


Jannast nmporpamma mo ydeOHoMy mpeamery «MaTtemaTtrnka (BKJIOYas anreOpy U Hadaa
MaTeMaTUYeCKOro aHalln3a, TEOMETPHIO)» pa3paboTaHa Ha ocHoBe Paboueit mporpammer «Anredpa u
Hayajma Maremarmueckoro axHamm3a» k YMK IOM. Komrmm wu ngp. (Anrebpa u Hauana
MareMatnueckoro aHaimsa. COopHuMK paboumx mporpamm. 10—11 kmaccel: y4eb. mocobuwe st
yuuTenel oomeoOpa3oBaT. opranu3anuii: 6a3oBeiii U yriayour. yposau / [cocT. T. A. Bypmucrposal. —
M.: Ilpocsemenue, 2016) u PaGoueii mporpammsl «I'eomerpusi»y k YMK JI.C. ArtanacsH u np.
(Feomerpusi. COopHuk paboumx mporpamm. 10—11 kmaccel: y4eb. mocoOue st yduTeneu
o0meobpazoBar. opraHuzanmii: 0a3oBbiii U yrimy6a. ypoBuu / [coct. T. A. Bypmucrpoa]. — M.:

[Tpocsemenne, 2018) u cooTBETCTBYET TPEOOBAHUSAM M MOJOXKEHHUSAM OCHOBHOW 00pa3zoBaTeIbHOMN
nporpammbl MKOY COILI Nel5.

HJ’IaHl/IpyEMble pe3yJabTaTbl 0OCBOCHUA yqeﬁﬂoro npeamera.

Paznen IInanupyemble pe3ybTaThl OCBOCHHS Y4eOHOI0 peaMeTa

NPOrpaMMblI

Auredpa W3yuenne anreOpsl 1 HaYaJ MAaTEMaTHYECKOTO aHAJIM3a B CTapIIeH MIKOJe TaéT
MareMaTH4eCK | BO3MOXHOCTb JOCTH)KEHUS O0YYAIOLMMHUCS CIEIYIOLINX PE3YJIbTaTOB.

Wil aHAJIN3 Juunocmnuuie:

BepositHocTh 1 | 1) COOPMHPOBAHHOCT  MMPOBO33PEHMS, COOTBETCTBYIOIIETO  COBPEMEHHOMY
CTATUCTUKA YPOBHIO pa3BUTUA HAYKHU, KPUTUYHOCTH MBIIUICHHA, YMCHHUC PACIIO3HABATH

JIOTUYECKH HEKOPPEKTHBIE BBICKA3bIBAHUS, OTINYATh TUIIOTE3Y OT (aKTa;

2) TOTOBHOCTh M CIIOCOOHOCTh BECTH JHAJIOT C APYTMMH JIIOJABMH, JOCTHraTh B
HEM B3aMMOIOHMMAHHUS, HAXOIUTh OOIIME LEeTd W COTPYAHUYATH IS HX
JOCTIOKEHUS;

3) HaBBIKM COTPYJAHHYECTBA CO CBEPCTHUKAMH, ICTbMH MIIAJIICTO BO3pacTa,
B3pPOCIBIMH B  00Opa3oBaTeiIbHOH, OOIIECTBEHHO  MOJE3HOH, Yy4eOHO-
HCCIIEIOBATENLCKOM, MPOSKTHOW U APYTUX BHUIAX JIEATEIHHOCTH;

4) TOTOBHOCTh U CIIOCOOHOCTh K 0OPa30BaHHUIO, B TOM YHCIIE CaMOOOPa30BaHUIO,
Ha TOPOTSDKEHUM BCEW JKU3HHU; CO3HATENbHOE OTHOLIEHHWE K HENpPEephIBHOMY
00pa30BaHMUIO KaK YCJIOBHIO YCIENIHON MpodecCuOHaIbHOM U 0OIeCTBEHHOU
JeSITebHOCTH;

5) acTeTHUecKOe OTHOIICHHUE K MUPY, BKITOYAs 3CTETHKY ObITa, HAYYHOTO
TE€XHUYECKOTO TBOPUYECTBA;

6) oco3HaHHBII BBIOOP Oyaymiedl mpodeccHr W BO3MOXKHOCTEH peau3aliiu
COOCTBEHHBIX JKM3HEHHBIX IUIAHOB; OTHOIIEHHE K NpodecCHOHATBHON
NEeSITETHHOCTH KaK BO3MOXKHOCTH YYacTHsI B PEIICHUH JIMYHBIX, OOIECTBEHHBIX,
rOCyJapCTBEHHBIX, 00Ie-HAIMOHAIBHBIX MPOOIEM.

Memanpeomemmnuwie:

1) yMeHHE caMOCTOSTEIBHO ONPECIATh EIN ACATSIBHOCTH U COCTABISTh TUIAHBI
NEeSITETPHOCTH, ~ CAMOCTOSITENIbHO ~ OCYHIECTBISTh,  KOHTPOJHMPOBAaTH U
KOPPEKTHPOBATh JEATEIbHOCTh; HCIOIb30BaTh BCE BO3MOXHBIE PECYpCHl IS
JOCTMDKEHUST TIOCTABIICHHBIX IIeJiell WM pealu3aluy TUIAHOB JESTEIbHOCTH;
BBIOMpATh YCIENIHBIE CTPATETUN B PA3IMYHBIX CUTYAIIHIX;

2) yMeHHE TIPOJYKTHBHO OOIIAThCS W  B3aMMOJICHCTBOBATH B  MpoOIEcce
COBMECTHOM JI€ATENIbHOCTH, YUYUTHIBATh TMO3UIUH JPYTUX YYaCTHHUKOB
JeSITeIbHOCTH, 3O ()EKTUBHO pa3peiiaTb KOHQIHUKTHI;

3) BIajieHHWe HaBBHIKAMHM  TO3HABATENbHOW, Y4eOHO-MCCIEIOBATENLCKOH |
MIPOEKTHOH JAESITEeTbHOCTH, HAaBbIKAMHU pPa3pelIeHus] mpodiieM; ClIOCOOHOCTh U
TFOTOBHOCTh K CaMOCTOSITEIbHOMY IMOMCKY METOJIOB PELICHHs MPAKTUYECKHX
3aj1a4, MPUMEHEHUIO Pa3IMYHBIX METOJIOB MTO3HAHUS;

4) TOTOBHOCTh W  CIOCOOHOCTh K  CaMOCTOSITEJIbHOH  HMH(OPMALMOHHO-
MO3HABATENILHOW  JIEATENIFHOCTH, BKJIIOYas YMEHHE OpPUEHTHPOBATHCS B
pa3IMYHBIX  WCTOYHWUKAX  WHPOpMAIMU, KPUTHUYECKH  OICHMBATh W
MHTEPIPETUPOBATH HHPOPMALIHIO, MTOTYHaeMYIO U3 Pa3INYHbIX HCTOYHUKOB;

5) yMeHue WCIONb30BaTh CPEACTBA MH()OPMAIIMOHHBIX M KOMMYHUKAIIHOHHBIX




texnosioruit (manee — MKT) B pemieHrnr KOTHUTHBHBIX, KOMMYHUKATHBHBIX U
OpPTaHM3AIMOHHBIX 33/7a4 ¢ COONIt0/IeHneM TpeOOBaHUN SPrOHOMUKH, TEXHUKU
0€30MacHOCTH, TUTHEHBI, PECYPCOCOEPEkKEHHs], TPABOBBIX U ITUYECKUX HOPM,
HOPM UH(POPMAITMOHHOHN 0€30MaCHOCTH;

6) BraseHHe S3BIKOBBIMH CPEJACTBAMH — YMEHHE SICHO, JIOTHYHO M TOYHO
U3JIaraTh CBOIO TOUKY 3PEHHUS, UCIIOJIb30BaTh a/IEKBAaTHbBIE SI3bIKOBBIE CPEJICTBA;

7) BIaJcHWE  HaBbIKAMH  IIO3HABATEIbHOW  peIeKCHH  KaK  OCO3HAHHs
COBEPILIAEMBIX JCMCTBUH M MBICIUTEIbHBIX IPOILIECCOB, UX PE3yJbTAaTOB U
OCHOBaHUM, TPaHUI] CBOETO 3HAHUS U HE3HAHUS, HOBBIX MO3HABATEIbHBIX 3324
U CPEJICTB UX JOCTHKCHHUS.

Ilpeomemmnoie

Yruy6néHHbIl ypOBEHB

[IpenMeTHbIe pe3ynbTaThl OCBOCHUS Kypca ainredpbl U Hayajl MaTeMaTHYeCKOro
aHanM3a Ha YrayOJ€HHOM YPOBHE OpPUEHTHPOBAHBI INPEUMYIIECTBEHHO Ha

MOATOTOBKY K TOCJeayroueMy MnpodeccuoHaIbHOMY OOpa30BaHUIO, pPa3BUTHE

WH/IMBUYAIBHBIX CIIOCOOHOCTEH 00ydJaronuxcs myTéM 0oJiee riry0oKoTo, 4eM 3TO

mpeaycMaTpuBaeTcsi 0a30BbIM KypcOM, OCBOCHHSI OCHOB HAayK, CUCTEMAaTHUYECKUX

3HAHWUU U CTIOCOOO0B JACUCTBHIA, IPUCYIIUX TAHHOMY y4eOHOMY MPEAMETY.
YrinyOnéHHbIN ypoBEHb U3Y4EeHUsI aJireOpbl U Hayal MaTEMaTUYECKOro aHalIn3a

BKJIIOUAET, KPOME MEPEUYHCICHHBIX HUXKE PE3yIbTAaTOB OCBOCHHUS YIIyOIEHHOTO

Kypca, ¥ pe3yJbTaTOB OCBOEHHUs 0a30BOro Kypca:

1) chopMHUPOBAHHOCTh TMPEACTABICHHH O HEOOXOIMMOCTH JOKa3aTeNIbCTB IPH
000CHOBaHUM MAaTEMAaTUYECKUX YTBEPXKIECHUW U PpOJM aKCHOMATHKU B
MIPOBEJICHUH JISYKTUBHBIX PACCYXKICHMUIA;

2) chopMHPOBAHHOCTh MOHATHIHOIO ammapara MO0 OCHOBHBIM pa3-JeiiaM Kypca
MaTeMaTHKHU; 3HAHUA OCHOBHBIX TeopeM, GOpMyl U YMEHUS WX NPHUMEHATDH;
YMEHUS JI0Ka3bIBaTh TEOPEMbl U HAXOJUTh HECTAHJAPTHBIE CIIOCOOBI PelICHUS
3a/1ay;

3) chopMHpPOBaHHOCTE YMEHUH MOJCITHPOBATh PEANbHBIC CUTYAIlUH, UCCIIEI0BATh
MIOCTPOEHHBIE MOJIENU, UHTEPIIPETUPOBATH NOJIYUCHHBIA PE3YNbTAT;

4) chopMHPOBAHHOCTH MPEACTABICHN 00 OCHOBHBIX MOHATHSIX MAaTEMAaTHUYECKOTO
aHaJgM3a M MX CBOMCTBaxX, BJIAJICHUE YMEHHEM XapaKTepU30BaTh IOBEICHUE
(GyHKIMA, HMCTMOIB30BAHME TOJMYUYCHHBIX 3HAHWM MJIi ONMUCAHUS W aHallu3a
peanbHBIX 3aBUCUMOCTEH;

5) BnaJicHHe YMEHHWSIMU COCTABJICHHS BEPOSTHOCTHBIX MOJIEIEH MO YCIOBHUIO
3aJja4d ¥ BBIYUCIICHHS BEPOSTHOCTU HACTYIUICHHUS COOBITHI, B TOM 4YHCIE C
npuMeHeHueM (QopMysl KOMOWMHATOPUKH UM OCHOBHBIX TEOPEM TEOpPUHU
BEPOSITHOCTEM; UCCIIEIOBAHUS CIyYalHbIX BEJIMYUH 110 UX PACIPEACIICHHUIO.

I'eomerpus

W3ydyeHne reoMeTpud B CTapiied IIKOJie Ha YIIyOJICeHHOM YpOBHE HaéT
BO3MOXXHOCTH JIOCTHKEHHUSI 00YyUaIOIUMUCS CIIEAYIOIINX Pe3yIbTaToB:
Jluunocmmuwie (10-11 knacc):

— cGOpMHUPOBAHHOCTH MHPOBO33PEHUS, COOTBETCTBYIOIIETO COBPEMEHHOMY
YPOBHIO Pa3BUTHS HAYKW;, KPUTUYHOCTH MBINIJICHHS, YMEHUE PACIIO3HABATH
JIOTUYECKH HEKOPPEKTHBIE BBICKA3bIBAHUS, OTINYATh TUIIOTE3Y OT (paKTa;

— TOTOBHOCTH M CITOCOOHOCTH BECTH JIUAJIOT C IPYTHMH JIFOJIbMH, JIOCTHTATh B
HEM B3aUMOIIOHWMAHUS, HAXOUTh OOIIUE IETU W COTPYIHWUYATH I WX
JOCTHIKEHHUS;

— HAaBBIKH COTPYJIHHYECTBA CO CBEPCTHHKAMH, JETHMH MIIAJIIICTO BO3pAaCTa,
B3POCIABIMH B O00pa30BaTEIbHOM, OOIIECTBEHHO TIOJIE3HOW, Yy4eOHO-
HCCIIeIOBATENLCKOM, MPOSKTHOW U APYTUX BHUIAX JIEATEIHHOCTH;

— TOTOBHOCTh M  CIIOCOOHOCTH K  00pa3oBaHWIO, B TOM  YHUCJE
caMo00Opa3oBaHWI0, Ha TPOTSHKESHUM BCCH JKM3HHW, CO3HATEILHOE
OTHOIICHHE K HEMPEephIBHOMY OOpa30BaHUIO KaK YCIOBUIO YCIEITHOU
po)eCCHOHAIBHON 1 0OIIECTBEHHOMN JEATEIHHOCTH,




— 3CTETHUYECKOE OTHOIIEHUE K MHpPY, BKIOYas ICTETUKY ObITa, HAYYHOTO U
TEXHUUYECKOTO TBOPUECTBA;

— OCO3HAHHBIA BBIOOP OymyIIed mpodeccuy M BO3MOXKHOCTH peaan3alun
COOCTBEHHBIX JKM3HEHHBIX IUIAHOB; OTHOIICHHE K MpPOopecCHOHATBLHON
NESTEJIbHOCTH KaK BO3MOXKHOCTH Y4YacTUsi B PpEUICHUHM JIMYHBIX,
0O0IIeCTBEHHBIX, TOCYAAPCTBEHHBIX, OOLICHAMOHAIBHBIX MPOOIeM;

Memanpeomemnvie (10-11 knacc):
— YMEHHE CaMOCTOSITEJIBHO ONPEIENATh LEIH CBOETO O0y4YEeHHs, CTaBUTh U
dopmynupoBats Ui ceOs HOBBIE 3aJaud B yu€Oe M IO3HABaTEIbHOMN
JeSITEIbHOCTH, pa3BUBaTh MOTHUBBI M HHTEPECH CBOEH MO3HABATEIHHOM
JIESITEIIbHOCTH;
— YMEHHUE CaMOCTOSITEJIbHO IJIAaHUPOBATh MYTHU JOCTIXKEHHUS LeNied, B TOM
YHUCJIe albTepHATHBHBIC, OCO3HAHHO BHIOMpaTh HambOosee d(PpPeKTUBHBIC
CrocoObI penieHus Y4eOHBIX U TTO3HABATEIbHBIX 3a/1a4;
— YMEHHUE COOTHOCUTH CBOM JCHCTBHSI C IUIAHUPYEMBIMU peE3ylbTaTaMu,
OCYIIECTBIISATh KOHTPOJIb CBOEH IEATENHHOCTH B IMPOLIECCE TOCTHXKEHUS
pe3ynbTaTa, OMpPENeNsTh CHOCOOBl JACHCTBUN B paMKaxX MPEIIOKEHHBIX
yCIIOBUH U TpeOOBaHUI, KOPPEKTUPOBATh CBOU JCHCTBUS B COOTBETCTBUU C
M3MEHSIOLICHCS CUTYallue;
— YMEHHUE OlLEHUBaTh NPAaBWJIBHOCTh BBIMIOJHEHUS y4eOHOM 3amauu,
CcOOCTBEHHBIE BOBMOKHOCTH €€ PEILICHUS;
— BIJIaJICHUE OCHOBaMHM CAMOKOHTPOJISl, CAMOOLIEHKH, MPUHATUS PEIICHUN U
OCYIIECTBIICHUSI OCO3HAHHOTO BBIOOpa B Y4eOHON U TO3HaBaTEIbHON
JIeSITEIIbHOCTH;
— YMEHHUE TMPOAYKTUBHO OOIIAThCA W B3aUMOJACHCTBOBAaTH B IIpoOIECCEe
COBMECTHON JeSITENbHOCTH, YUYUTHIBATh MO3HMIHUU JPYTHMX YYaCTHUKOB
JeSITeNIbHOCTH, 3 (HEKTUBHO pa3periaTb KOHPIUKTHI;
— BJIaJICHUE HaBbIKAMHU [O3HABATENbHOM, Yy4eOHO-UCCIENOBATENLCKON U
MIPOEKTHOM JesTeNbHOCTH, HABBIKAMU pa3pelIeHus MpodieM; criocoOHOCTh
U TOTOBHOCTb K CaMOCTOSITEIbHOMY TIOMCKY METOJOB pELIEHUs
MPAKTUYECKHX 3a7a4, IPUMEHEHHUIO Pa3IMYHBIX METOJOB IMO3HAHUS;
— TOTOBHOCTh W CIOCOOHOCTH K CaMOCTOSITENIbHOW WH(OpMaImOHHO-
MIO3HABATEJILHON JEATENIbHOCTH, BKJIOYasi yMEHHE OPHEHTUPOBATHCS B
pa3JMYHBIX HCTOYHUKAX HWHQPOpPMAIUH, KPUTUYECKH OICHUBATh W
WHTEPIPETHUPOBATh  HMH(OpPMAIMIO,  TOJIYyYaeMyK0 W3  Pa3IMYHBIX
HUCTOYHUKOB;
— yMeHue HCIIOJIb30BATh cpeicTBa MH()OPMATMOHHBIX "
KOMMYHUKAIMOHHbIX TexHojoruil (MKT) B pelieHun KOTHUTHUBHBIX,
KOMMYHHUKATHBHBIX M OPraHU3allMOHHBIX 3a7ad C  COOJIOJICHHEM
TpeOOBaHUN  JPrOHOMHUKH,  TEXHHUKHM  O€30MacHOCTH,  TUTHEHHI,
pecypcocOepexeHusi,  MPaBOBBIX W OTHYECKHX  HOPM,  HOPM
nH(pOpMaIMOHHOW 0€30MMacCHOCTH;
— BJIQJICHUE SI3BIKOBBIMH CPEICTBAMU — YMEHHE SICHO, JIOTHYHO U TOYHO
U3NaraTb CBOIO TOYKY 3PEHHS, HCIIOJIIb30BAaTh aJEKBATHBHIC S3BIKOBBIC
CpEJICTBA;
— BJIQJICHWE HaBBIKAMH T[IO3HABaTeIbHOW pedrekcud Kak OCO3HAHHS
COBEPIIAEMBIX JCHCTBUN U MBICIUTEIBHBIX MPOIIECCOB, UX PE3YJIHTATOB H
OCHOBaHUWH, TPaHUI] CBOErO 3HAHHS W HE3HAHMS, HOBBIX TMO3HABATEIHHBIX
3aJ1a4 U CPEJICTB UX JOCTUKECHHUS;
B npeameTHOM HampaBieHUH:

c(hOpMHUPOBAHHOCTH MPEACTABICHUI 0 HEOOXOAMMOCTH JI0Ka3aTeIbCTB
pu 000CHOBAaHUM MaTEMaTHUYECKUX YTBEP)KIECHUHN U POJIM aKCHOMAaTHKU B
MPOBEJICHUH JISIYKTUBHBIX PACCYXKICHHUIA;




c(OPMHUPOBAHHOCTb OHATUHHOTO anmnapaTa o OCHOBHBIM pazjiesiaM
Kypca MaTeMaTHUKH; 3HaHUI OCHOBHBIX TeopeM, (JOpMYJT U YMEHUS X IPUMEHSATS;
YMEHHUS JI0Ka3bIBaTh TEOPEMbI U HAXOJIUTh HECTAHJAPTHBIE CIIOCOOBI pEIICHUS
3aja4;

c(OPMHPOBAHHOCTb YMEHUI MOJIEIMPOBAThH pealIbHbIE CUTYALUH,
UCCJIEI0BATh IOCTPOEHHBIE MOJIENIN, UHTEPIIPETUPOBATD I1OIYUEHHBII pe3yJbTarT;

c(OPMHUPOBAHHOCTD IPEACTaBIECHUI 00 OCHOBHBIX IMOHATHUAX
MaTEMaTUYECKOI0 aHaJIM3a U UX CBOMCTBAX, BIaJIcHUE YMEHUEM XapaKTEpHU30BaTh
noseJeHue QYHKIUMN, UCIIOJIb30BaHUE IOIYYEHHBIX 3HAHUN JJIS1 ONMCAHUS U
aHaJIN3a PeaJbHbIX 3aBUCUMOCTEN;

BJIaJICHUE YMEHHUAMH COCTABIICHUS BEPOATHOCTHBIX MOJEIIEH 110 YCIOBHIO
3a[]a4d ¥ BBIYMCIICHUS BEPOSITHOCTH HACTYIJICHUS COOBITUH, B TOM YHCIIE C
IpUMEeHEeHHEM (pOopMyJl KOMOMHATOPUKH U OCHOBHBIX TEOPEM TEOPUHU
BEPOATHOCTEN; UCCIIEI0BAHUS CIIy4YaliHbIX BEJIMYHH 110 UX PaCIpeleICHHUIO.

c(OPMHPOBAHHOCTH MPEACTABIECHUI O T€OMETPUHN KaK YaCTH MUPOBOI
KYJBTYPBI M O MECTE TEOMETPUHU B COBPEMEHHOH IIMBIIIN3AINH, O CIIOCO0ax
ONMCAHUS HA MAaTEMAaTUYECKOM S3BIKE SIBJICHUI PEAIbHOTO MUPA;

c(OPMHPOBAHHOCTH MPEACTABICHUHN O TEOMETPHUECKUX MOHATHUSIX KaK O
BaXHEHIINX MaTEMaTHYECKUX MOJIENSAX, HO3BOJIAIOIINX OMUCHIBATH U U3y4aTh
pa3HbIe IPOLIECCHI U ABJICHUS; IOHUMAaHUE BO3MOKHOCTH aKCHOMAaTHYECKOT O
[IOCTPOEHHUS MaTEMaTHUYECKUX TEOPHIi;

BJIICHUE T€OMETPUUYECKUM S3BIKOM; Pa3BUTHE YMEHMSI UCIIOJIB30BATh €r0
JUISL OIUCAHMSI IPEAMETOB OKPYKAIOIIEr0o MUpPa; pa3BUTHE IPOCTPAHCTBEHHBIX
IpeCTaBICHUH, U300pa3UTEIIbHBIX YMEHUH, HABBIKOB T€OMETPUYECKUX
IIOCTPOEHHUH;

BJIaICHUE METOJIaMH J10Ka3aTeIbCTB U AITOPUTMOB PELLIEHUS; YMEHHE UX
IPUMEHSTh, IPOBOAMUTH JOKA3aTEIIbHbBIE PACCYXKACHUS B XO/I€ PEILICHUS 3a/1a4;

BJIaJICHUE OCHOBHBIMM IOHATHSAMU O IUIOCKUX U IPOCTPAHCTBEHHBIX
FeOMETPUUECKUX (PUTYpax, UX OCHOBHBIX CBOMCTBAX; CHOPMUPOBAHHOCTh YMEHUS
pacro3HaBaTh Ha YEPTEKaAX, MOAEISAX U B PEAIbBHOM MUPE T€OMETPUUECKUE
(Gurypsl; IpUMEHEHNE N3yYEHHBIX CBOMCTB reOMETpUUECKUX GUryp u Gopmys Juist
pEILIEHUsI TEOMETPUUYECKUX 3aa4 U 331a4 C IPAKTUYECKUM COJEPKAHUEM;

BJIa/ICHUE HABBIKAMU MCIIOJIb30BaHUS TOTOBBIX KOMIBIOTEPHBIX IPOrpaMm
IIPY PELICHUY 3a7ay.

