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1. IlepeyeHb K010B KoOMIeTeHIIMA, GOPMUPYEeMBbIX TUCUUIJIMHON B Mpolecce 0CBOCHUSA
o0pa3oBaTeIbHON NPOTrPaAMMBbI

I'pynna komnereHuuit Karteropusi komnereHumi Kon
CucteMHOE U KPUTHUECKOE
YHuBepcanbHbIE P YK-1
MBIILIICHHE
YHuBepcaabHbIE - YVK-2
Ob6menpodeccuoHaabHbIE - OIIK-6

2. KoMneTeHUM U MHANKATOPbI UX JOCTHKEHU ST

IIPOEKTHOM U y4eOHO-

Kon DopMyIHPOBKA
NHaukaTopbl 1OCTHKEHUS] KOMIIETCHIMU
KOMIIeTeHIIHH KOMIIETeHIH U
YK-1 Cnocoben YK-1.1. 3HaeT OCHOBHI CHCTEMHOIO IIOAXOMa;
OCYULIECTBIIATh IIOCJIEI0BATEIbHOCTh u TpeOoBaHus K
MOUCK, KPUTHUYECKUU | OCYLIECTBICHUIO IIOMCKOBOM M  AHAIMTHYECKOU
aHAIM3 W CHUHTE3 | JEATEIbHOCTH I PEIICHUS IOCTABICHHBIX 3a1a4
uH(popManuy, YK-1.2. YMeeT aHanu3upoBaTh U CUCTEMATU3UPOBATh,
MIPUMEHSATH W CHHTE3MpOBaTh  HMH(OpPMAIIMIO,  OICHUBATH
CHUCTEMHBI 1OAX0J | 3((EeKTUBHOCTh TPOLEAYp aHalmu3a MpodiieM H
TUISt pELICHHS | MPUHATHUSA peleHui B npodecCuoHATbLHON
MIOCTABJIEHHBIX 3aJa4 | IEATEIbHOCTH
YK-1.3. Brnaneer HaBblkaMu MOMCKAa WH(POPMALIUHA H
NpaKTUYecKoH  paboTel ¢  MHPOPMALMOHHBIMU
VMCTOYHUKAMH; BJIAJICET METOJaMHU IPUHATHUS PEILICHUN
YK-2 Crniocoben YK-2.1. 3Haer aqropuTMbl NOUCKA ONTUMAJIbHBIX
ONpeNEnATh KpYT | COCOO0B pellleHrs 3a/ad B paMKaxX IMOCTaBIECHHOM
3aJady B paMKax | LIeJH, TEXHOJOTHIO MPOCKTUPOBAHUS, HEOOXOIMMBbIE
IIOCTaBJICHHON IEJH | peCypchl, JACUCTBYIOLIME IPaBOBbIE HOPMBI U
u BBIOUpATh | OTpaHUYCHHUS
ONTHUMAJILHBIE YK-2.2. VYmeer omnpenenarb 3agadyd HUCXOHs U3
CIIOCOOBI UX | IOCTABJICHHOM 1M C y4EeTOM JEHCTBYIOIIUX
peuieHus, UCXOAs W3 | IPABOBBIX ~ HOPM,  HMMEIOIIMXCS  PECYpPCOB U
JNENCTBYIOLIUX OrpaHUYCHUN
MPaBOBBIX HOopM, | YK-2.3. Braneer nHCcTpyMEHTaMu ISl ONpPEACIICHUS
HUMEIOLIUXCS U JIOCTM)KEHUS 3a/1a4, TOAUYMHEHHBIX O0IIel nenu, ¢
pecypcoB U | UCNIOJB30BAHUEM JIEUCTBYIOIIMX IPABOBBIX HOPM,
OrpaHUYECHUN MMEIOIIMXCS PECYPCOB U OTPaHUYEHUN
OIIK-6 Cnocoben OIIK-6.1. 3HaeT MaTeMaTHYECKHE,
BBITIOJIHSTh €CTECTBEHHOHAYYHbIE M COLMAIbHO-3KOHOMHYECKHE
OTJeNbHbIE 3a/la4ll B | METOJIbI; METObI a0CTPAKIINK, UHIYKIIUU U ASTyKIIUN
paMKax B paMKax BBbINIOJIHEHHMS KOJUIGKTUBHOM HAay4YHO-
KOJUIEKTUBHOM HCCIIETOBATEIBCKOM, MPOEKTHOM u
Hay4HO- yueOHONPOoeCcCHOHATBHOMN eI TETbHOCTH.
uccienoparenbckor, | OIIK-6.2. YMeer npuMeHsATh METOJbl KPUTHUYECKOTO

aHaJM3a ¥ CHHTE3a WH(OpMAalUU, UHTEPIPETHPOBATH




npo¢eCcCuOHATBHON
ACATCIIbHOCTHU JJISL
MTOMCKA, BEIPAOOTKH U

pe3ynbTaThl  KOJIMYECTBEHHBIX M  KauyeCTBEHHBIX
I/ICCJIG,Z[OBaHI/Iﬁ IJid pClICHUA OTACIBbHBIX 3aJad B
paMKax KOJUIEKTHBHOM HAayYHOHMCCIIEIOBATEIbCKOM,

MPUMEHEHUSI HOBBIX | POEKTHOM u yueOHO-TIPO(heCCHOHATLHOM

pemieHnii B 00JacTH | 1EATEIbHOCTH

MH(POPMAIIMOHHO- OIIK-6.3. Brnaneer HaBbIKaMH MCCIIEN0BATENbCKON

KOMMYHHUKAI[MIOHHBIX | I€ATEIbHOCTH; HAaBbIKAMU IPUMEHEHHS CHUCTEMHOTO

TEXHOJIOTUH. aHauM3a, CTPYKTYpHUPOBaHHUA MPO(ecCHOHATBLHOU
uH(GOpMalNY, BbIJICJIEHUS B HEHl TJIaBHOTO, HABBIKAMU
0000IIeHUsT ~ HAyYHBIX  JAaHHBIX,  PE3yJbTaToOB

HKCIEPUMEHTOB U HAOJIIOACHUHN B paMKaX BBIIIOJHEHUS
KOJUICKTUBHOU Hay4HOUCCIIEJOBATENbCKOM,
MIPOCKTHOM " yaeOHO-TIpohecCHOHATbHON
JESTEeIbHOCTH JJIsl IOUCKA, BBIPAOOTKU U IPUMEHEHHUS

HOBBIX perieHuit B oomactu KT

3. Onucanue IJIAHMPYEMbIX Pe3yJbTATOB 00yYeHHs MO JUCHUIINHE

3.1. Onucanue naanupyemuvix pe3yabmanosé 00yuenus no OUCUnIune

[Tnanupyemble pe3ynbTaThl OOyYEHHs MO JAUCUUIUIMHE MPEICTaBICHbl IECKPUITOPaMH
(3HaHUsI, yMEHUS, HABBIKH).

/leckpunTopyt 3HaTh Ymernb Baagers
M0 JUCHHILIHHE
Koz VK-1
KOMIIeTeHIIUH
-OCHOBHbIE NOHSTHS | - pelaTh 3aJayd 10 | - HaBbIKaMH pELICHUS
ayreOpbl U TEOMETPHH; TEOPHHU IPEJIENIOB | CUCTEM JIMHEWHBIX
- 0a3zoBble  TOHATHSA | MOCIIEAOBATEIBLHOCTEH | ypaBHEHHUH;
TEOPHH U QyHKIUH; - HaBbIKAMU
MaTEMaTHUYECKOT O - IPUMEHSTH | BBIYMCIICHUS
aHanm3a QyHKLUH; MaTeMaTH4eCKue IPOU3BOIHBIX u
- OCHOBHBIE TIPU3HAKU | METOJBI NPU PEIICHUH | UHTErPaJIOB;
CXO/IMMOCTH YHUCIIOBBIX U | 3a/1a4; - HaBbIKAMH pEIICHUs
(GYHKINOHATIBHBIX PSNIOB; | - IPUMEHSTH | TUIIOBBIX 3ajad,
- OCHOBHBIE  METOABI | MATEMaTUYECKHUE UCTIONb3Ys
MHTETPUPOBAHUS MOJIENH METO/IBI
byHKIINIT; poeCCHOHATBHBIX nuddepeHImaIbHOT0 1
- peuleHue JIMHEWHBIX | 3a]ad4; MHTETPAIIbHOIO
YpaBHEHHMIA; - HMHTEpIpPETUPOBaTh | UCUUCIICHHUS;
IOJIyYEHHBIE - HaBBIKAMU
pe3yapTaTbl M yMETh | IPAKTUYECKOTO
UX TPUMEHATh MX B | UCIOJIb30BAHUSA
npogeccuOHaATbHON MaTeMaTH4eCKOro
NESTEIHOCTH; ammapara
MaTeMaTH4eCKOro

aHaJin3a Uil PCUICHUA
KOHKPETHBIX 3a1ad B
npodecCuoHaATBLHOM
JICSTEIbHOCTH.




Kon YK-2
KOMIIETeHIUH
- Ilpunmuner cbopa u |- Omnpenenars Kpyr | - YMeHue
aHanM3a TpeOoBaHUM, | 331a4 B paMKax | aHAIU3UPOBATh
YUUTHIBAs Ou3Hec- | MOCTaBICHHOM  IIEJH, | TOCTABJICHHBIC 3a7au
NOTPEOHOCTH U | yYUTHIBAS U OTIpeesATh
BO3MOXKHOCTH JefCTBYIOIINE ONITUMAJIBHBIE CITOCOOBI
TEXHUYECKOM IIPaBOBbHIE HOPMBI, | UX PELICHUS, YUUTbIBAs
peanu3anuu UMEIOILMECS] PECYpPCHI | IPaBOBbIE HOPMBI,
- WHCTpyMEHTBl W | U OTPaHUYECHUS UMEIOLIUECS] PECYPCHI U
TEXHOJIOTUH, - Bribupath | orpanudeHus
UCIOJIb3yeMbIe B OM3HEC- | ONTUMaJIbHbIE - HaBbiku
AQHAJINTHUKE, IUISL | CTIOCOOBI pemenus | a¢dexkTuBHOrO cOHOpa U
s dexTuBHOM pabOTHI € | 3a7a4  HAa  OCHOBE | aHalW3a TpeOOBaHUMU,
JTaHHBIMU UMEIOIMXCS JaHHBIX U | aJalTUPOBAaHHBIE O]
- MeTtonsl | pecypcos KOHKpPETHBIE  yCJIOBHS
MoJenupoBaHus OusHec- | -  IlpuHMMaTe  BO | IpOEKTa
IIPOLIECCOB IUIsl | BHUMaHHE OousHec- | - HaBpikum paboTel ¢
ONTUMHU3ALNU U | KOHTEKCT u | 6azaMu  JTaHHBIX, HX
yIyYIICHUS Ou3HeC- | TEXHUYECKHE aHanm3a U
MIPOLIECCOB BO3MOXKHOCTH IIpH | UCTIOIB30BAHUS TUISE
- OcHOBBI pPabOTHI C | MOMCKE pelIeHUi [IOTy4YEHUS LIEHHOU
OazaMu TAHHBIX B|- YuuteiBaTh | HHPOpMALTUN
KOHTEKCTE Ou3Hec- | MOTPeOHOCTH - HaBbiku
AQHAIMTUKHY JIJIS aHaJIM3a U | 3aKa3uMKa U | BU3YyalIH3aluu JTaHHBIX
W3BJICUCHUS s heKTHBHO c MCII0JIb30BAaHUEM
uHpopmaruu 0o0ImaThCss C HUM JJISA | COBPEMEHHBIX
- [TpuHIMTBI | YCOEIIHOTO UHCTPYMEHTOB "
JOKYMEHTUPOBAHUS U | BBIIOJHEHUS TEXHUK U1 yA0OCTBa
IpeCTaBICHUS MIOCTABJICHHOW 3aJ]auul | MHTEPIIPETallul
pe3yapTaToB aHaim3a c | - PaboTtaTs B kKomMaHae, | HHGOpMAIT
y4e€TOM  TOTpeOHOCTEH | yUuThIBass MHEHUS H |- Takke  CTyIeHTHI
3aKa3zyMKa MO3UIUN  PA3IUYHBIX | TOJKHBI OBITH TOTOBBI K
- TexHUKM BU3yaJIM3allMH | Y9aCTHUKOB ITPOEKTA. | IPUMEHEHHIO METOJIOB
MAHHBIX U HarJISIIHOI'O Agile u TPYTUX
IpeCTaBICHUS MOJIX0/I0B K
uH(popMalun u yIpaBICHUIO
BBISIBJICHUS BaYKHBIX IPOEKTaMU B KOHTEKCTE
TPEHJIOB U MMATTEPHOB OM3HEC-aHATTUTUKU IS
- [Ipoueccer JOCTMKEHHUSL  JTy4IIUX
POEKTUPOBAHUS u pe3yNbTaToB
yIpaBieHUS IPOEKTaMU B - Ymenue 3¢pdexTuBHO
OHM3HEeC-aHATUTHKE, KOMMYHHUIIUPOBaTb U
BKJTIOYas MIOHUMaHHe pabotate B KOMaHJe B
CPOKOB, OIOJDKETOB U pamKax MPOEKTA,
OTpaHUYEHUH. YUUTBIBAS ~ pa3IMyHbIC
TOYKH 3peHHs U
UHTEPECHI.
Kon OIIK-6
KOMIIeTeHIUH
- OCHOBBl MAaTEeMAaTHKH, | - peliaTh CTaHAAPTHBIC | - HaBBIKaMU
¢bu3uky, npodeccuoHaIbHbIE TEOPETUYECKOT O u




BBEIYHCINTEIbHON 3aa4u C | 9KCIICPUMCHTAJIIBHOT'O
TEXHUKA U | IPUMECHEHUEM UCCIICIOBAHMSI
IPOrPaMMUPOBAHMUS; €CTeCTBEHHOHAYYHbIX | OOBEKTOB

- 3aKOHBI M METOABbl B | M OOUICHMHXCHEPHBIX | MPOPECCUOHATHLHON
O6J'IaCTI/I €CTECCTBCHHBIX 3HaHHﬁ, MCTOAOB | ACATCIBHOCTH,

HAyK U MaTEMaTHKH; MaTeMaTHIECKOTO - HaBBIKAMH aHaJIH3a
- 3a/lauM | aHaIn3a U | 3a1a4
npodecCHOHATbHON MOJICTUPOBAHUS, npodecCHOHAIbHON
ACATCIIbHOCTH, 3aKOHOB U | - MMPUMCHATH | ACATCIBHOCTH.

METOZOB B 00JaCTH | MOJOKEHUSI 3aKOHOB H
CCTCCTBCHHBIX HAYK W | MCTOAOB B O6HaCTI/I
MaTEeMaTHKH; €CTeCTBEHHBIX HAyK H
MaTEMaTHUKH;

4. MecTo AUCHHUILUINHBI (MOYJIs1) B CTPYKTYpe 00pa3oBaTe/IbHOM NPOrpaMMbl

Jucuumimna «MaTeMaTH4ecKuid aHalIu3» OTHOCUTCS K 0053aTeIbHOM YacTy yueOHOTro IiaHa
OIIOII.

JlanHas IUCUMIUIMHA B3aUMOCBSI3aHA C JAPYTMMH JUCHUIUIMHAMHU, TaKUMH Kak «JIMHeiHas
anrebpa», «MaremaTuueckas JIOTMKa M JUCKpPeTHas MaTematukay, «JluddepeHunanbHbie
YpaBHEHUS», «AJNTOPUTMHU3AIUSA U METOAbl TPOTPAMMHUPOBAHUS».

W3ydyeHne AMCUUIIMHBI TO3BOJUT OOYYalOIIMMCS pEeajnu30BbIBATh YHHUBEpPCAJIbHbIE H
OOIIEKYIbTYpHBIE KOMIIETCHIIMY B IPO(PECCHOHATBHOM EATETbHOCTH.

B pamkax ocBoeHHs mporpamMmbl OakaiaBpuaTa BBITYCKHUKHM TOTOBSTCS K PELICHUIO 3a7a4
npoeCcCUOHATBHON  JEATENbHOCTH  CIEAYIOUIUX  THIIOB: HAy4YHO-UCCIIE0BATEIbCKUM,
MPOU3BOACTBEHHO-TEXHOJIOTHUECKNM, OPraHU3allMOHHO-YIIPABIECHYECKUH, TPOEKTHBIM.

[Ipodunp (HampaBIeHHOCTh) MPOTPAMMBI YCTAHOBIIEHA IIyTEM €€ OpUEHTAaluu Ha cdepy
poQeCCHOHAIBHON JEATENHFHOCTH BBITYCKHUKOB: OM3HEC-MH(POPMATHKA.

5. O0LeM AUCHHUILINHBI

Dopmul 00yuenusn
Buowt yueonoit pabomut Ouno-3aounasn
Ounasn
dopma

OO01mas TPyA0eMKOCTh: 3a4CTHBIE €IMHUIIBI/YaChI 6/216 6/216
KonTakTHas padora:

3aHsATUS JEKIMOHHOTO TUTA 76 24
3aHATHSI CEMHUHAPCKOTO TUIIA 76 28
IIpoMexxyTouyHas arTecTanus: 3a4eT, IK3aMeH 9,1 9,1
CamocrositeabHas padora (CPC) 54,9 154,9

6. Conep:xanue TMCHUILIMHBI (MOAYJISA), CTPYKTYPHPOBAaHHOE 1O TeMaM / pas3jenaMm ¢
yYKa3aHHEeM OTBEJICHHOI0 HAa HHUX KOJIHYECTBAa AKAAEMHYECKHMX YacOB M BHI0B Y4YeOHBIX
3aHATHH

6.1. PacnipeesieHue 4acoB 110 pa3jejgaM/TeMaM U BHIaM padoThl

6.1.1. Ounasa gpopma ooyuenusn

Ne Buabl yueOHo# padoThl (B 4acax)
n/ Paznen/rema KourakTHas pabora Camocr
n 3ausaTus \ 3aHATHS CEMMHAPCKOI0 THIIA 0fiTe]1b




JICKIIMOHHOI'0 Hast
THIIA padora
Jlexyuu | Unvie | I[Ipakm | Cemun | Jlabop | Hnvie
yuebOHbl| uuecku | apwi amopH
e e vie
3auamu| 3aHAMuU pabom
A A bl
Yucnosbie
|| MOCIEN0BATENLHOCTH. 6 6 4
[Ipenemns YHCIOBBIX
byHKIMI
HenpepriBHblE 4KCIIOBBIE
2. (yHKIH 6 6 4
3 Huddepenmupyembie 6 6 4
" | yncnoBble QYHKINH
4 UccnenoBanune ¢GyHKINNA 6 6 4
OJIHOM NepeMEHHON
[Ipenemns BEKTOPHBIX
5. by 6 6 4
6 HenpepriBHbIe 6 6 4
" | BeKTOpHBIC (PYHKITUU
7 Huddepenumpyempie 5 5 4
" | BeKTOpHBIC (PYHKITUU
3 Hexotopeie npunoxenus 5 5 4
MHOTOMEpPHOTO aHaJIN3a
9, Heonpenenennsriit 5 5 4
MHTErpal
10. | OnpeneneHHblil HHTETpA 5 5 4
11. | KpaTHble unTerpaisl 5 5 4
12. | YucnoBele pssl 5 5 4
13. | ®yHKIMOHAIBHBIE PSI/IbI 5 5 4
14. | CreneHHsble psiabl 5 5 2,9
IIpome:xxyTouHast 9.1
aTrrecTanms ’
Hroro 76 | | 76 | \ | 54,9
6.1.1. Ouno-3aounan ¢hopma odyuenusn
Buabl yueOHol padoTsl (B yacax)
KonTakTHas padorta
3ausaTus
Ne JICKIIHOHHOTI'0 3aHATHS CEMHHAPCKOT0 THIIA Canmoct
n/ Paznen/Tema THna P——
I Jexyuu | Unvie | I[Ipakm | Cemun | Jlabop | Hnvie Hast
yuebOHbl| uuecku | apwi amopH pabota
e e vie
3auamu| 3aHAMuU pabom
A A bl
1 Yucnosbie ) ) 11
110CJIEA0BATENBHOCTH.




[Ipenensr YHCIIOBBIX
byHKIMHA

5 HemnpepbiBHBIE YUCIIOBBIC ) ) 1
byHKIUHA

3. Huddepenumpyempie ) ) 1
YUCJIOBBIC (hYHKITMHU

4 HCCHE}I{OB&HI/IG (bXHKI_II/II/I ) ) 1
OJIHOI epeMeHHON

5. Hpez[enbvl BEKTOPHBIX ) ) 1
byHKIMMA

6. HenpepriBHbIe ) 2 11
BEKTOpPHBIE QYHKIIUH

7 Huddepenmupyembie ) ) 1
BEKTOpHBIC PYHKLIUHU

] HexoTopble npuiioxeHus ) ) 11
MHOTOMEPHOT'0 aHAJIN3a

9 Heonpenenennsiii ) ) 11
WHTETpaI

10. | OnpeneneHHbI UHTETpal 2 2 11

11. | KpatHble nHTEIrpasisl 1 2 11

12. | YucnoBele pssl 1 2 11

13. | ®yHKIMOHAJIBHBIE PSI/IbI 1 2 11

14. | CrenieHHbI€ PSbI 1 2 11,9
IIpomeskyTounas 9.1
arrecranus ’
Hroro 24 | | 28 | \ \ | 154,9

6.2 IIporpamMma AMCHMILIMHBI, CTDYKTYPMPOBAHHAS IO TeMaM / pa3jejiam

6.2.1 Cooeporcanue 1eKUuOHHO20 Kypca

HaumeHoBaHHE TEMBI
(pa3nesia) QM CHUILINHbBI

Couepma}me JICKIHMOHHOI'0 3aHATUSA

YucioBbie
IIOCJIENOBATEIILHOCTH.

MHOXECTBO, CIOXXEHHE CTPOK M YMHOKEHHE CTPOK Ha
BelllecTBeHHbIe unciia. Hopma snementa. ['eomerpuueckas
WHTEpIpeTaIys HOPMBI.

MmuoxectBo R", clokeHHe CTpPOK M YMHOKEHHE CTPOK Ha
BellecTBEHHbIE uucina. Hopma snemenra x€ R
I'eomerprueckass wuHTEpnperanuss HOPMBL. JleKapTOBbI
KOOPJMHATBl ~ TOYEK IUIOCKOCTH M  MPOCTPAHCTBA.
Buyrpennue W TpaHMYHbIE ~ TOYKH  MHOYECTB.
OrpaHvyYeHHbIE, OTKPBIThIE, 3aMKHYTbIE MHOXECTBA.
I'panuna mHOkecTBa. [IpokoI0Tast OKPECTHOCTH TOUKH.
OtoOpaxkenuss MHOXkecTB (pyHknuu). CroxeHne U
YMHOXEHHE (YHKUMA C YHCIOBBIMH  3HAUYECHUSMH,
YMHO>KEHHE X Ha BEILIECTBEHHBIC YUCIIA.

CniocoOnI 3a/1aHKST OTOOPAKEHUM.

OO0pa3pl U TpooOpa3bl MHOXKECTB MPH OTOOPAKCHHSIX.
Cropbekuus, HHBEKIHUS, OUeKIIHs. PasnoMoniaeie
MHOKECTBA. CuetHble MHOKECTBA. Kontunyywm.




beckoneunsle MHOXKECTBAa. bBECKOHEYHOCTH  CUETHBIX
MHOXeCTB. CUeTHOCTh OECKOHEYHBIX ITIOJIMHOXKECTB
CUCTHBIX MHOXECTB, OOBEIMHCHUM CYCTHBIX CEMEHCTB
CUYETHBIX MHOKECTB, JI€KAPTOBBIX MPOWU3BEICHUIN CUETHBIX
MHOXECTB, MHOXECTBAa BCE€X pALMOHAIBHBIX YHUCEI.
HecuetHocth KOHTHUHYMa. KoHTuHyansHOCTH
IIPOMEKYTKOB YUCIIOBOU IPSMOU U BCEX IIPOCTPAHCTB.
DJIEMEHTEI JIOTHKH. Bricka3siBanus. Otpuiianue
BbICKa3bIBaHNA. KOHBIOHKIHS, JU3BIOHKINS, UMILIHNKAIIS,
SKBHUBAJICHIIMS ABYX BBICKA3bIBAHUM.

[Ipenenbr uncnoBbIX
byHKIHHA

bazer muHOXectB. [lpumepsr 6a3 x—Xo, X—Xot, X—Xo-,
X—00, X—-00, X—+00, n—0c0, [Ipeaensr 4ucioBbIX GyHKITUN
no gaHHoOM ©6aze. OOmee ompeneneHUe W €ro
MHTEPIIPETALNS 111 4aCTO BCTPEUAIOIIUXCS 6a3 MHOMKECTB.
BeckoneuHo manble 1 OeCKOHEYHO OoJbInne (QYHKIHS MO
naHHoOM Oase. YcmoBHble o6Oo3HaueHms. [Ipocreiimue
CBOMCTBA IIPEIEIIOB. IIpenensl CyMMmBl, pa3sHOCTH,
NPOU3BEICHNS W YaCTHOIO JBYX HUMEKOIIHUX Mperen
¢ynkuunii. Teopema o mepexosie K rnpeeny B HepaBeHCTBAX.
[1epBblii 3aMeUaTeNbHBIN TPEAEI.

