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MHNOACHUTEJIBHASA 3AIINCKA

[Iporpamma 0061eo6pa3oBaTenbHON ydeOHOM aucHHUIUTMHA «MaTteMaTukay
(mamee — «Maremaruka») NpegHa3HayeHa JUIsl U3YYEHUS] MaT€MaTUKU B
npodeccuoHanbHBIX 00pa3oBaTenbHbIX opraHuzanusax CIIO, peamusyromux
o0Opa30BaTeyibHyI0 MpOrpaMMy CpeaHero ooiero oOpa3oBaHMs B Ipezeax
OCBOEHHUS OCHOBHOM NpodeccruonanbHoi oOpazoBaTenbHOM mporpammbel CI1O
(OIIOIT CIIO) na 6aze ocHOBHOTO 0OO0IIEro 0oOpa3oBaHUs MPU IMOATOTOBKE
CHELMAIMCTOB CPEJHErO 3BEHA.

[Iporpamma pazpabotana Ha ocHoBe TpeboBanuiit ®I'OC cpennero ooOIIEeTO
o0Opa3oBaHMsl, TMPEIBIBISIEMBIX K CTPYKTYpE, COICPKAHUIO W pPE3yJbTaTaM
OCBOCHMSI y4eOHON JuCHUIUIMHBI «Maremartuka», B COOTBETCTBUU C
PexomeHmanusiMu 1O OpraHu3alldd  TOJY4YEHHUS  CpeAHero  oOIero
oOpa3oBaHHs B TpeleiIax OCBOCHHS 00pa3oBaTENbHBIX MPOrPaMM CpPEIHETO
npodeCCUOHAIBHOTO 00pa30oBaHMs Ha 0a3e OCHOBHOTO 0OIIeT0 00pa30BaHUs ¢
yuetoM [IpuMepHOil OCHOBHOM 00pa30BaTEbHONM MPOTrpaMMBbl CPEIHETO
oOmiero o0Opa3oBaHusi, OJOOpPEHHOW perieHueM (denepanbHOro y4eOHO-
METOJIUYECKOr0 OObEIMHEHUsI MO 00I1IeMy o0pa3oBaHUIO (TIPOTOKOJI OT 28
utoHs 2016r. No2/16-3).

Copepxanne mporpaMMbl « MaTemMaTHKay HaMpaBJIEHO HA JOCTHKEHHE
CIEIYIOIIMNX LeJei:

» obecnieueHue cHOPMUPOBAHHOCTH MPEJICTABICHUN O COLIMATBHBIX,
KYJbTYPHBIX U HCTOPHYECKHUX (DAKTOpax CTAHOBJICHHUS] MATECMATHKU;

» obecnieueHre cHOPMUPOBAHHOCTH JIOTHIECKOTO, AITOPUTMHUIECKOTO H
MaTeMaTHU4e-CKOTO MBIIIJICHUS;

* o0OecrneueHue chOPMUPOBAHHOCTH YMEHUI MPUMEHSTh MOJTy4YEHHbIE
3HAHMS TIPU PEIICHUM Pa3JIMYHBIX 33]1a4;

» obecnieueHue CcHOPMUPOBAHHOCTH NPEACTABICHUA O MaTeMaTHKE Kak
4acTH OOIIEUETIOBEYECKON KYJIbTYpPhl, YHHUBEPCATHLHOM SI3bIKE HAYKH,
TI03BOJISIONIEM OTKMCHIBATH M U3y4YaTh PEaIbHBIC TTPOIIECCHI U SIBJICHUS.

B nporpamMmy BKJIFOUEHO COJICpIKaHUE, HANPABICHHOS Ha (DOPMUPOBAHKE Y
CTYZICHTOB KOMIICTCHIIMH, HEOOXOIMMBIX JUIsl Ka4eCTBEHHOI'O OCBOCHUS
OIIOIT CIIO na ©0a3e OCHOBHOrO OOIIEr0 OOpa3OBaHUSA C TMOJYyYECHHUEM
cpenHero ooOmero o0pa3oBaHMs; MPOTPAMMBI TMOATOTOBKH CIEIIUATMCTOB
cpeanero 3BeHa (IITICC3).



[Iporpamma MOXXET HCIOJIB30BATHCS JPYTUMHA  MPOGECCHOHATHHBIMU
00pa3oBaTeNbHBIMU  OpPTaHU3ANUSIMH, PEATU3YIONUMUA  00pa30BaTEIbHYIO
IIPOrpaMMy CpeIHEro oOIero oOpa3oBaHMS B MpejeiaX OCBOCHHS OCHOBHOMU
OIIOIT CIIO na 6a3e ocHoHoro od6miero oopazoanus [ITICC3.



OBILAS XAPAKTEPUCTUKA YUEEHOM JIUCLIUITJIMHBI « MaremaTHka»

Marematuka  siBisercd  (GyHAAMEHTAIbHOW  00Ie00pa3oBaTeIbHON
JTUCIUIUIMHOW CO CJIOKUBIIUMCS YCTOWYMBBIM COJAEpPKAaHUEM W OOIIKMMU
TpeOOBAHUSIMU K TTOJATOTOBKE 00YyYAIOITUXCS.

[Ipu ocBoenun cneunanbHocTedt CIIO ecTecTBeHHO-HAYyYyHOTO MpOodUIIs
MaTeMaTuka wu3ydaercs Ha 0azoBom ypoBHe DPI'OC cpegnero ooOiero
o0pa3oBaHUs.

OO0uue ueny n3y4yeHus MaTEMAaTUKU TPAJUIIMOHHO PEATU3YIOTCS B YEThIPEX
HaIpaBJICHUSX:

1) oG1ee npeacTaBieHre 00 UACSIX U METOAaX MaTCMAaTHKH,

2) UHTEJUIEKTYaJIbHOE Pa3BUTHUE;

3) oBiaseHre HEOOXOAMMBIMU KOHKPETHBIMUA 3HAHUSIMUA U YMEHUSIMU;

4) BocniUTaTEIbHOE BO3/ICICTBHUE.

Conepxanve ydyeOHOM JUCHMIUIMHBI pa3padOTaHO B COOTBETCTBUM C
OCHOBHBIMU  COJACpPKATCIbHBIMU  JIMHUSMH  OOyYE€HHSI  MaTeMaTHKe

anreOpanyeckasi JIMHMS, BKJIIOYAIONIAs CHUCTEMATHU3AIMI0 CBEJICHUW O 4HClax;
M3yYEeHHE HOBBIX M 000OIIEHHWE paHEee W3YUYEHHBIX omepaiuil (BO3BEICHUE B
CTENEHb, W3BJICUYCHHUE KOPHs, JIorapuMupoBaHHE, CHUHYC, KOCHHYC, TaHTEHC,
KOTAaHT€HC U 00paTHbIE K HUM); U3YyUYE€HUE HOBBIX BUJIOB YHCJIOBBIX BBIPAKEHUN U
dbopMyJI; COBEpIICHCTBOBAHWE NPAKTUUYECKUX HABBIKOB U BBIYHCIUTEIHHOU
KYJBTYPbI, PAaCIIUPEHUE

Y COBEPIIIEHCTBOBAHME aJIreOpandyecKkoro amnmnapara, choOpMUpPOBAHHOTO B

OCHOBHOMU HIKOJIE, U €r0 MPUMEHEHUE K PEUICHUI0 MaTeMaTHYECKUX U

MPUKJIAIHBIX 33]1a4;

* TEOpETUKO-(yHKIMOHATbHAS JMHUS, BKIIOYAIONIAs CUCTEMATH3alUI0 |
paciMpeHre CBeIeHU 0 (PYHKIMSIX, COBEPIICHCTBOBAHUE I'padUUECKUX
YMEHMI; 3HAKOMCTBO C  OCHOBHBIMH  HJEIMH W  METOJaMHU
MaTEMaTUYECKOro aHaiu3a B O0bEME, MO3BOJISIIOIIEM HCCIE0BATh
dJeMEHTapHble (YHKIIMM U pellaTh MPOCTEUIINEe TE€OMETPUYECKUE,
dusnyueckue u Ipyrue NpuKIaaHbIe 3a/1auu;

* JIMHUS YpPAaBHEHUM W HEPABEHCTB, OCHOBAaHHAs HA TOCTPOCHUU H
HCCIICIOBAaHUM  MaTeMaTHYECKUX  MOJIeNield, TMepeceKaromasics ¢
anreOpandyeckoi M TEOPETUKO-QYHKIMOHATIBHOW  JIMHUAMH |
BKJTIOUAIOIIAasl Pa3BUTUE U COBEPIIICHCTBOBAHUE TEXHUKH aJIr€OpandecKux
npeoOpa3oBaHui I PEIICHUS YpaBHEHHWM, HEPaBEHCTB U CHUCTEM;
dbopmMupoBaHrUe CIOCOOHOCTH CTPOUTh U HCCIEAOBaTh MPOCTEHIITNE
MaTeMaTUYECKUE MOJICNIA MPHU PEIICHUU MNPUKIAAHBIX 3a/1ad, 3aj1ad u3
CMEKHBIX U CHEUUATIbHBIX AUCIUILINH;

* TEOMETpUYECKasl JIMHMS, BKIIOYAIOIAs HArJsIHbIC MPEJICTaBICHUS O
MPOCTPAHCTBEHHBIX (PUTYpaX M M3yUYCHHE UX CBOWCTB, (HOPMUPOBAHUE U
pa3BUTHE TPOCTPAHCTBEHHOTO BOOOPaXKEHUS, pa3BUTHE CIIOCOOOB
reOMETPUYECKUX U3MEPEHUN, KOOPAMHATHOTO
Y BEKTOPHOI'O METOJIOB JIJIsl PEIICHUS MaTEMaTUUECKUX U MPUKIIATHBIX

3a/ay;

* CTOXACTUYECKas JTUHUS, OCHOBAHHAS HA PA3BUTUH KOMOMHATOPHBIX
YMEHUU, MPEICTABICHUN O BEPOATHOCTHO-CTATUCTUYECKUX
3aKOHOMEPHOCTSIX OKPY’KAOLIEr0 MUPA.



B TemaTnueckoM 1uiaHe mporpaMMbl y4eOHBIN MaTepual MpeAcTaBieH
B (hopMe uepenyIonierocsi pa3BepThIBAHUS OCHOBHBIX COJIEPKATENbHBIX JIMHUN
(anireOpanyeckor, TEOpPeTUKO-(QYHKIIMOHATIBHON, ypaBHEHUH M HEPABEHCTB,
r€OMETPUYECKOM, CTOXACTUYECKOM), YTO MO3BOJIIET TMOKO HCIOJIb30BaTh UX
pacrojoXeHNe U B3aMMOCBA3b, COCTABIATh PaOOUM KaJeHIApHBIN IJIaH, 1MO-
pasHOMy uepemys ydeOHbIe TeMbl (TJIaBbl Y4eOHHKA), YUUTHIBas MPOGUIH
npodeccroHanbHOTO 00pa3oBaHusl, CrieUu(PUKy OcBaMBa€MOM CIEIUATBHOCTU
CIIO, rnyOuHy u3y4yeHusi Marepuaina, YpOBEHb IMOATOTOBKUA CTYAEHTOB IO
peIMeTy.

N3yuenue o61eoOpa3oBaTeIbHOM YUeOHOM AMCHMIUIMHBI «MaTeMaTHuKa»
3aBepiiaeTrcsd MOJBEICHHEM HTOroB B (QopMe »HdK3aMeHa B  paMKax
IPOMEKYTOYHOM aTTeCTallMK CTYACHTOB
BHpoiiecce ocBoeHust ocHoBHOU OITOIT CIIO ¢ nonydyeHneM cpeaHero
obmero oopazopanus [ITICC3.

Bpasznene nporpammel «CoxaepxkaHue y4eOHOM AHUCHUIUIMHBD) KYpPCHUBOM
BBIJIEJICH MaTepuall, KOTOPBIM PU M3yYEHUH MaTEeMAaTUKH Kak 0a30BOil, Tak U
npoUIbHON Yy4eOHON AUCHIUITIMHBI, KOHTPOJIIO HE TIOJJIEKUT.

MECTO YUYEEHOU JUCHUIIJIMHBI B YYEEHOM ITJIAHE

VYyebnas mucruimHa «MaTeMaTukay SBISETCS YYEOHBIM TIPEIMETOM
o0s3aTenbHOM npenMeTHor obnact «Marematuka u uHpopmaruka»y OI'OC
cpeaHero oo01ero oopa3oBaHus.

BrpodeccronanbHbIx  00pa3oBaTeNbHBIX OPTaHU3ANMSIX, PEATH3YIOMINUX
00pa3oBaTeIbHYI0 MpOrpaMMy CpeaHEro oO0Iiero oOpa3oBaHHsl B Mpejeiax
ocBoenusi OIIOIT CIIO na 6a3e ocHOBHOro oOumiero oopas3oBaHus, yuyeOHas
nucuuiuinHa «MaremaTukay u3ydaeTcss B 0011e00pa3oBaTEIbHOM IUKIIC
yueOHoro muiana OIIOIT CIIO Ha 6a3e OCHOBHOTO O0IIero oOpa3oBaHUs C
noJyueHuem cpeanero oomiero oopazosanus [ITICC3.

Byuebnbix mnanax IMIICC3 yueOnas qucuuminaa «MaTeMaThKa» BXOIUT B
cocTaB 00mMX 00IIe00pa30BaTENbHBIX YUEOHBIX JAUCIHUIUIUH, (OPMHUPYEMBIX
u3 o00s3arenbHBIX TpeaMeTHhIX obnacteit DI'OC cpemnero ooiero
oOpazoBanusi, mis crnenuanbHocTet CIIO  cooTBeTcTBytOIIEro mpodus
po¢hecCUOHaTBLHOTO 00pa30BaHUs.



PE3YJIbTATHI OCBOEHU S YUEBHOM JUCIATIINHEBI

OcBoeHue cosiepkanusi yueOHON JUCHUIUIMHBI «MaTeMaThKa
o0ecreunBaeT JOCTHKEHHUE CTYyACHTaAMU CIICIYIOIINX pe3yibmamaos:.

