MIHICTEPCTBO OCBITU | HAYKW YKPAIHW

HALLIOHA/TbHU TEXHIYHUIA YHIBEPCUTET
«XapKiBCbKNA NOMIITEXHIYHWIA IHCTUTYT»

MATEMATUYHWIA AHANIS.
MOAYJIbHE HABYHAHHA

(MpaKTUYHUIA KypC 418 CTYLEHTIB TEXHIUHMX creLiafibHOCTe)

HaByanbHWI1 NOCIGHNK
LN CTYZIEHTIB BULLMX HaBY/IbHWX 3aKNafiB

Yy TPbOX YaCTUHaX

YacTtuHa Il

PekomeHaoBaHO MiHiCTEPCTBOM OCBITHM i HayKM YKpaiHu

XapkiB
MigpyyHuk HTY «XI»
2014



YOK517.1
BBbK 22.161
M33

ABTOPCbKWUIA KONEKTUB:

H. M. Achnupka, O. B. Axiesep, A. A. Boesa, O. A. lensiposcbka, HO. 1. 3aiiues

PeueHseHTHn:

A. A. FAHUeBnY, 4 -p i3.-maT. HayK, Npod.,
XapKiBCbKWin HauioHalbHUIA yHiBepeuTeT iM. B. H. KapasiHa,

€. B. BOAAHCLKUIA, A-p TEXH. HayK, Npodg.,
XapKiBCbKWIA HaLiOHabHUIA YHIBEPCUTET pajioeNeKTPOHIKN

"puch HagaHo MiHICTepCTBOM OCBITU | HAYKM YKpaiHu
(nmeT Ne 1/11-6283 Big 12.07.2010 p.)

MaTemaTUyHWUA aHani3. MogynbHe HaBYaHHS: MpakTUUYHUIA Kype 415
M33 CcTyAeHTIB TEXHIYHMX CneLialbHOCTE ; HaBY. Nocib. ; y 3-x u. - Y. 3/
H. M. AcHuubka, O. b. Axiesep, A. A. boesa Ta iH. - X. : Bua-Bo
«MigpyyuHnk HTY «XMl», 2014. - 384 c.

ISBN 978-617-687-033-3 (noBHe BUA.)

ISBN 978-617-687-036-4 (4. 3)

HaguanbHWiA NOCIGHWK BXOAUTL A0 cepii «MaTemaTuuHmii aHasis. (MpakTaHWiA Kype Ana
CTYAEHTIB TeXHIYHMX CreLjialbHOCTeN)» | € MepLUO YaCTUHOK 36ipHMKA, L0 CKNaaeTbcs 3
TPbOX YaCTWH. MICTUTb KOPOTKi TEOPETUYHI BIJOMOCTI, NUTaHHS ANA CaMONEPEBIPKN, BEMNKY Ki-
NbKICTb PO3ibpaHnX 3pa3kiB, a TaKOX NpuKnagis And CaMOCTIiHOTO PO3B'A3aHHS, MPU3HaYeHNX
[NS MPaKTUYHUX 3aHATb, K ayAUTOPHKX, Tak | fJOMaLLHiX. HaBefeHo 060B’A3KOBI JOMALLHi 3a-

BJaHHS, 3pasKi MOAY/IbHUX KOHTPOSIbHUX POBIT. N
MpU3HAYEHO ANst CTYAEHTIB TEXHIYHUX CrieLjiasbHOCTeN.

In. 58. Bibnioip.: 15 Ha3B.

ISBN 978-617-687-033-3 (noBHe Bu1f,) © ABTOPCLKUIA KonekTus, 2014
ISBN 978-617-687-036-4 (u. 3) © Bug-Bo «MigpyuHnk HTY «XMl», 2014



TTEPEOMOBA.......ooiittee e 6
FNABA 1. Mogynb 7. KpaTHi IHTEMPIN. .....covereeee e 8
7. 1. MoggiiHi iHTerpann. OCHOBHI BM3HaYeHHs. BractueocTi.

O6YMCNEHHS NOABIVHOIO IHTErpasa No MPAMOKYTHIN 00MaCTI......covieeevenenen, 8
AYINTOPHE 3aHATTA 7.0 .o 22
CaMOCTIAHA POBOTA 7.1 .t 23

7.2. 3amiHa 3MiHHOI B noABiliHOMY iHTerpasii. MNepexig Ao nonsp-

HOT CMCTEMW KOOPAWHAT i y3arasibHeHOT MONAPHOT CUCTEMU KOOPAMHAT........ 24
AYONTOPHE 3AHATTA 7.2 oot e 32
CaMOCTIHA POBOTA 7.2....ccecveririereiririeiesieresieseseesesieesresesseseesees 33

