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HOACHUTEJBHAA 3AIINCKA

Pabouas mporpamma yue6HOTO Kypca 1o Mmarematuke s 10 - 11 ximaccos
pa3paboTana Ha ocHOBe [IpuMepHOI TPOrpaMMbI CpEAHETO 00IIEro 00pa30BaAHUS
(mpoduUIIbHBIN YPOBEHB) C y4eTOM TpeboBaHUi (heaepaabHOro roCyAapCTBEHHOTO
00pa30BaTENBHOTO CTAaHAAPTa CPEAHEr0 001Iero 00pa3oBaHus U C y4ETOM
porpaMM Jist 0011e00pa30BaTEeIbHBIX KO C UCIOIB30BAaHUEM PEKOMEHIAITHIA
aBTopckux nporpamm FO.M. Konsruna, JI.C. AtanacsHa.

Peanuzarus paboueil mporpaMmbl OCYIIECTBISIETCS C UCIIOJIb30BAHUEM
y4eOHHKOB:
[ UYyebnuk muist 10 kmacca o61ieo0pa3zoBaTenbHbIX yupexkaeHuii. bazoBsblii u
nporIIbHBIN ypoBeHb. AreOpa 1 Hauaja MaTeMaTHYECKOTO aHaIn3a. ABTOPBI:
FO.M. Komsirua, M.B. Tkauépa, H.E. ®énopora, M.W. [1labynun. [Tox penakiueit
A.B. Kuxuenko. Mocksa. [Ipocsemenue.2010

[ UYyebnuk muist 11 kmacca o6mieo0pa3zoBaTenbHbIX yupexkaeHuil. bazoBelii u
nporIIbHBIN ypoBeHb. AreOpa 1 Hauaja MaTeMaTHYECKOTO aHaIn3a. ABTOPBI:
FO.M. Komsruna, M.B. Tkauépa, H.E. ®énopora, M.W. [1la6ynun. [Tox penakiueit
A.B. Kuxuenko. Mocksa. [Ipocsemenune.2010

O 0Yyebnuk it 061eo0pa3zoBaTeIbHbIX YUpPEKACHUM: 0a30BbIA U TPO(PHUIIbHBIN
ypoBHU. ['eometpus. 10-11 knaccel. ABropsl: JI.C. Atanacsan, B.®, byty30B, c.b.
Kanomues u ap. Mockaa. IIpocsemienne.2010

Jlannas paboyas mporpamMma paccuuTaHa: npo(UIbHBINA YpOBEHb — 6 YacoB B
Henento (anredpa 4 4/H, reoMeTpust 2 4/H)

Ilpozpamma evinonnaem 06e 0CHOGHbIE PYHKUUUL:
HNudpopmanimoHHO-MeTOuIecKast PYHKIIHS TO3BOJISIET BCEM y9aCTHUKAM
00pa30BaTeIbHOr0 NPOLEcca MOJIYYUTh NPEACTABICHUE O LENSAX, COAEPIKaHUH,
o01Iei cTpaTeruu 00y4YeHMsI, BOCIUTAHMS U Pa3BUTHS yUAIIUXCS CPEICTBAMU
JTAHHOTO Y4eOHOTO MpeaMeTa.

Opranu3alMoHHO-TIIaHUPYIOIast PYHKIUS TPEeayCMaTpUBAET BbIACICHHUE STANlOB
oOyueHus1, CTpyKTYpUpOBaHUE YUYEOHOTr0 MaTepuaa, onpeaesieHUue ero
KOJIMYECTBEHHBIX U KAYECTBEHHBIX XapaKTEPUCTUK HA KAKIOM M3 ITAIlOB, B TOM
YUCIIe JIJISl COJIEP KATEIbHOTO HAMTOJTHEHHSI IIPOMEXKYTOYHOM aTTeCTaIlun
yYaIIuXCs.

[Iporpamma BKIIFOUAET TPH pasjieiia; MOSICHUTEIBHYIO 3aMHUCKY; OCHOBHOE
CoJIepKaHueE C pacrpeiesieHueM y4eOHbIX 4acoB MO0 pa3jenaMm Kypca; TpeOOBaHus
K YPOBHIO TIOJIFTOTOBKH BBIITYCKHUKOB.

2. JIMYHOCTHBIE, MeTaNnpeIMeTHbIE H MPeIMeTHbIEe Pe3yJIbTAThI 0CBOEHUS
yueOHOro npeamera «AJjredpa u Ha4aJIa MATEMATHYeCKOro aHajausza» B 10 -
11 kanaccax



N3yuenue anreOpsl B CpeiHEN 1IKOJIE HAPABJICHO Ha
JOCTHXKEHHE CIEAYIOIIMX eei:

N3ydenne anreOpsl 1 Havas
aHaju3a B CPEeAHEH IIKOJIe
JTaeT BO3MOKHOCTD
00yYaroIMMCs TOCTUYb
CIEAYIOIINX Pe3yJIbTaTOB
pa3BUTHUS:

Harmpa
BJICHH

JIMYHO
CTHOT

pa3Bu
TUS

71 chOopMHPOBAHHOCTH MUPOBO33PEHUS,
COOTBETCTBYIOILIETO COBPEMEHHOMY YPOBHIO
Pa3BUTHS HAYKHU U OOIIECTBEHHON MPAKTHUKH,
OCHOBAHHOI'O HA JUAJIOTE KYJIBTYD, a TAKKE
pa3u4HbIX (OpPM 0OIIECTBEHHOT'O CO3HAHUSI,
OCO3HAHHE CBOETO MECTA B MOJUKYIbTYPHOM
MUpE;

"1 chOpMHPOBAHHOCTH OCHOB CAMOPA3BUTHS U
CaMOBOCITUTAHUSI B COOTBETCTBUU C
0OLIEYeIOBEYECKUMH LIEHHOCTSMU U U€AIaAMU
IPaKJaHCKOIr0 00I1I€CTBA; TOTOBHOCTD U
CIIOCOOHOCTB K CAMOCTOATENbHOM, TBOPYECKON
Y OTBETCTBEHHOM AESATEIbHOCTH;

| HaBBIKH COTPYAHUYECTBA CO CBEPCTHUKAMM,
JE€TbMH MJIAJIIIETO BO3pacTa, B3pOCIBIMU B
o0Opa3oBaTeIbpHOM, 00IIECTBEHHO TOJIE3HOM,
y4eOHO-MCCIIeI0BATEIbCKON, TPOSKTHON U
JIPYTUX BUJIAX AESATEIbHOCTH;

"] TOTOBHOCTh ¥ CLIOCOOHOCTB K 00pa30BaHUIO,
B TOM 4YHCJIE CaMOOOPa30BaHMUIO, HA
IIPOTSKEHUHN BCEM KU3HH; CO3HATEIIBHOE
OTHOUIEHUE K HEMPEPHIBHOMY 00Pa30BaHUIO KaK
YCJIOBHIO YCTIEIIHOM MpodecCuOHaNbHON 1
OOIIIECTBEHHOH ICATEIILHOCTH,

1) ymMeHue sICHO, TOYHO,
rpaMOTHO M3JaraTh CBOU
MBICJI B YCTHOU U
IIACbMEHHOU PEYH,
MMOHUMATh CMBICI
MOCTaBJICHHOM 3a/1a4H,
BBICTPAUBaTh
apryMEHTAaluI0, IPUBOIUTH
MIPUMEPHI U KOHTPIIPUMEPBIL;
2) KPUTHYHOCTD MBILILICHUS,
YMEHHE paclo3HaBaTh
JIOTUYECKU HEKOPPEKTHBIE
BBICKA3bIBaHUS, OTJINYATH
runoTesy ot ¢akra; 3)
MIPE/ICTABICHHUE O
MAaTEMATUYECKON HAYKe KaK
chepe uenoBeyecKoi
NeSITEILHOCTH, 00 dTarax ee
Pa3BUTHS, O €€ 3HAUMMOCTH
JUTSL pa3BUTHS [IUBUIIM3AIINN;
4) KpeaTUBHOCTDb MBIIIICHHS,
WHUIIMATHUBA, HAXOTYUBOCTD,
AKTUBHOCTbH IIPU PEIICHUU
MaTeMaTUYECKUX 3a/1aY;

5) yMeHHe KOHTPOJIUPOBATh
MPOLIECC U PE3YNIbTAT
y4eOHOM MaTeMaTHIeCKON
NeSATEIIbHOCTH;

6) yMeHHe IIaHUPOBATh
NEeSITETBHOCTb.

* pa3BUTHE MHTEPECA K MATEMATHICCKOMY TBOPYECTBY H
MaTEMATUUECKUX CIIOCOOHOCTEH;

6) CIIOCOOHOCTH K
SMOLIMOHATIBHOMY
BOCTIPUSITHIO
MaTEeMaTHICCKUX 0OBEKTOB,
3aJ1a4, PELICHUN,
pacCyXICHUN;

METaIl

] YMCHHC CaMOCTOATCIIbHO OIPCACIIATDH LCJIN
ACATCIBHOCTH N COCTABJIATD I1JIaHBI

1) mepBoHaYaIbHbIC
NPEACTaBICHHS 00 UAESX U O




penme
THOM

Harpa
BJICHH

JESATENPHOCTH; CAMOCTOSITEIBHO OCYIIECTBIISTD,
KOHTPOJIMPOBATh U KOPPEKTUPOBATH
JIEATEILHOCTD;, MCII0JIb30BaTh BCE BO3MOYKHEIC
pPECYPCHI 1Sl IOCTHXKEHHUSI TTOCTABIEHHBIX
LEJIEW U peanu3alyi IUIAHOB JEATEIbHOCTH;
BBIOMpATh yCIEUIHBIE CTPATETHH B Pa3INYHbIX
CUTYyaLUSX;

"] BIaJicHME HaBBIKAaMHU MO3HABATCIBHOM,
y4eOHO-UCCIIeI0BATEILCKOM U TPOSKTHOM
JIeSITEIbHOCTH, HABBIKAMM pa3pelICHUs
po0JieM; CIOCOOHOCTh U TOTOBHOCTb K
CaMOCTOSITEIbBHOMY MOUCKY METOAOB PELICHUS
MPAKTUYECKUX 3a7a4, IPUMECHEHUIO PA3JINYHbBIX
METOJOB ITO3HAHUS;

| TOTOBHOCTB H CITOCOOHOCTH K
CaMOCTOATENbHON MH(POPMALIIOHHO-
MMO3HABATEILHOM AEITEIbHOCTH, BKIIIOYAs
YMEHUE OPUECHTUPOBATHCS B PA3JTUYHBIX
HMCTOYHUKAX MHPOPMAIIUN, KPUTHICCKU
OIICHUBATh U HHTEPIIPETUPOBATH HH(POPMAITHIO,
MOJIyYaeMYI0 U3 Pa3JIMYHbIX UCTOYHUKOB;

1 BJIAJICHUE SI3BIKOBBIMU CPEJICTBAMU — YMEHHE
SICHO, JIOTUYHO M TOYHO M3J1aratb CBOI TOUKY
3pEHHUS, UCTIOIB30BaTh AJICKBATHHIC SI3bIKOBBIE
CpEACTBa;

BJIaJICHHE HaBbIKaMU ITO3HABATEILHOMN
peduiekcun Kak 0CO3HaHUSI COBEPIIAEMbBIX
JICVUCTBHUI U MBICIIUTEIIBHBIX TPOLIECCOB, UX
pe3yabTaTOB U OCHOBAHUM, TPAHUIL] CBOETO
3HAHMS M HE3HAHMS, HOBBIX ITO3HABATEIIbHBIX
3a7a4 ¥ CPEACTB UX JIOCTHXKEHUS.

METO/IaX MaTeMAaTHUKH KakK 00
YHUBEPCATHHOM SI3BIKE
HAyK{ U TEXHHUKH, O
CPEIICTBE MOJICITHUPOBAHUS
SBJICHUU U IIPOLIECCOB;

2) yMEHUE BUICTh
MaTeMaTUYECKYyIO0 3a/lauy B
KOHTEKCTE MpOOJIEMHOMN
CUTYAIIMH B IPYyTUX
TUCIUIUINHAX, B

OKpY Karollen *KU3HU;

3) yMEeHHE HaXOIUTh B
Pa3TUIHBIX UICTOYHUKAX
uH(popManuio,
HEOOXOJIUMYIO JIJIS pEIICHUS
MaTeMaTUYeCKUX Mpooiem, 1
MPEJICTABIATH €€ B MOHATHOU
dbopme; IpuHUMATh pPEIICHUE
B YCJIOBUSIX HETIOJIHOW U
M30BITOYHOM, TOUHON H
BEPOSATHOCTHOM
uHpopmanuu;

4) yMeHM€E TOHUMATh U
UCIIOJIH30BATh
MaTeMaTHYECKHUE CPEACTBA
HaISIIHOCTH (Tpad UKy,
JTUarpaMMBbl, TaOJTUITBI,
CXEMBI U JIp.) JJIsI
WJUTFOCTPAIIHH,
WHTEPIPETAIINH,
apryMeHTaIlnu;

5) yMeHue BBIJBUTaTh
TUTOTE3bI TIPU PEIICHUN
y4eOHBIX 3a7a4 ¥ TIOHUMATh
HEO0OXOAMMOCTh UX
MIPOBEPKH;

6) yMeHHe TPUMEHSATh
WHIyKTUBHBIE U
JIE€TYKTUBHBIE CTIOCOOBI
pacCyX IECHU, BUIETh
pas3IuYHBIC CTPATETUN
pEIICHUS 3a/1a4;

7) yMEHHE CaMOCTOSITEIILHO
CTaBUTb 1IEJTH, BHIOUPATH U
CO3/1aBaTh ATOPUTMBI TSI




pelIeHus yueOHbIX
MaTeMaTUYECKHUX MpoOIIeM;
9) ymeHue miaHupoBatTh 1
OCYILIECTBIISATh
JeSITeIbHOCTb,
HaNpaBJICHHYIO Ha pelIeHUe
3aJ1a4 MCCIeI0BaTEIbCKOTO
XapakTepa;

npeam
C€THOM
Harpa
BJICHH

co3faHue pyHIaMeHTa JJIsl MaTEMaTHYECKOTO
pa3BuTHs, GOPMUPOBAHUS MEXAaHU3MOB
MBIILJICHHU S, XapaKTEPHBIX JUIsl MaTeMaTH4YEeCKOM
NEeSTETbHOCTH.

