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BCTYII
[TporpaMa HaBUaabHOI AUCHMILIIHU «BUIlla MaTeMaTHKa» CKJIa/leHa BiAMOBITHO A0 OCBITHBO-
npodeciiHOl TporpaMu  MIATOTOBKM Tepmioro (0akadaBpChbKOTO) pIiBHA —BHINOI  OCBITH,

crienianbHOCTI: 122 «KoMIT I0TepHI HAYKW.
1. Onuc HaBYAJBLHOI JUCHHUILIIHA

1.1. Memorto éuknadanna HaBYAILHOI TUCIUIUTIHU € HAJAHHS MAalOYTHIM cIieliaaicTaM 3HaHb

y raiy3i BUIOi MaTeMaTUKH.

1.2. OcnoénHumu 3aed0amnsamu  BUBYCHHS JUCHUIUIIHA €. HAaBYaHHSI CTYICHTIB
BUKOPHCTOBYBATH CYYaCHUI MaTeMaTHYHHI armapar HEMEepepBHOrO aHali3y TECOPETUYHHM OCHOBaM
1 MerojaM JiHIHHOI anreOpu, aHATITUYHOI T'€OMETpii, MaTEeMAaTUYHOTO aHali3y, KOMILIEKCHOT'O
aHamizy, audepeHIiaTbHuX pIiBHSIHb, TEOpii CTIMKOCTI Ta 3aCTOCYBaHHIO ITUX METOMIB IS
PO3B’sI3aHHS PI3HOMAHITHHX 3aJ1ad TEOPETUYHOTO Ta MPAKTHYHOIO XapakTepy B Mpodeciiinoi
TISTIBHOCTI U1 PO3B’s3aHHS 3a/lad TEOPETUYHOTO Ta MPAKTHYHOTO XapakTepy B IMpoIrieci

NPOEKTYBaHHS Ta peanizaiii 06’ exTiB iHpopMaTu3alii.
1.3. Kinbkicts kpeautiB — 17, 3 HUX
1 cem.- 5,5 kpenuriB — «Buina MmaTemMaTuka,
2 ceM. — 5,5 kpenutiB — «Buima maremarukay,

3 cem. — 6 kpenuTiB — «Buia MaTeMaTHKa

1.4. 3aranpHa KijgpKicTb Toqul - 570.

1.5. XapakTepucTHKa HABYAJIbHOI TUCIUILUTIHUA
O00B’s13K0Ba / 32 BUOOpOM
Jlernna popma HaBuaHHS ‘ 3aouna (aucTaHuiliHa) popmMa HaBUAHHS
Pik miaroroBku
1-it \ -ii
CemecTtp
1-ii \ i
Jlexii
64 ron. \ TOJ1.
[IpakTuHi, CEMiHAPCHKi 3aHITTS
32 rog. \ rom.
JlaGopaTopHi 3aHATTA
TOJ. \ TOJ1.
CamocriitHa poboTa
69 rox. \ TOJ1.
Y Tomy uuchi 1HAUBITyaIbHI 3aBIaHHI
24 rop. TO/I.
Pik miaroroBku




1-it \ i
Cemectp
2-ii \ it
Jlexmii
64 ron. \ rom.
[TpakTHyHi, CEeMiHAPCHKI 3aHATTS
32 ron. \ TOJ1.
JlaGopaTopHi 3aHATTS
TOJ. ‘ roj.
CawmocriitHa poboTa
69 rox. \ rOJ.
Y ToMy uuCHi iHAWBIIyaJIbHI 3aBJIaHHS
24 rop. ‘ roj.
Pik miaroroBku
2-it \ it
CemecTtp
3-ii \ -ii
Jlexii
32 ron. \ TOJ1.
[TpakTHyHi, CEeMiHAPCHKI 3aHATTS
64 ron. \ rom.
JlaGopaTopHi 3aHATTA
TOJ. ‘ roj.
CamocriitHa poboTa
84 ron. \ TOJ1.
Y ToMy uuMCHi iHAUBIIyaJIbHI 3aBJIaHHS
24 ron. \ rom.

1.6. Tlepenik komMreTeHTHOCTEN

3arajbHi KOMIIETEHTHOCTI:

3K1. 3naTHICTh 10 aOCTPaKTHOTO MUCIICHHSI, aHATI3y Ta CHHTE3Y.

3K2. 31aTHICTh 3aCTOCOBYBATH 3HAHHS Y MPAKTUYHUX CUTYAIIisIX.

3K3. 3HaHHS Ta PO3yMiHHS IpeAMETHOI 001acTi Ta mpodeciiftHoT NisIBHOCTI.
3K4. 31aTHICTh CIUIKYBaTUCS AEP>KaBHOIO MOBOIO SIK YCHO, TaK 1 IMCbMOBO.

3KS. 3MaTHICTh CHJIKYBAaTUCS 1HO3EMHOIO MOBOIO (OakaHo).

3Ke6. 3MaTHICTh BYMTHCS i OBOJIO/IIBATH Cy4YaCHUMHU 3HAHHSMH.

3K7. 3MaTHICTH 10 TOIIYKY, 0OpOOJIeHHS Ta aHATI3y 1HGOpMAIIiil 3 PI3HUX JHKEpeT.
3KS. 31aTHICTh TEHEPYBATH HOBI 171€1 (KpEaTUBHICTB ).

3K11. 31aTHICTh MPUUMATH OOTPYHTOBAHI PIIIICHHS.

3K12. 31aTHICTH OILIIHIOBATH Ta 3a0€3MeYyBaTH SIKICTh BAKOHYBAaHUX POOIT.

cnenianbHi (paxoBi, mpeaMeTHI) KOMIIETEHTHOCTI

CK1. 3MaTHICTP /10 MaTEeMaTUYHOrO  (OPMYNIIOBaHHA Ta  JOCHIJKYBaHHS
HETepEepBHUX Ta TUCKPETHUX MAaTEeMaTHUYHUX MOJIeNIeH, OOTpYHTOBYBaHHS BUOOPY METO/IB 1
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HiAXOMIB JJIS1 PO3B’A3YBaHHS TEOPETUYHMX 1 MPUKIATHUX 3a/a4 y Tanxy3i KOMIT I0TEPHUX
HayK, aHaJTI3y Ta IHTEPIPETYBaHHS.

- CKs. 31aTHICT, 10 JIOTIYHOTO MHUCJICHHS, IOOYJIOBH JIOTIYHUX BHCHOBKIB,
BUKOPUCTaHHA (OpPMaJIbHUX MOB 1 MOZENCH aNropuTMIYHUX OOYHMCIIEHb, MPOEKTYBAHHS,
po3po0JIeHHS ¥ aHami3y aJropuTMIB, OIIIHIOBAaHHA iX €(QEKTHMBHOCTI Ta CKJIAIHOCTI,
PO3B’A3HOCTI Ta HEPO3B’SI3HOCTI AITOPUTMIYHUX TPOOIEM AJIs aJeKBAaTHOI'O MOJICITIOBaHHS
MpeAMETHUX oOmnacTeit 1 CTBOPCHHS MIpOrpaMHUX
Ta IHPOPMALIHHUX CHCTEM.

- CKA4. 31aTHICTh BUKOPUCTOBYBATH Cy4acHI METOM MaTEMAaTUYHOTO MOJICITFOBAHHS
00’€KTIB, TIPOLIECIB 1 SBHII, PO3POOIATH MOACII W AITOPUTMH YHUCETHLHOTO PO3B’sI3yBaHHS
3aa4 MAaTCMAaTUYHOI'O MOJICIIFOBAHHA, BPAaXOBYBATHU HOXI/I6KI/I HaGHI/DKeHOI‘O YUCCIIbHOT'O
pO3B’s3yBaHHs MPoQeCciiHUX 3a1ad.

3annanoeani pe3ynomamu HAGYUAHHA.

3Hatu
Y pesynemami eueuenns oanozo Kypcy cmyoenm no6uHeH 3HAMU MeOpemuyHi i NPUKIAOHI
NOJI0)CEHHs HenepepeHo20 ananizy, inmezpanbHe YUCNEHHA, JIHIUHY anzeopy, AHATIMUYHY

2eomempito, Ougepenyianvhi pi6HAHHA Ma Meopilo KOMNIEKCHUX QYHKYIL:

- TIOHATTS BEKTOPA, JIHINHI oneparlii HaJ BEKTOpaMH;

- JIiHIAHI KOMOiHAaIii, JiHIMHY 3aJIeXKHICTh BEKTOPIB, KOJIIHEAPHICTh Ta KOMIUIAHAPHICTbH
BEKTOPIB;

- 0asuc JiHIHHOTO MPOCTOpY, 0a3Kc Ha MIIOLIMHI Ta y IPOCTOPi, pO3KIa] BEKTOpa 1o 6asi, op-
TOHOPMOBaHI 0a3u, adinHi 6a3u;

- CKaJsIpHUHA NOOYTOK BEKTODPIiB, BEKTOPHMH Ta MilIaHMKA TOOYTOK BEKTOPIB, BIACTHBOCTI,
3B’SI30K 3 KOJIIHEAPHICTIO Ta KOMIUIAHAPHICTIO;

- adiHHI cHCTEeM KOOPAWHAT, MOJSAPHY, UWIHAPUYHY Ta c)epruuHy CHUCTEMH KOOpPIUHAT,
dhopmynu iepexony;

- TpsAMYy Ha IUIOMIMHI Ta y TPOCTOpi, i PIBHSAHHS, B3a€MHE DPO3MIIICHHS NPSAMHUX, ITYYKH
MPSIMUX, BIACTaHb BiJ TOYKH JI0 MPSMOi y MPOCTOPi, BiICTaHb MK JBOMa MHUMOOIKHUMU
MPSIMUMHU, 3HAXO/KEHHS CITUIBHOTO MEPIIEHANKYISpa TBOX MUMOOIKHUX MPSAMUX;

- TIpsAMY B MPSAMOKYTHIM CHUCTEMI KOOpAWHAT, HOpMajbHE PIBHSIHHS, BIJICTaHb BiJl TOYKHU O
NPSIMOT, MIBIJIOIIMHY, KYT MK IPSIMUMH;

- IUIOIIMHY y MPOCTOP1, 1i PIBHSHHS, B3a€MHE PO3MIIIICHHS TUIONINH, TyYOK IIJIOIINH;

- TUIOLIUHY B NPSMOKYTHIN CHCTEMi KOOpIMHAT, HOpMaJbHE PiBHSHHS, BIICTAHb BiJl TOYKH JI0
TJIOIIUHH, MIBIPOCTOPH, KYT MIXK TIJIOIAHAMH,

- 3arajbHE PIBHSHHS KPHUBOI APYroro MOpsAIKY, KBaJApaTU4dHi GOpPMH, MATPUIIO KBAIPATUIHOL
(dhopmu, mepeTBOPEHHS PIBHAHHS KPUBOI IIPH MEPETBOPEHHI KOOPIUHAT;

- 3BEJCHHS 3arajJbHOTO PIBHSHHS KPUBOI IPYTOTO MOPAIKY 1O KAHOHIYHOTO BUY;

- PpIBHSHHS KOJIa, e€JIrca, rinepOoin, mapadoiid, EKCIEHTPUCUTETH Ta JAUPEKTPHUCH,
BJ'IaCTI/IBOCTi UX KPpUBHUX;

- TOBEPXHI JAPYroro MopsaAKy, KAaHOHIYHI PIBHSHHS MMOBEPXOHb JIPYroro MOPSIKY, €IINCOiaHn,
rinep6osioinu, mapadonoiau, HMITIHAPU, KOHYCH;

- TpaBHJIa PO3KPUTTS BUSHAYHHUKA APYTOro Ta TPETHOrO MOPSIKIB;



metoau Kpamepa ta ['ayca po3B’si3aHHS cuCTeM JHIMHUX aareOpaiuyHuX piBHSIHD;,
aKCIOMaTUYHY TEOPito MIWCHUX YHCEIT,

BJIACTUBOCTI T'PaHMIIb YUCIOBUX MOCIIAOBHOCTEH Ta YUCIOBUX (YHKIIIH;
BJIACTUBOCTI HETIEpEPBHUX (YHKIIIH ;

nudepeHiianbHe YucIeHHs PYHKIIH OaHI€T 3MIHHOT;

Teopito iHTerpaia Pimana Ha Bifpi3Ky;

Teopito 301KHOCTI HeBJIaCHUX iHTerpaniB PimaHa;

TEOPito 301)KHOCTI YUCIIOBHUX PSJIIB;

TEOpito piBHOMIpHOT 301KHOCTI (PYHKI[IOHATBHUX MOCIITOBHOCTEH Ta PAIIB;
TEOPIIO CTEIIEHEBUX PSIIB;

€JIEMEHTHU TeOpii METPUUHHUX, HOPMOBAHUX Ta €BKJIIJJOBUX IPOCTOPIB;
BJIACTUBOCTI T'paHMIlb QYHKIIH OaraThb0X 3MiHHUX;

BJIACTUBOCTI HemepepBHUX (DYHKIIH OaraThoxX 3MiHHUX;

nudepeHItianbHe YUCIeHHS QYHKIIN 0araThb0X 3MiHHUX;

TEOpEeMHU ICHYBaHHS Ta AU(EPeHLIHOBAHOCT] HEIBHUX (DYHKIIIH;

TEOPi0 BHYTPINIHIX Ta YMOBHUX €KCTPEMyMIB (YHKII 6araTb0X 3MiHHUX;
BJIACTUBOCTI €iJIepeBUX 1HTETpaliB;

TEOPit0 KpaTHUX 1HTerpaiiB PimaHa;

TEOpil0 KPUBOMIHIHHUX Ta MOBEPXHEBUX IHTETPaJIiB MEPIIOTO POY;

TEOPII0 KPUBOJIIHIMHHUX Ta TTOBEPXHEBUX IHTETPAIIIB IPYTOTO POY;
knacuyHi popmynu ['pina, ['aycca-Octporpancskoro, CTokca;

OCHOBH T€OPii BEKTOPHUX TIOJIIB;

enieMeHTH Teopii psaaiB Pyp’e 32 OPTOHOPMOBAHUMHU CUCTEMaMH Y TiI0€pTOBOMY ITPOCTOPI;
HepiBHICTH beccens Ta piBHicTh JIsmyHoBa-IlapceBans;

BJIACTUBOCTI nepeTBopeHHs Dyp’e Ta iHTerpaity Oyp’e;

ymoBu Komri-Pimana;

HeHTpanbHy Teopemy Komri;

psau Teiinopa i Jlopana;

METOAM PO3B’sI3yBaHHS MU (EepeHIIAIbHUX PIBHAHD MEPIIOTO TOPSJIKY;

BU3HAYCHHS XapaKTEPUCTUYHOTO MHOTOWICHA MU(EpPEHIIaTbHOTO PIBHSIHHS, 3aCTOCYBAaHHS
BU3HAaYHUKa BpoHCHKOTO, Mpu3HaYeHHs 1 Bu3Ha4YeHHs GyHKii Ko,

TEXHOJIOTIO 3BEICHHS CUCTEMHM JIHIMHMUX PIBHSHB MEPIIOTO MOPSJIKY 10 OJHOTO PIBHSIHHS
APYTrOro MOpsAKY;

TEOopeMHU PO iICHyBaHHA 300pakeHHs 3a Jlammacowm;
dhopmynu 300paKeHHSI OX1THUX, IHTETpaTy 3TOPTKH OPUTIHAIB;

piBusHHs Eitnepa-Ilyaccona, Octporpaicskoro;



7

- o0rpynoByBaTH eBpicTH4HI (opMynu Uit (YHKIIH HaTypajdbHOI 3MIHHOI 32 METOJIOM
MaTeMaTUYHO1 1HIYKIIIT,

- JOBCACHHA OCHOBHHX TCOPCM.

