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MecTo IMCHUIUIMHBI B CTPYKTYpPe 00pa3oBaTe/ibHOM MPOrpaMMbl

Jucuumnnmza «Anredpa U TEOpHs YUCEe» OTHOCUTCS K ITUCIMIIMHAM 00s3aTeIbHON YacTu
bnoka 1. [ucunurmumusl (Moaymu) IlpenMeTrHo-mMeTonMyYecKoro MOAYJAS MO  Ipoduiro
«Matemaruka» y4eOHOro IUIaHA OCHOBHOW Mpo(ecCHOHAIBbHOW 00pa30BaTENbHON MPOrpaMMbI
BBICIIETO 00pa3oBaHUsl — IporpamMMbl OakajgaBpuaTa IO HampamieHHIO MmoarotoBku 44.03.05
[Tenarornyeckoe oOpa3oBanue (¢ AByMs MPO(UISIMH MMOATOTOBKH), HANPABICHHOCTH (IPOQUIIB)
oOpa3oBatenbHOIl mporpammbl «Pusnka. MaremaTiuka», 04HON HOPMbI 00yUEeHHUS.

JlucuumuiiHa onupaeTcst Ha pe3ysbTaTbl 00ydeHus, COOPMHUPOBAHHBIE B PAMKAX IIKOJIEHOTO
Kypca MaTeMaTUKH.

Pe3ynbpTarhl M3ydeHHs IUCUUIUIMHBI SIBJISIIOTCS OCHOBOM M7l M3YYEHHs IUCLUMUIUIMH U
IIPOXOXKIEHUS MpaKkTUK: YuciaoBsle cucteMbl, MaTeMaTtnueckas jJoruka, MareMaTnyecKkuil aHauus,
Teopuss BEpOATHOCTEH M OCHOBBI MAaT€MAaTHMYECKOW CTaTUCTUKH, HaydHo-ucciienoBaTenbckas
pabota, IloaroroBku Kk cmadye W caada rocyAapCTBEHHOrO 3K3aMeHa, BblmoiiHeHuWe U 3ammra
BBIITYCKHON KBaTH(PUKALMOHHON PaOOTHI.

1. Ilepeyenr miaHupyembIX pe3yJbTaToOB  o0y4eHusi (o0pa3oBaTebHBIX
pe3yJbTAaTOB) MO IUCHHUILINHE

Leabl0 OCBOGHUSA TUCHUIUIMHBI  SIBJISIETCS TMOATOTOBKA  y4yuTens K  Oymymiei
po(heCCHOHATTLHOM JIEATEILHOCTH: (POPMHUPOBAHUE CIOCOOHOCTH K TIPENOJNaBaHUI0 Y4eOHOTO
npenMera anrebpa, Kak B OOBIYHBIX 001Ie00pa3oBaTeNbHBIX KlaccaX, TaK W B Kjaccax C
yrayOJIeHHBIM U3y4YEHUEM MaTEMATUKH.

3agayeil  OCBOGHMS  JUCLUIUIMHBI  SIBJISIETCS  3aKpEIUIEHHE YMEHUH  MPOBOAUTH
MaTeMaTU4YeCcKue MpeoOpa3oBaHUs BBIPAKEHUHM, O0TpabOTKa MOHATUHHOrO ammapara MaTeMaTHKH,
TEXHUKU TPOBEICHHS MaTeMaTHYECKUX pacdyeToB, (OPMUPOBAHHE U 3aKpeIICHUE YMEHUs
IPOBOAMTH CTPOTrHe aOCTPaKTHO-JIOIMUECKHUE JI0Ka3aTeIbCTBa, pELIaTh 3a/Jadd IOBBILICHHON
CJI0’KHOCTH IIKOJIBHOTO Kypca MaTEMaTUKH.

B pesynbrare ocBoeHus MNporpaMMmbl OOyHYarOIIMKCSA JOJKEH OBJAJETh CIEAYIOLIUMU
pe3ynbTaTaMu oOyueHus (B TabIuIe MpeJCTaBlIeHO COOTHECEHHE 00pa30BaTeNbHBIX PE3yIbTaTOB
00y4eHus M0 TUCIUIUIMHE C UHIUKATOPAaMHU JOCTHUKEHUSI KOMIIETEHIIUH ):

KOMHGTCHHI/I?[ )51 O6p330BaTCJ'II)HBI€ PE3YIbTATHI JUCHUITIINHBI
WUHIUKATOPBI €€ (3Tansl GOPMHUPOBAHNUS AUCHUIIIUHBI)
JOCTHKEHUS B 3HaeT yMeeT Brnageer
JUCIHHUIIIINHE

VYK-1. Criocoben OP-1. 3naer meronpl OP-2 Ymeer OP-3 Brnaneer
OCYHICCTBJIATD IOUCK, KPUTUYCCKOTO aHaJIn3a | MPUMCHATH CUCTEMHBIM | HaBBIKAMU pe(I)J'IeKCI/II/I
KpI/ITI/ILIeCKI/Iﬁ aHaJIn3 1 CUHTEC3a MOAXOM JId pCHICHUA I10 TIOBOAY
1 CUHTCE3 I/IH(I)OpMaI_II/II/I IIOCTABJICHHBIX 3a1a4 CO6CTB€HHOI>1 u I-IY)KOI\/'I
uH(popMaluuy, MBICIIUTENTBHON
MNPUMCHATH JCATCIIBHOCTHU

CUCTEMHLIN ITOIXO
JUISl peLIeHus
MOCTABJICHHBIX 33124
VK-1.2. IIpumensier
jgorudeckue Gopmbl 1
IpoIeTyphl, CIOCOOEH
K peQIIeKCHH 110
MOBO/LY COOCTBEHHOM

U 9yXKOH

MBICIIUTEIbHOU

JIeSITEJIbHOCTH.

I1K-1. Cnocoben OP-4. 3naer ponb 1 OP-6 ymeer OP-7 Bnazeer
OocBauBaTh U MECTO MaTEMaTUKH B OCYIIECTBIISIT OTOOp | JEUCTBUEM

HCIIOJb30BaTh O6IJ.I€I>1 KapTHUHC yqe6H0r 0 COACPXKAHUA | MPOCKTUPOBAHUS




TEOPETUYECKHE HAYYHOT'O 3HAHUS, JUISL €r0 pealii3alii B | pa3iM4HbIX (popm
3HAHUA U OP-5. 3naer pa3mmuHbIX hopmax y4eOHBIX 3aHSATHIH,
MPaKTUYECKUE CTPYKTYpY, COCTaB 1 0o0y4eHHUs B OP-8 Bnageer
YMEHUS ¥ HaBbIKH B TIAIAKTUIECKUE COOTBETCTBUH C HABBIKOM ITPUMEHEHHUS
peIMETHOM €IMHUIIBI COJICP)KAHUST | COBPEMEHHBIMU Pa3IMYHBIX METO/IOB,
oOnactu rnpu LIKOJILHOTO Kypca TpeOOBaHUSIMU K NPHEMOB U TEXHOJIOTUI
pelieHun MaTeMaTHKH. 00pa3oBaHuIo. B 00y4eHUH
npodeCCHOHATBHBIX MaTeMaTHKe.

3ajad.

[IK-1.1. 3naer

CTPYKTYpY, COCTaB U

JUTaKTUIECKHE

€IMHUIIBI

IIPEAMETHOU

obnactu

(mpenosiaBaeMoro

npeaMeTa).

[IK-1.2. Ymeer

OCYIIECTBISATH OTOOP

yueOHOro

COJIepKaHus I €ro

peau3anuu B

pa3iauuHbIX hopMax

00y4eHus B

COOTBETCTBUHU C

TpeOOBaHUSIMU

dI'OC O0.

I1K-3. Cnocoben OP-9. 3naer OP-11 Ymeer OP-13. Brnazeer
dbopmMupoBath XapaKTePUCTUKY OKa3bIBaTh HaBbIKAMU
Pa3BHUBAIOILYIO JUYHOCTHBIX, NEarOrMYECKYIO OpraHM3aIyi U
00pa3oBaTeNbHYIO NPEeIMETHBIX U HOAEPAKKY MPOBEICHHS 3aHATHI C
cpeny Juist MeTanpeIMETHBIX o0y4aroummcs B UCIIOJIb30BaHUEM
JOCTH)KEHUS PE3ysbTaToB B 3aBHCHMOCTH OT UX BO3MOYKHOCTEN
JTUYHOCTHBIX, KOHTEKCTE 00y4eHUs 00pazoBaTeIbHBIX 00pazoBaTebHON
HPEIMETHBIX U MaTeMaTHKe; pe3yIbTaTOB,; cpenbl A1
METanpeIMETHBIX OP-10. 3naer OP-12 Ymeer JIOCTUKECHUS
pE3yJIbTaTOB OCOOEHHOCTH OpraHU30BbIBATH 00pa3oBaTeNbHbIX
o0y4deHus MHTerpauu yueOHbIX | yueOHbIi nporece ¢ pE3YJIBTaTOB U
CpeICcTBaMu NPEeIMETOB /IS UCTIOJIb30BaHUEM o0ecreueHus KauecTBa
MIPEToIaBAeMbIX OpraHu3alluy Pa3HbIX | BO3MOXKHOCTEH y4yeOHo-

y4eOHBIX IPEAMETOB. | COCOOOB yueOHOM 00pazoBaTebHON BOCIIUTATEIHEHOTO
I1K-3.1. Bnaneer JEATEIIbHOCTH. Cpenp! Ul pa3BUTHS Tporecca CpeacTBaMu
crioco0amu MHTEpeca K IpeIMETy | MaTeMaTUKH.
WHTETpaIiu B paMKax ypOUHOHU U

y4eOHBIX TIPEMETOB BHEYpPOYHOM

JUIS OpTaHU3aIIH JEATENBHOCTH.

pa3BUBAIOIIECH
yueOHOI
JIeSTEIbHOCTH
(ucciemoBaTEbCKOM
, IPOEKTHOM,
IPYMIIOBOH H Ip.).




2.  O0beM AUCHHMILUIMHBI B 32a4€THBIX €IHHUIIAX C YKA3aHHEM KOJHYECTBA aKaJeMHYeCKHX
4acoB, BbIIEJEHHBIX HA KOHTAKTHYK padoTy o0ydamommxcs ¢ npemnojgaBareseM (10 BHIAM
Y4eOHBbIX 3aHATHIT) 1 HA CAMOCTOATEIbHYI0 PadoTy 00y4ar0IMXCs
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4 3 108 18 30 - - - 33 3K?§;’I)€H
5 3 108 18 30 - - - 33 3K?§;’I)€H
Hroro: | 12 432 12 120 - - - 132 108

3. Conmep:kanue AUCHMILUIMHBI, CTPYKTYPHMPOBaHHOe MO0 TeMaM (pa3aejaM) ¢ yKa3aHHeM

OTBE€JACHHOI'0 HA HUX KOJINYEeCTBA aKAACMHUIECCKHUX YaCOB U BH/10B y‘lCﬁHbIX 3aHATHI

3.1. Ykazanue mem (paszoenos) u omeeoeHHO20 HA HUX KOAUUECHIBA AKAOEMUUECKUX YaACO8 U

6UO006 yUEOHBIX 3aHAMUIL

KomnunuaecTBo yacoB o ¢opMam opraHusaiuu
o0y4eHus

Hanmenosanne pasnena u 1eM Jlexumon | Ilpaktuuec | Jlabopato | CamocTosIT

HBIE Kue pHBIE eJlb-Hasl

3aHSATHUS 3aHATHUS 3aHATHUS pabora
1 cemecTp

DneMeHTHI TEOPUH MHOYKECTB 8 14 10

Cucrembl TUHEHHBIX YpaBHEHUN U 10 16 13

MaTpPHIIBI

OKk3ameH 27

Hroro mo 1 cemectpy 18 30 - 60




2 cemecTp

10 20 20
OCHOBHBIE aNTe0panvecKkue CTPYKTYpHI

8 10 13
KoneunomMepHble BEKTOpHBIE IPOCTPAHCTBA
DKk3amMeH 27
HToro no 2 cemecTpy 18 30 60

4 cemecTp
OtHomenue nenuMocTH. LlenHsie
Ipodu 6 12 10
Teopus cpaBHEHHUIA 8 12 13
[TokazaTtenwu, nmepBooOpa3Hbie KOPHU U 4 5 10
WHJICKCBI
DK3aMeH 27
Hroro no 4 cemecTpy 18 30 60
5 cemecTp

Teopust MHOrOwIeHOB 14 24 33
JIuneiinble 0TOOpaKE€HUs U JINHEHHBIE 4 6
OTIepaTOpPHI
Ok3ameH 27
Hroro no 5 cemecTpy 18 30 60
Bcero mo qucnuninne: 72 120 240

3.2. Kpamkoe onucanue codepicanus mem (pazoenos) Oucyuniumsl

Kpartkoe conep:xxanue kypca (1 cemectp)

9J1eMeHTBI TECOPUHU MHOYKECTB

Onepauuy Haj MHOXECTBAMM, HMX CBOicTBa. MeTox MaTeMaTHMYeCcKOM WHAYKUWU. buHapHble
OTHOILIEHHSI HA MHOXECTBE, UX cBoicTBa. Onepanuu HajJ OMHAPHBIMU OTHOUIEHUAMHU. OTHOIIEHNE
SKBUBaJIEHTHOCTU. [locTpoeHue pa3zOHeHHs] MHOXECTBa IO HKBHBaJIeHTHOCTU. OmpeneneHue,
npuMepbl ¥ BHUJBI OTOOpakeHMil (cooTBeTcTBMM, ¢yHkiuil). Kommosunus oroOpaxkeHui, eé

cBoiicTBa. ObpaTHOE oTOoOpaxeHue. Kpurepuit oOpatuMoctu 0ToOpaXkeHHUS.

Cucrembl THHEHHBIX YPABHEHHH U MATPUIIbI




Marpuubl 1 omnepauud Hajg HUMU (CBoicTBa omepanuid, npumepsl). Konbio matpun. 3Hak
noAcTaHoBkU. OnpenenuTenb KBaJpaTHOM Marpullbl. BeluncieHue omnpenenurtesied BTOPOro U
TpeThero nopsaka. OCHOBHBIE CBOMCTBA omnpeneauTencii. MUHOPHI B allreOpanyecKue TOMOJTHCHHMS.
Paznoxenune onpeneauTens mo cTpoke win ctonomy. OO0paTtHast MaTpuIia, CrocoObl €€ BEIYUCICHHUS.
Cucrembl JUHEWHBIX ypaBHeHHM. COBMECTHbIE U  HECOBMECTHBIE, OIPEICICHHBIE U
HEONpPEICTICHHbIE CHUCTEMbl JMHEHHBIX YpaBHEHHUM. 3amuch W pEHICHUE CUCTEMbI N JIMHEWHBIX

ypaBHEHHMIA ¢ N IepeMeHHbIMU B MaTpuuHoi ¢opme. [IpaBuio Kpamepa.

2 cemecTp
OcHoBHbIE ajiredpanvecKue CTPYKTypbI
bunapnas anreOpanyeckast onepamus u e€ cBoiictBa. HelTpanbHble U CHMMETPUYHBIE 3JIEMEHTHI,
ux cpoicrBa. OnpeneneHue, NpUMEPLl U NPOCTEHUIINE CBOWCTBA rpynil. ['pynmsl MOACTAHOBOK U
kigaccoB BbrueToB. [loarpymmbel.  CmexHble kiacchl U Teopema Jlarpanxka. M3omopdusmel u
romomopdu3mel rpymm. OnpexneneHue, MpUMEpPsl U MpocTeime cBoiictBa koien. [logkonsna u
uaeansl KoJjbla. [lone kak 4acTHBIM Ciiydaid KOJbLA: IPUMEphl W mpocrteiine cBorcTsa. [lone
KOMILUIEKCHBIX 4Hcen. AureOpandeckas ¢(opma KOMIUIEKCHOro uyucia. CBoMcTBa omnepanuu
KOMIUIEKCHOTO  compsbkeHus.  ['eoMeTpuueckoe  INpEACTaBICHUE  KOMIUIEKCHOTO  YHCIIA.
Tpuronomerpudeckas Gpopma KOMIUIEKCHOTO 4mcia. J[efcTBHS HaJ KOMIUIEKCHBIMH YHCIAMH B
Tpuronomerpuueckor popme. @opmyna Myaspa. V3BieueHne KOpHEH U3 KOMIUIEKCHBIX YHCET.
KoneuHnoMepHbIe BEKTOPHBIE IPOCTPAHCTBA
[Tpumepsl UM mpocTeiiline CBOHCTBA BEKTOPHBIX MPOCTPAHCTB. Apu(pMETHYECKHE BEKTOPHBIE
npocTpaHcTBa. JIMHENHHAas 3aBUCUMOCTB CUCTEMBI BEKTOPOB. basuc M paHr KOHEYHOM CHCTEMBI
BEKTOpOB. Pa3znoxeHue Bekropa mo 6asucy. bazuc u pasmMepHOCTh KOHEYHOMEPHOI'O BEKTOPHOIO
npoctpaHcTBa. Panr matpuiel. CrnocoObl ero BbluncieHus. Kpurtepuil cOBMECTHOCTH CHCTEMBI
JUHEWHBIX YpaBHEHUI. OlleMeHTapHble MpeoOpa3oBaHMs CUCTEMbl JIMHEHHBIX YypaBHEHUH.
IIpuBeneHne MaTpUIlbl K CTYIIEHYaTOMY BUAY. PenieHue cucremsl JIMHENHBIX YPAaBHEHUH METOA0M
lNaycca. OpHoponmHas cucTeMa JIMHEWHBIX ypaBHEHUH. CBsA3b peIICHUH HEOJHOPOAHOU W
aCCOLIMUPOBAHHON C HEH OOHOPOAHOU cucTeMsl. [loampocTpaHcTBa, KPUTEPUN MOANPOCTPAHCTBA,
npumepsl. [loampocTpaHcTBO (QyHAaMEHTATbHOW CHCTEMbl pPEUIEHUH OJHOPOIHOM CHCTEMBbI
JUHENHBIX YypaBHEHHW. EBKIMAOBO BEKTOpPHOE MpocTpaHcTBO. Hopma BekrTopa. Yrosm Mexay
BekTOopamMu. OpTOHOPMUPOBAHHBIN Oa3uc.

4 cemecTp
Teopust nerumocrtu. Llennsie 1podon
OTHOIIEHNE NETMMOCTH HALEN0 Ha MHOXKECTBE LENBIX YHCEN W €ro IPOCTEWINE CBOWCTBA.
Teopema o penenun ¢ ocratkom. HOJ[ m HOK wnensix umcen. Anroputm EBxinpa. Bzaumuo

IMPOCTBIC YHCJIA. HpOCTLIC M COCTaBHBIE 4YMCJIa. DBECKOHEYHOCTh MHOXKECTBa MMPOCTBIX YHUCCIIL.