BepxHue ¥ HMKHUE TpaHUILbl, BEPXHSASI U HUKHSASA I'paHb
YUCJIOBOIO MHOXecTBa. HenpepbIBHOCTP  MHOXECTBa
BELIECTBEHHBIX uKcell. CyliecCTBOBAaHUE BEPXHEN U HUKHEN
FPaHM HEMyCTOr0 OrPAaHUYEHHOTO MHOKECTBA YHCEIL.
Kpurepuii  cymecrBoBaHMsi — Ipenena  MOHOTOHHOM
OTPaHUYEHHOMN MOCJIETOBATEIBHOCTH (mpu3HaK
Beiiepmrpacca). Bropoii 3ameuarenbHblid Ipene.
CpaBHeHMe MPEEIBLHOrO MOBE/ICHUS byHKIHIA.
OKBHUBaJICHTHbIE (YHKIMHA M (DYHKIMH OJHOTO TOPSIKA.
[Ipumepsl  skBuBalieHTHBIX npu  Xx—0  QyHKIMiL.
OKBUBaJIEHTHOCTh MHOTOYJIEHA CTAPLIEMY ClIaraeMOMY ITPH
CTpEMJICHMHM apryMeHTa K OeckoHeyHocTu. Teopembl O
3aMeHE SKBHBAJICHTHBIX COMHOXHTEICH/

BeptukanbHele W HaKJIOHHbIE acUMNTOTHL. Kpurtepuit
CyILIECTBOBAHUS HAKJIIOHHON aCUMITOTBHI.

[Ipenen komno3uuuu GyHKIUIA.

Kputepuit  Komm  cymiectBoBanus — mpegena  Jjist
npou3BoibHOW  0a3pl.  CeKBEHIMAJbHBIM  KpUTEpHi
CYyILIECTBOBAaHUS IIpesesia Mpu X—Xo

HemnpepbIBHBIE — YHCIOBBIC
byHKIIUN

Onpenenenrie W 1npuMepbl. HemnpepeIBHOCTH — ClieBa,
HENpepbIBHOCTH cripaBa. Kimaccudukaius Touex pa3poiBa.

[Tepexon k mpeneny MmoJ; 3HAKOM HENPEPHIBHOW (PYHKITUH.
HenpepbIBHOCTH KOMITO3UIIMM HEMPEPHIBHBIX  (DYHKITHIA.
HenpepsIBHOCTH u apudmeTnyeckue OIEepaLnH.
HenpepoiBHOCTh  3eMeHTapHbIX  (yHknmid. Jlemma o
BJIO’KEHHBIX OTpe3Kkax. CBOMCTBA HEMPEPBIBHBIX HA OTPE3KE
¢ynkunii. Jlokanuzanmsa kopHedl ypaBHeHus f(x)=0 c
HETIPEPBIBHOW JIEBOM YacThio. MeToa HMHTEpBAIOB ISt
pemieHust HepaBeHCTB. [loHsTHE OOpaTHON (YHKIMH JUIS
nanHou (QyHkiuu. Kpurepuii cymiecTBOBaHHS OOpaTHOU
¢ynkuuu. Teopema 0 MOHOTOHHOCTH M HENPEPHIBHOCTH




oOpatHOW (YHKIMHM [A7I8 MOHOTOHHOW W HENPEPBHIBHON
GyHKIHH.

UccnenoBanue GpyHKuuil Ha HenpepbIBHOCTh. Haxoxxnenue
TOYEK pa3pbiBa QYHKLUHU U ONPeIeICHIE UX TUIIOB.

Huddepenumpyempie
YUCIIOBBIC () YHKITH

OrnpezeneHne U UHTEPIIPETAIUs IPOU3BOIHON. Y paBHEHUE
KacatenbHOW K rpaduky nuddepeHupyeMon (QpyHKIUH.
[IpousBonHas kak aOCOJIOTHAas CKOPOCTh HM3MEHEHUU H
3JaCTUYHOCTh KAaK OTHOCUTEIbHAs CKOPOCTb M3MEHEHHU.

HenpepriBHOCTB Qg QepeHITpyeMbIX GbyHKIMHA.
[TpousBoaHas u apudmerndeckue oneparnuu. [IponsBoaHas
KOMIIO3ULIUU middepeHurpyemMbIx (byHKIMHA.

[Ipow3Bognass  obparHod  ¢yHkiuu.  [IpomsBomHbBIE
OCHOBHBIX JIEMEHTAPHBIX ()YHKIIHH.

Touku Bo3pacTanus, yObIBaHHs, JIOKQJIBHOTO MUHMUMYMa U
JIOKaJIbHOTO MakcuMyMma YHCIIOBOU byHKIMN.
HNutepnperanuy 3HaKa MPOU3BOAHON KaK MPU3HAK TOYKH
BO3pacTaHus wuiaM yOwsiBanusa. HeoOxomumoe ycioBue
skcTpemymMma. O600ITIeHHAs TeopeMa O CpeTHEM 3HAUYCHUU 1
e€ cumencrBus: Teopemsl Jlarpawka m Komm o cpegHem
3HAYCHUH.

[Mpusnaku MoHOTOHHOCTH  (yHKIMI. CMeHa 3HaKa
IIPOM3BOJHOM KAaK JIOCTATOYHOE YCJIOBHE DJKCTpPEMyMa.
[IpaBuno Jlonurans. CpaBHEHHUE CKOpPOCTH BO3pACTaHUS
byakumii  e¥, x* Inx mnpm x—oo. HcecaenoBanue
HeomnpeaeneHHocTel Buaa 0*oo, 0% 1%, oo [IpownsBoaHbIE
BBICHIMX MOPSAAKOB. BbImykible M BOTHYTBIE (YHKIMH.
[Ipy3Haku BBINYKJIOCTH WJIM  BOTHyTOCTH. Brtopoe
JIOCTaTOYHOE YCJIIOBUE SKCTPEMYyMa.

IIpumepnass cxema  HccienoBaHUsS  (QYHKUUU  JUIs
nocTpoeHus e€ rpaduka.

Muorounensl Teiinopa QyHKIUM B JaHHOH TOUKe.
®dopmynsl Telmopa ¢ octaTouHbIM WieHOM B (popme [leano
u B ¢opme Jlarpamxa. [Ipumepsl npumeHeHus (GhopMysibl
Telnmopa [ BBIYUCICHUM € 3aJJaHHOM  OLIEHKOM
HOTPEIIHOCTH pe3yibTaTa. DKCTPEMYMBI, TOUKH Nepernda u
IIPOU3BOAHBIE BbICIIUX NOpsAnkoB. dopmyna Makopena
s pyakmui ef,  sinx,  cosx, In(1+x), (1+x)%
JokazarenbcTBo popmyiiel 6MHOMa HpioTOHA ¢ TOMOIIBIO
dbopmyner  Teitmopa.  TpeyrompHuk — [lackams st
OuHOMHANBHBIX KO3 dunrentos. @opmyna JleOHunIa s
IIPOU3BOIHBIX POU3BEICHHUS.

[Ipenemns BEKTOPHBIX
byHKIUI

BexTopHbIN 1 KOOPAMHATHBIA CIIOCOOBI 3aITMCH BEKTOPHBIX
¢ynkuuii. I'papux otobpaxenuss f: X—Y  HEKOTOpBIX
MHOkeCTB X M Y Kak OJAMHOXKeCTBO {(X,y)EX, y =f(x) €Y}
JIeKapTOBa  TPOM3BEACHUS  MHOXeCTB. 300paxenue
rpapuka GyHknuu. JIMHUM W TIOBEPXHOCTH YPOBHS
YHUCIIOBBIX (DYHKIIUI BEKTOPHOTO apryMEHTA.

[Ipenen BekTopHO# (yHKIHMH. CBS3b Tpenena BEeKTOPHOM
GYHKIIUM C MpeAenaMu YUCIIOBBIX KOMITOHEHTOB JaHHOMN
¢byukuu. [Ipenensl cymMMbl, pa3HOCTH, MPOU3BENEHUS U
YacTHOTO BEKTOpHBIX ¢yHkuuid. Teopema o mpenene




KOMIIO3ULIUU byHKINHA. Heo6xonumoe yCIIOBUE
CYIIIECTBOBAHUS TIpejiesia BEKTOPHOUH (yHKIIUN/
OmnpeneneHue MOHATUS PABHOMEPHOIO HA MHOXKECTBE
npenena. llpuMeHeHue MONSAPHBIX  KOOPAMHAT IS
BBIUMCJICHUSI TIPENeioB (QYHKIMHA JBYX TEPEMEHHBIX.
Teopema 00 SKBHUBaJECHTHOCTH YCJIOBHM mpenenoB. CBs3b
JTBOMHBIX MPEACIIOB C MOBTOPHBIMH.

HemnpepbIBHBIE  BEKTOpHBIE
byHKIIUN

Paznmuynble ompenencHus HENPEPBIBHOCTH  BEKTOPHBIX
¢ynkunii. CekBeHIMAJIbHBIN KpPUTEPUIl HENpPEepHIBHOCTH
(menpepeiBHOCTH 10 ['eitHe). CBsi3b  HENMPEPHIBHOCTH
BEKTOPHBIX (YHKLUUN C HENPEPHIBHOCTHIO MX YHCIOBBIX
KOMIIOHEHTOB.  HemnpepsIBHOCTB ~ CyMMBI,  Pa3HOCTH,
NPOM3BEACHUS U YaCTHOTO BEKTOPHBIX QyHKUUH. Teopema
0 Iepexo/ie K Mpeeiny 0] 3HaKOM HePepbIBHON (DyHKIIHH.
HenpepbIBHOCT KOMITO3UIIUM HETIPEPBIBHBIX  (DYHKITHIA.
HempeppIBHOCTh ~ 3JIEMEHTApHBIX ~ (YHKIUA  MHOTHX
IIEPEMEHHBIX B JII000H TOYKE 00JIACTH OTIpeIeIeHUsI.
3aMKHYTOCTb JIOIIOJHEHHUS OTKPBITOTO MHOMECTBA U
OTKPBITOCTH ~ JIOTIOJIHEHUS ~ 3aMKHYTOTO  MHOJKECTBA.
OTKpBITOCTh ~ OOBEAMHEHUsT  JIOOOTO  CceMelcTBa |
NEpPECEUEHHs] KOHEUYHOTO CEMENCTBA OTKPBITBIX MHOKECTB.
3aMKHYTOCTh ~ TIEpeceueHust JIo0Oro  ceMencTBa |
Oo0beIMHEHU ~ KOHEYHOrO  CeMeicTBa  3aMKHYTBIX
MHO>KeCTB. Kpurepuii 3aMKHYTOCTH.

KomnakTHble MHOXECTBAa. ODKBUBaJIEHTHOCThb.  Jlemma
Bbonbuano- Beliepmtpacca.

CBoiicTBa  HENpPEpBHIBHBIX HAa  KOMIIAKTEe  (DYHKIIHA.
KomnakTHOCTh 00pa3za KoOMIakTa IpU HENPEPHIBHOM
oroOpaxkennn. Teopema Beiiepimrpacca: HenmpepblBHAs Ha
KOMIIAKTE€ 4YHCIOBasg (PYHKIUS MHOIMX HEpEeMEHHBIX
JOCTUTAaeT Ha HEM CBOM HauOoJjblliee W HaMMEHBIIEe
3HaueHus. JIMHEHHO CBs3HbIE MHOXeCTBAa. JInHenHas
CBA3HOCTb MHOKECTBA 3HAYCHUI HENPEPBIBHOW HA IMHEHHO
CBSI3HOM MHO’KECTBE ()yHKIIHH.

[TonsiTe paBHOMEPHOW HEMPEPHIBHOCTH OTOOpa)KEHUS Ha
MHO)ecTBe. Teopema  Kantopa o0  paBHOMEpHON
HENPEPHIBHOCTH HENPEPHIBHBIX HAa KOMITAKTE (DYHKLIUH.
Teopema 0 mpooOpa3zax OTKPHITHIX U 3AMKHYTBIX MHOXKECTB
IIPU HEMPEPLIBHOM 0TOOpaxkeHnu. OTKPBIThIE U 3aMKHYThIE
MHOJKECTBA, 3a/laBa€MbI€ C TIOMOILIBIO HENPEPBIBHBIX
byaknmii. KoMmMmakTHOCT  OIOJKETHOTO  MHOMKECTBA.
OyHKIUS TOJNE3HOCTH, (QYHKIUS crpoca 1no Mapmamty,
KOCBEHHasl (YHKLIUS TOJIE3HOCTH.

Huddepenmupyembie
BEKTOpHBIC PYHKLIUU

[Ipown3BogHass BEKTOpHOW (YHKIIMH OJHOW IEPEMEHHOM.
VYpaBHeHHe KacaTelnbHON K Iu(QepeHIMpyeMoil KpPUBOA.
[Tpon3BoiHas 1O HANIPABIEHUIO U YACTHBIE IIPOU3BOIHBIE.
Marpunia  Skobu.  I'pagmeHT  GyHKUIMH  MHOTHX
nepemeHHbIX. [IpousBogHas u nuddepeHmuan BeKTopHOH
byHKINN.

CBs3b MPOU3ZBOAHON M MNPOU3BOJHOM IO HAIPABICHUIO.
HenpepoiBHOCT  quddepeHIMpYyEeMBIX  OTOOpaskeHHIA.
HenpepbIBHOCTB 3JIEMEHTOB MaTpuIlbl SIkoOK B HEKOTOpOM




TOYKE KaK JOCTAaTOYHOE YCJIOBHE IU(PEpeHIUpyeMOCTH
(GYHKIIMH B 3TOW TOYKE.

[IpousBonHas KOMITIO3ULIUHU Qg depeHIpyeMbIX
byakuumid. [Ipon3BogHas CyMMBI, Pa3HOCTH, MPOU3BEICHHS
Y YAaCTHOTO BEKTOPHBIX (YHKLIUH.

I'panuent. Hanpasnenue HaucKopeuiero BO3pacTaHUs
¢ynkuuu. [leprneHanKyIIpHOCTh IPaJUEeHTa MOBEPXHOCTH
YPOBHsI, KacaTeJIbHblE 1 HOpMAJIU.

IIpousBoguble BeICIIMX HOpsAAKOB. Marpuna I'ecce.
HeszaBucumocts YaCTHBIX IPOU3BOIHBIX oT
1ociae0BaTeNbHOCTH AU hepeHnpoBaHusL.

®dopmymna Teinopa c octatkoM B popme [leano, ¢ ocratkom
B dopme  Jlarpamxa. @®opmyna  Teinmopa B
nuddepeHmanax.

JlokanbHBIE AKCTPEMYMBI UHUCIOBBIX (YHKIHMHA MHOTHX
nepeMeHHbIX. ['pagueHT u  HeoOXOoAMMOE  yCJIOBUE
akcTpemyMa. Kpurtnueckue u ceyioBbI€ TOUKH.

Bropoit mauddepenunran u  gOCTATOYHOE  YCIOBHE
9KCTPEMYyMa WU CEJIOBOM TOUKH.

Teopema o HesBHOU (yHkumu. McciaenoBaHue 3aqaHHBIX
YPaBHEHUSIMH KPUBBIX. ODKCTPEMYMBl HESIBHO 3aJJaHHBIX
¢ynkuuit. Teopema 06 obpatHol QyHKIMH. [Ipon3BoHBIC
napaMeTpUYecKu 3aJaHHbIX (QYHKUMH Kak CJEICTBHE
TEOPEMBI O HEIBHOM (PYHKITUH.

Beluncnenyne 31acTUYHOCTH HEABHO 3aJaHHBIX (DYHKIMH.
ONaCcTUYHOCTH 3aMEILEHUS.

VY ci10BHS 3aBUCUMOCTH CUCTEMBI YACIOBBIX (DYHKLIUH.
Haarpaguk wu mnoarpadpuk QyHkiuu. Beimykisle u
BOTHYTblE ~(YHKUMH KaKk (QYHKIMH C  BBIIYKJIBIM
Haarpadukom 1 noarpaduxom. Kpurepuii BRITYKIOCTH WK
BOTHYTOCTH (YyHKIMKA B ¢opme HepaBeHCTB. CTporo
BBINIYKJIBIE U CTPOTO BOTHYTHIE (YHKUMHU. BrImykiocTs
MHOXECTB YPOBHSI M JUIsl BBIMYKJIBIX U BOTHYTBIX (DYHKIIMH.
KBasuBbinykiible U KBa3UBOTHYThIE (pyHKIMH. Teopema o
HEMPEPBIBHOCTH  BBIMYKIbIX  GyHKIMA.  Kpurepwuit
BBIMMYKJIOCTH WJIM BOTHYTOCTH i (QYHKUMHA U €ro
reoMeTpuyecKkas UHTEpIpeTaLHs. Teopema 00
HKCTpEMyMax BBINYKIBIX U BOTHYTHIX ¢yHKuuid. Kpurepun
BBINTYKJIOCTH WJI BOTHYTOCTH. HenpepriBHOE poioikeHne
BBIMYKJIBIX ()YHKIIUHA.

VClIOBHBIE ~ AKCTPEMYMBI. Heobxomumoe  ycioBue
JKCTpEMyMa. [TpuHIMn MHOXxUTener  Jlarpamxa.
Hocratounsle  ycinoBus 3KcTpemyMa. OKaWMIICHHBINA
reccuad. 3aBUCHUMOCTb O€3YCIIOBHBIX U  YCIOBHBIX
AKCTPEMYMOB OT IapaMeTpoB. TeopeMbl 00 ornbaromei s
0€3yCIIOBHBIX U YCIOBHBIX 9KCTPEMYMOB.

[Tpunoxenust
MHOTOMEpPHOTO aHaI13a

OKOHOMHYECKass MHTEpIpeTalus MHOXUTeNen Jlarpanxa.
TeneBbie nensl (shadow price). CBoiicTBa KOCBEHHOMU
¢byHKMM  moje3HocTH. HempepeiBHass — 3aBUCHMOCTD
AKCTPEMAJIBHBIX 3HAYEHUH IOJIE3HOCTH OT LIEH U J0XOJa.
CgoiicTBa (YHKIIMH ONITHMAIILHOTO CITpoca 1mo Mapimasmry.




Opnopomubie  GyHKIMU.  OIHOPOAHOCTH  YACTHBIX
MIPOM3BOHBIX OHOpoAHOU GyHKIMU. Teopema Ditnepa 06
oHOpOAHBIX PyHKIMSIX. KpuBbie DHrems A 0THOPOIHON
byHk1MKN none3HocTu. [loBepXHOCTH YPOBHS OAHOPOIHBIX
GyHKINH.

CgoiictBa (Qynkmuu pacxomoB. Cmopoc mno  XuKCy.
VYpasaenue Ciynkoro.

DYHKIIUU C TOCTOSTHHOM 351acTUYHOCTHIO 3amenieHus (CES-

byHKIUN).

Heonpenenenublii UHTErpai

[TepBooOpaznast dyHkuuu. OnpeneneHus W MPOCTEHIINE
cBoiicTBa. HeomnpeneneHHblii UHTErpaa U €ro OCHOBHBIE
cBoiictBa. Tabmmma  HEOMpEeNeNeHHBIX  HWHTETPAJIOB.
[Ipumepsr byHKINH, nepBoOOpa3HbIe KOTOPBIX
CyIIECTBYIOT, HO HE BBIPAXKAIOTCS YEpe3 OCHOBHBIE
3JIEMEHTapHble (DYHKIUH C IMOMOIIBI0O KOHEYHOTO YHCia
apudMETUYECKNX ONepalluid W ONepalnuidi KOMITO3HITHH
¢ynkuuii.  CTpykTypa  MHOXECTBa  IEpBOOOPA3HBIX
3aJJaHHOW Ha POMEXYTKE QYHKIUH.

Henocpencreennoe UHTETPUPOBAHHUE. IIpocreiimme
METOJIbl MHTETpUpOBaHus. MeToa 3aMeHbl MEPEMEHHOU B
MHTETPUPOBAaHUU. MeTo[ MHTErpUpOBaHUS IO YaCTSIM.
OcCHOBHBIE TPYIIbI WHTErPaioB, OEPYIIUXCS IO YaCTSIM.
WuTerpupoBanue panuoHadbHbIX (QYyHKIMNA. Bo3MOXXHOCTD
TO0YIO palMOHAIbHYIO (PYHKITUIO €IMHCTBEHHBIM 00pa3oM
IPEJICTaBUTh B BUAE CYMMbl MHOTOYJIEHA U IPaBUIbHON
panroHaIbHOW (DYHKIIMH C TEM K€ 3HaMeHareleM. Teopema
0 DAa3JIOKEHUH MPAaBUIBHON PpalMOHAIBHOW (YHKIHUU B
CyMMY MPOCTEUIIINX po0ei. NurterpupoBanue
HPOCTEUIINX IPOOEH.

VHuBepcanpHas ~ TPUTOHOMETPUYECKAas  IMOACTAHOBKA.
HHuterpuposanue IIPOCTEUIINX UppallOHAIbHBIX
G yHKIHA. TpuroHomeTrpuyeckue  MOJCTAHOBKH B
VPPALMOHAIBHBIX UHTErpaJlax.

10.

OnpeneneHHbli HTHTErpall

OTMeueHHBbIE pa30MEHUsT OTpe3Ka YHCIOBOW MPSMOM.
Juametp pa3buenus. baza Ha MHOXXECTBE BCEX OTMEUCHHBIX
pasouenmii orpeska. HMHTerpanmpHas cymma GYHKIHH.
OrnpeesieHHbI HHTETPaT KaK Ipeiesl MHTETPAJIbHBIX CYMM.
['eomeTrpuueckass U ¢usnyeckas  HMHTEpHpPETALUU
uHTerpana. OnpeneneHHbIl MHTErpal U IMepBOOOpa3Has.
®opmyna Hprorona-JleitOuuma. OCHOBHBIE CBOWMCTBA
ompeneneHHoro  uHTerpaiga.  OCOOCHHOCTH  3aMEHBI
NepPEeMEHHON U (OpMYIIbl HHTETPUPOBAHUS IO YACTSIM IS
OIPEAEIIEHHOr0 UHTErpaa.

MHoxkecTBa Mepbl Hylb. KpuTepuil HHTErpupyeMOCTH.
OmnpeneneHHbI MHTErpal U apuPMETUUYECKUE OIEpalHH.
OnpeneneHHbIl WHTErpan Kak aiJAuTHBHasg (QYHKIUSA
MIPOMEKYTKA UHTETPUPOBAHMUSL.

OnpeneneHHbld UHTErpal M HepaBeHCTBA. MHTerpanbHO
cpeaHee 3HaueHuWEe (QYHKUMU Ha oTpe3ke. MHTerpanm kak
byHKIISA MIEPEMEHHOT O BEPXHETO npezena.
[lepBooOpa3uble HenpepblBHOW ¢GyHKuMU. VHTErpaisl,




3aBUCAILIME OT NapameTpoB. WHTerpan ¢ mnepeMeHHbIM
BEPXHUM IIPENETIOM.

[Ipunoxenus omnpeneneHHoro wuHTerpana. Teopema 00
WHTETpAJIbHOM  mipeAcTaBieHuu  Gynkouii.  [lnomans
KpUBOJMHEHHOU Tpaneuuu. [1nomanu Gpurypsl B mossipHbIX
KOOpJMHATAX. Hnuna IyTH KpHUBOM, 3aJaHHOU
napamerpuuecku. JlnuHa gyru rpaduka GyHKIMA 1 KPUBOU
B MOJSPHBIX KoopauHaTtax. OO0beM Tena Kak MHTErpajl OT
TUTONIA/IA TIOTIepeYHOTo ceueHuss. OObeM Tell BpalleHusl.
Hecob6ctBennsrii unterpan. Kpurepuit Komm cxogumoctu
HECOOCTBEHHBIX HHTErpanoB. CXOAMMOCTh aOCOIIOTHO
cxoAsumxcsi  MHTErpaigoB. CpaBHUTENBbHBIM  MPU3HAK
CXOJMMOCTH HECOOCTBEHHBIX HHTETPasioB. CpaBHUTEIIBHBII
NpPU3HAK CXOJWMOCTH HECOOCTBEHHBIX WHTErpajioB B
npenenbHol hopme.

11.

KpatHbie nnTerpais

OTtMeueHHbIe pa3OUeHHs -MEPHOTO MPOMEXYyTKa. J[namerp
pa3zbuenus. Mepa npomexyTtka. KpatHbele HHTErpabl A71s n-
MEpPHOTO TPOMEXKyTKa. MHOkecTBa Mepsl Hynb B R
N3mepumble MHOXecTBa. MHTerpamsl Ha H3MEpPUMBIX
MHOkecTBax. (CBejgeHuWe  JBOWHOrO  MHTErpajia K
MOBTOPHOMY. 3aMeHa MEPEMEHHBIX B KpaTHOM HHTErpale.
Hecob6cTtBennbie kpaTHbie naTerpanbl. Muaterpan [yaccona.

12.

YHucnoBble psbl

UucnoBoil psan. Yactuunele cymmbl pspa. Cymma psaa.
Cxopmsmuecss W pacxonasmuecs psaasl. ApudmMerndeckue
omepanuu €O CXoAsdmMMuca panamu. HesaBucumocThb
CYMMBI CXOJSILErocsl psAna OT IPYHNIHUPOBKH CIAracMblX.
HeobxonuMelil mpu3Hak CXOAUMOCTH psiga. PacxogmmocTts
FapMOHHMYECKOTO pAJia.

Kputepnii Ko cxonumoctu psina. AGCOIIOTHO U YCIIOBHO
cxoasmuecs psaabl. CXoquMocTh abCONMIOTHO CXOSAIIETOCs
pana.

Kputepuii cXoOUMOCTH pSIOB C HEOTPUILIATEIbHBIMU
cinaraeMbIMU.  VHTErpambHbId  NIPHU3HAK  CXOIUMOCTH.
CpaBHUTENIbHBIE  MOpPHU3HAKU  cxoguMocTu. [lpusHaku
HNanambGepa u Komm cxomumoctu psanos. Ilpusnak
JlefiOHUIIa ~ CXOAMMOCTH  3HAKONEPEMEHHBIX  PSJIOB.
Hexkotopsie cBoiicTBa aOCOMIOTHO U YCIOBHO CXOISIIUXCS
psanoB. [lepecraHoBkM ciaraeMbIX aOCOJIOTHO U YCIOBHO
CXOJAIIUXCS PSAOB. Y MHOXKEHUE PSIIOB.

13.

O YHKIIMOHATIBHBIC PSIBI

PaBHoMepHas CXOJMMOCTh (hYyHKIIMOHATEHOM
NOCJE0OBATENIBHOCTY U (DYHKIIMOHAJIBHOTO  psija.
HenpepsIBHOCTH TIpeienia mociieI0BaTeNbHOCTH (PYHKITUN 1
CYMMBI psna. WuTerpupyemoctb npenena
MOCNEOBATENbHOCTH  (PYHKIMH W CyMMBI  pdja.
HuddepenuupyemMocTs  mpenena  MOCIEI0BATEIbHOCTH
byHKIMiA (6€3 T0Ka3aTeNIbCTBA) U CYMMBI psJa.