Bwmitu
edhekmueno suKopucmogysamu CydacHuil MamemamuyHuil anapam 6 npogheciitnoi dianvnocmi
0714 D036 ’A3AHHA 30044 MeoPemuiH020 ma NPAKMUYHO20 XapaKmepy 6 npoyeci aHanizy, CUHme3sy
ma npoeKkmyeanHa iHgopmayiiinux cucmem 3a 2any3amu:
- 3aCTOCOBYBATH JIiHIIHI onepauii HaJ BEKTOpaMH, 3HAXOUTH CKaJISIpHIi, BEKTOPHI Ta 3MillIaHi
NO0OYTKH BEKTOPIB;

- 3aCTOCOBYBATH JIIHIHHI omeparii HaJ MaTPUIIMH, 3HAXOAUTH OOEpHEHI MaTpHlli, paHl Ta
BU3HAYHUK MATPHIIL;

- PpO3B’sI3yBaTH CUCTEMH JiHIMHUX piBHSHB MeTonamu Kpamepa, ["ayca;

- 3HAXOJWTH BIJCTaHb BiJ TOUKH JIO MPSMOI y MPOCTOPI, BiJICTAHb MK IBOMa MUMOOXKHUMHU
NPSIMUAMH, CIIJIBHOTO MEPIEHANKYISIP IBOX MUMOODKHUX MPSIMHUX;

- BUIIMCYBATHU DIBHSHHS OCHOBHHMX KPHMBHX Ta IOBEPXOHb JAPYroro MOPSJKY, 3HAXOAUTU
€KCLEHTPUCUTETH, TUPEKTPUCH Ta ACUMIITOTH KPUBUX APYTOro MOPSAKY;

- 3HAXOAMWTH TPAHUIII TTOCTITIOBHOCTEH 1 (DYHKITIH;

- JIocTiKyBaTH (YHKIIi HA HENEPEPBHICTH 1 pIBHOMIPHY HETIEPEPBHICTD;
- nudepeHIliIoBaTH CKIaaHI Ta o0epHEeH] (YHKIIIT;

- KOpHCTYyBaTuCs po3BUHEHHIM (yHKIIIT 3a popmyioro Teitnopa;

- 3actocoByBaTu hopmyny JlelOHina;

- JIOCHi/KyBaTH (YHKIIi HA MOHOTOHHICTH Ta OMYKJIICTh;

- JOCHiKyBaTH (QYHKIII HA EKCTPEMYM;

- KopHcTyBatucs npasuiom Jlomitans;

- OynyBatu rpadik ¢yHkuii abo KpuBOi, MmO 3agaHa MapaMETPUYHO, 3 BUKOPUCTAHHSIM
T EepeHIiaTbHOTO YUCIICHHS;

- 3aCTOCOBYBaTH TaOJUII0O TIEPBICHUX OCHOBHUX e€JE€MEHTapHUX (QYHKIINH 1 MeToau
IHTEerpyBaHHA U1l 3HAXO/KCHHS MEPBICHUX OUIBII CKIaIHUX (DYHKIIIH;

- JocTiKyBaTH (QYHKIIIIO HA THTErPOBaHICTh 3a PiMaHOM;

- 3actocoByBaTH (hopmyny HproTona-JIeliOHila, METOMl IHTETpYBaHHSI YaCTUHAMH Ta 3aMiHY
3MIHHUX JIJIs1 00UMCIeHHs iHTerpaiiB PimaHa;

- 3acTocoByBartu iHTerpai Pimana B reomeTpii, MexaHimi, (i3uili;

- JIOCTIKyBaTH Ha aOCOTIOTHY Ta YMOBHY 301KHOCTI HEBJIacH1 iHTerpanu Pimana;
- JIOCTIKYBaTH Ha aOCOJIIOTHY Ta YMOBHY 301KHOCTI YMCIIOBI PSIH;

- JIOCIIKYBaTH Ha pIBHOMIPHY 30DKHICTh (YHKITIOHATBHI TTOCITIIOBHOCTI Ta PSJIN;
- OTpUMYBAaTH po3BUHEHHS (QyHKIIH y psaa Teitnopa;

- mudepenIiroBaTy GyHKIII 0araTb0X 3MiHHUX;



- nudepeHIiloBaTH HEeSBHO 3a1aHi (QyHKIIT;

- JIOCIIKyBaTH Ha BHYTPIIIHIA Ta YMOBHIH eKcTpeMyM (YHKIIIT 6ararbox 3MiHHHX;

- 00uucoBaTU iHTErpanu 3a gonoMororo I'-pynxkuiit Ta B-QyHkiiii;

- 00YHMCITIOBAaTH KpaTHI IHTErpaju 3a JOTOMOTor0 TeopeMu DyOiH1 Ta 3aMiHHM 3MIHHHUX
- 3aCTOCOBYBATH KpaTHI IHTETpajy B reoMeTpii, MexaHiui, Gpi3ui;

- 00YHMCITIOBAaTH KPUBOJTIHIIHI Ta TOBEPXHEB1 IHTETPAIH MIEPIIOTO Ta APYTOTr0 POJIIB;

- 3actocoByBatu (opmynmu ['pina, [ayca-Octporpamcbkoro, CrTokca st 0OYHCIIEHHS
KPUBOJIIHIMHUX Ta TOBEPXHEBUX IHTETPAIIB,

- 3aCTOCOBYBATH METOJU Ta TEPMIHOJIOTiI0 BEKTOPHOI TEOPii MOJIiB;

- poskiamatéd yHkiio y psag Oyp’e Ta HOCHIAKYBaTH HOTO HAa 30DKHICTH MOTOYKOBO Ta
PIBHOMIPHO;

- 00YHMCITIOBATH 1HTETPAIN KOMILJIEKCHOI 3MIHHOT 32 JJomoMororo Teopemu Koriri, iHTerpaibHOT
¢dbopmynu Komri Ta 0CHOBHOT TeOpeMH TEOpii JTHIIKIB;

- po3BuBaTH PYHKIIIi KOMIUIEKCHOT 3MIHHO1 y psf JlopaHa;

- po3B’si3yBaTH nu(epeHIialibHI PIBHAHHS Ta CUCTEMH IU(EpEHIiaIbHUX PIBHSHb.

2. TemaTHUYHHU# IJIAH HABYAJILHOI TUCIHUILTIHA

I cemecTp
Po30in 1. Enemenmu ninitinoi aneeopu.
Tema 1. Komnnekcui uucaa.

1. AnrebOpaiuyna ¢gopMa KOMIUIEKCHMX 4HCeN. PiBHI, CHpsDKEHi, MPOTHIICKHI KOMILJIEKCHI
yucia. [ii HaJ KOMIIEKCHUMU YHCIIAMH.

2. 'eomerpryHa iHTEpIpETALis] KOMIIJIEKCHUX YHCEIL.

3. TpuronomerpuyHa Ta TOKa3HHKOBI (popmu kKomruiekcHoro uucia. @opmymu Eiinmepa i
Myasgpa.
4. KopiHb N-TO CTYIEHS 3 KOMILIEKCHOTO YrCIIa.

5. Po3B’s13yBaHHsl KBaJApaTHUX pIBHSAHb 3 JIMCHUMH Koe(illieHTaMH Ta KOMILIEKCHOIO
3MIHHOIO.

Tema 2. Mampuyi, 8u3HauUHUKU Ma cucmemu JiHIUHUX DIGHSHD.

1. Marpumi. Mlii 3 marpunsamu. [lomiGHI, cCUMETpUYHI, HECUMETPHYHI, OPTOTOHAJIBbHI Ta
o0epHeH1 MaTpHIL.

2. Busznaunuku matpuili. BracTuBoCTi Ta 0OYHMCIICHHS BU3SHAYHHKIB 2-TO Ta 3-TO MOPSIKIB.
Minopu, anreOpaiuHi 1OOBHEHHS, PaHT MaTPUII.

3. Po3B’s3yBaHHs cHUCTeM JIHIMHUX PIBHAHb MaTpudHuM MeTtonoM. [IpaBuno Kpamepa,
metonu [ayca, XKopaana-I'ayca.

Tema 3. Enemenmu 6ekmopuoi aneedpu ma meopii JiHIUHUX RPOCMOPIB.

1. TTonsaTTss BektOopa. Omeparllii Haag TEOMETPUYHHMMH BeKTOpamH. JlomaBaHHS BEKTOPIB.
BrnactuBocti nogaBanns. JJoOyTok BekTopa Ha uncio. BmactuBocti 1o0yTKY.

2. O3HaveHHS JIHIHHOTO BEKTOPHOTO TpocTopy. [Ipuknamm.
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3. JliniitHi koMOiHamii, TiHITHA 3a1eKHICTh BeKTOpiB. HeoOXiaHiI Ta 1OCTaTHI YMOBH JIiHIHHOT
3aJIEKHOCTI BEKTOPIB.

4. baszuc niniitHOro npoctopy. Po3wmip niniliHoro mpocropy. Komineaphi Ta KoMILIaHapHi
BEKTOPH SIK TIPUKJIAJNA BIAMOBITHO OJHOBHUMIPHOTO Ta JBOBUMIPHOTO JIIHIHHOTO MTPOCTOPY.

5. Posknan Bekrtopa mo 6a3i. Koopaunatu BekTopa. HeoOximHi Ta JocTaTtHi yMOBHU
KOJIIHEapHOCTI JBOX BekTopiB. HeoOXimHi Ta [gocTaTHI YMOBU KOJIHEApPHOCTI JBOX Ta
KOMILJIAHAPHOCTI TPhOX BEKTOPIB.

6. OproHopMoBaHi 6a3u. [Ipoekiiisi BeKTOpa Ha BiCh Ta MiBILIOIIUHY.
7. CkansipHuii 100yTOK BEKTOpiB, BIacTuBocTi. EBKIiAiB mpoctip. JloBxkuHa (HOpMa) BEKTOPA.

8. Kyr ™Mbk BekTopamMu. YMOBa OpPTOTOHAJBHOCTI ABOX BekTopiB. HepiBuicth Komri-
Bynsxosckoro. [Ipoekuii BekTopa.

9. IleperBopenHs kKoopauHatT. Matpuirs nepexoay. OpToroHainbsHi iepeTBopeHHs. OpieHTalis
0a3uciB, Opi€HTALlISl IPOCTOPY.

10. OpienToBanmii 06’€M TPHOX BEKTOPIB, BIACTHBOCTI, 3allUC B KOOPAMHATAX. BekTtopHuii Ta
MilaHuil J0OYTOK BEKTOPIB, BIACTUBOCTI, 3B'I30K 3 KOJIIHEAPHICTIO Ta KOMIUTaHapHicTIO. [ToaBiitHuii
BEKTOPHHUI TOOYTOK.

11. TlonsipHa, HMTIHAPUYHA Ta chepuyHa CUCTEMHU KoopauHat. DopMyu mepexony.

12. BnacHhi uncnia Ta BEKTOPH MaTpHIlh, METO/IM 1X 3HAXOKCHHS.

Po30in 2. Enemenmu ananimuunoi ceomempii.
Tema 4. Aneebpaiuni ninii nepuioco nopsaoKy Ha NAOWUHI I 8 NPOCIOP).

1. Ilpsma Ha TUIOIIMHI, BCEMOXJIMBI DIBHSHHS, B3a€EMHE pO3TallyBaHHS mpsMux. llomin
BiJIpi3Ka B 33/ITaHOMY BIJTHOIICHHI (BEKTOPHUI Ta KOOpAUMHATHUH criocoOn). [Tyuku npsmux.

2. llpsima B IpAMOKYTHIN CUCTEMi KOOPAMHAT, HOpPMaJbHE PIBHSHHS, BiICTaHb BiJl TOUKHU JI0
IPSIMOT, KYT MiX TIPSIMHUMH.

3. [InomuHa y mpocTopi, BCEMOXIIMBI PiBHSHHS, B3aEMHE PO3TallyBaHHsS IUIomuH. [Tydok
TUTONITHH.

4. T1nomuyHa B MPSIMOKYTHIN CHUCTeMi KOOPAWHAT, HOPMaJbHE PIBHSIHHS, BICTaHb BiJl TOYKH
710 TUIOIMHH, iBIPOCTOPH, KYT MK TUIOIIMHAMH.

5. IIpsima y mpocTopi, BCEMOXJIMBI PIBHSHHS, B3aEMHE PO3TalllyBaHHS MPSIMHUX Y MPOCTOPI,
BIJICTAaHb BiJ TOYKH [0 MPSAMOi y MPOCTOPi, BiICTAaHb MK JBOMa MHUMOODKHHMHU MPSIMHMH.
3HaXOHKEHHS CIJILHOTO TEPICHANKYIIAPA ABOX MUMOODKHUX TPSIMHUX.

Tema 5. Aneebpaiuni ninii Opy2020 nopsoKy Ha NAOWUHI i 8 NPOCMOP).

1. Eninc, rinep6oia, mapabosna. JlupexTopiajibHa BIACTUBICTH edirca i rinepooinu. [lomsipamii
napametp. PiBHSHHA eninica, rinep6onu, mapaboiu B MOJIIPHIA CUCTEMI KOOPIUHAT.

2. 3arambHe PpIBHAHHS KpuBOi aApyroro mnopsanky. Ksampatuuni d¢opmu. Marpuns
kBagpaTtuuHoi ¢opmu. JlogatHO BU3HauyeHi KBaapatudHi ¢Gopmu, Kpurepiii CuibBecTpa.
IlepeTBOpeHHS piBHSHHS KPUBOI ITPH NIEPETBOPEHHI KOOPANHAT.

3. 3BeIEHHS 3arajibHOTO PIBHSHHS KPUBOI APYroro NOPSAKY 10 KAHOHIYHOTO BHIY.

4. KaHOHIYHI pIBHSHHS TTOBEPXOHB IPYTOTO MOPSIKY: SIIICOiu, rinepoooiau, napadonoinu,
IWITIHAPH, KOHYcH. [lepeTuH moBepxHi APYroro NopsaKy 3 MIIOHIMHOI.

Po30in 3. /[esiki enemenmu meopii Yuci08ux MHOMCUH ma 1o2iku.. I panuys, Henepepuicmo (hyHKYil.
Tema 6. [esxi enemenmu meopii Yuci108UxX MHONCUH MA JO2IKU.

1. Jloriuyna cumBomika. Onepartii HaJl BUCTOBIIOBAHHIMH Ta iX BJIACTUBOCTI.
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2. Muoxunu. Onepariii Hai MHOKHHAMU Ta 1X BJIACTUBOCTI.

3. OOMexeHi1 3Bepxy (3HHU3Y) YMCIIOBI MHOKHMHU Ta iX BepxHi (HHkHI1) Mexi. OOMEKEH1 YHCITOBI
MHO>XHWHH.

Tema 7. I panuys gynxyii.

1. Bino6paxxenns. O6pa3u Ta mpooOpa3yu MHOKHH. 3BY>KEHHsI Ta IPOJJOBKEHHS BiJOOpaKEHb.
Knacudikamis BigoOpaxkenb. OOOpOTHI BiIOOpaKEHHsSI Ta BiIOOpaKEHHS, OOCpHEHI 10 HUX.
Komno3sunis Binoopaxens. I'padik BinoOpakenus. [Ipuknaau.

