz

x—0 X

106. I|m (arcsm X)X,

108. Iimm.

x—>0 X

X2

cosXx—e 2

110. lim 2

x—0 X

112. lim

cos(sin X)— cos X

xe* —(L—x)sinx

x—>0 X

Inx

114. lim
X—)+:xa|n X

In(ex + x)
- .

I'pannui nocainoBHoOCTEH

OO0YHUCITUTH TPAHMUIII.
118, fim 10 000N

n— +oo n2 +1 '
3 2 A
. idn°sinn!
120. lm ——M—.
n— +o0 n_|_1

122, tm sinz(gxfnz +nj.

nN—o0

) 1 2 n-1
124. lim — et
nN— +oo n n n
3 1 23 3
126. Im23 133 -1 ”3 !
n—w©2°+1 3 +1 n°+1

n—>+o0

n n n

n-1
128. Ilm(l 2 3 +(_1)—nJ
n

129, lim 1-%][1_%}..(1_%_
Nn—oo 2 3 n

119. lim (Vn+1-+n).

nN— +oo

121. lim %
n—>+w( 2)“+ + 3

n/2
193 lim2 +(n+1)..
ne (3" +n!

125. lim (V24232 ...32).

n— +o0

. 1-24+3—-...—-2n
127. lim .
N—>0 \/n2 +1

130. lim i+i+...+ !
no+o 1.2 2-3 n(n+1)
. 1 1 1
131. lim + +..+ )
nool1-2-3 2-3-4 n-(n+1)-(n+2)
132. lim — [ 1 + ! +..+ ! j
S n(V1+43 VB+4B J2n—1++2n+1)

n—o0

133, lim (Q/a+@m+"'+%}n.

134. 3a reopemoto [ITonbla ToBEeCTH HACTYIIHI PIBHOCTI (TYT CUMBOI « <| »

MO3HAa4Ya€ ICHyBaHHS TpaHHLi JIBOPYY 3a YMOBH ICHYBaHHA TpaHULI

HpaBopy4 Ta iX piBHICTH, X, > 0):
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. +X, +..+X
a) ||mu

n
6) limy/x,X,...x, <[limx;
B) limyfx, <|lim—;
-1

Xn
r) 3a 101OMOrox B) obuncyutu limyn;

<limx,;

_nt
1) o6uucnuru lim .
n

135. 3a Th 2.8 (Beifepiurpacca, mpo rpaHMIli MOHOTOHHOI Ta OOMEKEHOI
MOCJTIIOBHOCTI) JIOBECTH 301KHICTh MOCIIJOBHOCTEH 1 3HANTH X TpaHHUIIL:

10 11 n+9
a) X, =|—- —-...- ;
(1 3 2n—1}

0) X, :(1—lj(1_1]___(1_ij;
2 4 on
B) Xn=zn:(k-k!)/(n+1)!;
r) X1=\/§, X2=\/2+\/§, . xn:\/2+m’ e

N kopenie

. .2 2 2
n) 3HaiiTk lim

o2 242 .“"\/2+\/2+...+\/§.

OOuMCIUTH HACTYITHI TPaHUII y BUTIISII QYHKIIIN 13 TphOMa KparnKaMu.
X+ X+, +X"=n

136. |XI_I’H 1
137. rI]i_TO(1+X)(1+Xz)(1+x4)...(l+xzn), x| <1.

) X X X
138. limcos=-cos—-...-cOS— .

o2 4 2"

! Ik anbTepHATHBHMIA CIIOCI6, TOBECTH CHOYATKY, Mo X, = 2C0S(7z / 2"™).
2 Y3aranbHMTH Ha BUNAI0K JOBIILHOIO & HATOMICT 2 HiJl KOPEHSMH.

66

139. lim —
x—1 (1—X)
n+l n+2
140, fm| >+ % 4.+
el (N+1)1 (n+2)! (2n)!

|

Jlns nocinosrocteit (x,) smaitn lim X, ta lim x

N—+ow

G +1+(—1)" .
n 2

141, X,

n(n-1)

143. X, =1+2(-)"™ +3(-1) 2 ;

3naiita lim f (X) ta lim f (X):

x—0 x—0

145. f (x) :sin21+£arctgl;
X 7 X

147. f(x)=(2-%" )cosE :
X

N—+c0

n n
142. xn:1+—cos”—;
n+l1 2

2
27n
144, X, = ——C0s <2,
n“+1 3

sec? (1/x)
146. f (x) = (1+ cos’ —j ;
X

O-cuMBoOJliKa. ACHMITOTUYHI MOPiBHAHHA. ['0/10BHUI Yi1eH

148. TlokazaTu, 0 32 YMOBH X —> d:

a) o(o( (x)))=o(f (x));
8) 0(0(f (x)))=o(f (x));

149. Hexaii X — 0, noBecTH, 110
a) 2x—x? =0(x);

1 )
B) Xsm;—O(IXD,

1)\ X+UX+VX ~§/;;

150. IToka3zaTu, 110 32 YMOBHU X —> +00.

6) O(o(f (x))=o(f
r) O(0(f (x)))=0(

0) XSin\/_=O(X3/2);
r)]nx:o(isJ (e>0);

X

e) arctg% =0(1).
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a) 2x3 —3x2 +1:O(x3); 6) XX2++11 :O(lj; 2 ( 2x j 1. 5 sinM; 2 clg X+2

X 2X+3 X+2 1+3x
2 2 ). arctgx 1 ) 1
B) X+ X smx—O(x ) r) —1 2_O—2 . r) cig ; m) 5% —5xt e) X} +1n x +e*.
+X X 1+ 2x
151. JloBecTn, 10 3a IOCTaTHBO BENUKUX X > 0 HasBHI HEPIBHOCTI: 156. 3HaliTH rOJIOBHMIA YICH MPOCTIMIOrO BUTIISLY ISl BETHYUH:
a) X2 +10x+100<0,001x°;  6) n'"%%x </x; B) x'%* <e?.

a) 111(X2 +ex)-arcsintgi2 (x = +);
X

152. 3HaiiTi roIoBHUN 4iteH, Koau x — 0:

1 T
a) 2X—3X> +X°; 6) V1+x—/1-x; 6) {exﬂ__llﬁx_ﬂj _1]005)”2 (x = );
8) J1—2x —31-3x; r) teX—sin X; X+2 X+3
2+X . m(X+2), 1 _
A I ©) COS%’ B) (ex +%}-cosn(x2 1)-1n(2+x) (x —>=0);
€) tg(sinx)—sin(tgx); x) (1+x)" 1.

. 2 n
153. 3uaiiTyl TONOBHMIA WieH, Koo x —> 1. T) arctgx3 -5111(2X - lj . |:(COS X+ X2) - 1} (X — O);

a) X° —3X+2; 6) Vx—1; B) V1-vX ; r) Inx; (x+2)
2

T
1) In -sin (a*-1), (x—1);
n) e* —e; e) XX —1; €) ;(1, m)—coifxirx; 1+x° ( ) ( )
X" = - 2
1+ X 1 nx e) [(3+X)ﬁ—1} ~|n(9+X3)-tg%X, (x—-2);
K I=x I/1)31—)(3’ ) sin mx | I)W'

. 1+x
3 ’ ) o) sinx-In=—=-(e*-1)-(z*-77), (x—>7x).
154. Hexaii X — + co. 3HaiiTH TOJOBHMH WICH Ta BH3HAYUTH IOPSAIOK 1+7

3POCTaHHs/CIIaIaHHS
5 . %5 . HenepepBHicTb, po3puBH Ta iX Ki1acudikauis
a) X~ +100x+10000 ; 0) =
X" —3x+1 JlocnmimuTy Ha HeNepepBHICTh: BU3HAYMTH TOYKU PO3PUBY Ta 3’SCYyBaTH iX
B) 32 _y 4 JX : ) Y1+ I+ JX : xapaktep. HamamtoBaTu ecki3u rpagikiB ¢GyHKIIH.
x+1 157, y=—> 158, yo— X1
n 2L & Vx+1-X; T x o6
X" +1 ) .
1.1
) VX+2 —2x+1+x; %) —sin — . W2 —1 v
X X 189 y=——7——. 160. y=2—"2"2
155. 3HaiTH TOJOBHUMN YiIEH, KOTU X —> 400 : X" —3X+2 1 _ l
Xx—-1 X
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[1-cosax
161, y=3———.
y 4— x>

1
163. y=arctg;.

) sgn(x* —8x+7)

165. y =
y X—3
2
arctg——
167. y=— X+1
x—3
X
169. y = ——.
COos X
171, y = 98X/ 2).
X =X

173. y=sgn(x" - 2x).

esin>( -1 - 1

175. y = @ w0
X—7r
x—3)?
177. yzg.
1+cos zx

179. y =cos’ 1
X
181. y =x—[x].

183.y=x|=|.
X
185.y = lim(xarctg(nctg x)).

187. y = lim cos™" x.

n—o0

189. y=Ilim(x —1)arctgx", (x=>0).
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162. y =sgn (sin ZJ :
X

sgn(x2+5x+6)
164. y = .
x+1
3
arcctg——
166, y=— %=1
X+1
1-Jx
168. y= .
Y =%
2
170. y= .
y 1-2*
172, y =3NS
sin2x
174. y =arctg )_(_3 .
sinzx
N 1
V-1 —
176. y = - geinx,
tgrx
178, y = ML+ x].
tg 2x
2X
180. y=th .
Y=

182.y =[x]sinzx.

184.y =lim -, (x>0).
n—>o] 4+ X

186. y = lim {1+ x>" .

188. y = im X%
o]+ xe™

190. y:ltimlr:(t/x), (x>0).
—>X _X

191. IMoxkasatu, mo pisuaaEs Ctg X = KX, VkeR 1a xe(0, ©) mae exunmit
HerepepBHUiA KopiHb x = x(K).

192. [ocnigutu QyHKII0 HAa HEMCPEPBHICTh B 3aJIKHOCTI BiJ] 3HAYCHHS
napamerpa o€ R

arcsin(sinx)- arctgi, X # 7N
f(x)= sin x

a, x=zn (neZ)
193. Hagectu npukiag po3puBHOI B KOKHIH Toulli QyHKIIi, KBagpaT KO €
HEMepepBHOIO (PYHKITIETO.
194. Jlosecty, mio HactynHa ¢yHKUis Jipixie po3puBHA y KOXKHINA TOYIII:
1l xe
D(x)= Q
0, xeR\Q
195. Momudixysatu dyskmiro [ipixie i3 monepeaAHpOro HOMEpa Tak, Mmoo
oTpuMaTH (DYHKIIiIO PO3PUBHY y KOXKHiH Touwi R, kpim 0.
196. HocnimzuTti Ha HemepepBHicTh dynkmii XD(X) Ta x*D(X), ae D(X) —
e ¢pyskmis Jipixie.

197. Jlosectu, mo ¢yukuis Tome! HenepepBHa y KOXHIiM ipparioHanbHii
TOYIll Ta PO3pPUBHA Yy KOXHIM pamioHampHi Toumi. Llg QyHKIisS
BU3HAYAETHCS TAK

l, X= P (meckopotHuii apid), peZ, qeN
t(x)=1q q .
0, xeR\Q

198. JlosecTu HacTymHi BiacTuBOCTI® QyHKIii Tome t(x), o BU3HAYEHA Y

MoTepeTHbOMY HOMepi, o0y TyBaTH ecki3 ii rpadika Ha nmpomixkky (0,1):

1 C. J. Thomae (1840-1921) — niMeupkuii matemaruk. L1 QpyHkuis Mae 6arato
iHmux Ha3B: ¢yHKUig Pimana, MmogudikoBana gynkiis [ipixie, mon-xkopH QyHKIIS,
KkparuteBa QyHkuist, QyHkuis 3mideHux xmap (countable cloud), niniiikoBa QyHKIis
(ruler), 3ipku Hax BaBunoHow (stars over Babylon).

2 Cepen inmmx BaactuBocTeil Gpynkuii Tome: Hife He AuQEPEHIIHOBAHICTD i3
JOKJIbHUMHU MaKCUMyMaMH y KOXHIH pauioHanbHii Touni (Homep 147 HactynHOro
pozniny 3) Ta iHTerpoBaHicTh 3a PimanoM (uB. yacTuny 2).
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a) pynkuis Tome oOMexeHa Ta BijoOpakae BCi JiHCHI YKClia B OMUHUYHUAN
npomixkok: t(x):R —[0,1];
6) gymxmis t(x) mepioguuna 3 mepiomom 1: t(x+n)=t(x), vxeR,neN.

199. TlokazaTu, M0 HACTYMHI (PYHKINT HE € PIBHOMIPHO HEMIEPEPBHUMH Ha

npomikky (0,1): a) f(X) =%; 0) f(x) =sin§.

. . . . 1
Un OymyTe BOHH pPIBHOMIPDHO HETNEpPEpBHI Ha MPOMIKKY [E,lj,

apryMeHTYBaTHy BiAMOBiIb?
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PO3JILI 3.
JTU®EPEHIIAJBLHE YACJIEHHS TA IOTO 3ACTOCYBAHHSA

3.1. OcHOBHI NOHATTA TA BJIACTHUBOCTI

Ioxinna ta nudepennian pynkuii. IndepenuiioBanictsb

Hexait x e D(f), BHyTpimHsA TO4YKa 00JaCTi BUSHAYEHHA (yHKIII.

Def. TloxigHoto pynkiti f y Toull X HA3UBAETHCS
£rx) = lim S =00y TX*A9 =09 _ oy AT
XX X —X Ax—0 AX Mx—0 AX
e AX=X-—X, Af = Af (x,Ax) = f (Xx+Ax)— f(X) — npupict aprymenry Tta

(hyHKIIIT BiATOBITHO.

Sxmo y = f(X), U1 moxXigHOT 3a3BUYail BUKOPUCTOBYIOTh TaKi MO3HAYCHHS:
dy df(x)
! ! ! !
yv yx’ f (X)’ fx(x)1 TR .
dx  dx
OpnHOOIYHI TOXiMHI BHU3HAYAIOTHCS BIATOBITHOIO OJHOOIYHOI TPAHHIICIO
f(x+Ax)— f(X)

f/ = lim

- AX—F0

OyHKIS Mae TOXiHY Yy TOYI TOAI W TITBKH TOJI, KOJM BOHA Ma€ PiBHI
OJHOOIYHI MOXIiIHI Yy Il TOYII.
Def . Oynkuis f (X) Ha3UBA€ETHCS JU(EPEHLIHOBaHOO B TOULI X, (IHIIEMO
f(x) e D(X,)), sikmo il MPHUPICT MOXHA TOJATH Y BHUIIISAI TOJOBHOI
JiHIHHOT YaCTHUHM IUTIOC HECKIHYEHHO MaJIol 100 AX = X — X,

Af = (X, +AX)— f(X,) = A-AX+0(AX), ne 4 € cranor, O He
3aJIEKUTD BiJ AX .
TonoBHa mimifina uactmHa mo3HadaeTbes df =df(X) 1 masuBaerhes
nudepenmiaiom ¢yskiii: df = A-Ax. Koau X — HesanexHa 3MiHHA AX
BBAKAETHCS (DIKCOBAHOIO BEJIMYMHOIO Ta MO3HAYAETHCS OX.
Th. ®ynkuis oxniei 3MiHHOT nudepeHuiioBaHa y Touli X TOAl W TUIBKH
TOJIi, KOJI Ma€ CKiHdeHy moxiany y miei Touri i A= f'(X).
C. df (x) = f'(x)dx, orke, moxiaHa 1e BigHOmEHHS audepenitiana GpyHKii
110 qudepeHiiiaia apryMeHTy.
Th. (®opmyna HeckiHdeHHO MaTuX pupocTiB). Af ~ df .
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I'eomeTpuunmii 3MicT moxigHoi: moxigHa (yHKUii y Toumi X, AOPiIBHIOE
TaHreHCy KyTa Haxwiy JoTH4YHOI o rpadika f(X), mo npoBeneHa B TouIi

(%, T (%))

1 ET

I'eomeTpuunmii 3MICT
madepeHItiana — TPHUPICT
OpAMHATH AOTHYHOI.

PiBHAHHS OOTHYHOI 10
rpadika ¢yukmii f(x) B
X TouIi X,

X0X0+AX ‘y:f(xo)+f'(xo)(x_xo)‘-

I3 hopMysTn HECKIHUEHHO MAJIUX MPHUPOILIEHb OTPUMYEMO (HOPMYITY

f(x) = f(xg)+ f'(xo X=X, ), mo Habmmkye dyHKIiio i ZOTHIHOO.
®i3uyHMiA 3MICT MOXITHOI (YHKIII — II¢ MUTTEBA IIBHIKICTH 3MIHCHHS
GyHKIIT 32 3MIHHOIO X y TOUIl X,.

ApupMeTHYHI BIaCTUBOCTI (MpaBuIa 1M pepeHiloBAaHHA)

L (of (x)+ Ao(x)) =ef (x)+ Ao/ (x): 2.(F()a(x)) = T (X)g()+ f (x)a (x);

100) ' (X)a(x)- fF(X)g’(x). Wt (ol a (x
a 1)) - LT, 1(g(o)f = (o) 0100

3azHaunmo, 1o noximHy ¢yHnkuii y = f(X), sxa € 700yTkOM a00 YacTKOIO

IHOJI 3py4YHO IITyKaTH 3a JOMOMOTror0 moximuoi Bim morapudma f(x). Is

HOXi/IHA HA3UBAECTLCS 102APUPMIUHOIO NOXIOHOIO: (|n| f (x)|>' = :c ((X)) .
X
Tadauusa moxigHux
1.(const)' =0. 2. (x" ) = ux"™
1

3. (ex)':eX; (aX)rZax Ina. 4 (In|x|)r:1 : (Ioga|X|)': '
X xIna
5.(sinx)"=cosx; (Cosx)"=—sin x. 6. (shx)'=chx; (chx) =shx.
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(90 = —5—; (g = ——.
CO0S” X sin© x
1 1
8.(th x)' = : cth x)' =—
(th %) ch?x (cth x) sh?x
s 1 , 1
9. (arcsinx)’' = ; (arccosx)' =— .
1-x2 1-x?
10. (arctg x)' = o (arcctgx)' =— 5 -
+ X X
, ’ 1
11. (arsh x) —(In X+Vx% - D = ;
Vx? +1
' 1
(arch x)’ _( x+ x% - D = .
Vx? -1
12. (arth x)’ _(El “—Xj _ 1 =
1-x
1, 1+x 1 1
arcthx)' =| = =— =
( ) (2 X—lj x2-1 1-x2

Hpyra Tta Bumi mnoxigaHi sBHOI ¢yHkmii Y= f(X) BH3HAYarOTBCS TaK:
') =(f'x) = fP(x), fO(x)= [ f (”’1)(x)]’ . 3pyYHO OTOTOXKHIOBATH

camy QyHKIil0O Ta ii HyJIbOBY MOXiIHY. 3ayBaXXHMMO TakoX, MO Yy
HABEJACHOMY O3HAYCHHI Jpyra MoXijgHa OepeThCs 3a TOUKOW X, B SKil OyJio
3HAWIEHO TIEPIIy MOXIJHY 1 Ky Jali PO3rIsAaloTh SIK 3MIHHY JUIS TIONTYKY
apyroi moxinHoi. BogHouac Touky, B SKif 3HalWAE€HO ApPYry HOXiTHY
MO3HAYEHO TaK caMo X.

Def. ®ynxmis f (X) Ha3uBaeThCcs (N-KpaTHO) Oughepenyitiosanoio Ha
muokuHI X (mmmemo f (x) e D" (X)), skmo f(x) Ta i n-1 moxinui
mudepeHniioBani s KoxkHOro X, €X. @ymkuis f(X) nenepepsHo
ougepenyitiosana abo enadka nopsiaky N (mumemo f(x) e C" (X)), gkino

icaytots f'(X),..., f W (x) iHenepepsni pasom i3 f(X) y xoxuiii Touni X.
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Tabauus KesIKuX MOXiTHUX BUIOTO NMOPSIAKY
1.(e9)M =eX @)™ =a*(na)".
2.(x*)" = (- (u—-2)...(u—n+1)x*™

3. (In|x|)(n) :w; (Iog |X|)(n) :Mi
X" ) X" Ina

4. (sin x)™ =sin(x+n%); (cosx)™ :cos(x+n%).

ApudmeTudHi BJIacTHBOCTI

(n) n n
L(af(x)+£9(9)" =af@(x)+B9™(X).
2. Th. (®opmysa JIeiOHUIIS OXiqHOT JOOYTKY BUIIOTO MOPSIKY).
n I
fO)g()™ =Y C fO(x)g" M (x), C* -
(F(x)g(x) kz(; 2 F 0097 (x) TPy
InBapianTHicTs popMu mepmioro qudepeHniajga Ta He iHBapiaHTHICTH
¢opmu Bumux nudepenniagiB BiTHOCHO 3aMiHu 3MiHHOI
Hexaii y=f (g(x)) Toni dy(x) =y, (x)dx = f/(g)g;(x)dx = f/(g)dg,
TOOTO
dy =y, (x)dx Ta dy=y;(g)dg.
TyT x — He3asexHa 3MiHHa, a § — QyHKUIs, 3ajekHa Big x. OgHak GopMynn
JUTSI IEPIIOTo JudepeHItiany 0JHaKOBI — 0Tke, (hopMa iHBapiaHTHA.
Sk 1 moximHi, AudepeHIiaa BUIIOro MOPSAAKY BH3HAYAIOTHCS 1HAYKTUBHO:
d"f(x)=d(d""f(x)).
SIKIIo X — He3aNeXHa 3MiHHA: d?y(x) =y’ (x)dx>.
Jlns 3anexunoi sminnHoi g:  d’y(g) = ye. (9)dg® +y;(9)d’g.
Ile o3Hayae He iHBapiaHTHiCTH (opMH Japyroro (Ta, 3BICHO, BHIIHX)
nudepeHiiiana BiTHOCHO 3aMiHHM 3MIHHOI.

Ioxigni ¢pyHkuiii, mo 3a7aHi mapaMeTpUyYHO, HESIBHO Ta Bil 00epHeHOT
byHnruii
Cucrema piBHSHB

X = Xx(t
(3.1) { ® , teT

y=y(®
samae Qynkrito Y= f(X) napamempuuno, sxmo X(t) wHemepepBHa Ta
CTpOr0 MOHOTOHHA Ha mpoMikky 7. [lilficHo, 3a TeopemMoIo Mpo 0OepHEHY
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dynxuiro, t=t(x) i y=y(t(x)) = f(x).

Sxmo X(t), y(t) e C(T), dynkmis X(t) cTporo MOHOTOHHA B OKOJI TOUI ),
obunBi ¢yHkuii audepeHmiioBani y npomy okomi ta X'(t) # 0, Toai icHye
¢ynkuis y = f(X), mo 3agaHa mapameTpuyHoO i AudepeHiiiioBana B OKOJIi

. . C_dy Y
ty, Ta 1i MOX1HA TOPIBHIOE Y, = ——=—-.

dx  x{

Skuro 3a HaBeneHux yMmoB X(t), y(t) e D"(T), To y = f(X) Takox N-KpaTHO
mudepenuiioBana Ta i N-y MOXiJHY MOXKHA PalliOHAIBHO BHPA3UTH 4yepes N
neprmx moxiguux ¢yukmin X(t) i y(t)

o W YeXe T XeYe e W
Tode () Tode (k)
Piusuus  F(X,y)=0 (3.2)

3anae GyHkuito Y = Y(X) HesA6HO B NSSIKOMY OKOJY TOUKHU X, SIKIIO B HBOMY
PIBHSHHS MEpeTBOPIOETHCS HAa TOTOXHICTE F (X, y(X)) =0. o Toro x, Ko
¢ynkuis F(Xx,y) HenepepBHO andepeHiiiioBana 3a X Ta y B okoii (X,, Yq ),

’
X

4
Fy
MPAaKTHYHOT TOYKH 30py 3HAXOPKEHHS IOXIIHOI (PYHKIIIi, 110 33/1aHa HESIBHO
MO>KHa 3JICHIOBATH MPSIMHUM JU(PEPEHIIIIOBAHHSAM 32 3MiHHOIO X PIBHSIHHS
(3.2) BBaxkatroun Yy=Yy(X). Jpyra Ta BHUIII TOXiJAHI 3HAXOIATHCS

F(X0,Y0)=0 Ta F/(X,y)#0, Y; MOXHA BHpA3HTH SIBHO Y, = —

augepeHIioBaHHIM 3HaHIEHOTo Y, .
Th. (dudepentitoBanns obeprenoi ¢ynkiii). Skmo dyuakmis Y= f(X)
HelepepBHa 1 CTPOro MOHOTOHHA y AESKOMY OKOJi TOYKH X,, Ta ICHye
f'(Xy) %0, Toni y okomi touti Y, = f(X,) Bu3HaueHa obepHeHa QYHKITis
x = f (y) — HenmepepBHa, CTPOro MOHOTOHHA Ta AU(eEpeHIiiioBaHa y TOYIIi
Yy, KpiMm TOro

, _dx

wox__1 1
Yody dy/
y AX y

. " " d 1 B y;X
SIK1Io 32 HABEACHHUX YMOBAX ICHYE Yy, , TO Xy = d_y y—, = y)? .
X yX
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OcHOBHI Teopemu TudepeHiaJILHOT0 YNCIEHHS Ta iX 3aCTOCYBAHHS

Th. (Tap6y). SIxmo f(x) € D[a,b], To f'(x)—sur ua [a,b].

