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Buia matematuka 6e3 nepeOUTbIIICHHS € OJHIEI0 3 HAMBAXITUBIIIUX CKJIAJIOBUX
MPAKTUYHO YCIX MPUPOJO3HABYMX 1 TEXHIYHUX AUCIUIUIIH, 30KpeMa TEOPETUUHHUX
OCHOB €NIEKTPOTeXHIKU. ToMmy ii BUBUEHHS BKpail BaxJiMBe Mg (PyHIaMEHTAIbHOI
(axoBoi MiITOTOBKM CY4aCHOTO 1HXEHEPa-eNeKTPUKA.

Jlexuii 1 mMpakTUYHI 3aHATTA, Kl MPOBOJATHCA ISl CTYIEHTIB 3a04HOI opMmu
HaBYaHHs, HOCATh IePEBAKHO OIVISAI0OBUI XapaKTep. IX MeTa — CTBOPUTH ySBY 100
3arajbHOI CXeMH MOoOYAOBH JAHOTO PO3/ALTYy MaTeMaTHKH, 03HAHOMUTH 3 OCHOBHUMU
TEOPETUYHUMU BIJOMOCTAMHM 1 METOJIJAMU PO3B’SI3aHHS TUMIOBUX 3a/1a4. [ 0JIOBHOIO K
dbopMOI0 HaBYaHHS CTYJEHTa-3a0YHMKa € caMocTiiiHa poOorta. BuBueHHs

TCOPCTUYIHUX IIOJOKCHD )IOI_IiJIBHO CYIIPOBOI)KYBATHU CaMOCTIMHHUM pOSB’HBaHHHM
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BIIMOBIHUX 3a/a4 1 JIMIIE Micis BHUPOOJICHHS JOCTATHIX NPAKTUYHUX HABUYOK
MPUCTYINATU 10 BUKOHAHHS 3aBJaHb KOHTPOJbHOI poOoTH. HeoOxigHi KOHCynbTaIlli
MPOTArOM HABYAJIBHOTO CEMECTpPY HaJaroThCsA BUKJIAJadyaMH akajeMii 3rigHo 13
3aTBEPKEHUM PO3KIIAJI0M.

CpborojiHi B IHTEpPHET1 HEBAXKKO 3HANTHU BEJIMYE3HY KUIBKICTD JIITEPATypH 3 OYy/b-
AKO1 TeMH, B TOMY YHKCJI1 1 3 BHUILOI MAaTEMATUKU. TOMY 10 CIHCKY PEKOMEHIOBAHOI
JTEpaTypH YBIAIUIM JIUIIE JEsKl 3 HaOUIbII Y)KMBAaHUX HA AYMKY aBTOPIB JIKepe.
Pexomenanii mjo/10 iX BUKOPUCTAHHS JaHl y METOJAMYHUX BKa3iBKax 0 BUKOHAHHS
KOXHOT1 KOHTpOIbHOT poboTu. KoHCynbTallli BIIHOCHO IHIIUX MIAPYYHUKIB CTYJEHT

MOXC OTpHUMATH Y BHUKJIa1a4a.

JIHIMHA AJITEBPA 1 AHAJIITUYHA T'EOMETPIS

POBOYA MMPOT'PAMA
HABYAJIbLHOI JUCHUILIIHA
«JITHIHHA AJT'EBPA 1 AHAJIITUYHA TEOMETPISI»
I xkype I cemectp

Po3noaist HaBYAJIBLHUX I'OAMH

KinnkicTs roaun o
KinbkicTh DooM
AyIHTOPHHX 3aHATH CamocriiinHoi KOHTP. L OPMA
YCbOI'O TpakTaunmux podoru poGiT 3BITHOCTI
Yceboro | Jleknii
3aHATD
108 20 12 8 88 2 eK3aMeH

1. TloHATTS MAaTpHIIL.
OO0uncieHHs

BU3HAYHUKIB.

3MicT mporpamu

1. EnemenTn JdiHiliHOI anredpun

BU3HAYHUKIB

OO0uucieHHs

Bugu wmatpune.
Ipyroro Ta

BU3HAYHUKIB

BusnayHuk KBaJapaTHOI MaTpPHII.

TPETHOTO

JIOBUIHLHOTO

MOPSJIKIB.

HOPSAKY.

BnactuBocti

Teopema

po3KJIalaHHs Ta HacaiAok 3 Hei. JIii Hag MarpuusMu Ta ix BiactTuBocTi. OOepHEeHa

MaTpuls Ta i1 00YKCIEHHS METOIOM MPUETHAHOT MATPHIII.
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2. Tlonsarta cucremMu JiHIMHUX anreOpaiuHux piBHAHb. CyMICHI 1 HECYMICHI
cucteMd. Po3B’d3yBaHHA CHCTEM 3a [JOINOMOrol OOEpHEHOI MaTpuil Ta 3a
dbopmynamu Kpamepa.

3. Po3p’sa3yBaHHsl CUCTEM IIHIMHUX anreOpaiyHUX pIBHAHb MeTOAO0M [aycca:
eJIeMEHTAapHI MEePEeTBOPEHHSI 1 CYMICHICTh CHUCTEMHU JIIHIMHUX pPIBHSAHb, PO3IIUpPEHA
MaTpHIIs, IPUBEACHHS 1 10 TPUKYTHOT'O YU TPAMELIENOAI0HOTO BUTIISATY.

4. Bekropu (ocHoBHI moHATTS). JliHiNHI omepaimii Hajg BEKTOpaMH Ta iX
BIacTUBOCTI. JloBxkuHa BekTopa. IIpoekiiiss BeKTopa Ha BICh, BIACTHUBOCTI MPOEKIIIH.
3B’S130K MPOEKII BEKTOpa 3 HOro koopauHaramMu. HampsiMHiI KOCHUHYCH BEKTOpa.

5. CkansipHuii Ta BEKTOPHUN JOOYTKH JBOX BEKTOPIB, X BIACTUBOCTI Ta (DI3UUHUHN
3micT. Mimanuii 7oOyTOK TphOX BEKTOPIB, MOro BIACTHBOCTI Ta I€OMETPUYHUUI
3MICT.

2. OCHOBH aHAJITHYHOI reoMeTpii

6. [Ipenmer Ta OCHOBHI 3aJja4l aHAJITUYHOT TreoMeTpii Ha TuionuHi. [lpsama niHig
Ha TUIOUIMHI, OCHOBHI piBHSHHSA. JlOCHIIKEHHS pO3B’SI3KYy CUCTEMH JBOX JIIHIMHHMX
anredpaiuHuX piBHSAHb Ta HOTO reOMETpPUYHA IHTEPIPETALlis.

7. Kpusi apyroro nopsaky (kojo, eminc, rinepOosa, mapadosa), iX piBHSIHHS Ta
OCHOBHI BJIACTUBOCTI.

8. IlonsipHa cuctemMa KOOpAMHAT Ta ii 3B’S30K 3 AekapToBoio. [loOynoBa kpuBuUX,
3aJIaHUX PIBHSHHSAMHU B MOJSIPHUX KOOPJIMHATAX.

9. [InouuHa, ocHOBHI piBHAHHS. KyT M1 IBOMa IMJIOIIMHAMH.

10. Jlinis y mpocTopl SIK HAcHiJIOK MepeTuHy MnoBepXxoHb. [Ipsma y mpocrtopi,
OCHOBHI piBHSAHHA. KyT Mk qBOMa npsiMmumu. B3aemHe po3TairyBaHHS IBOX MPSIMUX
y MPOCTOPI.

11. Ilpsima Ta mIomMMHA Y IPOCTOP1, KYT MK HUMU, B3aEMHE PO3TAlIyBaHHS.

12. AnreGpaiuHi MOBEpXHI APYroro MOPSJAKY: HMJIIHAPUYHI 1 KOHIYHI MMOBEPXHI 1
MOBEpXHI O0EpTaHHS — O3HAYEHHS, DPIBHSHHS, BUIJISA; JOCHIIKEHHS MOBEPXOHb

METOJIOM Iepepizy Ta ix moOyaoBa.



10.

11.

PEKOMEH/IOBAHA JIITEPATYPA

HIAPYYHUKHU 1 HABYAJIbBHI ITOCIBHUKH

bexnemumes [1.B. Kypc ananuthueckoil reoMeTpuud M JUHEHHOUN anreOpsl:
VYueb. mis By3oB. — M.: DUSMATIINUT, 2005. — 304 c.

Hanko ILE., IlomoB A.I'., KoxeBuukoBa T.JI. Bricmmas wmaremMaTuka B
yhnpaxxHeHusx u 3agadax. B 2-x 4. Y. 1: Yue6. nocobue ans BTy30B. — M.:
Breicmr. mik., 2000. — 304 c.

Hy6oBuk B.IL., IOpux I.I. Buma matematuka: Hapu. mocionuk. — K.: A.C.K.,
2006. — 648 c.

Nnenn B.A., Tlo3nsk O.I'. AHanutuueckas reomerpus. — M.: ®USMATIIAT,
2004. — 224 c.

OunHnaukoB ILIL, Spemuyk @.I1., Muxaiinmenko B.M. Buma martemaruka:
[Migpyynuk. ¥ 2 u. Y.1: JliHifiHa 1 BeKTOpHA anreOpa. AHaJITUYHA TE€OMETPIs.
Beryn no matematuunoro ananizy. JludepeHiianbHe 1 IHTErpaibHe YUCICHHS. —
K.: Texnika, 2000. — 592 c.

ITucemennsbiii J[.T. KoHCIEKT neKMii IO BRICHIEH MaTEMaTUKE: MOJIHBIA KypcC. —
M.: Aiipuc-tipecc, 2009. — 608 c.

TepsimueB A.Jl., JIuteun O.I'. Buma maremartuka y npukiagax ta 3agadax. Y. 1.
Jliniiina anre6pa 1 aHaniTuyHa reometpis. Judepenuianbue yncneHHs GyHKIIH
onniei 3MinHO1. — XapkiB: XTYPE, 2002. — 552 c.

[Mumauer B.C. Bricmas marematuka: Yue0. ans By3oB. — M.: FOpaiit, Briciiee
obpazoBanue, 2009. — 480 c.

35IPHUKU 3AIAY

bexnemumena JI.A., IlerpoBuu A.lO., UybGapoB MN.A. COopHuK 3amad 1o
aHAJUTUYECKON TEOMETPHUH U JIMHEHHOU anredpe: YueOHoe nmocodue / [lox pen.
J.B. beknemumena. — M.: DUSMATIINUT, 2004. — 496 c.

Buma wmaremaruka:  30ipHuk 3anmauy: Hapu. mociOnuk / B.II. Jy6GoBuk,
LI. FOpuk, LII. BoBkogas ta iH.; 3a pea. B.I1. y6osuka, I.I. FOpuxka. — K.:
A.C.K., 2004. — 480 c.

Knerenuk JI.B. COopHUK 3a7mauy Mo aHanmuTH4ecKod reomeTpun. — M.: Hayka,
1998. — 240 c.



12. Jlynry K.H., ITucemennsiit [[.T., ®enun C.H., llleBuenko FO.A. COopHuk 3amau
no Beiciiel matemaruke. 1 kypce / Ilox pen. C.H. ®equna. — M.: Aiipuc-npecc,
2008. —-576 c.

13. Munopckuit B.I1. COopHuK 33724 110 BbICIIEH MaTeMaTuke: Yueb. mocobue s
BTY30B. — M.: ®UI3BMATIJIUT, 2006. — 336 c.

14. Ily6epoumiep O.H. 3agauu u ynpakHeHHsS MO AHAIUTHYECKON T€OMETPUU. —
CIIO.: Jlans, 2009. — 336 c.

15. Hlumnauer B.C. 3agauynuk no BeICIICH MaTemMaTuke: Y4eb. mocoOue i By30B. —
M.: Breicmr. k., 2003. — 304 c.

JITEPATYPA BUJABHUITBA HMerAY

16. Karanmiii JI.IL., TlaBnenko A.B., UynnoB K.V. Jliniiina anrebpa Ta aHajgiTU4YHA
reometpisi. Yactuna 1: Koncmekr nekuiit. — JninpomnerpoBchk: HMeTAY,
2004. — 44 c.

17. Karaniii JI.IL., TlaBnenko A.B., UynnoB K.V. Jliniiina anrebpa Ta aHajdiTU4YHA
reometpisi. Yactuna 2: Koncnekr nekuiii. — JHinponerpoBchk: HMeTAY,
2004. — 47 c.

KOHTPOJIBHI POBOTH

BukoHaHHS KOXXHOi KOHTPOJBbHOI poOOTH Tpeda TMOYMHATH 3 BUBYEHHS
TEOPETUYHUX TMOJIOKEHb 32 HABEJCHUMHU NOCHIAHHSAMH, MPUUOMY L€ HEOOXITHO
MOEIHYBAaTH 3 CAMOCTIMHMM PO3B’s3aHHSAM PEKOMEHJIOBAaHUX 3aaad. /[0 BUKOHaHHS
KOHTPOJIbHUX 3aBJaHb JOLUIBHO MPHUCTYNATH TUIBKU MICIs BUPOOJEHHS JOCTATHIX
MPaKTUYHUX HABUYOK. THUIOBI MPUKIAIM HaBEIEHI 3 METOI JOMOMOITH B I[bOMY.
Bonu mnepenyMepoBaHi HACTYMHMM 4YHHOM: Tiepmia Iudpa O3HAYae HOMEp
muciuiutiay (1 — iHifiHa anreOpa 1 aHaJITUYHA TeOMETpis, 2 — MaTeMaTUYHUU
aHamiz, 3 — paudepeHIiadbHl PIBHAHHA), Jpyra Iudpa — TOPAIKOBHA HOMEp
KOHTPOJBHOT poO0TH, TpeTs U pa — MOPSIAKOBUI HOMEp NpuKiIaay. Pucynku MaroTh
aHAJOTIYHY HyMepallito; nepeBa)kHa OUTBIIICTh 3 THX, 110 MICTATH Tpadiku QyHKIIH,

noOyaoBaHa 3a qonomororo Mathcead.



KOHTPOJIBHA POBOTA Ne 1

METOANYHI BKA3IBKHU 10 BUKOHAHHA

PexomeHyeThCsl (CKOPUCTABIIMCH OJHUM a00 JIBOMA 3 HaBEJCHUX HUXKYE JIPKEepen)

— BHUBYMTH TeopeTuuHi nosoxenus 3a [1], tn. V, §§ 1,2,4, 5, . [, §§ 1, 2, 4; [3],
. 1, 2; [4], tn. 1, §§ 1-3, nononnenme k ri. 1, . 2; [S], r. 1, §§ 1.3, 1.4, 2.1,
2.2,2.4,2.7-2.14,2.16-2.21, 3.4, 3.6; [6], r. L, II; [8], ri1. 9, §§ 1-8, . 10;

— po3sibpatu po3B’s3aHHsA 3aa4 y [2], rn. 1, § 5, ron. II; [7], ro. 2;

— CaMOCTIMHO po3B’si3atH 3amadi: [2], NeNe 210, 222, 225, 226, 248, 251, 252, 268,
269, 275, 280, 282, 284; [10], rn. 1, NeNe 1, 15,104, 111, 113, 127, 131, 152, 162,
165, rm. 2, NeNe 4,11, 59, 60, 81, 112, 128, 130, 161-1, 162-4, 173-2, 189-3, 190-
5; [11], NeNe 1204-2, 1207-1,1211, 1238, 1240, 748, 749, 751, 754, 756-1, 764,
774, 777, 795-5, 796-1, 803, 808, 813, 833, 839, 852, 857, 858, 874-2, 876, 878;
[13], NoNe 586, 588, 592, 611, 626, 627, 391, 399, 405, 419, 420, 427, 429-1, 429-
3,439, 444,

-3 4 2 5
Ipukaax 1.1.1. OO6uucautu 34+ 2B, akio A=( ) 2), B=( J

Po3ze'azanus.

-9 12 4 10 -9+4 12+10 -5 22
3A+2B= + = = .
(—3 6) (2 —4) (—3+2 6—4) (—1 2)

Hpuxaanx 1.1.2. 3uaiitu Matpuio Y 3 piBHsiHHa AB+Y = 2B, skiio

5 -1 3 1 4
A=|2 -2 1|, B=|-2 -4]|
1 3 -3 3 -1

Po3zé'szanns. 3 piBHsHHS 3Haxoaumo Y = 2B — AB . Ockinbku

5x1+(-1)x(-2)+3x3 5x4+(-D)x(-4)+3x(-1)) (16 21
AB= | 2x1+(=2)x(=2) +1x3 2x4+(=2)x(-4)+1x(-1) |=| 9 15

b

I1x1+3x(=2)+(-3)x3 1x4+3x(-4)+(-3)x(-1)) (-14 -5
2 8 16 21\ (-14 -13
ToY=|-4 -8[-| 9 15|=|-13 -23|.

6 -2 -14 -5 20 3



3 7 4
IMpukaanx 1.1.3. OGuucautu CT,HKH_IO C=(2 -1 -3|.

1 5 0
3 2 1
Posg'szanna. CT =7 -1 5].
4 -3 0
2 4 -1
Ipukiaan 1.1.4. OO6uucnutu |—3 5 4 |, po3KJIABIIM MO0 3a €IeMEHTaMU
1 0 -3
JPYroro CTOBIILIS.
2 4 -1
-3 4 2 -1
Poszg'sazanna. |-3 S5 4 | = -4. +5. -
1 -3 1 -3
1 0 -3
=—4-9-4)+5-(-6+1)=-20-25= —45.
3 2 1
Hpukaag 1.1.5. OOuncautn A_I,HKH_IO A=12 -1 1]|.
1 5 0

Poss'azannsa. O6uncnumo Bu3HauHuKk det A matpuni A Ta anredOpaiuHi
JIONOBHEHHS A0 ii enemeHrtiB: detA= -2, A,= -5 A,=1 A;=11,

Ay =35, Ap=-1, Ay=-13, A3y=3, Ap=-1, Ay =-7.

-5 5 3
Otxe, npueaHaHa MAaTPULSA € A'=|1 -1 -1 irom oOepHeHa MaTpHIls
11 -13 -7
-5 5 3 5/2 -=5/2 -=3/2
L ST Y N SV R (IR 12
det 4 2
11 -13 -7 -11/2 13/2 17/2

Hpukaax 1.1.6. 3a gonomororw o0epHEHOT MATPUIll 3HAUTH PO3B’SI30K CUCTEMU

PIBHSIHB



2x1 - xZ + X3 - 6,
xl + 5x2 - - 3.
Posze¢'sizanns. Marpuns A7, oOepHeHa 70 MaTtpulll A KOEQIIEHTIB CUCTEMH,
3HaiieHa panime (quB. npukiaan 1.1.5). Ockinbku det A # 0, TO pO3B’ 30K CUCTEMHU

ICHYE 1 € €IUHHUM, a caMe,

-5 5 3 5 -4 -2
1 1 1
X=4A4 B=—5 1 -1 -1{]| 6 == 2 |=|-1}|
11 -13 -7)\-3 -2 1
Otxke, x;= —2, x, = —1, x3= 1. 3pobuMo nepeBipKy, AJIi YOro IIICTABUMO

3HaﬁI[eHi 3HAYCHHA A0 KOXKHOI'O 3 piBHHHB:

3 2 1)\(-2 5
AX=|2 -1 1||-1|=| 6 | =B.
1 5 0){1 -3
Taxkum ynHOM, PO3B’SA30K CUCTEMU X; = —2, X, = —1, x3 = 1 3HalineHuil BipHO.

Ipukaan 1.1.7. 3HalTH pO3B’SI30K CUCTEMU PIBHSIHD 3 MOMEPEIHBOTO MPUKIATY
3a gonomoroto npasmia Kpamepa.

Poszs'sazanns. Ockinbku TOJNOBHHEI BHU3HAYHUK cucTeMu detA=A= —2#0, T0
CHUCTEeMa CyMicHa 1 Ma€ €IuHUN po3B’s130k. OTxe, mpaBuio Kpamepa 3acTocoBHe.

