MuHMUCTEPCTBO HayKu 1 BbicLlero obpasoBaHua Poccuiickon depepaunm
denepanbHoe rocyaapcTBeHHoe GioaxeTHoe obpa3oBaTenbHoe yypexaeHue
BbiCLLEro obpa3oBaHus
«CaHkT-lNeTepbyprckmit rocyaapCTBEHHbIN YHUBEPCUTET NPOMBbILLSIEHHBLIX TEXHOMOMIN 1 An3anHa»
(cnerynrn)

YTBEPXOAIO

MepBbiit NPOPeKTOp, NPOPEKTOP

no YP

A.E. PyauH

Pabouasi nporpamma AUCUMNAUHBI

[ B1.0.08

| Matematuka

YuebHbIi nnaH:

Kadegpa:

2024-2025 18.03.02 NOCT3 MNMBBPT OO Ne1-1-178.plx

| 26 I MaTemaTuku

HanpaBneHvne noaroToBku:
(cneumanbHOCTL)

Mpodounb NoaroToBKM:
(cneumanusaums)

YpoBeHb 06pa3oBaHus:

dopma 06y4eHus:

MnaH y4ye6HOro npouecca

18.03.02 3Hepro- u pecypcocbeperatoLLme NpPoLEeCChl B XMMUYECKOM

TexHonorun, Hqu)TeXVIMI/II/I n BuoTexHonormm

MpounssoacTeeHHasi 6e30MacHOCTb B PECYPCOCOepEraroLLmx TEXHONOMMsX

Oakanaspuar

O4Hada

KoHTakTHas paboTa )
CemecTp oby4atowmxcs Cam. | KoHnTpons, Tpynoé ®opma
(kype ans 3AO) Mpaxr. | pabora yac. MKOCTb, [ NpOMEXYTOYHOM
Jekumu SAHSTU 3ET aTTectauum

1 Y 34 51 130,75 0,25 6 3aueT
Pna 34 51 130,75 0,25 6

2 Y 34 51 104 27 6 Skaamen
Pna 34 51 104 27 6
Y 68 102 234,75 27,25 12

UTtoro

Pna 68 102 234,75 27,25 12

CaHkT-lNeTepbypr

2025



Pabo4yasa nporpamma guMcumMnimMHbl COCTaBneHa B COOTBETCTBMM C dheeparibHbIM rocy4apCTBEHHbIM 06pa3oBaTenbHbIM
CTaHOapToM Bbicluero obpasoBaHusa no HanpasneHuo nogrotoskm 18.03.02 SHepro- 1 pecypcocbeperatoLyme npoueccsl
B XMMMWYECKOW TEXHOMOMUN, HEDTEXMMUM U BUOTEXHONOrNK, YTBEPXKAEHHBIM NpukazoM MunHobpHayku Poccum ot
07.08.2020 r. Ne 923

Cocrasutens (u):

KaHauMgaT pusmko-mateMaTmudeckmx Hayk, JoueHT HaymoBa Enena
BacunbeBHa

Crapwwuin npenogaeaTtenb Bacuneesa MapuHa
BuktoposHa

Ot kadpepbl cocTaBuTens: PoxkoB Hukonaim

3aBeayoLnii kKadeapon MmaTemaTmku Hwvkonaesuy

OT BbINycKkatoLLEen kadeapbl: BycbirmH Hukonawn KOpbeBuy

3aBeayoLnii kadeapon

MeTtoanyeckun otoen:




1 BBEQEHUE K PABOYEN NPOrPAMME OUCLIUMNIHbI

1.1 Uenb AMCUMNWHBI: Cd[)OpMI/IpOBaTI: KoMneTeHuunn o6yqarou.|,erocsq B 06ractu MCnonb3oBaHWS OCHOBHbIX
MaTemMmaTnuiyeckmnx 3aKOHOMepHOCTeIZ N NpUMeHeHnAa MaTemMaTn4eCcKmnx Moaenen B I'IpO(beCCVIOHaﬂbHOVI aesartenbHocTu. Takke

cnocobcTBoBaTth d’.)OpMI/IpOBaHI/II-O KOMNeTeHUun, ans yCcnewHoro oBJiageHua KOTOpPbIMU Heobxoanmo yYMeHune 1normn4eckun
MbICJITUTb U TPAMOTHO M3naratb CBOW MbICIA.

1.2 3agaun OMCLMNINHBI:

* O3HAKOMWUTb CTYAEHTOB C OCHOBaMM MaTeMaTU4EeCKMX 3HaHWM, HEeOOXOAUMbLIX AN PELUEeHUs] TEOPETUYECKMX M
NpUKNagHbIX 3a4a4 B pasnmyHbiX 06NacTax AeATenbHOCTY;

* Bocnutatb aGeTpakTHOE NOrMyeckoe MbILNEHUE U YMEHWE CTPOro usnaraTb CBOU MbICIIM;

* MpuBUTL CTyZEHTaM OCHOBHblE HABbLIKA UCMOMb30BaHWS y4eGHOWM M CrpaBoOYHONM NUTepaTypbl MO MateMaTuke, a
TaKxe Mo AMCLUMNIMHAM, B KOTOPbIX NPUMEHSIOTCA MaTtemaTudeckne MeToabl;

* MoaroToBUTL CTYAEHTOB K NPAKTUYECKOMY NMPUMEHEHMIO MOMYyYeHHbIX 3HaHWUIA;

1.3 TpeboBaHusa K NpeaBapuTenbLHON NOAroToBKe OGy4aloLlerocs:

I'Ipep,BapMTeanaﬂ noAroToBKa npeanonaraeT co3gaHne OCHOBbI AnA q:)OpMVIpOBaHI/IFI KOMMETEHUMHN, YKa3aHHbIX B 1.
2, npu U3yvyeHunn gucumnninH:

Oucumnnuna 6a3MpyeTc;| Ha KOMMNeTeHUUAX, Cd)OpMI/IpOBaHHbIX Ha npenbiayuiemM ypoBHe O6pa3OBaHVIF|

2 KOMMNETEHLUMU OBYYAIOLLEIrocA, ®OPMMUPYEMbIE B PE3YJIbTATE OCBOEHUA OUCLUMNNHDbI

OlNK-2: CnocobeH ucnonb3oBaTb MaTemaTu4veckue, husmveckue, hu3NKo-XMMMUYECKMe, XMuMM4eckne Metoabl ons
pelwweHnA 3agay npodeccCuoHanbLHOM AeATeNbHOCTU

3HaTb: OCHOBbl AMddEpeHUMansHOrO M UHTErpanbHOrO  MCHUCNEHUs, AuddepeHumanbHbiX  YpaBHEHWUA, Teopun
BEPOATHOCTEN N MaTEMaTUYECKON CTaTUCTUKN.

YMeTb: NpoBOAUTb aHanu3 OyHKUWUIA, pellaTb OCHOBHbIE 3afayn TEOPUM BEPOSITHOCTU U MaTeMaTU4ecKOoW CTaTUCTUKW,
pelwaTb ypaBHEHUs U cucTeMbl AuddepeHumanbHbiX YPaBHEHUA MPUMEHUTENbHO K peanbHbiM Mpoueccam, NMPUMEHSITb
MaTemaTUyeckme MeTodbl NpU peLleHnn TUMoBbIX NpodeccuoHarbHbIX 3a4au

BnapeTb: ocHoBaMu hyHOAMEHTANbHBIX MaTEMATUYECKUX TEOPUI N HABbIKaMM NCNOJIb30BaHWSA MaTeMaTUYeCcKoro annapaTa;
MeTodamMu ctaTUcTMieckon obpaboTkmn nHpopmauum.