C. Skmo f'(X) Busnauena nHa [a,b], Ta He Mae po3pHBiB 2-T0 pojy, TO BOHA
HenepepsHa Ha [a,b].

C. Sxmio y KoXHi# ToYmi X MPOKOJIOTOTO OKOIy NESKOI TOYKH & ICHYIOTh
ckiHueHHa moximHa ¢yskiii f i ckinyeHHa i oaHOOIYHA TpaHUIL, TO

f'(a)= Iim0 f'(x). Omxke, saxmo f'(x) mae crpubok y toumi a, To f He
- X—at
audepeniiioBaa B @, SAKIIO PO3PHUB JPYroro pogy — Tpeba nepeBipaTH

IuQepeHIiioBaHICTh 32 O3HAYCHHSIM.
Th. (Pomns). Skmo f(x)eCla,b], f(X)eD(a,b) Ta f(a)=f(b), To icuye

ye(ab): f'(y)=0.
Th. (Jlarpamxa). Sxmo f(x)eC[a,b] ta f(x)eD(a,b), T0 icHye

ye(ab): f'(y )—M. ToOTo
napaseabHa XOp/Ii.

C. (Popmyia ckinyenux npupoctiB). Af =df (x + 6AX), ne 36 < (0,1).
VY3aranpHeHHSIM TeopeMu Jlarpamxka ais KpuBux € Teopema Komri.

Th. (Kouri). Skuo x(t), y(t) e Cle, f] ta x(t),y(t) € D(a, ), x(a) = x(f3)
). %) _ (A -y (@)
X()  x(B)-x(@)

Th. (IudepeniiiroBaHHs HEPIBHOCTEIH).

iCHye TOYKa, ne JOTHYHA

taX, #0, 10 icuye y € (a,

Sxmo f(x),g(x) € C"([x,, xl)) Ta  BUKOHYIOTBHCS HEPiBHOCTI
FOMX)>g® (%), k=0,1...,n=1; i VXxe [X, %) fO(x)=>g™(x),
tomi V Xe [Xq,%) F(X)=>g(x).

Th. (®opmymna Teiinopa). Hexaii f(x) € C"™*(U(X,)), Toai B okomi U (X,)
(yHKIII0 MOXHA TIOJIATH Y BUIJISIIT

(3.3 f(x)=P, +R, (bopmyma Teitmopa),
f & (x,) k : o
ne P, =P,(f,xy,X)= ZT(X—XO) — noninoM Teitnopa, a
k=0 !

R, =Rn (f, Xo, X) = (X) — Pn — 3anumkoBwuii uien hopmynu Telinopa.
IcHye nekinbka GopM 3aIUCy 3aIMIIKOBOTO WICHY, HABEAEMO JIBi 3 HUX.
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o((x—xo)“)

dopma Ileano: R, = .
P " O((x—xo)””)

(n+1)
®opma Jlarpamka: R, = (—l()jl/) (x—=Xo)"™, Ty eU(X).
n

®opmyna Teitnopa 3 3anumkoBuM wieHoOM Yy Gopmi [leanHo Mae mokanbHUiA
XapakTep Ta MOKa3ye acCUMIITOTHYHY MOBEHIHKY (YyHKILIi, HaOmmwKyroun ii
HOJTIHOMOM, KOIMU X —> X,. A ¢dopMyia i3 3aIMIIKOBUM YI€HOM Yy (opmi

Jlarpamxka Mae Be rI1o0anbHUI XapaKkTep Ta BUKOPHCTOBYETHCS JUIS OLIHKH
abcomoTHOT moXuOku HaOmmKeHHs QyHKUii nomiHomoMm Teiimopa Ha
neskomy npomikky U (X,) . ko nincrautu y dopmyny Teiinopa (3.3) i3
3aJMIIKOBUM WwieHoM y (opmi Ileano BimmosimHoi ¢yHkuii Ta X, =0, TO,

30KpeMa, OTPHUMYEMO II'SITb OCHOBHHX pO3KJIaJaHb MakiopeHa, Io
HaBeJleHI Yy MOMEpeAHbOMY PO3AUT. SIKIIO 3aMicTh 3aJHIIKOBOTO YJICHY
NPOJIOBXKYBATH J0AaBaHHs 10 HECKIHYCHHOCTI, TO OTPUMAEMO psi0 Tetliopy:

+o0 (k)(XO)

f(x)= Z X=%)".

JIOKa.leHl ekcTpeMyMHu pyHKIii

Hexaii x e If)( f) — BHYTpIlIHA TOUKa 001aCTi BU3HAYEHHS (QYHKII].

Def. Touka X, Ha3UBAETbCS TOUKOKO JOKAIbHO20 MIHIMymy (makcumymy),
Ko icHye okin U Toukm X, Takuil, mo g Oynp-sikoro X e U
BUKOHYEThCsT HepiBHICTE f(X) < f(X) (f(Xy)= f(X)). Skmo HepiBHICTH

cTpora, TO MiHIMyM (MakCUMyM) TakoX crporuii. Touka, y SsKiii €
JokanpHUA MiHiMyMm (loc min) a6o nokameHuii Makcumym (loc max)
HA3UBAETHCS TOUKOIO 0KAIbHO20 excmpemymy (loc extr).

Th. (depma). ¥ Touni loc extr moxinHa ¢yHKII, SKIIO BOHA iCHYE i €
CKiHYE€HHOIO, IOPiBHIOE HYJIO (cmayioHapHa TOUKa).

Touka X, HasuBaeTbcs Kpumuynoio Toukow ¢yskuii f(X), skmo BoHa
cramionapua abo f'(X,) =0, abo noxiguoi f'(X,) He icHye.

C. (Heobximna ymosa loc extr). Touku loC extr € kpuTHaHHMH.

Th. (Iepura nocrarust ymosa loc extr). Slkmo f'(X) mig wac mepexomy
»

3MiHHOi X 4epe3 TOYKy X, 3MIHIO€ 3HaK 3 “ —
loc min ¢yukmii f(X); saxmo 3 “+”Ha” -, T0o loC Max.

Ha 7+ 7, TOoy Toulll X,
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Th. (Opyra nocratus ymosa loc extr). Hexait f(x) e D"({X,}), f"(%,)>0
(<0) Ta f(k)(xo)zO, k=1...,n—1. Sdkmo n — HemapHe, TO B X, HEMae
loc extr; sixmio N — napue, To B X, € loc min (Bianmosiguo loc max) f(x).
Hdns X i3 pesxoro mpomikky X Ta f(X)eD(X) BukoHyerncs
f'(x)=0<« f =const, a Takox HacTyITHE TBEPKCHHSI.

Th. (YMoBa MOHOTOHHOCTI Au(epeHitiiioBanol HyHKILT).

f(x) 2 (V)< f/(x) =0 (£0). Slkmo F'(x)>0 (<0), 10 f(x) T ).
OnykaicTs pyHKmii

Def. ®yukuis f (X) HasuBaeTbess onykiaow oonuzy, f(x)"J", (0oeopu —
f(X)"M"), sxmo ii Ayra He BUIA (HE HUXKYA) 32 XOPAY, IO CTATYE ii
f(x)"J" fla X +a,%,) <o f(X)+a,f(X,), s

Va,a,20: a,+a, =1

(sxro f (X)"M", To HepiBHICTD > BiAOBITHO).

Th. (Jocratna ymosa omykiocti). Hexaii f(x) e C?(X)). Toxmi Ha
npomikky X f(x)"U" (f(x)"""), skmo f"(x)>0 (<0).

Def. Toukamu nepecuny QyHKIIT Ha3UBAIOTHCS TOYKH, B SKHX 3MiHIOETHCS
HAMpPSIMOK OITYKJIOCTi (PYHKIII1.

Jesiki 4y/0Bi HEePIBHOCTI MATEMATHYHOIO aAHAJI3Y"
Jani Bci uncnosi koediienTy HeBin emui: o, >0, X, >0, p,q>0 a,b, >0.

1. Hepignicmv lencena. Idns  f(X)""" na mpomixky | Ta Z(xi =1

f(oX + 0%+t o X )= ay f (%) +a, f(x)+..+o,f(X,)
X, +..+X
2. Hepisnicmo Kowi. Jlns ne N m2,”/X1,X2,...Xn.
n
a b 11

1 = =
3. Hepisnicmo Onea. Jlna —+—=1  —+—>a’b’.
P q P q

4. Hepisnicmw I'vonvoepa. st %+§ =1 (Zaip )% -(Zbiq )% > Z:aibi .

! HepiBrocti 4 — 6 MaroTh aHAIOTH JUIs O3HAYEHHX IHTETPANIB Ta BilirparoTh
B)XJIMBY POJIb IK y KJIACHYHOMY, TaK 1y yHKLiOHAIILHOMY aHai3i.
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5. Hepisnicmo Kowi — Bynsxoscokozo — [lleapya. Z ab <, /Z a’ -, /Z b? .

1
6. Hepignicmv Minkosbckozo. (Z:(aI +Db, )p )B < (Z a’ )% + (Zbip )%

IHoOynoBa rpadika gynxunii
Def. I'padikom dynkmii y = f(X) HazuBaeThCs MHOXKHHA

r={xyly="f}
Cxema nociigskeHHs Aas pyHKii, 3a1aHOI IBHO
0. INepeBipka (yHKINT Ha CX0XKICTD i3 BiJIOMHMHU.
1. O6nactb BuzHaueHHs D, QyHKuii, napHiCTb, HENAPHICTh, NEPIOANYHICTS.

[lapricTh — cuMeTpis BiTHOCHO OCi aOCIHC, HEMapHICTh — CHMETpis

BiIHOCHO TOYATKy KoopauHAaT. [lepioqudHICTh — JOCTaTHICTD JOCITIHKEHHS i
no0yaoBu rpadika GyHKIIT B epioi.

2. Hymi ¢byHKIi1, mpoMiXXKKH 3HAKOTIOCTIHHOCTI (METOJI iHTepBaiB).

Mepernn 3 OY: x=0, y=f(0), 3 OX: y=0, X3HaxX0auMO i3 PiBHIHHS]
f(x)=0.

3. HocmimkenHs ¢yHKIII Ha HEMEPEepPBHICTh (AMB. TOIEPETHINA PO3MiN).
AcHMITOTH:

Bepmuxanera. Slxmo X —>a Tta f(X) — o0, To QyHKIisI Mae BEPTHKAIbHY
ACHMIITOTY X =4a.

Topuzonmanvna. Slkmo Xx—oo Ta f(X)—>b, 10 dyHRIE Mae
TOPU3OHTAJBHY aCUMITOTY Y =D .

Toxuna. SIkmo X —» oo Ta f (X) — o0, TO MOXKIIMBO iICHY€ TIOXMJIA ACUMIITOTA

y = kx+b. lnst 11 icHyBaHHS HEOOXiJHUM 1 JOCTaTHIM € ICHYBaHHS Ta
CKiHYEHHICTh ABOX I'PAHUIIh

k=|imM i b=lim(f(x)—kx).
x>n X X3
4. locnimpkenns Ha 10C extr ra mpoMi>KKM MOHOTOHHOCTI (pyHKIIT.

5. JlocmikeHHs] Ha TIPOMIXKKH OITYKJIOCTI Ta TOYKH MeperuHy QyHKIIii.
6. O6nacts 3HaueHHs E; ¢ynkmii. Tabmmrs.

7. I'padik ¢pyHKwii.

3ayBaXuMoO, IO I CXeMa MOXe OyTH SK JONOBHEHa, TaK i CKOpOYEHa
3anexHo Bif GyHkuii. HaiiOinpin BaxnuBuMu myHKTamMu € 3 Ta 4, Tabnuis
3i0panoi iHdopmarii (MyHKT 6) MOXKE TaKO»X 3HAYHO JOMIOMOTTH ITiJ] 4Yac
noOynoBu rpadika (yHKii.
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ITo0ynoBa rpadika kpusoi

Def. I'padix kprBoi, 3a1aHOT MapaMeTpUIHO cUCTEMOIO (3.1) — ie MHOKHHA
I = {(x(t), y))[teT}.

Jns mobynoBu Tpadika kpuBoi, 3amaHoi cuctemoro (3.1) Tpeba mpoBecTH

JOCTiKeHHS U151 000X (DyHKITIH Ta 31CTaBUTH OTpUMaHi JIaHi.

CxeMa 10C/TiIzKeHHS AJ151 KPUBOI 32/1aHOI NapaMeTPHUYHO

0. 3aranpHi crioctepekeHHs BiqHocHO QyHKIiH X(t), y(t).

1. Obnacri BusHaueHus D, ,D,, OyHKUA, X MapHiCTh, HENApHICTD,

nepionuunicTk. [TapHicTe X(t) 1 HemapnicTs Y(t) — cuMeTpis BiTHOCHO Oci

a0cruc; Henaphicth X(t) i mapuictp Y(t) — cuMeTpist BiTHOCHO OCi OpIUHAT,

napHicth X(t) i y(t) — camoHaknajgeHHs KpuBoi; HemapHicTh X(t) i y(t) —

CHUMETPist BiTHOCHO TIOYaTKy KOOPAWHAT. 3araabHuil epion y yukiiit X(t)

i y(t) — 3aMkHeHa ab0 caMOHaKJIaIcHa KPUBA.

2. Hymi ¢yHKIi1, MpOMiXKH 3HAKOTIOCTIHHOCTI (METOJT iHTepBaiB).

[Teperun 3 OY : x(t) =0,3 OX : y(t) =0.

3. Hocnimkenns ¢ynkuiii X(t) 1 y(t) Ha HenmepepBHiCTh. 3HAUYCHHS t = @

(cxinuenni abo HeckiHYeHHi) Ha Tpanuusx D, , D 3a skux X(t) abo

y(t)’
y(t) npsMye 10 HECKIHYEHOCTI.

AcuMOTOTH:

Bepmukanvna. Sxmo 3a ymoBn t—>weR  x(t) > a, y(t) >, TO
(yHKIIiS Mae BEPTUKAIBHY aCUMIOTOTY X = a.

Topusonmansna. Slkmo 3a ymoBu t—weR X(t) > o0, y(t) >b, TO
(GyYHKIISI Mae TOPU30HTANIBHY aCUMOTOTY Y =D.

Hoxuna. SIxmo 3a ymoBu t >we R  X(t) > oo, Y(t) = 0, TO MOKIHBO

icHye moxmwia acumnrora Y = kx + b. [lns ii icHyBaHHS HEOOXiTHUM i
JIOCTATHIM € iCHYBaHHS Ta CKIHYEHHICTh JIBOX TPaHUIIb

. t . .
k=im YO i b im(y - k).
t—w x(‘[) t>o
4. Nocmimkenns loc extr, npomixkkn MOHOTOHHOCTI QyHKIiH X(t) 1 y(t).
5. JocmipkeHHsT Ha IPOMIDKKH OMYKJIOCTI Ta TOYKH Teperudy (ynkmii. s
LbOro Tpeba BU3HAYMTH 3HAK Y, IS QYHKLUII, 321aHOT IapaMeTpHYHO.

6. OGunacri 3navenns E,, E, . Tabmnns.
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t —® (—o0, @) @, (0, 0,) + 00

X@) | x, | 2(V) X, max

y@) | Yo | MO NV Ty min

7. I'padik dhyHKIII.

3ayBa)kuMoO, 10 TOBEJiHKAa KpuBol y Toukax loc extr ¢ynkmii X(t)
BUrsaae sk «)» i loc maxta «(» ans loc min x(t). Touku (Xo, Yo), Y
skux oounsi ¢pynkii X(t) Ta y(t) maroTs l0C extr HasuBawOTLCS moukamu

nogepnenns. Takoxk 3a3Ha4UMO, IO MiA 4yac MOOYAOBU KpHBOI mapamerp t
MOXXHa PO3DJISIIATH SK dYac, y Tporeci mepediry SKOro i 3MiHIOIOTHCS
koopaunat  (X(t), Y(t)). Omxke, Ha rpadiky kpuBoi mapamerp t He
BiZIOOpakaeThesl, X04a HOro MOYKHA BKa3aTH JJIs1 OKPEMHUX TOYOK.

KpuBy, 3amany y momsapHii cucTteMi KOOpPOMHAT MOXKHA PO3IJIAATU SIK
OKpEMUH BUIIAJOK NapaMETPUYHO 3aJaHO1 KPUBOL

{ X = r(p) cos @
y=r(p)sing
MIPOTE JTOCIIPKEHHS MOYHA CITPOCTHUTH.

eT,

Cxema Joc/izkeHHsT 101 KPpUBOi I' =1 (@), 3aaaHoi y nmoJasipHiii cucremi

KOOPAHHAT
0. INepeBipka (yHKIIT HA CX0XKICTD i3 BiJIOMUMHU.

1. Obnacts BusHauenns D, = {¢: r(p)=0 }, obnactb 3HaYeHHS E, .

MapHicTh r(@) — cuUMeTpis BITHOCHO OCi aOCIMC, HEMAPHICThL — HIYOTO.

[Nepioan4HICTh — AOCTATHICTH IOCTIKEHHS B TIepiofi i ToOyI0Ba KPUBOI Y
BiZIMOBiIHOMY cekTopi. [lepiogn4HicTh 3 TIEPioIOM T — CUMETPisl BiJHOCHO
MOYaTKy KOOpJHHAT.

2. Ilepetun 3 OY:(p=%+7zk, keZ,30X:p=7nk, keZ.

3. Hocnimkenns GyHKIl (@) Ha HeNepepBHICTb.

AcuMITOTH:
Kpyeosa. Slkmo 3a ymoBu @ —> o ¢yHKIOis (@) —>a, TO Kpusa

HaMOTYEThCS Ha KOJIO I' = a.
Hoxuna. Sxnio 3a yMoBH @ — @ ¢yHKIisA F(¢p) —> 400, TO MOXKIHBO iCHYE

moxuina acumnroTra Y = KX + b. J{ns ii icHyBaHHsS HEOOXIIHMM i JOCTATHIM €
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ICHYBaHHSI Ta CKIHYEHHICTh
. r(p)sin(p—w
b - lim F(@)sin(e— @)
po COS w
4. locmimpxenns Ha 10C extr Ta mpoMi>KKM MOHOTOHHOCTI GyHKIIi I(¢).

k=tgw i

5. TaOmums.

6. I'padix dyHKmii.

Haramaemo, mo 3miHHa @ — me KyT, IO BIAKJIANAETHCA BiJl JOAATHOTO
HanpsMmy Bici OX MpoTH rOAMHHUKOBOI CTPNIKH, a F(¢) — 1€ BiACTaHb Bij
noyatky koopauHat. Omxke, moOymoBa rpadiky KpuBOi Ha AeKapTOBiH
wiomuHai XOY poOWThCsS BiIKIaJaHHSAM BIIIOBIMHOI BiACTaHI B TpoIieci
PYXY IPOTH TOJUHHUKOBOI CTPIJIKH.
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3.2. KoHTpO/IbHI NNTAHHS Ta 3aBJAHHA

1. BusHaueHHs moxigHOi GYHKLIT B TOYMl, il TeOMETpUYHUH 1 Qi3udHuUi
3MicT. OaHOOIYHI ITOX1THI.

2. o Take nqudepenuiioBaHicTh GyHKLIT y TOULI?

3. Il{o Take audepenuian GpyHkiii y Toumni? Moro 38’a30K i3 MOXixHOW Ta
MIPUPOCTOM (PYHKIIii, TEOMETPUIHUHN 3MICT.

4. Bunmcatn TaOIHMITIO MOXiAHMX. Bummcatn mpaBwmia mud)epeHITIIOBaHHS.
[lo Take norapudmiyaa noxigna? HaBectn mpukmam.

5. BusHaueHHs NOXiTHUX Ta TUQEPEHITiaNiB MOPSIKY, OIBIIOTO 32 MEPITHi.
Tabmu1s moxXiqHUX BUIIOTO MOPSAKY, TOXiHI N TOPSIKY AT

a)@"; 06)sinx; B)cosx; r) X" (meZ); n) Inx; e)1/x.

6. llpaBuna oOumcneHHS MOXIAHUX N'® MOPSIIKY Bix NiHIKHOI KOMOiHAIi
IBOX (QyHKIiNA Ta m0OyTKy aBox (ynkuii (hopmyna JleitOuurs). HaBectn
MIPUKJIAIN 3aCTOCYBAHHS.

7. o take iHBapiaHTHICTH (HOPMHU MEPIIOTO Ta HE iHBapiaHTHICTH (Gopmu
JPYTOro Ta BUIIUX Au(epeHIiaiiB BiJHOCHO 3MiHHA 3MiHHOI?

8. HaBectu ¢opmynu oOuuciaeHHs 1-oi 1 2-0i MOXigHOI CKIJIAHOI
dyHKI

9. HaBectu opmynu obGuucienns 1-of 1 2-0i moXimHOi 3BOPOTHOI
¢yskmii. Ski yMOBM icHYBaHHS, MOHOTOHHOCTI Ta auepeHIiioBaHOCTI
3BOPOTHOT (hyHKIIIi?

10. HaBectu dopmynu oOuuciienHss 1-oi i 2-oi moxigHoi (YHKIIT, 110
3ajiaHa napaMmerpuyHo. Busectu dopmynu mis oGumciaenns 1-oi i 2-oi
noxigHoi (QyHKIIT, 33J]aH01 y MOJSPHINA CHUCTEMI KOOPIMHAT.

11. Teopema Jap6y mnpo mudepenuiiioBany (yHKI0 Ha MPOMiIKKY. Ii
HACITIZIKH [TPO PO3PUBH Ta HENEPEPBHICTH MOXI1IHOI.

12. Teopema Ponns mpo mudepeHuitioBany (yHKIiI0 Ha TPOMiKKY. Ii
reoMeTprYHa iIHTepIpeTallis.

13. Teopema Jlarpamka mpo audepeniifioBany (GyHKIIO Ha TPOMIKKY. Ii
reoMeTpuyHa inTeprperailis. Popmyna CKiHYCHHUX TPUPOCTIB.

14. ChopmysroBatu Teopemy Koriri mpo JoTHYHY, IO MapalieibHa XOpIi 10
[NIJKOT KpHBOi, MOAiOHO Teopemi Jlarpamka, i3 BpaxyBaHHSM (QOpMYIH
noxijiHoi (QyHKIIIi, 1110 3a]jaHa TapaMeTPUIHO.
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15. SIx MoxHa 3’sCyBaTH HEPIBHICTh MK IBOMa (YHKI[ISIMH Ha TPOMDKKY
(a, b) 3a ymoBH, 1110 BOHH CITIBIIa1al0Th Y TOYIII & Ta BiIOMOT HEPIBHOCTI MiK
X moxigHumu?

16. Burmncatu ¢popmyny Teitnopa B 0KOJIi TOYKH Xg 13 3QIAIIKOBUM HUIIEHOM
y opwmi Jlarpamka. 3aMiHUTH MTOXiTHI, TOMHOXXEHI Ha MPUPICT apTyMEHTY,
Ha nudepenmianu. Otpumana GpopMyiia Ha3UBAETbCA Ghopmynor Teinopa y
mepminax ougepenyianis.