3Hai1IeEMO JOMOMDKHI BU3SHAYHUKH

5 2 1 3 5 1 3 2 5
Aj=]6 -1 1/=-4,A,=[2 6 1/=2 A;=1[2 -1 6 |=
-3 5 0 1 -3 0 1 5 -3
-2,
A A, A;

Toni po3B’siz3ok € xy = = 1. SIx O0auumo, BiH

A

CIIBMAa€ 31 3HANACHUM paHille.

Hpukaan 1.1.8. 3HailTu JOBXHUHY BEKTOpa 3a+2b , IKIIO a= {-1,2, —5},a

—

b=M1M2,I[e M1(3, _2, 0), M2(4, 2, _3)-




Po3zg'azannsa. 3nalinemo koopauHatu BekTopa b :

X,=4-3=1,Y,=2-(-2)=4, Z,= -3-0=-3.

Toni 3a+2b ={3-(=1)+2-1, 3-2+2-4, 3-(=5)+2-(=3)} = {1, 14,-21},

3a+ 25‘ — J(=1)? +142 +(=21)* = /638 ~25,26.

OTXKe,

Ipukaan 1.1.9. VY TpukytHuky 3 BepmmHamu B Toukax A (=3, 4, 1),

B(2,-2,3)Ta C (7, —12, 3) 3HalTH KOOpAWHATH TOUYKH E, sika € CEPeAUHOIO

Bizpizka AD, axuio Bigomo, 1o Touka D auuthk ctopony BC y BinHomeHH1 3:2.

Po3zé¢'szanns. 3nanineMo koopauHaTi TOUKU D :

D 3 5 5 D 3 5 )
1+— — 1+— =
2 2 2 2
3 3
ipt _%c 3+--3 B
Ip = 2 _ =3. Toni xp= “A7XD _ 3+5=1’yE=M=
3 5 2 2 2
1+ —
2 2
=?=—2, g = zA-IZ_zD=1-|2_3=2.OT>Ke, E1,-2,2).

Hpukaanx 1.1.10. 3agani KOOpAUHATH BEPIIUH TPUKYTHOT mipaminu ABCD:
A(=1525 1), B(=2; 2;5), C(=3; 3;1), D(-1;4;3).

3HalTH:

- - -
1) koopaunatu BekTopiB AB, AC1 AD Ta ix Moaymi;

- - -

2) koopaunatu Bektopa 2 AC+3 AD— AB;
3) nosxuny menianu DM rpani DBC';

- -
4) npoekuito Bektopa AD Ha Bexktop AB;

5) Benmuuuny £ A rpani ABC B pagianax 3 TouHictio 10 0,01 ;
6) oy rpani ABC;
7) 06’ em nipamigu ABCD .

-11 -



Po3e'azanus.

)AB={-2+1,2-2,5-1} ={-1,0,4}, ‘E‘:w/(—l)2+42 = V17 = 4.12 (09),
AC={-3+1,3-2,1-1}={-2,1,0}, ‘E‘:J(—Z)Z 112 = /5 224 (00),

AD ={-1+1,4-2,3-1}={0,2,2}, ‘E‘=\/22+22 = 22 ~ 2.83 (00) ;

- -

_)
2) 2AC+3 AD- AB={-4,2,0}+10, 6,6} —{-1,0,4} = {-3,8, 2}

3) ockunbku Touka M ninuTh cTOpoHy BC HaBmii, TO 1i KOOPAUHATH €

I xB+xC_—2—3__§ B yB+yC_2+3_§
M 2 2 M 2 2 2’
+ 5+1

2 2

Tomi DM:‘DM‘=\/(xD_xM)2+(yD_yM)2+(zD_zM)2 =

2 2
o R (R e eterey

4) HpEE=A%;TD=_1-0+\/(¥+4-Z=\:—7

~1.94 (00);

AB-AC _(-1)(-2)+0-1+4-0 _ 2

St = , TO
‘ABHAC 17 -4/5 85

5) Ockinbku cos £ A =

2
£ A= arccos — ~1.35 (paod);

V85

i
1 —— 1
6) SABC=E‘ABXAC‘=E‘ -1

T W)
S = x|

‘=%‘—4;—8}—;€"=

1
= V16464 +1=45 (00");

-12-



-1 0 4
1y 1 1
7 VABCD=E‘ABACAD=E‘ -2 10 |=|-18/=30").
0 2 2

IHANBIAYAJIbHI 3AB/IAHHSA

3aBaanng 1.

3anani matpunii A, B ta C.

1) 3naiiTu matpuito Y 3 piBHsiHHSI AB+Y =2B;

2) 3HAWTHU:
a) A+CT;
0) det A, po3KiaBIIM HOrO 3a €JIEeMEHTaMH JIPYroro CTOBIILIS;
B) det C', po3KIIaBIIK HOTO 32 €IEMEHTAMU TPETHOTO PAJIKA;

3) po3B's3atu 3a popmynamu Kpamepa cuctemy JiHIHHUX anreOpaiuHuX piBHIHb

X
AX=B, npe X=|y|.
4
1 1 -2 -4 2 -1 -4
1. A=|1 2 3 |, B=| 5 |, c=(1 3 -1].
4 5§ -2 -5 2 -3 2
1 2 5 2 -2 -3
2.4A4=|1 1 2 |, B=| 0 |, c=(2 -1 -1
3 -1 -3 -9 1 1 -3
1 1 3 -5 3 3 2
3.4A=|2 -3 -1}, B=|-1]|, c=|12 0 1
3 2 2 -2 4 3 4

- 13-



2

7. A= -3
1

1

8. A= 2
-1

2

9. A= -1
-3

1 2
10. A=|2 -3
1 1
3aBaanug 2.

3aiaHi KOOPAMHATH BEpUIMH TPUKYTHOI mipaminu ABCD .

3HalTH:



- - -
1) koopaunatu BekTopiB AB, AC1 AD Ta ix Moxyi;

- -

%
2) koopauHatu Bektopa 2 AC+3 AD— AB;
3) nosxuny menianu DM rpani DBC';

- -
4) npoexkuito Bektopa AD Ha Bexktop AB;

5) Benmuuuny £ A rpani ABC B paaianax 3 Toudictio g0 0,01 ;
6) oy rpani ABC;

7) 06’ em niipamigu ABCD .

. A(2;-351), B(6;1;-1), C(4;8;-9), D(2;-152).
A(-5325-3), B(—4:;4;-5), C(6;12;-1), D(3;10;:1).
A(-1;-4;-1), B(0;-2;-3), C(10;631), D(7:;4;3).
A(0;-251), B(1;0;-1), C(11;8;:3), D(8;6;5).
A(-2;-1;8), B(—4;0;6), C(0;10;-2), D(2;7;0).
A(-2;150), B(—15;3;-2), C(9;11;2), D(6:;9;4).
A(13;-353), B(5;-5;7), C(3;-13;14), D(1;-2;5).
AQ3:334), B(7;1:8), C(5:-7;15), D(3;4;6).
A25-551), B(6:—755), C(4;—15;12), D(2;—4;3).
10. A(4;0;—4), B(8;-2;0), C(6;-10;7), D(4;1;-2).

I AL SR SR

KOHTPOJIBHA POBOTA Ne 2

METOANYHI BKA3IBKHN 10 BUKOHAHHSA

PekoMeHTyeThCs (CKOPUCTABIIUCH OAHUM a00 JBOMA 3 HABEJICHUX HIDKYE JKEPEN)

— BHUBYMTH TeopeTuuHi nosoxenns 3a [1], ro. I, §§ 2, 3, rn. 111, §§ 2, 4; [3], 1. 3;
[4], Ti1. 4-7; [5], r. 2; [6], . 11, IV; [8], rin. 3, 1. 9, §§ 9-14;

— po3ibpatu po3B’s3anHs 3a1a4 y [2], r. 1, §§ 2-3, ro. II; [7], r. 1, 3;

— caMoOCTiliHO po3B’si3atu 3amadi: [2], NeNe 24, 65, 68, 72, 74, 105, 111, 115,134,
145,155, 156, 169, 296, 307, 334, 337; [10], . 3, NeNe 123, 132, 137-a, 159, 178-
a, 184, 202-1, 210, 211-a, 224, 238, 280-3, 284-r, 300(2-6), 322(1-5), 344, 349-8;
[11], NeNe 214, 223, 229-a, 236, 266-1, 299-3, 303, 310-1, 314, 322-1, 385, 387,
401, 444, 447, 473-2, 515, 518, 585, 913, 914, 917, 919, 921, 928-3, 947, 957-3,
964-6, 1019-1, 1024, 1040-3; [13], NeNe 17, 22, 31, 32, 75, 77, 79, 85, 87, 95, 101,
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104, 141, 142, 165, 169, 170, 187, 189, 191, 212, 214, 216, 450, 456, 459, 467-1,
471,472,474, 489, 493, 496, 514, 516, 521.

Hpukaanx 1.2.1. 3agani KOOpAUHATH BEpIIUH TpUKyTHUKa ABC :
A(-5;3), B(15;5), C(1;7) . 3Hnaiitu:

1) noBxuny ctoponu AB ;

2) KoopauHaTH TOYku M , Ka AUTUTH CTOPOHY AB y BinHolIeHH] 4:1;

3) 3zaranmbHl piBHsAHHA npsMux AB 1 AC, HOpManbHI BEKTOpPU Ta KYTOBI
KOe(DILIEHTH LIUX MPSIMUX;

4) piBHsAHHS NpAMoi AB y Bipi3Kkax;

5) HampsMHUI BEKTOp Ta KaHOHIYHE PIBHAHHS MNpsiMOi AE, sika MICTUTh MeJiaHy
TpukyTHUkKa ABC ;

6) BHYTpIllIHIA KYT A B pajiaHax 3 TouHictio a0 0,01;

7) 3aranbHe piBHSAHHA BUcOoTH CD Ta ii TOBXKUHY;

8) piBHSHHSA MPSAMOI, 1110 TPOXOIUTh Yepe3 Touky B mapanensHo npsamiit AC .

Poss'sazannsa. TpukyTHUK 300paxkeHuit Ha puc. 1.2.1.

YA
C
E B
A/ /I
! D L ! x
' >
-5 0 15

Puc.1.2.1

1) AB=1(x5-x4)*+(g— )} =202 +2? ~20.6 (00);
yyt4yp 3+4-5 23

x,+4xy; -5+4-15
2 Xy =4 B — =11, = —. Ortxe,
b= 5 R 5 s
M(ll;é);
5
3) AB: T7Xa _ V)4 . Otxe, AB: X~ (=5) =y—3 a6o x—10y+35=0,
Xp—X4 Yp—Va 15-(=5) 5-3

3BIIKM 3HaXOJIMMO HOpMaJibHUI BeKTOp n48 = {1, —10} Ta KyTOBMII KOE]IIIEHT

- 16 -



ToX - VTVA Ok, AC: x—(—5)=y—3
Xc—X4q4 Yc—Ya I-(-5) 7-3
2

a6o 2x—-3y+19 =0, 3Biaku ;Ac ={2,-3}, k¢ =§;

4) nepeTBOpPUMO PIBHAHHS NPAMOi AB 110 BUTIIALY PIBHSHHS y BiIpI3Kax:

k p= 10 Amnanoriuno AC':

X _I_—l()y=1 X Y

x—10y =-35, , ——+——
-35 =35 -35 7/2

=1. Orxe, npsima AB BiATUHAE Ha

) . ) 7 . )
KoOpAuHATHUX ocsiX Ox 1 Oy Binpi3ku a=-351 b= E BIJITIOB1JIHO;

5) 3Hailmemo koopauHaTH Touku E, ska aumMTh HaBmin cropony BC:

15+1
Xp = Xptxe 15+ =8, yp= yB+yC=5+7=6. Otxe, E (8; 6). Toxui
2 2 2 2
HanpsiIMHUI BekTop npsamoi AE € ;AE =AE ={8—-(-5),6-3}={13,3} 1

YoXA VTVA g60 AE: xl-l:;S = y;3;

KaHOHIYHE piBHSAHHS Mae BUrisig AE :

N N

6) TaHreHc  BHyTpimiHbOro kyra Z A  obumciumo 32 (GOPMYJIOIO

k., —k 1
to/ A=-AC "AB = o |k o=— k,~=—- (3Haiigeni pamime y m. 3). OTxe,
i T+k ok g AB 10 AC 3 ( p y )
2 1
210 1 ) 1
gL A= 3 10 _ —7, 3BiAKU £ A= arctg—7 =~ 0.49 (pao) ;
1 2 1 32 32
+7,7
310
7) ockubku CD 1 AB, 10 k¢ =—i=—10. PiBusinnst Bucotu CD Oynemo
AB

HIyKaTH y BUIIANL Y — Yo =kep(x—x¢). Orxe, CD: y—-T7=-10(x—-1) abo
10x+y—17=0. lopxuny CD 3Haiinemo sk BiJicTaHb Bia BepmiuHu C 710 CTOPOHU
1-10-7+35 34

Jizs102 101

8) piBHsSHHS mpsiMOi L, 110 MPOXOJUTh Yepe3 BeplinHy B mapanensHo npsmiii AC

AB: d =

~ 3.38 (00) ;

OyneMo mykatu y BUrisinal y—yg =k;(x—xg), ne k; =k 4¢, ockuibku L H AC.

-17 -



2
Otxe, L: y—5=§(x—15) a6o 2x—-3y—-15=0.

puxaanx 1.2.2.

2 2
X Y o1 i 6 2.8
75 +? =1, AKIIO BiIOMO, 110 KOJIO MPOXOAUTH yepe3 hokyc mapadbonm y~ = 8x.

Ckuiactu piBHSHHS KOJIa 3 LIGHTPOM Y JIiBoMY (hOKyci erimnca

Po3zé'sazanns. 3naiinemo koopauHat GokyciB eninca. OCKUTbKH ¢ =+/25-9 =4,

TO 3 PIBHSHHS €Jilca BUILIMBAE, M0 Horo ¢oKycu po3TamoBaHi B Toukax (+4;0).

Otrxe, 1eHTp Kona JeXuTh y Toullli (—4;0), a piBHAHHSA KOjJa Ma€ BUIJIAJ
(x+4)* + y2 = R%. Cyasiuu 3 piBHSHHA, QOKyc mapaboiu po3TalloBaHUN B TOYII
(2;0). Toxi paxiyc kona 3Haiimemo 3 ymoBu (2+4)>+0%=R?, to6T0 R* =36,

R =6. Takum 4yuMHOM, PIBHSHHS KOJa Ma€ BUIJISJ (x+4)2 + y2 =36. Yci KkpuBi
300pakeHi Ha puc.1.2.2.

>

Puc. 1.2.2

Hpuxaag  1.2.3. IlpuBectu  piBHSHHA  KpPUBOI  JAPYroro  MHOPSAIKY

9x2 16 y2 +54x +64y—127 =0 10 KAHOHIYHOTO BUTJISAY Ta MOOYIyBaTH ii.

Poss'sazanna. lleperBopuMo pIBHSIHHS, BUAUIMBIIKA TOBHI KBaJpaTH MO 0OOM
3MIHHUM:

(x> +6x+9-9)-16()* —4y+4-4)-127=0= 9(x+3)’ -16(y-2)’ =144 &
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2 2 2 2
PCE S NP, GUP G
16 9 16 9

cuctemi koopauHar XOY, ne X =x+3, Y =y—2, piBHIHHA Ma€ KaHOHIYHUU

1. Orpumanu piBHAHHS Tinep6onu. B

Bursia. Lentp rinepOonu B cuctemi xOy posramoBaHuil B Toutli (=3; 2), a aiiicHa 1

ysIBHA OC1 apajiebH1 BIIMOBIIHO ocaiM Ox 1 Oy . AcuMnToTamu rinepOoiiv € npsmi
3 5 RV .
y=2= iz(x +3), ¢=+16+9 =5, ekcueHTpucuTeT € = e JliBuii 1 mnpaBui

dbokycu rinmepOoiaM po3TalioBaHi BIAMOBIIHO B Toukax (—8;2) 1 (2;2). Kpecnenns

rinep6oau HaBeaeHO Ha puc. 1.2.3.

Puc. 1.2.3

Hpuxaan 1.2.4. 3agaHi KOOpAUHATH BEPIIMH TPUKYTHOI nipaminun ABCD:
A(757; 3), B(6; 55 8), C(3; 5;8), D(8;4;1).

3HalTH:

1) 3aranbHe piBHSAHHSA IoMMHU ABC Ta KOOpAMHATH 1 HOPMAJIBHOT'O BEKTOPA;
2) piBHsiHHS o ABC y Binpi3kax;

3) kyt mix mionuHamu ABC ta ABD B panianax 3 TouHictio 10 0,01;

4) Biactaub Big Touku D go rpani ABC

5) xaHoH14H1 piBHsAHHA Bucotd DH mnipamign ABCD;

6) KoopaAMHATH TOYKH nepeTuny Bucotu DH 3 rpanHio ABC

7) kyT Mix pedbpom AD Ta rpanHio ABC B panianax 3 Tounictio 10 0,01.
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Po3e'azanus.

Puc.1.2.4

X=Xy VTVa4 2734
1) PiBusnua mnommun ABC Mae BUNTIAL |(Xp—X, Vg—V4 2p—23%4 =0, 0TKe,

Xc—=X4q4 Vc—JVa4 <c—%4

x=7 y-7 z-3 x=7 y-7 z-3
6-7 5-7 8-3=0&|-1 -2 5 [=05y+2z-41=0.
3-7 5-7 8-3 -4 -2 5

3 oTpUMaHOTO pIBHSHHS BUIUIMBAE, IO TIUIONIMHA MapajelbHa oci Ox, a Ti
HOpMaJIbHUH BEKTOp € n4pc =1{0, 5, 2};
2) nepeTBOPUMO PIBHSAHHA IUIOMUMHU ABC 10 BUTIISANY PIBHSHHS Yy BIApI3Kax:

Sy+2z=41< Y+ * -1 Otxe, ABC Bincikae Ha KOOpJMHATHUX OocsxX Oy

41/5 41/2
ta 07 Biapizku b=41/5 it ¢ =41/2;

. NABC * R ABD
3) MO3HAUYMMO IIYKaHUW KYT 4epe3 @, OTKE, COS P = ‘ﬁ

= . Panime 6ymno
nABC‘ . ‘I’IABD‘

3HAlIEeHO ;ABC ={0, 5, 2} . Ockinbku
i j ok
napp = ABxAD=|-1 -2 5
1 -3 -2

==19i+3j+5k,

TO
0-19+5-3+2-5 B 25 SBiTKH ¢ = arccos
V52422192 +32 452 +/29-395° V11455
4) Biactaub Big Touku D 1o rpani ABC € nowxuna Bucotu DH :
g 5-4+2-1-41 _ 19

~ 3.53 (00);
V5% +22 9

-20 -

=~ 1.34 (pao);

cosp =




5) ockinbku DH 1 ABC , To Hanipsimuuii BekTop npsimoi DH € napc = {0, 5, 2}.
x-8 y-4 z-1
5 2

x =38,

OTxe, KaHOHIYHI PIBHAHHS BUCOTH DH MaroTh BUTIIS

6) nepenwuiieMo piBHsAHHA BucoTd DH y mapaMeTpu4yHOMY BUTIISLAL: § y = 4+ 5¢,

z=1+2t.

[TincTaBuMoO Bupasu crpasa y piBHsSHHS iomuHu ABC 5(4+5t)+2(1+2¢)—-41=0,

3Biaku £ =19/29. Toxai koopaunatu touku H neperuny Bucotu DH 3 rpannio ABC

211 67

e xy =8, yH=2_99 ZH—2—9,

7) HanipssMHUY BeKTOp mpsimoi AD € P AD = AD = {1; —3; —2}. ITo3HaUMMO LIyKaHUU

sAD-nABC‘ ‘1-0—3-5—2-2‘ 19 .
= , 3BIIKH

;ADH;’;ABC‘ \/12 +3% 427 \/52 +2? J406

KyT uepe3 . Toxi siny =

y = arcsin =~ 1.23 (pao).

19
406
IHANBIAYAJIbHI 3ABJIAHHASA

3aBaanng 1.