OcHoBHast TeopeMa apupMETHKU U cIeACTBUS U3 He€. OTHOIICHHE CPABHUMOCTH 10 HATYPATbHOMY
MOJYJIIO Ha MHOYKECTBE L[EJIBbIX YHCEI U €ro CBOMCTBA. MHOKECTBO KIACCOB BBIUETOB Zpy.
Koneunbie u OeckoHeuHble 1enHble JApoOu. Hawunmyumme npubmmkenus. KsanpaTuunble
UPPALMOHATILHOCTH U IIETHBIE IPOOH.

Teopus cpaBHeHuUit

YucnoBble cpaBHEHUS U UX CBOMCTBA. KOJIbIIO KJIACCOB BBIUETOB MO JaHHOMY Moayito. [losHas u
npuBeJeHHAas cuctema BblueToB. Dynkums Oiinepa. Teopemsr Ditnepa u @epma. CpaBHEHUS C
OoAHUM Heu3BeCcTHbIM. (CpaBHeHHUsI TMepBoMl creneHu. Kputepuil pa3pemimMoCcTd JTUHEHHBIX
cpaBHeHuid. CrocoObl  pemieHUss CpaBHEHUH TiepBoil  crenmeHW. CHCTEMBl  CPaBHECHHA.
[TonuHOoMHANIbHBIE CpaBHEHUS 1O MpOcTOMYy Moayito. CpaBHEHHs] BTOPOM CTENEHU MO MPOCTOMY
moayito. CumBou Jlexanapa u ero ceorictBa. KBagparuuHblii 3aK0H B3aUMHOCTH.

IHoka3aTenu, nepBoodpa3Hble KOPHU H HHIECKCHI

[lokazaTenr wuymcna mo 3amaHHOMy Moxayiw. CBoiictBa mnokazarteneil. CyliecTBOBaHHE
NEepPBOOOPA3HBIX KOPHEH IO MPOCTOMY MOJyo. MHAEKCHl W WX CBOWCTBA. ApudMeTHUecKHe
MIPWIOKEHUST TCOPUH CPABHEHUH: MPU3HAKH JIETMMOCTH. ApU(DMETHICCKUE MPUIIOKCHHSI TCOPUN

CpPaBHEHHUM: JIJTMHA TIEPHOJIA ACCITUIHON 3aIIMCH IPOOH.

5 cemecTp
Teopuss MHOT04/1ICHOB
Ko7bp110 MHOrOWIEHOB OT OIHOHM Hen3BecTHOM. CTeneHb MHOrOUJIEHa U €€ CBOMCTBA. MHOroueHbl
HaJ nosueM: Jnenenue ¢ ocratkoM, HOJ[ MHOro4sieHoB, pa3ioKeHue MHOIOWIEHA Ha HEIPUBOANMBIE
MHO)kuTenu. Teopema be3dy. Cxema ['opHepa. MHorouneHsl HajJ 00JACThIO IEIOCTHOCTH:
KOJIMYECTBO KOPHEH, PYyHKIIMOHAIBHOE U alireOpanyeckoe paBeHCTBO MHOTrouJeHOB. DopMarbHas
NPOM3BOJIHAs MHOTOYJIeHa W KpaTHble KopHM. OcHOBHas TeopeMa anreOpsl. Pa3znoxeHue
MHOTOYJIEHA HaJ IOJEM KOMIUIEKCHBIX YHCENl Ha HENPUBOAMMBIE MHOXUTENH. Teopema Buera.
Pemenune ypaBHenudt 3-if u 4-ii creneHu. HenpuBoauMble MHOTOUWIEHBI HaJ IOJIEM
JNEHCTBUTENBHBIX uucen. HaxoxaeHue palMOHATbHBIX KOpHEH MHOIOWIEHa C  LEJIbIMU
kodpduuuentamu. HenpuBoauMmble  MHOTOWIEHBI  HaJl TOJIEM  PAllMOHAJIBHBIX  YHCEIL.
Anrebpanueckue pacimmpeHus nosiedl. Mz6aBnenue oT anreOpanyeckod HpPpalMOHATIBHOCTH B
3HaMmeHarene JApoou. Ilpumepsl reoMeTpuyeckMX 3ajad, CBOJSIIMXCA K  YPaBHEHUSAM,
HEpa3peUIMMbIM B KBaJpaTHBIX pafuKanax. Ajredpanyeckue M TpPaHCLUEHICHTHBIE YHCIA.
ITocTpoeHne Koabla MHOTOUIEHOB OT HECKOJIBKMX NMEPEMEHHBIX. CUMMETPUYECKUE MHOTOUJIEHBI.
ITpuMeHEeHnEe CUMMETPUYECKUX MHOTOWIEHOB K PELIEHUIO CUCTEM YPAaBHEHHUH.
JInHeliHbIe 0TOOpAaXKEHHUS U JINHEHHbIE ONEPATOPbI
Jluneitnple oOTOOpakeHHs U JIMHEWHBIE OINEpaToOpbl BEKTOPHBIX MPOCTPAHCTB, MPHUMEPHI,

npocTeinme cBoucTBa. SAnpo u obpa3 TuHEHHOro oToOpakeHus. MaTpuia JMHEHHOTO oreparopa



OTHOCHUTEJIbHO JAaHHOTO 0a3uca, ee M3MEHEHHE NIpHu mepexone K apyromy 6aszucy. CoOCTBEHHbIE

BEKTOPBI U COOCTBEHHBIE 3HAUCHUSI TMHEHHOTO ONepaTropa. XapaKTepUCTUIECKOE YpaBHEHHE.

4. TlepeyeHb Y4eOHO-METOAMYECKOI0 o0ecredeHHsl IS CaAMOCTOSITEIbHOW PadoThI

oﬁyqamumxcﬂ no JTMCHMIIJINHE

CaMocTosiTenbHasi padoTa CTYACHTOB SBIISETCS 0C000# (opMOil opraHmu3aiuu y4eOHOTO Mporecca,
MpeJCTaBIsIoNasl co0oil IUIAaHUPYEMYI0, MO3HABATEJIbHO, OPraHU3allMOHHO U METOAMYECKU
HAIpPAaBIIEMYIO JI€ATEIbHOCTh CTYIACHTOB, OPUEHTHPOBAHHYIO Ha JIOCTH)KEHHE KOHKPETHOIO
pe3yibTara, OCyLIECTBIsieMylo Oe3 mpsiMmol momornu mpenogasarens. CamocTosiTensHas padora
CTYACHTOB SIBJSIETCS COCTaBHOM 4YacThl0 YueOHOH paboThl M HWMEeT MLEeNbl0 3aKperuieHue |
yrayOieHue MONY4YeHHbIX 3HAaHWM U HABBIKOB, MOUCK U MPHOOpETEHHE HOBBIX 3HAHMI, a Takke
BBIMIOJTHEHHE YYeOHBIX 3aJaHHi, MOATOTOBKY K MPEACTOALIMM 3aHATHSAM M dSk3amMeHy. OnHa
npeaycMaTpuBaeT, Kak NpaBuio, pa3paboTKy pedepaToB, HAMHMCAaHUE JOKJIAJ0B, BBITIOJHEHUE
TBOPYECKUX, MHANBUIYATbHBIX 3aJaHUN B COOTBETCTBUU C YUCOHOU MPOTpaMMOM (TEMaTHYECKUM
IUTAHOM M3y4YeHHUS NUCUUIUIMHBI). Tema Uisi TaKoro BBICTYIUIEHUS MOXKET OBbITh Mpeasio’KeHa
npenojaBateneM MWid u30paHa caMUM CTYJEHTOM, HO MaTepuan BBICTYIUICHUS HE JOJDKEH
nyOnMpoBaTh JIGKIMOHHBIM Marepuai. PedepaTuBHBIM Marepuan CIyXHUT JOTOJTHUTEIbHON
uHpopmanment st paboOThl HA MPaKTHYECKUX 3aHATHsIX. OCHOBHAS I1I€JIb JTAaHHOTO BHUAA PabOTHI
COCTOHUT B 00YYEHHH CTYJCHTOB METO/IaM CAMOCTOSITEIbHOU paboThI ¢ yueOHBIM MaTepuanom. J{is
MOJTHOTHl YCBOGHHUS TEM, BBIHECEHHBIX B TpaKTHUECKHe 3aHATHs, Tpebyercs pabota ¢
nepBoucTouHukamMu. Kypc mpenycMarpuBaeT — caMOCTOSTENbHYIO  paboTy  CTYIEHTOB  CO
cnenuanbHoil  sureparypoi. Crenyer OTMETUTb, YTO CAMOCTOSTENbHas padoTa CTYAEHTOB
pe3yibTaTUBHA JIMIIb TOI/A, KOTJa OHA BBINOJIHAETCS CHCTEMAaTHYECKH, IUIAHOMEPHO |
LeJIeHAPaBICHHO.

3amaHus U9 CaMOCTOSITENIPHOM paboThl MPENyCMaTPUBAIOT HCIOJIB30BAHHE HEOOXOIUMBIX
TEPMUHOB U TOHSATHH MO mpobiemarnke Kypca. OHM HalEMBAIOT HAa MPAKTHYECKYI paboTy Mo
MPUMEHEHHUI0 M3y4aeMOTo MaTepuaia, MOUCK Oubmuorpaduueckoro marepuana M 3JIEKTPOHHBIX
MCTOYHUKOB MH(OPMAIINH, WILTIOCTPATUBHBIX MaTepUasoB. 3aJaHUs MO CaMOCTOSTENbHON paboTe
JAIOTCSI IO TeMaM, KOTOpbIe TPEOYIOT JOTOTHUTEIHHON MPOPabOTKHU.

OO6muit 00beM caMOCTOSITENLHOM pabOThl CTYIEHTOB MO JUCLHMILIMHE BKJIIOYAET ayJIUTOPHYIO U
BHEAYIUTOPHYIO CAMOCTOSITENILHYIO paOOTy CTY/ICHTOB B TEUEHUE CEMECTpa.

AynuTopHas caMOCTOsITeIbHas paboTa OCyIIecTBIsSETCsI B OpMe BHITIOTHEHHs TECTOBBIX 3aaHUIA,
Keic-3a7a4, MUChMEHHBIX MPOBEPOYHBIX PadOT MO JUCIUIUIMHE. AYAMTOpPHAsS CaMOCTOSTEIbHAs
pabota obecrieueHa 0a30i TECTOBBIX MAaTepUAJIOB, KEHC-3a/1a4 10 pa3/ieiaM AUCITUTUTHHBL.

BHeay,Z[I/ITOpHaSI CaMOCTOATCIIbHAA pa60Ta OCYHICCTBIIACTCA B (popMax:



- MOATOTOBKH K YCTHBIM JIOKJIafaM (IIOATOTOBKA pedeparon);
- pelieHue 3a1a4 (JOMaIIHUX 3aJaHuil) 10 U3y4aeMbIM TEMaM;
- BBINIOJIHEHUE TPYIIOBBIX MHTEPAKTUBHBIX 3a/IaHUM.
OC-1. KontpoJabHasi padora Ne 1 (nomamnsisi)
Bapuanr 1.
1. Haiimure A NB, B\A, A, B\A, ecm A = (2, 4), B=[4, 5]. U300pa3ute Ha rpaduke
JIeKapTOBO MpousBeaeHue A x B.
2. MeronoM MaTeMaTUYECKON MHIYKIIUHU TOKaXKHUTE, YTO:
Sh=1+4+7+..+(3n-2)=%n@Bn-1);
3. buHapHOe OTHOIIIEHUE 33aHO HAa MHOXKECTBE Map JICHCTBUTEIBHBIX YUCEIl. BhIsICHUTE, SBISICTCS
JIM OHO OTHOIIIEHUEM SKBUBAJICHTHOCTH MJIM OTHOILICHUEM ITOPSIIKA.
(@, b)p(c,d)= a<cab<d.
4. Oxapakrepu3yite COOTBETCTBUS (0TOOpakeHNUs), IEHCTBYIOIINE HA MHOXKECTBE
JeHCTATENBHBIX unce: a) Xfy <> 1 = X° + y?; 6) Xgy < Y = COS X.
5. a) CymiecTBYIOT JiH JUIsl TaHHBIX (QYHKIMI 0OpaTHbIe GYHKIMU (€CTH 1a, HAlauTe uX):
f(x) =x+5, g(x) = cos x.
6) Haiimure kommosunuu ¢ - f, f- .
Bapuanrt 2.
1. Haiimute AUB, A\B, A, B\A, ecu A = (1, 4), B=13, 5]. U300pa3ute Ha rpaduke
JIEKapTOBO Mpou3BeneHue B x A.

2. Bpriacuaurte, cipaBeynBo ju paBeHcTBO A\(B\C) = (A\B)\C.

3. BoisicHUTE, SBISETCS U OWHAPHOE OTHOIICHHWE P, 33JaHHOC HA MHOXKECTBE IEIBIX YHCEI
clenyrmuM oopa3om:

a) m p n < (9m — n) genuTcs Haneno Ha 4,

pedIeKCUBHBIM, CHMMETPUYHBIM, TPAH3UTHBHBIM, aHTHPE(IICKCUBHBIM, aHTHCUMMETPUYHBIM,
OTHONICHHEM SYKBHBAJICHTHOCTH, OTHOIIICHUEM TTOPSIIKA.

4. Ilycts A={0, 1, 2, 3} B mHoxectBo B = {1, 2, 3, 4}. Orobpaxenue S: A — B 3amano
cnenyrommM obpazom: S = {(0, 4), (1, 2), (2, 3), (3, 4)}. SBnsercs U OHO CIOPHEKTHBHBIM,
WHBEKTUBHBIM, OMEKTUBHBIM?

5. CymiecTBYIOT Jiu JUi JaHHBIX QYHKIMKA 0OpaTHBIE GYHKIUH (€CIH J1a, HAWTUTE UX).

a)f :R> R, f(X)=4x-2; 6)g:R> R g(x)=¢".

0) Haiinure kommosumuu g - f, f - g.

OC-2. KontpoabHas padora Ne 2

CucreMbl JIMHEHHBIX YPAaBHEHHIT M MATPULbI



Bapuanr 1.

1 2 3 4
-1 0 3 4
1. Beramciure onpenenuTenb :
-1 -2 0 4
-1 -2 -3 0
2 31 1 20
2. Pemmre ypaBuenue: |0 -1 1|-X=/0 1 O0].
0 1 1 3 01
2X+3y—-22=3
3. Pemmte no npasuny Kpamepa {X+Yy—-3z2=2
2x+4y—-4z7=1
Bapuanr 2.
2 10 3 4 5
l.Iycte B={1 0 1|,C=| 1 3 2|, A4=BC.Haiixure onpeaeaureib Kax 0l MaTpUIbl.
511 -1 10
2 111
> Hai 6 10111
. Haligute Matpuiry, oOpaTHyio K MaTpuLe: 00 3 1
0 001
X+3y—2z=3

3. Pemure 1o nipaBuity Kpamepa 12X+y—32=2 .
2x+4y—-4z7=1
OC-3. Kourpoabnasi padora Ne 3
OcHoBHbIE ajITe0panvyecKue CTPYKTYPhI
1. BerisicHUTE, SIBISETCS JIM MHOYKECTBO IIEIIBIX YHCEI KPATHBIX 7, TPYIIOH OTHOCHTEIHHO
CJIO’KEHUS, TPYIIION OTHOCUTEIBHO YMHOXCHHUS, KOJIBI[OM, ITOJIeM?
2. BelscHuTe, SBISETCS TN MHOXKECTBO 4Hcen BUAa {a+b+/3|a, b € Z} rpynmoii oTHOCHTETBHO
CJIOXKEHUS, TPYIIIIOH OTHOCUTEIBHO YMHOXCHHUS, KOJIBIIOM, TTOJIeM?
3. Bsruncinre i°®.

4. Haiizure Bce KOMIUICKCHBIC KOPHH YpaBHEHHS x° + x + 2 = 0.

/ 1-i
5. BeluncinTe KOpHU 2 —2 o \/g Y pe3yJIbTaT 3alucaTh B TPUTOHOMETpHUECKOU (popme.
-2+2i

6. ['eoMeTpHuecKH ONMUCATh MHOKECTBO KOMILJICKCHBIX YHCEIN Z, JUI KOTOPBIX |2 — 1| = 6.

OC-4. KonTponbHas padota Ne 4 (moMarrHsis)



KoneuHoMepHBIe BEeKTOPHBIE POCTPAHCTBA

Bapmuanr 1.

1. BeluucTHTe paHr cucTeMbl BeKTOpoB: a1 =(2, 1, 2, -1), a2=(1, 2, -1, 3),a3=(3, 1, 2, 1),
a1=(1,0,0,2).

2. Haiinute QpyHIaMeHTaIbHYIO CHCTEMY PELICHUH CHCTEMBI JINHEHHBIX OJTHOPOAHBIX YPAaBHEHUH.
2x1—4x, +5x3+3x4 =0

3x1—6xo+4x3+2x4 =0

Ax1 —8xp+ 17x3+ 11x4 =0

Bapuanrt 2.

3. Haiiaure xoopmunatel Bekropa a=(1,2,2,3) B Oasuce b;=(1,1,1,1), b,=(1,1,1,0),
bs=(1,1,0,0),bs=(1,0,0,0).

4. Pemmre cuctemy JIMHEWHBIX ypaBHEHUM:

2%, —3xg+-4x;— x, =1,
2x, — 3x, + 2x; + 3x, = 2,
2x), —3x;2x; — llxg = BT

!l ll

4 cemecTp

Teopus nearumoctu, Llennvie 1podu
OC-5. KonTponsHas pabora Ne 5

1. Haitnure HOJ u HOK uncen a = 318 u b = 477. Haiitu uensie x, y, Takue, 4To:
HO/I(a, b) = ax + by.
2. C xakuM HaWMEHBIITNM HEOTPULIATEIHHBIM YUCIIOM CPABHUMO YHCIIO @ TI0O MOJYIIIO 7.
a) a=342;0) a =-23?
[Tepeuncnure Bce Ki1acchl BEIYETOB 10 MOAYI IO 6. K kKakomy kitaccy mpuHAIIEKUT Yuciio 1537
VYkaxuTe He MEHee TPEX MOJOKUTENbHBIX U TPEX OTPUILIATENBHBIX JIEMEHTOB ISl KJacca,
MOPOXKAEHHOTO SJIEMEHTOM 4.
4. MeTooM MaTeMaTH4eCKON MHAYKIIMHU JOKKHUTE, YTO:
8" — 1 maneno nenurcs Ha 7.

5. Haiigute 3HaueHus nenHoi aApodu:

@[1.23]; (b)[322]; (c)[31.2]
6. Paznoxxure B 1ienHyto Apoob:

3. 11, 9. 17
(@) o (b) et (©) o (d) =
OC-6. KontpoabHas padora Ne 6
Teopusi cpaBHeHuUit

1. KaKOMy KJIaCCy BBIYCTOB 110 MOAYJIIO N IMIPUHAIIICKHUT YUCIIO a4, €CIIN:



(@a=23,n=4; (b)a=-12,n=5; (c)a=14,n=6?

