MunuctepcTBo npocBelnenus: Poccuiickoi Penepanuu
denepanbHOE TOCYIapCTBEHHOE OIOKETHOE 00pa30BaTEeIbHOE YUPEKAEHHE
BBICILIEr0 0Opa30BaHMs
«YIbSIHOBCKUH TOCYy1apCTBEHHBIN N1€JarOrH4eCKuil YHUBEPCUTET
umenu M.H. YissinoBa»

(®I'BOY BO «Yal'TTY um. U.H. YnbsiHOBa»)

®@akyabTeT GU3UKO-MaTEMATHYECKOTO U TEXHOJIOTHUECKOro 00pa3oBaHus
Kadenpa Bbiciieit MaTeMaTUKU

YTBEPX/IAIO
[TpopekTop 10 yueOHO-METOAUYECKOM

pabore |,
Y /// C.H.TutoB

ks
« 2155 UACAL L 2022 .

I'EOMETPUS

[Iporpamma yueOHOM AUCLIMIUIMHBI
[TpeaMeTHO-MeTOINYECKOro MOAYJIs 1Mo npodumo «MareMaTruka»

OCHOBHO# MpodeccruoHanbHONH 00pa30BaTeNbHOM MPOrpaMMbl BBICILIETO
00pa3oBaHMs — IMporpaMMbl OakajiaBpuarta 1o HaupaBJIeHHUIO IIOATOTOBKU
44.03.05 INenaroruyeckoe obpa3zoBanue (¢ ABYMs NpOGUISIMUA HOATOTOBKH),

HanpaBlIeHHOCTH (Tpo¢uib) 00pa3oBaTEIbHON MPOrpaMMBbl
®duszuka. MaremaTuka.

(ounast hopma oOyueHuUs)

CocraButens: ['pummna C.A., K.Q.-M.H.,
JOLIEHT Kadeapbl BBICIIEH MaTeMaTHKH,
Yepesarenko O.U., k.¢.-M.H., AoUEHT Kadeapsbl
BBICIIIE MaTeMaTUKU

PaccMoTpeHo ¥ 000peHO Ha 3acelaHMM Y4YeHOro coBeTa (akyiabTeTa (U3MKO-
MaTeMaTHYECKOr0 M TEXHOJOIMYeCKOro oOpa3oBaHUs, NMPOTOKOJI OT «25» Mapra
2022r. Ne 5

NOKYMEHT NMOANNCAH
3NEKTPOHHOW MNOANUCHIO YHBﬂHOBCK, 2022

Ceptudukat: 01D77C644FC1E54000000006381D0002
Bnapeneuy: Tutos Cepreit Hukonaesuy
LeiictButenen: ¢ 19.07.2021 po 19.07.2022




MecTo IMCHUIIMHBI B CTPYKTYpPe 00pa30BaTeibHOI NPOrpaMMbl

Hucnunmuna «['eomeTpus» OTHOCHUTCA K JAUCIUIUIMHAM o0s3aTenbHOW vacth bioka 1.
Jucuummnel (Moxynu) IlpeaMeTHo-MeToandeckoro Monayias mo mnpoduimo «MaTemaTukay
yueOHOro IJlaHa OCHOBHOM MpodeccuOHANbHON 00pa30oBaTeNbHOM NPOTrpaMMbl BBICIIETO
oOpa3oBaHusi — TmporpaMmbl OakamaBpuata ™0 HampaBieHuro noarotoBku 44.03.05
[Tenarorudyeckoe oopazoBanue (¢ AByMs NPOUISIMHU TOJATOTOBKH ), HAITPaBICHHOCTH (TTPOQHIIB)
oOpa3oBatenpHON porpaMMel «®Pu3uka. MaremaTrka.», 04HOi (HOpMBI 00yUESHHUS.

JucuumnimHa onupaeTcss Ha pe3ylbTaThl oOyueHus, chopMHpoBaHHBIE B paMKaxX Kypca
«Anrebpa u Teopus YHCEI», IIKOJILHOTO Kypca MaTeMAaTHKH.

Pe3ynpTaThl M3yuyeHUs AUCLUIUIMHBI SIBISIOTCS TEOPETUYECKOW M METOHOJOTMYECKOU
OCHOBOH JJIsl ISl TMPOXOXJAEHUs NpakTuk «HayuHo-uccnemoBarenbckas padoTa (mojydeHue
NEPBUYHBIX HABBIKOB  HAY4YHO-HCCIEAOBATEIbCKOM  paboThl), KypcoBas pabota 1»,
«lemarornueckasi mpakTUKa MO MaTeMaTUKE» U UTOTOBOM aTTECTALIUH.

1. IlepeyeHb MUIAHHUPYEMBIX PpPe3yJbTATOB 00y4YeHusi (00pa3oBaTeIbLHbBIX
pe3yJbTAaTOB) MO AUCHHUILIAHE

Henasimu ocBOEHUS JUCHUILINHBI «]'€oMeTpus SBISAIOTCS

- pacKpeITUE 3HAUYEHHE TECOMETPHUH, YIIIyOJeHHE NPEACTABICHUS O MeECTe
F€OMETPUU B U3YUYECHHUH OKPYKAIOIIETO MUPA;

- U3y4YEHHE OCHOBHBIX Pa3/IeJIOB FEOMETPUU U BOCIIUTAHKE OOLIEH reoMeTpruiecKon
KYJIBTYpPbI, HEOOXOAUMON OyAylIeMy YYHUTENIO UIS MOHUMaHHUS Kak OCHOBHOTO Kypca
MaTEMAaTHKH, TaK U IIKOJIbHBIX ()aKyJIbTATUBHBIX KypCOB;

- CIIOCOOCTBOBATH Pa3BUTHUIO MIPOCTPAHCTBEHHOTO MBIIIICHUSI.

3agadeii OCBOCHUS TUCLUIUIMHBI SIBISETCS. Pa3BUTHE YMEHUSI CAMOCTOSITENIbHON paboThI C
MaTeMaTUYEeCKOU JIUTepaTypoH, Kypc «I'eomeTpusi» AOJKEH 1aTh CTYJEHTaM 3HAHMS, HaBBIKU U
YMEHMsI, HeOOXOIMMBIE JUIsl YCIEIIHOTO U3yUEHUs APYTUX pa3/ielioB MaTeMaTUKU

B pesynbrare ocBoeHMs mporpammbl OakajgaBpuara OOydaroIIMKCS JOJIKEH OBJIAIEThH
CIEIYIOIMMU pe3ylnbTaraMu oO0ydeHuss 1o aucuuiuimHe «l'eomerpusi» (B Tabmure
MIPEJICTABICHO COOTHECEHHE O0pa30BaTENbHBIX PE3YJIbTATOB OOYYEHHS MO JUCIHMIUIMHE C
WHIUKATOPaMU JIOCTHKEHUSI KOMIIETSHIIN )

Komnerenmus u OO6pazoBatenbHbIE Pe3yIbTaThl AUCIUTITMHBI

WHJUKATOPBI € (aTansl popmMHpOBaHUS IUCHUIUIMHBI)

JIOCTH>KEHHS B 3HAeT yMmeer BIIajieeT

JUCIUIINHE

VK-1. Criocoben OP-1. 3Haet MeTOaBI OP-2 YMmeer OP-3 Bnaneer
OCYIIECTBIISATh TIOUCK, KPUTHUYECKOTO aHAJIN3a | IPUMEHSTh HaBbIKaMu pedriekchu
KPUTUYECKHUI aHAJIU3 U | U CUHTE3a CHCTEMHBII IOAXO0J IO TTOBOZLY
CHUHTE3 HH(POPMAIIHH, uHpOpPMAITIH JUTS PELICHUS COOCTBEHHOM U UyXOH
MPUMEHATHh CUCTEMHBIN MOCTABJICHHBIX 33/1a4 | MBICIUTEIbHOU
MOJXOJ AJIsl peIIeHUS NeATEeIbHOCTH

MIOCTaBJIEHHBIX 3a7a4
VK-1.2. Ilpumenser
jgoruyeckue GopMel u
MPOIIEIYPHI, CIIOCOOCH
K pedaexcuu mo
MOBOTY COOCTBEHHOU U
4y>KOM MBICIUTEIbHON

JIESITCIILHOCTH.
ITIK-1. Ciocoben OP-4. 3naer poib 1 OP-6 ymeer OP-7 Bnaneer
OCBaMBaTh U MECTO MaTEeMaTUKU B | OCYILECTBIISITh OTOOP | JEHCTBHUEM

HCII0JIb30BAaTh o0111eli KapTHHE y4e0HOTro IIPOEKTUPOBAHNUS




TEOPETUUECKHE HAYYHOT'O 3HAHUS, COZIEpKaHUsI ISl €70 | pa3IMuHbIX (OpM
3HaHUA U OP-5. 3naer peanusanuu B y4eOHBIX 3aHSATHH,
MIPaKTUYECKHE CTPYKTYpY, COCTaB U paznuHbIX popmax OP-8 Brnaneer
YMEHHUSI U HABBIKU B JIMTAKTUYECKHE o0ydJeHus B HABBIKOM MTPUMEHEHUS
MIpeIMETHOM €IIMHUIIBI COZICPXKAHUST | COOTBETCTBHH C Pa3IMYHBIX METO/IOB,
obyacTu mpu IIKOJIBHOTO Kypca COBPEMEHHBIMU TIPUEMOB U
pelieHun MaTeMaTHKH. TpeOOBaHUAMHU K TEXHOJIOTHH B
npodeccunoHaTbHBIX 00pa30BaHUIO. o0ydeHUn

3ajad. MaTeMaTHKe.
[IK-1.1. 3naer

CTPYKTYpY, COCTaB U

JUTaKTHYECKUE

€IMHUIIBI

MIPEAMETHOU

obnactu

(mpenosiaBaeMoro

npeaMeTa).

[IK-1.2. Ymeer

OCYIIECTBJISTH OTOOP

y4eOHOro

COJIep KaHUS IS €TO

peanu3aiuy B

pa3nu4HbBIX (hopmax

oOyueHus B

COOTBETCTBHUH C

TpeOOBaHUSIMHU

dI0C 00.

[1K-3. Cnocoben OP-9. 3naer OP-11 Ymeer OP-13. Braneer
dbopMupoBarth XapaKTePUCTUKY OKa3bIBaTh HaBbIKAMHU
Pa3BUBAIONIYIO JIMYHOCTHBIX, TMIeJJATOTHYECKYIO OpraHH3aIuH |
00pa3oBaTeNbHYIO NPEeIMETHBIX U HOJIEPXKKY MIPOBEICHHS 3aHATHH C
cpemy ISt MeTarpeIMETHBIX o0yJaroumMcs B UCTIOJTE30BaHUEM
JOCTUKEHHUS PEe3ysbTaToB B 3aBHCHMOCTH OT X BO3MOKHOCTEH
JTUYHOCTHBIX, KOHTEKCTE 00y4yeHusi | oOpa3oBaTeIbHBIX 00pazoBaTebHON
MPEIMETHBIX U MaTeMaTHKe; pe3yabTaToB, cpezpl A1
METanpeaMETHBIX OP-10. 3naer OP-12 Ymeer JOCTHKEHUS
pe3yIbTaToB 0COOEHHOCTH OpraHU30BbIBATh 00pa3oBaTeIIbHBIX
o0y4yeHHs UHTerpayn y4eOHbIi poriecc ¢ pe3y/bTaToB U
cpeacTBaMu Y4EOHBIX TIPEIMETOB | HCIIOJIb30BaHUEM o0ecrieueHust KauyecTBa
MIPETnoaBaeMbIX JUTSL OpraHu3aliK BO3MOXKHOCTEH y4eOHo-

y4eOHBIX IPEIMETOB. | pa3HbIX COCOOOB o0pa3oBarenbHOI BOCIIMTATEIILHOTO
I1K-3.1. Bnageer y4eOHOM Cpelbl U1 pa3BUTHSL | TIpoLiecca CpeICTBAMU
criocobamu JeSTEIILHOCTH. MHTEepeca K MaTeMaTHKH.
WHTETpaIun MIPEIMETY B paMKax

Y4eOHBIX TTPEIMETOB YPOUHOU 1

JUTSL OpTraHU3aluu BHEYPOUHOU

pa3BUBAIOIIEH NEeSITENILHOCTH.

yueOHOU

JeSTeTbHOCTH

(uccnenoBaTeNbCKOM,

IIPOEKTHOM,

IpyNIoOBOH U JIp.).




2. O0beM AHUCHUILIMHDI
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4.  Coaep:xxaHue JUCHUILIMHBI, CTPYKTYPHPOBaHHOE 1O TeMaM (pa3jesiaM) ¢ YKa3aHHeM

OTBCJACHHOI'0 HA HUX KOJINYECTBA AKAACMHU4Y€C€CKUX YaCOB U BU/10B y‘l@ﬁHLIX 3aHSATHH

3.1.Ykazanue mem (pazoenos) u omeedeHH020 HA HUX KOIUUECMEA AKAOEMUYECKUX UACO8 U

61008 yUEeOHBIX 3aHAMUIL

KomnunuecTBo yacoB 1o ¢popmam opranusanuy 00y4eHus

Hamvenonarmue paszena u Jlexunonnsie | [Ipaktuyeckue | Jlaboparopusie | CaMOCTOSTENb-
Tem 3aHATHS 3aHSTUS 3aHATUS Has paboTa
1 cemecTp
Bexropnas anrebpa u
P P 18 30 33
AHAIUTUYECKasi TeOMETpUs
DK3aMeH 27
Hroro no 1 cemectpy 18 30 - 60
2 cemecTp
I'eomeTpuueckue
P 6 10 23
npeoOpa3oOBaHMs
I'eomeTpuueckue
P 14 22 15
MIOCTPOCHHUS HA TUIOCKOCTH
MeTozapb! n300paxeHuit 4 8 15
OKk3ameH 27
Hroro no 2 cemectpy 24 40 - 80




3 cemecTp

OcHOBaHMSI TEOMETPUM U

3JICMEHTBI TEOMETPUH 18 30 33
Jlo6aueBckoro

DK3aMeH 27
Htoro no 3 cemecTpy 18 60 - 60
Bcero mo qucuumiuxe: 60 100 - 200

3.2.Kpamkoe onucanue cooepicanus mem (pa3oenos) OUCUUNTIUHbL
1 cemecmp
AHaJIMTHYeCKasi TeOMEeTPUA U BEKTOPHasA ajredpa