JIUYHOCMHDBIX

—— c(hopMHPOBAHHOCTH MPEJCTABICHNN O MaTEMaTHKE KaK 5
YHHUBEPCATHLHOM SI3bIKE HAYKH, CPEACTBE MOICITUPOBAHUS SIBICHUHN U
TIPOIIECCOB, UACIX U METOJaX MATEMATHKH;

—— MOHUMAaHHUE 3HAYUMOCTH MAaTEMAaTHKH JIJIsl HAYYHO-TEXHUYECKOTO
nporpecca, CpOpMHUPOBaHHOCTh OTHONIEHHS K MaTEMaTHKE KaK K
9aCcTH OOIIEYETIOBEYECKON KyJIbTYpBI YEPE3 3HAKOMCTBO C HCTOPHEH
Pa3BHUTHSA MaTEMaTHKH, BOJIIOIMCH MaTEeMaTHICCKUX UIICH;

—— pa3BUTHE JIOTHYECKOTO MBIIUICHHUS, IPOCTPAHCTBEHHOTO
BOOOPKEHUS, AITOPUTMHUUECKON KYJIbTYpPbl, KPUTUIHOCTH MBITIICHUS
Ha ypOBHE, HEOOXOAUMOM JIjIsl Oy Iy1iel TpodecCuoHabHON
NEeSATEeILHOCTH, JUIsl MPOAOKEHHUSI 00pa30BaHUs U CaMOOOpa30BaAHMS;

—— OBJIQJICHUE MAaTEMaTHICCKUMH 3HAHUSIMHU U YMCHUSIMH,
HEO0OXOMMBIMHU B NMOBCETHEBHOM KU3HU, JJI51 OCBOCHUS CMEKHBIX
€CTECTBEHHOHAYYHBIX TUCIUIUINH U TUCUUILIUH IPO(EeCCUOHATBLHOTO
IIUKJIA, JUIS TTOTy4YeHUsT 00pa3oBaHMs B 00JIaCTIX, HE TPEOYIOMUX
yTITyOJIEHHON MaTEMaTUYECKOM MOTOTOBKH;

—— TOTOBHOCTb M CLIOCOOHOCTbH K 00pa30BaHUI0, B TOM UUCIIC
caMm000pa30BaHNI0, Ha MTPOTSDKCHUH BCEH JKU3HU; CO3HATEIHHOEC
OTHOIIICHUE K HEMPEPHIBHOMY 00pPa30BaHUIO KaK YCIOBHIO YCTICIITHON
npo¢eCCUOHATIBHOW U OOIIIECTBEHHOM JIESITEIHbHOCTH;

—— TOTOBHOCTbH M CIIOCOOHOCTB K CAaMOCTOSITEILHON TBOPUECKON U
OTBETCTBEHHOM JICATCIIBHOCTH;

—— TOTOBHOCTH K KOJUICKTUBHOM paboTe, COTPYJIHHYECTBY CO
CBEPCTHHKAaMM B 00pa30BaTENbHOM, OOIECTBEHHO MONIE3HOM, yueOHO-
HCCIIeIOBATEIIbCKOM, MPOSKTHOM M IPYTUX BUAAX NCSITCIHHOCTH;

—— OTHOIICHHE K POo(heCCHOHATBLHON IEATeTLHOCTH KaK BO3MOKHOCTH
y4acTHs B PEIICHUH JIMYHBIX, OOIIIECTBEHHBIX, TOCYIaPCTBEHHBIX,
OOIIEeHAITMOHABHBIX TPOOIIeM;

MemanpeomMemHbix:

—— YMEHHUE CaMOCTOATEJILHO OMPEACIIATh LEIU AeSTeIbHOCTU U
COCTaBJISATh IJIAHBI JEATEIbHOCTH; CAMOCTOSITEILHO OCYIIECTBIISTH,
KOHTPOJIMPOBATH M KOPPEKTUPOBATE JEATENEHOCTD; UCIIOIb30BaTh BCE
BO3MOYKHBIE€ PECYPCHI JJIs1 TIOCTUXKEHHUS MOCTaBJICHHBIX 1IeeH U
peanu3aluy IJIaHOB JeATeIbHOCTH; BEIOMPATh YCICIIHBIC CTPATeTHH B
Pa3JIUYHBIX CUTYaLIUSX;

—— YMEHHE IPOJYKTHBHO OOIIATLCS U B3aUMOIEHCTBOBATE B IIPOLIECCE
COBMECTHOM JIESITEIbHOCTH, YUYUTHIBATH MO3UIIUU IPYTUX YUYACTHUKOB
JeATeIbBHOCTH, 3(P(hEKTUBHO pa3peiiaTh KOHg)J'II/IKTI)I;

—— BJIAJICHHUE HaBbIKAMH MO3HABATEIBLHOM, YUeOHO-UCCIEA0BATEIBLCKON U
MIPOCKTHOM JEATEIIbHOCTH, HABBIKAMH Pa3peIICHUs ITPO0IIeM;
CIIOCOOHOCTh Y TOTOBHOCTb K CAMOCTOSITEIbHOMY TIOMCKY METOJI0B
pelIeHUs MPAKTUYECKUX 3a7a4, MPUMEHEHUIO Pa3IUIHBIX METOJI0B
ITO3HAHMS;

—— FOTOBHOCTb U CIIOCOOHOCTB K CAMOCTOATENBHON MH()OPMAIIMOHHO-
MO3HABATEIbHON JEATEIbHOCTH, BKIIIOUasi YMEHUE OPUCHTUPOBATHCS B
Pa3IMYHBIX UCTOYHUKAX WH(POpMAIIMHU, KPUTUUECKH OILICHUBATH U
UHTEPIIPETUPOBATh UHPOPMAITUIO, TTOJTYIAEMYIO U3 Pa3INUHBIX
HCTOYHHUKOB;

—— BIIAJICHUE SI3bIKOBBIMH CPEJICTBAMU: YMEHHE SICHO, JIOTUYHO U TOUHO
U3JIarath CBOIO TOYKY 3PEHUSI, HCTIOJIb30BATh aJICKBATHBIC SI3bIKOBHIC
Cpe/CTBa;

—— BJIAJICHHE HaBBIKAMHM IT03HABATEIIFHOM peIeKCHH KaK OCO3HAHUS
COBEpIIIAEMBIX JICHCTBUN U MBICIMTEIBHBIX MTPOIECCOB, UX
pe3yJIbTaTOB M OCHOBaHUM, TPaHMI] CBOETO 3HAHUS W HE3HAHMS, HOBBIX
MO3HABATENbHBIX 3aJ1a4 U CPEACTB JIS UX JTOCTHXKCHHUS;



—— LIeJIEYyCTPEMIICHHOCTh B TOMCKAX U MPUHATUH PEIICHUH,
COOOPa3UTENILHOCTh U HHTYHILMS, PA3BUTOCTh IIPOCTPAHCTBEHHBIX
MPE/ICTABIICHUI; CTIOCOOHOCTh BOCIIPUHUMATH KPACOTY U FApMOHUIO
MUpa;

npeoMemHuIX:

—— c(pOpMUPOBAHHOCTbH MPEJCTABICHUN O MaTEMATUKE KaK YacTu
MHMPOBOM KyJIETYPBl K MECTE MATEMAaTUKH B COBPEMEHHOM
IMBWIN3ALINH, CIIOCO0aX OMKCAaHUs SBICHUN pealbHOTO MUpa Ha
MaTeMaTHYECKOM SI3bIKE;

— ¢(OPMHPOBAHHOCTH MPEJICTABICHAI O MATEMATHIECKUX NOHATHAX
KaK BaKHEHIITMX MAaTEeMAaTHYECKUX MOJEIISIX, TTO3BOJISIFOLITNX
OMKCHIBATH U U3YUYaTh Pa3HbIC MPOIECCHI U SABJICHUS; TOHUMAaHKE
BO3MOXXHOCTH aKCUOMATUYECKOTO MOCTPOEHMSI MATEMAaTHIECKUX
TEOpHii;

—— BJIAJIEHUE METOJIaMH JI0Ka3aTeJIbCTB U AITOPUTMOB PEIICHHUSI, YMEHUE
UX MPUMEHSITh, IPOBOUTD JIOKa3aTeIbHbIE PACCYKICHUS B X0/I€
pelIeHus 3aa4;

—— BJIAJICHUE CTAH/IAPTHBIMHU MPUEMAMU PEIICHUS PAlMOHATIBHBIX U
MPPAlMOHANLHBIX, I0KA3aTEIbHBIX, CTENEHHBIX, TPUTOHOMETPUYECKHX
YPaBHEHUI U HEPABEHCTB, UX CHUCTEM; UCIIOJIb30BaHNUE TOTOBBIX
KOMIIBIOTEPHBIX IPOrpaMM, B TOM YMCJI€ Ul IIOMCKA Iy TH PEILCHUS U
WJUTIOCTPAIlUU PEIICHUs] YPaBHEHUN U HEPABEHCTB;

— c()OPMHUPOBAHHOCTD IPEICTABIECHUH 00 OCHOBHBIX IIOHATHUAX
MaTE€MaTHYECKOTO aHAJIN3a U UX CBOKWCTBAX, BIIAJICHUE YMEHUEM
XapaKTEePU30BaTh MOBEACHUE (PYHKIMM, UCIIOIb30BAHKE MOTYYEHHBIX
3HAHUU JUIs OMMCAHUA U aHAJIN3a PeabHbIX 3aBUCUMOCTEH;

—— BJIQJICHUE OCHOBHBIMHU MOHSTUSMHU O IJIOCKUX U MPOCTPAHCTBEHHBIX
reOMETPUYECKUX (PUTYpax, UX OCHOBHBIX CBOMCTBAX;
c(hOpMUPOBAHHOCTh YMEHUS PaClO3HABATh reOMETpUYecKue GUrypbl
Ha YEPTEKaX, MOJAEIAX U B PEaJIbHOM MUPE; IPUMEHEHUE U3y YEHHBIX
CBOMCTB reoMeTpuueckux Guryp u Gopmy AJisi pelieHus
reOMETPUYECKHX 33/1a4 U 33/1a4 C IPAKTUYECKUM COJIEPIKAHUEM,;

— ¢(OPMHPOBAHHOCTH MIPEICTABICHUI O IIPOLECCAX U ABJICHUSAX,
UMEIOITUX BEPOSITHOCTHBIN XapaKTep, CTATUCTUYECKUX
3aKOHOMEPHOCTAX B PEAbHOM MHMPE, OCHOBHBIX IOHATHUAX
AJIEMEHTAPHON TEOPUHN BEPOSTHOCTEN; YMEHHUI HAXOJIUTh U OLICHUBATH
BEPOATHOCTU HACTYILIEHHUS COOBITUM B TIPOCTEHIINX NMPAKTUYECKHUX
CUTYyallMsX U OCHOBHBIE XapAKTEPUCTUKU CITyYalHbIX BEJTUYUH;

—— BJIAJICHHUE HaBbIKAMH MCIOJIb30BAHUS TOTOBBIX KOMITHIOTEPHBIX
MpOrpaMM MPU PEUICHUHU 3a]a4.



COJIEP)KAHME YUEBHOW JUCHMUILIAHBI

BBenenne

Matematuka B  Hayke, TEXHHMKE, DSKOHOMHKE, HWH(OPMAIIMOHHBIX
TEXHOJOTHSIX M TPAKTHUYECKOM JesTenbHOCTH. llenn u 3amaum m3ydeHus
MaTemaTHku npu ocBoeHuu npodeccuit CI10 u cnenmansaocteit CIIO.

AJIT'EBPA

Pazsumue nousmus o uucine

[lenbie u parmoHanbHbIC Yncia. [leficTBuTenbHbIe uncia. [lpubausicentvie
BbIUUCTICHUSL.
Kowmmnnexcuwie uucaa.

Kopnu, cmenenu u nocapugmoi

Kopuu u crenenun. KopHu HaTypaapHON CTENEHU U3 YKMCIIA U UX CBOWCTBA.
Crenenn C panMoOHAJbHBIMHA ITOKA3aTeNsIMH, HX cBoWcTBa. CremeHu cC
NEUCTBUTEIILHBEIMI NOKa3aTenaMu. Ceovicmea cmenenu ¢ O0eucmeumenbHbim
noxkasamenem.

Jlorapu¢m. Jlorapugm uncaa. OCHOBHOE J0rapu(pMUUYECKOE TOKIECTBO.

JlecsTU4HbIE
U HatypanbHble Jorapudmel. [IpaBuna neiictBuil ¢ norapudmamu. Ilepexon k
HOBOMY OCHOBAHHIO.

IIpeoGpa3zoBanue anredpanyeckux Bbipaxenunid. [I[peodbpazoBanue

palMOHAIBHBIX, UPPALIMOHATIBHBIX CTEIIEHHBIX, TOKA3aTEIbHBIX U

Jorapu(pMUYECKUX BbIPAKEHU.

Ilpakmuueckue 3anamus

ApudmMernueckre NEUCTBUS HAJ YHUCIAMHU, HAXOXKIEHUE MPHUOIMKEHHBIX
3HAYEHUW BEJIMYMH M TOTPEIIHOCTEM BBIYMCICHUN (aOCOJMIOTHOM WU
OTHOCUTEJIBbHOM ), CPaBHEHUE YHCIIOBBIX BBIPAXKEHUM.

Brruncnenue u cpaBHEHNE KOpHEN. BhINIOIHEHNE pacyeTOB € paIUKAIAMMU.

Pemenne uppanmoHanbHbIX YpaBHEeHUN. HaxoxaeHne 3HaYeHN CTENEeHEN ¢
panmoHaNbHBIMUA TOKa3aTesiMu. CpaBHeHue crerneHed. [IpeoOpazoBanus
BBIPAKCHUH, COAEPKAIINUX CTENEHU. Penienre noka3arenbHbIX YPABHEHUH.

Pemenne npukitaHbIxX 3a1a4.

Haxoxnenune 3HaueHuii jorapudmMa 1O MPOU3BOJILHOMY OCHOBAHHUIO.
[lepexox OT OAHOTO OCHOBaHUS K ApPYyroMmy. BeluucieHne u cpaBHEHUE
norapudmos. JlorapupmupoBaHue 1 MOTEHIIUPOBAHUE BHIPAYKECHUM.

[TpubnvkeHHbIE BRIYUCICHUS U PEIICHUS TPUKIIAIHBIX 3a/1a4.

Pemenue norapuMuieckux ypaBHEHHUH.



OCHOBbBI TPUTOHOMETPUA

OCHOBHBIC MOHSITHUS

Panunannas wmepa yrna. BpamarensHoe aBuxeHue. CHHYC, KOCHUHYC,
TAHT€HC ¥ KOTAHTE€HC YHUCIIa.

OcHOBHBIC TPUTOHOMCTPHUICCKUC TOKACCTBA

@opmynbl  nipuBeneHuss. Dopmyibl  crokeHHs. DOpMyIbl  yIBOCHHUS
Dopmynvl NOLOBUHHO20 Yaad.

[IpeoOpa3zoBaHus MPOCTEUIINX TPUTOHOMETPUUECKUX BBIPAKEHUN

[IpeoOpazoBaHre CyMMbl TPUTOHOMETPUYECKUX (PYHKUMU B MPOU3BENCHUE
Y IPOU3BEIEHUS B CYMMY. Buipadsicenue mpueconomempuieckux )yHkyuil uepes
MAaH2EHC NOJIOBUHHO20 ap2YMeEeHmA.

TpuronoMmerpruueckue ypaBHEHHsI 1 HEPABEHCTBA

[Ipocreitmme TPUTOHOMETPHUUECKHUE YpPaBHEHHS. Ilpocmeuwue
mpu2oHoMempuiecKue HepaseHcmad.

OoparHbie TpUroHomerpuyeckne GyHKunMu. ApKCHHYC, apKKOCUHYC,
apkranresc. Ilpakmuueckue 3anamus
PanuaHHbIN METOJ M3MEPEHHUS YIJIOB BPAILLCHUS U CBSA3b C IPaLyCHOU
Mepoil. OCHOBHBIE TPUTOHOMETPUUIECKUE TOXKIECTBA, (POPMYIIBI CIIOKEHUS,
YABOCHHSI, MPEeoOpa3oBaHNE CYMMbl TPUTOHOMETPUUYECKHUX (DYHKIIHIA B
pou3BeieHuEe, MpeoOpa3zoBaHUe MPOU3BEACHHS TPUTOHOMETPUUECKHUX
bynkuumii B cymmy. [Ipocreiiniime TpUroHOMETpUYECKUe ypaBHEHUS U
HEPABEHCTBA.

OOpaTHbIE TPUTOHOMETPUYECKUE (PYHKIIMH: aPKCUHYC, aPKKOCUHYC, apKTaHT€HC.

@DyHKIMYU, X CBOMCTBA U rpaQuKu

@Oynknuu. OOmacTh oOmpefesieHns] W MHOXECTBO 3HAYCHWI; Tpaduk
byHKIIMKA, TOCTpoeHWE TpadukoB GYHKIMKA, 3aJaHHBIX PA3IUIHBIMU
CIOCOOAMHU.