17. Burmucatu ¢popmymnu Teiinopa B oxoni Xo = 0 (dhopmynun Maxkiopena) i3
3aJIMIIKOBHM WieHOM y ¢opmi [leano mist ¢pyHkmiit: a) €°; 6) sinX; B) COSX;
r) In(1 +x); ) (1 +x)™

18. latu o3nauenns loc extr ¢ynkuii. ChopmynoBatu HeoOXimHY Ta
nepiy goctatHio ymoBu |0C extr nudepeHiiiioBanoi GyHKIIII.

19. ChopmymoBatu apyry AocTtaTHO ymMoBy lOC extr mudepenmiioBanol
(dyHKOii. 3anrcaTH OKpEeMU BUTIAJIOK Li€T TEOPEMHU ATl N = 2.

20. Bunmcatu ymMoBy (CTpOroi) MOHOTOHHOCTI (DYHKITi1.

22. CchopmymoBatr JOCTaTHIO yMOBY omykiocTi. 11lo o3Havae 1151 ymoBa y
TEepMiHAX MEPIIOi MOXiTHOi?

23. llo Ttake Touka meperuHy GYHKIII? [3 0o3Ha4YeHHs Ta moOmepenHixX
BJIACTUBOCTEH OTPUMATH HEOOXiJAHY Ta JOCTaTHI YMOBU TOYKH HEPErHHY
dynKii. Axuit 1 reomeTpuyHUMiA 3MicT?

24. 3anucaru HepiBHOCTI lencena, Komri Ta FOnra.

25. 3anucaru HepiBHOCTI ['bonbaepa, Komi — BynsikoBcskoro — HIBapia ta
MiHKOBCBHKOTO.

26. Bumnucatu cxemy JOCHIDKCHHS SIBHO 3a7aHol (YHKII 11 mo0ya0BH ii
rpadiky.

27. Sk 3’sicyBaTH HasBHICTh BEPTHUKAIBHOI, TOPU3OHTAIBHOI Ta IMOXHUIIOL
ACHMIITOT Y SIBHO 3aJIaHOT QPYHKIIT?

28. Bummucatn cxemy JOCIIDKEHHS KPHBOI, IO 3a/IaHa MapaMeTpUYIHO, JUIs
no0y/0BH 11 rpadiky. SIki € yMOBU cuMeTpii?

29. Sk 3’sicyBaTH HasBHICTh BEPTHUKAIBHOI, TOPU3OHTAIBHOI Ta IMOXHUIIOL
ACHMIITOT Y KPHBOT, IO 33JlaHa TapaMeTPUIHO?

30. Sk BpaxoBYE€TbCS Ta BIJOOpakaeThcsi 3MiHEHHsS mapamerpa t mpu

no0y10Bi rpadika I' = {(X(t), y()|t eT}.
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31. Bunucaru cxemy AOCITIKEHHS KPUBOI, IO 33/1aHa Y TOJSPHIA CHCTEMI
KoopauHat, aius moOymosu ii rpadiky. Slke oOMexxeHHS € Ha 007acTh
BU3HAYCHHS I (()?

32. SIxi acHMOTOTH IIYKAOTh U1l KPHUBOI, 10 33/I1aHa Y TOJSPHIA CHUCTEeMI
KOOpJMHAT, SIK 3’ ICYBaTH iX HASBHICTH?
33. 3rajaTi reOMETPUYHHN 3MICT 3MiHHOI @ | F(@) y TONSApHIA cucTeMi

KOOpAMHAT Ta c(OpMYyIIOBaTH, SK BUTIIAAAE Tporec moOynoBu rpadixy
KpuBoi Ha JAekapToBoi mioruHi XOY.
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3.3. [Ipuknagu po3B’sA3yBaHHs 3a1a4

x+o(x) | )
o9 ||
w(xz)—l '

B

Mpuxaad 1.y =(1-5x)*" - Inarcsin X ¢ (

y. = ((1—5x)tgsx -Inarcsin gj —| f [

A= ((1—5x)tgsx )l -Inarcsin g +(1- 5x)tg:‘gx {In arcsin gj -

—(e“’e’x'”(1 5*) Inarcsmx+(1 5x)™" . ! X-(arcsinfj -
2 arcsin — 2

x 1
thxIn 1 5x H (1_5X)tgs E
—e ' (tg3x-In(1- 5x)) -Inarcsin > _

X / x?
arcsin —,[1——
2 4

( 5)) In arcsinng

=et93x'”<1‘5x>-( 3 In(1- 5x)+tg3x

cos’ 3x
. (1—5X)tggxi _ ot X+¢(X) | [ yXx+9(x) ’:
X2 w(xz)—l \|1(X2)—1

arcsin5 1-—
2 4

( X+(p(X))' -(\V(xz)—l)— x+(p(x)(\|/(x2)—1)

= () -

(v()-1)

!
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IO (o () 1) - o) (v () 2x)

() 24/x+(p(x)
EE)

Orxe, MiICTABIISIFOYH, OTPUMYEMO BiAmoBiap Y, = A—B.

Haragaemo, 1mo srocapugmiunoio noxionoio ¢yukuii y = f(X) HasuBaeThcs

(In| f (X)|)' =%. Bona — 3py4YHHii iHCTPYMEHT TOINYKY MOXIJIHUX Bil
dymkmitt Burmagy  y(X) = f(X)g”(X)..n" (), me a,pB,...y <R, a
f(x), 9(x), ..., h(x) — nudepenuiiioBani gonaTHi QyHKIIIT:
INy(X)=Inf*(x)-g”(X)-...-h" (X) =aIn £ () + BIng(X) +...+ yInh(x).
y'(x) =a ') +/ 9'() +...+7w =
yo) ) 9(x) h(x)

) — f'(x) . ,9'( ')
y'(x) = y(x)[a 0 +/ 9% +o.ty h(0) ]

Skmo, a(x), F(X), ..., y(X) — rakox dyHKuii Bix X, TO:

: ( ) 9'(x) h'(x)
y' () =y(x)- (a(x) + () +---+7(X)—]+

f(x) 9(x) h(x)
+y(¥) - (' () In £ (x) + B'(X)INg(X) +...+ ' (X) Inh(X)).

(3x+5)" (7x-9)°
(x*+ x—29)4 (x-1)
Po3B’spkeMo 1110 3a/1a9y 32 JONMOMOTOFO JIOrapuMidHOT TTOXiIHOI:
Iny =2In(3x+5)+3In(7x-9)-4In(x* + x—-29) - In(x-1),
mudepeHLitoeMo  oOWABI  YAaCTMHH  PIBHOCTI 32  3MIHHOIO X

1,6 21 4(2x+1) 1

—. + . IloMHOXXUMO pe3yJIbTaT Ha
yy3x+57x9x+x29x1 Py g

Ta HI}_ICTaBI/IMO 3aMICTh Hel BI/IXI,IlHy (I)YHK]_[iIO, OTpUMaAEMO Bi,Z[HOBi,Z[B:

Hdudepentiitoemo 110 piBHICTH

Ilpuknao 2. 3uaiity noxigny QyHKOii y =
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. (3x+5)° (7x-9)’ [ 6 . 21 A4(2x+1) 1

_(x2+x—29)4(X—1) 3x+5 7x-9 x*+x-29 x-1|

d (w)
d(x®)\ x )

Ilpuxnao 3. 3uaiitn

(szj dix
Cnoci6 1. d2 (Slnsz X Jx _X-COSX— Slnx
d(x) (x*)' dx X* - 2X
- 3 . . !
Cnocic 2. -3 (smx) :mma: sint _
d(x*) X2 =t N}

B «/fcos\/f-(%t‘f) —sin\/f-(%t‘%) _ X-COSX—SinX
t xX2-2x
Hpuknao 4. Jns oynxuii  y=sinx’  3naiitu y.. Tlocninosro

IUQepeHiitoeMo GYHKIIIO:
r (eim Y 4 4.3 4.
y _(smx )x4 -(x )X_4x COSX™;

’ !
y"=12x* cosx* +4x*(cosx*) , -(x") =12x*cosx* —16x"sinx*.
X X

(n)
Ilpuknao 5. 3naiitu (—J . 3acrocyemo popmyny JleOHMLs
X

(%)m = kZic;Cﬁ (sinx)™ (x‘l)nfk = kzz(;c‘; sin [x +k %)(x‘l)"k -
- Zn:Crk] sin (x + k%)x”‘k [(—1)(—2)(—3)...(n - k)] -

(D (n—k)mnt (1)”
=X ok X" sm(x+2k)z

Ilpuknao 6. 3uaiitn apyruii audepeHiian (i)yHKIIll y=f@0+x?) y nBa

>

cioco6u: 1) uepes dx Ta d’X, me X He3anexHa 3minHa; 2) uepes dt Ta d’t,
me X=sint.
3naiinemo mepmmit audepenmian: 1) dy= f'(1+x?)-2xdx. Ockinbku
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‘1sin(x+zkj.
2

nepimi audepeHitian € iHBapiaHTHUM BiTHOCHO 3MiHU 3MIiHHOI, TO IS 2)
MOJKHA MMiZICTABUTH Y HBOTO Bi/MOBIIHE 3HAYCHHS X =Sint:

2) dy= f'(1+sin’t)- 2sin*tdsint = f'(L+sin’t) - 2sin®t costdt .

3HalinemMo Apyrui mudepeHItian;

1) d’y=d(f'(L+x*)-2xdx)=(f"(L+Xx*)-4x" + £'(1+x*) - 2)(dx)’.

Hpyruii nudepentian Bke HE € iHBapiaHTHHM BIJHOCHO 3MiHHM 3MiHHOI,
T00TO Tpeba #oro nrykatu 0e3rmocepeHbO IS He3aleKHO1 3MIHHOT !

2) d’y=d( f'(1+sin’t)- 2sin’ tcostdt ) =
=( f"(...)-(2sin’tcost)® + f'(...)-4sintcos®t + f'(...) - (-2)sin’t )(dt)z.

Ilpuxnad 7. 3uaiitn X7, , AKWO Y =X+ e”.

11, (1Y (1Y 1Y 1
Xy===x Xe=| 7| Tl 5T )T T
y, 1l+e Y i)y \Nu), 1+e* ), vy, (@+¢e")

Ipuxnao 8. 3uaiitn y;, y’, , AKIIO ey 4 Xsin(xy2)= 0.

HudepeHnniroemo npaBy Ta JiBy YaCTUHH PIBHOCTI 3a 3MIiHHOIO X, Marouu
Ha yBasi, mo Y = y(X) . Orpumaemo

e (2x+3y?y') +sin(xy? ) + xcos(xy? )(y* + 2xyy') =0.
Po3B’s13y€MO 11e PiBHAHHS BiJHOCHO Y’
y'(3y2exz+y3 + 2xyx cos( xy’ )) + (2xex2*y3 +sin(xy* )+ y?xcos(xy? )) -0.
(erxz”a +sin(xy2)+ yzxcos(xyz))
(3y2ex2*y3 + 2xyxcos(xy2))

3Bigkn: Yy =-— . Jns 3naxomwkeHns y”,

Tpeba 1me pa3 audepeHIitoBaTH OTPUMAaHuii BUpa3 i Y 3a 3MiHHOIO X, Ta
TiICTABUTH B PE3yJIbTAT JUIsl Y, Bke 3HAlIeHuH BUpas s Y.

IIpuknao 9. Jins dyskIii 3amanoi mapamerpudno X =5cost, y=>5sint

m

3HAWTH Y.
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(y;)t:(_Ctgt)t:_ 1 .
X! -5sint  5sin’t’

o (om Y ,_(VX"Z)'_ 1 Y 1 3cost
Ve —(yz)[-t - t__(SS,instjt—55int__255in5t'

yi=2=""""octgt; YL =(y,),t =

Ipuxnao 10. OyHKIII10 y= ‘( X— 5) ( X— 6)2‘ MePEeBIpUTH Ha
TUQEPEHIIIHOBaHICTh Yy  TOYKax x=5 Ta X =6. [Moximni
y.(5), ¥ (5), y.(6) .y’ (6) 3maiiTu GesmocepesHEO Ta 3a JOMOMOIOKO

Haciaky Teopemu JlapOy 00 oHOOIUHIH MOXiTHIH.

besnocepennpo
ey i [XEDX=6) L  [(X=5)(x=6)" |
A A

3a HaciinkoM Teopemu apOy 00 OAHOOIIHUX MOXITHIX

y' = sgn(x-5) ((x=6)" +(x~5)-2(x—6));

y.(5)= lim y'(x)=sgn(0)-1=%1;  y;(6)= lim y'(x)=sgn()-0=0.
Ilpuknao 11. Otpumatu po3kiIageHHss QYHKIIH ﬁ , ﬁ , arctgx y

psan MaknopeHa.

Koxny i3 ¢popmyn MokHa oTpuUMAaTH i3 (HOPMYIHU JUISI CYMH HECKIHYEHHOI

Cragarouoi reoMeTpUYHO1 nporpecii ado i3 BiIOMOT0 pO3KIIaieHHS (l+ X)“.

=) =X (A =2 () K o), =0

1+x k=0 k=0
L:ixk:Zn:xk+o(x“*1), Xo = 0.
1-x & k=0
, 1
f(x)=arctgx = f (x)=1+X2 =1-x"+x' =x"+...
X3 X5 X7 0 K X2k+l
F(x)=x—2+X X (4 .
:(X)X 3+5 7+ Z(;()Zk+l

Ilpuxnao 12. Poszknactu 3a ¢opmyinor Teinopa i3 3aJIMIIKOBUM YWICHOM Y

1—cos(><+2)2

¢opmi Ileana ¢ynknito y=e —C0SXsin2—cos2sin x, SKIIO

6
X—>-2, 10 o(x+2) .
Byne 3pyunime mrykaTw BiANOBiAHE pO3KIAJCHHS HE 32 3arajbHOIO
¢dopmyroro Teitnopa, a BAKOPUCTOBYIOUH TOTOBI (hopMynu MakiopeHa Juist
e', cost, sint, me t— 0. Cnouarky moMiTumo, mo COS XSin 2 + oS 2sin X

—1e Sin(x+ 2). Posknamaemo 3a popmynoro Maknopena

t:(X+2)T>O,

3 5
sin(x+2) = 2 s C(x+2) D AT
sint=t——+—+o0(t%) 3! 5!
3! 5l
(X+2)2 ZtT)(J, (X+2)4
Hani, cos(x+2)*= e =1- +o(x+2)°.
cost=1—5+o(t3) 2
Otxe,
4
2 (X+2)4+0 x+2)° —(X+2) 6 _ X+2 !
gresied) _g 7 o[+ 0(X+2) _t’:1+—( 2) +0(x+2)°.

t—0, e =1+t+o(t)

[TincTaBmsroun Bce y BUXiAHY (YHKIIIO, OTPUMY€EMO BiAIIOBiAb

(x+2)’ (x+2°  (x+2)°
2 3l 51

y=1+ +0(x+2)° —(x+2)+ —0(x+2)° =

(x+2°  (x+2)"  (x+2)°
2 5!

Ilpuknao 13. A. Ouinntu noxuOKy HaOImkeHoi hopmynu
3

2
In(1+x)zx—%+%, Xo=0, XG[O,%].

=1-(x+2)+ +o(x+2)°.

B. 3naiitu In1,3 3 Tounictio 1072

Jnst 060X 33124 BUNMILIEMO 3arajibHy OLHKY 3aJIMIIKOBOTO WIEHY y Gopmi

(-1)"nix™ |k
<

Jlarpanxa: — <
(1) (n+ D10 n+1

R,(In,0; x)| =

. 3ayBakumo, IO II0
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OIIIHKY MO>KHA C(hOPMYJIIOBATH SIK T€, 110 A0COIFOTHA MOXUOKA PO3KIIAICHHS
HE MEepEeBULIYE HACTYMHOTO J0JaHKy psiay MakjopeHa, Ha SIKOMY TOJiHOM
Oyio obipBano. Take  MPaBUIIO MOXKHA 3amaM’siTaTh Juist SiN X Ta COS X.

X
Omxe, 1is nyrkty A.: | R, |<| [
5

Hns mysakty bB., skmio 3actocysatu ¢opmyny Makiopena aist In(l +x), o
| X |n+1 3n+l

n+1x0310"(n+1)
3QIMIIKOBUH uneH He mnepepumyBa 102, me n=2. OrtpumaeMo

In(1+0,3)~ 0,3~ (05’)

< 4.10™
%

x=03 1a |R|<

Orxe, mimbepeMo N Take, OO

=0,255~0,26 ¢ Tounictio 1072

2

X .
——— Ha loc extr ra mpomixkkn
2(x-1)

Ilpuxnao 14. Jlocnimkensas QpyHkio Yy =

MOHOTOHHOCTI.
2x(x-1)-x*  x(x-2) _
4x-1)°  Mx-1?
[IpupiBHIOIOYM 10 HYJIS MAEMO TOYKH Mi03piii Ha ekctpemyM: X=0; X=2.

MeTto1oM iHTEpBaJIiB BU3HAYAEMO 3HAKH TTOXiTHOT:
v

-+ _ — +‘-_
0 1 2
HocnijpkyBana QyHkuist 3pocrae Ha iHTepBanax (—o,0), (2,+00) Ta crnaxae

HeoOxinna ymoBa: y' =

Ha (0,1), (1,2). Omxe, X =0 — TOYKa JOKAILHOTO MaKCUMyMy, X =2 —
JIOKaJBHOTO MiHIMyMY.
2 1 0
Ipuxnao 15. 3naiitu exctpemymn dynkuii f (x)= X Sm;’ X#5
0, x=0

.1 1
HeobOxigna ymoBa y Bumagky X=0: 1) f'=2xsin=-cos==0 a6o
X X

1 .
2X:Ctg;. MoskHa TOKa3aTH, IO L€ TPAHCIEHJCHTHE pIBHSIHHI Mae

HECKIHUEHY KIUJIbKICTh PO3B’SI3KIB, Y SKHX TOXiJHa 3MIHIOE 3HAK, 1 OTXKe,
¢yHkuis Mae ekctpemyM. IIpore e TakoX CBiAYMTSD, 10 3pYUHIlIe BKA3aTH
i eKCTPEMYMH 32 JIOTIOMOTOF0 rpadika BUXiAHOT QyHKIIIT:

94

3aUIIaeThCs  HEMOCHIDKCHOK — TOYKa
x =0. IlepeBipuMo 3a 0O3HAUCHHSM: SIKILIO

x>0 f(x)— f(0)=X25in1>0, iHaKIe
X

— sxmo X<0, Bupaz f(x)—f(0)<O.
Orxe, exkctpemyMy y 0 HeMae.

Hpuxnao 16. Tlobymysatn rpadik kKpuBoi 3amaHoi HesBHO X+ Y° = 3XY.
Beenemo 3miHHYy t:X, migcraBUMO Y =Xt B DIBHSHHI Ta OTPHUMAEMO:
X

x® (1+t3) = 3tx?. OTKe, MAEMO BXKE MAPAMETPUYHO 3a/IaHy KPUBY:

3t 3t?
= —3 y =
1+t 1+t

1. o13: t=-1.

2. llepernH i3 mMOYATKOM KOOpAWHAT BimOyBaeThcs 3a yMoBH t = 0. 3minHa
3naka X(t) mig gac mepexomy t wepes —1 (3 «+» Ha «—») Ta mix 4yac
nepexony uepes 0 (3 «—» Ha «+»). 3mina 3Haka Y(t) mix yac mepexomy t
gepe3 —1 (3 «—» Ha «+»). Omxe, rpadik kpuBoi 3a ymoBH t € (—oo,—1)

S [TepeBiprMO OCHOBHI ITyHKTH JOCHIIXKSHHSI.

3Haxoauthest y 1V uBepri, motim 3a ymoBu te(-1,0) — y I, mami 3a
ymoBu t € (0,+00) —y I. Kpim Toro, Bin npsamye 10 MoyaTKy KOOPAMHAT

i3 | ra Il uBepri.
3. Hocmimkennst ¢yukiiin X(t) i y(t) Ha rpaHuigx o6nacTi BU3HAYCHHS

D X(t) D ko t mpsimye 110 —1, a Takok 0 HeckiHdeHocTi. s —1

y(t)
2

t>-1:0] + 13 =t “m y( )_t—> 1401 4¢3

He CBIIIT-II/ITB nmpo T€, IO KpHBa MOXE MaTu HOXI/I.Hi ACHUMIITOTH.
[lepeBipsiemo:

t 2
k= tim YO _ i 3 _ g
t—>-1+0 X(t) t—>-1+0 3t

. 3 3
o= 00 -0) =t

Orxe, y=—X—1 —11c moxuiaa aCHMITOTA.

I|m x(t = +o0
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Jl1st HeCKiHYeHOCTI

3t 3t?
lim x(t) = lim =40, I|m t) = I|m
m x(t) = todo] 413 vy =lm =1+t

To6To rpadix mpsimye mo modaTky koopauHaT i3 | ta IV uBepri, ame
MOYATKy KOOPJUHAT HE JIOCSTaE.
4. Hocmimkennas loc extr, mpoMi>kku MOHOTOHHOCTI:

6t(1+t3)—3t2 3 3t(2—t3) 3(1+t3)—3t2 3t 3(1—2t3)

=10.

) @) @) ()
y/(t) =0 saymosn 1) t=0; x=0; y=0, 1a 2) t=3/2;x=32; y=3/4.
X (t)=0 saymosu t=1/3/2;x=3/4;y=32.

V Bunazaky 1) ¢ynkuis Y(t) mae miniMywm, a y BEMagky 2) — MaKCHMYyM.

V toumi t=1/3%2;x=%4;y=3%2 dysxuizs X(t) mae maxcumym.
JocnipkeHHsT Ha TMPOMDKKM OMYKJIOCTI Ta TOYKH IEPETHHY Y LHOMY
MIPUKIIAJi BAKOHYBaTH HE OyIeMo.

1 1, ,
L N [ VI S (=10) |0 |(-10) B (%,\/5) 2| @24 |+
x| 40 | Lo a0 o |2 i{]zax N2 N +0
N - x-1 0 3 3a
yo| -0 | I, y=-x SO |2 2 S N +0

I'padix wi€i kprBOi HaBeIEHO HUXKYE, BOHA Ma€ Ha3BYy «JIHMCT JlekapTa».

03T

=
=3
wn

-03

05T
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3.4. 3agaui Ans caMOCTIHHOTO PO3B’A3KY
O0uncaeHHs MepuIoi MOXigHOI

3HaiiTi noxiaHi y' GYHKIIH, M0 3a1aHi IBHO ¥ = y(x).

1+x-x2 X*(1-x)’
Ly=—r". 2. y="r

I-X+X 1+ X

1 1 1 3 1
3Yy=—+—+—+=. 4.y=2Rx+=-—.
RN AT y X Jx

5.y=i. 6.y =xVI+x?.
2+{5/x_2

7.y=(1+x)vV2+x2 -3+x3. 8 y=yx+yx+vx.

9. y:ex(x2—2x+2). 10. y =x* +a*.

11. y=e*, 12. y=e* +¢°.

X X
13. y= ( )cosx+2Xsz 14, y:th_Cth'

X In 3-sin X+ cos X

15. y=e*| 1+ctg= |. 16. y= .

! ( gzj Y 3

cos X 1 1 1

17. y= . 18. y =

Y= e x Y= X ex
19. y——InX—i 20. y=log, x-log,e+log, x-In 2.

X+

21. a) y=|n(x+M);

2

0) yzln(xiM).

22. a)y_E\/ 2 ox? +a—arcsin§, (a>0);
2 2 a
X 7 a 2. .2
0) y——\/ t+a +?In‘x+ X“*a
23. y =sin*x—cos x°. 24. y =sin (0032 x)+cos(sin2x).
25, y = 12 . op, v aresinx _ arccosx.
arccos?(v/x) arctgx  arcctgx
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27. y=arctg(tg® x)- 28. y =Inarccos L

ﬁ.
29. y =sin(sin(sinx)). 30. y =In(In(in x))
31. y=sin(cosz(tg3x)). 32. y= x/_+( j .
33. y=a"*, 34. y=log, 2".
35. y=f(x)9%. 36. y=x".
37. y=¥x. 38. y:(x2+x+1)xz’x+l
39. y = (sin x)°°%. 40, y=x* +x%

3HaiiTi MoXiaHi V' Bif QYHKIH y(X), IO MIiCTSITh HEBIIOMI (DYHKIIII:

41,y =Jo*(x)+y3(x). 42.y = arcth

w(x)
43. y ="y (x). 44. y =log ., w(X).
45.2) y = £(x°); 6) y = f(sin? x)+ f(cos® x);
B) y=fleX)e™; )y = f(f(f(x)).