Hamnpapnennsie otpe3ku u BeKTOpbl. ClIOXKEHUE BEKTOPOB U €ro CBOMCTBA. PasHoCTh ABYX
BEKTOPOB. YMHOXKEHUE BEKTOpa HAa YHUCIO U €ro cBoiicrBa. CHCTEMbl JUHEHMHO 3aBUCHUMBIX U
JUHEMHO HE3aBUCHMBIX BEKTOPOB M MX cBoMcTBa. IIpu3sHakm KOJUIMHEapHOCTH U
KOMIUIAHAPHOCTU BEKTOPOB. BeKTOpHOE mnpocTpaHcTBO. ba3zuc BEKTOPHOrO IIPOCTPAHCTBA.
Koopaunatel BekTOopa B aaHHOM Oasuce. CkalsipHOe Ipou3BeneHue BeKTopoB. CBolicTBa
CKaJISIPHOTO IIPOM3BE/IeHUs. BhluncieHne cKaasipHOro Mpou3BeIeHUs 110 KOOPIMHATaM BEKTOPOB
B OpPTOHOPMHMpOBAaHHOM O0a3uce. OpueHTaluus IJIOCKOCTH U IPOCTPAaHCTBA. BekTopHOe
IIPOU3BENICHUE BEKTOPOB U €ro cBoiicTBa. CMeNIaHHOE TPOU3BEACHNE BEKTOPOB U €r0 CBOMCTBA.
KoopauHatsel TOYeK Ha IUIOCKOCTH M B IIpPOCTpaHCTBE. PemeHne mnpocredmmx 3anad B
koopauHatax. @opmMyibl npeoOpazoBaHus apPUHHON U MPSAMOYTOIBHON CHCTEM KOOpAMHAT Ha
wiockoctd. Dopmynbl npeobpazoBaHus apPUHHON cHCTEMBI KOOpPAMHAT B IPOCTPAHCTBE.
VYpaBHeHuss JMHUNA W noBepxHOcTed. IIprMeHeHHne BEKTOPHO-KOOPAMHATHOIO METOJA K
pPELICHNIO 3a/ady 3JEMEHTAPHOM TeOMEeTpUH. YpaBHEHHE NPSIMON Ha IUIOCKOCTH, 3a/laHHOM
pa3HbIMH crioco0aMu. YClIOBHE MapaieIbHOCTU BEKTOpa U npsiMol. PacmonoskeHue mpsimoit
OTHOCHUTENIBHO CHUCTEMBI KOOpAWHAT. B3anMHOE pacrosioKeHHe NBYX NPSMBIX HA INIOCKOCTH.
AHaIUTHYECKOE 3aJaHHUE NOJYIIIOCKOCTU. MeTpuieckue 3a1aul TEOPUH MPSIMON Ha TUIOCKOCTH.
VYpaBHeHUs] IUIOCKOCTH, 3aJaHHOM pa3IMYHbIMM crocobamu. B3aumHoe pacrnoniokeHnue
IJIOCKOCTH M CUCTEMBI KOOpJAWHAT. B3anMHOE pacrosiokeHHue ABYX IUIOCKOCTEH. YpaBHEHUs
npsiMOM B MpOCTpaHCTBE. B3anMHOe pacnojio’keHue ABYX NpsMbIX. B3anMHOe pacrnosioskeHue
IOpsIMOH M IUIOCKOCTH. AHAJIMTHYECKOE 3aJaHME IOJIYIPOCTPAHCTBA. MeTpuueckue 3anadu
TEOPUU NPAMBIX U IUIOCKOCTEN. [Ipuiioxkenne Teopuu NpsIMbIX U IJIOCKOCTEN K PEIICHUIO 3a/1a4
AIIEMEHTAapHON TeOMETpUH. ODIUIUIC, CBoOMcTBa ayunca. ['mmnepborna, cBoiicTBa THIepOOIIbI.
JupexropralibHOE CBOMCTBO 3sumnrica W rumepOosnbl. [lapabomna, cBoiicTBa mapabomsl. Obmiee
YpaBHEHHE KpHUBOW BTOpOro mnopszaka. IlepeceueHne kpuBOoil BTOpPOro MHOpsSAKa M IPSIMOM.
Acumnrornueckue HampasiieHus. L{eHTpbl KpuBBIX BTOpOro nopsnaka. KacareiabHble K KpUBBIM

BTOpOro nopsiaka. OnTuyeckue CBOMCTBA AJUIUIICA, TUIIEpOOIIbI, Mapabobl. JuaMmeTpbl KpUBBIX




BTOPOTO mopsAaka. Teopema 0 CONPSKEHHBIX IUAMETpax KPUBOM BTOPOro mopsiaka. ' aBHBIE
JMaMETPhI U TJIaBHbIE HAIIPABJIEHUs KPUBOM BTOPOro NOpsAAKa. XapaKTEpUCTUUECKOE YpaBHEHNE
KpuBOil BTOporo mnopsaka llpuBenenue oOmiero ypaBHEHUs KpPUBOMl BTOpOro mopsaka K
KaHOHHYeckoMy Buay. Knaccudukanuss KpuBbIX BTOporo mnopsaka. [loBepxHocTH BTOpOro
nopsiaka. Meron cedenuil. l{unmHapuueckne M KOHMYECKHE IOBEPXHOCTH B IIPOCTPAHCTBE.
[ToBepxHOCTH BpalleHHs B MPOCTPAHCTBE. DJUIMIICOMIBI W THUIEPOOJOUIbI, M HMX CBOWCTBA.
[Tapabonounns! 1 ux cBoiictsa. [IpsiMonuHeiiHbIE 00pa3yoIIKe MOBEPXHOCTEH BTOPOTO MOPSAKA.
2 cemecTp
I'eomeTpuyeckne nmpeodpazoBaHus

OTtobOpaxkenust u npeodpasoBanusi MHOKeCTB. [IponsBeneHue (KOMIO3UIMS) MpeoOpa3oBaHUH,
rpynna npeoOpa3oBaHuil. [[BUKEHHUS IUIOCKOCTU: MapajljiesibHbIM MepeHoc, BpallleHue, oceBas
CUMMETpPHUs, CKOJB3dllas CUMMETpHs, uUX cBoiictBa. CBoiicTBa JBM)XKEHHMH oOwIero BHJa.
OcHOBHas TeopeMa JABMKEHHH IIOCKOCTH. ['eomeTpuuecku paBHblEe (UIypbl U UX CBOWCTBA.
AHaIMUTUYECKOE BBIPAKECHUE ABUKEHUN IUIOCKOCTH. ['pymma JBMKEHUM TIUIOCKOCTH U €€
noarpynnsl. I'pynma cumMerpuii reomerpuueckoid ¢urypel. Knmaccubukamus aBrmKeHHN
wiockocty nepBoro pona. Teopema Hlana. Knaccudukanus IBHKEHUH IJIOCKOCTH BTOPOIO
pona. ['omoreruss u ee cpoiictBa. [lomobus miockoctu, cBoiictBa nmogobus. Kmaccudukarms
nogobuit miockoctu. ['pynma monobmit u ee moarpynnsl. [logoGHble ¢durypsl. AddunaHbie
npeoOpa3zoBanusi TuiockocTu. CBoiicTBa adPuHHBIX MpeobpazoBaHuil TIockocTH (OCHOBHAS
TeopeMa 00 apPUHHBIX NMpeoOdpa3oBaHUIX IIOCKOCTH. AHAIUTHYECKOE BhIpaskeHHe ad(PUHHBIX
npeoOpa3oBanuii  1uiockoctd. IlepcnekTuBHO-aduHHBIE  MpeoOpa3oBaHUs  MIOCKOCTH:
cBoiicTBa, BUABIL. ['pynna apduHHBIX npeodpa3oBaHUM IUIOCKOCTH U €€ MoArpynmnsl. MHBepcus
IJIOCKOCTH OTHOCHUTENIBHO OKpPYKHOCTH. CBOHCTBAa MHBEpPCHUH. AHAJINTUYECKOE BBIPAKEHUE
uHBepcUM IUIocKOoCcTH. [loHsATHMS O JABWXKEHMsAX npocTpaHcTBa. (CBOHCTBAa  JIBMIKEHUU
npoctpaHcTBa. IlpumMepsl aBmxeHuil mpocTpaHcTBa. llpuioskeHue TeopuM TIeOMETPHUUECKHUX
peoOpa3oBaHuil INIOCKOCTH K PEIICHHUIO 3a/1a4 3JIEMEHTAPHOU F€OMETPUH.

IHocTpoeHusi HA IVIOCKOCTH HUPKYJIEeM U JJUHeHKoi. OCHOBAHUSA reoMeTPUM
AKCHOMBI ITIOCTPOEHMSI LIUPKYJIEM M JUHENKOM. OcHOBHBIE OocTpoeHus. Cxema peleHus 3aaad
Ha nocTpoeHHe KOHCTpYKTHBHBIE MHOXXECTBA/T€OMETpUUYECKHE MecTa Touek MeTox
KOHCTPYKTUBHBIX MHOXecTB (Meton I'MT, mMeron mnepeceueHuil) mpu pemieHMH 3ajad Ha
noctpoenue. [IpumeneHne cBOWCTB JBUKEHNUN K PEIICHUIO 3a/1a4 Ha roctpoeHue. [Ipumenenne
CBOWCTB T'OMOTETHHM M TOJOOMS K PELICHHIO 33/a4 Ha MOCTpoeHue. AyreOpandeckuii MeToJ
pelieHuss 3ajad Ha MocTpoeHue. lIpuMeHeHue CBOICTB MHBEPCHMM K PEIICHUIO 3aJady Ha
noctpoenue. Kputepuit pa3pemmmMocTH 3a1a4 Ha MOCTPOEHUE LIUPKYJIEM U JIMHEWKON. 3aauu Ha

MIOCTPOEHNS, HEpa3pelIMMble IUPKYJIEM U JIMHEUKOM.



MeToabl n300pakeHust
[TapamienpHOE MPOEKTUpPOBaHUE U €ro cBoicTBa. lIoHsATHE O IEHTpanbHOM IPOEKTHPOBAHUU.
N300pakeHre MIOCKUX (GUIYp TpH MapajuleIbHOM HPOEKTHpoBaHWU. M300paskeHue
MHOTOTPaHHMKOB  IIpM  NapajUleIbHOM  IpoekthpoBanuu. Teopema  Ilosbke-IIIBapua.
N300pakeHre KpyriibIX Tel MpH MapajIebHOM HPOCKTUPOBAHUU. AKCOHOMETPHS M €€
cBoiictBa. IlonHble M HemonHble H300paxkeHUs. PelnieHne MO3MLMOHHBIX 3aJad Ha IOJIHBIX
nzoopaxenusx. [louarue o merone Monxa.
3 cemecTp
OcHOBaHUS TeOMETPUM U 3JIeMeHThI reoMeTpuu JlobayeBCKOro

[Tonsatue 00 akcHMOMAaTHYECKOM MeTojae. 1peOoBaHuUs, MPEIbSBISAEMbIE K CHCTEME AKCHOM.
HenpotuBopeunBoCTh CHCTEMBI aKCMOM Ha IpuMepe akcuoMartuku Beira. I[lonHota
HE3aBHCHMOCTb CHCTEMBl aKCHOM Ha IpuMmepe akcuoMatuku Beina. Cucrema akcuom
['mnsOepra u cnenctBus u3 akcuoM. IloctpoeHue eBKIMIOBOM r€OMETPUU Ha OCHOBE aKCHOM
Beiins HenpoTtuBopeunBocTh akcuomatuku ['mnbOeprta. [latbiil moctynat EBknnna u akcuoma
napayutensHocTh [Tneiidepa. Cymma yriioB TpeyroabHUKOB | MSTHIN nocTynaT EBkinmma. [lepas
u BTOpas TeopeMmbl Jlexxannpa. IlpemioxkeHus, DKBUBAJECHTHBIE AKCUOME IapajlIEIbHOCTH
(cyliecTBOBaHUE TPEYroJIbHUKA, CyMMa YIJIOB KOTOPOTO PaBHA JBYM IPSIMbBIM; CYILIECTBOBAHUE
YETBIPEXYTOJIbHUKA, CyMMa YIJOB KOTOPOTO paBHA YEThIPEM IMpPSIMBbIM; CYIIECTBOBAHUE
MOJI0OHBIX, HO HEPABHBIX TPEYrOJbHUKOB; KOJUIMHEAPHOCTh TPEX TOUYEK, PABHOYAAJIEHHBIX OT
OpsSMOi; BO3MOYKHOCTh OINMCAaTh OKPYXHOCTb BOKPYI JIIOOOTO TpPEyrojbHUKA; IepecedeHue
A000T0 MEpHeHAUKYJIsipa K CTOPOHE OCTpOro yria co BTOPOH CTOpPOHOI). AKcHoMa
napayuienpHocTi  JloGaueBckoro. CyMMa yIjloB TpPEYroJibHMKa M YEThIpEXYTroJbHHKA Ha
iockocT JloGaueBckoro. [Ipu3Haku paBeHCTBa TPEYroJIbHUKOB Ha IJIOCKOCTH JIoOaueBcKoro.
[TapannensHble npsMele 1o JloGaueBckomy. Ilpusnak mnapamiensHocTd. CyliecTBOBaHHE
napajjieNnbHbIX NpsMbIX 1o JloGaueBckoMy. YToJ mapajuielbHOCTH M ero cBoicTBa. DyHKIMSA
Jlo6aueBckoro. CBOICTBAa YETHIPEXYTOJIBHUKOB Ha IUIOCKOCTH JlobaueBckoro. CBolicTBa
napajuleJIbHBIX MPSAMBIX Ha miockoctu JloGaueBckoro. Pacxonsmuecs mpsMble Ha MIOCKOCTH
JloGaueBckoro: mpu3HaK U cBoWcTBa. OKpPYKHOCTb, KBUAMUCTAHTA U OPHIMKI Ha TIOCKOCTH
JlobGaueBckoro u ux cBoiicrBa. MuTepnperanus miaockoctu JlobaueBckoro (monens Kemnu-
KneiitHa Ha eBKJIMJIOBOW TUIOCKOCTH, Mojenb IlyaHkape Ha MOJYIUIOCKOCTH U [1p.).
HenportusopeunBocts muanumerpuu JlobaueBckoro. HezaBucuMocTh akCHOMBI TapasuIeIbHOCTH
[Ineiidepa ot ocranbHbIX akcuoM ['mnbOepra. ITloHATHS JUIMHBI OTpe3Ka, IUIOIIAAU
MHOTOYTOJIbHUKAa W oObeMa MHororpaHHuka. OO030p aKCHOMAaTHK IJIAHUMETPUH U

CTEPCOMETPHH, ITPEACTABIICHHBIX B HIKOJBbHBIX y‘—Ie6HI/IKaX



5. IlepeueHb Y4eOHO-METOAUYECKOr0 oO0ecmedYeHHs] I CAMOCTOSATEJNbHOH PadoThI
o0yyarommxcsi N0 JMCHUIJIMHE

CamocrosTenbHas padoTa CTyICHTOB SBJIAETCS 0cO00N (opMOIi opraHu3anuu y4eOHOro
nporecca, IPEACTaBISIOMmAs Co00H IUIAaHUPYeMylo, II03HABATENIbHO, OPraHU3AaLUOHHO U
METOJIMYECKH HAIPABIAEMYIO JESTeIbHOCTh CTYJEHTOB, OPHUEHTUPOBAaHHYIO Ha JIOCTH)KEHHE
KOHKPETHOTO  pe3yJjbTara, OCYIIECTBISIEMYl0 0€3 MpsAMOW  TOMOIIM  IPErogaBaTels.
CamocrosTenbHas paboTa CTYJEHTOB SIBJISETCS COCTaBHOM 4acThl0 y4yeOHOW paboThl U MMeeT
LENBI0 3aKpeIyIeHne W yriyOJeHHe MOJyYeHHBIX 3HAaHUH M HABBIKOB, IMOMCK U MPHOOpETeHHE
HOBBIX 3HaHUI, a TAK)KE BBINOJIHEHHE YUEOHBIX 3aJJaHUl, TIOATOTOBKY K MPEICTOALIMM 3aHATUSIM
u 9k3ameHy. OHa mpexycMaTpuBaeT, Kak MpaBWiIo, pa3paboTKy pedepaToB, HamUCaHUE
JIOKJIa/IOB, BBIIIOJIHEHHE TBOPYECKHX, WHAMBHUIYalbHbIX 3a/laHUM B COOTBETCTBUHU C y4eOHOM
IpOTpaMMOil (TeMaTHYECKUM TUIAHOM U3YyUYCHHS JAUCHUILIMHBI). Tema A Takoro BBICTYIUICHUS
MO’KEeT OBITh NpEeJIOKEHa IpernojaBaTeiaeM WM HU30paHa caMMM CTYJEHTOM, HO MaTrepual
BBICTYIUICHUSI HE JOJDKEH IyOJIMpoBaTh JIGKIMOHHBIA Martepuan. PedepaTtuBHbIE MaTepual
CIIY’)KUT JIOTIOJIHUTENIbHOW MH(poOpManueil uist paboThl Ha NPAaKTUYECKUX 3aHATUAX. OCHOBHas
IeJIb JAHHOTO BHA pabOTHI COCTOUT B 00YYEHHH CTYACHTOB METOJIaM CaMOCTOSITEIIbHON paboThI
¢ yueOHbIM MaTepuasioM. J[Jsl OJHOTBHI YCBOEHUS! TEM, BBIHECEHHBIX B NPAKTHUYECKUE 3aHSATHUS,
Tpebyercst pabora ¢ mepBoucTOUYHMKaMu. Kypc mpemycMmaTpuBaeT camMOCTOSATEIBHYIO paboTy
CTYAEHTOB CO CllelualbHOM JuTeparypoid. CiieyeT OTMETHTbh, YTO CaMOCTOsITeNIbHas pabora
CTYACHTOB PE3yJIbTaTHBHA JIUIIb TOT/A, KOT/Ia OHA BBIOJIHACTCS CUCTEMAaTHYECKH, IUTAHOMEPHO
U 1IeJICHAIIPABIIECHHO.