7.3. [eoMeTpWYHI Ta (i3nyHI 3aCTOCYBaHHS MOABIHOrO iHTerpana...34
AYOUTOPHE 3AHATTA 7.3 it 44
CaMOCTIVHA POBOTA 7.3....cuveveririeiiririeieieresieie e es 45

7.4. TIOTPIAHWIA iHTerpasl. BuaHaueHHs, BNaCTUBOCTI, 064UNCAEHHS

B JEKAPTOBIN CUCTEMI KOOPAMHAT...c.vcververireenieestsiesestesiasessasessesessesessesessessssens 46
AYOUTOPHE 3AHATTA 7.4 .o 53
CaMOCTIIHA POBOTA 7.4...c.viveriieiiieeerieiesisisiee s 54

7.5. 3amiHa 3MiHHOI B MOTPIAHOMY THTEMPTi...cvvivevrvererieesieesieenns 55
AYONTOPHE 3aHATTA 7.5, .o 65
CaMOCTINHA POBOTA 7.5. ..t 65

7.6. 3acTOCYBaHHS MOTPIAHNX IHTEMPAMIB. ....cvevereveereniririeieeerieienas 67
AYONTOPHE 3BHATTA 7.6..ceeiiiiiiiiiiie e e 70
CaMOCTIIHA POBOTA 7.6....ccevevrerririiriiieisiesiseisiesiese e seesaseens 71

FNMABA 2. Mogynb 8. KpyBOniHIiiHI Ta NOBEpXHEBI iHTer-

PASTN. TEOPISA MO ..vviveiiieeiete ettt sttt sb et b et eb et eb bbb 72

8.1. KpuBoniHiiiHi iHTErpann NepLioro pogy Ta ix 3aCTOCyBaHHs.... 72
AYONTOPHE 3BHATTH 8.1 .o 78
CaMOCTIHA POBOTA 8.1......ccueverviriieerieeerisiiiere e seens 79

8.2. KpwuBoniHiliHi iHTerpanu gpyroro pogy (N0 KOOPAMHATAX)....... 80
AYOUTOPHE 3BHATTH 8.2, 90
CaMOCTIVHA POBOTA 8.2......cveviieeririeisierisieisieseseseseesieseseens 91



8.3. TIOBEPXHEBI THTEIPAMM....vinvineinieieineciieiieieeie ettt sre e 93

AYONTOPHE 3BHATTH 8.3 i 106
CaMOCTIHA POBOTA 8.3.....c.iieeeieirieiee e 107
8.4. CkanspHe none. OCHOBHI XapaKTepUCTUKN CKansapHoro nons .. 108
AYONTOPHE 38HATTA 8.4 ..o 116
CaMOCTIViHA POBOTA 8.4......ccvciveeerieie st se st 117
8.5, BEKTOPHE MOME.....veviiireiiieieiiee ettt 118
AYONTOPHE 38HATTA 8.5, et 125
CaMOCTIHA POBOTA 8.5......ucueiiririeierieece e 126
8.6. TNOTiK BEKTOPHOIO Mo Yyepes NoBepxHI0.LIMpKynadig........... 127
AYONTOPHE 3BHATTH 8.6.....eeiiiii i 135
CaMOCTIHA POBOTA 8.6.....c.vvevereirieieieni e 136
FAABA 3. MOAYb 9. PALN....c..ooiiiiiiiiiei e 137
9.1. UYwucnosi pagu. OCHOBHI NOHATTA Ta BU3HAYeHHS. O3HaKu

BOIKHOCT ..ttt b bbbttt 137
AyaUTOPHE 3aHATTA 9. 1. ..o 148
CaMOCTIIHA POBOTA 9. 1......ciieeiiieieriee et 149

9.2. IHTerpanbHa o3Haka KoLui. 3Hako3MiHHI paan.A6contoTHa i

YMOBHA 30DKHICTD ...ttt 150
AYONTOPHE 3BHATTH 9.2, 158
CaMOCTINHA POBOTA 9.2t 159

9.3. ®yHKuUioHanbHI pagn. O6nacTb 36iXXHOCTI.PiBHOMIpHa 36iX-

HiCTb (DYHKLiOHaNbHUX PAgiB 160
AYONTOPHE 38HATTH 9.3 . 173
CaMOCTIHA POBOTA 9.3, 174

9.4. CrteneHesi pagu. ObnacTb 36ixHOCTI.BnactueocTi cTeneHe-

BUX PALIB -euteueeieetieteeiesie st sttt st ettt b bbb bt bbb bbbt e e eneens 175
AYONTOPHE 38HATTA 9.4 .o 183
CaMOCTIliHA POBOTA 9.4......ccveviieiiieiesieie e 183