10 xknace

DJIEMEHTHI TEOPUU MHOKECTB M MATEMaTHYECKOM JIOTHKH

BbINYCKHUK HAYYUMbCSL:

e OmnepupoBarh MOHATUSIMH: KOHEYHOE MHOXKECTBO, 0ECKOHEUHOE MHOYKECTBO, YUCIIOBBIC
MHO’KECTBA Ha KOOPJAMHATHOMN MPSIMOM, DIIEMEHT MHOKECTBA, ITOAMHOXKECTBO, IIEPECEUCHUE U
00beTMHEHNE MHOXKECTB, OTPE30K, HHTEPBAJT;

® HaxOIUTh MepeceueHre U 00beIUHEHUE IBYX, HECKOIBKUX MHOYKECTB, ITPEICTABICHHBIX
rpadUyYecKy Ha YUCIOBOM MPSMOi, Ha KOOPAMHATHOM MIIOCKOCTH;

® CTPOWTH HA YHCIOBOM MPSAMON MOJIMHOKECTBO YUCIOBOTO MHOKECTBA, 3aIAHHOE MPOCTEHIITUMU
YCJIOBUSIMU;

® ONEpUPOBATH MOHATUSAMU: YTBEPKIEHHUE (BHICKAa3bIBAHUE), OTPUIIAHNE
YTBEPKIAEHHUS, ICTUHHBIE U JIO)KHBIE YTBEPKICHUS, CIEACTBUE, YACTHBIN
city4ait oOIIero yTBepKIeHUsI, KOHTPIIPUMED;

® pacro3HaBaTh JOKHBIE YTBEPKIACHHSI, OIIUOKU B PACCYKIECHUSAX, B TOM
YUCJIE C UCIIOJIBb30BAHUEM KOHTPIIPUMEPOB;

® HAYYUTCS HAXOJWUTh MPOMEKYTOK C BBIKOJIOTON TOUKOM, rpadudecKoe MPeICTaBICHUEe MHOMECTB
Ha KOOPJIMHATHOM TJIOCKOCTH;

® [IPOBEPATH NPHUHAJIEKHOCTH JJIEMEHTA MHOKECTBY, 3aJaHHOMY OIHCAHUEM,;

B noBceHeBHOM KU3HU U NIPH M3YYEHHUH APYTUX NPeIMETOB:




6blNYCKHUK HAY4YumuvcCs.

HCIIOJIB30BaTh YHCJIOBBIC MHOXXECTBA Ha KOOp,I[I/IHaTHOﬁ HpﬂMOfI Hn Ha KOOpHHHaTHOfI IIJIOCKOCTHU
AJI1 OIMUCAaHUA PCAJIbHBIX MMPOUCCCOB U HBHCHHﬁ;

IIPOBOAUTE JIOTHYECKHE, TOKA3aTCIBbHBIC PACCYXICHHA B CHTYyalUAX HOBC@,HHCBHOﬁ JKU3HU, TIpHU
PEIICHUHU 3aJa4 U3 APYTUX IIPEAMETOB.

Yucna v BeIpAKEHUA

Buinycknux nayuumes:

OmnepupoBaTh NOHATUAMU: HATYPAIbHOE U LIEJI0€ YUCIIO, JEJIMMOCTh YHCel, OOBIKHOBEHHAs! IpO0b,

JecATUYHas JpoOb, PALMOHAIBHOE YHUCIIO, MPPALUOHAIBHOE YHUCIO, NMPUONMKEHHOE 3HAuYEHHE

YHcya, 4acTh, OIS, OTHOIIEHHUE, TPOICHT, MaCIITa0;

OIIEpPUPOBATh HOHATHAMMU: JIOTapupM UHUCIA, TPUTOHOMETPUYECKAs OKPYKHOCTb, pajMaHHas U

rpagycHas Mepa yIila, CUHYC, KOCUHYC, TAHT€HC M KOTAHI€HC YIJIOB, UMEIOLIUX IPOU3BOJIBHYIO

BEJIMYHHY, YUCJIA € U TT;

BBINOJIHAT apu(METHYECKHE JEHCTBUS C LIEIBIMU M pallMOHAIbHBIMU YHCJIAMH, COYETasi YCTHbIE U

[IUCbMEHHBIE IPUEMBI, IPUMEHSS IPU HEOOXOIUMOCTH BBIYUCIUTEIbHbBIE YCTPOHCTBA;

CpaBHMBaTh pallMOHAJbHBIE YHUCJIA MEXJIy CO0OH; CpaBHHUBAaTh C palOHAJIbHBIMU YHCIAMU

3HA4YEHHUs LIeJbIX CTENEHeH Yncell, KOpHEel HaTypajlbHOW CTENEHM M3 4HCcel, JIorapuMoB 4ucen B

IIPOCTBIX CIIydasix;

BBINOJIHATh HECJIOXKHbBIE NMPEoOpa3oBaHMs YUCIOBBIX BBIPAXKEHUMN, COAEP)KAIMX CTENEHH YHCEd,

KOPHU U3 4Kce, JorapupMbl YMCET; HAXOUTh 3HAYCHUs KOPHsI HaTypaJlbHOW CTENEeHH, CTENIEHH C

panMoHaNBHBIM IOKa3aTeNeM, Jiorapudma, HUCHoiab3ys NpU HEOOXOIMMOCTH BBIYHCIUTEIHHBIC

YCTPOMCTBA;

® [10JIb30BaThCS OLEHKOM U MPUKUIKOM MPU NPAKTUYECKUX pacuérax;

e u300pakaTh TOYKAMH HA KOOPJMHATHOW NpPSIMOM L€Jble M palMOHAIbHbIE YHUCIIA; IIEJIble
CTETIEHU YHUCEJl, KOPHU HATypAIIbHOW CTEIEHW W3 YHUCEJ, JOrapu(Mbl YUCEN B IPOCTHIX
CIIy4asx;

® BBINOJIHATH HECJIOXHBIE MpPeoOpa3oBaHMsI LENbIX U JpPOOHO-pallMOHAIBHBIX OYKBEHHBIX
BBIPAKECHMI;

e BBIPAXKaTh B IPOCTEMIINX CIIydasX U3 PaBEHCTBA OJIHY IEPEMEHHYIO Yepe3 IPYIHeE;

® BBIUUCIIATH B MPOCTHIX CIy4asX 3HAYCHMS YUCIOBBIX U OYKBEHHBIX BBIPAXKEHHUH, OCYIIECTBIISS
HE0OXO0IUMBbIE MTOJICTAHOBKH U NMpeo0pa30oBaHMUs;

8bINYCKHUK HAYYUMCA:

® [POBOJUTH IO U3BECTHBIM (hOpMyJIaM U IMpaBuiIaM NpeoOpa3oBaHUsl OYKBEHHBIX BBbIpaKEHUH,
BKJIIOYAIOLIUX CTENIEHHU, KOPHH, Jorapu(Mbl 1 TPUTOHOMETPUUECKHE (OPMYIIbI;

® HaXOAWUTh 3HAUEHUS] YHUCIOBBIX U OYKBEHHBIX BBIPAXKEHUH, OCYIIECTBISISI HEOOXOAMMBbIE
MOJICTAHOBKH U ITPeoOpa3oBaHus;

e 1300pa)kaTh CXEMaTUYECKHU YO, BEIMYMHA KOTOPOTO BhIpaKE€HA B Tpajycax WM pajuaHax;

® OLEHUBATh 3HAKH CHHYCA, KOCUHYCA, TAHT€HCA, KOTAHI'€HCA KOHKPETHBIX YTJIOB; HCIIOIb30BaTh
IIPU pEIIeHNH 3a7a4 TaOJUYHbIE 3HAYEHUSI TPUTOHOMETPUUYECKUX (PYHKIIMH YTIIOB;

®  BBINOJHATH IEPEBO/] BETUUMHBI yTJIa U3 PaIHMaHHON MEphI B IPaJyCHYIO U 00paTHO.

B noBcenHeBHOM KU3HM M IPH U3YYECHHHU APYTUX NMPEIMETOB:

8bINYCKHUK  HAYYUMbCA:

®  BBINOJHATH JEHUCTBUSA C YHCIOBBIMM JAHHBIMU I[P pEIIEHHH 3a7ad IPaKTHYECKOTO
XapakTepa W 3aJad M3 pPa3IMYHBIX oOjacTeldl 3HAHMM, HCHOJB3YS MPU HEOOXOAMMOCTH
CIIPaBOYHBIE MaTEPUAIbl U BBIYMCIUTEIBHBIE YCTPONCTBA;

® COOTHOCHUTH pEalbHbI€ BEIWYHHBI, XAPAKTEPUCTUKH OOBEKTOB OKPYKAIOLIETO MHUpA C HUX
KOHKPETHBIMHU YHCJIOBBIMU 3HAYEHUSIMH;

® CIOJIB30BaThb METOABl OKPYIVIEHWS M NPUKUAKM IPH PELHIEHHH MPaKTUYECKUX 3anad
[IOBCEHEBHOM KU3HU
BbINYCKHUK  HAYYUMCA:

® OICHUBAaTh, CPABHUBATH U UCIIOJIb30BATh [IPU PEIEHUN IPAKTHUECKUX

3aJ1a4 YMCIIOBbIE 3HAUYEHUS PEATBbHBIX BEJIMUUH, KOHKPETHBIE YHCIIOBBIE




XapaKTEPUCTUKU 00BEKTOB OKPYKAIOIIETO MHPA.
YpaBHEHHUs ¥ HEPABEHCTBA
Buvinycknux nayuumcs:
Pemartb nuHeiiHble ypaBHEHUS! 1 HEPABEHCTBA, KBAJApAaTHbIC YPABHEHUS;
pemiats JjorapuMUUYECKUE U MOKa3aTeIbHbIC YPAaBHEHUS BUA
loga(bx + ¢) =d, a®* ¢ =d (rae d MOXHO NpeICTABUTE B BHJIE CTelie-
HU C OCHOBaHHEM a) U HepaBeHCTBa BUAA loga X < d, ax <d (rme d
MOJKHO TIPEJICTABHUTH B BHJIC CTCTICHH C OCHOBAaHUEM a);
MPUBOIUTH HECKOJIBKO MIPHMEPOB KOPHEH TPUTOHOMETPHUYECKOTO ypaBHEHUs BHIa SiN X = @, COS
X = a tg X = a ctg X = a rme a — TabiMyHOE 3HAUYEHHUE COOTBETCTBYIOIIEH
TPUTOHOMETPHUECKON (PYHKIINH;
8bINYCKHUK HAYYUMCA:
pelIaTh HECIIOKHBIE palliOHATbHBIC, MIOKAa3aTeNbHBIC, JIOTAPUPMUICCKUE, TPUTOHOMETPHUIECKUE
yYpaBHEHHUs, HEPABCHCTBA M WX CHCTEMBI, NPOCTCHIINE WpPpPAIMOHATBHBIC YpaBHEHUS U
HEPaBEHCTBA;
MCIIOJIb30BaTh METO/IBI PEIICHUSI YPABHCHUM: TIPUBEICHHUE K BUIY «IIPOU3BEACHHUE PABHO HYIIO)
WM «9aCTHOE PaBHO HYIIIO», 3aMEHA MIEPEMEHHBIX;
MCIOJIb30BaTh METO]] MHTEPBAJIOB IS PEIICHUS HEPABCHCTB;
UCIOJIb30BaTh rpaduyecKuil METO ISl MPUOIMKEHHOTO PEIICHUS! YPaBHEHUI U HEPABEHCTB;
M300pakaTh HA TPUTOHOMETPHUYECKON OKPYKHOCTH MHOKECTBO PEIICHUN TPUTOHOMETPHICCKHX
YPAaBHEHUH U HEPaBEHCTB.

B noBceqHeBHOM KU3HH U NPU U3YYECHUH APYTHX NPEIMETOB:
Buinycknux nayuumces:

® COCTaBJKAITb M pEIIATh YPAaBHEHHs, CHCTEMBbl YPABHEHUN W HEPABEHCTBA IPHU PELICHUU
HECJIOKHBIX MPAKTUYECKUX 3a]1a4 U 33]1a4 U3 IPYIUX y4eOHbIX IPEAMETOB;

BbINYCKHUK HAYYUINCA:

® JCIOJIB30BaTh YPaBHEHHs M HEPABEHCTBA I IIOCTPOCHHS M MCCIEIOBAHHS IMPOCTEUIINX
MaTEMaTUYECKNX MOJENIEH pealbHbIX CUTyalluil WIK NIPUKIIAIHBIX 3a/1a4;

e yYMEThb MHTEPIPETUPOBATH IOIYYEHHBIN NIPU PELICHUH YPAaBHEHUS, HEPABEHCTBA WJIM CUCTEMBI
pe3ysbTaT, OLIEHWBATh €ro MPaBAONOJ00MEe B KOHTEKCTE 3a/laHHON pealbHOW CUTyalluu WIIH
MPUKJIAAHON 3a1a4u.

DyHKIHUU
Buinycknux nayuumes;

e OnepupoBaTh MOHATUSAMH: 3aBUCUMOCTb BEJTUYMH, (DYHKIIMS, apryMEHT U 3HadeHHe (YHKIUH,
001acTh ONpeeNeHUss U MHOXKECTBO 3HaueHUil (yHKIUM, TpapuK 3aBHCHUMOCTH, Trpaduk
GyHKIMHM, HYId (QYHKIMHM, TPOMEXKYTKHM 3HAKONOCTOSHCTBA, BO3pacTaHWe M yObIBaHHE
(GYHKLIMU Ha YUCIOBOM NPOMEXYTKE, HauOoJbllee M HauMEHblee 3HAYeHUs (YHKLUUU Ha
YHCIIOBOM IIPOMEXKYTKE, epruoandeckas GyHKIMs, epro, Y€THast U HeU€THas QyHKIUU;

e  omepupoBaTh MOHATHAMM: TpsAMas U oOpaTHas MPONOPLUOHANBHOCTb, JIMHEWHHas,
KBaJpaTHy4Hasi, JorapupMuUecKkass ¢ IOKa3zaTelbHas (QYHKLIUH, TPUTOHOMETPHUECKUE
yHKIHY;

e pacno3HaBaTh rpauku (yHKIMHA NpsAMONH M OOpaTHOM MPONMOPIMOHATBLHOCTH, JIMHEHHOM,
KBaJIpaTUYHOM, JIOTapu(pMUUECKON, MOKa3aTeIbHOW U TPUTOHOMETPUYECKUX (QYHKIHUNA H
COOTHOCHTD UX C (JOpPMYyJIaMH, KOTOPBIMU OHH 3a/1aHbI;

®  HAXOJWTH O rpapuKy NpUOIMKEHHO 3HaUCHHS PYHKIINU B 3aJJaHHBIX TOYKAX;

BbINYCKHUK  HAYYUMCA:
e pemaTh ypaBHEHMs, MPOCTEHININE CUCTEMbl YpaBHEHH, HCIIONB3Ysl CBOMCTBA (YHKUMH U MX
rpaduKu.
B noBcenHeBHOM KU3HU U NIPH M3YYEHUH APYTUX Y4eOHBIX MPEAMETOB:
Buinycknux naywumes;
® ONpeAeATh 110 rpa)uKkaM M UCIOIb30BATh AJIS PEIIEHUs PUKIAJHBIX 32
Jlad CBOWCTBA pEAJIbHBIX MPOLIECCOB U 3aBUCUMOCTEH (HauOoJbIIME W HAUMEHbIINE 3HAYEHUS,



MIPOMEXYTKH BO3PACTAHUS U YOBIBAHUS, POMEKYTKH
3HAKOMOCTOSIHCTBA, ACUMIITOTHI, MEPUOA M T. I.), UHTEPIPETUPOBATH CBOWCTBA B KOHTEKCTE
KOHKPETHOMU IIPAaKTUYECKON CUTYALUH;
Hcropus 1 METOJIb MAaTEMATUKH
Buvinycknux nayuumces:
OnuceIBaTh OT/AEIBbHBIE BBIIAIOIINECS PE3YJIbTAThI, IOJYUYEHHBIE B XOJI€ pa3-
BUTHS MATEMATUKH KaK HAyKU;
3HaTh HPUMEPBl MATEMAaTHYECKUX OTKPBITUA M HMX aBTOPOB B CBS3U C OTEUECTBEHHOW H
BCEMHPHOM HCTOPHUEH; NPEACTABIATh BKJIAJA BbIJAIOIIMXCS MAaT€MATHUKOB B pa3BUTHUE
MaTE€MAaTUKU U UHBIX HAYYHBIX 001acTei;
IIOHUMATh POJIb MaTeMaTUKu B pazsutun Poccuu;
MIPUMEHATh U3BECTHBIE METObI IIPU PEIIEHUHU CTAaHAAPTHBIX U HECTAHJAPTHBIX MAaTEMAaTUYECKUX
3a/1a4; MCHOJIb30BaTh OCHOBHBIE METOJbl [OKa3aTeNIbCTBA, IPOBOAMTH JOKAa3aTeIbCTBO U
BBITIOJIHSTH ONPOBEPIKEHHUE;
3aMe4aTb M XapaKTepU30BaThb  MAaTEMAaTHMYECKHME 3aKOHOMEPHOCTHM B  OKpYXarolen
JNEHUCTBUTEILHOCTH M HAa X OCHOBE XapaKTEepU30BaTh KPacoTy 1
COBEPUIEHCTBO OKPY’KAIOIIEr0 MUPA, a TAKKE MPOU3BEICHUN UCKYCCTBA;
MPUMEHATH MPOCTEUIINE TPOrPAMMHBIE CPEACTBA U SJIEKTPOHHO-KOMMYHHUKALIMOHHBIE CUCTEMBbI
[IPU PELICHUH MAaTeMaTUYECKHUX 3a/1au.
Buvinycknuk nayuumcsa:
T'eomempusn
— OTMEepUpOBaTh  IMOHATUSMH: TOYKA, TMpsiMas, IUIOCKOCTh, MAapaJUIETbHOCTh U
MEPIEHIUKYISIPHOCTD MPSAMBIX U IJIOCKOCTEH;
— pacro3HaBaTh OCHOBHBIE BUJIbI MHOTOTPAaHHUKOB (MpU3Ma, MUPAMU/IA, PSIMOYTOIbHBIN
napajuienienumnen, Ky0), BialeTh CTaHIAPTHOM KiaccuHKaUeill MpOoCTpaHCTBEHHBIX (uryp
(mupamMuabl, TPU3MBI, MTapaJUICIICIIUIIC B );
— n300paxaTh u3ydaemble (UTYpHl OT PYKH U C INPUMEHEHHUEM MPOCTBIX UYEPTEKHBIX
WHCTPYMEHTOB;
- OIKUCHIBATh B3aMMHOE PACIOJI0KEHHE MPSAMBIX U MIIOCKOCTEN B IPOCTPAHCTBE;
— npuMeHATh TeopeMy [ludaropa npu BBIYUCICHUU SJIEMEHTOB CTEPEOMETPUUECKHUX
uryp;
- HAXOAWTh TUJIOWIAX MTOBEPXHOCTEH MPOCTEUIINX MHOTOTPAHHUKOB, TE€OMETPUUYECKUX TeN C
MpUMEeHEeHHEeM (HOpMYIL;
— BBIYHCIIATH PACCTOSTHUS U YTIIBI B IPOCTPAHCTBE;
— MIPUMEHSITh TeoMeTprudeckue (HakThl IS pelIeH s 3aa4, MPEeAnoIaralouux HeCKOJIbKO
[IarOB PEIIeHUs, €CJIM YCIOBHS TPUMEHEHUS 3a/I1aHbI B SIBHOU (popme;
— pemars 3aJadyd Ha HaXOXKJIEHUE TEOMETPUYECKHX BEIMYUH 10 o0paslaM HIu
IrOpUTMaM;
— (dbopMynupoBaTh CBOMCTBA U MPU3HAKU (PUTYD;
— JTIOKa3bIBaTh T€OMETPUYECKUE YTBEPIKICHUS.
B noBceHeBHOIM KU3HU U MIPU U3YYEHUU APYTUX MPEAMETOB:
— COOTHOCUTh AOCTPaKTHBIE TEOMETPUUYECKHE TIOHATHS M (aKThl C peaTbHBIMHU
KU3HEHHBIMH 00BEKTaMU U CUTYAIUSIMU;
— WCIIOIh30BaTh CBOMCTBA MPOCTPAHCTBEHHBIX TEOMETPHUECKUX (DHUTYp I pelieHus
TUIIOBBIX 33/1a4 MPAKTUYECKOT0 COACPKAHMUS;
— COOTHOCHTb TUJIOIIAN TTOBEPXHOCTEN TEJT OAMHAKOBOH (hOPMBI Pa3IMIHOTO pa3Mepa;
— COOTHOCUTH 00BEMBI COCY/IOB OJIMHAKOBOM (POPMBI Pa3IMUHOTO pa3Mepa;
— orleHUBaTh (OpPMYy NPABUIBHOTO MHOTOTPAaHHWKA IIOCJIE CIWJIOB, CPE30B W T. TI.
(ompenensaTh KOMMYECTBO BEPIIUH, pEOep U TpaHel MOTYyYeHHBIX MHOTOIPaHHUKOB);
— WCIIOIh30BaTh CBOMCTBA T€OMETPUUYECKUX (DUTYp IS pemieHus 3aaad MPaKTHYECKOTO
XapakTepa H 3a/1a4 U3 APYrux 00IacTeil 3HaHMiA.
Hcropus m MeTOIbI MAaTEMaTUKH
—- OnuceiBaTh OTAENbHBIC BBIJAIOMIUECS PE3YJbTAaThl, IOJYYEHHbIE B XOJ€ pPa3BUTHUSA
MaTE€MaTHUKHU KaK HayKH;