3HAYEHUE MAaTEeMaTUYECKOU
HayKH JJI peuieHus 3a1a4,
BO3HUKAIOLIUX B TEOPUU U
MIPAKTUKE; IUPOTY U
OTPAaHUYEHHOCTD
MIPUMEHECHUS
MaTeMaTUYECKUX METOJIOB K
aHaJIu3y U UCCIIEIOBAHUIO
MPOLIECCOB U SIBJIECHUN B
MPUPOJE U OOIIECTBE;

* 3HAYCHHE MPAKTUKU U
BOIIPOCOB, BOZHUKAIOIINX B
caMoOM MaTeMaTHKe, JJIst
dhopMUpOBaHUS U Pa3BUTHS
MaTeMaTUYECKOW HAYKH;

* UJICU PACIIUPECHUS
YUCJIOBBIX MHOXKECTB KaK
croco0a MoCcTpOeHUs: HOBOT'O
MaTeMaTU4YeCKOro amnmnapara
JUTSL PEIICHUS TTPAKTUUECKUX
3a/1a4 ¥ BHYTPEHHUX 3aa4
MaTeMaTUKH;

* 3Ha4YCHUE HJIeH, METOJIOB U
PE3yIbTATOB ANTeOPhI U
MaTeMaTUYECKOTO aHaIN3a
ISt

MMOCTPOEHUS MOJICJIEN
peanbHbIX MPOIIECCOB U
CUTYyaLNnH;

* BO3MOKHOCTHU
r€OMETPUYECKOTO SI3bIKA KaK
CpelICTBA ONMCAHUS CBOUCTB
peabHBIX MPEIMETOB U UX
B3aMMHOTO PACTIOIOXKECHUS;
* YHUBEPCAIbHBIN XapaKTep
3aKOHOB JIOTUKHU
MaTeMaTUYECKUX




pacCyXJIeHuM, Ux
MIPUMEHUMOCTD B Pa3JIMNUHbBIX
00JIaCTAX YETOBEUYECKOM
NEeSATENbHOCTH;

* paznuune TpeOOBaHUIA,
MPEABSBISIEMBIX K
JI0Ka3aTeNbCTBaM B
MaTeMaTHKe, €CTECTBCHHBIX,
COLIMAJIbHO-DPKOHOMHYECKHUX
Y TYMaHUTapHBIX HAyKax, Ha
MPaKTHUKE;

* pOJIb AKCUOMATHKU B
MaTe€MaTHKe; BO3MOXKHOCTb
MOCTPOEHUS
MaTeMaTUYECKUX TEOPUM Ha
aKCHOMAaTHYECKOM OCHOBE;
3HAYEHHE aKCUOMATHUKH IS
Apyrux o0JyiacTel 3HaHUS U
JUTSI IPAKTHUKY;

* BEPOSITHOCTHBIX XapakTep
Pa3JIMYHBIX TIPOLIECCOB U
3aKOHOMEPHOCTEN
OKPY’KaIOILEro MHUpA.

B npodguabHOM Kypce coaep:kaHue 00pa30BaHusA, IPeICTABJICHHOE B
OCHOBHOI IIKO0JIE, PA3BUBAETCS B CJACAYIOLIUX HANIPABJICHUSIX:

* CUCTEMAaTH3aIMs CBEJICHUN 0 unciiax; GopMUPOBAHUE TIPEICTABICHUN O
PaCIIMPEHUN YHUCIIOBBIX MHOKECTB OT HATYPAJIbHBIX JO KOMIUIEKCHBIX KaK
croco0e MOoCTPOSHHSI HOBOTO MaTeMaTHYECKOTo anmapara Juisl pelieHus 3a1a4u
OKPYXaIOIIEr0 MUpPa U BHYTPEHHMX 33]1a4 MATEMATUKH; COBEPILICHCTBOBAHUE
TEXHUKH BBIYMCIICHU;

| pa3BUTHE U COBEPIICHCTBOBAHUE TEXHUKHU aJIreOpanyecKux npeoOpa3oBaHUid,
pELIeHUs] YPAaBHEHHIA, HEPABEHCTB, CUCTEM;

| cucreMartu3alys U pacliupeHre CBeACHU 0 (QyHKIMIX, COBEPILICHCTBOBAHHE
rpauyecKkux yMEHH; 3HAKOMCTBO C OCHOBHBIMU UJESIMU M METOJIaMU
MaTEeMaTUYECKOro aHajan3a B 00beMe, MO3BOJISIOIIEM UCCIEN0BATh JJIEMEHTAPHbIE
(GyHKLIMU U pelIaTh NPOCTeIIe reoMeTpudecKkue, pu3nyeckue u Apyrue
IIPUKJIAIHBIC 3a/1a4H;

| pacmmpeHre CUCTEMbI CBEJCHUI O CBOMCTBAX TIOCKUX (DUTYD,
CUCTEMATUYECKOE N3YUYECHHE CBOMCTB MPOCTPAHCTBEHHBIX TEJl, PA3BUTHE
MPECTABICHUN O TEOMETPUUECKUX U3MEPEHHUSX;




| pazBUTHE NIPEACTABICHUN O BEPOSITHOCTHO-CTATUCTUUYECKUX 3aKOHOMEPHOCTSX B
OKPYXaKIIEM MHUPE, COBEPIICHCTBOBAHUE UHTEUIEKTYAJIBHBIX U PEYEBBIX YMEHUU
yTeM 00oTralieHus MaTEMAaTUYECKOTO S3bIKa, PA3BUTHSI JIOTMUECKOTO MBIIIUICHHUS,

| 3HAKOMCTBO C OCHOBHBIMM MJICSIMU U METOJAMH MAaTEMATHUYECKOTO aHaJIn3a,

| * *COBEpIICHCTBOBAHNE MAaTEMAaTUUYECKOTO PA3BUTHSI 10 YPOBHS, TIO3BOJISIFOIIETO
CBOOOTHO MPUMEHSTH U3yUYeHHbIE (DaKThl U METOJIbI MPU PEIICHUH 3aa4 U3
Pa3JIMUHBIX PA3AEJIOB Kypca, a TAaK¥Ke UCIOIb30BaTh UX B HECTAHIAPTHBIX
CUTYyalusX;

"]+ * popmMupoBaHuE CIOCOOHOCTH CTPOUTD U MCCIIEI0BATh IPOCTEUIIINE
MaTeMaTHYECKUE MOJIEIH NIPU PELICHUH MTPUKIAIHBIX 3a/1a4, 3a7a4 U3 CMEXHBIX
JTUCHMIUINH, yIiTyOJaeHre 3HaHUH 00 0COOEHHOCTSIX IPUMEHEHUSI MaTEMAaTUYECKUX
METOJIOB K MCCIIEOBAHUIO IIPOLIECCOB U SIBJICHUI B IPUPOAE U OOLIECTBE.

Ieab nporpamMmmsi:

"1 hopMUpOBaHUE NIPEJICTABICHUN 00 UIESIX U METOJaX MaTEMATHKH; O
MaTEMaTUKE KaK YHUBEPCAJIbHOM SI3bIKE HAYKH, CPEICTBE MOJCIUPOBAHUS
SBJICHUU U IIPOLIECCOB;

| OBJIa/ICHHE YCTHBIM M MUCHbMEHHBIM MaTEMATHUYECKUM SI3BIKOM,
MaTeMaTUYECKUMU 3HAHUSMHU U YMEHUSIMU, HEOOXOIUMBIMU ISl U3YUYEHUS
IIKOJIbHBIX €CTECTBEHHO-HAYYHBIX JUCITUTUIMH, JJIsl TPOAOJIKEHUST 00pa30BaHUs U
OCBOCHMSI U30paHHOM CIIEIUATBLHOCTA Ha COBPEMEHHOM YPOBHE;

| pa3BUTHE JJOTUYECKOTO MBILUICHUS, aJITOPUTMHUUECKON KyJIbTYPHI,
MPOCTPAHCTBEHHOI'O0 BOOOPAXEHUS, pa3BUTUE MATEMAaTUYECKOTO MBIIUICHUS U
UHTYUIIMH, TBOPYECKUX CIIOCOOHOCTEN Ha ypOBHE, HEOOXOAUMOM JIJIs
IPOAOHKEHUs 00pa30BaHUs U JIUIsl CAMOCTOATEIBHON JAESITEIbHOCTU B 00J1aCTH
MaTE€MaTUKH U €€ TPWIOKEHUH B OyAy1el npodeccuoHanbHOM 1eATeIbHOCTH;

] BOCIUTaHUE CPEACTBAMHU MAaTEMATUKH KYJIbTYPbI JMYHOCTH: 3HAKOMCTBO C
HWCTOPUEN pa3BUTHUSI MATEMATUKH, SBOJIFOLIMEN MATEMATHYECKUX UAEH, TOHUMaHUE
3HAYMMOCTH MaTeMaTHKHU JIJIs1 0OIIECTBEHHOTO Mporpecca.

ObweyuebHvie yMeHUst, HABLIKU U CNOCOObL OesIMeNbHOCIU

B xone n3yuenus MareMaTuku B IpO(GUIEHOM Kypce CTapIei IMIKOJIbI yYarruecs
MPOJIOJIKAIOT OBJIaJICHUE Pa3HOOOPA3HBIMHU CITIOCOOAMU IESTEIBLHOCTH,
MPUOOPETAIOT U COBEPIIIEHCTBYIOT OIIBIT:

-IIPOBCACHUA AOKA3aTCIIbHBIX paccyxcz[eHHﬁ, JIOTHYECKOT0 00OCHOBAHUS BBIBOJOB,
HCIIOJBb30BaHUs PA3JIMYHBIX A3bIKOB MAaTCMATHUKU IJIA UIIJIIOCTPAlNH,
HHTCPIPCTAINHU, APTYMCHTAIMU U JIOKA3aTCJILCTBA,



-PCHICHUS IIUPOKOT'O KilacCa 3aJaq U3 pa3IMdYHbIX pa3aciiOB Kypca, IMOMCKOBOM U
TBOp‘IGCKOfI ACATCIIBHOCTHU IIPH PCUHICHUHU 3a1a4 MOBBIIICHHOM CJI0KHOCTH U
HCTHUIIOBBIX 3a14a4,

-TUTAHUPOBAHUS U OCYIIECTBICHUS AJITOPUTMUYECKON JIESITEIbHOCTH: BBITTOJTHEHUS
U CaMOCTOSITEJIBHOTO COCTABJICHHS aITOPUTMHUYECKUX TIPEANUCAHUNA U
MHCTPYKIIMI HA MaTeMAaTUYECKOM MaTepHalie; UCIOJIb30BaHUS U
CaMOCTOSITENTFHOTO COCTaBICHUs (DOPMYIT Ha OCHOBE 000OIIEHHS YaCTHBIX CITy4acB
U pe3yJIbTaTOB HKCIIEPUMEHTA; BBITIOJIHEHUS PACYETOB MPAKTUUECKOT0 XapaKTepa;

-IOCTPOECHUS U UCCIIEI0BAaHUS MAaTEMATUYECKUX MOJIEIIEH JIJIsl ONMCAHUS U
pEelIeHUs IPUKIAIHBIX 3a/1a4, 3a71a4 U3 CMEXHBIX TUCHUIUIMH U pealbHON KU3HHU;
IIPOBEPKH U OLIEHKH PE3YyJIbTaTOB CBOEH pabOThl, COOTHECEHHUS UX C TIOCTABICHHON
3aJja4ueid, C INYHBIM )KU3HEHHBIM OIBITOM;

-CaMOCTOSITEJIbHOM pa6OTBI C HICTOYHHMKaMH I/IH(bOpMaHHI/I, aHaJIM3a, O606IH€HI/I}I )51
CHUCTCMaTHU3allnn I'IOJIY‘-IGHHOﬁ I/IH(bOpMaI_[I/II/I, HHTCIPUPOBAHHA CC B JIMYHBIN OIIBIT.

TpeﬁoBaHI/m K IIPeAMETHLIM pe3yJibTaTaM 0CBOCHUA HpO(l)I/IJIl)HOFO Kypca

B pesyabraTe H3y4eHusi MATEMATUKHM HA NPO(PUIBHOM YPOBHE B CTapLIel
LIKOJIEe YYEHHUK J0JI2KEeH

3HATH/MOHUMATH

| 3HAaYEHUE MAaTEeMaTUYECKOW HAYKU ISl PEIICHUS 3a/1a4, BOSHUKAIOIIUX B TEOPUU
U TIPAKTUKE; IUPOTY U OTPAHUYEHHOCTh MPUMEHEHUS MaTEMaTUUECKUX METOOB K
aHaJIM3y U UCCIIECAOBAHUIO TIPOIIECCOB U SIBJICHUH B IPUPOJIE U OOIIECTBE;

| 3HaUYEHUE NMPAKTUKU U BOIIPOCOB, BOSHUKAIOIIUX B CAMON MAaTEMATHUKE, JJIS
dbopMHUpPOBaHUS U PA3BUTHS MAaTEMaTHYECKON HAYKH; UICTOPUIO PA3BUTHS MOHITHS
YyuCiia, CO3JaHusl MaTEeMaTUYECKOr0 aHaJn3a, BOSHUKHOBEHUS U PA3BUTHS
r€OMETPHUH;

| *ujen pacuIMpEeHHs YUCIOBBIX MHOXKECTB KaK CIioco0a MmoCTPOSHUSI HOBOTO
MaTeMaTHYECKOro anmnapara JJis peiieHus MPaKTUIeCKUX 3a/1a4 U BHYTPEHHUX
3aJlay MaTEMaTUKH,

| *3HayeHue e, METOJ0B U PE3yIbTAaTOB AJITe€OPbl U MATEMATHUYECKOTO aHAJIU3a
JUISL IOCTPOCHUST MOJIEIIEN pealbHBIX ITPOLECCOB U CUTYaLIUM;

| BOBMOKHOCTH reOMCETPHYCCKOTI'O sA3bIKa KaK CPCACTBA OIMMCAHMA CBOMCTB
PCAJIBHBIX MIPEAMCTOB U NX B3aMMHOI'O PACIIOJIOKCHUA,

| yHMBEpCAJIbHBIN XapaKTEP 3aKOHOB JIOTUKA MAaTEMATUYECKUX PACCYKIACHUM, NX
MPUMEHUMOCTH B PAa3IMYHBIX 00JIACTAX YEITOBEUECKOM ACATEIHHOCTH;



] >X<paSJ'II/I‘II/If: TpC6OBaHI/II>’I, IMPEAbABISICMBIX K JOKA3aTCJIbCTBAM B MATCMATHUKCE,
CCTCCTBCHHBLIX, COONNAJIbHO-3KOHOMHUYCCKUX U T'YMAHUTAPHBIX HAYKaX, Ha
IIPAKTHKC,

| *ponb aKCHOMATUKHA B MATEMATHKE; BO3MOYKHOCTh TIOCTPOCHHS
MaTEeMaTUYECKUX TEOPUN HA aKCHOMAaTUYECKON OCHOBE; 3HAUCHHE aKCUOMATHKU
JUTSL IPYTUX 00JIaCTel 3HAHUSA U JJIS IPAKTUKHY;

| BEpOATHOCTHBIX XapaKTep Pa3IMUHBIX MPOIIECCOB M 3aKOHOMEPHOCTEH
OKPY’KaIOIIEeTo MUPA.

YucsioBble 1 OyKBEHHbIE BHIPAKEHUSA
YMmerh:

| BBINIOJIHATH apu(PMETHUECKUE IEUCTBUS, COUETAs! YCTHBIE U TUCbMEHHBIE
PUEMBI, IPUMEHEHHUE BBIYMCIUTENIBHBIX YCTPOUCTB; HAXOAUTh 3HAYEHUS KOPHSI
HATypaJIbHOM CTENEHH, CTETIEHH C PAlMOHAJILHBIM MIOKa3aTesieM, Jorapudma,
UCIIOJIb3Ysl IPU HEOOXOAMMOCTH BBIYUCIUTENbHBIE YCTPOMCTBA; MOJIb30BATHCS
OLIEHKOM M MPUKUJKOHN NPU NPAKTUUECKUX pPacyeTax;

] *HpHMCHHTB IMOHATHA, CBA3AHHBIC C ACTIMMOCTBIO TCIIbIX YU CCII, IIPHU PCIICHUN
MaTEMAaTHYCCKHUX 3a1a4,

| HAXOJUTh KOPHU MHOTOYJIEHOB C OJTHOW MEPEMEHHOM, PACKJIIaIbIBATh
MHOTOYJICHBI HA MHOKHUTEIIH;

| *BBIMONHATH JCHUCTBUS C KOMILJIEKCHBIMU YHCJIAMH, TTOJIH30BATHCS
r€OMETPUUECKOW UHTEPITPETALIMEN KOMIUIEKCHBIX YUCEII, B IPOCTEMIINX CITydasx
HAXOJWUTh KOMIUIEKCHBIE KOPHU YPABHEHUM C JCHCTBUTEIIBHBIMU

ko3 dunreHTamMu;

| IpOBOUTH MPeoOpPa30BaHUs YUCIOBBIX U OYKBEHHBIX BBIPAKEHUM,
BKJIFOYAIOLIUX CTEEHH, PaJuKabl, IOrapu(pMbl U TPUTOHOMETPUUECKHE (DYHKLIUU.