3 PE3YIIbTATbI OBYYEHUA MO ANCLUUNNINHE

O |KoHTakTHas
< 6
o paboTa
T WHHosau. | ®dopma
HanmeHoBaHue n cogep>xaHne pasgenos, 8 -3 CP cboprI;l Tex FL)uero
TEM U y4eOHbIX 3aHATUI g TNek. Mp. (4achbi) BAHSITVIA KOH);ponﬂ
[&]
© 2 | (vackl) | (4ack)
x

Pasgen 1. OcHoBbI NUHENHON anrebpbl

Tema 1. MaTpuubl 1 onpegenuTenu.
MaTtpuubl. CeoricTBa matpuy,. [encTeusa Haa
maTtpuuamun. Onpegenutenu. CeBoncTea
onpegenutenen. lNpaktnyeckmne 3aHATUS:
HewncTtBua Hag matpuuamm. Cnoco6bl
nogcyeta onpegenuvrenen. (Pewenve 3agay)

Tema 2. CcTeMbl NMHENHBIX o)
anrebpaunyeckmx ypaBHeHUI. CUCTeMbl Tpex
NIMHENHbIX YpaBHEHUI C TpeEMS
Heuns3BeCTHbIMU, hopmynbl Kpamepa, metoa
NONHOro ncknYveHus. Npaxkrnyeckune 2 4 15 un
3aHATUA: PelleHne cuctemM NMHENHbIX 1
anrebpanyeckux ypaBHEHUA METOLOM
MOHOrO NCKITHYEHUS, No oopMyriam
Kpamepa. (PelweHune 3agaq)

Pasgen 2. Bektopbl

Tema 3. Bektopbl. OnpegeneHune BekTopa.
PaBeHcTBO BekTOpoB. KonnuHeapHble n
KOMMriaHapHble BEKTOpbI. JINHENHbIe
onepauun Hag Bektopamu. [poekumm
BEKTOpa Ha OCu KoopAuHaT. 3annck BekTopa
B popme npoekumi. basuc. MNpaktnyeckne
3aHATUSA: JIMHeNHbIE onepaumn Hag
BekTopamu. (PewweHne 3agay)

2 4 15,75 OK




Tema 4. lNpousBeaeHnss BEKTOPOB.
MpousBeaeHnss BEKTOPOB, 3aaHHbIX B
dopme npoekuun. CkanspHoe, CMeLLIaHHOE U
BEKTOPHOE MPOU3BEAEHUS BEKTOPOB.
OnpeneneHue, ceoncTea. MpakTudeckue
3aHATUA: NMpUMeHeHUsa ckanapHoro,
CMeLLIaHHOro 1 BEKTOPHOIO Npou3BeaeHni
BEKTOPOB ANS peLleHnin NpuKnagHbIX 3agaq.
(PewweHune 3apay)

Paspgen 3. AHanuTudeckas reomeTpusi Ha
MIOCKOCTU

15

ra

Tema 5. MeTop KoopOUHAT Ha MITOCKOCTU.
Cuctembl KOOpAMHAT Ha MNOCKOCTH,
OCHOBHble 3aga4u. [peobpasoBaHus cuctem
koopauHat. MpakTuyeckne 3aHATUS:
Mepexoapbl B cnuctemax koopauHar. (PewweHune
3apad)

Tema 6. MNpsamas Ha nnockocTn. OCHOBHbIE
ypaBHEHUS NPAMON. Yron Mexay npsiMbiMU.
Ycnosus napannensHOCTU U
nepneHanKYnspHOCTM NPSAMBbIX.
MpakTuyeckue 3aHATUA: MNMpumeHeHue
OCHOBHbIX YpaBHEHUI NPSMON AN1A peLleHns
3apad. (PelwweHune 3agav)

Tema 7. KpuBble BTOPOro nopsaka.
Okpy>xHOCTb, annunc, runepbona, napabona,
NX KaHOHUYECKNE ypaBHEHUS!, rpadOuKu.
Ceonctea. ObLlee ypaBHEHNE KPUBOM
BTOPOro nopsigka. MNpakruyeckme 3aHATUS:
MocTpoeHne pasnuyHbIX KPUBLIX BTOPOro
nopsiaka, HaxoxaeHue nx napameTpos.
(PeweHne 3agay)

Paspen 4. AHanuTuyeckas reomeTpus B
NnpocTpaHCcTBe

70

Tema 8. lNnockocTb B NpOCTpaHCTBE.
KoopauHaTtbl B NpOCTpaHCTBE. YpaBHEHME
MSI0CKOCTM, MPOXOASLLEN Yepe3 AaHHYIO
TOYKY NepneHanKyNsipHO AaHHOMY BEKTOPY,
ypaBHEHMWE NITOCKOCTH, NpoxoasLLen Yepes
TPY AaHHble TOYKM, OOLLiee ypaBHEHME.
MpakTnyeckume 3aHsaTue: NpumeHeHne
YPaBHEHWUI NITOCKOCTU AN PeLLeHns 3aaau.
(PeweHne 3agay)

Tema 9. MNpsimast B npocTpaHcTee. [Npavas B
MPOCTPAHCTBE KaK NMMHUSA NepeceyeHns
nnockocten. KaHoHn4yeckue n
napameTpuyeckme ypaBHEHUS NMPSIMON.
YpaBHeHUS NPsIMON, NPOXOAALLEN Yepes ABe
3agaHHble ToYKK. Mpsmas 1 NNockocTb B
npocTtpaHcTBe. [NpakTnyeckne 3aHATUs:
[MpumeHeHne ypaBHEHUI NPAMON B
NPOCTPaHCTBE AN PELLUEHNA 3a8ay.
(PeweHune 3agay)

14

Paspgen 5. BeegeHune B matematunyeckumn
aHanus

ra

Tema 10. BBegeHne B maTteMaTU4ECKUN
aHanus. lNoHATne nocrnenoBaTenbHOCTMU.
OcHoBHbIE MOHATUA O dhyHKUMK. BBEeaeHve B
aHanus yHKUUN OAHOM NepeMeHHON.
BeckoHeuyHO Manble u 6eckoHe4YyHo bonblune
BENUYMHbI. (PelueHne 3agay)




Tema 11. MNMpegen cdoyHkumiA. MNpasuna
BbluMCNeHNs npeaenos. 3aMmevaTernbHble
npegensl. HenpepbIBHOCTb OYHKLMIA.
CBolcTBa HenpepbIBHbIX (YHKLMIA.
MpakTuyeckune 3aHATUA: Beluncnernve
npepenos dyHKUniA. MiccnegoBaHne doyHKLMK
Ha HenpepbIBHOCTb, NMOUCK TOYEK paspbiBa.
(PeweHune 3agaq)

Paspgen 6. QuddepeHumanbHoe ncumcneHmne
PYHKLUMN OOHOW NepeMeHHON

Tema 12. QuddepeHumanbHoe ncumcneHmne
yHKUMM ogHOM nepemeHHon. OnpeaeneHne
NpOn3BOLHOWN U ee reOMeTPUYECKUN CMbICTT.
MpaBuna gudpdepeHumpoBaHns. Tabnuua
npoun3sBogHbIX. MNponssBogHas CrnoXxxHoOn
yHKUMK. MpounssogHble BbICLLUMX NOPSAKOB.
OnpegeneHune, NpaBUNO BbIYMUCIIEHNS.
OnpegeneHve auddepeHumnana n ero
reoMeTpuyeckuin cMbicr. IHBapnaHTHOCTb
dopm nepsoro anddepeHunana.
OndbdepeHumnansl BbICLUNX MOPSAKOB.
MonoxeHne K NPUGNMKEHHBIM BbIYUCTIEHNAM.
MpakTuyeckune 3aHaTUA: Beluncnerve
Npoun3BoAHbIX PyHKUMIA. [TpuMeHeHne
anddepeHumnana yHKUMM K NPUBAMXKeHHbIM
BbluncrieHmam. (PewweHne 3agay)

O,K

Tema 13. MNMpumeHeHne guddepeHumansHoro
ncumcneHmsa. OCHoBHblE TeopeMbl
andpepeHumanbHoro ncumcnexms. lNpaeuno
Jlonutans n ero NnpMMeHeHne K packpbITuio
HeonpeaeneHHocten. NccnegosaHue
GYHKLMKN MO NEPBON 1 BTOPOW MPONIBOAHOMN:
MOHOTOHHOCTb (PYHKLUN, SKCTPEMYMbI
dYHKUMKN (HEOBXOANMbIE N 4OCTATOYHbIE
ycnoBusi). YCnoBusl BbiMyKNoCTU, BOTHYTOCTMH,
TOYKM nepernbda n acUMNTOThbl NITOCKON
KpuBoW. lNpakTnyeckne 3aHAaTUSN:
MpumeHeHne npasun Jlonutans ons
BblYMCIIEHMS NpeaenoB yHKuun. MonHoe
nuccriegoBaHme 1 NocTpoeHue rpacmkos
dyHKumn. (PewweHne 3agay)

Wtoro B cemecTpe (Ha kypce ansa 3A0)

nn

KoHcynbTauum n npomexyTodHas atrectaums
(3aver)