3amaHus  JUIE  CaMOCTOSITENbHON ~ pabOThl  MPEAYyCMATPUBAIOT  HCIIOJIb30BAaHHE
HEOOXO/JUMBIX TEPMHHOB W MOHATUH 1O mpobiematuke Kypca. OHM HaleIMBalOT Ha
NPaKTUYECKYI0 padOTy MO MPUMEHEHHIO M3y4aeMOro Marepuaia, MoucK oubimorpaduyeckoro
MaTepHaja U IEKTPOHHBIX MCTOYHUKOB MH(OpMALUY, WUTIOCTPATUBHBIX MaTEepUaoB. 3alaHus
[0 CaMOCTOSITEJIPHOH paboTe HaroTCs IO TeMaM, KOTOpble TpPeOYIOT OMOJIHUTEIHHON
npopabOTKH.

OO0muii o0beM CcaMOCTOATEIbHOW pabOThl CTYAEHTOB IO JUCLUIUIMHE BKIIOYACT
ayJUTOPHYIO U BHEAYJAUTOPHYIO CAMOCTOSITEIbHYIO Pa0OTy CTYJACHTOB B TEUEHUE CEMECTpa.

AyIUTOpHAs CaMOCTOSTENbHAS padoTa OCYIIECTBISAETCS B ()OpPME BBHITIOTHEHUS TECTOBBIX
3aJaHuii, Kelc-3a/1a4, NHCbMEHHBIX IPOBEPOYHBIX PAOOT MO AUCHUILIMHE. AyIUTOpHas
caMocTosATeNnbHas paboTa obecrieyeHa 0a30i TECTOBBIX MAaTEPUANIOB, Keic-3a/1ad 1O pasjenam
JUCLUTUIMHBL.

BHeayauTopHas camocTosTenbHas paboTa ocylecTBiIseTcs B hopMax:

- TOJATrOTOBKM K YCTHBIM BBICTYIUICHHSIM II0 MaTepHalaM JICKIWH, CaMOCTOSTEIbHBIX JOKJIAJIOB,
MIpE3eHTalINIA;

- IIOATOTOBKU TE€CTOB I10 BOIIPOCAM IMPOTrpaMMbl

- JOMaIIHuX 3a[[aHPII>i AJI1 CaMOCTOATCIILBHOI'O peIICHUA

3adanus ona munogvix KOHMPOILHLIX pabom
OC-1. KoutpoabHas padora Ne 1

1. Jan napamrenenunen ABCDAB C DO - Touka nepeceuenus ero quaronaneid, M, N, P u Q -
. —_— —— — —
cepenuHbl 00koBBIX cTopoH AA ', BB, CC’u DD’ HaliTn KoOpIMHATHI BEKTOPOB AE", A'C", AP . BQ
— - — — —
u OC'B Oa3uce: &, = 04,8, = 0B.&, = 0D.
2. Tlo mpuBeAeHOMY HHXE PAaCCYKACHHIO Mo qokasarensctBy Jemmbl AB =CD < AC =BD

JaTh 3aKJIIOYCHUC O IMOJHOTE M IMPAaBUJIBHOCTH I3TOTO PACCYXKIICHUA. HpI/I HeO6XOJII/IMOCTI/I

MOIIPaBUTh UJIN JOIOJIHUTE PACCYKICHHUEC!



«Tax xak AB=CD , TO U3 OIpPENEIICHUS PAaBEHCTBAa BEKTOPOB IOjy4yaeM, 4To AB I D u

AB=CD, orkyna cnegyer, uto ABDC mnapamnenorpamm. B mapamnenorpamme

IIPOTHMBOIIOJIOKHBIE CTOPOHBI PaBHBI U Napamiensbhbl, nosromy AC | BD u AC = BD, a 3naunr
AC = ED».

3.Haiitu Beicoty DH Terpasnpa ABCD, ecnu: AB 13;1;1}, A_r:>{0;-1;2}, ;ﬁ{-4;3;1}.

4. Ucnonb3ys BEKTOphl Ha IIJIOCKOCTH, HAWAMTE KOCHUHYC Yyrja Mexay MeauaHod AM u
ouccextpucoii BE npsiMoyronbHoro tpeyrosnbauka ABC ¢ npsmbeiM yriiom C, ecniu AC=4,BC=3.

5. ChopmynupyiTe C TIOMOIIBIO BEKTOPHBIX COOTHOIICHHH YTBEPKICHHE O CBONCTBAX

KBaJipara.

OC-2. KoutpoabHas padora Ne 2
1. larbl KOOpAMHATHI YeThIpeXx BepinH napamuienenunena ABCDA'B'C'D'. Onpenenuth

KOOpAWHATHI OCTAJIbHBIX BCPUINH:

A(2;3;-1), B(4;0;2), C(1;1;-6), A’(1 -3;-4).
2.Jlanbl ypaBHEHUS NIByX CTOpOH pomba: x+2y-1=0, x+2y+3=0 u ero gmaronamu: x+y=0.
Haiitu ypaBHeHuUs AByX APYruX CTOPOH.
3. Jlanbl ypaBHeHUs IIockocTer o 4x+2y+2z-3=0 u B: 4x+2y+2z-6=0. Haiitu ypaBHeHue ux
IUIOCKOCTH CUMMETPHH.
4 HaiiTu  ypaBHEHHE OpTOrOHAJbHOW  mpoekuun nOpsmoir | Ha  mimockocTe 7
I:{ 2X+y—2z=0,

4x-y—-2z-14=0,
m3X+2y-z-1=0.
5. Jlan napamienenunen ABCDABC D’ M — cepenuna pebpa A4 . Ucnonb3ys MeTo
KOOpAMHAT, HAlTH yron Mexay riockoctsimu MDC’u ABC, ecnu AB=2, AD=3, AA"=6.

OC-3. KontpoJubHas padora Ne 3
1. Onpenenuts BUAJIMHUMA BTOPOTO MOPSAIKA 3x7 —2xy + 3y +4xr + 4y —4 =0,

2. Hanummre YpaBHCHHC 06H_ICFO AnaMeTpa ABYX JIMHUI BTOPOTO IMOpAJAKA:

Frrxt—2xy —y  —2x —2y =0 u yxt—2xy +yS —2x — 2y =0,

3.CocTaBbTe KAHOHUYECKOE YPaBHEHHE TUNEPOOIIBI, ECITH €€ SKCIIEHTPUCUTET PaBeH V3, a 0JHa
U3 BepIIUH uMeeT koopauHatsl (-2,0).

OC-4. KoutpoabHas padota Ne 4
1. JlaHOo aHaMMTUYECKOE BbIpaXXeHHE MPeoOpa3oBaHus MIIOCKOCTH x' = 2x — 3y,

¥y =3x + 2y — 2. YKa3aTh €ro BUJl U HAUTH 3JIEMEHTHI, €r0 ONMPEACISAIOININE.



2. Haiftm aHamuTHYECKHE BBIPAXKEHUS TMEPCHEKTUBHO-aQGUHHOTO TMpeoOpa3oBaHus, s
KOTOPOTo mpsiMas | siBIsieTCsT OChIO, MPH YCIOBUH, YTO TOuka P mpeobpasyercss B Touky Q :
lix—2y+1=0, P(-11), Q-1).

3. TIloctpouts 00pa3 u mpooOpa3 OKPYKHOCTH TMpPU TOMOTETHH, 3aJaHHOW Mapoi
COOTBETCTBEHHBIX MPSMBIX U HHBAPUAHTHOU MIPSIMOH.

4. Yepes LEHTp MPaBUIBHOIO TPEYrOJIbHUKA ITPOBEAEHBI JIBE MPSAMBIE, YIOJ MEXIY KOTOPBIMU
paBeH 60°. Jlokakute, MCIOJB3Yysl CBOMCTBA MOBOPOTA, YTO TPEYrOJbHUK BBICEKAET HA ITUX
IPSIMBIX JIBA PABHBIX OTPE3Ka.

OC-5. KonrpoabHas padora Ne 5
1. Tloctpouts Tpeyronsuuk ABC, 3Has ctopony BC, yron B u menuany AM.

2. TloctpouTh TPEyroiibHUK MO BbICOTaM N, N 1 Meauane mp.

3. [aubl nBe BepmuHbl 4 M B TpeyroibHUKa W IpsMas, cojAepkaiias OUCCEKTpUCY
TPEYrojbHUKa, Mpoxoasuyto yepes Bepmuny C. [Toctpoiite Tpeyronsauk ABC.

4. IlocrpoliTe NpSIMOYTOJbHUK 10 CTOPOHE Y OTHOLIEHHIO IPYroi CTOPOHBI K AMATOHAIIY.

OC-6. KontpoabHas padora Ne 6
1. JlaHno uzoOpakeHue paBHOOCIPEHHOTO TPEYroJIbHUKA, BRICOTAa KOTOPOTO PaBHA OCHOBAHHUIO.

[TocTpouts n300paxeHune IByX APYTUX BBICOT.

2. TloctpouTh ceyeHne MATHYTOIBHON MPU3MBI TUIOCKOCTHIO, 33/IaHHON TPEMs TOUKaMH TakK,
YTO OJIHA JIEKUT Ha MJIOCKOCTU HUKHETO OCHOBAHMS, a JIBE Ipyrue — Ha ee OOKOBBIX pedpax.

3. Tloctpouts ceuenue nsaTuyroipHoi nupamuibl SABCDE ni0oCcKOCTbIO, MPOXOASIIEH yepes3
TOUYKY OCHOBaHUS NapajieiabHo rpanu SBC.

4. Jlano uzoOpaxkenue mumHapa. [loctpouts n300pakeHne NpaBUIIbHOM MIECTHYTOJIbHOM
IIPU3MBI, OIIMCAHHOW OKOJIO 3TOr0 LWIMHIpA

OC-7. KontpoabHas padora Ne 7
1. Jloka3zaTe, yTo mepBasi akcuoma akcuoMatuku Beitnst adhduHHOrO IpOCTpaHCTBA HE 3aBUCHUT

OT BTOPOI aKCHOMBI
2. Ecnm mpsMas a He MPOXOAMT Yepe3 BepIIMHBI TpeyronbHHka ABC, TO OHa HE MOXKET
MepPECeKaTh BCEX TPEX CTOPOH TPEYTOJIbHUKA.
3. Jlokaszath ciemyromiee yTBEpXKJICHUE: ABYNpsAMOyroibHUK ABCD ¢ ocHoBanueM AB
ABIIIETCS 4YeThIpEXyroiabHUKOM Cakkepu Torza M Toibko Torda, korma yriel C u D
KOHT'PY?HTHBI.

Jlna camocmoamenvHoil N0020OMO6KU K 3AHAMUAM RO OUCHUUNIUHE DEKOMEHOYemC

Ucnoib3oeambs yueﬁno-memoduuecxue mamepuaiiol:

1. I'pummmuaa C.A., KyBmmnoBa A.H., KypeneBa T.H., UepeBarenko O.U. I'eomerpusi:
yuebHo-MeToinyeckoe rnocobue. Yactp 1. — Yapauosck: Yal'TlVY, 2017. - 12 c..
2. I'pummmuaa C.A., KyBmmnoBa A.H., KypeneBa T.H., UepeBarenko O.M. I'eomerpus:
yuebHo-MeToinyeckoe rnocobue. Yactp 2. — Yipanosck: Yal'IlVY, 2017. - 11 c..



3. ITpokonbes I'.C., CannaeBa I'.B. Meroauueckue yka3aHus U KOHTpoJbHas pabora Ne 1
nmo teme «['eomerpust Ha TuIOCKOCTW». [l CTymeHTOB — 3aouHMKOB | Kypca ¢usuko-
MaTeMaTH4ecKoro (hakynbreTa.- YIbsHOBCK, 1996. (bubaunorexa Yal'IIV).

4, [IpokonweB I'.C., YepeBarenko O.M. Meroauueckne peKOMEHIALMU W KOHTPOJIbHAS
pabora Ne 2 mo teme «l'eomerpust B mpocTtpaHcTBe». [lJisl CTYAEHTOB — 3a0YHUKOB 2 Kypca
bu3uKo-MaTeMaTH4YeCKOTo (hakynbrera .- YibsHoBCK, 2010. (bubmuorexa Yal'IIV).

S. I'pummna C.A., KyBmmnoBa A.H., Kypenea T.H., YepeBarenko O.U. I'eomerpus:
yaeOHO-MeToanueckoe mocoodue. Yactp 3. — Yabsaosck: Yal'TIV, 2017. - 112 c..

6. KypeneBa T.H. Meronnueckue ykazaHust 1 KOHTpoJsibHas padora Ne 3 mo teme «MeTo bl
uzobpaxenuit. [IpoexktuBHas reomerpus». s CTyneHTOB — 3a0YHHUKOB 3 Kypca (U3HKO-
MaTeMaTH4ecKoro (hakynbreTa .- YIbsiHOBCK, 2004. (bubmmoteka Yal'IIVY).

6. IIpumepHble OLEHOYHbIE MaTepHAJbl /Il TMPOBeAeHHS TeKYyllero KOHTPOJS
yCIeBaeMOCTH M MPOMEKYTOUYHOM aTTeCTAlMH 00y4aIOIMXCH M0 IMCUHUILIHHE

Opranusanus u NpoBe/ieHUe aTTeCTAllMH CTyAeHTa

®I'OC BO opueHTHpOBaHBl NPEUMYILIECTBEHHO HE Ha COOOILEHHE OOyyaroeMycs
KOMIUIEKCA TEOPETUYEeCKUX 3HAaHWH, HO Ha BBIPAOOTKY Yy OakamaBpa KOMIICTCHIMHA —
JMHAMUYECKOro Habopa 3HaHWH, YMEHUN, HAaBBIKOB M JINYHOCTHBIX KaueCTB, KOTOPbIE IO3BOJISAT
BBIITYCKHUKY CTaTh KOHKYPEHTOCHOCOOHBIM Ha PBIHKE TpyJda M YCHEIIHO MPOo(peCCHOHAIBHO
peaIn30BbIBATHCA.