2. O3HaueHHS OKOJIB Ta MPOKOJIOTHX okouiB Touku B R. JIiBi Ta mpasi nmiBokosu Touku B R.
Osnauenns nocnigoBHocTi. IliamocmigoBHocTi. O3HaueHHS TpaHMIl MOCHIIOBHOCTI HA MOBI
HEepiBHOCTEH 1 Ha MOBI1 OKOJIiB. 301KH1 Ta po30ikHI mocmioBHOCTI. [Ipukinaan. HeckinueHH1 rpaHwmi
MOCHIIOBHOCTEH. € AMHICTh TPAHUII MTOCITIJOBHOCTI.

3. HeckiHueHHO MaJIi Ta HECKIHYEHHO BEJIUKI ITOCIITOBHOCTI. 3B’ I30K MK HECKIHUYEHHO MAJIUMU
Ta HECKIHYEHHO BEJIMKHUMH IIOCIIIOBHOCTAMHU. 3B’SI30K MDK 30DKHICTIO IIOCIIHOBHOCTI Ta il
00OMEXKEHICTIO.

4. HepiBHOCTI MiX MOCTIOBHOCTSIMH, II0 BHKOHAHI acCUMNITOTHYHO. Teopema Tpo 3B’S30K
HEPIBHOCTEH MK IPaHULISIMU TTOCITIIOBHOCTEH 3 HEPIBHOCTSIMH MK MTOCIIIOBHOCTSIMU Ta 11 HACIIIKH.
Teopema mpo Tpu MOCTITOBHOCTI.

5. JleMu mpo HECKIHYEHHO MaJi MociigoBHOCTI. Teopema mpo apudMeTHyHI BIACTHBOCTI
TpaHUIlb TOCIAOBHOCTEH (PO rPaHUIll CyMH, Pi3HHIIL, JOOYTKY Ta YaCTKH).

6. O3naka Beiiepmpacca 301KHOCTI MOHOTOHHHX TIOCHTIIOBHOCTEH Ta ii Haciimok. Yucio e
(0O3HAYEHHS T OLIIHKH).

7. Teopema bonbmano-Beiiepmtpacca. BepxHs 1 HYUKHS TpaHUIIl TTOCITIIOBHOCTI.
8. ®dyHnaMeHTaIbHI MOCIiIOBHOCTI, KpuTepiid Ko 301)KkHOCTI TOCTiIOBHOCTI.

9. O3HaueHHs TPAaHUYHOI TOYKH YMCIOBOI MHOXKMHU. 3arajibHe O3HAYCHHS TpaHulll (PyHKIIT 3a
Ko Ha MOBi okoiB. 3aranbHe 03HaueHHs rpaHuii yHkuii 3a ['eitne. Teopema npo ekBiBaJIEHTHICTh
o3HaueHb rpanuii GyHkiii 3a Komri ta 3a ['efine.

10. Teopema npo enuHicTh rpanuii GyHkiii. JloctaTHa ymMoBa BiICYTHOCTI TpaHHIl (QYHKIII.
Teopema npo apudMeTHdHI BIACTUBOCTI TPAHUILIb (DYHKITIH.

11. 3B’sA30K MK HECKIHYCHHO MAJIMMHU Ta HECKIHYEHHO BEIMKMMHU (yHKUisMHU. Jlema mpo
HECKIHYEHHO MaJI (PyHKITIi.

12. Teopema mpo rpaHUYHUHN NEPeXia y HEpIBHOCTX Ta ii HacHiaku. Teopema rmpo TpH (yHKIII].
Teopema mpo rpaHuIto KOMMoO3uIli GyHKIi.

13. OnnoOiyni rpanuni ¢ynkuii B Touri. Kputepiit icHyBaHHs rpanuili QyHKUii y JBOOIUHIN
TPaHUYHIN TOYIl HA MOBI OTHOOTYHMX TpaHuIlb. OMHOOIYHE MpIMYBaHHS QYHKIIIT 10 CBOET TPAHUIII.
OznauenHs MmoHoToHHuX (yHkuii. Teopema Beiiepinrpacca.

14. Jlpyra yymoBa rpaHuIls Ta il HACIIIKH.
15. Tlepua yynoBa rpanuis. HepiBHOCTI Uisi cHHYCa Ta TaHT€HCA.

16. TlopiBHSHHS aCUMITOTUYHOI MOBEIHKN QyHKIIH npu X — @ (O-cumBoitika). 3B 530K MiXkK
cumBosamu f (X) =0(g(x)) (x > a) i f(x)=0(g(x)) (x > a). BmactuBocti O-CUMBOJIIKH.

17. O3naueHHs BepXHbBOI Ta HIKHBOI IpaHullb GyHKLII Teopema mpo iCHyBaHHS BEpXHBOI Ta
HIKHBO1 TpaHunb ¢yHKIIi. Kpurepiii icHyBaHHs rpaHulll (QyHKIi B TepMmiHax ii BepXHBOI Ta
HIDKHBOI rpanullb. Kpurepiit Ko icHyBaHHS! CKiHUE€HHOT TpaHULll (QYHKIII].

Tema 8. Henepepsricmo ¢hynxyii.
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1. O3nauenHs HemnepepBHOi B Tourli QyHkuii. [Ipukmamu. JlokanbHI BIaCTUBOCTI HEMEPEPBHUX
GbyHKIIIH (Teopema Ipo 30epekeHHS HEPIBHOCTEH, TeopeMa Mpo apu(METHIHI BIACTUBOCTI, TEOpeMa
PO KOMITO3MIIIIO [T HEeMepepBHUX (DYHKIIIH Ta Jiema mpo 30epekeHHs 3HaKy (QYHKIIIT).

2. O3HayeHHs HemepepBHOI Ha MHOKMHI (yHKIIII. Teopema BeliepmTpacca mpo 0OMeXEHICTh
¢yHKII1, HeTIepepBHOI Ha BiJPI3KY.

3. Teopema bonbriano-Komri mpo mpomiXkH1 3HaU€HHS HeTepepBHO1 (YHKIIIT Ta i1 HACTITOK.

4. O3HavyeHHs PIBHOMIPHO HemepepBHOi Ha MHOXkHHI ¢yHkuii. Teopema Kanropa mnpo
PIBHOMIpHY HETIEpEPBHICTh (PYHKIII.

5. Knacudikariist TO40k po3puBy.

Po3oin 4. Jlugepenyitiosanicmo ¢hynxyii. Iloxioni ma ougpepenyiaru suwux nopsaokie. @opmyna
Teinopa. Hocnioscenns gyukyiu, epagixu ¢ynkyiti ma kpuei, 3a0aui y 0ekapmosiii abo NoaspHill
cucmemax KOOpOUHam.

Tema 9. Jugpepenyitiosanicmo ¢hynxyii, it oughepenyian i noxioua.

1. O3nauenns nudepenmiioBanoi GyHkiii B Touri. [Ipukmanu 3HaXOMKEHHS MOXIAHOT JyIs
enleMeHTapHuX (yHKIIH. HeoOxinna ymoBa audepenniiioBaHocTi GyHKIIi y TOUI Ta TPUKIAJI, 110
crpoctoBye i1 moctaTHicTh. OmHOOIYHI moOXimHI (yHKIII Ta KpuTepid nudepeHiiiioBaHOCTI B
TEepMiHaX OJHOOIYHUX MOX1THUX.

2. Apudmernuni BractuBocTi nudepenmiiopanux y tourl ¢yskmii. [loxigHa komMmoswuiii.
[Moxinna o6epuenoi ¢pynkiii. [Ipuknaau. Tabnuid MOXiTHUX OCHOBHUX €JI€MEHTApHUX (PYHKIIIH.

3. T'eomeTpuuHe TIymMadeHHs MOHATTS MOXiHOT PyHKIi. PIBHSHHS TOTHYHOI Ta HOpMAai 10
rpadika qudepeHniioBanol GyHKIi.

4. TloximHa (GyHKIIIH, 3aJaHUX MTApaMETPUIHO Ta B MOJSIPHUX KoopauHatax. [Ipukmagy.

5. Osznauenns nudepenuiana GyHkuii B Touli. 3B’ 430K MiX TupepeHIiHoBaHICTIO PYHKIIT Ta
ICHYBaHHSIM TTOX1AHOI ()yHKIIII B ToUIll. 3B A30K MK AU(EPEHITIaIoM 1 MOXiTHOK (PYHKIIIT B TOYII.
['eomeTpuyHe TiaymMadyeHHS TMOHATTS audepeHiany ¢GyHkmii. ApudMeTHdHI BIACTUBOCTI Ta
BJIACTUBICTH 1HBAapiaHTHOCTI (hopMH TudepeHiany QyHKIIl.

6. BayrpimmHicTe unciaoBoi MHOKMHUA. O3HA4eHHS JIOKAIBHHX Ta TIOOANBHUX (CTPOTHX Ta
HECTPOT'uX) eKcTpeMyMiB QyHKuii. Teopema @epma (HeoOXiHA yMOBa JIOKAJBHOTO €KCTPEMYMY
nudepenniiioBanoi ¢pynkirii). [Ipukinaay, M0 CIpoCTOBYIOTh JOCTATHICTH ITIE€T YMOBH Ta TTOKa3yIOTh
CYTTEBICTH YMOB TEOPEMH.

7. Teopema Pomnsa Ta ii Hacmimok. Ilpuknaam, 1m0 MOKa3ylOTh CYTTEBICTH YMOB TEOPEMH.
Teopema Jlarpamxka. Hacnigku Teopemu Jlarpanxka. Teopema Komri.

Tema 10. Iloxioni ma oughepenyianu suwgux nopsokie. @opmyna Teiinopa.

1. O3HayeHHs MOXiAHMX BUIMX mNopaakiB i kmaciB ¢ymkuiit C"(X), C*(X). Ilpuknan
mudepenItiioBanoi QyHKINI, ska He € HenepepBHO AudepeHiiioBaHoro. [1oXiaHI BUIUX TOPSIKIB
JeSIKUX eleMeHTapHuX (yHKUid. O3HaueHHs OudepeHIiaiB BUIIMX TMOPSAIKIB Ta iX 3B SA30K 3
MOX1THUMH BHIIUX MOPsAAKiB GyHkiid. [Topymenns iHBapianTHOCTI ¢hopmu AudepeHIiaTiB BUITUX
nopsakiB. @opmyna JleibHira.

0 . o

2. IlpaBuuio Jlomitans po3KpUTTSI HEBU3HAYEHOCTEH TUITY 0 1 —.
o0
3. ®opmyna Teitnopa s nominoMiB. O3HayeHHs noninoMa Teinopa st GyHKii, o N pasis
nudepeniiiioBana B Touii. JlokansHa dopmyna Teinopa i3 3amumkoBuM wieHoM y (opmi Ieano.
®opmynun MakiopeHa aJis IeSKUX eleMeHTapHuXx ¢yHkuid. Teopema mpo 3aquIIKOBUIN WwieH Ta ii
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HacHiku (3anumkoBuil wieH y ¢opmi Jlarpanxka ta Komri). OOuncnenHs: rpaHuis  (yHKIIT 3a
noromororo hopmynu Tewmopa.

4. KputnuHi Touku. JlOCTaTHI yMOBU HAasiBHOCTI (BIJCYTHOCTI) JIOKQJIBHOTO EKCTPEMYyMY
dbyHKIii B TepMiHax mepmioi moximHoi. JlocTaTHi yMOBHM HasBHOCTI (BiJICYTHOCTI) JIOKQJIBHOTO
eKCTpeMyMy (DYHKIIIT B TEpMiHAX BUILUX MOXiTHUX.

5. O3HaueHHs (CTPOro) OMYKJIMX Ta YrHYTUX (QYHKIIH Ha TpoMiKKy. ['eomerpuune
TIIyMaueHHs OMYyKJIOCTI Ta yrHyTocTi. O3HaueHHs TOYKHM meperuny rpadika Qynkuii. HeobxigHa
yMOBa B TOMIIl TMeperuHy st naBivi audepeHnioBannx ¢GyHKmii. JloctaTHi yMOBH CTpOroi
OITYKJIOCTI (DYHKIIIT Ta HASIBHOCTI (BIZICYTHOCT1) TOUKU MIEPETUHY.

Tema 11. I'paghixu ¢hynkyii ma xpusi, 3a0aui y dexapmosiii abo NOJIAPHIL cucmemax KoOpoOuHam.
1. Acumnrotu rpadika ¢pyHkiii. Teopema npo 3HaX0KeHHS Koe(ilieHTiB aCUMIITOT.
2. Cxema nociimkenss GyHKii Ta mooynosa ii rpadika. [Ipukma.

3. INonsipHa cucremMa KOOpAUHAT. 3B 30K JEKapTOBUX KOOPJAMHAT 3 MoJsipHUMHU. [lepexina Bin
KpUBOi, 3a71aHO1 B MOJISIPHINA CHCTEMI1 KOOpAWHAT, A0 MapaMEeTPUYHOTO TOJaHHS ii B JEKapTOBIH
CHCTE€Mi KOOpAMHAT. ACHMIITOTH KpUBHX, IO 3a/JaHi MapaMeTPUYHO B JIEKApPTOBIH CHCTEMI
KOOPJIMHAT. ACUMINTOTH KPUBHX, IO 33/1aHl B MOJSIPHIN CUCTEMI KOOPIUHAT.

II cemecTp
Po30in 5. Hesusznauenuii inmeepai.
Tema 12. Hegusnauenuii inmezpai.

1. O3navenHs nepBicHOI QyHKIIIT HA MPOMDKKY. TeopeMa mpo CTPyKTypy MHOXKHUHU ITEPBICHUX
¢ynkuii Ha npomixky. [Ipuknan ¢yHKIiII Ha TPOMIKKY, B SKOi HE ICHYe INEpBICHOI Ha LBOMY
npoMikKy. HeBu3HaueHu# iHTErpa i HOro BIacTUBOCTI. TabmuIs MepBICHUX AESKUX eJIeMEHTapHUX
¢ynkuid. @opmyna 3aMiHM 3MiHHOI Ta (opMysa IHTEIpyBaHHA YacCTUHAMH JUIsI HEBU3HAYCHOT'O
IHTErpay.

2. Pamionanbni  QyHKIii  (mpobm), po3kiIaieHHsS iX Ha HaumpocTimn. [HTerpyBaHHS
HalnpocTimux panioHanbHUX GyHKLIA. MeTtoa OcTporpaachbkoro BUAUICHHS palliOHAIbHOI YaCTHHU
1HTerpaa.

3. InrerpyBanHs (yHKIIH, parlioOHaIbHUX BIIHOCHO pajiMKaia 3 IpoOOBO-TiHIHHOT QyHKIIT Ta
HE3aJIEKHOI 3MIHHOI.

4. InterpyBanHa (QYHKIIH, palliOHATbHUX BIJHOCHO KBaJpaTHYHOI ippalliOHAIBHOCTI Ta
HE3aJIeKHOT 3MIHHOI, 332 JO0MOMOro0 mijacTaHoBOK Einepa. [leski okpemi BUIAAKU (B TOMY YHCII
IHTEerpyBaHHs BiTHOLICHHS MOJIHOMA Ta KBAaAPATHYHOI ippaIliOHAIbHOCTI).

5. Jleski BIAaCTUBOCTI MapHHUX 1 HEMAapHUX pallioHAIbHUX (YHKINHN 1 X BUKOPUCTAaHHS TPH
IHTerpyBaHHI  paliOHANbHUX (YHKUIA BIIHOCHO CHHYca Ta KOCHMHYyca. YHiBepcalbHa
TPUTOHOMETPUYHA TIJICTAHOBKA. [HTerpyBaHHsA MOOYTKY palliOHAJIBPHUX CTENEHIB CHHYyca Ta
KocHHyca. [HTerpyBanHs GyHKIIN, palliOHaTbHUX BITHOCHO €KCIIOHEHT.

Po30in 6. Buznauenuii inmeepan ma tio2o 3acmocy8aHHsi.