CsBoiicTBa Gynxkumm. MOHOTOHHOCTb, YE€THOCTb, HEUYETHOCTb,
OTPaHUYCHHOCTh, MEPUOINIHOCTh. [IpOMEKYTKH BO3pacTaHWsl U yOBIBaHMSI,
HauOOJIbIIICE M HAaWMCHBINECE 3HAYCHHS, TOYKM HKcTpemyma. [padudeckas
untepnperanus. [IpuMepsl (QyHKIIMOHATBHBIX 3aBUCUMOCTEH B PEATBHBIX
mpoieccax W SABJICHUSX. ApudMeThyeckue ornepanuu Haj GyHKIASIMH.
Crnoxnast ¢pyHkius (kommosunus). [lonsamue o Henpepvl8HOCMU (YHKYUU.

Ooparnbie pynkuuu. Ooacms onpeodeiieHus u 001acmsb 3HAYEHU

obopamuotl pynxkyuu.
I'pagux oopammnoii hynxkyuu.



CreneHHble, MOKa3aTeIbHbIC, JOrapuGMUIECKUE

U TpuronoMmerpuieckue Gynkuuu. OOpaTHbie
TPUTOHOMETPUUYECKHUE PYHKIIUU

Omnpenenenus GyHKIUN, UX CBOMCTBA U TPadUKH.

[IpeoOpazoBanust rpaduxoB. IlapainenbHbli  HEPEHOC, CUMMETPHS
OTHOCUTEJIBHO OCEHd KOOpJAMHAT M CHMMETPHsS OTHOCUTEIIBHO Hayalia
KOOpPJIMHAT, CHMMETPHUSI OTHOCUTENIBHO MPSAMOM Y = X, PaCTSDKEHHE M CHKaTHe
BJIOJIb OCEN KOOPAWHAT.

Ilpakmuueckue 3anamusn

[IpuMepsl 3aBUCMMOCTEN MEXAY NMEPEMEHHBIMHU B PEAJIbHBIX NPOLECCax U3
cMeXHbIX guciuiuiH. Omnpenenenue ¢yHkuui. I[locTpoenue u 4dteHue
rpadpukoB Qyukumii. HccnemoBanme ¢ynkiuu. CBoiicTBa JTUHEHHOMH,
KBaJpPAaTUYHOM, KYCOYHO-IMHEWHOM MW  JAPOOHO-TMHEHHOW  QyHKIUI.
HenpepsiBable u nepuogudeckue (yHkiuu. CBONCTBa M Trpaduku cuHyca,
KOCHHYyCa, TaHreHca M KoTaHreHca. OOparHble (YyHKIMM W HMX TpaduKH.
OOpatnuble TpuroHomerpuueckue (Qynkuuu. IlpeoOpazoBanus rpaduka
¢ynkuuu. ["apMmonnyeckue konedanus. [lpuknanneie 3agaum.

[TokazarenbHble, TOrapuPpMUUECKIE, TPUTOHOMETPUUYECKUE YPAaBHEHUS U

HepaseHcmeda.

HAYAJIA MATEMATHUYECKOI'O AHAJIN3A

IHocnenoBarenbHocT. CrocoObl 3alaHuss W CBOMCTBA  YHUCIOBBIX
nocinenoBarenabHoctel.  I[lowamue o  npedene  nOCAIE008AMENLHOCHIU.
CywecmeosaHnue npeoena MOHOMOHHOU 02PAHUYEHHOU NOCAe008aAMeNlbHOCIU.
CymmupoBaHue MOCIIEIOBATEILHOCTEM. beckoneuno yOBbIBaroIas
FeOMETPHUYECKAs ITPOTPECCUS U €€ CyMMa.

IIpousBoanas. [lousarue o mpou3BogHON GYHKIINH, €€ TEOMETPUIECKUN U
(¢u3nuecKkuil CMbICI. YpaBHEHHE KacaTelabHOM K Tpapuky (yHKIHH.
[Ipou3BOHBIE CYyMMBI, Pa3HOCTH, MPOU3BEACHUs, 4acTHbIC. [Ipom3BOIHBIE
OCHOBHBIX  JJIEMEHTApHBIX  (yHkimil. [lpumeHeHue NPOU3BOIHON K
UCCJIEIOBAaHNUIO (PYHKIIMNA U TIOCTPOEHUIO TpaduKoB. [Ipou3zeo0Hvlie 0OpamHoll
DYHKYUU U KOMNOZUYUU DYHKYUU.

[IpumMepbl HUCMHOJIB30BAHUSI MPOU3BOJHOW [JI1 HAXOXKJICHUS HAWITYYILETO
pelieHus B MPUKIAJAHBIX 3a7adyax. Bropas mpou3BoJiHAs, €€ TEOMETPUUECKUIA
u ¢u3ndeckuil cMmbIci. HaxoXjaeHue CKOpOCTH MJiS Tporiecca, 3aJaHHOTO
dbopmyoii u rpaduKroMm.

IlepBooOpa3nass u uHTerpaj. [IpuMeHeHHe OINpENEIEHHOTO HHTerpajia
JUIS. HAXOXKIAEHHUS TUIOIIAAN KpUBOJIMHENHOU Tpaneuuu. ®opmyna HeroTtona—
Jleitbruma. [Ipumepsl mpuMeHeHHsI HHTETpaia B PU3UKE U TEOMETPHH.

Ilpakmuueckue 3anamusn

UYuciioBas mociieIoBaTeIbHOCTh, CIIOCOOBI €€ 3a/1aHMs, BHIYUCIICHHS YWICHOB
MOCJIEA0-BATEIBHOCTH. [Ipenen MOCJIEAOBATEIIBHOCTH. beckoneuno
yOBIBaroOIasi TEOMETPUIECKast TPOTPECCHS.

[Ipon3BoIHAS: MEXaHUYECKAN U TEOMETPUUECKUN CMBICI TPOU3BOIHOM.

VYpaBuenue kacarenpHOW B oOmem Buzae. [lpaBuma u  Gopmybl
muddepeHupoBanus, TaONUIA MPOU3BOAHBIX OSJIEMEHTAPHBIX (PYHKIIHMA.
UccnepoBanne  (GyHKIMM C  TOMOIIBIO  Tpou3BoAHOW. Haxoxknenue



HAauOOJBIIEr0, HAWMEHBILETO 3HAYEHUSI U DKCTPEMAIbHBIX 3HAYECHUU
GyHKIIH.

HNurterpan u nepBooOpaszHas. Teopema Hetorona—JleriOuuma. [Ipumenenue
MHTErpaja K BBIYUCICHUIO (PU3NYECKUX BETUYUH U TUIOIIA IEH.

YPABHEHUA 1 HEPABEHCTBA

YpaBHeHHMs M CHUCTeMbl YpaBHeHHUH. PanuoHnanbHble, HppalOHAJIbHEIE,
[I0KA3aTEJIbHBIC U TPUTOHOMETPUUECKNE YPABHEHUS U CUCTEMBI.

PaBHOCHIIBHOCTB YpaBHEHMI, HEPABEHCTB, CUCTEM.

OcHOBHBIE TIPUEMBI MX pElICHUs (Pa3loKEeHHE Ha MHOXHUTENU, BBEICHHUE
HOBBIX HEU3BECTHBIX, [T0/ICTAHOBKA, TpadUUEeCKUIl METON).

HepasencrBa. PanumonanpHble, HWppalHOHAJIBHBIC, ITOKA3aTEIbHBIE U
mpuzconomempuyeckue HepaBeHCTBA. OCHOBHBIE IPUEMBI UX PEILICHHUS.

HUcnonb3oBanue CBOMCTB M IpaukoB (QYHKUUI @PU pPelIeHUH
YPaBHeHUH W HepaBeHCTB. Meroa wuHTEepBaoB. WM300paxeHue Ha
KOOPAMHATHOM TUIOCKOCTH MHOKECTBA PEIICHUM YPAaBHEHUU U HEPABEHCTB C
JIBYMsI IEPEMEHHBIMU U UX CUCTEM.

Ilpuxnaonwie 3a0auu

[IprumeHeHne MaTEMAaTUYECKUX METOJIOB IS PELIEHUS COAECPKATEIbHBIX
3a/1ay U3 pa3IuYHbIX 00JacTeil HAYKH U MPAKTUKHU.

NuTepnperanus pe3ysbraTa, y4eT peaabHbIX OTPAHUYEHUM.

Ilpakmuueckue 3anamus

Kopuu ypaBuennii. PapHocunbHOCTh ypaBHeHuit. [IpeobpazoBanue

ypaBHeHMi1. OCHOBHBIE IIPUEMBI PELIEHUSI ypaBHEHUIL. Pemenue cucrem

ypaBHeHu#. Mcnionb30BaHue CBOMCTB U rpadKOB (PYHKITUHN IS pEIICHUS

YPABHEHUW U HEPABEHCTB.



KOMBHUHATOPUKA, CTATUCTUKA U TEOPUS BEPOITHOCTEN
DJeMeHTbl KOMOMHATOPUKU

OcHOBHBIE TOHSATHS KOMOMHATOPUKHM. 3ajjayd Ha MOJCYET YHCIa
pa3MellleHud, TEepecTaHOBOK, coyeTaHui. Pemenwe 3agau Ha mepedop
BapuantoB. ®opmyna Ounoma HproTtona. CaoiicTBa OWHOMHHAJIBHBIX
koapdunrienToB. Tpeyronbuuk [lackans.

DNeMEHThI TEOPUH BEPOATHOCTEN

CoObITHE, BEPOATHOCTH COOBITHS, CIOKEHUE U YMHOKEHHUE BEPOATHOCTEH.
llonsmue o Heszasucumocmu coovimuil. J/Juckpemuas ciay4atinas 6eluduHd,
3ak0H ee pacnpeodeinenus. Hucnosvle xapakmepucmuxu — OUCKPEmHOU
cayuatinou eenudunsl. Illonamue o 3akone 60IbUUX YUCE.

DeMeHThl MaTEMAaTUYCCKOM CTAaTUCTUKH

[IpeacraBnenue NaHHBIX (TaONMIIBI, AUArpaMMbl, TpaduKH), ceHepalbHas
COBOKYNHOCMb, 8blOOpKaA, cpednee apugmemuueckoe, meouana. llonamue o
3a0a4ax MamemamuyeckKou Cmamucmuxuy.

Pewenue npakmuueckux 3a0au ¢ npumenenuem 8epoAmHOCHHbIX

memooos. IIpakmuyeckue 3anamusn

Ucropust pazButuss KOMOMHATOPUKH, TEOPUU BEPOSTHOCTEN U CTATUCTUKHU U
UX pOJb B pa3IMYHBIX cepax ueloBeuecKou kuzHenesreabHocTH. [IpaBuna
KOMOMHaATOpUKH. Pelienre KoMOMHATOPHBIX 3a7a4. Pa3mernienus, coueTanus u
nepecraHoBkd. buHom Hperorona u TtpeyronsHuk Ilackans. Ilpuxnanssie
3a/1a4H.

Knaccuueckoe omnpeneneHre BEPOSITHOCTH, CBOMCTBA  BEPOSITHOCTEW,
TEOpeEMa O CyMME BepOSITHOCTEW. Bprumcienue BepodaTHocTel. [IpuknamHbie
3agauu. [IpencraBieHne YMCIOBBIX JaHHBIX. [IpukinagHbie 3agaun.

['EOMETPHUA

Hpﬂsze U njiockocmu 6 npocmpaHncnee

B3anmHoe pacnonokeHue ABYX MPSAMBIX B MIPOCTpAaHCTBE. [lapamienbHOCTh
npamMon U mockoctu. [lapamnensHOCTh TIOCKOCTEW. [lepnenauKyIspHOCTh
IPSMOU U TUIOCKOCTU. [leprieHauKysssp ¥ HaKJIOHHAs. YTOJI MEXAY NPSIMON U
TIOCKOCTBIO. JIByrpaHHbli  YTOIL Yrom  Mexay — IUIOCKOCTSIMM.
IleprieHIMKYISPHOCTD ABYX INIOCKOCTEM.

['eomeTrpuueckue mpeodpazoBaHusl MPOCTPAHCTBA: MapaUIEIbHBIA MEPEHOC,
CUMMETPHS OTHOCUTENIBHO IIOCKOCTH.

[TapannensHOoe TPOEKTUpOBaHUE. [[10Wadb OpPMOCOHANLHOU NPOEKYUU.
N300paxeHne npocTpaHCTBEHHBIX QUTYD.

MHororpaHHuKH

Bepmmnel, pebpa, TpaHu MHOTOrpaHHUKa. Pazeepmxa. Mmuozozcpanuvie
yenvl. Buinyknvie mnozoepannuku. Teopema diinepa.



[Tpusma. [Ipsmas u naxrounas npusma. [IpaBunbHas npuszma.
[Mapannenenunen. Kyo.

IIupamua. [IpaBuiibHas nupamMuaa. Y cedeHHas nupamuaa. Terpasap.

CummeTtpuu B KyOe, B apajuieienureie, B Ipu3Me U MUpaMu/Ie.

Ceuenus Ky0a, IpU3MbI ¥ TUPAMU/TBI.

[IpeacraBienre O NpaBUIBHBIX MHOTOIpaHHUKAX (TeTpajiape, Kyoe,
OKTa’/Ipe, A0JEKadIPe U UKOCAIPE).

Tenan IMOBCPXHOCTH BpallCHUA

[uaueap u KoHyc. YceudeHHBIM KOoHyc. OCHOBaHHE, BbICOTa, OOKOBas
IOBEPXHOCTh, oOOpa3zyomias, pa3BepTka. OceBble CEUEHUS U CEUYEHUS,
HapaJiyIeIbHbIE OCHOBAHMUIO.

[Tap u cdepa, ux ceuenus. KacarenpHas mIocKocTb K cdepe.

I/I3M€p€HI/I}I B I'COMCTpHUU

O0bem u ero usmepenue. MHTerpanbHas popmyna oobema.

®opmysibl o0beMa KybOa, MPSAMOYTOJIbHOTO MapajuiefieluIe1a, MNpPU3MbI,
uuiuHaapa. @opmysibl 00bemMa MUpaMHUIbl U KOHyca. DOpMyJibl ILIOMIAIN
MOBEPXHOCTEH HWIMHApPA U KoHyca. Dopmynbl o0beMa Iapa U IUIOIIAIU
ctepsl.

[Tono6ue ten. OTHOLIEHUS TUIOMIAEeH TOBEPXHOCTEN U 00bEMOB TTOAOOHBIX

TEeN.

KoopannaTel 1 BEKTOPEI

[IpsmoyronbHas (IekapToBa) CcHUCTEMa KOOPJAMHAT B IPOCTPAHCTBE.
dopMya pacCTOSTHUS MEXKY ABYMsI TOUKAMH. Y paBHEHUs CEpbl, nI0CKOCHU
U NPAMOU.

Bekropel. Monyne BekTopa. PaBeHCTBO BEeKTOpOB. CIioKEHME BEKTOPOB.
YMHOXKEHHE BEKTOpa Ha 4YuCiI0. Pa3nokeHue BEKTOpa IO HAMPABICHUSM.
Yron mexny nByMms BekTtopamu. IIpoexkums BekTopa Ha ocbk. KoopauHaTel
BeKTOpa. CKaJIpHOE MPOU3BEACHUE BEKTOPOB.

Hcnonp30BaHne KOOpAMHAT U BEKTOPOB IIPU PELICHUHM MAaTEMATHUYECKUX U
IIPUKJIAIHBIX 3a]1a4.