B npouecce onenku 6akanaBpoB HEOOXOAUMO UCIIONB3YIOTCS KaK TPAIUIMOHHBIE, TaK U
MHHOBAI[MOHHBIE THIbI, BUJIBl U (GOpMbI KOHTpOJs. [Ipy 3TOM MOCTENEHHO TpaIulMOHHbIE
CPEICTBAa COBEPLICHCTBYIOTCS B pYCJI€ KOMIIETEHTHOCTHOTO II0/IX0/la, @ WHHOBAllMUOHHBIE
CpeZCTBa a/IalITUPOBAHBI JUIsI IOBCEMECTHOTO IPUMEHEHUS B POCCUICKON BY30BCKOI IpaKTHKE.

Llenpr mpoBeneHnsi aTrecTallMid — IPOBEpPKAa OCBOEHUS OOPAa30BATEIbHOW IMPOTPAMMBbI
JUCLUTUTMHBI-IPAKTUKYMa Yepe3 CPOPMHUPOBAHHOCTh 00pa30BaTEIbHBIX PE3YIbTATOB.

IIpomeskyTouHasi aTrrecTanMsi OCYLIECTBISIETCS B KOHIE CEMECTpa U 3aBeplIacT
W3Y4YEHHE AMCLMIUIMHBL, I[OMOraeT OLCHUTh KpPYIHBIE COBOKYINHOCTH 3HAHMH W YMEHUH,
dbopMHUpOBaHHE OTIPEACIICHHBIX KOMIIETEHITUH.

ONEHOYHBIMHA CpPEACTBAMH TEKYIIETO OLEHUBAHHUSA SBISIFOTCS: JIOKJIAA, TECTHl TIO0
TEOPETUYECKHM BONpOCaM JUCHUIUIMHBI, 3alllUTa NpakTUYecKux pador u T.m. KoHTpoib
YCBOGHHsI MaTepuaia BEAETCS PEeryiIsipHO B TEUEHHE BCEro CeMecTpa Ha TPaKTHYECKUX
(ceMUHapCKUX, 1aOOPATOPHBIX ) 3aHATHUSX.

Ne CPEICTBA OUEHUBAHUWA, OObpazoBaTenbHbIe
H/H HCIOJIb3YyEMbIC JId TCKYILICTO OLICHNBAHUS TOKA3aTCJIsA pe3yJIBTaTBI JTUCLUATUIUHBI
q)OpMI/IpOBaHI/IH KOMIICTCHIIMH
Ouenounnle cpeacTpa A Tekymeil arrecranun | OP-1. 3HaeT MeToABI KPUTUUECKOTO
OC-1 Kontponbnas padora Ne 1 aHaJIM3a U CUHTE3a HHPOPMAITUU
OC-2 KonTposnbHas pabota No 2 OP-2 YMeer npuMeHSATh CUCTEMHBIN
OC-3 KontponbHas padora Ne 3 OJIXOJT JUTS PEIICHHST TOCTABICHHBIX
OC-4 KonTposnbHas pabota Ne 4 3ama4y
OC-5 KontponbHas pabora Ne 5 OP-3 Braneer HaBbIKaMH
OC-6 KOHTpOJ'IBHaﬂ pa60Ta No 6 pe(bHeKCI/II/I 110 MoBOAY cOOCTBEHHOI
OC-7 KontponbHas pabota Ne 7 ¥ 9y)KOH MBICTHTEIILHOM
JIeSATEIIBHOCTH
OP-4. 3naet poab U MeCTO
OueHoYHBIE CPEICTBA IS IPOMEKYTOYHOI MaTeMaTHKH B 001l KapTHHE
aTTecTalluu HAy4YHOTO 3HAHMS;




3a4eT (IK3aMeH)
0C-8-10 Dk3ameH B hopMe YCTHOTO
cobecenoBaHUs

OP-5. 3Haer cTpykTypy, COCTaB M
JTUJAKTUYECKUE €AMHUIIBI
COJlep’KaHUs  HIKOJBHOTO  Kypca
MaTEeMaTHKH.

OP-6 ymeer oCyIIECTBIATH OTOOP
y4eOHOro COJAEp)KaHUsS U1 €ro
peaMzalud B Pa3NUYHBIX (hopmax
oOydeHHUss B  COOTBETCTBHH  C
COBPEMEHHBIMH  TPEeOOBaHHUAMH K
00pa3oBaHUIO.

OP-7 BrnazmeeT nelcTBUEM
MPOSKTUPOBAHMSI PA3TTUYHBIX (HhOpM
y4eOHBIX 3aHATHH,

OP-8 BIIAJICET HaBBIKOM
MPUMEHEHUS Pa3jIMYHbIX METOJIOB,
MIPUEMOB M TEXHOJIOTUH B OOY4YECHHH
MaTeMaTHKe.

OP-9.  3HaeT  XapaKTEpUCTHKY
JTUYHOCTHBIX, PEIMETHBIX "
METanpeIMETHBIX  Pe3yJbTaTOB B
KOHTEKCTE O0yUICHHSI MAaTEeMAaTHKE;
OP-10. Birageet HaBBIKOM
MIPUMEHEHHUSI Pa3JIMYHBIX METO/IOB,
MIPUEMOB U TEXHOJIOTUN B 00y4YeHUU
MaTeMaTuKe.

OP-11 Ymeer oka3biBaTh
MearOTHYECKYIO TTOIICPKKY
00y4JaromuMcst B 3aBUCUMOCTH OT HX
00pa30BaTeNbHbIX PE3YyIbTATOB;
OP-12  Vmeer  oOpraHu3oBbIBaTh
yueOHBIN porecc c
HCII0JIb30BaHUEM BO3MOKHOCTEMN
o0pa3oBaTesbHON cpensl TUIs
pa3BUTUSL MHTEpEca K MpPEeIMETy B
paMKax YpOYHOM H BHEYPOYHOH
JIeATETbHOCTH.

OP-13. Binaneer HaBbIKaMu
OpraHu3alu U NpOBEICHUS
3aHATHI C UCIIOJIb30BAaHUEM
BO3MOYKHOCTEH 00pa30BaTeIbHOM
Cpeabl IS TOCTHKEHUS
00pa3oBaTeNbHBIX Pe3yabTaTOB U
obecrnieueHus

Onucanue OIEHOYHBIX CPEICTB M HEOOXOAUMOIo 00OpYyIOBaHHS (IEMOHCTPAIIMOHHOTO
MaTtepuaia), a TaK >Ke MpOoIenypbl M KPUTEpUU OLECHUBAHUS HHIUKATOPOB JIOCTHKEHUS
KOMIIETEHIIMI Ha Pa3IMYHBIX 3Tanax ux (OpMUPOBAHUS B MPOIIECCE OCBOCHMS 00pa30BaTeIbHON
nporpaMMmel  mpexacraBieHsl B (DOHAE OLIGHOYHBIX CPEICTB I TEKYLIETO KOHTPOJIA
yCIIEBAaEMOCTH M MPOMEKYTOYHOMN aTTecTalluu 1o quciuminbe «I'eomerpusi».




Mamepuanwl, ucnoyb3yemole 01 MEKyuLe20 KOHMPOJis yCHesaemMocmu
odyuarowuxca no oucyuniune
Matepuaibl J1Jis OpraHU3aliK TeKYIIeH aTTECTAllMK MPEACTABICHBI B 1.5 MPOrpaMMEI.

Mamepuansl, ucnoyb3yemole 011 RPOMENCYMOUHO20 KOHMPOJISL YCREGACMOCHU
odyuarowuxca no oucyuniune

IlepeueHb BOMPOCOB K IK3aMeHY
OC-8. 1 cemecTp

AHaJINTHYeCKAs TeOMETPUS U BEKTOPHAasA ajiredpa

1.

10.

11.

12.

13.

14.

Hanpagsnennsie otpe3ku u BeKTOpbl. ClioKEHHE BEKTOPOB U €ro CBOMCTBA. PasHOCTh ABYX
BEKTOPOB.

YMHOKEHUE BEKTOpa Ha YUCIIO U €r0 CBOMCTBA.

CucreMbl JMHEWHO 3aBUCHUMBIX U JIMHEHHO HE3aBUCHUMBIX BEKTOPOB M HMX CBOMWCTBA.
IIpu3HaKy KOJUIMHEAPHOCTH ¥ KOMIUIAHAPHOCTU BEKTOPOB.

Bekroproe mnpocrtpancTBo. ba3uc BekTOopHOro mnpocrpancTBa. KoopaunaTtel BekTOpa B
IaHHOM Oasuce.

CkansipHO€E Ipou3BenieHHE BEKTOpOB. CBONCTBA CKaJIsPHOIO IpOM3BeleHUs. Brruncienue
CKaJISIPHOT'O IIPOU3BE/IEHUS 10 KOOpAMHATAM BEKTOPOB B OPTOHOPMHUPOBAHHOM Oazuce
OpueHTanus IJIOCKOCTH M IPOCTpPAaHCTBA. BekTOopHOE Npou3BENEHHE BEKTOPOB U €ro
CBOMCTBA.

CMelraHHO€E IPOU3BEIEHNE BEKTOPOB U €0 CBOMCTBA.

KoopauHatel TOYEK Ha IUIOCKOCTH M B IPOCTPAaHCTBE. PemieHwe mpocTermmux 3anad B
koopauHatax. @opmynsl npeodpazoBanus ahGUHHON U PAMOYTOIBHONW CUCTEM KOOPAUHAT
Ha 1wiockocTH. Dopmynsl mpeoOpa3oBaHus adGUHHOW CHUCTEMBI KOOpJIMHAT B
IIPOCTPAHCTBE.

YpaBHEHUS JIMHUNA U IOBEPXHOCTEH.

[IppuMeHeHHEe BEKTOPHO-KOOPAMHATHOIO METOJAa K PEIICHUI0 3a4ad  3JEMEHTapHOU
TEOMETPHH.

VYpaBHeHHe TpsAMOM Ha IUIOCKOCTH, 33JaHHOW pa3HbIMU cHoco0amu. YciIoBUE
NapaJUIeJIbHOCTH BEKTOpa M MpsAMOW. PacrmosiokeHue NIpsAMON OTHOCHUTEIBHO CHCTEMBbI
KOOpJHMHAT

B3anMHOeE pacnonokeHne IByX NpsAMbBIX Ha INIOCKOCTH.

AHanUTHUYECKOE 3aJaHue MOJYIUIOCKOCTH. MeTpudeckue 3ajadyd TEOpUM IpsMOM Ha
IIJIOCKOCTH.

VYpaBHeHHs] TUIOCKOCTH, 3aJaHHOW pa3iauYHbIMH criocoOamu. B3aummHoe pacmonoxeHue

IJIOCKOCTH U CUCTEMBI KOOPAHWHAT. Bzanmnuoe PACIIOIOKECHNEC IBYX IUIOCKOCTEH.



15. VpaBHeHus npsmoii B MpOCTpaHCTBE. B3auMHOe pacrmoyiokeHue NBYyX MpsMbIX. B3aumHoe
PaCIIONI0KEHUE MPAMOUN U TIIOCKOCTH.

16. AnanmuTHueckoe 3aJaHUE MOJIYNPOCTpaHCTBA. MeTpuYecKkue 3a1addl TEOpPUU MPSMBIX M
IIJIOCKOCTEH.

17. TlpunoxeHue TeOpUH MPSIMBIX U IJIOCKOCTEN K PELICHUIO 3ajjay 3JIEMEHTapHOM F€OMETPHH.

18. Dmurc, cBOiCTBa dJIIUIICA.

19. T'unepGona, cBOWCTBA TUIIEPOOIHI.

20. JlupexTopuaabHOE CBOMCTBO 3JUTHIICA M TUIIEPOOJIBI

21. Ilapaboma, cBoicTBa mapaboIbI.

22. OOmee ypaBHEHHE KpHUBOH BTOporo mopsiaka. IlepeceueHue KpuBOil BTOPOro mopsaka U
IPSAMON. ACUMIITOTUYECKUE HAIIPABJICHMUS.

23. LleHTpBl KPUBBIX BTOPOTO MOPSAIKA.

24. KacaTenpHble K KpUBBIM BTOpOro nopsjaka. OnTHueckue CBOMCTBA JIIMIIca, TUIEPOOIIbI,
napaboJibl.

25. JlmaMeTpbl KpHBBIX BTOpOTO ToOpsaka. Teopema O CONPSIKEHHBIX JHAMETPax KPHBOMH
BTOPOTO NOpsiAKa. [ 1aBHbIE 1aMeTphl U IV1aBHBIEC HAIPABIECHUS KPUBOW BTOPOTO MOPSAKA.

26. XapakTepuCTHUECKOE YpaBHEHUE KpuUBOM BTOporo mnopsaka [IpuBenenue obiero
yYpaBHEHHsI KPHBOH BTOPOTO IMOpsJKAa K KaHOHHYeCKoMy BuAy. Knaccudukammss KpuBbIX
BTOPOTO MOPSAKA.

27. TloBepXHOCTH BTOPOIO MOpPsiIKa. MeTo]1 CeYeHUH.

28. unuuapuyeckre U KOHMUECKUE MTOBEPXHOCTH B IPOCTPAHCTBE.

29. TloBepxHOCTH BpalieHHUs B IPOCTPAHCTBE.

30. DuMriconbl ¥ TUIEPOOIOUIBI, U X CBOMCTBA.

31. ITapaGomousl M UX CBOMCTBA.

32. TIpsmonuHeiiHble 00pa3yrolire TOBEPXHOCTEH BTOPOro MopsiaKa.

OC -9. 2 cemecTp

I'eomeTpuueckue npeodpazoBaHus

1. Otobpaxenuss u  mpeoOpa3oBaHuss  MHOXeCTB.  [lpousBeneHue  (KOMIO3MIIKSA)

npeoOpa3oBaHuil, rpyma npeoopa3oBaHUiA.

2. JIBwkeHHWS IUIOCKOCTH: TapaJIeNIbHBIA TIEPEHOC, BpallleHHe, oOceBas CHMMETpUs,

CKOJIB3S1I1asi CHMMETPHSI, UX CBOWCTBA.