Tema 13. Buznauenuii inmezpan ma tio2o 3aCmoCy8anHs.

1. Po3Outta BiApizka Ta Ha0OpH TOYOK, Y3TO/KEHI 3 JaHUM po30UTTAM. O3HaueHHS
iHTerpanbHux cyM Pimana, interpana Pimana ta kiacy iHterpoBHux 3a Pimanom ¢ynkuiit. [puknaan
IHTETPOBHHUX Ta HEIHTETPOBHMX 3a PiManoMm ¢yHkiii. HeoOxigHa ymMoBa iHTErpoBHOCTI (DYHKIIIT 3a
Pimanowm.

2. Hwxni (BepxHi) cymu JlapOy Ta ix BnactuBocTi. O3Ha4eHHS HIYKHBOTO (BEPXHBOTO) IHTErpaja
HapOy.
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3. Jlema J[lapGy. Kpurepiii HapOy interpoBHocti ¢yHkmiii 3a Pimanom 1 ioro pi3Hi
ekBiBasieHTHI (popmymoBanHs. Kpurepiit Pimana inTerpoBHocTi QyHKIIH Yy po3yMminHi Pimana.

4. Knacu ¢yHKUid, iHTErpoBHUX 3a PiMaHoM (HemepepBHI Ha Bipi3Ky (yHKIT; oOMexeHi
GyHKIIIT, 10 MAIOTh HA BIAPI3KY HE OLIbIIE HIXK CKIHYCHHE YHUCIIO TOYOK PO3PHUBY; MOHOTOHHI Ha
BIZPI3Ky (yHKIIIT).

5. AnutuBHicTh iHTerpana Pimana sax ¢yskmii Bigpizka. JliHiHHICTE iHTerpana Pimana
BIZTHOCHO MiJiHTerpanbHoi ¢yHKuii. [HTerpoBanicTh 100yTKY Ta MOAYIS IHTErpOoBaHUX 3a PiMaHoM
dbynkmii. Oninka Moy iHTerpaia. [lo3uTuBHICTS Ta MOHOTOHHICTB iHTErpaia Pimana, Teopema mpo
cepenHe (3HaUEHHS) JUIs iHTEerpana PimaHa.

6. HenepeprHicTs Ta mudepeHiiiiioBaHicTh (GyHKINI, 3aqaHoi iHTerpajoM PimaHa i3 3MIHHOIO
BEPXHBOIO MEXKEI0 IHTerpyBaHHA. ICHYBaHHs MepBiCHOI y HemepepBHOI Ha Biipi3Ky ¢yHkuii. pyra
TeopemMa Mpo 3aMiHy 3MiHHO1 B iHTerpaii Pimana.

7. OcHoBHa (opMyna iHTerpanbHOro uncieHHs (hopmyna HeroTona-JleiOHina) Ta ii Hacmigok
po BiAHOBIEHHS (PyHKIIIT 3a 11 moXimgHOIO uepe3 inTerpai Pimana. opmyna iHTerpyBaHHS YaCTHHAMH
Juist iHTerpana Pimana, Teopema mpo 3amiHy 3MiHHOI B iHTerpaii Pimana.

8. OCHOBHI BJIaCTUBOCTI TUIOII] MHOTOKYTHUX (iryp. O3HaYeHHS HMKHBOI Ta BEPXHBOI IUIOIII,
B3araJii, TIOIIi Ta KBaJPOBHOCTI MHOYKHH Ha IUIomuHI. Kpurepiii KBajpoOBHOCTI MHOMKHH.

9. KBampoBHICTh KpHUBOJIIHIITHOI Tparelii Ta 3HaX0PKEHHS 11 TUTOIII.
10. KBazmpoBHICTh KPUBOIIHIHHOTO CEKTOpA Ta 3HAXOKEHHS HOTO TUIOIII.

11. JloBxxmHa KpuBOi. BracTuBOCTI cripsiMitioBaHOi KpruBOi. Teopema mpo 0OUMCIIEHHS TOBKUHU
KpuBoi. Hacmigxw.

12. Ky6oBuicts Tin. Kputepiii kyboBHOCTI. OOumciieHHsS 00’eMmy  Tia, sKe 3100yTe
oOepranHsM rpadika ¢pyHkiii HaBkoso Bici OX.

13. KBanpoBHICTh TOBEpPXHI OOCpHEHHS. 3HAXO/DKEHHS IUIONIl TOBEPXHI, SKy 3100yTO
obepHeHHsM rpadika ¢yHKIii HaBkoio Bici  OX.

Po30in 1. Hegnacni inmezpanu ma yuciosi psaou.
Tema 14. Hesnachi inmeepanu.

1. O3HadyeHHs HEBJIACHOTO IHTErpaja Mo HEOOMEXKEHOMY MpOMiKKY (iHTerpana 1-ro poxdy),
Horo 30DkHICTh. EtamonHuii interpan 1-ro pomy, #oro 30ikHICTE. Kpurepiii Komri 301xkHOCTI
HEBJIACHOT'O 1HTErpaJia 1o HeoOMekeHOMY TPoMiKKY. Kputepiit 301KHOCTI HEBIACHOTO iHTerpasia Bij
HeBix eMHOT GyHKIii. O3HaKa MOPIBHIHHS 301KHOCT1 HEBJIACHUX 1HTETrpatiB i 1i Haciaku. [Ipukas.

2. O3HaueHHS a0CONIFOTHOI Ta YMOBHOI 301’KHOCTEH HEBJIACHUX 1HTETpamiB 1-ro pody. 3B’ 30K
30DKHOCTEH HEBJIACHHMX 1HTETrpaiiB Bia QyHKINT Ta Bix Momyns ¢yukiii. O3naku Jipixie ta Adens
301KHOCT1 HeBJacHOro inTerpana 1-ro poxy. [Ipuxmagy.

3. O3HaueHHs HEBJIACHOTO 1HTErpasia BiJ HeoOMexxeHoi GyHKIii (iHTerpana 2-ro poay), Horo
30xkHICcTh. ETanonuuii interpan 2-ro poay, oro 30ixkHicTb. Kpurepiii Kormi 361kHOCTI HEBIacHOTO
iHTerpasa Big HeoOMexeHoi (yHkIlli. Kpurtepiit 301)KHOCTI HEBJIACHOTO IHTErpajia Bijl HEBII €MHOT
¢ynkuii. O3Haka NOpiBHAHHS 301KHOCT1 HEBIACHUX IHTErpatiB 1 i Hacmigku. [Ipukmnan.

4. O3HaueHHs a0COFOTHOI Ta YMOBHOT 301’KHOCTEH HEBIACHUX 1IHTETPATIB 2-TO POaY. 3B’ SI30K
301KHOCTEH HEeBIACHUX iHTerpatiB Bif ¢yHKuii Ta Bix moxyna ¢pynkuii. O3naku [ipixie ta AGens
301KHOCTI HEBJIACHOTO iHTErpaja BiJ HeoOMexxeHoi GyHkii (iHTerpana 2-ro pony). [Ipuknann.

5. BractuBocTi HeBIacHUX iHTerpadiB (JIHIAHICTD HEBIACHUX IHTETPaJiB BiTHOCHO
MiIHTEerpabHOI (YHKIIIT; aIUTUBHICTH HEBJIACHOTO 1HTETpana AK (QyHKIII MpOMiKKY). DopmMynn
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3aMiHM 3MIHHOi Ta IHTErpyBaHHS YaCTHMHAMHU JJs HEBIacHUX iHTerpaiiB. @opmyna HproToHa-
JletiOHia 1)1 HEBJTACHKX 1HTErpastiB. ['0JIOBHE 3HAUYCHHS HEBJIACHOTO 1HTETpasa.

6. B-ynkuis Ta I'-pynxuis Eitnepa.
Tema 15. Yucnosi psaou.

1. O3HaueHHs psgy, HOro 4acTKOBUX CyM 1 30DKHOCTI psny. Haiimpocrimi BiacTUBOCTI
gucinoBux psaaiB. Kputepiit Komri 3061kHOCTI uuncioBux psgiB. HeoOximHa ymoBa 301KHOCTI
yrcaoBoro psaay. ['apmoniiinuii psa. Cyma HeCKiIHUEHHOI T€OMETPHYHOI IPOTrpecii.

2. Psaau 3 HeBiN €MHUMHM YWICHAMH, O3HAKH iX 301KHOCTI (03HAKa MOPIBHSIHHS Ta ii HACHIJIKH,
o3Haka JlamamOepa, panukanabHa Ta iHTerpaibHa o3Haku Ko, o3naku Paabe Ta I'ayca 30ikHOCTI
panis). [pukiamu.

3. Psamu 3 yepryBaHHsM 3HakKiB 1 JeWOHINEBChbKI psan. O3Haka JleiiOHina 301KHOCTI psiaiB 1 11
HaciI0OK. AOCONIOTHA Ta YMOBHA 30DKHOCTI PsiIiB. 3B 30K 30DKHOCTI psny 31 30DKHICTIO pAY,
CKJIa[ICHOTO 3 MOJAYJIB wieHiB BuxigHoro psmy. Os3naku [lipixiae ta Abenst 301KHOCTI PsiiB.
[Tpuknaamu.

4. O3Ha4yeHHs1 MEPEeCTaHOBOK YHMCIOBOTO psny. Teopemu mpo 30LKHICTH psAy, OTPUMAHOTO
MEPECTAaHOBKOIO WIEHIB aOCONIOTHO 301KHOTO YHCIIOBOro psinay. Teopema Pimana. Jlii 3 psgamu.
O3nauenHs 100yTKy uncioBux psaiB. Teopema Komri npo 106yToK psiziB.

Po30in 8. Oyukyionanvui nocrioosnocmi, hynxkyionanvhi psaou. Cmenenesi psou.
Tema 16. @yuxyionanvui nocrioosnocmi ma psiou. Cmenenesi psou.

1. O3naveHHs (YHKIIOHATBHUX TMOCTIAOBHOCTEH Ta (YHKIIOHATBHUX psAaiB. O3HAUYCHHS
30DKHOCTI Ta pPIBHOMIPHOT 30DKHOCTI Ha MHOXUHI (DYHKI[IOHANBHUX TOCTIIOBHOCTEH Ta
dbyHKIIOHATEHUX psAiB. Binmosinni npukiaau. Kpurepiit Ko piBHOMiIpHOT 301)KHOCTI Ha MHOKHHI
(GYyHKLIOHATBHUX MOCTIIOBHOCTEH Ta (yHKUIiOHANBbHUX psaiB. Kputepiii piBHOMipHOI 301KHOCTI
(GYHKIIOHATBHUX — TIOCHIIOBHOCTEH, Hacmigok. HeoOximHa ymoBa pPiBHOMIPHOI 301KHOCTI
(G YHKIIIOHAJTLHOTO PSY.

2. Teopema mpo piBHOMIpHY 301KHICTh (DYHKI[IOHAIBHOTO PSAY, WIEHH SKOrO OTPHMaHI
MMOMHOKEHHSIM WICHIB pIBHOMIPHO 301KHOTO psiay Ha oOMexeny ¢yHkimito. O3Haku BeiepmTpacca,
Abens ta Jlipixiie piBHOMIPHOI 301KHOCTI (DyHKIIIOHAJIBHUX PAIIB.

3. Teopema mpo HemepepBHICTh CYMHU (PYHKIIIOHATBLHOTO psly. Teopema Mmpo 1HTerPOBaHICTh
CyMH (PYHKIIOHAIBHOTO psiny (Teopema Mpo IMOYICHHE IHTErpyBaHHS (PYHKIIOHAIBHOTO PSAY).
Teopema mpo nudepeHIIHOBaHICTE CyMH (DYHKIIIOHAIBHOTO psiay (TeopeMa mNpo TMOWICHHE
nudepeHIitoBaHH (QYHKIIIOHAIBHUX PSIiB).

4. O3HaueHHs cTeneHeBoro psaay. @opMynu 1yisi OOUMCICHHS pajiycy 301)KHOCTI CTETICHEBOTO
pany (Komri-Anamapa, JlamambGepa). Teopema mpo aOComOTHY 301KHICTh CTETIEHEBUX PAMIIB.
Teopema AGens. Teopema mpo piBHOMIPHY 301KHICTh CTEIIEHEBOTO PSTY HA BIAPI3KY.

5. ApudmMeTnuHi Iii HaJl CTETICHEBUMH PSIAMH.

6. O3nadyeHHs aHAMITUYHOT QYHKIIIT B Toulli. BracTuBoCTi aHamiTiyHuX (yHKIIN (HEoOXiaHA
Ta JIOCTaTHHO YMOBHU aHaNITHYHOCTI (QyHKIHIT1 y Touli). [Ipuknan HeckindeHHO nudepeHiiioBanoi
quCI0BOi (PYHKINT JIHCHOTO apryMEHTY, KA HE € aHAIITHYHOIO.

7. CreneHeBi psIu 3 KOMIUIEKCHUMH YJICHAMHU.

Po30in 9. Mempuuni npocmopu. /lughepenyianvre uucienusn pyukyit KitbKox 3MiHHUX.

Tema 1'1. Mempuunuii npocmip R Jupepenyianvre uucnenus hyHKyitl KilbKOX 3MIHHUX.
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n . . .
1. O3HaueHHS METPUKHU Ta MeTpuuHOro npocropy. Ilpukmax (R, p). Binkpuri (3amMKHEHi)
. n . .
MHOXXUHH y MeTpuuHomy mpoctopi (R, p), npukimagu. BiaacTHBOCTI BiIKpUTHX (3aMKHEHHX )
n . .
MHOXUH B (R, p). O3HauCHHS €-0KOJIIB Ta IPOKOJIOTHX €-OKOJIIB.

2. O3HayeHHs AlaMeTpa MHOKUHH Ta 00MEXEHOI MHOKWHU. BI1acTUBICTh BIIUIBHOCTI TOYOK
y MeTpu4yHOMY ImpocTtopi. I'pannuyHi ToukM MHOXMH. O3HaueHHS 130JIbOBAHUX, BHYTPIIIHIX,
30BHIIIHIX 1 ME)KOBUX TOYOK MHOXKHH y METPUYHHX MPOCTOPAX. 3aMUKAHHS MHOXHH, KOMIIAKTH Y

pocTopi R".

. o . n . . . .
3. O3naveHHs nocnigoBHocTed y mpoctopi R . O3Ha4eHHs rpaHuUI TOCIIZOBHOCTI Y TPOCTOPI

R". 30ikHi Ta HhyHIaMEHTAIBHI MOCIITOBHOCTI. 3B 30K MK ()yHIaMEHTAJIBHICTIO MTOCTiTOBHOCTI Ta
ii 301kHIcTIO. Teopema bonbpiiano-Beliepmrpacca. O3Haka KOMIAKTHOCTI.

4. OzHaveHHs rpaHuli ¢yHKUii Kibkox 3MiHHMX 3a Ko ta 3a eitne. ['panuus ¢pyHkuii mo
MHOXHHI. O3HadeHHs1 HemepepBHOCTI (QYHKIK KUTbKOX 3MiHHUX. Teopema BeiiepmTpacca.
PiBHOMipHa HenepepBHICTh PYHKIIH KUTbKOX 3MiHHUX. Teopemu KanTopa Ta TeopeMa npo rpaHuiiio
KOMITO3HIIiT BioOpaxeHns. [Ipukman ¢yHKIII 1BOX 3MIHHUX, JUJIS SIKOi HE 1CHY€E BCEOIYHOI IpaHMII,
aJsie iCHye TpaHHI 3a OyIb-IKHUM HAaIPSIMKOM.