Ilpakmuueckue 3anamus

[Ipr3Haku B3aMMHOTO PACMOJIOKEHUSA MPSAMBIX. YTOJI MEXAY HIPSIMBIMHU.
B3auMHOe pacnosoxeHne TMpsMbIX H INIOCKOCTed. llepnenaukyisap wu
HAaKJIOHHAs K IUIOCKOCTH. YTOJI MEXAY NPAMOM M IIOCKOCTBIO. Teopemsl O
B3aMMHOM PACIIOJIOKEHUM TNPsIMOM M IUIOCKOCTH. TeopemMa o0 Tpex
NEPIEHINKYIISIpPAX.

IIpyu3Haky U CBOMCTBA NMAPAJUICIIBHBIX U NEPIIECHAUKYJIISPHBIX INIOCKOCTEN.

Paccrosinre OT TOYKM 10 TWIOCKOCTH, OT MIPSIMOU 10 TJIIOCKOCTH, PACCTOSTHUE

MEKY
IIJIOCKOCTSAMM, MEXAY CKPEIIUBAIOIIUMUCS MPSIMBIMU, MEXKY IIPOU3BOIBHBIMU
¢urypamu B mpoCTpaHCTBE.



[TapamienpHOE NPOEKTUPOBAHUE M €ro CBOMCTBA. Teopema o niowaou
OpPMO2OHANLHOU — NPOEKYyuu MHO20Y20bHUKa. B3auMHOE pPacroIoKEHHE
MIPOCTPAHCTBEHHBIX QUTYD.

Pa3nuunbie BUbI MHOTOTpaHHUKOB. X n300pakenus. CeueHusi, pa3BepTKU
MHOrorpaHHukoB. [lmomanaer  moBepxHocTH. Buabsl  cummerpuii B
npoctpaHcTBe. CHMMETpUs TeJl BpallleHHs] U MHOTOTPAaHHUKOB. Bbruucienue
IJI0IIAAEH 1 0OBEMOB.

Bexkropsl. [elictBus ¢ BekTopamu. JlekapToBa cucTeMa KOOpAUHAT B

IIPOCTPaHCTBE. YpaBHEHUE OKPY>KHOCTH, chepsl, TIIOoCcKOCTH. PaccTosiHne

MEXIy TOYKaMH. JIeNCTBUs ¢
BEKTOpaMH, 3aJaHHbIMM KoopauHaTaMu. CKalspHOE NPOU3BEIACHUE BEKTOPOB.
BekxTopHOEe ypaBHEHUE NPSMOM U IUIOCKOCTH. Mcronb30BaHUE BEKTOPOB MPHU
JOKA3aTeJIbCTBE TEOPEM CTEPEOMETPHH.

JIns BHEAyIWTOPHBIX 3aHIATUM CTYIAEHTAaM HapsAy C pPEUICHUEM 3alad M
BBIIIOJIHEHHUSI ~ NPAKTUYECKUX  3aJaHUA  MOXKHO  MPEMIOXKHTh  TEMBI
UCCIIEIOBATENbCKUX M pedepaTuBHBIX pabOT, B KOTOPHIX BMECTO CEpHil
OTJEJIBHBIX MEJKHX 3a]1a4 U YIPAKHEHUN MPEIIaratoTCs CIOKETHBIE 3aJaHus,
TpeOyronme JIUTeIbHOM paboThl B paMKax OJHOM MaTreMaTH4eCKOn
CUTyalluu. DTU TEMbl MOTYT OBbITh KaK MHIAUBUIYaJbHBIMU 3aJlaHUSIMU, TaK U
I'PYIIIOBBIMH JIJII COBMECTHOTO BBIIIOJIHEHUS UCCIIEOBaHUS.



TEMATHYECKOE IINTAHUPOBAHHUE

EctectBenHOHayuYHBIN TPpoduis mpodecCHoHaIbHOT0 00pa30BaHus

[Ipu  peanuzanuu  cojepkanust  oOIIe0Opa3oBaTeNbHOW  y4eOHOMU
nucuuIuinHbel «Marematukay B mipenenax ocBoeHuss OIIOIT CIIO na 6ase
OCHOBHOro 00miero oOpa3oBaHHMsl C TOJYYEHHEM CpEeAHero oOIero
obOpazoBanust [I[ICC3 wmakcumanbHas yuyeOHasi Harpy3ka oOydarommxcs
COCTAaBIISICT:

no crnenuranbHocTsIM CIIO ectecTBeHHOHAyuHOTO Mpoduist — 234 yaca.
N3 nux ayauropHas (oOs3aTenbHas) Harpy3ka oOydarolIUXcsi, BKJIIOYas
MpaKkTUYECKHUEe 3aHsATHsI, — 156 4acoB; BHeEAyAUTOpPHAS CAMOCTOSITEIbHAS
paboTa cTy1IeHTOB —/84acoB.



CTPYKTYPA U COAEPKAHUE YYEBHOHN JUCIHUILIMHBI
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00y4eHusl.

Cnemunaasaoctu CIIO

BBenenue 2
Pa3BuTre moHATHS O YUCIIe 8
Kophu, crenenn u norapuMbl 20
[TpsiMble ¥ MIIOCKOCTH B IPOCTPAHCTBE 14
KomOnnaTopuka 10
KoopauHatel 1 BEKTOPbI 10
OCHOBBI TPUTOHOMETPUH 16
@®yHKIMU U TpaduKu 14
MHOrorpaHHHUKHU U KpyIJIbIE TEIA 14
Hauvana MmaTeMaTn4eckoro aHajamns3a 16
WHTerpan v ero npuMeHEeHUE 8
DJeMEeHTbI TEOPUU BEPOSATHOCTEN U

MaTeMaTU4eCKOn 10
YpaBHEHUS U HEPABEHCTBA 14

HUToro

156, B ToM uncie 72 1
71a00paTOPHO-TIPAKTUUECKUX
paborT.

BHeayauTopHasi caMoCTOsITeIbHasi padoTa

[ToaroroBka BBICTYIUIEHUH 10 33JaHHBIM
TeMaM, UHIUBHUIYaJIbHOIO MPOEKTA C
HCITOJIb30BaHUEM MH(POPMAITMOHHBIX
TEXHOJIOTUI JTOKJIAJ0B, pedepaToB, Icce U

Ap.

78

Ilpomesccymounas ammecmayus 6
dopme

IK3amMena

Bcero

234
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HaumenoBanue Conepkanue yueOHOro MmarepuaJia, JadoparopHubie padorbl u npakrudeckue | O0beM | YpoBeHb
pa3esioB U TeM 3aHATHS, CAMOCTOSITEJIbHAA padoTa 4acoB | OCBOCHMS
1. 2. 3. 4,
BBenenne MaremaTuka B HayKe, TEXHUKE. DKOHOMHKE, MHPOPMAITMOHHBIX TEXHOJIOTUIX U 2 2
MpaKTUYEeCKOM JeaTenbHocTU. Llenu u 3agaun n3ydeHus MaTeMaTUKu IPU
ocBoeHmu criermanbHocT  CIIO «BeTepuHapusi»
CamocrosiTenbHasi padora. BeinonHenne HHGOPMAIIMOHHOTO TPOEKTa 2
«Marematuka B Moel podeccumn»
Pa3nen 1.PazBuTHe 8
MOHSATHSA O YNCJIe
Tema 1.1. Copaep:xanue y4eOHOro martepuaJia. 2
Pa3BuTHE HOHATHA O | [[erpie U palHOHATIBHEIC Yncia. JleHCTBUTENbHBIC YiCa. [Ipubnuscentbie 2 2
1mcae BbIYUCTICHUS.
Tema 1.2. Copaep:xanue y4eOHOro MartepuaJia. 3
KommuiekcHsblie uncna | Komnaexcuvle uucia. 3
IMpakTuyeckue 3aHsaTUA .ApudmMeTnuecKre NeUCTBUSI HAl YUCITAMHU. 3 2
Haxoxxnenne npubanKeHHBIX 3HAUCHUN BETMYUH U MOTPEIIHOCTEN BHIUUCIICHUH,
CpPaBHEHHE YHCIIOBBIX BBIPAXKEHUHU.
CamocrosTenbHas padora. ccnenoBarenbCkuil npoekT no teme «Mcropus 4
Pa3BUTHUSI YUCIIA»
Pazgen2. Kopumn, 20
CTeNeHu 1
Jorapu¢mbi
Tema 2.1. Coaep:xanue yueOHOro marepuaJa. 4
KopHu u crenenu. KopHu HatypanbHOM CTENEeHH U3 Yucia U uX cBoiicTBa. CTENEHH C pallMOHAIbHBIM 4 2

rmokasaTeseM, ux cBoicTBa. CTeneHu ¢ ACHCTBUTENIBHBIM MOKa3ateneM. Ceoticmea
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cmenetu ¢ 0elicmeumenbHbiM NOKA3Amenem.

IIpakTuyeckue 3aHATHA .BrrunciieHre U cpaBHEHHE KOPHEN. BhITonHeHNe 4
pacyeToB ¢ paaukanaMu. Pemenue nppanmoHanbHbIX ypaBHeHUN. Haxoxnenue
3HAYEHUH CTEIEHEN C pallMOHAIBHBIMM NOKa3aTensiMu. CpaBHEHHE CTEIEHEN.
[TpeoOpa3oBanus BhIpaKEHUI coAepKallIUX CTETIEHU. Pelienne noka3aTenbHbIX
YPaBHEHUM.
CamocrosiTesibHasi padoTa. BrINOJIHEHUE pacyeTOB C PAAMKAIIAMHU U CTEIEHSIMH. 4
Copnep:xxanne y4eOHOT0 MarTepuaJa. 3
OcHoBHOE JTIOTapu(PMHUUECKOE TOXKIECTBO. JleCITUUHbBIE U HATypalbHbIE 3 2
Tema 2.2.JIorapudm. | norapudmsl. [IpaBuna geiictuii ¢ morapudmamu. Ilepexom K HOBOMY OCHOBAHHIO.
Jlorapugm uncJa. IIpakTuyeckue 3ansaTus. HaxoxaeHue 3HaueHui Joraprudpma no npou3BoJIbHOMY 3
OCHOBaHUIO. [Iepexon oT 0THOro OCHOBaHMS K ApYyroMy. Berdyucienue u cpaBHEHUE
norapudmos. JlorapudmupoBanue U MOTEHIUPOBAHUE BhIpakeHUH. Pemenue
Jgorapu(pMUUECKUX YpaBHEHHH.
CamocrosiTeabHas padora. Penienue 3amad no teMe: « Pelienne ynpaxHeHUi Ha 3
JgorapuMHUpoBaHKe BHIPAKEHUH U BHIYUCIECHUE JIOTAPUPMOBY.
Tema Conepxkanune yuyeOHOro MarepuaJia. 4
2.3.I1IpeoOpa3zoBanue | [IpeoOpa3oBaHue palMOHATBHBIX, UPPAIIMOHATIBHBIX, CTENIEHHBIX, TOKA3aTeIbHBIX U 4 2
ajredOpanv4ecKux JorapuMUYECKUX BbIPAKECHU.
BbIPaKeHH i IIpakTH4YecKHe 3aHATHS 2
CamocrosiTenbHast padoTa. BrlnoaHeHUE HCCIIEI0BATENBCKOTO IPOEKTa 3
«HenpepwiBHBIE TpOOH».
Pa3nea 3.0cHOBBI 16
TPUTOHOMETPHUH
Tema3.1. OcnoBuble | CogepxxkaHue y4eOHOr0 MaTepHUaJia.
MOHATHS. PanmanHas Mepa yria. BpamarensHoe nsrkeHne. CHHYC, KOCUHYC, TAHTE€HC U 2
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KOTAaHI'CHC 4YHMCJIa.

IpakTnuyeckue 3aHATHA. PanranHbiil MeTO N3MEPEHHUS YITIOB BPAILICHUS U CBA3b
C TPaIyCHOM MEpOH.

CamocrosiTeJIbHAas paﬁoTa. Pemenue 3amau no reme: «PaguanHas MCpa yrjaa»

Tema 3.2. Conep:xxanne y4eOHOTro MarTepuaJa.
OcHoBHBIE
®opmyabl npusBeneHus. opmyiisl cinoxeHus. PopmyJibl ynBoeHus. PopmyJibl 2
TPUTOHOMETPHUYECKHE
e-— MOJIOBUHHOT'O yTJIa.
IIpakTu4yeckue 3ansaTUsi. OCHOBHBIE TPUTOHOMETPUUYECKUE TOXKIECTBA, (POPMYJIIBI
CJIOXKEHUS, YJIBOCHUSL.
Tema3.3. Conepxkanue y4yeOHOro mMarepuaJia.
IIpeodpa3oBanue [TpeoOpa3oBaHre CyMMbI TPUTOHOMETPUUECKUX (DYHKIUI B IPOU3BEICHHUE U 2
NMPOCTEHIINX IPOU3BENICHUS B CYMMY. Buipasicenue mpuzoHomempuieckux QyHKyuti yepes
TPHTOHOMETPHYECKHX | MAH2EHC NOJIOBUHHO20 ap2YMeEeHmd.
BBIPAKEHM . IIpakTuyeckue 3ansaTusi. PopmyIibl IpeoOpa30BaHUsI CYMMBbI
TPUTOHOMETPUUECKUX (PYHKIIMI B TPOU3BEACHUE U PE0Opa30BaHUE MPOU3BEACHUS
TPUTOHOMETPUUECKUX (PYHKIIMI B CYMMY.
CamocrosiTesibHast padora. Pemenue 3aj1a4 no reme: - Haxoxaenue cunyca,
KOCHHYCa, TAHI€HCA U KOTAaHI'€HCa C IPUMEHEHNEM OCHOBHBIX
TPUTOHOMETPUUYECKUX TOXKAECTB. Perienue 3agad Ha npuMeHeHue GopMyi
CJIOXKEHUSL.
Tema3.4. Conepxkanue yuyeOHOro mMarepuaJia.
Tpuronomerpuyeckue | [Ipocteifmme TpuroHoMeTpudeckue ypaBsHeHus. Ilpocmetiwiue 2
YPABHEHUS U MpU2OHOMempuyecKue HepageHcmaa.
HepaBeHCTBA. IIpakTnyeckue 3ansTus. [Ipocreiilire TPUrOHOMETPUUYECKHUE YPAaBHEHUSAH

HEPaBEHCTBA.

CamocrosiTenbHasi padora. . Pemuenue npocTeduX TPUTOHOMETPHUECKUX
YPAaBHEHUI U HEPABEHCTB
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Tema 3.5.00paTubie | Coaepxxanue y4eOHOIro mMarepuaJa. 1
TPUTOHOMETPHYECKHUE
T ApKCUHYC, apKKOCHHYC, ADKTaHT€HC . 2
IIpakTuyeckue 3ausiTusi. OOpaTHBIC TPUTOHOMETPUUCCKIE (PYHKITUN: apKCUHYC, 1
ApPKKOCHUHYC, APKTAHIEHC.
Pasznen 4. ®yHKUMH UX 14
CBOMCTBA U rpauKu.
Temad4.1. DyHkuumn Coaep:kanne y4eOHOro marepuasa 1
OO6uacTh onpeneneHus U MHOXKECTBO 3HAUCHH; rpaduK PyHKIUHU, TOCTPOCHHE 1 2
rpadukoB GYHKIMMA, 3aJaHHBIX PA3JIMYHBIMU CIIOCOOAMHU.
IpakTuuyeckue 3ausaTus. [[puMepsl 3aBUCUMOCTH MEXY IEPEMEHHBIMU B 1
peaNbHBIX MPOIECCax U3 CMEXHBIX AUCIUIUIMH. Onpesenenne QyHKIui.
[TocTpoenue u urenne rpadmkoB QPyHKITHH.
CamocrosiTeibHas padora. [lonrotoBka coobmieHus « OyHKIIMU U UX CBONCTBA» 1
Tema 4.2 CpoiicTBa Conep:xanue y4eOHOro marepuajia 2
GyHKIUN
MOHOTOHHOCTB, YETHOCTh, HEYETHOCTh, OTPAHUYEHHOCTD, IEPUOJUIHOCTD. 2 2
[IpomexxyTku Bo3pacTaHus U yObIBaHHS, HAMOOJIBIIIEE U HANMEHBIIIEE 3HAUCHNUS,
TOYKH IKcTpemyMma. [ padpuueckas narepnperanus. [Ipumepsr QyHKITMOHATBHBIX
3aBUCUMOCTEN (KoMNo3uLMs). [lonsimue o Henpepvl8HOCU.
IpakTnueckue 3anaTusi. CBOMCTBA JIMHEITHOM, KBaAPATUYHON, KYCOYHO- 2
JUHENHOW 1 TpoOHO- MuHEelHON ¢yHKIMNA. HermpepbIiBHBIE U TEPUOIUIECKIE
dbynkuuu. CoiicTBa ¥ rpadMKH CHHYCa, KOCUHYCa, TAHTE€HCA U KOTAHT€HCA.
CamocrositenbHas padora. [Togroroska pedepara «I'pabuku QyHKIUN 2
Tema 4.3. Oopatnbie | Coaep:xxanue y4eOHOro Marepuajia 1
GyHkumm.
Obnacms onpedenenus u obaacms 3uavenutl oopamnou gynkyuu. I paghux 1 2
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obpammoul gyuxyuu.