130,75

Pazgen 7. ®yHKUMN HECKOSNBKNX NEePEeMEHHbIX

Tema 14. dyHKUMN OBYX U HECKOMNbKMX
nepemMeHHbIX. OCHOBHbIE OnpeaeneHus.
MpupaweHne yHKUMA. HacTHble
NPOW3BOAHbIE, YACTHbIE U MOSHbIN
anddpepeHuman gyHKLUN MHOMUX
nepemMeHHbIX. [pakTnyeckme 3aHATUA:
Bbluncnenne 4acTHbIX MPOU3BOAHbIX
dyHKUUIA. MNMprMeHeHne NonHoro
andpepeHumana yHKUUA MHOTUX
nepemMeHHbIX A pewenns 3agad. (Pewenve
3apay)

O,K




Tema 15. SkcTpemMyMbl DYHKUUM OBYX U
HeCKonbKMX nepemeHHbIX. OCHOBHbIE
noHATUS HeobxoamMmble n AocTaTouHbIe
YCINOBUS CyLLECTBOBaHUS 3KCTpeMyMa
dyHKUMM OBYX NepemMeHHbIX. [pakTnyeckue
3aHATHA: HaxoxgeHue akcTpeMymoB
PYHKUMI MHOMMX NepeMeHHbIX (PelleHne
3apadv)

Paspen 8. HeonpeneneHHbIn uHTErpan

nn

Tema 16. HeonpeaeneHHbIn uHTerpan u ero
BbluncneHue. NepeoobpasHasi 1
HeonpeaeneHHbl nHTerpan. CeBoncTea
nepsoobpasHoi. CBolcTBa
HeonpeaeneHHoro MHTerpana, BbiTekarowme
13 onpegeneHus. JIMHelrHble CBOUCTBA.
Tabnvua nHterpanos. NpakTuyeckne
3aHATUA: MNprmeHeHne Tabnuupl ons
BbIYMCMEHUS NPOCTENLINX NHTErPanos.
(PewweHue 3apay)

Tema 17. OCHOBHbIE KNacchbl UHTErPUPYEMbIX
yHKUMN. OCHOBHbIE MeTOAbI
WHTErpMpoBaHUS: MeToAbl 3aMeHb!
nepemMeHHoOn, MeTod MHTErpupoBaHns no
YacTaMm, MeTo PasnoXeHUs Ha NpocTenLne.
CraHpapTHble 3ameHbl. [pakTuyeckue
3aHaTuA: lNpumeHeHne MeTo40B 3amMeHbl
nepemMeHHON, UHTErPUPOBaHUA MO YacTaM U
MeToAa pasnoXeHus Ha npocTenwne ans
BblYMCIEHNS HeonpeaeneHHbIX NHTerpanos
(PeweHne 3agayv)

Pasgen 9. OnpegeneHHbi nHTerpan

nn

Tema 18. OnpegeneHHbIn nHTerparn.
HecobcTtBeHHbIE MHTErpansl. OnpegenexHme
onpeneneHHoro NHTerpana, ero CBoMCTBa.
JInHelHble cBOWCTBA ONpeaeneHHoro
nHTerpana. MiHuterpan ¢ nepemMeHHbIM
BepXHUM npegenom. dopmyna HetoToHa-
Jlenbunua. Metoap! BblYUCHEHUS
onpeneneHHoro nHrerpana. HecobcTBeHHbIe
nHTerpansl. MNMpakTnyeckne 3aHATUS:
BbluncneHne onpegeneHHoro nHTerpana.
(PeweHne 3agay)

Tema 19. MNMpunoxeHns onpeaeneHHoro
nHTerpana. lNpunoxeHns onpegeneHHoro
WHTEerpana K 3agadam reomeTpum:
BblYMCIiEHME MoLagen nnocknx duryp,
00beMoB Ten nepemeHHoro ceyerHnsi. Obbem
Tena BpawleHus. NpakTnyeckne 3aHATUS:
lMpumeHeHne onpegeneHHoro nHTerpana ans
peLLeHns NpakTUYeckmx 3agad. (peleHune
3agay)

Pasgen 10. QuddepeHumanbHble ypaBHEHNUS
1 psgbl

Tema 20. YucrnoBble MHOXXeCTBA, OCHOBHbIE
BUAbl. MHOXXECTBO KOMMNMEKCHbIX Yncen,
[ENCTBUS C KOMMMEKCHBIMY YUCaMMU.




Tema 21. QuddepeHumanbHble ypaBHEHNUS
nepsoro nopsigka. Onpegenexune
andppepeHumanbHOro ypaBsHeHUst NepBoro
nopsgka. OnpeaeneHne peLLeHusl.
HayvanbHble ycnosusi. OCHOBHble BUAbI
andpepeHLmanbHbIX ypaBHEHUI: YpaBHEHUS
C pasgeneHHbIMU 1 pasgensoLwmnmMmmncs
nepemMeHHbIMU, MMHENHbIE, OOHOPOAHbIE.
MpakTnyeckue 3aHaTuNA: PelleHne
AnddepeHumnanbHbIX ypaBHEHU MEPBOro
nopsigka. (PeweHuve 3apgay)

Tema 22. QuddepeHumnansHble ypaBHEHNS
BTOpOro nopsigka. OnpegeneHne peLleHus.
HayvanbHble ycnosus. Teopema
CYLLLECTBOBaHWSA U €OMHCTBA pPeLUeHuns.
Cny4yau, gonyckatowme NoHWKEeHNs nopsgka.
MpakTuyeckune 3aHaTuA: Pewwerve
AnddepeHumnanbHbIX ypaBHEHUR BTOPOro
nopsigka, AonyckarLmne NoHWKeHne
nopsgka. (PeweHve 3agay)

Tema 23. JluHenHble guddepeHumnansHble
ypaBHeHUst BTOpOro nopsiaka. JinHenHole
O[HOPOAHbIE N HEOAHOPOAHbIE
anddepeHumnanbHble ypaBHEHUSI BTOPOro
nopsiaka. Teopembl O CBOMCTBAX peLLUEHUN.
Teopembl 06 obLLeM pelleHnn. Y paBHEHUS
BTOPOro nopsigka ¢ NOCTOSAHHbIMU
KoadppuumeHtamm. Metoapb! peLLeHus
NWHENHbIX YpPaBHEHWUIA C NOCTOSHHBIMU
KoadppmumeHtamm. MNpakTmyeckme 3aHATUS:
PewweHne nuHenHbIx guddepeHumanbHbIX
YypaBHEHU BTOPOro nNopsgka ¢ NOCTOSAHHbIMU
koadppuumeHtamm (PeweHne 3agaq)

Tema 24. Yucnosble psabl. OnpegeneHuve
yucnosoro psga. Heobxoanmbli npr3aHak
cxogumocTu. [NpaBuna gencTems ¢ psgamu.
Pagbl ¢ nonoxuTtenbHbIMK YneHamu.
MpusHakm cxoanmocTun. 3HakonepeMeHHble
psagbl. Teopema JlenbHuua ans
3HakouepenyoLnxcsa psagos. MpakTndeckue
3aHATUA: MccnepgoBaHne Ha CXOQUMOCTb
3HAKOMOOXUTENbHbIX YNCMOBbLIX PSAOB.
MpnmeHeHne Teopemsbl JlenbHuua ans
nccrnegoBaHMs 3HakodepeayLnxcs psaaos
Ha cxogumocTb. (PelueHne 3agay)

Tema 25. dyHKUMOHaNbHbIE pSAabI.
CTteneHHble psigbl. OnpegeneHne CTENeHHOro
psga. ObnacTtb CXOANMMOCTU CTENEHHOIO
psga. Teopema Abens. Pagunyc n nHtepean
cxognmocTtn. Pagbl Tennopa n MaknopeHa.
[NpakTnyeckme 3aHaTUS: HaxoxaeHue
paguyca n nHTepBarna CXoanMocTyh
cTeneHHoro psaa. PasnoxeHue yHKuun B
psa Tennopa n MaknopeHa. (Pewwenne
3agay)

10

ra

Pasgen 11. OcHOBbI TEOPUN BEPOSATHOCTEN U
MaTEMaTUYECKON CTaTUCTUKN

Tema 26. dnemMeHTbl TEOPUN BEPOATHOCTEN

18

Tema 27. OcHOBbl MaTeEMaTUYECKON
CTaTUCTUKM

17

a3

Wtoro B cemecTpe (Ha kypce ans 3A0)

34 51

104

KoHcynbTauum n npomexyTodHas aTrectaums
(Ok3ameH)