Hcnonvzosame npuobpemernHvle 3HAHUS U YMEHUSL 8 NPAKMUYECKOU
0eAmenbHOCMU U NOBCEOHEB8HOU HCU3HU OJIs

| MpaKTUYECKUX PACcCUETOB MO (opMyiaM, BKITrOUast (GOPMYJIBI, COIEpPIKAIIIE
CTETICHU, PaJUKaJIbI, TOTapu(Mbl 1 TPUTOHOMETPUYECKHE (DYHKIINH, TIPU
HEO0OXOMMOCTH UCITONIB3YS CIIPABOYHBIC MaTCPHUAIIbl M MPOCTCHIIINE
BBIYHCIIUTEILHBIC YCTPOUCTBA.

DyHKIUM U TPAPUKH
YMmernb

"] ompenenaTs 3HaueHue (PYHKIUH 110 3HAYSCHHUIO apTyMEHTA MPU Pa3IHIHbIX
crioco0ax 3agaHust PyHKINHU;



"] cTpouTh rpaduKy U3y4eHHBIX (YHKINHN, BHIOIHATH IPeoOpa3oBaHus
rpadukos;

| onuchIBaTh MO TpaduKy U o popMylie MOBEeICHNE U CBOWCTBA (DYyHKITUH;

"] pemiath ypaBHEHUS, CHCTEMbI YPaBHEHUH, HEPaBEHCTBA, UCTIOIb3Ys CBOWCTBA
byHKIMI 1 uX rpaduyeckre npeaCcTaBICHUS;

Hcnonvzosams npuobpemenuvie 3HAHUSL U YMEHUSL 8 NPAKMUYECKOU
0esamenbHOCMU U NOBCEOHEBHOU HCU3HU OJIs

| omMcaHus ¥ UCCIIEIOBAHUS C MTOMOIIbIO GYHKIUNA peabHbIX 3aBUCUMOCTEH,
Mpe/ICTaBICHUs UX TpadUUeCKU; UHTEPIPETALNH IPaPUKOB PeaIbHBIX MTPOIIECCOB.

Hauaja MaTeMaTH4eCKOro aHAJIN3a
YMmerhb
| HaXOAUTh CyMMY OECKOHEUYHO YOBIBAIOIIEH T€OMETPUUECKUM MPOTPECCHH;

| BBIYUCIIATH MPOU3BOIHBIE U TEPBOOOPA3HBIE IIEMEHTAPHBIX (PYHKITHA,
MIPUMEHSIS TTPABUIIA BBIYUCIICHUS IPOU3BOIHBIX U MIEPBOOOPA3HBIX, UCTIOIB3YS
CIIpaBOYHBIC MaTEpHUAIbI;

"1 uccaenoBath GYHKIIMU U CTPOUTH UX TPa(UKHU C TOMOIIBIO TPOU3BOIHOM, ;
| pemiath 3a/1a4M ¢ IPUMEHEHUEM YPAaBHEHHSI KacaTeIbHOU K TpaduKy QyHKITNY;

"] pemiath 3a1a4M Ha HAXOXKJACHUE HAMOOIBIIIETO M HAMMEHBIIIETO 3HAYCHUS
GyHKIUM HA OTPE3KE;

| BBIUMCHATH IUIOIAIb KPUBOJUHENHOW TPaIeIuy;

Hcnoab3oBaTh NPHOOPETEHHbIC 3HAHUS M YMEHUSA B IPAKTHYECKOM
JAeATEJbHOCTH U IOBCEAHEBHOM "KU3HU 1JIA

| penieHust reOMETPUUECKUX, (PU3UIECKUX, SKOHOMUYECKUX U IPYTUX
MIPUKIIAJIHBIX 3aJ1a4, B TOM YHUCJIE 3a/la4 Ha HauOOJIbIINE U HAUMEHBIITNE 3HAUCHUS
C IPMMEHEHHEM arrnapara MaTeEMaTUYECKOr0 aHAIN3A.

YpaBHeHUs U HEPABEHCTBA
Ymern

] peuiaTh palrOHAJIbHBIC, IIOKA3aTCIIBHBIC U HOF&pH(bMH‘-ICCKHG YPaBHCHUA U
HCPABCHCTBA, UPPATHNOHAJIBHBIC U TDPUT'OHOMCTPHUYCCKUC YPABHCHUA, UX CHUCTCMBbI,

| mOKa3bIBaTh HECJIOKHBIC HCPABCHCTBA,

| pemiaTh TEKCTOBBIE 3a/1a4u C TOMOIIBIO COCTABJICHUS! YPABHEHUM, U HEPABEHCTB,
UHTEPHPETUPYS pE3YyJbTAT C YYETOM OTPAHUYECHUN YCIOBHS 3aa4H;



| n300pakaTh Ha KOOPAMHATHOMN MJIOCKOCTH MHOKECTBA PEUICHUIN YpaBHEHUM U
HEPABEHCTB C JBYMS MEPEMEHHBIMU U UX CUCTEM.

| HaxXOIUTh NPUOIMKEHHBIEC PEIICHHS] YPABHEHU U UX CUCTEM, UCIIOJIb3YSI
rpauyecKkuil METOx;

| *pemiath ypaBHEHHUs, HEPABEHCTBA U CUCTEMBI C IPUMEHEHHEM IpapUUECKUX
IpEeICTaBICHUN, CBOMCTB (DYyHKUIUN, TPOU3BOIHOM;

Hcnonvzosams npuobpemennvle 3HaAHUS U YMEHUSL 8 NPAKMUYECKOU
0eamenbHOCmU U NOBCEOHEBHOU HCU3HU OJIs

| MOCTPOCHUS 1 UCCIIEOBAHUS MPOCTEUIIINX MaTEeMAaTHICCKUX MOJICIICH.
JjieMeHTbl KOMOMHATOPUKH, CTATUCTUKH ¥ TEOPUH BEPOSITHOCTEH
YMmerTh:

| pemiaTh npocTeiime KOMOMHATOPHBIE 3a/1a4l METOJIOM Tepedopa, a TaKKe C
UCITIOJIb30BAaHUEM M3BECTHBIX (OpMYJI, TpeyroibHuKa [lackais; BBIYUCIATH

koadurenTsr 6uHOMa HbhioToHa 10 hopMmyie U ¢ UCTIOJIb30BaHUEM
TpeyroyibHuKa [lackans;

| BBIYUCIIATD, B POCTEHIINX CITy4asix, BEPOSATHOCTH COOBITHI HA OCHOBE
IIOZICYETa YHUCIIa UCXO0B.

Hcnonvzosams npuobpemennvie 3HaHUs. U YMEHUS 8 NPAKMUYECKOU
0essmelbHOCMU U NOBCEOHEBHOU HCUZHU OJl5

| aHanM3a peaybHBIX YACIOBBIX JAaHHBIX, IIPEJICTABIEHHBIX B BUJE IUarpaMm,
rpaduKoB; AJid aHaIM3a UHPOPMALIUK CTATUCTUYECKOTO XapaKTepa.

I'eomeTrpust

B pesyabTarte 0CBOCHHMS Kypca y4aliuecs A0JIKHbI

3HaTh:

1 OCHOBHBbIE MOHATHUS U ONPEICICHUS TEOMETPUUECKUX PUTYD;

| ®OpMyIMPOBKHU AKCUOM CTEPEOMETPHUH, OCHOBHBIX TEOPEM U MX CIIEICTBHIA;

1 BO3MOHOCTH r€OMETPUM B ONMCAHUU CBOKMCTB PEAJIbHBIX MPEIMETOB U UX
B3aUMHOI'0 PACTIOJIOKECHUS;

1 Ponb akCMOMAaTUKH B TEOMETPUH;

YMmerh:



| COOTHOCHUTB TUIOCKHE TeOMETpUUecKue (GUrypbl U TpEXMEPHBIE OOBEKTHI C UX
OMMCAHMSIMU, YePTEKAMH, H300pAKECHUSIMH; pPa3IudaTh U aHATM3UPOBATH
B3aMMHOE PaCIOJIOKEHUE PUryp;

| OnMCBIBaTh B3aUMHOE PACIIOJIOKCHHUC IIPAMBIX U IJIOCKOCTEH B IMPOCTPAHCTBC,
APryMCHTHPOBATL CBOU CYKICHUA 00 >TOM PaCIIOJIOKCHUH,

| aHaTM3UPOBATh B MIPOCTEUILUX CIIyHasiX B3aUMHOE PacCIOOKEHNE OOBEKTOB B
IPOCTPAHCTBE;

| CTPOUTH MpOCTENIINE CEYEHUS KyOa, PU3MBbI, TUPaAMUIbL; N300paKaTh
reoMeTpuyeckre GUrypsl ¥ Teja, BHIIOIHATH UEPTEXK MO YCIOBUIO 3aa4H;

| pemiaTh reOMETPUYECKUE 3a]]a4u, OMUPASICh HAa U3YUYCHHBIE CBOIMCTBA
TUTAHUMETPUUECKUX U CTEPEOMETPUUYECKUX (DUTYP U OTHOIICHUIN MEXy HUMH,
MpUMEHSIS aareOpanvyecKuil U TPUrOHOMETPUUYECKUN arlapar;

| IPOBOUTH JOKA3aTEIbHBIE PACCYKICHUS IIPU PEILICHUH 3a/1a4, JOKa3bIBaTh
OCHOBHBIE TEOPEMBI KypCa;

| BBIYUCIATH JIMHEWUHBIC 3JIEMEHTHI U YIJIbl B MPOCTPAHCTBEHHBIX KOHPUTYpALIUSIX,
00BbEMBI U TIIOIIAN TOBEPXHOCTEH MPOCTPAHCTBEHHBIX TEJ U UX MIPOCTEHIIINX
KOMOMHAIIHI;

| IPUMEHATH KOOPAUHATHO-BEKTOPHBIA METOJ ISl BBIYMCIICHUS OTHOLLICHUH,
PACCTOSIHUN U YIJIOB;

"] CTPOUTH CEYEHUSI MHOTOI'PAaHHUKOB M U300pakaTh CEUEHUS TEJ BPAILLECHUS.

Hcnonvzosame npuobpemernmvle 3HAHUS U YMEHUSL 8 NPAKMUYECKOU
0eamenbHOCmU U NOBCEOHEB8HOU HCU3HU OJIs

"1 uccnenoBanus (MOJIEIMPOBAHUS) HECTOKHBIX MPAKTUYECKUX CUTYyallMi Ha
OCHOBE M3YUYEHHBIX (DOPMYII U CBOMCTB (uUryp;

| BBIYMCIICHHUS IJTUH, IUTOIIA/Ield 1 00bEMOB PeaIbHbIX O0BEKTOB TP PEUIEHUU
NPAKTHUYECKUX 3a7a4, UCTOIb3Ysl P HEOOXOAUMOCTH CIIPAaBOUYHUKH U
BBIYMCIIUTEIBHBIE YCTPOKCTBA.

Aure0dpa 1 HaYaJIa AHAJIU3A
Copnep:xanue o0yueHust
10 kaace
1. * enumocTh yucen

[TonsTne nemmmoctu. JlenumMoCcTh CyMMBI M IPOU3BENCHUS. JleeHne ¢ OCTaTKOM.
[Ipu3naku nenmumoctu. CpaBHEHMs. PenieHrne ypaBHEHUH B LEJIbIX YMCIIAX.



OcHoBHas [CJb — O3HAKOMHTH C MCTOJaMHU PCIICHUA 3aaa4 TCOPHUH YHUCCII,
CBA3aHHBIX C IIOHATHUCM ACIIMMOCTH.

B nanHOl Teme paccMaTpUBarOTCS OCHOBHBIE CBOMCTBA JICIIMMOCTH LIEJIBIX YHCEIT
Ha HaTypaJbHBIC YKCIIa U PEIIAIOTCS 3a/1a4u Ha orpesieeHre (pakra 1eIuMoCTr
YHCEJI C ONIOPOM HA 3TU CBOMCTBA U NMPU3HAKHU JICIIMMOCTH.

PaCCManI/IBaIOTCH CBOMCTBaA CpaBHGHHﬁ. Tak kak CpPaBHCHHC 110 MOAYJIIO T €CTh HC
4YTO MHOC, KaK «PaBCHCTBO C TOYHOCTBIO 10 KPATHLIX T», TO MHOI'HC CBOMCTBA
CpaBHeHHﬁ CXO0XH CO CBOMCTBAMHU 3HAKOMBIX ydqamuMcest paBCHCTB (CpaBHeHI/IH I10
OJHOMY MOAYJIO ITOYJICHHO CKJIaJAbIBAIOT, BEIYUTAIOT, HepeMHO}KaIOT).

3azxaq1/1 Ha UCCIICAOBAHNC ACTINMMOCTH YHCCII B TCOPHUH YUCCII CAUTAIOTCA MCHCC
CJIOKHBIMH, YCM 3a1a4, BO3SHUKAIOINHWEC ITPH CJIOKCHHUU N YMHOKCHUHN
HaTypaJIbHbIX YHUCCII. K Takum 3aJa-4aM, HAIlIpuMCpP, OTHOCUTCA TCOPCMaA @epMa 0
MpCaACTaBJICHUHA n- CTeNeHu Yucia B BHJIC CYMMBI I'C-X CTCICHEH ABYX JPYIrux
YHCCII.

PacckasbiBas ydamumcs o npodsieMax TEOpUN YHUCET, JKENATEIbHO COOOIINTD, YTO
PELICHUIO YPaBHEHUH B LENbIX U PAllMOHANBHBIX YUCIIaX (TaK Ha3bIBAEMBIX
TMO(aHTOBBIX YPAaBHEHMI ) MOCBAILEH OOJBIION pa3/ies TEOPUH YHUCEIl. 3/1ECh Ke
paccMaTpHUBAETCSl TEOPEMA O LIEJIOUMCIICHHBIX PEIICHUSX YPaBHEHUS MTEPBOI
CTEIEHU C IBYMsI HEM3BECTHBIMU U IPUBOISATCS IPUMEPHI PELICHMS B LIEJIBIX
YHUCIax ypaBHEHUS! BTOPOM CTENEHHU.

2. *MHoro4ieHbl. Ajredopanyeckue ypaBHeHHUs

MHorousnieHsl oT ogHOTO IepeMeHHoro. Cxema I'opuepa. Muorousen P (X) u ero
kopeHb. Teopema Besy. CnenctBus u3z teopemsl Besy. Anrebpandeckue
ypaBHeHUS. JleNMMOCTh ABY-WICHOB XT + aT Ha X = a. CuMMeTpuyeckue

MHOTOYJICHBI.

MHOrouieHsl OT HECKOJIBKUX NEPEMEHHBIX. DOPMYIIbI COKPAILIEHHOTO YMHOXECHUS
115 ctapmux creneHeid. bunom Herotona. Cuctemsl ypaBHEHUIA.