3aiaHi KOOpAUHATH BepIIUH TpUKyTHUKAa ABC . 3HaiiTu:

1) noBxuny ctoponu AB ;

2) koopauHaTU TOYku M , Ka AUTUTH CTOPOHY AB y BinHolIeHH] 4:1;

3) 3aranpHi piBHAHHS npsiMux AB1 AC , HOpMaibHI BEKTOPHU Ta KYTOB1 KOe(illI€EHTH
UX MPSMHUX;

4) piBHsAHHS npAMoi AB y Bifpi3Kkax;

5) HampsIMHUI BEKTOp Ta KaHOHIYHE PIBHAHHS NpsiMOi AE, sika MICTUTh MeJiaHy
TpukyTHUKa ABC ;

6) BHYTpIllIHI KYT A B pajiaHax 3 TouHicTio a0 0,01;

7) 3aranbHe piBHSAHHA BUcOTH CD Ta ii OBXKUHY;

8) piBHSHHS MPSAMOI, 1110 TPOXOIUTh Yepe3 Touky B mapanensHo npsamiit AC .

1. A(10;-2), B(-2;7), C(8;12).
-21 -



S A O

A(11;-5), B(~1;4), C(15;17).
A(14;-4), B(2;5), C(18;18).
A(13;-9), B(1;0), C(17;13).
A(3;-3), B(-9;6), C(7;19).
A(12;-7), B(0;2), C(16;15).
A(0;-10), B(-12;—1), C(4;12).
A(4;-12), B(-8;-3), C(8;10).
A(730), B(=5;9), C(5;14).

10. A(12;-6), B(0;3), C(10;8).

3aBaanug 2.

1.

Ckiactd piBHAHHS KOJIa, IEHTP SKOTO 3HAXOJIUTHCS Y TOULl MEPETHUHY 3 BICCIO

Oynpsmoi 2x—-4y+8=0, a paaiyc AOpIBHIOE BIJICTaHI MDK JUPEKTpPUCAMHU

eninca 4x2 +9 y2 =36. [loOynyBaTu.

Hanucatu kaHOHIYHE pIBHSHHA TinepOoyid, IO MPOXOJIUTh Yepe3 TOUYKY
o : X
M (12;3\/3 ), SKIIO BIAOMI1 PIBHAHHS aCUMNTOT TinepOoonu y = iE. [loOynyBatu

rinepooiy.

Hanucatu kaHOHIYHE PIBHAHHS €JIIcCa, [0 MPOXOAUTh 4Yepe3 TOUKY

V21 ) )
M [— 2; T] , IKIIO €KCLIEHTPUCUTET €JIlca € = % [To6ynyBatu emirc.

4. Cxiactu piBHSIHHS KOJIa, LIEHTP SIKOTO CHIBIAAA€ C MPaBOI0 BEPIIUHOIO TinepOosin

4x* -9 y2 =36 , a paxiyc gopiBHIOE BiactaHi MK pokycamu. [ToOymyBatu.
Cknactu piBHSHHS mapalOoiu Ta i1 DUPEKTPHUCH, SKIIO BIAOMO, IO Mapadoa

CUMCTPpHUYIHA BiI[HOCHO oci Oy Ta IPOXOAUTH YCPC3 TOYKHU IICPCTUHY KOJIA

x?+ y2 +4y =0 3 npsmoro x + y=0. [loGynyBatu.
Cknactu piBHAHHS Tinepooiu, GoKycu sKOi JiexkaTb Ha oci Oy, CUMETPUYHO

3

BiJIHOCHO IMOYaTKy KOOPAHWHAT, AKIIO piBHHHHH ACUMIITOT Yy = izx, a BiI[CTaHB

: . 36
MDK JUPEKTPUCAMH JOPIBHIOE re [ToGynyBaTh.
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7. CxylacTu KaHOHIYHE PIBHSIHHS €JIlIca, 10 MPOXOIUTh uyepe3 Touku M, (2\/5 ; \/E)

Ta M, (2; J3 ) [ToOyayBaT eninc, 3HAUTH HOTro €KCUEHTPUCUTET Ta PIBHSIHHS
TUPEKTPHUC.

8. 3HaliTu KaHOHIYHE PIBHSIHHS TiNepOO0H, AKIIO BIIOMO, II0 BOHA MPOXOJUTh Yepe3
1Bl Touku M (3\/5 ; J2 ) Ta M, (— 343 ; 22 ) [loOynyBatu rinepOoity, 3HAUTH ii
€KCLIEHTPUCUTET Ta PIBHSIHHS AUPEKTPUC.

9. CxiacT piBHSHHS napaboiau, CUMETPUYHOT BIAHOCHO oci OX, SIKIIO B1IOMO, I1IO

dbokyc mapabosu crmiBmagae 3 npaBuUM (POKycoMm elirca 16x> +20y2 =320, a

TUpPEKTpUca MPOXOAUTH uepes JiBuid pokyc eminca. [loOynysartu.

10. 3anucaTy KaHOHIYHE PIBHAHHS Tinep0oJid, JiiicHa BIiCh SIKOi JOPIBHIOE BEIUKINA OCI
: 2 2 74
eninca 4x° +25y° =100, a ekcueHTpuCuTET € = = [ToOynyBaru.
3aBaanus 3.

[IpuBecTu piBHSAHHS KPUBOi JPYroro MOPSAKY A0 KaHOHIYHOTO BUTJISAY Ta

noOyayBaTH fi.

-

.9x>—4y” +54x +8y+41=0.
4x> + y* —8x+4y-28=0.

x2 -4y +10x+24y-7=0.
9x2 +16y> +36x—-64y—44=0.
4x>-9y? +16x+54y—-101=0.
x2+4y” +10x—-24y+57=0.
9x2 —16y> —36x—-64y—-172=0.
.9x>+4)y” +18x -8y —-23=0.

- T I T

c4xt -yt +16x-2y+31=0.
10. 9x% +4)” +36x -8y +31=0.
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3aBaanus 4.
BukopucroByioun aaHi 3aBaHHs 2 KOHTPOJIbHOI poboTu Ne 1, 3HaiiTu:

1) 3aranbHe piBHSAHHSA WIoMMHU ABC Ta KOOpAMHATH 1 HOPMAJIBLHOT'O BEKTOPA;
2) piBHsHHS momHn ABC 'y Biipi3kax;

3) kyt mix mionuHamu ABC ta ABD B panianax 3 TouHictio 10 0,01;

4) Biactanb Big Touku D go rpani ABC;

5) xaHoH14H1 piBHsAHHA Bucotd DH mnipamign ABCD;

6) KoopaAMHATH TOYKH nepeTuny Bucotu DH 3 rpanHio ABC

7) kyT Mix pedbpom AD Ta rpanHio ABC B panianax 3 Tounictio 10 0,01.

MATEMATUYHUUN AHAJII3

POBOYA MMPOT'PAMA
HABYAJbHOI M CIHUILTIHA
«MATEMATHAYHUN AHAJII3»

I kype 1II cemectp

Po3noaist HaBYAJIBLHUX I'OAMH

KinnkicTs roaun o
KinbkicTs ®
AyIHTOPHHX 3aHATH CamocriiinHoi KOHTP. JOPME
yCbOro TpakTHYHUX podoru pooiT prrHocT!
Yeboro | Jlekuii
3aHATH
198 32 16 16 166 2 eK3aMeH

3MicT mporpamu

1. I'panuui i HemepepBHICTH PYHKUIH OAHi€T 3MiHHOI

1. Tlonarra ¢yunkuii. Cnocobu 3aBmanHs ¢yukuiil. Knacudikamis ¢yHkiii.
['panuns GyHKIIi B TOYII.

2. T'panuns ¢yHkuii y HeckiH4eHHOCTI. OCHOBHI TEOpEMH IMpPO TpaHMIll.
MonotoHHi i oOMexeH1 QyHkIli. HeckiHueHHO BeIuKi 1 HECKIHUeHHO Mauli (yHKIIIT,

3B’ 130K MDDK HUMH.
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3. BaxmuBi rpanuni. [lopiBHSIHHS HECKIHUEHHO ManuX. EKBiBaJIeHTHI1
HECKIHUYE€HHO MaJji. Tunu HeBU3HAYEHOCTE! Ta CIIOCOOU iX PO3KPUTTA.

4. IloHsaTTs HEenepepBHOCTI (YHKIII B TOYI[l Ta HA MPOMDKKY. TOUKH pO3pUBY Ta
ix kmacudikarris.

5. Teopemu mipo HenepepBHi QyHKIT: nepia Ta apyra Teopemu bosnbiano-Korri,

Teopema BeuepTpacca.

2. Iu¢epenuiajbne yncaeHHs GyHKUil OxHi€T 3MiHHOI

6. IloxinHa ¢QyHkuii B Touui, ii reomeTpuyHuid Ta GBUYHUA 3MicT. Tabnuus
MOXITHUX OCHOBHUX eneMeHTapHux Qynkuii. [IpaBuna nudepenuiroBannd. [loxigna
cknanenoi pyukiii. Jlorapudmiune qudepeniiroanns. [loxigHi 06epHEHO1, HEIBHO
Ta MapamMeTpUyHO 3aaHuX (PYHKIIIH.

7. HousaTts nudepeHuioBHOCTI QYHKIT y TOYLI Ta MOro 3B’S30K 13 MOHATTAM
HenepepBHocTi. ludepenian GpyHKIii B ToUll 1 HOro reOMETPUYHUMN 3MICT.

8. O3HaueHHsA MOXIJHOI BHUIIOTO MOPANIKY. BiaumrykaHHs MNOXIIHUX APYroro
MOPAJIKY SIBHO Ta MapaMeTpUYHO 3afaHux ¢yHkuid. O3HayeHHs audepeHiiana
BUIIOTO NOPSAAKY. Binmykanus qudepeHuiaiiB Apyroro mopsaKy.

9. JoTuyHa 1 HOpMaIh 0 MJIOCKOI KPUBOI, 3a1aHOT PI3HUMH TUIIAMU PIBHSHb.

2. 3acrocyBaHHs AupepeHIIATBHOr0 YUCJAeHHA (PYHKIII OHIET 3MiHHOI

10. OcHoBHI Teopemu audepeHiiaibHOro yuciaeHHs: teopemu depma, Poms,
Jlarpamxa 1 Komri.

11. TIpaBuno Jlomitans Ta HOro 3acTOCyBaHHS IPHU PO3KPUTTI HEBU3HAYEHOCTEH
PI3HUX THUIIIB.

12. O3naka MoHOTOHHOCTI (DyHKIIii. JlokansHUI ekcTpemyM ¢GyHKuii. HalOuibie
Ta HailmMeHmie 3HadyeHHsS (yHKUIi Ha Biapi3Ky. HeoOximHa Ta mocTaTHI yMOBH
ICHYBaHHS JIOKQJIbHOT'O €KCTpeMyMY (YHKIIII.

13. Tlonstrs omykiocti (BruyTtocti) kpuBoi. Kpurtepii  omykiocti. Touku
neperuny. HeoOxigHa Ta JOCTaTHS YMOBH ICHYBaHHSI TOUKHU MEPETHMHY. ACUMMTOTH
KpuBOi (03HauUeHHs). BepTukanbHi 1 HOXUI1 aCUMIITOTH.

14. 3aransHuil miian gqocaipkeHHs GyHKii Ta modyaoBH ii rpadika.

15. 3actocyBanHs nU(EpEeHIIaTBHOTO YUCICHHS 10 HAOJIMKEHOTO PO3B’sI3yBaHHS

anreOpaiyHUX piBHAHB (METOAM XOPJ Ta TOTUYHUX ).
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3. IndepennianbHe yncjaeHH PyHKIII JeKUIbKOX 3MIHHMX

16. Ilouarts QyHKUIi AEKUIBKOX 3MIHHUX. ['eoMeTpuyHuil 3MicT (QyHKIII JBOX
3MiHHUX. O01acTh BU3HAYEHHS, FPAHMII 1 HEMEPEPBHICTh (YHKLII JIBOX 3MIHHHX.
YacTuHHI MOX1AH1 MepUIOro NOPAAKY QYHKIIIT TEKUIBKOX 3MIHHUX.

17. YactuHHI TOXigHI JpPYyroro mNopsAKy (GyHKLII AEKUIbKOX 3MIHHHUX.
JudepeHIiioBHICTh y Toulll (QYHKIII JBOX 3MIHHUX, il MOBHUM Ta YaCTUHHUU
mudepeHiany. YacTuHHI MOXIAHI NEPIIOro MOPSAAKY CKIIAJEHOI Ta HESIBHO 3aJ1aHOi
GyHKIIHA JEeKUTBKOX 3MIHHUX.

18. Jlesiki 3acTOCYBaHHSI YaCTUHHUX MOXITHUX: JOTUYHA TUIONIMHA 1 HOPMaJb JI0
MOBEPXHI, EKCTpeMyM (DYHKIIIT 1BOX 3MIHHUX, CKAJIIPHE TI0JIe, TOXIIHA 33 HAMPSMOM,

rpazieHT, popmyna Telnopa 1t GyHKIIT JBOX 3MIHHUX.

4. KoMniekcHi yuc/ia i HeBU3HAYeHU IHTErpas

19. [ToOGynoBa cucTeMu KOMIUIEKCHUX YHCEI, X 300pakeHHs Ha TuiomuHi. J[ii Has
KOMIUIEKCHUMHM YMCJIaMH, 3aJaHUMU Y aireOpaiuHiii, TpUTrOHOMETPUYHIN Ta
MMOKa3HUKOBIN (popMmax.

20. MHuorowneHn Ta iX KOpeHl: TeopeMa be3sy, ocHOBHa Teopema aireOpu Ta
HACJIJIKHU 3 HET, PO3KJIaJaHHs] MHOTOWIEHIB Ha MHOKHHUKH. [IOHATTA paiioHaqIbHOTO
npoOy. HempaBuiibHi, TpaBUiIbHI, HaWTpocCTimi apoOu. Po3kiamaHHs mpaBUIBHOTO
palioHaJIbHOTO JpOo0y Ha HAUIIPOCTILIII.

21. Tlonarrs mnepBicHOi (GyHKIIT 1 HEeBU3HAYeHOro iHTerpana. ['eomeTpuyHuit
3MICT HEBU3HAYEHOTO IHTErpaja, Horo OCHOBHI BJIIACTUBOCTI. Tabyniisi HEBU3ZHAUEHUX
IHTEerpaaiB OCHOBHUX eleMeHTapHuX (pyHkIii. Halimpocriini npaBuiia iHTerpyBaHHS.
besnocepenne iHTerpyBaHHsA. 3aMiHa 3MIHHOI Y HEBH3HAY€HOMY IHTErpalli.
[HTerpyBanHs yacTUHAMMU.

22. InrerpyBaHHs ApoOOBO-pallioHANIbHUX (YHKIIH. IHTerpyBaHHS HdESIKUX
GyHKLINA, K1 paliOHaJbHO 3aJ€XKaTh BiJ TPUTOHOMETPUYHHMX Ta IppalliOHaJbHUX

GbyHKITIH.

5. Bu3sHaveHUil Ta HEBJIACHI iHTerpaau

23. O3HaueHHS BU3HAYEHOTO IHTErpaja, Horo reoMeTpuYHHUi 1 GI3UYHUNA 3MICT,

yMOBU icHyBaHHsA. OCHOBHI BJIACTMBOCTI BHM3HaueHOro iHTerpasa. OOuucIeHHS
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BU3HAUEHUX IHTErpaniB 3a Qopmynoio HerooTona-JIeibnia. 3amina 3MIHHOT 1
IHTErpyBaHHs YaCTUHAMU y BU3HAYEHOMY 1HTETpaJIl.

24. HabnmxeHe OOYMCIICHHS BU3HAYEHHX IHTETpalliB: (OpMyNn MPSIMOKYTHHUKIB,
Tpanerii Ta CiMIicoHa.

25. TloHATTS HEBIACHOTO IHTETpalia MEPIIOro poAy (Big oOMexxeHux (GyHKIIH, Ha
HECKIHYEHHOMY TPOMDKKY), TOCHIIKEHHsSI 1X 30DKHOCTI 3a O3HauYeHHsSM. HemiacHi
IHTETrpaIu APyroro poay (Big HEOOMEXEHUX (PYHKIINA, HA CKIHUEHHOMY MPOMIXKKY),
TOCHIDKeHHST 1X 30DKHOCTI 3a O3HAYeHHSM Ta 3a JOMOMOIOI0 Yy3arajbHEHOi
MEPBICHOT.

26. O6uuClIeHHs IO IJIOCKOT QIrypH, JOBXKHUHHU JIYTH IJIOCKOT KpUBOi, 00’ €My
Tila Ta TUIOLII TOBEPXHI OOEpTaHHS 3a JIOMIOMOI'OK) BH3HAYEHOI'O Ta HEBJIACHUX
IHTETpaliB B JIEKAPTOBUX Ta MOJISIPHUX KOOPJIMHATAX.

27. 3acTtocyBaHHsS BHM3HAYEHOI'O Ta HEBJIACHUX IHTETpalliB MpPHU PO3B’SA3yBaHHI
JEeSKHUX 3a/1a4 MEXaHIKU: OOYHMCIIEHHS CTaTUYHUX MOMEHTIB, KOOPAMHAT LIEHTpa Mac

Ta MOMEHTIB 1HEPIIi AYTH TIOCKOI KPUBOI.

PEKOMEH/OBAHA JIITEPATYPA

HNIAPYYHUKHU 1 HABYAJIbHI INOCIBHUKHA

1. bepmant A.®@., ApamanoBuu H.I'. Kpatkuii Kypc MaTeMaTH4eCKOrO aHaln3a.
— CII6.: JIans, 2008. — 736 c.

2. Jlauko ILE., IlomoB A.I'., KoxeBunukoBa T.J. Beicuias MaremaTtuka B
ylnpaxxHeHusx u 3agadax. B 2-x 4. Y. 1: YueO. nocobue s BTy30B. — M.:
Breicmr. mik., 2000. — 304 c.

3. HdemunoBuu bB.I1., KynpsBuer B.A. KpaTkuii Kypc BbICIIEHM MaTE€MAaTHKH:
VYue6. mocobue mnst By3oB / B.IL. Hdemumosuu, B.A. Kynpssues. — M.:
Actpens; ACT, 2001. — 656 c.

4. Jlyoosuk B.IL., FOpux [.I. Buma matematuka: Hasu. nocidonuk. — K.: A.C.K.,
2006. — 648 c.

5. OBuunnukoB ILIL, Spemuyk ®.I1., Muxaitnenko B.M. Buma maremartuka:
[Migpyuynuk. ¥V 2 u. Y.1: JliniitHa 1 BekTopHa anreOpa. AHaJlITUYHA T€OMETPisl.
Beryn 1o marematnuynoro ananizy. Judepenuianbie 1 iHTErpajibHe YUCICHHS.
— K.: Texunika, 2000. — 592 c.
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10.

11.

12.

13.

14.

15.

16.

[MTuckynoB H.C. [uddepennuaibHoe W HHTErpajbHOE HMCUYHUCICHUS IS
BTYy30B. B 2 1. T. 1: YueGHoe nmocobue nns BTy3oB. — M.: Hayka, 1985. — 432
c. (Ilmckynor H.C. uddepeHunanbHoe W HHTErPAJbHOE HCUYUCICHUS.
VYuebnuk: B 2-x 1. T. 1. — M.: Unrterpan-npecc, 2005. — 416 c.)

ITucemennsbiii JI.T. KoHCHEKT NeKIMiA 1O BBICIIEH MaTeMaTUKE: MOJHBIN KypC.
— M.: Alipuc-tipecc, 2009. — 608 c.

Tepsimme A.Jl., JIuteun O.I'. Buia matemaTuka y npukiajgax Ta 3agadax. 4.
1. Jliniina anrebpa 1 aHamituyHa reometpis. [dudepeHuianbHe 4YHCIIEHHS
¢bynkuii oxniei 3minHoi. — Xapkis: XTYPE, 2002. — 552 c.