2,5

24,5

Bcero koHTakTHas pabota n CP no
AucuunnuHe

172,75

259,25




4 KYPCOBOE NPOEKTUPOBAHUE
KypcoBsoe npoekTuposaHue y4ebHbIM NnaHoM He rnpegycMoTPeHo

5. ®OHA, OLIEHOYHbIX CPEOCTB ANA NPOBEAEHUSA NPOMEXYTOUYHOW ATTECTALIUK

5.1 OnucaHue nokasarenen, KpUTEPUEB U CUCTEMbI OLLEHUBaHUA pe3ynbTaToB 00yYeHus
5.1.1 NokasaTenu oueHNBaHUA

K HavnmeHoBaHu HOYHOT
oA [MokasaTenu oueHMBaHNA pe3ynbTaToB 00y4YeHus anuMeHoBaHME OLIEHOHHOTO
KoMMeTeHuumn cpeacTea
PackpbiBaeT MeToabl MaTeMaTUYECKOro aHanusa 1 MoAenMpoBaHus. BONPOCHI A1 YCTHOro
cobecenoBaHus
PewaeT TunoBble 3agaym, cBA3aHHbIE C OCHOBHbIMW pasgenamm usnkm
OrlnkK-2 N XUMUN. BOMPOChHI ANt TECTUPOBaHUS
HaxoauTt konuyecTBeHHbIe COOTHOLLEHMS O PeLLEeHUs] NPaKTUKO-OPUEHTUPOBAHHbIE
npodeccroHanbHbIX 3agay. 3apaHusa

5.1.2 Cucrtema u KpuTepum oL eHMBaHUA

Kputepum oueHnBaHms chopMMUPOBAHHOCTM KOMMETEHLUN

LLikana oueHnBaHusi
YcTHoe cobecenoBaHme MucbMeHHas paboTa

[NonHbIR, ncyepnbiBalOLLMIA OTBET, SIBHO
OEMOHCTPUPYHOLLMIA FNyBokoe NOHMMaHWe
5 (oTnunyHO) npegmeTa 1 LWMPOKY0 3pyanumio B
oueHuBaemon obnacTtu. Kputndeckun,
OopuUrnHarnbHbIA NOAX04 K MaTepuany.

OTBET NOSHbIA, OCHOBaHHbIN Ha
npopaboTke Bcex 0b6a3aTenbHbIX

4 (xopoLwuo) WCTOYHMKOB MHGopMauuu. Mogxoa K
MaTtepwuany OTBETCTBEHHbIW, HO
CTaHOapTHbIN.

OTBeT BOCNPON3BOAUT B OCHOBHOM TOSbKO
NeKUMOHHbIe MaTepuansl, 6e3
CaMOCTOSITENBbHOM paboThl €
peKOMeHO0BaHHOW NMTepaTypon.
[eMoHCcTpypyeT NoHVMaHWe npegveTa B
uenom, 6e3 yrnyoneHusi B getanm.
MpucyTCTBYIOT CyLLIECTBEHHbBIE OLIMOKM 1n
npobenkl B 3HaHWUAX MO HEKOTOPbLIM TEMaM.

3 (ynoBneTBOPUTENBHO)

HecnocobHoCTb OTBETUTL Ha Bonpoc 6e3
MoMOLLM 3k3ameHaTopa. HesHaHve

2 (Hey[oBNETBOPUTENbLHO) | 3HAYUTENBHON YacTU MPUHLMMUATBHO
BaKHbIX 3IEMEHTOB ANCLUMIIUHDI.
MHoroumncneHHble rpybbie ownoku.

[leMoHCTpupyeT NoHUMaHWe NpegMeTa B

3auTeHo ueriom, 6e3 yrny6neHus B getanu.

HecnocobHoCTb OTBETUTL Ha Bonpoc 6e3
NMoMoLLM 3k3aMeHaTopa. HesHaHve

He 3auTeHo 3Ha4YUTENbHOWM YacTu NPUHUMIMANBEHO
BaXHbIX 3IEMEHTOB ANCLUMNINHBI.
MHoroumncneHHble rpybbie ownoku.

5.2 TunoBble KOHTPOIbHLIE 3aaHNUA UNN UHbIE MaTepuanbl, Heo6xoAuMbIe AN OL,eHKU 3HaHUMW, YMEHUN,
HaBbIKOB U (MNK) onbiTa AEATENbHOCTU
5.2.1 MNepeyeHb KOHTPOJIbHbLIX BONPOCOB

Ne n/n | DopMynmnpoBKM BONPOCOB

Cemectp 1

MpyMeHeHUs NOHATMS NPOU3BOAHOM AN UCCNeoBaHWsi CBOMCTB (DYHKLNM:
[0 Bo3pacTaHue 1 yobiBaHne yHKLUM

[0 TOYKM IKCTpEMYMA

[ BbIMYKNOCTb ee rpaduka

0 Toukn nepernba rpaduka

[0 acuMnTOThl (BEPTUKANbHbIE N HAKNOHHbIE)




2 Mpasuna Jlonutans packpbiTna HeonpeaeneHHocTen

3 Teopembl Ponnsa u Jlarpanxa, nx reomeTpuyecKknii CMbICI

4 MpoussoaHble 1 anddepeHLmanbl BbICLUMX NOPSAOKOB

5 Mpenen dyHkuMU. Teopembl 0 Npegenax. PackpbiTne HeonpeaeneHHocTen. 3ameyaTenbHble npeaensl.

6 MpoussoaHas, ee onpegeneHne, reoMeTPUYECKUN U MeXaHUYECKUIA CMbICHbI, MPaBuna BblYUCAEeHUS

7 Kpm?ble BTOPOro nopsaka (3Nnunc, oKpy>KHOCTb, runepbona, napabona), nx KAHOHNYECKME ypaBHEHUS,
CBOWCTBA, YepTex.

8 Yron mexay npsMon 1 MocKOCTbIO, YCIOBUA UX NapannenbHOCTM U NepneHanKynsipHoOCTU

9 Mpsimas B npocTpaHcTBe. YpaBHEHNA NPSIMOW B MPOCTPaHCTBE.

10 Yron mexay rnrnockocTAMM. YCIoBYA napannensHOCTU N NepneHanKynsapHOCTU MNOCKOCTEN

11 MnockocTe B NpocTpaHcTBe. PasnuyHble BUAbl ypaBHEHWUS MIIOCKOCTMU.

12 Mpsimas Ha nnockocTu. Buabl ypaBHEHU NPSIMON.

13 BekTopbl B reomeTpuyeckon n koopauHatHom oopmax. OnpeaeneHue. Ceovictea. [JeNCTBMS Hag BEKTOPaMM.
CkansipHoe, BEKTOPHOE M CMELLaHHOE NPOM3BEAEHNA BEKTOPOB. VX reoMeTpuyecKkoe npunoxXeHusl.

14 CucteMbl NMHeNHbIX ypaBHeHWA. COBMECTHbIE U HECOBMECTHbIE cucteMbl. Teopema KpoHekepa — Kanennw.
®opmynbl Kpamepa.

15 Matpuubl n onpegenutenu. Onpegenenusi. Ceowctea. [lencTeus Hag matpuuamu. PackpbiTve onpegenurenen

BTOPOro U TpeTbero nopAaaKkos.

Cemectp 2

16 Pagpl Tennopa n MaknopeHa

®yHKUMOHanbHbIe pAabl. CTeneHHble pagbl. ObnacTe cxogumocTu. Teopema Abens. Paguyc n uHtepsan
CXOOMMOCTW.

17

18 rlpI/I3HaKVI CXOAMMOCTU 3HAKONOJIOXKNTEe IbHbIX 1 3HaKonepeMeHHbIX pAaoB, abconoTHas CXOAUMOCTb.

19 Yucnosble psagbl. Onpeaenenune. CeoncTea. Heobxoaumblin NpM3HaKk CXOAUMOCTH.

20 JInHenHble ouddepeHumnansHble ypaBHEHUS BTOPOro Nopsiaka ¢ NOCTOSHHbIMK KOddhduumneHTamm

InddepeHumnanbHble ypaBHEHUSI NEPBOro Nopsika, X OCHOBHbIE BUAbI (C pa3faensitoLwmMMmncs n

21 .
pa3feneHHbIMU NepeMeHHbIMU, NMHENHbIe, oaHopoaHble). O6LLee pelueHve 1 3agada Koww.

KomnnekcHble yncna. Onpepenexve. [JeicTBna Hag KOMNIEKCHbIMU Yucnamun. dopmyna Myaspa. Popmbl
3arnmcu KOMMNEKCHOro Yucra.