9.5. PAgm Teinnopa Ta iX 3aCTOCYBAHHS . .....cvrvevererirerrerereserrereesesieeas 184
AYONTOPHE 38HATTH 9.5, oo 193
CaMOCTIliHA POBOTA 9.5......ccviiiiiiieieeee e 194



9.6. PAON DYP’E L.eviiiiiee 195
AYONTOPHE 3BHATTH 9.6....eiiii i 208
CaMOCTIHA POBOTA 9.6...c.cvrii teee e 209

9.7, PABN DYPE e 209
AYINTOPHE 3aHATTA 9.7 221
CaMOCTIMHA POBOTA 9.7.....cueieiriricieirisieie et 221

FTNABA 4. TeopeTUUYHi MUTaHHS | 3pa3ku MOLYNbHUX

KOHTPOJBHUX POBIT. ...ttt sttt 223
TeopeTUyHi NUTaHHS 3 TeMn «KpaTHi IHTerpam»................... 223
TeopeTUyHi NUTaHHA 3 TeMn «KprBONIHIAHI Ta MOBEPXHEBI
IHTErPAIA. TEOPIA MOMAD. . veneeeeeeieeieeieeie et eie ettt e e s resre e 224
TeopeTUUHi NMUTAHHSA 3 TEMU KPALU......cocveiriieienie e 225
3pasku MoAybHOT KOHTPO/LHOT poboTK 3 Temu «KpaTHi
THTEIPATIV ..ottt b bt e e b et e b e e et e bt et e beebenbenbe e 227
3pasku MOAyNbHOT KOHTPO/bHOT poboTun 3 TeMn «Kpusoni-
HilHI Ta NOBEPXHEBI IHTETPAIN. TEOPIA MOMAD....cviiieieieiririeieie e 228

3pasku MoAybHOT KOHTPOLHOT PO6OTKM 3 TeMU «PAgu»....... 230

FTNABA 5. BapiaHT1 0060B’A3KOBUX JOMALLHIX 3aBAaHb............... 232
BapiaHT 060B’A3KOBMX [OMALLHIX 3aBAaHb 3 TeMu «KpaTHi
THTEIPAIIVD ...ttt ettt st st be bt sae bt se et eneeseene e 232
BapiaHTi 060B’A3K0BMX AOMALLHIX 3aBfaHb 3 TeMun «Kpu-
BOJIHIHI Ta MOBEPXHEBI IHTErPa/IN. TEOPIA MOMAD.....veveverireeeeierererieeeeens 282

BapiaHT 060B’A3KOBMX AOMaLUHIX 3aBAaHb 3 TeMU«PsAan» .. 332

CMNCOK NNITEPATYPA



NMEPEOMOBA

MpOMoHOBaHWiA MPaKTUYHUIA KypC 3 MATEMATUYHOIO aHasi3y € HaBYa/lb-
HWUM NOCIGHMKOM, NPU3HAYEHUM ANS CTYAEHTIB BULLMX TEXHIYHMX HABYIbHWUX
3aKnafiB 3 PO3LUMPEHOIO NPOrPamMoro 3 MaTeMaTUYHUX AUCLUNAIH, B AKili Kyp-
cy «MartemaTuyHuiA aHani3» BigBefeHo 648 roawH, y Tomy umucni 432 - gns
caMOCTiliHOT po6oTu. Lleit NocibHWMK Mpu3HayeHnii 30kpema Ans NigroToBKU
6akanaspiB y ranysi 3HaHb «CUCTeMHi Hayku Ta KibepHeTuKa» 3 HanpsAMKiB
«[puknagHa matemaTuka» Ta «CUCTEMHWIA aHani3».

CTpyKTypa nocibHnKa BiAMNoOBiAae KPeAMTHO-MOAYbHI CUCTEMI HaBYaH-
HA. Becb Kypc, L0 BMBYAETLCA NPOTArOM 3 CeMeCTpiB, po36UTO Ha 9 MoayniB,
KOXEH 3 AKMX, Y CBOIO Yepry, CKafaeTbCs 3 AeKinbKoxX nigmoaynis. KoxeH 3
nigmoaynis MiCTUTb TEOPETUYHI BIOMOCTI, NPUKNaAM PO3B’A3aHHSA TUMOBUX
3afia4, Npnbnn3HKiA Habip 3afay Ana pob0TW 3 BUKIAAavyeM B ayguTopii, 3agadi
A1 CamOCTIiliHOT po6oTw, BapiaHTW IHAMBILYa/lbHUX LOMALUHIX 3aBfaHb Ta
3paskn MOAY/bHUX KOHTPObHUX POBIT.