— 3HATb NPUMCPBI MAaTCMAaTUUCCKUX OTKprTI/Iﬁ " X aBTOPOB B CBA3HU C OTE€UYCCTBCHHOMN U
BCGMHpHOﬁ HCTOpI/ICﬁ; OpeACTAaBIATE BKJIaAd BBIJAIOMIUXCA MATCMATHKOB B  Pa3BUTHC

MAaTCMAaTUKN U MHBIX HAYYHBIX O6HaCTef/’I;
— IIOHUMATh POJIb MaTEMAaTUKHU B pa3BUTHU POCCI/II/I;

-— [OPUMCHATHL HU3BCCTHBIC MCTOJAbI IPH PCIICHHUU CTAHAAPTHBIX W HCCTAaHAAPTHBIX

MAaTE€MaTUYCCKUX 3ajad, HCIIOJIb30BaTb OCHOBHBIC MCTOAbLI JOKAa3aTCJIbCTBA, IIPOBOAWTH

A0Ka3aTCJIbCTBO U BLIINNOJHATH OIIPOBCPIKCHUC,

— 3aMeyaTh M XapaKTepHu30BaTb MaTeMaTHYeCKHe 3aKOHOMEPHOCTH B OKpYXKarouieu
JEUCTBUTENLHOCTH M Ha UX OCHOBE XapaKTEpU30BaTh KPACOTY U COBEPIICHCTBO OKPYKAIOIIETO

MUDA, a TAKXKE IPOU3BEIACHUN NCKYCCTBA;
-IIPUMEHATH IPOCTEUIIINE IIPOrPAMMHBIE CPEACTBA U MIEKTPOHHO-KOMMYHUKAI[MOHHBIE
CUCTEMBI [IPU PEIICHUU MAaTEMaTUYECKUX 3a1ad.

11 xnacc
OIEeMEHTBI TCOPHU MHOKECTB ¥ MAaTEMATUYECKOM JIOTHKH
BbINYCKHUK HAYYUMbBCSL:
* OIEepUpPOBATh MOHATUSMU: YTBEPXK/IEHUE (BBICKAa3bIBAHUE), OTPUIIAHKE
YTBep)KIleHI/ISI, UCTHUHHBIC U JIOYKHBIC yTBep)KIleHI/IFI, CJIICACTBHC, T-IE[CTHBII\/JI
ciydaid o0IIero yTBepKIeHus, KOHTPIPUMED;
* pacno3HaBaTh JIOKHBIE YTBEP)KICHMS, OIIMOKM B PACCYKIEHUSAX, B TOM 4YHUCIIE
HCIIOIb30BaHUEM KOHTPIIPUMEPOB;
BbINYCKHUK HAYYUMCAL:
° OTICPUPOBATH MTOHATHUEM OTIPEICIICHUS, OCHOBHBIMH BHIAMH OIPEICIICHHUM
U TEOpPEM;
B noBceHeBHOI KU3HU U IPH U3YYEHUU APYTUX NPeIMETOB:
6blNYCKHUK HAYYUmuscCsl.

® [IOCTPOCHUA U UCCIICAOBAHUA HpOCTCfIH.IHX MaTeMaTH4eCKUX MoAeei

DOyHKIMU
Buinycknux nayuumcs:

C

e ompeneniatb o rpaduky cBoiictBa (GYHKIMHM (HYJIH, TPOMEXYTKH 3HAKOIOCTOSHCTBA,

MIPOMEKYTKH MOHOTOHHOCTH, HauOOJIbIIINE U HAMMEHbIIINE 3HAYSHNS U T. 11.);
® CTPOUTH ACKU3 Ipaduka PyHKINHU, YIOBIETBOPSIONIEH MPUBEAEHHOMY HAOOPY

yCJIOBHH (MPOMEXKYTKH BO3pacTaHUsl U yObIBaHUA, 3HaU€HHE (DYHKIIMU B 3aJJaHHON TOYKE, TOUKH

HKCTPEMYMOB, ACUMITOTHI, HYJIU (QYHKIIUY;
® BJAJETh MOHITHEM: TPUTOHOMETPUYECKUE PYHKITUH; CTPOUTH UX IpaduKu
¥ YMETh MMPUMEHSTH CBOHCTBA TPUTOHOMETPUUIECKUX (QYHKIIMH MPH PEIICHUH 3a71ay;
® BJAJETh OHATHEM: ACUMITOTA; YMETh €r0 MPUMEHATH NPU PEIICHUH
3ajay;
B noBcegHeBHOI :KM3HM M IPU U3YYEHHUH IPYIUX Y4eOHBbIX PeAMETOB:
BuinyckHux nayuumcs:
e OmpeneniaTh No rpapuKam MpocTeHIme XapakKTePUCTUKH MEPUOANIECKUX
MPOIIECCOB B OMOJIOTHH, SJKOHOMHKE, MY3bIKE, PaJHOCBS3H U T. I1. (aMIUIH-
TyJa, IEpUoA U T. IL.).

OJIEMEHTHI MAaTEMaTUYECKOIO aHAIN3a
Buinycknux nayuumes:

e OnepupoBaTh NOHATUSMU: TPOU3BOHAS PYHKIIMU B TOUKE, KacaTelbHasl K
rpaduky GyHKIUHU, TPOU3BOAHAA (DYHKIIUU;

. OTIpeNieNATh 3HaUeHUE MPOU3BOAHON (PYHKIIMH B TOUKE 1O U300paKEHHIO
KacaTeJIbHOHN K TpaduKy, MPOBEAEHHON B 3TON TOUKe
. BBIYHCIIATH POU3BOJIHYIO OJHOUYIEHA, MHOTOYJIEHA, KBAIPATHOTO KOPHS,

IPOM3BOJIHYIO CYyMMBbI (DYHKIIHIA;
. BBIYUCIISATH MPOU3BOIHBIC AIEMEHTAPHBIX (DYHKIMIA 1 MX KOMOMHALINH,



HCTIOJIB3YS CIPABOYHBIE MATEPUAIIHI;
o UCCIIeI0BaTh (PYHKIIMY HA MOHOTOHHOCTb, HAXOAUTh HauOOJbIINE U
HAUMEHBIIINE 3HAYCHUS PYHKIIHA, CTPOUTH TpaQ K MHOTOUICHOB U
MPOCTHIX PAMOHANBHBIX (GYHKIIMH ¢ MCIIOJIB30BaHUEM arapaTa MaTeMaTHYeCKOro aHaIu3a.
B noBce1HeBHOI KU3HM U NPU U3YYEHUH IPYTUX Y4eOHBIX MPeIMETOB:
Buvinyckuux nayuumes:
o MOJIL3YACH TpadUKaMu, CpaBHUBATH CKOPOCTH BO3pacTaHUs (POCTa, MOBBIIICHUS, YBEIHUCHUS
U T. 11.) WIK CKOPOCTU yObIBaHUA (MAJEHUs, CHUKCHUS, YMEHBIICHHS U T. I1.) BEJIMUYUH B PEATbHBIX
nporeccax;
® COOTHOCHTH I'papMKU peallbHBIX MPOIECCOB U 3aBUCUMOCTEH C MX ONHMCAHUSIMH, BKIIOYAIOIIMMHU
XapaKTePUCTUKU CKOPOCTH U3MEHEHUS (OBICTPHII POCT, TUTABHOE TIOHMKEHHE U T. I1.);
® HCIIOJIB30BATh I'paUKH pealIbHbIX MPOLIECCOB ISl PEIICHUS HECTOMKHBIX
MPUKJIAIHBIX 3a]]a4, B TOM YHCIIE ONpeaessis o rpaduky CKOpocTh Xoaa
IpoLecca;
e pelaTh NPUKIATHBIC 3a]1a41 U3 OUOJIOTUH, PU3UKU, XUMHUU, SKOHOMUKH
U JpYyruxX TMpeAMETOB, CBS3aHHBIE C HCCIEIOBAHUEM XapaKTEPUCTUK pEalbHBIX MPOIECCOB,
HaxXOXXJICHWEM HauOOJIIIMX ¥ HAUMEHBIIMX 3HAYEHUW, CKOPOCTHU W YCKOpEHHs U T. II.,
UHTEPIPETUPOBATH IMOTYYECHHBIE PE3YJIbTATHI.
CraTucTHKa U TEOpHs BEPOSITHOCTEH, JIOTHKA U KOMOMHATOPUKA
Buinyckuux nayuumes:
e OrnepupoBaTh OCHOBHBIMU ONUCATEIHHBIMH XapaKTEPUCTUKAMH YUCIOBOTO
Habopa: cpeHee apudmeTHuecKoe, MeIuana, HanOoIbIIee U HANMCHbIIIEE
3HAUCHUS;
® ONEPHUPOBATH MOHATUIMHU: YACTOTA U BEPOSATHOCTh COOBITHSA, CITy4alHbIN
BBIOOD, OTBITHI C PABHOBO3MOXKHBIMU 3JIEMEHTAPHBIMH COOBITUSIMU;
® BBHIUUCIISTH BEPOSITHOCTU COOBITUI HA OCHOBE MOACUYETA YUCIIA UCXO/IOB;
® UMETh MPEJCTABICHUE: O JUCKPETHBIX U HETIPEPHIBHBIX CIIYYaHBIX BEIMYUHAX U PACTIPEICICHHIX, O
HE3aBUCUMOCTH CIIYYalHBIX BEJTUYUH; O
MaTeMaTUYeCKOM OXKHJIaHUU M TUCHEPCUU CIyYaWHBIX BEIWYUH; O HOPMAJILHOM paclpeielieHuu |
npuMepax HOPMAJIbHO pacipeieIEHHBIX CTydYalHbIX BEJIMYNH;
® TIOHMMATh CYTh 3aKOHA OOJBIIMX YHCET U BHIOOPOYHOTO METO/1a U3MEPEHHSI BEPOSITHOCTEH;
® UMETh NPEJCTaBICHHE 00 YCIOBHON BEPOATHOCTH M O TOJHON BEPOATHOCTH, MPUMEHITh HX B
pELIeHUH 3a/1a4;
® UMETh NMPEJCTABICHUE O BAXKHBIX YaCTHBIX BUJAX pacnpenesieHui u
MPUMEHSTh UX B PEIICHUU 33]1aY;
®  UMETh NPEJICTABICHUE O KOPPEISIUHU CIyYallHbIX BEJIMYUH, O JUHEHHON perpeccuu.
B noBceaHeBHO KU3HM U NPH U3YyYEHUH APYTUX MPeIMETOB!
Buvinycknux nayuumces:
® OIICHUBAaTh, CPABHUBATH U BBIYHCIATH B IPOCTHIX CIy4YasiX BEPOSITHOCTU
COOBITHI B peasibHOM KU3HU;
® YUTaTh, COMOCTABIATH, CPABHUBATH, HHTEPIPETUPOBATH B IPOCTHIX CIyUYasx
peanbHbIe JaHHBIC, TIPECTaBICHHBIC B BUJIE TAOIUII, TUarpamm, rpaQuKos;
TeKkcTOBEBIE 32J1aUN
Buinycknux nayuumes:
e Pemarh HeCIOXKHBIE TEKCTOBBIE 33/1a4M Pa3HBIX THUIIOB, PEIIATh 3a/1a91
Pa3HBIX THIIOB, B TOM YHCJIE 33141 MTOBBIIIICHHOW TPYIHOCTH;
e BEIOHUpATH ONTUMAIIBHBIN METO/I PEIICHHUS 33]a4H, pacCMaTpUBas pas-
JUYHBIE METO/BI,
® AHAJIM3UPOBATH YCIOBUE 3aJ]a4M, CTPOUTD JJIA €€ PEIICHHUS MaTeMaTHIeCKYI0 MOJIENb, TPOBOIUTH
JI0Ka3aTeNbHbIE PACCYKICHUS;
e IOHUMAaTh W WCIIOJIb30BaTh JJIS pEIIeHUs 3aJaud WH(OpMaINIO, TPEJCTaBICHHYI0 B BUJC
TEKCTOBOW M CUMBOJILHOM 3alMCH, CXeM, TaOIUII, Tuarpamm, rpaikoB, pUCYHKOB;
® IeIICTBOBATH 110 AJITOPUTMY, COAEpKAIIEeMyCsl B YCJIOBUH 3a/1a4H;




® ICTI0JIb30BATh JIOTUYECKHUE PACCYXKICHUS NP PEIICHUH 3a]1a4H;

® paboTaTh ¢ N30BITOYHBIMH YCIIOBHSIMH, BBIOMpAs U3 BCeld MHPOPMALIUU

JaHHBIE, HEOOXOIUMBIE JUTS PEIICHHS 33]1a4H;

®  OCYIIECTBJISTH HECIOKHBIN MIepeOOp BO3MOKHBIX PEIICHUIA, BBIOHpas U3

HUX ONTUMAIIHOE TI0 KPUTEPHUIM, CPOPMYIMPOBAHHBIM B YCIIOBHH;

® AHAIM3WPOBATh M HHTEPIPETUPOBATH IMOJYYCHHBIC PEIICHUS B KOHTEKCTE YCJIOBHUS 3a/IayH,
BBIOMPATH PEIICHUs, HE IPOTUBOPEYAIEe KOHTCKCTY;

e  pemarh 33Ja4d Ha pacy€T CTOMMOCTH IOKYIIOK, YCIIYT, MMOE30K U T. I1.;

® pemaTh HECIOXKHBIE 3aJaud, CBSI3aHHBIC C JOJEBBIM YYacTHEM BO BIIAJACHUU (UPMOI,
NpeaNpUsTHEM, HEIBUKUMOCTBIO;

e pemaTh 3a7ayd Ha TMPOCThIC MPOUEHTHI (CUCTEMBI CKUIOK, KOMHCCHU) M Ha BBIYHCICHUE
CJIO’KHBIX TPOLIEHTOB B PA3JIMUHBIX CXEMaxX BKJIAJ0B, KPEIUTOB U UIIOTEK;

e pemaTh NPAKTUYECKUE 3a1a4yd, TPEOYIOUIME WCIOIb30BAHUS OTPHUIIATEIBHBIX YHCEN: Ha
OTIpENICICHUE TEMIIEPaTyphl, TOJOXKECHUsS Ha BPEMEHHOW OcH (0 Hamled 3pbl U IOCIE),
TITyOWHBI/BBICOTHI, HA IBFDKEHUE JICHSKHBIX CPEACTB (IIPUXOA/PACXO) U T. II.;

® HCIIOJIL30BaTh MOHATHE MacimTaba Ui HaXOXKACHUS PACCTOSHHMN M JJIMH Ha KapTax, IUIaHax
MECTHOCTH, TJIaHAX MOMEIIECHHH, BEIKPOMKAX, MPH paboTe Ha KOMIBIOTEPE .

B noBcegHeBHOI )KM3HM M IPU U3YYEHHH APYTHX NPEAMETOB:
Buinycknux nayuumecs:
® pelaTh NPaKTHYECKUE 3a/1a4d U 3a/1a4M U3 JPYTUX MPEIMETOB.
e pelath 3aJauu, Tpelyrolue nepedbopa BApUaHTOB, IPOBEPKH YCIOBHIA,
BbIOOpA ONTUMAJIBHOTO Pe3yJIbTaTa;
® aHAJIM3UPOBATh U UHTEPIPETUPOBATH PE3YNIbTAThl B KOHTEKCTE YCIOBHS 3a1a4H, BBIOMPATh
pellieHus, He IPOTUBOPEYAINEe KOHTEKCTY;
® [I€pPEBOAMTH IPU PELICHUH 3a/1a4l HHPOPMALIMIO U3 OTHON (GOPMBI B IPYTYIO, UCHOJb3Ys IPU
HEO0OXOJIMMOCTH CXEMBbI, TaOJIHIIbI, TPAQUKH, TUArPAMMBI.
Buinycknuk nayuumcesn:
T'eomempus
— pacno3HaBaTh OCHOBHBIE BU/IbI TeJl BpallleHUs (KOHYC, IMIUHD, cdepa U 1map), BIaaeTh
CTaHJIapTHOM KJaccu(UKaIMel MpOoCTpaHCTBEHHBIX (pUryp
— n300pakaTh U3ydaeMble GUTYpHI OT PYKU U ¢ IPUMEHEHHUEM MPOCTHIX YEPTEKHBIX
UHCTPYMEHTOB;
— JienaTh (BBIHOCHBIE) MJIOCKUE YEPTEKU U3 PUCYHKOB MIPOCTHIX O0BEMHBIX (PUTyp: BUJ] CBEPXY,
cOOKYy, CHU3Y;
— U3BJIEKaTh, UHTEPIPETUPOBATH U MPE0OPa30BbIBATh HH(OPMALIMIO O POCTPAHCTBEHHBIX
reoMeTpHUecKuX (PUrypax, mpeacTaBICHHYIO Ha YepTeKaxX U pUCYHKaX;
— NpUMEHSATH TeopeMy [Iudaropa npu BIYMCIECHUHN 3JIEMEHTOB CTEPEOMETPUUECKUX PUTYD;
HaXO0/UTh 0OBEMBI U IJIOLIAIU IOBEPXHOCTEH TEI BpaIlleHUs, TEOMETPUUYECKHX Tel C
npuMeHeHueM (Gpopmyi;
— NPUMEHATHh FeOMeTpruUecKre (aKkThl IS peIIeHus 3a/1a4, IPEoIaraloluX HECKOJIbKO 1Iaros
pellIeHus, €Clii yCIOBHS MPUMEHEHUS 3aaHbl B IBHOU (popme;
— pemaTh 3aJJa4u Ha HaXOXKJIeHHE TeOMETPUUYECKUX BEJIMYMH M0 00pa3iiaM WK ajlropuTMam;
— (popmynHrpoBaTH CBOWCTBA U IPU3HAKU GUTYD;
— JIOKa3bIBaTh T€OMETPUYECKUE YTBEPKICHUS.
BBIIYCKHUK HAyYUThCS:
- OIIMCBIBATH B3aMHOE PACIIOJIOKEHHE NPSIMBIX U IJIOCKOCTEHN B IPOCTPAHCTBE;
-CTPOUTDH CEYEHUSI MHOTOI'PaHHUKOB;
— - BBIUUCJISITh PACCTOSIHUS U YIUIBI B IPOCTPAHCTBE;
— MPUMEHSATh T€OMETpUYECKHe (PAKThI Ui pelieHus 3a1a4, IPeIoaraloluX HECKOJIbKO 111aroB
peLeHH s, €CITU YCIOBUS IPUMEHEHUS 3a/1aHbl B IBHOU (opMme;
— pelaTh 3aJaud Ha HaXOXKJIEHWE Te€OMETPUUECKUX BEJIMYMH 0 00pa3liaM WIu ajJropuTMam;
— (hopMyIHpPOBATh CBOWCTBA U MPHU3HAKH (PUTYD;
— JIOKa3bIBaTh F€OMETPUYECKUE YTBEPHKICHUS.