22

23 MpunoxeHus onpegeneHHoOro uHTerpana. BeluMcneHve nnowagen niockux puryp

24 HecobcTBeHHbIE MHTErparnbl NepBOro 1 BToporo pogos. OnpeaeneHme. CxoanMocCTb.

25 OnpepeneHHbI HTerpan. MeTtoapbl BelYUCEHUS.

26 OnpepgeneHHbI MHTerpan (onpeaeneHne, CBOMUCTBA, Teopema o cpegHeM). Popmyna HbtoToHa — JlenbHuua.

27 HeonpeneneHHblii uHTErpan (onpegernexHne, CBOMCTBA, METOAbI BbIHUCIIEHUS)

28 JKCTpeMyMm yHKLUM ABYX NEPEMEHHBIX (HEODXOAMMOE U [OCTaTOMHOE YCIOBUS CYLLECTBOBaHMS 3KCTPEMYMa)

29 ®YHKUMK ABYX NepeMeHHbIX (OnpeaeneHune, npeaer, HenpepbIBHOCTb)

5.2.2 TunoBble TecToBbIe 3a4aHuns

TunoBble TecToBble 3agaHna HaxoaaTca B [NpunoxeHum k gaHHomy P
5.2.3 TunoBble NPAKTUKO-OPUEHTUPOBaHHbIe 3a4aHNA (3aJayuu, Kercbl)

TunoBble NPaKTMKO-OPUEHTMPOBaHHbIE 3a4aHus (3agayu, Kencol) HaxoasaTtes B MpunoxeHun k gaHHomy P

5.3 MeToaunyeckue maTepuarnbl, onpegensirowme npoueaypbl oLeHUBaHUA 3HAHUW, YMEeHUIN, BNageHuin (HaBbIKOB
1 (MNn) NpakTUYECKOro onbiTa AEATENIbHOCTH)

5.3.1 YcnoBus gonycka oby4aroLlerocsi K NpoMexXyTo4yHOW aTTrecTaumm v Nnopsaok NIMKBUAALMN akageMniYeckon
3al0IMKeHHOCTU

MpoBeaeHe NPOMEXYTOUYHON aTTeCTaLMn perfnameHTUPoOBaHO lokarbHbIM HOpMaTuBHbIM akToM CI6IYMT
«[onoxeHne 0 NpoBeEHUN TEKYLLLETO KOHTPOMS YCNeBaeMOCTU U MPOMEXYTOYHOM aTTecTalmm obyJaoLwmnxcsa»

5.3.2 dopma npoBeaeHUs1 NPOMEXYTOYHOM aTTecTaumMm no gucuunsiMHe

YcTHasa + MNucbmeHHas KomnbloTepHoe TecTupoBaHue NHas

5.3.3 Ocob6eHHOCTH NpoBeAEHUA NPOMEXYTOYHOW aTTecTaumm No ANCLUUNIINHE

* Ha NoAroToBky oTBoAaMTCA 45 — 60 MUHYT
* Ha oTBET No 6unety n gononHuTenbHble Bonpockl 30 — 35 MUHYT
* ICMOMNb30BaHWe BCMOMOraTenbHoM nuTepaTtypbl (CNPaBOYHMKOB, KOHCMEKTOB U TN.) HE MPEAYCMOTPEHO



6. YHEBHO-METOAUYECKOE N UH®OPMALIMOHHOE OBECIMNEYEHUE OUCUUMITUAHBI
6.1 YueOHasa nutepartypa

AsToOp 3arnasue M3pnaTenbcTBO | log w3paHus | Ccbinka
6.1.1 OcHoBHas y4yebHasa nuTeparypa
LWHapeea, I'. B. Bbicwas maTtemaTunka e https://www.iprbooks
Mocksa: A INMn Ap Megna 2023 hop.ru/132560. html
Jluteun, O. B. Bbicluas maTemaTuka. CTtaBponorib: https://www.iprbooks
JInHenHas anrebpa CTaBpononbCkui 2022 hop.ru/129574.html
rocyapCTBeHHbIN
arpapHblii yHUBEpCUTET
AbpamsH, A. B. HenpepbiBHas maTemaTuka: https://www.iprbooks
Teopus 1 npakTuka. hop.ru/129101.html
HeonpegeneHHble n
onpefeneHHbie UHTerpansi, POCTQB'Ha'nOHy’
HecOBCTBEHHbIe MHTerpanbl, | 1araHpor: Misaatenscreo 2022
yncroBble psiabl, YHKLMM tOxHoro enepantHoro
HECKOIbKIX NepPeMEeHHbIX, ynusepcuteTa
anddepeHumanbHble
ypaBHeHUs
6.1.2 lononHuTenbHasa y4yebHasa nutepartypa
Hepobosa C.®., MaTemaTuka. Cankr-MeTen6vor: http://publish.sutd.ru/
Konbuosa T.5. HeonpegeneHHble n CI'I6I'yI'IE)I' ypr- 2023 tp_ext_inf_publish.ph
onpeneneHHsbIe NHTerpansl A p?id=2023124
Konbuosa T.B., Matematuka. c M VDT http://publish.sutd.ru/
Hepobosa C.O. AHanuTnyeckas reomeTpusi a%(a_(sre;ﬁ}?r ypr: 2023 tp_ext_inf_publish.ph
A p?id=2023123
MateeeBa A.B., MaTtemaTtuka Cankr-MeTen6vor: http://publish.sutd.ru/
Kpbinos A.B. on 6ryr|?ruyp : 2022 tp_ext_inf_publish.ph
p?id=2022106

6.2 NepeyveHb NnpodeccuoHanbHbIX 6a3 AaHHbIX U UH(POPMALIMOHHO-CMPABOYHbIX CUCTEM

1. TpeHaxxep Mo BbICLLIEN MaTemMaThKe [ONeKTpoHHbIN pecypc]. URL: http://e-math.ru
2. NHdbopmaumoHHas cuctema «EgnHoe okHO AocTyna k o6pasoBaTernbHbIM pecypcamy [DNeKTPOHHbIN
pecypc]. URL: http://window.edu.ru

6.3 NepeyveHb NMLEH3NOHHOIO U CBOGOAHO pPacnpPOCTPaHAEMOro NporpaMmMHoro obecneyeHus

MicrosoftOfficeProfessional
Microsoft Windows

6.4 OnucaHue maTepuanbHO-TEXHMYECKON 6a3bl, HEOOXOAMMOW AN OCYLUeCTBIIeHUs 0b6pa3oBaTesibHOro
npouecca no AUCUUNIINHE

AyguTtopusi OcHalleHve

MynbTMeguiiHoe obopyaoBaHue, cneluanm3vpoBaHHas mebenb, Aocka
JlekumoHHasa y A PyA H P A
aygutopusi

YyebHas aygutopust

CneuuanusvpoBaHHasa mebernb, Aocka




MpunoxeHue 1

MpunoxeHue
paboyer nporpaMmmMbl ANCLIMNANHBI Matematuka

HaumeHogsaHue BUCL(UI'IHLIHI:I

no HanpaeneHuto nogrotosku: 18.03.01 Xummyeckas TexHonorus, 18.03.02 QHepro- 1 pecypcocbeperaroine npoLeccehl
XUMUYECKON TEXHONIOTUN, HEDTEXUMUM U BUOTEXHOMOr UK

HaumeHoBaHue Of1 (npodpuns): Bce npodunu

5.2.2 TunoBble TecTOBbIe 3aAaHusl

r’|\;gn PopMynUPOBKN TECTOBLIX 3aaHUN
Cemectp 1
1 | Tema 1. MaTpuubl 1 onpeaenuTenu.
6 -3 0
Mpun KakoMm 3Ha4YeHUnA onpegenutens |2 A—2 0[=0
0 0 1
1) 2; 2) 1, 3) 0,5; 40

2 | Tema 1. MaTpuubl 1 onpeaenuTenu.

Ecnn A = (_01 _25) mB= (; _21) TO matpuua C=A-2B umeeTt BuA:

n(2 4 (5 Zo) H(F %) 925 o)

3 | Tema 2. Cuctembl NUHENHbIX anredbpanyecknux ypaBHeHUN.

Ecnu  (xq;y,) - pelieHne cuctembl NMMHENRHbIX YpaBHEHWIA (; §| _53) TO X, — Y, pPaBHO
1) -7,5; 2) 0,5 3)-0,5; 4) 75
4 | Tema 3. BekTopbl.

[lnvHa BekTopa a = 61— 2] paBHa:

1) 2v10; 2)2/5; 3)8; $2V2

5 | Tema 4. BekTopbl. [lpon3BeneHnss BeKTOPOB.