5. O3HauenHs audepeHIiioBaHOCTI B Toulll (YHKII KITbKOX 3MIHHHX, OUdepeHiiana Ta
noxigHoi QyHkiii B Touli. HeoOximHa ymoBa mudepeHiiioBHOCTI (yHKIIT (3B 30K Mix
HEMepepBHICTIO Ta AudepeHIiioBHicTIO (yHKIII B Toulli). O3HAUY€HHS YAaCTUHHHX IOX1THUX
¢yHkuid B TOUll Ta TeopemMa Mpo 3B’s30K audepeHuiiioBaHocTi (QyHKIIT B TOUMi 3
nudepeHIifOBHICTIO B 1M TOYIIl 32 OKpeMHUMH 3MiHHUMU. [Ipuknan GyHKIIT ABOX 3MIHHUX, IJIs SIKOT
ICHYIOTh yC1 YaCTHHHI MOXiHI y TOYIIi, aje siKka He € Au(epeHLIHOBaHOI0 Y Iii TOYIi.

6. Jocratras ymoBa nudepenmiiioBanocti ¢yHkmii B Touli. O3Ha4eHHS HEMEpPepBHOI
nudepeHIiifoBaHOCTI BitoOpakeHHs Ta ii 3B’A30K 3 HEMEPEPBHICTIO YaCTMHHUX MOXIJIHUX KOOp-
nuHaTHUX QyHKIiH. ['eoMeTpudHe TiryMaueHHs nudepeniiiioBaHocTi GyHKIIIT JBOX 3MIHHHX (B TOMY
Yyucal pIBHAHHSA JOTHYHUX Ta HOPMAIBHUX IUIOMMH 10 Tpadiky ¢yHKUii, TIyMadeHHs
nudepeHiiany).

7. IlpaBuna nudepeHnitoBaHHs GyHKIINH KUTBKOX 3MIHHHX (TeopeMa Ipo JudepeHIiioBaHiCTh
KOMITO3uIlii Ta 11 Hacmimok (popmyna aas OOYMCIEHHS YACTHHHHMX MOXiTHUX CKaamHol (GyHKIT
KUTbKOX 3MIHHHX, IHBapiaHTHICTH (pOpMHU TepiIoro nudepeHiiana).

8. TloximHa ¢dyHKIIT 32 HapsAMKOM. Teopema Mmpo iCHyBaHHS MOX1IHUX 3a BCiMa HaNpsIMKaMH
Ut U epeHIiioBHOT y BHYTpIIIHIN ToUIl (DYyHKIIIT Ta 3B’ 130K MOX1AHOT 32 HAIIPSMKOM 3 TPAJIEHTOM
byukii. ['eomeTpuanmii 3MicT rpagieHTa GyHKIi. OpTOrOHANBHICT I'palieHTa (PYHKINT B TOYII J10
JiHI1 piBHS, II0 TPOXOIUTH Yepe3 10 TOUKY.

9. YactunaHi moxigHi QyHKIT M-mopsaky B Touili. HeoOxigH1 (mocTaTHi) yMOBH M pasiB
nudepeHIiioBaHOCTI PYHKIIT B TOYILI.

10. Teopema IllBapma mpo piBHICTE 3MIMIAHUX MOXIIHUX JPYroro TMOPSAKY. 3B’SI30K
mudepeHIrianiB GYHKINT 3 YaCTHHHUMH MOXiTHUMHA. JludepeHmiany BUIIUX TOPSAKIB A (yHKIIT
0araThOX 3MIHHHUX, X HCIHBAPIaHTHICTb.

11. ®opmyna Teitnopa s QyHKIIH KUTBKOX 3MIHHUX 13 3JIMIIKOBUM WwieHOM y ¢opmi [leano.
®dopmyna Teitnmopa A GyHKIINA KUTBKOX 3MIHHUX 13 3JTUIIIKOBUM 4ieHOM y (popmi Jlarpamxa.

12. OsnauenHs ¢QyHkuii, 3agaHoi y HeIBHOMY BHUIJsiai. Teopema mpo icHyBaHHSA (yHKIIT,
3a/1aHoi HesBHO. Teopema npo nudepeHIiioBaHicTh HeIBHUX (PYHKITIH.

13. HesBHi ¢yHKIII KiIbKOX 3MIHHHMX. TeopemMa mpo ICHYBaHHS Ta JAU(EPEHIIINHOBAHICT
HESIBHUX (PYHKLIN KITBKOX 3MIHHHUX.
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14. HesBHi ¢yHKINI, 3aKaHi 3a JONOMOTOK CHCTeMH piBHSHb. Matpuus Sko0i, skoOiaH
cUCTeMH PiBHsHB. Teopema po po3B’s30K Ta TU(PEPEHITIHOBaHICTh PO3B’I3KY CHCTEMH.

Po30in 10. Excmpemymu @hyHKYitl KitbKOX 3MIHHUX.
Tema 18. Excmpemymu ¢pyHKyiii KitbKoX 3MIHHUX.

1. O3HaveHHs JOKAIBHUX EKCTPEMYMIB (CTPOTHX Ta HECTPOTUX) (YHKIIH KUTBKOX 3MiHHHX.
HeoOxigHa yMoBa BHYTPIIIHBOTO €KCTpeMyMy TudepeHIiiioBaHol PyHKIIi1, HACTIIOK.

2. JloctaTHi yMOBHM HAasiBHOCTI (BiIICYTHOCTi) JIOKQJIbHOTO BHYTPIIIHBOTO EKCTPEMYMY B
CTaIlOHApHIH TouIl IBIYl qudepeHItiiioBaHol (yHKIIIT, HACTIIOK 171 BUMAAKy (DYHKITT TBOX 3MIHHHX.

3. O3HaueHHS YMOBHOTO €KCTpeMyMy (YHKIT KUIBKOX 3MIHHUX. MeTOJ] HEBHU3HAUYEHUX
MHOXHMKIB Jlarpanxa. IIpukian 3HAXOPKEHHS YMOBHOIO €KCTPEMYMY 3a O3HAUEHHSIM Ta 3a
MeronoM Jlarpanxa.

4. Meto HaMEHIIIUX KBaJIpaTiB.

Po30in 11. Kpamni inmezpanu Pimana.
Tema 19. Iloositini inmezpanu.

1. 3apagya mpo 00’eM HUIMIHAPUYHOTO Opycy. Po30UTTS mpsMOKYyTHHKA, TiaMeTp po30OUTTS
MPSIMOKYTHHUKA, IHTErpajbHI CyMH, TIOJIBIiH1 IHTETpaJIH 1O IPAMOKYTHUKY. O3HAaYCHHS IHTETPOBAHOT
3a Pimanom ¢QyHkii Ha npsMokyTHUKY. HeoOxinHa ymoBa iHTerpoBanocti 3a Pimanom. BepxHi Ta
HKkHI cymu [lapOy Ta ix BmactuBocti. Kputepiit Pimana inTerpoBanocTti 3a PiManom oOmexxeHoi
¢yHK1ii, BU3HAYEHOI HA IPSIMOKYTHHKY.

2. TloagiiiHMiA iHTErpas 1O AOBUIbHIN 00MekeHi MHOXHHI. JocTaTHI YMOBH 1HTETPOBAHOCTI
¢ynkuii. [Tpuknan 3HaxomKeHHS MOIBIHHOTO 1HTErpaia 3a O3HAYCHHSIM.

3. BnactuBocTi moaBIHHOTO iHTErpany (aAWTHBHICTh NOJABIMHOTO iHTEerpasia Pimana sk
¢yHKLii MHOXHMHH, JIHIHHICTH MOJABIHHOTO IHTErpana BiAHOCHO MiJiHTErpanbHOI (QYHKIT JBOX
3MIHHUX, IHTETPOBaHICTh JOOYTKY Ta MOJYJS 1HTErpOBaHUX (PYHKIIIH, OIlIHKAa MOAYJS 1HTErpana,
MO3UTHBHICT, Ta MOHOTOHHICTh IOJABIMHOTO IHTErpanga, TeopeMa MpO CEepeaHe (3HAUYCHHS) IS
MOJIBIHOTO 1HTETrpana).

4. Jlema npo 0OYMCIICHHS MOABIMHUX 1HTETPAIIB BiJl IHTETPOBAHOI Ha MPSAMOKYTHUKY (DYHKITIT
3a JOMOMOTOIO MOBTOPHUX. Teopema mpo 0OYMCICHHS MOJABIHHUX IHTETpaliB BiJl iIHTErpOBaHOI Ha
KPUBOJIHIMHIN Tparemii (yHKIii 3a TOmoMorow MoBTOpHUX. [Ipukiman oOYMcCIeHHsS MOJIBIMHOTO
1HTerpasa 3a JOMOMOT 01O 1€l TeopeMHu.

5. Tlmoma nmoBepxHi. 3HaAXOMKEHHS IO TTOBEPXOHb, K1 3a7aHi PI3HUMH criocobaMu (SIBHO
Ta 3a JOMOMOTOI0 ITapaMeTpiB).

6. 3acTocyBaHHS MOABIMHUX IHTETPaIiB B MEXaHIIII.

Tema 20. I[lompitini inmezpanu.

1. 3amaua mpo oOYHMCIEHHS Macu Tijma. Po30uTTs mapanenerninena, giaMeTp po3OHUTTS
napaneseninesa, I1HTETpalbHI CyMH, TOTpPidHI IHTerpasm 1o mnapaienemineny. O3HadeHHS
iHTerpoBanoi 3a Pimanom ¢ynkiii Ha mapanenemineny. HeoOximHa yMoBa 1HTErpOBAHOCTI 3a
Pimanom. Bepxni Ta HmwkHI cymu lapOy Ta ix BimactuBocti. Kputepiii Pimana iHnterpoBanocti 3a
Pimanom obmeskeHoi ¢hyHKIII1, BU3HaYeHOT Ha apasnenenineny. [loTpiitHuit iHTErpai 1mo 10BIILHOMY
TLY.

2. locratai ymoBu iHTerpoBaHocTi ¢yHkiii IIpocropoBa mipa XKopaana. BmactuBocti
noTpiHoro inTerpany. OOYMCICHHS MOTPIHUX 1HTErpalliB 3a JOIOMOTO0 MOBTOPHHUX.

3. 3amiHa 3MIHHUX B MOTpiMHUX iHTerpanax. CdepudHi Ta TWIHAPUYHI KOOPIWHATH,
3HAXO/KEHHS 00’ eMy.

4. 3acTtocyBaHHS MOTPIHHUX IHTETPAIIB y MEXaHIIIl.

5. MHuorokparsi interpanu. Teopema Dy0iHi.
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III cemectp

Po30in 12. Kpugoniniiini ma nosepxnegi inmezpaiu. Enemenmu meopii nojs.
Tema 21. Kpueoninitini inmeepanu.

1. 3agaua npo 3HaXOMKEeHHS MacH KpuBoi. O3HaueHHS KPUBOMIHIMHOTO iHTErpaia 1-ro pogy mo
MIPOCTIN TITAJKIN KPUBIH, HOTO HE3AIEKHICTD BiJl BHOOPY IMapaMeTpH3allii Ta TeopemMa mpo Horo 3BeIeHH
1o inTerpasia Pimana. BnactuBocTi KpUBOMiHIHHMX iHTETpaltiB 1-ro pony.

2. OpienroBana kpuBa. KpuBOMIHIMHWK I1HTETpan 2-TO POAY, WOTO BIACTUBOCTI. 3BEICHHS
KPUBOJIIHIIHOTO 1HTErpay 2-ro poy 0 BU3HAUSHOTO 1HTerpay.

3. 3B'130Kk MDK KpHUBOMIHIMHAMHU iHTerpadamu | Ta 2-ro pomy. Di3uyHe TIyMadyeHHs
KPUBOJIHIMHUX IHTETpalIiB 2-T0 pOy.

4. O3HaueHHS TIAJKOi, PETryIsIpHOi, 3aMKHYTOi KPHBOi, MPOCTOTO0 3aMKHYTOTO KOHTYPY;
3aMKHYTOI 00JIaCTI, 01HO3B’sA3HOT 00JIACTi; JOJATHOIO HaIpaBieHHs 00Xxoxy KoHTypy. Dopmyna
['piHa., HaciIKK (3HAXOHKEHHS TUTOIIIUH MHOYKHH).

5. O3HavyeHHs BEKTOPHOro, MoTeHIiiHoro noins. Kpurepiit nmorenuiitHocTi nomns. Teopema npo
HE3ICKHICTh KPUBOJIHIMHOTO 1HTErpanma 2-ro poay BiJ MyTi IHTETpyBaHHsA (JOCTaTHS yMOBa
MOTEHIIHHOCTI OIS ).

6. ExBiBaJIeHTHI MOCTAaHOBKH 3a/1a4l MPO HE3AJICKHICTh KPUBOJIIHIMHOTO 1HTErpasia 2-ro poay
. .. . . ) i . ) 2
BIiJ] ITyTi IHTETPYBaHHS Ta KPUTEPii Takoi HezanexHocTi. Kputepiit moTeHmianbHocTi moist y R
7. Tema 22. Ilosepxnesi inmezpaiu.

1. OgHOCTOpOHHI Ta TBOCTOPOHHI MOBepXxHi. CTOpoHA MOBEpXHI. 3HAXOHKEHHS HAMPABIIIOUNX
KOCHHYCIB HOpPMaJli JUIsi IIOBEPXOHb, SIKI 3a/laHi SIBHO Ta 3a JOMOMOTOI0 mapameTpiB. OpieHTamis
nosepxHi. [IpocTi kyckoBo-T71a/1Ki TIOBEPXHI.

2. TloBepxHeBi iHTErpanu 1-ro poay 1o JBOCTOPOHHIM KyCKOBO -IJIaJIKUM TIOBEPXHSAM. 3BEICHHS
MIOBEPXHEBOTO iHTErpaity 1-ro poay 10 NOABIHHUX IHTErpaiB, HACIIAKMU. (IS TOBEPXOHb, SKi 33/1aHi 32
JIOTIOMOT'OI0 TIapaMETPiB, SIBHO, 3HAXOKEHHS IJIONTMHHA TTOBEPXHI).

3. TloBepxHeBi iHTErpayi 2-r0 poay IO BHOpaHIM CTOPOHI TOBEPXHI.  3B’SI30K MiX
MOBEPXHEBUMH iHTErpasaMu 1-ro U 2-ro poiB MO JBOCTOPOHHIM IIaKUM NoBepxHAM. HesanexHicTs
MOBEPXHEBOr0 HTErpaia 2-ro poay Bix BHOOpY mapamerpu3anii npu (ikcoBaHii opieHTarii Ta ioro
3aJICKHICTh BiJ opieHTallli moBepxHi. @opmyra it 0OYMCIEHHS TTOBEPXHEBOTO IHTETrpajia 2-T0 poay
Yyepe3 KpaTHUM IHTerpaJl.

Tema 23. Enemenmu meopii nons.

1. CxanspHi, BekTopHi nois. Oneparop ['aminbToHa, rpagient. [luBepreHuis, HUPKYIALis,
pOTOp, TOTOK BEKTOpHOro Tmoyis. KpuTepiii MOTEHIIaJbHOCTI BEKTOPHOTO TOJII Ta KpUTEpId
COJICHOTAAJIBLHOCTI BEKTOPHOTO I0JIsI B 00JIACT1 B TEPMiHAX €IEMEHTIB Teopii MOJIsl.

2. ®opmyna Crokca. ®opmyna Iayca-OcTporpagcskoro. IxX (GpopMymoBaHHS y TepMiHaxX
BEKTOPHOTO aHaJIi3Yy.

Po30in_13. Dyukyii xomnaexcnoi 3minnoi. J[ugepenyitiosanicmo ma inmecposanicms @QyHKYIU
Komniexchoi sminnoi. @opmyna Kowi. Paou Jlopana.