OcHoBHa4 11eJb — 00O0OIIUTH U CUCTEMATU3UPOBATh 3HAHUS O MHOTOUJICHAX,
M3BECTHBIC U3 OCHOBHOM IIKOJIBL; HAYYUTb BBINIOJHATH JI€JICHNE MHOTOYWIECHOB,
BO3BEJICHUE JIBYWICHOB B HATYPAJIbHYIO CTEIIEHb, pellaTh ajaredpanyeckue
YPaBHEHMS, UMEIOIIUE LETbIE KOPHU, PEIIaTh CUCTEMbI YPAaBHEHUM, COACPIKALLINE
YPaBHEHMS CTEIICHH BBIIIE BTOPOM; 03HAKOMHUTH C PEIICHUEM YPaBHEHUN,
MMEIOIIMX PALlMOHAIBHBIE KOPHH.

[Iponomkaercs u3yuyeHne MHOTOWICHOB, alre0pandyeckux ypaBHEHUN U UX
CHCTEM, KOTOPBIE paCCMAaTPUBAINCH B IIKOJIBHOM Kypce anreopsl. Ot
paccMOTPEHHUs JTMHEMHBIX U KBaIPATHBIX YPABHEHUH yyallluecs NepexosiT K



anreOpanyeckuM ypaBHeHHsM oo1iero Buaa Pn(x) = O, rae Pi(x) — mHorouieH
CTETICHU T1. B CBSI3M ¢ 3THM BBOASTCS MOHATHSI CTETICHH MHOTOYJICHA M €70 KOPHS.

OTpICKaHME KOPHEN MHOTOYJIEHA OCYLIECTBIISETCS PA3I0KEHUEM €ro Ha
MHOUTENU. J1Jis 3TOro cHavasia moJApoOHO pacCMaTPUBAETCS AITOPUTM JICTICHUS
MHOTOWICHOB YTOJIKOM, KOTOPBIN HCTIOIL30BAJICS B apU(METHUKE MPU JCTICHUH
pallMOHANIBHBIX YHCEI.

Ha KoHKpeTHBIX puMepax MoKa3bIBaeTCs, KaK Mmojaydaercs Gopmyia AeeHus
MHorousieHoB P(x) = M(x) Q(X) u Kak ¢ €€ MOMOIIbIO MOKHO MPOBEPUTH
pe3yIbTaThl JEICHUSI MHOTOWJICHOB.

Orta hopmysia MPUHUMAETCS B KAU€CTBE OMPEICIICHUS ONIEPAINK JIeTICHUS
MHOT'OYJICHOB 110 aHAJIOTUHU C JACJICHUEM HATYPaJbHbBIX YUCEN, C KOTOPHIM
ydaiiyecs 3HaKOMUJINCh B Kypce apuMeTUKH.

JlenieHne MHOTOUYJIEHOB OOBIUHO BBIIIOJIHAETCS YTOJIKOM MM 1o cxeme ['opHepa.
MHorna 310 yaaeTcs cieyaTh pa3jaoKeHUEM JEIMMOro U IEIUTENS] HA MHOKUTEIH.
Cxema ['opHepa He gB-JiIeTCs 0053aTeIbHBIM MaTEPUAIOM ISl BCEX YUaIIUXCs,
HO, KaK ITOKa3bIBAET OIIBIT, OHA JIETKO YCBAUBAETCS U €€ MOXKHO PACCMOTPETh, HE
TpeOys OT BCEX YMEHHUS €€ MPUMEHATh. M0KHO TakKe UCIOJIb30BaTh METO/T
HEONpeeIeHHBIX KOAP(UIIMEHTOB.

Crnoco0 penieHus anredpanyeckoro ypaBHEHUs pa3ioKeHUEM ero JIEBOM 4acTH Ha
MHOXXHUTENN (PAKTUIECKU OMMPAETCS Ha CIEACTBUS U3 TeopeMbl besy: «Eciu xr —
KopeHb ypaBHeHus Pri(x) = O, To MHOrowieH Pri(x) nenurcs Ha ABYYJIEH X - XT».
N3yuaetcs Teopema be3y, popMynupytoTcs ciaeacTBUS U3 Hee, SBISIOIIUECS
HEOOXOMMBIM U JOCTATOYHBIM YCJIOBUEM JIEJICHUSI MHOTOWICHA Ha JABYYJICH.

PaccmarpuBaetcs epBblil cmocod HaXO0XKIEHUS IEBbIX KOPHEH anredpandeckoro
ypaBHEHHUS C LETbIMU KOA(DPUIIMEHTaMU, €CJTU TaKUE KOPHU €CTh: UX CIEAYEeT
UCKATh CPEU JIeNuTeNeil CBOOOHOTO uiieHa. J{Jis ydamuxcsi, HHTEpeCyIoIuXCs
MAaTEMATUKOW, IPUBOAUTCS IPUMEP OTHICKAHUS PALIMOHAIBHBIX KOP- HEU
MHOT'OYJICHA ¢ MepBbIM KOdhPuImeHToM, oTIMUHbIM OT 1. Cpeau ypaBHEHUH,
CBOJISIIIIMXCS K alNreOpandecKuM, pacCMaTPUBAIOTCS PAIlMOHAIbHBIE YPABHEHHUSI.
XOTs IpU PELICHUH pa-IUOHAIBHBIX YPABHEHUI MOTYT MOSIBUTHCSI TOCTOPOHHUE
KOPHH, OHU JIETKO 00OHAPYKUBAIOTCS MPOBEepKOu. [loaToMy moHsATHS
PAaBHOCUJIBHOCTH U CJIEJACTBUS YPABHEHHUS HA 3TOM 3TAIe HE SBJSIOTCS
HEOOXOIMMBIMH; T MOHITHUS BBOISTCS MO3KE MPU PACCMOTPEHUU
VPpalHOHAIBHBIX YPABHEHUN U HEPABEHCTB.

Pemenne cucreM HEMMHEMHBIX YPAaBHEHHUH ITPOBOJUTCS KaK U3BECTHBIMU
y4armuMcest crmocodamu (IoACTaHOBKOM WIIM CJIOKEHUEM), TaK U JACIICHUEM
YPaBHEHUM U BBEACHUEM BCIIOMOTaTEIbHBIX HEU3BECTHBIX.

3. CreneHs ¢ JeHCTBUTEIbHBIM IOKAa3aTe/IeM



JleiicTBuTenpHble ynciia. beckoHeuHo yObIBaroIiasi reoMeTpruyecKasi Iporpeccusl.
ApudmeTnuecknii KOpeHb HaTypajdbHOU cTeneHn. CTeneHb ¢ HaTypajJbHbIM U
JEUCTBUTEIBHBIM ITOKA3aTEIAMH.

OcHoOBHas 11€1b — 000OIINUTh U CUCTEMATU3UPOBATH 3HAHUS O JEHCTBUTEIbHBIX
quciax; copMUpOBaTh MOHATUE CTETIEHU C IEHCTBUTEIBHBIM I10KA3aTEEM;
HAYYUTh MPUMEHSTH ONpeAeNeHUs apu(METHIECKOTO KOPHS U CTEIIEHH, a TAaKKe
UX CBOMCTBA MPHU BBIIIOJHEHUH BBIYMCICHUI U MPEOOPa30BAHUH BBIPAKEHUI;
O3HAKOMHUTH C IIOHATHEM IIpeiesia MOCIeq0Ba-TeIbHOCTHU |

HeobxoaumMocTh paciiMpeHnsi MHOXKECTBA HAaTypaJIbHBIX YUCEN J10
JEUCTBUTENBLHBIX MOTUBUPYETCS] BO3MOKHOCTBIO BBITIOJHATH JEHCTBUSA, 00paTHBIE
CJI0’KEHUI0, YMHOKEHUIO U BO3-BEJICHUIO B CTEIIEHb, & 3HAYUT, BO3MOKHOCTBHIO
peuiats ypaBHeHus X + a = b, ax = b, xa='b.

PaccMoTpeHHBII B Hadaje TeMbl crioco0 oOpareHus: 0eCKOHSTHOU
MIEPUOANYCSCKON TeCATUIHON ApoOU B OOBIKHOBEHHYIO 00OOCHOBBIBACTCS
CBOMCTBAMHM CXOJIAIIMXCS YHCIOBBIX PSAJOB, B YaCTHOCTH, HAXOXKICHHEM CYMMBI
O0eCKOHEYHO yOBbIBAIOIIEH Fr€OMETPUUECKON MTPOTPECCUH.

JlericTBuS HaJX MPPALMOHATIBHBIMU YUCIAMU CTPOTO HE ONPEAEIIAOTCS, A
3aMEHAIOTCS JEHCTBUAMU HaJl UX MPUOIMKEHHBIMHU 3HAUEHUSIMH —
palMOHAJIbBHBIMU YWCIIAMH.

B cBsi3u ¢ paccMOTpeHUEM MOCIEA0BATEIbHBIX PAIIMOHAIBHBIX TPUOIKEHUN
UpPaIMOHATBHOTO YUCJIA, a 3aTEM U CTENIEHU C UPPALIMOHATBHBIM NTOKa3aTEIeM Ha
WHTYUTHBHOM YPOBHE BBOJUTCS MOHATHE MpeJiesia MOCIeI0BaTeIbHOCTH.
dopMynHpyeTcsi U CTpOroe onpeeeHue npeaeia. Pazoupaercs 3agada Ha
JI0Ka3aTeIbCTBO TOTO, YTO TAHHOE YKCIIO SIBIISICTCS MIPEEIIOM
MOCJIEA0BATEIBLHOCTHU C IOMOIIBIO onpeAesieHus npeaena. Ha nanaom srane
AJIEMEHTHI TEOPUH MPEJIETIOB HE N3YUYaIOTCH.

ApudmMeTnueckuii KOpeHb HaTypaJIbHOM CTENEHU 1 > 2 U3 HEOTPULATEIBHOTO
YUCJIa ¥ €r0 CBOWCTBA MU3JIAraloTCs TPAJULIMOHHO. YYaluuecs JOJDKHBI yMETh
BBIYMCJIIATH 3HAYEHUsI KOPHS C IIOMOIIBIO OIIPENEIIEHUS U CBOKCTB U BBINIOJIHATH
npeo0pa3zoBaHus BbIpAXKEHUH, COAEPKAIUX KOPHHU.

CrerneHb ¢ MPpALMOHATIBHBIM [10KA3aTEJIEM MOSICHAETCS HA KOHKPETHOM IPUMEpE:
yucio 372 paccMaTpUBAETCA KaK MOCIEA0BATEIbHOCTD PAIIMOHATIBHBIX
npubamxenuit 31,4, 31,41, .....31ech ke popMyIHUPYIOTCS U AOKA3bIBAIOTCS
CBOMCTBA CTENEHH C JCHCTBUTEIBHBIM [TOKA3aTeIeM, KOTOPhIE Oy IyT
MCIIOJIb30BATHCS NP PEUICHUHN YPaBHEHUN, HEPABEHCTB, UCCIIEOBAHUN (QYyHKIIUM.

4. CrenenHnasi pyHKuust



CrenenHas QpyHKIIMS, €€ CBOKMCTBA U rpaduk. BzaumMHo oOpaTtHbie PyHKIIUH.
Crnoxnple pyakunn. [[podHo-nmuHeliHas GyHKIs. PaBHOCHIIBHBIC YpaBHEHUS U
HepaBeHCTBa. Mppa-nimoHanpHble ypaBHeHU. VppaninoHalbHbIC HEPaBEHCTBA.

OcHoBHa4 11eJb — 0000IIUTh U CUCTEMATU3UPOBATh U3BECTHBIC U3 Kypca anreOpbl
OCHOBHOM IIKOJIBI CBOMCTBA (DYHKITMN; U3yYUTh CBOMCTBA CTENEHHBIX (QYHKIIUI 1
HAYYUTh MPUMEHSTH UX TIPU PEIICHUU YPaBHEHUI U HEPABEHCTB; CPOPMHUPOBATH
MIOHATHE PABHOCWIBHOCTH YPAaBHEHU, HEPABEHCTB, CUCTEM YPABHEHNUN U
HEPABEHCTB.

PaccmoTpenme cBONCTB CTENEHHBIX (PYHKUMN U UX TpadUKOB IPOBOJAUTCS
MO3TAIHO, B 3aBUCUMOCTH OT TOTI'0, KAKMM YHUCJIOM SIBJISIETCS [TOKA3aTeb: 1)
YETHBIM HATYPaJIbHBIM YUCIIOM; 2) HEYETHBIM HaTypaJbHbIM YUCIIOM; 3) YHCIIOM,
IIPOTHUBOIIOJIOKHBIM YETHOMY HATYPaJIBHOMY YHCITY; 4) YUCIIOM,
IPOTHUBOIIOJOKHBIM HEUETHOMY HATYPAIbHOMY YHCITY; 5) MOJOKUTEIBHBIM
HETIeTBIM YHCIIOM; 6) OTPUIIATEIHHBIM HEIEIBIM YUCIIOM.

OG6ocHOBaHHUSI CBOMCTB CTENICHHOM (h)YHKIIUU HE IIPOBOJIATCS, OHHU CICAYIOT U3
CBOICTB CTEINEHHU C ACHCTBUTEIBHBIM MTOKa3zaTeneM. Hanpumep, Bo3pacranue
GYHKIMU y = Xp Ha MPO-MeXKyTKe X > O, Ie p — MOJIOKUTEIBHOE HellesIoe
qucio, ciaeayeT u3 cpoicTBa: «Eciam 0 <x1 <x2, p > 0, To xf < x.f». Ha nmpumepe
CTEIMEHHBIX (DYHKIUN ydalrecs: 3HAKOMSITCS C IOHSATUEM OTrpaHUYEHHOMN
(GyHKITUH, ydaTcs J0Ka3bIBaTh KaK OTPaHUYCHHOCTh, TAK 1 HEOTPAHUICHHOCTH

GyHKIMH.

PaccmarpuBarotrcst GyHKIHMH, Ha3bIBa€Mble B3aUMHO OOpaTHbIMU. BaxkHO 00paTuTh
BHUMAaHUE Ha TO, YTO HE BCsAKas (PyHKUMSA uMeeT oOpaTHyto. [{oka3biBaeTcs
CUMMETpHS TpadUKOB B3aUMHO OOpaTHBIX (YHKLIMHA OTHOCUTEIBHO NPSIMOU y = X.

3HAKOMCTBO CO CJIOKHBIMHU U IPOOHO-TUHENHBIMU (QYHKIMSIMU HAUUHACTCS cCpazy
MOCJI€ M3YUYEHUsI B3aUMHO 00paTHBIX PYyHKIMH. BBOJSATCS pa3Hble TEPMUHBI 1JIs
0003Ha4YEHUs CIOXKHONU QYHKIUU (CyNneprno3nuius, KOMIO3UIINA), HO
yHnoTpeosieTcst JIMIb OJUH. DTOT MaTepHall B Kilaccax 0a30BOT0 YpOBHS
M3YyYaeTcs JIUIb B 03HAKOMUTENIbHOM I1aHe. OOpainiaeTcsi BHUMaHUE y4aluXCs
Ha OThICKaHHE 00JIACTH OIpPEeIETICHUSI CI0KHON (PYHKIINU U IPOMEXKYTKOB €€
MOHOTOHHOCTH. J[OKa3bIBAETCS TEOpEMA O MPOMEKYTKaAX MOHOTOHHOCTHU C ONIOPOM
Ha OIpeieJIeHHs Bo3pacTaroueil uiu yosiBaromen (yHKIUHU, YTO MO3BOJISIET
U3JI0KUTH CYTh aJIFOPUTMa JJOKa3aTeIbCTBA MOHOTOHHOCTH CJIOKHOM (PYHKIIHU.