HaHbl BekTopbl a = (—1,2—4) u b= (2,-3,0), Toraa nx ckansipHoe NpousBefeHne paBHo:

1) 5; 2) -6; 3) -8; 4)8

6 | Tema 4. BekTopbl. [lpon3BeneHnss BeKTOPOB.
Mpy KakoM 3HauyeHnnm m BekTopbl @ = (4;m; —8)u b = (—2; —4; 1) nepneHanKynspHbI?

1)4; 2) -4, 3) 0,4; 40

7 | Tema 5. MeTop KoopAWHAT Ha NJIOCKOCTU
OaHbl aBe Toukm nnockoctn A (8; -6) n B (-2;4), Torga cepeavHa otpeska AB nmeeT KoopauHaThbI:

1) (3;-1); 2) (5;-5);  3)(3;1); 4) (3;-5)

8 | Tema 6. MpsimMaa Ha NNOcKoCTU
[aHo ypaBHeHWe npsiMon Ha nrockocTu: 3x — 2y — 1 = 0, Toraa yrnoBomn KOa@ULMEHT 3TOM NPSIMON paBeH:

1) 2/3; 2) 3/2; 3) -3/2; 4) -2/3




Tema 6. lMpAmMan Ha NNOCKOCTHU

< < < 1
ypaBHeHVIeM npamMoun, nepneHaukynAapHom npamon y = ;x — 5, aBngaeTtca

1)y=%x+5;2)y=—2x+5;3)y=—%x—3;4)y=2x—3

10

Tema 7. KpuBbie BTOporo nopsiaka.

JaHo ypaBHeHue runepbonbl 1.

(422 (=52 _
1 s

Toraa paccTosiHve Mexay ee hoKycamy paBHo:

1)6; 2)9; 3)3; 4)2+/5

11

Tema 8. MNnockocTb B NnpocTpaHCcTBE
HopmanbHbIR BEKTOP MOCKOCTN x — 2y + 5z — 15 = 0 nmeeT koopAnHaTbl:

1) (3,2;15);  2)(3;-2;5);  3) (-1;2:3); 4) (1,2;-15)

12

Tema 9. MNpsimasn B npocTpaHCcTBE

o o +5 -5
Hanpagensiowuin Bektop npsimoii = = 222 = 222 ymeeT koopamHaTh:
1 2

1) (1.5:-5); 2) (0;5;-5); 3) (1-3;2); 4 (2:39)

13

Tema 10. BBegeHne B maTtemMaTnyeckmm aHanms

o n(1+
Haritn obnacte onpegenennsa yHKUMmM y = %z

1) (1; o0); 2) (=0;1) U (1; ); 3) [, DU 1;0); 4)(—1;1) U (1;0)

14

Tema 10. BBegeHue B maTtemaTU4eCcKun aHanus

sin7x

- paBeH:
x—0 Sin 10x

1) 0,7; 2) -0,7; 3)0; 1)1

15

Tema 10. BBegeHue B maTemaTU4ecKun aHanus

O603HaunB 0 — 6ECKOHEYHO Manyt BEMUYUHY, © - DECKOHEYHO GorbLUY BENNUYUHY, C — KOHEYHYIO

00+C
HEeHyneBytlo BEJTMYNHY, onpeaenntb, YeMy paBHO COOTHOLUEHKe!: T

1) 0; 2) =; 3) G; 4) HeonpeneneHHoCTb

16

Tema 11. MNpeaen ¢dyHKUMNA.

. 3x>+2x3-25
Bblumcnute npegen dyHKUui:  lim — =
x>0 14 4+ 2X" —6X

1) 0; 2) ; 3) -1/2; 4) HeonpeaeneHHoCTb

17

Tema 12. AudpcpepeHumanbHoe ncumcnenme PyHKUMM ogHON nepemMeHHOM.

MpousBoaHasa pyHKUMK y = e***+3 ymeer BUA;
1) xe*“+3 2) 2xe***3 3) —2xe*’*34) (x2 + 3)eX’+3

18

Tema 12. AudpcpepeHumanbHoe ncumcnenme yHKUMM ogHON NepemMeHHOM.

MpouseogHasa gyHkuMn y = In(1 — x2) B ToYKe X=2 paBHa:




1) ¥a; 2) -3/4; 3) 4/3; 4) -4/3

19

Tema 12. AnddepeHumanbHoe ncumcrneHme yHKUMN O[HON NepeMeHHOM.

n 1
Vi OT MYHKUMM y = — paBHa:

x2

1)6/x*; 2)-6/x*; 36x*; 4) —6x*

20

Tema 13. NpumeHeHne auddepeHUNanNbLHOro NCYUCTEHUSs

®yHkuMa y = f(x) onpeaeneHHa Ha npomexyTke (-5;4). Ha puc. nsobpaxeH rpacduk yHKUMmM y =

f(x).

Torpga Touka MMHUMYMa Ha npoMexyTke (-5;4)

1) x=1; 2) x=-3; 3) x=2; 4) x=-5

Cemectp 2

21

Tema 14. PyHKUMN OBYX U HECKOJIbKUX NEPEMEHHbIX.

O6nacTb onpeaeneHns dMyHKUNM 7 = ———
pen yHKUMn Z = s

9-x2-y?

D x2—y2>292)x2+y2 <9532 +y2=>94)x*—y?>9

22

Tema 14. PyHKUMN OBYX U HECKOJIbKUX NEPEMEHHbIX.
Havitn grad(z)dyHkumm z = arctg(x +y) B Touke (0; 0):

1) 2; 2) -2; 3)0; 11

23

Tema 15. QkcTpemyMbl (PYHKLIMKN OBYX N HECKOJIbKUX NEPEMEHHbIX.
HaiTtu kputndeckyto Touky pyHKUMM z = 2xy + x2 + y2.

1) (0;0); 2) (1;1), 3) (-1;-1) 4) (2,2)

24

Tema 16. HeonpegeneHHbIN NHTErpan u ero BblYMCNeHue.
MHoxecTBO NepBoobpasHbixX PyHKUMK f(x) = i—:j UMeeT BUL;:
1) x + Inlx + 1| + C; 2) x —7Inlx + 1|+ C;

2
3) x + 7Inlx + 1] + C; 4)"7+8x+c.

25

Tema 16. HeonpegeneHHbIN NHTErpan u ero BblYUCIeHue.
MHOXecTBO nepBoobpasHbix PyHKUMK f(x) = Ix nmeeT BUA;

DVt ec, 23 4c, 3 5VRTHC 4) s

x2




26

Tema 16. HeonpegeneHHbIN NHTerpan u ero BblYMcneHue.

KakoB reomeTpu4eckuin CMbICIT onpeaeneHHoro nHTerpana ot doyHkumm y = f(x) B nHtepsane [a,b] B
[eKapTOBOW cUcTeMe KoopanHaTt?

1). AnuHa nuHum y = f(x) B MHTepBane [a,b];

2). Mnowagab curypsl, orpaHM4eHHon nuHuen y = f(x) B uHtepeane [a,b];

3). CpeaHee 3HayeHue dyHkumm y = f(x) B MHTepBane [a,b];

4). NpousBegeHne cpegHero saHavyeHns PyHKLMKU B MHTepBarne [a,b] Ha AnNuHy nHTepeana.

27

Tema 17. OcHOBHbIe Knaccbl UHTErpupyeMbIx (PyHKUNNA.

MHoxecTBO nepBoobpasHbIX dyHKUMK f(x) = sin?3 x

1)§—§sin3x+C; 2)%—%5in3x+€; 3)§+%sin3x+C; 4) sin®3x+C

28

Tema 17. OcHOBHbIe KInaccbl UHTErpUpyeMbIxX pyHKLMNA.
Kakon nHTerpan He BblpaxaeTcs B arieMeHTapHbIX YHKUMAX?

1). f\/%dx; 2) [xe~**dx; 3)fe**dx;  4)[ cos*2xdx

29

Tema 18. OnpeneneHHbIN uHTerpan. Heco6¢cTBeHHbIE UHTErpanbl.

Kakon 13 npvBegeHHbIX HUXE MHTErpanos ABNSeTCS HeCOOCTBEHHbIM, ecnn yHKums f(X) - HenpepbiBHA?

1. [Sfede 2) [° feoyde  3). [f()dx  4). [ f(x)dx

30

Tema 18. OnpeneneHHbIn nHterpan. Heco6¢cTBeHHbIe MHTErpanbl.

o Inx

Yemy paBeH uHTerpan | —dx?

1

1) 1/8; 2) nHTerpan pacxoauTcs; 3)0; 4) 2

31

Tema 19. NMpunoxeHna onpeneneHHOro UHTerpana.

Uemy paBHa nnowiagb ourypbl Ha pUCcyHke?