Tesamer A.Jl., JlutBun O.I'., KpuomeeBa I'.M. Ta in. Buma matemaruka y
npukiaaax Ta 3agadax. Y. 2. [arerpanbHe yucieHHs QYHKUIA OAHIET 3MIHHOI.
Hudepeniiianbie Ta 1HTErpajibHe 4YMCICHHS (QYHKUIA OaraThboX 3MIHHUX. —
Xapkis: XHYPE, 2002. — 440 c.

[Mumaue B.C. Bricias marematuka: Y4eOHUK 1js By30B. — M.: IOpaiir,

Bricmiee o6pazoBanue, 2009. — 480 c.

3BIPHUKU 3AIAY

bepman I'.H. COopHuK 3amay 1o Kypcy MaTeMaTHUeCKOTo aHanuza: Yueo.
nocobue. — CII6.: ITpodeccus, 2001. — 432 c.

Buma wmartematuka: 30ipHuk 3anay: HaBu. mocionuk / B.IL. JyOoBuK,
LI. FOpuxk, LII. BoBkonas ta iH.; 3a pen. B.I1. Jly6oBuka, I.I. FOpuka. — K.:
A.C.K., 2004. — 480 c.

Jlyary K.H., IMucemennnii [[.T., ®equn C.H., [lleByenko F0.A. COopHUkK
3a1a4 no Beiciiel marematuke. 1 kypc / [log pen. C.H. ®enuna. — M.: Aiipuc-
npecc, 2008. — 576 c.

Munopckuii B.II. CoopHuk 3amaud mno BbIcHIedl maTemaTuke: Yueb. mocobue
s BTy30B. — M.: ©U3MATIIAUT, 2006. — 336 c.

[Mumauer B.C. 3agaunuk 1mo BeICIIeH MaTeMaTuke: Yuel. mocoOue I By30B.
— M.: Beicur. mk., 2003. — 304 c.

JITEPATYPA BUJABHUITBA HMerAY

InrerpyBannsi: HaBu. nocionuk / JL.II. Karaniit Ta in. — JIHIIpOneTpOBCHK:
HMeTtAY, 2011. — 192 c.
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17. KagunpaukoBa T.M. Ta iH. Buila maTemaruka B Mpukiaiax ta 3agadax: Hasu.
nocioHuk. Y 7 4. — JuinponerpoBcbk: HMeTAY, 2010-2011.

18. Konopynin B.JI. Buma wmatematuka (po3aun “BusnaueHuit interpan’):
Koncnekr nekuiit. — Jninponetposcbk: HMeTtAY, 2004. — 46 c.

19. Meroauuni BKa3iBKM JO CaMOCTiiiHOT poOoTu 3 jucuuIuiiHg  “Buia
marematuka” (po3nin  “HeBmacHi iHTerpasv”) Il CTYAEHTIB  YCIX
cnemiansHoctel / Yki. B.JL Komopymin. — HuinponerpoBcbk: HMeTAY,
2004. — 37c.

KOHTPOJIBHI POBOTH

BukoHaHHS KOXXHOi KOHTPOJBbHOI poOOTH Tpeda MOYMHATH 3 BUBYEHHS
TEOPETUYHUX IMOJIOKEHb 32 HABEJCHUMHU NOCWIAHHSAMH, MPUUOMY L€ HEOOXITHO
MOEIHYBAaTU 3 CAMOCTIMHMM PO3B’s3aHHSM PEKOMEHJIOBAHUX 3ajaad. Jlo BUKOHAHHS
KOHTPOJBHUX 3aBJaHb JOLUIBHO MPUCTYNATH TUIBKU MICIs BUPOOJEHHS JOCTATHIX
MPaKTUYHUX HABUYOK. THUIOBI MPUKIAIM HaBEIEHI 3 METOI JOMOMOITH B I[bOMY.
Bonu nepenyMepoBaHi HACTYMHMM 4YHHOM: Tiepmia Iudpa O3Ha4Yae HOMEP
muciuiutiay (1 —  JmiHiiiHA anreOpa 1 aHaJITUYHA TE€OMETpis, 2 — MaTeMaTUYHUU
aHamiz, 3 — paudepeHliadbHl PIBHAHHA), Jpyra nudpa — TOPAIKOBHA HOMEp
KOHTPOJBHO1T poOOTH, TpeTs U pa — MOPSIAKOBUI HOMEp NpuKiIaay. Pucynku maroTh
aHAJOTIYHY HyMepallito; nepeBa)kHa OUTBIIICTh 3 THX, 110 MICTATH Tpadiku QyHKIIH,

nobyaoBana 3a qonomororo Mathcead.
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KOHTPOJIBHA POBOTA Ne 1

PexomeHyeThCsl (CKOPUCTABIIMCH OJHUM a00 JIBOMA 3 HaBEJCHUX HUXKYE JIPKEepen)

— BUBYMTH TeOpeTHYH1 nonoxkeHHs 3a [1], o -1, ro. 1V, §§ 2, 3, rn. VII, §§ 1, 2,
4; [3], rn. VI-X, X1, §§ 3,7, 8, 10, XX, §§ 1-4, 8, 10; [4], rn1. 4, 1. 5, §§ 1-6, .
6,88 1,2,3.1,3.4; [5], . 3, §§ 2, 3.1-3.9, 4.1-4.3, 5, 6.1-6.3, rn.4, §§ 1-16, 19-
20, 27-31; [6], ro. I-III, VII, VIIL, §§ 1-12, 17, . IX, § 6; [7], rn. V, VI, IX; [10],
ri. 4-6, 11, 12;

— po3ibpatu po3B’sizaHHs 3ana4 y [2], ra. VI, tn. VI, §§ 1-2, . VIII; [8], . 7, 8;
[9], ro1. 2;

— caMmocTiitHO po3B’s3atu 3agadi: [2], NeNe 657, 658, 667, 671, 672, 692-694, 727,
728, 771, 773, 778, 780, 820, 821, 864, 898, 902, 910, 914, 918, 920, 951, 1024,
1025, 1030, 1036, 1041-1044, 1060, 1067, 1084, 1091, 1102, 1174, 1197, 1201,
1214, 1217, 1233, 1234, 1260, 1262, 1278, 1291, 1299, 1308; [11], NeNe 268-277,
289, 293, 297, 306, 311, 328, 330, 333, 351-354, 361, 370, 371, 373, 471-3, 509,
523, 524, 528, 534, 539, 543, 551, 560, 585, 586, 629, 653, 664, 798, 805, 941,
1025, 1032, 1165, 1175, 1185, 1186, 1270, 1271, 1398, 1403, 1408, 2984, 3041,
3044, 3046, 3047, 3096, 3124, 3128, 3132, 3147, 3183, 3191, 3272, 3273; [12], rm.
4, NoeNe 331-334, 343, 368, 384, 397, 437, 438, 501, 506, 528, ri. 5, NeNe 33, 39,
43, 69, 108, 124, 186, 199, 219, 220, 252-1, 253, 254, 307, 321, 340, 382, 455,
458, 461, 625, 626, 647, 661, 670, 676, 711, 723, 740, 763, 766, 826, 829, 833,
858, 860, 871, 886, 889, ri. 6, NeNe 17, 25, 115, 116, 120, 129, 132, 181, 184, 205,
206, 249, 266, 268, 299, 301, 332, 340, 388, 391; [14], NeNe 734, 737, 744, 757,
766, 772, 782, 783, 821-1, 824, 828-2, 838, 845, 849, 855, 871-2, 878, 883, 897,
907, 909, 940, 982, 1021, 1047, 1049, 1075, 1089-2, 1123, 1125, 1135, 1138,
1144, 1152, 1161, 1165, 1247-1, 1844-6, 1858, 1865, 1880, 1884-2, 1895, 1899,
1904, 1907, 1913, 1927-3, 1930, 1999, 2030, 2033; [15], rm. 4, NeNe 236, 239,
240, 241, 247, 248, 252, 258, 262, 270, 272, 279, rim. 5, NeNe 12, 13, 16, 30, 34, 38,
73,75, 79, 83, 89, 105, 147, 162, 168, 227, 230, 233, 246, 249, 252, 282-1, 282-5,
293-2, 293-4, 296-3, 298, 307, . 11, NeNe 39, 42, ra. 12, NeNe 1, 2, 12, 23, 30,
35, 40, 59, 64, 94, 99, 109, 114.

Hpuxkaax 2.1.1. 3HaiiTi rpaHull (QYHKIIHA, HE KOPUCTYIOYUCH IPABUIOM

JlomiTajs:
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2x° +4x° -7 2Vx +3\/x2+5 o 2xP4T7x 43

a) lim — 5 ; 0) lim ; B) lim — ;
x>03x" —x +x+1 xo>o 384 24 3/x x>-35x"+13x-6
3 _ .
r) lim Vx-1 ;1) lim M' e) lim(\/x2+x+3—\/x2+2J;
x—)l\/1+x—«/2x x—>01n(e x) 1 X
x*+1
2 _ 3 \x-4
x>0 x"+35
Po3zs’sazanns.
2+i—l
. 2x°+4x -7 (o] . 2 55 2+0-0
a) lim — — L= lim — —_2:
x>o3xt —x +x+1 o3 1 1 0-140+0
LTt gt s
X X' X
x+1 5
2 | —+1+_ —
6) lim 24 x + +\/ +5{ } - Ux? Ux? _2J0+0+140 1
X—> 3 2+\/_ X—> 3 xi-2 i/; 36\/1—0+0 ’
6 +
312 32
1
5 2(x+3)| x+—
2x"+7x+3 |0 . 2 . 2x+1_ 5
B) lim 0 = lim SN lim I 17
x>-35x>+13x-6 x_)_35(x+3)(x—) x—>-35x-—

e (o) . Qx-n)A e Veen) (x4 V2x)
K i‘i“lm_m{6}=i‘+"‘l(m_m)(m+m)(%?+%+l):

i y(Vi+x+2x) gim YLtx+V2e V2442 2 o
x—)l(l_l_x Zx)(\/7+\/_+l) x—1 %/7_'_\/__'_1 1+1+1 ’

arcsin2x |0 . arcsin 2x . arcsin 2x
) lim ﬁ 0 = lim lim =
x—01In(e — x) x_)01n|:e(1—x):|—lx_)ﬂlne+ln(1—x)—l
e e
x—>0 5
= arcsin2x ~2x b= lim —— =2, 3ayeasicennn. TyT MU CKOpUCTAIINCS
X X x>0 1- X 1
Inf1——|[~—— e
\ e e J
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maobauyer eKkeieanieHmHux HecKinyeHno maaux: skuo o(x) = 0 opu x — x;, 10
sina(x) ~ a(x), arcsina(x) ~ a(x), tga(x) ~ a(x), arctga(x) ~ a(x),

In[l1+a(n)] ~ a(x), b*® =1 ~Inb-a(x), ™ -1~ a(x);
e) lim(\/x2+x+3—\/x2+2J{oo—oo}=
(Jx2+x+3—Jx2+2J(Jx2+x+3+\/x2+2J

x>0 Va2 +x+3+Vx? +2

X+x+3-x2-2 x+1 1 1
= lim = lim =_-

S W34 a2 ol b x+3+4/xt 42 1+l 2

€) ckopuctaemoch popmyinoro: gxkmo lim f(x)=1, lim g(x)=o0, TO

X X, X X,
lim f(x)*™ =e*, ne a= Jim g(x)[f(x) 1].
x> X,
2 3
Ockutpku lim x—x3=1, lim = *1 =00, TO
X—> 0 x2+5 x—)oox2_4
2
a=limx2+1 xP—x-3 1 (x +1)(x -x-3—-x 5)=
x—ox? 4| x2+5 x—>oo (x2=4)(x* +5)
x*+1
4 3 2_ _ x2_4 1
= lim ¥ j8x2+x+8=—1.ome, lim xz—x?) {1°°}=e“=—
x>0 x4+ x" =20 x>o  x“+5 e

Hpukaax 2.1.2. JlocniauTyu Ha HENEepPepBHICTh (PYHKIIIO 1 MOOYyAYBaTH €CKi3 ii

35 xX+2, x<-1

X

rpadika: a) f() — 0 f(x)= x%, —1<x<1
2x-3 11 4-2x, x=>1

Poss'azanns.
a) OyHKIiS BU3HAYEHA BCIOAM, OKPIM TOYOK X =3 W X =35 1 OCKUIbKM BOHa €
€JIEMEHTAPHOIO (3a7aHa €JMHOI0 (POPMYIIO0I0), TO HEMEPEpBHA B yCIX TOUKaxX 00JaCTi

BHU3HA4YCHHA. I[OCJ'IiI[I/IMO TOYKH, B AKHUX q)YHKLIISI HC BU3HA4YCHA.

B Ttoum x=3:
1 1
2 2
lim f(x)= lim 3 _3 =43, lim f(x)= lim 3 .
x>3-0 x->3-02"%° 41 0+1 x—>3+0 xo3+027® 41

Ockiibki 0OMIB1 OJJHOCTOPOHHI T'paHUILl CKIHYEHHI, aje He PiBHI MK c00010, TO B
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Touli X =3 3a7aHa (QyHKIIS Ma€ PO3PUB MEPUIOro poAy (CKIHYEHHUH PO3PHUB) 1

3MIMCHIOE CTPUOOK A = ‘\/5 - 0‘ =3.

B Ttoui x=5:
3+OO —©
lim f(x)= lim =+o00, lim f(x)= Ilim =0. Ockuibku
x—>5-0 x>5-0 1 X540 x>5+0 1
22 +1 22 +1

JIBOCTOPOHHS TPaHUIl HECKIHUEHHA, TO B TOYIl X =5 3amaHa QyHKIISI Ma€e pO3pUB
Ipyroro pojy, a came, HECKIHYEHHUH JIIBOCTOPOHHINA po3puB. I'padik dyHkmil y

3arajJlbHOMy BWIJISiI TMoka3zanuii Ha puc. 2.1.1. Ha puc. 2.1.2 ta 2.1.3 noka3sani

31

30inbIIeH] hparMeHTH rpadika. 3ayBaxumo, mo lim f(x)=—
x>+ 2°+1 2

-
*

-
N

0.4

02

Puc. 2.1.1

Puc. 2.1.2 Puc. 2.1.3
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0) OyHKIISA HE € eIEMEHTApHOI0, OCKUIBKM Ha PI3HUX MPOMDKKAX BOHA MOJAETHCS
pPI3BHUMH eJeMeHTapHUMHU (QyHKUiAMH. B nanomy pasi yci mi QyHKIIi BClOau
HEMEepepBHi, 0TKe, 3a/laHa HeeJeMEeHTapHa (DYHKIISI MOXKE€ MaTH PO3PUBU TUIBKU B

“mexxoBux’ Toukax Xx =z1. JlocmauMo 1l TOYKH.

B toumi x=-1:

lim f(x)— lim (x+2)=1, lim f(x)= Ilim x? =1. B ganiii Touni
x—>-1-0 -1- x—>-1+0 x—>-1+0

¢GyHKLIA BU3HAUY€HA, a 0OUJIB1 OTHOCTOPOHHI TpaHUIll CKIHYEHH1 i piBHI MK CO0O0I0,
oTxe, (YHKIIIS HeTlepepBHa.

B Ttoumi x=1:

lim f(x)= Ilim x*=1, lim f(x)— lim (4—-2x)=2. OckiIbku OOUIBI
>1+0

x—>1-0 x—>1-0 x—>1+0
OJIHOCTOPOHHI T'paHUIll CKIHYEHHI, ajie¢ HE PIBHI MDK CO00I0, TO B JaHId TO4IIi
GyHKLIS Ma€e PO3pUB NEPUIOTO pojy (CKIHUEHHUH PO3PHUB) 1 3IIMCHIOE CTPUOOK

= ‘1 - 2‘ =1. I'padix ¢pynkuii nokazanuit Ha puc. 2.1.4.

-
-

3 k) s

Puc. 2.1.4

Ipukaang 2.1.3. 3uaiiti noxigai y' qaHux QyHKIHA.

X

2
) y=4{1+32y +—2—. ) y=larerg1+x*;  B) y=12¢ 1)
< tdx cos“(3x)

_ 2
; II) Xy = arctgi; C) {x = lll(l +t ), '
Y y

e 2
r) y=(arctgx)™™" * ) ot
=t—arctg
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Po3zg’azanns.
3 1
a) Ilepenumemo y y Burmsial y=(1+3x )4 +2(x+\/_ ) . Tomi
3
21

1
—(1+3x 247 (043 2x)—2- E(x+\/_) (HTJ

_ 9x 2/x +1 _
2‘{/1+3x2 2\/;(x+\/;)\/x+\/;’
0)
,_ 1 _ 1 N B x _
arctgm l_l_(m)z 241+ x? arctgm(z +x2)m ;
e’ . cos> (Bx)-Ig(e”* +1)-2cos(3x)-[-sin(3x)]-3
5y =10 +1) _

cos? (3x)
_e"cos(3x)+6(e” +1)1g(e” +1)sin(3x)In10
(e* +1)cos>(3x)In10 ’

r) TMOXiAHY IIi€l TOKa3HUKOBO-CTENEHEBOi (yHKII 3HAWAEeMO CIOCOOOM

norapumivHoro audepeniitoBanns. [Iponorapupmyemo 3anany GyHKIIO ABIYI:

Iny= xsin® xIn arctgx, Inlny=Inx+2Insinx+Inlnarctgx. [Ipoaudeperroemo

. 1 1 , 1 1 1 1 1
OCTaHHIO  PIBHICTB: ——y =—+2——cosx+ . . 5
Iny y X sin x Inarctgx arctgx 1+ x

: 1 1 1 1
3Bigcu  3Haxomumo ' = ylny + 2ctgx + . . 3 abo, 3
Inarctgx arctgx 1+ x

ypaxyBaHHSIM MONEPEAHBOI0, OCTATOYHO MAEMO

xsin® x

1 1 1 1
y' = (arcigx) - xsin® xInarctgx [— + 2ctgx + . . j;
x

Inarctgx arctgx 1+ x>
n) 3ana”a GyHKIis — HesiBHA. [IpomudepeHirroeMo HaaHy piBHICTh 3 ypaxyBaHHSIM

1 y—xy
2

2 2
1+(x) Y
y
y 1-x*-y*

maemo p(x? + y*)+x(x* +y*)y' = y—xy', 3Bigku Burmeae y' == - R
X 1+x"+y

TOro, 1o y € QyHKLiew Big x: y+x)y = . Ilicns coporneHHs
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/
¢) ¢yHkuis 3amaHa napameTpuuHo. 3HaimemMo y,. 3a QopMmyion . =y—’,.

Xt
1 t?
’ _1+t2 l-l-l‘2 t
Otpumyemo y, =  VEE =E.

1+ 1+

Hpuxaanx 2.1.4. 3anucaty piBHIHHS JOTUYHOI 10 KPUBOI y = x?+2x*—4x-3

B Toulll, 1e x=—1.
Po3zé'sizanna. PiBHAHHA OOTHMYHOI 10 KpuBOi B Touli M (X, yy) Ma€ BHUIIIAI

y—yp =k(x—Xx,), ¢ 3HaueHHA KyTOBOro KoedimieHTa Kk oOYMCIIOETBCA 3a

bopmynoro k= y"M . B manmomy past x3=-1, y,=y(x)=y-1)=2,
0

k=(3x?+4x- 4)‘ ; =—5, oTxe, pIBHIHHA AOTUYHOI € y—2 =—5(x+1) abo
X =-

S5x+y+3=0.

Hpuxaanx 2.1.5. 3HaiiTu rpanuii 3a npasuioM Jlomitans.