14.

CreneHHbI€ PSbI

PaBHOMEpHASI CXOAMMOCTH CTETICHHOTO Psiia Ha OTPE3Kax u3
obmactu cxomuMocTu. Paamyc u 00JacTh CXOIUMOCTH
cTeneHHOro psina. Teopema Abens (0e3 JOKa3aTeNbCTBA).
[Tounennoe UHTETPUPOBAHUE U MOYJICHHOE
muddepeHnpoBanue creneHHoro psaa. Psnaer Teitnopa u
Makinopena. [IpencraBienve GyHKIuil B BUE CyMMBI psifia




Teitnopa. CTeneHHbIE PAIBI 11T HEKOTOPBIX dJIEMEHTAPHBIX
G yHKIIHA.

Cooepicanue npakmuyeckux 3aHaAmuil

HaunmeHoBaHHE TEMBbI
(pa3aesa) IMCUMILIHHBI

Copep:xaHue NPaAKTHYECKOT0 3aHATHS

YucioBbie
IIOCJIENOBATEIILHOCTH.

MHOXECTBO, CJOKE€HHE CTPOK M YMHOXEHHE CTPOK Ha
BelllecTBeHHbIe yncia. Hopma snemenTta. ['eomeTpuueckas
WHTEpIpeTaIysi HOPMBI.

MHuoxectBo R", cioxeHHe CTpOK M YMHOKEHUE CTPOK Ha
BCIIECTBCHHBIE umcia. Hopma osmementa Xx€ R
['eomeTpuyeckass wuHTEpHpeTanusi HOPMBL. JleKapTOBbI
KOOPJMHATHl ~ TOYEK  IJIOCKOCTM U MPOCTPAHCTBA.
BuyTpeHHue u IrpaHUYHbIE TOYKH MHOXECTB.
OrpaHvyeHHblE, OTKpPBIThIE, 3aMKHYTble  MHOXECTBA.
I'panunia MHOkecTBa. [IpokoI0Tast OKPECTHOCTH TOUKH.
OtoOpaxkenuss MHOXkecTB (pyHkmuu). CloxeHue u
YMHOXEHHEe (YHKIUH C  YUCJIOBBIMH  3HAYCHUSIMH,
YMHO>KEHHE X Ha BEILIECTBEHHBIC YUCIIA.

CriocoOnI 3a/1aHKST OTOOPAKEHUM.

OO0Opa3pl U MpooOpa3bl MHOXKECTB MPU OTOOPAKEHUSX.
Cropbekuus, HHBEKITUS, OMeKIIHS. PaBHOMOIIIHEIE
MHOKECTBA. CuetHble MHOJKECTBA. Kontunyywm.
beckoHeuHble ~ MHOXKECTBA. bBECKOHEYHOCTh  CUETHBIX
MHOKeCTB.  CueTHOCTh  OECKOHEYHBIX  IMOJMHOXKECTB
CUETHBIX MHOXECTB, OOBEIMHEHUN CYETHBIX CEMENCTB
CUYETHBIX MHOKECTB, JI€KapTOBBIX MPOU3BEJICHUN CUETHBIX
MHOXECTB, MHOXXECTBAa BCEX PpAalHMOHAJIBHBIX YHUCEN.
HecuernocTs koHTHHYMa. KOHTHHYaTBbHOCTH TPOMEXKYTKOB
YUCIIOBOM MPAMOU M BCEX MPOCTPAHCTB.

DIIEMEHTEI JIOTHKH. Bricka3piBaHus. Otpunanue
BBICKa3bIBaHUs. KOHBIOHKIMS, AU3BIOHKIMSA, MMILIUKALINS,
HKBUBAJICHIUS IBYX BBICKA3bIBAHUM.

[Ipenensl UnCIOBBIX
byHKIUI

[Ipenenbr uncnoBbIX GyHKIMA MO 0azaMm: X—Xo, X—Xot,
X—X(-, X—00, X—-00, X—100, n—00, beckoOHeYHO MaJbie U
OeckoHeyHO OombIue QyHKIHS 10 JaHHOM O6aze. Ilpememns
CyMMBI, pa3HOCTH, TPOM3BENEHUS M YaCTHOIO JIBYX
uMerommx npenen QGyakmuid. I[lepBplii  3aMeuaTeNbHBIN
npeen.

BepxHue M HUKHHE TpaHUIbl, BEPXHSAS M HUXKHSIS T'PaHb
YHUCJIOBOTO  MHOXeECTBa. HenpepbIBHOCTH  MHOXECTBa
BEIIECTBEHHBIX YHUCEIL.

Bropoii 3aMeuaTenbHbli Ipeae.

CpaBHeHMe MPEIEIBLHOTrO MOBEICHUSA G YHKIIHA.
OKBHUBaJICHTHbIE (YHKUUU W (DYHKIUH OJHOTO IOPSIKA.
[Tpumeps! SKBUBaNIEHTHBIX PH X— 0 QyHKITUH.
DKBUBAJIEHTHOCTh MHOTOWJIEHA CTapILIEMy ClaraeMomy Mpu
CTpEMJICHHH apryMeHTa K 0ECKOHEYHOCTH.

BeprukanbHple W HakKJIOHHBIE acUMNTOTHL. Kpurepuit
CYIIECTBOBAHMS HAKJIOHHOW aCUMOTOTHI.




[Ipenen koMno3uuu GyHKIUIA.

Breruncnenne mnpenenoB  (QyHKOHH C  HCIONIB30BAaHHUEM
OCHOBHBIX  TEOpEM 0 npenaenax. Haxoxnenue
OJIHOCTOPOHHUX TpenenoB. Pemenwe npuMepoB Ha
BBIYMCIICHHUE TPEEIOB (PYHKIUU B CIIydyae BOSHUKHOBEHHS
HeolpeeNIeHHOCTEN pa3IMUHbIX TUIIOB, 0TPab0TKa IPHUEMOB
yCTpaHEHUs] HEOIIPEIEIEHHOCTEN pa3IMYHbIX THUIIOB.

HenpepsiBHOCTB CIJIEBA, HEIPEPBIBHOCTH CIpasa.
Knaccudukanus Touek paspoiBa.

[Tepexon x mpeneny Ioj 3HAKOM HENPEPHIBHOW ()YHKIIHH.
HenpepbIBHOCTH KOMITO3UIIMM HEMPEPBIBHBIX  (YHKLIUH.
HenpepsiBHOCTB u apupmMeTHIecKue olepanuu.
HenpeposiBHOCTh 35ieMeHTapHBIX (QyHKUUH. Jlokanuzamus
KopHel ypaBHeHus f(x)=0 ¢ HempepbhIBHOW JEBOM YaCTHIO.
Merton MHTEpBaJIOB [UIsl pelIeHUs HepaBeHCTB. Kpurepuit
cymiecTBoBaHUsl  oOparHoi  ¢yHKuMH. VccnenoBanue
¢yHKIMI Ha HempepbIBHOCTh. HaxoxaeHne Touek pa3phiBa
(YHKLIUU ¥ onpefeseHHEe UX THIIOB.

HemnpepbiBHBIE — YHCIIOBBIC
byHKIIUN
Huddepenumpyempie

YUCIIOBBIC ()YHKITMH

Haxoxnenne npous3BOAHON (YHKIHMH C HCHOJIb30BAaHUEM
OINpeCIICHUS IOHATHS ITPOU3BOTHOMU.

Haxoxnenne npous3BOAHON (YHKIHMH C HCHOJIb30BAaHUEM
npaBun auddeperupoBanuss U GOpMYIT MPOU3BOIHBIX
OCHOBHBIX JJIEMEHTApHbIX (QYHKIMH ¥  BBIUUCIICHHUE
3HAYEHUW MPOU3BOAHOM B 3amaHHON Touke. Haxoxnenue
IIPOU3BOJHOM CJI0’)KHOM byHKIMN. IIpousBogHas
koMro3uru quddepennupyemsix GyHkiui. [IponsBoanas
0o0paTHO (HyHKIHH.

Pemenne 3amady  Ha  HaxOXICHHWE IPOM3BONHBIX H
nuddepeHranoB (GyHKIUA BTOPOTO, TPETHErO U JPYTHX
nopsiakoB. [Ipon3BoaHbIE BRICIINX MOPAIKOB.

Pewenue 3a1a4y Ha onpeeeHue yriia HakJIOHa KacaTeabHON
K Tpaduky GYHKIUM B 3aJlaHHOW TOYKE. YpaBHCHHE
KacaTeJabHOH K Tpaduky auddepeHunpyemMont GyHKInu.
[TpumepHas cxema uccine1oBaHus PyHKIUH AJIs TOCTPOSHHUS
e€ rpaduka. M3yueHue aaroputma ncciea0BaHUs (PYHKIUH.
Pemenne 3agau  Ha  ompenencHWE  MOHOTOHHOCTH,
HKCTPEMYMOB, KpUBU3HBI PyHKIIMH. HaxoxeHrne acCuMIToT
dbyakuuun. [Toctpoenne rpadukoB GyHKITUH.

Brruucnenue npenenoB GyHKIUN ¢ IpUMEHEHUEM MpaBHIIa
Jlonnrans.

[Ipenensr
byHKIHHA

BEKTOPHBIX

BekTopHBIif 1 KOOPIAUHATHBIA CIOCOOBI 3aITUCH BEKTOPHBIX
byakumii. 'padux otobpakenuss f: X—Y  HEKOTOpHIX
MHOXecTB X U Y Kak MoaMHOkecTBO {(X,y)EX, y =f(x) EY}
NeKapToBa  MPOU3BEACHUS  MHOXKecTB. M300paxkeHue
rpa¢puka ¢GyHKIMHA. JIMHUM H  TOBEPXHOCTH YPOBHS
YHUCIIOBBIX (DYHKIUI BEKTOPHOTO apryMeHTa.

[Ipenen BexTopHO ¢yHKIMU. CBS3p Ipeaena BEKTOPHON
GYHKIIMM C TpeaenaMyd YHUCJIOBBIX KOMIIOHEHTOB JaHHOU
¢ynkuuu. Ilpengensl cymMMmbl, pa3sHOCTH, MPOU3BEICHUA H
YaCTHOTO BEKTOpHBIX (QyHKIUKA. Teopema o mpenene
KOMIIO3ULIUU GbyHKIUH. Heo6xonumoe yCIIOBUE
CYyIIIECTBOBAHMS TIpejiesia BEKTOPHON GyHKIIUN/




Onpez[eneHI/Ie IMOHATHUA PABHOMCPHOI'0O Ha MHOXKCCTBC
npenena. llpuMeHeHue MONAPHBIX  KOOpAWMHAT  JUIS
BBIYUCIICHUS TpenenoB (QYHKIMHA JBYX IE€PEMEHHBIX.
Teopema 00 SKBHUBAJICHTHOCTH YCJIOBHH mpesaenoB. CBs3b
I[BOﬁHBIX npeaciioB C MOBTOPHLIMMU.

HemnpeprIBHBIC BEKTOPHBIE
byHKIIUU

CexkBeHIHATbHBIN KpUTEpU HETPEPHIBHOCTH
(menpepsiBHOCTE 10 ['eiine). HenpephIBHOCTH CyMMBI,
Pa3HOCTH, MPOU3BEICHUS U YACTHOI'O BEKTOPHBIX (DYHKIIUH.
HenpepbIBHOCTP KOMIO3HMLIMK HENPEPHIBHBIX  (DYHKIIUH.
HempeppIBHOCTh ~ 2JIeMEHTapHBIX ~ (QYHKIMHA  MHOTHX
NIEPEMEHHBIX B JII000H TOYKE 00JIACTH OTIpeIeIeHusI.
3aMKHYTOCTh JIONIOJIHEHUS OTKPBITOIO MHOXKECTBA H
OTKPBITOCTh  JIONMOJHEHHUS]  3aMKHYTOI'O  MHOXECTBA.
OTKpBITOCTh ~ OOBEAMHEHUST  JTIOOOTO  CeMeHCTBa U
NepEeCEYeHNs] KOHEYHOIO CEMENCTBA OTKPBITBIX MHOXECTB.
3aMKHYTOCTh ~ TIepeceueHust Joboro ceMencTBa W
00BbeTMHEHNSI KOHEYHOT'O CEMEHCTBA 3aMKHYTBIX MHOKECTB.
KoMmakTHbIE MHOXKECTBA.

CBoiicTBa  HENpepbIBHBIX HAa  KOMIAKTe  (PYHKUUH.
KomnaktHocTh o0Opa3a KOMIIaKTa TMpU  HENPEPbIBHOM
oroOpaxenun. JIuHEHHO CBs3HBIE MHOXecTBa. JIMHeHas
CBSI3HOCTh MHO’KECTBA 3HAYEHU HEMPEPHIBHON HA JIMHEHHO
CBSI3HOM MHO>KECTBE () yHKIIHH.

[TonsiTHe paBHOMEpPHON HEMPEPHIBHOCTH OTOOpaKCHUS Ha
MHO’KECTBE.

OTKpbITBIE W 3aMKHYTBIE MHOXKECTBA, 3aJaBa€Mble C
IOMOIIIBIO  HEMpepbIBHBIX  (yHKIMA.  KoMnakTHOCTB
OI0)KETHOTO MHOKeCTBa. DYHKIMS MOJIE3HOCTH, (PYHKUIUS
crnpoca 1o Mapiasmny, KOCBeHHast (PyHKIHS OJIE3HOCTH.

Huddepenmupyembie
BEKTOpHBIC PYHKLIUU

[Ipon3BogHAas BEKTOPHOW (YHKIIMU OJHON TEPEMEHHOM.
VYpaBHeHue KkacarenbHOH K AuddepeHnrpyeMoll KpUBOM.
[Tpon3BoiHas 1O HANIPABICHUIO U YACTHBIE IIPOU3BOIHBIE.
Marpuna Sxo6u. I'pagueHT GyHKINN MHOTUX IEPEMEHHBIX.
[TpousBoanas u auddepeHiman BEKTOPHOU (yHKITUH.
CBs13p NPOM3BOAHOM U IPOU3BOJHON IO HANpaBJICHMIO.
HenpepsiBHOCTD mudGepeHITIpYyEeMbIX 0TOOpaKEHUH.
[IpousBoaHas koMHo3uuuu JUGPepeHIHPYEMBIX (YHKIIHMA.
[Tpou3BoHas CyMMBI, pa3HOCTH, IPOU3BEAECHUS U YACTHOTO
BEKTOPHBIX (PYHKITHIA.

I'panuent. HampaBineHne HaWCKOPEWIIEr0o BO3pacTaHUs
¢ynkunu. [lepneHAuKyISIpHOCTh TPaJUEeHTa MOBEPXHOCTH
YPOBHI, KacaTeJIbHbIE 1 HOpMAJIU.

IIponsBogHble BeICIIMX nopsakoB. Marpuna ['ecce.
HeszaBucumocts YaCTHBIX IIPOM3BOIHBIX oT
nociaea0BaTeNbHOCTU AU hepeHnpoBaHusl.

JlokanbHbIE AKCTPEMYMBI UHCIOBBIX (YHKLIUH MHOIMX
IIEPEMEHHBIX.

Kputnyeckue u ceyioBble TOUKH.

WccnenoBanne  3aJaHHBIX ~ YpPaBHEHUSMHU  KPHBBIX.
DKCTPEMyMBbI HESBHO 3a/IaHHBIX ()YHKIIHA.

[Ipou3BoaHbIE TapaMETPUUECKH 3aaHHBIX (YHKIHUHA Kak
CJICZICTBHE TEOPEMBI O HESIBHOW (DYHKIIMH.




Brruncrenue 31acTHYHOCTH HESIBHO 33JaHHBIX (DYHKITHIA.
Beinykible ¥ BOrHyThIe (QyHKIIMH

VYcnoBHbIe dkcTpeMyMsl. [IpuHiun Muoxurenen Jlarpanxa.
PaccmoTpenue MPUMEPOB byHKIMII HECKOJIbKHX
nepeMeHHbIX. PelieHne 3agady Ha HaXO0XKJIEHUE TI'paJueHTa
(GyHKIMM [BYX IepeMeHHbIX. HaxoxaeHue 4YacTHBIX
IPOM3BOJIHBIX M MOJIHBIX Ju(ddepeHnnanoB GyHKINU ABYX
IIEpeMEHHBbIX.  PemeHme  3agad Ha  onpeleleHHe
HKCTPEMYMOB (DYHKITUH IBYX MEPEMEHHBIX.

[Tpunoxenust
MHOTOMEPHOTO aHaI13a

DKOHOMHYECKas HMHTepIpeTanuss MHoxuTeneil Jlarpanxka.
TeneBbie ueHsl (shadow price). CBoiicTBa KOCBEHHOM
byHKIIMM ~ ToNe3HOCTH.  HempepbiBHasT ~ 3aBUCHUMOCTH
HKCTPEMaJIbHBIX 3HAYEHUW MOJE3HOCTU OT LIEH U J0XOJa.
CroiicTBa (YHKIIMH ONITUMAIILHOTO CITpoca 1mo Mapimasmty.
OpHopomubie  (pyHKIUH. ODHOPOAHOCTh ~ YACTHBIX
MPOU3BOHBIX OAHOpOoaHON (pyHkmuu. Teopema Ditnepa 06
onHopoaHbIX (pyHKIMAX. KpuBble DHrENs I OJHOPOIHOM
byHKIMKM 1os1e3HOCTH. [loBepXHOCTH YpOBHS OJHOPOJHBIX
GyHKINH.

CgoiictBa pyHkimu pacxoaoB. Cripoc mo Xukcy. YpaBHEHHE
Canyukoro.

DYHKIIUM C TTOCTOSTHHOM 31acTUYHOCTRIO 3amenieHus (CES-

byHKIUN).

Heonpenenenuslii UHTErpai

Pemenne 3agau Ha HAaxXOXIEHUE HEOIPEAEICHHOIO
HHTCrpajia C HUCITIOJIB30BAHUEM OCHOBHBIX CBOIICTB
HEOTpEeACNEHHBIX HWHTErpajioB, a TakKe MPUMEHEHUS
METO/IOB HEMOCPEACTBEHHOIO HWHTETPUPOBAHUS, 3aMEHBI
MEePEMEHHON W WHTErpupoBaHus mo dvacTsaM. OtpaboTka
HaBBIKOB ~ MHTETPUPOBAHUS  PALMOHAIBHBIX  Apo0eid,
TPUTOHOMETPUUECKUX (PYHKIIHH.

10.

OmnpeneneHHblil HHTErpai

Pemrenue 3aZla4 Ha BBIYUCIICHUC OMPCACIICHHOI'O NMHTCTpaia
¢ mnomompbo  ¢opmynsl  HeroTona-Jleiibaumna, ¢
HUCIIOJIB30BAHUEM OCHOBHBbIX CBOIICTB OMpCACIICHHBIX
uHTerpasioB. PerieHue 3amad Ha NpUMEHEHHE METOOB
3aMEHbl I[IEPEMEHHOW M HHTETPUPOBAHMS II0 YacTsAM B
OTIpe/IeNIEHHBIX UHTErpasiax.

Pemenune 3amau Ha cocraBieHue (GpopMyIibl M BBHIYHCICHUE
TJI0MAJIEH TIIOCKUX PUTyp.

Pemenue 3a/1a4 Ha BBIYUCJIICHUEC HGCO6CTB€HHBI€ HWHTCTpaIOB
¢ moMonIpto Kputepusi Komu.

11.

KpatHbie nnTerpanst

OtmeueHHbIe pa3OMEeHHs -MEPHOTO IpOMexXyTKa. J[uamerp
pazouenus. Mepa nmpomexxyTka. KpatHple mHTErpassl 15 n-
MEPHOIO IpoMexyTka. MHoxkecTBa Mepsl Hynb B R
N3mepumble MHOXkecTBa. HWHTErpambl Ha U3MEPUMBIX
MHOecTBax.  CBeleHWe  [BOMHOrO  MHTerpaja K
MIOBTOPHOMY. 3aM€Ha MEPEMEHHBIX B KPAaTHOM HHTETpale.
Hecob6cTBennbie kpatHble uHTerpaisl. Materpan Ilyaccona.

12.

YucnoBele psabl

Apudmerndeckne omnepanuud co CXOIAIIMMUCS PSAAAMU.
He3aBucumocTs CyMMBI CXOISIIETOCS Psiia OT TPYINITUPOBKU
CJIaracMbIX.




Kputepuii Ko cxopumoctu psga. AGCONIOTHO U YCIOBHO
cxozsmuecs paapl. CXOAUMOCTh aOCOIOTHO CXOMASIIErocs
pana.

Kputepuii cXOoIUMOCTH pSAIOB € HEOTPULATEIbHBIMU
cinaraeMbIMU.  MHTerpajbHblli  IPU3HAK  CXOAUMOCTH.
CpaBHUTENIbHBIE  NPU3HAKH  CXOOUMOCTH.  [Ipu3Haku
Hanambepa u Komm cxomumoctu psgos. IIpusnax
JleiiOHMIIa  CXOIMMOCTH 3HAKOMEPEMEHHBIX  PSIOB.
[lepecTanoBkM  ciaraemMpIX  aOCOJIOTHO W YCJOBHO
CXOJIAIINXCS PSIAOB. Y MHOKEHUE PSIIOB.

13.

D yHKIMOHAJIbHBIE PSIJIbI

PaBHomepHas CXOAUMOCTb (byHKIMOHATBLHON
MIOCJIEI0BATEIbHOCTH " (GyHKIIMOHAJIBHOTO  psija.
HemnpepbsIBHOCTH Tipe/enna mocaea0BaTebHOCTH (DYHKIIUN U
CYMMBI psna. HNHTerpupyemMocThb npejaena
NOCJE0BATENbHOCTH  (QYHKIMH M CyMMBl  pdfa.
HudbdepenmmpyemMocTs  Tpenena  MOCIEI0BATEILHOCTH
dbyHK1Mi (6€3 JoKa3aTeNbCTBA) U CYMMBI Psijia.

14.

CreneHHbIe psibl

PaBHOMEpHas CXOAMMOCTh CTEIIEHHOT'O psJla Ha OTpe3Kax U3
obmact cxoauMoctu. Pammyc M 007macTb CXOJMMOCTH
creneHHoro psnga. Teopema AGens (0e3 MOKa3aTENbCTBA).
[Mounennoe MHTETPUPOBAaHUE u MOYIEHHOE
nuddepennrpoBanre creneHHoro psaa. Psaer Teitmopa u
Maknopena. [Ipencrasnenne GyHKIui B BUIE CyMMBI psiia
Telnopa. CTeneHHbIe PAABI Il HEKOTOPBIX JIE€MEHTAPHBIX

(byHKUIUH.

6.2.3 Cooeporcanue camocmoamebHoil padomul

HaumeHnoBaHue TEMbBI
(pa3nesa) I CHUIITHHbI

Conepikanue caMOCTOSITEJIbHOI PadoThI

YucioBble
OCJIEN0BATEILHOCTH.

MHOXECTBO, CIOXXEHHE CTPOK U YMHOXXEHHE CTPOK Ha
BellleCTBeHHBIE uncia. Hopma snemenra. I'eomeTpuueckas
UHTEpIpeTaIus HOPMBbI.

MmuoxecTBo R", criokeHHe CTPOK M YMHOXEHHE CTPOK Ha
BeUIECTBEHHbIE uuciaa. Hopma »snementa x€ R
['eomeTpuueckass wuHTepnperanus HOPMBL. JlekapTOBbI
KOOpPJAMHATBl ~ TOYEK IUIOCKOCTU U  MPOCTPAHCTBA.
BHyTpeHHne W TpaHMYHBIE  TOYKM  MHOJYKECTB.
OrpaHvuyeHHbIE, OTKpBIThIE, 3aMKHYThIE MHOXECTBA.
I'panunia mHoxecTBa. [Ipokos0Tass OKpeCTHOCTh TOUKH.
OtoOpakenuss MHOXecTB (¢pyHkiuu). CrnoxeHue u
YMHOXK€HUE (DYHKIMH C YUCIOBBIMH  3HAYEHUSIMHU,
YMHO>XEHHE X HA BEIIECTBEHHBIC YUCIIA.

Crioco0bl 3a1aHMsI OTOOpaKEHUH.

OOpa3zpl U TpooOpa3bl MHOXKECTB TPU OTOOPAKECHUSX.
Cropbekuus, HHBEKIUS, OneKIusl. PaBHOMOIIHEIE
MHOJKECTBA. CuetHble MHOKECTBA. Kontunyywm.
beckoHeuHble  MHOXECTBA. bBECKOHEYHOCTh  CUETHBIX
MHOKeCTB. (CYeTHOCTh  OECKOHEYHBIX  IOJMHOXKECTB
CUETHBIX MHOXECTB, OOBEAMHEHUU CUETHBIX CEMEHCTB
CUETHBIX MHOKECTB, JCKAPTOBBIX MPOU3BEACHHUIN CUETHBIX
MHOXECTB, MHOXECTBA BCEX pAalMOHAIbHBIX YHUCE.




HecuernocTs koHTHHYMa. KOHTHHYaTBHOCTH TPOMEKYTKOB
YUCIIOBOM MPSAMOM U BCEX MPOCTPAHCTBIO

DNeMEeHThI JIOTHKH. BrickaspiBanus. OTtpunanue
BbICKa3bIBaHUS. KOHBIOHKIINSA, AU3IBIOHKIINSA, UMILUIUKAIIHS,
SKBUBAJICHIUS IBYX BBICKA3bIBAHUM.