2. Bpimummre moJHYI0 CUCTEMY BBIYETOB IO MOAYITIO N, COAEPIKAITYIO YUCIIO &, ECIIH:

(a)a=22,n=4; (b)a=-11,n=5; (c)a=12,n=6.
3. Boimummre npuBeIeHHYIO CUCTEMY BBIYETOB MO MOIYJIIO N, COIEPKALIYIO YUCIO @, €CIIU:
(a)a=21,n=4; (b)a=-11,n=5; (c)a=13,n=6.
4. Haiiaute ocTaTOK OT JI€JEHMS a Ha N, €CIIu:
@ a=3" n=5; (b) a =218 n=17; () a =43 n=11.
5. Pemmte cpaBHeHMe:
(@) 2x = 3(mod5); (€) —2x = 1(mod3); (e) —5x = 3(mod6);
(b) 3x = 2(mod4); (d) —3x = 2(mod5), (f) 2x = 4(mod7).
6. Pemmre cucremy cpaBHEHUM
(a){ x = 3(mod8) : ©) { 5x = 8(mod14) :

x = 11(mod20) 3x = 72(mod15)

6x = 2(mod20) 10x = 20(mod30)

(b) = —2(mod5) ; (d){ 4x = 2(mod10) .

4x = 11(mod29) 8x = 16(mod4)

7. Pemmte cpaBHEHHE

(@) x> — 2x2 + 1 = 0(mod3);

(b) x” + 4x — 3 = 0(mod5);

(c) x® — 6x2 + 2 = 0(mod7);

(d) x6 + 6x — 2 = 0(mod3);

(e) x6 — 11x? + 3 = 0(mod5);

(f) x7 + 4x + 5 = 0(mod7).

8. BIssICHUTE, CKOJIBKO pelIeHUI UMEEeT CpaBHEHUE:
(a) x2 = 12(mod5); (b) x2 = 13(mod?7); (€) x? = 14(mod11).
OC-7. KontpoabHas padora Ne 7 (xomamHss) .
IMoka3aTesn, nepBoodpa3Hbie KOPHU U HHAEKCHI

1. Brruncnure nokasarens P, (a) 4ucia a 1o MoIyio Mm:

(@) P5(3); 0) Ps(5);  (©P,(2);  (d) Ps(3); (€ Po(4); () P, (3).
2. Pemnte cpaBHEHHE:

(a) 31x° = 20(mod7); (b) 32x® = 10(mod11); (¢) 3x3® = 2(mod5);

(d) x17 = 2(mod7); (e) 31x® = 20(mod13).

3. Haiigure mmHy mepuojia AeCITHYHOM 3aIHCH JPOOH:

@5 O ©x O @©@F O @

Teopusi MHOT04/1CHOB



OC-8. KonrpoabHas padora Ne 8

Bapmuanr 1.

1. Haiinure yacTHOE 1 OcTaToK OT AeseHus Muorownena f (x) = x* + x* + 2x? + x + 1 na MHOrOUICH
gx) =x>—2x* +x - 2.

2. Hcronb3yst cxemy Lopaepa, pasnoxure muorowreH f(X) = 2x° + x* + 3x® + 2x* — 3x — 3 1o
creneHsMm (x — 4).

3. HaiiguTe Bce KOMIUIEKCHBIC KOPHU YPABHEHHS X—3x°+1=0.

4. C momouibio MPOU3BOAHOM OTAEIUTH HEPHUBOMMBIC KPATHBIE MHOKUTEIIM MHOTOYJICHA:

f(x) =x +3x* — 6x° — 10x% + 21x — 0.

Bapuant 2.

5. Haittu HOJI 1 HOK muorounenos f (X) = x* + 3+ 2% +x + L ug(x) =x° — 2x° + x — 2.

6. Hcronb3ys cxemy [oprepa naiigure f (2), rne f= 4% + x4, a=-1—1.

7. Haiigure Bce palnMOHaNIbHBIE KOPHH MHOIOWICHA W PAa3JOkHUTh €ro Ha MHOXHTEIH,
HEIIPUBOAMMBIE HAJ [I0JIEM palHoHanbHbIX uncel f (X) = 20x° — 72x* + 57x% — 75x° + 37x — 3.

8. Haiiure Bce KOMILICKCHBIC KOPHH ypaBHeHus: x + 8x° + 15x° —4x — 2 =0,

0C-9. KourposabHas padora Ne 9 (momamHsisi)

235
1. M36aBbTech OT MPPALMOHATBHOCTH B 3HAMCHATENE: ==—"—/="".
Y25+ 435 +1
5,22 2.2 2.2
2. Beipasure muorowieH f (X1, Xp, X3) = 2x1°x2°+ 2x1°x3” +2x,°Xx3° uepe3 OCHOBHbBIC
(3711eMeHTapHbIe) CHMMETPUYECKNE MHOTOUICHBI.
3. Haiinnte cymmy Ky0oB KopHeii MEHorowieHa f (x) = X2 —3x + 1.
4. BolsicHuTe, SIBISIETCS JIU IaHHBIN onepaTtop JUHEHHbIM. Eciiu 3TO BO3MO>KHO, HAMTH €ro MaTpUIly
B O6asuce {(1, 0, 0), (0,1, 0), (0, 0, 1)}.
a) A(x1, X2, x3) = (x1 + X2 + X3, X1 + X2 — X3, X1 — X2 + X3)
6) A(xl, X2, X3) = (X1 + X2, X1 — X3, 2X1X2).

5. Haiinute coOCcTBEHHbIE 3HAUE€HUSI M1 COOCTBEHHbIE BEKTOPHI JINHEHHOTO ONEpaTopa, 3aJaHHOTO B

4 1 -6
HEKOTOpOM 0a3uce THHEWHOTo pocTpancTBa Haj R marpumeit 4=4 0 -4
4 0 -6
OC-10. Tecr
IIpumepHBbIii Bonipoc
1. Ecnu cuMBosioM | 0003HaYeHa MHUMAsI €IMHUIIA (YKCII0, KBapaT KOTOPOro paBeH —1).

Torma it=..

ﬂﬂ}l CaMoOCmoAmMeNbHOl NO020MOBKU K 3AHAMUAM RO Oucuunﬂuuepekomeudyemc;z

UcCnoib3oeamos yueﬁno-memommecmle mamepuaiiol:



1. Yepesatenko O.M., Panees C.M., I'myxoBa H.B., KysBmmnoBa A.H. OcHOBbI
BBICIICH anreOpbl. YueOHoe nocobue. — Yaesaosck, ®PI'EOY BO, 2020. — 60 c.

2. I'myxoBa H.B., Yepeatenko O.M. JluneitHas anre6pa. YueOHOoe mocobme. —
Viesaaosck, PI'bOY BO, 2019. — 40 c.

3. I'myxosa H.B., UepeBarenko O.U., 'pumnna C.A., Kypenesa T.H. OcHoBbI Teopun
anreOpanvecKux CTpyKTyp. YueOHoe nmocodue. — Yibsnosck, ®I'bOY BO, 2019. — 23 c.

4, I'myxoBa H.B., UepeBatenko O.U. Anre6pa. YUacts 4. AnreOpa MHOTOWICHOB Y 4eOHOE
nocobue. — Yuegaosck, ®I'bOY BO, 2017. — 42 c.

5. KaprioBa C.A. Anre6pa u Teopust uncen. Yacte 1. opraHu3animoHHO-METOUICCKHE
MaTepUalibl JUIsl CTYACHTOB 3a0UHUKOB. — YIIbsiHOBCK, YII'TIY, 1998. — 24 c.

6. Nnbszosa J1.3. Anrebpa u Teopust uncen. YacTs 2. opraHu3aiimoOHHO-METOUYECKHE
MaTepHabl U CTYAEHTOB 3a04HUKOB. — YJIbIHOBCK, YII'TIV.

7. boromonosa 1.B., Unbs3oBa J.3. Anre6pa u Teopus uncen. Yacts 4. opraHu3aiioHHO-
METOJMYECKHE MaTepHalIbl ISl CTYIEHTOB 3a04YHUKOB. — YIbsHOBCK, YII'TIY, 1999. — 24 c.

8. ['myxo B.I1., Unps3oBa J1.3. 3amaddauK-IpakTHKYM IO anredpe u Teopuu uncen. Yacts 1. —
Viegaosck: Yal'TIV, 1996. — 58 c.

9. UnbszoBa [1.3. 3apauHuK-IpakTUKYM 10 anredpe u Teopuu uucen. Yacts 2. — YIbSHOBCK:

Yal'lly, 1999. — 36 c.

5. IlpuMepHBbIe OLIEHOYHBIC MAaTEPHAJIbI /ISl NPOBEACHUS TEKYyIIero KOHTPOJIsl yCIIeBaeMOCTH

W MPOMEKYTOYHOM aTTecTAlNU 00y4aloIMXCs 10 AUCHMILINHE

Opranu3anus v NpoBeJieHNe aTTeCTALIMU CTy/AeHTa

®I'OC BO opueHTHpOBaHbI TPEUMYIIECTBEHHO HE Ha CcooOlIeHHe o0ydJaromemycs
KOMILIEKCA TEOPETHMYECKHX 3HaHWH, HO Ha BbIpabOTKY Yy OakamaBpa KOMIETEHIMH —
JUHAMHUYECKOI'O Ha60pa 3HaHHfI, YMGHI/II\/'I, HAaBbIKOB M JIMYHOCTHBIX Ka4CCTB, KOTOPBLIC IMO3BOJIAT
BBIIIYCKHUKY CTaTh KOHKYPEHTOCIIOCOOHBIM Ha pBIHKE TpyJda M YCHEIIHO NpOo(ecCHOHAIbHO
pean30BbIBaTHCS.

B mpornecce onenkn 6akanaBpoB HEOOXOIUMO HCIIONIB3YIOTCS KaK TpPaJWIMOHHBIE, TaK U
WHHOBAIITMOHHBIC TUIIBI, BUABI 1 CbOpMBI KOHTPOJIA. HpI/I OTOM ITOCTCIICHHO TPpaJUIIMOHHBIC CPEACTBA
COBCPHICHCTBYIOTCA B PYCIC KOMIICTCHTHOCTHOI'O IIOJAXO04a, a HWHHOBAIIMOHHBIC CpCIACTBa
aJalTHPOBAHbI JJI IOBCEMECTHOTO PUMEHEHUS B POCCUMCKON BY30BCKOM NMPAKTHKE.

Ileqi> mnpoBeaeHusi aTTecTallMM — T[IPOBEpPKA OCBOEHHUS 00pa30BaTENbHOW MPOrpaMMbl

JTUCIUIUIMHBI-IPAKTUKyMa yepe3 cpopMUPOBAHHOCTH 00pa30BaTENIbHBIX PE3YIbTATOB.



IIpoMe:xxyToYHast aTTecTAllUMsA OCYILIECTBIICTCS B KOHIIE CEMECTpa U 3aBEpLIACT WU3YyYCHHE
JUCLUTUIMHBL, TOMOTAeT OLIEHUTHh KPYIHbIE COBOKYIMHOCTH 3HAaHMM M yMEHMH, (HopMUpOBaHHE

ONpECaACIICHHBIX KOMIICTCHITUH.

OHGHO‘IHBIMI/I CpeaAcCTBaMU TCKYHICTO OLCHUBAHUSA ABJIAIOTCA: HOKJIAA, TCCTbI IO TCOPECTHYCCKUM
BOIIpOCaM IOUCHUIINIMHBI, 3alluTa IMPAKTHUYCCKUX pa60T n T.II. KOHTpOJIB YCBOCHHA MaTcpuajia

BEJICTCSI PETYJSIPHO B TEUECHHE BCETO CEMECTpa Ha MPAKTUYECKHX (CEMUHApPCKHX, J1a00paTOPHBIX)

3aHATHSAX.
No CPEJACTBA OUEHUBAHUSI, OO0pazoBaTenbHbIE
n/n UCTIONIB3yEMbIE JUISl TEKYILETO OIICHUBAHUS Pe3ynbTaThl JUCHUTLTHHEI
nokasaressi pOpMUPOBAHUS KOMITETCHIIUH
OuneHovHbIe cpecTBa IS TeKyIeH OP-1. 3Haer METObI KPUTUUECKOTO
aTTecTaluu aHaM3a u CUHTE3a HHPOPMALIUU
0C-1-0C-9 OP-2 YMeeT NpuMEHSTh CUCTEMHBII

KOHTpOJ‘IBHLIe pa60TbI oAXOoa Jid peIIC€HUA TOCTAaBJICHHBIX

OC-10. Tect

3aa4d
OP-3 Bnazeer HaBbIKamMu pedieKcuu

IO [T0BOJTY COOCTBEHHOW U UyXOH

o MEBICTIUTCIBHOM JICITCIIbHOCTH
OueHounbie CpeacTBa I MPpOMEKYTOYHOU a2

OP-4. 3naer posnb 1 MECTO
aTTecTalnu

MaTeMaTHK{ B O0ITIel KapTHHE
(9x3ameH) m P

0OC-11-14 Dk3ameH B popMe YCTHOTO HAy9IHOTO 3HAHHMS,

cobeceIOBARNS OP-5. 3Haer cTpyKTypy, COCTaB M
JAUIAKTUYICCKUE CAMHUIBI COACPIKAHUA
IIKOJIBHOTO Kypca MaTeMaTHKH.

OP-6 ymeer oOCyIIECTBISTE OTOOP
y4eOHOro  cofep)KaHusi Uil €ro
peanu3alid B pa3iMuHbIX (opmax
OoOyyeHHsI B COOTBETCTBUM  C
COBPEMEHHBIMU  TpPeOOBaHUSMU K
00pa3zoBaHUIO.

OP-7 Bageer nelicTBUEM
MPOEKTUPOBAHUS PA3IMYHBIX (POpPM
y4eOHBIX 3aHSATUH,

OP-8 BnajzieeT HaBBIKOM MPUMEHEHUS




pa3IMYHBIX METO/OB, TNPHUEMOB U
TEXHOJIOTHI B O0OYU4EHUU MaTeMaTHKe.
OP-9. 3HaeT  XapaKTEPUCTUKY
JUYHOCTHBIX, PEeIMETHBIX u
METaINpeMETHBIX pe3yJbTaTOB B
KOHTEKCTE O0yUeHUS] MAaTEeMAaTHKE;
OP-10. Bnazgeet HaBBIKOM
NPUMEHEHUS Pa3INYHBIX METOJIOB,
MIPUEMOB U TEXHOJIOTUI B O0YUCHUN
MaTeMaTHKe.

OP-11 Ymeer oka3biBaTh
MEeIarorn4ecKyro MOAEPKKY
00ydJaronmMcs B 3aBUCUMOCTH OT MX
00pa3oBaTeNbHBIX PE3yIbTATOB;
OP-12  Ymeer  oOpraHu3OBbIBATH
y4eOHBIN mporecc c
UCII0JIb30BAaHUEM BO3MO>KHOCTEH
o0Opa3oBaTesbHOI cpelbl JUIs
pa3BUTHsI MHTEpeca K MpeIMETy B
paMKax YpPOYHOM H BHEYPOYHOU
JeSATEIbHOCTH.

OP-13. Bnaneer HaBbIKaMu
OpraHM3alluK U POBEICHUSI 3aHITHH C
HCTIOJIb30BAHUEM BO3MOXKHOCTEM
00pa3oBaTeNLHOM Cpe/Ibl st
JOCTIKEHHUST 00pa30BaTeIbHBIX
PE3YNIbTATOB U 0OECTICUEHHS KaueCcTBa
y4e0HO-BOCIIUTATEILHOTO TIpoIiecca

CpECACTBAMU MATCMATHUKU.

OnucaHue OLEHOYHBIX CPEACTB M  HEOOXOAMMOro 00OpyAOBaHMs (JEMOHCTPALlMOHHOIO
martepuaia), a TaK JKe TMpOLEAYpbl M KPUTEPUU OLICHWBAHUS HMHIUKATOPOB JOCTHXKEHUS
KOMIIETEHIIMI Ha pa3IM4yHbIX dTanax ux (OPMHUPOBAHHUS B MPOILECCE OCBOEHHUS 00pa30BaTeNbHON
porpaMMel IpescraBieHbl B DOoHE OIEHOYHBIX CPEICTB AJIs TEKYIIEro KOHTPOJISI yCIIEBaeMOCTH
U TIPOMEXKYTOUHOM aTTECTAlUU MO JUCIUIUINHE.

Mamepuaﬂbl, ucnons3yemole ons meKyuieco KOHmpoJs ycnesaemocmu



odyuarowuxca no oucyuniune

Marepuains! Ui OpraHu3aliy TEKYIIEH aTTeCTalluy IIPEACTABIICHBI B I1.5 IPOTPaMMBI.

Mamepuansi, ucnons3yemole 01 RPOMEHCYMOUHO20 KOHMPOIA YCREe8AeMOCHU

odyuarowuxca no oucyuniune

IIpumepHBbIii HepeYeHb BONPOCOB K IK3aMeHY

1 cemectp

9J1eMEeHThI TEOPUHU MHOKECTB

1.
2.
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10.

11.

12.

13.

14.

Onepanuu HaJ MHOXKeCcTBaMU (00BEIMHEHNE, TIEPECCUCHNUE), UX CBOWCTBA.

Onepanuu HaJ MHOXXECTBaMU (pa3HOCTh, IOTIOJTHEHHE), X CBOICTBA.

JexapToBo mpousBeneHue MHOXKeCTB. KoianmuecTBO »3JIeMEHTOB B JE€KapTOBOM
MIPOU3BE/ICHUU IBYX KOHEUHBIX MHOYKECTB

Merton maTreMaTM4ecKol MHAYKUHMH. JlOKa3aTeabCTBO TEOPEMBI O KOJIMYECTBE
MOJIMHOXKECTB N-3JIEMEHTHOT'O MHOKECTBA

Onpenenenue, IpUMepsl U BUIbl OTOOpaXEHHUM (COOTBETCTBUI)

O6parnbie cooTBeTcTBUs. CBOMCTBA

Komnosunus oroOpaxkeHuid, e€ cBOiCTBa.

O6patHoe oToOpaxkenue. Kpurepuii 06paTUMOCTH 0TOOpaKEHHUS.

[lepecraHoBKM M TOJACTAaHOBKU. TeopemMa O KOJIMYECTBE IIOJICTAHOBOK M3 N
AJIEMEHTOB.

YMHOKeHHe To/IcTaHOBOK. OOpaTHBIE MOICTAHOBKU

YeTHOCTD MOJICTAHOBKH.

bunapHble OTHOIIEHHS HA MHOXECTBE, MX cBoicTBa. Omepaiuu HajJ OWHAPHBIMU
OTHOILICHUSIMH.

OtHowieHne  SKkBUBalIEHTHOCTH. IlocTpoeHne  pa3OueHuss  MHOXKECTBAa IO
SKBUBAJICHTHOCTH.

OTHonieHue nopsaka.

CucrteMbl JTUHEHHBIX YPABHEHUH U MATPHIIbI

15.
16.

17.

18.
19.

Martpulibl 1 onepaniuy HaJl HUIMH (CBOMCTBa ONepaluii, IpuMephl).