VYyamuecs: 3HaKOMSTCS ¢ IpOOHO-TUHEMHBIMU (QYHKIMSIMU. B OCHOBHOM 1IKOJIE
ydaIuecs YYrmIich CTpouTh rpaduk QyHKIuu y = k/x u rpaduku GyHKITUH,
KOTOpPBIE TOTyYaIlch CIBUTOM 3TOTr0 rpaduka. Beigenenue 1emnoit yactu u3
JTPOOHO-TMHEWHOTO BBIPAXKEHUS MTPUBOIUT K 3HAKOMOMY YUaIlIUMCSI BUTY
GbyHKIUY.



Omnpenenenus paBHOCUIBHOCTH YPaBHEHUMN, HEPABEHCTB U CUCTEM YPABHEHUMN U
CBOMCTB PaBHOCUJIBHOCTH JAETCS B CBA3M C IMPEACTOSIINM U3YYEHUEM
VPPaLMOHAIBHBIX YPAaBHEHUM, HEPABEHCTB M CUCTEM UPPALIMOHAIBHBIX
YPaBHEHUM.

OCHOBHBIM METOJIOM PELIEHUS UPPALUOHATIBHBIX YPABHEHH SIBISIETCS
BO3BEJICHUE 00EHMX YaCTE! YpPaBHEHUS B CTEIIEHD C LIEJIBIO IIEPEX0/A K
pPalMOHAIBHOMY YPaBHEHUIO-CIICACTBUIO JTaHHOTO.

C nmomoribio rpaMKOB pPElIaeTcsi BOPOC O HATMYUK KOPHEW U UX YHCIIE, a TAKXKe
O HaXOXJIEHUU NPUOIMKEHHBIX KOPHEH, €CIIM aHAIMTUYECKU PEIIUTh YpaBHEHUE

TPYIHO.

N3ydeHne nppalmoHaIbHbIX HEPABEHCTB HE SIBISIETCS 00s13aTENbHBIM ISl BCEX
yuamuxcs. [Ipu ux nzyyeHun Ha 0a30BOM ypOBHE OCHOBHBIM CIIOCOOOM peLIeHUs
ABJISIETCS CBEACHUE HEPABEHCTBA K CUCTEME PALlMOHAJIBHBIX HEPABEHCTB,
paBHOCWIBHOM naHHOMY. [locie pemenus 3aaa4d 1o JaHHOM TeMe yJauiuecs
BBIBOJISITCSL HA TEOPETUUECKOE 0000IIEHNE PELICHHS] HPPALMOHAIBHBIX
HEPABEHCTB, COIECPKALLUX B YCIOBUU €JUHCTBEHHBIN KOPEHb BTOPOM CTEIICHHU.

5. loka3aTenbHast pyHKIUS

[TokazarenbHast pyHKLHU, ee cBolicTBa U rpaduk. [lokazaTenbHble ypaBHEHMUS.
[Toka3arenbHble HEpaBeHCTBA. CHUCTEMBI ITOKA3aTENBbHBIX YPABHEHUN U
HEPAaBEHCTB.

OcHOBHas 11€1b — U3YYUTh CBOMCTBA MOKA3aTEeNbHON (YHKUIMU; HAYYUTh pEeLIaTh
II0KA3aTEeJIbHbIC YPABHEHUs U HEPABEHCTBA, CUCTEMBI II0KA3aTENIbHBIX YPABHEHUM.

CpoiicTBa Moka3aTeabHOM PYHKIIUU Y = ax MOJHOCTBIO CIEAYIOT U3 CBOMCTB
CTEIEHHU C JIEUCTBUTEIBHBIM MTOKa3aTeneM. Hanpumep, Bo3pactanue GyHKINH Yy —
ax, eciu a > 1, cnenyet u3 cBoiicTBa creneHu: «Ecnm xx < x2, To aXl < aXr npu a
> 1».

Pemennie 60JbIIMHCTBA MTOKA3aTEIbHBIX YPABHEHUHM U HEPABEHCTB CBOIAUTCS K
PELIEHUIO IPOCTENIINX.

Tak Kak B X0/1€ peUICHUS NPEIIATaeMbIX B 3TOM TEME MOKA3aTEIbHbIX YPAaBHEHUN
PaBHOCUIIBHOCTb HE HapyILIAETCs, TO IPOBEPKA HAUJACHHBIX KOPHEN
HeoOs13aTenbHa. 31eCh CUCTEMBI YPaBHEHUH U HEPABEHCTB PEIIAOTCS C IOMOIIBIO
PaBHOCUJIbHBIX MPeo0pa30BaHMil: MOACTAHOBKOM, CI0KEHUEM HIIM YMHOKEHHUEM,
3aMEHOM IEPEMEHHBIX U T. 1.

6. Jlorapupmuyeckas pyHkuus



Jlorapudmsl. CpoiicTBa norapudmos. [lecaTnynbie U HaTypajabHbIE JOTapU(PMBI.
Jlorapudmuueckas QyHKIus, ee cBoicTBa U rpaduk. Jlorapupmudeckue
ypaBHeHwusl. Jlorapumuueckue HepaBeHCTBA.

OcHOBHa4 11e1b — c(hOpMHUPOBATH MOHATHUE JIOTapH(pMa YnCIa; HAYIUTh
IPUMEHSTH CBOICTBA JIOrapu(pMOB IIPU PEUICHUN YPaBHEHUI; U3yYUTh CBOICTBA
JorapupMuueckoil PyHKIMH U HAYYUTh MPUMEHSThH €€ CBOMCTBA MPU PEIICHUU
Jorapu(pMUUECKUX YpaBHEHHU U HEPABEHCTB.

Jlo 3TO# TeMbl B Kypce anreOpbl H3ydalnuch Takue (QyHKINHU, BBIYUCICHUE
3HaYEHUM KOTOPBIX CBOAMIIOCH K YETBIPEM apU(PMETUUECKUM JICHCTBUSAM U
BO3BEJICHUIO B CTENEHb. JJI BBIYUCICHUS 3HAUEHUH JTorapupMuyeckor pyHKunu
HY>KHO YMETh HAXOAUTh JIOTApU(PMBbI YUCE, T. €. BHITOJHIATH HOBOE JUIsl yUaAIIUXCA
neiicTBue — jorapuMUpOBaHHUE.

HpI/I 3HAaKOMCTBC C JIOFapI/I(I)MaMI/I YHCEN U UX CBOMCTBAMU I0JIC3HBI HOIIpO6HI>I€ )51
HarJs1JHbIC 00BSICHECHUS JaxXEC B HpO(l)I/IJIBHBIX KJIaccCax.

JlokazarenbCTBO CBOMCTB Joraprgma onvpaercs Ha ero onpenenenue. Ha
IPAKTHKE pacCMaTPUBAIOTCS JIOTAPU(PMBI IO pa3IUYHBIM OCHOBAHUSM, B
YACTHOCTH 10 ocHOBaHuIO 10 (me-caTuuHbii Jorapudm) v 1o OCHOBAHUIO €
(HaTypasbHBIN JOTapudM), OTCIOJ]a BOBHUKAET HEOOXOAUMOCTh (hOPMYJIbI
nepexojia ot jorapudma no 0JHOMY OCHOBAHHUIO K JIOTapu(pMy M0 IpyroMy
OCHOBaHMIO. Tak Kak Ha MH)KEHEPHOM MUKPOKAJIbKYJISATOpPE €CTh KilaBuiH Ig u In,
TO JUIsl BBIYMCIIEHUS JIorapuMa 110 OCHOBAaHUSM, OTIMYHBIM OT 10 U e, HyHO
IPUMEHUTH GOpMY-ITy TIEpexoaa.

CaoiicTBa orapumMuueckoi (PyHKIIMM aKTUBHO UCIOJIb3YIOTCS IPU pELICHUN
Jorapu(pMUUECKUX YpaBHEHUM U HEPABEHCTB.

N3yuyeHue cBOMCTB JorapupmMuieckoil GyHKIUHA MPOXOAUT COBMECTHO C
pelIeHreM YpaBHEHUN U HEPABEHCTB.

[Ipu pemienuun norapu(pMUYECKUx YpaBHEHU U HEPABEHCTB BBITOJIHSIOTCS
paznuuHble Ux npeoOpazoBanus. [Ipu 3ToM yacTo HapyHIaeTcsi paBHOCUIBHOCTb.
[ToaTOMY nipH perieHun JiorapupMuueckux ypaBHeHU Heo0X0IUMO 100 JenaTh
MPOBEPKY HaWJIEHHBIX KOPHEH, JIMOO CTPOTO CIEAUTD 3a BHIMOIHEHHBIMU
npeoOpa30BaHUSIMU, BBISIBIISISL TOJTyYEHHbIE YPaBHEHUI-CIICACTBHS 1 0OOCHOBBIBAS
KaK[bIi 3Tan npeoOpa3zoBanus. [Ipu pemennn norapupMuyeckux HEPaBEHCTB
HY>KHO CIIEIUTH 33 TE€M, YTOObI pABHOCHJILHOCTh HE HapyIlIajach, TaK Kak
IIPOBEPKY

PCUICHUA HEPABCHCTBA OCYIICCTBUTDL CJIOXKHO, @ B PAJAC CIIy4acB HCBO3MOXKHO.

/. Tpuronomerpudeckue GopmyJibl



Panuannas mepa yria. IIoBopoT ToOUkM BOKpYT Hayana koopauHat. Ornpeaenenue
CHUHYCa, KOCHUHYCa U TAHT€HCA yTIJIa. 3HAKU CUHYCA, KOCUHYCa U TAHT€HCA.
3aBUCUMOCTH MEXy CUHYCOM, KOCHHYCOM U TAHT€HCOM OJHOTO U TOTO K€ YIJIa.
Tpuronomerpruyeckue ToxaecTsa. CHHYC, KOCHHYC U TAaHT'€HC YTJIOB OC U -a.
®opmybl cinoxenusi. CUHYC, KOCUHYC M TaHT€HC ABOWHOrO yriia. CUHyC, KOCUHYC
Y TAHT'€HC MOJOBUHHOTO yriia. @opMyiisl npuBeAeHus. CymMmmMa u pa3HOCTb
cunycoB. CyMMa U pa3HOCTb KOCUHYCOB. [Ipon3BeieHre CHHYCOB U KOCHHYCOB.

OcHoBHas 11e1b — c(pOPMHUPOBATH MOHATHUS CUHYCA, KOCUHYCA, TAHI'€HCA,
KOTaHT€HCa YKCIa; HAYYUTh MPUMEHSTh (POPMYJIIBI TPUTOHOMETPHH IS
BBIUMCJIEHHS] 3HAUEHUH TPUTO-HOMETPUUECKUX (PYHKIUI U BBIIIOJTHEHUS
npeoOpa3zoBaHull TPUTOHOMETPUYECKUX BBIPAXKEHHI; HAYUUTh PEIIaTh
IPOCTEHIIIEe TPUTOHOMETPHYECKHE YpaBHEHHs SINX = &, CoSX =anpu a =1, -1, 0.

PaccmarpuBast onpenesieHns CHHyca M KOCUHYca JIEHCTBUTENIBHOIO YUCIIA a,
€CTECTBEHHO PELIUTh CaMbl€ MPOCThIE YPABHEHUS, B KOTOPBIX TpeOyeTCs HalTh
YHCJIIO a, €CJIM CUHYC WJIM KOCUHYC €r0 U3BECTEH, HanpuMep ypaBHeHHs sin a = 0,
cos a= 1 u T. n. Ilockonbky /151 0003HAYEHUSI HEU3BECTHOTO IO TPAULINT
UCITOJIb3yeTcsl OyKBa X, TO 3T YPaBHEHUS 3alIMChIBA-IOT KaK 0OBIYHO: sinx = 0,
cosx= 1 u T. n. PemieHns 3Tux ypaBHEHUI HaXOATCs C IOMOIIBIO €IMHUYHON
OKPYHOCTH.

[Ipu n3yuyeHnu CTErneHen Ynuces paccMaTpuBajluch UX CBOMCTBA ap + q = ap aq,
ap~q = ap : aq. [lonoOHbIe cBOCTBA CIpaBE MBI U JJIsl CUHYCa, KOCUHYCA U
TaHre€HCa. JTU CBOMCTBA HA3bIBAIOT popMysIaMH cliokeHus. [IpakTuuecku oHu
BBIPAKAIOT 3aBUCUMOCTb MEXY KOOPIMHATAMH CYMMBI WIIM PA3HOCTH ABYX YHUCEII
a u P uepe3 koopauHatel uncel a u (3. Dop-MyJibl CIOKEHUS JOKA3bIBAIOTCS JIJIS
KOCHHYCa CyMMBI WJIM Pa3HOCTH, BCE OCTAJIbHbIE (DOPMYJIbI CIIOKEHHS MOTYUYarOTCs
KaK CJIEJICTBUSI..

DopMyJIbI CIOKEHUS ABISIOTCS OCHOBHBIMU (hOpMYyJIaMU TPUTOHOMETPHUH, TaK KaK
BCE IPYTHE€ MOKHO MOJIYYUTh KaK CIEACTBUS: (POPMYJIbI JBOMHOIO U TOJIOBUHHOTO
YIJI0B (7151 KJIacCOB 0a30BOT0 YPOBHS HE ABJIAIOTCS 003aTENbHBIMHU ), (HOPMYJIBI
NpUBEACHUS, IPEOOPa30BaHUsl CyMMBI U Pa3HOCTH B IipousBeaeHue. 13 hopmyn
CJI0’KEHUS BBIBOAATCA U (POPMYJIbI 3aMEHBI IPOU3BE/ICHUSI CHHYCOB M KOCHHYCOB
UX CYMMOM, 4TO IPUMEHSIETCS [PU PEILICHUNA YPABHEHUM.

8. TpuroHomerpuveckne ypaBHeHHUsl

YpaBHeHuUs cosx = a, sinx = a, tgx = a. TpUroHoMeTpuIecKre ypaBHEHNUS,
cBosIHecs K anredpandeckum. OTHOPOIHBIE U IMHEWHbIE YpaBHEHUs. MeTob
3aMEHbI HEU3BECTHOTO U Pa3-J0KEHUSI HA MHOKUTEIU. METO 1 OLIEHKH JIEBOM U
MPaBOM YacTel TPUTOHOMETPUUECKOTO ypaBHEHHS. CHCTEMBI
TPUTOHOMETPUYECKUX YPABHEHUN. TPUTOHOMETPUUECKNE HEPABEHCTBA.



OcHoBHas 11e7b (6a30BbIN YPOBEHB) — CPOPMHUPOBATH YMEHHUE PelIaTh
MPOCTEUIITNE TPUTOHOMETPUIECKHUE YPABHEHUS; 03HAKOMHUTH C HEKOTOPBHIMH
PUEMaMH PEIICHUS] TPUTOHO-METPUIECKIX YpaBHEHUH.