1. [ f@dx 2.0 () —p@))dx  3). [, f)dx =[] o@dx  4). [ fx)dx — [ p(x)dx

32

Tema 20. YncnoBble MHOXecTBa. MHOXXeCTBO KOMMNNEKCHbIX Ynucen

Mopaynb KOMNNeKcHoro yucrna z = 2 — 3i paBeH:

V5, 2)13;  3)5 413

33

Tema 20. YncnoBble MHOXecTBa. MHOXXeCTBO KOMMNNEKCHbIX Yucen

Ecrm z, =1—1i;2z, =4+, 70 z, - z, paBHO:




1) 5+ 3i; 2)5-3i; 3)3—i; 4)3i

34 Tema 21. AnddepeHumnanbHble ypaBHEHUS NepBOro nopsiaka.
Kakoe wn3 ypaBHeHUN He aBnseTca AuddepeHuManbHbIM YpaBHEHUEM C  pa3gensiowmMmcs
nepemMeHHbIMn?
d
1) Jy? + ldx = xydy; 2 =f()-gO);
! . d
3) ¥y +pk)-y=g(x), 4) 73] = ctgxdx
35 Tema 21. AudrcpepeHumanbHble ypaBHEHUs1 NepBOro nopsaaka.
06w nHTerpan guddepeHLmanbHOro ypaBHeHUS j—z = xdx VMeeT Bua:
1 1—xz+C 2 1—xz+C 3 —xz+C4 L 2+cC
) y_z l)y_z 1)y_2 ') y_x
36 Tema 22. AudcpepeHumanbHble ypaBHEHUA BTOPOro nopsigka.
OundpepeHumanbHbIM ypaBHEHUEM BTOPOro Nopsiaka sBNAeTCs:
dy
1)ya —y2tgx = x;2)4y" — 3y’ = 5¢e*%; 3)4y" —3y" + 2y = 5e%; Dx2y? —2xy +1
=0
37 Tema 23. JluHenHblie anddepeHLmnanbHbIe ypaBHEHUA BTOPOro nopsiaka.
[aHo anddepeHumnanbHoe ypaBHeHne y” —y' — 6y = 0, Torga XxapakTepucTuyeckoe ypaBHeHue byaet
UMETb BUA:
D6k?—k—1=0; Dk +k+6=0; Dk?+k—6=0; Dk2—k—6=0
38 Tema 24. Yncnossble psagbl.
Kakoi 13 gaHHbIX psagoB sIBNSIETCA CXOASALMMCS:
1)5:1 2)2.0:1 3)§: ! 4)53"
= -3 3=
n=1n n=1n n=1 \/ﬁ n=1
39 Tema 24. Yucnossble psagbl.
[nsa kakoro n3 crnegyoLmnx psgoB BEpHO yTBepkaeHue: ecnu  limu,, = 0 psg AOCTOBEPHO CXOOQUTCH:
n—-oo
byt Yiny Liyyd
=1)"—; = T -
=1 n n=1 n n=1 \/F n=1 n
40 Tema 25 ®yHKUMOHaNbHbIE psabl
n+1 "
Bbluncnntb paanyc CXxoammocCcTu paga Z \/_
1) V2; 2) 2; 3) (-V2;/2); 4) V2
41 Tema 26 dnemMeHTbl TEOPUM BEPOATHOCTEN
B kopobke nexart 5 kpacHbix n 7 cuHMX wapoB. Hayrag ussnekawT gBa wapa 6e3 Bo3epalleHus. Hangute
BEPOATHOCTb TOro, 4YTO oba wapa 6y}J,yT KpacCHbIMW.
1) 25/144 2) 10/66 3) 10/132 4)5/12
42 Tema 27. OCHOBbI MaTtemMaTU4eCKOW CTaTUCTUKM.

Y70 Ha3blBalOT reHeparibHOM COBOKYMHOCTbIO B CTAaTUCTUYECKOM UCCreaoBaHun?
1) COBOKYMHOCTb BCEX BO3MOXHbIX 3HAYEHWI CIy4YanHON BENUYNHbI

2) COBOKYNHOCTb 3M1EMEHTOB, MO KOTOPbLIM MPOBOAUTCA NCCNEefoBaHWe

3) CoBOKYMHOCTb CriydaHO 0TOBpaHHbIX 3NIeMEeHTOB 13 obLwein rpynnbl

4) COBOKYNHOCTb BO3MOXHbIX OLUMOOK N3MepeHui




MpunoxeHue 1

MpunoxeHue
pabo4er nporpaMmmMbl AUCLMNNHBI MatemaTtuka

HaumeHogsaHue BUCL(UI'IHLIHI:I

no HanpasneHuno nogrotoskm: 18.03.01 Xumundeckas TexHonorus, 18.03.02 SHepro- n pecypcocbeperatoLime npoLecchbl
XMMUWUYECKOWN TEXHOMOrNKN, HedTEXMMUM U BUOoTEXHOMOrNK

HaumeHoBaHue Of1 (npodpuns): Bce npodunu

5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBAaHHbIE 3aAaHUA (3aaaym, KeUChbl)

Ne n/n | YcnoBsus TUNOBbIX MPaKTUKO-OPMEHTMPOBAHHBIX 3a4aHuii (3a4aY, KencoB)
Cemectp 1

1 Tema 1. MaTpuubl u onpeaenuTenmu.

[JaHbl oBe maTpuubl A = (; i) mB= (_11 ?)

Tpebyetcs Haitu C = A - B — 2A.

2 Tema 2. CucTeMbl NUHENHbIX anre6panyeckux ypaBHEeHUN.

Cuctema TpéX NUHENHbIX YPaBHEHWUI C TPEMS HEM3BECTHBIMU X1, X2, X3 3afilaHa pacLUMPEHHON MaTpuLen
1 2 1|4
<3 -5 3 1).

8

2 7 -1
Tpebyetcsa: 1)  3anucaTb CUCTEMY B KAHOHWYECKOW hopme (B BUAE CUCTEMbI YPaBHEHWUIA),

2) HanTK peLLeHre 3TON CUCTEMbI METOAOM MOMHOMO UCKMKYEHUS,

3) pewnTb 3Ty Xe cuctemy no chopmynam Kpamepa.
3 Tema 3. BekTopbl.

OaHbl BepwunHbl nupamuabl A(6, 7, 13); B(2, 4, 6); C(4, 7, 12); Q(6, 16, 24), npuyém Toukn A, B, C -
BEPLUMHbI €€ OCHOBaHUS.

Cpencreamu BEKTOPHOM anredpbl HaWTU:

1) BEKTOPbI C HA4arioM B TO4ke B 1 KOHLOM B OCTarlbHbIX BepLUMHaX nupamuabi;
2) ONVHY W HanpaBensALwme KOCMHyCbl Bektopa BC;
4 Tema 4. Bektopbl. [pousBeaeHna BeKTOpoB

OaHbl BepwuHbl nupamuabl A(6, 7, 13); B(2, 4, 6); C(4, 7, 12); Q(6, 16, 24), npwyém Toukn A, B, C -
BEPLUMHbI €€ OCHOBaHUS.

Cpencreamu BEKTOPHOM anredpbl HaWTU:

—_

cKansipHoe npousseaeHne BekTopos BC u BQ;

)
2) yron ¢ mexay pébpamu BC n BQ;
3) BEKTOPHOe NpousBeaeHne BekTopoB BC U BA;
4) nnowaab OCHOBaHWUs NMpaMuapbl;
5) 00BbEM Npamuabl.
5 Tema 5. MeToa KoopaMHaT Ha NNIOCKOCTU

TpeyronbHuk ABC 3agaH ceovmm BepumHamu: A(5,7);B(8,4)C(3,—3).

Hantu gnvHy BbicoThl h, npoBenéHHOM 13 BepLumHbl C.

6 Tema 6. MpaAMasa Ha NNOCKOCTU.

TpeyronbHuk ABC 3agaH ceBovmm BepumHamu: A(5,7);B(8,4)C(3,—3).
Hantu: 1) ypaBHeHune ctopoHbl BC (B 0Tpe3kax Ha ocsix),

2) ypaBHeHue cTopoHbl BA (B obliem Buae),

3) yron ¢ mexay ctopoHamu BC n BA,

4) ypaBHeHve meamaHbl BM (c yrnoBbiM K03hULMEHTOM),

5) ypaBHeHue BbicoTbl AK (C yrnoBbIM KO3UUNEHTOM),

6) ypaBHeHue npsimon L, npoxoasiuen yepes Touky C || BA,

7 Tema 7. KpuBble BTOporo nopsgka.

Ykasatb Tmn KpVIBOl7I BTOPOro nopAanka, HanTK ee napameTpbl, caenaTtb YepTex:




(x+5)>  y* -1
16 9 ’

Tema 8. MMnockocTb B NnpocTpaHCcTBe

[aHbl yeTbipe Touku: A(2,4,6); B(4,7,12); C(6,8,13); D(4,4,8).