3HaKk noAcTaHOBKM. OrmpenenuTens  KBaJpaTHOW  MaTpulbl.  BeluncieHue
OIIPEIEIUTENEH BTOPOTO U TPETHETO MOPSAIKA.

MuHops! U anredpanyeckue A0NoJHeHus. Pa3znoxeHue onpeneanTesns o cTpoKe Win
CTOJIOITY.

OcHOBHBIE CBOMCTBA ONPEAEIUTEIEH.

OOGpartHas MaTpuIia, CriocoObl €€ BEIYUCICHHUS.



20. Kputepuii 00paTuMoCcTi MaTpHIIbI
21. MatpuuHble ypaBHEHHUS.
22. Cuctembl JIMHEHWHBbIX ypaBHeHUH. COBMECTHbIE U HECOBMECTHBIE, OIpe/IeTICHHbIE U
HEOIPEJETIEHHBIE CUCTEMbI JINHENHBIX YPABHEHUN.
23.3anuch W pelIeHHe CUCTeMbl N JIMHEHHBIX ypaBHEHMH C N TEPEMEHHBIMH B
MatpuaHoi popme. [IpaBmno Kpamepa.
24. JluneitHas 3aBUCUMOCTb CUCTEMbI BEKTOPOB.
25. basuc u paHr KOHEYHON CHCTEMBI BEKTOPOB.
26. Pa3noxenue BeKkTopa 1mo 6a3ucy.
27. ba3zuc u pa3MepHOCTh KOHEUHOMEPHOTO BEKTOPHOT'O MPOCTPAHCTBA.
28. Panr matpuiisl. CiocoObl €ro BEIYUCICHUS.
2 cemecTp
OcHoBHBbIE ajiredOpanveckne CTPYKTYypbl
1. bunapnas anreOpamdveckas omnepanuss W e€ cBoWcTBa. HelTtpanabHble U
CUMMETPUYHBIE JIEMEHTBI, UX CBOMCTBA.
Ornpenenenue, NpuMepsl U MPOCTEHNIINE CBOWCTBA TPYIIIL.
['pynnel moACTaHOBOK
I'pynna knaccoB BBIYETOB.
[Toarpynmnsl. Kpurepuil noarpynmnsl
CMexHbIE KJIACChl TPYMIIBI [0 NOArPYIIIE
Teopema Jlarpanxa.

N3omophu3mMbl 1 TOMOMOPPU3MBI TPYIII.
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Omnpenenenne, NpUMeEpsI U IPOCTEUILINE CBOWCTBA KOJIEIL.

[EEN
o

. [TogkoJb110, KPUTEPHUI TTOAKOIBLIA

[EEY
[EEY

. Nneans! xonp1a.

[EEN
N

. Ilose Kak 4YaCTHBIN Cilydail KOJIbLIA: IPUMEPBI U IPOCTEMIIINE CBOWCTBA.

[EEN
w

. [Toanone. Kpurepwuii noamnoJs.

[EEN
IS

. ITojie KOMIJIEKCHBIX YHCEII.

[EEN
o1

. AnreGpanyeckas (popMa KOMIIJIEKCHOTO YUCIIa.

[EN
(2]

. CBolicTBa onepanuy KOMIUIEKCHOTO COMPSIAKEHUS.

[EEN
\‘

. FeOMeTquecxoe MMpeaACTAaBJICHUC KOMITIJIICKCHOT'O YHCJIA.

[EEN
00}

. TpI/ITOHOMeTpI/I‘-ICCKaSI (bopMa KOMIIJICKCHOI'O 4HucCJia.

[EN
[(e]

. JleficTBUS HaJl KOMITJIEKCHBIMU YUCJIAMH B TPUTOHOMETPUUYECKOH (hopme.

N
o

. ®opmyina Myaspa.

N
[T

. I3BneueHue KOpHCfI N3 KOMIIJICKCHBIX YUCCII.



KoHeuHOMepHBbIe BEeKTOPHBIE IPOCTPAHCTBA

22. IIpumepsl U mpocTeiiime CBOMCTBA BEKTOPHBIX MPOCTPAHCTB. ApupMeTHyecKue
BEKTOPHBIE IIPOCTPAHCTBA.

23. JIuHeliHas 3aBUCUMOCTb CUCTEMbI BEKTOPOB.

24. ba3uc ¥ paHr KOHEYHON CHCTEMBI BEKTOPOB.

25. PaznoxxeHue BeKTopa 1o 0asmucy.

26. basuc 1 pa3sMepHOCTh KOHEYHOMEPHOI'O BEKTOPHOI'O IIPOCTPAHCTBA.

27. Panr matpuiisl. CiocoObl €ro BEIYUCIICHUS.

28. Kputepuii COBMECTHOCTH CUCTEMbI TMHEHHBIX YPaBHEHUH.

29. DneMeHTapHbIe MPeoOpa3oBaHUs CHCTEMbI JIMHEHHBIX ypaBHeHUU. [IpuBeneHue
MaTpulbl K CTyIIEHYaTOMYy BHAY. PelleHue cucTteMbl JMHEHMHBIX YPaBHEHUUN
MeroaoM ["aycca.

30. OgHopoaHas cucTeMa JIMHEHHBIX ypaBHEHHH. CBsi3b pelIeHui HEOJAHOPOIHONW U
aCCOIMAPOBAHHOM C HEW OJTHOPOJIHOM CHCTEMBI.

31. [loampocTpaHCcTBa, KPUTEPUN TTOJIPOCTPAHCTBA, IPHUMEPHI.

32. [loanpocTpaHCcTBO (yHAAMEHTAIBHOW CUCTEMBl PELIEHUNA OJTHOPOJHOM CHCTEMBbI
JUHENUHBIX YpaBHEHUH.

33. EBKimMI0BO BEKTOpHOE mpocTpaHcTBo. Hopma BekTopa. Yros MEeXIy BEKTOpaMHU.

OpToHOpMUPOBaHHBIH Oa3uc.

4 cemecTp
Teopus xeaumocT
1. OtHomIeHHEe NEIMMOCTH Hallel0 Ha MHOXECTBE IIeJIbIX YHCENl U €ro IMpocTelIne CBOMCTBA.
Teopema 0 1€7I€HUH C OCTATKOM.
2. HO u HOK nenwix uncen. Anroput™m EBkinaa. B3aumHo mpocTeie yucia.
3. Ilpocthie u cocTaBHbIe Yncia. BeCKOHEYHOCTh MHOKECTBA MIPOCTHIX YHCEN.
4. OcHoBHas TeopeMa apu(pMETHKHU U CIEACTBUS U3 HEE.
5. OTHolIEHUE CPaBHUMOCTH [0 HATypaJbHOMY MOJAYJIO Ha MHOXECTBE LIEJbIX YHUCET U €ro
cBoiicTBa. MHOXECTBO KJIaCCOB BBHIYETOB Zpy.

Lennbie npodu

1. Koneunblie 1 6eCKOHEUHBIE IETTHBIE IPOOH.
2. Haunnyumme npubnvkeHus.
3. KBanpatnuHbie HppallMOHATEHOCTH U IIEMHBIE APOOH.

Teopusi cpaBHeHuUit
1. YuciioBbIE CPABHEHUS U UX CBOMCTBA.

2. KOJ'ILI_[O KJIaCCOB BBIYCTOB IO JAHHOMY MOJYIJIIO.



Ilonnas v npuUBeICHHAs CUCTEMA BBIYETOB.

®yHkuus ditnepa.

Teopemsbl Diiniepa u Gepma.

CpaBHEeHUS C OJHUM HEU3BECTHBIM.

CpaBHeHus nepBoii crenenu. Kputepuil pa3pelimMoCTy JINHEWHBIX CPaBHEHUH.

CniocoObI penieHus: CpaBHEHUH TIEPBOM CTETICHH.
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CucreMbl CpaBHEHUH.

10. [TonmnHOMUANIEHBIE CPABHEHUS 110 TIPOCTOMY MOYJIIO.
11. CpaBHEHHS BTOPOH CTEMEHU IO MPOCTOMY MOIYJIO.
12. CumBou JlexaHnapa u ero cBOKCTBA.

13. KBagpaTuuHbIi 3aKOH B3aUMHOCTH.

Iloxka3atenu, nepBoodpa3Hbie KOPHU U UHIEKCHI

1 [Tokazarenb yucna mo 3aanHHoMy Moay:n0. CBOMCTBA MTOKA3aTENeH.

2 Cy1iecTBOBaHUE MEPBOOOPA3HBIX KOPHEH MO MPOCTOMY MOYIIO.

3. MNHnexcel 1 nxX cBOMCTBA.

4 ApudmeTnueckue MpUIOKEeHNUs TEOPUU CPaBHEHUN: TPU3HAKHU JIETUMOCTH.

) ApudmeTnueckre NpuiIoKEHUs] TEOPUU CPaBHEHUN: UIMHA NIEPUOJIA JECITUUHOMN 3alucu

JIpoowu.

5 cemecTp
Teopusi MHOrO4JIeHOB
1. Koibiio MHOTO4YJIEHOB OT OAHOM Hen3BecTHOH. CTeneHb MHOTOWIEHA U €€ CBOMCTBA.
2. Mmuorounensl Haja monem: JeneHue ¢ ocratkoM, HOJ[ MHOrouseHoB, pasioxeHHe
MHOTOYJIEHa Ha HEMPUBOANMbBIE MHOKHUTEIIH.
3. Teopema be3sy.
4. Cxema ['opnepa.
5. MHorouneHbl HaJ 00JacThIO LEIOCTHOCTU: KOJMYECTBO KOpHEH, (YHKIMOHAIBHOE U
anredpanvyeckoe paBeHCTBO MHOTOUJICHOB.
6. ®dopmanbHas NPOU3BOHAS MHOTOUJICHA U KPATHBIE KOPHHU.
7. OcHoBHas Teopema anreOpbl. Pa3noxkeHne MHOro4IeHa HaJl 1OJIEM KOMIUIEKCHBIX YHCeN Ha
HEIPUBOIUMbIE MHOKUTEIIH.
8. Teopema Buera.
9. Pemenue ypaBHeHuit 3-it
10. Pemenue ypaBHeHUi 1 4-if CTETICHH.

11. HempuBoammbie MHOTOYJICHBI HAJT TIOJIEM JICHCTBUTEIBHBIX YHCET.



12. HaxoxaeHue parimoHaIbHBIX KOPHEH MHOTOUJICHA C IeNbIMHA KO3 QHIneHTaMu.

13. HenpuBoaumbie MHOTOWICHBI HAJl TIOJIEM PAIlMOHATBLHBIX YHCE.

14. AnreOGpanveckue pacIIupeHus MOIeH.

15. HM36aBieHue oT anredpandeckoil UppaluoOHAILHOCTH B 3HAMEHATENE TPOOH.

16. Ilpumepsl TreOMETPUYECKUX 3a7ad, CBOISIIMXCS K YPaBHCHHSM, HEpa3pelIMMbIM B
KBaJIpaTHBIX paJHKaiax.

17. AnreOGpamveckue U TPaHCIICHACHTHBIC YUCIIA.

18. TloctpoeHue Koiblia MHOTOYJICHOB OT HECKOJIBKHX MEPEMEHHBIX.

19. CummeTpudecKue MHOTOUJICHBI.

20. IlpumeHeHHEe CUMMETPUYECKMX MHOTOUJICHOB K PEIICHUIO CUCTEM ypaBHEHUH.

JInHeiiHble 0TOOPa’KeHNs U JMHEHHbIe ONepaToOpPbI

21. Jlunelinbie OTOOpaKCHUS W JIMHEHHBIC ONEPATOPhl BEKTOPHBIX IMPOCTPAHCTB, MPUMEPHI,
MpOCTEiiIne CBOICTBA.

22. MatpuvHoe NpecTaBlIeHIE JHHEHHBIX OTIepaTOpOB

23. JlelicTBUS HaJ JTUHEHHBIM OIIEpaTOPaMH.

24. Snpo u oOpa3 TMHEHHOTO OTOOpaKEHUS.

25. Matpuna JIMHEHHOTO oOmepaTopa OTHOCHUTENBHO [aHHOTO Oas3uca, ee HM3MEHEHHEe Ipu
nepexoJie K Apyromy 6asucy.

26. CoOcTBeHHbIE  BEKTOPI M COOCTBEHHbIE  3HA4YCHHs]  JIMHEHHOrO  omeparopa.

XapaKTepI/ICTI/ILICCKoe YpaBHCHHC.

B koHIe HU3YUCHUA TUCHUIJIMHBI IOABOASATCS UTOTH pa60TBI CTYACHTOB Ha JICKIITUOHHBIX U

MPAKTUYCCKUX 3aAHATUAX ITYTEM CYMMUPOBAHUSA 3apa6OTaHHLIX 0aJllIoB B TCUCHUE ceMecTpa.

KpnTepnu OllecHMBAHHUA 3HAHUI oﬁyqalomnxul no JTMCHMIIJINHE

Dopmuposanue 6ANILHO-PEUMUH2060U OYeHKU pabombl 00YYaAIOUUXCSL

ITocemtenne Pabora Ha
ITocemenue
MPAKTUYECKHUX | MPAKTHYECKUX | DK3aMeH
JICKIIUH
3aHATUHH 3aHATUIX
Paz6ammoBkamo | 9 x 1=9 15x 1=15
212 6amnos 64 Gama
1,2,4,5 BHJIaM padoT OamioB bammos
cemecTpbl | CymMapHBIii 9 6amnoB 24 6anna 236 GamnoB 300 6amnoB
Makc. oan max Max Max max




Kpumepuu OYeHUueaHus paﬁombz 06y’-lai0u4€20€ﬂ no umoeam cemecmpos

Ounenka Banasl (3 3E)
«OTJIMYHOY 271-300
«XOPOIIOY 211-270

«YIOBJICTBOPUTEIHLHOY 151-210
«HEYJIOBJIETBOPUTEIILHO» 150 u meHee

6. MeToguyeckue yKazaHusi JAJs 00y4arolUXcs M0 OCBOEHUIO TUCIHUILIUHBI

YcnemHoe u3zydeHue Kypca TpeOyeT OT O0y4aromuxcs IMOCEIICHUS JISKIMH, aKTHBHOU
paboThl Ha NPAKTUYECKUX 3aHITHSAX, BBHIMOJHEHHUS BCEX YUYEOHBIX 3aJaHUN TPErnojaBaTels,
O3HAaKOMJICHHsI C OCHOBHOM U JIONIOJIHUTEIILHOM JINTEPATypOH.

3anuch JieKUMH — OgHa W3 (OpM aKTUBHOW CaMOCTOSITENbHON paboThl O0y4aroumxcs,
TpeOyroIiasi HaBHIKOB U YMEHHUSI KPaTKO, CXEMAaTHYHO, MOCIE0BATEIbHO U JIOTHYHO (PUKCUPOBATH
OCHOBHBIE TIOJIO)KEHUSI, BBIBOJIBI, 0000IICHUS, GOPMYIUPOBKUA. B KOHIIE JEeKIMK MpenoaaBaTeb
OoCTaBysieT BpeMs (5 MUHYT) MJIsE TOTO, 4YTOOBI OOydYaromuecs WMeEId BO3MOXKHOCTh 3a/1aTh
YTOYHSIONIME BOMPOCHl [0 H3y4yaeMoOMy MaTepuany. F3-3a HEIOCTaTOYHOTO KOJUYeCTBa
ayIUTOPHBIX YacOB HEKOTOpPbIE TEMbl HE YAAeTCS OCBETUTh B IOJHOM OO0BEME, MOITOMY
IpenojaBareib, [0 CBOEMY YCMOTPEHHIO, HEKOTOPbIE BOIIPOCHI BHIHOCUT Ha CaMOCTOSITENIbHYIO
paboTy CTYJIEHTOB, PEKOMEHysl Ty WM UHYIO JuTeparypy. Kpome aroro, /st aydiiero ocBOeHuUs
MaTepuaja ¥ CHCTeMaTH3allid 3HaHUM MO0 JUCHUIUIMHE, HEOOXOIMMO IOCTOSHHO pa30oHpaTh
MaTepHalbl JEKIHMH 110 KOHCIIEKTaM M yueOHbIM nocoOusiM. B ciiyuae HeoOxoauMocTu oOpamarbes
K [IPEenoaBaTeliio 3a KOHCYJIbTalue.

IMoaroroBKa K NPAKTHYECKUM 3AHATHSIM.

IIpy MoAroToBKE K MPAaKTHUYECKUM 3aHATUSAM CTYIEHT IOJDKEH HM3YyYUTh TEOPETHUECKUN
MaTepualg Mo TeMe 3aHATHUA (MCIOJIb30BaTh KOHCIEKT JEKIHMHA, U3y4UTh OCHOBHYIO JINTEPATYpY,
03HAKOMUTHCS C IONIOJTHUTENBLHOM JINTEPATypOil, TpU HEOOXOJUMOCTH JOMOJHUTH KOHCIEKT, Jesast
B HEM COOTBETCTBYIOIIME 3allUCU W3 JIMTEPATypHBIX HCTOYHUKOB). B ciydae 3aTpynHeHuu,
BO3HHUKAIOIIUX IPU OCBOEHUHM TEOPETUYECKOTr0 MarepHaja, CTYIEHTY cielyeT oOpamaTbcs 3a
KOHCYJIbTallMe K mpenojaBareito. Mg Ha KOHCYJIbTALUIO, HEOOXOAMMO XOpOIIO MPOIyMaTh
BOIPOCHI, KOTOPbIE TPEOYIOT pa3bsiCHEHUS.

B Hauane npakTHyeckoro 3aHsATHUS MpernojaBaTeslb 3HAKOMUT CTY/IEHTOB C TEMOM, OTJIaliaeT
IUTAaH TIPOBEJCHUS 3aHATHs, BbIIAET 3aJaHUs. B TeueHue OTBEIEHHOIO BPEMEHM Ha BBIIIOJHEHUE
paboThI CTYJEHT MOXET O0paTUThC K MPENoJaBaTeiio 3a KOHCYJIbTallMel WK pa3bsicHeHUAMU. B

KOHIIC 3aHATUA IPOBOJUTCA ITPUEM BBIITOJTHCHHBIX 3a)IaHI/H71, CO6CCC}10BaHI/Ie CO CTYACHTOM.



Pe?)y.]'II:TaTBI BBIITOJIHCHHUA NPAKTUYCCKUX 3,Z[aHI/Iﬁ OLICHUBAIOTCA B 6aJIJIaX, B COOTBCTCTBUHU C

0aJUIbHO-PEUTHHTOBOW CHCTEMON YHUBEPCUTETA.