46. y=a'" +(g(x))".

47. y = arctg((p(xz)+$’/tg2 x)—sin(3x—2)-x‘“‘2x’ .

X+3"

o(¥x)-1]
49. y=m" -ctg((x+1)X - In(l+%D+(p(sin x? -y’ (cos x)) .

48.y =(tgx)”" -Inarcsin g — f

3uaiith ', moOyayBatu rpadiku y(x) Ta y'(x):

1 x<0
1-x x<1
50. y=41+x 0<x<3, 51.y={(l—x)(2—x)1£x£2.

X*-5 x>3 X—2 X>2
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52. y =|x|. 53. y = X|x].
) arctg x, x|<1
54. y =arccos— . D, y=9, X —1 :
|x 759X, X|>1

56. 3maiiti cymy: 142X +3%° +4x> +...+nx""!
57. 3naiit norapudmivHi moxiaHi Bix y(x):

1-x . x? 3—x
6 or
L z :
Y 2 3 1+t
B) y=(X ) 5 X 7 r _& 4_-2) : (1+19%) ;
3+2x \(3-x) sinx  (3-6x)"

¢) y=(r-a)"(-a,)? (r-a,)".

) y:(x+m)n;

I'eomeTpuunuii 3MicT moxixHOI

58. CkiacTu piBHAHHS JOTUYHOI Ta HOPMali 0 KPUBOi Y = (X +1) Y3-x y
toukax: A(—1,0); B(2,3) i C(3,0).

59. BU3Ha4UHUTH KYT MiX JIiBOIO Ta MPaBOIO JOTUYHUMH JIO KPUBHUX:
—a?x? . . 2X

a)y=v1-e** prouni X=0; 6)y:arcsm1 >
+ X

60. [Tig sKMMU KyTaM# IEpEeTUHAIOTHCS KPHBI:
a)y=x>1x=y>. 6)y=sinx iy =COSX.
61. BusnHaunTm 3HAa4YEHHS Mapamerpa « 3a SKOro mapaboma y=ax?

BToulmi X=1.

TOPKA€EThCS KpuBoi Y = In X.
62. Jloectn, mo y actpoimu X% 4 y2’ ®=a*® joBXKHMHA MOTWYHOI, IO
po3TalloBaHa MiX BICSIMH KOOPJMHAT € CTAJIOK BEJIMUYHUHOO.

63. loBect, 1m0 JOTHYHA 0 Jorapudmiudoi cmipam r=ae"™
(a,m=const ) yTBoproe NOCTIHHUI KYT i3 pajiiyc-BEKTOPOM TOYKH JOTHUKY.
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JAudepennian ¢pynkuii
3Haiiti nepimii qudepenmian dy GyHkiii y:

1 )
64.a) Yy = —arctgi; 0) Y = arcsin 5.
a a a

1 X—a
65-ﬂ))’=1n‘x+\/x2+a2 ; 6) y=—m .
2a [x+a
u 1 u
66.2) y =—; 0) y=—F7—=; B) y =arctg—.
v u? +v? v
67. 3HaiiTh:
a) d(xe®); 6) d(sinx — xcosx); B) d(%) ;
X

T) d[%); ) d(\/az +x2); e) d

TN
—
|| =
=
[\S}
~—

S e RS e B |
68. 3naiiTh:
d(tex) d(arcsinx) d (arctg x)
e d(ctgx); 0 d(arccosx) ; 4 (arcctgx)
69. 3naiiTu:

!

a) (sinx) 6) dd?(ﬁ - 2x° — x9); B) (X +1In x)'MX.

70. Tpubmm3HO OOYMCIUTH 3a JAONOMOTIOK (OPMYNIM HECKIHYCHHO MalIUX
HPUPOCTIB:

a)/0,98 ; 6)3/1,02 ; B) sin29°; r) arctgl,05; n) lgll.
71. HoBectu Gpopmyiry HaOIHKEHb:

X
Va" +x ~a+ (a>0),

nan—l

Ie | x |<<a, Ta 3 i JOMOMOIr0or0 O0YUCIUTH:

a) 19; 6) 480 ; 8) 1100 ; r) 191000 .

100

Ioxinni Ta nudepeHniaTn BUIIOT0 NOPSAAKY

3HaliTh BKa3aHi MOXimHI Ta AudepeHIiaTy BUIIOTO MOPAAKY Bix (QyHKUIH,
110 3a/aHi sBHO y = p(x).

72. y=tgx, y.-? 73,y =(1+x*)arctgx, y’, —?
74, y:im, yh =2 75. y =x(sinInx+cosInx), yr, —?
X
cos3X
76. Y=, Y4 -2 77. y=f(x*), y" -2
31-3x Yy y ( ) Yy
1
78. yzf(;], y =2 79. y=f(Inx), y%-?
80. y=Inf(x), y%-? 81, y="%  d2y_2
X
82. y=x*, d?y-? 83. y=h~, d?y—?
v
84. y=+/x, y0_2 85.y =x(2x — 1)%(x + 3)%, ©, M 2
2
86. y:ﬁ, y& 2 87. yzx—, y® -2
X 1-Xx
eX
88. y=e*cosx, yV-? 89. y=7, yao 2
90. y=xcos2x, d®y—? 91. y =(x* —x)cos3x, yoon-2
92. y=x’sin2x, y©®0 -2 93. y=x%e*, y® _2
94. y=xsinxcos2x, y%9(0)-?
V Homepax 95 — 110 3uaiitu y™.
1 1
9. y=—— . %. y=—
x(1-x) X2 —3x+2
3-2x?
97.y=——. 98.y = x""e”*.
2X7 +3x-2
2 +3X .
99. y=In : 100. y =sin3xcos5x.
3-5x
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101. y =sin®x. 102. y =cos®X.

103. y = x*sinax. 104, y =e*sinXx.

105. y =e™cos(bx +c). 106. y =e**sin’ X.

107. y =sin® axcos® bx. 108. y =sin* x +cos” x..
1+ x?

109, y ==+ 110, y = (2x—1)2%3".

111. y =sinxsin2xsin3x, dloy(g, dx}—?

(n) n
. [loecty, mio (X”_lf(ln (_n1+)1 f(n)(lj, ecin 3f (”)(lj,
X X X X

113. 3naiiTi apyruit qudepenian BkazaHux QyHKIIHA y JBa criocoOu:
1) uepes OXTa d?x; 2)uepes dt Ta d’t:
2y = F(2%7); x=In(3+t).

6) y=f(arctg3"); x=ctg2t.

11

N

B) y = f (arccos(Inx)); x=sint.

IoxigHi mepioro Ta BUIOro NOPSIAKY Bix o0epHeHnX GyHKIIH
114. Buznaunt o0nactb icHyBaHHS oOepHeHMX (YHKIIH X = x(y) Ta

m

3HAUTH x;, x'y’z, X{ay AKIIO:

a) y=x+Inx; 0) y =shx; B) y=X+¢€5 r) y=thx;

1) y=e"+Inx; e)y=X-SiNX; €) Yy=+X+C0SX; xX) yzix.
e

115. 3maiitn X, , AKIMO ) Y = X ; 6) y=(Inx)%;  B)y = (tg2x)*™.

116. Hexait  ¢yukmis Y= f(X) mudepeniiiioBana HOTHpPH pa3u.
3uaiitn X', X", X", X" o6eprenoi pynxuii X = f *(y).

IloxigHi mepuioro Ta BUIIOro NOPSAKY Bil (PYHKIIM, 1110 3aJaHi HEABHO
3Haiitu Y,, y;’z, y;’; ¢byHukii y(x), Mo 3a7aHi HESIBHO.

117. X2 4+ 2xy — y* = 2X. 118. x* +y? = 25.
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119. X* —xy +y* =1.

120. \/;+ \/y = JE (nmapabomna).
121. \Jy +~/x =arctg(xy). 122. x*° + y2’3 =a”® (actpoina).
123. y +exp(xy) = 2x. 124. X+ cos(xy) = Y.

125.y* +2In y =x".

Moxigni mepmoro i BUIIOr0 NMOPSAKY BiJl NapaMeTPUYHO 3aJaHHUX
(ynkuiii Ta pyHkuiii 3agaHnx y noJspHii cuctemi KoopauHAT

Bnaiftu Y,, Y, Y (a>0) s napamMeTpudHO 3a1aHuX QyHKIiH.

126. x=31-+t, y=+1-3t. 127. x=acost, y=Dbsint.
1

128. Xx=——, y=tgt—t. 129. x=—te', x=te".
cost
2
1 _ -t
130. x=——; y= . 131, {X=t+e "
1-t? 1+1t2 y=2t+e
a2 _ 3
132 X_szt- 133, 1 acgsgt
y =cos’t y =asin’t
x =a(t—sint) x=f'(t)
134. {y:aél—cost)' 135. {yztf'(t)— £(t)
x=a(cost +tsint) X =acos2t
136. . . 137. .
y =a(sint—tcost) y =acos3t

] t 1
138. X =arcsin———; Yy =arccos——— .
1+t? 1+t

139. 3Haiitu 3araneHi GopMynH s 00YHCICHHS Y, , y)’(’2 ¢byukii y(x), mo
3ajaHa yepe3 p = p(@) y NOJIApHii CHCTEMI KOOPINHAT.

140. 3naiitu Y,, Y., , sxio nasa p = p(@) y NOIApHil cucTeMi KOOpJMHAT:
a) p=ag (cmipams Apximena); 6) p=ae™ (norapupmidyHa cripais);
B) p= a(1+ cos (p) (kapmioiga); 1) p= am;

1 .
n p=—, e) p = asin3o; K) p = acosde; 3) p=— .
4 sin3p
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OcHOBHI Teopemu TudepeHiaJILHOT0 YNCIEHHS Ta iX 3aCTOCYBAHHS

HocnimxeHHs Ha qudepeHIiHoBaHiICTb.
141. locnigutn Ha audepeHIiioBaHICT, 3a IOTIOMOTOK) HACHIJIKY 3
teopemu [apOy:

a) y=|(x-1)(x-2)" (x-3)’

B) y=|7c2 —x2|sin2 X;

; 6) y=|cosx|;

r) y =arcsin(cosx).
142. Bu3HaunTH 3HAYEHHS TapameTpiB a 1 ff, 3a SKUX HACTymHI (QyHKIii

BCIOZIM HETlepepBHi i AudepeHiiioBaHi.

3
ax’ + px, X2 5 _{(X+a)eﬁx, x<0

a) y= .
y ax? + fx+1, x>0

larcsinl, |x|>2'
P X

143. Bu3naunt 3HaueHHs mapamerpiB a i f (f >0) 3a sxux dyHKisn

y- X" sin (1/|x|ﬁ), x#0

0, x=0
B touni X=0: a) HemepepBHa; 0) Mae MOXi{HY; B) Ma€ HEINEPEPBHY
MOXIJTHY.
144. 3naiiti niBy f7(0) ta npaBy f%(0) moxigui y Toumi 0, Takox 3HAHTH
Iirpo f'(x) . [losicHuTH, YOMY pe3ynbTaTH CHIBIAAa0Th a00 Hi.

X 0 X x=0
— X%
a) f(x)=114 e/ ; 6) f(X)=114ek ;
0 x=0 0 x=0
x|cosZ| x#0 xzsin1 x=0
B) f(x)= X ; r) f(x)= X .

145. 3naiiT 7By Ta NpaBy NOXiAHI Y BKa3aHUX TOUKAX Ui QYHKIIH:
a)y=2X—2‘, x=1; 6) y=+/sinx*, x=0, x=r.
146. Bu3HaunTH, SKOro TOpAAKy moxigHi € B Toumi X=0 y ¢yHKmii

_J1=cosX, x<0
Y= n(1+x)-x, x>0

147. loectn, mo ¢yukuis Tome (quB. HoMep 193 momnepeaHboro po3aiiy)

OO0uYMCIUTY BIAMOBIHI MTOXiHI Y IiHl TOYII.
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Hijle He mudepeHIiiioBaHa Ta Mae ctpori 10C max y pamioHalIbHUX YHCIIAX.
148. JloBectu 3a momoMoror Teopemu Pons: Ko Bci KOpeHi MOiiHOMa

P,(X) i3 ailicanmu koedinientamu aiiicwi, To i Py(X) mae tinbku miiichi

KOpEHi.

149. Ilokazatu, 110 BCi KOpeHi MTOJTIHOMA Jlexxanmpa
1 d" n

P, (x) = ST {(X2 —l) } niiicHi Ta Hanmexath inrepsaiy (-1, 1).
n'!ax

150. /loBecTr HacTyMHY TeOpeMy 3a JIOIIOMOroro Teopemu Jlarpamka. Skmo:
1) o(x) Ta y(X) N-kpaTtHO HemepepBHO AudepeHLiiioBaHi VX > X,;
2) eM(x0) = y®(x0), k=0,1,2, ... n—1;
3) 9(x) > y(x), Vx> X,
TO BUKOHYETBCS HEPiBHICTB: O(X) > y(X), VX > Xo.
151. 3a pomomororo Homepy 150 mepeBipuTH HEpiBHOCTI Ha BKa3aHUX
MHOYKHHAX:

x> x? n
a)x—?<sinx<x (x>0); 0) tgx>x+? (0<x<5);

2 4 3 5
B) ChXZl+X—+X—(X€R); r) shx<x+X—+X— (x<0);
2 24 3! 5l

n) e*>ex (xeR); e) arctgx <x (x=0);
x) (lgx)-cos(lgx)<sin(lgx) (1<x<100);

3) 1 <rlnfarcsinx| (0<|x|<sinl);

- larcsin x|”

i) (Inx)-cos(Inx)>sin(Inx) (%< x <1);

k) 1-5Insin® x < (x=kz, keZ);

sin® x

) In(x+\/x2+1)+«/§<In(l+«/§)+\/x2+l (x>1).

Posknactu ¢ynxkuii y psa Telinopa B okoii TOukH X = X,.
152.2) y=x"+3x-3, X, =0; 6) y=x"+3x-3, x,=1.
154. y=+/x, xo=1, 10 (x—1)%.
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153. y=e**, x, =0, mox5.



155. y =In(1+sinx), x, =0, 10 156.1 yzxil, X, =0 10x*

157. y=tgx mox°. 158. y =sin(sinx) mo x>

159. y=Incosx mo x°. 160. y=x* -1 no (x —1)%

161. y=v1+x* —x 10 L}
X

163. V1-2x+x* —1-3x+ x> n0x
164. y=In(1+x+x" +x°), % =0, 10"

| 2+%
165. y=ln3m, XOZO, I[OX6.

1-2x+e +ex? 1 [ 1 jg
, 10 .

T alxeve)  ve U
167. y=(x* 1)

, %=1, no(x-1
0s2%°
168. y=(6—\/1—10x4)c , 10 x%.

6 o
169. y = {X sin —, X#0 X, =0, 10 4ieHiB HaiiGLIBIIOro MOPSIKY.

162. y=arctgx, X, =0 (Becb psn).

166.

)1000

X
0, X=0

x? —

2e”
171. 3maiiTh Tpu UieHa acUMNTOTHKM QyHKi y = x’e? (1) 33 ymoBu

. X
170. y =sin , X, =0, 1Ba uneHa po3KIaJCHHS.

X—>0,

Poskiactu 3a popmyoro Telinopa i3 3aIMIIKOBUM WwieHOM y Gopmi [leano.

172. y — et _ f14sin?x, Xx—0, 1o o(x6).

! Nosectu, w0 1uist uucen bepuysni B, siki BusHauaroThest 3 poskinany
x/e* —1= Z: B, x"/n!, Bukonana pissicts B, =1, C!B,+C!B, +..+C!'B, , =0,
N> 2. 3anucaTy NOBHUH po3kiiaj yepes uncna bepryini s ¢yHkuii Homepy 159.
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173, y=X"— 1", x->1, a0 of(x-1)').
TR 3
174. y—In;+e , X—1, no o((x—l)).
1
175.y:InXL2+21X, X —00, 10 0(%).
X X
176. y = (3+3x+x2)" —I (ij -1, 1)),
y=(3+3x+x*)" ~In — | x>-L o 0((X+ ))

177. y=(3+x)" +sin2-cosx+¢0s2-sinX, Xx—>-2, 1o o((x+2)4).

178. 3a sixux 3HaueHb mapamerpis a Ta b dpynkiist X — (a + bcosx)sinx Oyme
HECKIHYEHHO MAJIOI0 3-TO TOPSIKY BIIHOCHO X7

3Haiiti Haibibme # Ta koHctaHtw A, B, C,... Taki, mo y pa3i x—0
BUKOHYIOTBCSI HACTYITHI (POpMYITH.

1+ Ax+ Bx? X+ Ax?
179. e* = +—+2+O(x”). 180. arctgX = —— +olx").
1+ Cx+ Dx 1+ BX
X+ Ax? . 3
181. 1n(1+X)=+—+O(X"). 182. arcsin x:ﬂ+0(xn).
1+ Bx 1+ Bx?
Ax? 1+ Ax?
183. cos X = ——~— 4+ O(x"). 184, ctgx = ——— + O(X").
1+ Bx X + Bx
2
185.(1+ x) = A BT k). 186, Y x = EEAX Lok
1+Cx 1+ Bx

VY HacTymHHX 3aBAaHHSX 3acTocyBaTH (opmyny Telinopa i3 3aMHIIKOBUM
uiieHoM y ¢opmi Jlarpamnxa.
187. [lns sixkux x BUKOHYEThCS, ¢ TouHicTiO 10 0,0001, HaOmmkeHa Gopmyiia

2
X
CoOSX=~1——7
2
OuiHuTH a0CONMIOTHY TOXHOKY (opMyJI.

2 3 1 3
188. ) & ~1+X+—+—, xe| 0,~|; ) thzX+X—(|X|S0,l);
21 3! 2 3
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3

2
B) sinZXzZX—%, Xe[o, %} r) \/1+le+§—%, x€[0,1].

2 g4

189. costl—X—+—; x| <1. 190. arctgx~£—l;|x|>102.
2 24 2 X

191, 3 X 14 2 x>100
x—1 3x

192. Bunmucatu mnonminom Telinopa (yHKINT € y Hymi, SKHiA T03BOJISIE
00YMCIIMTH 3HAYEHHS €" Ha BinpisKy [—1, 2] i3 TounicTio 1073,

OO0YMCIUTH BKa3aHl 3HA4YEHHS 13 3aaHOK0 TOYHICTIO:
193.a) e jo 1074 0) \/g o 1075 B) % 10107 1) 4\/€ o 1075,

194.2) /L2 10 105 6) 416,03 10105 8) L 10104 r)+/5 10 102
/105

195. a) In1,2 10 10°3; 6) In2 10 10°%; B) In0,8 10 1074,
196. a) cos1° 1o 10°%; 6) sin85° 10 10°¢; B) c0s9° 110 1073,
197. a) tg48° 10 10°3; 6) arcsin0,56 mo 1073  B) arctg0,8 o 1072,

Hocniguty GyHKII Ha EKCTPEMyM.
198.y =2 +x—x% 199. y = (x + )%, 200. y = x(x — 1)%(x — 2)°.

1
201.y=x*—6x2+9x—4. 202. y=+/xInx.  203. y=Xx+—.
X

204. y=|x"" 1—x"".  205.y=xe™.

207. Bu3HaunTi IpOMIXKKH MOHOTOHHOCTI QYHKIIT: Y = X + |sin 2X|.

206. y = cos®x + ch%%,

3HaiiTy HallOLIbIIE 1| HAMEHIIIE 3HAYECHHS (Sup, inf) Ha MHOXHHI:

208. y=x?—4x+6,, xe[-310].  209.y=e™ cosx’, xeR.
210. y = 2sin x+sin 2x, XG[O,%[] 211. y =2, xe[-15].

1+ x>
4

212. y=|x"-3x+2|, xe[-10,10].  213.y= x € (0,+0).

1+X
214. 3naiiTn HalOLILIIKIA YIEH TIOCTIJOBHOCTI X, = n.
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_1+E
3482
inTepBami x < § < +oo. [lobyayBaru rpadiku dynkiii M (X): sup f(i);

X<&<+0

215. 3HailTn TOYHI BEPXHIO M HIKHIO rpadi (ymkuii f(&)

m(x)= if f(g).
X<&<+o0
BusHaunTH KiNbKiCTh OIICHUX KOPEHIB PiBHSIHB, BKA3aTH X MPOMIXKKH.
216. x* —6x*+9x-10=0. 217. X*+3x* +2x-12=0.

218. 3x®* —9x® +9x+7=0. 219. 3x* —4x® —6x* +12x—20=0.

220. BH3HAYNTH KiTbKIiCT MiHCHEX KOpeHiB piBHsHHsS: X° —X+a=0 3a
Pi3HHX 3HaYEHb apameTpa d.

221. Bigobpasutn Ha miomuHi (P, () o0macti, B SAKHX pIBHSHHA
X+ pX+0=0 mae:  a)omuH; 6)TpH AIHCHIX KOPEHSL.

222.B gamky, mo mae ¢opMy MIiBKYIi pajiyca @, OMYIICHO CTPUKCHb
nowkuan | (2a <1 <4a ). 3HallTi MOI0KEHHsI PIBHOBATH CTPUKHSL.

223. BuBecTy 3aK0H MepenoMyIeHHs cBiTia (3akoH CHelta), Mo MPOXOIUTh
Bil TOYkH A 40 TOYKH B CKpi3p TpaHHIIO [BOX CEPEIOBHII:
nsing =n;sing,, ne 6, — xyr naxinHsg, 6, — KyT 3aI0MJICHHs, N, Ta N,
MOKa3HUKHU 3JIOMJICHHS JIBOX CEPEIOBHIIL.

224.13 sKoro cexkTopa Kpyra pagiyca R MoXHa B3TrOpHYTH BOPOHKY
HaO11b1101 MicTKOCTI?

225. Ha ropu3oHTajbHIM IUIOIIKMHI CTOITh HAllOBHEHA BOJOI IMOCYIWHA 3
BEPTUKAILHOI CTIHKOK BHCOTH h. 3 0oTBOpy B CTiHII MOCYAMHH Tede
CTpyMiHb. BU3HAYUTH TOJNIOKEHHS OTBOPY, NPH SIKOMY BiJCTaHb, Ha SIKY
Oyle OMTH CTPYMiHb, € HAMOIIBIIOK, SKIIO IBUAKICT PITUHH, 110 BUTIKAE,

TIOPIBHIOE /20X, i€ X € BiANaJLTIO BiJ TIOBEPXHi BOJIU /IO OTBOPY.

226. Y xymo pazaiyca R Bnmcary muiiHIp HAHOLTBIIOTo 00’ eMy.

227. 3naiitn Qirypy HaiOUIbIIOl MJIOMIi, AiaMeTp SIKOi AOPIBHIOE OAMHUII
(niameTpom omykioi (irypu Ha3MBalOTh HaHOUIBIIY BiJCTaHb MK OYIb-
SIKUMH ABOMA i TOUKaMu).

228. 3HaiiTH BiZICTaHb Bijl MOYATKy KOOPIUHAT O JOTHYHOT KPUBOI:

a) x=a(cost+tsint), y=a(sint—tcost); 6) p=ae.

JloBecTH HEPIBHOCTI.

229. xlnx+y1ny>(x+y)]n%, x>0, y>0.
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n
230. l(x“ +y“)>(—x+yj x>0, y>0
2 2 X#Y, p>1

+2y

T 27 . . X T
231. —sinX+—siny < zsin , X yel0,—].
3 3 SNy yel 2]

232. Q/;—Q/ys\“/x— , x2y=20.

X+3y
e +3eY
233. —————>¢ ¢

2 , (X#Y).