IIpakTuyeckue 3ansatus. O6patusie pyHkuuu u ux rpadpuku. O6paTHbIe 1
TPUTOHOMETpHUUYECKUE HYHKIIUH.
Tema 4.4. Crenennbie, | Conepxkanue y4yeO0HOro mMarepuaJia. 3
NnoKa3zaTeJibHbIE, Omnpenenenus ¢pyHKIMH ux cBoiicTBa u rpaduku. [IpeodpasoBanus rpaduxos. 3 2
Jorapupmuyeckne u | [TapauiebHbIi EPEHOC, CHMMETPHS OTHOCUTEIILHO OCEH KOOPIHHAT, CHMMETPHS
TPUTOHOMETPUYECKHE | OTHOCUTEIBHO Hauajga KOOPAUHAT, CAMMETPHS OTHOCUTENIBHO PSIMOM y=X,
¢pynkuun. O0paTHbie PACTSKEHHE U CHKATHUE BIIOJIb OCEH KOOPIUHAT.
TPUTOHOMETPHYECKHE
GyHKIUM.
IIpakTuyeckue 3ansitus. [IpeoOpazoBanus rpaduka pyHkuuu. 'apmoHndeckue 3
kosneOanus. [Ipuknanneie 3anaun. [lokazaTenbHbie, JorapupMUYECKUE U
TPUTOHOMETPUUECKUE YPABHEHUS U HepaBeHCMEA.
CamocrositenbHas padora. CioxeHne TapMOHUYECKUX KOJIeOaHUu! 2
Pa3gen 5 Hauaga 16
MATeMATH4YeCKOr 0
aHaJIM3a.
IlepBooOpa3Has u
HHTErpaJ.
Tema5s.1 Conep:xanne y4eOHOr0 MarTepuaJa. 1
IMocaexoBareabHocTu | [TociaeqoBareabHocTH. COCcOOBI 3aJaHUS U CBOMCTBA YHMCJIOBBIX 1 2
nocyenoBaTeabHocTel. [lonsamue o npedene nociedo8amenbHOCMU.
CyuiecTBoBaHuUE Ipejiesia MOHOTOHHOW OIpaHUYEHHOM MOCIeA0BATEIbHOCTH.
CymmupoBaHue nocienoBaTesbHOCTe. beckoneuHas yobiBaromas
reOMeTpUYECKas MPOrpeccus U €€ CyMma.
IIpakTuyeckue 3aHsATUsA. YnCIIOBas MOCIENOBATEILHOCTD, CIIOCOOBI €€ 3a1aHus, 1

BBIYUCJIEHUS YJIEHOB MOCEA0BaTEeNbHOCTH. [Ipeaen nocienoBaTebHOCTH.
beckoHeyHo yObIBaroIasi reOMETpUIeCcKasi MPOrPeCCHsl.
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CamocrosiTe/IbHAas paﬁoTa. Pemenue 3aa49 Ha BBIYHMCJICHUC ITPCACIIOB
IOCJICA0BATCIbHOCTH..

Tema 5.2.
IIpousBoaHas

Conepxkanue yuyeOHOro mMarepuajia

[Tonsatue o npou3BoAHON PYHKIIUH, €€ PU3NUECKUN W TeOMETPUUYECKHUI CMBICI.
YpaBHeHuUe KacaTelbHOM K rpaduKy GyHKIMU. Beraucienue npou3BogHOM OT
CYMMBI, Pa3HOCTH, IPOU3BEJICHUS W YaCTHOTO (PYHKITUH.

[Tpou3BogHBIE OCHOBHBIX AJIEMEHTAPHBIX (DYHKIIHIA.

[IpumeHeHnne Npor3BOIHON K UCCIEAOBAHHUIO (DYHKIIUNA U TOCTPOEHUIO IpaduKOB
Ilpouzeoousie obpamuoll hynKyuu KOMnO3uyUU OaAHHOU GYHKYUU C TUHEUHOU.
[IpuMephI UCIIOIB30BAHUS TPOU3BOIHOM JIJIsl HAUJTYYIIIETO PEIICHUS B IPUKIIATHBIX
3anayax. Bropas mpousBoaHas, €€ reoMeTpUYECKU U PU3NYECKUI CMBICI.
HaxoeHue CKopocTH Juisl polecca, 3a4aHHOro opMysion u rpadukom.

IpakTnuyeckue 3anaTus. [I[pon3BoaHas: MEXaHUYECKANA U T€OMETPUYECKUI
CMBICJI TIPOU3BOHOM. YpaBHEHHE KacaTelbHOU B 001eM Buje. [IpaBuia u
dbopmynsl quddepeHmpoBanus, TabINIIA MPOU3BOAHBIX AJIEMEHTAPHBIX (YHKITHH.
HccnenoBanre GyHKIMHU C TTOMOIIBIO MPOU3BOAHOM. HaxoxneHrne HanbobIIero,
HAaMMEHBIIIEr0 3HAYCHUS U SKCTPEMaJIbHbBIX 3HaUYCHUH (PYHKIIHH.

CamocrosiTenbHas padora. Penienue 3amau no teme: «Brrunciienue
IIPOU3BOIHBIX DJIEMEHTAPHBIX QYyHKLUI»; - Perenue 3a1a4 rno teme :
«Bprurcnenue nporu3BOIHON CIOXKHON PYyHKIMNY; - Perienue 3aaa4 1o Teme:
«IIpumMeHeHne Nporu3BOAHOMN K NCCIECTOBAHUIO

Tema 5.3.
IlepBooOpa3nasi u
HHTErpaJl.

Copnep:xanue y4eOHOr0 MaTepuaJia.

D

[IpumeHeHune onpeaeaIeHHOr0 NHTErpaia AJIsl HAXO0XKIACHUS TUIOIIaan
KpuBOJMHEHHOM Tpanenuu. @opmyna Hetotona —Jleitoauma.  [Ipumepst
MPUMEHEHUS MHTErpaja B GU3MKE U TEOMETPHUH.

D

IIpakTuyeckue 3anatus. Murerpan u nepsoodpasnas. Teopema HproToHa-
Jleitoamma. [IpumMeHeHne nHTETrpasia K BRIYUCICHUIO (DU3UYECKUX BEIMYHH U
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IJTIOIAIEN.

CamocrosiTeibHas padorta. Pemenne 3a1a4y Ha BEIYHCIEHUE IEPBOOOPA3HON
GYHKINH;- pelIeHre 3a/1a4 Ha BRIYMCIICHUE HHTErpaa.

Pa3nen 6. YpaBHenust
U HepaBEeHCTBA

144.

Tema6.1. YpaBHeHnust
U CHCTEMBbI
YPABHEHMH.

Copaep:xanue yueOHOro MaTepuaJjia.

PannonanbHbie, UppaloOHaIbHbIE, TOKAa3aTEIbHbBIE U TPUTOHOMETPUUYECKUE
YPaBHEHUS U CUCTEMbI. PABHOCUIIBHOCTh YpaBHEHHI, HEPABEHCTB U CUCTEM.
OCHOBHBIE PUEMBI UX PEIICHU(Pa3I0KEHUE HA MHOKUTEIH, BBEJICHUE HOBOM
NePEeMEHHOM, MOACTAHOBKA, TpadUUECKU METO).

IIpakTnueckue 3anaTusi. Kopuu ypaBHeHuil. PABHOCHIIBHOCTh YPaBHEHUM.
[IpeoOpazoBanue ypaBHeHuit. OCHOBHBIE IPUEMBI pellicHUsI ypaBHeHUI. Perienue
CUCTEM YPaBHECHUM.

CamocrosiTesibHas padora. PenieHne ypaBHEHHI C IPUMEHEHHUEM PA3IUYHBIX
METOJIOB.

Tema 6.2.
Hepagsencrsa.

Copaep:xanue yueOHOIro MaTepuaJa.

PanmonanbHbie, UppalMOHAIIBHBIE, TOKA3aTEIIbHBIE U TPUTOHOMETPUUECKHUE
HepaBeHCTBAa. OCHOBHBIE IPHUEMbBI PEILICHUS] HEPABEHCTB.

CamocrosiTesibHas padora. Penienue cuctemM ypaBHEHUH.

Tema6.3.
HUcnoab3oBanue
CBOMCTB U rpa)MKoB
GyHkuuii npu
pelieHH YpaBHEHU
U HEPABEHCTB.

Conepxkanue yueOHOro MmaTepuaJia.

Merton untepBanoB. M3o00paxeHne Ha KOOPAUHATHOW MPSMON U MIOCKOCTH
MHOJKECTBA PEIICHUN YPAaBHEHUN U HEPABEHCTB C IABYMS IIEPEMEHHBIMU U UX
CUCTEM.

IIpakTuyeckue 3anaTus. Vcrnons3oBanue cBOMCTB U rpadukoB GyHKIUN AT
pelieHusi ypaBHEHUN 1 HEPABEHCTB.

CamocrosiTeqibHasi padora. 3ausatusi [lokasatenbHelie, JorapupmMudeckue,
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TPUTOHOMETPUYECKUE YPABHEHHSI.

Tema 6.4. Conep:xxanue yueOHOro MmaTepuajia 1
IIpukiaagnblie 3a1a44. [IpumeHeHne MaTEMATUYECKUX METOJIOB JIJIS PEIICHUS COJIEPKATEIBHBIX 3a/1a4 U3 1 2
pa3IMyHBIX 00JacTel HAYKU | MpakTHKU. HTepnperanus pe3yibTaTa, y4eT

peaJIbHbIX OTPAHUYECHHUI.
Pa3gen 7. 1. 20
KomOunaropuka,
CTATHCTHKA U TEOPUS
BEPOSATHOCTEH.
Tema 7.1. daementsl | Coaep:xxkanue y4eOHOIr0 MaTepuaJa. 6
KOMﬁHHaTOpHKH- OcCHOBHEIE TOHATHUS KOM6I/IHaTOpI/IKI/I. 3amaun Ha MOACYET YHcia pa3MeLueHI/II7I, 6 2

MepecTaHoOBOK, coueTanuil. Pemenue 3agad Ha nepedop BapuantoB. @opmyna
ounoMma HetoTona. CBoiiCTBa OMHOMHHAJIBHBIX KO3 (ULUEHTOB. TpeyroJbHUK
[Tackans.
IMpakTuyeckue 3anustus. Vcropus pa3BuTus KOMOMHATOPUKH, TEOPHUH 4
BEPOSITHOCTEM U MaTEeMaTUYECKOW CTATUCTUKH,UX POJIb B PA3IMYHBIX cepax
yeJioBeuecKou aestenbHocTU. [IpaBuna komOuHaTopuku. Pemenue
KOMOMHATOPHBIX 3a/1a4. Pa3menienusi, coueTaHus U mepecTaHoBKU. bunom
Hprotona u TpeyrosibHuk [lackansi.
CamocrosiTebHasi padora. Pemmenne komOnHaTopHbIX 3aa4. CoobiieHne 6
TpeyrosbHuk Ilackais

Tema 7.2. Jaementsl | Coaep:kanue yueOHOT0 MaTepuaJsia 3

TEOPHUHU BEPOATHOCTEH. =

CoObITHe. BeposTHOCTh COOBITHS, CIIOKEHHUE U YMHOKEHHE BEPOSATHOCTEH. 3 2
[TonsiTue 0 HE3aBUCUMOCTH COOBITHIA. [luCKpeTHas: BEMMYNHA, 3aKOH €€
pacrpenenenus. YucnoBble XapaKTEPUCTUKH TUCKPETHOM CIIy4YallHOW BEJIMYHHBI.
[TonsiTue 0 3aK0HE OOJBIINX YHCET.
IIpakTnueckue 3anaTus. Kiiaccuueckoe onpeneneHnue BEpOSTHOCTH, CBOMCTBA 2
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BEPOSITHOCTEN, TEOPEMA O CYMME BEPOSATHOCTEN. BhIuKcClIeHHE BEPOSTHOCTEN.

Tema 7.3.
JJIeMEeHTBI
MaTeMaTH4eCKOH
CTATHCTHKH.

Conepxxkanue yueOHOro MmaTepuaJia.

[IpencraBnenne naHHbBIX (TAOJUIBI, TUATPAMMBI, TPAPUKN), ceHEePATbHA
COBOKYNHOCMb, 8b100pKA, cpedHee apudmemuyeckoe, meouara. Ilonamue o
3a0avax mamemamuyeckou cmamucmuxu. PeweHue npakxmuueckux 3aday
8EPOSAMHOCHHLIMU MEMOOAMU..

IIpakTnueckue 3ansaTus. [IpencrapineHue YucioBbIX JaHHBIX. [IpuKIagHbIC
3a7Ja4u.

CamocrosTesibHas padora. Penienue 3a1a4 Ha BBIYACICHUE BEPOSITHOCTH.
Pemenue npakTHYECKUX 33Ja4 C IPUMEHEHUEM BEPOSITHOCTHBIX METOJIOB.

Pa3nen 8.
TIT'EOMETPUSI

38

Tema 8.1.
IIpsiMbIe ¥ MIOCKOCTH
B IPOCTPaHCTBe.

Conep:xanne y4eOHOT0 MarTepuaJa.

oo

B3auMHoOe pacnoioxkeHue AByX MpsAMBIX B IpocTpaHcTBe. [lapamienbHOCTh npsiMon
Y II0CcKOCTU. IlapaiuiennbHOCTH II0CKOCTEN. [IepneHInKyIIpHOCTh IPSMOU U
IJIOCKOCTH. [leprieHIuKyIsIp U HAKJIOHHASA. YTOJI MEKYy IPSMOM U IJIOCKOCTBIO.
JIByrpaHHbIi yroj. Yrosu Mexay AByMsl IUIOCKOCTSAMHU. [leprieHauKyIsspHOCTh ABYX
mockoctei. ['eomerpuyeckue npeoOpa3oBaHus MPOCTPAHCTBA: MapATICIbHBIN
MIEPEHOC, CHMMETPHSI OTHOCHUTEIIBHO IUTOCKOCTH. [lapannenbHoe TpOeKTUPOBaHHUE.
1Inowadv opmozconanvrou npoexyuu. 3o0paxkeHne nNpoCcTpaHCTBEHHBIX (DUTYP.