Inanbl NpaKkTHYECKHX 3aHATHII (cemecTp 1)
3AHATHE Ne 1. MHOXkecTBa M OllePALMU HAJl HUMU

1. Haiinure AU B, An B, A\B, B\A, 4’, B’ eciu:
1)A={-1,0, 3,4}, B={0, 4, 6}
2)A=1[0,2],B=(L5)

3)A=][0,2],B=12,5],

4)A=1[0,2],B={0, 4,6}

5)A=][0, 2], B={4, 6},

6) A = (-0, 7], B = (5, 8),

2. JloxaszaTh WJIM ONIPOBEPTHYTH CIICTYIOIIUE PABEHCTBA:
1) A\B =ANB;

2)Au(B\C)=(AUB)n (AU C);

3) (AuB)\(ANnB) = (A\B) U (B\A4);

4) A\(B U C) = (A\B) n (A\0);

5) (A\BI\C = (A\O)\(B\C);

6) A\B = AU (AN B);

7)A\(B u C) = (A\B)\(;

8) (A\B)U C = (AU C)\B,;

3AHATHE Nel. ]lekapTOBO IPOU3BEACHNE MHOKECTB

1. 300pa3uth Ha AEKapTOBOI IMJIOCKOCTH AEKApTOBO mpousBeneHns AxB u BxA
1)A=[1,3],B=[1, 2],

2)A=[1,2],B=(1, 2),

3)A=11,3),B={1, 2},

4)A={1,2,3},B={0, 1},

5)A=[1,3],B=1[1, ],

6) A= (1,0), B=[2, ),

7)A={1,2, 3} B=(0, ),

8§ A=[0,3],B=R.

2. Jloka3aTh CBOWCTBA OTepaIlfii HaJl MHOKECTBAMHU:
1) (A U B)xC = (AxC) U (BxC)

2) (A 11 B)xC = (AxC) I (BxC)

3) (A\B)xC = (AxC) \ (BxC).

3. JlokaszaTb, 4YTO JUIsl BCEX HATYpaJbHBIX YHCET

2 2
a)1+2+...+n:—n(n+1); By 13+2%+ .tz (n+1)
2 4
»_n(n+1)(2n+1)

6) 12+ 2%+ ... +n N1+3+5+...+2n+1)=(n+1)°

6 2

3AHATHE Ne3 CooTBeTCTBHSA, BUABI COOTBETCTBUI

1. OxapakTepu3oBaTh COOTBETCTBHUS, ACHCTBYIOLINE U3 MHOXecTBa {1, 2, 3, 4} Bo MHOXecTBO {1,
2, 3}, Haiitu oOpatHbIe.
a) {<1, 2>,<1,1>,<2,2>,<2,3>,<3,3>},



0) {<I,2>,<2,3>, <1,3>},

B) {<1, 2>, <2,3>, <3,3>, <4,1>},

r) {<1, 2>, <2,3>, <3,1>}.

2. OxapaKTepmoBaTL COOTBETCTBUA 3aJaHHBIC HA MHOXKECTBEC BCCX I[GFICTBHTGHLHBIX YHUCCII.

a) f(x)=+x,6) g (x)= Inx, B) f(x)= sinx, r) f(x) = 1,;1) f(x)=x2+5,
X

e)h(x) =2, 3) F(x) =x>+ 1, n) g(x) = vx+1,k) h(x) = xil,n) g(x) = ctgx.

Haiitn oOpaTHbIE COOTBETCTBHS AJsi JAHHBIX COOTBETCTBHMiA. OIpeneiauTh €CTh U CPeau HHX
GyHKIIHH.

3AHATHE Ne4. Komno3uuus COOTBETCTBHI, 00paTHOE COOTBETCTBHE, PYHKIMHU

1. Haittu xommosuruu foq , gof.
a) f(x)=+x, g )= Inx;
1
0) f(x)=sinx, g(x) = —;
X
B) f = {<1, 2>, <2, 3>, <3,5>}, g = {<1, 1>, <2, 3>, <3,2>};
r) f={<2, 2>, <2, 3>, <3,1>}, g ={<1, 4>, <2, 5>, <1,6>}.

2.f.A—>B,0:B—>C,h:C—> D (A=C=D =R, B=R;). Haiitu KOMI03uIuu:
g-f,he(g-f), heg, (h-g)-F, g-f, (g:f)-h, g-(h-f):
1) f(x) =x%+5,g(X) = Vx , h(x) = 2*%,
2) f(x)=x*+1,g(x)= Vx+1, h(x) = ,
x+1

3) f(x) =3+x°, g(x) =Ig (4 + x), h(x) = 11+,
4) f (x) = arcsin(x +2,5), g(x) = sin x, h(x) = 3%,

3AHATHE NeS. buHnapHble OTHOLICHUS

1. BunapHbIe OTHOIICHHUS P 3a/IaHbl HA MHOYKECTBE JCHCTBUTEIBLHBIX uncea. Onpeaenure,
SIBIISTFOTCSI JTX OHU PEIICKCUBHBIMU, CHMMETPUYHBIMHU, TPAH3UTUBHBIMH, aHTUPE(DICKCUBHBIMH,
AHTHCUMMETPHYHBIMHU.

a)xpy<3:>x2=y2, 6)xpy<=>x2 +y2:1,

B)X py < xy>l, Nxpy<ey =[X|,

2. buHapHble OTHOLIEHUS 3alaHbl HA MHOXKECTBE LIeJbIX urcen. Onpeaenure, IBIsTCs I OHU
pedIIeKCHBHBIMU, CHMMETPUYHBIMH, TPAH3UTHBHBIMH, aHTHPE(PIIEKCHBHBIMH,
AHTHCUMMETPHYHBIMHU.

a) mpn <& 9m — n kpaTHO 4,

6) mpn <& 7m—n kparHo 6,

B)Xpy¢>x2+yz=1,

)X py < (x+y)emurcs Ha 3,

)X py < X—yaenurces Ha 3,

)X py < 2x =3y,

X) M p n <5m — n kpatHo 4,

3) M p N <> M KpaTHO N,

3. IlpuBeauTe mpumep OWHAPHOTO OTHOIIEHHSI, KOTOPOE

a) TpaH3UTHUBHO, CHMMETPUYHO, HO HE pe(IIEKCUBHO,

0) pedaekCUBHO, CHMMETPUYHO, HO HE TPAH3UTHUBHO,

B) pedIIeKCUBHO, TPAH3UTUBHO, HO HE CUMMETPHYHO.



4. Ha maoxectse {1,2,3} 3amano OuHapHOE OTHOIIICHUE P. BBISICHUTD SBJISETCS JIU OHO
OTHOIIEHHEM SKBHBAJIEHTHOCTH, OTHOILIEHUEM MOPsiIKa (€CIH J1a, yKa3aTh, CTPOroro Win
HECTPOTOr0, IMHENHOTO WIN HETUHENHOTO).

a) p = {<1, 2>, <2,3>, <1,3>},

6) p = {<1, 2>, <2,3>, <1,3>,<1,1>, <2, 2>, <3, 3>},

B) p = {1, 2>, <1,1>, <2,2>}

3AHATHE No6.OTHOIIEHNE YKBUBAJIEHTHOCTH M NMOPSAAKA

1. ITocTpoiite BceBO3MOXKHBIE pa3OueHust MHOKecTBa {1, 2, 3, 4} Ha KJIaccChl.

2. Haiitu pa30ueHrne MHOKECTBA LIEJIBIX YHCEN Ha KIacChl SKBUBAIEHTHOCTH, €CJIM OTHOLLICHHE
SKBUBAJEHTHOCTH 3aaHO IO MPaBIIY X=Y <> (X —Y) : m.

a) m=5,00m=8§,B)m=06(u/3), 7) m="7 (1/3).

3. EHHapHoe OTHOLICHHUE 3aTaHO HA MHOKECTBE 11ap Z[CﬁCTBPITeJIbHBIX HHUCCII. BBISICHI/ITe, SABIISICTCA I OHO

OTHOIICHUECM SKBUBAJICHTHOCTH WJIHM OTHOIICHUCM NOPSJAKA.
a)(@a,b)p(c,dy= a-b=c-d.
6) (@ b)p(c,d)<= a<cab<d.

B) (X1,y1) p (X2,¥2) © 2x1ty1=2Xot y»,
r) (X1,y1) P (X2,y2) © X1y2 = X2y1,
1) (X1,y1) p (X2,y2) & X1+ y1 =Xot y2

e) <X, >p<y, 2> X<yumunpuX=Yy,t<z,
K) <X, >p<y, 2> X=yut=z
3) <X, t>p<y, 2> X=yunt<z,

3AHATHE 7. IlepecTaHOBKH U NMOJACTAHOBKHU
1. Kakue u3 cienyronmx COOTBETCTBUM SBIISIFOTCS MOACTAHOBKaMHU. 3alucaTh MOJCTAHOBKH B

CTaHJApTHOM BHUJIC U HalTH Cpe€an HUX paBHBIC:

(1342} (4213} (1234}
g2 434 1234 1423
[31412j (13423j [12342}
pl2 1314 (43123 43214
2. Berunciauts MIPOU3BEACHHUE TOJCTAaHOBOK:
(123}(123] (123)(123)

g\ 231382 o123 1213
(123456789)(123456789)
59 65187 234)(054317682

1 2 3 456 7 8)(1 23 456 7 8
r)2475186321368745

3. Haiinure 4€THOCTH y BCEX MOJICTAHOBOK U3 3a7aHusl | v 2 U y UX IpOU3BEIACHUM.



4. Haiinute oOpaTHBIE U1l BCeX MOJCTaHOBOK U3 3amanus 1 u 2. Onpenenure 4€THOCTH OOpATHBIX
IIOJICTAHOBOK.
3AHATHE 8. MaTpuubl 4 ollepaliuy HAJl HUMHA

1. JIaHbI MATPHUIIBI:

ST I P N e R )

Berauciouts A + E, BC, CB, A%
2. BEINOIHUTEL JEUCTBU:
3 2 -12yY-5 1 1

-1 5 0 |7 -3 8],
-4 1 -9 1 0 4

(2, 4 -1)+(-3, -6, 3)

8 7 -—-4\-7 6 4

-9 3 5|8 -2 -4},

1 -4 -2)-3 4 3
3. VkaxuTe pa3MepHOCTU MaTpPULl U TPAHCIIOHUPOBAHHBIE K HUM.

-1 2 -5 2

(1 2 3 4 5} 1 6 3 4
a)54321;6)103;3)_1;r)(247),
3AHATHE 9. OnpenesmTesid U X CBOHCTBA

Z[OKa?»BIBaIOTCH CBOICTBA OHpeﬂeHHTeHeﬁ, HC JOKAa3aHHBIC HA JICKIIHH.

1 2 3 4
1 3 5 7
1 2 4 -1
-1 -2 -3 -3

1. Uemy paBeH onpenenuTeab MaTpUIlbl A =
2. BeruncnuTh pou3BeIeHNE U HAWTH OTMPENICTUTENb KaXKI0M MaTPHUIIbI, BXOISIICH B

MMPOU3BCACHUC, U PC3YJIbTATA YMHOKCHU.

2 1 0 3 4 5 1 0 2 -1 2 1 3 -1

2 0 -4 2||-4 -2 -6 2
1011 32 1 0 2 -1|l2 1 3 -1
2) 5 11)(-110 L3 0 6 -3/(6 3 9 -3



1 2 2 1 2 1 3 -1

5 3 1 330 -4 -2 -6 2 ||-4 -2 -6 2

1 -3 -2|-|0 1 2 2 1 3 -1 2 1 3 -1

5 2 1)l4 21 6 3 9 -3){6 3 9 -3
B) r) :
3. Boruuciute onpeaeauTes b MaTPUILbI

X y z x 1 0

1 01 y 01
2) 511 6) (13) z 11 .

3AHATHE 10. O0paTHble MATPHUIIBI

1. Haiitu maTpuiry oOpaTHyto K MaTpHIle, €CIIM OHA CYIIECTBYET:
1 2 1 4 -8 7
1 2 j (1 ZJ 4 3 -2 2 7 -2
-1 - -5 -4 -1 -1 2 1
g\t 73 g\ 4 ) () ,
0 1 1 1
-1 O 1 1
-1 -1 0 1
) -1 -1 -1 0

2. PemmTh MaTpu4HOE YpaBHEHUE:
1 2 2 1
A=
3 -1 1 2
a)

2
0
6) -\0 ,

AN
||_\w
[
~<

a
Iy
Iy

Coaep:xanue BHeAyIMTOPHOM PadoThI CTYCHTA NIPU MOATOTOBKE K 3aHATHIO: Ne 70 (4€THBIE),
72 (3).
3AHATHE 11. Pemienne cucteM no npasuiay Kpamepa

PemmTh cucTEeMBI 11O IIpaBUIIy KpaMepa:

X+3y—-2z=3 2x+y—-3z=1
a) \2X+y-32=2 ; 0) 12Xx+6y—-4z=0;
2x+4y—-4z=1 x+2y-2z1=-1
X+2y—-2z=0 —-4Xx—-2y+62=3
B) {2X+Yy—-32=2 ; r) {X+3y-2z=1
2x+6y—-4z=1 x+2y—-22=0

3AHATHE 12. JIuHeiiHas 3aBUCMMOCTb U HE3aBUCMMOCTh KOHEYHOH CHCTeMbl BEKTOPOB



1) BoerurcnuTh TMHEHHYIO KOMOUHAIUIO a1 + a2 — 3a3 ISl CHCTEM BEKTOPOB:

a) ai(1,2,3), ap (1,1,1), a3 (3,2,1);

0) ai(4, 2, 3,-1,5), a»(2, 1, -1, 3, -2), a3 (2,1,-6,10,-11);

B) (1/3) a1(3,-2,4,-1,-1,2), a, (-5,3,2,0,-4,3), a3 (8,-5,3,4,1,-3);

r) (n/3) ai(1, 1, 1, 1), ax(1, 0,0, 0), a3 (0, 1, -2, 1).

) F10)=x" 453, Fo(x) = x* - X8, f3(x) = 8x*+4x°.

2. Beruucnuth nmuHeinbie KomOunamu ai(1, 0, 1, 2), ax(1, 1,0, 1), a3 (1,1,0,1), a4 (3,2,2,4):
a) a; + 2ap + 3ag + 4ay;

0) a; —a; — 3ag;

B) — 3a; + ag;

r)a; +ap;+az—ag.

SIBnsiercs M 9Ta CUCTeMa JIMHEHHO He3aBUCUMO?

3. OnpenenuTh, KaKUe U3 JTAHHBIX CUCTEM JINHEWMHO HE3aBUCHUMBI:

a) a1(1, 2, 3),

6) a1 (0,0, 0),

B) a3 (3,2,1), a4 (6,4,2);

r) (1/3) a1(4, 2), ax(1, 1), az (-6, -6),

) ap (2,1,9,-11,16), a, (10, 5,10,-6,17);

e) (n/3) a1(3,-2,4), az (-5,3,2), a3 (8,-5,3), a4 (7,-5,19), a5 (11,12,-15);

x) a1(1, 0, 1,2),ax(1, 1, 0, 1), a3 (1,1,0,1), a5 (3,2,2,3), a5 (2, 1,2,2);

3) (n/3) a1(3, -4, 1,2), ax(1, -1, -1, -1), a3 (0, 0, 0, 0), a4 (4,-3,1,2), a5 (1, -6, 1, 2);
3AHATHE 13. ba3uc v paHr KOHEYHOH CHCTeMbl BEKTOPOB

OcymiecTBiseTcst pa3do0p JOMAITHETro 3a/1aHus (MPOBEPKA OTBETOB, BBISICHEHHUE BOIIPOCOB).
@DpoHTaNBHO U y I0CKH pa3z0upatorcs 3anaun 18 (Heuétnsle), 19, 20, 22, 23 (1).

1. Haiitu panr u 6a3uc cucteMbl BEKTOPOB, BBIPa3UTE BCE BEKTOPHI CUCTEMBI Uepe3 Oa3ucHbIE:
a) a1(1,2,3), a2 (1,1,1), a3 (3,2,1), a4 (4,4,1);

0) a1(4, 2, 3,-1,5), a2(2, 1, -1, 3, -2), a3 (2,1,-6,10,-11), a4 (2,1,9,-11,16), a5 (10, 5,10,-6,17);
B) (1/3) a1(3,-2,4,-1,-1,2), a, (-5,3,2,0,-4,3), a3 (8,-5,3,4,1,-3), a4 (7,-5,19,1,-10,9),

as (11,12,-15,8,17, -20);

r)ai(1,0, 1,2),ax1,1,0,1),a3(1,1,0,1), as (3,2,2,3), as (2, 1,2,2);

) ai(3, -4, 1,2), ax(1, -1, -1, -1), a3 (3,-4,1,2), a4 (4,-3,1,2), a5 (1, -6, 1, 2);

e) (n/3)ai(1, 1, 1, 1), ax(1, 0,0, 0), a3 (0,1, -2, 1), a4 (0, 2, 0, - 2),

3AHATHE 14. Panr maTpuubl.

OcymecTBisgercsa pa3doop TOMaIIHEro 3aJaHus (MpoBepKa OTBETOB, BHISICHEHHE BOIIPOCOB).
®poHTATBHO U Y TOCKH pa3ouparoTcs 3amaun 18 (meuérueie), 19, 20, 22, 23 (1).

Pabora mo MUKpPOTrpyIiaM — BbIYUCIICHUC PAHTOB MAaTpHUILl pa3HbIMU ITYTAMH — HA CKOPOCTh.



Breraucnurts paHru CJICAYIOIMIUX MaTpUIL:

1 2 -1 0 3 8 5 3 7 1
1 -1 -1 3 -3 4 6 7 9 11
2 3 2 -1 4 3 0 -1 2 7 1 2 1
2 3 0 1 2 15 11 9 13 19 4 3 -2
2) 1 5 -1 -9 21 .6) 17 10 2 -5 6 .B) -5 -4 -1
4 -8 7
2 7 2 Ll 3 -1 1 3 0 1 1 1
6 1 5 0111 -3 -2 0 2 -1 0 1 1
- 0011 3 -2 0 2 1 -1 0 1
r) (/3) 2 -15 9 1) 0 001 -1 -1 =1 0) 0y -1 -1 -1 0J
3AHATHE Ne 15. KontpoabHasi padoTa
2 cemecTp

3AHATHE Nel. I'pynnbl, OATPYIIIbI

1. [Tonb3ysick KpUTEpUEM MOATPYIIIBI U TEM, YTO MHOKECTBO BCEX JEHCTBUTENIbHBIX YHACET —
rpyImmna 1o ClI0XeHUI0, @ MHOXKECTBO BCEX JCMCTBUTEIBHBIX UMCeN 0€3 HyJsl — rpyIa Mo
YMHOXKEHHIO, OTIPEICIUTE, KAKUE U3 MEPEUUCICHHBIX MHOXKECTB 00Pa3yIOT IPYIIY OTHOCUTEIHHO
CJIO’KEHUS, TPYIIIY OTHOCUTEIIbHO YMHOKECHUS:

a) Lensie uncna; [lenbie ynucna, kpatasie 5; Heu€THble nensie yncna; PanmonansHelie yncna;

[TonoxxurenpHBIE pallMOHATILHBIE YHCIIA; pallMOHANbHBIE yncia 6e3 0;

M={a+bv2 riea beQ} A={l,-1,0},C={3"nez}

0) (n/3) HarypanbHble uncna; 1enble Yicia, KpaTHble TpéM; UeTHbIe 1eNble Yncia;
D={5k—-1,k€Z}, A= {k? k €EZ}uppanuonansusiec uncia, B= {1, -1}, M ={a + b‘/§ ,TIae a, b
€z}, C={3" nez}.