Tema 24. @yuxyii xomnnexcnoi 3minHOI. Jugepenyitiosanicms ma inmezposaHicms @OYHKYIU
KomniekcHoi 3minHoi. Paou Jlopana.

1. ®yHK1Ii KOMIUIEKCHOIT 3MiHHO1. [ paHulis, HemepepBHICTh Ta AU epeHITIHOBaHICT (YHKITIT
KoMIUIeKCHO1 3MiHHOI. YMoBu Komrni-Pimana ([lanam6epa-Eiinepa).
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2. I'eoMeTprYHE TIIyMayeHHsI apryMEHTY Ta MoyJisl noxinHoi. KonpopmHi BiqoOpaxeHHs.

3. EnemenTapHi GyHKIIITT KOMITJIEKCHOT 3MIHHOI.

4. IarerpoBanicth GyHKIII KOMIIIEKCHOI 3MiHHOi. ®opmyna Komri.

5. I3ompoBaHi TOYKH, iX Kiaacudikaiis. Psau JlopaHa.

6. JIumku Ta iX 3aCTOCYBaHHs 10 OOYMCIICHHS 1HTErpaliB.
Po3oin 14. Jlugpepenyianvui pieuanna ma cucmemu oughepenyianvhux pieusanv. llepemeopents
Jlannaca.
Tema 25. J[ugpepenyianvui pieHsaHHsL.

1. Tudepenuianeui piBHsaHusa ([IP) n-ro mnopsaaxy. 3amadua Komi JIP. ['eomerpuuna
iatepnperarist AP 1-ro mopsiaky. Hopmansna cucrema (HC) JIP. 3Benenns JIP x HC. 3amava Komri
HC.

2. PiBHSAHHS 3 BiIOKpEMJICHUMHU 3MIHHUMU Ta PIBHSHHS, K1 O HUX 3BOJSATHCS.

3. JliniiiHi nudepeHiaibHl piBHAHHS MEPLIOro MOPAAKY. MeToIu IHTerpyrouoro MHOXKHHUKA
Ta Bapialii TOBUIbHOI cTanoi. PiBHSHHSA y MOBHUX nudepeHiianax.

4. JliniiiHi  gudepeHuiagbHl  pIBHAHHS BHINOTO TOPSAAKY. llpuHIMI — cyneprno3uiii.
Herepminant BpoHcekoro. Teopema mpo po3B’si3ku iHiHUX J[P.

5. JliniiiHi mudepeHianbHi piBHAHHS 31 cTanuMu koedinientamu. PiBusuus Eitnepa. Teopema
npo po3B’s3ku JiHiHKUX JIP. Meton Bapiallii qOBITbHUX CTAIIUX.

6. JliniitHi cuctemu quQepeHiaTbHUX PiBHSAHb.
7. JliniiiHi cuctemMu nudepeHIiaIbHIX PIBHIHB 31 CTATMMH Koe(hillieHTaMHu.
Tema 26. Ilepemsopenns Jlannaca.

1. 3o0paxxenns Jlammaca s KycKoBO-HemepepBHOI ¢GyHKIII. OpUTHHAN, MOKa3HUK POCTY
¢ynkuii. 3HaxoKeHHs 300paxenHs Jlamaca A KOCHHYyca Ta 3B'A30K 3 300paxeHHsaM Jlamnaca s
cunyca. Oynkiis Xesicaiina. Teopema npo eTUHICTH, HACIIJIOK.

2. BnactuBocTi 300pakeHb Jlannaca (moiOHICTH, JIHIAHICTB, 3MIILIEHHS,
nuQepeHIiiioBaHICTh 300paKeHHsT Ta OpWriHajia, IHTErpyBaHHA 300paXCHHS Ta 3alli3HEHHS
opurinana). Omnepaitist 3ropTku QyHKIIi# Ta 11 BmactuBocTi. @opmyina J[roamers.

3. 3acTocyBaHHS ONEPALiHOTO 3UMCIEHHS B JU(epeHIiaIbHUX PIBHAHHSIX.
Tema 27. Teopis cmiuikocmi.

1. OcHoBHi HOHATTS Teopii CTIHKOCTI. ['eoOMeTpryHMIA 3MICT CTIHKOTO pO3B’sI3KY.

2. CTiiiKicTh NiHIMHUX cUCTEM AudepeHIliaTbHUX PIBHSIHb.

3. Teopema JlamyHoBa npo JOCITIJKEHHS Ha CTIHKICTH 3a MEPLIIMM HAOIMKEHHSIM.

4

Oynkuis JlsamyHoBa.

3. CTpyKTypa HABYAJBHOI JUCUMILIIHH

Kinekicts roguu

JlenHa ¢opma

HazBu po3aimis i Tem -
Yy TOMY YHCJI1

Yceroro

J* | n | na6 | img | cp




1 | 2 | 3|45 6] 7
I cemecTp

Po3nin 1. EnemenTn qiniliHol ajaredpu.
Tema 1. KoMmruiekcHi yucia. 8 2 2 4
TeMa 2. Marpuiii, BU3BHAYUHUKHA Ta CUCTEMH JIIHITHUX 29 8 4 12 5
PI1BHSHb.
TeM? 3. EneMeHTI/{ BEKTOPHOT ayreopu Ta Teopii 22 12 | a4 6
JITHIMHUX HpOCTOplB.
Pazom 3a po3ninom 1 59 22 | 10 12 | 15

Po3xain 2. EslemenTH aHaaiTHYHOI reoMeTpii.

Tema 4. AnreOpaiuHi JTiHii MepIIOro NOPSAKY Ha

C. 26 6 4 12 4
IUTIOIIHHI i B IPOCTOPY.
Tema 5. ' Anrera’qui JHIT IpyTroro nopsaxKy Ha 12 6 9 4
IUTIOIIHHI i B IPOCTOPY.
Pazom 3a pozainom 2 38 12 | 6 12 8

Pozain 3. [lesiki eteMeHTH Teopil YUCI0BUX MHOKUH Ta Jorikd. KommiiekcHi uncaa.
I'panuus, HenepepBHicTh GyHKUIIA.

Tema 6. Jlesiki enneMeHTH Teopil YUCTIOBUX MHOXKHH Ta 6 5 5 5
JIOTIKH.

Tema 7. I'panuns GyHkIii. 20 10 | 6 4
Tema 8. HemepepBHicTh PyHKITII. 10 4 2 4
Pazom 3a pozainom 3 36 16 | 10 10

Po3nain 4. IndepenniiioBanicts ¢pynkuii. [loxiani Ta nudepenuiajan BUIIUX NOPSAKIB.
®opmyiia Teinopa. locainxenns gynkuii, rpadgikn GpyHkuii Ta KpuBi, 3a1aHi y
JeKAPTOBiH 200 NMOJISIPHiN CHCTEMAaX KOOPAUHAT.

Tema 9. /TudepenuiiioBanicts GyHkmii, ii

. ) 12 6 2 4
nudepeHItial i moxiaHa.
Tema 10. Tloxigni Ta qUdeEpeHITiaTr BUIIUX MOPSIIKIB.

. 10 4 2 4
®opwmyna Teitnopa.
Tema 11. I'padixu QpyHKIIiH Ta KpHBI, 3a1aH1 y 10 4 9 4
JIEKapTOBIi a00 MOJISIPHIM CHCTEMax KOOPIMHAT.
Pazom 3a pozninom 4 32 14 | 6 12
Ycporo ronuH 3a I cemectp 165 64 | 32 24 | 45
II cemecTp
Po3ain 5. HepusHaueHnuii iHTerpa.

Tema 12. HeBu3HaueHuii inTerpai. 31 8 4 12 7
Pa3om 3a pozainom 5 31 8 4 12 7

Po3ain 6. BusnHauenmii iHTerpas Ta iioro 3acToCyBaHHsI.

Tema 13. BuznaueHwuii iHTerpan Ta Horo 3acTocy-

22 12 | 6 4
BaHHSI.
Pa3om 3a pozainom 6 22 12 | 6 4
Po3ain 7. HeBJaacHi iHTerpaau Ta 4ucjaoBi psiau.
Tema 14. HeBnacHwuii iHTerpas. 10 4 2 4
Tema 15. Yucnosi psu. 28 8 4 12 4
Pazom 3a posninom 7 38 12 | 6 12 8

Po3ain 8. dyHkuioHanbHi NOCaAiN0OBHOCTI, yHKIioHAJAbHI psiau. CTeneHeBi psau.

Tema 16. OyHKIIOHATIBHI TOCIIAOBHOCTI Ta PSIN. 16 6 4 6
CremneHeBl psau.
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Pa3zom 3a po3niiom 8 | 16 | 6 | 4 | | | 6

Po3xin 9. Merpuuni npocropu. Indepennianbre ynciaeHHs QyHKIINA KiJlbKOX 3MIHHHX.
Tema 17. MeTpudnuii npocrip R". Hudepenmiaabae 26 14 | 4 8
YyrcaeHHS (QYHKITN KUTbKOX 3MIHHUX.
Pazom 3a posnizom 9 26 14 | 4 8

Po3ain 10. Excrpemymu pyHkuniii KiibKOX 3MiHHUX.
Tema 18. ExcTpemyMu QyHKIIN KITBKOX 3MIHHHX. 12 4 4 4
Pazom 3a poznimom 10 12 4 4 4
Po3nin 11. Kpatni interpaau Pimana.
Tema 19. IoagiiiHi iHTErpay. 10 4 2 4
Tema 20. [ToTpiiiHi iHTETpaIIH. 10 4 2 4
Pazom 3a pozainom 11 20 8 | 4 8
Yceboro ronus 3a Il cemectp 165 64 | 32 24 | 45
III cemecTp
Po3nin 12. KpuBoaiHiiiHi Ta noBepxHesi inTerpajan. EnemMenTu Teopii moJs.

Tema 21. KpuBoniHiiiHI iHTErpaIy. 12 2 4 6
Tema 22. [loBepxHeBi iHTErpaH. 20 4 | 8 8
Tema 23. EnemenTu Teopii moJis. 24 2 4 12 6
Pazom 3a pozainom 12 56 8 | 16 12 | 20

Pozain 13. ®yukuii koMmiiekcHoi 3MiHHOI. /ludepeHuiiioBaHicTh Ta IHTErpOBaHICTh

(yHkuiii kommiaekcHoi 3MinHoi. @opmyaa Komi. Psinu Jlopana.
Tema 24. ®yHKIIIT KOMIUIEKCHOT 3MIHHOI.
JudepenuiioBaHicTh Ta IHTETPOBAHICTh (DYHKITIH 50 10 | 20 20
KOMIUIEKCHO1 3MiHHOI. Psin Jlopana.
Pazom 3a pozninom 13 50 10 | 20 20
Po3nin 14. lndepennianpHi piBHAHHSA Ta cHCTeMH TH(epeHialbHUX PiBHAHbD.
IleperBopenns Jlaniaca.
Tema 25. [ludepenuianbHi piBHSIHHS. 42 8 |16 12 6
Tema 26. [leperBopenns Jlamnaca. 12 2 4 6
Tema 27. Teopist CTIHKOCTI. 20 4 8 8
Pa3om 3a posninom 14 74 14 | 28 12 | 20
Y ChOro roJivH 3a ceMecTp 180 32 | 64 24 | 60
* 32 YMOBOK KapaHTHHY JIEKIIHHI 3aHATTS NPOBOAATHCA TUCTAHIIIHO.
4. Temu ceMiHAPCHKHUX (IPAKTHYHHX, JA00OPATOPHHUX) 3aHATH
Ne KinbkicTs
Ha3zBa Temu
3/m TOANH
I cemecTp
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KommnexcHi yncia.

Anrebpaiuna ¢opma KoMmruieKcCHuUX uyucen. Jlii Hajg KOMIUIEKCHUMH
yuciaamMd.  l'eoMeTpuyHa  IHTEpIpeTamiss  KOMIUIGKCHMX  YHCell.
TpuronomeTrpryHa Ta MOKa3HUKOBI (POPMH KOMIUIEKCHOTO uncia. Popmynu
Eitnepa 1 MyaBpa. KopiHb N-ro cTyneHs 3 KOMIUIEKCHOIO YHCIA.
Po3B’si3yBaHHs KBagpaTHUX  PIBHAHb 3 MIMCHUMH KOeQilliEeHTaMH Ta
KOMIUIEKCHOIO 3MIHHOIO.

MaTpuui, BABHAYHUKHU TA CUCTEMH JiHIHHUX PIBHAHD.

Marpuni. ii 3 wmarpuusmu. IloniOGHi, cUMeTpUYHI, HECUMETPHUYHI,
OpTOTOHAJIBHI Ta 00epHEeH] MaTpulli. OOYKCIICeHHsS] BU3HAYHUKIB 2-TO Ta 3-TO
nopsakiB. MiHopu, anredpaiuHi JOTIOBHEHHS, paHT MaTpulli. Po3B’a3yBaHHs
CHUCTEM JIHIMHMX pIBHSIHb MaTpudHUM MeroaoM. [IpaBmiio Kpamepa,
Metonu l'ayca, XXopaana-I'ayca.

EnlemeHTH BeKTOPHOI ajire0pu Ta Teopii JiHIHHUX MPOCTOPIB.

Onepartii Ha reOMETPUYHUMHU BeKTOpamu. JlonaBaHHs BekTOpiB. J100yTOK
BekTOpa Ha uucio. JIiHIHWHI KoMOIHaIii, JiHIHA 3aJeXKHICTh BEKTOPIB.
basuc niniiinoro mpoctopy. Posmip niniiiHOoro npocropy. Komineapni ta
KOMIUTAaHApHI BEKTOPHU SIK TPHUKIAIM BIAMOBITHO OJHOBUMIPHOTO Ta
JBOBUMIPHOTO JIiHiiHOTO ITpocTopy. Po3knan BexTopa no 6a3i. Koopaunaru
BekTopa. OpToHOpMOBaHi 6asu. [Ipoekiiisi BeKTopa Ha BICh Ta IMiBIUIONTUHY.
CkanspHuii 100yTOK BEKTOpiB, BiacTuBocTi. EBKiiniB mpoctip. JoBxuHa
(Hopma) BekTopa. Kyr Mik BekTOopamMu. YMOBa OPTOTOHAJIBHOCTI JBOX
BekTopiB. HepiBaicte  Komm-bynsikoBcekoro.  Ilpoekmii  BekTOpa.
[lepeTBoperHss  koopauHat.  Matpuns — nepexoay.  OpToroHasnbHi
neperBopeHHs. OpieHTalis 06a3uciB, opieHTaliss mpocropy. OpieHTOBaHUI
00’e€M TpHOX BEKTOPIB, BIIACTUBOCTI, 3allUC B KOOpJAUHATAX. BekTopHuii Ta
MilIaHui AOOYTOK BEKTOPIB, BIACTUBOCTI, 3B'SI30K 3 KOJIHEAPHICTIO Ta
KoMIutaHapHicTio. [ToaBifinuii BekTropHUit 100yTOK. [lonspHa, numiHapruIHa
Ta chepruna cucremu KoopauHat. ®opmynu nepexony. Bnachi ymcna ta
BEKTOPH MATPHIlh, METOMIN iX 3HAXOXKEHHS.

Aure0paivHi JiHII epmoro NopsAKy Ha IUIOLIMHI i B IpocTopy.