[Ipenenbr 4MCIOBBIX
byHKIII

ba3er mMuHoxecTB. Ilpumepsr 6a3 x—Xo, X—Xot, X—Xo-,
X—00, X—>-00, X—>+00, n—00,

[Ipenenbr yncnoBelx (yHKIME 1O maHHOW Oaze. OOmiee
ompeNeleHue M ero  MHTephperauus sl 4acTo
BCTpeyarolmuxcsi 6a3 MHOXKeCTB. beckoHeuHO Majble U
0eckoHeyHO Ooubire (PyHKIUS IO TaHHOM 0a3e. Y CIoBHBIC
ob6o3nauenus. [Ipocreiimme cBoiicTBa npezaenos. [Ipenemnsl
CyMMBI, PpPa3HOCTH, TMPOU3BEICHUS U YACTHOTO JIBYX
uMeromux npenen Gyskmuii. Teopema o mepexoae K
npezeiy B HepaBeHCTBax. [IepBblil 3aMedaTebHbIi Ipeae.
BepxHue n HM)KHHME TpaHULBI, BEPXHSS U HWXKHAS TPaHb
YUCJIOBOIO  MHOXecTBa. HenpepbIBHOCTH  MHOXECTBa
BEIIECTBEHHBIX yncell. CylecTBOBaHHE BEPXHEN U HUIKHEH
IPaHX HEMyCTOr0 OrPaHUYEHHOTO MHOYECTBA YHCEII.
Kputepuii  cymecrBoBaHusi  mpenesia  MOHOTOHHOM

OrpaHUYEHHOU IIOCJIEA0BATENBHOCTH (mpu3HaK
Beiiepmitpacca). Bropoii 3aMeuaTenbHBIN Mpeent.
CpaBHeHue IPEEIbHOIO MOBE/ICHUS GyHKIMHA.

OKBHUBAJICHTHbIE (YHKIHMU M (YHKIUHM OJHOIO MHOpsAKa.
[Tpumepsl  SkBHUBaJeHTHBIX npu  X—0  QyHKUUMI.
OKBUBAJICHTHOCTb MHOTOYJIEHA CTApIIEMY CIAraeMOoOMYy IpU
CTpEMJICHUH apryMeHTa K OECKOHEYHOCTH. TeopeMbl o
3aMeHE SKBUBAJICHTHBIX COMHOXHTENEH/

BeprukanbHble U HakJIOHHbIE acUMOTOTHL. Kpurepuii
CYLIECTBOBAHMS HAKIIOHHOW aCUMIITOTHI.

[Tpenen koMno3uuu GyHKIHHA.

Kputepuit  Komm  cymectBoBaHMs — mpenena it
npou3BosibHOW  0a3zbl.  CeKBEHIMANbHBIH  KPUTEPHid
CYLIECTBOBAHMS NIpEAEIIa PU X—>X0

Brruucnenne mpenenoB (QyHKIMNA C  HUCMOJIB30BAHHUEM
OCHOBHBIX  TeopeM 0  mpenenax.  HaxoxneHue
OIHOCTOPOHHUX InpenenoB. Pemenune mnpumepoB Ha
BBIUUCIICHUE TPEEIOB (QYHKIUHU B CIydae BOSHUKHOBEHHUS
HEOIPEJCICHHOCTE  pa3iMuyHBIX  TUIOB,  OTpabOTKa
IIPUEMOB YCTPAHECHUS HEONPEIEICHHOCTEN Pa3IMYHbIX
THIIOB.

HemnpepbIBHBIC YHCIOBBIC
byHKIIIN

HenpepeiBHOCTE ~ cieBa,  HENPEPBIBHOCTh  CIIpaBa.
Krnaccudukanus Touek pa3psia.

[Tepexon k mpeneny Mo 3HAKOM HETMPEPHIBHON (YHKIIUH.
HenpepbIBHOCTH KOMITO3UIIMM HENPEPHIBHBIX (YHKIUH.
HenpepriBHOCTB u apu(pMeTHIeCKue oIrepanuu.
HenpepbiBHOCTh  3meMeHTapHBIX  (yHKImiA. Jlemma o
BJIO’KEHHBIX OTpe3Kax. CBOMCTBA HENPEPBIBHBIX HA OTPE3KE
¢bynkuuid. Jlokanmu3amus kopHel ypaBHeHus f(x)=0 c
HEMPEPHIBHOW JIEBOM 4YacThio. MeTOJ HWHTEpBaJOB MJIst
pemieHust HepaBeHCTB. [loHsATHE OOpaTHOW (QyHKIMH A
naHHoM ¢ynkumu. Kpurtepmii cymecTBoBaHusi 0OpaTHOM




¢ynkuun. Teopema O MOHOTOHHOCTH M HENPEPHIBHOCTU
oOpaTHON (YHKIIMU 1T MOHOTOHHOM M HENPEPHIBHOU

GyHKIMH.

Huddepenumpyemsbie
YHCIIOBbIE ()YHKIHH

Haxoxxnenne mpou3BoAHOW (DYHKIMHM C HCIOJIB30BAaHHUEM
OIpeeNIeHUs TIOHATUS IPOU3BOJHOM.

Haxoxxnenne mpou3BoAHOW (DYHKIIMHM C HCIOJIb30BAaHHUEM
npaBui auddepeHpoBaHus U (GOPMYN MPOU3BOTHBIX
OCHOBHBIX JIEMEHTApHbIX (YHKIMA U  BBIYHMCICHHE
3HA4YCHUI NMPOU3BOJHOM B 3afaHHOM Touke. Haxoxnenue
MPOM3BOTHON ciloKHOM (yHkiuu. Pemenne 3amad Ha
OIpe/ieJIeHUe yIja HakKJIOHAa KacaTeIbHOH K Tpaduky
byHKIMM B 3aJaHHOM TOuYke. Pemenwe 3agad Ha
HaxoxaeHue auddepennnana GyHKIHH.

Pemenne 3amad  Ha HAXOXKIEHUE IPOU3BOJHBIX H
muddepeHnranoB (GyHKIMH BTOPOTO, TPETHETO M IPYTUX
MTOPSAIKOB.

Brruucnienue npenenoB GpyHKIUI ¢ IPUMEHEHUEM MTpaBHiIa
Jlonurans.

IIpeneinbl BEKTOPHBIX
byHKIHI

BekTopHBIl 1 KOOpAMHATHBIN CIIOCOOBI 3aIUCH BEKTOPHBIX
byakumii. ['paduk otobpakenus f: X—Y  HEKOTOPBIX
MHOXecTB X 1 Y Kak IMOJAMHOKECTBO {(X,y)EX, y =f(x) EY}
JeKapToBa MpPOU3BEACHUS MHOXeCTB. M3o0paxeHue
rpapuka ¢QyHKIUH. JIMHUM ¥ TIOBEPXHOCTH YPOBHSA
YHCIIOBBIX (YHKIUI BEKTOPHOTO apryMeHTa.

[Ipenen BexTopHOU (QyHKIuH. CBSA3b Mpenesaa BEKTOPHOM
GyHKIIUU ¢ TpeellaMyd YUCIOBBIX KOMIIOHEHTOB JaHHOW
¢ynkuuu. Ilpenensl cymMMbl, pa3sHOCTH, MPOU3BENEHUS U
YaCTHOTO BEKTOpHBIX (yHkmuii. Teopema o mpenene
KOMITIO3ULIUHU byHKINH. Heo6xoaumoe yCIIOBUE
CYLIECTBOBAHMSI Mpeiesia BEKTOPHOM (YHKIINH.
OnpeneneHyue TMOHATUS PaBHOMEPHOTO Ha MHOYKECTBE
npeaena. IlpumeHeHne MONSAPHBIX  KOOpAWMHAT  JUIA
BBIUUCIICHUSI TpeAeNioB (QYHKUUH JABYX I€PEeMEHHBIX.
Teopema 00 3KBUBAJICHTHOCTH YyCIOBUM TpenenioB. CBs3b
JBOMHBIX NIPEAEIOB C TOBTOPHBIMH.

HemnpepsIBHBIC BEKTOPHBIE
GbyHKITIN

PasnuuHble omnpeneneHuss HENPEPBIBHOCTH BEKTOPHBIX
¢bynkunid. CeKkBEeHIMAIbHBI KPUTEPUH HENPEpHIBHOCTU
(menpepeiBHOCTH 1O ['eitne). CBs3b HENMPEPHIBHOCTH
BEKTOPHBIX (YHKIMN C HEMPEPHIBHOCTHIO MX YHUCIIOBBIX
KOMIIOHEHTOB.  HempepelBHOCTH ~ CyMMBI,  pa3HOCTH,
MPOU3BECHUS M YaCTHOTO BEKTOPHBIX (hyHKImii. Teopema
0 TIepexo/ie K IMpeeITy Mo/ 3HaKOM HElPephIBHOU (QYHKIIUH.
HenpepbIBHOCT KOMMO3ULIMU HEMPEPHIBHBIX (PYHKIUH.
HemnpepsIBHOCTh ~ dyIeMEHTapHBIX  (DYHKIMH  MHOTHX
MIEPEMEHHBIX B JII0001 TOYKE 00JIaCTH OTIpeIeIeHusI.
3aMKHYTOCTb JIOTIOJIHEHHSI OTKPBITOTO MHOXECTBA U
OTKpPBITOCTb ~ JIONIOJIHEHUS  3aMKHYTOI'O  MHOXKECTBA.
OTKpBITOCTh ~ OOBEAWMHEHUsT J0OOro  ceMmeicTBa U
IIepeceyeHns] KOHEUHOTO CEMENCTBA OTKPBITBIX MHOXECTB.
3aMKHYTOCTh  TI€PECEUCHHsS  JIIOOOr0  CeMeHCcTBa W
OObEIUHEHHsT ~ KOHEYHOTO  CeMEicTBa  3aMKHYTBIX
MHOeCTB. Kputepuii 3aMKHYTOCTH.




KoMmakTHble MHOXECTBa. OKBUBAJIEHTHOCThb.  JleMMma
Bonbiano-Beiiepirpacca.

CBoiicTBa  HENpepbHIBHBIX HA  KOMIAKTe  (DYHKIHIA.
KomnmakTHOCTh 00paza KOMIIakTa IIpU HENPEPBIBHOM
oroOpaxkennn. Teopema Beiiepirpacca: HenpepblBHAs Ha
KOMIIAKTE YHUCIIOBas (YHKLUUS MHOTUX I€PEMEHHBIX
JOCTUTaeT Ha HEM CBOM HauOoJjblllee M HauMEHbIIee
3HaueHus. JIMHENWHO CBsA3HBIE MHOXKeCTBA. JIMHENHas
CBA3HOCTb MHOXKECTBA 3HAYCHUI HEIIPEPBIBHOM HA JINHEWHO
CBSI3HOM MHOKECTBE ()yHKIIHH.

[ToHATHE paBHOMEPHOW HENPEPHIBHOCTH OTOOpaKEeHHUS Ha
MHOXkecTBe. Teopema KaHTopa 0  paBHOMEpPHOi
HENPEPHIBHOCTH HEMPEPHIBHBIX Ha KOMITAKTE (DyHKIIHH.
TeopeMa o mpooOpa3zax OTKPBITHIX U 3AMKHYTBIX MHOXECTB
IIPU HEMPEPHIBHOM 0TOOpaxeHUu. OTKPHIThIE U 3aMKHYThIE
MHOJKECTBA, 3aJaBacMbleé C IOMOIIBI0 HEMPEPBIBHBIX
¢ynkuuid. KoMnakTHOCTh — OIO/KETHOTO  MHOJKECTBA.
@OyHKIUS MONE3HOCTH, (YHKLUS crpoca mo Mapiamty,
KOCBEHHasl (YHKIIHS NOJE3HOCTH.

HMuddepenumpyemsbie
BEKTOpPHBIC QYHKIIUU

[Tpou3BogHass BEKTOPHOW (YHKIIMH OIHOW TEPEMEHHOM.
VYpaBHeHHe KacaTelnbHOH K IuddepeHIpyeMoil KpuBoi.
[Ipon3BoiHas O HANIPABIIEHUIO U YaCTHBIE POU3BOJIHBIE.
Marpuna  flkobu.  I'pagmeHT  (yHKIMH  MHOTHX
nepemeHHbIX. [Ipou3BogHas u auddepeHnuan BEeKTOPHOU
byHKIMH.

CBsA3p MPOM3BOAHOM M MPOU3BOJHOM IO HAIPABICHUIO.
HenpepbiBHOCTS  quddepeHIIIPYyEMBIX  OTOOpaKEHUH.
HemnpepsIBHOCTD 271€eMEHTOB MaTpHUIlbl SIKOOM B HEKOTOPO
TOYKE KaK JIOCTaTOYHOE ycioBue AupQepeHIupyeMocTi
(YHKIMH B 3 TOU TOYKE.

[TpouzBoaHas komno3uuuu AuddepeHunpyempIx GyHKIUH.
[Ipou3BoHas CyMMBI, pa3HOCTH, IPOU3BEIECHUS U YACTHOTO
BEKTOPHBIX (DYHKITHIA.

I'paguent. HampaBineHne HaWCKOpPEHIIEro BO3pacTaHUs
¢bysakuu. [lepneHIuKyIspHOCTh IpaJueHTa MOBEPXHOCTU
YPOBHSI, KacaTelbHbIE 1 HOPMAJIH.

[IpousBogubie BbICIIMX TOpsiakoB. Martpuna I'ecce.
HezaBucumocTb YaCTHBIX MIPOU3BOIHBIX oT
MOCJIeIOBAaTEILHOCTH AU(HEepEHITUPOBAHUS.

dopmyna Teitnopa ¢ octatkom B hopme [leano, ¢ ocrarkom
B dbopme  Jlarpanxa. ®opmyna  Teitmopa B
muddepeHmanax.

JlokanbHbIE SKCTPEMYMbI YHCIOBBIX (DYHKIMIA MHOTHX
NEpEeMEHHBIX. [pagleHT M  HeoOXoauMoe  YCIOBHE
skcTpemyMa. Kputnueckre u ceijIoBbIe TOUKH.

Bropoii muddepenuman u  g0CTATOYHOE  YCIOBHE
AKCTpEMyMa WIH CEAIOBOM TOUKH.

Teopema o HesBHOU (yHkImu. VccnemoBaHue 3aIaHHBIX
YpaBHEHUSIMH KPHUBBIX. ODKCTPEMYMbI HESIBHO 3aJaHHbBIX
¢ynkuuit. Teopema 06 oOparHoii ¢pynkuuu. [IponsBoaHbie
napaMeTpuuecku 3aJaHHbIX (YHKIMI Kak CIeACTBHE
TEOpPEMBbI O HEIBHOM (PYHKITHH.




Bbruuciienue >macTUYHOCTH HESIBHO 3a/laHHBIX (YHKIUH.
DnacTHYHOCTD 3aMEIEHUS.

VY CioBHsI 3aBUCUMOCTH CHCTEMBI YHNCIIOBBIX (DYHKIIUH.
Hanrpaduk u noarpadguk ¢pyakimun. Beimykiibie 1 BOTHYThIE
GyHKIMKM Kak (YHKUUU C BBITYKJIBIM HaarpaQuKoM U
noarpapukoM. Kpurepuil BBITYKJIOCTH WM BOTHYTOCTH
¢bynkuuii B popme HepaBeHCTB. CTPOTo BBIITYKIIbIE U CTPOTO
BOTHYTbIE (PYHKIUH. BBITYKIOCTE MHOXKECTB YPOBHS U JUIs
BBIMMYKJIBIX M BOTHYTHIX (yHKIui. KBasuBbiykieie u
KBa3MBOTHYTbIe (QYHKIMHU. TeopemMa O HENpPEepbIBHOCTH
BBIMYKJIBIX  QyHKIui. Kputepuit  BBINyKIOCTH — WIH
BOTHYTOCTH i (YHKUMH M €ro reoMeTpuyeckas
uHTepnperanus. Teopema 00 3KCTpeMyMax BBITYKIBIX H
BOTHYTBIX  (QyHKuMHA. Kpurepunm BBINYKIOCTH  WIH
BOTHYTOCTU. HemnpepblBHOE MNpPOJOIIKEHUE  BBITYKIIBIX
byHKIHA.

VYcioBHbIE 3KCTPEMYMBL. HeoOxomumoe  ycioBue
JKCTpEMyMa. [TpuHIHN MHOXUTENen  Jlarpanxa.
HocrtaTtounsie  ycioBusg 3KkcTpemyma. OKalMIICHHBIN
reccuad. 3aBUCHUMOCTb O€3yCIOBHBIX U  YCIOBHBIX
AKCTPEMYMOB OT ITapaMeTpoB. TeopeMbl 00 orubaroIIeH 1Jis
0€3YCIIOBHBIX U YCIOBHBIX 9KCTPEMYMOB.

[Ipunoxxenus
MHOTOMEPHOTO aHAJIN3a

DKOHOMMYECKasi MHTepHpeTanus MHoxuTenen Jlarpanxka.
TeneBbie mensl (shadow price). CBoiicTBa KOCBEHHOM
GyHKIIMU ~ TONE3HOCTH.  HempepbiBHAsT — 3aBUCHUMOCTH
SKCTPEMAJIbHBIX 3HAYEHHI MOJE3HOCTU OT LIEH U JOXO0AA.
CBoiicTBa (DyHKIHMU ONTUMAIBLHOTO CIIpoca o Mapiamy.
OnHopoaHbie dbyHKIHIH. OnHOPOAHOCTH YJaCTHEIX
MPOU3BOIHBIX OJTHOpOaHOM (yHKIMU. Teopema Ditnepa 06
OJTHOPOJHBIX (yHKIUAX. KpuBble DHTENS 7151 OTHOPOTHON
¢dbyHKIIMYU one3HoCcTH. [IOBEpXHOCTH YPOBHS OJHOPOIHBIX
byHKIHA.

CpoiictBa ¢yHkuuu pacxogoB. Chnpoc 1o  XHKCY.
VYpaBaenue Ciaynkoro.

DYHKIINU C TOCTOSIHHOM 351acTUYHOCTRIO 3aMenenus (CES-

GyHKIUN).

Heonpenenenubiii uHTErpan

[TepBooOpasnas ¢yHkmuu. OmpeneneHus U MPOCTEHIIHE
cBoricTBa. HeompeneneHHbIi WMHTErpaj U €ro OCHOBHBIC
cBoiictBa. Tabmuua  HeONMpeneICHHBIX  MHTETPaJoB.
[Tpumepsr byHKIHH, nepBooOpa3HbIe KOTOPBIX
CYLIECTBYIOT, HO HE€ BBIPQXAIOTCSI YEpe3 OCHOBHBIE
aJeMeHTapHble (YHKIUU C MOMOIIbI0 KOHEYHOIO YHCIIa
apu(METHYECKUX OMepanuii U omnepanuii KOMITO3UIIMU
¢byakumii.  CTpykTypa  MHOXECTBAa  IEPBOOOpPA3HBIX
3aJJaHHOI Ha IPOMEXYTKE (PyHKIIUH.

Henocpencreennoe MHTETPUPOBAHHUE. [IpocTreiimue
METOJBl MHTETPUPOBAHMA. MeETOJ 3aMeHbl IIEPEMEHHON B
MHTETPUPOBAHUHM. METO HMHTErpUPOBAHUS IO YaCTAM.
OCHOBHBIEC TPYNIBI MHTETPAIOB, OEPYLIMXCS 1O YACTSM.
HNHTerpupoBanne panuoHaIbHBIX QyHKIHMH. Bo3MOXHOCTD
M00YI0 pallMOHANBHYIO (PYHKIIHIO €MHCTBEHHBIM 00pa3oM
IIPEICTaBUTh B BHUJE CYMMbl MHOTOWIEHA M NPAaBUILHOU




panroHanbHON (PYHKIIH C TE€M e 3HaMeHarteseM. Teopema
0 Ppa3JIOKEHUW TPaBUIBLHON palMOHAIbHONW (QyHKIMHU B
CyMMY IIPOCTEUIINX npobeit. Hurterpuposanue
MPOCTEUIINX APOOECH.

VHuBepcanpHas ~ TPUTOHOMETpPUYECKas  IOJCTaHOBKA.
HNuterpupoBanue MPOCTEUIITINX HUppalMOHATIBHBIX
(byHKIMHA. Tpuronomerpuueckue  INOACTAHOBKUM B
MPPALMOHAIBHBIX MHTETPaIaXx.

10.

OrnpeneneHHbIN UHTErpa

OTMmeyeHHbIE pa30MEHUsT OTpe3Ka YUCIOBOW MPSIMOIA.
Juametp pa3zouenus. baza Ha MHOKECTBE BCEX OTMEUEHHBIX
pa3buenuii oTpeska. HMHTerpampHas cymMMa (QYHKLIUH.
OrnpeneneHHbIN HHTETpall KaK IIPeiesl HHTETPaIbHBIX CYMM.
I'eomerpuueckas 1 pu3nUeCcKas HHTEPIPETAIIMA UHTETpaja.
OnpeneneHHpli MHTETpA W TepBooOpasHas. Ddopmyna
Herotona-Jleitoanma. OCHOBHBIE CBOMCTBA OMPENCICHHOTO
nHTerpasia. OCOOEHHOCTH 3aMEHBI IEPEMEHHOU U (POPMYITBI
UHTETPUPOBAHUS IO  YacTsIM I OIPEAEIECHHOIO
MHTErpaa.

MHosxxecTBa Mepbl Hyilb. Kputepuil HHTErpUpyEMOCTH.
OmnpeneneHHpI HHTETPAT U apu(PMETHUCCKHE OTECpPaIIUH.
OnpeneneHHbIl WHTErpan KakK aJAWTUBHAS (YHKIUS
MIPOMEKYTKA UHTETPUPOBAHMUS.

OnpeneneHHbll MHTErpal M HepaBeHCTBA. VHTerpanbHO
cpenHee 3HaueHWe (yHKUMM Ha oTpe3ke. MHTerpam kak
byHKums NIEPEMEHHOTO BEPXHETO npenena.
[TepBooOpasuble HempepsiBHOW (yHKIHMH. HWHTETrpassl,
3aBUCSIIME OT IapamMeTpoB. VHTerpanm ¢ nepeMeHHBIM
BEPXHUM IIPEIEIIOM.

[Tpunoxenus omnpeneneHHOro wuHTerpaina. Teopema 00
WHTETPAIIbHOM  mpeacTaBieHun  ¢yHkuui. [lmomanb
KpUBOJMHEWHOW Tpanenuu. [Inomanu Guryps! B mOISIpHBIX
KOOpJMHATAaX. Jnunaa IyTH KpHUBOM, 3aJaHHOU
napamerpudecku. /iimna qyru rpaduka QyHKIUN U KPUBOM
B HOJISIpHBIX KoopauHaTax. OOBbEM Tena Kak WHTErpan ot
IUIOLIA/IM MoTepevyHoro ceueHus. OObeM Tel BpallleHus.
Hecob6ctBennsiii unterpan. Kpurepuit Komm cxomumocTu
HECOOCTBEHHBIX HMHTETpayioB. CXOIUMOCTH aOCOJIFOTHO
cxonsmuxcsi MHTerpaioB. CpaBHUTENBHBIM  IpPHU3HAK
CXOAMMOCTH HECOOCTBEHHBIX UHTErpasioB. CpaBHUTEIbHBIN
NPU3HAK CXOJUMOCTH HECOOCTBEHHBIX HMHTETPAIOB B
npeaesbHON hopme.

11.

KpatHbie unTerpais

OtMeueHHBIE pa30HeHUs -MEPHOTO MPOMEXYyTKa. J[namerp
pa3buenus. Mepa nmpoMexyTtka. KpatHele mHTETrpasibl s n-
MEpPHOTO TPOMEXYyTKa. MHOXecTBa Mephl Hyidb B R".
N3mepumble MHOXecTBa. VHTerpaibsl Ha W3MEPUMBIX
MHOXecTBax. (CBegeHWe  JIBOMHOTO  HMHTErpaja K
MMOBTOPHOMY. 3aME€Ha MEPEMEHHBIX B KPaTHOM HHTETpaje.
Hecob6cTBennbie kpatable nHTErpaibl. MHTEerpan [lyaccona.

12.

HucnoBele psiabl

Uucnosoit psan. Yactuunsle cymmbl psga. Cymma psija.
Cxopsmmecs: ¥ pacxoasimuecss psnbl. ApudmeTudeckue
omepaluu €O CXOASAIMMMUCS psanamu. HezaBucumocTb
CYMMBI CXOJSIIIEroCs psiia OT TPYNIUPOBKH CJIAraeMbiX.




HeoOxomuMelil Tpu3HaK CXOAUMOCTH psna. PacxonqmMocTh
rapMOHHYECKOTO pAJa.

Kpurepmnii Ko cxoaumoctu psina. AGCOIIOTHO U YCIOBHO
cxopsmuecs panbl. CXoquMocTh aOCOMIOTHO CXOASILErocs
psna.

Kputepuii cxoamMocTH pSOOB € HEOTPULATEIbHBIMHU
cimaraeMbIMu.  MHTErpajbHbId  IPU3HAK  CXOAMMOCTH.
CpaBHUTENIbHBIE NPU3HAKA  CXOAUMOCTH. [Ipu3Haku
HNanambepa u Komm cxomumoctu psamgoB. Ilpusnak
JlefiOHMIIa  CXOOUMOCTH  3HAKOIEPEMEHHBIX  PSIOB.
Hexotopeie cBoiicTBa aOCOIIOTHO U YCIOBHO CXOJSIIUXCS
psnoB. IlepecTraHoBKM ciaraeMbIX aOCOJIOTHO M YCJIIOBHO
CXOJSIIUXCS PSOB. Y MHOXKECHUE PsIOB.

13. | OyHKIIMOHATIBHBIE PSAbI PaBHOMepHas CXOJIMMOCTh (G YHKIIMOHATBEHOM
MOCEeIOBATEIbHOCTY U (DYHKIMOHAIBHOTO  pAfa.
HemnpepsIBHOCTB Mpesena mociaea0BaTeIbHOCTH (QYHKIHHN 1
CYMMBI pana. WHTerpupyemoctsb npenena
MOCNe0BATENbHOCTH  (QYHKIMH U CyMMBI  psja.
HuddeperuupyemMocTs  mpepena  MOCIEI0BATEIbLHOCTH
dbyHKImii (6€3 ToKa3aTebCTBA) U CYMMBI psJIa.