3. CaoiicTBa IBMKEHUH 00IET0 BUJIA.

4. OcHOBHas TeOpeMa JIBUKEHHUN TIOCKOCTH.

5. T'eomerpuuecku paBHbIe (PUTYPHI U UX CBOMCTBA.



6. AHaTUTHYECKOE BBIPAKEHUE NBIKCHHH IJIOCKOCTH. ['pymnma NBYKEHHH TJIOCKOCTH U €€
NOArpynusl. ['pynma cuMMeTpuii TeOMETPHUUECKON (DUTYPHI.
7. Knaccudukanus ABHKEHUN TIOCKOCTH niepBoro pona. Teopema [ams.
8. Kunaccudukanuus aBuKeHUH INIOCKOCTH BTOPOTO poJa.
9. TomoreTus u ee cBOIiCTBa.
10. TMomoOus mnockocTH, cBoiicTBa momoOus. Knaccudukamus momobuii miuockoctu. ['pymma
noao6uit u ee noarpymnmsl. [logo6ubie GuUryps.
11. Addunnasie mnpeoOpasoBanuss 1uiockoctd. CBoiictBa addUHHBIX MpeoOpa3oBaHMI
IUIOCKOCTH
12. OcnoBHas Teopema 00 appuHHBIX TPeoOpPa30BaAHUIX TIOCKOCTH.
13. AnanmutHueckoe BeipakeHUE a(GUHHBIX MPeoOpPa30BAHUN TIIOCKOCTH.
14. TlepcnektuBHO-adPuHHBIC MPE0OPa30BAHKS TUIOCKOCTH: CBOWCTBA, BUJIBI.
15. I'pynna apduuHBIX MTpeoOpa3oBaHMil MIIOCKOCTH U €€ TOATPYIIIbI.
16. MuBepcus MIOCKOCTH OTHOCHUTENIBHO OKpYKHOCTH. CBOWCTBa MHBEPCHH. AHAIUTHYECKOE
BBIPaXCHHE NHBEPCUH INIOCKOCTH.
17. Tlonstus o IBMXKEHHUsAX mpocTpaHcTBa. CBoiicTBa IBMXXKEHUI mpocTpaHcTBa. llpumepsr
JIBYODKEHUH ITPOCTPAHCTBA.
18. IlpunoxeHne TEOPHUH TEOMETPUYECKHX IMPEeoOpa3oBaHUN IUIOCKOCTH K PEHICHUIO 3a/ad
AJIEMEHTapHON F€OMETPHH.
ITocTpoeHnst Ha MJIOCKOCTH LUPKYJIEM U JTHHelKoH. OCHOBaHMS reoMeTpHH
1. AxcuoMbl mocTpoeHHs LUpKylIeM U JnHeikol. OcHOBHbIE mocTpoeHus. Cxema peleHus
3a/1a4 Ha MOCTPOECHUE
2. KoHCTpyKTHBHBIE MHOXECTBA/TEOMETPHIECKHE MECTA TOUEK
3. Meton KOHCTPYKTHBHBIX MHOXecTB (meron I'MT, meron mepecedyeHuil) mpu peLieHUU
3a/1a4 Ha IOCTPOCHHUE.

IIpuMeHeHne CBOMCTB IBUKEHHUM K PEILICHUIO 337a4 Ha IOCTPOEHUE.

[IpumeneHne CBOMCTB TOMOTETHH | MOJ00MS K PEIISHHUIO 3a7a49 Ha TOCTPOEHHE.
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6. Aunrebpanueckuil METOJ pelIeHus 3a/1a4 Ha IIOCTPOCHUE.

7. TlpumeHeHHe CBOWCTB MHBEPCHHU K PELICHUIO 33]a4 Ha TOCTPOCHHE.

8. Kpurepwuii pa3pemmmmMocTH 331249 Ha MOCTPOSHUE IUPKYJIEM U JIMHEHKOH.

9. 3amaum Ha MOCTPOEHUS, HEPA3PEIINMBbIC IIUPKYIIEM U THHEHKOH.

Metoab! n300pakeHust

1. TlapamnenbHOoe TPOEKTHPOBaHHME M  €ro cBoicTBa. IloHATHE O  LEHTPaJIBLHOM

IIPOEKTUPOBAHMH.

2. Hzobpaxxenue miockux GUryp npu napaielbHOM MIPOSKTHPOBAHUH.



3. MHM3oOpaxkeHne MHOTOTPAHHHWKOB IMPH TMapauieIbHOM TpoekTupoBanuu. Teopema Ilombke-

[IIBapua.

4. H300paxkeHHe KpyIibIX TeJ IPU NapauieIbHOM IIPOEKTUPOBAHUH.
5. AKCOHOMETpHS U €€ CBOMCTBA.

6. IlosHbBIC U HEMOJIHBIE U300PAKEHUS.

7. Pemienue mo3MIMOHHBIX 3a/1a4 Ha MOJIHBIX H300paKEHUSX.

8. Tlonsarue o merone Monxa.

OC - 10. 3 cemecTp
OcHOBaHUS TeOMETPUM U 3JIeMeHThI reomeTpuu JlodaueBckoro
1. Tlonsatue 00 akcuomMaTuyeckoM merone. TpeOoBaHMs, MPEIbSBIsAEMbIE K CUCTEME aKCHOM.
HenpoTuBopeunBOCTh CHCTEMBI aKCHOM Ha IIPUMEPE AKCUOMATUKK Beis.
[TonHOTa M HE3aBUCUMOCThH CUCTEMBI aKCMOM Ha IMPUMEpPE aKCUOMAaTUKHU Bews.
Cucrema akcuoM I'minb0epra U CIeICTBUS U3 aKCHOM.

ITocTpoeHne eBKIMI0BOM F€OMETPUN Ha OCHOBE aKCUOM Bels

2
3
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5. HenporusopeunBocTh akcuomatuku ['mib0epra.
6. ILareiit noctynat EBkinaa u akcuoma napaiensnoctu [lneidepa.

7. CymMma yrioB TpeyroibHUKOB U MATHIN MocTynaT EBkina.

8. [Ilepsas u BTOpas Teopemsl Jlexxanapa.

9. [IlpemnoxeHusi, SKBUBaJCHTHBIE aKCHOME MapaJUICIHbHOCTH (CYIIECTBOBAHUE TPEYTOJILHUKA,
CyMMa yTJIOB KOTOPOI'O PaBHA JIBYM NPSMBIM; CYLIECTBOBAHHUE YETHIPEXYTOJIbHUKA, CyMMa YIJIOB
KOTOPOT'O paBHa YETHIPEM MPSMBIM; CYLIECTBOBaHHE MOJOOHBIX, HO HEPABHBIX TPEYTOJIbHUKOB,;
KOJUIMHEAPHOCTh TPEX TOYEK, PABHOYIAJIEHHBIX OT MPSIMOI; BO3MOXKHOCTh ONIUCATh OKPYKHOCTb
BOKPYT JIF0O0T0 TPEYroJbHUKA; IIepeceueHne J00ro nepneHauKysspa K CTOpOHE OCTPOro yria
CO BTOPO# CTOPOHOIA).

10. Axcuoma  mapamienbHocTH  JloGaueBckoro. CymMa  yrjaoB  TpeyroilbHHKa |
YEeThIPEXyrojibHUKa Ha IiockocTd JlobGaueBckoro. Ilpu3Haku paBeHCTBa TpPEyroJIbHMKOB Ha
iockocT JIobaueBckoro.

11. IMapannensHble mpsimble no JloOaueBckomy. Ilpusnak mapamiensHocTH. CylliecTBOBaHHE
napajyieNbHBIX NpsMbIX 10 JloGaueBckoMy. YTOJ MapajuielbHOCTH M ero cBoucTBa. DyHKIUSA
JloGaueBckoro.

12. CaoiicTBa YeTHIPEXYTOIHHUKOB Ha IJIOCKOCTH JIoOaueBCcKOTO.

13. CgoiicTBa mapajuienbHbIX NPSAMBIX Ha MiIockocTH JloOaueBckoro. Pacxonsmuecs npsimble
Ha rIockocTy JIo6ayeBcKoro: mMpu3HaK U CBOMCTBA.

14. OxpyXHOCTb, SKBUAUCTAHTAa U OPULIMKII Ha MIockocTH JIoOaueBCKOro U MX CBOMCTBA.



15. Wnrepnperanust mmockoctu JloGaueBckoro (moxenbs Kemmu-Knelina Ha eBKIHIOBOMH
TUIOCKOCTH, Mozelb [lyaHkape Ha MONYIUIOCKOCTH | JIp.). HempoTHBOpEYHBOCTh MJIAHUMETPUU
JloGaueBckoro. He3aBucumocTh akcHOMBI mapayuienbHOCTH Ilielihepa OT OCTANBHBIX aKCHOM
['mnbbepra.

16. TloHsATHS ATUHBI OTPE3Ka, IJIOMIAJH MHOTOYTOJIbHUKA U 00beMa MHOTOIPaHHHUKA.

17. OG30p aKkcHMOMAaTHK IUIAHUMETPUM U CTEPEOMETPUH, IPEACTABICHHBIX B IIKOJIbHBIX

yueOHHUKax.

B KOHIEC U3Yy4YCHUA JUCHUIIIIMHBI ITIOABOJATCA UTOI'N pa6OTBI CTYACHTOB Ha JICKIHMOHHBIX U
IMPAKTUYCCKUX 3aHATUAX IIYTEM CYMMHPOBAHUSA Sapa6OTaHHI)IX 0aI0B B TEUCHHE ceMecTpa.

Kpurepun oueHuBanusi 3HAHUI 00y4AIOIIUXCA MO JUCHUILIIHHE

Dopmuposanue 6AITbHO-PEUMUH20B0U OYEHKU pabomuvl 00yYaAoWUxXCcs

Ilocemenue Pabora Ha
ITocemenue
N MPAKTUYECKHUX | MPAKTUYCCKUX DK3aMeH
JIEKIIAI .
3aHATHH 3aHATHAX
P 1= 1 1=1
asOammoBkammo | 9 x 1=9 5x 5 212 GaIlIoB 64 Garia
13 BHJIaM padoT 0aJUI0B Baiuios
cemecTp | CymmapHBbIi 24 6anna 236 6amioB 300
9 Gay10B max OayyIoB
Makc. oayn Max Max Mmax
ITocemenne Pabora Ha
ITocemenue
N MPAKTUYECKUX | IPAKTHICCKHX DK3aMeH
JIEKIIAHA .
3aHATHH 3aHATHAX
PaszbamoBka mmo 12x 1=12 20x 1=20
272 6amia 96 6am10B
5 BUJaM paboT OajuIoB Bbannos
N 400
cemectp | CymmapHsbIit 12 6amoB 20 6annoB 304 G6anna SAILIOB
Makc. bamn Max max Max Mmax

Ouenka Bauusi (3 3E)
«OTITUIHO 271-300
«XOpOLIOY» 211-270

«YOBJIETBOPUTEIILHO» 151-210
«HEYIOBJIETBOPUTEILHOY» | 150 1 MeHee

Kpumepuu oyenusanusa pabomwr obyuarowezocs no umozam 2 cemecmpa

Ouenka Basibl (4 3E)
«OTITUIHO 361-400
«XOpOLIO» 281-360

«YJOBJIETBOPUTEIILHO» 201-280

«HCYOOBJICTBOPUTECIIBHO»

200 n meHee

Kpumepuu oyenusanus pabomsr obyuarowezocs no umozam 1, 3 cemecmpog




7. MeTtoanyeckue yKazaHus VIl 00y4alOLMXCsl 10 OCBOCHHIO JHCIHMIIIMHBI

YcnemHoe u3ydeHne Kypca TpeOyeT OT 0OyJaromMXcsi TMOCEIICHHsI JIEKIUH, aKTHBHOU
paboThl Ha NPAKTUYECKUX 3aHITUAX, BBIIOJHEHMsS BCEX Y4YEOHBIX 3aJaHUil IpenojaBaTers,
O3HAaKOMJICHHsI C OCHOBHOM U JIOIIOJIHUTEIILHOM JINTEpaTypOH.

3anuce JIeKMH — OJHa U3 (OpPM aKTHUBHOM CaMOCTOATEJIbHOM paboThl 00ydaroluxcs,
TpeOyromiasi HaBBIKOB M YMEHMsI KpaTKO, CXEMaTHUYHO, IIOCJIEN0BAaTEIbHO U JIOTUYHO
(uKCUpPOBaTh OCHOBHBIE IOJIOKEHUS, BBIBOABI, 00001IeHus, GOpMYIUPOBKH. B KoHIE nekuuu
IpernojiaBaTesb OCTaBIsieT Bpems (5 MUHYT) Ais TOro, 4YTOOBI OOy4arolmuecs: HUMenu
BO3MO>KHOCTb 33J]aTh YTOUHSIOIIME BOIPOCHI 110 U3y4yaeMOMY Marepuany. M3-3a HenocTarouHoro
KOJIMUECTBA ayJAUTOPHBIX YacOB HEKOTOpbIE TEMBI HE YIAE€TCSl OCBETHTh B IIOJHOM OOBEME,
IIO9TOMY IpENoJaBareslb, IO CBOEMY YCMOTPEHHIO, HEKOTOpBIE BOIPOCHI BBIHOCHT Ha
CaMOCTOATENILHYIO Pa0OTy CTYJEHTOB, pEKOMEHYS Ty WM MHYIO JuTeparypy. Kpome storo, mis
JYy4IIEro OCBOEHHUsS Marepuajga M CUCTEMAaTH3allud 3HAaHMH 10 JUCLUIUIMHE, HEO0O0XOJUMMO
IIOCTOSIHHO pa30uparh Marepuaibl JIEKIUI 10 KOHCHEKTaM W y4eOHbIM mocoOusiM. B ciydae
HEO0OX0AMMOCTH 00paIaThCsl K MPErnoiaBaTellto 3a KOHCYIbTalueH.

IoaroroBka K NpPaKTHYECKUM 3aHATUSIM.

ITpn moaroTroBke K IPAKTUYECKUM 3aHATHSM CTYIEHT JOJDKEH HU3Y4UTh TEOPETUYECKUI
MaTepuaj 1o TeMe 3aHTUs (MCIOJIb30BATh KOHCHEKT JIEKIMH, U3YYUTh OCHOBHYIO JIUTEpATypy,
03HAKOMUTbCS C JOMOJHUTEILHON JIUTEPAaTypOi, TP HEOOXOIMMOCTH JOIOIHUTD KOHCIIEKT, Jesast
B HEM COOTBETCTBYIOIIME 3allUCH W3 JIUTEPATypHBIX MCTOYHHMKOB). B ciyyae 3arpyaHenuii,
BO3HUKAIOIIMX IPU OCBOCHUU TEOPETUUECKOr0 MaTepHaia, CTYIEHTY clielyeT oOpaimarbcs 3a
KOHCyJIbTalluel K mpenojaBarento. Vs Ha KOHCyNbTalMio, HEOOXOJMMO XOpOLIO IMPOAYyMAaTh
BOIIPOCHI, KOTOPbIE TPEOYIOT pa3bsICHEHUSL.

B Havasie npakTHYECKOro 3aHATHS IIPENIOAABATENb 3HAKOMUT CTYACHTOB C TEMOM, OIJIAIAeT
IUIaH IIPOBEICHUS 3aHATHS, BBIIACT 33JaHus. B TeueHue OTBEIEHHOIO BPEMEHU Ha BBINOJIHEHHE
pPabOTHI CTYIEHT MOKET 0OpaTUTHCS K MPENoJaBaTesio 3a KOHCYIbTaluell Wi pazbsicHeHusIMU. B
KOHII€ 3aHTHS IPOBOAUTCS ITPUEM BBIIOJHEHHBIX 3aJIJaHUN, cOOECeI0BaHUE CO CTYACHTOM.

Pe3ynbTaThbl BBINOTHEHUS IPAKTHUECKUX 3/IaHUH OLIEHUBAIOTCS B OajlaX, B COOTBETCTBHH C
0aJUIbHO-PEUTHHIOBOM CUCTEMON YHHUBEPCHUTETA.