- In(x-3
a) lim t.gvc—x; 6) lim n(x—g; B) lim (n—x)tgi;
x>0SInx—x x— 3+0 ln(ex —e ) X1 2
11 L
r) lim -— 1 m  lim (ctgx)™~; e) lim (m-2x)"".
x>0\ arctgx x x=>0+0 x>Z_0
2
Po3zs'sizanns.
1
gex—x [0 r 1 1 1-cos® x
a) lim X~ —,np.JIon.} = lim £95 X __ — |im ;- lim———=
x—>0sinx—x (0 x>0 cosx—1 x->0¢os°x x—0 cosx—1
=—1-lim(1+cosx)=-2;
x>0
1
In(x - —
6) lim n(x—?)g 2, np. Jlon.; = lim —x=3
x=>3+0n(e* —e”) | © x—>3+0 1 o
e —e’
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X 3 X
= lim 1. lim & ¢ g,np.ﬂon. =i lim e—=i-e3=1;
xo53+0 ¥ x53+0 x-3 3 3

- -1
B) lim(n—x)tgi{()-oo}= lim =~ g,np. Jon.; = lim ———=2;
XOT 2 X7 X0 X7 1 1
ctg — -
2 . 2X 2

r) lim [ 1 —lj{oo - oo}: lim w{g, np. ﬂon.} =
x—>0\ arctgx X x>0 x-arctgx (0

1—1 2

2
= lim 1+x {x—)O, arctgx~x}=lim xz =lim+=0;
O0x(1+x")+x *>01+x"+1

—0 ¢ n
arctgx 3

1+x

1 1 o
n)  lim (ctgx)™~ {oo0 }= e’ ne a= lim —-In ctgx{—, np. ﬂon.} =
x— 0+0 0

x> 0+0In x
1 1
——
. ctgx sin ] X . 1 . X
= 1 &Y S X _ _ im ——F=— lim - lim ——=
x— 0+0 1 x=>0+0COS X -SINn X x=>0+0COS X x—>0+0SIN X
X

1
=—1-1=-1. Omxe, lLim (cigx)m* =¢'==;
x— 0+0 e

e) lim (n—Zx)c"sx{OO}: e“,ne a= lim cosx-In(m—2x){0-0}=
T T

x> ——-0 x> -0
2 2
1
~2)
In(m -2 .
= lim M{g,np. ﬂon.}= lim m—2x =-2 lim —
x—>—-0 0 x_)E_{]_ (_Sinx) x_)E_OSlnx
2 2
COos X cos” x
2 .
li °°Sx{9,np.ﬂon.}=—2-1- lim —2S0S¥SINX_ 5 0.1=0.
v T_om—2x (0 x_)g_ﬂ -

Orke, lim (m-2x)"*=¢%=1.

x>0
2

X
, x
Yxte3

Hpukaanx 2.1.6. 3HaiiTu HallOUTbIIE 1 HAMMEHIIIE 3HAYeHHS QYHKIIT p =
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Ha BiIpi3ky [-3,1].
Po3zé'sazannsn. HemepepBHa Ha BiApi3Ky (YyHKIIS Jocsrae HalOUIBIIOTO
(HaliMEHIIIOr0) 3HAauYeHHS a00 y KPUTHYHUX TOYKAaX MEPIIOTO POIY, IO JEKATh

BCEpeANHI BIAPI3KY, a00 Ha KIHISX LIBOTO BIIPI3KY. 3HAWIEMO KPUTHYHI TOUKH.

< 13 2+x < ) ) )
ed +— \/ ——e3. Ockinpku 3amaHa QyHKIis eleMeHTapHa i

y3\/_ 3%x

BHU3HAUY€Ha BCIOJM, TO BOHA BCIOAM i HemepepBHa. BcepenuHi 3aaHoOro BIAPI3KY
JeXaTh ABI KPUTHYHI TOYKU HEPLIOro poay: Xy =—-2 U x, =0. Y mepmiit 3 nux
touok y' =0 (Tak 3BaHa CTalliOHApHA TO4YKa), y Apyriii y' He icHye (TOYka
3arocTpeHHs). O0uucianmMo 3HaueHHs (QYHKIT Ha KIHISX BIAPI3KY Ta Y KPUTUUHHUX

TOYKax:

1 1
y(=3)=3/9 Dl 0.77, y(-2)=34 W ~0.81, p(0)=0, y(1)=3e~1.40.
e

TakuMm ynHOM, HalOUIbIIOro 3HaUeHHsT M =1.4 QyHKIIS J0csIrae Ha JIBOMY KiHII

b =1 Binpi3Ky, a HaliMeHoro m =0 — y TOYIL1 3arocTpeHHs X, = 0.

x3

Ipukaan 2.1.7. BukoHatd MOBHE NOCHUKCHHS QyHKUil y=—"— |1
2(x-1)

noOyaysatH ii rpadik.
Posé'szanns.
1) Hanana gyHkIlis BU3HAYeHa Ha yciil 4YMCIIOBIN OC1, 32 BUKIIOUEHHSAM TOYKA X =1.
T00TO 06MacTh BU3HAUeHHs x € (— o0, 1)U (1, + ).
2) OyHKIIs 3araIbHOTO TUITY (HE TTapHa 1 He HelapHa), HelepioAuYHa.

3) dxmo x=0, To y=0. Omxe, rpadik ¢GyHKUI] NPOXOAUTH Yepe3 MOYaTOK

KOOpAHWHAT.
3
. : : X
4) OOYHUCIUMO OJHOCTOPOHHI rpaHuil B Toumi X =1: lim —— =+,
x-1-02(x —1)2
3
lim ——5=t®. Ockulbku OOMIIBI TpaHUIl HECKIHYEHHI, TO B TodIll x =1

x-1+02(x —1)2
(GyHKIIIS TEPIUTh TBOCTOPOHHIN HECKIHUEHHHUH PO3pUB (PO3PUB APYTOro POIY).
5) Ha mizncraBi momnepeaHbOro 3akiOYaeMo, 10 mpsiMa X =1 € JBOCTOPOHHBOIO

BEPTUKAIBHOIO aCUMIITOTOIO Tpadika GpyHKuii. 3HaAAEMO MOXHUI1 ACUMIITOTH.
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3 3
P TR SR S Y
x>-—0oX x>-02(x—1) x> -o2x(x—-1) 2

x3 X

lim —-kx)=lim |[————|=
x—)—oo(y ) X—> — Z(x_l)z 2

=P +2xr-x B

. 1=b.
2(x—1)

Taxkum

lim
X—— o

X .
YUHOM, IIpsIMa J = E+1 € MOXWJIOK aCUMNTOTOI Ipadika QyHKUIl Opu x —> —o0.

AHaNOr1YHUM pe3ysbTaT OTPUMYEMO MPU X —> + 00,

6) 3HaiieMo KpUTUYHI TOUKH MEPUIOTO POAY 1 IHTEPBaJIM MOHOTOHHOCTI (PYHKIII.

200 N2 430w 2,
Ockimbkn 3 = 1 3x"(x-1) 24x (x-1) _X (x 33) ’
2 (x-1) 2(x-1)

npudomMy B Touli X =1

GyHKIS HE BM3HAY€HA, TO KPUTHYHI TOYKHM BH3HAYAIOThCS JHIIe ymMoBow ) =0.
OTxe, xz(x —3) =0, 3BiaKM 3HaX0AUMO JBI (CTalloHapH1) TOYKU Xy =0 i1 x, =3.
3BigcH Ta 3 TOMNEPEAHHOTO BUIUIMBAE, 10 (YHKISS MOHOTOHHA B IHTEpBaigax
(—,0), (0,1), (1,3) Ta (3, + ).

7) BuzHauumo ekctpeMmyMu (pyHKIII1, AJI YO0 JOCTIAMMO 3HAUICH] KPUTHYHI TOUYKU

3a IONOMOTI0I0 MePIIOoi J0CTaTHROT YMOBU 1CHYBaHHS €KCTPEMYMY:

X (— o0, 0) 0 0,1) 1 1,3) 3 (3, + )
HE
snak ' + 0 + 0 +
BU3H. -
MOBEJIIHKa | MOHOTOHHO | €KCTpP. | MOHOTOHHO | HE | MOHOTOHHO | JIOCSTae | MOHOTOHHO
y 3pocTae HEMae 3pocTae BU3H. criajiae MIHIMyMY | 3pocTae
: . .. 27
VY Touni x =3 QyHKIIS AOCATa€ MIHIMATIBHOTO 3HAYCHHS Yyiy = ?

8) 3HaiileMO KPUTUYHI TOYKM APYroro poay i1 1HTepBaJld OMYKJIOCTI (BIHYTOCTI)
rpadika ¢yHKIIi.
Busnaunmo y" 3a qomoMororo siorapumMidHoro au)epeHIiroBaHHs:

Iny'=2Inx+In(x-3)-In2-3In(x-1), y—=£+ LI = 6 ,
y x x-3 x-1 x(x-1)(x-3)
_x*(x=3) 6 3x

Y M G—D(x=3) 2(x-1)° x(x—1)x=3) (x-1)"

”n ’ 6

OCKUIBKH B TOUIll

x =1 QyHKIIS HEe BU3HAYEHA, TO KPUTUYHI TOYKU JIPYrOrO POAY BHU3HAYAIOTHCS

-39-



auiie ymoBoto y' =0, 3 kol 3HaxoaMMoO e€auHy TOouky X =0. 3Bimcu Ta 3
MOMEepPEeIHhOTO BUILIMBAE, 10 Tpadik (GyHKUII 30epirae OMyKIICTh (BTHYTICTh) B
iHTepBanax (— o, 0), (0,1) Ta (1, + ).

9) HocniguMo 3HAMIEHYy KpUTUYHY TOUYKY 3a JOMOMOTOI0 JIOCTaTHbOI YMOBH

ICHYBaHHsI TOUOK MEpEeTrunHy rpadika.

X (—,0) 0 0,1) 1 (1, + )
HE
smak )" 0 + +
- BU3H.
. . Mae€ . N
NOBCHIHKA | OMyKJIMH BrHYTHUM HE BrHYTHH
. TOYKY
rpadika y e U BM3H. U
MEPETUHY

Ockutpku y =0 npu x =0, To TOYaTOK KOOPJAUHAT € TOUKOIO NEPETUHY Ipadika
3a1aHo01 PyHKIIII.
10) Ha miacraBi ycix oTpuMaHux AaHux Oynyemo rpadik ¢ynkuii (puc. 2.1.5). Ha
puc. 2.1.6 mokazaHuil 30UIbIIEHHH (QparMeHT UBOTO Tpadika B OKOJI MOYATKY

KOOpAMHAT.

1 /
/ . S C—— =7

Puc. 2.1.5 Puc. 2.1.6

COS X

Hpukaan 2.1.8. 3uaiitu dz QyHkIii 7 = (tgx)l“y -y

. Oz 0z . C
Poszé'sizannsa. Ockinbku dz = a—dx + a—dy , TO 3HAaUJEMO YaCTUHHI OX1IHI:
X y
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_ 1
% _ In y- (tgx)™>! 5=y Iny-(-sinx),
Ox cos” x
Oz

1
= = (tgx)™¥ Intgx-——cosx - y
oy y

cos x—1

_ 1
Orxke, dz= [lny - (tgx)"v 1 ———+ ) Iny-sin x} dx +
cos” x

+ {(tgx)l“y Inzgx - i —Ccosx- yc"sx_l} dy.

Hpukaanx 2.1.9. 3HaiiTy yacTUHHI 200 MOBHI MOXIAHI QYHKIII.

a)z=v2e\/; u=arctg£, v=x3_y2)g_-9 %_?:
’ ax oy
6) z=ylnsinx, x=+/cosv, y=uv, __9 g_z_?;
v
— d:
B) 1=, x=gt, y=1'-1, ji_",

r) ln(x+z)—ﬂ—0 ﬁ_? %—?

9
ox o
Po3zs'sizanns.
a) CxmamemMo cxemy Ougpepenyiroeannusa: ockiibku z=z(u,v), u=u(x,y),

Oz Oz Ou 07 Ov Oz 07 Ou Oz Ov

v=w(x,y), 10 Lo 08 M, 0LV L _O on, 0k OV

ox Ou Ox Ov Ox  dy ou 8y Ov oy

3HaleMo ycl1 YaCTUHHI MOX1AH1, 110 BXOJSATH 10 JaHUX (GOPMYII:

0z p2oV | Ju Ou 1 1 ov 2 ou_ 1 x
" e w2 )
1+— 1+ Y
y y
1

@=—2y. OTtxe, o _ vze\/;- . Zy 2+6ve\/;x2,
Oy Ox Wu x +y

0z 2 Ju 1 X Ju

—=—ye" " . —4ve* " y.

oy 2Wu x4+ y? d
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cxemy oOugepenuirosannsn: Oockiuibku z=7z(x,y), Xx=x(v),

Oz 0Oz Oy az_az-dx_l_%-@

0) Cxkmamemo

y=yu,v). o E_E'a_u’ ov  ox dv dy ov

3HaleMo yci MoXiJiHi, 110 BXOASTh A0 JaHUX (HOpMYII:

0z 1 0z . Oy dx sinv oy wu
— =y-——-CoS X, —=lns1nx,—=\/;, —_——_——, = ——
ox sin x oy u dv 2Jeosv v 24y
0z 0z siny u
OTxe, —=lnsinx-\/;, — =—yctgx - ———+Insinx- ——.
ou ov yee 2+/cosv 2y

B) CkiiaieMo cxemy oughepenuitoeannsn:. ockiibku z =z(x,y), x=x(t), y=y(1),

. d; 07 dx 07 dy
TO MAa€EMO TTOBHY ITOX1IHY E = a—x . E + ay . dt .

3HaleMo yci MoXiJiHi, 110 BXOASTh A0 JaHUX (HOpMYII:

g: 2e2x—3y’ %=—3e2x_3y’ ﬂ:%, ﬂ= 21‘—1
ox 6y dt cos“t dt
2
Orxe, ﬂ = e2x—3y|:_2 -3(2t - 1):| .
dt cos” ¢
r) Oyukuis g = z(x,y) 3amana HesiBHO piBHsIHHAM F(x,y,z) =0. OTxe, 1 4acTUHHI
OF oF
MOXIJIHI BHU3HAYAIOThCA (popmynaMu g—i = —g—;, , Z—; = —g—;. VY nanomy pasi
0z 0z
F 1 F
F(x,y,z)=ln(x+z)—ﬂ, OTXKe, a—: _X’ a_=_£’
b4 ox x+z 2 Oy b4
LI
oF _ 1 xw 0z _ x4z z _yix+z)-7°
oz x+z ¥ Ox 1 + Y z2+xy(x+z)’
xX+3z z
_x
o 1 X Ziap(x+z)
xX+3z z

Hpukaax 2.1.10. Cxnacty piBHAHHS JAOTWYHOI IUIOUIMHU Ta HOpMail M0

MOBEPXHI x? —3y2 +47° +xy—2yz+3xz+16=0 B Toumi M,(-1,2,1).
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Po3zé'sazanns.  PiBHAHHS JOTMYHOI TUJIOMIMHHM JIO0 JESKOI TOBEPXHI B TOUIIl

M (x4, Y95 29) Mae Burman A(x—xy)+B(y—y,)+C(z—2y)=0, a piBHAHHA

X=Xg _Y=W _2~"%

BIIMOBIIHOT HOpMaJi € , ne xoepimientu A, B,C

A B C
OOYUCIIOIOTHCS B 3aJIEKHOCTI Bl CIOcOOy 3aBllaHHs MOBEpxHi. B nmanomy Bunaaxy
TMOBEPXHS 3ajaHa y HESIBHOMY BUIJIA1 F(x,y,2)=0, OTXe,
A=F] =QR2x+y+3z =3, B=F =(-6y+x-2z =-15,
*|p, (2x+y+32) M, ’u, (-6y ) M,
C=F] =(8z—-2y+3x) =1. Tomy mykane piBHAHHS JOTUYHOI IUIOLIMHU €
M, M,

3(x+1)-15(y—-2)+z—-1=0 abo 3x—-15y+z+32=0, a piBHAHHSA HOpPMAaJl €
x+1 y-2 z-1

3 -15 1
: : 2 07 0z >
Ipukaang 2.1.11. [lepeBiputH, YM 3aJ0BOJBHSAE PIBHSIHHIO X a——xya—+ y =0
X y
»
byHkuig z =-—+arcsin(xy).
3x
oz __ y* y oz _ 2y x
Poss'azanns. —=— + , oAl AR —
Ox 3x? \/l—xzy2 o 3x \1-x*)?
2 2 2
2
3x /1—x2y2 3x /1—x2y2 3 ll—xzyz
2y* ? . .
el A I A y* =0, omxe, (YHKIS 3a00BOIBHSE 3aJaHOMY PiBHSHHIO.
3 \/1 _x2)?

Hpukaan 2.1.12. JlocaiauTu Ha eKCTpeMyM QYHKIIIO Z = x?+ Xy + y2 -3x—-6y.

Poss'azannsa. 3amana ¢yHKLIS BU3HAUYeHA HA ycid miuommHl xO0y. CranioHapHi

% _

0
o . ox ’ . .. 02
TOYKH 3HANJIEMO 3 CHCTEMH PIiBHSIHb oz . Jnsa manoi yHkIii 6_ =2x+y-3,
gy X
oy
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2x+y-3=0, ,
Po3B’g3aBnm

0z
—=Xx+2y—6, OTXEe, CUCTEMa Ma€ BUIIII] .
x+2y—-6=0

oy
cCHCTEMY, 3HaXOJMMO €IMHY cTanioHapHy Touky M (0, 3). docmigumo 3HaiifieHy
TOYKY 3a JOIMOMOTOK JOCTAaTHIX yMOB eKcTpemyMy. OOYUCIMMO AUCKPUMIHAHT
2 2 2
A=AC-B?, ne A=Q§ . p=9¢ =Q§
ox~|M, Ooxoy | M oy
A=2, B=1, C=2, orke, A=2-2-1>=3. Ockimeku A>0, upuuomy,
A>0 (C>0), To B Touni M(0,3) 3amana QyHKLII Ma€e €KCTpEMyM, a caMe,
=2z(0,3)=-9.

. B manom asi
M, yp

MIHIMYM Z.q0

IHANBIAYAJIbHI 3ABJIAHHSA

3aBnanns 1. 3HaliTu rpanuii QyHKIIM, HE KOPUCTYIOYUCH IpaBuiioM JlomiTans.

x*-3x-4 . 3x*+d4x-7 . AJx+20-4
1. a) llmz— 0) lim 1 3 ; B) lim —a
x4 x" —x—12 x>0 x* —2x” +1 x>-4  x7 +64
3-5x
x—1 —
r) lim| —— ; ) limw.
x>0\ X+ 3 x—>0 3x2
2 .2 25 o
2. a) lim x"=2x-35 6) lim4 55x 3x : 5) lim \/2 2x \/x+6;
x>-52x2 +11x+5 x>0 x° +6x+8 x->-2 x“"—x-6
3x—4 . .
o lim (x_—l—S) ; 2 lim sin3x—sinx
x>0l x—2 x—-0 5x
2x2—6x+4 2x* +7x+3 . AJx-=3-2
3. a) lim— 0) lim — B) lim —;
x>2 x*—5x+6 x>085x2 —3x+4° x274/x+2-3
3x—-1 X+ . cos? x —cos?2x
r) lim 1) lim :
x>0\ 3x+5 x—0 _xz
2 3 4.2 e
4. a) lim —x 4x—5 6) lim SxT -7 +33; B) lim \/x-|—212 \/4 x;
x+13x +x— 2 x50 242x—Xx x—>—4 X" +2x-8
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4x-5
r) llm(4x+4) :

x>\ 4x+3

2
5. a) lim 3x"-11x+6
x>3 2x2—5x-3

] 3x+5 4-5x
x>0\ 3x—2 :

r) lim

6. a) lim 5
x->2 3x“—x-10

2x+3
T) llm(3 _1) ;

x>0\ 3x+6

2
7. a) lim 2x°+5x-3
x>-33x2 +10x+3

3—x
r)lim(zﬁs) ;

x>\ 2x—1

2
8. a) lim 4x° +11x-3

5x
r lim(3x+4) :

x—>o\ 3x—-3

2
9. a) lim 2x 9x+10
x>2 x*43x-10 "

4x-5
T) llm(zx 5) ;

x—o\ 2x+3

10. a) lim X_—>x~14 .
x>72x% —9x — 35

7
x>3 x24+2x-3

—5x?+11x-2

b

1gx —sinx

1) lim
3x3

x—0

—4x? +8x* +3

0) lim

X—>00

2x* +1

. 1-sinx
) lim ————.
x> T —2Xx

4 2
6) lim 4x3+2x 8
x>0 8x3 —d4x+5

. sin? 3x —sin? x
1) lim 5
x>0 X

2 4
6) lim xX—-2x"+5x
x>o 24+ 3x? +x*

sin7x +sin 3x

1) lim

x—0 sin x

4
6) lim 32x +5x
x502x? —3x -7

cos2x —cosdx

1) lim
3x?2

x—0

3x*—6x*+2

6) lim
x>0 x*44x -3

1—cosdx
n) lim ———.
x>0 Xxsinx

7x2+5x+9_
3 b

0) lim
x>0 14+4x—x

_45 -

2-x
B) lim ——;
x->4+6x+1-— 5’

. AN2x+1-3
B) lim ;
x>4~/x =242

. V5x+1-4
B) lim —————;

x>3x2 +2x-15"

V3+2x —/x+4

B) lim

x—1

3x2—4x+1

. 2xP-9x+4
B) lim ;
x>44/5—x —/x -3



r) lim
X—>00

(7x+4)2x_3_ cos4x —cos” 4x

1) lim
Tx+1 )x—)O x2

3aBaannsg 2. JlocniguTy Ha HENEPEPBHICTH QYHKIIIO 1 MOOYTyBaTH €cKi3 ii rpadika.

x+4, x<-1
flx)={x*+2, -1<x<1.
2x, x>1

1
1. a) f(x)=2%3+1; 6

e

1 x2+1, x<1

2. a) flx)=5%2-1; 6) fl(x)=1 2x, 1<x<3
xX+2, x>3

2 l—x, x<0

3. a) flx)=4%1-3; 6) f(x)=10, o0<x<2.
x—2, x>2

x 1, x<0
4. a) flx)=2x"1; 6) flx)=42% 0<x<2.
xX+3, x>2

-1, x<0
5. a) f(x)= ; 0) f(x)= cosx, 0<x=<rm.