2. Onpenenurte, Kakue U3 HalACHHBIX B 3alaHUM | TPy ABJSAIOTCS MOATPYNIIAMH IPYTUX Py

N3 TOI'O XK€ 3aaHUA.

3AHATHE Ne 2. Knaccel cmexcnocmu zpynnot no noozpynne. Hopmansuvie oenumenu zpynnot
3afgaHus A9 CaMOCTOSITENIbHOTO PELICHUS:

1. JlaHBI ITOJICTAaHOBKH:

1 2 3 1 2 3 1 2 3 1 2 3
12 3 -1 3 2 _2 31 _\2 1 3
ap— aal_ 932_ a =

b 1



1 2 3 1 2 3
31 2 3 21

aq =
Haiitu Bce moarpymnmnel JaHHOU rpynmnsl. IIocTponTs j1eBbIe U PaBbIe KJIACCHI CMEXHOCTH 10 BCEM
HETPUBHAIBHBIM MTOATPYIIIAM.

2. JlaHbl MaTpULBL:

1 0 -1 0 0 -1 0 1

0 1 0 -1 1 0 -1 0

E= , A= B= ,C=

Haiitn Bce moarpynmbel U TMOCTPOUTH JIEBbIE W IMpaBble KIIACChI CMEXHOCTH MO BCEM JTHUM
MOATPYIIIAM.

3. HailTu MHOKECTBO KJIACCOB CMEKHOCTH T'PYIIIIBI LEIbIX YUCET MO MOATPYIIE YUCEN, ACISIIUXCS
Ha 5 (Ha 6 — 1/3). HaliguTe BCce mMOATPYIIIBI TPYIIIBI KJIACCOB CMEKHOCTH.

4 Kakwne n3 HaWJeHHBIX MOATPYIIII ABJISAIOTCA HOpMAJIbHbBIMHU ,ZLCJ'II/ITGJ'IHMI/I?

3AHATHE Ne 3. Koavua u nons
Ne 1. Kakue U3 mepeurciaeHHbIX MHOXKECTB SBIISTFOTCS KOJIbIIAMHU U TIOJISIMH?

a) Llenbie uncna;

0) Llenbie uncna, KpaTHBIC 5;

B) HeuérHble Liemnble uncna;

r) PanionaneHble uncna;

1) [TonoxurenpHbIE pallMOHATIFHBIC YMCIIA; palliOHANbHbIE Yrcia 6e3 0;
e) M :{a+b\/§ ,rae a, b €Q},
x®)A={1,-1,0},

3) C={3",neZ}.

Ne 2. JlomamniHee 3aiaHue

a) HarypanbHble uncna;

0) 1enble Yynca, KpaTHbIe TPEM;
B) UeTHbIe 1enble Yncia;
r)D={bk-1,k € Z},

m A= {k k ez},

€) UppallOHAJIbHbIE YUCIIA,

x) B ={1, -1},

3)M={a+b+3 ,trea b ez}

3AHATHE Ne 4. Konvyo mnoz2ouienos u Koavlo Kiaccoé bluenos

BrisicHuTe, ABISIFOTCS JIM TPYNION MO CIOXKEHUIO U YMHOXKEHHIO, KOJIBI[OM, MTOJIEM:

a) MHO>XKeCTBO BCEX MHOTOYJIEHOB OT OJJTHOM MEepeMEHHOMN

0) MHOXXECTBO MHOTOWICHOB N-i1 CTeTIeHN

B) MHO’KECTBO MHOT'OUYJIEHOB CTENEHU HE BhIIIE N

') MHOKECTBO KJIACCOB CMEXHOCTH TPYIIIbI UENbIX YHCEIl, IO MOArPYIIE YUCell, ASNAIIUXCSA Ha 5
1) MHOYKECTBO KJIACCOB CMEXKHOCTH TPYIIITHI IEIBIX YUCEII, TI0 TOATPYIIE YHCEe, AeISIIMIXCcs Ha 6

e) MHOXECTBO KJIaCCOB CMECKHOCTHU I'PYIIIIBI HEJIbIX YHUCCII, IO MOATPYIIIEC YUCEIT, ACTIAIINXCA Ha 4



)K) MHOXKCCTBO KJIACCOB CMCKHOCTHU I'PYHIIbI HEJIBIX YUCCII, 11O MMOATPYIIIC YUCCII, ACTIAINXCS Ha 3

3AHATHE Ne 5. Konvua u uoeawt

Jloka3atb, 4TO MHOXECTBO MaTpPHI] 2X2 — KOJIbIIO.

BrisicHuTe, SBISIOTCS JIM MOAKOJBIIAMH WM U7callaMU B JaHHBIX KOJbIaX (a, b — Mpou3BOJIbHBIC
JIEMCTBUTEIIbHBIC YHCIIA) CIIEIYIOIINE MHOXKECTBA!

a) IeJIbIC YHCIIa B KOJIbIIE KOMITJIEKCHBIX YHCEIT;

6) KOMIUIEKCHBIE YHUCiIa BHUIa a + ai, rac a ,Z[eﬁCTBHTeJIBHoe YHCJI0, B KOJIbLC KOMIIJICKCHBIX YHCEII,

a

B) MHOKECTBO MaTpHIl BUIa (a
') MHOYKECTBO MaTpPHI] BUA (
a
b
1) MHO>KECTBO MaTpHIl BUIa

€) MHOKECTBO MaTpHI] B

)
y
y

0
0
B KOJIBLIE MAaTPHI] BTOPOTO TIOPSIIKA

B KOJIbLIE MATPHUIL] BTOPOT'O NOPSIAKA;

B KOJIbLIE MATPHUIL] BTOPOTO TOPSIAKA;

B KOJIBIIC MaTpull BTOPOIr'o IOpsAJaKa,

3AHATHE Ne 6. I1o1e KOMILIEKCHBIX YHCeJ, aJiredpanyeckas (popMa KOMILIEKCHOT0 YHCJIa

1. BerunenmTh BeIpaxkeHus: (1—i)%,i%, (1++/3i)?, (2-3i)(2+3i), L +~/30)°, (\/§+i)3.

2. Jlns ~2+3i,-2-3i,4—7i,5,~4i,~2,~1g100, i
COIIPSKECHHBIC U O6paTHBIC qucia.

YHUCCII 3almcaTrb 14091 IMPOTHUBOIIOJIOXKHBIC,

Z
— i _ i O3 . . e
3. I[J'ISI YHUCCIT Z; 3+2i Z,= 4 +1 HAUTH Zl+221zl_2212122’z_1
2

4. Brryucaure:

) (-3 0) 2w B 0 % 9
) () @+ 0 g B EEE 0 i 0

3AHATHUE 7. I'eomeTpuyecKuii CMbICJ M TPUTOHOMeTPHUUYECKas (popMa KOMILJIEKCHOTO YHCJIa
1. M3o0pa3ute Ha KOMIUIEKCHON TJIOCKOCTH YHCTIa

a) 2+4i; 6) 4+2i; B)-3-5i; 1) —1;

n)2—i; e)—2+1i;%) —2;3) .

2. 3anummTe yucia KOMHHGKCHO-COHp}I)KéHHLIC JaHHBIM U Ha KOMILJIEKCHOH IIOCKOCTH HOCTpOf/'ITC
BCKTODPBHI, H306pa>1<a}0mne JaHHBIC YHCJIa U KOMHJ’IGKCHO-COprDKéHHBIe C HUMHM.



a)z=3+1i; 6)z=3-1; B)I; 1)i-3; 1) 3;¢e)-bi.
3. Ha KOMIUIEKCHOM TJIOCKOCTH 3aIUTPUXYHTE BCE TOUKH Z, YOBIETBOPSIOIINE YCIOBHIM

a) |z| < 1;
0)]i—z|<1;
B) 2| > 1;
r)jz+i|=3;
nyargz= 7
e)|z—1P +|z+1F = 4;
X)|z—1| < |z+2-3i;
3)argz =m,
[z-il]=1
W) T
argz = —

2
K) [z] <[z/2| + 1;
n)z-1+1<2,
M)Imz>3
H) —-1<Rez<0
3AHATHE 8. Tpuronomerpuueckasi ¢opmMa KOMILJIEKCHOTO YHCJIA

1.IlpencraBbTe clieqyronire Yucia B TPUTOHOMETpUYECKo hopme:
a)1,—i,6)1—i,8)-1- v/3i, ) -2 +7i, 1) sino.—icos a,
e)i, ~1,5%) L +1i, 3) V31, u) 5i, k) 3 - 5i, m)-CoSaL + iCOS ..

2.BpluncnuTe ¢ MOMOIIBIO MePeXo/ia K TPUrOHOMETpUUYecKoil popme:

E L2 415
a) 4 40 6 6°.6)(6+2iV3)-3-3)

1+i —2+i24/3 3 V3. V31
n3+i3B. o LB 2 2 g2 2"

WB3-i)'@+D)°  (i++3°
o G -D°

3AHATHE Ne 9. BoiuuciieHue KoOpHeii

1. Beranciure u pe3yibTaT NpCACTABbTC B TpHFOHOMeTqueCKOﬁ (l)opMe:

Jﬁ 2 o F Jﬁ
a) i+\/§; 6) i—1 ;B) —2+2i\/§; r) 1+\/§|

2. Beruucnute 1 pe3ynbTaT NpeicTaBbTe B anreOpanyeckoit popme:

a) V=3+4i. 6) V15 +8i

2

3. Pemmure YpaBHCHNA, OTBET 3allUIINTC B TpHTOHOMCTpH‘-ICCKOfI (I)OpMC

a)x°—2=0
6)x>+2+2i=0
B) x> +i=0

6)x*+1++/3i=0.



4. Pemte ypaBHEHUs, OTBET 3aMUIINTE B ajdreOpanveckoit popme

a)x3=i;
6)x*=—1-/3i;
B)X6:—i;

r)x>=2-2i.

3AHATHE Ne 10. Konmponsnas padoma

3AHATHE 11. BekTopHbIe NPOCTPAHCTBA U MOANMPOCTPAHCTBA.

dpoHTaANBHO U Y J0CKHU pa3ouparorcs 3amaun 1,2 ( 1-4), 3,5,13 (1-2), 14, 15 (3 -6).

1. Brrsicuuts, 00pa3yer i BEKTOPHOE MPOCTPAHCTBO MHOYKECTBO BEKTOPOB BUA

a) {(a, a+p, at+2p}, a, B € R}.
0) {(o, atP, o+2}, a, B € R}.
B) {(a, af}, at2B}, a, p € R}.
r) {(0, a+B, a+2B}, a, B € R}.

2. I[OKa?,aTB, YTO BCKTOPHBLIMHA IIPOCTPAHCTBAMHU HAl ITOJIEM I[GfICTBHTCJIBHBIX YHUCCJI ABJIAKOTCA:

a) apupMeTHIECKOe BEKTOPHOE MMPOCTPAHCTBO,

0) MHOKECTBO MaTpHI] pa3zMepa 3x3 ¢ IeHCTBUTEIbHBIMU KOO PUITMCHTAMU,

B) MHOXECTBO BCEX MHOT'OYJICHOB CTCIICHHU HEC BBIIIC 1N,

F) IIOJICE KOMIIJICKCHBIX YHCCII,

1) TIOJIE ICUCTBUTEIBHBIX YUCEL.

3AHATHE 12. PemieHne cUCTeM JHHEHHBIX ypaBHeHMi Meroaom ['aycca (HeogHOpOAHBIE

CHCTEMBbI)

Haiitu 06]].[66 peUICHUC CUCTCMBI U KaKOG'HI/I6YI[L YaCTHOC PCILICHUC. C,Z[eJ'IaTL

IIPOBEPKY.

a)X; —3Xp+4x3+2x4=1
2x1 +4x0—3x3+3x4=-1
3x1+Xp+2x3—x4=0
12x1 +4x2+ Tx3+2x4=0

0) x1 —2Xo + 8x3+ 3x4 = -1
5x1+ 10x +2x3+ 11x4=3
9%y +2xXp +34x3 +23x4 =3
Tx1+ 4%, +26x3+20x4 =4

B) 3x3 + 2Xp + 5x3 + 2x4 + 2x5= 1
2xX1 +Xp H4xX3+ X4 + X5 =3
Xo—2X3t X4 +X5=7
2x1+3Xp + X3+ 3x4 +3x5=0

) 4x1 —4x + 3x3+ 6X4 + 2x5= 1
2X1 —2Xp + X3 +2x4 +2x5=1
X1 —Xp+X3+2x4+3x5=2
X1 — X2t 3x3+7x4+ 11x5=0

3AHATHE Ne 13. Pemnenne cucreM JTHHEeHBbIX ypaBHeHH MeToa0oM I"aycca (oqHOpOaHbBIE

CHCTEMBI)

Haiitu ¢pyHIaMeHTanbHyI0 CUCTEMY peIIeHUH ISl CUCTEMBI OTHOPOIHBIX IMHEWHBIX YpaBHEHUI

a)3x1 t X2+ x3—2X4—9x5=0
4%+ %X +2x3-3x5=0
9% +2Xo +5x3 +2x4 + x5 =0

6)X1+4X2+X3+2X4:0
6X1 +Xp—2x3—3%x4=0
5X1—6X2—4X3—7X4:0
7x1+ 8% +x4=0




B) 2X3 — 12X5 — 5x3 — 8x4 — x5= 0 r) 5x1 +3x2 + X3+ 2x4 + 3x5= 0
9%, + x3+2x4 +3x5 =0 7X1 + 5% + 3x3+4x4 + 6x5 =0
10x1 + 6Xo —3x3 + 7x4 + 15x5=0 2X1 +2Xo +2x3+2x4 +2x5=0
4x1+ 3%y —x3+3x4+ 7x5=0 8x1 + 4%, +2x4 +3x5=0

1) 3x1 +2xp + X3 — 6x4 +2x5=0 e) 2x3 + 5xp + 6x3+ 8x4=0
4x1 +Xo+x3—12x4 +4x5=0 X1+ 2% +3x3+3x4=0
11x1 + 5%+ 3x3 —27X4 + 9x5=0 X1 +3xp+2x3 +4x4=0
Tx1— 7Xo +2x3 —48x4 + 16x5=0 X1 +Xo+5x3+3x4=0
5X1 + 4%+ X3—6X4 +2x5=0 2X1 + 5%, +4x3+7x4=0

3AHATHE Ne 14. KoopauHaTbl BEKTOPOB B Pa3JIMYHbIX 0a3ucax

Haiinure xoopaunatel Bektopa a) a=(1,2,2,3) B Oasuce b;=(1,1,1,1), b,=(1,1,1,0),
bs;=(1,1,0,0),bs=(1,0,0,0).

6) a=(5,7) B 6asuce b = (1, 1); c = (2, 5).

B)x (1,-1,2,3)B06asuce a; (1, 1, 1, -2); a5 (1, 2, 3, -3), a3(1, -2, 1, 0), a4 (1, 1, 0, 1)

r)b= (1,5, 1) B 6asuce a; = (0, 0, 1); a, =(0, 1, 1); a3 = (1, 1, 1).

3AHATHE Nel5. EBKJINI0BBI IPOCTPAHCTBA

1. Ilycth BekTOp X = (X1, X2), ¥ = (Y1, y2). BBIACHUTB, MOXHO JIM CKaJISIpHOE ITPOU3BEICHHE 33/1aTh
CJIEYIOIIUM CIIOCOO0M:

a) (X, y) = Xuy1 + X2y2

0) (X, y) = 2x1y1 + 5Xay2

B) (X, ¥) = X1y1 — X2Y2

r) (X, y) =X1y1 + X1y2 + Xoy1 + 2X2y2

1) (X, y) = X1y1 T X1y2 + Xoy1 T X2y2

e) (X, y) = [xay1| + [x2ya|

K) (X, y) = 3x1y1 + X1y2 + Xoy1 - X22

Ecnu MOXHO, TO BBIYMCIUTBH CKaJsipHOEe mpousBereHue BekTopoB X(1, 1) u y (-3, 2), HOpMBI
KaXJI0T0 U3 BEKTOPOB M yroJl MEXKAY HUMHU.

2. Haiitu cxaysipHOE NMPOU3BENICHHE BEKTOPOB X M Y, HOPMY KaKJOTO M3 BEKTOPOB U YTOJ MEXKIY
HUMH, €CIIU CKaJIIPHOE NPOU3BEICHHUE 3aJJaHO CTAaHAaPTHBIM CIIOCOOOM.
a)x(1,-1,2,3),y(1,2,3,-1)

0)x(2,3,6,-1),y(4,6,12,-2)

B)x(1,2,3,4),y(4,3,2,1)

r)x(1,1,-1,1),y(1,2,-1,-2).

3. TloctpouTh OpPTOHOPMHUpPOBAHHBIE OAa3WMCHl TPOCTPAHCTB, HATSIHYTHIX Ha JaHHBIE CHUCTEMBI
BEKTOPOB:

a)a; (1,2,2,-1);a, (1, 1,-5,3);a3(3, 2, 8, -7);

0)a; (1,1,-1,-2);a,(5,8,-2,-3);a3 (3,9, 3, 8);

4 cemecmp
3AHATHE Ne 1. Memoo mamemamuueckoi uHOyKyuu
Jlokazath paBeHCTBA IS JTIOOOTO HATYPaIBHOTO N: /3
n(n+1) n’(n+1)°

a)l+2+..+n= 2 B) 1°+28+ . +n® 4




n(n+1)(2n+1)

6) 12+2°+ ... +n°= 6 : )1+3+5+...+@2n+1)=(@+1)>
I[OKa)KI/ITe METOAOM MaTeMaTH‘IeCKOﬁ I/IHIIyKL[I/II/I, YTO AJad JIIOGOFO HaTypaHBHOFO n

a) n°—n IEIATCS Ha 3. 1) n'—n nennTcs Ha 7
6) N° — n genuTes Ha 5 e) 3°"+2°"° nemures Ha 11
B) 3°™ + 2™2 nenures Ha 7 x) 32" - 2" nenures Ha 7

r) 2™ 3™ 4 | nemures Ha 11

3AHATHE Ne2. IIpocmute u cocmasnule yucna. Omuowienue 0eaumocmau.
HoxkazarenbcTBo cBoiicTB aeanmoctd. HOJ[ u HOK.
1. BLISICHI/ITL, ABIACTCA JIK YUCJIO IIPOCTBIM HUJIM COCTaBHBIM. Ecnu ancno COCTaBHOEC, TO pPa3JIOXUTh

€TI0 Ha IIPOCTHIE MHOXUTECIINU
a) 6643 6) 1769 B) 997 ) 2520

1/3 n) 6497 e)1817 x) 6600 3) 3551
2. Paznoxxure Ha mpocTeie MHOXHTENH a) 26! 0) (11/3) 16!

3.Haiitu Bce mpocTsie uncna mexay a) 2320 u 2350 6) (n/3) 2640 u 2680
4 Haitgure HOJ] 1 HOK uncen

a)a=318ub=477.