IMpakTuyeckune 3ausaTus. [[pr3HaKy B3aMMHOTO PACIONOKEHUS MPSMBIX. Y TOJI
MEXIY NPsIMBIMH. B3auMHOE pacnonokeHue NpsiMbIX U IJIOCKOCTEM.
[leprieHIUKYIISIp U HAKIIOHHAS K INIOCKOCTH. YTOJ MEXAY NPSAMOU U INIOCKOCTBIO.
Teopemspl 0 B3aMMHOM PAaCIIOIOKEHUU IIPSAMOU U INIOCKOCTH. Teopema o Tpex
neprneHauKysipax. [Ipu3Haku u cBoMCTBa mapauieNbHbIX U MEPIEHANKYISIPHBIX
TUIOCKOCTEN. PaccTosiHME OT TOYKH JI0 TNIOCKOCTH, OT MPSIMOM J10 TJIOCKOCTH,




PACCTOSIHUE MEXAY MIIOCKOCTSIMU, MEXY CKPEIIUBAIOIIUMUCS IPSIMBIMU, MEKITY
IIPOU3BOJIBHBIMHU (pUrypamMu B mpocTpaHcTBe. [lapanienbHoe TpOEKTUPOBAHUE U
€ro CBOMCTBa. Teopema o niowjaou opmo2oHaIbHOU NPOEKYUU MHO20Y201bHUKA.
B3anmHOe pacnoyioxkeHne MPOCTPAHCTBEHHBIX (QUTYD.

CamocrosiTenbHasi padora. PemieHue 3a1a4 Ha NEPIEHIUKYISIPHOCTD MPSIMON U
IJIOCKOCTH; PEUIEHUE 3a]a4 Ha NapaJIEIbHOCTh INTIOCKOCTEW; BEIYMCICHUE
pPacCTOAHUS MEXKIY MIIOCKOCTSIMU; MEXTY CKPEIINBAIOIIMMUCS MPSIMBIMH.
BrlnosnHeHre yripakHEHHH 10 napaJieIbHOMY MTPOSKTUPOBAHUIO GUTYD

Tema 8.2. Conepxkanue yueOHOro MaTepuaJia.
Mmuororpanuuku 1 | MHororpanauku Bepiunasl, pedpa, rpaHu MHOTOTpaHHUKA. Pazgepmka.
KpYyIJible TeJia. Mnozoepannvie yenvl. Boinykavie mnocoepannuxu. Teopema Junepa. Ilpusma.

[Ipsimas n HaksioHHas npusMa. [TpaBunbHas npusma. [lapannenenunen. Kyo6.
[Inpamuna. [IpaBunbHas nupamuaa. Y ceueHnas nupamuaa. Terpasap. Cummerpust
B KyOe, B mapaJuienenurnee, B mpusme, u nupamujae. Cedenus KyOa, IpU3Mbl,
nupamuasl. IIpencraBiieHne 0 NpaBUIbHBIX MHOTOTPAHHUKAX.

Tena u moBepxHocTH BpauieHus. L {unmnaap u koHyc. Y ceUeHHbINM KOHYC.
OcHoBaHue, BbICOTa, O0KOBasi MIOBEPXHOCTH, 0Opa3ytomias, pazsepTka. OceBbie
CEUCHHMS M CeUeHUs, apayuienbHbie ocHoBaHuto. Lllap u cdepa, ux ceuenus.
KacarenpHas mIockocTs K cdepe.

N3mepenust B reometpun. O0beM u ero usmepenue. Muterpansuas ¢gopmyia
oobema. opMyiel 00BeMa Ky0a, MPSIMOYTOJIBHOTO MapajlieenuIieia, Ipru3Msl,
nuiuHapa. @opmMysiel 00beMa NUpaMuabl U KoHyca. opMyIibl II0IMIAAN
MOBEPXHOCTEHN UIMHIpa U KoHyca. DopMyJibl o0beMa 11apa v Iiomaan cepsl.
[Tono6ue ten. OTHOIIEHUS TIIOMIAJeH TOBEPXHOCTEN U 00bEMOB MTOJOOHBIX TEJ.

IMpakTuyeckue 3aHsTUsA. Pa3mnunbie BUIbI MHOTOTPAHHUKOB. VX n3o0paxkeHus.
Ceuenusi, pa3BepTKu MHOTOTpaHHUKOB. [1momaau nosepxuoctu. Buasl cummerpuii
B npocTpaHcTBe. CUMMETpHS TEN BpallleHUs U MHOTOTPAHHUKOB. Briunciienue
wionaend u 00beMOB.
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CamocrosiTesibHas padora. Penienue 3a1a4 Ha MOCTPOEHUE CEUEHUSI KyOa.
M3roroBieHne MoJieiel MHOTOTPaHHUKOB. PelieHne npukiaaHbIxX 3a1a4.

Tema 8.3.Koopannatsi
1 BEKTOPHI

Conepxxkanue yueOHOro MmaTepuaJia.

[IpsimoyroJibHas (IeKapTOBa) CUCTEMa KOOPJIMHAT B IpocTpancTBe. Dopmyna
PACCTOSIHUS MEXTY ABYMsI TOUKAMH. Y paBHEHUS CPEPBI, n10CKOCMU U NPAMOLI.
Bekropel. Moaynb BekTopa. PaBeHCTBO BEKTOPOB. . C10KEHUE BEKTOPOB.
YMHOKEHHE BEKTOpA Ha YUCO. Pa3iokeHre BEKTOpa M0 HaIpaBICHUSAM. YTOJI
Mexay BektopaMu. [Ipoekuus BekTopa Ha ocb. Koopaunatel Bekropa. CkansipHoe
IPOU3BEJEHUE BEKTOPOB. Mcoap30BaHe KOOPAUHAT U BEKTOPOB NP PELLICHUN
MaTE€MaTUYECKHUX U MPUKIAJIHBIX 33/1a4..

IIpakTuveckue 3aHsATHs. BEKTOpHI. 1EMCTBUS ¢ BEKTOpaMHu. JlekapToBa cucrema
KOOPAWHAT B MPOCTPAHCTBE. Y PaBHEHUE OKPYKHOCTH, CEephl, INIOCKOCTH.
Paccrosinne mexay ToukaMu. JIelCTBUSI ¢ BEKTOPAMU, 38 JaHHBIMU KOOPIMHATAMH.
CkasnsipHo€ IpoU3BEJICHUE BEKTOPOB. BeKTOpHOE ypaBHEHHUE MIPSMOM U TIJIOCKOCTH.
Hcnonp30BaHre BEKTOPOB TPH TIOKA3ATEIBCTBE TEOPEM CTEPEOMETPHH.

CamocrosiTesibHast padora. Pemienue 3agayu 1o Teme : -«cnonp3oBanue
KOOPJAMHAT ¥ BEKTOPOB MPU PEUICHUN MAaTEMAaTUUECKUX U MPUKIATHBIX 3a71a9».
pelleHne MPUKIAAHBIX 3a7a4.

HNtoro 234 4 (156 yu 4. ( u3 Hux 72 an3)+ 78 ¢/p)
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XapaKTepI/lCTI/IKa OCHOBHBIX BUJI0B J1€ATCJIBbHOCTH

Conep:xkanue CTY/I€HTOB
o0yueHust
(Ha ypoBHE Y4eOHBIX H1eHCTBUI)
BBenenue O3HaKOMIIEHHE C POJIbIO MATEMAaTUKU B HAyKe,

TEXHUKE, DKOHOMHUKE, HH()OPMAITMOHHBIX TEXHOJIOTHAX
Y TIPAKTUYECKOH AesITeIbHOCTH. O3HAKOMIICHHE C
[ESIMHU U 33Jja4aMi U3YYCHHS] MAaTeMaTHKU TTPU
ocBoeHnH crenuanbHocter CI10

€CTECTBEHHOHAYYHOTO TTPOdrIst

AJI'EBPA

Pa3zButune nouarusa
0 YHucje

Brimonnenne apupMeTHuecKux ACHCTBUIA Hal
YUCJIAMH, COYETast YCTHBIE U IUCbMEHHBIE IIPUEMBI.
Haxoxenne nmpubInKeHHbIX 3HAUSHU BEIMYUH U
MOTPEIIHOCTEN BBIUUCIICHUH (a0COTIOTHOM U
OTHOCUTEJILHOM ); CPAaBHEHHUE YUCIIOBBIX BBIPAKEHUU.
Haxoxnenue ommbok B mpeoOpa3oBaHUsIX U
BBIYHCIIEHUAX (OTHOCUTCS KO BCEM ITyHKTaM
MpOrpaMMBbI

Kopuu, crenenn,
Jiora-

pupmbl

O3HaKOMJIEHHE C IOHSITUEM KOpPHS N-U CTENEHH,
CBOMCTBAMU PaJUKaJIOB U MPABUJIAMU CPABHEHUS
KOpHeN. POpMyITUPOBAHUE ONIPEAECTICHUS KOPHS U
CBOWCTB KOpHEW. Bpruucienne u CpaBHEHUE KOPHEN,
BBITIOJIHEHUE MTPUKUJIKU 3HAYEHHS KOPHS.
[IpeoOpazoBaHue YNCIOBBIX U OYKBEHHBIX BBIPAKEHUM,
coAepkKallrX pagvKaibl. BbIOIHEHNE pacye€TOB MO
dbopmyiam, coaepxKaniuM paguKalibl, OCYIIECTBIISISA
HEO0OXOIMMBbIE MTOJCTAHOBKHU U MTPeoOpa3oBaHUsI.
Onpenenenre paBHOCUIIBHOCTH BBIPAKEHUH C
panukanamu. Penenne nppaliOHAIBHBIX YPABHEHHMN.
(O3HAaKOMJIEHHE C TIOHSITUEM CTETIEHU C
TECTBUTEIILHBIM ITOKa3aTeaeM. Haxoknenue 3HaueHu
CTETICHU, UCTIONB3YS MPU HEOOXOIUMOCTH
MHCTPYMEHTAJIbHbIE CPEACTBA 3aluChIBAaHUE KOPHS N-i
CTCTICHU B BUJIE CTENICHU C IPOOHBIM TIOKA3aTelIeM U
HAa000poT. POpMYyITHMPOBAHNE CBONCTB CTEMEHEH.
BrrarcieHrne CTEneHe ¢ paluOHAIBHBIM [TOKA3aTEIIEM,
BBITIOJIHCHUE

[IPUKUJKU 3HAYEHUS CTETICHU, CPABHEHUE CTEIICHEM.
[IpeobpazoBaHue YUCIOBBIX U OYKBEHHBIX BBhIpAKEHUN
COJZIepKAlIMX CTEIEHU, PUMEHSSI CBOMCTBA. Pelienue
ypaBHEeHHI. O3HAKOMJIEHNE C IPUMEHEHUEM KOPHEN U
CTENEHEU MPU BBIYUCIICHUN CPEIHUX, JCIICHUN OTPE3Ka
B «30JIOTOM Ce€YeHUMW». PenieHrne npukIiaiHbIX 3a0a4 Ha




CJIOKHBIC ITPOLICHTEI. -
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IIpeoOpa3oBanue | BrimonHeHue npeoOpa3zoBaHU BBIPAKEHUM,
aJjre- npUMeHeHue GopMyJl, CBI3aHHBIX CO CBOMCTBAMU
OpanyecKkux CTENEeHEN U JIorapu(pMoB.
BBIPAKEHHU I Omnpenenenne 00aacTy JOMYCTUMBIX 3HAUEHUIN

norapu(pMUIECKOTOo

BbIpakeHUsl. Pemenue jorapuMuueckux ypaBHEHUM

OCHOBBbI
TPUT'OHOMETPUU

OcHoBHBIE N3ydenue painanHOro METOJa U3MEPEHUS YTIIOB
MOHATHA BpAIICHUS U UX CBSI3U C TPayCHON MEPO.

N3o0paskeHue yriioB BpalieHUs: HAOKPY>KHOCTH,
COOTHECEHHUE BEJIMUHHBI YTJIA C €T0 PACTIOIOKEHUEM.
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IIpooonscenue mabdauyvl

XapaKTepHCTI/IKa OCHOBHBbBIX BUJ10B A€ATCJIBbHOCTH

Conep:xkanue CTY/JE€HTOB
00y4eHus
(Ha ypoBHe Y4eOHBIX 1eHCTBUI)

@opMyJIMPOBAHUE ONPEAECIECHUN TPUTOHOMETPUUECKUX
(GyHKUUNA TS YIJIOB TOBOPOTA U OCTPBIX YTIIOB
IPSIMOYTOJILHOTO TPEYTOJIbHUKA U O0BSICHEHUE UX
B3aUMOCBSI3H

OcHoBHbBIE

TPUTOHOMe- [IprMeHeHnEe OCHOBHBIX TPUTOHOMETPUYECKUX

TPUYECKHUe TOXJIECTB ISl BBIYMCIICHUS 3HAUEHU N

TOXKIAECTBA TPUTOHOMETPUUECKUX (DYHKIUN 1O OJTHON U3 HUX

IIpeoOpa3zoBanus

npo- N3y4yeHne 0CHOBHBIX (hOPMYJT TPUTOHOMETPHH:

cTefmux (opMyJIbI CII0KEHUS, YBOCHHUS, TPeoOpa3oBaHus

TPUTOHOMETPH- CYMMbI TPUTOHOMETPUUECKUX (PYHKITHI B

YeCKHX MIPOU3BEACHUE U NTPOU3BEACHUS B CYMMY U

BbIPa:KeHUM IIPUMEHEHUE IIPU BBIYMCIIEHUN 3HAYECHUS
TPUTOHOMETPHUYECKOTO BBIPAKEHHUSI U YIIPOLIEHHUS €TO
O3HaKOMJIEHHE CO CBOMCTBAMHM CUMMETPUHN TOYEK HA
€IUHUYHON OKPY>KHOCTH U IPUMEHEHUE UX IS
BbIBO/Ia (POPMYJI IPUBEICHUS

Hpocreimmue

TPHUIOHO-

MeTpU4YecKune Pemenue no ¢popmysaMm U TPUTOHOMETPUUECKOMY

ypaBHe- Kpyry IPOCTEUIINX TPUTOHOMETPUYECKUX YPABHEHUM.

HHUA U [IpuMeHeHne 001X METOJOB PELLICHUS YPABHEHUIN

HepaseHcmea (mpYBeIeHHE K JINHEWHOMY, KBaJ[paTHOMY, METO/T
Pa3IOKEHHs] HA MHOYKUTEIH, 3aMEHbI IEPEMEHHON ) TTPH
pELICHUY TPUTOHOMETPUYECKUX YPABHEHUN. Y MEHUE
OTMEYaTh Ha KPYre PeleHus MPOCTENIINX
TPUTOHOMETPUUECKNUX HEPABEHCTB

ApKcHHYC,

APKKOCHHYC, O3HakOMJIEHHE C IOHATHEM OOpaTHBIX

APKTAHI€HC YMCJIa

TPUTOHOMETPUUYECKUX (PYHKIIHA.

N3yuenue onpeneneHnii apkCuHyca, apKKOCUHYcCa,
apKTaHTeHca yncia, popMyIHUpPOBAHUE UX,
U300paKeHHUE Ha EUHUYHON OKPY>KHOCTH,
IPUMEHEHHUE IPU PEILICHUN YPaBHEHUN

®YHKIUA, UX CBOMCTBA U TPA®UKH




DYyHKIUH.
IHonsiTHe 0
HeIpepbIBHO-
CTH PYHKIHMHU
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O3HaKOMIIEHHE C TOHATUEM NIEPEMEHHOM, TPUMEpPaMH
3aBUCUMOCTEN MEXITYy IEPEMEHHBIMH.