Hantu:

1) ypaBHeHue nnockoct (ABC);

2) yron B mexgy npsimon (AD) n nnockocTtbto (ABC);

3) ypaBHeHue npsmon (L), npoxoasuwer yepes (\)D L nn. (ABD);

4) yron y Mexay nnockoctbto (ABC) v nnockocTtbto (ABD);

5) ypaBHeHue nnockoctu (Q), npoxoasilien yepes() C || nnockoctn (ABD).

Tema 9. NMpsaAmas B npocTpaHcTBe

[aHbl veTbipe Touku: A(2,4,6); B(4,7,12); C(6,8,13); D(4,4,8).

Hantu:

1) ypaBHeHue npsamon (AB) B KQHOHMYECKON hopMmeE;

2) ypaBHeHue npsimon (R), npoxoasiuen Yyepes ToukyD napannensHo (AB);

3) Tynow yron a mexay npsimbimu (AB) u (AD), T.e. a = (AB % AD)

10

Tema 10. BBegeHMe B MaTteMaTUyeCcKuUm aHanums.

log,(x—1)

Hantu obnactb onpegeneHns yHKUMmn y = o

11

Tema 11. NMpeaen cdyHKuMN

BbluncnnTe npegensl, He Nonb3ysick Npasurom Jlonutans:

. x343%
1) lim ;
) x>1 Vx+8’

. 3x%-1 . x2-x—6 . €0S3x—c0s4x
2) lim ;3) lim =———; 4) lim——
x—00 5X2+2x x—>—2X%2+7x+10 x->0 Xxsin3x

12

Tema 11. Mpeaen cdyHKuUN

Hantu Toukm paspbiBa pyHKUMM. [ocTponTts YepTex.

X, x <=2
y=1{4-x? -2<x<0.
4 —x, x>0

13

Tema 12. And depeHunansHoe ncumcneHme PyHKLUUM OgQHON NepemMeHHOMN.

Monb3ysAcek dhopmynamm auddepeHLMpoBaHUs, HAUTN NPOM3BOAHbIE CeayLMX (YHKLIMNA:

cos x
1)y=m;2).y=4c053x;3).y=e‘/tg_";4-)y=xlel—xz.

S

14

Tema 13. NMpumeHeHne anddepeHUnanbLHOro NCYNCNEHUA.

Hantu npenensl, ncnone3ys npaswro Jlonutans:

1+4x—x* | 2 lim 1—cos 2x,
X—>00 X+3x24+2x4’ " x50 1—cos3x’

1.

3. lim snx. 4. lim(x+1)e™.
X—00

Xx—+0 Insin 5x’

15

Tema 13. NMpumeHeHne anddepeHUNanbLHOro UCYNCNEHUA.

Haiit nHTepBarnsl MOHOTOHHOCTM M 3KCTPEMYMbI PYHKUMKU y = x3 — 3x2 — 9x — 12

16

Tema 13. NMpumeHeHne anddepeHUnanbLHOro NCYNUCIEHUA.
Haiit Hanbonbluee U HavMeHbluee 3HaveHne pyHkumM vy = x3 —3x2 — 9x + 35 Ha oTpeske

[-4; 4].

CemecTtp 2

17

Tema 14. ®yHKUUM ABYX U HECKOMbKUX NepeMeHHbIX.

x 0z 0z
z= ln;. [okasatb, 4To X +£ -y =0.

18

Tema 14. ®yHKUUM ABYX N HECKOSNbKUX NEepeMeHHbIX.

. 9 1 g g 2
Hantn gradu w 2 B Touke M (1;=;-1),ecnn | = OM,, u =2 4 xz.
al 0 2 0 y




19 Tema 15. JkcTpeMyM PYHKLUN HECKOTNBKUX NEePEMEHHbIX.
Haiitn akcTpeMymbl oyHKUMK  z = 2x — 2y — x2 — y2.
20 Tema 15. dkcTpeMyM PYHKLUN HECKOTNIBbKUX NEPEMEHHbIX.
Haiitn Hanbonbluee U HavMeHbluee 3HaYeHUs PyHKUMM  z = x2 + 2y? + 1 B 3aMKHyTOI 061acTu, orpaHMYeHHoM
ocamm 0x, Oy n npamoin x+y=3.
21 Tema 16. HeonpeaeneHHbIN MHTErpan U ero Bbl4UcreHne.
Boelumennts uHterpan: [(x* + e*)dx
22 Tema 17. OcHOBHbIE Knaccbl UHTErpupyembix yHKLUNA
. earctg(x) . x . 2x+3
Borvermte: 1. [———dx;  2.[(x+De*dx; 3.[ 5 —-dx.
23 Tema 18. OnpeaeneHHbIN uHTerpan. Heco6¢cTBeHHbIe UHTErpansl.
Bbl‘-II/ICJ'II/Ibelz Inxdx
24 Tema 19. MpunoxeHus onpeaeneHHOro MHTerpana.
BbiuncnuTs nnowaas durypsl, orpaHUYeHHON NMHUSMU
y=(@x—-1%*uny=5-—x%
25 Tema 21. AnddepeHumnansHbie ypaBHEHUA NEPBOro nopsiaka.
HanTu o6min nHTerpan ypasHennst ydx + (1 + x2)dy = 0.
26 Tema 21. AnddepeHumnanbHbie ypaBHEHUA NEPBOro nopsiaka.
Hawitn pelwieHne ypaBHenns: y' — %y = x yOOBreTBopsoLLee HayarnbHbIM YCroBUAM Vg1 =2
27 Tema 22. AnddepeHumnanbHble ypaBHEHUA BTOPOro nopsigka.
Haint yactHoe pelueHmne ypaeHeHust (1 + x2)y” — 2xy’ = 0, yAOBNETBOPSIOLLEE HaYasbHbIM YCMOBUSAM Y |—q =
0,y |x=g = 1.
28 Tema 23. JluHenHble audbepeHunanbHbIe ypaBHEHUA BTOPOro nopsaka.
HaiiTn yacTHoe pelueHve ypaBHEHNS, YOOBMNETBOPSIOLLEE YKadaHHbIM HavanbHbIM ycnosusm: — y" — 5y’ + 4y =
0' YIX:O = 5' yIIX:O =8
29 Tema 23. JluHenHble audbepeHunanbHbIe ypaBHEHUA BTOPOro nopsaka.
Havitn obLyee peweHve ypasHenns  y" —3y' +2y = (34 — 12x)e™™.
30 Tema 24. YncnoBble pAAabl.
WccneposaTth cx0aAMMOCTL psa Z,‘f:l:—; = % + % + % +...+ :—3!+. "
31 Tema 24. YncnoBble pAAabl.
WccnepoBaTtb CXOAMMOCTL psiga Z,‘f:l(—l)"‘l% = ? - ”TT4+. A=t %+. .
32 Tema 25. PyHKUMOHaNbHbIE pPAAbI
“ o 1 n_1 12,1 .3 1 n
Havitn nHTepsan n paguyc cxoguMocTun psga anln(n+2)x =x+oxt+ox +...+n(n+2)x +..
33 Tema 25. PyHKUMOHaNbHbIE PAAbI
1-e~%
Pasnoxutb B pag dyHkumo y = =
34 Tema 26. dnemMeHTbI TEOPUU BEpPOATHOCTEN
BeposTHOCTM nonagaHvs B Lenb npu cTpensbe nepsoro 1 BTOPOro opyamin COOTBETCTBEHHO paBHbl: P1 = 0,7; p2 =
0,8. Haiit BeposiTHOCTb NnonagaHust Npy oAHOM 3arnne (13 obonx opyauin) XoTa Obl O4HUM U3 OPYAMIA.
35 Tema 27. OCHOBbI MaTeMaTU4YeCKOMN CTaTUCTUKU

[nga nmerowerica BLIDOPKU 3HAYEHUI X crnyyariHou BenuumHbl X 12, 15, 14, 10, 18, 21, 17, 13, 16, 15, 19, 14, 22,
18, 20 - HaNTK ToYEeYHblE HECMELLIEHHbIE OLEHKN HEN3BECTHBLIX MAaTEMaTUYECKOro OXMOaHUst U ancnepcum
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