B noBcenHEBHOM XKU3HU U IIPU U3YYEHUH IPYTHX IIPEIMETOB:
BeinyckHMK HayduTes:
— COOTHOCHUTb a0CTPAKTHBIE TEOMETPUUECKUE MOHATHUS U (PaKThl C pealbHbIMU KU3HEHHBIMU
00BEKTaMU M CUTYAIHSIMU;
— UCIOJIb30BaTh CBOMCTBA IPOCTPAHCTBEHHBIX T€OMETPUUYECKUX (QUTYp IS PELLICHUS TUIIOBBIX
3a/1a4 IPAKTUYECKOTO COACPKAHUS;
COOTHOCHUTH 0OBEMBI COCYI0B OMHAKOBOM (DOPMBI PA3IMYHOTO pa3mepa;
BBIIYCKHUK HAy4UTBCS:
— UCIOJIb30BaTh CBOMCTBA FEOMETPUUECKUX (PUTYp [UId pelIeHus 3aad MIPaKTHIEeCKOro
XapakTepa u 3a/1a4 U3 APYrux 00JacTeil 3HAHMIA.
BekTops! 1 KOOPAMHATEI B IPOCTPAHCTBE
BrinnyckHMK Hay4duTes:
— OnepupoBaTh NOHATUAMU: JEKAPTOBBI KOOPIAUHATBI B IPOCTPAHCTBE, BEKTOP, MOYJIb BEKTOPA,
PaBEHCTBO BEKTOPOB, KOOPAMHATHI BEKTOPA, YTOJI MEXKY BEKTOPAMHU, CKAISIPHOE ITPOU3BEICHUE
BEKTOPOB, KOJUIMHEAPHBIE U KOMILJIAHAPHBIE BEKTOPBI;
— HAXO/IUTh KOOPJMHATHI BEPIINH Ky0a U MPSMOYTOJIBHOTO MapajlIeseuIe/1a, pACCTOSTHUE
MEXy IBYMsl TOUKAMH;
BBIIIYCKHUK HAayYUThCS:
— HaxoJUTh CYMMY BEKTOPOB U IIPOU3BEACHHUE BEKTOPA HA YHUCIIO, YTOJI MEXY BEKTOpaMH,
CKAJIIPHOE MPOU3BEACHUE, PACKIIAIbIBATh BEKTOP 110 IBYM HEKOJUIMHEAPHBIM BEKTOPAM;
— 3a/1aBaTh IUIOCKOCTh YPABHEHUEM B JIEKAPTOBOM CUCTEME KOOpJUHAT;
— pemarh IpocTeiIne 3aJaui BBEIEHUEM BEKTOPHOTO Oasuca.
Hcropus u MeToapl MaTEMaTUKU
BbInycKHUK HAy4YUTCS:
—- OnuceIBaTh OTAEIBHBIE BBIIAIOIIUECS PE3YNIbTAThI, I0JYYEHHBIE B XO/I€ Pa3BUTHUS
MaTEeMaTHKHU KaK HayKu;
— 3HaTh IPUMEPHI MATEMAaTUYECKUX OTKPBITHI U UX aBTOPOB B CBSA3H C OTEUECTBEHHOU U
BCEMHMPHOMN UCTOPHUEH;
— [IOHUMAaTh POJIb MATEMATUKH B pa3BuUTHH Poccuy;
— MPUMEHSTh U3BECTHBIE METO/AbI IIPU PEILIEHUU CTAaHJAPTHBIX U HECTaHJAPTHBIX
MaTEMaTHUYECKUX 3aJja4d; NCI0JIb30BaTh OCHOBHBIE METO/IbI 10Ka3aTEIbCTBA, IPOBOIUTH
JIOKAa3aTeJIbCTBO U BBIIOJIHATH ONPOBEPIKECHHUE;
— 3aMeyaTh U XapakTEpHU30BaTh MaTEMaTHUECKHE 3aKOHOMEPHOCTH B OKPY KarOIIEN
JEHUCTBUTEIILHOCTH M HAa MX OCHOBE XapaKTEpU30BaTh KPACOTY U COBEPIIEHCTBO OKPYKAIOIIETO
MUPa, a TAKXKe IPOU3BEIACHHUN HCKYCCTBA;

BBIIIYCKHUK HAay4UThCS:
-IPEACTABIIATh BKJIAJ] BBIJAIOIINXCSA MAaTEMAaTUKOB B Pa3BUTHE MAaTEMATUKHU M UHBIX HAyYHBIX
o0JacTen;

-IIPUMEHSATH IPOCTEUIINE MPOTPaMMHBIE CPEJCTBA U AJIEKTPOHHO-KOMMYHHUKALIMOHHbIE
CUCTEMBI IPU PELIEeHUN MaTeMaTHYECKUX 3a]1ay.

Conep:xxanue o0yuenusi (Aaredpa)
10 xuacc (136 4,4 4 B HenmesI0)
1. Ctenensb ¢ AelicTBUTEIBLHBIM NOKa3aTeieM (184)

JeiictButenpHblie uncia. beckoneuHo yObiBaromias reomeTpudeckas mporpeccusi. ApupmMeTHuecKuii
KOpPEHb HaTypaJbHOM cTeneHu. CTeneHb € pPAalUOHAIBHBIM W JACUCTBUTENBHBIM IOKA3aTENISIMHU.
OcnosHas yenv- 0000INUTE U CUCTEMATU3UPOBATh 3HAHUS O JIEHCTBUTENBHBIX YHCIax; c(hOPMUPOBATH
MIOHATHE CTENEHH C JCHCTBUTENBHBIM IIOKA3aTeleM; II0Ka3aTb IPUMEHEHHE ONpEeNICHUs
apu(pMeTHYEeCKOro KOpHs U CTENEHH, UX CBOICTBA MPH BBHIMOJIHEHUH BBIUYUCICHUN U IPeoOpa3oBaHuU
BBIPAKEHUI; 03HAKOMUTH C TIOHATUEM MpeJieia OCIe0BaTENbHOCTH.

2. Crenennas ¢pynkuus (18y)



Crenennas ¢yHKIUs, €€ cBOMcTBA U rpaduk. B3anmMHo oOpaTHbIE (PyHKITHH.

Cnoxnas ¢yukuus. JpoOHo-nuueitHas ¢yHkius. PaBHOcuibHBIE ypaBHEHUS U HEPaBEHCTBA.
WppatmonanbHble ypaBHEHHUS.

Ocnogénas yenvb — 000OIIUTH U CUCTEMATU3UPOBATh U3BECTHBIE U3 Kypca OCHOBHOI IIKOJIBI CBOKWCTBA
GyHKUMH; M3Yy4UTh CBOWCTBA CTENEHHBIX (QYHKUMH M HAy4YUTh NPUMEHATh HMX IMPU PEIICHUU
YpPaBHEHUH M HEPABEHCTB; [JaTb IIOHATHE PAaBHOCHIBHOCTU YPAaBHEHUMN, HEPABEHCTB, CHUCTEM
YPaBHEHUH U HEPABEHCTB.

3. Iloka3zarenbHast pyHkuus (124)

[TokazarenpHast (ynkmus, e€ cpoiictBa M rpaduk. IlokasarenbHble ypaBHeHHs. I[lokazaTenbHble
HepaBeHcTBa. CHCTEMBI T0Ka3aTeIbHBIX YPABHEHUIM U HEPABEHCTB.

Ocnosnas yelb- O3HAKOMUTH CO CBOMCTBAMM IIOKa3aTeIIbHOM (bYHKI_II/II/I, BBECTH CIIOCOOBI pEeIICHUA
IIOKAa3aTCIIbHbIX ypaBHeHPIfI H HCPABCHCTB, CUCTCMBI I10KA3aTCJIbHBIX ypaBHCHI/Iﬁ.

4. Jlorapudpmunyeckas pynkuus (194)

Jlorapugwmsl. CoiicTBa norapumoB. JlecsTnunbie U HaTypaibHbIE Jorapudmsl. Dopmya nepexosa.
Jlorapupmuueckne  ¢yakmms, e€ cBoiictBa u  rpaduk. Jlorapudpmudeckue ypaBHEHUSI.
Jlorapudmuyueckre HEpaBeHCTBA.

Ocnosnas yenvb- cHopMuUpOBaTh IMOHATHE Jorapudma 4yuciaa; BbIPAOOTATh YMEHHE MPUMEHATh
CBOWCTBA JIOTapu()MOB TPU PEUICHUN ypaBHEHUH; M3YUUTHh CBOMCTBA JIOTapU(IMUIECKON (YHKIUU U
MOKa3aTh MPUMEHEHHE €€ CBOICTBA IPU PEHICHUH JIOTapu(MUIECKUX YPAaBHEHH U HEPABEHCTB.

5. Tpuronomerpudeckue GopmyJisl (274)

Panuannas mepa yria. IloBopoT Touku BOKpyr Hayana koopauHaT. OnpeneneHue cuHyca, KOCUHyca 1
TAHI'€HCa yria. 3HaKd CHHYCa, KOCMHYCa M TaHT€HCAa. 3aBUCUMOCTb MEKIY CHUHYCOM, KOCMHYCOM U
TAHI'€HCOM OJTHOTO W TOro ke yria. TpuroHomerpuyeckue TtoxzaectBa. CHHYC, KOCUHYC U TaHTEHC
yrioB o U —o. @opmyinsl cnoxenus. CuHyc, KOCUHYC U TaHT'€HC JBOIHOrO yria. CuHyc, KOCUHYC U
TaHT'€HC MOJOBUHHOTO yria. @opmyssl npuBeaeHus. Cymma 1 pasHocTh cuHycoB. CymMMa M pa3HOCTh
KOCUHYCOB.

OcHo6Has yenb -  O3HAKOMUTH C TIOHATHAMM CHHYCA, KOCMHYCA, TAHT€HCA M KOTAHI€HCAa YNCIa;
BbIpa0OTaTh yMEHHS MPUMEHATh (QOPMYJbl TPUTOHOMETPUM JUISl BBIYMCICHUS 3HAYEHUI
TPUTOHOMETPUYECKHX (YHKLUH U BBIIOJHEHUs NMpeoOpa3oBaHUIl TPUTOHOMETPHUUECKUX BBIPAKEHUMH;
O3HAKOMHUTh C PEIICHUEM MPOCTEHIINX TPUTOHOMETPUUYECCKUX YpaBHEHHUl SINX=a, c0SX=a, mpu a=I,-
1.0.

6. Tpuronomerpuyeckue ypaBuenus (214)

VYpaBHeHue COS X = a. YpaBHeHue Sin X = a. YpaBHenue tg X = a. TpuroHomerpmueckue
ypaBHEHHUs, cBojsmuecs K anreOpamdyeckuMm. OJHOpOAHBIE YypaBHEHHA. MeToapl 3aMeHBbI
HEU3BECTHOTO M PpA3JIOKEHUsS Ha MHOXUTEIM. MeToj OLEHKH JIEBOW M IIPaBOM  4acTh
TPUTOHOMETPUYECKUX YPABHEHUN.

OcHosnas yejlb- OBHAKOMUTE C IIOHATUAMU apKCHUHYCA, apKKOCUHYCA, apKTAaHI'CHCA YHUCJIa, BI)Ipa6OTaTI)
YMCHUEC pC€IIATh TPUTOHOMECTPUYCCKHUEC YPABHCHUSA , UCIIOJb3YS PA3JIMYHBIC ITPUCMBI PCILICHU .

7. AToroBoe nmoBTopeHue (214)

[IpeoOpa3oBaHue  palMOHAIBHBIX, CTENEHHBIX, HPPALHOHAIBHBIX, Jgorapu(pMHUUECKHX,
TPUTOHOMETPUYECKUX BBIPAKECHUMN.



11 kaace (136 4, 4 4 B HeeJI10)
1.Tpuronomerpuyeckne pynkmuu (204)

OOnacte ompeneneHUss W MHOXECTBO 3HAUEHHH TPUTOHOMETpUYECKHX (yHKuui. YETHOCTH,
HEYETHOCTh, NMEPUOJAUYHOCTh TPUTrOHOMeTpHueckuX (yHkui. CBOMCTBO (QyHKLIUU Y = COS X U e
rpaduk. CpolictBo (yHkumu y = Sin X u e€ rpaduk. CoiicTBO u rpaduku ¢GyHKIMiA Y = tg X u
y=ctgx. OOpaTHbIE TPUTOHOMETPHUECKUE (PYHKITHH.

OcHoeHas yenb- 03HAKOMUTH CO CBOMCTBAaMH TPUTOHOMETPUYECKHX (YHKIUH, BHIpaOOTaTh yMEHHE
MPUMEHSTH 3TH CBOICTBA IPU PEIICHUU YPaBHEHUI M HEPaBEHCTB; 00OOOUIMTH U CHUCTEMATU3UPOBAThH
3HaHHUA OO0 HccleNoBaHUM (DYHKUMH S3JIEeMEHTapHBIMM METOJaMH; BbIPa0OTaTh yMEHHE CTPOUTH
rpaduKy TPUTOHOMETPUUECKHUX (YHKIUH, UCIIONIBb3YS PA3IMYHbIE TPUEMbI IOCTPOSHUS TpadUKOB.

2. lIpousBoaHas u eé reomerpuuyeckuii cmpici (204)

ITpenen nocnenoBarenbHocTH. HempepbiBHOCTh (yHkumMu. OnpeneneHue npousBoaHoil. IIpaBuia
maddepennmpoBanusi. [IponsBoanas creneHHON (QyHKuuU. [IpomsBoaHas 3MeMEHTapHBIX (YHKIHH.
['eomeTpuyecknii CMBICI IPOU3BOJIHOM.

OcHogHass yenb- O3HAKOMUTH C TIOHATHEM IIpefeNia MOCIeAOBaTeIbHOCTH, IMpenena (YHKIUH,
MPOM3BOJIHOM;,  BBIPAOOTaTh  yMEHHWE  HAXOIUTh  IPOM3BOJHBIE C  TIOMOIIBIO  (opMyl
muddepeHIIMpOBaHysl; HAXOAWTh YpaBHEHHE KacaTelbHOM K rpaduky QyHKOMH, peliarh
MPAaKTUYECKHUE 33]]a4H Ha IPUMEHEHHE MMOHATHS IPOU3BOIHOM.

3. [IpumeHeHne NPOU3BOAHOI K UccaenoBaHuI0 pyHkumnii (184)

Bospacranue u yObiBanue QpyHKIMU. DKCTpeMyMbl GyHKInU. Hanbosnbliee 1 HauMeHblee 3HaYeHUs
¢bynkuuu. [IpousBoaHas BTOpOro MOpsiiKa, BBIMYKIOCTh W TOYKH meperndOa. [locrpoenue rpadpukos

GyHKIHH.

OcnosHas yenvb- TOKa3aTh BO3MOXKHOCTH MPOM3BOJHONW B HCCIIEIOBAHUM CBOMCTB (QYHKUUH H
MOCTPOCHUH UX I'PaHKOB.

4. IlepBooOpa3Hasi U uHTerpaJ (174)

IlepBooOpaznas. IlpaBuna HaxoxaeHHs MepBooOpasHbIX. [liomans KpUBOJIMHEHHON Tpamenuy.
WuTterpan u ero Berancienue. [IpuMeHneHre HHTErpatoB AJs pelieHus pU3nuecKux 3ajau.

OchosHas yenb- 03HAKOMUTH € MOHATHEM MHTErpajla U MHTErPUPOBAaHUEM KaK ollepanueil, oOpaTHOi
Qg QepeHIIMPOBaHUIO; BEIpaO0OTaTh YMEHUE HAXOJUTH IO KPUBOJIMHEHHON Tpamneuuu, pemarhb
npocreime Gu3nYeckre 3a1a4u ¢ IOMOIIbI0 HHTErpaa.

5. Komounaropuka (134)

[IpaBuno mnpousBeneHus. Pasmemenuss c¢ mnoBropeHusMmu. IlepectaHoBku. Pasmemenus 6e3
nostopeHuil. Coueranus 6e3 noropeHuit 1 6uHoM HeroToHa.

OcnosHnas yenb- BeIpabaThIBaTh KOMOWHATOPHOE MBINUICHNE; O3HAKOMHUTH C TEOpUEH COeIMHEHUIA,
obocHoBaTh (hopmyny Ounoma HeroToHa.

6. DJieMeHTBbI TeopuM BepositHocTeidi (134)

BepositHOocTh  cOOBITHS. ClOXEHHE BEPOSTHOCTEH. BeposiTHOCTh TpoM3BE/IeHHS] HE3aBUCUMBbIX
COOBITHUH.

OcnosHas yenb- O3HAKOMHUTb C TOHATHEM BEPOSATHOCTU CIIyYailHOrO HE3aBUCHMOTO COOBITHS,
BbIpa0OTaTh yMEHHME pellaTh 3aJadd Ha MPUMEHEHHE TEOPEMbl O BEPOATHOCTH CYMMBI JBYX
HECOBMECTHBIX COOBITHI U Ha HaX0XKJICHHE BEPOSITHOCTH ITPOU3BEACHUS IBYX HE3aBUCUMBIX COOBITHIA.



7.Cratuctuka (94.)

Ocnosnas yejlb- HNMCTb IpeaACTaBJICHUE O MAaTEMATUYCCKOM OXHIAaHHUU .Berauciare 3HadeHue
MAaTEMATHUYCCKOI'O OXXUJaHUA CHy‘I&fIHOfI BEJIMYHMHBI C KOHCUYHBIM YMCJIOM 3HAYCHHIA.

3HaTh OCHOBHBIE MEpbI pa30poca 3HAUYEHUH CIydyailHON BEIMYMHBI: Pa3Max, OTKJIOHEHHE OT CPEIHEro
u aucnepcuto. Haxoauts Mepsl pazdpoca cirydaiiHOW BETMUYMHBI C HEOOIbIIUM YUCIIOM Pa3InYHbIX €&
3HA4YEHMI.

8. UToroBoe noBTopeHHe Kypca ajaredpobl u Havaja aHaau3a (264)

OyHKIUA, OMpeeiIeHUe, CIOcoObl 3alaHus, CBOWCTBA (DYHKIMH, CBEJACHHBIE B OOIIYyI0 CXEMY

K
==, k®l.

uccienoBanus GyHKIuK (JTMHEWHAS, Tox , KBaJpaTuyHasi).

[TokazarenpHas ¢GyHKIMs, e€ cBoiicTBa U rpaduk. PemieHne 3amad ¢ MCMOIB30BAaHUEM CBOWMCTB
byHKIHH.

Jlorapudmuueckas Gynkius y=logaX , e€ cBoiictBa u rpaduk. PemieHune 3aqad ¢ UCIOIb30BAHUEM
CBOMCTB (DYHKIIMH.

Tpuronomerpuueckre ¢yHkuun (Y=COSX , Y =SinX ,y=tgx , y=CtgX), ux cBoiicTBa M TpaduKH.
Pemenne 3amau ¢ HMCMONb30BaHHEM CBONCTB (yHKITHI.

ToxxnecTBeHHBIE TPEOOPa30BaHUs CTENEHEW C palMOHAIBHBIM IOKa3aTesieM, HpPPAlUOHAIBHBIX H
Jorapu(MUUECKUX BbIPAKCHHIH.

ToxaecTBeHHBIE MPeoOpPa30BaHMS TPUTOHOMETPUICCKHIX BBIPAKCHHUIM.

Pemenne panuoHanbHBIX W HPPALMOHAIBHBIX.

Pemenne mokaszarenbHBIX U JIOTAPUPMUUICCKUX YPaBHEHUH M UX CHUCTEM.

Pemennie TpUrOHOMETPUUYECKUX YpPaBHEHUU.

Ocnosnas yenv: 0000IUTH U CUCTEMAaTU3UPOBATh CBEJCHHUS O BCEX BHJAAX (DYHKIMIA, M3y4acMBIX B
Kypce MaTeMaTHKe; O BCEX BUaX ypaBHEHUH U BBIPAKEHUSAX, U3Y4aeMbIX B Kypce MaTeMaTHKe.

Conep:xanue o0yuenus (I'eomerpus)
10 kaacc (68 yacoB , 2 yaca B HeJleJII0).

1. HekoTopsble cBeieHUs U3 JIAHUMETPUH

IloBTOpEHME. YTIIBI U OTPE3KH, CBSI3aHHBIE C OKPYKHOCTBIO. Pemenue tpeyronsHukoB. Teopema UeBsl
u Munenas. Dmurc, runiepboia u napadona.

2. BBenenmne. 34

IIpeamet crepeomeTpuu. AKCHOMBI CTEPEOMETPHH.

OcHOBHas 1eNb — MO3HAKOMUTD YYaLIUXCS C COAECPKAHUEM Kypca CTEPEOMETPUH, C OCHOBHBIMU
MOHATUSIMU M aKCMOMaMH, IPUHATHIMU B JAHHOM KypC€, BBIBECTH MEPBbIE CIEACTBUS U3 aKCHOM, JaTh
IIPEJCTaBICHUE O FEOMETPUUECKUX TeIaX M UX MOBEPXHOCTSX, 00 M300pak€HUH MPOCTPAHCTBEHHBIX
¢buryp Ha yepTexe, 0 MIPUKIATHOM 3HAUYEHUHU F€OMETPUU
3.I1apanienbHOCTH NPSIMBIX M IUIOCKOCTel. 16 4
[TapaninenbHOCTH NPSAMBIX, IPSAMOI U MJIOCKOCTH. B3anuMHOe pacnosiokeHue AByX NMpsSMbIX B
IIPOCTPAHCTBE. YTOJI MeXAY ABYyMs NpsimbIMU. [lapamiensHocTh miockocTeil. TeTpasap u
napaiesIenumne.

OcHoBHad 1enb — chopMUPOBATH MPEACTABICHUS YUALIMXCS O BO3MOXKHBIX CIIy4asiX B3aUMHOTO
PacroJIoKeHUs ABYX NMPSAMBIX B IPOCTPAHCTBE (TPSMBbIE IEPECEKAIOTCS, PSIMBIE ITapaJIeNIbHBbI,
IpsIMble CKPEIIUBAIOTCS ), IPSAMOMN U IIIOCKOCTH (TpsiMast JISKUT B IIIOCKOCTH, TIPSMasi M IMIIOCKOCTh
MepeceKaroTcs, MpsiMasi ¥ MIOCKOCTh MapaljieNibHbl), U3yYUTh CBOMCTBA U MIPU3HAKU NapaJUIeTbHOCTH
NPSIMBIX U IJIOCKOCTEH.