OcHoBHas 11e1b (MPOPUILHBIA YPOBEHB) — C(HOPMUPOBATH MTOHSTHS
apKcuHyca, apKKOCHHYCa, apKTaHIeHCa YHUCIIa; HAyYUTh PelaTh
TPUTOHOMETPUUYECKHE YPABHEHUS U CHCTE-Mbl TPUTOHOMETPHUUECKHUX YpaBHEHU,
UCTIOJIB3YS Pa3InYHbIC TIPUEMBI PEIICHUS; 03HAKOMUTH C IPUEMaMH PEIICHUS
TPUTOHOMETPUYECKUX HEPABEHCTB.

Kak u npu pernieHnn anredpanyeckux, NOKa3aTelbHbIX U JOTapuhMUUECKUX
ypaBHEHUH, pelIeHuEe TPUTOHOMETPUUYECKUX YPABHEHHM IMyTEM pa3INUHbIX
peoOpa3oBaHUil CBOJUTCS K PEIICHUIO IPOCTEHINNX: COSX = a, SiNX = a, tgx = a.

PaccmoTpenne npocTenimmx ypaBHEHUN HAYMHAETCS C YPABHEHUS COSX = 4,
TaK Kak (popMyJia ero KopHel npoiue, 4yem (popMyiia KOpHEeH ypaBHEHHS sin X = a
(B MX 3aIIMCH YaCTO UC-TIOJIB3YETCS] HEOOBIYHBIN /JIS1 yUaIIMXCsl yKa3aTesb 3HaKa (-
1)m). Pemienue 60osee CI0KHBIX TPUTOHOMETPUUECKUX YPaBHEHUM, KOT1a
BBITOJIHSIOTCS aJireOpandecKkre U TPUrOHOMETpUYecKue npeoOpa3zoBaHus,
CBOJAMTCSI K PELICHUIO TPOCTEMUIIIHNX.

PaccmarpuBarorcs cieayronue TAIbI TPUTOHOMETPUYECKUX YPABHEHUN:
JIMHENHBIE OTHOCUTEINIBHO SINX, COSX WM tgX; CBOASIIMECS K KBaIPATHBIM U
JIPYTUM aaredpanyeckuM ypaB-HEHUSIM MOCIE 3aMEHbl HEM3BECTHOTO; CBOJSIINECS
K MPOCTEUIINM TPUTOHOMETPUUYECKUM YPABHEHUSAM IMOCIIE PA3JIOKEHNS HA
MHOKHUTEJIN.

Ha npodusibHOM ypoBHE JOTOJHUTEIHHO U3y4atOTCsl OJTHOPOIHbIC (TIEpBOM 1
BTOPOM CTENEHEeN) YpaBHEHHSI OTHOCUTENBHO SINX M COSX, a TAKKE CBOMSIIINECS K
OJTHOPOJHBIM YpaBHEHUsIM. [Ipu 3TOM HCHOIB3YETCSI METO/ BBEJICHUS
BCIIOMOTATEIbHOIO yIJIA.

[Ipu yriny0JieHHOM U3y4YeHUHU pacCMaTPUBACTCS METO/ MPEIBAPUTEIILHON OIEHKHU
JIEBOM M ITPABOM 4AaCTEN YPABHEHUSI, KOTOPBIN B PAJIE CIIyUaEB MTO3BOJISET JIETKO
HaWTH €ro KOPHU WK YCTAHOBUTH, YTO UX HET.

Ha npodunbHOM ypoBHE paccMaTpuBalOTCS TPUTOHOMETPUUECKUE YPABHEHUS, TS
pelIeHust KOTOPhIX HEOOXOAUMO MPUMEHEHNE HECKOJIBKIX METO/I0B.
IToka3piBaeTCs aHAIU3 YPAaBHEHUS HE 110 HEU3BECTHOMY, a 10 3HAYECHMSIM CHHYCA U
KOCHHYCAa HEM3BECTHOTO, YTO YACTO CYKAET MOMCK KOPHEN ypaBHEHUA. TaKkxke
MOKAa3bIBAETCSI METO]l OOBEAUHEHUS CEPUI KOPHEW TPUTOHOMETPHUUECKUX
ypaBHEeHUH. Pa30uparorcs moaxo/ibl K pelIeHHI0 HECI0KHBIX CUCTEM
TPUTOHOMETPUYECKUX YPABHEHHU.

PaCCManI/IBaIOTCH HpOCTGﬁIHPI@ TPUTOHOMCTPHUUCCKUE HEPABCHCTBA, KOTOPLIC
peuIar0TCAa ¢ IOMOIIBIO G,Z[I/IHI/I‘IHOI‘/’I OKPYKHOCTH.



3ajanus ¢ MmoayJieM
['paduku ypaBHEHUH, CoiepIKaIIe MOTY b,

Peienne ypaBHeHMi ( TMHEHHBIX, KBaIPATHBIX, TOKA3aTEIbHBIX,
JgorapuMUYECKUX, TPUTOHOMETPUUYECKHUX ), PEIIICHUE HEPABEHCTB ( TUHEHHBIX,
KBaIPATHBIX, TOKA3aTEIbHBIX, JOTAPUDMUIECKUX, TPUTOHOMETPUICCKHUX ).

[enb: 06001IeHNE U cCUCTEMaTU3allks, PaCIIMPEeHUe U YIITyOJIeHHe 3HAaHHUM 110
TeMe «AOCOIIOTHAS BEIMUNHAY, 00PETeHNE MPAKTUUECKUX HABBIKOB PEIICHUS
ypaBHEHHI U HEPABEHCTB C MOYJIEM, TIOBBIIICHHE YPOBHS MaTeMaTHYECKON
MOJITOTOBKU yYaIIUXCsl.

11 kjaacce

1. Tpuronomerpuyeckue GyHKINH

COJICPKUT MaTepHall, KOTOPBIN MOMOKET yYaluMcsl T1y0Ke MOHSTh
MaTEMaTUYECKUX METOJIOB B 3a/1a4aX (PU3UKU U T€OMETPUH.

OO0acth onpeneneHuss U MHOKECTBO 3HAUEHHU TPUTOHOMETPUYECKUX (PYHKIUH.
YeTHOCTh, HEYETHOCTh, IEPUOJUUHOCTh TPUTOHOMETPUUECKUX QYHKIHUI.
CaoiicTBa QyHKIuu y=cosx u e€ rpaduk. CBoiicTBa GpyHKINH y=Sinx u e€ rpaduk.

CpoiicTBa pyHKIMHM y=tgX u e€ rpadux. OOpaTHbIE TPUTOHOMETPUUECKUE
byHKIMH.

OcHOBHas 1€Jb — U3YYUTh CBOMCTBA TPUTOHOMETPUUYECKUX (DYHKIINI, HAYUYUTh
y4aluxcs IPUMEHATh 3TH CBOMCTBA IIPU PELICHUN YPABHEHUM U HEPABEHCTB;
HAy4YUTh CTPOUTH Irpa)MKU TPUTOHOMETPUUECKUX PYHKIUH, UCTIOJIB3YS
pa3MyHbIe IPUEMbI TOCTPOEHUS IpaUKOB.

Cpeau TpUroHoMeTpu4ecKux GopMyI1 cleAyeT 0co00 BbIIETUTh T€ (OPMYJIbL,
KOTOPBIE HEMOCPEACTBEHHO OTHOCATCS K HCCIIEJOBAHUIO TPUTOHOMETPHUUYECKHUX
(GyHKIMH ¥ TOCTpoeHUIO uX rpadukos. Tak, GopMyisr sin(-X)=-sin X u cos(-
X)=CO0S X BBIpaXaloT CBOMCTBA HEUETHOCTH M YETHOCTU (PYHKIIUM y=SIin X U Y=COS
X COOTBETCTBEHHO.

[TocTpoenue rpadkoB TPUTOHOMETPUUECKUX (HYHKIIMA POBOJIUTCS C
UCIOJIb30BaHUEM MX CBOMCTB U HAUMHAETCS C MOCTPOEHUs rpaduka QyHKIUU
y=cos X.C nomol1ipto rpa)uKOB TPUTOHOMETPUUECKUX (PYHKIUHI pelaroTcs
IpOCTEHIINEe TPUTOHOMETPUUECKUE YPaBHEHHS U HEPABEHCTBA.

Ha 6a30BoM ypoBHE 00paTHbIE TPUTOHOMETpUUECKUE QYHKIIUU JAIOTCS B
O3HAaKOMHTEIHFHOM IUIaHe. PeKoMeHyeTcst Takke paccCMOTPETh rpa@uKu GyHKIIH
y= | COS X | , Y= atcos X, y= cos (x+a), y= cos ax, y= a Cos X, I'Jle a — HEKOTOpoe
YHCIIO.



VYueOHast ieb — BBeIEHUE MOHITUS TPUTOHOMETPUYECKON (DYHKIIHH,
dbopMupOBaHKE YMEHUN HAXOAUTH 00JIACTh ONPEAETICHHS 1 MHO)KECTBO 3HAUCHHUS
TPUTOHOMETPUUYECKUX (DYHKIIMIA; 00yueHHE UCCIIEA0BAHUIO TPUTOHOMETPUIECKUX
(GyHKIMI Ha YETHOCTh M HEYETHOCTh M HAXOXKJCHHUIO TIeproia QyHKIUY;
H3yUYeHHE CBOMCTB (PYHKIIMU Y = COS X, 00y4YeHHE TOCTPOCHHIO Tpaduka GyHKIIMH
Y IPUMEHEHUIO CBOWCTB (DYHKIIMH TP PEIICHUHU YPaBHEHUI U HEPABEHCTB;
U3y4EHHE CBOMCTB (PyHKIMHU y = Sin X, 00y4eHHe MOCTPOCHUIO rpaduka (PyHKIIHH
Y IPUMEHEHUIO CBOWCTB (DYHKIIMH TPU PEIICHUHU YPAaBHEHUI U HEPAaBEHCTB;
O3HAKOMJIEHHUE CO CBOMCTBaMH (PYHKIUN y = tg X Uy = ctg X, H3yUeHHUE CBOWCTB
GYHKIIUH y = COS X, 00y4eHHE MOCTPOCHHIO rpaduKoB GYHKINI U IPUMEHEHUIO
CBOMCTB (DyHKILUH NPH PEIICHUH YpaBHEHUI U HEPABEHCTB;

Ha npo¢unbHOM ypoBHE JOMOIHUTEIBHO U3YYAIOTCSI 0OpaTHBIE
TPUTOHOMETPUUECKUMU (PYHKIUSIMH, UX CBOMCTBAMU U IpapuKaAMH.

B pe3ynbTaTe nzydenus riaaBbl « TpUroHoMeTpuuecKie PyHKIUNY yUYaIuecs
JOJKHBI 3HATh OCHOBHBIE CBOMCTBA TPUTOHOMETPUYECKHUX (DYHKIIHMIA, YMETh
CTPOUTbH UX IpaUKU U pacro3HaBaTh PYHKIMH 10 TaHHOMY I'paduKy, yMETh
OTBEYaTh Ha BOITPOCHI K TJIABE, a4 TAKXKE PEIIATh 3a/1a4X dTOTO THUIIA.

2. [Ipou3BoaHas u eé reoMeTpUYeCKHA CMbBICJ

M3JI0’KEHUE MaTepralia BEAETCS HA HATIAIHO-UHTYUTUBHOM YPOBHE: MHOTHE
(dhopMyIIBl HE TOKA3BIBAIOTCS, a TOJBKO MOSICHSIOTCS WM IPUHUMArOTCS 0e3
JIOKa3aTEIbCTB.

[Tpunen nocnenoBarenbHocTH. HenpepsiBHOCTD ByHKIMKN. OnpeneneHue
npousBoiHoM. [IpaBuiio quddepenumponanus. [IporsBoHas cTreneHHOM
dbynkuuu. [IpousBoanHbie snemMeHTapHbIX QyHKIUN. ['eomMeTprueckuii cMbICI
IIPOU3BOJHOM.

OcHOBHas 1eJIb — MMOKA3aTh yYalUMCs LEIeCO00pa3HOCTh U3yUEHHUSI POU3BOIHOMN
U B JaJIbHEHIIIeM repBooOpa3Hoi (MHTerpaia), Tak Kak ’TO HEOOXOAMMO MPHU
pelLIeHUH MHOTUX MTPAKTUYECKUX 3aJ1a4, CBSI3aHHBIX C UCCIIEOBAaHUEM (DHU3UYECKUX
SIBJICHU, BBIYMCIICHUEM TUIONIA/IeH KPUBOJUHEHHBIX (DUTYp U 00BEMOB TEJI C
MIPOU3BOIHBIMU TPaHUIIAMH, C TIOCTpoeHueM rpadukoB gpynkuumii. [Ipexe Bcero,
CJIeAyeT MOoKa3aTh, UTO (PYHKIUHU, TpapuKaMu KOTOPBIX SBIISIIOTCS] KPUBBIE,
OTMHMCHIBAIOT BAXKHBIC (DU3UIECKUE U TEXHUUECKHE MPOIIECCHI.

YcBoeHHE TeOMETPUUECKOTO CMBICTIA IPOU3BOIHON M HAMTMCAHUE YPABHCHHUS
KacaTelbHOM K rpaduKy (yHKIUU B 33JaHHON TOUKE SIBJISETCS 00S13aTEIbHBIM JIJIs
BCEX YYaIUXCsl.

OcHoBHas 11e71b (MPOPUIBHBIN YPOBEHB) TOMOJHUTEIHLHO — 3HAKOMCTBO C
OTIpEJIICHUEM Mpe/IeNia YUCIOBOM MOCIIe10BaTEIbHOCTH, CBOMCTBAMHU
CXOJSIIIMXCS TTOCIEeI0BATEILHOCTEHN, 00yUeHNEe HaX0XKACHUIO IIPEIeTIOB



II0CJIE0BATEILHOCTEN, JOKA3aTEIbCTBY CXOAUMOCTH II0CIIEI0BATEIIBHOCTH K
3aJJaHHOMY YHCIY; 00y4eHUE BBISIBICHUIO HEMTPEPHIBHBIX (PYHKIIMI C OTIOPOH Ha
OIIpE/IeNICHUE HENIPEPHIBHOCTU (DYHKIIMHU; 3HAKOMCTBO C OHATHEM ITPOU3BOJHON
GyHKIUHN B TOUKE U €€ (PU3HMUECKUM CMBICTIOM, (DOPMHUpPOBaHHE HaYaIbHBIX
YMEHHUM HaXxOUTh POU3BOIHBIE 3JIEMEHTAPHBIX (PYHKIINI Ha OCHOBE
OIIPEEJICHNs IIPOU3BOJHOM.

Ognanenue npasunamu 1uddepeHIMpoBaHUS CYMMBI, IPOU3BEACHUS U YACTHOTO
IBYX (DyHKIUH, BBIHECEHUS TTOCTOSIHHOTO MHOKHUTEIA 3a 3HAK MPOU3BOAHOM;
3HaKOMCTBO C Tu(depeHIMpPOBaHNEM CIOKHBIX (DYHKIUI U MpaBUIaM
HaXO0XJI€HUs1 IPOU3BOJHON 00OpaTHON (YHKIMH; 00YUYEHHE UCIIOIb30BAHUIO
(dbopMybl MPpou3BOAHON cTeneHHo (pyHkumu f (X) = xp s 1100010
NEHUCTBUTENBHOTO p; GOPMUPOBAHUE YMEHUN HAXOAUTh POU3BOIHBIE
AJIEMEHTApHBIX (PYHKLNN; 3HAKOMCTBO C T€OMETPUUYECKUM CMBICIIOM IPOU3BOAHOM
0oOy4eHHE COCTaBJICHUIO YPaBHEHUI KacaTeIbHOM K rpa@uKy (QyHKIMHU B 3aJaHHOU
TOYKE.