O3HakoOMIIEHHE C TOHATUEM IpaduKa, OpeaeIeHUe
MPUHA]JISKHOCTH TOUKH IPaQuKy PyHKIIHH.
Onpenenenue o Gopmysie NpoCTeuIle 3aBUCUMOCTH,
Buja ee rpaduka. Boeipaskenue no popmyn oaHON
MIEPEMEHHON Yepe3 ApyTHE.

O3HaKOMJIEHHE C ONpEAEIEHUEM (PYHKIINH,
(opMynupoBaHUE €r0.

Haxoxnenue obnactu onpeaenenus u odiaactu
3HaYeHUH PyHKIUH

CaoiicTBa
GyHkun.
I'paguueckas
HHTEep- O3HakoMIIeHHE C IpUMepaMu (PYHKIIMOHAIbHBIX
nperamnus. 3aBUCUMOCTEN B peabHBIX MPOIECCAX U3 CMEXKHBIX
IHpumepsi JTUCLMILIINH.
¢pyHkunoHaNbHBIX | O3HAKOMIIEHHE C JI0KA3aTEIIbHBIMH PACCYKICHUSIMU
3a- HEKOTOPBIX CBOMCTB JIMHEWHOW U KBaJpPaTUYHOU
BHCHUMOCTEH B byHKIUH, TPOBEACHNE UCCIICIOBAHMS JTMHEHHOM,
peabHbIX KyCOYHO-JIMHEHHOM, APOOHO-TUHEHHOM 1 KBajIpa-
npoueccax u TUYHOU (PYHKIMH, MOCTPOCHHUE UX TPaPUKOB.
SIBJICHUSAIX [TocTpoenue u urenne rpaduKoB QPyHKITUH.
Uccnenosanue GhyHKINN.
Cocrapnenue BUI0B GyHKIHIA 110 JAHHOMY YCIIOBUIO,
peleHne 3a1a4 Ha SKCTPEMYM.
Brinonnenue npeodbpazoBanuil rpaduka GyHKIUN
OopartHbie Nzyuenune nouamus oopamuou ¢ynkyuu, onpeaeacHue
GyHKuMHN BUJIA U NOCMpoeHue epaguxa oopamuoi hyHKyuu,
HaxooicoeHue ee obacmu onpeoeieHus u obiacmu
3Hauenuu. [I[pumenenue cBONCTB QyHKIIHI
IIPU UCCJIECAOBAHUU YPABHEHUH U PEIICHUU 33/1a4 Ha
JKCTPEMYM.
O3HaKOMJIEHHE C MOHSATUEM CJIOKHON QyHKIUU
Crenennble,
NoKasa-
TeJbHbIE,
Jorapudpmu-
YyecKue u Boruncnenue 3HaueHnit (GyHKIUN MO 3HAYCHUIO
TPUTOHOMe- apryMeHTa.
TPUYECKHUE Omnpenenenre MOJIOKEHUSI TOUYKH HA TpaduKe 1o ee
pyHkuun. KOOpJIMHATaM U Ha00OPOT.
OOpaTtHbIe Hcnonp3oBanue cBOMCTB (PyHKIUN I CPaBHEHHUS

TPUTOHOMe-

3HAYEHUH CTeTreHel u JiorapudMoB.




TPUYECKHUe
bynkumn

[TocTpoenue rpad kOB CTENEHHBIX U
naorapuMUYECKuX (yHKITHA.
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IIpooonocenue mabauywl

Conep:xanue
00y4eHuUs

XapaKTepUCTHKA OCHOBHBIX BUJI0B JeSITeIbHOCTH
CTYJ€HTOB

(Ha ypoBHe Y4eOHBIX AeHCTBUI)

Pelienne nokasaTesbHbIX U JTOTapu(pMUUECKUX
YPaBHEHHUI U HEPABEHCTB IO U3BECTHBIM AJITOPUTMAM.
O3HaKOMJIEHHE C IOHSITUEM HENPEPHIBHOM
nepuoaudeckoi GpyHkuuu, GopMyIupoBaHUE CBOMCTB
CHUHYCa U KOCHHYCa, IOCTPOEHUE UX

rpauKoB.

O3HaKOMIIEHHE C MOHATUMU FAPMOHUYECKHUX
KOJICOaHM 17151 OMKMCAHUS POLECCOB B (PU3UKE

U ApYyTruX 00JIaCTAX 3HAHUS.

O3HaKOMJIEHHE C MOHSATUEM Pa3phIBHOM
MepUOINYECKOr (QyHKLINH,

(opMyIMpOBaHHE CBOWCTB TAHIE€HCA U KOTAaHTE€HCA,
MOCTPOEHUE UX IPAPHUKOB.

[Ipumenenue cBOMCTB DYHKITUH /I CPAaBHEHUS
3HaY€HUI TPUTOHOMETPUUECKUX (PYHKIUH, peIIeHUs
TPUTOHOMETPUUYECKUX YPABHEHUM.

Ilocmpoenue epagpurxos oopammvix
MPULOHOMEMPUYECKUX DYHKYULL U OnpeoeneHue no
epaghuxam ux ceoiicms.

Brinonnenue npeodpa3oBanus rpadukoB

HAYAJIA MATEMATHUYECKOI'O AHAJIU3A

IHocaenoBaTeJbLHOC
™

O3HaKOMJICHHE C TIOHATUEM YHUCJIOBOMN
MOCJIEI0BATEIBHOCTH, CIIOCO0aMU €€ 3a/laHus,
BBIUMCJICHUSIMU €€ YJICHOB.

O3HakoMmieHue ¢ noHsamuem npeoena
nocne008amenbHOCmu.

O3HaKOMJIEHHE C BBIUMCICHUEM CyMMbl OECKOHEUHOTO
YHCJIOBOTO Psifia Ha MPUMEPE BHIYUCICHUN
F€OMETPUYECKON IIPOTPECCUM.

Pelenue 3a1au Ha npUMeHEHHE (POPMYIIbI CyMMBI
OECKOHEYHO yObIBAIOIIECH reOMEeTPHUUECKON
IPOrpeccuu

IIpousBoaHasn u ee
npu-
MEHEHHe

O3HaKOMJICHHE C TIOHATHEM ITPOU3BOTHOM.

N3ydenue u popMynupoBaHue €€ MEXaHUYECKOTO U
reOMETPUUYECKOTO CMbICIIA, U3YYEHHE aIrOpruTMa
BBIUKCJICHHSI IPOU3BOIHOM HA MIPUMEPE BbIUNCICHHUS
MT'HOBEHHOI CKOPOCTH U YIJIOBOTO K03 duimenta
KAaCaTeJIbHOU.

CocraBieHue ypaBHEHUS KacaTelIbHOM B 00IIEM BH/IE.
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YcBoenue npaBuil quddepeHIIupoBaHUs
ANIeMEHTapHbIX PYHKIUHN, QYHKINNA, COCTABICHHUS
YPaBHEHHS KacaTeIbHOM.

N3yueHue TeopeM O CBS3M CBOMCTB (PyHKLIHUH U
MIPOU3BOJHOM, (POPMYIUPOBKA HX.

[IpoBeaeHne ¢ TOMONIBIO TPOU3BOJHOM UCCIEAOBAHUS
byHKIIMH, 3aTaHHON (HOPMYJIIOM.

YcTaHOBNIEHUE CBSI3U CBOMCTB (DYHKIIUU U
MIPOM3BOIHOM MO UX TpaduKaM.

[IprmeHnenne MpOU3BOIHOM JUIsl PELICHUS 3a/1a49 Ha
HaXO0XKJCHUE HAauOOJIbIIETr0, HAMMEHBIIIETO 3HAYCHUS U
Ha HAaXO0XJICHUE DKCTPEMYMa

IlepBooOpa3znas
W MHTErpaJj

O3HakOMJIEHHE C IOHATUEM UHTErpasia u
epBOOOPA3HOIA.

N3yueHune npaBuia BBIYUCIEHUS IEPBOOOPA3ZHON U
Teopembl HproToHa—JleliOHuna.

Pemenwne 3anay Ha CBS3b IEpBOOOPA3HOIL U ee
MIPOM3BOHOM, BEIYMCIICHHE TIEPBOOOPA3HOM ISt
JAHHOUM (PYHKIUU.

Pemenwne 3a1ay Ha MpUMEHEHUE UHTETpaia Jyist
BBIUMCIICHUS (PU3NUECKUX BEJIUMYMH U IUIOIAJEH

YPABHEHUA U HEPABEHCTBA

YpaBHeHuUs U
CHUCTEMbI
YPABHEHUM U
HepaBeHncTBa u
CHUCTe-

MbI HEPABEHCTB €
ABYMSI
nepeMeHHbIMH

O3HakoOMIIEHHE C POCTEUIINMH CBEACHHUSIMU O
KOPHSX alreOpandyeckux ypaBHEHUH, MOHATUIMU
VCCIIEOBAHNS YPABHEHUMN U CUCTEM YPABHEHUM.
N3ydenune Teopun paBHOCWIBHOCTH YPAaBHEHUU U €€
npuMeHeHus.  [loBTopeHne — 3amucH  pelIeHUs
CTaHAAPTHBIX  ypaBHEHUHM,  NPUEMOB  MpeoO-
pasoBaHUs  YpaBHEHHUW i1  CBEIEHHMS K
CTaHJapTHOMY YPaBHEHHUIO.




38

IIpooonscenue mabdauyvl

Conep:kanue
00yueHus

XapaKTepUCTHKA OCHOBHBIX BU/0B /1eITEJILHOCTH
CTYJ€HTOB

(Ha ypoBHe Y4eOHBIX 1eHCTBUI)

Pemenne panmoHanbHbIX, UppalMOHAIbHBIX,
MOKA3aTEJIbHBIX U TPUTOHOMETPUYECKUX YPABHEHUHN U
cucteM. VMcnonb3oBanue cBOMCTB U rpaduKoB
byHKIMi 11 penenns ypapaenuid. [lopropenue
OCHOBHBIX IIPHUEMOB PEIIECHUSI CUCTEM.

Pemenune ypaBHeHnl ¢ MPUMEHEHUEM BCEX IPUEMOB
(pa3yioKeHus: Ha MHOKUTEIHN, BBEJIEHUSI HOBBIX
HEW3BECTHBIX, MIOJICTAHOBKH, IPa)uuECKOro METO/A).
Pemenue cucrem ypaBHEHUN C IPUMEHEHUEM
Pa3JIMYHBIX CIIOCOOOB.

O3HakomIIeHHE ¢ OOIIMMH BOIIPOCAMH PELICHUS
HEPaBEHCTB U HCIIOJIb30BaHNUE CBOMCTB U Ipa(uKOB
(YHKIMI IpU pelIeHUH HEPABEHCTB.

Peuienne HepaBEHCTB U CUCTEM HEPABEHCTB C
IPUMEHEHUEM PA3JINYHBIX CIIOCOOOB.

IIprMenenne MaTeMaTUYECKUX METOIOB JUIS PELICHUs
CoJIepKaTeNbHbIX 3a/1a4 U3 Pa3IMYHbIX 00JacTei
HayKu U npaktuku. UaTepnpe-

TUPOBAHUE PE3YJIBTATOB C YUETOM PEATBHBIX
OTPAHUYECHU

IJEMEHTbI KOMBUHATOPHUKH, TEOPUH
BEPOATHOCTEU U CTATUCTUKHA

OcHoOBHBIC
NOHATHSA
KOMOMHATOPUKH

N3ydenue npasBuiia KOMOMHATOPUKH U IPUMEHEHUE
IpU pelIeHnU KOMOUHATOPHBIX 3aj1au.

Petienre KoMOMHATOPHBIX 3a7a4 METOAOM Iepedopa u
0 MPABWITy YMHOXEHUS.

O3HaKOMJICHHE C TOHATUSAMHA KOMOUHATOPHKHU:
pa3MelIeHUSIMH, COUYETaHUSIMU, TIEPECTAHOBKAMH U
dbopMmynamu i UX BBIUUCTICHUS.

OObscHeHre u mpuMeHeHne GOpMyI 17151 BBIYUCIICHUS
pa3MelIeHHIA, TEPECTAHOBOK U COUCTAaHUH MPHU
pemrenuu 3anad. O3HakoMieHune ¢ omaomom HproToHa
U TpeyroyibHuKoM Ilackais.

Pemenne npakTU4ecKux 3a1a4 ¢ UCMIOIb30BAHUEM
MOHATUN U TIPABUII KOMOUHATOPUKH

JleMeHThl TEOPUH

T/hyqenne KIACCUYCCKOro OnpeneICHU A BEPOATHOCTH,

BEPOSITHOCTEM

CBONCTB BEPOSITHOCTH,
TEOPEMBI O CYMME BEPOSITHOCTEM.
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PaccmoTpenune npuMepoB BBIYUCIIEHNS BEPOSTHOCTEM.
Pemenune 3a1a4 Ha BEIYMCIIEHHE BEPOATHOCTEN
COOBITHUM

IIpeacraBiienue
JAHHBIX O3HaKOMJIEHHE C MPE/ICTABICHUEM YHCIOBBIX IAHHBIX
(TadauubI, U UX XapaKTEPUCTUKAMMU.
AHATPaAMMBbI, Peienue mpakTuyeckux 3aaad Ha 00padoOTKy
rpagukn) YUCJIOBBIX JIaHHBIX,

BBIYMCJIEHUE UX XAPAKTEPUCTUK

I'EOMETPUsA

IIpsimble n @opMyJIMpOBKa U IPUBEJICHUE JI0KA3aTEIbCTB
IUIOCKOCTH B MIPU3HAKOB B3aUMHOTO PACIOJIOKEHHUS MPSIMBIX U
NMPOCTPAHCTBE IIOCKOCTEW. Pacrio3HaBaHue HA YEPTEXKAX U MOJIEIISIX

PAa3JIMYHBIX CIIYy4YaeB B3AMMHOI'O PACIIOIOKEHUS IIPsI-
MBIX U TUIOCKOCTEH, apTYMEHTHPOBAHUE CBOUX
cyxaeHnil. QopmMynMpoOBaHUE ONPEACIEHUN,
IIPU3HAKOB U CBOMCTB MMAPAJIJIENBHBIX U
MIEPIICHIUKYJISIPHBIX IIJIOCKOCTEN, IBYTPAHHBIX U
JIMHEWHBIX YTJIOB.

BrinosiHeHHe MOCTPOCHUS YIIIOB MEXAY IPSMBIMY,
IPSMOM M IUIOCKOCTBIO, MEXKIY IUIOCKOCTSAMHM I10
ONMCAHUIO ¥ PACTIO3HABAHUE UX HA MOJAEIISIX.
[IprMeHeHne MPU3HAKOB M CBOMCTB PACIIONOKEHUS
NPSAMBIX M TUIOCKOCTEN NP PELICHUH 3a1a4.
N300paxkeHre Ha pUCYHKAX U KOHCTPYUPOBAHHUE HA
MOJEISAX MEPIEHANKYIAPOB U HAKJIIOHHBIX K
IJIOCKOCTH, IIPSAMBIX, IaPAJUIETBHBIX TUIOCKOCTEM,
YTJI0B MEXAY MPSIMOM U MJIOCKOCTBIO U 0OOCHOBaHME
IOCTPOCHHS.