4.11epnieHANKYJISIPHOCTH NPSAMBIX M IJIOCKOCTeH. 17 4

[leprieHAUKYIAPHOCTH MPSIMOM M MIOCKOCTH. [IepneHuKysip M HaKJIOHHBIE. YTOJI MEX1y NMPsIMOH U
IJIOCKOCTBIO. JIByrpanHbIil yroi. [lepnenauKyIsipHOCTb MIIIOCKOCTEM.

OcHOBHas 1eb — BBECTH MOHATHS NEPIEHAUKYISIPHOCTH MPSIMBIX U MJIOCKOCTEH, U3YUUTh
MIPU3HAKU NEPIIEHIUKYJIIPHOCTH MPSIMON U TUIOCKOCTH, ABYX INIOCKOCTEN, BBECTH OCHOBHBIE
METPUYECKHE TIOHATHS: paCCTOSIHUE OT TOYKH JI0 IUIOCKOCTH, PACCTOSIHUE MEKAY MapajlieIbHbIMU



IJIOCKOCTSIMU, MEKy apaJUIEIbHBIMU MIPSIMON U TUIOCKOCTBIO, PACCTOSIHUE MEXIY
CKPEIIMBAOIINMUCS IPSIMBIMH, YTOJI MEXKIY IPSIMON U TUIOCKOCTBIO, YTOJI MEXKIY ABYMs
IJIOCKOCTSIMU, U3yUUTh CBOWCTBA IPSIMOYTOJIBHOTO NIapajlieIenuIe 1a.
5.MHuororpanHuku. 14y

ITonsatne MHororpannuka. I[Ipusma. Ilupamua. IlpaBuibHbIE MHOTOTPaHHUKH.

OcHOBHas LEIb — MO3HAKOMUTh yYallIUXCsl ¢ OCHOBHBIMM BHJIaMU MHOI'OI'PaHHHMKOB (IIpHU3Ma,
NUpaMy/ia, ycedeHHas mnupamuia), ¢ Qopmynoil Diinepa A BBITYKIBIX MHOTOTPAaHHHKOB, C
IIPaBWJIBHBIMU MHOTOI'PaHHUKAMH U 3JIEMEHTAMH UX CUMMETPHH.
6.IloBTOpenue kypca 10 kiacca. 6 4
[TapamnenbHOCTB NPAMBIX U INIOCKOCTEN. IleprenauKyIapHOCT NPAMBIX U INIOCKOCTEH.
MHOrorpaHHMKH.

11 kaacc (68 yacoB: 2 yaca B HeJeJII0).
1.0uaunap, kouyc, map. 16 u
[Tonstne nmnunaapa. [homane noBepxHoctu muiuHApa. [lonarue konyca. [lmomaas moBepxHOCTH

KoHyca. YcedeHHBbI koHyc. Cdepa m map.  B3aummHoe pacronoxeHue cepbl M IUIOCKOCTH.
KacarenpHas miockocts k cdepe. [Inomans cheps.
OcHOBHas 1elb — JaTh YyYallUMCS CHCTEMAaTHYeCKHE CBEACHHS 00 OCHOBHBIX Tellax |

MOBEPXHOCTSIX BpaIlleHUs] — IWIMHAPE, KOHYce, chepe, mape.
2. O6bembl TeI. 17 4
O6wem mpsiMoyronbHOTO mapaienenunena. OO0bemMbl mpsiMoid Tpu3Mbl U HHIUHIAPA. OOBEMBI
HaKJIOHHOM MPU3MBI, THpaMHIbl U KOHyca. OOBbeM 11apa u Iomaas chepsl.
OcHOBHas IeNb — BBECTH MOHATHE OOBEMa Tella M BBIBECTH (POPMYIBI JUIS BBIYUCIICHUS
00bEMOB OCHOBHBIX MHOT'OTPAHHUKOB M KPYTJIBIX TeJl, U3YYEHHBIX B Kypce CTEpEOMETPUH.
3. BekTophbl B mpocTpaHcTBe. 6 4
Ilonatue BekTopa B mpocTpaHcTBe. ClOXKEHHME M BBIYMTAHHE BEKTOPOB. YMHOXKEHHE BEKTOpa Ha
yucno. KoMiianapasie BEKTOPBI
OCHOBHa# Ielb- 3aKPENHUTh U3BECTHBIE U3 Kypca INIAHUMETPHUH CBEICHUS O BEKTOpax U JEHCTBUAX
HaJ HUMH, BBECTU MOHATHE KOMIUIAHAPHBIX BEKTOPOB B MPOCTPAHCTBE U PACCMOTPETH BOIIPOC O
Pa3oKEeHUHU BEKTOPA MO TPEM JTaHHBIM HEKOMIUIAHAPHBIM BEKTOPaM.
4. Meroa KOOpaAMHAT B NpocTpaHcTBe./[BH:KkeHus1. 154
KoopaunaTsl TOUKH 1 KOOpAMHATEI BeKTOpa. CKalsIpHOE INPOU3BENECHUE BEKTOPOB. [IBHKEHMS.
OcHoBHas uenb — cOOPMUPOBATH YMEHHE Yy4alIUXCS MPUMEHSATh BEKTOPHO-
KOODJMHATHBI METOJ K pEeIleHHIO 3a/ad Ha BBIYHUCICHHE YIJIOB MEXIy MpSIMbIMH U
IUIOCKOCTSIMU M PACCTOSIHUN MEXly IBYMSI TOYKaMH, OT TOYKHU JI0 IIIOCKOCTH.
5. IloBTopenne 14y
Hununnp, konyc, map. O6beMsl Ten. MeTosl KOOpAMHAT B IPOCTPAHCTBE
3amaun Ha pa3InYHble KOMOMHAIIMK KPYTJIBIX T€JT 1 MHOTOTPAaHHUKOB
Ocnoenas yenb- 0000IINUTh U CUCTEMAaTU3UPOBATh CBEJICHUS O TEJIaX BPALEHUS, O HAX0XKJIEHUH HX
00bEMOB; MPUMEHEHUH METO/1a KOOP/IMHAT B IIPOCTPAHCTBE.



TEMATHYECKOE INTAHUPOBAHHUE YYEBHOI'O KYPCA

MATEMATHUKH B 10-11 KNIACCAX

B cBf3M CcO CIOKHOCTBIO YCBOEHHA ywalmiuMucid TeM «Tpuronomerpuyeckue (popMyJibl»,
«Tpuronomerpuyeckue ypaBHeHUs1», CHUTAIO 11eJ1eCO00PA3HBIM NepPeHecTH JaHHbIe IJ1aBbI B

Ha4vYa/Jlo0 M3Yy4YE€HUsI MaTepuaJja 10 KJIacca,

a Temy «MHoOrouwiennl. AJjredpamdyeckue

YPABHEHHUSD» IepeHecTH Ha KoHen Mmartepuana 10 kiaacca. KoqmyecTBo 4acoB mpH 3TOM

0CTACTCH HCU3MCHHBIM.

Paznen Tembl Koa- | XapakTepucTHKa 0CHOBHBIX OcHOBHBIE
npor BO BU/IOB /I€ATEJBHOCTH YYeHUKA | HANIPaBJIEHUS
pam 4acoB | (Ha ypOBHe y4eOHBIX BOCIIUTATEILHOM
MbI nAeicTBHIl) JeITeJIbHOCTH
10 kiacc
-3 1. T'naBalV. Crenens ¢ 18 Haxomuth cymmy OECKOHEUHO
S el CTBUTENbHBIM yOBIBaIOIIEH reOMETPUIECKON
= nokKasareJjiemMm nporpeccuu. [lepeBoanTh
< 1. JlelicTBUTEIbHBIC YKCTIA 4 OECKOHEUYHYIO MEPHOUIECKYIO 1.35
JpoOb B OOBIKHOBEHHYIO JIpOOb.
3 [IpuBoauTE IpUMEPHI (1aBaTh 2,4
2. beckoHeuyHO yObIBaroIas PHBOA puMepBI (1 '
orpeneneHue) apuMeTHIECKUX
rEOMETpPUYECKast MPOTPeccus - .
KOpHEH HaTypaJIbHOM CTETEHHU.
. [TosicHATh Ha MpUMeEpax MOHSATHE
3. ApudmeTnueckuii KOpeHb HATY-
N 3 CTEIEeHH C JTFOOBIM 5,6
paIbHOM CTETeHU -
JIEHCTBUTEIILHBIM TTOKA3aTEIIEM.
4. CtereHb C pallOHAIbHBIM H 5 [TpumeHsTh paBUIa JEHCTBHI C 37
JEHCTBUTENBHBIM MMOKa3aTeIsIMU paJiKaliaMu, BRIPQKCHUSIMH CO :
CTETNEHSIMH C PAllMOHATBHBIM
nokasareneM (J1Ir00bIM
JEHCTBUTENLHBIM TTOKA3aTEeIeM)
1 IIPU BBIYHMCIICHUSX U 2,47
5.Yupoienue CTEIEHHBIX p 5 ce . o
. 1| A30BaHUSX BBIPAKEHUH.
BBIpKEHU N peobpaso paxe
Jloka3bIBaTh TOXK/IECTBA,
Ypok 00001eHNs U CcHCTEMaTH- COJIepIKallliie KOPEHb HATY-
3alliy SHaHHH pPabHOM CTENIEHH U CTEIIEHH C
TO0BIM JeCTBUTENHHBIM S

Ypok 0000mmeHUsT ¥ CHUCTeMaTH-
3alli1 3HAaHUH

KonTpoJsbHnasi padora Ne 1

ITOKa3aTeseM, IPUMEHSIS
pas3IUYHbBIE CIIOCOOBI.
[IpuMeHATh yMeHUs
peoOpa30BbIBATh BEIPAXKEHUS U
JTIOKa3bIBaTh TOXKIECTBA IPU
pELICHUH 3a]a4 [IOBBIIIEHHON
CJI0KHOCTH.




MareMaTH4ecKN aHAJIN3

T'nasaVIII. 27

Tpuronomerpuyeckue

dopmybl.

1. Pannannas mepa yrina 1

2. [ToBopoT TOUYKM BOKpYT | 2
Hayaja KOOpAHUHAT

3. Onpenenenue cuHyca, | 2
KOCHHYCa M TaHI'€Hca yria

4, 3HaKu cUHYca, KocuHyca u | 1
TaHI'€HCa

5. 3aBUCUMOCTh Mexay | 3
CHUHYCOM, KOCHHYCOM u
TQHT€HCOM OJIHOTO U TOTO XKe
yriaa

6. Tpuronomerpudeckue 3
TOXKJIECTBA

1. Cunyc, KOCHHYC n|l
TAHTEHC YIJIOB 0L 1 - O

8. DOopMyIIBI CIOKEHUS 3

9. Cunyc, KOCHHYC uj|2
TAHI'€HC ABOWHOIO yIia

10.  Cunye, KOCHHYC nj|2
TaHT'€HC MTOJIOBUHHOTO yrja

11.  dopmyinsl npUBEACHUS 2

12. Cymma U pasHoOCTb | 2
cunycoB. CymMma H pa3HOCTh
KOCHHYCOB

13.  IlpousBeneHue cuHycoB # | 1
KOCHHYCOB

Ypok 0600611eHus u 1

CHCTEMaTH3aluy 3HAaHUU

1

KonTtpouabHnas paGora Ne 2

IlepeBoauTh TpamycHyrO Mepy B
panuanHyto u oOparHo. HaxoauTs
Ha OKPY>KHOCTH ITOJIO)KCHHE TOYKH,
COOTBETCTBYIOLIEH JAHHOMY
JNEHUCTBUTEIILHOMY YHCITY.
Haxonute 3Haku 3HaYeHUil CUHYCa,
KOCHHYCa, TAHT€HCAa YUCIIa.
BbISBIATE  3aBUCUMOCTD  MEXKAY
CHHYCOM, KOCHHYCOM, TAaHI€HCOM
OZHOro M Toro xe yrina. IIpume-
HATb JaHHBIC 3aBUCHUMOCTH JJIA

J0Ka3aTciIbCTBa TOXIACCTBA, B
YaCTHOCTH Ha OHpe,I[CJ'IéHHI)IX
MHOXKCCTBax.

[TpumeHsTh npu IpeoOpa3oBaHUSIX
U BBIYUCIICHUSX (OPMYIIBI  CBS3H
TPUTOHOMETPUUYECKUX (DYHKIIMH
YIJIOB o 1 - 0, (GOpMyIBI
CIOXKEHUs, (POPMYIIbI ABOMHBIX U
IIOJIOBUHHBIX  YIVIOB,  (hopMyJibl
npuBeeHHUS, (OPMYIBI CYMMBI H
pasHOCTH CHUHYCOB, CYMMBI H
pa3sHOCTH KOCHHYCOB,
IPOU3BEJCHUS CHUHYCOB

Y KOCUHYCOB.

Jloka3bIBaTh TOXK/1ECTBA, IPUMEHSS

pa3iauyYHbE  METOAbI, HCIOJIb3YS
BCE M3y4YEeHHbIE (DOPMYJIBI.
[TpumeHSTH BCE U3Y4YEeHHbIE

cBoiictBa W (QopMmynsl  Tpu
pellleHnn TPUKIAJHbIX 3aJad U
3aJa4 MOBBILIEHHON CJIIOXKHOCTH.

1,3

4,5

2,6

4,7

5,6

3,4

1,5

2,7

3,5

4.7

6,7

2.4

2,7

3,5




Marema
THYec-
KHH aHa-
JIN3

T'masa IX.
Tpuronomerpuueckue
YPaBHEHHSA

21

1. YpaBHeHue COS X=a

N

. YpaBHeHue Sin x= a

3. YpaBHenwue tgx = a

A. TpUrOHOMETpPUUECKUE YpaBHe-
HUS, CBOJMAIIMECS K
anreOpanvdecKum.
OnHOpO/IHBIE YPaBHEHUS

5. MeToabl 3aMeEHBI
HEU3BECTHOTO U Pa3JIOKEHUS
Ha MHOXHTEIU. MeTo1 OlleHKH
JIEBOM M MpaBoi yacTen
TPUTOHOMETPUUECKUX
ypaBHEHUH

6. CucTeMbl TPUTOHOMETPHUYECKIX
ypaBHEHUU

/. TpuronomeTpuyeckue HepaBeH-
CTBa

Ypok 00001IeHNS U CHCTEMAaTH -
3aliy 3HAaHUN

Kontpoabnas padora N2 3

Haxomuth apkcuHyc, apKKOCHHYC,

apKTaHTEHC JIEHCTBUTEIILHOTO
qucia, TIPaMOTHO  (QOpMyIUpys
OIpe/ie/ICHUE.

[IpumeHsTh CBOWCTBA apKCUHYCA,
apKKOCHHYCa, apKTaHT€HCa YHUCIIA.
[IpumeHnATH (hopMyIibI JUTSL
HaxOXKJICHUs KOPHEW ypaBHEHUU
cos x=a, SINX = atgx = a.

Pemate TPUTOHOMETPUYCCKHE
YpPaBHEHUA: JIMHEHBIE
OTHOCHTEIILHO cuHYyca,
KOCHHYCa, TaHTeHca yria (4ucia),

CBOOAINMUECA K KBaJApaTHbBIM H

JIpYrum anredpanyeckum
YPaBHEHHUSAM IIOCJIE 3aMEHBI HEU3-
BECTHOTO, CBOJISLLUECS K
IIPOCTEUILINM TPUTOHOME-

TPUYECKUM YPaBHEHHUSAM IIOCIIE
Pa3I0KEHUS HA MHOKHUTEIIN.
Pemate ogHOpoaHbIE (HEpBON U
BTOpPOIl ~ CTENEHHM)  ypaBHEHUs
OTHOCHUTEJIBHO CHHYCa U KOCHUHYCA,
a TaKXKe CBOIALIUECS K
OJIHOPOAHBIM YPaBHEHUSIM.
Hctionb3oBathb METOJI
BcrioMorarensHoro  yrima.  Ilpu-
MEHATh METOJ IPEeABAPUTEIIBHON
OLICHKM JIEBOM M IPAaBOU dYacTen
ypaBHEHUsA. Y METh IPUMEHSATH HE-
CKOJIBKO METOJ0B IIPU PpELIECHUU
ypaBHeHusA. Pemars HeCnoXKHbIE
CUCTEMBI TPUTOHOMETPUYECKUX
YpaBHEHUM.

Pemars TPUTOHOMETPUYECKHUE
HEPaBEHCTBA c ITOMOILIBIO
CAMHUYHOU OKPYKHOCTH.
[TpumeHsTH BCE W3Y4YECHHBIE
CBOWCTBA UM CIOCOOBI peEIIeHUs
TPUTOHOMETPUYECKUX ypPaBHEHUI
U HEPABEHCTB  IIPU  PECLICHUU
NPUKIAOHBIX 3a7ad W 3a7a4
MIOBBIILIEHHON CII0KHOCTH.

6,7

3,5

4,7

2,7

1,5

2,4

2,6




Marema
THYECKH
M aHa
JIN3

I'naBa V. Ctenennasi pynknusi | 18
1. Crenennas ¢yHkius, e€ cBoii- | 3
CTBa U TpaduK
2. BaumHo oOpatHble ¢GyHKIUH. | 3
CrnoxHas GyHKIHS
3. dpobHo-nuuelHas GyHKIUSA 1
4. PaBHOCWIIbHBIE ypaBHCHHS U | 3
HEPAaBEHCTBA
5.UppannonaibHble ypaBHEHHUS 3
3
6.MppanroHanbHbIe HEPAaBEHCTBA
1
7.Ypok 00001IeHUsT U CHCTEMaTH-
3ali1 3HAaHUHN
Kourpoabsnas padora Ne 4 1

ITo rpadgukam CTETEeHHBIX
¢byHkuuii (B 3aBUCUMOCTH  OT
IoKa3aTessl CTENEeHM) OIMCHIBAThH
UX  CBOWcTBa  (MOHOTOHHOCTb,
OrPaHUYEHHOCTh, YETHOCTh, He-
YETHOCTB ).

CTtpouthb cxeMaTHUeCcKH rpaduk
CTENIEHHOMN byHkIuN B
3aBUCUMOCTH OT NPHHAJJICKHOCTU
roKaszarens CTEICHU (B
aHAJMTUYECKON 3arucu
paccMaTpuBaeMoi  (YHKLIMH) K
OTHOMYy U3  paccMaTpUBAEMBIX
YHCITOBBIX MHOXECTB (pu
MOKa3aresx, IIPUHAITIEKAIIUX
MHOXECTBY IEJBIX YHCEJ, TpH
JHOOBIX JeHCTBUTENBHBIX
[IOKA3aTeNsIX) M IEpPeUUucisaTh €€
CBOMCTBA.

Onpenensrs, SBIISIETCS M
¢yHkus obpatumoil. Ctpouthb
rpaduk  ciIoXKHOW  (yHKIUW,

JIpOOHO-PalMOHATIBHON  (YHKIIUU
3JIEMEHTAPHBIMU METO/IaMH.
[TpuBOANUTH TPUMEPBI CTEIICHHBIX
GbyHKIMI (3aJaHHBIX C MTOMOIIBIO
dbopmynsl wim rpaduka), odbnana-
IOIIUX 3aJaHHBIMH  CBOHCTBAMH

(manpumep, OTPaHUYEHHOCTH).
Pa3pacHAT CMBICTT
MEPEYUCIIEHHBIX CBOJCTB.
AHanu3upoBarthb NIOBEJICHUE
(GyHKIUI Ha pa3InYHbIX ydacTKax
o0nacTd  ompeeneHus,  Cpas-
HUBaTh CKOPOCTH ,BO3pPACTaHUS
(yObIBaHMS) (GyHKIMH.
PopMyIHpOBaATH OIIpECIICHUA
IIEPEYUCIICHHBIX CBOMCTB.
Pacno3naBats PaBHOCUIIBHBIE
npeoOpa3oBaHus,

npeoOpa3oBaHus, MPUBOIAIIME K
YPaBHEHUIO-CIIEACTBHIO.

Pemats MpocTenme
UPpaLMOHAJIbHBIE YpaBHEHUS,
MppalMOHATIbHBIE HEPaBEHCTBA U
ux  cucreMel.  Pacno3HaBaTh
rpaduku U CTPOUTH rpapuKu CTe-
NEHHBIX  (YHKIMHA, UCIONb3YS
rpadomoCTPOUTEINH, n3y4yaTh
cBOWicTBA  (QyHKUMH 1O  MX
rpaduxam. dopmynupoBaTh
TUIOTE3bl O KOJMYECTBE KOpHEHN
YpaBHEHUU.

2,4

3,6

2,7

2,6

1,7

3,4

2,5,7




Mare
Matu
gec

KMl aHa
Jau3

I'maBa VI. Iloka3zatenbnas | 12

dyHkuus

1. TlokazarenbHas byskys, | 2
e€ cBoiicTBa U rpapuk

2. TlokazatenbHble ypaBHEHUS 3

3. Tloka3zaTenbHbIC HEpaBEeHCTBA | 3

4. Cucremsl MOKAa3aTeJIbHbIX | 2
YpaBHEHUI U HEPABEHCTB

Ypok o0oOmeHust U cucremaru- | 1

3ali1 3HAaHUHN

KourtpoJabHnas padora Ne 5 1

I[To rpadukam  TOKa3aTeIbHOU
¢byHKIMU omMChIBaTH €€ CBOICTBa
(MOHOTOHHOCTH, OTPAHUYCHHOCT ).
IIpuBoauTh [IPUMEPBHL
nmokazaTenbHOM  QyHKIMU  (3a-
JAHHON ¢  TOMOIIBIO (OPMYIIBI
WIn rpaduka), obOnamarouIeH
3aJaHHBIMU CBOWCTBaMHU
(Hanpumep, OTPAaHUYCHHOCTH ).
Pa3pacHATE CMBICI TNEPEUHCIICH-
HBIX CBOWCTB.