1-x, X>7

x—1, x<0
0) f(x)= sinx, 0<x<m.

St 3, X227

1 3x+4, x<-1

7. a) f(x)=2x_;; 0) f(x)= x?-2, —-1<x<2.

X, x=>2
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1 2, x<-1

8. a) f(x)=75%+1; 6) f(x)={1-x, -1<x<1.
In x, x>1
-X, x<0
9. a) f(x)——_, 0) f(x)= x?, 0<x<2.
2437
x+4, x>2
1 x+1, x<0
10. a) f(x)=3%"-4; 6) flx)={(x+1)’, 0<x<2.

-x+4, x>2

3aBaanus 3. 3HaiiT noxinHi y' naHuX QyHKIIIHA.

1. a) y= \/3x +2x=5+——; 6) y=arctg’(5x)-In(x-4);

(—)5’

1 — 2t+3 t
B) y= Og5(3x27); r) y=(gx)"*: m) y?=8x+siny; ) 1" ( )cos
ctg\7x y—3t
nx X Inl5x-3
2. 2) y=(x-2)°+—5—"5—; 6) y= arctg ; B)y= ( 4)
—x*—-4 41g\3x
5 x=cos’ ¢
r)y (smx) ; ny +xy"=1-x e)
y=Incost
(1+x%)’ 1 ¢4 52 Ig*(x~2)
J.a)y=—"——"—; 0)y=——e X" +2x“+2); B)y=
)y 30 )y=—5e " ( ); B)Y lg(x +3)
_ /3
r) y=x>*.5%; 1) x2 +xp* =sin(x + y); e) {¥=VI 1
y=Int
1+ x? 3 2 sin® 5x
4. a) v=x ; 0 = Inarccos +Vx°; B =——"—;
) y=xT, )y 2% )Y n2x-3)
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{ X = arcsint

T) y=(Sin\/;)e"; o) xsiny=x+y; y=ln(1—t2)'

6 3
-12 1
a) y_x +8x 8; 6) y=—In(e** +1)—2arctg e*; B) y=20tg—\/;;
- 2 lg2(3x +5)
rgx x=+t—-1
r)y=(x8+1)‘ ; m) x—yp=sin(x+y?); N L
t—1
a) y= +5%x% +1; 0) y=arctg(e® —e™™); B) —ﬂ.
y x2+1 > y g 2 y lg(5x+1)’
x=Insinz —¢
r)y=(sinx)5x/2; ) 3x5+2y3+xy=1; e) { -
y=Incost +t¢

2 X
1 4
. a) J’=3\/1+x ; 0) y=e7[(x2—1)cosx+(x—1)2sinx]; B) y= 0g3( x+5);

-xt 2ctg\/;
xX=t+ arcctﬁt

r) y=(aresinx)”; g e*+eV +e Y =3; e){ 1(1 £2
y=n{1+

-a)y=3%/x5+5x4_§; 6)y=e5i“x(x— 1 ); B)yzm.
X

cos x 3tg’4x ’

xsinx

r) yz(aFCtgx) , 1) (x+y)3 +xy=1; e {x=Slnt—tcost

y=cost+tsint

. a) y=¢x2+1+§/x3+1; 6) y = In3arcsin /1_e4x; B) y=log4(11x—2);

cos’ Sx
1lncost X = COS2 t
r) y=(cos2x)s ; n) x+cosy=sin(x+y); e) , -
y=1ig-t
4
0.0 y=—FT . G y=lmgi-Y ., gy B
6\/x2+2x+7 2 sinx Ig(x” + x+35)
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r) y= (xarctgx)c X

3aBnanna 4. 3anucatd pIBHSHHSA JOTUYHOI JO KPHUBOI

My(xy5 »y) -

1. y=x*—7x+3, xo=1.

n x+e Y +xy=1,

3. x2+y* —4x—-4y+3=0, M,(3;0).

7. y=x+x7, xo=1.

9. y=14J/x -15Yx +2, x, =1.

y= f(x) B TOuUli

2. y=x?-16x+7, xo=1.

,x0=2

2 2

X y
6. —+=—=1, M,(1;3).
T 0 (1:3)

1+\/;
1-Jx~

X =

8. y= 4.

10. x?2 +y2 =4, M, (1;\/5).

3aBaannsd 5. 3HaliTu rpaHui 3a npasuiiom Jlomiraus.

1. a) lim M; 6) lim lnxln(x—l); B) llm(l s1n2x)crgx
x—o A/x+3 x—>1+0 x—0
x — — .
2. a) lim ¢ 2x 1, 6) lim 3 1 ; B) lim(ctgx)smx
x—0 §in (Zx) x->4%\ 3x—1 lll(3X) x—0
sin ex2 -1 . ctg’x
3. a) lim ; 0) lim B) lim (cos x) :
x>0 cosx—1 x>0 s1n3x 3x x>0
1 1 4\*
4. a) lim _nx’ 0) llm( —2) B) lim (cos—) )
x—0 cigx x—0 xsin x X—>00 X
5. a) lim xcosxs—smx; 0) lim(nx X ) B) lim ¥cos/x .

x—>0 X

X—>00
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xz -1 X T . cos™
6. a) llm— 6) lim - ; B) llm(l—x) 2.
x>0cosx—1’ x>\ ctgx  2¢08Xx x—1

1

7. a) limm; 6) lim xsin| — |; B) lim (lnx);
x>0 ln(cos 4x) x> 6x xX—>+0
x—
8. a) lim & Ly 6) lim (xlnx) B) lim(tgx)\/;.
x—01gx — x x—0+ x—=0
i
-1 1 X . 1gx
9. a) lim 5 ;  0) lim| ———1|; B) llm(lnctgx) :
X—»00 Zarctgx —7[ x»>I\Inx Inx x—0
In x . X —-x lnx
10. a) lim — 3> 0) llm(e +e —2)-ctg3x; B) llm(l x)
X—®© N/ X x—>0 x—1

3aBaanHs 6. 3HaliTu HallOUIbIIE 1 HAWMEHIIE 3HAYEHHS (PYHKIIIT Ha BIAPI3KY.

1. y=ln(x2—2x+2), xe[0;3]. 2. y= Sx , xe[O;S].
x“+1
4 )
3. f(x)=3—x——2, xe[—l;Z]. 4, y=x-Inx, xe[e ;1].
(x+2)

x? 8 Inx
5. f(x)=——+2x+ +35, xe[—2;1]. 6. y=—-o, xe[1;4].

2 x—2 X
7. y=2Jx-1-x+2, xe[L;5]. 8. y=x—4J/x+5, xe[1;9].

2
9.y=—x7+§+8, xe[-4-1]. 10. f(x)=2x* + B 59 xe[234].
X

3aBaanns 7. BukonaTu noBHe AOCTIKEHHS QYHKIT 1 moOyayBaTu ii rpadik.

1 y=(2x+3)e720*), 2. y=(x? —1Nx+1. 3. y=Mn(x* —4x+8)
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2x+1 Y
4, y= x2 5 y=x—-13x?. 6. y=xe 2
x
3x+2 x 8 x? 2
7. y= : 8. y="—+—. 9. y= 10. y=x“e™".
y x2 y 2 x2 y xX+2 y

3apnanns 8. 3Haiitu dz QyHKII.

1. z= ln(y2 —e_x). 2. 7= cos(x3 —2xy). 3.z= lg(3x2 —y4).
. 3
4. z= ctg\/xy3 : S.z= (cos y)&. 6. z= arctgx—.
y
2 2 3
7. z=sin | 8.z=tg2x_y L9 z=e VT 10.z=(2—x)ln(x2+y2).
xX+y X

3aBaanns 9. 3HalTH YacTHHHI a00 MOBHI MOX1AH1 (P YHKIII].

1. a)z=arcctgy— p? )ﬁ_?, ﬁ—?;
x ° | y=—  Ou Ov
u

6) sin2x—y)+e ¥ -3 /y+2=0, %—?

2. a) g=deos’w | YTOSH Az,
*|y=sin27"" dt
6) 22 —2yix+5=e"""7, ﬁ_?, %—?
ox oy

2 . dz

3. a)z=ln(x —\/;)) y=sin(1-3x), E_?;
0) zln(x+2)—ﬂ+arccosyz=0, @_?, %—?
z ox oy

4. a) 7=7" x=sin(uv)) %—., ﬁ—?;

’ y=u\/; Ou Ov
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6) 29 -3y*z+2xy=0, %_?, %_?
ox Qy

5 ®

1 2
5. a) z=arctgﬁ) y=3% Tox+l daz .

dx
0) x4—xyz2+ln£—1=0,%_?, ﬁ_?
Z ox Qy
6. a) z=cos2(1—x\/;)) y=42x—1) %_?;
0) (x—z)y+2y2=z+3,%_‘>, %_9
ox Qy
2 .
7 a)z=x2+1 x—s1n(1+2t)’ﬂ_?;
y- -1 y=cos2t dt
0z 0z
6) xcosy+ ycosz+zeosx—1=0, -2, -2
ox Qy
u2
xX=—
8 a)z=(y‘\/;)3 % s %—?, %—";
= Ox oy
u
6) x*p* +2'% —ctg> =4 ay _
y dx
X dz
9. a) z=In y=cos“(1-2x), —-2;
S rme(i-20).
0) z=y+2x+arcsin—, %—‘?, % _,
7y Ox oy
1+2¢
= dz
10. a z=x3+ —sinxy, x=e , — =7
: \/; Y {y=3t3 dt
6) x*y* —xz” +3y*z=2xp+5, %—?, %_?
ox Qy

3apanannsa 10. CxnacTy piBHSHHS JOTHUYHOI IJIOLIMHU Ta HOpMaJli O TOBEpPXHI B

Touti My (xg5 yy) -
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1. x2+y2+z2+6z—4x+8=0, MO(Z;I;—I).
2. x2 —4y2 +72 =-=-2Xxy, Mo(_ 2;1;2).

3. x2 =2y + 77+ xz -4y =13, M,(3;1;2).

4. 2x2—y2+z2+6z—4x+8=0, MO(Z;I;—I).

5. x*+y’ -7 —2xg+2x =z, M0(1;1;1).

=)

. 2x2—y2+2z2+xy+xz=3, M0(1;2;1).

7. x2+y2—z2+xz+4y=4, M0(1;1;2).

8. x2 +y2 ~3z2 +xy=-2z, M, (1;0;1).

9. x2 +y2 -xz+yz—-3x=11, M0(1;4;—1).

10. 2x* —p* + 77 —6x+2y+6=0, M,(1;-151).

3aBnanns 11. [lepeBipuTH, un 3a10BOJIbHSIE PIBHSIHHIO (DYHKILIS.

2 2 2 2 2
1.x2M+2xyau+y26u=0,u=1. 2.x26—u—y26—u=0, u=y y
a2 OxOy oy* X ax? oy? x
2 2 2 2
3. 6u=6u7 u=r—7> 4.a—u-au—a—u-a—g=0, u=ln(y+e_x).
Ox0y Oyox (xz _ y2)5 dy Oxdy Ox @y
2 2 2 2
S.a—t;+9a—;l=0, u=cos(y—3x). 6. Ou +6 = 1 , u=In 1.1 .
ox oy oxdy ox?  x? x y
2 2 2
7. 166—;’—6—‘2’=0, u= e~ eo4xry), 8. y 0% (14 ymx)" =0, u=x".
oy® ox Ox0y ox
2 2 2 2
9. Ou Ou —a—u-a—?=0, u=ln(x+e_y). 10. xza—t;—yza—;l=0, u=e".
Ox Ox0y Oy ox Ox Oy
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3aaanns 12. JlocnianuT Ha €KCTPEMYM (PYHKILIIO.

1. z=1+15x—2x2—xy—2y2. 2. z=x7 +3xy+4y2 +5x+18y-7.
3. z=2x*—4xp+ 3> +8x—10y +15. 4. 7=2xy-3x>-2)" +10.

5. z=5x+10y+3xy+2x2 —2y2—1. 6. z=x> —xy—y2 —-4x+5y+8.

7. z=2x2+y2+xy+2x—3y+5. 8. z=x2—2xy+4x—2y2+14y—1.

9, z=—x>+3xy-2y? +7x-10y-3. 10. z=x2+2xp+3p2 +2x-2y+10.

KOHTPOJIBHA POBOTA Ne 2

PekoMeHTyeThCs (CKOPUCTABIIUCH OJHUM a00 JBOMA 3 HABEJICHUX HIDKYE JKEPEN)
— BUBYHUTHU TEOpETUYHI nojoxeHHs 3a [1], rn. V-VI; [3], rn. XIII-XVI; [4], ra. 7, §§

1,2,3.1-3.4; [5], rn. 5, . 6, §§ 3.1-3.2, 7.1-7.3, 9; [6], r1. X, X1, §§ 1-8, rim. XII,

§§ 1-6; [7], rn. VII, VIII; [10], t. 7-8;
— posibpatu po3B’s3anHg 3an1a4 y [2], r. IX, rn.X, §§ 1-6; [9], ra. 1;
caMOCTIHHO po3B’sizatu 3amadi: [2], NeNe 1339, 1346, 1351, 1369, 1372, 1375,
1392, 1395, 1411, 1415, 1428, 1431, 1454, 1455, 1489, 1494, 1504, 1511, 1536,
1553, 1554, 1560, 1573, 1574, 1576, 1596, 1600, 1606, 1613, 1618, 1622, 1628,
1631, 1637; [11] NeNe 1685, 1689, 1690, 1740, 1747, 1801, 1922, 1956, 2012,
2090, 2093, 2110, 2118, 2233, 2239, 2242, 2260, 2261, 2275, 2278, 2366, 2370,
2378, 2394, 2395, 2455, 2458, 2522, 2564, 2598; [12], ri. 7, NeNe 3, 8, 11, 12, 27,
28, 33, 36, 72, 78, 82, 83, 101, 103, 124, 128, 143, 167, 194, 196, 205, 242, 263,
268, 275, 276, 297, 298, 318, 416, 424, 434, 436, 452, 456, 464, 472, 479, 511,
515, 518, 541, 543, 553, 605, 609, 612, 615, 646, 648, 673, 675, 695, 738, 743,
754, 764; [14], NeNe 630-1, 634-1, 644-2, 650, 1264, 1272, 1285, 1297, 1298,
1326, 1356, 1360, 1363, 1371, 1375, 1387, 1390, 1422, 1424, 1432, 1459, 1464,
1596, 1601, 1616, 1620, 1625, 1630, 1655, 1666, 1671, 1675, 1706, 1718, 1749
(2-4), 1761-4; [15], ri. 6, NeNe 4, 11, 38, 48, 62, 63, 80, 83, 102, 110, 114, 120,
132, 155, 174, 178, 185, 202, 230, 237, 247, 278, 283, 290, 297, 302, 310, 315,
319, 320, 323, 340, 342, 357, 361, 369, 379, 382.
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Ipukaan 2.2.1. 3HalTH IHTETpaIH.

2) J‘xarctg (x ) dx: 6) I(3—x)c0s2xdx; )J‘2x+1 :
1+ x4 x -81
r)j - dx ; n)j dx dx ; e) Isin4xc0s2xdx;
S+sinx +3cosx 3cos’ x —4sin’ x
dx dx
Y |
Vx+3x (x2+1)(x+\/x2+1)

Po3e'azanus.

a) 3aMIHUMO 3MIHHY, BUXOJIIUM 3 BUTJISAY MiJIHTETPAIbHOIO BUPA3y:

arctg(xz) =1,
xarctgz(xz) 1 1¢, £ arctg3(x2)
| e dx = 2xdv =dry = [ Pdr ="+ € =T ¢
1+x 1+(x ) 2 6 6
X gt
1+ x4 2

0) Jlanwmii iHTETpanm GepeThcs MO YacTUHAX 3a (POPMYIIOI0 Iudv = uv—Ivdu. 3a u

npuiimaemo (QyHKIIIO, sKa CHPOILIYEThCS MpU IudepeHiiroBaHHl, a came, P(x)

(MHOrOUNEH), Inx, arcsinx, arccos x, arctgx, arcctgx , IpuyOMy TPAHCUEHIEHTHI

¢dbyHKLUIT MalOTh TIepeBary HajJ MHoroujgeHoM. B manomy pasi npuiiMaemo u=3—x.
u=3-x, dv=coslxdx,

1 _3-x
du = - dx, v=5sin2x

I(3—x)cos2xdx= s1n2x+—js1n2xdx—

= sin2x—1cos2x+C;
2 4

B) Posknagemo migiHTerpaibHUM palioHadIbHUM Ipi0 HA HAUTPOCTIIIII:
2x+1 2x+1 _ A B (x+D

= = + +——,
x"-81 (x+3)(x=-3)(x"+9) x+3 x-3 x°+9

2x+1=A(x=3)(x2 +9) + B(x +3)(x2 +9) + (Cx + D)(x = 3)(x +3)

x=-3 -5=-1084

A4=> ., pB=_1
x=3 7=108B . 108 108’
x=0|1=-274+27B-9D c=_12 p__6
x3 0=A+B+C 108 108
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2x+1 1 5 7 —-12x-6 )
TaKI/IM YHUHOM, 4 = + + 2 1 TOMy
x'—81 108{x+3 x-3 xX“4+9

2x+1 1 ( 5 7 -12x-6
g = 10] +

1
x4_81x—m8 x+3+x_3 x2+9)dx=ﬂﬁ[5mh+ﬂ+7mh—j—

- 6ln(x2 +9)— 2arctg§:| +C;

I‘) HaI/IKpaH_IOIO IJIA palllOHaI13allll IHTCrpajilB BUTTIIOY J‘ € TakK

asinx+bcosx+c

. . X
3BaHa yH1BepCaJbHa M11CTaHOBKA tg; =t. OTxe,

x _l—t2
J‘ dx ~ tg;—t, Cosx—1+t2, _J‘ 1 2dt
i 2t 2t | —7 2
S+sinx+3cosx sinx = - dx = . 54 2t +31 t° 1+t¢

1+¢ 1+1¢ 1+ 147

1
—ZI dt —I dt arctgt+ 2 arctg Ztg 2 +1+C'
268+ 21+ 4 (t+1)2 15 15 VF_ N J15 ’

2) 4 2

1) B manomy pasi yHiBepcasibHa MiJCTAaHOBKA MPU3BEAE 10 TPOMI3IKUX OOUYHCIIEHD 1
TOMY, OCKUIbKH MiIHTErpaibHa (GyHKIIIS OJJHOYACHO NTapHA BIAHOCHO SinX Ta €OS X,

Hallkpaloro Oyzae yaCTUHHA MIJCTaHOBKaA £gx =t . OTxe,

1
dx 1gx =1, coszx=1 79 it
_ +1° | _ _
J‘3cos2x—4sin2xdx_ 2 £’ dt _I3—4t2 -
sin” x = > dx = 5
1+¢ 1+¢
3+t
_ 1 Inl2 L C |\/_+2tgx|
43 V3 4\/_ ‘\/E Ztgx‘
2

e) Ilpu BigmrykaHH1 JaHOTO 1IHTETpalia 3aCTOCYEMO (POPMYIIM TPUTOHOMETPIT

1 1 1
sin’ x = 5(1 —cos2x), cos’ x = 5(1 +cos2x), sinxcosx = Esin 2x.
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Toni
1 1
Isin" xcos? x dx = I(sinxcos x)2 sin? xdx = IZSinZ 2x- 5(1 —c0s2x)dx =

1¢[1 1 1
=~ [| = (1-cos4x)—sin? 2xcos2x |dx =~ — ~ sindx——sin* 2x +C;
84| 2 16 64 48

dx

. 5 £
o [ o . o [t L (L PR
’ \/;+\/; £+ t+1 1

3 2
=6[%—%+t—ln‘t+1‘]+€=‘t=%‘=2\/;—3 Y +6Yx —Inf¥x +1/+C;

X = t6,
dx = 6> dt

X =1gt,
n |- I dt _

) =
) J.(x +1)(x+\/x +1) dx=c0s2t cos t(1+tg t{tgt+1)

cost

_ J‘ cost df = ln‘l +sin t‘ +C = ‘t = arctgx‘ = ln‘l + sinarctgx‘ +C =

sinz+1
1 1
—sinarctgx=\/1—c0s2arctgx= 1- 5 =\/1— 5 = d ‘:
1+1tg”arctgx 1+x 1+x2‘
i+ |+C.