Pemenue 3a1a4 Ha BBIYMCIIEHUE T€OMETPUYECKUX
BeJMurH. ONMCBaHKUE PACCTOSIHUSA OT TOYKH 10
IIJIOCKOCTH, OT MPSIMOM 10 IIJIOCKOCTH, MEXKIY
IJIOCKOCTSIMM, MEXKTY CKPEILMBAIOIIMMUCS
OPSIMBIMHU, MEKY MTPOU3BOJIBHBIMU (PUTYpaMH B
IPOCTPAHCTBE.
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IIpooonocenue mabauywl

Copepxanue
00y4eHus

XapaKkTepuCTHKA OCHOBHBIX BU/I0B J1eSITE€IbHOCTH
CTY/J€HTOB

(Ha ypoBHe Y4eOHBIX N1eHCTBUI)

@OopMyJIMPOBAHKE U TOKA3BIBAHUE OCHOBHBIX TEOPEM O
paccTOsSHUAX (TEOPEM CYILIECTBOBAHMsI, CBOMCTBA).
N300paxeHune Ha yepTexxax U MOJEINIIX PACCTOSIHUS U
000CHOBaHUE CBOMX CyxAeHUN. Onpenenenue u
BBIYKCIICHUE PACCTOSIHUM B IIPOCTPAHCTBE.
[Ipumenenue GopmyI U TEOPEM IIAHUMETPUN IS
pelIeHus 3a1ay.

O3HaKOMIIEHHE C MTOHATUEM NTAPAJLIEBHOTO
MPOEKTUPOBAHUS U €T0 CBOMCTBAMU. Popmyauposanue
meopemuvl 0 NAOWAOU OPMO2OHANbHOU NPOEKYUU
MHO20Y20IbHUKA.

[IpumeneHune Teopuu 1uisi 00OCHOBAHMS IOCTPOEHUH U
BBIYUCIICHUN.

ApryMEHTUPOBAHHUE CBOMX CYKICHHUW O B3aUMHOM
PacroJI0KEHUN NPOCTPAHCTBEHHBIX PUTYP

MHoOrorpaHHuKH

Onucanue u XapakTepUCTUKA Pa3INYHbBIX BUIOB
MHOT'OIPaHHUKOB, IEPEYUCIICHUE UX DIIEMEHTOB U
CBOWCTB.

N300pakeHre MHOTOIPAaHHUKOB U BHITIOJIHEHUE
MOCTPOCHUS Ha N300PAXKEHUSIX U MOJETISAX
MHOTOTPaHHUKOB.

Brruncnenne TMHEWHBIX IEMEHTOB U YTJIOB B
MPOCTPAHCTBEHHBIX KOHPUTYpaLUsIX,
apryMEHTHUPOBAHUE CBOUX CYXKICHHM.
XapakTepucTuka U U300pakKeHUE CEUCHUs, pa38epmKu
MHO202PAHHUKOS, BBIYUCIICHUE TUIOIIAIEH
ITIOBEPXHOCTEMN.

[TocTpoenure mpoCTEUIUX CeUeHH Ky0a, IPU3MBI,
nupamubl. [Ipumenenue ¢hakToB U CBeICHUN U3
IJIAHUMETPHUH.

O3HakoOMJIEHHE C BUJAMU CUMMETPUI B POCTPAHCTBE,
dbopmyIMpOBaHUE ONPEICTICHUN U CBOMCTB.
XapakTepuCTUKa CHMMETPUM TEJ BPAILICHUS U
MHOTOTPaHHUKOB.

[IpumeHeHue CBOMCTB CUMMETPUU IIPU PELICHUN
3a7ad4.

Hcnonb3oBanue npuoOpEeTEHHBIX 3HAHUM JIJIs1
VICCIIEIOBAHUS M MOJEIMPOBAHUS HECIOKHBIX 3a/1a4.
N300pakeHre OCHOBHBIX MHOTOTPAHHUKOB U
BBITIOJIHEHUE PUCYHKOB MO YCIIOBUSIM 3a]1a4




Tenan
NMOBEPXHOCTH
BpaleHust
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O3HakOMIIEHHE C BUJIaMU T€Jl BpalllCHHUS,
dbopMyIMpOBaHKE UX OTPEICICHUN U CBOWCTB.
@opMyJIMPOBAHUE TEOPEM O CEUEHUH I11apa
IJIOCKOCTBIO U TUIOCKOCTH, KacaTelbHOU K cepe.
XapakTepucTuKa U U300pakeHue Te BpalleHuUs, UX
pa3BEpPTKH, CCUCHUS.

Pemienue 3aay Ha MOCTPOCHUE CEUEHUI, BBIYUCIICHUE
JUTMH, PACCTOSIHUMN, yII0B, Iomane. [Iposenenue
JIOKa3aTEIbHbBIX PACCYKICHUN MPU PEUICHUHN 3a1a4.
[IpumMeHeHre CBONCTB CUMMETPUU TP PEUICHUU 33124
Ha TeJa BpalleHusl, KOMOMHAIMIO TEJl.

N300paskeHrie OCHOBHBIX KPYTJIBIX T€J U BBHIMOJTHEHHUE
PUCYHKa MO YCIOBHUIO 33J]a41

HN3mepenus B
reoMeTpuu

O3HaKOMJICHHE C TIOHATUSAMH TUIOMIAIU U 00beMa,
AKCMOMAaMU U CBOMCTBaMH.

Pemenune 3a/1a4 Ha BEIYMCIICHHE TUIOMIAAEH TNIOCKUX
(Guryp ¢ npUMEHEHHUEM COOTBETCTBYIOIIUX (POPMYIT U
(aKkTOB U3 IUIAHUMETPUHU.

N3yuenune TeopeM 0 BRIUUCIEHUN 00BEMOB
POCTPAHCTBEHHBIX TEJI, PELICHUE 3a7a4 Ha
npuMeHeHue GopMyI BIUKCIECHUS 00bEMOB.
Nzyuenune hopmys A BHIYUCICHUS TUIOIIAICH
MOBEPXHOCTEH MHOTOTPAHHUKOB Y T€J BPAIICHUS.
O3HaKOMJIEHHE C METOJOM BBIUHCIICHHS TUIOILAIN
MOBEPXHOCTH CHEPHI.

Pemienue 3a1au Ha BeIYMCIIEHUE TUIOIIAACH
MOBEPXHOCTH MPOCTPAHCTBEHHBIX TEI

Koopaunarsl n
BEKTOPHI

O3HakoMIIeHHE C TOHATHEM BekTopa. 3yuenue
JIEKapTOBOM CHCTEMBI KOOPJAMHAT B IIPOCTPAHCTBE,
[IOCTPOEHUE MO 3aJaHHBIM KOOPJIMHATAM TOYEK U -
IJIOCKOCTEW, HaXOKAEHUE KOOPAMHAT TOYEK.
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Oxonuanue maobauywvl

Copepxanue
00y4eHus

XapaKkTepuCTHKA OCHOBHBIX BU/I0B J1eSITE€IbHOCTH
CTY/J€HTOB

(Ha ypoBHe Y4eOHBIX 1eHCTBUI)

Haxoxnenue ypaBHEHUH OKPYKHOCTH, cepsl,
IUIOCKOCTH. BBIYUCIIEHNE PACCTOSTHUM MEXIY TOUKaMHU.
N3yueHune CBOMCTB BEKTOPHBIX BEJINYUH, [IPABUII
Pa3IIOKEHMS BEKTOPOB B TPEXMEPHOM IIPOCTPAHCTBE,
IIpaBUJI HAXO0KJICHHsI KOOPAUHAT BEKTOPA B
IIPOCTPAHCTBE, NIPABWI JEHCTBUNA ¢ BEKTOPAaMU, 3a]1aH-
HBIMU KOOPAUHATaMH.

IIprMmenenue Teopuu Ipy peLIeHUH 3a1a4 Ha JCHCTBUS
C BEKTOPAMH.

N3ydenune CKaIpHOTO MPOU3BEICHUS BEKTOPOB,
BEKTOPHOT'O YPAaBHEHUS MPSIMOU U TUIOCKOCTH.
[IprMeHenre TeOpuHn P PELICHUH 3a/1a4 Ha JEUCTBUSA
C BEKTOPAMH, KOOPIUHATHBIA METOJI, IPUMEHEHUE
BEKTOPOB JIJIs1 BBIYMCIICHUS BETUYUH YTIIOB U
pacCTOSTHUM.

O3HaKOMIIEHHE C JOKA3aTeIbCTBAMHU TEOPEM
CTEPEOMETPUU O B3AMMHOM PACIIOJIOKEHUH IIPSIMBIX U
IIJIOCKOCTEHN € UCIIOJIBb30BaHUEM BEKTOPOB
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YUEBHO-METOJIMYECKOE
N MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE
[IPOI'PAMMBI YUEBHOM JUCHUIIINHBI «Martemaruka

TpeGoBanuss K MUHUMAJIbLHOMY MATEePHAJIbHO-TEXHHYECKOMY 00ecredeHn 0
Peanuzamms y4eOHON MuCHUIUIMHBI TpeOyeT Hamudus y4eOHOro KaOwHeTa
«MaremaTuka.

OO6opynoBanue yueOHOTO KaOMHeTa:

- mocagouHsie MecTa (30);

-pabouee mecto npenoaasarens (1);

-KOMIUICKT Y4eOHO-HATJISITHBIX TIOCOOMIA;

Texauueckue cpeacTra 00yUeHUS:

- KOMITBIOTEP C MPOTPAMMHBIM 00€CTIeUeHUEM;

- MyJIbTUMEANATPOEKTOD;
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JIMTEPATYPA
JIns CTyneHTOB

OUN1.bammakoB M.11. MATEMATUKA: yueOHUK 1151 CTYyI€HTOB
npodeccHoHaNBHBIX 00PAa30BaTENbHBIX OPraHU3AIIHI, OCBAMBAIOIINX
npodeccun u cnennansuoctu CIIO. — M.,2017

ON2.bammakos M.M1. MATEMATUKA: C6opuuk 3anay npopuiabHOM
HampaBJICHHOCTU: YyuyeO. 1mocoOue g CTYJIEHTOB MpodecCHOHATbHBIX
o0pa30BaTeNbHBIX OpPraHu3alni, OCBaWBaIOIIUX MPO(ECCHU U CHEeHATbHOCTU
CIIO. — M.,2017

Owu3.bammakoB M.I. MATEMATUKA: 3anaunuk: yue0. mocodue s
CTYJIEHTOB PO eCCHOHATIBHBIX 00pa30BaTEeIbHBIX OPraHU3aUN, OCBAUBAIOIINX
npodeccun u cnenuanbaoctu CI1O. — M.,2017
OW4.bammvakos M.U. MATEMATHUKA: DOnektpoHHBIA yuel.- METOJ.
KOMIUJIEKC JIJISl CTYIEHTOB MPoeCcCHOHANBHBIX 00pa30BaTENbHBIX OPTaHU3AIUH,
ocBauBaromux npodeccun u cnenuanbuoctu CIIO. — M.,2017

OUS.I'yces B.A., I'puropees C.I'., UBonruna C.B. Maremartnka s
npodeccuil ¥ cneualIbHOCTEN COIMAIbHO-PKOHOMUYECKOTO MPO(UIIS:
Y4eOHUK JJIs CTY[. YUpexaeHul cpea. npod. oopazosa-uusi. — M., 2015.

OUN6.Komsarun F0.M., TkaueBa M.B, @eneposa H.E. u np. Maremaruxka:
anredpa ¥ Hayaja MaTe-MaTHYeCKOro aHanusa. Anredpa u Havasna
MaTeMaTU4YeCcKoro aHaiau3a (0a30BbIi U yrinyOiaeHHbIH ypoBHH). 10 kitace / moj
pen. A.b.Kmxuenko. — M., 2014.

ON7 Konsarun F0.M., TkaueBa M.B., ®eneposa H.E. u np. Maremaruxka:
anreOpa ¥ Havajga MaTe-MaTUYeCKoOro aHanusa. Anrebpa u Havasna

MaTeMaTU4YeCKOro aHaian3a (6a30BbIil U yriryOsieHHbIN ypoBHH). 11 Kacc / mof,
pen. A.b.Kmxuenko. — M., 2014.

JIns mpenoaBareneit
O6 oOpazoBanuun B Poccuiickoit ®enepauuu: denep. 3aKoH

29.12.2012 Ne 273-03 (B pen. @enepanbHbix 3akoHOB 0T 07.05.2013 Ne 99-D3,
oT
07.06.2013 Ne 120-®3, ot 02.07.2013 Ne 170-®3, ot 23.07.2013 Ne 203-D3, ot
25.11.2013 Ne 317-®3, ot 03.02.2014 Ne 11-®3, ot 03.02.2014 No 15-
@3, ot
05.05.2014 Ne 84-@3, ot 27.05.2014 Ne 135-D3, ot 04.06.2014 Ne 148-D3, ¢
U3M.,

BHeceHHbIMU DenepanbHbiM 3akoHOM OT 04.06.2014 Neo 145-@3, B pen. oT
03.07.2016, ¢ u3m. ot 19.12.2016.)

[Tpuka3z MunucrepctBa oOpa3zoBanus U Hayku PD ot 29.12.2014 No 1645
«O BHecenuu u3-meHeHui B IIpuka3 MunuctepcrBa o0Opa3oBaHMs U HAyKu
Poccuiickoint ®eneparuu ot 17.05.2012
Ne 413 «*“O06 yTBepxkaeHnn (GeaepaabHOTO TOCYIapCTBEHHOTO
00pa3oBaTEIBLHOIO CTaHAApTa CPeHEro (MOJHOTO) 0011IeTr0 00pa3oBaHus ».

[Tucemo JlemapraMmeHnTa rocy1apCTBEHHON MOJIUTHKUA B cepe MOATOTOBKU
pabounx kaapoB u [IIO MunucrepctBa oOpazoBanust u Hayku PD or
17.03.2015 Ne 06-259 «PexomeHAaIuu 1o opraHu3aiuu MoxyYeHus: CpeIHEro
oOmiero o0pa3oBaHMsl B Tpelieslax OCBOEHHUS 00pa30BaTENIbHBIX MPOTrpaMMm

OoT
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cpemHero TMpodecCHOHATBHOTO Oo0pa3oBaHWs Ha 0a3e OCHOBHOTO OOIIEro
oOpa3oBaHusi ¢ YyderoM TpeOoBaHUIl (enepanbHBIX TOCYAAPCTBEHHBIX
00pa30BaTeNbHBIX CTAHAAPTOB U MOIyYaeMOl TPO(HEeCcCHuu WK CIEUATbHOCTH
cpenHero npohecCuoOHaIbHOTO0 00Pa30BaHUM.
[Ipuka3z MuHnuctepcTBa 00pa3zoBanus u Hayku P® ot 31 nexabps 2015 r.
N 1578 "O BHeceHMM uU3MEHEHUH B ¢efepalbHbIi TOCYyIapCTBEHHBIM
o0pa30BaTeNbHBI CTaHIAPT CPETHEro OOIIEro OO0pa30BaHHUA, YTBEPKICHHBIN
npuka3zoM MuHHCTEpCcTBa 00pa3oBaHus U Hayku Poccuiickoit @eneparuu ot 17
[IpumepHasi ocHOBHasi oOpa3oBaTeibHasi MpOTrpaMMa CpPEIHEro OOIIEro
oOpa3oBaHus, 0o00peHHast pelieHueM (eneparbHOTO Y4eOHO-METOIUYECKOTO
oObeuHEHUsT MO 00meMy o0pa3oBaHUIO (MPOTOKOJ OT 28 mioHs 2016 1. Neo
2/16-3).
bawmarxos M.J. MatemaTuka: KH. JIsl IpenoaaBaTensi: MeTol. mocodue. — M.,
2013 bawmarkos M.U., [{vicanos LLI.M. MeToaudeckoe 1mocooue s
moarotoBku k EI'D. — M., 2011.

HNnTepHer-pecypcesl

www. fcior.edu.ru (MupopmanimonHbie, TPEHUPOBOUHBIE U
KOHTPOJIbHBIE MaTEPHUAIIbI).

XXX. Www.school-collection.edu.ru (Equnas KOJICKIIUU [HUPPOBBIX
00pa3oBaTeIbHBIX PECYPCOB