14. | CreneHHble psiibl PaBHOMEpHAsI CXOAUMOCTB CTEIIEHHOTO Ps11a Ha OTPE3Kax U3
obmacTu cxoauMocTu. Paamyc W 007acTh CXOIUMOCTH
creneHHoOro psina. Teopema AbGens (6e3 m0oKa3aTeiabCTBa).
[Tounennoe UHTETPUPOBAHUE u MOYJICHHOE
muddepeHMpoBaHue cTerneHHoro psana. Psanaer Telnopa u
Makiopena. [IpencraBnenue QyHKIU B BUIe CYMMBI psijia
Tetinopa. CteneHHbIe PAIbI 1151 HEKOTOPBIX JIEMEHTAPHBIX

byHKIHIA.

7. Tekymmii KOHTPOJIb 10 AMCHUIJIMHE (MOAYJ/II0) B pAMKaxX y4eOHbIX 3aHATHI

B pamkax Tekymiero KOHTPOJS TMpenojaBaTeb CaMOCTOSTEIbHO MOXET MPOBOJIUTH
CJIeIYIOIIE MEPOTIPUSITHSL:

Ne KonTposaupyemblie pa3iesibl
HaumeHoBaHUe OLIEHOYHOTO CpeACTBA
n/n (TeMbl)
1. | YucnoBsle MOCIeA0BATENEHOCTH. Onpoc,  npoOieMHO-aHAIUTHYECKOE  3ajaHue,
TECTUPOBAHUE.
2. | IIpenensl YMCAOBBIX (QYHKIMNA Onpoc,  npoOieMHO-aHAIUTHYECKOE  3aJaHue,
TECTUPOBAHUE.
3. | HenpepsiBHble uncnoBbie pyHKuu | Ompoc,  mpoOiieMHO-aHATUTHYECKOE  3a/1aHue,
TECTUPOBAHUE.
4. | duddepeHunpyemMbie YUCTOBBIC Ompoc,  mpoOJIEMHO-aHATUTHYECKOE  3a/IaHHeE,
byHKIIMN TECTUPOBAHUE.
5. | Ilpenensl BEKTOPHBIX (YHKIIUHA Ompoc,  mpoOJIEeMHO-aHATUTHYECKOE  3a/IaHHeE,
TECTUPOBAHUE.
6. | HenpepbiBHBIE BEKTOPHBIE Ompoc,  mpoOJIEeMHO-aHATUTHYECKOE  3a/IaHHeE,
byHKIIMN TECTUPOBAHUE.
7. | Auddepennupyembie BEKTOPHbBIC Ompoc,  mpoOJIEeMHO-aHATUTHYECKOE  3a/IaHHeE,
byHKIIMHN TECTUPOBAHUE.




8. | IIpuyioskeHHnss MHOTOMEPHOTO Onpoc,  npoOieMHO-aHAIUTHYECKOE  3aJaHue,
aHanm3a TECTUPOBAHUE.

9. | HeonpeneneHnHblil HHTErpan Onpoc,  npoOieMHO-aHAIUTHYECKOE  3aJaHue,
TECTUPOBAHUE.

10. | OnpeneneHHbIN UHTETpAT Onpoc,  npoOieMHO-aHAIUTHYECKOE  3aJaHue,
TECTHPOBAHUE.

11. | KpaTHble unTErpasib Onpoc,  mpoOIeMHO-aHAIUTUYECKOE  3aJlaHue,
TECTHPOBAHUE.

12. | Yucnossle psibl Onpoc,  npoOiIeMHO-aHAIUTHYECKOE  3aJaHue,
TECTUPOBAHUE.

13. | @yHKIMOHAIBHBIE PSIJIbI Onpoc,  npoOieMHO-aHAIUTHYECKOE  3ajaHue,
TECTUPOBAHUE.

14. | CreneHHbIE psAIbI Ompoc,  MmpoOJIEMHO-aHATUTHYECKOE  3a/IaHHeE,
TECTUPOBAHUE.

8. IlepeyeHb OCHOBHOM W ONMOJHUTEJbHON Y4yeOHOU JUTEpPATypbl, HEOOXOAMMON ISt
OCBOEHHUS TMCUMILIUHBI (MOIYJIs1)

8.1. Ocnosnas yueonas numepamypa

1. boponuna E.b. Maremarnueckuii ananu3: yaeoHoe nocobue / boponnna E.b. — Capatos:
Hayynas knura, 2019. — 159 c¢. — ISBN 978-5-9758-1745-7. — Tekct: 31neKTpOHHBIN //
DIIEeKTPOHHO-OMOINOTEUHAS crucrema IPR BOOKS: [caiiT]. — URL:
https://www.iprbookshop.ru/81022.html

2. 3aBpsioB O.I'. COOpHMK 3aJaHWii TIO MaTEMaTHYECKOMY aHaIM3y: y4eOHOe Mmocoowue:
npaktukyM / 3aBbsiioB O.I'. — UYensOunck: HOxHO-YpanbCKuil TEXHOJIOTUYECKUNH YHUBEPCHUTET,
2021.—216 c.— ISBN 978-5-6044299-4-5. — TeKcT: 37E€KTPOHHBIH // DIEKTPOHHO-OMOIHOTEUHAS
cucrema IPR BOOKS: [caiiT]. — URL: https://www.iprbookshop.ru/109149.html

3. KupbsiHoBa JI.B. MaTtematnuecknii ananus. Teopust YUCIOBBIX PAIOB: KOHCIIEKT JICKITHH /
Kupbsanosa JI.B., Maueesuu T.A., MsacaukoB A.I'. — MockBa: MOCKOBCKUI1 roCyAapCTBEHHBIN
cTpouTenbHbld yHUBepcutTeT, Al [Iu Op Menua, ObC ACB, 2018. — 103 ¢. — ISBN 978-5-7264-
1802-5. — TekcT: 31eKTpoHHbIH // DnekTpoHHO-0ubaoTeunas cucrema IPR BOOKS: [caiiT]. —
URL: https://www.iprbookshop.ru/74476.html

4. Kpatkuii Kypc MaTeMaTHYecKoro aHaiausa: yuyeonoe nocobdue / M.JI. Makaposa [u ap.]. —
Coun: CoumHCckui rocynapcTBeHHbIH yHuBepcuteT, 2020. — 96 c¢. — TekcT: 3/IeKTpOHHBIN //
DIIeKTPOHHO-OMOINOTEUHAS crucrema IPR BOOKS: [caiiT]. — URL:
https://www.iprbookshop.ru/106570.html

5. MakyceBa T.I'. Maremarnueckuii aHanu3. OCHOBHBIE METOJIbI MHTETPUPOBAHUS: yu4eOHOE
nocobue / MakyceBa T.I'., baroyrnunosa A.T'., [llemenoBa O.B. — Caparos: At [1lu Ap Menaua,
2019.—235 c.— ISBN 978-5-4497-0068-1. — TeKcCT: 37eKTPOHHBIH // DIEKTPOHHO-OMOIHOTEUHAS
cucrtema IPR BOOKS: [caiiT]. — URL: https://www.iprbookshop.ru/85749.html

8.2. /lononnumenvnasn yueonas numepamypa:

1. Konnoga JI.I1. Marematndeckuii anasm3. [ [pakTHKO-OpUEHTUPOBAHHBIN KypC € JIEMEHTAMH
KelicoB: y4eOHMK nysi OakanmaBpwara mo HampasiieHusM moarotoBku 38.03.01 «DkoHoMEKa» U
38.03.02 «Menemxment» / Konnosa JLII., PeutoB A.A., Cremanssa U.K. — Mocksa: IIpomereid,
2019.—280 c. — ISBN 978-5-907100-61-9. — TekcT: 31eKTpOHHBIHN // DNEKTPOHHO-OMOINOTEeUHAs
cucrema IPR BOOKS: [caiit]. — URL: https://www.iprbookshop.ru/94450.html

2. Marematnueckuii aHanW3 i SKOHOMHCTOB: y4deOHOe mocobme. — HoBocuOupck:
HoBocubupckuii rocyapcTBEHHBIN YHUBEPCUTET SKOHOMUKH U ynpaBieHuss «KHUHX», 2019. — 292
c.— ISBN 978-5-7014-0934-5. — TeKcT: 37eKTpOHHBIH // DNeKTpoHHO-0nbanoTeunas cucrema [IPR
BOOKS: [catit]. — URL: https://www.iprbookshop.ru/95188.html




3. CenmalbHBIN KypC MO MaTeMaTHYECKOMY aHanu3y: yueoHoe mocodue / H.H. I'asu3oBa [u
ap.]. — Kazanb: KazaHnckuili HallMoHanbHBINA MCCIIEOBATEIbCKUN TEXHOIOTMUECKUNH YHUBEPCUTET,
2018.— 116 c.— ISBN 978-5-7882-2418-3. — TeKcCT: 37€KTPOHHBIH // DIEKTPOHHO-OUOIHOTEUHAS
cuctema IPR BOOKS: [caiiT]. — URL: https://www.iprbookshop.ru/95030.html

8.3. Ilepuoouueckue uzoanusn
1. Bectauk MockoBckoro Yausepcurera. Maremaruka, Mexanuka (msu.su)

9. Ilepeyenb pecypcoB HHGPOPMALMOHHO-TEJICKOMMYHUKAUMOHHOU ceTn ''UHTepHetr"
(nanee - cerpb "UHTEpHET'), HEOOXOAUMBIX /1JI51 OCBOCHHS IMCUUILITUHBI (MO1YJIs)

1. ®enepanbublit moptan «Poccuiickoe odpazoBanuey. http:// www.edu.ru/

2. DIEeKTPOHHO-OMOIMOTEYHAS cucremMa «Hayunas AJICKTPOHHAS OoubmoTeka
eLIBRARY.RU» https://www.elibrary.ru /

3. DmnekrtponHo-Oubanoreunas cucrema JIAHbD https://e.lanbook.com/

4. DnexkrponHo-6ubroTeunas cuctema IPR BOOKS https://www.iprbookshop.ru/

10. MeToanueckue ykazaHus AJis1 00y4ar0IMUXCH M0 OCBOCHUI0 TUCHMILINHBI (MO1YJIs1)
YcnenrtHoe 0CBOGHHE JIAHHOTO Kypca 0a3upyeTcsl Ha palliOHAIbBHOM COYETaHUU HECKOJIBKHUX
BUJIOB yU4EOHOU NEATETHHOCTH — JICKIIMOHHBIX 3aHSATHH, TPAKTHUYECKUX 3aHITHHA, CAMOCTOSATEIHHON
pabotsl. [Ipu 3TOM caMOCTOSTENBHYIO PabOTy CIEAYeT pacCMaTPUBATh OJTHUM M3 TJIaBHBIX 3BCHBHEB
MOJTHOIICHHOTO BBICIIETO OOpa30BaHUs, HAa KOTOPYIO OTBOAMTCS 3HAYUTENIbHAS YacTh y4eOHOTO
BPEMEHHU.
CaMocrosiTenpHast paboTa CTYJACHTOB CKJIaIBIBACTCS U3 CICAYIOMINX COCTABIISIFOIINX:

. paboTa ¢ OCHOBHOMW U JIOTIOJIHUTEIBHON JINTEPATypoOl, C MaTepruajlaMu HHTEPHETA U
KOHCIIEKTaMH JICKIIHIA;

. BHEAyJIMTOpHAsl TMOJATOTOBKA K KOHTPOJBHBIM paboTaM, BBINOJHEHHUE OKIIAJIOB,
pedepaToB U KypCOBBIX padoT;

. BBIMIOJTHEHHE CAMOCTOSTEIbHBIX MMPAKTUYECKUX PaboT;

. MOATrOTOBKA K 3K3aMEHaM (3a4€TaM) HEIOCPEACTBEHHO Mepe]l HUMHU.

JInst mpaBWIIBHOM oOpraHu3amuyd padoThl HEOOXOIMMO YYHTHIBATH MOPSAIOK H3YYCHUS
paszeNnoB Kypca, HaXOJSMIIMXCS B CTPOTOW JIOTUYECKOW ToclenoBaTenbHOCTH. [loaTomMy Xoporiee
YCBOEHHE OJIHOW YacTW AWCUUIUIMHBI SIBISICTCS MPEINOCBUIKOW [UIS YCIICNIHOTO Tepexoaa K
CJ’IGI[YIOH_ICI‘;I. 3aI[aHI/I$I, HpO6HeMHBIe BOIIPOCHI, MPCAJIOKCHHBIC JIA U3YYCHUA NJUCHUIIIIMHBI, B TOM
YyuciIe W Ui CaMOCTOSITEJIbHOTO BBITIOJHEHUS, HOCAT MEXKIUCIMIDIMHAPHBIN XapakTep H
6a3I/Ipy10TC$I, npexKaAc BCCro, Ha HOPUYUHHO-CICACTBCHHLIX CBA3AX MCKAY KOMIIOHCHTaAMH
OKpYKalomiero Hac Mupa. B TeueHme cemectpa HEOOXOIWMO TOATOTOBHTH pedepaTsl ¢
UCIIOJIb30BAaHUEM PEKOMEHIyeMOW OCHOBHOM M JONOJHHUTENBHOM JUTEpaTyphl U cAaTh pedepaTs
JUTS TIPOBEPKH TPETIOIaBaTeli0. BakHBIM COCTaBISIFOIIMM B M3yYCHHH AAHHOTO Kypca SIBISIETCS
PCHICHUC PA3JIMYHBIX 3ada4 U pa60Ta Hazg HpO6J’IeMHO-aHaJII/ITI/I‘IeCKI/IMI/I 3aJaHUsIMHU, 4YTO
IperoiaraeT 3HaHue COOTBETCTBYIOIIEH HAyYHOW TEPMUHOJIOTHH.

HpI/I BBIITIOJIHCHUU  OKJIaOB, TBOPYCCKUX, I/IH(bOpMaI_[I/IOHHBIX, HCCIICO0BATCIIbCKUX
MIPOEKTOB 0c000€ BHUMaAHUE ClieyeT oOpaIiaTh Ha 0100p UCTOYHUKOB HH(OPMAIIUK U METOAUKY
paboThI C HUMH.

Jlyist ycrenmHo# ciauun sK3aMeHa (3aueTa) peKOMEHIYeTCsl COOJI0IaTh CIEAYIOIIHE MPaBHIa;

® HOI[FOTOBKa K 3K3aMCHY (3aquy) AOJIDKHA MPOBOAUTHCA CUCTCMATUYCCKHU, B TCUCHUC
BCETO CeMeCTpa.

® aTeHcuBHas IoAroTOBKAa JOJIZKHA HAYATHCA HC ITO3JHEC, UEM 3a MCCAIL] A0 3K3aMCHaA.

. Bpemst HemocpeICTBEHHO Tepei 9K3aMEHOM JTydIlle MCIOJIh30BaTh TAKUM 00pa3oMm,

4TOOBI OCTAaBUTH MOCIICIHHH J€Hb CBOOOIHBIM JJIsl IOBTOPEHUS Kypca B LIEIOM, JUIsl CHCTeMAaTHU3aIH
MaTepuaia u JopaboTKU OTJENbHBIX BOIIPOCOB.
Ha sk3amene (3aueTe) BBICOKYIO OIIEHKY IMOJYYarOT CTYIEHTHI, MCIOJIB3YIONINE JaHHEIC,



MOJIyYeHHBIE B TPOIIECCE BBHIMOJIHEHHUS] CAMOCTOSITENIbHBIX pPAa0OT, a TakKe HCIONb3yoIne
COOCTBEHHBIE BHIBOJIBI HA OCHOBE M3YYEHHOT0 MaTepHala.

VYuuThiBas 3HAUUTETBHBIA 00BEM TEOPETUUYECKOr0 MaTepuaia, CTyJeHTaM PEKOMEH]yeTCs
peryisipHoe MocenieHue 1 moApoOHOe KOHCIIEKTUPOBAHUE JIEKLINH.

11.  IlepeyeHr HH(POPMAUMOHHBIX TEXHOJIOTHI, MCHOJb3yeMbIX MPH OCYUIECTBJICHUHN
00pa30BaTeJbHOI0 NMPoLecca Mo JUCUMILIMHE (MOAYJII0), BKJIKYAS NepedyeHb MPOrpaMMHOI0
ob0ecrieyeHust 1 MHGOPMAIMOHHBIX CIPABOYHBIX CHCTeM (IIPH HEOOXOAUMOCTH)
1. Microsoft Windows Server;
2. CemeiictBo OC Microsoft Windows;
3. Libre Office cB0O60IHO pacTpocTpaHsIeMblii OQUCHBIN MAKET C OTKPHITBIM UCXOAHBIM KOJIOM;
4. NudopmannonHo-cupaBodnas cucrema: Cucrema Koncynprantllmoc (Korcynprantllnioc);
5. UndopmarmonHo-mpaBoBoe obecrieueHne ['apanT: DNEKTPOHHBIA MEPUOANIECCKUN CIIPABOYHUK
«Cucrema 'APAHT» (Cucrema 'APAHT);

[lepedeHp HCIOIB3YEMOTO MPOTPAMMHOIO OOECIeUeHHUsl yKa3aH B 11.12 maHHOU paboueid
POTPaMMBbI TUCITUTUIAHBL.

12. Onucanue MaTepHAJbLHO-TEXHMYECKO 0a3bl, HEOOXOAUMOM ISl OCYIIEeCTBJICHUS
00pa30BaTeJbLHOI0 NMPOLEcca MO JUCHUIIHHE (MOYJII0)
12.1. YueOHas ayauTopus AJis MPOBEACHUS YIeOHBIX 3aHATHH, TPEyCMOTPEHHBIX 00pa30BaTeIbHON
IPOrpaMMOii, OCHaIlleHHasi 000py/I0BaHUEM M TEXHUUYECKUMHU CPEICTBAaMU O0yUEHUSI.
Criernanu3upoBaHHas MeOeIb:
KomriekT ydaeOHON mebenu (CTOoJI, CTyJ) MO KOJIMYECTBY OOYYAIOIIMXCS; KOMIUICKT MEOCIH Jist
npernoaaBarens; Jocka (MapKepHas).
TexHuueckue cpeacTBa 00ydeHHUs:
KommberoTep B cOope [uis ipenogaBaTelis, IpOeKTop, YKpaH, KOJTOHKH.
[lepeueHp JHIIEH3MOHHOTO MPOTPAMMHOIO OOECledYeHHs, B TOM YHCIE OTEYECTBEHHOI'O
MPOU3BOJICTBA!
Windows 10, KoncynerantlLmtoc, Cuctema TAPAHT, Kaspersky Endpoint Security.
[Tepeuenb cBOOOAHO paCIPOCTPAHIEMOTO MTPOTPAMMHOTO O0ECTICUCHUSI:
Adobe Acrobat Reader DC, Google Chrome, LibreOffice, Skype, Zoom.

[Monkmrouenne k cetu «UMHTEepHET» U o0ecmedyeHWe JOCTyma B JIEKTPOHHYIO
nH(}pOpMaIMOHHO-00pa30oBaTENbHYIO cpey MMV,
12.2. Tlomenienue At CaMOCTOSTEIBHON pabOThl 00yJarOIIUXCS.
Cnernuanu3upoBaHHasi MeOEIIb:
Kommuiekt yue6HON Mebenu (CTON, CTYN) MO KOJWYECTBY OOYYArOMIMXCS; KOMIUIEKT MeOenu s
MPEnoIaBaTelis; 10cka (MapKepHas).
TexHUYECKHE CpENICTBA OOYUCHHUS:
Kommprorep B cOope ayisi mpemnojaBaresisi; KOMIBIOTEPHl B cOOpe sl 00yJarouuxcs; KOJIOHKH,
MPOEKTOP, IKPaH.
[lepeyeHp JHIIEH3MOHHOTO MPOTPAMMHOIO OOECledYeHHs, B TOM YHCIE OTEYECTBEHHOIO
MIPOU3BOJICTBA!
Windows Server 2016, Windows 10, Microsoft Office, Koncynsrantllmoc, Cuctema 'APAHT,
Kaspersky Endpoint Security.
[Tepeuens cBOOOIHO PaCPOCTPAHIEMOT0 IPOrPAMMHOTO 0OECTICUEHHUS:
Adobe Acrobat Reader DC, Google Chrome, LibreOffice, Skype, Zoom, Gimp, Paint.net, AnyLogic,
Inkscape.

[Tomemienue Uis CaMOCTOSITETIBHON pabOThl O0YYarOMMXCsl OCHAIIEHO KOMITBIOTEPHOM
TEXHUKOW C BO3MOXKHOCTBHIO TMOJKIOUeHHMs K cetu "MHTepHer" m olecreueHneM IOCTyMa B
3IIEKTPOHHYIO HH(POPMALIMOHHO-00pa3oBaTenbHyto cpeny MMY.

13. Oﬁpa30BaTeJII>HbIe TEXHOJOIMH, HCIT0JIb3YEMBbIC ITPU OCBOCHUU JUCHHUIIJIHHBI



JInst OCBOCHHMSI TUCIUILTUHBI UCTIONB3YIOTCS KaK TPAJAUIIUOHHBIC (DOPMBI 3aHITHNA —
JICKOUOHHBIC 3aHATUA (TI/IHBI J'IGKI_II/Iﬁ — YCTAaHOBOYHas, BBOAHAs, TCKYIas, 3aKIIOYUTCIIbHAA,
0030pHast; BUABI JICKITUH — TPOOIeMHas1, BU3YyalbHasl, JICKIUS KOH(EPEHIINS, JICKITHS KOHCYJIbTAIIH)
U TIPAaKTUYECKUE 3aHATH, TaK U aKTHBHBIC M HHTEPAKTUBHBIC ()OPMBI 3aHATHH - AUCITYTHI, PELICHHUE
CUTYaIIMOHHBIX 33]1a4, POJICBBIC UT'PHI H Pa300p KOHKPETHBIX CUTYAITHIA.

Ha yd4eOHBIX 3aHATHAX HCIOJIB3YIOTCS TEXHHYECKHE CpelCTBa OOYYEHHs — IPOEKTOp,
HOYTOYK, NMPOEKIMOHHBIA SKpaH, KOJOHKH JUIi JAEMOHCTPALMW CIIAHIOB, BHICOCIOXKETOB H Ip.
TGCTI/IpOBaHI/Ie O6y‘-IaGMBIX MOXKCT OCYHICCTBIATHCA C HCHOJIB30BAHUCM KOMIIBIOTCPHOI'O
000pyI0BaHUSI YHUBEPCUTETA.

13.1. B ocBoeHUM y4yeOHOW AMCUMIVIMHBI MCHOJb3YIOTCH CJeAyollue TPAAUIMOHHbIE
o0pa3oBaTe/ibHbIE TEXHOJOTUM:

- YTeHHe MpoOJIEeMHO-UH(QOPMAIIMOHHBIX JIEKIMA C  HCIOJNb30BAHUEM JOCKH U
BUJICOMATEPHAIIOB,;

- CEMUHApPCKUE 3aHATHUS 17151 OOCYKICHHUSI, TUCKYCCHI 1 0OMEHa MHEHUSIMU;

- KOHTPOJIbHBIE OIPOCHI;

- KOHCYJIbTallUU;

- CaMOCTOATENbHAs paboTa CTYICHTOB C YUeOHOM TUTepaTypoil U EPBOMCTOUHUKAMH;

- TOATOTOBKa ® 0OcyxaeHue pedepaToB (IIPOEKTOB), TNpe3eHTAMid  (HAy4IHO-
UCClIeIoBaTeNnbCcKas paboTa);

- TECTUPOBAHUE TI0 OCHOBHBIM T€MaM JUCUUILIIUHBIL.

13.2. AKTUBHbIE U HHTEPAKTUBHBIE MeTOAbI U GOPMBbI 00yUeHH ST

W3 nepeuns BUIOB: («mo32060u wimypmy», anaiusz HIIA, ananuz npodremuuix cumyayui,
AHAIU3 KOHKPEMHbIX CUMYayutl, UHYUOEHMbl, UMUMAYUS KOJIEKMUBHOU NPOPdecCUOHANIbHOU
0esAmenbHOCmU, pasvliepbléanue poJell, meopueckds paboma, C8A3aHHASL C 0OCB0EHUEM OUCYUNIUHDL,
Pponesas uepa, Kpyeavlii CmoJ, Oucnym, beceod, OUCKYCCUst, MUHU-KOHpepeHYus u Op.) NCTIOJIb3YIOTCS
CIIeAYIOIINE:

- oucnym

- AQHAU3 NPOOIEMHbBIX, MBOPYECKUX 3A0AHUL, CUMYAYUOHHBIX 3A0aY

- ponesas uepa,

- Kpyeawlii cmoi;

- MUHU-KOH@hepeHyus

-oucKyccus

- beceoa.

13.3 Oco0enHocTy 00yuyeHHS] HHBAJIUAOB U JIUI ¢ OTPAHNYEHHBIMH BO3MOKHOCTSIMM
3nopoBbs (OB3)

[Ipu opranuzanuu oO0y4eHHUS MO AHUCUUIUIMHE YYUTBHIBAIOTCS OCOOEHHOCTH OpTraHMU3allH
B3aMMOJICHCTBYS C MHBAIMJAMH U JIMIIAMHU C OTPAaHUYCHHBIMU BO3MOXKHOCTSIMU 37I0OPOBBS (1aniee —
uHBauapl ¥ smna ¢ OB3) ¢ menpto oOecrieuenus wx mpaB. [Ipu oOydyeHHM YYUTHIBAIOTCS
OCOOCHHOCTH MX TMCUXO(U3UUECKOTO PAa3BUTHUS, WHIWBUIyaTbHbIE BO3MOXHOCTH U TIpHU
HEOOXOUMOCTH OOECIeurnBaeTCs KOPPEKLHsS HapyIIeHWH pa3BUTUS M COIMalibHAas aJanTanus
YKa3aHHBIX JIUII.