1 1

234, (x“ + y“)5> (xB + yB)E ng’aizo.

Hocainzkenns ¢pynkuiii Ta nodyaosa rpadikis

[TobynyBatu rpadiku GyHKIIIH.

X x4

235. y =(x+1)(x—2)". 236. y= 237. y=

2 —
238, y =X (X_zl). 239, y=X(X—l). 240, y =
(x+1) x+1 Yx? -

241. y:3\/(x+1)2 —3\/(x—1)2 .

243. y=e*sin’*x.

2
242. y=(1+x2)e—X .
244, y =sin X +Cos® X.

245. y =sin X+%sin 2x+§sin 3x. 246. y =(7+2cosx)sin x.

247. y = arcsin X + 3arccos X + arcsin (ZX\/I— x? )

248. y = 2x 1 —larctg(tg 2x -1 ch.
2 T 2

249. y = 2arctgX + arcsin

1+X

250. y = lim > —*_ 251, tim g +|y|" =1.
n—o0

oo X" 4 X"
[ToOynyBatu rpadiku KpUBUX, IO 3aJaHi HESIBHO.
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(1+x)1-x)* (1+x)°

—_—

252. x* —6x*y +25y* —16x=0.
254. y* =x*(2-x).
256. X’ =y, (x,y>0).

253. y* —x*+x°=0.

255. x* +y* =8xy”.

257. 4y° =4x°y +X°.

258. x*+y*—3axy=0 (mucr Jekapra). BkasiBka: mapameTpu3yBaTH
y

3MiHoO t==.
X

o6y yBaTu rpadiki KpUBHX, IO 3aaHi napameTpiano (@ >0).

3 = = cost —2c0s 2t
259, x=(t+41); t 41)2. 260.{)( s

261. x=acos2t; y=acos3t, (a>0) (xpua Jlecaxy).

y=sint-e

t2
X= _ —t
262. x=—te', y=te'. 263 1-t> . 264 {X—”e s
1 y=2t+e
1+1t2

x=alt—sint) . x=acos’t .
265. LUKJIOINA). 266. acTpoina).
{y=a§1—005t) ( ) {y=asin3t (acpoiae)

[TobynyBaTu rpadiku KpUBHUX Y MOJSPHINA CUCTEMI KOOPAHHAT (a > O).
267.a) p =a@ (cmipams Apxivena); 6) p =ae™ (orapudmivna cripas).
268. a) p=asin3p (tpuiucHuk); 0) p=acoS4@ (YOTUPUIHUCHUK).

269. a) p=atg(3¢/5); 6) p =acos(5¢/6).

270.2) p=a(l+sing); 6) p=a(l+cosg) (xapmioina).

1 1
271.a) p=—; 0) p=— ;
10} sin 3¢
B) p=-1+ 2 ; r) p = a,/c0s2¢ (nemHuickata bepHyi).
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PO3/LI 4.
KOMILJIEKCHI YU CJIA

4.1. OcHOBHI MOHATTH Ta BJIACTHBOCTI

ITone KOMIJIEKCHUX YK CeT

Def. C ={z|z=x+1iy; X YER, i¥=-1} — MHOKXMHA KOMIUIEKCHUX
4pcen, Je 3amuc  Z = X + Iy  HasuBaeTbhCsA aneeOpaiunor  Gopmoio
KOMILJIEKCHOTO 4Hcna; X = Re z, y = Im z HasuBaroTbes Oiticna (abo

peanvha) Ta yseHa YaCTUHU YUCIa Z BiAMOBITHO.

Hexait 21 = X4 + iy1; Zo = Xo + Yo, TOOI 21 =2 < X1 = X2 1 Y1 = Vo
BusHaunMo acoliaTWBHI Ta KOMYTAaTHBHI Omeparii «+», «», mo [K 1 s
JiMCHUX YHCel OB’ s13aH1 JUCTPUOYTUBHUM 3aKOHOM:

2= (Xt X2) Hi(yr+Yy2), 2172 = (XaXe — Yiy2) +i(Xayz + Xay1).
B muoxwuni C icHyroTh pi3Hi enementn 1, 0 HeHTpanpHI 32 «+» Ta «»
BimmoBimHO: 1=1+i0; 0=0+i0. A TakoX miIsi KOXHOTO zec C IicHYe

OPOTWICKHUNA eNeMeHT —2Z=—X+i(-y)=—-X—1ly; Ta s KOXHOTO
. N | X .=
ZeC\{O} icHye obepHenmii z 1 == = —— +ti— yz.
Z Xx°+y X“+y

OTxe, MHOXMHA C yTBOPIOE 110./1€ 32 OMEPALIIIMHU  «+», «-»,

2 2
Def. Bemnumuuna p=|z|=4/X"+Y* HasuBa€TbCA MOOJYIeM KOMILUIEKCHOTO
yucna z. Jns Z=X+Iiy cnpsowcenum KOMIUICKCHUM YHCIOM HA3WBAETHCS
Z = 7* = X —1y . OCHOBHI BIIaCTUBOCTI Omepaii CripsuKeHHs:

1.(z%*=z, 2. zz*=|z/} 3. Z+Z*zRez; 4. Z__Z*zlmz;
2i
5. (z1 + 22)* = 21*+22*; 6. (uz)* =z*z*; 7.2 YH)*=(*)? = .
3a2. | Z |2
I'eomeTpr4Ha iHTepnpeTanis KOMINIEKCHUX Y e

Imz PosrasiHeMo JiekapTOBY IUIONIMHY Ta MTOCTAaBUMO
_______ .z y BiAMOBiAHICTH KOXHIH Touri  (X,y)€R 2
I KOMIIJIEKCHE ~ YHCIIO z=X+iyeC. Ortxe,
2 I KOMIUIEKCHI YKCIIa MOKHA PO3TISIIATH K TOUKH
0 I a6o pasiyc-BeKTopa Ha TUTOIIHHI

Roz (C Ha3sHBAa€THCSA KOMNIEKCHOIO NIIOUWUHOIO).
112

Tpuronomerpuuna ¢gopma 3anucy
[lepeiinemo Big aekapTOBOI CUCTEMHU KOOPAMHAT 10 TOJISPHOT:

X=,C0S¢@, Y= pSing.
Toxni oTpuMaemo mpuzconomempuyny opmy 3amucy KOMIUIEKCHOTO YHCIa
2= p(cos@ +isin g). Bemuunna p =X’ +Yy* 3anae BiacTaHb Bia TOUKH Z
JI0 TIOYaTKy KOOPAWHAT (TOBXKHUHY pajiyc-BEKTOpa Z), a BeJIHMUHWHA ¢ 3aJ1a€

KYT MK JIOJIaTHIM HampsIMKOM OcCi abcluc Ta pajiyc-BeKTopoM Z. OcTaHHS
HA3UBAETHCS APryMEHTOM KOMIUIEKCHOTO 4Hcia 1 mo3HavaeTbes Argz,

BOHA 3HAXOJUTHCS HEOJHO3HAYHO, 3 TOYHICTIO JO BEJIIMYMHHU, KPaTHOI 27

arctgl,xzo 3
Argz=argz+2km,KeZ, ne argz = X e[ 7 ”}-

y 272
Xl

3ayBakumo, mo Z=0< p=0, a apryMeHT ¢ He BHU3HAYCHO.

r+arctg>, x<0

Th. Hexait z, = p,(Cos¢, +ising,), z, = p,(Cose, +ising,). Toxi
Lz=2,=(p=p)r (=0, +27k keZ);
2. 2,2, = pyp, (COS(g, + ;) +isin(; + ,));

, .
3. 1= (cos(p, — ,) +isin(g, — 9,)).

2 P
I'eomeTpruHa iHTEpIIpETAIlis T00YTKY KOMIUIEKCHUX YHCEIT — 1€ TIOBOPOT Ta
PO3TATHEHHSI.

®opmyaa Myaspa. (p(cosp+isin )" = p"(cosnp+isin ng).

1
= — +2kr . . @p+2kr
C.zn =Q/p(003(p+|sm(p)=“./p(cos¢ +isin 2 ), TYT
n n
k=0,1,2,...,n-1
Otxe, must OyIb-IKOTO HEHYJIHOBOTO KOMIUIEKCHOTO YHCIA iCHye piBHo n
pi3HI/IX 3HAUYCHb KOPCHA N-ro cTerneHs, Ta I_Ii N 3Ha4YE€Hb pOBTaH_IOBaHi y

BEpIIUHAX NMPABHIBHOTO MHOTOKYTHHKA, BIIMCAHOTO B KOJIO pajiyca i/ p .

BuzHaunMo po3miMpeHHs mie NesKHX (YHKIIH Ha KOMIUICKCHY IUIONIHHY
(HeckiHYeHi CyMH HUKYE PO3yMieMO SIK TPAHUIII CKiIHYCHHUX):
k 3 o K, 2k+1
z > Z . z -1)"z
ef =l+z+ —+—+..= ) —; smz:z——+...=ZL'
20 3 = k! 3 ~= (2k +1)!
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2 0 k _ 2k
z -1)" z sin z C0Sz
cosz=1-—+ =Z( ) : tgz=——; ctgz=——;
! = (2k)! COs z sin z
e’ +e’? Le7? shz chz
chz= ; shz= . thz="-; cthz=—"=
chz shz
®Dopmyau Eisiepa
. eiz +e—iz eiz _e—iz
e” =cosz+isinz; cosz:T; sinz= T
i

C. e =e*V =eXe¥ =e*(cosy +isin y).
C. (IToxa3nukoBa (opma 3ammucy KOMIUICKCHOTO YUCTIa).
z :| 7 | eiArgz — pei(p.
Jlorapu(pm KOMILJIEKCHOI'0 YHCJIa
Lnz=In|z|+iArgz=In|z|+i(argz + 27K), k € Z.
Takox mosnauarote INz=1In|z|+iargz — ronoBHe 3HaueHHs Jorapudmy
KOMIUIEKCHOTO YHUCIIa.

Hapemti BBegemo ormepariro migHECEHHS OyIb-sIKOTO KOMIDIEKCHOTO YHCIa
z,Lnz;

110 6Y/Ib-AKOTO KOMILTEKCHOTO CTENeHs: Z; =€
Th (ocHoBHa Teopema anreOpu). KokeH MONHOM HE HYJIbOBOTO CTETICHS
P,(z) =c, +C,z+C,2% +...+¢,2", ¢, #0, z,¢, €C, mac xoua 6 omum
KOMIUIEKCHHUH Kopinb Z,: P, (z,)=0.

Mpunmun Pyme. Tlpupict Arg f(z) mig gac pyxy B3I0BX 3aMKHEHOTO
KoHTYpY C B JOJJaTHOMY HAIIPSIMKY JOPIBHIOE 27N, i N — KiIbKICTh HYIIB
¢bynkii f (z) Becepeauni obacti, mo oomexena C.

Def. Ilooinumu noninom P(z) Ha S(z) o3nauae 3maiiti mosiHomu Q(z) —
Henogny uacmky T1a R(Z) — ocmauy Taki, mo: P(z) = S(z2)Q(z) + R(2).
Bonnouac deg Q(z) = deg P(z) — deg S(z); deg R(z) < deg S(z); ne deg — ne
gucino N e N U{O}, cmenins noninomy, mo € Hait6inbmmm crenexem #oro

onnounenis C,Z" i3 ¢, =0 (deg Const = 0). [Jirene P(z) minuthes Ha

Oinbhux S(Z) Hamino, SKII0 oOcTaya TOTOXHO JopiBHIOE 0; giNeHHS
HEMOXKJIMBE, SIKIIO AUIbHUK JopiBHIOE 0. [TomiHOM 3aBKIM HALIIO AUTUTHCS
na Const.
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Th. (Besy). Ocraua Big ninenHst moiiHomy P,(z) Ha nBowneH z-—C
JIOPiBHIOE 3HAYCHHIO MojliHoMa P, (z) B Toumli Z=cC.

C1. SIkmo z=c - kopinb nominoma P,(z), o P,(z) minutbcs Ha Z—C Oe3
ocTadi Ta HaBMaKH.

C2. Slkmo z=C - kopinb nominoma P, (z), o P,(z) moxHa po3KiacTu Ha
MHOXHUKH: P, (2) =(z-¢)Q,_(2).

Po3kJiajjaHHs HA/l 10JIEM KOMILUIEKCHUX YHCeT

SAxkmo P,(2)=Cy+C,Z+C,2° +..4C,2" TOTHOM 3 KOMILIEKCHUMH
KoedilieHTaMH, TO HOro MOXHA PO3KIACTH HA JIiHIMHI MHOXXHUKH B C
P,(z)=c,(z-2,)(z-12,)...(z—2,) . 3 ypaxyBaHH]IM KPaTHOCTI OTPHUMY€EMO

r r
ki —
P.(2)=c,[[(z-2)", ne D ki =n.
i-1 1
Po3kinagaHHs moliHOMY HAJ MoJ1eM AiMCHUX YMces

n
Skmo P, (2)=a, +a,Z+..+a,2" =Y &' noninom 3 xoediuientamu i3
i=0
R, TO 13 KOXHHM Z, — KOMIUIEKCHUM KOPEHEM, Z, — TAKO MOro KOPiHb Ta
0 > =0

P,(z) MoxHa poskiacTd Ha JiHIWHI Ta KBaJpaTUYHI MHOXHHKH B R:

P2 =a,][z-x)"T[@*+p;z+q;)", ne p, =—2Rez,,
i=1 j=1

r S
q; =1z, P € R s He nilicHux KopeHis z;eCra Zki + Zle =n.

1 1
OcHoBHa TeopeMa anreOpu rapaHTye HasBHICTh KOPEHIB y TOJIIHOMY
CTeTIeH] BHUIIE 32 HYJIbOBY. A siKi iCHYIOTh (DOPMYJIH JIJIsl 3HAXO/KCHHS [IUX
KOpeHiB uepe3 koediuieHTn nominomy? s mepuoro Ta Apyroro CTENEHiB
ui ¢opmynu 1o06pe BioMi 3i WKIJIBHOTO Kypcy MareMaTuku. s TpeTboro
CTerieHs iCHYIOTh Tak 3BaHi Gopmynu Kapaano. Jlns po3B’s3Ky piBHSHB Y
BHITQJKy IIOJIHOMIB YeTBepTOoro cremneHs € wmerox Deppapi. Onnak
BUSIBJISIETHCSI, 1[0 MOYMHAIOYU 13 5-TO CTeneHs, cnpoOu 3HAaWTH 3arajibHUM
pO3B’S30K OYIyTh MAPHUMH, 1110 CTBEPKYE HACTYITHA TEOpEMa.

Th. (Teopema AOeist). Y 3araqbHOMY BHIIQJIKY JUIS PIBHSHB 5-TO Ta BHIIE
CTeIeHs] HEMOXXJIMBO MOJAaTH KOPEHI PIBHSIHb 4epe3 paluKkain (BUPa3UTH
Yyepe3 CKiHYeHY KUTBKICTh JI0OyBaHb KOpPEHIB Ta anreOpaidHux omneparii i3
koedirieHTaMu TOJTiHOMA).
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S~ whE

10.

11.

12.
13.

14.
15.
16.

17.

18.

4.2. KoHTpOJIbHI MUTAHHS Ta 3aBJaHHSA

SIxi € popmu 3ammcy KOMIDIEKCHOTO Yncia?

[o Take milficHa Ta yMOBHA YaCTHHU KOMILIEKCHOTO Yrcia?

SIKe KOMIUIEKCHE YHCII0 HA3UBAETHCS CIPSHKEHUM 0 TTOAaHOTO?

SIx 3HAWTH YaCTKy JBOX KOMITJIEKCHUX YHCEN?

[lo Take apryMeHT i MOJyJIb KOMIDIEKCHOTO Yncia?

3amucatn  ¢dopMmynm  mepexody  Big  anreOpaiuHoi 110
TPUTOHOMETPUYHOI 1 MOKa30Boi opMu 3ammucy KOMILIEKCHOTO
qHcIa.

SIki mpaBWiIa MHOXEHHS 1 JUICHHS JIBOX KOMIUIGKCHHUX YHCEII, 110
3aJlaHi y TpUroHoMeTpuuHiii Gopmi? 3anucaru popmyny Myaspa.
SIK BH3HAYAETHCS OMEpallisl 3HAXOKEHHS KOpEHs N-TO CTEHeHs 3
KOMIUIEKCHOTO 4ucia’?

Hapmati reomeTpuuHy UIIOCTpalifo /10 KOMIUIEKCHOTO 4YHCIa,
MOSICHUTH, 110 POOMTH MHOXXCHHS/JUICHHS Ha IHIIC KOMIUJICKCHE
YHCII0, TTHECEHHS 10 HAaTypaJbHOTO CTEIEHs Ta T0OYBaHHS KOPEHS
N-To cremneHs?

Hapectu ¢opmymu g

Eitnepa 3B’s3ky Mixk sinz, €0Sz 1 e

[Mepesiputu, mo Siniz=i-shz; tgiz=i-thz; shiz=i-sinz,
thiz =i-tgz; cosiz =chz; chiz =cosz; ctgiz = —icthz;
cthiz =—ictgz .

Hagectu ¢popmyiy mist oGuncnenHs gorapupma Ln Z KoMIieKCHOTo
yicna Ta (GopMyny TiIHECEHHS KOMIUIEKCHOTO — YHCia  JI0

KOMIUIEKCHOT'O CTEICeHS lez

ChopmymnroBaT OCHOBHY TEOpeMy anreOpH.

Illo Take MpUHNHUIT apryMEHTY (TMPOUTIOCTPYBATH HOTO JuTst (DyHKITT
f(z)=2)?

Ilo Take maineHHs MOJiHOMA Ha ITOJIIHOM (HABECTH O3HAYCHHS)?

Cdopmymroiite Teopemy besy.

3anucaTd pO3KJIAJaHHS IOJIHOMA Ha HE3BIAHI MHOXHHMKHM Hajl

I0JIeM KOMIUIEKCHHX Ta JIMCHHUX YUCE].

Josectu, o sikmo P,(2Z) — momizom i3 aificaumu KoedilieHTamu,

TO 13 KO)KHUM Z, KOMIUIEKCHUM KOpEHEM, Z, — TaKOX HOro KOpiHb.

ChopmymaroBati TeopeMy AOeIs MPO MOXKIMBICTh PO3B'SA3KY Y
paauKanax piBHSAHHS IT’ITOTO Ta BUIIE CTEIICHS.

4.3. Ilpuxyiaau po3B’si3yBaHHs 32124

Ilpuknao 1.

1-2i  (1-2i)(3-4i) 3-10i+8i° 3-10i-8 -5-10i _ 12

3+4i  (3+4i)(B-4i) 3F—(4i)? 9+16 25 5 5
Ilpuknao 2. 3HaiiTh MOIOynb Ta TOJNOBHE 3HAUYCHHS AapryMEHTY
KOMIUIEKCHOTO 4HciIa Z=—/3+i, 3amucatd Z B TPUTOHOMETPHYHIN Ta

MTOKa3HUKOBIH hopmi.

Monyib Z fopiBHIOE p = Z|= \/(—\/5)2 +(1)? = Ja=2, apryMEHT JIOPiBHIOE

—argz=r—arctg| —— |=x-Z ="
4 W) 6 6
.57

¢dopmi z = Z(Cos% +1 sin%} , @y IOKa3HUKOBIH Z = 2 6,

OTxe, y TPUTOHOMETPUYHIN

Ilpuxnao 3.

§/1 = §fi(cos0+ 1sin0) = (cos 2F 1 isin 2XF) —cos K7 4 isin K2 |
6 6 3 3
k=0,1,2 3, 4,5.

VYci KOopeHi HIOCTOrO CTeNeHs BiJl OJWHMWIN JIeKaTh Ha KON OJUHUYHOTO
pazaiycy y BepIIMHAX MPaBUIBHOTO MIECTUKYTHUKA 1 JIOPIBHIOIOTh:

11@ 1,¥3. 1 3.1 43

to Tt gt
Hpuma04.
a) Ln2=In2+i-2kn, ke Z;
6) Ln(-2)=In2+i(n+2kn), ke Z
Ilpuknao 5.

a) (l+ I)% Ln(1+i) :eé{lnﬁ+i[2+2knﬂ :e%'”ﬁ ' [20 2kn] _

=2e (% @]
6) (]_+|)' :ei Ln(i+i) e [Infﬂ[ +2knJ] e [ +2kn] eilnﬁ.

«ﬁ[lnﬁﬂ +2knJ |J_( +2ch]

B) (L+i)2 =0+ —¢ —e2InV2 ¢
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r) (L+i)2+3 _ [ @)L+ :e[f 18 Inv2+i| T2k i

[J?In 211 +zknJ

_ J—InJ— J‘( +2kn]

-€
if In1+i[ Z+2k (=

Il) ii :eiLni :el[n +|(2+ n)} e [2+2kn]

¢) 22 =g2Ln?2 _ pAIn2+i2km) _ o2 gidkn _ g2In2 _ 4

3poOrMO AEKITbKa CIIOCTEPEXKEHD 13 PO3TIISTHYTHX MPHUKIALIB. Y MyHKTI a)

OTPUMaHO II'STh PI3HMX PIllleHb, IO JeKaTb Ha KOJi pajiyca 1\0/5 y
BEpLIMHAX MPaBWJIBHOTO I'ATUKYTHUKA. Y 3aaa4i 0) HECKiHUEHA KiJIbKiCTh
=In\/§ Ta 32 MOMYyJIeM
YTBOPIOIOTh HECKiHYeHY (B oOumBa Ooku: 10 O Ta ©0) TEOMETPUUHY

pO3B’sI3KiB. YCi BOHH JIeKaTh Ha MPOMEHI

. . . 2 . .
TOCITIIOBHICTD 13 3HaMeHHMKOM €. V 3ajavi B) BCi PO3B’SI3KHU JIEKaTh Ha

KO pajiyca e oy IIUTFHO TIOKPWBAaOTh ii. Y 3amadi T) po3B’s3KH
JIeKaTh Ha CIipali Ta MTbHO HaOmmKyoThCs 10 0 Ta co. [TyHKT 1) € quBHMIA
(hakT: YUCTO ySABHE YHCIO B YUCTO YSBHOMY CTENEHI € HECKIHUYEHOIO
MHOKWHOKO JIACHUX JOJaTHUX uyucell. [IyHKT €) TOBOpUTH, IO BCE K TaKH
JIBIYl JIBa JIOPIBHIOE YOTUPHOM.

Ilpuxnao 6. 3HalTH TEOMETPUYHE Miclle TOYOK Z, IIO 3aJ0BOJILHSIOTH

1-i 3 4
CIIiBBiIHOIIEHHIO: a) % <arg—-< 77[ i 0) 1< Re(e“' Z) <5.
z
PosrngaemMo myHKT a). 3amumemMo YHCIIO ;4 y TOKa3HHUKOBiH (opmi
z

1- _Ii -~ |( —
Z_ = \/: o \/_ ‘e . Otxe, arg% = —% —4¢ Tta ymoBa 3a1adi

1(n « 1(37 =«
NEPETBOPIOETHCS Ha —| =+—=|>o>—| —+—|, TOOTO

4 .6 4 412 4

48

«a» HUXK4YC.

——T>Q> _Eﬂ CxeMaTHYHO BIJITNIOBiJIb MOXKHA 300pa3sUTH PUCYHKOM

PosrnsHeMo myHKT 6). 3amumemo y anreGpaiumiii dopmi e¥?z=
(¢°cos2—ie’sin2)(x+iy) = xe* cos2+ ye®sin 2 +i(ye® cos 2 - xe®sin2).

OTxe, Re( e¥ 2y ) = =xe’cos2+ ye®sin2 Ta ymoBa 3a/1aui IIepeTBOPIOETHCS

Ha Y <

—Xctg2 omHouacHo i3 Yy >

3 ! > Xctg2. A6o mpubIn3HO

§+ xtg(205°) < y < 7+ xtg(205°), T06TO 11E 00IACTD, IO 3HAXOJUTHCS MK

JBOMA MapajelbHIMHU NPSIMAMH (JMB. CXEMaTHYHUN PUCYHOK «O» HIDKYE).