AHanu3upoBath IIOBEJICHUE
GyHKIMI HA. Pa3IMYHBIX Y4acTKax
001acT onpenenenHus, CpaBHUBATh
CKOPOCTH Bo3pacTaHus (yObIBaHMs)

GyHKIMIA. @opMyIHpOBaAThH
OINpeeIICHUs IIEPEUNCIIEHHBIX
corcTB. Pemare  mpocreiiimme
[I0Ka3aTeJIbHbIC yYpaBHEHUS,

HEpPABEHCTBA U UX CUCTEMBI.
Pemars oKa3aTeJIbHbIC
YPaBHEHUSI METOJaMU Pa3loKEeHUs
Ha MHOJKHUTEIHU, CIIOCOOOM 3aMEHBI

HEU3BECTHOTIO, c
HUCIOJb30BAHUEM CBOMCTB
GbyHKIIUM, pemaTh YpaBHEHUS,
CBOJISIIITNECS K KBaJpaTHBIM,
HMppaLMOHAJIbHBIM.

Pemars noKa3aTeIbHbIC

YPaBHEHHs, IPUMEHSS pa3IUvHbIE
METO/IbI.

Pacnio3naBath rpaduku U CTpOUTH
rpaduk nokasa-' TEJIbHOU
byHKIHY, UCIIOJIBb3YsI
rpadormocrpourtenu, n3y4yaTh
CBOMCTBA (QYHKIUH 110 rpaduKam.
®opmynupoBaTh ~ TUIOTE3Bl O
KOJIMYECTBE  KOPHEH YypaBHEHUH,
coJepKaIX MOKAa3aTeNbHYIO
(byHKLMIO, ¥ TPOBEPSITH UX.
BeImonsaaTe npeoOpazoBaHus
rpaduka 1mokazaTelbHOW (QyHKINU:
MapajuIeIbHbII IIEPEHOC,
pacTsbkeHue (cxaTue) BAOJb OCH
opauHaT  (MOCTpoeHHe rpapuKoB
c MOJYJISIMH, IIOCTPOEHHUE
rpaduka obpaTHOU QyHKINN).
IIpumeHATH CBOMCTBA
MoKazareinbHOW  (QYHKUMU  TIpH
pELIEHNN TPUKIAAHBIX 3a7ad H
3a]1a4 MMOBBIIIEHHON CI0XKHOCTH.

1,4

2,3

4,7

5,6

1,5




MareMaTH4ecKN aHAJIN3

I'naBa VII. Jlorapudmuueckas | 19
byHkuus
1. Jlorapudmsr 2
2. CpoiicTBa orapudmon 2
3. HdecsTuuHbie ul3
HaTypaJbHbIC J0rapuMBL.
dopmyna nepexona
4. Jlorapudmuueckas ¢pyHkuus, e€ | 2
CBOWCTBA U TpauK
5. Jlorapupmuyeckue ypaBHeHus: | 3
6. Jlorapupmuueckue 4
HEPaBEHCTBA
Ypok 0000mIeHusT U cUcCTeMaTu- | 2
3alU{ 3HAHUHI
KounTtposbHas padora N2 6 1

BrinonssTh MpocTenIIme
npeoOpa3oBaHus norapud-
MUYECKHX BBIpXEHUI C
HCTIOJIb30BAaHUEM CBOWCTB
Jorapu(mMoB, ¢ TTOMOIIEI0 (HOPMYIT
nepexo/a. ITo rpaduxy
JorapuMUIECKOM byHKIMH
OIIUCBIBATh eé CBOMCTBA
(MOHOTOHHOCTH, OTPAHUYCHHOCT ).
IIpuBoauTh [IPUMEPBHI
JorapuMHIECKOM byHKIIH
(3amanHOM c MTOMOIIIBIO
hopMyIIbI WJIn rpaduka),
oOaaroreit 3a1aHHbIMU
CBOICTBaMH (mampumep,
OTPaHUYEHHOCTH). PasbsacHAT
CMBICTT IEPEYHCICHHBIX CBOMCTB.
AHanu3upoBath IIOBEJICHUE

(GYHKIMI Ha Pa3IMYHBIX Y4acTKax
00J1acTH oIpeieNeHus, CpPaBHUBATh
CKOPOCTH Bo3pacTaHus (yObIBaHMsI)

GbyHKUIUH. dopmynupoBaTh
onpezeseHus [IEPEYNCIIEHHBIX
CBONCTB.

Pemars MpocTenme
JorapupmMuyecKue ypaBHEHH,
norapuMuYECKHe HEPABCHCTBA H
170.¢ CHUCTEMBI. Pematp
norapuMudecKue YpaBHEHUSA
Pa3IUYHBIMH METOJJAMH.
Pacno3naBats rpaduxu u
CTPOUTH rpadpuk jora-
pudMuYecKoit ¢byHKIUY,
UCIIOJIB3YS rpadornoCTpOUTEINH,
U3y4aTh CBOMCTBAa (QYHKUUH IO
rpadukam, ¢dbopmynHMpoBaTh
TUIOTE3bI 0 KOJIMYECTBE

KOPHEW YypaBHEHMH, COAEpKaIIUX
jgorapumuueckyro QyHKLUUIO, U

HPOBEPATH ux. Boimonsate
npeoOpa3oBaHus rpaduxa
JorapupMHUECKON byHKIMuU:
IapajuIeIbHbII IIEPEHOC,

pacTsokeHue (ckarhe) BAOJb OCH
opauHat (mocTpoeHue rpaduKoB C
MOJYJISIMH, TIOCTPOEHHE Tpaduka
oOpaTHON (QYHKIUM).

IIpumeHATH CBOMCTBA
norapumuueckor GYHKIUH TpU
pEelIeHNH MNPUKIAJHBIX 3aJad |
3a]1a4 MMOBBIILIEHHOM CI0KHOCTH.

2,6

5,7

3,4

2,6

2,34

5,7

1,3




HTorosoe noBropeHue
ITpeobOpaszoBanue
paloHaIbHBIX, CTEICHHBIX,
UppaoHaIbHBIX,
orapu(MUUECKHUX,
TPUTOHOMETPHUYECKUX
BBIPAYKCHHUIA.

. PemieHne nppanyuoHanbHbIX,
MOKa3aTeIbHbIX,
JorapuMUIECKIX
TPUTOHOMETPUYECKHUX ypaBHEHUN
Y HEPaBEHCTB

21

Haxonuthe apkcuHyC, apKKOCHHYC,
apKTaHT'€HC JEHCTBUTENLHOTO
qucia, TIpPaMOTHO  (GOpMyIUpys
OIpe/ie/ICHUE.

[IpumeHsTh CBOMCTBa apKCUHYCA,
apKKOCHHYCa, apKTaHI€HCa YUCIIa.
[IpumeHnaTH bopMyibl JUTSL
HaxOXJICHUs KOpHEH YpaBHEHUMU
COS X = &, Sin X = a,

tgx =a.

Pewatp TPUTOHOMETPUYECKHUE
YpPaBHEHUA: JIMHEHBIE
OTHOCHUTEJIbHO CHHYCa, KOCHHYCa,
TaHreHca yria (uucna),
CBOJSIIMECS K KBaJpaTHbIM H
JIpYrum anredpanyeckum
YpaBHEHUSAM nocie 3aMEHBI
HEU3BECTHOIO,  CBOJALIMXCA K
MPOCTEUILIUM
TPUTOHOMETPUYECKUM YPAaBHEHUSIM
II0CJI€ Pa3JIOKEHNS HA MHOYKUTEIIH.

[TpumeHsTH BCE U3YYEHHbIE
CBOIICTBA U CIOCOOBI peEIICHUS
TPUTOHOMETPUUECKUX YypaBHEHUU
U HEPABEHCTB IIpU  pELICHUU
MPUKJIAIHBIX 3a71a4

IIpumeHATs NpaBUiIa ACUCTBUU C
pajvKalaMy, BBIPAKEHUSIMU CO
CTENEHSAMM C  PalUOHAIBHBIM
MoKa3aresieM (J1r00BIM
JEHUCTBUTENIBHBIM  T0Ka3aTelIeM)
npu BBIYHCIICHUSX u
npeoOpa3oBaHUsAX BBIPAKEHMUIA.
BrimonHaTh MpoCTeNIIne
npeoOpazoBaHus
JOoTapu(PMHUUECKUX BBIPAKEHUN C
HCII0JIb30BaHNEM CBOICTB
norapudmos, c TTOMOIIIBIO
nepexoza. ITpumensTH npu
peoOpa3oBaHUAX U BBIYMCIECHUSIX
bopMyIbI CBSI3U
TPUTOHOMETPUYECKUX  (YHKIUH
YIJIOB 0. ¥ —0., (POPMYJIIBI CIIOKEHUS,
(GbopMyIibl IBOWHBIX U MOJTOBUHHBIX
yII10B, GOPMYIIbI IPUBEICHUS

2,5,7

BCEro

136




reoMeTpus

I'naea VII1. Hexotopbie
CBe/IeHHs U3 IVIAHUMEeTPUM

12

§1 VYTl 1 OTpe3KH,
CBSI3aHHBIE C OKPYKHOCTBIO

dopMyIHpoBaTh U TOKA3bIBaTh
TEOpEeMBI 00 yriie Mexy
KacaTeJlbHOW U XOpAoH, 00
OTpe3Kax MepeceKaroIINUXCs Xopl, O
KBaJipaTe KacaTeabHOW; BEIBOJIUTH
(bOpMYyIIBI TSI BBIYUCIICHUS YTIIOB
MEXy IBYMS MIEPECEeKAIOIIMMHUCS
XOpJaMu, MEXAY ABYMS
CEKYIIUMU, TPOBEAEHHBIMU U3
OJIHOM TOYKH; (POPMYyTUPOBATH U
JIOKa3bIBaTh YTBEPKICHUS O
CBOMCTBAxX U IIPU3HAKaxX
BIIMCAHHOTO U OMHCAHHOTO
YEeTHIPEXYTOJbHUKOB; PEIIATh
3aJ1a4uM C UCIIOJIb30BaHUEM
W3YYCHHBIX TEOpeM U GopMyII.

3.6

§2 Pemenue TpeyrojabHUKOB

BreiBoauth hopmyisl,
BBIPAKAIOIINE MEIUAHY U
OHCCeKTpUCy TPEeYrojbHUKa Yepes
€ro CTOPOHBI, a TAKXKE Pa3InYHbIC
(dbopMyIIbI IIOMAAN TPEYTOIbHUKA;
(bopMyIUpOBaTh U 1I0KA3bIBATh
YTBEPKACHUS 00 OKPYKHOCTH U
npsiMOit Diisiepa; pelaTh 3a/1auH,
MCIOJIB3YS BbIBEICHHBIE (POPMYJIBI

2,4

§3 Teopema Menenast u UeBsl

DopMyJIUPOBATH U JOKA3bIBAThH
TeopeMbl MeHenas u UeBbl u
WCIOJIb30BATh UX MPH PEIICHUHN
3ajay

3,5

§4 Dnnunc, runep6oina u
napaboia

®opmynupoBaTh ONPEACTICHHS
IUIMIICA, TUIIEpOOIIBI U Tapabobl,
BBIBOJMTH UX KAHOHUYECKOE
ypaBHEHHE U U300paxaTh 3TU
KpPHUBBIC HA PHCYHKE

2.6

BBenenne

1. TIIpenmer crepeoMeTpuu
2. AKCHOMBI CTEPEOMETPHH
Hexotopsie cneactBus

[TepeuncnsiTb OCHOBHBIE (PUTYPHI B
IIPOCTPAHCTBE (TOUKA, MpsAMas,
IUIOCKOCTH), (POPMYIMPOBATH TPU
aKCHOMBI 00 UX B3aMHOM
PAacIooKEHUH U WILTFOCTPUPOBATh
9TH aKCHOMBI IPIMEPaMH U3
OKpYXaromiel 00CTaHOBKU

2,6

Hexotopsie cnenctust
U3 aKCUOM

dopMyIHpoBaTh U T0KA3bIBaTh
TEOpPEMY O IUIOCKOCTH,
MIPOXOASAIIEH Uyepe3 MPsIMYIO U He
JEKALLYI0 Ha HEH TOUKY, U
TEOPEMY O IUIOCKOCTH,
MPOXOIAIIEH uepes ABe
MIEPECEKAIOIIMECS MPSIMBbIE

1,4




I'naga 1. IlapaiiejibHOCTH
NPAMBIX U IJIOCKOCTEl

16

§1 [MapaysieJbHOCTH PSIMBIX,
NPAMOM M INIOCKOCTH.

dopMyaHpoBaTh ONpeaeIeHUE
napajuieIbHbIX MPSMBIX B

1.4 T1apaynenbHbIC IPSMBIC B MpOCTpaHCcTBE, (HOPMYIUPOBATH U 3,6

MIPOCTPAHCTBE JIOKa3bIBaTh TEOPEMBI O

1.5 [MapamienbHOCTh TPEX HapajuICIbHbIX MPIMBIX; 2,7

IPAMBIX 0.00BACHATH, KAKKE BO3MOKHBI
CJIy4ad B3aUMHOTO PACIOI0XKEHUS

1.6 IlapannenbHOCTh IPSIMOI U TIPSIMO#E U TIIIOCKOCTH B 1,4

IUIOCKOCTHU MPOCTPAHCTBE, U MMPUBOJIUTH
WLTIOCTPUPYIOIINE TIPUMEPHI U3
OKpYyXaroliel 00CTaHOBKU;
(dbopMyIHMpOBaTH OIpeeIeHNE
napajuiebHbIX IPSIMON U
IUIOCKOCTH, (pOpMYyITUpPOBATH U
JIOKa3bIBaTh YTBEPKICHUS O
MIapaJUIEIbHOCTH NPSAMOU U
IIJIOCKOCTH (CBOMCTBA M MPU3HAK);
pemaTh 3aJa41 Ha BEIYMCIICHUE U
JI0KA3aTeIbCTBO, CBSI3aHHBIE CO
B3aWMHBIM PACTIOI0KECHUEM
MPSIMBIX U MJIOCKOCTEH

§2 B3aumHoOe pacnoJio;keHne OOBSCHATH, KaK€ BO3MOKHBI

NPSIMBIX B IPOCTPAaHCTBE. YT0J CIIy4ad B3aUMHOTO PACIIONOXKEHUS

MeEKY IBYMS NPSIMBbIMH JBYX MPSIMBIX B IPOCTPAHCTBE, U

2.7 CkpemuBaromyecs npsimbie HPUBOIUTE MILIFOCTPUPYIOIINE 1,6
pUMepHl; GOpMyIHpOBaTh

2.8 Y1l ¢ cCOHanpaBIeHHBIMU OTpeieIeHNe CKPEIIBaIOLINXCS 5,7

CTOpOHAMH NPSMBIX, POPMYITUPOBATH U

2.9 Yron Mexny nNpsSMbIMH JIOKa3bIBaTh TEOPEMY, 3,6

KonTponbnas padora Nel

BBIPAXKAIOIYIO MPU3HAK
CKPEIIHBAIOIINXCS PAMBIX, U
TEOpEMY O TIOCKOCTH,
MPOXOIALLEH uepe3 OJIHY U3
CKPEIINBAIOIINUXCS IPSIMBIX U
NapajulIeJIbHON APYroy IpsMOi;
O0O0BSACHATH, KaKHe JBa Jiyya
Ha3bIBAIOTCSl COHAIIPABJICHHBIMH,
(bopMyTUpPOBaTh M I0KA3bIBATh
TeopeMmy 00 yriax c
COHAIpPaBJIEHHBIMU CTOPOHAMU;
OOBSICHATB, UTO HA3bIBAETCS YTIIOM
MEXy MepeceKaronuMucs
IPSIMBIMU U YTJIOM MEXKIY
CKpEIIHUBAIOIIUMHUCS MTPSIMBIMU;
pelaTh 3aJa4y Ha BBIUYMCIIEHNUE U
JI0Ka3aTeIbCTBO, CBSI3aHHBIE CO
B3alMHBIM PACIIOJIOKEHNUEM ABYX
MPSIMBIX U YTJIOM MEXAY HUMU




§3IlapaneabHocTh
IJIOCKOCTEH

DopMyJIUPOBATH OMPEICIICHUE
MapaJuIeIbHBIX MIJIOCKOCTEM,
dbopMynupoBaTh U AOKA3bIBATH
YTBEPKACHUSI O IIPU3HAKE U

3.10 [MapamnensHbIC MIIOCKOCTH 1 % 4,7

CBOWCTBAaX MapajuIeIbHBIX
- IUIOCKOCTEH, UCII0JIb30BATh 3TH

3.11 CBoncuTBa napajuieIbHbIX 1 YTBEpIK/ICHNS TIPH PEIICHHH 33134 6,7

TocKocTen OOBACHATD, Kakas (purypa

§4Terpasap u napaienenunen 4 HA3bIBAETCS TETPAIAPOM U KaKas
napajiesIienuIe/I0M, TTOKa3bIBaTh

4.12Terpaszp 1 Ha YepTexkax U MOJENAX UX 5,7

4.13TTapanienenumen 1 3JIEMEHTBHI, U300pakaTh 3TU
(buUrypsl Ha pUCyHKax,

4.143amaun HA TOCTPOCHUE 2 WUTOCTPHPOBATD € HX TIOMOLILIO 5,7

ceueHmil pa3InYHbIC CIy4au B3aUMHOTO

KonrtponbHas padora Ne2 1 PACTIOTONCCHHA HPAMBIX U ) 5
TUIOCKOCTEH B MPOCTPAHCTBE;

Vpox oGobimenns 1 dbopmMynupoBaTh 1 JI0Ka3bIBATH 3.4

CHCTEMaTHU3alluy 3HAHUI YTBEPAUICHTHA O CBOMCTBAX
napauielienure1a; 00ObICHITh, YTO
HA3bIBACTCS CEYCHUEM TETPadapa
(mapasmnenenurnena), pemarb
3aJ1a4 Ha IOCTPOCHUE CEYEHUI
TETpadipa U MapajuiesienuIe/a Ha
qepTeKe

I'naga II. 17 @opMyJIUPOBATH OMPEACIICHUE

[epnenanKyIAPHOCTH NPSIMBIX MEPIEeHIUKYISIPHBIX IPSIMBIX B

U TJIOCKOCTeEId POCTpaHCTBE; (OPMYITHPOBATH U

1.15 IlepneHauKyIsIpHBIE IPSIMBIE 2 JI0OKa3bIBaTh JIEMMY O 57

B IPOCTPAHCTBE NEPIEHIUKYISIPHOCTH IBYX

1.16 ITapannenbHble MpsIMBIE, 1 NapaJuIeIbHBIX IPSMBIX K TpEThER | 3,6

MEPIIEHIUKYIISIPHBIE K MJIOCKOCTH npsMoii; popMymupoBaTh

1.17 Ilpusnak 1 OIIpEAEIICHUE MIPSMON, 4,7

HEPIEHIUKYIAPHOCTH PSIMON NEPIEHIUKYIISIPHOHN K TNIOCKOCTH, U

IJIOCKOCTH MPUBONUTH WILUTIOCTPUPYIOLIHE

1.18 Teopema o mpsiMOii, 1 | mpumepsl U3 OKpyKaromeit 1,6

HepHeHHHKyHHpHOﬁ K IIITOCKOCTH

00cTaHOBKH; (hOPMYJIUPOBATh U
JIOKa3bIBaTh TEOPEMBI (TIPSMYIO U
00paTHYI0) O CBSI3U MEXY
[apaJUIEIbHOCTHIO MPSAMBIX U UX
MEePIEeHIUKYISIPHOCTHIO K
IJIOCKOCTH, TEOPEMY,
BBIPAXKAIOIYIO MPU3HAK
NEPIEHIUKYJIIPHOCTU IPSIMON U
IJIOCKOCTH, U TEOPEMY O
CYLIECTBOBAaHUH U €IUHCTBEHHOCTH
IIPSAIMOM, MPOXOIAIIEN Yepes
JAHHYIO TOUKY U
MEPIEHIUKYIISIPHON K TAaHHON
IUIOCKOCTH; peniaTh 3a/1a4y Ha
BBIUHCJICHHE U JJOKA3aTeJIbCTBO,
CBSI3aHHBIE C
NEPIEHIUKYIIPHOCTBIO NIPSIMOU U
IJIOCKOCTH