IMnanbl npakTHyecknx 3ausaTuii (1 cemecTp)
3ansaTne 1.
Tema: Ilonsitue BekTopa. KossinHeapubie BekTOphbl. PaBHbIe BeKTOpBI. JIMHeliHbIE
onepanuy Hal BEKTOPaMH.
1. IllonsTMe BeKTOpa, HYJIEBOIO BEKTOpAa; ONPEICJIECHHUS  PaBHbIX, KOJUIMHEAPHBIX,
IIPOTUBOIIOJIOKHBIX, KOMIUIAHAPHBIX BEKTOPOB. JJIMHA BEKTOPA.
2. Omnepamusi CJIOXEHHsS BEKTOPOB: OIpEAEJICHHEe CYMMBI BEKTOpPOB; CBOICTBa OIepanuu
CIIOYKEHUS.
3. BblunTaHue BEKTOPOB.
4. YMHOXEHME BEKTOpa Ha YMCIIO: ONpe/ieNieHHe, CBOWCTBA OTepalHH.
Permute 3amaun: [2] Ne 1, 5, 6, 19, 24.

3ausTue 2.
Tema: J/IuHeliHasi 3aBUCMMOCTD U JIMHEHHAs1 HE3ABHCUMOCTH BeKTOpPoB. Koopaunartsl
BEKTOPA B OTHOCHUTEJBHO JAHHOI0 0a3uca U MX CBOMCTBA.
JIuneitHast KOMOMHAIUS BEKTOPOB. TpHUBHaIbHAs JIMHEHHAsE KOMOMHAINS BEKTOPOB.
OrnpeneneHnst IMHEWHO HE3aBUCUMOM M JINHEWHO 3aBUCUMOM CHCTEM BEKTOPOB.
JlocTaTo4HbIe YCIIOBHS JIMHEUHON 3aBUCUMOCTH BEKTOPOB.
TeopeMbl 0 TMHEHHON 3aBUCUMOCTH JIBYX, TPEX, YETBIPEX BEKTOPOB.
Onpenenenre BEKTOPHOIO IPOCTPAHCTBA.
Omnpenenenue 6a3uca BEKTOPHOTO NMPOCTpaHCTBa. Pa3MepHOCTh pocTpaHCTBA.

ook owdE



7.

Omnpenenenre KOopAMHAT BeKTopa B 0aszuce. CBOICTBA KOOPIUHAT.

Pemmts 3amaun: [2]27, 29, 61, 63, 69, 95 (a), 99 (a), 104 (ycTHO),

3ansartue 3.

Tema: AppunHas u NPAMOYroIbHAs CHCTEeMbl KOOPANHAT B IpocTpaHcTBe. [lesenne

=

N

o

o N

9.

0Tpe3Ka B JaHHOM OTHOLIeHUH. PaccTosiHUE MeKTy IBYMSI TOUKAMM.
Omnpenenenue u 3ananue adpGUHHON CUCTEMBI KOOPJMHAT B TIPOCTPAHCTBE.
Paaguyc-Bektop Touku. KoopaMHATHI TOUKH.
[Ipocreiimume 3anauun, pemaeMelie B apUHHON crcTeMe KOOpAUHAT (KOOPIMHATHI BEKTOPa,
COCIMHSIONIETO JIBE TOYKH; JICICHHE OTPE3Ka B 3aIaHHOM OTHOIICHHH).
[IpssMoyronbHas cucTeMa KOOpIAHUHAT.
[Ipocrelimme 3amaum, pemiaeMple B TPSIMOYTOJIBHOM CHCTEME KOOpAWHAT (3HATH
000CHOBaHUA).
OpueHTanus IOCKOCTH, OPUEHTAIUS IPOCTPAHCTBA.
®opmyitel Tpeodpa3zoBaHus KOOPAUHAT.
Omnpenenenue GUrypsl, ypaBHeHUE (HEPABEHCTBO) (PUTYPHI.
[TpumeneHne MeToa KOOPAWHAT K PEIICHHIO 3a/1a4 MIKOJIBHOTO Kypca FeOMETPHUH.

Pemute 3amaun: [2] Ne 203, 208, 215, 225, 989 (a), 990 (a), 1001.

3ansarue 4.

Tema: CxansipHoe npousBeieHne BeKTOpoB. [I[puMeHenne BeKTOPOB K pelIeHUIO 3a/1a4

1.

LIKOJILHOT0 Kypca reoMeTpHuH.
CkasipHOE TPOM3BEICHHUE BEKTOPOB: OIpEAEICHUE, CBOWCTBA (KOMMYTAaTUBHOCTbD,
ACCOLIMAaTUBHOCTh ~ OTHOCHTENBHO yMHOXXEHHUS HA  YUCIO. JUCTPUOYTUBHOCTD.
HEO0OXOUMOE U JOCTATOYHOE YCJIOBHUS PABEHCTBA HYJIO CKAJSIPHOTO INPOU3BEICHMS,
CKaJISIPHBIN KBaJpaT, BEIYUCICHUE Yepe3 KOOPAMHATHI BEKTOPOB). OOGOCHOBAHUE CBOWCTB.

Pemmts 3amaqn: [2] 105, 116, 124.

NS
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8.

9.

3ansTue 5.

Tema: BekTopHOE M CMELIaHHOE NIPOM3BeIeHUE BEKTOPOB.
Omnpenenenre OpueHTUPOBAHHOTO TPEXMEPHOT'O MPOCTPAHCTBA.
Omnpenenenne BEKTOPHOIO IPOU3BENCHNUS JBYX BEKTOPOB.
I'eomeTpuyecKknii CMBICIT MOJYJIsI BEKTOPHOTO MPOU3BEICHMUS.
dopMmyna g BBIUKCIEHUS  BEKTOPHOIO  IPOU3BEACHUSA  4Ye€pe3  KOOPAUHATHI
MHOXHUTEJEH.
CBolicTBa ~ BEKTOPHOTO  TIPOM3BEIEHUSA:  aHTUKOMMYTAaTUBHOCTb  OTHOCHTEIBHO
CKaJSIPHOTO MHOJKUTEJNS, JAUCTPUOYTUBHOCTH OTHOCUTEJIBHO CIIOKEHHUS, YCJIOBHE
KOJIJTMHEAPHOCTH BEKTOPOB (J10Ka3aTeNIbCTBA CBOMCTB).
Boruncnenue miomaan TpeyrojbHUKa C MOMOIIBIO BEKTOPHOTO MPOU3BEACHUS (BBIBOJ
(bopMyIIbI IIIOLIA ).
OrnpezenieHne CMEaHHOIO MMPOU3BEICHUS] TPEX BEKTOPOB.
['eomeTpHUUYEeCKHil CMBICI CMEIIAHHOTO MPOU3BEIEHUS (C 000CHOBAHUEM).
®opmyna a7 BEIYUCIEHUS CMEIIAaHHOTO TPOU3BeIeHUs (3HATh BHIBOJ).

10. CgoiicTBa CMEIIAHHOTO MMPOU3BCACHUA C 000CHOBAaHHEM HX:

d. HWHBApHMAHTHOCTb OTHOCHTEIBHO I_[I/IKJ'II/ILIGCKOI/I NEPECTAaHOBKHU,
b. w3MeHeHwue 3HaKa IIpU NMEPECTAaHOBKE JIBYX MHO)i(I/ITCJleﬁ;

C. acCCOIHMAaTHUBHOCTb OTHOCHTCIIBHO CKAIISIPHOIO MHOKHUTEIIA,

d. I[I/ICTpI/I6yTI/IBHOCTB OTHOCHUTCIBHO CJIOXKCHMA.

5. ®opmyrna HeOOXOAUMOTrO U JOCTATOYHOIO YCIOBUN KOMIIJIAHAPHOCTHH TPEX

6.
npou3BeAeHUs (BBIBOJ POPMYIIbI 00BEMa TETpadIipa).

BEKTOPOB (C 0O0CHOBAHUEM).
Beruncienne o0bema mapajuleNienuIena, TeTpadApa C  IOMOIIBIO  CMEIIAHHOTO



Permuts 3anawn: [2] Ne 1012 (a, 6), 1036, 1019, 1022, 1023 (6), 1025 (6), 1031 (a), 1035.

3ansarue 6, 7, 8.

Tema: lIpsamas sunus. Pazan4dnbie cnocoObl 3a1anus npsimoid. O01iee ypapHeHnue
npsimoii. I'eomeTpudecknii cMbIc/I 3Haka MHOro4ieHa AX + By + C. IlapajuienbHocTh 1
NePIEeHIUKYJISAPHOCTb ABYX NPAMBbIX. PaccTosiHue oT TOYKH 10 npsiMoii. MeTox KoopauHaT
B pellleHUN 32124 IIKOJbHOI0 Kypca reoMeTpuu

1. BbiBoa ypaBHEHUS MPSMOIA, 3aJaHHOW TOYKOM M HAIIPABJIAIOIIUM BEKTOPOM.
BrIBOI ypaBHEHUS IPSAMOM, 3aJAHHON JBYMS TOUKaMHU.
BbiBO# ypaBHEHMsI MNpsSMOM, 3aJaHHOM TOYKOM M IEPIEHIUKYISPHBIM BEKTOPOM.
HopmaunbHblii BEKTOp MPSAMOM.
OO0miee ypaBHEHHE MPSMOH.
YpaBHEHHUE NPSIMOM «B OTPE3KAX».
VYpaBHEeHUE IPSIMOM C YIIIOBBIM KO3 (PUIIHEHTOM.
Pacnionoxxenue npsMoil B cucreMe KOOpJIMHAT B 3aBUCUMOCTH OT PABEHCTBA HYIIIO
K03 (UIIMEHTOB B 00111eM YpaBHEHUH MPSMOIA.
Pemmuts 3amaun: [2] Ne 369 — 372 (yctHo), 373 (a, B, T, 1, %), 375, 376, 390, 392 (a, 0, B, 1, X),
395 (a, 6), 402.

wn
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3anarue 9, 10, 11.

Tema: Paziiuunblie cnoco0bl 3aJaHus MI10CKOCTH. O01ee ypaBHeHHE IJIOCKOCTH.
I'eoMmeTpuueckuii cMbICJ 3HaKa MHOTo4JeHa AX + By + Cz + D. BzaumHoe pacnoJioxkenue
2-X 1 3-x miockocreii. [Ipu3Haku napanieabHOCTH M NEePIEHIMKYJISIPHOCTH IBYX
II0CKOCTeil. MeTpuyeckue 3a1a44 TEOPUM MJIOCKOCTH.

1. BsiBoz ypaBHEHMs IJIOCKOCTH, 3alaHHON TOUYKON M IByMsl HAlpaBJIIOLMMH BEKTOPAMH.

2. BpIBoJ ypaBHEHUS TIIOCKOCTH, 33JaHHOW TPEMsI TOUKAMH.

3. Ilapamerpuyeckue ypaBHEHUs IIOCKOCTH.

4. BpIBOJ ypaBHEHHUS IUIOCKOCTH, 3a/laHHOM TOYKOW W NEPErneHIUKYJISIPHBIM BEKTOPOM.
HopmaibHbIl BEKTOP MIIOCKOCTH.

5. Oobmee ypaBHEHHE TIJIOCKOCTH.

6. VYpaBHeHHE MJIOCKOCTU «B OTPE3KAX).

7. Teomerpuueckuil cMbICT KO3PHUIUEHTOB B 00IIEM YpaBHEHUH MJIOCKOCTH.

8. PacnosnoxeHue IMIOCKOCTH B CUCTEME KOOPAMHAT B 3aBUCHUMOCTH OT PABEHCTBA HYIIIO

K03 (UIIMEHTOB B 00111eEM YpaBHEHUH IJIOCKOCTH.
9. T'eomerpuueckuii cMbICl 3HaKa MHorowieHa Ay + By + C, + D.
Pemmuts 3amaqn: [2] Ne 1059 (a), 1060 (a), 1075 (a), 1065 (yctHO), 1066, 1079.

3ansrue 12.

Tema: Paznu4unbie cioco0bl 3a1aHUsA NPSIMOI.
BrIBOI ypaBHEHUS IPAMOM, 3aJaHHOW TOYKOM M HAIIPABIISIOIIMM BEKTOPOM.
[TapameTpuueckne, KAHOHMYECKUE YPABHEHUS IPSIMOM.
BbIBO| ypaBHEHMS NPSIMOM, 3aJaHHON JBYMS TOUKaMHU.
VYpaBHeHUe MPsIMOH, 3aJaHHOH 1ByMs TIocKoCTsAMU. O0111ee ypaBHEHUE MPSIMOH.
[lepexon oT oOmiero ypaBHEHMsI MPSMON K MapaMeTpUUYEeCKUM WM KaHOHHMYECKUM
YPaBHEHUSIM.

6. HccrmemoBaHme B3aUMHOTO pPAacIOJIOKEHHUS ABYX THpsAMbIX. OOOCHOBaHHE YCIIOBHA,
ONPEIEIAOINX IPSMBIE  CKPEIIMBAIOLIMECA.  IEPECEKAIOIIUECs, IapaljieybHbIE,
COBIIAJIAIOIIHE. .

Pemuts 3amaun: [2] Ne 1133 (a, 6, B), 1135, 1140 (a, 6, B), 1141, 1143 (a).

arONOE

3ausaTue 13, 14.
Tema: Ddutunc, runepooJia, napadosa. ®oKycobl M JMPEKTPUCHI TMHUI BTOPOI0 NMOPSAKA.
BbiBoz ypaBHEHHMS IPSAMOM, 3aJaHHON TOUKOM M HAIIPABJIAIOIIUM BEKTOPOM.



OrnpezeneHue 3JUIMICa, €r0 CBOMCTBA.
Onpenenenne runepooIbl, € CBONCTBA.
Omnpenenenue napaboibl, ee CBOICTBA.
@DOKYCHI U AUPEKTPUCHI TUHHUI BTOPOTO.
Pemmmte 3amaun: [2] Ne.764, 756, 796(a, 1), 797(a), 823, 831(a).

NS

3ausitue 15. KonrpoabHas padora.