/
v
\

\
v

Puc. «a» Puc. «0O»

Ilpuxnao 7. Po3knacty Ha HE3BIHI MHOXHUKH HaJI IOJIEM KOMIUICKCHHX Ta

HaJI TIOJIEM JiHCHUX uncen mojinom X° —1.

3HaiizeMo Bci KOpeHi momiHOMa, TOOTO po3B’skeMo piBHsHHA z°—1=0.

KopeHi uporo piBHAHHS 3HaleH] Y TpUKiIaji 3 mboro po3ainy. OTpuMaemMo
1 1 1 3 1

2 -1=z-)(z+)(z- 3 \/_ \/_I)(Z 3

) R ]

TOOTO PO3KJIAJCHHS HAJI MOJIEM KOMIUICKCHUX YHCEI. He AilicHi KopeHi Z; y
moJiiHOMa 3 JIIMCHUMHU Koe(ilieHTaMu TPYIYIOTHCS 31 CBOIMH CIIPSDKEHHMH
Z}, WO 3 pO3KPUTTAIM Ayxkok (Z—2;)(2-2;) nae z° —2Rez;+|z; . Orxe,
X% —1=(Xx =D (X +1)(X* + X +1)(x* =x+1), 0 € po3KJIaTEHHM Ha HE3BiHi
MHOXKHUKH HaJ TIOJIeM JIHCHUX 4ucel. 3ayBaKUMO, LIO IS I[BOTO

MpUKIaLy BIAMOBiAb MOXHA OyJO OTpUMATH MpocTimie, 3a (opMyiIaMu
pi3HUII KyOiB Ta KBapaTiB.
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4.4. 3apga4i nag caMoCTiifHOTO PO3B’A3KY

1. BukoHaTu 3a3HayeHi Aii HaJl KOMIUICKCHMMU YHUCIIaMU B aireOpaiuHiit
dbopmi: z, =2+3i, z,=2-3i, z;,=-2+6I.

z, 1
2,+2,; 2,1, 31,-2z,; 7,-1,; —-; “L; 722 2.
2, 1z,
2 s (VEiel)
-~ . I+
2. BuxonaTu 3a3HaueHi mii; ﬁ; (1+I\/§); [ - ) .

3. Po3B’sa3aTi cucteMy piBHSIHB. . ..
yPp 3z, +1Z, =21

4. BuzHauWTH, 3a SKUX MIMCHUX 3HA4eHb X 1 Y OyIOyTh CIpsDKEHI Taki
KOMILIEKCHI uncna: 23 =Y?—7y—9xi T1a z2=-12 +20i + X4.

5. 3HaliTH pO3B’SI30K CUCTEMH PiBHSHB! |Z +1- i| = |3+ 2i— Z| = |Z + i|.

6. 3amucatd B TPUTOHOMETPHYHIM (opmi KomIulekcHi gucna 1+1; 2—2i;

-1-1i; 1—J§i; \/§+i; i; 3i; 5,8, 3-4i; 3+4i; 1-sina+icosa,

ooz

7. 3HaliTH MOJIyIb Ta TOJIOBHE 3HAYEHHS aprymeHty umcen 2+5i; —2+5i;
. . T T .. /4
—2-51; 2-5I; —cos—+isin—; cosa—isina, ae| —,x |.
5 5 2
8. BUKOpUCTOBYIOUM  TPUTOHOMETPUYHY  (OpPMY,  BHUKOHATH  Haj
KOMIUIEKCHUMHM YUCIIaMH Z; = 1+1, Z, =—1+ \/g i Taki mii

Z YA
1z - =25z},

286
Z, 7

9. Po3B’s13aTH piBHIHHS 7" =z"" (n #2,Ne N).

10. 3HaiiTu BCi 3HaYEeHHS KOPEHiB 1 o0y IyBaTH iX.
Y1, 4-8; ¥i; Vi-i; Yi+i; s Y2420, 3%—§i.
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2
11. 3Haiitu BCi 3HAUeHHS: 3/— 8 +\/E; \/i +—1 ; (‘{/(l+i)2j .

12. Po3B’A3aTu piBHSIHHS: 2° =1+4/3i.

13. 3anucaty KOMILIEKCHI YHCIa B TOKA30Bii (Gopmi:

+1; +i; £1+1; 1-3i 1 —2+2i;4i;5,-8; sina—icosa, o e(%ﬁj
o

14. O6uucnurn: € 2, gkl (k=0,+1,+2,...).

15. 3naifTu MOTyITi Ta TOJIOBHI 3HAYSHHS apPTyMEHTIB YHCE:

eZJri , e273i , e3+4i , e7374i ’ _aei(p (a > 0’ | (p | S T[),
e (o|<n); e —e” (0<B<a<2n).
16. 3HaifTu AiiicHI Ta ySBHI YaCTHHU KOMITIEKCHUX YHCENT:

2) €% cosi; sini; tgi; 6) cos(2+i); sin(3-2i); tg(3+2i)

17. Bupasutu Sin°¢ depe3 TPUTOHOMETPUYHi (YHKIII KpaTHMX KyTiB, a
sin5¢ depes creneHi Sing Ta COS@.
18. 3naiitu cymu:

a) 1+C0SX+C0S2X+...+COSNX;

0) SiINX+SiN2X+...+sinnx;

B) COSX+COS3X+...+C0S(2n—-1)X;

r) SinX—sin2x+...+(=1)""sinnx;

1) SinX+2sin2x+3sin3X+...+nsinnx.
19. Toectu, o a) sinz+cos’z=1 0) sinz :cos(%— Z).
20. O6uucnutu; Ln4; Ln(-1); In(-1); Lni;

1+i

Ini; Ln— Ln(2-3i); Ln(-2+3i).

5

21. 3uaiity Bei 3Hauenns: a) 17;  6) 0.
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22. O6uucnutu (3uaiitu  Rez, Imz, |z, argz) Ta BimoOpasutu Ha

KOMIUIEKCHIH IUIOLIMHI: I‘E; (— 2)\5; 2" 1 i

N\
(%} L (B-4i (-3 +ai)

23. O6uucnutu (3uaiitu  Rez, Imz, |z, argz) Ta BimoOpasutu Ha

. . 2 . r
KOMILIEKCHii TITOIHHI: Zﬁ; (—1) IR L S

N
1+1 L 5 B+i
= 5 (VBi) 2 (-e)™".
J2

24. 3HailTH KOMIUIEKCHI YHCTa, 0 JIeKaTh Ha 0iCEKTPHCi KyTa, YTBOPEHOTO
BekTopamu 2, =6+8i, 2, =4-3i.

25. JloBecTH HEpIBHOCTI 3 TEOMETPUYHUX MipKyBaHb. J[loBecTH 1i X

HEPIBHOCTI anre0paivHuM nuisixoM. 3'aCyBaTH, KO HAsSBHUM 3HAK PiBHOCTI:

a) [z, +2,|<|7|+| 25| 6) |z — 2, 2||Zl|—|22||;

B)

<|argz|; D lz-1l< llzl-11+ |zl |argzl.

Z
2]
26. 3naliTi reomeTpuyuHi Mictst To4ok Z (TMT):

a)Re(z +2) > 1; 6) Re(z +2)>1; B) Im(z—-2+1i)>1;
)Rez+Imz=1; n)lzl<3; e)2< lz-2+il<4;

) Re{z(1 +i)} =2: ) Re% -1

3) 0 <argz <ml4;

n) 0 <arg(z—1i) < n/4, i) O<arg{z(1-1)} <n/4;
27. BusnaunTu ciMeiicTBa JIHIA Ha KOMIUIEKCHIM IUIOIIMHI, IO 3aJa0ThCS
PIBHSHHSIMU:

Relzc; |ml=C; Rez*=C; Imz*=C, (CeR).
z z

28. 3’scyBaTH reOMETPUYHHI 3MICT 3a3HAYEHUX CIiBBIIHOLICHB!
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a) |z2-3|=|z-1J; 6) |z—z|=|z-2,];

B) O0<Re(iz) <1 r) |z|=Rez+1;

1) Imz—_lzo; o) ImZ=&
z-2 -1,

¢) ReZ_L -0 x) ReZ— 2 —0;
z-3 -1,

3) lzl<argz, 0<argz<2r; ) |zl<argz, 0<argz < 2r;
i) |z+i]+|z—i|=4.

29. 3HaliTh  TeOMETpUYHE MICIle TOYOK Z, MO0  3aJOBOJIBHAIOTH

. T .
CIiBBiIHOMICHHIO: a) 5 <argz’ <m, 6) Re(e . Z) <1,

—j iz Z+I
B)Z<arg1—3|<£; r)0<Re| 2e 4z |; ﬂ)OSarg—_SE.
4 z 2 z—-1 2

30. 3HaliT;l MHOKMHY TOYOK KOMITJIEKCHOI TUIOIIMHY, 110 3a/1aHi YMOBOIO

ZZO

e <lI.

31. 3HaliTH MHO>KMHY TOYOK KOMIUIEKCHOI TUIOMIMHH, [0 3aaHi YMOBOIO
‘Re{z(cosZo +isin 2°)}‘+‘Im{z(cosz° +isin 2)}‘ <1.
32. 3HaliTH MHO>KUHY TOYOK KOMIUIEKCHOI TUIOIIMHH, [0 3aaHi YMOBOIO
lz-2f +|z+2 =26.
33. 3HaliTH MHOXHHY TOYOK KOMIUICKCHOI IUIONIMHY, IO 3a/IaHi YMOBOIO
|2* +32 432 =0.

34. SIky KpuBY B KOMIUICKCHIN IUIOMIMHI ommcye Touka: Z=al+ be't,
akmo t, a, b, ® — milicHi.

35. Sy KpHBY B KOMIUICKCHIW TUIONIMHI OMHUCYE TOYKA: Z= (a+ i t)e“,

KMo t, a — JaiicHI.
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36.3maiitu @ i b, 3a skumx momimoMm X' +3x?+ax+b minuTecs Ha
X +2ax+ 2.
37. Po3p’szatu pisusuus. z° —2° —2=0.
38. Pipuanns  3x* —5x° +3x* +4x—2=0 wmae kopiup 1+i. 3Haiity immi
KOpEHi.
39. Po3p’s3aTu piBHsHHSL. 20 —2° —992=0.
40. Po3B’s13aTH piBHSHHS: (Z — i)Z(Z + i)(z + 2i) =24.
41. Po3B’s13aTH piBHSAHHS: (ﬂjl =1i.
1+iz

42. Po3w’s3atu pisHsanns: z° +2' +2° +2° +2+1=0.
43. Po3p’s3atu pisnsanns: z° —30z° +289=0.
44. Po3p’s13aTH PIBHSHHS: (3— i)z2 - (8 — i) Z+ (4 + 7i) =0.
45. 3HaliTH CIiIBHI KOPEeHi PiBHSIHB

2°+22°+32° +228+32°+22+2=0, z*+32°+6z°+62+4=0.

1989

46. 3HaiiTi OcTady BiJ AUICHHS MMojiHOMa Z - —1 Ha z? +1.

47. 3HaiiTu OcTady BiJ JALICHHS 78 _1 Ha (22 +1)(Z2 + +1).

48. Po3kiacT Ha HE3BIJHI MHOKHHUKH HaJl IIOJIEM IIMCHUX YHCEN ITOIIHOM
ZZn+1 _1'

49, Po3kiacTé Ha HE3BiIHI MHOXXHUKH HAJl IIOJIEM TIHACHUX YKUCEN IMOJIHOM
X" +1.

50. Posxitacti Ha HE3BIAHI MHOKHHMKH HaJ IMOJIEM AIMCHUX YHCEN HOJIHOM
X2 —1.
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PO3JILIS.
MEPBICHA. HEO3HAYEHUI1 IHTETPAJI

5.1. OcHoOBHI MOHATTHA TA BJACTHBOCTI

Def. PiBusiHHs, sike (KpiM apryMeHTy Ta HEBIiZOMOI (YHKIIi) MiCTHTh
MOXIJHI CKIHYEHOTO TMOPANKY IIyKaHOi (YHKIII, HA3WBAETHCS 36UUALHUM
Oughepenyitinum pisnannam (31P). Ilpuyomy HaWBHUIIIH MOPSIOK MOXITHOT,
110 BXOJUTH B PiBHSHHS HA3UBAETHCS NOPSAOKOM PIGHSHHSL.

Def. Yacmrxosum piwennsm 3JIP Ha mpoMiKKy X Ha3uBaeThCs Oyab-sKa
¢GyHKIisA, sika y pas3i MiACTAaHOBKM B pIBHSAHHS IIEPETBOPIOE HOTo Ha
TOTOKHICTh Ha IIbOMY MPOMDKKY. MHOKHMHA BCiX 4acTKOBHX pimenb 3P
Ha3UBAEThCS 3a2anbHUum piuentsm 3J1P.

Def.  Iepsicnoro F(X) ¢yuxyii f(x) Ha npomikky X Ha3MBa€TbCS
YaCTKOBHHA PO3B 30K JU(EPEHLIHHOr0 PIBHSHHS MEPIIOrO MOPSAKY
urnany y = f(x), toéro Vxe X F'(x)= f(x). 3aranpHe pilleHHs OO

PIBHSIHHS Ha3WBA€TbCS HeO3HaueHuM iHmezpaiom QyHkuii f(x) Ha
MPOMIXKKY X Ta IO3HAYAETHCS I f (x)dx.

[lepeicHa (yHKIIIT Ha TPOMIXKKY € TIEPBICHOIO Ha OY/Ib-SIKOMY MiAITPOMIKKY.
Th. Byap-siki nepBicHi oHiel GYHKINT BIAPI3HAIOTHCS HA KOHCTAHTY.

C. j f (x)dx = {F(x) + C |C = const} ab0 cripomnieHo I f(x)dx=F(x)+C.
Bi1acTHBOCTI HEO3HAYEHOTO iHTErPaTy

1. 3B’s130K 13 U epPEHIIIFOBAHHSIM
) ([ f00ax) = 100
B) jf’(x)dx:jdf(x): f(x)+C abo de(x): F(x)+C.

0) dI f (x)dx = f (x)dx;

2. JIiHiiiHICTh HEO03HAYEHOTO IHTETPaITY:
[of )+ py(x)dx = e[ £ ()dx+ 5[ g(x)dx, (a® + 57 #0).
3. 3amiHa 3MIHHOi Y HEO3HAYEHOMY iHTETpati:

[ F00dx = [x=p(t); dx=¢'(t)dt]= [ f (p(t) -@'®)clt.

niocmanogka 86e0enHs._H060I 3MIHHOT
__mocmanoeka

4. ®opmyna iHTErpyBaHHS YaCTHHAMHU:
Iudv = uv—Ivdu.
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Tabanust HeO3HAYEHHX IHTerpaJiB:

1. dex:const, jldx:x+C, jadx=ax+C;
a+1
2._[x“dx=x +C (a=-1); ax_ =In|x|+C;
a+l X
X
3. Iexdx:eX+C, _[axdx=a—+C;
Ina

&>

Isin xdx =—cos X + C, jcosxdx=sin X+C;

J'ch xdx=shx+C;

o

J'shxdx=chx+C,

[op)

2

I dx =tgx+C (x =~ +kr,keZ),
C0S° X 2

ji:—ctgx+c (x=m,neZ);

sin 2 x
dx dx .
dx arcsin x +C X
8. = , =arcsin —+C;
J‘Jl_XZ {—arccosx+c -[,/ | |
f C
QI {angx+ , I 2dx 2:larctg—+C;
1+ x? arcctg x +C X“+a° a a
dx |1+x| arth x + C
10. +C=
I |1 x| [arcth Xx+C’
; zdx zziwnc;
a‘—x 2a |a-—-X

dx arsh x+C
1. | In‘x+\/x2i1‘+C=
JIx? £1

W2 +1 sgn xarchx +C’

I—:In‘x+ x*+a’|+C;
Vx? ta’

2
12. J\/az —X2dX—§\/a2 - x? +a2 arcsmﬁ+C

a

2
13. IVX ta dx_gx/ +a ia?m‘x-i- x> +a’|+C.
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InTerpyBanHs npoctimmx (eJileMeHTaApHUX) APoOiB
IcHy€e WoTHpH THIH eleMEeHTapHUX IpoOiB. [X iHTErpanm Taxi:

I jAdX; ”f AdX Nk 1

X—a (x—a)

Mx+N dx

“I.[ Mx + N X IVJ' ) keN,k;tl.

X2 +px+q ( +px+q) p? -49<0
IHTeraJ‘II/I Heme/IX JABOX TI/IHiB — e Ta6ﬂHqu IHTeraJII/I.
I J‘A—dX_AIn\x a+C; 1. J Adxk: A lk +C

(x—a)¢ 1-k(x-a)*

s inTerpyBaHHs OpoOiB TPETHOTO Ta YETBEPTOTO THITIIB BUKOPHCTOBYIOTH
TaKy TOCHIJOBHICTh HAiii: 1) BHIIMATH MOBHUHA KBaapat; 2) 3pOOHTH 3MiHY
3MiHHOI; 3) po30uTH npid Ha aBa (iHTerpayv a), 0) i B), T) HIDKYE) I3
ONHOPITHUM JHHIMHAM YHCENPHHKOM Ta 3 TIOCTIHHUM YHCETHbHUKOM
BiJIOBiHO:

. | Mx+ N Y - x+§=t, dx =t _
[(x+p/2)2+(q—p2/4)z]k q-p’/4=s’

_(Mt+N-Mp/2 ( 1 ) dt

= dt =M|———+| N-=Mp || ———.

=y It2+s) ) ey

InTerpyBanus nepmoro lHTeraJ'Iy
2) I tdt _—I
t? +s? t? +
olt2 1 1 1
6) _2
J-t2+s I(t2+sz)k 2(_k+1)(t2+52)k_l

CknaaHicTh O6T-II/ICJIeHH$I JIPYroro iHTErpajgy 3alie)KUTh BIiJ IOKa3HHKA
CTEIEHs y 3HAMEHHUKY:

Int +s) (oF

+C.

dt 1 t
B)|1:J. —— =—arctg —+C;
t°+s S S
I') peKypeHTHE CIiBBiHOMICHHS ((hOpMYyJia 3HWKEHHS JIJIs1 TIOKa3HHUKA)

1 t 2k -1
| = + l,, (k=12,34...
k+1 ™ oks? (tz +52)k 2ks? Kk ( )
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AJITOPUTM iHTerpyBaHHs APiOHO-pamioHaIbLHNX QyHKIIH J‘ Pn () dx -
Qn(x)

a) AKImo M > N: TobTo Api6 MmiJ 3HAKOM IHTErpaly HenpasuivHui. Podumo

IIECHHS P (X) = Qn (X)Sm—n (X) + Rn—l(x) Ta OTPUMYEMO

Pm(x) . Ry (¥
'[—Qn ) dx = I Sm_n(x)dx+ '[—Qn ) dx

I iHTerpal .[ Sm—n (X)dx J€TKO GepeThest (IHTerpat Bijt MOoJIiHOMY),

a iHTerpan Rna®) dx — € IHTErpajom Bifl npasuibro2o npodys;
Qn(x)

0) PO3KJIAIAEMO MOJIHOM Qp(x) Ha MHOXHUKH HaJl TOJIEM JIMCHHUX YUCET,

TOOTO Ha JIiHIMHI Ta KBQAPATHYHI 3 BiJl’EMHUM JUCKPUMIHAHTOM

(4.1) Qn(x)zanﬁ(x—ai)kiﬁ(x2+ptx+qt)",

s i
ne a;, %, PO €R, D ki+ > 2l =n;
1 1

B) Th. (MeTox po3kiajieHHs IPaBUIILHOTO JPOOY Ha MPOCTIIIIi).
Hpasuishuii 1pi6 Rn=(X) |y sxoro snamennnx Q, (X) momaerbes y BUTIISIII

Qn(x)
(4.1) moxxHa po3kiacTu Ha cymy enemeHTapHux Apo6is I, 1L, I, IV Tumy.
ToOrto icuytots koHCTaHTH A, M}, N;; € R Taki, mo

R Ay L Ay S+t Au ot Ao P —+.t &ksk +
a0 x-a eay ey o xca) T a s
My X+N, My, Xx+N, M, x+N, My X+ N,
— e L+ = BRI :
X+ px+q, (X +px+,) (x*+ px+q,) X*+pjx+Q;
MZIjX+N2|j M|j|jX+N|j|j

I
(x2+p-x+q-)J
J J
Omxe, HEO3HAYCHHUH 1HTErpai BiJ pamioHaJbHOI (QYHKIIT iCHYE Ha OyIb-
SKOMY IIPOMIXKY, JIeé 3HAMEHHHUK Apo0Yy HE 00epTaeThCcs HA HYIb Ta MOXKE
OyTH BUpaXeHHH JiHIMHOIO KOMOiHAIi€l0 pauioHaIbHUX (YHKILIH,
norapu@MiB i apKTaHT'CHCIB.

2
2
(X +ij+qj)
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Jns ycyHeHHs CKJIaJHOIIIB iHTErpyBaHHS eJeMEHTapHUX ApoOiB Tumy IV
3aCTOCOBYIOTh HACTYITHUN METOJI.
Th. (Metox Octporpaschkoro BHAUIEHHS paIfiOHATBHOI  YaCTHHHU

interpany). Skmo sHamennuk Q. (X) mpaBmisHOro apoGy Rn-(X)
Qn(¥)

romaeThes y Burisiai (4.1), To

Ry, L()
B (xa) ()

+

h-1 li-1

(x—ag) (¥ + px+ay) ...(x2+ pjx+qj)
S(x)
(x—a)(x-a,)...(x—ag)(x* + p1x+q1)...(x2+ pjx+qj)

Tyt L(X) u S(X) noniHomu Ha 1 CTeniHb HUKYE 32 MOJIHOMHU y BiAMOBIIHUX
3HAMEHHHMKaX. [HTerpanm mnpaBoi YaCTHHH MOXKHA B3STH  METOAOM
po3kianeHHs Apo0y Ha cymy mpocTtimux, npudomy Il i IV tuny cepen Hux
He Oyie.

SIkmio posknanenus Q, (X) Ha MHOKHHKH HEBiJIOME, TO

[Rously L0 ;509
Q0 HCKQ,Qp) ? Qu()/ HCK(Q,,Q5)

ne HCK(Q,,Q;) — Haiibinbiue crinbHe KpaTHe mominoma Q,(X) Ta iioro

+ dx.

HOX1JHOI.

InTerpyBanHs AesikMX ippanioHajabHOCTel
A. JIpo6oBo-iHiiiHi ippanioHanbHOCTI

I r
R X,(ax+bj ,m’[ax+bjk nn.reO.

cx+d cx+d

11106 1mo30yTHCs wLi€i ippalioHAIbHOCTI, NPEACTABUMO - M (N-crinbHui

3HaMEHHHK [,,T,,...T, ) Ta 3p0OMMO TaKy 3aMiHy 3MiHHOI y iHTErpai

J-R X’(ax+bJ ,m[ax+bj dx =
cx+d cX+d
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ax+§ :tN;(aX+b):tN (CX+d)
- |ox+ - :.[R((p(t),t”‘l,,..,tmk)(p'(t)dt.
x=p(t) =g k=o' ()t

B. Tudepenuiiinuii 6inom (GiHoMiamsHuH audepeHIian)

X" (a+bx”)p dx
Th. (Yebumesa). fAxmo m,n, peQ, To iHTerpan Big aupepeHLiitHOrO
OiHOMY J.Xm(a+bxn)p dx Moxe OyTu BHUpaskeHHIl dYepe3 eJeMeHTapHi

(hyHKIT TOMI W TUTBKA TOMi, KOJH BUKOHYETHCS OJWH 13 HACTYITHUX TPHOX
BUIIAJKIB, KPIM TOT'O BIAMOBIAHA niocmanoska YeOuuiesa 3BOUTH IHTETPa
JI0 1HTeTpally BiJl pallioHaIbHOT PyHKII:
. N . )
1) peZ = miacranoska X =1" (N — cminpHMii 3HAMEHHHK M, N);
m+1

2) € Z = nigcranoeka a+bx" =t" (N — sHamenHux p);

3) m+, peZ = mincranoska aX " +b=t" (N - snamennux p).
n

B. KBagpaTuuni ippanionajasHocTi

Th. (Einepa). Y iHTerpamnax BHIJISITY IR(X,VaX2+bX+C]dX TaKi

niocmanogxu Eiinepa yCcyBaroTh ippallioHaIbHICTh

1) Vax? +bx+c =+Jax+t (a>0);
2) vax? +bx+c = xt++/c (c>0);

3) Jalx—x x—x,) =t(x—x,) (a>0) (D> 0).
Xoua miacranoBku Efniepa MaioTh yHiBepcalbHUH XapakTep, 1HOAI BOHHU

NPHU3BOMATE 0 CKJIQJHUX palliOHAJIbHUX BHUPA3iB, Ta 3PYUYHIIIMMH
BUSABJIAIOTHCS 1HIII METO/IN.