[IpsMa Ha T™JIOMMHI, BCEMOXXJIMBI PIBHSIHHS, B3a€MHE pO3TAIlyBaHHS
npsmux. [lomin Biapiska B 3aJaHOMYy BIJHOIICHHI (BEKTOpPHHIA Ta
KOOpAMHATHUM crocoOu). IlpsiMa B MpsSAMOKYTHIM CHCTEMI KOOpAMHAT,
HOpMaJIbHE PIBHSHHS, BIICTaHb BiJ TOYKU JIO0 MPAMOI, KYT MK MPSIMHUMHU.
[Tnommuaa y mpoCTOpi, BCEMOXKIIMBI PIBHSHHS, B3a€EMHE PO3TAIIyBaHHS
wionuH. [lmomuHa B NPSMOKYTHIA CHUCTEMi KOOpIWMHAT, HOPMAalbHE
PIBHSIHHS, BIJCTaHb BIJl TOYKH 10 IUIOIIMHH, MIBIPOCTOPU, KYT MIXK
wiomuHamu. [IpsmMa y mpocTopi, BCEeMOXJIUBI pPIBHSHHS, B3a€MHE
po3TanryBaHHS TPSIMHUX y TPOCTOPi, BiJICTaHb BiJl TOYKH 10 TPSIMOi Yy
MPOCTOpI, BIACTaHb MK JABOMa MHUMOODKHUMH MPSIMUMH. 3HAXOKEHHS
CHIJILHOTO NEPICHANKYIISIPA TBOX MUMOODKHUX TPSIMHUX.

Aure0paivHi JiHII APyroro nopsiaKy Ha IJIOIIMHI i B mpocTopy.

Eninc, rinmepGosa, mapabGona. JlupekTopiaabHa BIACTUBICTH eIlinca i
rinep6osu. Ilonsgpuuii napametp. PiBHsHHS eminca, rinep0oiu, napadoiu B
MOJSIPHIM  CHCTeM1 KOOpJIMWHAT. 3arajbHE pIBHSIHHSA KPHUBOI JPYroro
nopsaky. Keagpatuuni ¢popmu. Matpuns kBagpatuanoi ¢opmu. JlogaTtHo
BHU3HauUeH1 KBajpatuuHi ¢opmu, kputepii CumbBectpa. [leperBopeHHs
PIBHSHHS KPHBOi NpPH TEPETBOPEHHI KOOPAMHAT. 3BEICHHS 3arajbHOro
PIBHSIHHSI KPUBOi IPYroro nopsaKy A0 KAHOHIYHOTO BUJY.

Jesiki eJieMeHTH Teopii YHCJIOBMX MHOKHH Ta JIOTIiKH.
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Jloriuna cumBodika. Omneparnii HaJ| BUCIOBIIIOBAHHSAMH Ta iX BJIACTHUBOCTI.
Omeparrii Hag MHOXMHAMHU Ta iX BiacTUBOCTI. OOMEXeH1 3BepXy (3HHU3Y)
YHCIIOBI MHOXKHHU Ta iX BEpXHI (HIKHI) MEXKI.

I'panunus pyHkmii.

[MocnimoBHicTh. OOMEXKEHICTP T4 MOHOTOHHICTH TOCTIIOBHOCTL. [ 'paHuis
nocigoBHOCTI. ['panuis ¢yHKIii, oOYMCICHHS TpPaHUIb, ACUMIITOTHYHE
nopiBHSHHS QyHKIiH. YacTKOBa, BEpXHsI Ta HWXKHSI TPaHUIl QYHKITI.

HenepepBHicTh pyHKUIii.
JlocnipkeHHsl GYHKIINH Ha HEMEPEPBHICTh Ta PIBHOMIPHY HENEPEPBHICTh

oooooo

OOuncneHHs MOXigHUX 1 Au(epeHIianiB nepuoro nopsaky. I'eomerpuyni
3acToCcyBaHHs ToXimHMX. HaOmmxeHi OOYHMCIIEHHS 13 3aCTOCYyBaHHSM
mudepennianis. OOUNCICHHS MOXITHUX 00epHEHNX (YHKITIH.

10

IMoxiani Ta nudepenuiagu Bumux nopsakis. ®opmyaa Teiiaopa.
OOuncneHHs MNOXIAHUX 1 JuQepeHmiamiB BUIUX mopsakiB. [loxigHi
byHkmi, mo 3amadi mnapamerpudHo. [IpaBumo Jlomitamsa. dopmyna
Tetinopa. JlocnimkeHHs QyHKIH 3a TOTOMOT0I0 MOX1THUX.

11

I'padixm ¢pyHkuiii Ta KpUBI, 3a1aHi y AekapToBiil 200 MOJSAPHIl cucTemMax
KOOpAMHAT.

[ToGynoBa rpadikiB ¢yHKLIIH Ta KpPUBHX, 0IO 3aJaHi SBHO Ta B
nmapamMeTpuuHiii  Gopmi y gekapToBii cuctemi koopaunHart. I[loOGymoBa
rpadikiB QyHKIIH Ta KPUBUX Y MOJISAPHIN CUCTEMI KOOPANUHAT.

Pa3om 3a I cemecTp

32

II cemecTp

12

HeBu3Hnavenui inTerpas.

IlepBicHa Ta HeBU3HAUYEHUH iHTErpai. I[HTErpyBaHHs 3aMiHOIO 3MiHHOI Ta
IHTerpyBaHHs YyacTHHaMH. [HTErpyBaHHS parioHaTpbHUX (QyHKIIH. MeToau
IHTETrpyBaHHA IppalioHaJbHOCTEH. IHTErpyBaHHS TPUTOHOMETPUUYHHUX

byHKITIH.

13

Buznadenuii inTerpaJ Ta oro 3acTocyBaHHsl.
OOumncrieHHsT BHW3HAYEHUX IHTErpayiB. ['€oMeTpuyHI 3acTOCYyBaHHS
BM3HAYCHOTO IHTErpajia Ta 3acTOCyBaHHA iHTerpaia Pimana B mexaHiui Ta

Gbizu.

14

HeBaacHuii iHTerpaJ.
OOumCcneHHs Ta TOCIiKEHHsI Ha 301KHICTh HEBIACHUX IHTETPaIiB.

15

YucsioBi psiam.
JlocipkeHHsT Ha 301KHICTD YHCIIOBUX PAIIB 3 HEBII'€MHHUMH YJICHAMHU Ta
3HAKO3MIHHUX PS/IIB.

16

@yHKIIOHATBHI MOCAIT0BHOCTI Ta psaau. CTeneHesi psiau.
JlocmikeHHsT Ha TTOTOYKOBY Ta PIBHOMIPHY 301KHICTH (PYHKITIOHATHHUX
MOCTIIOBHOCTEH Ta psAiB.. JlOCIIHKEHHS CTETIEHEBUX PSAJIIB Ta PO3BHHEHHS
bynkiit y psag Teitmopa.

17

MeTtpuuyHuii npocTip R". JudepennianbHe yncjaeHHs: QPyHKLIA KiIbKOX
3MiHHHX.

Kpartni Ta moBTropHi rpanuimi ¢GyHKIIH KiTbKOX 3MiHHMX. HemepepBHiICTH
GYHKIIH KiTbKOX 3MIHHMX. YacTHHHI MOXiaHI, nudepeHItian, moxigHa 3a
HampsIMKOM, TpalieHT. JloTHMYHAa MJOLMHA Ta HOpPMalb O SIBHO 33JaHO1
noBepxHi. [ToxigHi Ta nudepeniany BUIUX NopsaKiB.. JudepenuitoBanHs
HESBHO 3aJIaHUX CKaJSIPHUX Ta BEKTOPHHX (QYHKIIA. 3amiHa 3MIHHHUX Y
TuQepeHIiaTbHIX BUpa3ax.
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18

Excrpemymu ¢pyHKuiii KiTbKoX 3MiHHUX.
Hocmimxenus QyHKIIA Ha BHYTPIIIHINA eKcTpemyM. JlocmikeHHs QyHKITIH
Ha YMOBHHUH €KCTPEMYM.

19

IMoasiitHi iHTerpaau.

OOuncneHHss TOABIMHMX I1HTErpajiB 3BEACHHSIM IX [0 TIOBTOPHHUX Y
JIEKapTOBUX KOOpPAMHATAaX Ta TIIEPEXOAOM [0 MOJSPHUX KOOPAMHAT.
OOuncnenHs 1iom Ta 00’€MiB 3a JOMOMOTOIO IMOJABIMHUX I1HTETpaiB.
3acToCyBaHHS MOJBIMHUX IHTETPATIB y MEeXaHiIi Ta (i3uiii.

20

IloTpiiini inTerpann.

OOuwnclieHHsI TOTPIMHUX IHTETPATIB 3BEICHHAM iX JO0 TOBTOPHUX Y
JeKapTOBUX KOOPAMHATAX Ta MEPEXOJ0M /10 CHEepUYHHUX Ta HMITIHIPUYHHUX
koopauHat. OOuncneHHs 00’€MiB 3a JIOMOMOTOI0 MOTPIMHUX 1HTErpaiB.
3acTocyBaHHs IOTPIMHMUX IHTErpasliB y MeXaHilli Ta (i3uili.

Pa3zom 3a Il cemecTp

32

III cemecTp

21

KpuBouiniiiai inTerpanm.

OOurClIeHHs] KPUBOJIIHIMHUX 1HTErpajiB MEPIIOro poay Ta APYroro pomay,
ix 3acrocyBaHHS y MexaHimi Ta (izumi. 3B'WI30K MDK KPHBOJIHIMHUMU
iHTerpanamu 1 ta 2-ro poxy. ®izuuHe TIyMadeHHs KPUBOJIHIMHUX IHTETpaJliB
2-ro pony. @opmyna I'piHa., HACHIAKH (3HAXOIHKEHHS IUIOMIMH MHOXXUH).
He3zanexHicte KpUBOIIHIAHOTO IHTErpasia 2-r0 POAY BiJ MyTi IHTETPYBaHHS.
®opmyna ['pina.

22

IToBepxHeBi iHTerpasu.
OOumCcneHHsT MOBEPXHEBHX IHTErpajiB MEpIIOro Ta JAPYroro pomay, ix
3aCTOCYBaHHsI Y TeoMeTpii Ta (i3uiii.

23

Enemenrtu Teopii moJis.
Ckanspsi, BektopHi nosist. Oneparop ['aminbToHa, rpajieHT. JluBepreHiis,
LUPKYIALIA, POTOP, MOTIK BEKTOpHOro mouid. Kpurepiii moTeHIiaabHOCTI
BEKTOPHOTO TIOJII Ta KPUTEPId  COJIEHOIJAIBHOCTI BEKTOPHOTO IOJS B
obmacTi B TepMmiHax eneMeHTiB Teopii mons. Popmyna Crokca. Popmyra
I"ayca-OcTtporpaacbkoro.

24

PyHKIil KOMILICKCHOI ~ 3MIiHHOI. JAudepenniiioBanicTs Ta
iHTerpoBaHicTh PyHKUi KOMILIEKCHOI 3MiHHOI. Psiau Jlopana.
I'panuus, HemepepBHICTh Ta AMdEpeHLIHOBaHICT (PYHKIIT KOMIUIEKCHOI
3minHoi. YmoBu Komi-Pimana (JlamamGepa-Eiinepa). ['eomerpuune
TIyMaueHHs apryMeHTy Ta MOXyJs moxinHoi. IHTerpoBaHicTh (QyHKIT
KoMruiekcHoi 3mMiHHO1. ®opmyna Komri. [301p0BaHi ToukH, iX Kimacudikarris.
Psiu Jlopana. JIumiku Ta iX 3aCTOCYBaHHS 10 OOYUCIICHHS IHTETpaJliB.

20

25

JAndepenuiajbHi piBHAHHS.

JudepenuianbHi piBHAHHS 3 BIIOKPEMJICHUMH 3MIHHUMH Ta PIBHSAHHS, SIKi
10 HUX 3BOAATHCA. JIiHINHI nudepeHIriabal PIBHSAHHS MEPIIOTO MOPSIIKY.
MeToau iHTETpyIOYOro MHOXKHUKA Ta Bapiaiii JOBUIbHOT cTanoi. PiBHSIHHS
y moBHUX mudepenmianax. JliHiHI audepeHiiaabHi PIBHSIHHS BHUIIOTO
nopsAKy 31 cranumu Koedinienramu. PiBusuus Eiinepa. Mertox Bapiamii
NOBUIbHUX cTanux. JIiHIAHI cucTeMu audepeHIlialbHUX PIBHAHD 31
CTAJIMMH KOe(iIlieHTaMH.

16

26

ITeperBopenns Jlamaca.

S

27

Teopist CTIKOCTI.

o

Pa3zowm 3a I1I cemecTp

64

Ychoro roinH

128

5. 3aBaaHHsA JJIA cCaMOCTiifHOT poboTH
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Ne . T KisabkicTs
Buam, 3mict camocTiiinoi podoTH
3/m TOAMH
I cemecTp
1 | KommuekcHi uncna. 4
2 | Marpuii, BU3HAUHUKH Ta CUCTEMH JIIHIHHUX PiBHSHb. S)
3 | EnemMeHTH BEeKTOPHOI ajreOpu Ta Teopii JiHIHUX MPOCTOPIB. 6
4 | AnreOpaiuHi JiHIT epuIoro NOpsSAKY Ha MJIOUIMHI 1 B IPOCTOPY. 4
5 | AnreGpaiysi JiHiT IpYroro NopsaKy Ha IUIONIMHI 1 B TPOCTODPY. 4
6 | Jleski eleMeHTH Teopii YNCIOBUX MHOXHUH Ta JOTIKH. 2
7 | I'panung GyHKii. 4
8 | HenepepBHicTh QyHKII. 4
9 | JdudepenniiioBanicts GpyHKI, il qudepenmian i moxiaHa. 4
10 | Hoxinni Ta nudepeniany BUmux nopsakis. @opmyna Teitnopa. 4
11 | I'padixu dyHKIH Ta KpUBI, 3a1aHl Y A€KapTOBii ab0 MOJSPHIM crucTemMax 4
KOOp/MHAT.
113 | [nauBinyanbHe 3aBAaHHS 24
Pa3om 3a I cemecTp 69
II cemecTp
12 | HeBu3HayeHwmii iHTErpal. 7
13 | Bu3zHauyenuii iHTerpai Ta Horo 3acTOCyBaHHSI. 4
14 | HeBnacHuii inTerpai. 4
15 | Yucnosi psiau. 4
16 | ®yHKIIOHAIBHI MOCTIAOBHOCTI Ta psiau. CTeneHeBl psIu. 6
17 Metpuynuii mpocTip R". Judepenuianbae yncneHHs QYHKIIN KUITbKOX 8
3MIHHHX.
18 | ExctpemymMu QyHKIIH KIJTbKOX 3MIHHHX. 4
19 | [loxgiiiHi iHTETpAIH. 4
20 | [otpiiini iHTErpany. 4
113 | [nauBinyanbHe 3aBAaHHS 24
Pa3om 3a II cemecTp 69
III cemecTp
21 | KpuBouiHiiiHI IHTErpaH. 6
22 | IloBepxHEBi iIHTETpay. 8
23 | EnemenTu Teopii nosisi. 6
24 | OyHKIii KOMIUIEKCHOT 3MiHHOI. J{n(epeHiiioBaHiCTh Ta IHTETPOBaHICTb 20
byHKIIH KOMIUIEKCHO1 3MiHHO1. Psimn JIopana.
25 | ludepeniianbHi piBHSHHSL. 6
26 | IleperBopenns Jlamaca. 6
27 | Teopis criiikocTi. 8
113 | [nauBinyanpHe 3aBIaHHS 24
Pa3owm 3a III cemecTp 60
¥Ycboro roimH 150
6. InauBinyajabHi 3aB1aHHA
I cemectp

1. Enementu minifinoi anredpu (po3min 1) — 12 roa. (20 GaiiB)

2. Amnanituuna reomerpist (posmin 2) — 12 rox.

(20 Garis)