\/1+x2

Ipukiaan 2.2.2. OGUUCIUTH THTETPAIH.

203 3In2
a)J‘x +22x ldx; 6)I 5) J‘ dx :
/ x xv25 - x? ) Ve  +8
1 4
r) Ix23xdx; ) Ix In x dx; e)I\/ZS—xzdx.
0 1 3

Po3ze'azanus.

a) OckuUIbKM MiIIHTerpajibHa (YHKIIS BU3HAUYEeHA (1 TOMY HENEpepBHA) Ha YCbOMY

MPOMDKKY 1HTerpyBaHHs [1, 2], To maHMil 1HTErpa € BIACHUM 1 TOMY OOUYUCITIOETHCSA

oesnocepenubo 3a Gopmynow HeroTona-JIeibHina: I f(x)dx = F(b)—- F(a), ne
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F(x)— neska mepBicHa, TOOTO (yHKIIis, sika Henepepsna Ha [a,b] 1 Taka, 110
F'(x)= f(x) Vxe]|a,b]. B nanomy pasi F(x) 3HaXOAUTHCSA O€3MOCEPEAHBO:
3 2
- 2 1 1 :
F(x)= J‘%dx = J‘(x+———2) dx="+ Zln‘x‘ +—. Ockuibku  F(x)
X X Xx 2 X

eJeMeHTapHa 1 BU3HaueHa Ha [1, 2], To BoHa il HemepepBHa Ha IOMY B1IPi3KY, OTXKE,
2.3 2

2x-1 1)2
[ [xT 21y +_] 1

2
X
1 X

=2+21n2+%—%—21n1—1=1+21n2;

0) Sk 1 B momepenHbOMY NIpPHKIaAl, MiIIHTErpalibHa (QYHKIiA BU3HAdeHa (1 TOMY
HEMepepBHAa) Ha YCbOMY TMPOMDKKY 1HTerpyBanHs [3,4]. 3aganuii iHTerpan
00YHCITIOETHCS 3a JOIIOMOTI0I0 3aMIHU 3MIHHOI:

_| x=e@),
dx = ¢'(t)dt

b B
[ reeax = [ Flo@le @

[Ipy 1bOMY HOBI MEX1 IHTErpyBaHHS BHM3HAYAlOThCA 3 PIBHSAHb a = @(a),
b=0¢(P), a pynkuis @(¢f) noBuHHa OyTH HemepepBHOIO Ha [a, ] pasom 31 cBOEIO

noxigHoo ¢'(¢), npudoMy i 3HAYCHHS HE MOXYTh BHUXOJUTH 33 MEXi BiIpi3Ky

[a, b]. B nanoMy pa3i Halikpalow € migcTaHoBka x =—. HoBi Mexi IHTerpyBaHHS
t

) ) ) ) 1. 1
o 1  3HaliemMo BIAMOBIAHO 3 PiBHSIHb 3=—14=—, OTKE 0. =

1 1
—, p=—. Oynkia
o B 3 b 4 Y

1 . 11 . . , 1
(p(t)= ; Ha BIIPI13KY E,Z HEIICpEepBHA Pa30M 31 CBOEK MOXIAHOK @ (t)= — >
t

1 : .
[IPUYOMY SIKILO f € |:§,Z:|, To 3< (p(t)s 4 (ocTaHHE BUTIKA€ 3 MOHOTOHHOCTI (p(t)

Ha JaHoMY BIIpi3Ky). OTxe, MaeMo

) % dt % 1
> 4
[ I - B | I
% XV 25— x? 11/25_1 T V2582 -1 S 1 S 3
3t r 3 3

B) IlimiHTerpanbHa (QyHKILIA Ha BIAPI3KY [0, 3ln2] HerepepBHa. BukoHaemo

“00epHeHy”’ MiJICTaHOBKY:
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ifﬁmk= v, av=lo]a ‘szh*aﬂh*aﬂﬂ

x=y (1), a=y(@), B=wy(b)
B nanomy pasi y(x)=+e" +8, o=ve' +8=3, B= el 4+ 8 =4. Ockinbku

\V(x) CTPOro MOHOTOHHA (3pOCTa€) 1 HemepepBHA Ha BIAPI3KY [0, 3ln2], TO ICHY€E

a

oOepHeHa (YHKIISA X = \|1_1(t) =In|¢’ , AKa Ha BIJPI3KY [3,4] TaKOK MOHOTOHHO

3pocTae (Bimx 0 no 3In2) 1 HemepepBHa pa3oM 31 CBOEK MOXIJHOIO

X'=ly @O =

3T2L=zi dt - 2\/_|
' Jerrg o178 2\/_

r) Jlanuii iHTEerpan Bi3bMEMO IO YaCTUHAX:

1 3+2\/_
[21 2442 2]

1 u=x%  dv=3%dx, 3 1 o |
Ix23xdx= 3 =2 x -2 [ x3Fax =
du=2xdx, v=——r In3 |0 In3

0 In3 0
u=x, dv=3%dx, x| 1
du=dx, v=——- In3 In3|In3 In3
In3 0

1
3 6 . 2 3| 1 ( 6 4 )
T e . N s

In3 In?3 In?3 1113\0 In3\" I3 m23)
e u=Inx, dv=x3dx, o € 15
H) J‘xslnxdxz dx x4 =—1Inx ——Ixsdx=
du=—, v=" 4 4
1 x 4 1 1
4 4¢
4 16 16

e) Lleit iHTErpam moxe 6yTI/1 BIIHECEHUHN 10 TaK 3BaHUX “HUKIIYHUX~ 1HTErpaiB,
TOOTO TakuX, fKI 3HAXOASATHCA 3 PIBHSHHA Iicias OJHO-  ab0 JIBOKPATHOIO

iHTerpyBaHHs 4YacTuHamu. Jlo “HMKIIYHUX’, 30KpeMa, HaleXaTh IHTErpaiu
b b
Ic“x sinfxdx u Ic“x cos P x dx (y yactTuHHOMY BUNIaAKy ¢ =e). OTxe,

a a
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4 u=\/25—x2, dv =dx,
I\/ZS—xzdx= X =

du=———dx, v=x
3 25— x?
= x 25 x?z I dx 0— J‘de_
3V25— x? V2 25— x?

IVZS xtdx +25 arcsm— IVZS X dx+25(arcsm§—arcsm Z)

Takum YHUHOM, IIiCTaJII/I piBHSIHHSI BII[HOCHO ITYKaHOT'O lHTeI‘paHa

4 4
4 )
I\/ 25— x2dx = —I 25— x2dx + ZS(arcsing - arcsin%) , 3BIIKH 3HAXOJHUMO

4
2 4

IVZS—xzdx=—5 arcsin——arcsing .

g 2 5 5

Hpukaanx 2.2.3. OOGUKMCINTH HEBJIACHI IHTErPajU MEPIIOro poay abo TOBECTH iX

PO301XKHICTD.

400 400

a) J‘ZL, 0) Ilnz ;B)Icosxdx r)j

— X
2x+4x5 /

X +4x+5

+00
- ) jsxdx

Po3ze'azanus.

a) 3a o3HaueHHsAM (TyT 1Hazanmi F(x)— nepBicHa, 3HailieHa OKPEMO) MaEMO

}z

—ln1)=1[ln lim B-1 +ln7)=
7 6 B—o+o

+00

dx 1
— =1l I F(x)=-1
I x> +4x-5 BLTw (x+2)2 { (x) 6 "

2
B
= 1 lim In
‘ 1:| 6 [B—)+oo

1 1 : . . . .
= g(lnl +1n 7) = gln7 . OCKUTbKM TpaHHUL CKIHYEHHA, TO IHTerpay 301raerbcs 1

x—1
xX+5

B-1
B+5

=1 lim |In
B+5

, 1
JIOP1BHIOE P In7.

+o0 5 B

1 In’ 1
0) 3a 03HauCHHSIM I B X ix = lim DX = {F(x) =—In? x} =
4 X B—+x / X 3
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= 1 lim [ln3 X

3 B>+w

B 1 ) )
:|= —( lim In® B -1In® l). OCKUIbKM TpaHUIl HE € CKIHYEHHOIO

B—+0
n —
4 =

=sinmw— lim sin A. OckiIbKku TpaHuIls HE € CKiHYeHHOIO (a came, lim sin A B3arami
A—>—o0 A—>—0

(acame, lim In® B =+ ), To iHTerpan posGiraerscsi.
B—+w0

T T
B) 3a 03HAaYCHHIM j cosx dx = lim cosxdx = {F (x) = sin x} = lim [sinx
A—— A——

—00 A

HE ICHY€), TO IHTETpajl PO30IracThCsl.
+00 c
dx . dx dx

r) 3a o3HaueHHAM V¢ j ————=lim | ———+ lim | -——=
S X +4x+5 A—>—°°Ax +4x+5  Botod x" +4x+3

= {F(x) = arctg(x + 2)} = lim |:arctg(x + 2) ‘ C:| + lim |:arctg(x + 2) ‘B =
A——o0 A| B-+wo c |

/
= lim arctg(B + 2) — lim arctg(A +2)= arctg(+ oo) arctg(— oo) =—— g) =m.
A—>— \

B—+
OOuBi rpaHulll, 3HAWJEHI HE3aJEKHO OJHA BiJl OAHOI, CKiHUeHH1. OTxe, 1HTErpas
301raeTbes 1 IOPIBHIOE 7T .

1) 3a o3Ha4YeHHSAM V¢

+00 c B B
jsxdx= lim |3*dx+ lim |3%dx {F(x)——} —— lim [3" }:
A—> — 0 B—> + In3 In3 4> - A
A ¢ B— +©

1 ) . ) ) . ) ) .
— | 1im 3% - 1lim 31/|. OOuaBI TpaHUIll 3HANWICH] HE3aJIEKHO OJIHA BiJl OJHOI.
In3| B>+ A—> — o

OckuTbKH TIEpINa 3 HUX HE € CKIHYEHHOIO (a came, HECKIHUCHHA), a Ipyra CKiHYeHHa

(IOpIBHIOE HYIIIO), TO THTETpai po30iraeThes.

Hpukaanx 2.2.4. OGUUCIUTH HEBIACHI IHTErPaju IPYroro poay abo JOBECTH iX

PO301XKHICTD.

3

dx dx
— 0) | ——3> 5
a)’!;\/l—xz )"2‘(x—2)3 °, xt-x-6
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o] zoj B .
> A 4—x)2 3+2x-x2 b xi1-x?

Po3e'azanus.

a) 3a 03HAYCHHSAM
= {F (x) = arcsin x} =

j‘ dx ocoonuea i T’ dx
= lim =
) V1= x2 (mouka x =1 £—>0+0 ) V1= x?2

= lim | arcsin x
£—0+0

1-¢ 11
= lim arcsm(l s) arcsin( = arcsinl —arcsin (0 = —
£—>0-+0 2

FpaHI/ILIH 1ICHY€ 1 CKIHYCHHA, OTKC THTCTPaJl 30IraeThe 1 AOP1BHIOE E .

0) 3a o3HauYCHHSAM
3

Js‘ dx {0005.71”6(1 }_ [ J‘ dx F(x)=- 1 _
2(x—2)3 mouka x=2[ n->0+0 2+1](x—2)3 - - 2(x—2)2 B

OTXKe, ITHTerpaji po30iraeThesl.

B) 3a 0O3HAYCHHIM

JS‘ dx {ocoﬁﬂuei mouku}_j1 dx +j‘ dx _
’, x2-x-6 x=-2, x=3 %, x2-x-6 0 x2-x-6

0 3-¢
= lim J' | lim J' ©  _lp(x)=1m
A0 3 (x+2)(x=3) o040 § (x+2)(x=3) 5

1 .. x=3| 0 1 .. x-3||3-¢
=— lim |In +— lim |In =
Sn>0+0| |x+2|-2+41m| Ses0+0f |x+2(| 0
1 .. - . n- : : . . :
=—| lim In — lim In . OckiibkM OOUABI TPaHULl HECKIHYEHHI,
5{e0+0 [|S5—¢g| n—>0+0 n

TO 1HTErpaJs po30iraeTbes.

ocobnuea
r) 3a 03HaYCHHSAM I T = I 2
A 3/(4 — x) mouxka x =4 8—)0+0 3/(4 — x)
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+ lim JQSL= {F(x)=—33\/4—x}=—3 lim |:34—x

4-¢
2

ﬂ—>0+04+n 4 — x)2 £—0+0
6
=3 lim [34—x }=—3( lim e -32+Y-2- lim 3\/—n)=
n—0+0 44+ £0+0 n—0+0

= —3(0 ~3Y2-32- 0)= 63/2. O6unsi IpaHUlll CKIHYEHHI, OTXKE I1HTerpan

301raeThbest 1 JOPIBHIOE 6% .
n) Tyr MM CKOpPHUCTAaEMOCH III€ OJHWUM CIIOCOOOM JIOCTIKCHHS HEBJIACHHUX
IHTETpaliB JAPYyroro ponay, KU TPYHTYEThCS Ha TOHSTTI y3adeanbHeHOI NepeicHOI.
Hexait pynkuis f (x) Ha BIJIPI3KY [a,b] Ma€ OAHY YW JIeKUIbKa OCOOJIMBUX TOYOK,
iHTerpoBHa (y BJIACHOMY pO3yMiHHI) Ha OyAb-AKId YacTUHI MPOMDKKY, IIO HE
MICTUTh OCOOJMBUX TOYOK, 1 1icHye (yHkuis F (x), KA HenepepeéHa Ha YCbOMY
BIOPI3KY [a,b], npuuomy F '(x)= f (x) BCIOIM Ha [a,b] 3a BUKIIOYCHHSM
OCOOJIMBUX TOYOK (Ta 1€, MOXIMBO, CKIHYEHHOTO YHUCJA JESIKUX TOYOK), Y SKUX
f (x) HE BHM3HAuUCHA, TO IHTErpan 30Irae€TbCsi 1 OOYHUCTIOETHCS 3a (POPMYJIOO
Hetotona-JleitOnina. Ilpu npomy dyukuia F (x) HA3UBAETbCA  )Y3A2ANbHEHOI0
NepeiCcHOIO.

B nmanomy paszi migiHTerpaibHa (PyHKIS Mae B 0coOnMBI Touku X =-—1 i

x=3, mo € KIHISIMUA TPOMDKKY IHTerpyBaHHs. 3HaigemMo (QyHKIIIIO

F(x)=If(x)dx:

x-1

= arcsin

dx dx
F(x)z".J:wzx—x2 =I\/4—(x—1)2

Ockinbkun F (x) € eJeMEHTapHOI0, BU3HAYEHA, 1 TOMY HETepepBHA, Ha YCbOMY
BIIPI3KY [— 1, 3] n F '(x)= f (x) CKpi3b, OKpPIM OCOOJMBHUX TOYOK Xx=-—1 ¥
x=3, 10 F (x) € y3araJilbHeHOI0 TEPBICHOIO HA BIJIPI3KY [— 1,3]. Otxe, naHuit

1HTEerpaJ 30iraeThes 1 00UMCIIOETHCA 3a hopmyoro HeroToHna-JleibHia:
3

D x—1
= arcsin

i d
e V3+2x-x? 2

e) IliginterpansHa  QyHKuiss Mae Tpu ocoOnuBl Toukn X =-1, x=0 Ta

= arcsinl — arcsin(— 1) =T_ (— E) =T7r.
1 2 2

x =1. 3naitnemo dynkmiro F(x) :
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1-x?2

F (x)=I dx =- Oynkuis F (x) HE BH3HAueHa (a, OTXKe, HE €
x2\1-x2

HernepepBHOI0) B ocoOnuBii Touri x = 0. Lle o3Hayae, 1m0 y3araibHeHa NepBicHa Ha
[— 1, 1] He icHye. Tomy ¢dopmyna Hberorona-JIeliOHila He3aCTOCOBHA M 1HTErpai
pO30IraeThes. 3ayBaXkKHMO, 1110 JTOCTIIKEHHS IILOTO 1HTETpaja 3a 03HaYeHHSIM Oyii0 6
Ha0arato CKJIAIHIIINM.

BukopucTtaHHs y3aradbHEHOI TEpPBICHOT 3HAYHO CHPOIIYE JOCITIIKEHHS
HEBJIACHUX IHTErpajiB, OCKUIbKM TpOMI3JIKE OOYHMCIEHHS TpPaHULb TPU LBOMY

3aMIHIOETBCS JIOCHDKEHHSAM Ha HENepepBHICTh (OpMalbHO 3HaWAEHOT (YHKIIIT
F (x)= I f (x)dx: akao F (x) (sx mpaBuIIO, elleMEeHTapHa (PYHKIIIs) HemepepBHA

(ToOTO BU3HAUE€HA) B KOXKHIM TOYIll BIAPI3KY [a,b], TO BOHA € Yy3arajbHEHOIO
MIepPBICHOIO HA [a,b], 1HTEerpal 301racThes 1 00UuCTIOEThCs 3a hopmynoro HeroToHa-
JleiiGnina; skmo x F (x) HE € HEeTIePEePBHOIO Ha [a,b] (ToOTO HE BU3HAUCHA X0Ya
0 B OJHIH TOYIII [a,b]), TO IIe O3HAYae, 110 y3arajbHEHA MEepBICHA HA [a,b] HE ICHYE,
BHacCJI110K 4yoro Gpopmysia Herorona-JIeitOHIla HE3aCTOCOBHA 1 THTErpall PO30IracThCs

3a O3HAYCHHSIM.

Hpukaanx 2.2.5. 3Haiity mwiomy Girypu, oOMeKeHo1 JIHISIMHU.

2
a) y=x7, x+y=4; 0) p=8sin(|)cosz(|).