6)a= 117 u b=111999
Haiitu nensie x, y, Takue, uro: HOJI(a, b) = ax + by.
5. C KakuM HauMEHbUIUM HEOTPULIATEIbHBIM YHCIIOM CPABHUMO YUCIIO @ 110 MOJIYIIO 7.
a)a=342;06)a=-23?
Brinucats Bce 371€MEHTHI, CPABHUMBIE C YUCJIOM 3 TI0 MOJYJIIO 5
(1/3) ¢ uncaom 2 1o MOIyIIO 6.
6. Jloxa3aTh CBOMCTBA:
a)a=b (modm)Ac=d(modm)=>a+c =b+d(modm);
6) a=Db (mod m) =>ac =bc (mod m);
B)a=b (mod m) Ac=d (mod m)=>ac =bd (mod m).
3AHATHE Ne3. Knacchbl BbIYETOB.
1. ITocTpoiite Bce Kiacchl BBIYETOB MO MOAyYJ0 7 u 6. Haiinure cymmy, pasHOCTb, IPOU3BE/ICHUE
Ky1accoB [4] 1 [S] B COOTBETCTBYIOIIIEM MHOXKECTBE.
2. Beimucath Tpu MOJTOKUTEIBHBIX U TPU OTPUIATENIBLHBIX JIEMEHTA, CPABHUMBIX
a) ¢ YMCIIOM 3 TI0 MOJIYJIIO 5
0) ¢ yucaoM 2 1Mo MoayIo 6.
3. [Toctpoiite TaOIUIBI CIOKEHHUS U YMHOXKEHHS /1711 BCEX KJIACCOB BHIYETOB MO MOAYJIIO

1. a)5,06)6,8)(1/3)7,1) 2.

4 TlepeuncnuTe BCE KJIACCHI BBIYETOB MO MOAYI0 6. K kakomy Kiaccy MpUHAANISKUT ducio 1537
Vkaxure He MeHee TpEX MOJOXKUTEIbHBIX U TPEX OTPULATEIBHBIX SJIEMEHTOB IJisl KJjacca,

MOPOXKAEHHOTO 3JIEMEHTOM 4.



3anstue 4. YucioBbie QyHKIIMH.

1. HaifTi KOJIM4ecTBO M CYMMY HaTypallbHBIX aenuteneit uncna 360, 957 (a/3 uucna 750, 375).
2. Haitnure HOJl u HOK uucen 360 u 504.

3. CymmMma nByx uucen 667, a ornomenue ux HOK k HO/I paBno 120. Haiitu 311 yuncna.

4. HaiiguTte 11€710€ N0JI0KUTENBHOE YUCIIO0, 3Hasl, YTO OHO UMEET JABa MPOCTHIX JEJIUTEINS, YUCIIO
BCEX JCNIUTENICH paBHO 6, a CyMMa BCeX JenuTeneii — 28.

5. Yucno N umeer aBa IpOCThIX AEIUTEI, N? imeer 15 Pa3JIMYHBIX HATYPAIBHBIX JEIUTEIICH.

CkounbKo genuteneil umeet N° (otBer 28)

3ansaTus 5. CucreMbl BbIYETOB.

1. HanmucaTh MOTHYIO U IPUBEIEHHYIO CUCTEMY HAUMEHBIIUX MTOJIOKUTEIBHBIX ¥ HAUMEHBIITHNX T10
a0COJIIOTHOM BEJIMYMHE BBIYETOB 110 Moay:o 10 (o momayito 12).

2. [Mokasarp, 4T0 YKcaa 00pa3yroT MOJHYIO CHCTEMY BBIYETOB

a) 25, -20, 16, 46, - 21, 18, 37, -17 no moxymro 8.

0)32,-9, 15,42, - 18, 30, 6 mo Moyt 7.

3. TlokasaTb, yTO 4Hclia O0OPa3ylOT NPUBEAEHHYIO CUCTEMY BbIUETOB

a) 19, 23, 25, -19 no moxymto 12

0)11,-1,17,-19.

4 UzBectHo, uyto uucna 2077 u 100 mpu neneHuM Ha HATypaJbHOE YUCIO a JIa€T HEKOTOPOE
HaTypaJIbHOE YaCTHOE U OJIMHAKOBBIN HAaTypanbHbIN ocTaToK. HaliquTe Bce Takue a.

5. Hamucatb 3 Bua (HauMEHBIIME HEOTPHIIATEIbHBIC, HAOOIBIINE HETIOJIOXKHUTEIILHEIC,
HAaUMEHBIIINE MO0 a0COIIOHOM BEIMYMHE) KaK IMOJTHOMN, TaK U MPUBEACHHON CHCTEMbI BHIYETOB

ITo momymro 20, mo momyio 13 (1/3).

3ansTue 6. Llenubie 1poou.

4. Paznoxwure B 1ienHyro 1poods 13/67, 99/170.

5. llpencraBpTe nenuyto Apods |2; 1, 1, 3, 1, 2| (|3, 2, 2, 7| B B 0OBIKHOBEHHOI.
1043 3953

6. C ITIOMOIIBIO PA3TIOKEHNS B IIEITHYIO Apo6b cokparute 3427 871

3anaTue 7. @ynkuus Jilaepa.

1. Haiitu ¢pynkuuro Ditnepa ot uucen: 375, 720, 17, 31, 5-7-13, 3P

2. Yucio uMeeT J1Ba MPOCTHIX JACITUTENs, pa3HOCTh MEXKIY KOTOPhIMU paBHa 2. DyHKIUs Diinepa oT
yucia paBHa 120. Haligute 310 ynco.

3. CKOJ'II)KO CYHICCTBYCT IMOJIOKHUTCIIbHBIX MPABUIIBHBIX HECCOKPATUMBIX z[p06ef/'1 CO 3HaMEHaTeJIEM
16.

4. HaiiTi KOTMYECTBO HATYPAJIbHBIX Yucel, MeHbIIMX 300 U UMEIOIINX ¢ HUM HAaHOOJBIINN O0IIHi
nenutenb ynciio 20.

5. HaiiTk ocTaToK OT JIeIeHHUS:

a) 109°*® ua 14 6)439°'Ha 60 B)3*+7%mall

/3 1)385° Ha45  1)293*" na 48 (o18.29) )30 +5' P a7,

. 1
6. Haittu mocnennue nee uudpsl yncna 2 00,

3anstue 8. /IuHeiiHble CpABHEHUS € OJHUM HEHU3BECTHBIM



1. IlyTéM ncnpITaHNi HAUMEHBIIUX HEOTPULIATEIbHBIX BHIYETOB HANTH PEILICHUSI CPABHEHUMN:
a) 5x°—15x +22=0(mod 3) 6)x*+2x +2=1(mod 5)— ots. 1, 2.

2. PeminTh cpaBHEHHUS IO IPOCTOMY MOAYJIIO HA OCHOBAHUU MX CBONCTB:

a)12x=1(mod7); 6)6x=3(mod7); B)6x+5=1(mod?7)

JI/3 r1)6x+5=6(mod7); n)3x+4=2(mod>5); e) 15x +4=7 (mod 11)

3. Pemuth cpaBHEHUs ciocoOoM Diinepa:

a) 3x =1 (mod 5) /3 B) 5x =6 (mod 7) oTB. 4.

4. PemiuTh CpaBHEHHS:

a) 20x = 10 (mod 25); ©6) 5x =7 (mod 10); B) 10x =25 (mod 35)

J/3 1) 12x =9 (mod 15) 1) 12x =9 (mod 18); e) 14x =22 (mod36).

Ors. 2,7,12 HET 17,35

4. PenuTh CpaBHEHHMS MOJIB3YSCh PA3IOKEHHEM B LIEITHYIO IPO0b

a) 37x =25 (mod 117) Ots. 7, 0) 143x =41 (mod 221) — pemenuii HeT
B) 113x =89 (mod 311) Ots. 46; r) 221x =111 (mod 360) ots. 51.

3anstue 9. HeonpenenéHHble ypaBHEHUs IEPBOl CTENEHN € IByMsI HEM3BECTHBIMM.
a)3x+4y=13 0) 81x —48y =133 B) 26x + 34y =13

/3 1) 8x—13y=063 n) 45x - 37y =25 e) 39x - 22y =10

OtB. x=3+13t,y=8t-3 x=17+37t,y=20+45t x=22t—-2,y=39t—-4.

2. Jlnsg mepeBO3KH 3epHa UMEIOTCS Meliky, BMemaromiye B ceds 60 kr nin 80 xr. CKOJIbKO HYKHO
TeX U APYTUX 1 nepeBo3ku 440 kr?

3. Cxonbko 6usteroB 1o 30 u 50 p. MmoxkHO KynuTh Ha 1490 p?

4. CraButcst BoAomnpoBoj AIuHHON 105 M, umerotcst Tpyosl 3 M u 4.5 M. CKOJNBbKO HYXHO T€X U
npyrux tpy0? (12 map perieHuit).

5. CxoJIbKO KOHBEPTOB 10 3 ¥ 4 p. MOKHO KynuTh Ha 50 p? (4 mapsl perieHuil).

3ansarue 10. CucremMbl JMHEHHBIX CPABHEHUI ¢ OJHUM HEM3BECTHBIM

1. Pemnts cucremsl cpaBHEHUN
a) x =4 (mod 5)
x =1 (mod 12)
x =7 (mod 14)
0) (1/3) x =1 (mod 25)
x =2 (mod 4)
x =3 (mod 7)
x =4 (mod 9)

B) 2x =7 (mod 13)
5x =8 (mod 17)



3x =7 (mod 31)
14x = 35 (mod 19)
r) (1/3) 4x = 3 (mod 7)
5x =4 (mod 11)
11x =8 (mod 13)
1) 3x = 1(mod 10)
4x =3 (mod 5)
2x =7 (mod 9)
e) 3x =7 (mod 10)
2x =5 (mod 15)
7x =5 (mod 12)
K) 5x =1 (mod 12)
5x =2 (mod 8)
7x =3 (mod 11) (1/3)
3ansaTue 11. Henuneiinble 110GaHTOBbI YpaBHEHUS

Pemuts B 1ienbIX ynuciaax YpaBHCHMUL:

a)y2—2xy—2x=6 6)2X2—11xy—12y2:17

B) 35xy +5x—-T7y=1 r)x? —3xy+2y*=3
111,

1) R e)xy+3x—-5y+3=0

3anstue 12. [Toka3aTeau M HHAEKCHI YHCe 110 JTAHHOMY MOIYJIIO.

1. [Tyrem ucnplTaHui HATH BCe MOKA3aTeNH, KOTOPBIM MIPUHAJJIEKAT Ynuciaa OT 2 10
M — 1 B3aMMHONPOCTBIE C M.

a) m=5(m =7, m=10, m=11)

2. Haiitu uncno nepBooOpa3HbIX KOPHEW U HAUMEHBIINN U3 HUX 110 MOJYJIIO
a) 19 6) 23 B) 31 n)43.

3. CocraBbTe TaOMUIIBI MHJIEKCOB U aHTUUHAEKCOB 110 MOIYIIIO

a) 29 Mo ocHOBaHHUIO 2

6) 23 mo OCHOBaHHUIO 5

4.HaiiTn nokasarenu B CpaBHEHHSIX

a) 5°=1 (mod 7)

6) 5%=1 (mod 11)

8) 8 =1 (mod 13)

r) 23° =1 (mod 41)



3ansTue 13. /[Byu/jieHHbIe CPABHEHHS 110 MPOCTOMY MOAYJIIO.

1. Haiitu (ImyTeM BO3MOKHO 00Jiee MPOCTHIX BHIYMCIICHUH) MTOKa3aTeb, KOTOPOMY MPUHAIIEKUT

a) 7 mo Moy 43

0) 5 mo moxymo 108

2. Haiitu Bce nepBooOpa3Hbie KOpHH 110 Moayisim 17, 289, 578
3. CoctaBuTh TaOIUIIBI MHIEKCOB U @aHTUHAEKCOB 10 Moay:to 13. C momoruisio

TabIIHIB PEnT cpaBHEHKe: 2X° = 5 (mod 13), 10x= 7(mod 13).

4. [Tonp3ysck TabauLel HHAEKCOB, yKa3aTh YUCIIO PELIEHUN CPaBHEHMS

a) x® =79 (mod 97)

6) x> =17 (mod 97)

B) x™ = 46 (mod 97)

r) 3x* =31 (mod 41)

1) 7x" =11 (mod 41)

e) 5x% =37 (mod 41)

WHpekcupoBaHUEM PELIUTh CPABHEHUS

a) 2" =7 (mod 67)

6) 13* =12 (mod 47)

B) 16" =11 (mod 53)

r) 52* =38 (mod 61)

) 12*=17 (mod 31)

) 20" =21 (mod 40)

k) 15x =31 (mod 37)

3) 18x =4 (mod 29)

n) 125x =7 (mod 79)

k) 7x =6 (mod 17)

3AHATHE Ne 14. Cumeon Jlexcanopa

Pemnre cpaBHEHHE

(@) x> — 2x2 + 1 = 0(mod3);

(b) x” + 4x — 3 = 0(mod5);

(c) x8 — 6x% + 2 = 0(mod7);

(d) x6 + 6x — 2 = 0(mod3);

(e) x® — 11x2 + 3 = 0(mod5);

(f) x7 + 4x + 5 = 0(mod7).

3AHATHE Ne 15. Konmponvnas paboma.

5 cemectp



SAHATHUE Nel. Teopusi 1eTMMOCTH B KOJIbIie MHOTO4ICHOB

1. Paznenuts MHOrOWIEH f(X) Ha MHOTOWIEH g(X) C OCTaTKOM. BhINHcaTh COOTBETCTBYIOIIYIO
TEOpEMY O JIEJICHHH C OCTATKOM.

a) f(x) = 2x°— 5x° — 8x, g(x)=-x>+2x—3

6) f(x) =2x"— 6x° +2x — 8, g(x)=3x*+3

B) f(x) = 2ix3+ (1+i)x® — x, g(x) = (1+i)x — (2 — 2i)

r) f(x)= 3x%—2x*+ 6x° — 8x + 11, g(x) = 2x%+3x — 5.

2. Jloka3aTh CBOMCTBA JEIUMOCTH MHOTOWJIEHOB B OECKOHEUHBIX MOJISIX:

a) Kaxxip1ii MHOTOUJICH IEUTCS caM Ha ceOsi;

0) Eciiu muOTOUNeH f(X) AenuTcs Ha MHOTOWIEH g(X), a g(X) aenutcs Ha f(X), TO 3T MHOTOWICHBI
ACCOLIMHMPOBAHBI (OTJIMYAIOTCS APYT OT APYyra Ha MOCTOSHHBINA MHOXHUTEb);

B) Ecnu f(x) nenurcs Ha g(x), a g(x) nenutcs Ha h(x), To mHorousnen f(x) nenurcs Ha h(x);

r) Ecmm f(x) m g(x)nenstces Ha h(X), To 1 X CymMMa, pa3HOCTh M MPOHU3BeAcHHE NensaTcs Ha h(X);
n) Ecnu onun U3 MHOXKUTETEH B Tpou3BeieHUU aenuTtces Ha f(X), To 1 BCE mpou3BeAeHUE IETUTCS
Ha f(X);

e) Ka)KJIbIii MHOTOUJICH JCIUTCS Ha J'IIO6YIO KOHCTAHTY, OTJIIMYHYIO OT 0.

3AHSTHUE Ne2. Han6oabmuii oomuii geaureab MHorowieHos (HO/) n HauMeHblIlee o011iee
kpatHoe (HOK) mHorowieHos

1. Haiitu HOJ] 1 HOK muorounenos f(x) u g(x).

a) f(x) =x*—3x® +3x* - 3x +2, g(x) =x>-2x* = x +2

6) fix) =x* +2x3 +2x% + 2x + 2, g(x) = x>+ 3x° + 2

B)f(X):X5+X4+3X3 +4X2+4X+2,g(X):X5+2X4+3X3 +6x2+6x +2
r)f(x)=xﬁ+6x‘r’+2x3 +3x%+ 6x + 1,g(x)=x5+6x4+4xz+4x+6

2. Haiitu HOJ[ muorounenos f(x) u g(x) 1 mogo0patk Takue MHOTOUICHBI O(X) U Y(X), YTOOBI
HO/J(f(x), g(x)) = f(x) ¢(x) + g(x) ¥ (x):

a) f(x) = x* +x° +2x3+x + 1,g(x)=x3—2x2+x—2;

6) f(x) =x"+6x> + 17x* + 24x + 12, g(x) =x* - 2x* — 13x — 10

B) f(x)=x*-x*—4x—6,g(x)=x>+x*— 10x — 6

r) f(x) =x° — X3+ 2x2—2x +2, g(x)=x4+2x3+7x2+2x+6

) f(x) =x*+x3- 3x% — 6x — 3, g(x)=x3+2x2+2x+ 1

e)f(X):X6+X573X4 +2x3 +4x -2, g(x)=x5+3x4+x3+6xz+4x+6

xK) f(x) =x> +3x+3, g(x) =x*—x -2

3) f(x)=x> +x+ 1, g(x) =x° +3x +2

Coaeprxanue BHeayIMTOPHOM PadoThl CTYIeHTA NIPH NMOATOTOBKE K 3aHATHIO:



Ne 2 (m, e, k)

3AHSTHUE Ne3. Cxema I'opuepa

1. ITonw3ysick cxemoit I'opHepa, pazaenuts f(x) Ha (X — a)
a)f(x)=x"-3x3+x—-1,a=2

6) f(x)=9x>+8x*—10x,a=—3 (1/3)

B) f(x) =4x*+x%, a=—1—i

2. Ilonw3ysack cxemoit I'opHepa, HaliT 3HaUYeHue f(X) B Touke a
a) f(X):X5+3X4+2X3—8X+40,a:—3

6) f(x)=x"—3x3+6x>—10x + 16, a= 4(1/3)

B) f(x) =3x* —x +300i,a=-3+1i

3. Ucnonw3ys cxemy ['opHepa, pazaenuts f(x) Ha g(x)

a) f(x) = 2x°— 5x° — 8x, g(x)=—x-3

6) f(x) = 2x°— 5x° — 8x, g(x)=3x+3

B) f(x) = 2ix3+ (1+i)x? — x, g(x) = (1+i)x — (2 — 2i) (a/3)

r) f(x)= 3x%—2x*+ 6x° — 8x + 11, g(x) =2x+ 3 (1/3)

4. Paznoxxuth MHOTOUIEH f(X) MO cTeNeHsM (X — 2) ¥ HaluTe 3HAaYCHHE MHOTOYJICHA U BCEX €0
IPOU3BOJHBIX HpU X = 2.

a) 2x°— x> - 2x* —6x + 10

0) 4x3-2x%*+5x — 1 (1/3)

5. Iomw3ysick cxeMoit ['opHepa, pacKpbITh CKOOKH (Pa3l0oKUTh MO CTEMEHSIM X)
a)(x +3)* = 3(x +3)°+5(x +3)-2

6) 2(x — 3)8 + 7(x — 3)° + (x = 3)* = 5(x — 3)* + 4.