25

II cemecTp

3. Hesusnauenuii interpain (po3ain 5) — 12 ro. (20 6auiB)
4. Ywucnosi psau (po3ain 7) — 12 rog. (20 GamiB)

III cemecTp

5. KpuBouniniiiHi Ta noBepxHesi iHTerpanu. Enementu Teopii mois (posain 12) — 12 roa. (20
OaiB)

6. Hudepenmianbhi piBasHHas (po3ain 14) — 12 roa. (20 Oanis)

7. MeToay HABYAHHSA

SIK TIpaBUJIO JISKIIIHHI Ta MPAaKTUYHI 3aHATTS POBOTHCS ayauTOpHE. B ymMoBax 1ii kKapaHTUHY
3aHATTSI TIPOBOMAATHCS  BiAMOBIMHO 10 Hakasy pexTopa XapKiBCBKOTO HAIlIOHATBHOTO YHIBEPCHUTETY

imeni B.H. Kapasina (ayautopse abo quctaHIiiHo 3a mornomororo miatdhopm Google Meet abo Zoom).
8. MeToau KOHTPOJIIO
[IpoTsiroM BUBYEHHSI KypCy BHUILOi MATEMaTUKH BUKOPUCTOBYIOTHCS! HACTYITHI BUIM KOHTPOJIIO:

1. BxigHwmii (KOHTpOIBbHA poOoTa Ha nmoyaTtky I cemectpy);

2. TIOTOYHHIA CeMeCTPOBUH (KOHTPOJIbHI POOOTH, IHINUBIAYyaabHI HAaBYAIbHI 3aBJaHHS MPOTATOM
KOKHOTO CEMECTPY);

3. TIICYMKOBUM CEeMECTPOBUH (€K3aMEH y KO)KHOMY CEMECTi).

9. Cxema HapaxyBaHHs 0aJjiiB

I cemecTp
IToTouHuit KOHTPOJIL, CAMOCTiHHA poOOTa, IHAUBIyanbHI 3aBIaHHS
L = e}
. . . . 5 0 (2}
Pozmin 1 Pozmin 2 Po3zmin 3 Poznin 4 KonTponbia poGoTa, % = § Cyma
T4 nepeadaveHa E g Pasom [5
T1...T3 Ts T6 ... T8 T9 ...T11 | HaBYaTBLHUM IUTAHOM SO
= E
20 40 60 40 100
T1,T2 ... — TeMu pO3aiTiB.
II cemecTp
IToTouHuit KOHTPOJIL, CAMOCTiHHA poOOTa, IHAUBIyanbHI 3aBIaHHS
solsel o) 52l 5] el sl : :
R v v I I N - -Vl OHTPOILHA BB 2
pobora, S P 5 Cyma
nepenbadeHa 25 a30M &
T14 T19 pea z 2 0
T12 | T13 T15 T16 | T17 | TI18 T20 HaBYaJIbHUM 2 5
IUIaHOM o
20 40 60 40 100
T12,T13 ... — TeMH PO3ILTIB.
III cemecTp
[Torouynunit KOHTPOJIB, caMOCTilHA po0OOTa, IHIMBIyaNbHI 3aBIaHHS o
H .o I =
. . . B T3 gz | Cyma
Po3ain 12 Po3min 13 Poznin 14 KontponbHa § == Pazom Lﬁ
pobora, Z >3
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T21...T23 T24 T25...T27

nependadeHa
HaBYAIbHUM
[UIAHOM

20 40 60

40 100

T21, T22 ... — TeMu po3ainiB.

Kpurepii oniHlOBaHHSI HABYaJIbHUX JOCATHEHb

Orminka O11iHKa 3a HAlIOHAJILHOIO MIKAJIOIO
B Oaimax
‘OHiHKa || [Mosicuenus

ITOMMJIKOIO.

TeopeTuuHuUit 3MICT KypCy OCBOEHHH LIJIKOM, HEOOX1IHI MPAKTUYHI
HaBUYKH pOOOTH 3 OCBOEHUM MarepiaioM chpopMoBaHi, BC1 HaBYaJIbHI
90 -100|| BigminHO |(j3aBmaHHS, AKi epeaOayeHi MPOrpaMoI0 HaBYaHHS BUKOHAHI B IOBHOMY
00cs131, BiMiHHA poO0Ta 6€3 TOMUIIOK a00 3 OHIEI0 HE3HAYHOIO

70 -89 Hobpe

TeopeTuuHU 3MICT KypCy OCBOEHHH LIJIKOM, IPAKTU4HI HABUYKU
poOOTH 3 OCBOEHUM MaTepiajioM B OCHOBHOMY c(popMOBaHi, BCi
HaBYaJIbHI 3aBJIaHHS, SIKi IepeadadeHi MporpaMor0 HaBYaHHs BUKOHAaHI,
SIKICTh BUKOHAHHS YKOJHOTO 3 HUX HE OI[IHEHO MIHIMAJIbHUM YHCIOM
OauiB, AesiKi BUIY 3aBJaHbh BUKOHAHI 3 TOMUJIKAMH, po0oTa 3 IeKiIbkoMa
HE3HAYHUMH ITOMHJIKaMH, a00 3 OHIE€I0 — TBOMA 3HAYHUMU ITOMITKAMHU.

50 -69 || 3amoBinbHO

TeopeTnuHU 3MICT KypCYy OCBOEHHI HE MOBHICTIO, aJIe MPOTAJTUHU HE
HOCSTh ICTOTHOTO XapakTepy, HE0OXiHI MPaKTHYHI HABUYKU poOOTH 3
OCBOEHHMM MaTepiaJioM B OCHOBHOMY c(hopMOBaHi, OLIBIIICTh
nepeadaueHuX MPOrpaMor0 HaBYaHHS HaBUATHHUX 3aBJIaHb BUKOHAHO,
NesiKl 3 BAKOHAHUX 3aBJaHb, MICTATH IOMUJIKHA, pOOOTa 3 TpPhOMa
3HAYHUMHU TTOMUITKAMHU.

TeopeTnuHuii 3MICT KypCy HE OCBOEHO, HEOOXITHI TPAKTUYHI HABHYKH
poboTu He chopMOBaHi, BC1 BUKOHAH1 HaBYAJIbHI 3aBIaHHS MICTATh IPpy0i
1-49 |He3a10BUIbHO|TOMHIIKH, TOJATKOBA CAaMOCTiifHAa poOOTa HajJ MaTepialoM Kypcy He
NpUBEIE 10 3HAYMMOTO ITiIBUIIECHHS SIKOCTI BAKOHAHHS HaBYAJIbHUX
3aB/IaHb, PO0OTA, 1110 MOTPEeOy€e MOBHOI TepepoOKu

IIIkana omiHIOBaHHA

. . . Omninka
Cyma 6aiiB 3a BCi BUIU HABYAIIbHOT
JISUTBHOCTI IPOTSITOM CEMECTPY AJIA HOTHPHUPIBHEBO1 AJIA NIBOP1BHEBO1
IIKAJIH OI[IHIOBAHHS IIKAJIH OI[IHIOBAHHS
90 - 100 BIIMIHHO

70-89 noope 3apaxoBaHO
50-69 3aJI0BITHHO

1-49 HE3aJI0BLIBHO HE 3apaxoBaHO

10. PexomenaoBaHa JjiiTtepaTypa

OcHoBHa JliTepaTypa

Kynpsasues B.A., lemunosuy b.I1. Kpamxkuii kypc évicuieii nvamemamuru, M. Hayka, 1978.

[Mucemennsiit [1.T. Koncnexkm nexkyuit no evicuient mamemamuxke. M.: Aiipuc-nipecc, 2006.
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3. Unweun B.A., [lo3usik O.I'. Ananumuueckan zeomempusn. — M.: Hayka. 1988.

4, Anekcannpos I1. C. Jlekyuu no ananumuueckoi zeomempuu. — M.: Hayka. 1968.

o. [Toropenos A. B. Ananumuueckan ceomempusn. — M.: Hayka, 1968.

6. byrpos A.C., Hukonbckuii C.M. Inemenmsr auneitnou ancedpvt u aHaiumu4eckou
2eomempuu. — M.: Hayka, 1988.

7. Kaprames A.Il., PoxxnectBenckuii b.JI. Mamemamuueckuit ananus. - M.: Hayka, 1984.

8. Kynpsasues JI.JI. Kpamxkuii kypc mamemamuueckozo ananuza. — M.: Hayka, 1989.

9. [TerpoBckuit N.I'. Jlekyuu no meopuu 00bikHO8eHHBIX OUhepeHyuaIbHbIX YPABHEHUI.

M., U3a-Bo Mock. YH-Ta, 1984.
10. CrenanoB B.B. Kypc ougppepenyuanvnvix ypasnenuit. — M.: I'octexuznar, 1953.

11. CsemnnkoB A.I'., TuxonoB A.H. Teopusa ¢pynkyuit komnaekcnoit nepemennoi. - M.:
Hayka, 1979.

12.  boaros B.A., lemunosuu B.I1., A.B. Epumos, Kapakymuu A.®., Koran C.M., IlopurHeBa
E.®., ITocnenoB A.C., llloctak P.Al. Cooprnuk 3a0au no mamemamuke ona emysoe. - M.: Hayka,
1986 (mox pexn. A.B. Edpumosa u B.I1. JlemunoBuua).

13. banax T., bokano b. , Imyk 1O. , Tpymak X. 30ipnuk 3a0au 3 ananimuunoi ceomempii. -
JIeBiB: JIHY, 2003.

14, Kynpssues JI.J., KyracoB A.Jl., Uexnos B.M., llabyaun M.U. Céopnuxk 3aoau no
mamemamuueckomy ananuzy. — M.: Hayka, 1984. — [ 1. (Ilpeden, nenpepwvienocme,

oughepenyupyemocmn).
15.  Kynpssues JI.JI., Kyracos A./l., UexnoB B.U., Hlabyuun M.U. Céopnuk 3adau no
mamemamuueckomy ananusy. - M.: Hayka, 1986. - 11 1. (Humezpanest, paowt).

16.  Kynpssues JI.JI., Kyraco A./l., UexnoB B.U., Hlabyuun M.U. Céopnuk 3adau no
mamemamuueckomy ananuzy. — M.: Hayka, 1994. — 111 1. (@yukyuu neckoabKux nepemennvix).

17. Hemunosud b.I1. Coopnux 3a0au u ynpasricuenuit no mamemamuueckomy anaauzy. — M.:
Hayxa, 1977.
18. OununnoB A.®. Coopuuk 3adau no oughghpepenyuanvnvin ypasnenuam. — M.. Hayka,
1973(1979).

JonomizkHa Jiiteparypa
1. [ToctHukoB M. M. Ananumuueckasn zeomempus. — M.: Hayka, 1973.
2. [ToctaukoB M. M. Jlekyuu no zeomempuu. Cemectp 1. AHanuTHyeckas reomeTpus. - M.:
Hayxka, 1979.
3. ®enopuyk B. B.Jlekyuu no ananumuueckoii 2zeomempuu u auneinou anzeope. M.: MI'Y.
1990
4, Wnbun B.A., CagoBuuunii B.A., CennoB bin.X. Mamemamuueckuii ananu3. — M.: Hayxka,
1979.
5. byrpos {.C., Hukonbckuit C.M. Jugppepenyuanvnvie ypasnenua. Kpamuvie unmezpaioi.

Paovt. Dynkyuu Komniekcnoz2o nepemennozo. — M.: Hayka, 1989.

6. ApxunoB ['.U., Camoununit B.A., UybapukoB B.H. Jlekyuu no mamemamuuecxkomy
ananuzy. — M.: Beici. k., 1999.

MeTtoanune 3a0e3meYeHHA
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1. Hixonenko LI'. /[esaki écmynni nonammsa mamemamuyHol 102iKu ma meopii MHOMCUH.-
XapekoB: XHY wum. B.H.Kapasuna, 2008, 40 c. (yueOHO-MeTOIHWYECKOE TOCOOWE TIO
MaTEMaTUYECKOMY aHAJIN3Y).

2. Hukonenko WN.T'., Peoxuii B.C. Komnaekcuvie uucna. — Xapoko: XHY um. B.H. Kapa3zuna,
2007 (MeToau4ecKue yKa3aHus 0 MaTeMaTHYECKOMY aHAIIU3Y).

3. Cepmiok I'.I1., Perxuit B.C., Hukonenxo U.I'. Ilocmpoenue zpagpurkos pynkuuii. — XapbKoB:
XHY um. B.H.Kapazuna, 2007, 24 c. (MeToaruecKue yKa3aHHs M0 MATEMAaTUUYECKOMY aHAIU3Y).

4. Cepmrok I'.I1., Peokuii B.C., Hukonenko U.I". Ilocmpoenue naockux kpuegvix. — XapbkoB: XHY
uM. B.H.Kapasuna, 2008, 88 c. (yueOHO-METOIUUECKOE TTOCOOHE M0 MATEMAaTHIECKOMY aHAITU3Y).

5. Topnesckuit B.JI. Memoowl eéviuucnenusn neonpeoenénuvix unmezpanos. — Xapbkon: XI'Y,
1990 (MeToanueckue yka3aHusi 10 MATEMAaTHUYECKOMY aHaJU3Yy).

6. TapamoBa E.U. Ilpeden ¢ynxkyuu. Henpepvienocmov ¢ynkuyuu. — Xappkos: XHY wum.
B.H.Kapa3zuna, 2006 (MeToauueckre ykazaHus U 3a4€THBIC 3a/IaHUsI IO MATEMaTUYECKOMY aHaJU3Yy).

7. Mapuenko WU.N. Kpammuwvie unmeepanv. — XappkoB: XHY wum. B.H.Kapaszuna, 2003
(MeToauYeCKHUEe yKa3aHUs U 3a4€THBIE 33JJaHUs 110 MATEMATUYECKOMY aHAJIU3Y).

8. Topnesckuit B.JI. Kpueonuneitnvie unmezpanst u ux npunoxcenusn. — Xapbkon: XHY um.
B.H.Kapa3una, 2006 (MeToguueckre ykazaHus U 3a4€THBIC 3a/IaHUsI IO MATEMaTUYECKOMY aHaJU3Yy).

9. Topnesckuii B.JI. ITosepxnesi inmezpanu. @opmyau Cmokca ma I'ayca-Ocmpozpaocvkozo —
XapkiB: XHY im. B.H.Kapaszina, 2006 (MeToanuHi BKa3iBKU Ta 1HAUBIAyallbHI 3a1iKOBI 3aBAaHHS 3
MaTeMaTUYHOTO aHaTi3y).

10. Autemmko WM., MakapoB A.A. Memoovt unmezpupoeéanus u NOHUMNCEHUA NOPAOKA
ougppepenyuanvuvix ypasenenuit. — XapbkoB: XI'Y, 1990 (Meromumyeckue yKazaHus IO
MaTEMaTUYECKOMY aHAJINU3Y).

11. Iocunanns Ha ingopmauiiini pecypcu B InTepHeri, Bineo-jexuii, iHme MeToquyuHe
3a0e3ne4yeHHA

1. Makapor O.A., Hikonenko LI'. Koncmekr nexmiii 3 Bimoi marematuku (1 xypc, 1 cemectp)
http://www-csd.univer.kharkov.ua/about-us/sub-faculty/kafedra-shtuchnogo-intelektu-ta-
progra/navchalna-robota/


http://www-csd.univer.kharkov.ua/about-us/sub-faculty/kafedra-shtuchnogo-intelektu-ta-progra/navchalna-robota/
http://www-csd.univer.kharkov.ua/about-us/sub-faculty/kafedra-shtuchnogo-intelektu-ta-progra/navchalna-robota/
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