B pesynbrate nzydyenus riasbl «l[pon3BogHas u €€ reoMeTpUYECKHUIl CMBICID)
y4aInuecs: JOJKHbBI 3HaTh OMPEIeSICHUE MPOU3BOIHOM, OCHOBHBIE MpaBUia
muddepennrpoBanus U GOPMYJIIbI MPOU3BOIHBIX AIEMEHTAPHBIX (PYHKITUH;
MMOHUMATh T€OMETPUUECKUIN CMBICIT IPOU3BOTHOM; YMETh 3alIUChIBATh YPDABHECHUE
KacaTeabHOU K rpaduky GyHKIIMU B 33IaHHOM TOUKE pelIaTh YIPaKHEHUS
JaHHOTO ThNa. MiMeTh npeacraBieHue o npeesne nocaeqoBaTeIbHOCTH, IPEAEe U
HEMPEPHIBHOCTY (DYHKIIMU U YMETh pelllaTh YIIPAXKHEHUSI HA TPUMEHECHHUE TOHITHUS
IIPOU3BOJHOM.

3. [lpumeHeHue MPOU3BOHOI K HCC/Ie10BAHUIO PyHKIMIT

IIPY U3YYEHUH MaTepUaia IMUPOKO UCIIOJIb3YIOTCS 3HAHUS, [TI0JyYCHHbIE
y4alnmMucs B XoJie paboThl HaJl ipeabiayiei TeMoi. [lokazath BO3MOXKHOCTH
MIPOU3BOIHON B UCCIICIOBAHUM CBOMCTB (DYHKIIMI U TOCTPOEHUU UX IPaPUKOB.

Bo3spacranue u yobiBanue QpyHkIuu. JkctpeMyMbl pyHkuu. Hanbomnsiiee u
HauMeHbllee 3HaueHus! pyHKIUH. [Ipon3BogHas BTOPOro Mopsisika, BBITYKIOCTh U
Touku nepernda. [locrpoenne rpadukoB QyHKITHIA.

OcHoBHas 11€716 (0a30BBIN YPOBEHB) — SBJSETCS JEMOHCTPAIMS BO3MOKHOCTEMN
MIPOU3BOHOM B UCCIEAOBAHUM CBOMCTB (PYHKIMN U IOCTPOEHUH UX IPAPUKOB U
MIPUMEHEHUE IPOU3BOJHOM K PEHIEHUIO MPUKIAAHBIX 3a1a4 Ha ONTUMHU3ALHUIO.

OcHoBHas 1€ (MPOGUITLHBIN YPOBEHB) TOTOJHATEIHLHO — IPUMEHEHUE TEOPEMBbI
Jlarpan>xa 111 000CHOBaHUSI IOCTATOYHOTO YCJIOBUS BO3PACTaHUS U YOBIBAHUS
dbynkmn, Teopembl Depma 1 €€ TEOMETPUIECKOMY CMBICTTY, a TAaKKe
JIOCTATOYHOMY YCJIOBHUIO 3KCTPEMYMa, 3HAKOMCTBO C IMOHSITHUEM aCUMIITOTHI,



IIPOU3BOHON BTOPOT'O MOPAAKA U €€ IPUIIOKEHUE K BBIBICHUIO UHTEIPAJIOB
BBIMYKJIOCTH (DYHKIIMHU, 3HAKOMCTBO C Pa3TUYHBIMU

MPUKJIATHBIMUA TPOTrPaMMaMU, TTO3BOJISIOIIUME MOCTPOUTH TpapuK GyHKIIUU U
HCCIIEI0BATH €T'0 C IIOMOILBI0 KOMIIBIOTEPA.

VYyeOHas 1enb — 00yueHre NPUMEHEHHIO T0CTATOYHBIX YCIOBUN BO3pACTaHUs U
yOBIBaHUS K HAX0XKJICHUIO TPOMEXKYTKOB MOHOTOHHOCTH (DYHKITHH; 3HAKOMCTBO C
HOHSATHUSAMHU TOYEK SKCTpeMyMa (DYHKILUH, CTALIMOHAPHBIX U KPUTUUECKUX TOYEK, C
HEOOXOMMBIMU U IOCTATOYHBIMHU YCIOBHSIMH 3KCTpeMyMa (DyHKIUU; 00ydeHHE
HaXO0XJICHUIO TOUEK IKCTpeMyMa (DyHKIMHU; 00yUyEHUE HAXOKICHUIO HAauOOIbILIEro
Y HAaMMEHBIIETro 3HaYeHUH (PyHKIMHU C OMOILBIO TPOU3BOIHOM; 3HAKOMCTBO C
MOHSATUEM BTOPOM MPOU3BOAHON (DYHKIMH U €€ (PU3NUECKUM CMBICIOM; C
IPUMEHEHUEM BTOPOM IIPOU3BOJAHOM JUISl HAXO0KICHHUSI HHTETPAJIOB BBIITYKJIOCTH U
TOYEK nepernda GpyHKuuu; GopMupoBaHUE YMEHHS CTPOUTH IrpaduKu PyHKIUN —
MHOTOWIEHOB € ITOMOILBIO MEPBOW MPOU3BOAHOM, C IPUBJICUCHUEM allllapaTa
BTOPOU ITPOU3BOJHOM.

B pesynbrate nzyuenus riabbl «lI[puMeHeHue Mpor3BOIHON K MCCIICT0BAHUIO
GbyHKIU» ydaiyecs T0JKHbI 3HaTh, KAKKE CBOMCTBA (DYHKIIMU BBISIBIISIOTCS C
MTOMOIIIBIO MPOU3BOAHOM, YMETh CTPOUTH rpaduKu (PYHKIIUH, peniaTh 3a1a4u Ha
HaxO0XJICHUSI HauOOoJIbIIETO (HAUMEHBIIIET0) 3HaUeHUS (DYHKIIMU JAHHOTO THUIIA
YIIPaKHEHUM.

4 . IlepBooOpa3Hasi M HHTErPaJI

paccMaTpuBarOTCs NEPBOOOPA3HbIE KOHKPETHBIX (QYHKIUI U MTpaBUia HaX0XKICHUS
nepBOOOPa3HbIX.

[TepBooOpa3znas. [IpaBuna HaxoxXaeHUs TIepBOOOpa3HbIX. I1mommanp
KpUBOJIMHENHOM Tparnenuu. aTerpan u ero Beruucienue. [Ipumenenue
WHTETPAJIOB Ui pelieHust PU3N4YeCcKux 3aaad.

OcHoOBHas 11eJ1b 03HaKOMJICHUE yYalllNXCsl C OHSITUEM MTePBOOOpa3HON U
oOy4eHre HaxX0XACHUIO IUIONIaei KpUBOJMHEHHBIX Tpanenuid. [Tmomans
KPUBOJMHEVMHOM TpaIeluy ONPEAEIAeTC KaK IPEAET HHTETPAIIbHBIX CYMM.
Bosbiioe BHUMaHKE yENISIETCS MPUIOKEHUSAM UHTETPATIBHOTO UCUUCIICHUS K
bU3MYEeCKUM U TeOMETpUIeCKUM 3a1adaM. CBsI3b MEXKIy MMepBOOOpaA3HON U
TJIOMIABI0 KPUBOJIUHEHHOM Tpamnenuu ycranaBiuBaeTcs hopmymoit HeroToHa-
Jleitbnuna. /lanee BO3HUKAET OMpeIeICHHbIN HHTETpal Kak Mpeaesl MHTErpaibHON
CYMMBI; Tipu 3ToM (popmyna HeroTona-JleitOHMITa TakKe OKa3bIBaeTCs
crpaBeuBoi. TakuM 00pa3oM, 3Ta hopmyJia SIBISETCS TJIaBHOU: ¢ €€ MOMOIIbIO
BBIUUCIISIIOTCSL ONPEJCTICHHBIE MHTETPAJIbl M HAXOAATCS TIJIOIIAAN KPUBOJIMHEUHBIX
Tpanernuii. 3HaKOMCTBO ¢ TIpocTedmumMu AuddepeHImaIbHBIMI YPaBHEHUSIMH.



VY4eOHas 11enb — 03HAKOMJIEHUE C ITOHSATHEM I1EPBOOOPA3HON, 00yueHne
HAXO0XJICHUIO MTEPBOOOPA3HOM TSl CTETIEHEH U TPUTOHOMETPUIECKUX (DYyHKIIUH;
O3HaKOMJIEHUE C MOHATUEM UHTEIPUPOBAHUS U 00yUYEeHNE TPUMEHEHUIO MTPaBHUII
UHTETPUPOBAHUS MPU HAXO0XKJICHUU TIEPBOOOPa3HBIX; ((OPMUPOBAHHUE MTOHITHS
KPUBOJIMHENHON Tpanenny, O3HaKOMJIEHUE C TIOHSTUEM OIPEACIIEHHOIO
UHTETpaJia, 00yuyeHUe BIYUCIICHUIO 10N KPUBOJIMHEHHON Tpanelyy B
IIPOCTENIINX CIIy4asiX; O3HAKOMUTD yYaIIUXCs C IPUMEHEHUEM UHTETPAJIOB JUIS
(¢u3nyecKux 3a/1ay, HAy4UTh PeIlaTh 3a7a4un Ha IBUYKEHUE C IPUMEHEHHEM
WHTETPaJOB.

B pe3ynbrate u3ydenus riasbl «[lepBooOpa3Hasi u MHTErpam» ydaiuecs JOJKHbI
3HATh MPaABUJIA HAXOXKJEHUS TEPBOOOPA3HBIX OCHOBHBIX AJIEMEHTAPHBIX (PYHKIUH,
dbopmyny Herotona-JIeliOHuIa 1 yMETh UX MIPUMEHSThH K BBIYMCICHUIO TUIOMIAACH
KPUBOJIMHEUHBIX TpaleUUi IIPU PELICHUH 3a/1a4 JTAHHOTO TUIIA.

5. KomOnnaTopuka

COJIEP>KUT OCHOBHBIE (POPMYJIbI KOMOMHATOPUKH, IPUMEHEHUE 3HAHUH MpU
BBIBOJIE (POpMYIT asire0phl, BEPOSITHOCTh M CTATUCTUYECKAs! YaCTOTa HACTYTUICHUS
coObITs. Tema He HachIleHa

TEOPETUICCKIMH CBEJICHUSAMH U JI0KA3aTeIbCTBAMH, OHA HMEET, IIPEXKIE BCETO,
0OIIeKyJIbTYpHOE U 00111e00pa30BaTeIbHOE 3HAUCHHUE.

[IpaBuino npoussenenus. Pazmenienus ¢ nopropeHusiMu. llepecranoBku.
Pa3mernienus 6e3 nosropenuit. Couetanus 6e3 nopTropeHuit u 6unoMm HproToHa.

OcHOBHas 11€Ib — 03HAKOMIIEHHE C OCHOBHBIMH (POpMYJIaMu KOMOMHATOPUKHU U UX
MPUMEHEHUEM TIPH PEIICHUH 3a]1a4, Pa3BUBATh KOMOMHATOPHOE MBIIIJICHUE
yJaImxcs, 03HaKOMHUTh C TEOpHEH coeTMHeHUM, 000CHOBaTh (hopMyITy OMHOMA
Hptorona. OCHOBHOI Mpu BbIBOJIE (POPMYJT UKCIIa MEPECTAHOBOK U pa3MeElIeHU M
SBJISETCSI IPABUJIO YMHOXEHUS, TOHUMaHUE KOTOPOTo (POpMUPYETCS TpU
pELICHUH Pa3JInYHbIX MPUKIAAHBIX 3aa4. CBOICTBA YKClIa COUETaHUM
JTIOKa3bIBAOTCS U 3aTE€M MIPUMEHSIOTCS MPU OpraHU3alui U UCCIECI0BaHUU
TpeyrojbHuKa [lackans.

VYyebHas 11€51b — OBJIaJIEHUE OJIHUM M3 OCHOBHBIX CPEJICTB MO/ICUETa YHUCIIa
Pa3IMYHBIX COEAMHEHUH, 3HAKOMCTBO YYaIllUXCs C Pa3MELICHUSIMU C
MMOBTOPEHUSMHU. 3HAKOMCTBO C MIEPBBIM BUJOM COCIMHEHUN — IEPECTAHOBKAMU;
JIEMOHCTpAINS MPUMEHEHHUS TTpaBujia MPOU3BEICHUS IIPHU BBIBOIC (hOPMYJITBI YUCTA
MEPECTAaHOBOK M3 T 2JIEMEHTOB. BBeIeHNE MOHATHS pa3MeIleHus 0€3 MOBTOPECHHIMA
M3 M 3JIEMEHTOB 10 IT; CO3/JaHUE MATEMATUYECKON MOAEIH ISl PEIICHUS
KOMOWHATOPHBIX 33/1a4, CBOAMMBIX K MOACUETY YKCIa pa3MEIIeHU; 3HAKOMCTBO C
COYETAHUSIMU U UX CBOMCTBAMM; PEIICHHNE KOMOMHATOPHBIX 3aa4, CBOISIINXCS K
MOJICUETY YUCJIa COYETAaHUHN U3 M DJIIEMEHTOB IO 11; 000CHOBaHHOE



KOHCTpyHpoBaHue TpeyronbHuka [lackans; oOydeHrne BO3BEICHHIO IBYWICHA B
HaTYpaJIbHYIO CTENEHb C UCTIONb30BaHuEM Gopmyiisl HetoTrona. CoctaBnenue
MOPSZIOYHBIX MHOXECTB (00pa3oBaHue TIEPECTAHOBOK); COCTABIICHUE TIOPSIOYHBIX
MOJIMHOKECTB JAHHOTO MHOKECTBa (00pa3oBaHUE pa3MENICHHH ); T0Ka3aTEIbCTBO
CTpaBeTMBOCTH (GOPMYII JJIs TIOJICYETA YK CIIa TIEPECTAHOBOK C TOBTOPCHHUSIMH U
qHCIia COYSTAHUN C TIOBTOPCHUSMH, YCBOSHHE TIPUMEHEHUS METOIa
MaTeMaTUYeCKON WHIYKITUH.

B pesynbraTe nzydenus riaasbl « KomOnHaToprkay ydamuecs JI0JKHbBI 3HATh,
OCHOBHBIE (HOpPMYJIbI KOMOMHATOPUKH, YMETh HaXOJUTh BEPOSTHOCTh CIIyYaliHbIX
COOBITUI B IPOCTEHUIINX CITy4asiX, UCHOJb30BaTh KJIACCUUECKOE OIPEIEICHUE
BEPOSATHOCTH U MMPUMEHEHUS UX MPU PEIICHUH 3a7a4 JAHHOTO THUIIA.

6. J1eMeHTBbI TeOpPUM BEPOATHOCTEMH

B [IPOrpamMMy BKJIIOUEHO U3YyUYEHUE JIUIIb OTJCIbHBIX JIEMEHTOB TEOPHUHU
BeposiTHOCTE!. [Ipu 3TOM BBEICHHIO KaXKJIOTO MOHSTHSI PE/IIECTBYET
HeopMalibHOE 00BSICHEHHE, PACKPBIBAIOILEE CYLTHOCTh JAHHOIO MOHSTHS, €r0
MIPOUCXOXK]ICHUE U PEATIbHBIN CMBICI. Tak BBOJATCA MOHSATHUS CITyYalHBIX,
JIOCTOBEPHBIX U HEBO3MOKHBIX COOBITHM, CBSA3aHHBIX C HEKOTOPHIM HUCIIBITAHUEM;
OTIPEIEISIIOTCS U WUTFOCTPUPYIOTCS OTIEPAIMK HaJl COOBITUIMU. BeposSTHOCTH
coObITHs. C0KeHHEe BepOsiTHOCTEH. BeposTHOCTh pOou3BeACHUST HE3aBUCUMBIX
COOBITHH.