I'. Inmi cioco0u iHTerpyBaHHsI KBA/IPATHYHHUX ippanioHaIbHOCTel

P, (x) dx
1| —22 —dx=Q, ,(xWax? +bx+c + | ———.
'[\/ax2+bx+c ' J‘\/ax2+bx+c
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s 3HaxomkenHs koedimieHtiB Q, ,(X) Ta A Tpeba audepeHuitoBaTH
00MIIBI YACTHHM PIBHOCTI, 3BECTH JIO CITUTLHOTO 3HAMEHHUKA Ta MPUPIBHATH
MOJIIHOMH Y YHCEIbHUKAX APo0iB JIIBOPYY Ta MPaBOPYY.

q Bamina Atk
1 = ————dt, orxe,

X
2. | =\, =
(x—p)“vax® +bx+c X—p vatc +bt+c
3BOAUTHCS A0 1. SIKIIO y YMCENbHUKY BHXIAHOTO iHTErpaja CTOITh HOJTIHOM
CTETIeHIO, 10 OLIBLINIA 3a HyJb, TO HOT0 MOXKHA PO3KJIACTH 33 CTETCHSIMHU
(X—p) Ta NOYJICHHUM JIEHHSIM 3BECTH JI0 BUXIJHOTO IHTETpaIy.

dx

3.V iHTerpamax BHUIIISAY BUKOPHUCTOBYIOTh TaKy

(x? + px+ q)k%

niocmanosxy  Abens: ( /xz + pPX+Q )’ =t = dx dt

X+ px+q 1t

X2+ px+q= 3ayBaXMMO, IO LEH METOA TaKOX MpaLe s

1-t?

IHTEeTpaiB BUTIISALY .[

dx
(x? + px+b)*/x? + px+q .

n J~ Mx + N dx:j Mxdx _l_J- N dx .
(x2+q2)k\/axz+b (x2+q2)k\/ax2+b (x2+q2)k\/ax2+b

V  nmepmomy imTerpam pobumo samimy: ax’+b=t*, y mpyromy

!/

(\/ax2 +b) =t,

5. Iarerpan dx

k
(%*+ px+q) Vax® +bx+c
(micns 3aminm) 10 TyHKTY 4. Y 3araapHOMY BUIAIKy (a came, konu b = ap)

+v
1+t
Ta 3HaXOIAThb 4 Ta V Taki, 00 Micis 3aMiHU Yy KBaJIpaTHUX TPHOXWICHIB

a00 3BOAMTHCS 10 NMYHKTY 3 abo

.. . X—v
poOIIATE APOOOBO-JTIHIMHY MiJJCTAHOBKY X = abo t=——, (u#v)
=X

HE 3aJIUIITIIOCH TIEPIINX CTETEHIB t (BUMamoK 4).
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3ayBakMMO, II0 HE BCi HEO3HAUEHI IHTErpajd MOXHAa BHPA3UTH 4epes3
enementapHi ¢ynkuii. Hampukman, ne cTocyeTbes iHTEerpajiiB  Bix
mudepeHmianbHOro OiHOMY, IO HE OXOIUIeHI MifcTaHOBKaMu YeOwuirera.
Takox BaXKITMBAM KJIaCOM IHTETPaiB i3 ippariioHaNbHICTAMH € HACTYIIHI.

J. ExinTuyni inTerpaiun!

Bsarani inTerpamu .[R(x,«/%(x))dx i jR(x,,/PAx))dx, ne P;(x)

P,(x) — mominoMu 0e3 KpaTHHX KOpEHIB 3-T0 Ta 4-r0 CTEneHs BiAIOBIIHO,

HE BHPAXXaIOThCA Yepe3 eJIeMEHTapHI (YHKIII1 1 Ha3UBAIOTHCS eninmuiHUMU.
Ti 3 HUX, IO MOXIMBO BHUPa3UTH YeEpe3 eJEMEHTApHI Ha3MBaIOThCS
ncegdoeninmuynumy. ENINTAYHI 1HTErpald NPUBOIATHCI 10 KAHOHIYHOZ0

su2nA0y J‘ R(Z )dz , SKAH Jami 3BOJAMTHCA JIO eAinmuyHux
\/ )(1-K?z?)
inmezpanie I, I ma Il poody: I.j dz ; II.I 1_k222d
J(l—zz)(l—kzzz)
1. dz , me ke(01), ze[0,1], heR\{0}.
'[1+hz \/ )(1—k222) (©) (0.

OcraHHi, y CBOIO 4epry, 3MiHOIO Z=Sing, goe[O,E] NEPETBOPIOIOTHCS HA

eninmuyni inmeepanu y gpopmi Jlexcanopa:

|jm—F(¢,k)+c, II.J“/l—kzsin(pd(pzE((p,k)+C,

. =TI1(¢,k,h)+C, ne nepsicui F(p,k), E(p,k)
I 1+hsm (p Jl k?sing

Ta H((p,k,h) BHU3HAYAIOTHCS  OQHO3HAUYHO yMmoBamMu (koo @ =0)

F(O,k)=E(0,k)=T1(0,k,h)=0. A 1ix 3HaueHHs, skmoO @=7m/2

HA3WBAIOTHCS HOBHUMU eLINMUYHUMY IHMe2palamy BIITIOBIAHOTO POy .

13 apnsroThes mij yac 3HAX0KEHHS JIOBKUHM ellinca (a came, inTerpana E(g,k)).
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InTerpyBanHs panioHaabHUX APo0iB Bi TPMTOHOMeTPUYHUX QyHKIIH
HacTymHi miacTaHOBKM 3BOAATH IHTETpalid BUTILSAY jR(sin X, COS X)dx o
IHTEeTpaltiB BiJ palioHaIBHOI (QHyHKITIT.

1) R(=sinx, cosx) = —R(sinx, C0SX) = mijcTaHoBKa  cOsX = t;

2) R(sinx, —cosx) = —R(sinx, cosX) = migcTaHoBKa  SinX =t;

3) R(=sinx, —cosx) = R(sinx, c0sX) = migcraHoBKa tgX =t;

4) yHiBepcaJibHAa TPUTOHOMETPHYHA MiICTAHOBKA:
X : 2t 1-t? 2dt
tg_=t = sinx=—-; cosx= - dx= >
2 1+t 1+t 1+t

[lle mesxi kopucHi popmynu I IHTETpYBaHHS j R(Sin X, COS X)dX:

’
1 J-a1 sin X+b, cos x dX_J-a-3HaM+,B'(3HaM)
' asin X +b cos x asin x +bcos x

2 J-alsin X+bLCOSX+C1dX=J‘a sHam+ f3 - (3HaM) +}/dx
asin x+bcosx+c asin x+bcosx+c
3 J-alsin2x+2blsinx-cosx+clcos X
asin x+bcosx
:J-aCOSX-3HaM+ﬂSin X-3Hajl/l+7/dx,
asin x +bcosx

dx =

" J a,sin X +b, cosx 20{[ Uy +ﬂJ~ du,
asin® x + 2bsin X - cos X + ¢cos? X kuZ + 4 KUz +1,
. a-4 b 1
e A1, A2 — KOpPEHi piBHSIHHS el 0, ki = T

ui=(@- x-)sinx +bcosx;
5 I _asin X+ B cosx N J- dx
(asin x+bcos x)"  (asin x+bcosx)"* (asin x+bcosx)"?
6 asin x N dx N dx
I (a+bcosx)" (a+bcos x)" ﬁj (a+bcosx)"™* 7] (a+bcosx)"?
oy
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InTerpyBanHs panioHaabHUX APOOIB Bil eKCIIOHEHTH

s inTerpaiiB BUILy j R(shx, Chx)dx TIPAITIOIOTh TaKi caMi MiACTaHOBKH, SIK

1 JUTSI TPUTOHOMETPHYIHOT 3aJICIKHOCTI.
YuiBepcajabHa rinep6oJiyHa macTaHoOBKa

thfzt = shx= th; chx = 1+t2, dx = 2dt2 .
2 1-t 1-t 1-t
Bsarani mis iHTErpatiB BUIY I R(e*)dx, Ta 30kpema s _[ R(shx, Chx)dx,
OCKIJIBKH R(shx, chx)=R(e*), 3py4HILIO0 € iJICTaHOBKA
dt
=t = dx=—

InTerpanu, fIKi He MOKHA BUPa3UTH Yepe3 ejJleMeHTApPHI GpyHKLil
X

e . .
1. InTerpajibHa eKCIOHEHTA: I —dx=Ei(x)+C, x=0, ne inmeepanvua
X

excnonenma — 1e nepicHa Ei(X) i3 3HaueHHAM
Ei(—0)=0. I'padix Ei(X) HaBemeHno mpaBopyd.
o Toro x Ei(X)=y+|n|X|+0(X), akmo X —0,
ne y=0,5772156649... — cmana Eiinepa’.

X

Pexypentna ¢popmyna | = © -1

n n-1 n-1
X

JO3BOJIAIE€

X
OTPUMYBATH IHTErPaIU BUIISLY | = I e_n dx.
X

2. InterpanbHuii Jorapudm: IICi—X =Li(x)+C, x>0, x#1, ne
nx

inmezpanvHull noeapugm — 1e nepsicHa Li(X) i3
rpannuanM 3HauenHsm Li(0)=0. T'padix Li(x) -
HABEIICHO  MNpaBOpyY.  3a3HAYMMO  3B’S30K
Li(xX) =Ei(lnx) Tta Ei(x)=Li(e*), a Takox

XX _ i)+ C.
X

Ly =1lim@+1/2+1/3+..+1/n - Inn)
nN—-+0
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3. InTerpan moxmook — (PyHKIlisI MOMUIOK: %jetzdt =erf (X)+C, ne
T

2 — ne nepsicua erf(X), mo ¢ikcyeTbcs 3HAYEHHAM

@DYHKYIS NOMUNOK
erf (0)=0. 3asHaummo, mo BoHa HemapHa: erf(—x)=-erf(x); Ta

erf (+o0)=1. ®yHkuiss, moO TmNOB’s3aHa 13 (QYHKUIEIO MTOMMUIIOK,
1 X . L . .

®,(x) =—=erf | —= | Ha3uBaeTbCA iHmMespanom imosipnocmi abo iHTErpaIOM
2 2

Eiinepa — Ilyaccona.

Ha pucynky mpaBopyu 300pakeHi:
dynkiis y=e™ — kpusa layca
(HaiOimBII TOHKOIO JHIEr0
«II3BIHOYOK»); GyHKLIsA Yy = erf (X)

— HaWOIIBII TOBCTOI JIIHIEO, il
aMIutiTyia BABi4I  Oinmbima  3a
aMIUTITYAy i1HTerpana iMOBIpHOCTI
(300pakeHO cepeIHBOI0 3a TOBIIUHOKO JIHIETO).

4. IuTerpajbHi CHHYC Ta KOCHUHYC Ta rinep0oJiyHi inTerpanabui gpyHKuii:

I—Smx dx=Si(x)+C Ta I—COS dx=Ci(x)+C, x#0, ne inmespanvruii

cunyc — ue mnepsicaa Si(X) i3 3uauennsm Si(0)=0, a inmeepanvruil
xocunyc — 1e mnepsicha Ci(x) i3
snagenusM  Ci(o0) =0. 3a3Haunmo,
mo Si(X) memapua: Si(—X) =-Si(X); = AN
a Ci(x) mapna: Ci(—x)=Ci(x), Tay I = B s
pazsi X—>0 Mae acHUMNOTOTHKY ¥
Ci(x)=y+In|x/+0(x), sx i Ei(x). ]
Ha pucynky mnpaBopyud rpadik *
¢byukmii - Si(X) npoxomuTh uepe3

MOYaToK KoopauHar, a Ci(X) cMMeTpHUYHMI BiTHOCHO OCi OpAMHAT.

2 Big anru. error function — gyHkIis HOMHIIOK.
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AHAIIOTIYHO J'Sh—xdx:Shi(x)+CTa dex:Chi(xHC,x;&O, ne
X X

inmezpanvrull cunyc 2cinepbonivnuii — 1e neppicua Shi(X) i3 3HaYeHHSIM
Shi(0)=0, a iumeepanvhuil  Kocumyc
einepboniynuii — 1e mnepeicHa Chi(x) i3
acummrorukoro  Chi(x) =y +In|x|+0(x),
akmo X — 0. Ha pucynky npaBopyu rpadik
¢yukmii Shi(X) mpoxoauTh Yepe3 MmovaToK

koopauHat, a  Chi(X)  cumerpuunuii

BITHOCHO oOci opawHar. Sk 1 3BUYalHI
IHTerpalbHUI ~ CHHYC  Ta  KOCHHYC,
¢yukmis Shi(—x) =—Shi(x) — wHemapna, a
¢yukuis Chi(—x) =Chi(x) — napna.

Ha pucynky mnpaBopyd HaBeneHo rpadik
KPHUBOI {X =Ci(t),y=Si (t)}, 3aJ1aHoT

napamMeTpuyHo («Byca» CHMETPUYHI BiIIHOCHO
oci abcmwc).

5. Interpanu ®@peHes:

2

2
J.Sin(%j dx=S(x)+C; ICOS[%J dx=C(x)+C, me nepsicai S(X) Ta

C(x) dixcyrorbes 3nauenHsMu S(0) =0 Ta C(0)=0. Li ¢pynkuii HenmapHi:
S(—x) =-S(x); C(—x) =—-C(x).
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Ha PHUCYHKY npaBopy4 o
HaBeneHO  rpadik  GyHKUIN o}
y=C(x) u y=S(x) (dbyHkuisa
S(x) Ma€ B IOYaTKy 0}

KOOpAWHAT HYJIbOBY HOXiJTHY).

Ha pucysky mpaBopyd mHOGYI0BaHO
rpadik KpuBoi {X=C(t),y=S(t)}, 1o N

3aJlaHa _TIapaMeTpUIHO («Byca» ..
CUMCETpPHUYH1 B1THOCHO IMo4YaTKy
koopauHar). Ll kpuBa mae Ha3Bu: e

«cnipans Koprio'» Ta «kmoroima®». VY
miel KpUBIM KpPHBH3HA  3MIHIOETHCS
TiHIAHO AK QYHKIS BiJ TOBXKAHU AYTH.
BoHa BHKOPHCTOBYETBhCS K TEpeximHa
ayra mij gac OymiBHuiTBa nopir. Komm
IUITHKa JIoporu Mae (opMmy KIOTOINH,
KEepMO TMOBEPTAEThCs piBHOMIpHO. Taka
(dhopMa J10poru J03BOJISE 3MIHCHIOBATH
MOBOPOT 0€3 CYTTEBOTO 3HIKEHHS
LIBUIKOCTI.

E

08

1 M. A. KopHio — QpaHiy3bkuil (isvK, BAKOPUCTOBYBAB K0 KPUBY JIJIs TIOJIETIIEHHS
PO3paxyHKy AnGpakiii B NPUKIAJAHUX 3a/1a4aX ONTHKH.

2 Knot6 (rpeu. Khodd, «I1psixa») — y JaBHBOTPEbKiN MiosIorii 0JHa 3 TPhOX
OOTMHB J0JIi 1 TPU3HAYECHHS JIT0/IeH Ta OOTiB, 110 HPsIa HUTKY JKUTTS.
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5.2. KoHTpO/AbHI NUTAHHS Ta 3aBAAHHA

1. Illo Take mepBicHA Ta HEBJIACHHMA iHTETpaI?

2. [Tosicuuth, YoMy y onHiel yHKuii f(x) = > iCHye /Bl pi3Hi IEPBiCHI:
X

F(x)=arctgx ta Vx#0 F(x)=—arctgl.
X

3. Sk moB’s13aHi onepauii AudepeHitoBaH s Ta IHTErpyBaHH?

4. BumnncaTty TabJIUITIO TIEPBICHUX, TOBECTH ii.

5. 3amucaru GpopmyIty 3aMiHM 3MIHHOI y HEBJIACHOMY iHTerpaii ta popMmyiy
iHTerpyBaHHs YacTHHAMH. JloBecTH iX.

6. SIki mpoOm i3 miiCHUMH Koe(]illieHTaMU € eIeMEHTapHUMH, Ta SIK
OOYHMCITUTH BiJ HUX iHTETrpamn?

7. o Take mpaBUIIbHUI Ta HENPABWIBHUK qpoOu?

8. SIkwif anropuTM IHTErpyBaHHS JOBUIEHOI parlioHATBHOT PYHKIIIi?

9. SIK yHUKHYTH iHTETpyBaHHS elleMeHTapHoro Apody turry [V?

10. 3anmucatu  meton  OCTpPOrpafcbKOTO  IHTETPYBAaHHS  PpalliOHAIBHOI
(dhyHKII.

11. Slka 3amiHa 3BOJUTH iHTErpa i3 APOOHO-TIHIHHOI ippaIliOHATBHICTIO JI0
IHTETpaIy Bi pamioHansHOT PyHKITIT?

12. Ski icHyIOTh 3aMiHH, IO 3BOASTH IHTErpaj i3 ippaliOHANbHICTIO THITY
nmudepeHiabHI O1HOM JI0 1HTErpaty Bifl parlioHaNbHOT PYHKIIIi?

13. SIxki icHyIOTH 3aMiHHM, IO 3BOIATH IHTETpall 13 KBaJAPATUIHOIO
ippallioHaBbHICTIO /IO IHTEeTpaly BiJl palioHANbHOI QYHKIIIi?

14. Ski e € MeToaM, 1010 IHTErpyBaHHS KBaJApaTUUHOI ippallioHaILHOCTI?
15. Uu Oynp-skuil iHTETpal i3 ipparlioHAIBHICTIO 3BOJUTHCS IO iHTETrpala
BiJl pamioHanbHo1 GpyHKIiI?

16. SIki 3amiHM Ta y SIKHX BHUIIQJKaX 3aCTOCOBYIOTh, MO0 M030aBUTUCH
palioHabHOI 3aJIE)KHOCT] BiI TPUTOHOMETPUYHHUX (PYHKIIM y HEO3HAYEHUX
inTerpanax?

17. SIki 3amiHM Ta y SIKHX BHUIAJKaX 3aCTOCOBYIOTh, 100 M030aBUTHCH
€KCIIOHEHTH a0o TinepOoIiuHIX (YHKIIN y HeO3HAYEHUX iHTerpanax?

18. [lo Take eNinTUYHI iHTErpaIH? Ix 3aranpHUil KaHOHIYHWMI BUTISL. SIKi €
ix Tinu Ta 3anuc y Gopmi Jlexxanapa?

19. o Take iHTerpajgbHa €KCIIOHEHTA Ta IHTErPaIbHUIN JTorapudm?

20. o Take QyHKLis MOXHUOOK Ta iHTErpas iMOBipHOCTI?

21. o Take iHTETpalbHI CHHYC Ta KOCUHYC Ta iX TinepOoiuHi aHanoru?

22. SIk BUTIIAA0Th iHTErpann OpeHes, Ta Mo Mpo HUX BiToMO?
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5.3. llpuknagu po3B’sI3yBaHHs 3a1a4

Ilpuxnaou na 3aminy 3mMiHHOI'"

Ox _pdlnx_ |=Inx|=.|'%=In|t|+C=In|Inx|+C;
xInx 7 Inx t
X = cost, i
2. I 3,2 dx:—sintdt:J‘%tdt:ctgprcch)suc: X _.c
sint N
3. X =sht ‘: chtdt _ dt thtace X e
'[ 3/2 dX = Chtdt j Ch3t J- Ch Zt W )
a60 y 1HIIUH crocio:
1
(1+x2)3’2:I 1 ”ZSan’Iﬁ: , 1 :Sgnx'fw=
ol e S
—§+l
2 sgn x-|x
Lognx 4o S9NX oo SONX o _%0 X,
) Jt 141 1+ J1+x
2 Tz

Ilpuknaou na gpopmyny inmezpyeanns uacmuHamu

u=Inx, du=— 1 )
1-J'Inxdx= X =x|nx—jx-—dx=xlnx—x+C,
X
V=X, dv=dx
2. BararokparHe 3aCTOCYBaHHS:
szexdx =_[ x’de* = x%” —J‘exdx2 = x%* — 2_[ xe*dx = x%* — Zf xde* =

inmezpyemo
wacmunamu

=  x%*—2xe* + Zjexdx = x%* —2xe* +2e* +C:
inmezpyemo
yacmuHamu

3. BUKIIIOUITE iHTETpYBaHHS HEEJIEMEHTAPHOT (PYHKITIT: J XCi X)dX.

XCOSX

[xci(x)ax = [Ci(x d—:—C() I—dCl(x)——Cl() 1=

4. PexypentHi popmynu (HGopMyiHu 3HUKEHHS).
Hexait n,m>0, n,m=-1, Toxi
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In"x= u, du= dx XM x™ 0"t
Imzj'xm In" xdx = Xxm” = lln“x—j - dx
deXZdV, Ve m+ m+ X
m+1
Xm+1 n Xm+1 n Xm+1 ~ n _1
= In"x— =" X———| —In"" x—=1__ |,
m+1 m+1 ™ m+1 m+1\ m+1 m+1
Xm+1
Boxuouac 1, :jxde: +C.
' m+1
5. OTpumaHHs piBHSAHHSA i3 BUXITHUM {HTETPaJIOM:
1 . 1 . 1¢.
I :jeaX cosbxdx=—je”d sinbx =—e* smbx——jsm bxde®™ =
1 b L b b
. a ) . a
=—eaxsmbx——jeaxsmbxdx=—eaxsmbx+—zjeaxdcosbx=
b b b b
1 o a a’ ¢
=_e*sinbx + —=e* cosbx — — | e coshxdx + C. Orxe, OTPUMAHO
b b b?
: 1 .. a . a’
piBHsHH: | ==¢€ SIan+Fe COSbX—FIJrC, 3 SIKOTO BHIUIMBAE
e™ (bsinbx +acosbx)
= +C

a’+b?
IIpuknao no muny «mMampobowika) iz iHMeZPySanHAM YACMUHAMU

1 rlInarctg2*-coslnarctg2”

2" -Inarctg 2" - cosInarctg 2 .
| . X=—— - d(2") =
(1+2%)-arctg2’ 27 (1+2%)-arctg 2" =2
:ij-lnarctgt-coslnarctgt t:ijlnarctgt-coslnarctgtdamtgt:
In2°  (1+1*)-arctgt In2 arctgt
1 1
=——/|Inarctgt-cosinarctgtd Inarctgt = —|y-cosydy=
|n2J‘ g g g y=Inarctgt |n2-‘-y ydy

- i 1 (ysi . 1
:Ejydsmy = —(ysmy—j'smydy)=m(ysmy+cosy)+c:

inmezpyeanns I n 2
uacmunamu

= %(In arctg 2" -sinInarctg 2* + cosInarctg 2*) + C.
n
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Ilpuknaou na o6uucnenns inmezpanie 6i0 payionanibHuUX QyHKUIl

6 2
. X° =X +2x+1
1. O6umcnuTH iHTErpat dx.

x(x —1)(x2 +lj

PamionansHuil migiHTETpaMbHUM Opi0 HENPaBUIBHUM, OTXKE, CIIOYaTKy
JTAMO 3 ocTauero. Jast ILOTO 3aIUIIIEMO

X(X —l)(X2 + l): x* —x* + x® — x. linumo y cToBmUmK

xe—x2+2x+1‘x4—x3+x2—x

......... X+ X , Ta MaeEMO
2x+1
6 |2 32
X" —X"+2x+1 x> X 2x+1
dX = —+— _[ ——dx.
x(x—l)(x2+1) 32 x(x-1)(x*+1)
Jus  oOuucieHHs OCTaHHBOTO IHTETpaly, pO3KJIaneMo JApi0 Ha Ccymy
2x+1 A B  Mx+N

R x(x—1)x2 +1) X x-1 et

~(x=D0C +)A+X(X* +1)B+ x(x—1)(Mx + N)

N X(X—=1)(x* +1) '

(A, B, M, N — neBusHaueHi koeditientn). [IpupiBHIOEMO YHCETBHUKH
2x+1 = (x—l)(x2 +1)A+ x(x2 +1)B+x(x—1)(Mx+ N).