Br160p MeTO10B 00yUueHUs ONpeesieTCs COIepKaHneM 00 ydeHHsI, yDOBHEM METOIUYECKOTO
U MaTepUaIbHO-TEXHUUYECKOTO 00ecredeHus, 0OCOOEHHOCTSIMH BOCIPHUATHS y4eOHON MHbOpManuu
CTYJICHTOB-UHBAJINJOB U CTYACHTOB C OIPAaHUYECHHBIMH BO3MOXXHOCTSIMH 3[0pOBbs U T.A. B
00pa30oBaTebHOM TPOIECCE HCIOMB3YIOTCS COIMAIbHO-aKTHBHBIE W Pe(ICKCUBHBIE METObI
o0ydeHHs, TEXHOJOTUU COLMOKYJIbTYPHOH peaObuiuTalMu C Lelbl0 OKa3aHWs TOMOIIM B
YCTaHOBJICHUH TOJHOIICHHBIX MEXKIMYHOCTHBIX OTHOIICHWA C APYTUMHU CTYICHTAMH, CO3TaHHUU
KOM(OPTHOTO IICUXOJIOTUYECKOT0 KJIMMaTa B CTYJCHUECKOH TpyIIIIe.

[Tpu 0OydyeHUH TUI] C OTPAaHUYCHHBIMHI BO3MOXHOCTSIMU 3/I0POBBS DJICKTPOHHOE O0yUeHUE U



JUCTAaHIMOHHBIE 00pa30BaTENbHbIE TEXHOJIOIMHM MPEAYCMATPUBAIOT BO3MOXHOCTb IpHUEMa-
nepeaayn nHGOPMAIMK B JOCTYIHBIX Ul HUX (opMax.

OOyuaromnyecss U3 4UCla JIMI C OTPAHUYEHHBIMU BO3MOXHOCTSIMH 3[0POBbs 00€CIIEUEHbI
NEYaTHBIMH U 3JIEKTPOHHBIMU OO0pa3zoBaTEIbHBIMH pecypcamMu B (opMax, aZanTUPOBAHHBIX K
OTPaHUYECHUSM UX 310POBbS.
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1. IlepeyeHb KOXOB KOMIeTeHUHH, GOPpMHUPYEeMbIX TMCHHUIUIMHON B Ipolecce 0CBOCHUSA
o0pa3oBaTeIbHON NPOTrPaMMBbI

I'pynna komnereHuuit Karteropusi komnereHumi Kon
CucteMHOE U KPUTHUECKOE
YHuBepcanbHbIE P YK-1
MBIILIICHHE
YHuBepcaabHbIE - YVK-2
Ob6menpodeccuoHaabHbIE - OIIK-6

2. KoMneTeHUM U MHANKATOPbI UX JOCTHKEHU ST

Kon ®opmMyJIMpOBKa
NHankaTopbl 1OCTHKEHUS] KOMIIETEHIH U
KOMIIeTeHIIUH KOMIIeTeHIIUH
YK-1 Crocoben YK-1.1. 3HaeTr OCHOBBI CHCTEMHOIO IIOJIXOJa;
OCYILECTBIIATh IIOCJIEI0BATEIBHOCTD u TpeboBaHUs K
MOUCK, KPUTUYECKUU | OCYIIECTBICHUIO TOMCKOBOM M  aHAIMTHYECKOU
aHAIM3 W  CHHTE3 | JEATEIbHOCTH JJI PEIICHUS TOCTABICHHBIX 3a]a4
nHpopManuu, YK-1.2. YMeer aHanu3upoBaTh U CUCTEMATU3UPOBATh,
MIPUMEHSATD W CHHTE3MpOBaTh  HMH(OpPMAINIO,  OICHUBATH
CUCTEMHBI monaxon | 3QPEeKTUBHOCTh TPOLEAYyp aHaM3a MpobdieM u
ISt peLIeHNs | IPUHATUS pelieHuin B npodeccuoHaIbHON
MOCTABJICHHBIX 3aJ]la4 | IeATEIbHOCTH
YK-1.3. Bnageer HaBbIKaMU MOUCKAa UHPOPMALUU H
MpaKkTHYEeCKOM  paboTel ¢ WHGOPMAIMOHHBIMH
HMCTOYHUKAMM; BJIAJICET METOJIaMU IPUHSTHUS PEILICHUM
YK-2 Crnocoben YK-2.1. 3Haer aaropuTMbl IMOMCKA ONTHUMAaJIbHBIX
OIIpEACIIATh KpYT | ClIOCOOOB pelIeHusl 3a7ady B paMKaxX IOCTaBICHHOM
3aJad B paMKax | LIeJH, TEXHOJIOTHUIO TMPOECKTHPOBAHUS, HEOOXOAMMBIE
IIOCTABJIEHHOW L€JM | peCypChl, JEHCTBYIOUIME IPAaBOBbIE HOPMBI U
u BbIOMpATh | OrpaHUYCHHUS
ONTUMAJIbHBIE YK-2.2. VYwmeer omnpenensiTh 3aqadyd HCXOAS U3
CIIOCOOBI UX | IOCTABJIEHHOM IEeIM C Y4EeTOM JEHCTBYIOLIUX
pelIeHns, UCXOJs W3 | IPAaBOBBIX  HOpPM, HMEIOLIUXCS  PECYpPCOB U
JEUCTBYIOIINUX OTpaHUYCHUHN
IIPaBOBBIX HopM, | YK-2.3. Brnazneer uHCTpyMEHTaMM JUIsl ONIPEIEICHHUS
HUMEIOLIUXCSI U JIOCTHMIKEHHUS 3aJad, MOJYUHEHHBIX OOIIeH Ienu, C
pecypcos U | UCIIOJIb30BAaHUEM JIEHCTBYIOIIMX IIPAaBOBBIX HOPM,
OTpaHUYCHUHN HMMEIOIINXCS PECYPCOB U OTpaHUYCHHI
OIIK-6 Cnocoben OIIK-6.1. 3Haer MaTeMaTU4YeCKue,
BBITIOJTHSATh €CTECTBEHHOHAy4YHbIEe M COIMAIbHO-3KOHOMHYECKHE
OTJIENbHBIE 3a/1a4l B | METOJIbI; METOIbI A0CTPAKIINH, HHIYKIIUU U JACTyKITUN
pamKax B paMKax BBIIOJIHEHHUS KOJUIGKTUBHOW Hay4HO-
KOJUICKTUBHOU HCCIIEA0BATENIbCKOM, IIPOEKTHOMN u
Hay4HO- yaeOHOTIPOPECCHOHATBHON IEATETLHOCTH.
uccnenonarenbckoi, | OIIK-6.2. Ymeer npUMEHATh METOJbl KPUTHYECKOIO




aHaJM3a ¥ CHHTE3a WH(OpMAalUU, UHTEPIPETUPOBATH
pe3ynbTaThl  KOJIMYECTBEHHBIX M  KAaueCTBEHHBIX
I/ICCHG,Z[OBaHI/Iﬁ IJid pCIICHUA OTACJIBbHBIX 3aJa4 B
paMKax KOJUIEKTHBHOM HAayYHOHMCCIIEIOBATEIIbCKOM,

MIPOEKTHOM U y4eOHO-
npo¢eCCuOHATBHON

NEeSTENbHOCTH  JUIS
MTOMCKA, BEIPAOOTKH U

MPUMEHEHUSI HOBBIX | POEKTHOM u yueOHO-TIPO(heCCUOHATTLHOM

pemieHnii B 00JacTH | 1eATEIbHOCTH

MH(POPMAIMOHHO- OIIK-6.3. Bnaneer HaBbIKaMH MCCIEN0BATENbCKON

KOMMYHHUKAI[MOHHBIX | I€ATEIbHOCTH; HAaBbIKAMU IPUMEHEHHS CHUCTEMHOTIO

TEXHOJIOTUH. aHauM3a, CTPYKTYpUPOBaHHUA MPO(decCHOHATBLHOU
uH(pOpMalNH, BbIJICJICHUS B HEHl TJIaBHOTO, HABBIKAMU
0000IIeHUsT ~ HAyYHBIX  JAaHHBIX,  PE3yJbTaTOB

SKCIIEPUMEHTOB 1 HaOJI0OJICHHUI B paMKax BHITIOJTHEHUS
KOJUICKTUBHOU Hay4HOHUCCIIEOBATENbCKOM,
MIPOCKTHOM " yaeOHO-TIpo(hecCHOHATbHON
JeSTEeIbHOCTH ISl IOUCKA, BBIPAOOTKU U IPUMEHEHHUS
HOBBIX pernieHuit B oomactu KT

3. Onncanue MJIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHMsI 0 IUCIUIINHE
3.1. Onucanue naanupyemuix pe3yiomamos 00y4eHus no OUCYUnIuHe

[Tnanupyemble pe3ynbTaThl OOY4EHHUS MO JAUCLUIUIMHE IPEACTABICHBI JIECKPUIITOPAMH

(3HaHMsI, yMEHUS, HABBIKH ).

/leckpunTopyt 3HaTh Ymern Baangers
M0 JUCHMILIHHE
Kon VK-1
KOMIIeTeHIIUH
-OCHOBHbIE MOHATHS | - pelaTh 3aJadd IO | - HaBBIKAMHU PELICHUS
ayreOpbl U TEOMETPHH; TEOPHH IIPEJEIIOB | CUCTEM JIMHEWHBIX
- 0a30oBble  TOHATHS | OCIIEAOBATEILHOCTEH | ypaBHEHHIA;
TEOPHH U QyHKIUH; - HaBbIKAMU
MaTEMaTHUYECKOT O - IPUMEHSTH | BBIYMCIICHUS
aHanu3a QyHKLUH; MaTeMaTH4eCKue IPOU3BOIHBIX u
- OCHOBHBIE TIPHU3HAKHU | METOJBI NPU PELIEHUH | HHTETPAJIOB;
CXO/MMOCTH YHUCIIOBBIX U | 3a/1a4; - HaBBIKAMHM pELICHUs
(YHKINOHATIBHBIX PSJIOB; | - IPUMEHSTH | TUIIOBBIX 3ajad,
- OCHOBHBIE  METOABI | MATEMaTUUYECKHUE UCTIONb3Ys
MHTETPUPOBAHUS MOJIENH METO/IbI
byHKIINIH; poeCCHOHATBHBIX nudGepeHIMAIBPHOTO |
- peuleHue JIMHEWHBIX | 3a]ad4; MHTETPaJIbHOTIO
YpaBHEHMI; - MHTEpNPEeTHPOBATH | HCUUCIICHMUS,
IIOJIyYEHHBIE - HaBBIKAMU
pe3yabTaTbl M YMETh | IPAKTHUECKOTO
UX TPUMEHATh HUX B | UCIOJB30BaHUs
npogeccuoHaIbHON MaTeMaTH4eCKOro
JESTENILHOCTH; amrmapara
MaTEeMaTH4eCKOro

aHajln3a IJjid pPCHICHUA
KOHKPETHBIX 3a/1a4 B
npodecCuoHATBHOM
JIeSITEIbHOCTH.




Kon

YK-2
KOMIIeTEeHIIUH

- Ilpunmuner cbopa u |- Onpenensith Kpyr | - YMeHue
aHaim3a TpeOoBaHUii, | 3a1a4 B paMKax | aHaJIU3UPOBATH
YUUTHIBAS Ou3HeC- | MOCTaBICHHON  IIETH, | IOCTABJICHHBIC 3a7]a91 U
NOTPEOHOCTH U | yYUTHIBAS OTIpEeIeIATh
BO3MOXKHOCTH JEeNCTBYIOIINE ONTUMAJTFHBIC CIOCOOBI
TEXHUYECKOI IIPaBOBbIE HOPMBI, | UX PEILECHUs, YUUThIBAs
peanuzanuu UMEIOIINECS] PECYPCHI | TPABOBHIE HOPMBHI,
- HUucTpymMeHTHI U | ¥ OTpaHUYECHUS UMEIOLINECS] PECYpPChl U
TEXHOJIOTHH, - Bribupats | orpannueHus
UCIOJIb3yeMble B OM3HEC- | ONTUMAaJIbHbIE - HaBbiku
AQHAJINTHUKE, JUISL | CIIOCOOBI pemenus | 3¢ dexTuBHOrO cOopa u
s dexTuBHOM pabOTHI ¢ | 3a7]a4  HA  OCHOBE | aHAM3a  TPEOOBaHUH,
JTaHHBIMHU UMEIONINXCS JAHHBIX U | QIalITUPOBAHHBIE  TIOJI
- MeTtonsl | pecypcos KOHKpPETHBIE  YCIIOBHS
MoJenupoBaHusl OusHec- | -  [lpuHEMaTh  BO | MpoeKTa
MIPOIIECCOB IUISL | BHUMaHUE OousHec- | - HaBbiku paboTel ¢
ONITUMHU3AINH U | KOHTEKCT u | 0azaMu  NaHHBIX, WX
yIy4dIIeHus Ou3HEC- | TEXHUYECKHE aHanmsa U
MPOIIECCOB BO3MOXKHOCTH IIPU | UCTIOJIb30BAHHUS TUTST
- OcHOBBI paboOTHl C | OUCKE pelICHUM MOJTYy4YEHUS LIEHHOM
Oasamu JTAHHBIX B|- YuuteiBaTh | HHGOPMALIUN
KOHTEKCTE OuzHec- | MOTPeOHOCTH - HaBbiku
AQHAIUTUKHY JIJISl aHAIM3a U | 3aKa34MKa W | BU3YyaIH3alluul JIaHHBIX
W3BJICUCHUS 3 pexTrBHO c HCITOJTh30BaHUEM
uH(popMaIun o0maThCcst ¢ HUM JIJIS | COBPEMEHHBIX
- [TpuHIMIEI | YCIIEITHOTO UHCTPYMEHTOB u
JOKYMEHTUPOBAHUS U | BHITIOJHEHUS TEXHUK JUIsi ymoOcTBa
IpeJICTaBICHUS MOCTaBJICHHOM 3a/1a4ll | UHTEPIIPETALIUU
pe3ynbTaroB aHanm3a c | - Paborare B koMaHze, | uHpopManmu
y4e€TOM  TMOTpeOHOCTEH | yuuThiBasi MHEHUS U | - Takxke  CTYIEHTBHI
3aKa3ynKa MO3UIUN  PA3JIMYHBIX | JOJKHBI OBITh TOTOBHI K
- TexHuku BU3yanu3aluy | yYaCTHUKOB MPOEKTA. | IPUMEHEHUIO METOJI0B
MAHHBIX U HArJISIIHOIO Agile u TPYTUX
MPEICTaBICHHUS MOJIXOJIOB K
uH(popMaluu u yIpaBICHUIO
BBISIBIICHUS BaYKHBIX MPOEKTaMU B KOHTEKCTE
TPEH/IOB U MMATTEPHOB Ou3HEC-aHATUTUKU JJIs
- IIpoueccer JOCTMKEHHUS  JIyYIIHX
POEKTUPOBAHUS u pe3yNbTaToB
yIpaBieHUS IPOEKTaMU B - YmMmenue 3¢pQHeKTUBHO
OHM3HEeC-aHATUTHKE, KOMMYHHULIUPOBAaTh U
BKJTIOYast MOHNMAaHHe paboTaTh B KOMaHJIE B
CPOKOB, OIODKETOB U pamKax MPOEKTA,
OTpaHUYCHUH. VUUTHIBAS ~ Pa3IMYHBIC

TOYKH 3peHHs U

WHTEPECHI.

Kon OIIK-6
KOMIIeTEeHIIUH

- OCHOBBI MAaTEMaTHIKH, | - pellaTh CTAHJAPTHEIC | - HaBBIKaMU
busuku, npo¢eCCHOHAIIbHBIC TEOPETHIECKOTO "




BBEIYHCINTEIbHOU 3aa4du C | 9KCIICPUMCHTAJIBHOT'O
TEXHUKA U | IPUMECHEHUEM UCCIICTOBAHMSI
[IPOrPaMMUPOBAHMUS; €CTeCTBEHHOHAYYHBIX | OOBEKTOB
- 3aKOHBI M METOAbl B | M OOIIEHMH)KEHEPHBIX | MPO(HECCHOHATLHON
O6J'IaCTI/I €CTECCTBCHHBIX 3HaHHﬁ, METOAOB | ACATCIIbHOCTH,
HAyK U MaTEMaTHKH; MaTeMaTHIECKOTO - HaBBIKAMH aHAIIN3a
- 3a/lauM | aHaIu3a U | 3a1a4
npodecCHOHAIbHON MOJICTUPOBAHUS, npodecCHOHAIBHON
ACATCIIbHOCTH, 3aKOHOB U | - MMPUMCHATH | ACATCIBHOCTH.
METOZIOB B OOJIACTH | TOJIOKEHUST 3aKOHOB U
CCTCCTBCHHBIX HAYK H | MCTOAOB B 06HaCTI/I
MaTEeMaTHKH; €CTeCTBEHHBIX HayK U

MaTEMaTHUKH;

3.2. Kpumepuu oyenku pe3yiomamos o0yuenus no OUCyuniune

Ixana
OIICHUB
aAHuA

HNuauxkaropsl
JOCTHIKEHHUS

Iloka3aTesiu OlleHUBAHUA Pe3yJIbTATOB 00y4YeHUS

OTJIMYHO/ 3AYTEHO

3Haer:

- CTYAEHT INIyOOKO M BCECTOPOHHE YCBOMJ MaTepHuall, YBEpeHHO,
JIOTUYHO, ITOCIIEA0BATENBHO U TPAMOTHO €0 M3JIaracT, ONUpPasCch Ha
3HaHUSA OCHOBHOW U JIOTIOJHUTEIBLHOM JINTEPATYpHI,

- Ha  OCHOBE CHCTEMHBIX HAy4yHBIX 3HAaHMHM  Jejaer
KBaJTM(DUIIMPOBAHHBIE BBIBOJBI U 0000IIEHHS, CBOOOIHO ONEPUPYET
KAaTErOpUsIMU U MIOHATUSIMHU.

VYwmeer:

- CTYIEHT yMEET CaMOCTOATENbHO M MPaBUJIBHO pelath y4eOHO-
npodeccuoHanbHble 3alaydl WM 3aJlaHusl, YBEPEHHO, JIOTHYHO,
IOCJIEI0BATENbHO M apryMEHTHMPOBAHO M3JIaraTb CBOE pELICHHE,
HCIOJIB3YS HAy4YHbIE IOHSTHSI, CChUIAsICh HA HOPMATHUBHYIO 0a3y.

Bnaneer:

- CTYZICHT BJaJICeT pallMOHAIBHBIMU METOAAMHU (C HCIIOh30BAHHEM
PAIMOHATLHBIX METOJUK) PEIICHUS CIOXKHBIX MPO(HECCHOHATBHBIX
3a/1a4, MPeICTaBICHHBIX JIETIOBEIMU UTPaMH, KelicaMu U T.1I.;

[Tpu penreHny MPOESMOHCTPHPOBAIT HABBIKU

- BBIICJICHUS TJIaBHOTO,

- CBSI3KOM  TEOPETUYECKHUX
PYKOBOJSIIINX JOKYMEHTOB,

- M3JI0’KEHHS MBICJICH B JIOTHYECKOM MOCIIEI0BATEILHOCTH,

- CaMOCTOSITEIBHOTO aHaNn3a (haKThl, COOBITHI, IBICHUH, TPOIECCOB
B UX B3aUMOCBSI3U U JINAJICKTUYCCKOM Pa3BUTHH.

MOJIOKEHUH C  TpeOOBaHUSIMHU

XOPOMLIO/3AYTEHO

3Haer:

- CTYIEHT TBEPAO YCBOWJI MaTepuall, IOCTATOYHO I'PAMOTHO €ro
U3JIaraeT, ONMpAasCh Ha 3HAHMS OCHOBHOM M JIONOJHUTEIBHOU
JUTEPATYPHL,

- 3aTpyaHseTCA B GOPMYIMPOBAHNN KBATM(HUIIMPOBAHHBIX BBIBOJIOB
U 00001IEeHH, OTIepUpYyeT KaTerOpHsIMU U TIOHSATHAMH, HO HE BCETaa
IPaBUJIBHO UX BEpUPUIMPYET.

VYwmeer:

- CTYZICHT YMEET CaMOCTOSTEIILHO M B OCHOBHOM IMPABUJILHO PEIIIATh
y4eOHO-IpOEeCCHOHAIbHBIC 33aJaud  WJIM  3aJaHus, YBEPEHHO,
JIOTMYHO, TOCJICIOBATEIIbHO M apryMCHTHPOBAHO H3JIaraTh CBOE
peleHre, He B MOJHOM Mepe UCTIOJb3Ys HAYUHbIC MOHSTHS U CCHUTKA
Ha HOPMATHBHYIO 0a3y.

Bnaneer:

- CTYACHT B ICJIOM BJIAZICCT PALIMOHAJIBHBIMU MCTOAAMHU PCHICHUS




CIIOKHBIX TPOGECCHOHANBHBIX 3a/1a4, MPEICTABICHHBIX JEIIOBBIMU
urpamu, Keicamu u T.J.;
[Ipu pemenuu cMor mpoJeMOHCTPUPOBATH JOCTATOYHOCTh, HO HE
TTyOMHHOCTBH HAaBBIKOB
- BBIICJICHUS TJIaBHOTO,
- U3JI0KEHHS MBICJICH B JJOTHYECKOH ITOCICA0BATCIHLHOCTH.
- CBSI3KU TEOPETUYECKUX TIOJIOKEHUH ¢ TPEOOBAHUSIMHU PYKOBOISIITIX
JIOKYMEHTOB,
- CaMOCTOSITEIBHOTO aHaln3a (haKThl, COOBITHH, IBICHUH, TPOIECCOB
B X B3aMMOCBSI3H M TUAJICKTUUYECKOM Pa3BUTHH.
3Haer: - CTYJIEHT OPUEHTUPYETCA B MaTepHalie, OJHAKO 3aTPYAHIETCS B €r0
M3JI0KCHUH;
- IIOKa3blBa€T  HEJOCTAaTOYHOCTh  3HAHMH  OCHOBHOM U
JIOTIOJTHUTEIILHOM JINTEPaTypPHI;
- cnmabo apryMeHTHUPYeT Hay4YHbIC TIOJIOKEHUS;
- TMPaKkTHYEeCKH HE CrnocoOeH chOpMyaupoBaTh BBIBOJIBI U
00001IeHHS;
- YaCTUYHO BJIAJECT CUCTEMOM ITOHSITHH.
VYwmeer: - CTYZICHT B OCHOBHOM YMEET PEHINTh Y4eOHO-MPOPECCHOHATHHYIO
3a/1avy WIH 3aJlaHue, HO JIOMYCKaeT OIMIMOKHU, CJ1ab0 apryMEHTHPYET
CBOE€ PpEILIECHHUE, HEJOCTATOYHO MCIOJIb3yeT HAay4dHble MOHATUS U
PYKOBOJSIINE TOKYMEHTHI.
Bnaneer: - CTYIOEHT BJaJE€eT HEKOTOPbIMU PAIlMOHAILHBIMU METOJIaMU
pelIeHusl CIOXKHBIX MPO(PECCHOHANBHBIX 3aJad, MPEICTaBICHHBIX
JENIOBBIMH UTPaMU, KeicaMu | T.11.;
[Ipu pemeHnn MPOAEMOHCTPUPOBAIT HEJOCTATOYHOCTh HABBIKOB
- BBIICJICHUS TJIaBHOTO,
- U3JI0)KEHHS MBICJICH B JJOTHYECKOH ITOCICA0BATCIHLHOCTH.
- CBSI3KU TEOPETUYECKUX TIOJIOKEHUH ¢ TPEOOBAHUSIMHU PYKOBOISIITIX
JIOKYMEHTOB,
- CaMOCTOSITEIBHOTO aHaln3a (haKThl, COOBITHI, IBICHUH, TPOIECCOB
B X B3aMMOCBSI3H M TMAJICKTUUYECKOM Pa3BUTHH.

KoMnereHiusi He 10CTUTHYTA
3Haer: - CTYJICHT HE YCBOMJI 3HAYUTEILHON YaCTH MaTepHaa;
- HE MOXET apryMEHTHUPOBATh HAyYHBIC MOJIOKCHHUS,
- He popMyIHpYeT KBATU(PHUITUPOBAHHBIX BHIBOJOB U 000OIICHUH;
- HE BIIaJeeT CUCTEMOM MOHATHIA.

YAOBJETBOPUTEJIbBHO/ 3BAYTEHO

VYmeer: CTYACHT HE IMOKa3zaJl YMEHHE pelarh y4eOHO-NpodecCHOHANbHYIO
3a/1a9y VI 3a/1aHHe.
Bnaz[eeT: HC BBIINTOJIHCHBI TpeGOBaHH}I, MpCaABABIACMBIC K HaBBbIKaM,

OIICHUBAEMBIM ‘‘yJIOBJIETBOPUTEIIHHO .

HEYJAOBJIETBOPUTEJIBHO/
HE3AYTEHO

Ilpu omeeme Ha 60npoOCyI 8 PAMKAX NPOXOHCOEHUSL NPOMENHCYMOYHOU ammecmayuu (3adem/
3auem ¢ OYeHKOU/ OIK3aMeH) OOnyckaemcsi B60bHAsL (QOpMYIUPOSKA oOmeema, No CMbLCILY
PACKpbIBalowjas cooepicanue omeemad, YKA3aHHO20 8 (PoHOe OYEeHOUHbIX cpedcms, 6 Kauecmee
8epHo20 omeema.

IIpu noozomoske omeema 6 pamkax NPOXOHCOEHUs. NPOMEHCYMOUHOU ammecmayuu (3auem/



3auem ¢ OyYeHKOU/ dIK3AMeH) O00YYAIOWUMC paspeuiaemcs UCnOIb308amsb KAlbKVIAMOp U
cnpasounvie mabauybsl.