§2 llepnenaukyJasp u 12 OOBACHATD, YTO TAKOE
HAKJIOHHBIE. YTO0JI MeKILy MIEPIICHIUKYIISP ¥ HAKIIOHHAS K
NPSAMOii ¥ IJIOCKOCTHIO IJIOCKOCTH, YTO HA3bIBAETCS
MPOEKIMEN HAKIOHHOM, YTO
2.19 PaccrositHue OT TOYKHU 70 2 Ha3BIBAETCS PACCTOSHUEM: OT 3,7
IJIOCKOCTH TOYKH JIO INIOCKOCTH, MEXKLY
2.20 Teopema o Tpéx 2 napaiebHbIMK IIOCKOCTSIMH, 16
TICPIICHANKYISpaX MEK/Ty CKPEIMBAIOIMMHUCS
2.21Vron MCKIOY HpHMOﬁ u 2 [IPSAMBIMU; (bOpMy.]'II/IpOBaTI) u 2,7
IIOCKOCTBIO JIOKa3bIBaTh TEOPEMY O TPEX
3.22 JIByrpaHHbli yrod. 1 HepIeHMKYIIApax ¥ IPUMEHATh e | 9,7
MIPH PEIICHUU 3a71a9; OOBSICHSTS,
3.23 IlpusHax 1 YTO TaKOE OPTOTOHAJIbHAS
IICPICHIUKYIIPHOCTH ABYX MPOEKIHS TOUKH ((PUTyphl) HA 14
IJIOCKOCTEH IUIOCKOCTb, U JOKa3bIBaTh, UTO
3.24 TIpsiMOyTOMBHBIN 1 TIPOEKIMEl NpsAMOii Ha IIIOCKOCTh, | O)/
HapaJlJICIICIINIIC HE NEPIEHANKYJIAPHYIO K 3TOU
3.25 TpéxrpanHblii yroiu 1 MPSMOM, SIBJSECTCS MpsiMas; 3,4
3.26 MHororpasHblii yroju OOBSCHSATH, UTO Ha3bIBAETCS YIIIOM
MEXy MPSAMOI U IIIOCKOCTBIO U
Kontponbnas padora Ne3 1 1 KaKMM CBOMCTBOM OH 00JIaJ1aeT; 5
00BSACHSATH, UTO TaKOE IIEHTPaIbHAs
Ypok 0606wenns u 1 NPOEKIHs TOUKU((UTYpBI) HA 3,4
CHCTEMATHU3aluH 3HAHU IUIOCKOCTh
I'naea II1. MHOTOTPAHHUKH. 14 OObsCHATD, Kakas Qurypa
HA3BIBACTCSI MHOTOTPAaHHUKOM U
§1ITonsiTHE MHOTOTPAHHUKA. KaK Ha3bIBAIOTCSI €TO JIEMEHTHI,
Ipuszma 3 KaKO MHOTOTPaHHHUK Ha3bIBACTCS
1.27 TloHsITHE MHOTOTPaHHHKA BBITYKJIBIM, HPUBOIUTE HPUMEPBL | 27
1 MHOTOTPaHHUKOB; OOBSICHSITH, YTO
1.28 T'eomeTpuueckoe Teino 1 TaKOC TCOMETPUHCCKOC TEIIO, 3,6
1.29 Teopema Diinepa (GbopMynupoBaTh U AOKA3bIBATH
TeopeMy Ditlnepa sl BBITYKIBIX
MHOTOTPaHHUKOB; OOBSICHSITH,
KaKoii MHOTOTPaHHHUK Ha3bIBAeTCA
IIPU3MOM U KAaK Ha3bIBAOTCS €€
1.30 [pm3ma SMEMEHTBI, KaKas MPH3MA } 34
1.31 [IpocTpaHcTBEHHAs TEOpeMa 1 Ha3bIBACTCA HPAMON, HAKTOHHOH,

[Tudaropa

MPaBWIIbHOM, H300paXKaTh MPU3MBI
Ha PUCYHKE; OOBSACHSTH, UTO
HA3BIBAETCS IUIOIIAIBIO
MOJIHOM(00KOBOI) TOBEPXHOCTH
MIPU3MBI, U JIOKa3bIBATh TEOPEMY O
TJI01a I OOKOBOM MMOBEPXHOCTH
MPSIMON TIPU3MBI; BEIBOJIUTH
dbopmyny mIomaan
OpPTOTOHAILHOM MPOEKITNH
MHOTOYTOJIbHUKA U JIOKA3bIBATh
MPOCTPAHCTBEHHYIO TEOPEMY
[Tugaropa; penrate 3a1a4u Ha
BBIUHCJICHHE U JJOKA3aTEIbCTRO,
CBSI3aHHBIE C TPU3MOM




§2 Iupamuna

2.32 IMupamuga

2.33 IlpaBunbHas nupamuia

2.34 Yceu€HHas nupamuaa

OOBACHATH, KAKOW MHOTOTPAHHUK
HAa3bIBACTCSI MUPAMHUJION U KaK
Ha3bIBAOTCS €€ IIEMEHTBI, YTO
HAa3bIBACTCS TUIOLIAJIBIO
MOJTHOK(OOKOBO¥ ) TOBEPXHOCTH
MUPaMUIbL; OOBSICHATD, KaKas
NMpaMuJa Ha3bIBAeTCA
MPaBUIbHOM, JOKa3bIBaTh
YTBEPKJIEHHE O CBOMCTBAX €&
OO0KOBBIX pEOep 1 OOKOBBIX TPaHEH
U TEeOpeMy O Iuiouaau 60KoBOH
IIOBEPXHOCTHU ITPABUIIbHOMU
MUPAMHUJIbI; OOBSICHSTH, KaKOU
MHOT'OTPaHHUK Ha3bIBACTCS
yCEeUEHHOU MUPAMUJION U KaK
Ha3bIBaKOTCS €€ AJIEMCHTHI,
JTI0OKa3bIBaTh TEOPEMY O IIOLIAIN
OOKOBOI1 MOBEPXHOCTH
IIPaBUJILHON YCEYEHHON
MMpaMU/bl; penaTh 3aa4 Ha
BBIYMCIICHHUE U JI0KA3aTENbCTBO,
CBSI3aHHBIE C MUPAMUIAMH, A
TAKXE 3a/1a4 Ha TOCTPOCHUE
CEYEHUH NUpaMuJ Ha YEepPTEexKe

6,7

3,4

3,4

§3IIpaBuibHbIE
MHOIOrPAHHUKH

3.35 CummMeTpus B MPOCTPaHCTBE

3.36 [lonsiTHE TPAaBUIBHOTO
MHOT'OIpaHHHKa

3.37 DnemMeHTbl CUMMETPUU
IIPABUIIbHBIX MHOTOIPAHHUKOB

KonTponbhas padota Ne4

Ypoxk 060061IeHsS 1
CUCTeMAaTH3alluy 3HAHUN

OOBACHATD, KaKHE€ TOUKH
Ha3bIBAIOTCSI CHMMETPUYHBIMH
OTHOCHUTEJIBHO TOUKU(IIPSMOI,
TIJIOCKOCTH ), YTO TaKo€ EeHTP(0Ch,
IUIOCKOCTh) CUMMETPHH (DUTYPBI,
MPUBONUTH TIPUMEPHI QUTYP,
o01agaroImux 3J1eMeHTaMU
CUMMETpPHH, & TAaKXKe TPHUMEPHI
CUMMETPUHU B apXUTEKTYpeE,
TEXHUKE, TIPUPOJIC; OOBSICHSATH.
Kakoii MHOrorpaHHUK Ha3bIBaeTCs
NPaBUJIBHBIM , 1I0Ka3bIBaTh, UTO HE
CYIIECTBYET MPABUIHHOTO
MHOT'OT'paHHHKA, TPaHsIMH
KOTOPOTO SIBIISTFOTCS TIPABUIIBHBIC
N-YTOJIbHUKU NIPpU N>6; OOBACHSATH,
KaKHe CYIIECTBYIOT BUJIBI
MPaBUIBHBIX MHOTOIPAaHHUKOB U
KaKHMH DJIEMEHTaMH OHH
o0nagaroT

Hcronp30BaTh KOMITBIOTEPHBIC
[IPOTPaMMBbI ITPH U3YYEHUH TEMBI
«MHOrorpaHHUKN

2,7

1,6

34

2.4

3akJII04NTEeIbHOE IOBTOPEHHE
Kypca reomerpuu 10 kiaace

BCEro

68

HTOI'0

204




11 kaacc

Marema
THYECKH
M aHa
Ju3

I'nasa |. Tpuronomerpudeckue | 20
byHkunn
1. OGnactp ompeneneHuss ¥ MHO- | 2
J)KECTBO 3HAYEHUI TPUTOHOME-
TPUICCKUX (YHKIIUNA
2. UéTHOCTH, HEUETHOCTD, 3
NePUOAUYHOCTD
TPUTOHOMETPUYCCKHUX (QYHKIIHIA
3. 3
4. CpoiicTBO (pyHKIIMM y= COS X U €€
rpaduk
5. CpoiicTBO QyHKIMH y = SIN X U
e€ rpaduk 3
6. CaoiicTBa u rpaduKu
bynkuuid y =tgxumy=ctgx |3
7. OOparHble
TPUTOHOMETPUYECKHE 3
byHKIIUU
Ypok 000011IeHHS ¥ CHCTEMAaTH- 2
3alMy 3HAHUM
Kounrpoabsnas padora Ne 1 1

ITo rpadukam ¢yHKIUN
OIMCHIBATh UX CBOMCTBA
(MOHOTOHHOCTB,
OTPAaHUYEHHOCTh, YETHOCT,
HEYETHOCTb, IEPUOTUIHOCTD ).
[TpuBoauTE TpUMEpHl (HYHKIMH

(3a1aHHBIX c HOMOILBIO
bopmyIb I rpaduka),
o0agaromux 3aJJaHHBIMU
CBOMCTBaMH (manpumep,
OrpaHUYeHHOCTH).  PazbscHATH

CMBICJI TIEPEUHCIICHHBIX CBOMCTB.
N3o0paxkats rpaduKu CIOXKHBIX
GyHKIUI c IIOMOILBIO
rpadoroCcTpOUTEINICH, OMHUCHIBATH

1504 CBONCTBA. Pemars
MPOCTEUIIINE

TPUTOHOMETPUYECKHUE Hepa-
BEHCTBA, HCHOJIB3Ys  rpaduk
(GyHKIMH. Pacno3naBats

rpaduKd  TPUTOHOMETPHUECKUX
¢byHkuui, TpaduKu 0OpaTHBIX
TPUTOHOMETPUUYECKUX (DYHKIHIA.
[IpumenssiTb M JI0OKa3bIBaTh
CBOICTBa 00paTHBIX
TPUTOHOMETPUUECKUX (PYHKIIUH.
Crpouts rpaduxu
9JIEMEHTApHbIX  (QYHKIUH, HcC-
MOJTb3YS rpadormoCcTpOUTENH,
U3y4aThb CBOICTBa
AJIEMEHTapHbIX (PYHKIMHA MO HX
rpadukam, (bopMynupoBaTh
TUIOTE3bl O KOJIMYECTBE KOpPHEH
YPaBHEHHUH, COJIepIKaIINX
JJIeMEHTapHble  (QYHKUUH, U
IIPOBEPSTH HX.

BrimonHsATe npeodpazoBaHus
rpauKOB 3JIEMEHTapHBIX
GbyHKIMI: napanienbHbI
IIEPEHOC, pacTsHKEHUE (CKaTue)
BJIOJIb OCH opauHAaT. [IpuMeHsTh
JpyTue 3JeMeHTapHbIe CTIOCOOBI
MOCTPOEHUS TPaPUKOB.

1,6

3,4

5,7

1,6

5,7

2,4

5,6




Marema
THYECKH
M aHa
Ju3

I'nasa Il. IIpousBoaHas u eé
reoMeTpUYecKuil CMBICI

19

1. Ilpenen mocienoBaTEIbHOCTH 1
2. Ilpenen pyHKIMM 1
3. HempepoiBHOCTH (hyHKIIUU 1
4. OnpenencHre MPOU3BOTHOM 3
5. IlpaBuna nuddepenuupoBanus | 3
6.[IpousBonHas creneHHoi GyHk- | 2
117011
7.IlpousBoHAs  AJIEMEHTAPHBIX
byHKIUH 4
8.'eomeTpuueckuit CMBICTT
IIPOU3BOTHOM 2
Ypok 000OImIeHHUSI U CUCTEMATH-
3alid 3HAaHUH 1
Kontponbnas padora No 2 1

[IpuBOoAUTHE TPUMEPHI
MOHOTOHHOW YUCIIOBOM T10
CJIeI0OBATEeIbHOCTH, UMEIOLIEH
npenen. Beraucnsats mpeaenbt
MOCJIeA0BATEIbHOCTEH.
BEISICHSTS, SIBIISIETCS JTH
MOCJIEI0BATEIHLHOCTh
cxondwerica. [Ipusoauts
npuMepsl HyHKITUH,
SIBIISTFOIIIUXCSI HETIPEPHIBHBIMH,
MUMEIOLINX BEPTUKAIbHYIO,
TOPU30HTAILHYIO ACUMIITOTY.
3anuchiBaTh YpaBHEHHUE KaxKI0M
U3 OTUX aCUMITOT. YMETh IO
rpaduky GYHKIUU ONPEAETATh
MIPOMEKYTKH HEIIPEPHIBHOCTH U
TOYKH pa3phiBa, €CJIU TaKHUe
HMEIOTCS. YMETh JI0Ka3bIBATh
HENPEPBIBHOCTE ()yHKITHH.
Haxonuts yrioBoii
KOd(p(UIIMEHT KacaTelTbHOU K
rpaduky GyHKIIUU B 33JaHHON
Touke. HaxoquTh MTHOBEHHYIO
CKOPOCTb JIBHYKEHUS
MaTepHAIIBHON TOYKH.
AHaIM3upoBaTh MOBEICHUE
(GyHKIMI Ha pa3IMyuHbIX
y4acTKax o01acTu ompeaeneHus,
CpPaBHHBATh CKOPOCTH
BO3pacTaHus (yObIBaHUS)
¢dbyakuumii. Haxoautsb
MIPOU3BOIHBIE DIIEMEHTAPHBIX
¢byakuumii. Haxoautsb
MIPOU3BOIHBIE CYMMBI,
MIPOM3BE/ICHUS U YaCTHOTO JIBYX
(byHKUIUH, TPOU3BOJIHYIO
crnoxxHo# pynkuuu y =f(kx + b).
byHKIMI. AHATU3UPOBATH
noBeqeHne QyHKIMN Ha
Pa3IMYHBIX y4acTKax 00JIacTu
onpeaeneHua. HaxomuTes acum-
MITOTHI.

Beruncnarte npupanieHue
¢byHkuu B Touke. COCTaBISTH
U UCCIIEZIOBATh Pa3HOCTHOE
oTHomenue. Haxoaute mpenen
Pa3HOCTHOT'O OTHOIIIEHUS.
Breruncnsate 3HaueHue
MPOU3BOJHON  (PYHKIIMH B
TOUKe (IO OMPEEICHHUIO).

2,5

1,7

5,6

3,5

2,4

3,6

2,7

5,6

1,6




Marema | I'maBa 1. Ilpumenenune | 19 Haxonuts BTOPYIO
THYeC- NPOU3BOIHONH K HCCJIeT0BAHUIO POU3BOJHYIO U YCKOpEHHe
KUl aHa | GyHKumit rpouecca,  OMMCBIBAEMOIo €
Jau3 1. Bospacranue u  yOwiBaHue | 3 nomotipio ¢opmynel. Haxomuts | 2,4
byHKIMN NPOMEKYTKH  BO3pacTaHUsl |
2. DKCTpeMyMbl (QYHKITHH 3 yObIBaHUS (DYHKIIHH. 3,7
Jloka3bIBaTh, 9TO  3aJlaHHas
3. HaubGonpmee u HaumeHblee | 3 ¢yHKIMs BO3pacraet (yObiBaer) | 5 7
3HauCHHs (YHKIUK Ha  YKa3aHHOM  IPOMEXYTKE.
4. TIpousBoHAast BTOPOTO MOpsiaKa. | 2 Haxomwth TOuKM MUHMMyMa H | 34
BBIIIYKJIOCTh U TOUKH IIepernoda MaKCUMyMa (yHKIUH.
5. IToctpoenne rpadukos QyHk- | 5 Haxomute  mambonbmee  u (57
i HaMMEHBIIICe 3HAYCHUS
Vpok 0000ILIEHNsT ¥ CHCTEMATH- | 2 (ynKwin Ha oTpeske. 6,7
3aIIHH 3HAHUIA Haxomutes  HamOoubIiee u
KonTponbnas padorta Ne 3 1 HafMEHbLICe SHAACHIA 75
GbyHKIHIH.
HccnenoBath (GYHKIUIO c
IIOMOIIBIO IIPOU3BOJHON U
CTpoUTh €€ rpaduK.
[TpuMeHSATh TPOU3BOIHYIO TPH
pelIeHUH TEKCTOBBIX,
TE€OMETPHUECKUX, (DU3NIECKUX U
JPYTUX 3ajad.
Marema | I'maBa |V. IlepBooOpa3Has u 14 Boruncnsars pUOJIKEHHOE
THYeC- HHTErpaJj 3HAYCHHWE  IUIOMIAN
kuii ana (1. [lepBooOpazHas 3 KPUBOJIMHENHOW Tpaneuuy. 2,7
JIM3 Haxonuts epBooOpa3HbIe
2. IlpaBuia HaxOXIEHUS IEpBO0O- | 3 byakmuit: y=x’. tnep€ER, y =|15
pa3HbIX sinx, y =cosx, y =tg x.
3. Ilnomaas KpUBOIMHEHHOM Tpa- | 2 Haxonuth nepBooOpasHele | 3,4
neruu. MIHTerpa u ero BbIUUC- byuxrmii: f(X)+g(x),kf(x) u
JICHUE f(kx + b).
4. Beruncnenue miomaaeid ¢uryp | 2 Beruucisats miomany | 57
C HOMOIIIBIO UHTETPAIOB KPUBOJIMHEUHOU Tparneuun ¢
5. [Ipumenenne wuHTErpamoB s | 1 noMowbro opmyinsl Herorona— | 57
pelenns GU3HUECKUX 3a1au JleiiOHMNA.
6. IIpocreitmue muddepennumans- | 1 Haxonuts MpUOIIKEHHBIC | 2 6
HbIC YPABHEHIS 3HAYCHUsS] MHTETPAJIOB.
Vpok 0600menus u cucremaru- | 1 BH‘MCH’ITBV 5 IIoManb | 1.6
3aIMH 3HAHWH KPUBOJMHEHHOW  Tpamemuu C
KonTtponsHas padora Ne 4 1 TIOMOILBIO HHTCTpasia 5




Teopuss | I'maBa V. KomOunaropuka 12 [IpuMeHnaATs npu pemieHus 3aaad
BEPOSIHO METO/I MaTeMaTU4YeCKOMI
CTH I 1. MaTtemaTuyecKkass WHIYKIIHS 2 HHIYKITHH., 45
KOMOHHA IIpumeHATH IIPaBUIIO
Topnka P [TpaBwmiio mpousBeneHus. Pazme- | 2 NPOM3BENCHUST  TPH  BHIBOJIE 1,6
LICHH3 C MOBTOPCHMAMN GopMyIIBl uKCIa MEPECTAHOBOK.
3. IlepecranoBKH 2 Co3naBaTh MaTemaTnyeckue | 54
MOJCIIH JUISL pelieHus
4. Pa3zMemenus 0e3 MOBTOPEHUI 1 KOMGHMHATOPHBIX 3a1a9 c| 57
IIOMOILIBIO  MOACYETa  YHCia
5. Coueranusi 6e3 MoBTOpeHUIl U | 2 pa3sMeLLCHNUH, [epPEeCTAHOBOK M 3,6
ouzom HerotoHa couetanuii. Haxomurte 4yucIio
6. CoueraHusi C MOBTOPEHUSIMU 1 [IEPECTAHOBOK C IIOBTOPCHHSIMH. | 2:9
Pemars KOMOWHATOPHBIE
Ypok 00001IIeHHS ¥ CHCTEMAaTH- 1 3az[aq1/.1', CBOﬂHmHeCHv K 1,4
SAIH 3HARM noacyeéTy 4YHClia COYETaHUd ¢
KonTponbnas padora Ne 5 1 HOBTOPCHITIMH. Hpmmensrs 5
dbopmyny ounoma HeroToHa.
IIpu BO3BemeHmnm  OWHOMA B
HATYpPaJbHYIO CTEIICHb HAXOIUTh
OuHOMHANBHBIE KOA()(OUITUCHTHI
Opd  TMOMOIIM  TPEYroJibHUKA
ITackans
Teopusi | I'maBa V1. JiiemeHTHI Teopuu 12 [IpuBoaUTH TPUMEPBI
Bep()ﬂT- Bepoﬂ]‘ﬂoc’reﬁ CﬂyqaﬁHBIX, OOCTOBCPHBIX U
HocTH M (1. BeposSTHOCTH COOBITHS 2 HEBO3MOJKHBIX COOBITHI. 4,5
KOMﬁHHa 3HaTh OIMpEaACIICHUC Cy1}j[MLI nu
TOpUKAa 2. ClI0)KCHHE BEPOSITHOCTEH 2 NPOU3BC/ICHUS COOBITHIA. 3HATh 1,6
OIIPEACIICHUEC BCPOATHOCTH
3. YcioBHas BEpOSTHOCTG. 2 COOBITHS B KJIACCHIECKOM 3,4
HeszaBucumocts COOBITHI [OHUMAHWH.
4. BeposiTHOCTh Mpou3BeIeHUS He- | 3 I1pueopuTs TIPUMEPEL | 5 7
3aBHCHMEIX CO6I)ITPII>1 HCCOBMCCTHBIX COOBITHIA.
Haxonute  BEpOATHOCTH  CYyMMBI
5' ®OpMyHa BepHyHHH 1 HCCOBMCECTHBIX CO6])ITI/II>'I. 2’5
VYpok 06061enns u cuctemMatu- | 1 HaxonuTs BepOATHOCTS CyMMBI 1,4
3aIuH 3HaHI/II\/’I IMPOU3BOJIBHBIX COOBITHIA.
Wmets nipesicTaBiieHre 00
Kontponbnas padora Ne 6 1 5

YCIIOBHOW BEPOSITHOCTH COOBITHIA.
3HaTh CTPOTOE ONpeIesICHIE
HE3aBHCHMOCTH ABYX COOBITHIA.
Nwmets npeacTaBieHue o
HE3aBUCUMOCTH COOBITUH U
HaXOAWTH BEPOSTHOCTH
COBMECTHOTO HACTYTIJICHHS TAKUX
coObITHIL.