3AHSATHUE Ne4. Teopema besy

1. Muorounen f(x) npu aenenuu Ha (X — 1) 1aér ocratok 1, npu geneHuu Ha (X — 2) 1aéT OCTaTOK 3,
IpH JIeeHnH Ha (X — 3) ocTaTok 5 u npu JeneHuu Ha (X —4) ocrtatok 6. HailTu ocTaTtok oT neneHus
f(x) na mpoumssenenue (x — 1)(x —2)(x — 3)(x — 4).

3. Haiitu octatok ot nenenust MHOrowneHa f(x) =1 +x + X+ x +x% + x** Ha

a)x’—1
6) x>+ 1
B)x'—1

3AHSATHUE NeS. IlpuBoaumbie U HENNPUBOAMMBbIE MHOT04YJICHbI
1. Pa3noxnuTh Ha HENMPUBOAMMBIE MHOKUTEIN HaJ I1OJIEM KOMIIJIEKCHBIX YHCE.

a)x2+x+1 xK) 2X + 2.



6)x*+1 3) 6x° +x + 3

B)x4+x2+l H)x6+3x4+3x2+1
F)X4+4X3+4X2+1 K)x6 -1

H)X6—27 n)x2+2x+3
e)x*+8x3+8x—1 M) x4 —7

WuTepakTuBHast popMa — MUKPOTPYIIIBI COCTABIISIIOT MHOTOWIACHBI 110 3aJaHHBIM KOPHSIM (BCE
KOPHH PALMOHAIIBHBIE, a 3aTEM IIPEJIaratoT APyruM MUKPOTPYIIIIAM Pa3JIOKUTh JaHHBIE

MHOI'OYJICHBI HAa MHOKUTECIIN Ha CKOPOCTh.

3AHSATHE Ne6. Otnenenne HempuBOAUMBIX KPATHBIX MHOKHTeJICH
1. BeiienuTh KpaTHbIe MHOXKHTEIH MHOTOYJICHOB.
x® — 3x% + 6x° — 3x% — 3x +2,

a) f(x) =x° — 15x%— 10x% + 60x + 72,

6) f(x) =x° — 7x°— 2x% + 12x + 8, (1/3)

B) f(x)=x° —x* +2x°— 2x% + x — 1,

r) f(x) = x®+6x° +2x% +3x% + 6x + 1, (n/3)

1) f(x) = x>+ 5x* + 10x> + 10x* + 5x + 1,

e) f(x) =x°+4x° + 5x" — 5x* — 4x — 1,

2. Haitnure HOJl MHOTOUIEHA M €70 TPOU3BOIHOM:
a) f(x) = (x~ 1)°(x + 1)’(x - 3),

6) g(x) = (x — Dx*— (x° - D(x*-1).

3. Haiinute Bce 3HaUeHMS a IPU KOTOPHIX MHOTOUJIEH x* — 4x + a He umeer KpPaTHBIX KOPHEHN.

3AHSTHE Ne7. Pemnenne ypaBHeHUH TPeThel CTeNEeHH
1. HaliTu Bce KOMIIJIEKCHBIE KOPHU YPABHEHMM:
a)xX°—9x?+21x-5=0

6) x’-x-6=0

B) X=3x2+3=0 (n/3)

r) x>+ 9x% + 18x + 28 = 0 (1/3)

1) X—6x+9=0

e) X+ 6x%+30x +25=0

)K)X3—3X2—3X+ 11=0

3)x3+3x2—3x—1 =0.

3AHSATHUE Ne§. Pemienue ypaBHeHU 4eTBEPTOM CTeNeHH
Halitn Bce KOMIUIEKCHBIE KOPHHU YPABHEHUN:

a)x4+8x3 +15x°—4x-2=0



6)x"—2x> +2x*+4x-8=0

B)x' —x*-x*+2x-2=0

T) x'—4x® +3x% +2x—1=0 (TOTIOTHUTEIIBHO)
1) xX*+2x° - 2x2 +6x— 15=0 (n/3)

e)x*+2x° +2x% +x - 7=0 (w3)

x) X' —x*=3x% +5x — 10 =0 (w/3)
3)xt+2x°*+2x2-1=0
I/I)X4—2X3+X2+2X—1:0
K)X4—2X3+4X2—2X+3 =0
mx'—2x°+3x*—2x—2=0

Coaep:xkaHue BHeayIUTOPHOH PadoThI CTY/IEHTA MPH MOAT0TOBKE K 3aHIATHIO:

Ne 1 (m, e, k)

3AHSATHE Ne9. Teopema Buera, MHOro4/1eHbI HAJl 110JIEM e CTBUTEIbHbBIX YHCeJl

1. CocTaBUTh HOPMUPOBAHHBIM MHOTOYJIEH HAMMEHBIIEH CTENEHU HaJl I0JIEM KOMIUIEKCHBIX YHCEll,
AMEIONMNA KOPHHU:

a)x1= 1,X2:- 1>X3,4:2

6)X1=i,X2,3 =1.

B) X12 = 1, X345 =~ 1 (I[/3)

r)X12 =1, X3,4 = - 1. (1/3)

nx1=1,x,=2,x3=3

€)X12=1,x34=1+ i

2. Haiigute cooTHOmEHNs: KO3 (UIIMEHTOB HOPMUPOBAHHOTO KyOUYECKOTr0 MHOTOWIEHA, MpU
KOTOpPOM OJIVH KOPEHb PABEH CYMME ABYX JIPYTHUX.

3. He pemast KBaipaTHOTO ypaBHEHHsI, COCTaBbTE€ HOBOE YPaBHEHHUE, KOPHAMHU KOTOPOTO OBbLIH ObI
BEJIMYMHBI, 00OpaTHbIE KBaJpaTaM KOPHEW JaHHOTO YpaBHEHUS:

a) 2x° —x + 1;

0) X2 +x+6.

4. HaiiiuTe Bce MHOTOUICHBI BHA X° + PX + q, 49151 KOTOPBIX KO3((OUIIMEHTHI P, q ABISIOTCS
KOPHSIMH.

5. HalimuTe Bce 3HA4YEHHUS a IPU KOTOPBIX MHOTOYJIEHBI x? —ax +2 u x> + ax + 2 UMeroT 06wt
KOPEHb.

6. BbIsICHUTB Kaky€e U3 MHOTOYJIEHOB HENTPUBOIUMBI HaJ IOJIEM JEHCTBUTEIbHBIX YUCET.
MIPUBOJUMBIE PA3I0KUTh Ha HEIPUBOIUMBIE MHOKUTEIH

a) x> +x°—2 K) x>+ 9x% + 9x + 8

6)x*+1 3)x3—6x2+llx—6



B)x4+x2+l H)x6+3x4+3x2+1

r)x*+4x+4x3 + 1 K)x° — 1
H)X6—27 n)x2+2x+3
e)X4+8X3+8X—1 M)X4—7

7. Hali'Tu HOpMHUPOBAHHBIN MHOTOYJIEH HAMMEHBIIEH CTENEHU C ICUCTBUTEIbHBIMU
KO3 pHUIIHEeHTaMU, TMEIOLITHIA:
a) IpOCTOi KOpeHb 2+1 U IBYKpaTHBIA KOpeHb 1.

0) IpoCTOi KOpPEeHb — 3 U ABYKPATHBINA KOpeHb 1 — 1.

3AHSATHE Nel0. MHoOro4/ieHbI Ha/l 10J1eM PAllHOHAJIbHBIX YHCeJ
1. Haligute panyioHanbHble KOPHU MHOTOUJIEHA:

a) x> — 11x% +38x — 40

0) 3x* - 2x3+4x% —x +2

B) 15x° — 8x* + 465>+ 21x* - 21x + 3

r) x>+ 6x* +4x3— 23x% — 30x — 8 (u/3)

n) 6x* + X+ 2x*—4x + 1 (n/3)

e) 3x° + 17x* + 36x3+ 38x% + 19x + 5

2. BBISICHUTB, SBIISIFOTCS JIM TaHHBIE MHOTOYJICHBI TPUBOAMMBIMH HAJI TIOJIEM PAIMOHAIBHBIX YHCEI.
Ecnu na, To pa3nokuTh MHOTOYICHBI HA MHOKHTENN HAJl TUM TI0JIEM
a) 3x%-2x -1

6) 2x°— 3x + 4

B) 2x° + 3x° + 6x — 4

r) 2x°3 + 12x%+ 17x - 2

3AHSATHE Nell. Paciuupenus moJsei

1. HaliguTe MUHUMAJIBHBIM MHOTOYJIEH ISl YMCIa HAJ TOJIEM PAIIMOHATBHBIX YHCEN:
a) 1 e) i

6) V2 +i/3 x) 1-2%/4

B)—1+iV3 3) 1+ /11

r) {1++/2

2. OcBobouTech OT 0L B 3HAMEHATENE JpoOH, e 0L — KOPEHb YKa3aHHOTO yPaBHEHHUS:

8) ———, a®~2a+2=0
a’ +1

6) — 21 o+’ 40’ -30+2=0
o’ +3a° +3a+2

2

+1

ot +200+2=0

a
B
)



a’-3a+1

3 , P+’ +30+4=0,
a” +2a+1

3. OcBoOOAUTECH OT UPPALIMOHATLHOCTH B 3HAMEHATEJIE APOOH:

7 \/7+1
V14212 ®) 47 7 -1

1 11
14332 +3a D3/a+32 -1

4. Jloxa3aTb, 4TO 33/Jla4l O TPHCEKIMU KyO0a M 00 YTPOEHHUH yIJia HEpa3pelIMMbl C TOMOIIBIO

UPKYJIS U TINHEHKH.

3AHSTHUE Nel2. MHorowieHbl OT HECKOJbKHX ImepeMeHHbIX. CHMMeTpUYecKue
MHOTO4JIeHbI

1. Pacroyioskute WieHBI CICIYIONIMX MHOTOYICHOB B JICKCUKOTPAPUICCKOM MOPSIIKE.

a) X1 + X2 + X3

0) 3X12 + 3X22 + X2

B) X1 X2 + X2X13

r) X13 + x23 + X32— 3X1X0X3

2. Kakue 13 MHOTOUYJICHOB SIBJISIOTCS CAUMMETPUICCKUMU? YKAKHUTE UX CTAPIIUE YIICHBI.

a) (x1— X2) (X1—X3) (X2—X3)

6) (x1— x2)* (x1—X3)° (X2 — Xa)’

B) (X1— X2— X3) (X2 — X1— X3) (X3— X1— X2)

r) (x23 + X1 2x3— X33) (X12 - X12X2X3) (x13x22 —xt X22)

3. Cpenu nepeurciIeHHbIX OAHOYICHOB YKAKUTE T€, KOTOPBhIE MOTYT OBITH CTAPIIUMU YJICHAMH
CUMMETPUYECKUX MHOTOUJICHOB:

a) x1°X2°x3%; 0) x2°xs'xa’ B) x."x2°xs”; 1) xaxa"xg; ;) x2 xaxa’; ;) %2t xaxs%;

4. BeipazuTte cleayronue MHOTOWICHBI Yepe3 OCHOBHBIE (2JIEMEHTAPHBIC) CHMMETPUYECKHE
MHOTOYJICHBI:

a) x13 + X23 + X32 — 2X12X22— 2X12X32 — 2X22X32

0) (2x1— X2— X3) (2X2— X1— X3) (2X3— X1 — X2)

B) X14 + x24 + X34 — 2X1Xo— 2X1X3— 2X2X3 (1/3)

r) (x1—X2)* (x1— X3)” (x2—x3)° (W53)

5. BeraucanTh 3Ha4eHUS CAMMETPUYECKOTO MHOTOWIEHa f(X) OT BCeX KOMIUIEKCHBIX KOpHEH
MHOTrouJIeHa ¢(X)

a) (X1, X2, X3) =S (x1°X2),  ¢(x) =2x°+2x° + 4

0) Halinute cymmy KyOOB KOMITIEKCHBIX KOpHEH MHOTOUJICHA

o(x) = 2x* 4+ 2x3 - 6x + 1



3AHATHE Nel3. Konmponvnas paboma

3AHATHE Ne 14 JIuneiinble oniepaToOpbl 1 UX MATPUILbI

dpoHTaNBbHO U Y OCKHU pazbupatorcs 3amaun 101(1 —2), 102, 103 (3 - 5), 104, 105
OcymecTBiseTcs pa3oop TOMAIIIHETro 3aJaHusl (MPOBEpKa OTBETOB, BEISICHEHUE BOIIPOCOB).
BbIACHUTD, SIBJISETCS JIM JaHHBIN ONEPATOP JMHEUHBIM. ECIIM 3TO BO3MOKHO, HAUTH €r0 MaTpUILy:
a) A(Xj_, X2, X3) = (X1 - X2 - X3, 2X2 - X3, 3X3)

6) A(Xl, X2, X3) = (X1 + Xo, X1 - X3, 2X1X2)

B) A(X1, X2, X3) = (4X1 + X5 - 6X3, 4X1 - 4X3, 4X1 - 6X3)

F) A(Xl, X2, X3) = (Xl + Xo + X3, X1 + 2Xo, 1)

1) A(X1, X2, X3) = (5X1 - 2X3, 8X1 + X5 - 4x3, 12x1 — 5X3)

Conep:xanue BHeayIMTOPHOI padoThI CTYIeHTA NPHU MOAT0TOBKE K 3aHATHIO:

BrisicHUTB, SIBIISIETCS 1M JAaHHBINA OomepaTop JIMHEHHBIM. Eclii 3TO BO3MOXKHO, HAWTH €ro MaTpuIly:
e) A(X1, X2, X3) = (6 - 5x7 - 4x3, 3x1— 2X2 - X3, 0) (1/3)

x) A(X1, X2, X3) = (X3, X2, X1) (1/3)

n) A(X1, X2, X3) = (-Xx1 + 2X3, X1 + X2 - X3, 2X3) (1/3)

1) A(X1, X2, X3) = (X1 + X2 - X3, X1 - 43, X1°) (1/3)

M) A(X1, X2, X3) = (X1 + X2 + X3, X1 + X2, X3) (1/3)

3AHATHE Nel5. CoOcTBeHHbIE BEeKTOPBI U COOCTBEHHbIE 3HAYEHH S JTHHEHHBIX 0NepaTopoB
Haiimure coOCTBEHHBIE BEKTOpPBI, COOCTBEHHBIC 3HAUCHHUS M COOCTBEHHBIE IIOJIMPOCTPAHCTBA
OTepaTopoB. YKaXuTe airedpanyeckue U TEOMETPUYECKHME KpPATHOCTH COOTBETCTBYIOIIMX
COOCTBEHHBIX 3HA4YCHHWI. BbIsicCHWTE, Kakue W3 ONmepaTopoB MOKHO MPHUBECTH K JHATOHATHHOMY
BH]y, @ KaKkue HeT. B ciydae, eciii 3T0 BO3MOXKHO, OCYIIIECTBUTh MIEPEXO] K JUArOHAILHOMY BHUY,
HAlTH COOTBETCTBYIOIIHI 0a3uc U MaTpHUIly Mepexoa K JaHHOMY 06a3ucy. BBIMOTHUTH IPOBEPKY.
a) A(X1, X2, X3) = (X1 - X2 - X3, 2X2 - X3, 3X3)

0) A(x1, X2, X3) = (4X1 + X7 - 6X3, 4X1 - 4X3, 4X1 - 6X3)

B) A(X1, X2, X3) = (-X1 + 2X3, X1 + X2 - X3, 2X3) (1/3)

r) A(X1, X2, X3) = (X3, X2, X1) (1/3)

1) A(X1, X2, X3) = (5X1 - 2X3, 8X1 + Xp - 4x3, 12x1 — 5X3)

) A(X1, Xp, X3) = (X1 + X2 + X3, X1 + X2, X3).

7. TlepeyeHb OCHOBHOW M /ONMOJIHUTEJIbHON Yy4eOHOIl JuTepaTypbl, UHTepHeT-pecypcos,
HEeO0XOAUMBIX [IJIf OCBOCHHSI JUCIUNJIMHBI
OcHoBHas1 JiuTEepaTypa
1.  Becenosa, JI. B. Anre6pa u teopusi uucen: yueoHoe mocodue / JI. B. Becenona,

O.E. TuxonoB ; Ka3aHCkMH HalMOHAJBHBIA HCCIEIOBATENLCKUHA  TEXHOJIOTHYECKHUH



yauBepcuteT. — Kaszanp : KazaHckuii HaydyHO-HMCCIEIOBATENbCKUM  TEXHOJOTMYECKHUM
yauBepcuter (KHUTY), 2014. - 107 «c¢: wun. — Pexum  pgocryma. —
URL.: https://biblioclub.ru/index.php?page=book&id=428287 )

2.  AnreOpawueckue CTPYKTYpbl M HMX MPWIOXKEHUA: ydyeOHOoe mocobue /
JI. B. 3a6mueBa,  C. lO. KopaGenbukoBa, U. B. Ky3nenoa, C. A. Tuxomupos; —
Apxanrenbck: CeBepHbiii (ApkTuueckuil) penepanbubiii yausepcurer (CADY), 2015. — 169 c.
— Pexxum mocryma: https://biblioclub.ru/index.php?page=book&id=436142

3. Cwmomnun 1O. H. Anre6pa u Teopus uucen: yued. mocooue / FO. H. Cmomun. — M. :
OJIMHTA : Hayka, 2017. — 464 c. (http://znanium.com/bookread2.php?book=1034573
JonotHUTEILHAS JIUTEPaTypa
1. UsanoBa C. A. Jluneiinas anrebpa: yueoHoe mocobue / C. A. iBanoBa, B. A. IlaBckwii ;
KemepoBckuii rocyaapcTBeHHBIM yHHBepcUTET. — 2-¢ u3ll. — KemepoBo: KemepoBckuit
rocymapcTBeHHnli  yHuBepcuter, 2019. — 125 c¢. : wr, Tabn. — Pexum

noctyna:: https://biblioclub.ru/index.php?page=book&id=573547

2. Jluneitnas anre6pa. JIuneiinsie oneparopsl. KBagpatuunsie popmel. KoMiiekcHbie yncna:

VYuebnoe mocobue / Pybamkmna E.B. - M.: HULl UHOPA-M, 2016. - 38 c. (URL:

https://znanium.com/catalog/product/544419). https://znanium.com/read?id=17915

Humepnem-pecypcol

- 9BC ZNANIUM.COM http://znanium.com

- OBC «YHuBepcureTckas oubanoreka ommaiin» http://biblioclub.ru

- DnextponHas 6ubaroreka http:/lib.mexmat.ru/books/75829 (cBo6oaHBII TOCTYIT)

- DnekrpoHHas oubaroreka http://wWww.razym.ru (CBOOOIHBIN TOCTYII)

- http://nsportal.ru/sites/default/files/2012/12/10/tvorcheskiy_proekt po_matematike _na_t
emu.docx.

http://www.mathnet.ru Ofrepoccuiickmii MaTeMaTHYECKHI TOPTa
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