Ha noyatky KOXHOro po3fifny HaBOAATbCA METOAWYHI BKasiBKM 3
PO3B’A3aHHAM 3aBfjaHb. IX He BapTO BUKOPUCTOBYBATM sIK IEKLiAHMIA MaTepian.
Lle poBifHUK, B koMY 6e3 foBefieHb HafaHi (DOPMY/IHOBAHHSA BUKIAAEHNX Ha
NeKUifx TeopeM i 3pa3ku TUMOBMX 3aBfaHb, MPY BUPILLEHHI SKUX Li BiJOMOCTI
[OPeYHO BUKOPMUCTOBYBATU. TeopeTMYHa YacT1HA MigMOLYNA MICTUTb HEOOXIiaHI
BU3HaYeHHS, POpMy/ItOBaHHS TeopeM, hopmynu. BoHa intocTpyeTbes posibpa-
HUMW NPUKNagaMmu i Bnpasamul, BUKOHAHHA AKX CMpUSiE 3aCBOEHHIO yHAa-
MEHTa/IbHMX MOHATbL MaTeEMAaTUYHOIO aHanisy.

MponoHoBaHWiA NOCIGHMK € TPETbOK YaCTMHOK MPaKTUYHOIO Kypey i
0ro CTPyKTypa aHanoriyHa CTPyKTypi NepLuoi Ta Apyroi yactuH. [aHuii noci6-
HVK CKMaAaeTbesa 3 N’ATK rna.. MepLi TpW rnaBm MicTATL B CO6I TpK MOAyNS,
KOXEH 3 AKX p036MBaETbLCA Ha MiAMOAYNI BiAMNOBIAHO 4O Mporpamu Kypcy:

* KpartHi iHTerpanm.

- MoggiliHi iHTerpann. OCHOBHI B13HaYeHHs. BnacTtusocTi. O6uun-
C/TEHHSA NOABIAHOIO IHTErpana No NPSIMOKYTHIN 0611acTi.

- 3aMiHa 3MiHHOT B noggiiHOMy iHTerpai. Mepexig fo NonspHoi
CUCTEMW KOOPAMHAT i y3ara/lbHeHOT MONAPHOI CUCTEMU KOOPAMHAT.

- FeoMeTpryHI Ta (hi3nYHi 3aCTOCYBaHHSA NOABIHOIO iHTErpana.



- MoTpiliHWiA iHTerpan. BusHayeHHs, BNaCTMBOCTI, 06YMCNIEHHS B
[EKapTOBIN CCTEMI KOOPAMHAT.
- 3amiHa 3MiHHOT B NOTPIAHOMY iHTErpani.
- 3aCTOCYBaHHS MOTPIHMX iHTerpanis.
» KpuBoniHiliHi Ta noBepxHeBi iHTerpanu. Teopis nons.
- KpuBOMiHIliHI iHTErpasu NepLioro pogy Ta ix 3acToCyBaHHS.
- KpuBoniHiliHi iHTerpaau gpyroro poay (Mo koopauHartax).
- [oBepxHeBi iHTErpanu.
- CkanapHe none. OCHOBHI XapaKTepPUCTUKN CKaISIPHOTO NO~S.
- BekTopHe nore.
- TOTiK BEKTOPHOr0 Nosis Yepes nosepxHio. Linpkynauis.
* Pagwn.
- Uncnosi pagy. OCHOBHI MOHATTA Ta BU3HaYeHHA. O3HaKM 36iX-
HOCTI.
- IHTerpanbHa o3Haka Kolui. 3Hako3MiHHI psgn. AGCONIOTHA i
YMOBHa 30KHICTb.
- @yHKUioHabHI paan. O6nacTb 36iXKHOCTI. PiBHOMIpHA 306iX-
HIiCTb (PYHKLiOHAIbHUX pasiB.
- CTeneHesi pagn. O6nacTb 36iXXHOCTI. BNacTUBOCTI CTeNeHeBUX
pAgiB.
- Pagm Teiinopa Ta ix 3acTOCyBaHHS.
- Pagn dyp’el.
- Pagn dyp’e ll.
3pasku BapiaHTIB MOLY/IbHUX KOHTPOJIbHUX POOBIT i Nepenik TeopeTny-
HUX MWTaHb A0 KOXHOFO MOAyNs HaBeAeHi y YeTBEPTiil rnaei MOCiOHMKa.
M’aTa rnaeBa NocibHMKa MICTUTL 060B’SA3KOBI fOMalUHI 3aBgaHHA (O43). Ans
BMKOHaHHA O[}3 foCTaTHLO 3aCBOITY MaTepias, Lo MICTUTLCA B MiAMOAYNAX.
3HaHHSA | YMiHHA, OTPUMaHI NpY BUBYEHHI MaTepiany Lboro nocibHuKa,
HeoOXifHi NpU BMBYEHHI NoAanbLIOro MaTepiany Ta yCnilWHOTO OBOMOAIHHSA
iHLIMMW MaTEMaTUYHUMKN GUCLUNITTHAMN.