Po3ze'azanus.

a) 3HaiiIeMO TOYKU MEPETUHY MPSAMOi 3 TapaboJIolo:

x2 2

Y= :>x+x7=4, x?+2x-8=0, x;=—4, x, =2, y; =8, y,=2.
x+y=4

Otxe, Maemo 1Bl Touku niepetuny: A(—4,8) ta B(2,2) (puc. 2.2.1). 3a popmynoro
2

b
S=I[V2(x)—y1(x)]dx, ne a=-4, b=2, y,(x)=4-x, yl(x)=x— MaeMO

2 b

x? x2 x| 2 4 32

2
s:J' d—x-"|dc=|dx-"—-""|| " =8-2-"+16+8-"-=18(00?).
J, 2 2 6 /-4 3 3
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=

Puc. 2.2.1

0) ®Dirypa 300paxeHa Ha puc. 2.2.2.
90

120 60

150 30

p(¢) 180 \j 0

210 330

240 300
270

¢
Puc. 2.2.2

: : : T
OcCKUTbKM BOHa CHUMETPHYHA BIAHOCHO oci Oy (ToOTO TpOMEHs (|)=E), TO 3a

dbopmyroro S = %I p2 (¢) dop maemo

n

(%)
Il
N
Nlr-ﬂ
c'—.N\?-l

64 sin’ ¢ cos (pd(p 64I(s1n(|)cosq)) cos (pd(p—
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T T
El 1 3 1

= 64".Zsin2 2(|)-5(1+c0s 20)do = 8".[5(1—c0s4(|))+sin2 2(|)COSZ(|)i| do =
0 0

= (4(|) —sin4Q + %sin3 2(|))

ki
2

0

=4.= =2m (00%).

i
2

Ipukaan 2.2.6. 3HaiiTH 00°€M Tila, yTBOPEHOTO IpH 00epTaHHI HAaBKOJIO OCci Ox

¢birypu, oOMeKeHO1 JIIHISIMU p = X +sin

2x 1a y=x (0<x<m).

Po3zé'sazannsa. Oirypa 300paxkena Ha puc. 2.2.3.

Puc. 2.2.3

b
3a ¢hopmynoro Vx=nj(y§—yf)dx,ﬂe a=0,b=mn, y;(x)=x, yz(x)=x+sin2x,
a

T

T

Maemo V., = nj (x2 +2xsin’ x +sin? x — xz)dx = nj(Zx sin” x + sin* x) dx . O6uasa

0
n

: . 2
IHTErpaJIn ijsm xdx Ta

0

T
Iszinzx dx =
0

|

x(1—cos 2x)dx = x?

0

. 4
sin” x dx 00YMCIUMO OKPEMO:

I

|

2|n

0

xcos2x dx =
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2 P 2

u=x, dv=cos2xdx,| 2 T 1¢ R |
+—Isin2xdx=———0082x
0 2 2 4 0

1 =T _Ysina2x
du = dx, v=5sin2x T2 9

T
2 >

f t(1-cos2 2 1¢
jsin4xdx=I(Tx) dx=Zj(1—20082x+cos22x)dx=
0 0 0

T 3
=—7.

1+ cosdx 1
8

dx =— Ex—sin2x+lsin4x
4\ 2 8

1717
=—j 1-2cos2x+
40

2 2
Orxe, V, = n[% +§n] - %(41: +3)~19.2 (00°).

Ipukaan 2.2.7. 3HaiiTy 00’ €M Tijia, yTBOPEHOTO NMPU 00epTaHHI HABKOJIO oci Oy

dirypu, oGMesKeHoi minicro y = xv4—x? Ta Biccio Ox.
Posg'szanns.  Ockinekn 4—x2>0, TO ‘x‘ <2 abo —-2<x<2. ®irypa

300paxeHa Ha puc. 2.2.4.

Puc. 2.2.4

b
3a dopmyioro V), =2n j Xydx Ta 3 ypaxyBaHHAM CHUMETpIi TiJIa, 10 YTBOPIOETHCS,

a

BIJHOCHO oc1 Ox mMaeMo

2 2
Vy = 2-2njx-x\/4—x2dx=4njx2\/4—x2dx=
0 0

Xx = 2sint, x=0 =

dx=2costdt, x=2 t=

N[ =
|
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T T

2 2
=4 I4s1n t- 2‘cost‘ Zcostdt—{cost>0 0<¢t< 2} 64".(sint-c0st)2 dt =

0 0

T T n

1 . 2 T 3
—16Is1n tht—SI(l cosdr) di =8-| 1~ sindt || =87 =4n (00%).
0

Hpukaanx 2.2.8. 3HalTH JOBXUHY AYTH JIHIL.

5) x(t) =3(2cost —cos 2t),
y(t) = 3(2sint —sin 2¢)

a)y=3ln( 92) 0<x<2); 0<t<L2m);

—-X

B) p=2¢ (0Z¢=2m).

Po3ze'azanus.

a) Jlyra 3amaHoi kpuBoi 300pakeHa Ha puc. 2.2.5.

0.5]

Puc. 2.2.5

2
CKUIBKH y |: (9 :| ( X)

/1+( ,)z 1+ 36x2 \/81 —18x2 + x*+36x2 9+ x? b
= = = , TO 3a (hOpMYJIIOIO
g (9-x*)? 9_ 2 90— 2 pMmy.

- 68 -



b 2 ) 2,
L=J‘\/1+(y')2dx,ﬂe a=0, b=2,maemo L=I9+x dx=—jx2—9+18dx=
a 0

9 x? 0 X =9
2
=—j(1+ 218 )dx=—[x+3ln
0 x“-9

0) 3anmaHa KpuBa HaJEKUTh J0 CiM’1 Tak 3BaHUX paesnuxie [lackans. BoHa 300paxxeHa

x-3
x+3

2
)‘0 =3In5-2~2.83 (09);

Ha puc. 2.2.6.

& t

-1

X0

Puc. 2.2.6

ITontepennbo 3HaitAeMo X(¢) =3(—2sinz+2sin2¢), y(t)=3(2cost—2cos2t),
x2(6) + y2 () =9(4sin® ¢ + 4sin” 2¢ — 8sin7sin 2¢ + 4 cos’ 7 + 4 cos” 2¢ — 8 cos £ cos 2¢) =

=9[4 + 4 — 8(sinsin 27 + cos 7 cos 2¢)| = 72(1 — cos £) = 144 sin* % . Toxi

Ji2+ i) = ,/144sin2% - 12

t2
0<¢<2m. Orxe, 3a popmymnow L =I\/x2(t)+y2(t) dt,ne t, =0, t, =2m, MmaeMo

L

.t .t . .t
s1n—‘=12s1n5, OCKUIBKH s1n520 pu

2n ¢ 27
L=1zjsm—dt=—24-cos— — 48 (00);
7 2/ 0
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B) 3ajaHa KpuBa Ha3MBAETLCA cnipainto Apximeoa, a ii ayra , oOMexeHa IPOMEHIMHU
¢ =0 Ta @ =27, Ha3uBaeThCs nepuum 38iem. Bin 300paxkenuii Ha puc. 2.2.7.

90
120 60

150

e RN
N (e

330

210

240 300
270

¢

Puc. 2.2.7

Ockinmeku p=2@,a p’'=2, 10 w/p2 + p'2 =241+ (|)2 . Toxi 3a popmynoro

0,

2n
L=J‘qu)aﬂe ¢0; =0, ¢, =2m, maemo L=2J‘qu)-
0

0,
2n
Inrerpan I 1+ 2 d¢ oburcImMo 1o yacTuHax (1uB. mpuKIag 2.2.2-¢). OTKe,
0

L= 2(%«/1+(p2 +%ln

~ 42.51 (00).

(|)+w/1+(|)2

2
)‘ (;r= 21r\/1+41r2 +ln(2n+\/1+4n2)z

Ipukaan 2.2.9. 3HalTH 1101y TOBEPXHI, YTBOPEHOT MpH 00epTaHH1 HABKOJIO OCi

X X

Ox nyru nanyiozo60i ninii y=e? +e 2 (0< x<3).

Po3zé'szanns. Jlyra 3amanoi niHii 300pakeHa Ha puc. 2.2.8.
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Puc. 2.2.8

X _x 1
e?—e 2|, \J1+())? =\/1+Z(ex—2+e_x)=

. , 1
[Tonepeanro 3HaiiIeMO y =E

1 1 5 -3 ”
=\/Z(ex+2+e_x)=5 e? +e 2 |.Toni3a popmysoro Qx=27tﬂy‘ 1+()) dx,
a
ne a=0, b=3, 6ynemo matu

2
X X 3
R}

0. =2n-%J: e2t+e ? dx=7tj;(ex+2+e_x)dx=n-(ex+2x—e_x)0

3

=n-(e3 +6—i)z81.79 (00%).
e

Ipukaan 2.2.10. 3HaiiTH TUI0ITY MOBEPXHI, YTBOPEHOI MPU 00EpTaHHI HABKOJIO

3
: . x(t)=Scos™ ¢
oci Oy acmpoiou () 3 -
y(t) =Ssin” ¢
Po3zé'sazanns. Actpoina (Big ynat. astra — «3ipkay») 300pakeHa Ha puc. 2.2.9.
IToniepennwo 3HaitgeMo x(f) =-3- 5cos’ ¢sint , y(t)=3- 5sin’zcost ,

xz(t) + yz(t) = 225(cos4 ¢sin’ ¢ +sin®  cos? )= 225sin’ tcos’ ¢ (TyT BUKOpHCTaHa

TOTOXKHICTH sin>f+cos>t=1). Toxui \/xz(t) + jzz(t) =15. ‘sintcos t‘. OCKLIbKH

acTpoiza CUMETpUYHA BITHOCHO 000X KOOPJAMHATHUX OCEH, TO PO3IIISTHEMO JIUIIE 1T
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. : n .
YTy, 10 HAJIC)KUTh NEPIIId YBEPTI (0 <t< E) . Toni sint =0, cost >0, orxe,

‘sin tcos t‘ =sinzcosft.

i)

X0

Puc. 2.2.9

3a ¢popmyIioro =2m| |x(¢) x? (1) + j}z (t) dt 3 ypaxyBaHHSIM CUMETPii MaEMO
pMy. y

L

m K
2

. 300x
cos?z-sint df =— cos’t| =

2
L= 2-2nIScos3 t-15sinzcost dt =300n

GQ—QN‘;l

=—60n(0—-1)=60n (002) : 3ayeasrcennsn. Buacnigok cumetpii Q,. =0,
x y

IHANBIAYAJIbHI 3ABJIAHHASA

3aBaanns 1. 3HalTH 1HTETrpaIu.

1. a) J‘cos(3 + 51nx)
x

dx; 6 3 SZxdx; x +2 )
)I( x) B)I —4x* +3x’
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dx
) -
5+ 8cosx

5. )J‘ctg x+5
sin? x

F)I—, 7
1+ 8sin” x

3. a) Ix231+x3dx;

dx
D [ 5= :
2sinx—cosx + 5

dx .
1 2) J.x(l—lnx)’

dx
o[t
7T—4cosx

2
5. 2) J‘x+ arccos” 3x

V1 - 9 x>

r) Icosz 3xsin? 3xdx;

dx ;

arcsm e”

dx:
V1 -— e?

6a)j

F)I—, 7
4+ 5sin” x

arcsin 3x
7. a) I

V1 - 9 x>

) Isins dxdx;

0) I x? arctgx dx ;

) Icoss xsin? xdx;

0) Ixz sinxdx;

)J‘Slll x

Cos

0) Ixz cos 3xdx;

) Ictg" 3xdx;

6) J‘ xsin x
COS

) Isin 2xcosb6xdx;

0) . xarctg2xdx;

x) [1g*4xax:
0) Ix3 e dx ;
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i)

B)J‘ x—1

x> -5x2 +8x - 4

o S

B)J‘x—xl :

x —x"—-6x

e)J‘ dx
x*Jxt =25 '

—6)dx
)Ixx+6x +8
e)j x2+ x

——dx.
x+32+x

B)I
—5x3 4+ 6x2

x2dx
e) I—Z
3—-V9-x

B)' x2+2x-6 dc
I3 -7xrs10x

+ Yxdx

I Jx+¥%)

x +1
B)I
— 8x? +16




dx
P)I —;
3cosx —sinx

earcsin2x
8. a) I < dx;
V1 - 4x?

dx
o[t
1-7sin” x

9. a) Icosz xsin2xdx ;

T) Icos" xdx;

COS X

10. J'
Y 5\/sinzx

dx
-
3—-5cosx

dx ;

) Isin 9xsin3xdx ;

0) len(l + x)dx ;

) Icoss xsin? xdx;

0) Ixe_zxdx;

) I(l + 2tg3x)dx;

6) [(2x - 3)37* dx;

) cos xsin’ xdx ;

3aBaanns 2. OOYUCIUTH IHTETPAIIH.

1. a) j(4x3 —5x+3)dx;
-2

0 (2 +1) ax

X +x —x—lj
e)j—dx
Jx -24x’

B)J-fxz—l[dx;

x> +4x

dx
2 v

(2x-1)dx
B [ —s
4x” +4x° + x

B) | arcsin2xdx.

0



10. a) j(SxS ~34x +1)dx
0

In8

dx
0) ;
II’L\/ex +1

e2

6)]“”‘

;
xInx
e

7

0) Isinz xcos® xdx;

0

V3 [
x“+1

0) dx

e

7

0) Isin3 xcos? xdx;

4
0) Ix3Vx2+9dx;
0

T
B) Ixz cos xdx .
0

7
B)J‘sxcix‘
0

Cos X

e

B) Im—xdx

1 X

7

B) Ixcos 2xdx.

e3

B) Ilenxdx.

B) J‘xarctggdx.
0

3aaanns 3. OOYUCIUTH HEBIIACHI IHTETpaH a00 TOBECTHU iX pO30IKHICTb.

+ o0 dx
1. —
Y I (2x + 3)2

+ 00

2
1
2.a)jx+

5

0 ~ 2
e *dx

6) J'
-1

~~
=
I
w
~—"
[5]

0) ilnxdx.
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+ o0 4
dx
6. a) IZ—; 0) Ictgxdx.
Sy X +4x+35 0
+ o0 :{/; 1
7. a) J' ¢ dx; 6)j .
13xz ’ 1— x2
+ o0 2
8. a) Ismaxdx; 6)j 3 dx :
0 0 X —4x+4
+ o0 e
xdx dx
9. a) [ 5 6)j -
3 1+x 1xln X
X
+ dx 2 arccoszdx
10. a) IZ—; 0)
) X +2x+2 ) 4 — x?

3aBnannsg 4. 3HalT mwiony Girypu, 0OMexxXeHoi JIHISIMHU.

1. p=~/3+2cosg. 2. y=4+6x—x2, y=4—x.

3. y=x2-8x+10, y=x+2. 4. p=3(1+sing).

5. y=(x-2), y=4x-8. 6. p =5sindg.

7.y=3\/;, y+3x=6, y=0. 8.y=x3, y=0, x+y=2.

9. p=+/2 +2sing. 10. y2 —4y—2x+6=0, y? —4y+x-3=0.
3aBaanus 5.

. [ > 1
1. 3HaliTi NOBXKUHY AYTW JiHIL y =2+ arcsin/x + v x — x? (Z <x<1).
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N

. 3HAlTH AOBXUHY AYTH JIIHIT P = 2sin’ % (0 << 3717).

3. 3HaiiTH IOy MOBEPXHi, YTBOPEHOI MPU 00EpTaHHI HABKOJIO OCl OX JIyTH JiHI1
t o
X =e sint T
; (0<t<—).
y=e' cost 2
4. 3uaiitu 00’eM Tina, YTBOPEHOro mpu oOepTaHHI HaBKoio oci Ox ¢irypu,

e . 2
OOMEKeHOT JIiHisIMU y=X", y=x+2, x20.

x=t*+1
. 3HAWTH TOBXUHY JTYyTH JIHIT = L(tz 3) (0t NE) ).

N

6. 3HaiiTH TUTOIY MOBEPXHI, YTBOPEHOI MPU 0O0EpTaHHI HABKOJO oci OXx Ayru diHii

y?+d4x=2Iny (1<y<2).

<

. 3HAlTH JOBXUHY AYTH JiHiI x =16sinz, y = 4/2sintcost (m<t<2mw).

0

. 3HalTU MOy MOBEPXHI, YTBOPEHOI MpU 0OEpTaHHI HaBKOJIO oci Oy Ayru JiHii

x=675, y=5d1-¢%) (0<r<1),
9. 3nHaiiTu 00’eM TiLIa, YTBOpPEHOro Mnpu obOepTaHHI HaBkojo oci Oy ¢irypu,

oOMexeHoT JiHisIMHu Xy =6, y=T7— x.

10. 3HaiiTu AOBXUHY AYTH JIiHII p = 5cos’ % (0<p<2m).
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BUMOTHM 10 O®OPMJIEHHSA KOHTPOJILHOI POBOTH,
II MIOJTAHHS 1 TEPEBIPKA

Homep BapiaHTa KOHTPOJILHOI PO0OTH, 10 BHUKOHYETHCS, IOBHHEH
CHIBNAJATH 3 OCTAaHHBOKW HHM(PPO HOMepa 3adikoBoi KHWKKH. Ludpa 0
BU3Ha4vae€ BapiaHT 10. 3 KOKHOro 3aBJaHHSA KOHTPOJbHOI po00TH BHOMPAETHCS
3aJa4a 3 BiiNOBiAHMM HOMepoM. BukoHaHa KOHTpOJbHA POOOTA MEPENUCYETHCS B
okpemuil 30muT. PO3B’sA3KM 3a/1ay HABOAATHCA 31 30€pekKEHHSIM HOMEpIB 3ajaad, y
MOPAJIKY 3pOCTaHHs LUX HoMepiB. [lepen po3B’s3k0M KOXKHOT 3a/1a4l Tpeba MOBHICTIO
BUnMucaTu 1ii ymoBy. Ha oOKIaguHKy 301IMTa CJiA HAKIEITH 3alOBHEHMM
peecTpauiinuii 01aHK (BKa3aTh HOMEpP KOHTPOJIbBHOI POOOTH, HA3BY IHUCLMILUIIHH,
rpyny 1 ¢akynbTeT, Mpi3BUILE, IM'S Ta MO OaThKOBI, HOMEp 3aJTIKOBOI KHUKKH,
nomainH azapecy). OdopmiieHa BIAMNOBIAHUM YHHOM po0OTa PpPEECTPYETHCA Y
JAeKaHati. Ii HeoOXiHO MoJaTH Ha kadeapy BHUIOT MAaTEMaTHKH 3aBYacHO, aje He
mizHime sk 3a 10 AHiB 10 MoYyaTKy eK3aMeHarliitHoi cecii. [licis nepeBipku BUKIagad
poOUTh BUCHOBOK MpO T€, BIPHO YM HEBIPHO BUKOHAaHa po0OOTa, 3 BIAMNOBIIHUM
HAJIMUCOM Ha OOKIaauHI. SKIo poOoTa BUKOHAHA HE IMOBHICTIO a0 HEBIPHO, TO
BUKJIaJla4 BKa3ye HOMEPH BIACYTHIX a00 HEBIPHO pO3B’SI3aHMX 3ajad 1, SKIIO
HEOOX1HO, POOUTH CBOI 3ayBaKEHHS y BUIJISAII KOPOTKOi peuensii. PoboTu 3 He
ycimMa 3amadaMu, abo X 3 TaKMMH, 110 TOBHICTIO a00 YacCTKOBO HE BIAMOBIIAIOTH
JAHOMY BapiaHTy, BBAXAIOThCSI BUKOHAHUMU HEBIpHO. CTYJEHT MOBUHEH BUIIPABUTHU
yci IOMWIKH y TOMY K 30ILIWTI nicis perieH3ii BukiIaaada y po3aut “Pobora Han
NOMWIKaMU’ 1 TOBEPHYTH pPOOOTY y HAWKOpPOTIIMH TepMiH. BumpaBieHHs vy
nepeBipeHiit poOOTI MOBEpX MO3HAYOK BHUKJIAJaua HE JAOMycKatoThes. CTYyIEeHT MOXKe
OyTH AOMYIIEHUH 10 3aXUCTy KOHTPOJIbHOI POOOTH, MOPSAOK SIKOTO BHU3HAYAETHCS
BUKJIaJladyeM, TUIBKM IIICIAS TMOBTOPHOI MEpPEBIPKM BHUIIPaBIECHUX MOMMIOK. Ha

€K3aMeH (3aJIK) JOMYCKAIOThCS TUTbKU CTYACHTH 3 3aXUIIEHOI POOOTOIO.
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