BeruucnsaTs BEPOSTHOCTD
MOTydYeHNs] ~ KOHKPETHOTO dHCIa
YCIEXOB B HCIIBITaHUAX bepHymm




Marema | I'maBa VII. CtaTuctuka 10 3HaTh MOHATUE CIy4YauHOUI
THYeC- BEJIMYMHBI, MIPEJICTABIISITH
KU 1.Cny4aiiHple BETUYUHBI 2 pacnpeneneHue 3HaueHui | 1,4
aHaJIn3 JUCKPETHOU CIIy4anHO1
2 lleHTpasbHble TEHACHIIMU 2 BEJIMYMHBI B BHUJIE 4YacTOTHOHM | 3,6
TaOJIHUIIBL IOJIUTOHA YacToT.
IlpexcraBuate  pacmpesesneHue |1 g
o o o 1
3.Mephi paz6poca 3 SHaueHUi CIyqallHON BETUHHEI
B BUJIC YaCTOTHOW TaOJIHIIBI.
3HaTh OCHOBHBIC LIEHTpAJIbHBIC 14
H
TEHJCHIIUU: MO MeuaH
4. Ypok 0000IICHHS U CUCTEeMaTH- | 2 JICHIL Ay, AMaty,
. cpenHee.
3alUy 3HAHUH
3HaTh OCHOBHBIE MephI pazbdpoca
3HAYCHU I ciy4aitHoM | 5
5.KonTpomabHnas pa6ora Ne 7 1 BEJIMYMHBI:pa3Max,0TKIIOHECHHE
OT CPEJIHETO U JAUCIIEPCHIO.
HToroBoe noBropenune Kypca 30
[IpuMeHnATHs npaBwIIa JEUCTBAN
ToxxaecTBeHHbIE TpeoOpazoBaHUs C paJuKaiaMHu, BEIpaKECHUSIMU 1.6
CTEIEHEN ¢ PAllMOHAIBHBIM 3 CO CTEIIEHAMU C PALIMOHAIILHBIM
MoKa3aTeseM, UpPalMOHaIbHBIX U nokazarenem (JIF00bIM
J0rapu(pMHUUECKUX BBIPKEHUH NEHCTBUTENBHBIM [10KA3aTEJIEM)
ToxxaecTBeHHbIe peoOpa3zoBaHus | 3 Tpn %HqHCHeHHHX " . 2,4
TPHTOHOMETPHUECKHX ]r;peo Pa3sOBaHMAX BEIPAKEHHI.
——] BIMOJIHATH MpOCTEHIINE
npeoOpazoBaHMs
Penienue palMOHAIBHBIX W 3 J'IOl"apI/I(bMI/I‘IeCKI/IX BBIpa)KeHPII’I 1,4
AppauoOHaILHBIX ypaBHeHI/Iﬁ C UCTIOJIb30BAaHUEM CBOMCTB
D 3 J0rapu(moB, ¢ MOMOILBIO 56
CILCHHE MOKA3ATENBHBIX U nepexona. TIpHMensTS IpH .
rapuMHUIECKUX BHCHUH
JorapHpMudec YPaBHC peoOpa3oBaHuUsAX U
Pemenne tpuronomerpuueckux | 4 BBIYACIEHHAX (POPMYIIBI CBA3H 3,4
ypasHeHu# . Peienne TPUTOHOMETPUYECKUX (PYHKIIHI
TPUTOHOMETPUUYECKHX YIVIOB 0. 1 —at, (hOpMYJIBI
ypasnenut, nccnenys OJ13. CIOKeHUsI, POPMYJIBI IBOMHBIX
Hepasencrsa. Meton 4 ¥l [IOJIOBHHHBIX YIJIOB, 3,7
JIEKOMITO3UIIMN TIPU PEIICHUN (bopMyIIbI IPUBEICHUS
HCPaBCHCTB. Pemrate panmoHanbHeIE U
ITponsBoanas. [Ipumenenune 4 MPPALMOHATBHEIE YPABHEHHS 2,6
IIPOU3BOJHOM IIDH BBIIIOJIHCHUH Pemrate nokasarenbHble U
JCHCTBHH ¢ QYHKIHAMEL. JorapupMUUECKUE YpaBHEHUS
VccnenoBanue GpyHKImN Pemate Tpuronomerpuueckue
ITOMOIIBIO MPOUIBOHOMN. ypaBHeHus ,uccaenys O/13.
Pemrenre S)KOHOMHUUYECKHUX 3a1a4 3 . 3,4
[TpumeHeHre TpOU3BOIHON IPU
Ha BKJIAJIbl U KPEIUTHI. . .
BBINOJIHEHUH JIEHCTBUI €
Ypox 060011IeHNS U CHCTeMaTH- 3 14
- ¢bynkuusmu. Perenue
3alliu 3HAaHUH
SKOHOMMYECKHUX 3a7au
BCero 136




reoMeTpus

I'naga VI. HunuHap, KOHYC U
map

14

§1 1 nannap

[TonsiTre UIMHAPA

[Tnomaas MoOBEpXHOCTH
HUAJTUHAPA

OOBACHSITD, YTO TAKOE
HWIMHAPUYECKask TOBEPXHOCTH,
e€ oOpasyrolIye U 0Ch, KaKkoe
TEJIO Ha3bIBaeTCs LUIMHAPOM U
KaK Ha3bIBAlOTCA €r0 3JIEMEHTHI,
KaK MMOJIyYUTh MIHHAP MYTEM
BpALIEHUS IPAMOYTOJIbHUKA;
n300pakaTh HUIHHID U €TO
CEUEeHMsI IIJIOCKOCTHIO,
MPOXOJSIIEH Yepe3 OCh, U
IUIOCKOCTBIO,
NEPIEHIUKYISIPHOU K OCH;
OOBSICHATB, YTO IPUHUMAETCS 32
iouia b O0KOBOW OBEPXHOCTH
LWINH/PA, U BBIBOAUTH
(hopMyJIBI 17151 BRIYHUCIICHUS
OOKOBOM U MOJHOMN
IIOBEPXHOCTEN HUIMHAPA;
pelarth 3aja4y Ha BBIYUCIICHNE
U JI0Ka3aTeJIbCTBO, CBA3aHHBIE C
IVIMHAPOM

3,7

4,6

§2Konyc

[TonsiTue KOHYCa

IInomans IOBCPXHOCTHU KOHYCaA

Y ceu€HHbI KOHYC

OOBACHATB, UTO TAKOE
KOHHUYECKasi [IOBEPXHOCTD, €€
oOpasyroiue, BepIInHa 1 0Ch,
KaKoe€ TEJIO Ha3bIBAETCS
KOHYCOM M KaK Ha3bIBalOTCS €ro
JJIEMEHTBI, KaK IOJIy4UTh
KOHYC IIyTEM BpallEHUs
IPSIMOYTOJIBHOTO TPEYTOJIbHUKA,
n300paxkaTh KOHYC U €ro
CEYEHUs IUIOCKOCTBIO,
MPOXOSIIEH Yepe3 OCh, U
IUIOCKOCTBIO,
MEPIEHIUKYISIPHON K OCH;
OOBSICHATH, UTO IPUHUMAETCS 32
IUI0IAAb OOKOBOM MOBEPXHOCTH
KOHYCa, U BBIBOJUTH (OPMYJIBI
JUISL BBIYMCIIEHUS TUIOIIAEN
OOKOBOH M MOJHON
MIOBEPXHOCTEN KOHYCA;
00BACHATH, KAKOE TEJIO
Ha3bIBAETCS YCEUEHHBIM
KOHYCOM M Kak €ro HoJy4uTh
IIyTEM BpallleHUs
MPSIMOYTOJIBHOM TpaIenuu,
BBIBOJUTH (hOPMYITY AJIs
BBIUMCJIEHUS IUIOMAIH OOKOBOM
MTOBEPXHOCTH YCEUEHHOTO
KOHYCa; peliarh 3aauu Ha
BBIYHCIIEHUE U JOKA3aTENbCTBO,
CBSI3aHHBIE C KOHYCOM U
YCEUEHHBIM KOHYCOM

1,5

6,7

5,7




§3 Coepa 5 @opMynHpoOBaTh ONPENEICHUS
cdepsl U 1mapa, ux IeHTpa,
Cdepa u map 1 panuyca, 1uamMerTpa;
HCCIEN0BATH B3aMMHOE 2,3
pacrioiiokeHue chepbl U
Bzaumnoe pacrnonoxenue chepbl 1 IUTOCKOCTH, hOPMYITHPOBATH 4,7
H ILTOCKOCTH OIlpeJieNIeHNe KacaTeIbHOM
BSaI/IMHOUG pacnosioxxeHue chepbl ITOCKOCTH K cdepe,
1 IIPAMOH (hopMyIMpOBATh U 10Ka3bIBATh
KacarenbHasi miockocTs K cepe 1 TeopeMbi 0 CBOCTBE I 1,6
IpU3HaKe KacaTeabHON
[lnomans chepst 2 IJIOCKOCTH; OOBSICHATD, YTO 2,6
IPUHUMAETCS 3a IJIOLIA]b
KouTposbHas pabora Nes 1 cdephl U KaKk OHA BBIPa)KaCTCs 5
yepe3 paauyc chepsl;
UCCIIEIOBATh B3aUMHOE
Ypok 00001IeHUS 1 CUCTEMATH- 1 pacrmonokeHue chepol 1 3,7
3alluy 3HaHUH IPSMOIL; OOBSCHITH KaKas
cdepa Ha3BIBACTCS BIUCAHHOW B
LWINHAPUYECKYIO
(KOHMYECKYI0) IOBEPXHOCTb U
KaKHe KPHUBbIE ITOJIy4alOTCs B
CCUCHMSIX IMITUHIPHIECKON U
KOHMYECKON MTOBEPXHOCTEH
Pa3IMYHBIMU TJIOCKOCTSIMU;
pelaTh 3aJa4u, B KOTOPBIX
GburypupyoT KoOMOMHALIUU
MHOT'OI'PaHHHUKOB U TEJ
BpaIICHHS
I'naga VII. O6bémbI T 16 OOBACHATD, KaK U3MEPSAIOTCA
§1 O0BbEéM NPSIMOYTOJILHOTO 2 O0BEMBI TEl1, POBOJLA
AHAJIOTHIO C U3MEPEHUEM
napaiieferniena IUIOIAAe MHOTOYTOJIbHUKOB;
[Tonstre 00BEMaA 1 ’ 1,6
(hopmynupoBaTh OCHOBHBIC
OBHEM IPAMOYTOTBHOTO 1 CBOMCTBa 0OBEMOB U BBIBOAMUTH 37
C UX MoMouIbio GopMyITy
napasenenunena ;
00BEMa MPAMOYTOJILHOTO
napajsenenunesaa
§2 O0BéMBI IPAMON NPU3MBI M 3 DopMynHMpoBaTh U JOKa3bIBAThH
HMJIMHApA TeOpeMbl 00 00BEME TPSIMOi
O06BEM npsMOi IPU3MBI 1 MPH3MbI H 00BEME IIHIIHH/IPa,; 1,2
pemaTh 3a/1a4u, CBSI3aHHBIE C
O0BEM TIUIMHApA 2 BBIYHCIEHUEM 00BEMOB DTHX 3,4
TEI
§3 O0BbEéMBI HAKITOHHOM 6 BbIBOINUTH HHTErPAIBHYIO
NPU3MBbI, MTUPAMU/IBI U KOHYCA (bopMyITy s BEIYHCICHUS
Brraucnenue 065EMOB TeI € 1 06BEMOB Tel 1 AOKa3BIBATD C e€ 3.4
MTOMOIIBIO HHTErPaa HOMOHH)IOVTGOPGMLI 00 061)?Me
OO6BEM HaKIIOHHOM MTPU3MBI 1 HAKJIOHHOM HPUMBL, 06 obnéme 1,7
UpaMuIbl, 00 00BEME KOHYCA,
O06BEM nHpaMuIBI 2 BBIBOJUTH (POPMyJIBI UL 3,6
BBIYHCIICHUS 00BEMOB
O6bEM KOHyCa 2 YCEYEHHOW MUPAMUIBI U 4,7

YCEUYEHHOI0 KOHYCa; peuiaTh




3aa4u, CBA3aHHBIC C
BBIUHCIICHHEM 00BEMOB ATUX
TCII

§4001éMm mapa u mI0WAAb
chepnbl

DopMyTHpOBaTh U I0KA3HIBATH
TeopeMmy 00 00bEMeE mapa u ¢ eé

3aUy 3HAaHUN

napajuiesienune1a CIoKeHHs
TPEX HEKOMILIAHAPHBIX
BEKTOPOB; (pOpMyIHpPOBATH U
JIOKa3bIBaTh TEOPEMY O
pa3loKEHUH JTFOOOTO BEKTOPA
110 TPEM JaHHBIM
HEKOMILUTAaHAPHBIM BEKTOPaM;
MIPUMEHATh BEKTOPbI

TIPU PEIICHUH TEOMETPUUECKHIX
3a1a4

O6bém mapa. O6bEMBI IIAPOBOTO MOMOIIIBIO BBEIBOJUTH (hopmyrny | 5,7
CErMEHTa, IIapOBOro CJI0s U IUIOINAAM Chepbl; BHIBOIUTD
I1ApOBOT0 CEKTOPa (bopmyiy 1S BRIYMCICHUS
[Tnomans chepsr 00BbEMOB 1IAPOBOTrO cerMeHTa u | 1,6
LIapOBOT'0 CEKTOPA; peliaTh
KonTponbhas pabota Ne6 3a/[a4H C IPUMEHEHHEM hopMyI | 5
00BEMOB Pa3IHMYHBIX T
Ypok 0000IIeHHS U CUCTEMATH - 2,3
3allUy 3HAHUU
I'naga IV. Bekropsl B DopmyIUPOBATH OIPEACIICHUE
NPOCTPaHCTBE BEKTOPA, €0 JJIUHBI,
§1 IonsiTHe BeKTOpa B KOJJTMHEAPHBIX U PaBHbBIX
IPOCTPAHCTBE BEKTOPOB, IPUBOIUTH IIPUMEPHI
TIoHsITHE BEKTOpA (bu3NYeCKUX BEKTOPHBIX 1,7
PaBeHCTBO BEKTOpPOB BEJININH
§2 Cnoxenue u BbIYUTAHHE OOBACHATH, KaK BBOAATCSA
BEKTOPOB. YMHOKeHHEe BEKTOpa JIEICTBUS CIIOKEHUSI BEKTOPOB,
HA YK CII0 BBIYUTAHUE BEKTOPOB U
CIIOKEHHE 1 BEIUMTAHHE YMHOYEHHE BEKTOPOB Ha YHCIIO, [ 2 5
2 BEKTOPOB KaKMMU CBOMCTBaMH OHU
& CyMMa HECKOJIbKIX BEKTOPOB 00J1a1al0T, YTO TAKOE MPABHUIIO
= VMHOKEHUE BEKTOpPA HA YUCIIO TpEYroJIbHIKA, MPpaBrIo 1,7
= napasuieiorpaMMa U MpaBHiIo
S MHOTOYTOJIbHUKA CIOXKEHUS
5 BEKTOPOB; peIIaTh 3aJ1a4H,
- CBSI3aHHBIE C ICHCTBUSAMU HAJ|
5 BEKTOPAMH
= §3 KommiianapHbie BEKTOPbI OOBACHATH, KaKH€ BEKTOPbI
=3 Ha3bIBAIOTCS KOMIUIAHAPHBIMY;
S KomnnanapHbie BEKTOPBI (D OPMYIIHPOBAT U TOKA3bIBATH 5,7
: [TpaBuio napanienenunena YTBEPI/ICHHE O IPU3HAKE
- KOMILJIAHAPHOCTH TPEX
2. Paznoxenune BekTopa 1o Tpém BEKTOPOB; OOBSACHSATH, B YEM 6,7
= HEKOMIUTAHAPHBIM BEKTOPaM COCTOMT IIPABUIIO
E Ypox 06001IeHNS U CUCTEMaTH- 2,4




3aIUy 3HAaHUU

MepPeHoc, 000CHOBBIBATH

I'nasa V. Meroa KOOpAUHAT B 14 OO0BACHITH, KaK BBOIUTCS
npocTpaHcTBe. /| BuKeHUs NPSIMOYTOJIbHASI CHCTEMA
KoOpAMHATEI TOUYKH. 4 KOOpP/JIMHAT B IPOCTPAHCTBE, KaK
Koop/HHATHI BeKTOpA OIPEICIISIFOTCS. KOOPAMHATHI
TOYKH U KaK OHH Ha3bIBAIOTCS,
IIpaMoyronpHas cucTeMa 1| kax onpenensrores koopmumats | &7
koopauHaT. KoopauHaThl BeKTOpa BeKTOpa; (hOPMYTHPOBATH H
CBsI13b MEXKIy KOOpJAUHATAMU 1 AOKA3bIBATh YTBCPIKACHUA, O 3,4
BEKTOPOB M KOOPMHATAMH TOYCK KOOp/AnHaTax CyMMBbI 1
Pa3HOCTH JIByX BEKTOPOB, O
Tpocrefimie sa1a b > KOOpPJMHATAX MTPOU3BEICHUS 57
BEKTOpa Ha YHCJIO, O CBSI3U
KoopAuHarax MEX/1y KOOpIMHATAMH BEKTOPA
Y KOOpAMHATAMH €ro KOHIIA 1
Hayasa; BEIBOAUTH U
UCIIOJIb30BATh MPH PEIICHUH
3ama4 opMyIbl KOOpAUHAT
CEepeIUHBI OTPE3Ka, IJTUHBI
BEKTOPA M PACCTOSHHS MEKITY
JBYMsI TOYKaMH; BBIBOJIUTD
ypaBHEHHE Cepbl JAHHOTO
pajmyca ¢ IEHTPOM B JJaHHOU
TOYKE
§2 CkausipHoe npou3BeeHue 6 OOBACHATD, KaK OMPEEsETCS
BEKTOPOB YTOJI MEXIY BEKTOPaMH;
Vron Mex1y BEKTOpaMu 2 (opmysmposats onpenenenne 79 4
CKaJISIPHOTO TIPOU3BEIACHUS
CkansipHOe Mpou3BeIeHNE 2 BEKTOPOB; (pOopMyIHpOBaTH U 2,3
BEKTOPOB JIOKa3bIBaTh YTBEPIKACHHS O €ro
BhIMHCIICHHE YTIIOB MEKTY 2 CBOICTBAX; KAK BBIYHCIIHTE YrONl [4 6
IPSMBIMH H TZIOCKOCTAMH MEXAY ABYM HPAMBIMH, d
TaKKE YTOJl MKy IPSMOU U
TUTOCKOCTBIO, UCTIONB3YS
BBIPOKCHUE CKATSIPHOTO
IPOU3BEJICHUS BEKTOPOB Yepe3
MX KOOPAMHATHI; BEIBOJUTH
ypaBHEHUE TUIOCKOCTH,
IPOXOSIIEH Yepe3 JaHHYIO
TOYKY ¥ NEPICHIUKYIISIPHOH K
JTaHHOMY BEKTOPY, U (popMyTy
PacCTOSTHHS OT TOYKH JI0
TUIOCKOCTH; TIPUMEHSTh
BEKTOPHO-KOOPINHATHBII
METOJI TIPU PEIICHUN
TeOMETPUYECKUX 337134
§3/1BukeHUA 2 OOBSCHSTD, YTO TAKOE
0TOOpakeHHE NPOCTPAHCTBA HA
LlenTpanbHas CAMMETPUS 1 ce6s 1 B KAKOM CITy9ae OHO 57
Ocepas CAMMOTPHA Ha3bIBACTCS IBUKEHHEM
IlapasenbHbli nepenoc 1 NPOCTPAHCTBA; OOBACHAT, uto | 14
= 3epKabHasg CHMMETPHA TaKoe LEHTPAIbHAs CHMMETPUS,
g Konrponbnas pabora Ne7 1 0CEBAst CHMMETpHSL, 3epKalbHas | ©
= CHUMMETPHS U TTapajuIeIbHbIH
S Ypox 006001IeHHS U CUCTeMaTH- 1 3,6
o




1 YTBEPXKJIEHHUS O TOM, YTO ITH
0TOOpaKeHHsI TPOCTPAHCTBA HA
ce0st ABIISIOTCS IBUOKEHHSIMU;
OOBSICHSATH, YTO TAKOE
IICHTPaIbHOE
nogo0ue(roMoTeTus) u
npeoOpa3oBaHuE MOA00Hs, KaK
C MOMOILIBIO TpeoOpa3oBaHUs
000U BBOAUTCS MTOHSATHE
no100HBIX (uryp B
IPOCTPAHCTBE; IPUMEHSThH
JBYDKEHUS M TPeoOpa3oBaHus
000U TP PELICHUH
reOMETPHUECKUX 33]a4

3ak/IlounTeIbHOE IOBTOPEHHE 18
NP NOATOTOBKE K HTOTOBOIi
aTTeCTAIINH N0 reOMeTPUH

Huimeap, KOHyC, map 4 47
OOBEMEI TEIL. 4 2,6
Meton KoOpIWHAT B 3 34
MIPOCTPaHCTBE
3ajauu Ha pa3IuvHbIC 7 2,7
KOMOWHAIIUU KPYTJIBIX TN U
MHOTOT'PAaHHUKOB
BCEro 68
HTOr0 204
COI''TACOBAHO COI''TACOBAHO
[IpoTokon 3acegaHusi METOJUYECKOTO 3amecTtutens qupekropa no YBP
00BbEIMHEHUS YUUTEIICH
€CTECTBEHHOHAYYHOT'O IIHK/IA 3.A.Pamostn
ot 29 aBrycra 2022r. Ne 1 29.08.2022 .

A.Il.T'acnapsin




[Ipenmer

JIuct KOPPEeKTUPOBKHU KaJCHIAPHO-TEMATHYECKOTO TTIAHUPOBAHNUS
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