4. TunoBble KOHTPOJIbHBIE 3a/laHUS (3AKPBITOr0, OTKPBLITOr0 W HMHOIO THIIA) IS
NpOBeJeHUsI NPOMEXKYTOYHOH aTTecTaluM, Heo0XoAUMbIe JUIA OLCHKH JOCTHAKEHUS
KOMIIETCeHIIUH, COOTHECEHHOI ¢ pe3yJbTaTaMH 00y4eHHs 10 JMCIUIIIHHE

1 CEMECTP
YK-1
1. Hatinure yncio anemeHToB 00beauHeHUst MHOKeCTB NUK, eciu N={31, 32, 34, 35} u
K={30, 34, 35, 36}.
OTtBeT: 6
Bo3MokHbBIN BAPHAHT OTBETA: HIECTh
2. Haiimute wmcno sneMeHTOB pasHocth MHOXKectB A \ B, ecimm A={1;2;4;6;8;10} u
B={0;2;4;8;9}.
Oteer: 3

Bo3MOKHBIN BADHAHT 0TBETAa: TPH

3. Haiigute yucno snemeHToB nepeceueHus: MHoxkecTB NNK, ecmu N={31, 32, 34,35} u
K={30, 34, 35, 36}.

OTtBerT: 2

Bo3MoxkHbBIN BApDHAHT O0TBETA: 1Ba

4. Haiinure yncio amemMeHToB pasHocTd MHOXECTB A \ B, ectm A={31, 32, 34,35} u

B ={30, 34, 35, 36}
OTBert: 2
Bo3MoxkHbBIN BApDHAHT OTBETA: 1Ba

5. JaiiTe onpeneseHne NOHATHIO «00beIMHEHUE MHOKECTB.

OTtBerT: O6’beI[I/IHeHI/IeM MHOXECTB Ha3bIBAIOT MHOXXECTBO, COCTOAIIECC HN3 BCCX OJICMCHTOB,
IMpUHAJICKAIINX XOTHA OBl OOTHOMY U3 3TUX MHOKCCTB

6. [aiiTe onpenesieHne NOHATHIO «IlepecedeHHe IBYX MHOKECTB.

OtBer: IlepeceyeHneM [BYX MHOKECTB Ha3bIBAIOT MHOKECTBO, COCTOsIllee M3 OOIIMX
3J1IEMEHTOB 3THX MHOKECTB

7. Hdononmaute nipemnoxenue: «Ecnmu {x,} - 6eckoHEeYHO OOJbINas MOCIEN0BATEILHOCTh U BCE €€
YIeHbl OTJIWYHBI OT HYyJS, TO TMOCIeAOBaTeIbHOCTh {1/Xn} — OECKOHEUHO
MIOCJIEIOBATEBHOCTEY. HamuInTe OTBET B COOTBETCTBYIOIIEM IMAJICIKE.

OTtBer: majast

8. Jononuure npemioxenne: «Ecimn {Xa} - OECKOHEUHO Maiasi MOCIeI0BaTeIbHOCTh U Xn # 0,
TO TOCJEAOBATEIbHOCTh{1/Xn} — OECKOHEUHO [I0CJIENOBATEIBHOCTRY. HaIluImmre OTBET B
COOTBETCTBYIOIIIEM MaCKeE.

OTBerT: 00JbIIAsA

9. Vkaxute, ueMy paBeH MpeAe YUCIOBON NOCIEN0BATEIbHOCTH: n+4
Otsert: 0



. 3n2-n+2
limy, oo ——0

o 2 -1
10. Ykaxute, yeMy paBeH Mpeesl YUCIOBOM MOCIEI0BATEIbHOCTH: né+5n-1
Otsert: 3

5 n+1
. limy, o0 (1 + —2)
11. VYkaxure, yeMy paBeH Mpeaell YUCIOBOU MOCIIEeI0BATENbHOCTH i

Otser: 1
“m 2tgx+sin2x
x-0
12.  Kakomy unciy Oyzaer paBeH npeaen QpyHKIUH: * 7
Otser: 4
lim —\/'\_- -1
13.  Kakomy umciy Gyer paseH npeaen GyHkmun * r X~ — X ?
OTtBer: 0,5
Bo3moxubiii BapuanT orBerta: 0.5
lim,_,, X2
'1
14. Kakomy uncny Oyner paBeH npezaen GyHKIuu * x2=1 . 9
OtBert: 1,5
Bo3mo:xHbIil BapuaHT oTBeTa: 1.5
xX-5
15.  Yemy paBHO YMCIIO TOYEK Pa3pbiBa (PYHKIMH V=% 3(x2+1)(x-1)% 9
Otser: 2
1 CEMECTP

OIIK-1

1. Uemy OyneT paBHO 3HAUCHUE @ TIPU BBIYUCIICHUU TIpeiena

2 ax
lim,._, o (1 +—) = e®

X
OTtBet: 3

F(x):§x3+2x2+x+1

2. Ilpm xakux a, OGyHKIUA SIBISICTCSL  TIEPBOOOPA3HOM

flx) = (2x +1)32
OTBet: 4
tgax _ 2

lim, o

3. YemMy Oyzer paBHO 3HAYCHHE a TIPU BBIYHCICHHUH MpeIesia
OTtBert: 16

TS

4. HaiinuTe 3HaYeHUE MapaMeTpa a, P KOTOPOM Ha BCeil YMCIIOBOM MPsAMON HenpepbIBHA (QYHKIIUS

2
_(x*+2mnpux<a,
f(x)_{4x—2npnx>a

OTtBert: 2

5. Haiinute 3HaueHue mapaMeTpa a, Ipxu KOTOPOM Ha BCeil YMCIIOBOM MPsAMON HenpephIBHA (QYHKIINS

3* —anpux <0,
sinx mnpux >0

fe) =1

OTtBer: 1



6. Uemy paBeH rpaIu€HT B TOYKE MakCUMyMa G yHKITHH?

OtBeTt: I'pagueHT B TOYKe MaKcUMyMa (pyHKINH paBeH ()

Bo3moxkHbIi BapuaHT oTBeTa: I'pagneHT B TOUKe MAKCUMYMa (DYHKIIMU PABEH HYJII0
Bo3mo:xHblii BapuaHT oTBeTa: ()

7. UeMy paBeH auddepeHnnan mocTOSHHON?

OTtBeTt: muddepeHuan nocTossHHoN paBeH 0

Bo3MoxkHBIii BApHAHT 0TBeTa: AU epeHnran mnocToOTHHON paBeH HyJII0
Bo3moxknbiii BapuaHT orBerta: ()

8. IlycTh B TOUKE X9 HapylIaeTcsl yCIOBHUE HempepbhlBHOCTU. Koraa Touka xo Ha3bIBACTCS TOUYKOU
pa3pbiBa nepBoro poaa GyHKIMH f(x)?
OtBet: Koraa cynecrBylOT KOHeYHbIE OJTHOCTOPOHHME NMpeaesabl PYyHKIMH B ITOH TOYKe.

9. ITycTh B TOUKE X9 HapylIaeTcs yciaoBue HempepsiBHOCTH. Korma Touka xp Ha3bIBa€TCs TOUKOU
pa3pbiBa BTOPOTo pojaa GyHKIUH f(x)?

OtBet: Korga xorsi ObI 0OJMH U3 OJAHOCTOPOHHMX NpeaesaoB QYHKIUM pPaBeH 0EeCKOHEYHOCTH
WU He CylIecTBYeT.

10. BeiGepuTe npaBuiIbHBINA BapuaHT OTBETA. Y Ka3aTbh, KAaKUE U3 MEPEUNCICHHBIX ()YHKIIUN

OCCKOHEYHO Majible mpu X —0: Ecin (GYHKIHMI HECKOJIBKO, TO TIEPEUUCTUTD UX Yepe3 3amsaTyio 1
npo6eJt 1Mo BO3pacTaHUIo

X
| Y=z 3 y =sin—
X S. 3
1
10
=X =
2. 7 4. Y= Cos3x

OtBet: 2,3
Bo3moxkHbIl BapuaHT oTBeTa: 2, 3

11. Beibepute npaBUIbHBINA BapuaHT OTBeTa. B KakoMm citydae He MOXKET ObITh TPUMEHEHO MTPABUIIO
Jlonurans AJI HAXOXKACHUA IMpeacia:

I X I x + sinx
im —— im
1. x—owx2 —1 3. x—00 X

e*+3
V1i+x g lim——

2. lim x—00 X2

x->-1x2—1
OTtBer: 3

12. BuibepuTe PaBHIBHbIN BapuanT otBeta. [Tycth [Max—c—of () = =0 mlimy o f(x) = 2,
TOT/Ia TOYKA X=C SBIACTCS s QYHKIINH f(X), TOUKOH ...

1. HEyCTpaHWMOTO pa3phiBa MEPBOTO PoOJia

2. yCTPaHHMOTO pa3pbIBa MEPBOTO poja

3. pa3pbiBa BTOPOro poaa

4. HenpepbIBHOCTH

Ortsert: 3) paspbiBa BTOPOIo poaa



13. Bri6epute MPaBUJIbHBIN BapHaHT OTBETA. N3BecTHO, 4TO

im0 f (x) = 2 liMyocyo f(x) = 2:flc)=2. Torma mist yHKIMHA f(X) TOUKA ¢ SABISETCS TOYKOM. ...
1) HeycTpaHMMOro pa3pbiBa MEPBOTO poja
2) yCTpaHHMOTO pa3pbiBa MEPBOTO poja
3) pas3pbiBa BTOPOro pojaa
4) HenmpepbIBHOCTH
OtBeTt: 4) HeNPepbLIBHOCTH

14. YcraHoBUTE COOTBETCTBUE MEXIy rpaduxamu (QyHKUUN y=f(x) U XapaKTEpPUCTHKAMH 3TUX
byHKIHIA:

I'padux XapaKkTepHCTHKA

f'x) <0

1 / A f”(-\.} <0
[

f'x) <0

[}
o}

fn(‘\.} >0

'@ >0

3 B ") >0

y

>

f'x)>0

4 / r fn(.\.} <0
-/ >

Ortser: 1T, 2B, 3A, 4B

15. YcraHOBHUTE COOTBETCTBHE MEXKY BUAOM (DYHKITNU U € Ha3BaHUEM:

BHI QYHKIHH HaszBaHHe
JTHHEeHHAag

1 y = x" A
2 y = a* b CTEII€HHAaA

k
3 y=— B ¢

X IIoKa3aTelbHas
4 y = kx+ b r oﬁpama;[ IIPOMOPIHOHATHEHOCTh

Otset: 15, 2B, 3T, 4A



1 CEMECTP
YK-2

1. YUemy paBeH mpejes Ipor3BeACHUsI KOHEYHOTO YUCiia QYHKIUN?
OtBet: IIpenesn npousBeneHnsi KOHEYHOI0 YNCJIa (PYHKIMA PaBeH MPOU3BEIEHUIO NPeaeioB
ITHX (PYHKIMH.

2. JlaiiTe onpeneneHre MOHATHIO «KKPUTHYECKHE TOUKU QyHKIHI».
OTBeT: ITO TOYKH, B KOTOPBIX NPOU3BOAHAA QyHKIUM paBHA () MJIM He CylIeCTBYeT.

3. BriOepure npaBWIBHBIA BapuaHT OTBETa. YKa3aTh YHCIOBOW IMPOMEXKYTOK, Ha KOTOPOM

y=vx2-1
orpeneneHa GyHKIus

1) (0;+o0)
2) [0; +o0)
3) (1;+)
4) [1; +o0)
5) (- 05-1] U [1; + 0)

OtBer: 5) (-03-1] U [1; + )

4. BpiOepuTe mNpaBUIbHBIA BapuaHT OTBETA. YKazaTh YMCIOBOW TMPOMEXKYTOK, Ha KOTOPOM

ompezaeneHa QyHKITHIS . b 2+1 .
1) (-00; +00)
2) [0; +o0)
3) (1; )
4) [1;+o0)
OtBet: 1) (-00; +0)

5. BriOepute mpaBUIBHBIA BapWaHT OTBETA. YKa3aTh YHCIOBOM IMPOMEXKYTOK, Ha KOTOPOM

Y =T
Vx 1
onpeneneHa GyHKIIHA
1) (0;+0)
2) [0; +o0)
3) (1; +o)
4) [1; +o0)

5) (- 03-1) U (15 + 0)

OtBert: 5) (- 0;-1) U (15 + )

6. Bribepute mpaBWIbHBIA BapuaHT oTBeTa. UYemy paBeH YriioBOH KOI((UIMEHT KacaTelbHOM,
MIPOBECHHON K TpaduKy PyHKIIMH B HEKOTOPOM TOUKE?

1) OtHoueHuto 3Ha4eHus1 GYHKINUU K 3HAUEHUIO apTyMEHTa B 3TOW TOUYKE

2) 3HavyeHUI0 NPOU3BOAHON QYHKIIUM B ITOI TOYKE

3) 3nayeHuro QYHKIMH B 3TOH TOUKE

4) 3navenwnto aguddepennnana GyHKIMA B 3TOW TOUKE

OrtBet: 2) 3HaYeHHMIO NPOU3BOAHONH QYHKIINH B ITOH TOUYKe



FQx) = srf—x-

7. Beibepute npaBUiibHBIN BapuaHT oTBeTa. OnpenenuTh TOUKH pa3pbiBa GyHKIIUN
yKa3aTh KaKOro OHM THUIIA.

1) x=0, rouxa pa3psiBa I poga

2) x=1, Touka pa3psiBa I poma

3) x=0, rouxa pa3psiBa Il pona

4) x=1, Touka pa3psbiBa Il poaa

5) ¢yHKIMS HEnpepbIBHA

OtBet: 4) x=1, Touka pa3psia II poxa

b

8. BriOepuTe npaBuiIbHBIN BapuaHT oTBeTa. ONpenenuTbh TOYKH pa3pbiBa (YHKINH, YKa3aTh KAaKOTO

f(.r)={3x_4' x=22

OHM THIIA. x“+1,

2 x<2
1)

Xx=2, TOYKa pa3psbiBa I poaa
x=0, Touka paspsiBa | pona
x=0, Touka pa3psiBa Il pona
x=2, To4ka paspsiBa Il pona
(byHKIMS HEenpepbIBHA

: 1) x=2, Touka pa3psiBa I poaa

9. B Buze kakoi GhopMybl MOXKHO chOpMyIHMpOBATH TIEPBBIN 3aMevaTeNIbHBINA TIpeaen’? Beioepure
[IPaBUJIbHBIN BapUAHT OTBETA.

. 1Y ) sinx
L. 11m(1+—j =e 3. limy,o—=1
X—>L X
1 l sinx
2. lim(l+a)e=e 4. lmy o —==1
a—0
OtBet: 3

10. B Buze xakoii popMyIibl MOXKHO ¢(HOpMYIHUPOBATh BTOPOHM 3aMedaTeNbHbIi npenen? Beibepute
NpaBIIBHBIN BapUaHT OTBETA.

X 1
1. llm(l'f'lj =cC 5. limx—»oo(]- +1)x=e
X >0 X X
. sinx ) sinx
2. im22E 4. lim,,o—=1
x-0 ¥ X
OTtBer: 1

11. YcTaHOBUTE COOTBETCTBHE MEXAY IMOCIEAOBATEIBHOCTAMH M (HOPMYJION OOIIero 4jieHa 3Tou
I0CJIEI0BATEIbHOCTH!

HOCHCHOBQTCHBHOCTB CDopMyJIa 06HI€FO et
IIOCJIICJ0OBATCIIBHOCTHU
R A la =—1
710" 13" " n-(n+3)
1
2 1; —_— L b a, =-
4 10 18 3n+4
|
39 19 2n° +1




Otser: 1B, 2A, 3B

12. YcTraHOBUTE COOTBETCTBUE MEKY NTPEAEIaMU U UX 3HAYECHUSIMU:

Ilpenen 3HaueHNe npeaena
3 ...
. x"+6x+3
v y? —4x” +1
Vi —~
. X +06x+5
2 | lim ———— b 1
vy —Qx? 41
. X +9x+7
v 7 4+ 0x +1

Otset: 1B, 2B, 3A

13.YcTaHOBUTH COOTBETCTBUE MEXTY QYHKIIMEH M XapaKTepOM pa3pbiBa B TOUKE x=0):

DyHKIHA XapakTep pa3psiea

x+1 npn x =0,
0 npux=0, A | Heverpanumelii paipsis HepROro pojia
1—=x npux<0.

| y=

b | Yerpannsenii pazpeie nepeoro poia

. _{x+1 npu x = 0,
Y= lx—1 npux<0

1

2x?—x

3 y= B | Pasprie gToporo poja

Otser: 1B, 2A, 3B

14. YcTaHOBUTH COOTBETCTBHE MEXY (DYHKIMEH U OHOMN U3 €€ aCHMITOTOM:

DOVHKIUA AcuMnToTa
1 _ A y=x+1 ABJISIETCA  HAKJIOHHOI
y= x . ACUMIITOTON
x=0  gBIAeTCAd  BEPTHKAIbHOII
2 y=1+—o B ’ l
x—1 aACUMIITOTOMN
3 x? B y=1 ABJIAETCI TOPU3OHTAIBbHOI
) T x—1 ACHMIITOTOM

Ortset: 15, 2B, 3A

15. Ilycte ¢ynkumsa y=f(x) nBaxnasl auddepeHuupyema. YCTaHOBUTE COOTBETCTBHE MEXKIY
XapaKTepUCTHKaMU (QYHKIMH ¥ HEOOXOAMMBIMH YCIOBUSAMH, HAJIOKEHHBIMH Ha 3TH (QYHKITUH:



XapaKTepHCTHKa HeoGxoaumble YCIOBUS
1 | MuruMyM (pYHKITHH y=/(x) B TOUKE Xo A f'(x)<0
2 | MakcumyM (pyHKIHH y=f(x) B TOUKE X¢ b f"(x)=0
3 | Touka neperuda pyHKIUU y=Ff(x) B TOUKe x9 | B f"(x)>0

Otser: 1B, 2A, 36

2 CEMECTP
YK-1
1. Yewmy 6yzer pasHa nponssogHas GyHKiMu y=e>** B Touke x=27
OTser: 2

2. Yemy paBHa npousBoaHas GpyHkmuu y=-20 ?
Otsert: 0

3. Uemy paBna F'(5), ecnu F(x) — nepBooOpazHas GpyHKIus ot f{x)=2x-5, yIOBICTBOPSIOIIAs
ycnosuto F(0)=0?
Otger: 0

4. Ecmm muddepennupyemas Ha mpoMexxyTke X GyHKIMs y=f(x) JOCTUTaeT HauOOIBIIETO W
HAUMEHBIIIETO 3HAUCHUS BO BHYTPEHHEU TOUKE X9 dTOTO MPOMEKYTKA, TO f '(Xp) =

OTtBer: 0

5. Jomnonnute npennoxenne: «OyHKus f(x) BBIMyKIa BHU3 Ha HHTEpBaJe (a, b), ecaun
f"(x) HyJs». HannmmTe oTBET B COOTBETCTBYIOLIEM MAIEXKE.
OTtser: 0oJb1IC
Bo3MoskHbIN BapHaHT: >

6. Jonomuute npemioxenue: «OyHkius f(x) BBITyKJIAa BBEPX HAa HHTEpBaie (a, b), ecnu
") HyJIs». HanmummTe oTBET B COOTBETCTBYIOIIEM ITaICHkKe.
OtBeT: MeHbIIE
Bo3moxkHbIl BapuaHT: <

__ x+5
y Y =1
7. Haiiaure u 3anummre Npou3BOAHYIO GYHKIUN B TOYKE x=1.
Otser: -1
) — 3 —
8. Haiiaure 1 3amummTe TOYKy MUHIMYMA QYHKIUH Y 2x 24x +3
Otser: 2
9. HaiiuTe 1 3anUIIATE TOYKY MakcuMyMa Gyrkmun Y = —X° — 12x + 4.
Otger: -6

10. Yemy paBHa f(1), eciu f{x) —takas GpyHKIHs, uTo F(x)= x’+5x+1 sBnsercs ee
nepBooOpazHoit?

OTtBer: 8



11. Hanummure, 4TO XapakTepu3yeT MPOU3BOAHAS 10 HAMPABJICHUIO z7 7.

Otser: Ilpou3BoaHasi MO HaNpaBJICHHIO I/ XapaKTepu3yeT CKOPOCTb HM3MeHEHHs
(YHKUIMH B 3TOM HANIPABJICHHUH.
B03MOKHBIN BapHAHT OTBETA: XapPaKTEPH3yeT CKOPOCTh U3MEHEHUs (PYHKIUHM B 3TOM
HAIIPaBJICHUH.

12. JlaiiTe XapakTEPUCTUKY HEOIPEIACICHHOMY HHTErpaily OT QYHKIIHH f(X).
OtBer: HeonpeneieHHblii MHTerpaa or (yHKumMi f(x). — 3T0O COBOKYNHOCTb BCeX
MepBO0OPA3HBIX JaAHHON QYHKIIUM.
Bo3Mo:kHBIIi BADHAHT OTBETAa: COBOKYITHOCTH BCeX NMEpPBO0Opa3HbIX JaHHON (PyHKIMH.

[ xtdx
13. Uemy paBHO 3HaUYCHHE OMpPEACICHHOTO HHTEerpana ~0 ?

Otger: 0,2
Bo3mo:xublii BapuanT: 0.2

2, 5 .
x“ + 3)dx
14. Yemy paBHO 3HAUCHHE ONMPEICICHHOTO HHTErpaia f —1( ) ?

OTtBer: 12

1
xe*dx
15. YeMy paBHO 3HaUE€HHE ONPEIECIEHHOr0 UHTErpajia

OTtBer: 1

2 CEMECTP
OIIK-1
1. Kak HaspiBaercsa GpyHkius F(x) Mo oTHOIIEHUIO K GyHKIUH f(x), ecnu F(x)=f(x)?
OtBet: nepsoodpasHas
Bo3MoxkHbBIN BApHAHT OTBeTA: ePBOOOpPa3HOI

2. Uemy paBHa npou3BoHast QyHKIHHU y=5x-2

OTtger: 5
lim 2x
X0 341
3. Uemy paBeH npenen GyHKIUN ?
Otger: (

y = x3 — B ¢ —
4. Haiiwte v 3anummTe TouKy nepern6a Gynkuun ¥ = X — 24x7 +2x — 1

OTtBer: 8
OO6ocHOBaHMe: HCITOIB30BAHKE OTIPEICIICHUS TSPMHUHA TOYKH TTepernoa

5. UYemy Gyner paHa npousBoxHas Gpyukuun 2 — X €O5% g pouke x=0?
Otser: 1
OO0ocHOBaHMe: WCHOJB30BaHUE TpaBwia Ju(QepeHIrpoBaHUS NPOU3BENEHHUS JIBYX
byHKIHHA

X
B Touke x=07?

=Xx-e
6. UYemy Oyner paBHa nIpou3BOHAS PYHKIIUU Y
Ortser: 1
OO0ocHOBaHMe: HCIIONIb30BaHUE TpaBwia JTUGPEpEeHIUPOBAHUS TPOU3BEICHHUS IBYX

byHKIMHA



7. B kakoM ciyyae psii Ha3bIBaeTCsl CXOAAIUMCs?

OtBer: B TOM ciayuae, ecqu CymecTByeT KOHEYHbI mpeaesJ IOCJeI0BATEIbHOCTH
YAaCTHYHBIX CYMM psia.
1
D

8. lonmonuute npennoxenne: «OO000MCHHBII TapMOHUYECKHHA psii  "=1  CXOAWTCS, €ClU a
_I».

OrtBer: 0oJibLIe

Bo3Mo:xHbIi BapHaHT: >

[ee]

Z 9—nx2n
?

9. YeMy paBeH paanyc CXOIUMOCTH (DYHKIIMOHAILHOTO psiga n=1

Otsert: 9
x2n—1
571
10. Yemy paBeH paguyc cCXOAUMOCTH (QYHKIIMOHAIBHOTO psima =1 ?
Otsert: 5

11. V3 gaHHBIX pAOoB BbIOpaTh cxopsuecs. Eciau BapHaHTOB HECKOJIBKO, TO MEPEUUCIUTh UX
yepes 3alATyI0 U IPo0est 10 BO3PACTAHUIO.

OtBet: 1,3
Bo3mo:xublii Bapuanr: 1,3

12. BriGepuTe mpaBUILHBIN BApUAHT OTBETA.
N3BectHO, uTO psan u;+ uz+ uz+...+ uy+... cxogurcs. Torma pang uqgt us+...+ un+...
1. cxoauTcH
2. pacxoauTcs
3.  MOXET CXOOUTHCS, & MOXKET PACXOIUTHCS
Otger: 1) cxogurcst

13. BeiOepuTe npaBuiIbHBINA BapUaHT OTBETA.

00

- Y,
lim,, e u, =0,

Ecmu ~ 7 rtopag n=1
a) CXOIUTCH
0) pacxoauTcs
B) MOeT CXOAUTHCS, 2 MOKET PACXOAUTHCS
OTBeT: B) MOXKET CXOAUTHCH, a MOKET PACXOAUTHCS

14. aiite onpenenenue noHaTuio «HecodcTBeHHbIii HHTErpaJ 1 poga»
OTtBet: HecoOcTBeHHBIN HHTETpaT | posia — 3TO ONpeIesIeHHBIN HHTErpajl OT HEMIPEPHIBHOM



byHKIIMH, ¢ 6ECKOHEYHBIM TPOMEXYTKOM HHTETPUPOBAHUS

15. laiite onpenesieHue noHATUIO «HecoOCTBEeHHBIM HHTErpaJ 2 poaa»

OtBer: HecoOcTBeHHBI HMHTErpanm 2 poga — 3TO OINpPENENCHHBIH HHTErpal C KOHEYHBIM

IPOMEKYTKOM MHTETPUPOBAHUS OT QYHKIIUHU, UMEIOIIEeH HA HeM O€CKOHEUHBIH pa3phiB

2 CEMECTP
YK-2

1. BoiGepute mnpaBwiIbHBIA BapwaHT oTBeTa. [lpu kakoMm ycnoBuu GyHKOHS f(X) HMeEeT

YCTPaHUMBIH Pa3pbIB B TOUKE C ?

1. lim 7(x)=-5; lim f(x)=-5:f(c)=0;
2. lim f(x)==5; lim f(x)=5;flc)=5;
3. Iim f(x)=-5: lim f(x)=-o :
x=>c=-0 x=>c+0
4. Nim f(x)=-5; lim f(x)==5;flc)=-5.