OcHoBHas 1e’b — cOPMUPOBATH MOHITHE BEPOSITHOCTH CITy4aitHOTO
HE3aBUCUMOTO coObITHS. VccenoBanue mpoCcTeHINX B3aUMOCBSI3eH MEKITY
pPa3IUYHBIMU COOBITUSMH, & TAK)KE HAXOKJIECHUIO BEPOSTHOCTEN BUIOB COOBITUI
yepe3 BEpOSITHOCTH Ipyrux coObITuid. Knaccuueckoe onpeneiaeHne BEposTHOCTH
COOBITHS C paBHOBO3MOKHBIMU AJIEMEHTAPHBIMU UCXOJaMU (POPMHUPYETCS CTPOTO,
Y Ha €ro OCHOBE (C UCIMOJIb30BAHUEM 3HAHUN KOMOMHATOPUKHU) PEIIaeTCs
OONBIIMHCTBO 3a7a4. [IoHsATHE TEOMETPUUECKOI BEPOATHOCTH M CTATUCTUYECKON
BEPOSATHOCTH BBOAWINCH HA MHTYUTUBHOM YpoBHE. [Ipn n3noxxenuun marepuana
JAHHOT'O pa3zelia MoJYEPKUBACTCS MPUKIIAJHOE 3HAYEHNE TEOPUHU BEPOSATHOCTEN B
Pa3IMYHBIX 00JACTAX 3HAHUHN U MPAKTUUECKOU JIEATeTbHOCTH YEJI0OBEKA.

VYueOHas 11es1b — 3HAKOMCTBO C Pa3IMYHBIMH BUJIAMH COOBITHI, KOMOMHAIIMSAMU
COOBITHI; BBEJICHUE TTOHSATHUS BEPOSITHOCTUA COOBITHSA U 00yUCHUE HAXOXKICHHUIO
BEPOSITHOCTH CITyYaHOTO COOBITHS C OUEBUIHBIMU OJIATONIPHUSITCTBYIOIITUMHU
HCXOJIaMH1; 3HAKOMCTBO C TEOPEMOU O BEPOSITHOCTH CYMMBI JIBYX HECOBMECTHBIX
COOBITHI U €€ MPUMEHEHUEM, B YaCTHOCTH TIPHU

HAXOXKJEHUU BEPOSITHOCTH TTPOTHUBOIIOJIOAKHOTO COOBITHS; M C TEOPEMOIA O
BEPOSITHOCTH CYMMBI JIBYX TIPOU3BOJIHBIX COOBITHIA; HHTYUTUBHOE BBEJICHUE
MOHATHUSI HE3aBUCUMBIX COOBITUH; 00yUeHHE HAX0XKICHUIO BEPOSATHOCTU
MPOU3BEACHUS JBYX HE3aBUCUMBIX COOBITUIA.



B pe3ynbTaTe u3ydeHus riaBbl « DJIEMEHTHI TEOPUU BEPOSITHOCTEN» yUalirecs
JIOJKHBI YMETh HAXOJUTh BEPOATHOCTH CIIyYalHBIX COOBITUNA C TOMOIIBIO
KJIACCUYECKOTO ONPE/ICTICHUSI BEPOSITHOCTU NP PELICHUU YIIPAXKHEHUN JaHHOTO
TUIA, UMETH MPEACTABICHUE O CYMME U MPOU3BEICHUHN JIBYX COOBITUM, YMETh
HAXOJIUTh BEPOSITHOCTh MPOTUBOMOJIOKHOTO COOBITHSI, UHTYUTUBHO ONPENEISAThH
HE3aBUCUMBIE COOBITHSI U HAXOJIUTh BEPOSATHOCTH OJTHOBPEMEHHOTO HACTYILICHHUS
HE3aBUCHUMBIX COOBITHI B 3a/1aUax.

7.* KoMILIeKCHBIE YHUCJIa

CrnoxeHHne U yMHOKEHHE KOMIUIEKCHBIX YKcell. Moaysb KOMIUIEKCHOTO YHCIIA.
BrrunTanue u geeHne KOMIUIEKCHBIX Yncell. [ eomeTpudeckas nHTEpIpeTanus
KOMIUIEKCHOIO yKciia. Tpuronomerpudeckast popma KOMIIJIEKCHOTO YUCIIA.
CpolicTBa MOIyJI U apryMeHTa. KBajpaTHOe ypaBHEHHE ¢ KOMILJIEKCHBIM
Hen3BecTHBIM. [Ipumepsl pemienus anreOpandeckux ypaBHeHUd. OCHOBHBIE LIEU
— 3aBeplueHre GOpMUPOBAHUS NPEACTABICHUS O YUCIIE; 00yUeHHUE JEHCTBUSM C
KOMIUIEKCHBIMU YHCJIAMU U IEMOHCTPALIMS PEILICHUN Pa3IMYHbIX YPABHECHUH Ha
MHOKECTBE KOMILJIEKCHBIX YHCEIL.

PaccmaTpuBaroTcs ueTbipe apupMeTHIeCKUX JEHCTBUS C KOMILJIEKCHBIMU
YHUCIaMH, 33JJaHHBIMU B anreOpanyeckoi popme. BBoaurcs nousarue
KOMIIJIEKCHOM IIJIOCKOCTH, Ha KOTOPOM WILTIOCTPUPYETCSI TEOMETPUYECKUI CMBICIT
MOZYJIsI KOMIIJIEKCHOTO YHMCJIA U MOJYJISl PA3HOCTH KOMIUIEKCHBIX YUCEN.
PaccmarpuBaercs nepexoj ot anreOpandeckoil K TpPHroHOMETpUYecKo hopme
3alrCcy KOMIUIEKCHOTO YKciia U 00paTHbIN nepexo. JKenaTenbHO 00yUuTh
YYAIIUXCS TEXHUYECKUX U (PU3UKO-MAaTEMAaTUYECKHUX KJIACCOB BO3BEICHUIO B
CTENEeHb KOMIUIEKCHOTO YHCIIa, 33JaHHOTO B TPUTOHOMETpUYECKOn hopme.

/. YpaBHeHHS U HEPABEHCTBA C IBYMS NepeMeHHbIMU

MOCJEAHSASA TEMA Kypca HE HOBA JUIsl YYaIllMXCs CTapIIMX K1accoB. Pemenue
CUCTEM YpaBHEHUH C MOMOIIBIO rpadrKa 3HAKOMO LHIKOJIbHUKAM C OCHOBHOM
mkosibl. Tenepb UM NPEACTOUT YIiyOUTh 3HAHUS, TIOJyUYEHHbIE paHee, U
O3HAKOMUTBCsSI C PELICHUEM HEPABEHCTB C ABYMS IIEPEMEHHBIMU U UX CUCTEM.
VYyamuecs u3y4aroT pa3IMuHble METO/IbI PELICHNS] YPABHEHNN U HEPABEHCTB, B
TOM YHUCJIE C TapamMeTpaMu.

JInHenHble ypaBHEHHs M HEPABEHCTBA C ABYMs lIepeMeHHbIMU. Hennuennsie
YPaBHEHHUs U HEPABEHCTBA C JBYMs [IEPEMEHHBIMU.

OcHoBHas 11€J1b — 0000IIUTH OCHOBHBIE TIPUEMBI PEIICHUS YPABHEHUN U CUCTEM
ypaBHEHUM, HAYUUTh YUaAITUXCSl U300paxaTh Ha KOOPJAUHATHOMN TIJIOCKOCTH
MHOECTBO PEIICHUM JIMHEMHBIX HEPABEHCTB U CUCTEM JIMHEHHBIX HEPABEHCTB C
JBYMS IEpEMEHHBIMH, C(HOPMUPOBATH HABBIKU PEIIICHUS 33]1a4 C TTapaMeTpamH,



[0Ka3aTh NPUMEHEHNE MAaTEMaTUUECKUX METOJIOB JUUISl PELIECHUS COAEPKATEIbHbIX
3a]1a4y U3 pa3IMYHbIX 00JIaCTEel HAYKU U IPAKTUKH.

YdeOHas 11eJ1b — HayYUTh y4Yaluxcs u300paxarbh Ha KOOPAUHATHOMN MIIOCKOCTH
MHOYKECTBO PELICHUN JTUHEUHBIX HEPABEHCTB U CUCTEM JIMHEUHBIX HEPABEHCTB C
JIBYMsI IEPEMEHHBIMH.

B pe3ynbrate u3yueHus riaBbl « Y paBHEHUSI U HEPABEHCTBA C IBYMs
NEPEMEHHBIMIY yYaIUEC JOJDKHBI YMETh PEIIaTh YpaBHEHUS, HEPABEHCTBA U
CUCTEMBI YPaBHEHUI 1 HEPABEHCTB C ABYMs IEPEMEHHBIMU. 3HATh U YMETh
IPUMEHATHh OCHOBHBIE IPUEMBI JUIsl PEILICHUS] YPABHEHUI U CUCTEM YpaBHEHUI,
peliaTh CUCTEMbI YpaBHEHHUI U HEPABEHCTBA C TOMOIIBIO Tpaduka.

8. UToroBoe noBTopeHmne Kypca ajaredpbl 1 HaYaJI MaTeMaTHY€CKOT0
aHaju3a.

YPpOKH UTOrOBOr0 MOBTOPEHUSI UMEIOT CBOEH LIEJIBIO HE TOJIBKO BOCCTAHOBJICHUE B
MaMATH YYalIUXCcsi OCHOBHOTO MaTepuaia, Ho M 00001eHre, yTOYHEHUE
CUCTEMATHU3ALIMIO 3HAHUH 10 aJiredpe M HayaJlaM MaTeMaTHYeCKOro aHalin3a 3a
KYpC CpEIHEN LIKOJIBI.

[ToBTOpEHME MpemIaraeTcsi MPOBOJAUTH IO OCHOBHBIM COAEPKATEIBHO-
METOJAMYECKUM JIMHUSIM U 11eJIeCO00Pa3HO BBICTPOUTH B CIACAYIOIMIUM MOPSAKE:
BBIYHCIICHUS U TTPe0Opa30BaHMsl, ypaBHEHHUS U HEpaBEHCTBA, (DYHKIINH, Hava1a
MaTeMaTHYECKOTO aHAJIN3A.

[Tpu mpoBeneHnM UTOrOBOr0 MOBTOPEHMSI MIPEATIATaeTCsl IIMPOKOE UCTIOIb30BAHNE
¥ KOMOWHHPOBAHHE PA3IMYHBIX THIIOB YPOKOB (JIEKIIUHA, CEMHUHAPOB,
MPAKTUKYMOB, KOHCYJIBTAIIMH U T.€.) C 10 OBICTPOTrO 0XBaTa OOJIBIIIOTO IO
o0beMy maTtepuana. HeoOXoIMMBIM 3JIEMEHTOM YPOKOB UTOIOBOI'O MOBTOPEHUS
SBJISIETCSL caMOCTOsITeNIbHAs padoTa ydanmxcsa. OHa 1nosie3Ha Kak caMuM
yYaIlMCsl, TaK U yUYUTENIO JIJIsl OCYIIEeCTBICHHS 00paTHOM cBA3U. DOPMEI
MIPOBEJICHUS CAMOCTOATEIBHBIX pad0T Pa3sHOOOPA3HBI: OT TPATUIIMOHHOW PabOThI C
JBYMSI, TPEMsI 3aJJaHUSIMU JI0 TECTOB U paboT B opme paboueit TeTpaei ¢
3aIlOJIHEHNEM TPOOETIOB B MPUBEICHHBIX PACCYXKICHUSIX.

B pesynbTaTe 06001matomiero moBTOpeHMs Kypca anreOpsl 1 Havana ananmsa 3a 11
KJIACC CO3/7aTh YCIOBUS yYAIIUMCS JIJIS BBISIBJICHUS:

- BJIaACHUS IMOHATUEM CTCIICHN C PaAllMOHAJIbHBIM IMOKAa3aTCJICM, YMCHHUC
BBIITOJIHATD TOXKACCTBCHHBIC Hp606pa3OBaHI/I$I N HAXOOUTh UX 3HAYCHMUA,

- YMEHUS BBITIOJHSITH TOXKICCTBEHHBIE MPE0Opa30BaHUs TPUTOHOMETPUIECKHUX,
UppalMoHaIbHBIX, TOKA3aTEIbHBIX, JIOTaPU(DMUUECKUX BhIPAKEHUH;



- YMEHUs peulaTb CUCTEMBbI YPABHEHUH, COJEPKAINX OJHO WM J1BA YPaBHEHUS
(JTorapupMUUECKHX, UPPALOHATBHBIX, TPUTOHOMETPUUYECKHUX ), PEIIATh
HEPAaBEHCTBA C OJTHOM MMEPEeMEHHON Ha OCHOBE CBOMCTB (DYHKIIHH;

- YMCHHA UCIIOJIb30BATh HCCKOJIBKO ITPUCMOB IIpU PCIIICHUHN ypaBHeHHﬁ;

- pelaTh ypaBHEHUS C UCIOJIb30BaHUEM PAaBHOCWJIBHOCTH YPABHEHUH;
UCIIONB30BaTh rpaduK GyHKIUHU MPU PEIICHUH HEPABEHCTB (rpaduduecKuii MeTox);

- YMEHHUS HaXxOJIUTh MPOU3BOAHYIO GYHKIIUK; MHOXKECTBO 3HAUCHUHN QYHKIINU;
00J1aCTh OTIPEEICHISI CIIOKHOU (PYHKITMH; UCTIOJIb30BaTh YETHOCTh U HEYETHOCTD

GbyHKIUY;

- YMEHHUS UCCIIEI0OBATh CBOMCTBA CIIOAKHOM (DYHKIIUU; UCTIOIB30BaTh CBOMCTRO
NEePUOIMYHOCTH (PYHKITUH JJIs1 PEIICHUs 3a/1a4; YUTATh CBOMCTBA (DYHKIIMH 10
rpaduKy 1 pacrio3HaBaTh rpaduKu dJIEMEHTAPHBIX QYHKITUN;

- YMEHHUS peniaTh U NPOBOJAUTH UCCIIEAOBAHUE PEIICHUS TEKCTOBBIX 3a/1a4 Ha
Hax0XJICHUE HAauOOJIbIIeTO (HAMMEHBIIIETO) 3HAYEHHUSI BEJIMYUHBI C TPUMEHEHHEM
IIPOU3BOIHOM;

- YMCHHU:A pCHIATh 3ada49U IMIapaMCTPUICCKUC Ha OIITUMHU3ALIUIO,

- YMEHHUS peniaTh KOMOMHUPOBAHHbBIEC YPABHEHUSI U HEPABEHCTBA; UCIOJIb30BaTh
HECKOJIbKO IIPUEMOB IIPU PELICHUU YPABHEHUN U HEPABEHCTB;

- YMEHUS U3BJIEKAaTh HEOOXOANUMYIO HHPOPMAIIHIO U3 y4eOHO-HAYYHBIX TEKCTOB;
MIPUBECTH TIPUMEPHI, TOA00paTh ApTryMEHTHI, CHOPMYITUPOBATH BHIBOIBI
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