IL1anbl NpaKkTHYECKHUX 3aHATHII (2 cemecTp)
3aunsrue 1, 2.
Tema: [IpeoOpa3oBannsi IJI0CKOCTH. /[ BUKeHUsA. [|BU:KeHMSs IEPBOTr0 M BTOPOIo poaa.
Dopmy.Jbl ABUKeHUI. IIpuMeHeHnne K pelieHnIo 3a1ay.
1. CymectByeT a1: napauienbHbIi IEpeHOC, TOBOPOT, CUMMETPUS, - 0OTOOpaXKkaroLye: a)
npsAMyIo Ha ce0si; 0) mapy mapajieNbHBIX MPSIMBIX Ha ce0s;
B) OZIMH OTPE30K Ha IPYroi OTPE30K;
T) JIyd Ha COHAIIPaBJICHHBIA C HUM,;
1) napy MepeceKarouxcs NpsiMbIX Ha ce0s;
€) TouKy A Ha Touky B.
2. [MapannensHbIi epeHoC 3aaH mapoit coorBeTcTByrOmMX Touek M(1;-3) u M'(7;0).
3anmcathk (HOpMYIIBI MApAJLICITBHOTO TIEPEHOCa U HAaUTH 00pa3 mpsimoit 2x +3Yy-2=0.
3. [NapannensHsii epeHoc 3agad Gopmynamu X' =x + 2, y' =y — 8. Ha npsimoii
£: 2x — 3y — 7 = 0. HaiiT TouKy, KOTOpast MpH JAHHOM IEPEeHOCE TOMAAaeT Ha IPAMY0 m: 7X —
y+5=0.
4. laHbl 1BA paBHBIX HenapawienbHbIX oTpeska AB, A'B' u npsmas £. [Toctpouts 00pa3 npsamoii
{ nmpu noBopoTe, nepeBoAAIUM Touku A U B cootBeTcTBEeHHO B TOUkH A' u B'.
5. Ha mpsimbix £: x+2y-8=0 u m: 5x-3y+1=0. Haiimute TOUYKH, CHMMETPUYHBIE OTHOCUTEIBHO
Hayajua KOOpJAuHaT.
6. lanb! 1Be pa3nuunble Touku B, B' u npsmas (. [loctpouts 06pa3 npsimoii £ npu oceBoit
CUMMETPHUU. 1JIs1 KOTOpor ToukH B, B' ABISAIOTCA COOTBETCTBYIOIIMMH.
7. Haittu koopauHaThl oOpa3a Touku A (1, 1) mpu ckomnb3siiieil CAMMETpUH, IPU KOTOPOH TOUYKa
O (0, 0)u B (1, 2), nepexoasimue coorBeTcTBeHHO B Touku O' (2, 5) u B' (4, 4).
8. CoctaBUTh (POPMYIIBI ABMXKEHHUS [IEPBOTO POJIA, PU KOTOPOM Ipsimast X - y= 0 siBisercs
oOpa3oM npsiMoii X - y - 4 =0, a Touka A (2, 0) — UHBapHaHTHa.
9. BeIsicCHUTD, Kakue U3 JaHHBIX (GOpMYII ABISAIOTCA (hopMynaMu ABMKEHUH. OnpenenuTs BU
JIBYDKEHUS.
ax'=%x-4/5y+1 0)x'=2x+y+1 B)x'=-X+2
y'=4/5x +3/5y -1 y'=x+2 y=-y-4

1. B tpaneuuu ABCJ] Ttouku O u M cepeaunbl otpe3koB AC u CJ] cOOTBETCTBEHHO.

[Toctpouts 06paz A BCM mpu kommnosuiinu npeodpazoBanuit Sag°® Tea © Zo.
3ansarue 3, 4.
Tema: Ilpeodpa3zoBanus miaockoctu. [lonodue u romorerus.

1. CymectByeT 71U TOMOTETHs, OTOOpakaromias: a) OJHY M3 JBYX IEPECEKAFOIINXCS
(mapasuienbHbIX) NPSMBIX Ha JIPYTyio; 0) JIy4 B €My COHAIpPaBICHHBIA (IIPOTUBOMOIOKHO
HAIPaBJIEHHBIN); B) OKPY>KHOCTh Ha HEPABHYIO €l OKPY>KHOCTb.

2. Kakum mpeobpa3oBaHueM SBIISIETCS MPOU3BEICHUE JIBYX TOMOTETHH ¢ OOLIMM IIEHTPOM
(c pa3nMYHBIMH LIEHTpamMu)?

3. Kakoe n3 nanHbix npeoOpa3oBaHuil sBISETCS 1OA00UEM:

X:=3X-4y+1 x=8x +y+ 3
y=4x+3y-2 y= x+8y-3
4. Haiitu xoopauHathl 0b6pa3za Touku A (2;-4) Mpu rOMOTETHH C LIEHTPOM C(1;-8)n

Ko unreHTom K = - 3.



5. Haittu nentp u kodpduimenT romoteTun ortodOpaxaromero touku A(-2;1), B(2;-1)
COOTBETCTBEHHO B TOUKH A'(6;5), B'(6,11).

6. ABCJ] — tpaneuus, M u K — cepenunst orpeskoB C/l u Bl coorBercTBeHHO, O- TOUKa
nepecedyeHuss aumaroHanei. Iloctpouth o00pa3 uyerhipexyrosbHuka KMCO mnpu
KOMIO3UINH mpeobpa3oBanmii Sap® R 60A° Teg°H 2D.

7. Jloka3zate, uto ecinu A1,B1,C1 — cepeaunnl ctopoH Tpeyroibarka ABC, To TpeyroibHUK
ABC romoreruuen tpeyrojibHuky A1BiC;.

8. B ABC/] Touku A1,B1,C1,/11 — nenTpsl Tsoxectu Tpeyronsaukos BC/, CJIA, 1AB,
ABC cootserctBeHHO. Halitu mimomane yersipexyroiasauka A1B1Ci /11, ecnu Sapc=P.

9. JlokazaTh, 4TO TOYKA MepeceueHus AuaroHaaei Tpaneuu U ToUKa rnepeceyeHust
MIPOJIOJKCHHSI OOKOBBIX CTOPOH JIeXKAT Ha IPSIMOU, TIPOXOSINEH Yepe3 CepeTuHbBI
OCHOBaHUH Tparenuu.

3aunsrTue 5 - 9. [locTpoeHust HMPKYJIEM H JTHHEHKOI.

1. Ha nnockoctu HaprcoBaHa OKpPYKHOCTb, HO LIEHTP €€ He oTMeueH. [locTpoiite ero.

2. ITocTpoiiTe TpeyroabHUK, €CIIU 3aJjaHbl CTOPOHA, MPUIIKALINHA K HEHl yrosl 1 cymMMa ABYyX
JPYTUX CTOPOH.

3. ITocTpoiiTe TpeyroabHUK, €CIIU 33JJaHbl CTOPOHA, MPUIIEKALUI K HEel YroJl U pa3HOCTh
JBYX JAPYTUX CTOPOH.

4. Yepes 1aHHYIO TOUKY IPOBECTU HPSAMYIO, HapaJIeNIbHYIO JaHHOM MPsIMOH.

S. [IpoBenuTe KacaTeapHYIO K OKPY>KHOCTH, IPOXOJAIIYIO YEPE3 JaHHYIO TOUKY BHE
OKPY>KHOCTH.

6. [IpoBenuTe 001IYIO KacaTeNbHYIO K IBYM JTaHHBIM OKPYKHOCTSIM.

7. JlaH OTpe30K [UIMHBI @ U HaTypaibHOE Yyucio n. [TocTpouTs 0Tpe30K JUIMHBI .

8. JlaH OTpEe30K UIMHBI @ M HATypalbHbIe Ykciaa m 1 n. [TocTpouTs 0Tpe30K UTMHBI m/n a.
9. JlaHbl OTPE3KHU C JUIMHaMU a, b, c. [TocTpouTs 0Tpe30k, JuInHa KOTOPOro paBHa ab/c.

10.  Jlamsl oTpe3ku ¢ umHamu a U b. [1ocTpouTh OTPE30K AJMHEI .

11.  Jlan yrou. BHyTpu yria HailTu TOUKY, HAXOJSIIYIOCS Ha 33JJaHHBIX PACCTOSHUIX OT
CTOPOH yIJa.

12.  TlocTpouTb TpeyroiabHUK [0 CTOPOHE, ONYIIEHHON Ha Hee BBICOTE M painycy OMMCaHHON
OKpYXHOCTU. CKOJIBKO MOJIYYUTCS TPEYTOIbHUKOB?

13. B naHHOM TpeyrojbHHUKE IPOBECTH MPSIMYIO, IapAJUIEIbHYI0 OCHOBAHUIO TaK, YTOObI

CyMMa OTPE3KOB OOKOBBIX CTOPOH, 3aKITIOYCHHBIX MEXIY ITOH NMPSIMON M OCHOBaHHEM, ObLIa
paBHA OCHOBAHHIO.

14. Hanst Tpu Touku A, B u C, He nexanue Ha ogHoM nipsimoii. [IpoBectu npsimyto,
nepecekaronyto orpe3ok AC B Touke X, a oTpe3ok BC — B Touke Y Takum o6pazom, uto AX =
XY =YB.

3ansaTue 10. [locTpoeHue ABYCTOPOHHEI JTHHEH KO,

1. [TocTpoliTe HEHTp JAHHON OKPYKHOCTHU C IOMOLIBIO IBYCTOPOHHEN JIMHENKH, €CITN
U3BECTHO, YTO LIMPUHA JIMHEMKN MEHBIIIE JUAMETPa OKPYKHOCTH.

2. Hanst yron AOB, npsimast 1 1 Touka P Ha Heit. C momMoIpio 0JIHON ABYCTOPOHHEH
JMHENHKH NpoBeuTe Yepe3 Touky P npsimble, oOpa3zyromue ¢ npsamoii | yrom, pasusiii yrioy AOB.
3. Janbl oTpe3ok AB, HenapamensHast eMmy npsmMas | u Touka M Ha Heil. C noMonibio
OJTHOW JIBYCTOPOHHEW JIMHEHKH MOCTPOMTE TOUKH MepecedeHus MpsMoi 1 ¢ OKpyKHOCTBIO
paanyca AB c nieaTpom M.

4. Hansl npsimas | 1 otpezok OA, napaensHbii 1. C mOMOIIbI0 01HON ABYCTOPOHHEH
JUHEHWKH MOCTPOMTE TOUKH TepecedeHus mpsiMoi | ¢ okpykHOCThIO paguyca OA c neatpom O.
5. Hanbt otpe3kn O1A; 1 O2A;. C MOMOIIBIO OAHON IBYCTOPOHHEH JTMHEHKHU MTOCTPONTE

paauKaIbHYI0 0Ch OKpYX)HOCTEH pagnyca O1A; 1 O2A; ¢ ienTpamu O1 1 O2 COOTBETCTBEHHO.



6. BrImomHUTE MOCTPOSHUS C MMOMOIIBIO THHEUKH C JBYMSI MTAPAJIICIIbHBIMU KPasiMH
(IBYCTOpPOHHEH TMHEHUKH) 0€3 IUPKYJIS.

a) [Toctpoiite 6uccekTpucy nanxnoro yria AOB.

0) Han octperit yron AOB. Iloctpoiite yron BOC, 6uccekTprcoit KOTOpOro sSBIsSETCS

aya OA.
7. C nomol1ibo 0JHON ABYCTOPOHHEHN JIMHEWKU BOCCTABHTE MEPIICHANKYIISP K JaHHOU
npsmoii | B qannoi Touke A.
8. C nomol1ipo 0JHON ABYCTOPOHHEHN JIMHEHKU:

a) yepe3 JaHHYIO TOUKY MPOBEAUTE MPSIMYIO0, MApAUICIbHYIO JAaHHON MPSIMOIA;
0) mocTpoiite cepeuHy JaHHOTO OTpe3Ka.

9. Jlana nuHelKa MOCTOSIHHOW MIUPHUHBI (T.€. C MapauIeIbHBIMU KpasiMu) U 0€3 JAeJICHU.
[TocTpoiiTe OUCCEKTPUCY TAHHOTO YTJIa.
10.  Pa3zpenuTe naHHBIA OTPE3OK MOMOJIAM C TTIOMOIIBIO JIMHEWKH ¢ TTApaJUICTbHBIMUA KPasMU U

0e3 nejIeHun.

3aunstue 11. [locTpoeHue JHMHEH KO ¢ 3TAJTOHOM JIJIMHBI.

1. CoenuHuTh JBE TOUYKHU HPSIMOI0 U HANTH TOUKY IEpPECEUEHHUs IBYX MPAMBIX B CiIyyae,
€CJIM 3TH IIPsIMbIE HENlapaJlJIeIIbHBI.

2. OTHOXUTh JAHHBIN OTPE30K HA JAHHOM NPSAMON OT HEKOTOPOM TOUKH.

3. JIaHHBIN YroJl OTJIOKHUTH IIPU JAHHOMW MPSAMOU WIIM MIOCTPOUTH MPSIMYIO, IEPECEKAIOILYIO
JAHHYIO IPSIMYIO MO/ JAHHBIM YTJIOM.

4. UYepes naHHyO TOYKY IIPOBECTH MMAPAUICIBHYIO K TAaHHOW IIPSIMOH .

5. K nannHoli npsiMoil NpoBECTH NMEPIEHIUKYIISP.

3ansaTue 12, 13. IlocTpoenust 0AHUM HUPKYJIEM.

1. Pa3nenute OKpyXHOCTB C JaHHBIM LIEHTPOM Ha 6 PaBHBIX YaCTEMH, MTOJIb3YsACh TOJIBKO
LHUPKYJIEM.
2. ITonb3ysich TOMBKO HUPKYJIEM, YABOWTE JaHHBIN OTPE30K, T.€. IOCTPOMUTE Ul JaHHBIX

touek A u B Takyro touky C, uro0sl Touku A, B, C nexanu Ha ogHoi npsimoii (B mexay A u C)
u AC =2AB.

3. [TocTpouTs 0Tpe30K, B 2" pa3s MEHbIIHIl JaHHOTO OTpe3Ka (pa3AeuTh JaHHbI OTPE30K
ABHa 2,4, ..., 2" paBHbIX yacTeif).

4. (nepBast ocHOBHas onepanus). Ha npsimoit, 3aganHoi AByMst ToukamMu A u B, moctpouth
OJIHY WJI HECKOJIBKO TOYEK.

S. Ot naitnoit Touku C OTJI0KHUTH OTPE30K PaBHBIN U NapauieIbHbIA JaHHOMY OTpe3ky AB.
6. (TpeTbs ocHOBHas onepanus). HaliTi Toukn nepeceyeHus ABYX JaHHBIX OKPY>KHOCTEH

(O, [MBJ) u (O, |CD]).

3ansTue 14. BoccTaHoB/IeHMe TPeYroJIbHUKA N0 CepeIMHHOMY NepHeHAUKYJISIPY OAHOM U3
€ro CTOpoH, NPAMOIi, coAepsKaleil BLICOTY, H TOUYKE.

1. BoccTaHOBUTH TPEYTrOIbHUK, €CIIU JaHbI BEPLUIMHA TPEYTOJIbHUKA, psAMasi, COAEpIKaIast
BBICOTY, U IIpsIMasi, CoJieprKallasi CepeMHHbIN NepIeHANKYISAp. (PACCMOTPETh BCE CIIydaH).

2. BoccTaHOBUTH TPEYTrOIbHUK, €CJIM JAHbI MHLIEHTP TPEYTOJIbHUKA, IIpAMasi, COJepIKalias
BBICOTY, U IIpsIMasi, COJIep Kalllasi CEpEANHHBIN NEPIICHIUKYJISP.

3. BoccTaHOBUTE TpeyroiabHUK, €CJIM JaHbl OCHOBAaHHE OMCCEKTPUCHI TPEYToJbHHKA,
npsiMasi, CoJiepaKallasi BEICOTY, M IPsAMast, COAEPIKaIas CepeANHHBIN MTePIEHIUKYIISP.
(paccMOTpeTh Bce ciydaw).

3anstue 15. KonrpoabHas padora.



3austue 16. IlapaaneabHoe  npoekTupoBaHue. M3o0paskeHHe  MJIOCKHUX U
NMPOCTPAHCTBEHHBIX (PUTYP B NApa/LIeIbHON NPOEKIHH.

Llenb: OcHOBHBIE (paKThl MapaIICTbHON T€OMETPHU; N300paKEHHE TUIOCKUX U
IPOCTPAHCTBEHHBIX (PUTYp B mapasIeIbHOM MPOEKIUH.

1. IocTpoiiTe mapaIeabHY0 TPOCSKIIMIO PABHOCTOPOHHETO TPEYroJibHUKa. B HeM n300pasure:
a) CpEeIHION0 JUHUIO;
0) pamuyc BIIMCAaHHOW OKPY>KHOCTH;
B) PpaJNyC ONMHUCAHHOW OKPYKHOCTH.