JlBa mojiHOMa JOPIBHIOIOTH TOAI ¥ TIABKK TOMi, KOJIM KOe(IlieHTH 3a
OJIHAKOBUX CTEIIEHIB CIIBMNAJa0Th. [3 I[LOTO KpPUTEPIF0 Ta OCTAaHHBOI
PIBHOCTi OTpUMY€EMO:

X*:A+B+M =0 A=-1
X*:=A+N-M =0 B=3/2
xX':A+B-N=2 TIM =—1/2
x:-A=1 N=-3/2"
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2x+1 dx 3 dx 1px+3
jx(x—l)(x2+1) - J‘X-’_ZJ‘X 1 2Ix2+1

3 2
Otxe, | :X—+X——In|x|+§In|x—1|—1In(x2 +1)—§arctg x+C.
3 2 2 4 2

2. O04YucIUTH IHTErpaI IL
(1+ X )
Posknanaemo api6 Ha cyMy mpocTimux ApoOiB
1 A B Cx+D Ex+F

x2(1+x2f X x +(1+ x2f T
moxkHa 3Haiit A, B, C, D, E, F sx y monepenHiii 3amadvi, ajge MOxXHa i
3pOoOUTH TaKi MePEeTBOPEHHS
1 1+x*=x* 1+x*-x° 1 1 1 1

Clext ) eaxf  CRed) @extf 1 [axef
Otrxe,

dx dx dx dx1 1
e e [ L (o 3
Interpan, 1m0 3aJIMIIMBCS € IHTErPAJOM BiJl €JIEMEHTAPHOIO JPOoO0y

YeTBEPTOTO  THITY j d—X
(1 +x? )2 ’

BUKOPUCTOBYBaTH (HOPMYITy 3HHKECHHS

Ta JJI1  WOro OOYHMCIIeHHS Tpeda

del 1 x

1
5 —_[ ——— +—arctgx+C.
(1+x2) 21+x° 1+x2 21+x* 2

Hani mMu Oyzmemo (Ta paauMo) ycCyBaTH IHTETrpajll YETBEPTOTO THITYy 3a
Jonomororo mMeroxy OctporpaicbKoro.

Ilpuxknao na memoo Ocmpozpaocvkozo:

4x + 3

x* +2x% +3x% +2x +1
HC(Q,,0,) MoxHa 3HalUTH 3a JTOMOMOroi0 anroputMy EBkiina. Y mpomy

O6uuciuTH J.

TIPUKJIAJI BiH TOPiBHIOE x* + x+1. Tomi
142

I 4x +3 q Ax+ B +,[ Cx+D

4 3 2 X== 2
XT+2X° +3Xx° +2x+1 X°+Xx+1 X“+x+1
s snaxomkenns A, B, C, D nudepeniiroemo o0uIB1 YaCTHHU PiBHOCTI:

Ax +3 A(x2+x+1)—(Ax+B)(2x+1) Cx+D
X'+ 2x° +3x2 +2x+1 (x2+x+1)2 el

dx.

A(x2 + x+1)—(Ax+ B)(2x+1)+(Cx+ D)(x2 + x+1)
(x*+ x+1)2 '
OCKIIbKM 3HaMEHHUKM OJHAKOBI, TO 1 YHMCEJIbHHKM MAalOTh CIIIBIIAJATH:
4% +3=A(X? + X +1)+ (Ax+ BY2x + 1)+ (Cx + D)(x? + x +1).
[IpupiBHIOEMO KOE(DILI€HTH 32 BiIMTOBITHUX CTYTIEHIB X
x}: C=0 C=0
x*: A-2A+C+D=0 D=2
X': A—A—2B+C+D=4| |A=2
x: A-b+D=3 B=1
Jy1s BUX1THOTO 1HTErpajia OTPUMYEMO
4x+3 2x+1 dx

J 4 3 2 X=-3 +2J. 2 =

X" +2X°+3x°+2x+1 X“+x+1 X“+x+1

+C

d(x+1/2
_ 22x+1 +2J- ( : ) 2x+1 14/ JFarc x+1/2
X“+x+1 (x+1/2)"+3/4 X2+ x+1 J§/2

Ilpuknaou nHa no3oasnenna 6i0 OpioHO-NiNIIHUX ippayioHaTbHOCMElL:

x3x+2 x+2=t] (t'-2)t-3t
1. j— X = :jg—dt;
X+3x+2 dx = 3t?dt t°+t-2

’ j5/(x_7;]|7x(x_5)"’ :IG(?‘:QS (Xix7)2 )

143



_ 5 _ 6
_|x 7=t6,dx= 12tdt2’X:7 52 X5+ 26 _
-5 (1—t6) 1-t 1-t
12t dt
_J ) =3 E=—§+C.
)2 t? t

HOBepTaIO'-II/ICB JI0 TTOYATKOBOI 3MiHHO1, OTPUMAEMO

J' dx = _3 X—5
Y(x=7) (x-5) -t

Ilpuxnaou na niocmanoexu Yeouwesa (Oughepenuyiitnuii 6inom):

1. j& 4/1—% -dx=_|‘xl’2 (1—x3’2)1/4 dx =

m=1/2 n=-3/2; p=1/4 "+

e Z = 2 niocmanosxa Yebuwesa

-2/3

1-x 9% =th x=(1-t')""; dx=§(l—t4)5/34t3dt.

3 / t*dt
=[(a-t") (1 t)534t3dt_—j o
OTtpumanu panioHandbHy QYHKIIiO, IKY MOYKHA MTPOIHTETPYBATH METOIOM
OcTporpaicbkoro;

5
m=-2; n=3;, p=——;
P 3
dx > 3)-5/3 m+1
2. j—:Ix (2+X) dx=——+p=-2€Z = =
2 3)° n
X 3(2+x)
3 niocmanosxa Yebuwesa

3 2/3
_[2+X =t%; £+1 t%; dx—l[ 32_ —~ 33 > [3t?dt|=
3lf-1) | @
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f( " 5'1( 2 j2/3_2(—3)t2dt :_lj-ts—ld 11
t° - 3\t -1 (ts_l)z 47 3 4 8’

2
3 3\ 73
:_33/2+3x 1 2+3x e
4 X 8l x
.[x’z 2+x M x =
2;‘[ 2+x

’Konna 3 migcraHoBok UeOwmieBa He MiAXOAUTh — IHTETpal HE MOXe OyTH
BUPaKEHUH uepe3 eJeMEeHTapHi (PyHKIIIT.

m+1 m+1
peZ: T+ez; T++pez.

Ilpuknaou na niocmanoseku Eiinepa (keadpamuuni ippayionanvnocmi):

a>0, 1 niocmanosxa Eiinepa Nx* +x+2 =—x+t

1. 2 =
J‘x+\/x +X+2 X2+ X+2=x—2xt +1°; —t 2

1+2t
2 2 2 2
:I}d t°-2 1t 2+J‘t Z'izdt:}'t 2+J‘ dt _ZJ' dt :
t (1+2t) t 142t Y142t t t1+2t Y142t Y (1+2t)t
OTpuMaHoO iHTETpaIH Bijl pallioHaIbHUX (QYHKIIIH;
1-1 C>O, 2 niocmanosxa Eiinepy :\1+x —x* = xt +
2 j +X-X°

XL+ Xx—xE | 1o x—x® =1-2xt + x2t2: x:iz_zi B
J’_
1—2t 1-2t
2 d 2
J‘ t°+1 \t°+1
1-2t 12_2t-t+1
2+1 (2 +1
OrpumMaHo iHTerpa BiJj palioHaibHOi (QYHKIIIT,
:Dl:§293;3ni0cizumma _(X_l)(x_g):t(x_l)
3 J‘ \} 3+4X X FEinepa _
2
X+ 243+ 4x - X ,_3Xt'_3xt(x 1): x _3+t?

t+1

_I —2t(t* -t -1)
P +na+t-td)
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—8t%dt
(t> +1)%(t? + 4t +3)

2
t(32+t _1j 2
:I t°+1 3+t :J.
3+t? 3+t° t2+1
5 + 2t 5 -1
t°+1 t°+1

BiJl pallioHATBHOT (DYHKIIII.

Takox iHTErpan

Ilpuknaou na inwi cnocoou inmezpyeanns KeaopamuuHux
ippauionansnocmeii:

1. Jx3+2X2+X_3 x=(ax2+bx+c)\/x2+x+1+oaj

dx
L Ter TRATOY L S
X2+ x+1 X2+ x+1

1
(ax2 +bx+c)(x+2)

UE +x+1

+

3 2
% = (2ax +bx)VX* + X +1+
X+ x+

o (2ax+b)(x2+x+1)+(ax2+bx+c)(x+$j+a

+ =
I +x+1

I +x+1

x3+2x2+x—3:(2ax+b)(x2+x+1)+(ax2+bx+c)(x+%J+oc.

x*:1=2a+a a=t
3
x2:2=2a+b+2+b 7
2 b—ﬁ
) b = .
x:l=2a+b+c+— c:—E
24
X:—3=b+l40 a:_@
48

3anuImIoch 00YMCIUTH IHTETpal

j dx :I dx =In x+l+\/x2+x+1 +C Ta mipcraBuTH
I+ x+1 ( 1)2 3 2
X+ |+
2 4
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3HaWICHUH 1HTerpai Ta KoeQilieHTH y TOYaTKOBUI BUpa3;

2 J. > —‘t——l X—1+} dx——g—
(X—1)3\/X2+2x+2 x—=1' t t*
—t3-t72dt —t2dt e

I :sgnt-.f—,
, 2
\/1+f+t12+2+f+2 StT+4t+l

BHTIIAY, SIK Y TIONIEpEeAHbOMY TIpHUKIIami 1.

Ilpuknaou na mpuzonomempuyuni NIOCMAHOBKU:

3BCACHO

dt

dx X 2dt 1 2dt
1. :t —:t = . = =2
I2+cosx ‘92 ‘ -[1+t2 2+1—t2 I2+2t2+1—t2 I
1+1t2
(1—t2

5
X ) )
2. jc?i dx=|smx:t; dt = cos xdx; coszx=1—sm2x|=j
sin® x
dx

dx
' -[3cos2 X —2C0S Xsin X +sin® x _I3cosz x(3— 2tgx+tgzx)

t4

t = tgx

_ _J‘ dt )
- dt=(l+t2)dx 2o+ 3

r,seQ; sin’x=t
dt = 2sin x cos xdx

r-1 s-1

1sin" xcos® xdt _
2 sinxcosx

4, Jsinr X-c0os® xdx =

3+t%

2

0

= %jsin” xcos* ™ xdt = %ItT (1— t)7 dt — imTerpan Bix audepeHIiiHOTO

OiHOMa.

Ilpukiag Ha yCyHeHHS eKCTIOHEeHTH/TinepooaivHuX pyHKIii

I e 41 e’ =t, x=Int

——dx= =
2sh x+chx dx:ﬁ '[ 1
t t—t+

t? +1 dt
t+tt ot

iHTerpa Bifl pauioHadbHOT PyHKII].

— OTKE, OTPUMAHO
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5.4. 3apayi 1uIs1 caMoOCTIHHOTO PO3B’A3KY

O0uncnuTH, 3aCTOCOBYIOYH TAOJIHUITIO IHTETpalliB i TOTOXKHI IEPETBOPEHHS.

L. [(3-x%) dx.

4 -4
3. J'—de

5 J-xdx

m—\/x——

Vit -1

3x
e +1dx.

9.

J e +1
11. J'sinzxdx.
13. [(2x-3) %x.

dx
(sx—2)"%

17, j%.

19 J.1+ CoSX

15. |

OO0umCcaUTH IUISIXOM HaJIeKHOTO IEPETBOPEHHS MiAIHTETPaIbHOTO BUPa3y.

xdx

(1+x )2 |

dx

21, [
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2. j(l—%}ﬁdx.
4, J'de.

6J‘x+1

8. jz%x dx.

10. [V1-sin2xdx (0<x<m).

12. jctgzxdx.

14. j 31—3xdx.
dx
2-3x2

18. j(e‘x +e % )jx.

16. |

20. | d
" l4sinx

22jmld—§
X

dx
24, [ — &
XvVx% +1

26. J.1+2e

27. jxlnx 28. [tgxadx.
dx
29. jsmx 30. j?%
rct X 7edx
31. jHng . 32. JW.
33 IX +1

BkasiBka: ( jdx d (X - 1]
X

1 1+x
35. In=—=dx.
jl—x 1-x

O6‘II/ICHI/ITI/I 3aCTOCOBYIOYH METO/] PO3KIIaIaHHS.

36. jmdx 37, Iﬁdx
38. j 100 39. j#.
40. J'ﬁdx 41. _[x\/1+_xdx.
42. j\/% 43. [tg® xdx.

44, jsm xdx. 45, jsin“xdx.

3HalTH, 3aCTOCOBYIOYH BIIIMOBIIHI ITiJICTAHOBKH.
dx
46, Xdx 47. .
/ V2 '[ J1+e*
dx
48, | ——. 49, | ——=
I 1+ \3/1+ X I Ix+4x

so.jJ:XX__l. 51. | (*/_d’zﬁ).
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In xdx arctgy/x  dx

52, | ————. 53. —_

J X+/1+1In X J Ix 14X
4. [ arCtge . 55. | Intgx_

sin(2x)

O6qI/ICHHTI/I SaCTOCOByIOLH/I METO/, iHTeryBaHHH YJaCTHUHaAMU.
56. jlnxdx. 57. jx” Inxdx, (n=-1).
58. _[Inz xdx. 50. sze‘zxdx.
60. [x*sin 2xdx. 61. Ixarctgxdx.

62. J'In(x+\/1+x2)dx. 63. Ixa;ccisx

2
64. j 65. [ —— xdx
1+x 4+x
66. [x lnH—Xd 67. [xe*  dx.

68. [Vx* +adx. 69. J'eaxsin(bx)dx.

Inx\’
70. | In" xdx. 71. || — | d
f i)

[HTErpany 3a TUIIOM «MaTPBOIIKa» i3 IHTErPyBaHHIM YaCTHHAMHU.
In(Inarccos x X | g ((FCIOX
2| /—( L. 7. | (2 )4y

1-x" arccos x 1+ X

74. J’e\/arcsin\/;d—xl
2,/x(1-x)
76.I%In(tg 2" + 1+ tg? 2X)dx.
cos
7 IZX Inarctg 2" - cosInarctg 2"
1+ 22X arctg 2"

l1+e

dx.
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75. Icosln(ln(l+ex2)) xex; dx.

InTerpyBanHs pamioHaJbHUX PyHKIiH

Po3knamanns Ha HAUTIPOCTIMI APOOH, METOA HEBU3HAYCHUX KOe(DIIlieHTiB.

dx
X2 —x+2
x> dx

78. |

80. [——MM—.
Jx6—x3—2

dx
o2 )

84, f 2X+3

8. [ ————

(x+1)( x+2)
dx

(x—2)(x+5)dX

88. |

(x2 —4x+ 4Xx2 -

e +1)3
100. jL
(2x +3)

79J. X+1
NG +x+1

81. [ xdx .
X —2xcosa +1
xdx
(x+2)x+3)
xdx
203
2
87. |1 4.

(x+1)*(x-1)

xdx

83. |

89. |

91. dex
x> —5%% +6X

dx
9. -[x3—x2—x+l'

% I 2x +2x 1

o I(x +1)Z

X2 +3x -2

(x+1)(x+2)2(x2+x+1)'

( +x+1)

101. j X(x-2)

(x-1)° (x? +1)



InTerpyBanns ippanioHanbHUX QYHKIIA

102. |

dx
I +1-Vx2 -1

dx
104 J. x(1+2\/§+§/;)'

3
106. | ON2HX

+3/2+Xx

108. j

dx
I +x
110. |

xdx
Js+x—x>
dx
A2 +x-1

dx

112. |

114. j

1—X+X>

XV1+X— X

dx
(x+INX2 +x+1

xdx

116. [ ———

118. |

120. |

x—1)3\/x2 +2X+2

(1P 1+ 2x—x%

x? +1)x
(x2—1 Oy
1-Vx+1
1+\/F

xdx
ix@2-x)

dx

103. |
105. j

107. |

109. j

xdx

1-3x% —2x4
dx

(x-1 X2-2

115. J\/Z+ X — x?dx.

111,

113. |

x* +1

xyx* +1

dx
o1
VX2 +x+1

121. [ ————dx.
j (x+1)?

117. j

119. |

3HaiiTH, 3aCTOCOBYIOUH MiacTaHOBKH Eityiepa.

dx
X+ X2+ x+1

122. j

124. [x X2 —2x+2 dx.
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123, J-l— 1+ X+ X2

x\/1+ X + X?
i [1+JW12 |

\/x+2 \/x+2 '
+ 3
2X+3 2X+3

dx

1++4/1-2x—x? '

126. j

VX2 +3X+2—X
VX2 +3X+2 +X

127. j

OO0uuncIuTH, 3aCTOCOBYIOUH ITiJICTAHOBKY YeOuiena.

128. J‘\/x3 +x*dx.

130. j 1+4/x dx .

132. j x2$/(x + l)zdx

dx

134. =
23 (2+x3)

x dx

\/1+§/x_2 |
dx
x §/1+ x°
x>dx

J1- le
135. [ ——— mlg/“—x

129.

131. |

133, j

dx.

136. Bupasutu uepe3 eneMeHTapHi QyHKii i pyHkuii F (q), k) ta E ((p, k)

SNNTUYHI IHTETPaJIH; ) j

2
J36x* —13x% +1

InTerpyBaHHsi TPUTOHOMETPUYHUX PYHKIIT

3HalTH 32 JOIOMOT'OI0 TPUTOHOMETPUYHUX TOTOKHOCTEH.

137. jsin 5xcos x dx.

139. Ism X

141. J'sin“ XC0S® X dX.

143. j

\/E

145 | ——
J.sm x—sina

138. jsinz xcos(3x +1)dx.

140. | ————
J.sm xcos® x

sin 2x
cos® x

142. j

144, J'tg xtg(x+a)dx.

dx

6) J‘ dx
J1-2x% —8x*

146. j

sin(x+a)cos(x+b)
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147. BuBectn ¢GopMynu 3HWKEHHA A iHTerpamiB |, =

Ky =]

dx

cos" x

(n>2). 3 ix gomomoroso obuncuTH: a) |, ;

OO0YHCIIUTH 33 JOTIOMOTO0 TPUTOHOMETPUIHHUX ITiICTAHOBOK.

148.

150.

J
J

152. |

154.

156.

158.

160

161

163.

165

]
J

]
3|
3|

]
3|

dx
2sin X—COSX+5

sin? x dx
SiNX+2c0S X
dx

sin* x + cos* x

Sin X — CoS X

Sin X+ 2¢0s X
dx

3+5tgx
2sin X + COoS X
3sinx+4cosx—2

dx.

dx.

dx
149, | ———MM—.
Isin x(2+cosx)

dx

6) K.

151. j

153, jsm X COS X dx.

1+sin* x
155. | _SNX g
Sin X —3c0os X

sinx+2cosx—3

sinx—2cosx+3
sin xdx

SiNX+CcosX++/2

157. j

159. j

sin 2 x—4sin X-cos X +3¢c0s? X

sin X+ COS X

1—sin2x — 4cos? X

2sin X +Ccos X
sin X —2cos X

—— d

1+ 4sin xcos X

sin xdx

cos xy/1+5sin’ x

dx.

dx.

162. ,[ 2SIn X —C0oS X

3sin® X + 4¢0s” X
sin xdx

(asin x +bcosx)?’

164. j

sin xdx

166. | —.
J.«/Z +5sin 2x

InTerpyBanHs pisHMX TPAaHCHEHJACHTHUX (PYHKITIH
167. [ x| x|dx.

169. j{|1+x|—|1—x|}dx

171. [[x]lsin nx|dx (x = 0).
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168. [ (x+|x|)’ dx
170. max(1,x? Jdx.
172. [| x[dx.

(1—cosx+sin x)zl

173. [ f(x)dx, e f(x)= {1‘ X%, |x|<1

1-[x] [x|>1°

174. 3a HOMOMOTrOI0 IHTETPATBFHOTO JOTapupMy Li(X) 1 eJIeMEeHTapHHUX

XlOO

175. 3a 101OMOrok0 iHTErpaIbHOro cuHycy Si (X) 1 eneMeHTapHuX QYHKLIN

(yHKUiN IepeTBOPITh IHTETPaIH:

a) J'l_TXe‘de; 0) I%dx;

[IEPETBOPITH IHTETPAIIH:

dx.

sin 3X sin 3 x XSin X —COos X
Q) [= e

dx; 6) f X; >

X
176. 3a monomoroko interpany moxu6ok erf (x) i exemenrapHux QyHKuiii

[IEPETBOPITH IHTETPAIIH:
—(2x%+2x41
a) J’e ( X7+ x+)dx;

177. BUKIOYiTh iHTErpyBaHHs HeelleMEHTapHUX (YHKITiH:

6) .[xze‘x2 dx ;

a) [ Li(x)dx; 6) [ xSi(x)dx ; B) je‘xz/ “erf (x)dx.
3HaliTH, 3aCTOCOBYIOUYH Pi3Hi NpUiioMHn
178, | 20X 179, [—
x* -1 (X10+1)2
xt+1 -1
180. dx. 181. .
'[ X6 +1 X J- X +1 dx
dx
182. . 183. | —— .
'[x61+x2 '[ 4_1)3
dx
184. 185.
I x* -1 -[ x*+1
xax e*
186. . 187. dx.
J.cosz X j 1+ X)
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2
188. [x"e ™ dx.
190. jCOSz\/;dX.

dx

9 I1+e /24X 4eX0

194, Ix-arctgx-ln(1+ X?)dx.

196. [n[(x+a)"* (x-+b)""]

198. Isin x-Intgxdx .

x* -3
200 J.x(xg +3x* +2)dx.

X4

202, | ——————dx.
J.x“ +5x> +4

x2 +1

204. j dx .

X3+ X%+ x+1

206. I,/(x—a)(x—b)dx.

dx
208. j—
\/1+3{/X_2
X +V1+ X+ x>

210. j dx.

1+ X+V1+X+x>
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189. [xe* sin xdx.

dx
191. ——
J e 1eX-2
X arctg
193. '[e—dx.

(1+x2)3/2

195. I xe*sin’ xdx .

dx
(x+a)x+b)’

n-1
2 j dx a) cosa=0

x—a\" ' 6) cosa=0
sin ———
2

199.Isinln Xadx.

0L j 4x+4)(x —4X+5)

x> —6x% +11x—6

203. dx.
'[ VX2 +4x+3
x4 -1
205"" x4 SXX5 5x+l)dx

207 I\/ x+a x+b

209. f\/e +4e* +1-dx.

dx

(x+1) VX2 +3x+1

211. j

dx

dx
212. . 213, [— =
I — 1) V1+2x-x? J.x+\/x2+x+1
dx 5(n £y3\2?
214.j1+\/;+m. 215. jx (2-5x°)" dx.
| J1+x2
216. | o . 217, | n(H—;X)

3 1+x
\/1+ x2+(x/1+ xz) *

218.I ?smx—cosx . 210, J- aismx+blcosx2
3sinx+4cosx—2 asinx+bsinx)
220. | SINX=2C0X 4 221 [ ———
1+ 4sin xcos x l+ecosX
a2 i 2
299 J-sm X §|nxcosx+2cos de.
sin X+ 2C0s X
3. J- dx a) cos(a—b) =0
sin(x+a)cos(x+b)’ 6) cos(a—b)=0"
224, jsm 2X - cos® 3xdx. 225. _ftg5xdx.
sin 2 x
226. | dx. 227. j
cos® x cos* x

a) 0<|e|<1
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10.

11.

12.
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