OTtBer: 1

2. Kakoii Buz uMeet npousBoaHas GpyHKIuK y=sin*5x? Beibepute NpaBUIIbHBINA BADHAHT OTBETA.
1. 20sirn?(5x);
2. 20-cos(5x) sin’(3x);
3. 20cos’(5x);
4. 4-cos’(5x).
Otser: 2

3. Haiigure npoussoanyio Gpynkuuu Y = X et . BeiOepuTe npaBrIIbHBIN BapUaHT OTBETA.
1. 20x3- e

4x3 . eSx

4x3 - 5% + 5x*- e

20x3 - 5% 4 x* - e>X

4x3 + 5e°%
Otsert: 3

N = W

— 6. i
4. Haiigure npousBoanyio ¢pyukuun J — * S 2x Bri6epuTe npaBrIIbHBIN BapUaHT OTBETA.
1. 6x° - cos 2x
2.12x5 - cos 2x
3.6x° - sin2x — 2x%- cos 2x
4. 6x° - sin 2x + 2x° - cos 2x
Otger: 4

5. JlonosHuTEe TpEIIOKEHUE: «3HAKOMEPEMEHHBIA Psii HA3bIBACTCA 3HAKOUEPEOYIOUUMCA, €CIIU

».
OTBeT: J100BI€ ABA PAJAOM CTOAIIUEC YJICHBI pA/ia UMEIOT MPOTUBOII0J0KHBIEC 3HAKH.

oy + Uz + gt u,
6. Jomomuute mnpemiokenue: «Psm Uy ™ Uy ™ U3 T UL Ty

cxod;mqumcn, €CJIIn ».
OTtBer: CXOAUTCHA psAn, COCTABJIEHHBIH U3 A0COJIOTHBIX BEJIMYHH €ro 4JeHOB.

" Ha3bIBACTCS aAOCOIOMHO

7. BeiOepuTe npaBuIbHBINA BapuaHT oTBeTa. Korna mpumeHsieTcss MeTol 3aMEeHbI IIEPEMEHHON TTpU



BBIUMCJICHUH HEONPEEIEHHbBIX HHTETPaJIoB?
1) TlogbHTerpanbHas GyHKIUS SABISAETCSA CTEIEHHON
2) TlomprHTErpansbHOE BBIPAKEHUE COACPKUT MHOXUTENH GYHKUUU [n(x), arccos(x),
arcsin(x)
3) IloabiHTerpajibHasi QyHKIUA SABJIAETCH CJI0KHOM (PyHKUMEH, MPUA 3TOM OJHA W3
(GyHKumit ABJIAETCH NPOU3BOAHON APYIroM (PyHKIMHU
4) @yHKIUA runepooIMIecKas
Oteer: 3) IloabiHTerpajibHass PYHKUIMSA SIBJISAETCH CI0KHON (PyHKIMel, IPH 3TOM OJHA M3
¢yHKumii ABJAsIeTCS MPOU3BOAHOM APYrol PyHKIMH

8. Beibepure npaBuiibHBIN BapuaHT oTBeTa. K kakomMy THITY IPHHAIIICKUT IMOCTIEA0BATEIBHOCTD |y,
n
an =
3a1aHHas (OPMYIIOH N — ro 4IeHa n+129
1) Bo3pacrawinas
2) VYoOsIBaromas
3) HeorpanuyeHnas
4) OrpaHnyeHHas
OtBet: 1) Bo3pacrawimas 4) OrpaHudeHHast

9. BbiOepuTe HECKONBKO BEpHBIX BapUaHTOB OTBETOB. K KakoMy THIy NPHUHAIJISKUT
NOCJIEI0BATENBHOCTS |y, 3a71aHHast GOPMYIIOHN n — IO WwieHa a,=(-2)"?

1) Bo3pacrawinas

2) VYoObIBaromas

3) HeorpanuveHHas

4) OrpanuueHHas

Ortser:

1) Bospacraromas 3) Heorpanuiyennas

10. BriGepute npaBUiIbHBIN BapuaHT 0TBeTa. KakoMy BBIpaKEHHIO COOTBETCTBYET BTOPAs YacTHAs

n
7"
npousBogHas Y s QyHKIMH

I. 2y+ef 3. 2y

e o x
z=xy“ +e 9

2. 2Zxy+e 4. 2xy

OTtBer: 3

11. YcTaHOBHUTE COOTBETCTBHE MEXKIY (PYHKITUSAMH M XapaKTEPUCTUKAMH 3TUX ()YHKITHIA:

OyHKINA XapaKTepuCTHKa
1 Juddepennupyemas ¢yskmus  fix), | A | fixo) =< f(x)

2 | Juddepenmupyemas ¢yukmus  fix), | B | f'(x) <0

3 | Touka X0 HazbIBaeTCs Toukoit | B | f'(x) =0
MakcuMyma GyHKIHH y=f(x), A1 BCeX X
I3 HEKOTOPOIl OKPECTHOCTH

4 Touka xo Ha3pIBaeTcs Toukoil MmuamMyMa | I | fixo) = f(x)
¢yHKkuuu y=f{x), 11 BceX x U3
HEKOTOPOIl OKPECTHOCTH

Ortser: 1B, 2B, 3I', 4A




12. YCcTaHOBUTH COOTBETCTBHE MCKAY HCOIMPCACICHHBIMHU HWHTCIrpaJlaMU WA HpOH3BO[[HOfI C UX
3HAYCHUCM!

VHTerpaa uin npou3BogHas 3HaueHHe
1 f dx A 2x
2 f x dx b 1
3 © B 0
4 *) r x+C
. x2
5 (x°) it S +C

Otset: 1I', 2]1, 3B, 4b, 5A

13. YcTaHOBUTH COOTBETCTBUE MEKY UHTEIPAJIOM U €70 3HAYEHUEM:

Heornpe e TeHHEII HHTErpasl 3HaueHHe
dx 1
N A|—-=+C
X x
2
X
2 J x dx b | —+¢C
2
1
3 22 dx B | In|x|+C

Ortset: 1B, 2b, 3A

14. Yka3arh METOJ MHTETPUPOBAHUSI TP BBIYMCICHUN HEONPEEICHHOTO MHTErpaa:

HeomnpeneneHHEsI HHTErpal MeTox HHTeTrpHPOBAHHSA
1 f x cosx dx A | HemocpeacTeeHHOE
2x "

2 —_—  dx b | 3aMmeHEBI nepeMeHHOIH

x(x?2+5)
3 f ad dx B | HHTerpupoBaHHe 110 4acTAM

x? +1

3

4 f (x 2 _2x+ ;) dx I' | IHTerpHpOBaHHs pallHOHATBHEIX () YHKIIHIH

Otset: 1B, 2T, 3b, 4A

15. YcraHoBHTE COOTBETCTBUE MEXKY (PYHKIMSIMH U UX PA3JI0KEHUSIMU B CTETICHHBIE PSAIbL:



OyHKIHH PaznoxeHue B psan
2 3 4
X X X
1 e”* A l+—+—+—+—
o2t 3 4
3 5 7
X X S
? cos x T
2 4 6
X X =z
. (XX X
3 sinx B R
OTtBet: 1A, 2B, 3b
3 CEMECTP
YK-1

1 Yemy paBeH KBaJipaT MHUMOMW €TUHUIIBI?
1)1
2)-1
3)i
Oteer: 2) -1
2 BbIYMCIHUTH NPOBeIeHHEe KOMILIEKCHBIX yuces (4 + i)*( 3 + 2i)?
1) 10-111
2) 10+11i
3)12+13 i1
Otser: 2) 10+11 i

O6ocHOBaHHUeE: nmpasBuJjia JAeHCTBHIl ¢ KOMILIEKCHBIMH YHCJIaAMH

3 HaiiTu Moay/1b KOMILUIEKCHOTO Yynca z=4+3 i
1) 25
2)51
3)5
OtBeT: 3) 5

4. HaiiTu apryMeHT KOMILJIEKCHOT0 Yucaa z=5+5 i, oTBeT aaiiTe B rpajaycax B MpPOMexXyTKe

(0;211)

1)90
2) 180
3)45
OtBet: 3) 45
5. JlononHuTe MpEIIOKEHUE: «KOMILJIEKCHBIE YHcJaa a + bi m a - bi Ha3wBaroTCs ».

Hanummure oTBET B COOTBCTCTBYIOIIICM IMAACKCE.

OTBeT: cCOnpsIzKEeHHBIMH
Bo03MoOKHBI BAPHUAHT: B3aHMHO CONMPSKEHHBIMH

Oo0ocHOBaHHe: MPaBUJIA AeHCTBUIl ¢ KOMIJIEKCHBIMHU YUCJIaAMU



x+3

o = 2_5y—
6. Haiinute Touku paspbiBa GyHKIIUN X“—5x—24  Ecnu Todek pa3pbiBa HECKOIBKO, TO

NEPEYHCITUT UX Yepe3 3aIsITyI0 | TPOoOeJI 10 BO3pacTaHUIo.

Otser: -3,8

Bo3mo:xHblii BapuaHT: -3,8
X—5

o Y =3
7. HaiiguTe 1 yKaXUTe TOUYKH pa3pbiBa PyHKITUH X“=x _ Ecnu TOYeK pa3pbiBa HECKOJIBKO,
TO MEPEUYUCTUTH UX Yepe3 3aMATYI0 U MPoOeT o BO3PACTaHUIO.

Otger: 0,1

8. Bpruncnuth cymMmy KOMITIEKCHBIX ymcen (4 + 1)+( 3 + 21) u 3anucaTh ero 1eHCTBUTEIBHYIO
4acTh

OTtBer: 7
O6GocHoBaHue: NMpaBWJIA 1efiCTBUIl ¢ KOMILJIEKCHBIMH YUCJIAMHU

9.Kakomy unciy OyaeT paBeH yrioBoi Kod()PHUITMEHT HAKIIOHHON aCUMIITOTHI rpadrka G yHKIIHHA
x+3x?

_x+2 ?

OTtBet: 3

10. Yemy Oyner paBeH yriaoBod Ko3(pQUIMEHT HAKIOHHOW acUMMNTOTHI rpaduka (GyHKUHUN
2x—x2

x-1 9
OTtBert: -1

11. B uem cOCTOUT reOMETPUYECKNN CMBICII KOMIUIEKCHOTO YHUCIIA Z = X + i
OTBeT: KaX10My KOMIUIEKCHOMY UMCITY CTABUTCSI B COOTBETCTBUE TOUKAa HAa KOOPAMHATHOMN
IUIOCKOCTH

12. JlaiiTe onpeneneHne MOJYJIsl KOMIUIEKCHOTO YHCIIa
OTBeT: MOYJIb 3TO PACCTOSTHUE OT HayaJla KOOPAUHAT A0 COOTBETCTBYIOLIEH TOUKM KOMILIEKCHOM
ILIOCKOCTH

+00o -3
7 (e + 1) 3dx
13. Uemy paBen HecoOCTBeHHbII uHTerpan * ° ?
OTtBer: 0,5

Bo3mo:xnbiid Bapuant: 0.5
O0ocHoBaHMe: NPABUJIA HHTETPUPOBAHUSA



[ 2 dx
3 x2

14. Uemy paBeH HECOOCTBEHHBIN HHTETPAJT

Otser: 2
O0ocHoBaHMe: NPABUJIA HHTETPUPOBAHUSA

f4+°°(x —3)"%dx

15. Uemy paBeH HECOOCTBEHHBIN HHTETPAIT

Otser: 1
O0ocHoBaHMe: TPABUJIA HHTETPUPOBAHUSA

3 CEMECTP
OIIK-1
1. C pusnueckoit TOUKHM 3peHUs, KAK MOXKHO paccMaTpuBaTh rogorpad BeKTop-GyHKIIUHA
OTBeT: 3TO TPpaeKTOpHS ABHKYIIEHCA B MPOCTPAHCTBE MATEPUATIbHON TOUYKHU

2. [IpaBuIIO BBIUMCIICHUS MIPECIIa BEKTOP-DYHKITUN?

OTBeT: 10CTATOYHO HAWTH NMpeaesbl KOOPAMHAT ITOH PyHKIMH

3 YeMy paBeH KyO MHUMOU €TUHUIIBI?
1)1

2)-i
31
Otsert: 2) -1
4 BpI4uCcJIUTH MPOU3BeeHNe IBYX CONMPSKEHHBIX KOMIUIEKCHBIX YHce, ecju z=5 +2i
1)25-41
2)25+4i
3)29
4)21
OTteer: 3) 29

Oo0ocHOBaHHeE: NPaBUJIA AeHCTBUIl ¢ KOMIIJIEKCHBIMHU YUCJIaAMU

5 HaiiTi AJMHY BEKTOpPa, N300paKaoiero 1aHHOe KOMILJIEKCHOe YucJI0 Z=6+8 i
110
2) 100
3) 14
Oteer: 1) 10

6. Haiitu apryMeHT KOMIUIEKCHOTO 4nciia z=-2+2 1, OTBET JaiTe B rpaaycax B mpoMexytke (0;211)

1)-45

2) 135

3) 45

OTtBet: 2) 135



7 JaTh omnpeneneHue, 9To TaKOE MEXaHHMYECKUN CMBICT TPOU3BOIHON OT BEKTOP-(YHKIIUH
OTBeT: 3TO BeKTOP MTHOBEHHOI1 CKOPOCTH NepeMellleHis MATePHAIbHOM TOUYKHU

8. laTb onpeneneHue, 4To Takoe MEXaHUYECKUI CMBICT BTOPOIl MPOU3BOAHOM OT BEKTOP-(QYHKIIUN
OTBeT: 3T0 BEeKTOP YCKOPEHUS IBUKEHHSI MATEPHATBbHON TOYKHU

9. YcTaHOBHUTE COOTBETCTBUE MEXIY rpadukamMu GyHKIIUNA y=f(X) U UX TPOU3BOAHBIMHE )'=f"(X):

I'paduk QyHKUHH y=f(x) ITpon3BoaHas GYHKIHH y=f(x)
1 J ) A y
0 a x | a x

o
s
b
- | @
—

>

0 a X Ol/a X

CootBercrBue: 1b, 2A, 3B
10. VYcraHoBuTe COOTBETCTBUE MeXAY GQYHKIUSMU U XapaKTEPUCTUKAMHM O3TUX (YHKIIHI:

DYHKITHA XapakTepHCTHKA
1 y =tgx A HelpepsIBHA IIPH X€ER
2 y== b TOYKH Pa3pblBa X = 1IN, TJe neZ
X
3 y=sinx B TO4Ka pa3pbiBa X = 0
2
4 y = r TOYKa paspelBa X = TT
X—T7

Otser: 1B, 2B, 3A, 4I'

11. YcranoBuTE COOTBETCTBHE MEXTY (DYHKIMSIMU U XapaKTEPUCTUKAMU 3TUX (QYHKIHHI:



DyHKIH XapakTepHCTHKA
1 ! A X€eR
=— . HETIpEepBIBHA TIPH
Y et bl !
2 y = o b TOYKa pa3pbiBa X = —1
3 ! B 0
3 = TOUKa pa3pblBa X =
Y =X +1 P
1
4 y = =1 r TOYKa pa3pbiBa X = 1

CootBercrBuE: 1A, 2B, 3b, 4I

12. Ha pucynke uzobpaxer rpaduk GhyHKIUN y=f(x)

| y
| y=fx) /
|
|
|
| \
| |
3\ x4

[ x1: x2

Y CTaHOBHUTH COOTBETCTBUE MEXK]Y TOUKOM X; U HEMPEPHIBHOCTHIO (DYHKITUH B 3TOM TOYKE:

X

S
b3

Touxa xi XapaKTepHCTHKAa HENPEPHIBHOCTH (PYHKIHH
I | Touka x; A ()VHKI[HS HENPEPHIBHA
2 | Touxka x2 b HMeEeT YCTpaHUMBII pa3psiB [-ro poma
3 | Touka x3 B | uMeer HeycTpaHHMBIH pa3psiB I-ro poxa
4 | Touka xy r uMeeT pas3peis Il -ro poga

CootBercrBue: 1B, 2A, 3b, 4I

13. YcTaHOBUTE COOTBETCTBHE MEXIY M300paKCHUSIMHU ONEparisiMyd HaJl MHOKecTBaMU A U B u
Ha3BaAHUAMU ODTUX onepaum"d:



M306pakeHHE OnepalHii Ha3BaHHe onepanuu

_

OOBeIUHEHHE MHOKECTB

B [lepeceyeHHE MHOXKECTB

‘$

Pa3HOCTH MHOKECTB

<

CootBercrBue: 1B, 2B, 31, 4A

22

14. YcraHOBUTE COOTBETCTBUE MEXAY (popMyrIamMu st HAXOXKIEHUSI aCUMIITOT ¥ BUJIOM aCHMIITOT
rpaduka GyHkuu y=f£(x):

DopMy1a I1d HaXOKICHHS aCHMIITOT BuJ acCHMITOTEI
X = Xp
1 lim f(x) = oo A HAaKJIOHHAA
X=X
5 Y =DXYo 5
. TOPH30HTaIbHAsA
lim £(x) = yo d
y=kx+b
I 1 €))
3 k= }1_{2 X B BEPTHKaIbHAS
b = lim(f(x) — kx)
X—00

CootBercrBue: 1B, 26, 3A

15. YcTraHOBUTE COOTBETCTBUE MEKY TTPEAEIaMU U UX 3HAYECHUSIMU:



IIpenen 3HAUCHHE Ipeaena

k

1 lim — A k
x—w X

2 lim x B e

sin(kx

3 lim (k) B 0

x-0 kx
1
4 ljna(l + x)x I 0
CootrBercrBue: 1B, 2I', 3A, 4b
3 CEMECTP
YK-2

1. Bribepute npaBuiIbHBIN BapuaHT oTBeTa. UTO Takoe rpaueHT GyHKIUu?
1. IIpousBoHas pyHKIIMU OJTHOM TIEPEMEHHOM.
2. BekTop, KOOpAMHATBI KOTOPOr0 PAaBHBI COOTBETCTBYIOIIUM YAaCTHBIM
MPOU3BOIHBIM
3. BekTop, KOMIIOHEHTBI KOTOPOI'O PaBHbI MHTETpaJlaM 10 BCEM €€ apIyMEHTaM.
4. ®ynKuuA, KOTOpas NMPUHUMACT BEILECTBEHHBIC YHCIA M BO3BPAILACT BEIECTBEHHOE

YUCIIO.
OTtBet: 2. BekTOp, KOOPAMHATBHI KOTOPOIr0 PaBHbI COOTBETCTBYIOIIUM YaCTHBIM
NMPOU3BOAHBIM

2 BriOepure npaBUIIbHBINA BapuaHT OTBETA. YTO mpeacTaBiseT coO0i MHUMAas eTuHUIA 17
1) umcii0, KBaAPAT KOTOPOro paBeH — 1
2) 4uCcIio, KBaJpaTHBIN KOPEHb U3 KOTOPOro paBeH |
3) uncio, Kyo KOTOporo paBeH — 1
Otset: 1) 4unci0, KBaaApaT KOTOPOro paseH — 1

3 BriOepute mnpaBWIbHBIA BapuaHT oTBeTa. HeoOxoaumele ycnoBus auddepeHIupyeMocTu
KoMIuiekcHoU pynkiuu. Y cnosue Komu-Pumana

1. Ou/0x = - 0v/0y u Ou/0y = Ov/0x

2. 0u/0x = - 0v/0y n ou/dy = - Ov/0x

3. 0u/0x =0v/0y u 0Ou/dy = - 0v/0x

4 Ou/Ox = Ov/0y m Ou/0y = Ov/0x

Oteet: 3. 0u/0x =0v/0y m 0u/dy = - Ov/0x

f2)=3"-i
4. Yemy paBHa MPOU3BOHASI KOMIUIEKCHOM (DYHKIMH Bribepure npaBuIIbHBIH
BapHaHT OTBETA
1) 6z-i
2) 6z+1
3) 6z
4) 6z + iz

Oteer: 1) 6z —i



O6ocHoBanue: ycrnoBus TudhepeHITIPYEMOCTH KOMITJIEKCHON (DYHKITMT

3

X
5 Kaxkoii Bug umeet npou3BoIHas (pyHKIHH Y= Sinx ? BpiGepuTe MpaBUILHBIN BAPHAHT OTBETA.
1 3x2 3 3x2%sin x—x3cos x
. cCoS X o sin? x
3x2%cos x —-3x2%cos x+x3sin x
Sin- 2 ' cos x
Ortser: 3
elnx
J, —dx
6 Uemy paBHO 3HaYEHHE ONPEEICHHOIO UHTETpaja ?

OTtsert: 0,25
Bo3moxknbiii Bapuant: (.25

7. YCTaHOBUTH COOTBETCTBHE MEXYy (DYHKIMSAMH U UX TPEACTbHBIM 3HAUCHHEM:

OyHKIUA [IpenenpHoe 3HAUCHUE
1 X A | GeCKOHEUHO OompIas
y x2+4+1 OTpHIIATETIbHAS MIPH X—> /
7 — Geck U —> )
2 Y= ]II(X _ 1) b | GeckoHEUHO Mamast MPU X—> o«
3 y = 5x—1 B | Geckoneuno Gonmpiast mpu x— oo

CootBercrBue: 1b, 2A, 3B

8. YcranoBuTe COOTBETCTBUE MEXKIY (PYHKIMSAMHU U XapaKTEPUCTHKAMU 3TUX (YHKIUN HA OTpE3Ke
[0; 1]:

OyHKIH XapaKTepHuCTHKA
¢yHKIUA yObIBaeT Ha oTpeske [0: 1
1 y=—1-12x A | bymxmm yGbisaet a otpeske [0 1]

()VHKIHS IPHHUMAET HOJTOKUTENbHOS 3HAUCHHE B
y=-3x2+12x—-7 b | xaxnoii Touke oTpeska [0; 1] m Bo3pacTaeT Ha
HTOM OTpE3Ke

($yHKIHA Bo3pacTaeT Ha oTpeske [0; 1]

o

3 y=x?—4x+2 B

()VHKIHA TPHHUMAET OTpHIATEILHOE 3HAUCHIE B
4 y=2x+6 I' | kaxmoii Touke oTpeska [0: 1] u yObIBaeT Ha PTOM
OTpe3Ke

CootBercrBue: 1I', 2A, 3B, 4B

9. Ilycte ¢yaxmus y=f(x) aBaxasl auddepeHIrpyeMa. YCTAaHOBUTE COOTBETCTBHE MEXKIY
XapaKTepUCTHKaMU (QYHKIMH ¥ HEOOXOIMMBIMH YCIOBUSMH, HAJIOKEHHBIMH Ha 3TH (QYHKITUH:



XapaKTepHCTHKa HeoGxoaumble YCIOBUS
1 | MuruMyM (pYHKITHH y=/(x) B TOUKE Xo A f'(x)<0
2 | MakcumyM (pyHKIHH y=f(x) B TOUKE X¢ b f"(x)=0
3 | Touka neperuda (pyHKIUU y=7(x) B TOuke xo | B f"(x)>0

CootrBercrBue: 1B, 2A, 3b

10. YcTaHOBHUTE COOTBETCTBHE MEXKY MpeaenaMu GYHKIUA U TUTIOM HEOTPEIeJICHHOCTH:

[Tpenen GyHKIMN HeompeIeneHHOCTh
X +x! 0
1 lim = A et
D 0
) x> =9 0
2 lim — b —
-3 x° =3x 00
. 1 '\. d)
3 lim | 1+ — B 1
X0 Sx
4 lim (\/x2+6x—x) I 00 — 00
X0

CootBercrBueE: 1B, 2A, 3B, 4I

11. YcTaHOBUTH COOTBETCTBHE MEXKY GYHKIIMEH U ONPEICIICHUEM €€ Ha YETHOCTD.

DOVHKIMA YeTHOCTh (HEUETHOCTD) (PVHKITUN
| i A O
= / O1mero Buga
2 | y=5x3+3x b HeueTHas
— 4
3 | yYy=x —X B yeTHas

CootBercrBue: 1B, 2b, 3A

12. YcTaHOBUTH COOTBETCTBUE MEXKIY MpeaenoM (PYHKIUH U €ro 3HaUCHHEM, €CIIH U3BECTHO, YTO

lim f(x) =5

IIpenen GpyHKIHH 3HaueHue mpejgena GyHKIHH
X

1 | lim M A o0

x—o0 X

lim —

im ——

2| S%f 0 b 0
3 | lim f(x)-x

X—00




CootBercrBue 1B, 2A, 3A

13. YcTaHOBUTH COOTBETCTBUE MCKAY NpCaciomMm q)YHKI_II/II/I N €ro 3Ha4€HUEM, C€CJIM U3BCCTHO, YTO

limf(x)=0
x-1

Ipenen GpyHKIHH 3aueHHe npejena GyHKIHH
1 limf(x) A 0
x-=1 X
lim —
2 xl_l}}m b 0
3 | limf(x)-x
x-1

CootBercrBue 1B, 2A, 3b

14. YcTaHOBUTH COOTBETCTBUE MEXKY MTPEEIOM (DYHKIIUH U €r0 3HAUYCHUEM, €CIIM U3BECTHO, YTO

lim f(x) = o
x-1

Ipenen pyHKIHH 3HaueHHe npeena GyHKIHA
1 limf(x) A o0
x-1 X
lim—
2 xl_l)l}m b 0
3 | limf(x)-x
x-1

CootBercrBHe 1A, 2B, 3A

15. VYcraHOBUTH COOTBETCTBHE MEXKIYy HEONPENEICHHBIMU HWHTETpallaMd U  Pa3IoKEHUSIMU
HOJBIHTETPANIbHBIX (DYHKIIMI HA 3JIeMEHTapHbIEe APOOH:

HeomnpeeneHHsIii HHTErpal Pa3/105KeHUSAMH TIOIBIHTErPATBHEIX (YHKITHI
2x — 1 A Bx+C Dx+E
V'l s Al Tt —7 t 2
x?(x+5) x x x2+5
2x — 1 A N B N C
2 x2(x2+5) Bl ¥x"x2"x+5
3 2x — 1 B A N B N Cx+D
x(x? +5) x x? x2+45
A Bx+C
r| 24227~
X + x2+5

CootBercrBue 1b, 2B, 3T
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