2. Tano nzobpaxxkenue pom6Oa. Haiimure nzobpaskeHue ero BbICOTHI, €CIIM OCTPBIA yroi pomba
paBeH 60°.

3. laHo n3o0pakeHne TpeyroJbHUKa U IBYX ero BeICOT. [locTpoiiTe n3o0pakeHue meHTpa
OKPY>KHOCTH, OIIMCAHHOW OKOJIO JAHHOTO TPEYrOJbHUKA.

4. JlaHo n300paxxeHre paBHOOCPEHHOTO TPEYroJbHUKA, B KOTOPOM OOKOBasi CTOpOHA B JIBa pa3a
Oosblie ero ocHoBaHus. [locTpoiiTe H300paXKeHUs: BCEX €ro 3aMevaTeIbHbIX TOYCK.

5. Ioctpoiite mapamieabHy0 MPOEKIHIO GUTYPBHI, SIBISIONIYIOCS 00beAMHEHUEM KBaipaTa u
PaBHOCTOPOHHETO TPEYTOJIbHUKA, IMEIOIINX OOIILYI0 CTOPOHY.

6. [TocTporite n300pakeHNEe OKPYKHOCTH C 3aIaHHBIM PAJYCOM.

JomaiHee 3anaHue.
1. ITocTpoiite napaiienbHy0 OpOeKIHIo KBajpara. B HeM u3o0pasure:
a) paJinyC BIMCAHHON OKPY>KHOCTH;
6) Pagnyc onncaHHON OKpYXHOCTH;
B) IEPIEHANKYJISIP, TPOBEACHHBIN U3 BepiinHbl A Ha ipsimyto DM, rie M —
cepeanHa cTopoHbl AB.

2.lano uzobpaxenue Tpeyroisauka ABC, ogna ctopona AB koroporo pasra 10cMm., a apyras
cropona AC — 8cwm. [TocTpoiiTe n3odpaskeHre OMCCEKTPHUCH JAHHOTO TPEYTOJIbHUKA,
NPOBEIEHHON U3 BepIIMHBI A.

3. IlocTpoiiTe mapauieabHyI0 IPOEKIMIO KBaApaTa, BIMCAHHOTO B IPABUIIbHBIM TPEYTOJIbHUK.

3ansaTue 17, 18, 19. IlosHble 1 HenoJiHbIe H300pakeHusi. [lo3uuMOHHBbIE 3a1a4H.
IHocTpoenue ceyeHuii.

[enb: [ToHsATHE TOTHOTO U HEMOJIHOTO N300paKeHHsI, METO bl IOCTPOCHHUM CEeYeHHH.

1. Jana mpoeKTUpYIOIIas MIIOCKOCTh U IpsiMasi 00111ero mojoxkenus. Haiitu Touky nmepeceueHus
IIPSIMOM C TaHHOM IIJIOCKOCTBIO.

2. IlocTpouTh ceueHne MPaBUIbHON NATUYTOJIBHON MPU3MBI INIOCKOCTBIO, TPOXOISILIEH Yepe3
Toukd M u P Ha G0KOBBIX pebpax Mpu3MBbl, He IPUHAJIEKAIINE OJTHON IpaHH, U Touky K Ha
OOKOBOM rpaHu, HE COJIEPrKaIlel YKa3aHHBIX pedep.

3. ITocTpouTh ceueHrEe NPABUIBHOM MIECTUYTOJIbHON MIPU3MBI IIJIOCKOCTBIO, 3aJaHHOM CIIEZIOM,
HE MepeceKaroluM OCHOBAaHUS MPU3MbI U TOUKOM, JIexKalllel B MIIOCKOCTH BEPXHET0 OCHOBaHUS
IIPU3MBL.



JlomarHee 3a1aHue.
1. Yepes Touky M B ocHoBanuu mectuyrosbHoi nupamusl OABCIIEH nposenena
MJIOCKOCTh, MapajuiesibHas 0okoBoi rpanun OAH. [TocTpouth ceuenre mupamMuIbl TOM
IUIOCKOCTBIO (32 TOUKy M B3sTh IeHTpou[ TpeyroibHuka ABH).
2. [Toctpouts ceyenue nsatuyroiabHor npusmsel ABCJIEAOBOCOJ0EO miiockocThio,
npoxozsuien yepes Touky M Ha pedbpe CO0 a napanensHo npsmbim COEO u AOEO
3austue 20. KonrposabHas padora.

IInansl npakTHYecKuX 3aHATHIH (3 ceMecTp)

3ansatue 1, 2. Tpeyroabuuku. CymMmma yriioB TpeyrojibHHKA. 3aMedaTejbHble TOYKH M
JIMHUH TpeyroJibHuka. Teopema Iudaropa. IlpusHaku paBeHCTBa TPEYTroJbHUKOB.

Ha 3anstun CUCTCMATU3UPYIOTCA 3HAHUA YUYAIUXCA O TPCYIrOJIbHUKAaX M €ro BbICOTAX, Cro
MeJMaHax, ydauecs: GOopMyIUPYIOT U JOKa3bIBAIOT TEOPEMBbI O TOUYKE MepecedeHUs] MeIuaH, o
NOJOOMH TPEYrOJNbHUKOB, BBIBOJAT (OPMYITY HAXOXKIEHHS MeIuaHbl TPEYroJbHUKA, €CIU
W3BECTHBI €r0 CTOPOHBI, (POPMYIIUPYIOT U JOKA3BIBAIOT TEOPEMBI O TOUKE MEPECEUEHUs BHICOT, O
NOJOOMH TPEYTOJILHUKOB, OOpPa30BAHHBIX BBICOTOM, OIYIIEHHOW M BEPIIMHBI MPSIMOTO Yria
JAHHOTO TPEYTOJbHUKA; BRIBOIAT (POPMYITY HaXOKJICHHS BBICOTHI TPEYTrOJIbHUKA, €CITH U3BECTHBI
€TI0 CTOPOHBI; 3BHAKOMATCA ¢ MUHHUMAJIbHBIM CBOMICTBOM TPCYroJIbHUKA.

Teopema. BrICOTBI TPEYTOJIBHUKA MEPECEKAOTCSA B OJTHOM TOUKE.

3ameuanue: B ciiydae TymoyroiapbHOro TpEyrojibHHKa OCHOBAHHUSI €ro BBICOT HAXOISATCS Ha
MPOJODKCHUSIX CTOPOH, MPUJICKAIINX K TYIIOMY YIITy:

Omnpenenenue 1. Touka nmepeceueHus: BEICOT TPEYTOJIbHUKA HA3bIBAETCS OPTOLIEHTPOM.
Omnpenenenne 2. TpeyronbHUK, 00pa30BaHHBIA OCHOBAHUSMHU BBICOT TPEYrOJIbHUKA, HA3bIBACTCS

OPTOLEHTPUYECKUM.
3agaHus:
1. Jlokazatb, 4TO [ TPOU3BOJNBHOrO TpeyronbHuka ABC BepHO paBeHCTBO:
1 1 1 1
h, h, h r r o
,rae ' - paguyc BIMCaHHOM B TPEYTOJbHUK OKPYKHOCTH.
2. ITycte O, Q, M u H — cOOTBETCTBEHHO IIEHTPHI ONMUCAHHOM, BIIMCAHHONW OKPY>KHOCTEH,

TOYKA MEepECeUeHusl MeuaH 1 TOYKa repecedeHus BoIcoT TpeyroiabHuka ABC. Jlokaxwure, 4yTo
€CJIN JBe JII0ObI€ U3 3THUX TOYEK COBIAJAIOT, TO 3TOT TPEYrOJbHUK — PAaBHOCTOPOHHHUH.

3. BricoThl ocTpoyronsHoro tpeyronsHuka ABC nepecekarorest B Touke O, a Ha OTpe3Kax
OB u OC BrI6pans! Toukn Bt n Ct, nus kotopeix £ AB1C ==4£AC1B = 90°, Joka3zatb, 4TO
AB1 =AC1.

(3apy0OexHble MmaTeMaTudeckue onumnuaasl: Heto-Mopk, 76).

Teopema. Meaunanbl TpeyroJibHUKA IEPECEKAIOTCS B OJIHOM TOUKE.
Onpenenenne 1. Touka nepecedeHus: BEICOT TPEYTONbHUKA HA3bIBAETCS LICHTPOUIOM.

1. JlnrHa MeraHbl TPEYToJIbHUKA BhIpakaeTcs popMyIioin
b*+c®> a’
Ma= | —F— >
2 4

rac a, b, C — IJIMHBI CTOPOH TPCYTOJIbHUKA.

2. I[.HH BCAKOI'O TPCYTrOJIbHUKA BBITTOJIHACTCS COOTHOLICHUC!



me’ + my” + me* = > (a* + b? + ¢?).

Mlw

4, Mg, My 1 M — MEAWAHBI TPEYTOJIbHUKA. Jlokaxxute, 4To ecim My~ + Mp™ + Me” = 4 ,
TO TPEYTOJBLHUK PABHOCTOPOHHHUM, T/Ie R — pajguyc onucanHON OKPYKHOCTH.

Teopema. BUCCEKTPUCHI TPEYrOJIbHUKA IEPECEKAIOTCS B OJHOM TOUKE.

Omnpenenenue 1. Touka nmepeceyeHus: BEICOT TPEYTOJIbHUKA HA3bIBAETCS HHIIEHTPOM.

5. [Myctb Iy, lp, o — OuccekTprchl TpeyroiabHUKa, P — ero nosnynepumerp. Jokaxure, 4To
eciu

124 + I + 1%, = p°, TO TpeyronbHUK PaBHOCTOPOHHHIL.

6. Jlan AABC. buccektpucet AA;, BB1 u CC; ero BHyTpeHHUX YIJIOB ITEPECEKAIOTCS B

touke O. U3BecTHO, uTo TpeyroapHukn AOB; u AOC; ciMMeTpUYHBI OTHOCUTEIBHO MPSAMOM
AO, tpeyronbanku A;OB u BOC; — otHocuTensHo BO, a tpeyronpankun A;OC u B;OC —
otHocutensHo OC. Jlokazate, utro AABC — paBHOCTOpOHHUIA.

JlomaniHee 3aaHue.

1. BeicoTsl ocTpoyronbsHoro TpeyroiasHuka ABC nepecekatorcs B Touke O, a Ha oTpe3kax OB u
OC BoiOpansl Touku B u C , miig kotopeix AB C == AC B =. Jloka3ats, uto AB=AC.

2. TpeyronbHHKE JIBE BRICOTHI HE MEHBIIIC CTOPOH, Ha KOTOPhIC OHU ONyIeHbl. Haiiute yribt
TpeyroibHuKa. (Becepoccuiickas onumnuana, 1964r.(Mocksa)).

3. Ilycts My, My, M — MeAMAHBI TPEYTONIBbHUKA, a Ny, Np, N — ero BeicoThI. JloKaxuTe, 4TO eciin

ma mb mc — ~
h_ + — + — = 3, TO TPEYTI'OJIbHUK PAaBHOCTOPOHHHU.
a b c

3ansrue 3. [lapaauaesorpamm. Tpanenus.

1. Ha croponax AB, BC, CD u DA uetsipéxyronsarka ABCD oTMeueHbl COOTBETCTBEHHO
touku M, N, P u Q tak, uto AM = CP, BN = DQ, BM = DP, NC = QA. lokaxure, uto ABCD
u MNPQ — napannenorpammel.

2. Ilycte M — cepenuna croponsl BC nmapamnenorpamma ABCD. B kakoM OTHOILIEHUH OTPE30K
AM peaut guaronans BD?

3. CropoHsl apajuienorpaMma paBHbl 2 1 4, a yros Mexay HUMH paBeH 600. Uepes BepinHy
3TOTO YIjia MPOBECHBI NMPsIMbIE, TPOXOISIINE Yepe3 CePEAUHBI IBYX JIPYTUX CTOPOH
napajuienorpamma. Haiiaure KocuHyc yriia Mexay STUMH MPSMBIMHU.

4. lokaxxute, 4TO CEPEAMHBI CTOPOH JIFOO0T0 YEThIPEXYTOJIbHUKA SBISIOTCS BEPIINHAMU
napajuIeIorpaMma.

5. bokoBasi cTopoHa paBHOOeApEHHOM Tpanenuu paBHa 41, BeicoTa paBHa 40 U cpeAHss TUHUS
paBHa 45. Haiinute ocHOBaHUs.

6. Cepenuny Oosiee JJIMHHOM OOKOBOW CTOPOHBI MPSIMOYTOJIBHOM Tpaney COeINHUIIH C
BepLIMHAMU Tpaneuuu. [Ipu s3ToM Tpaneuus pasienuiaach Ha TPH PaBHOOEIPEHHBIX

TpeyrojbHuka. Haiiiure BeTMUUHY OCTPOTO yIJIa TPANEIUH.

[omariHee 3anaHue.



1. iBa paznuunbix napauienorpamma ABCD u A1B1C1DI ¢ cooTBETCTBEHHO NMapalieIbHBIMU
CTOpOHAMH BIHCaHBI B 4eThIpeXyroJbHUK PQRS (Touku A u Al nexar Ha cropone PQ, B u B1-
Ha QR u 1. 1.). JlokaxxuTe, 4TO AMArOHAIM YETHIPEXYTrOJIbHUKA NapaslleIbHbl CTOPOHAM
napasuieJIorpaMMOB.

2. B tpanenimn ABCD ¢ ocHoBanusimu AB = a u CD = b npoBenén orpe3ok A1BI,
COEIMHSIOLIUI cepeiMHbl AUaroHasneil. B nomyueHHol Tpanenuu npoBeaéH oTpe3ok A2B2,
TOKE COCTUHSIOLIUIN CepeIMHbI IUaroHasei, u Tak aanee. MOXeT Jii B [OCIIEI0BATEILHOCTH
1l otpeskoB AB, A1B1, A2B2,... kakoe-ToO 4iCIIO BCTPETUTHCS ABAXKABI? SIBisieTCs ik 3Ta
MOCJIEIOBATEILHOCTF MOHOTOHHOM (BO3pacTaroliei uin yobiBaromieit)? CTpeMHuTCs I OHa K
KakoMy-HHOYb Ipeieny?

3. OcHoBaHus Tpanenuu paBHbl a v b (a > b). OTpe3Ku, COSANHSIONINE CEPEIUHY OOIBIIETO
OCHOBAHHMS C KOHIIAMH MEHBIIIEI0 OCHOBAHUS, IEPECEKAIOT IMAaroHaIi TPAIeuy B TOUKax M u
N. Haiigure MN.

3ansTue 4, 5. UeTblpexyroJibHHUKH.

1. Yron mexnay croponamu AB u CD uvetsipexyronsauka ABCD pagen j. Jlokaxure, uto AD2 =
AB2 + BC2 + CD2 - 2(AB - BCcos B+ BC - CDcos C + CD - ABcos j).

2. Cepenunbl M u N nuaronaneit AC u BD Boinykiioro yetsipexyroibauka ABCD He
coBmnanatot. [Ipsimas MN nepecekaer croponsl AB u CD B Toukax M1 u N1. [JokaxuTte, 4To
eciu MM1 = NN1, To AD|BC.

3. YerbipéxyronpHuk ABCD, auaronany KOTOporo B3aMMHO MEPIIEH IUKYJISPHBI, BIIMCAaH B
OKpYXHOCTb. [lepnienauKymnspsl, onyiieHHble Ha ctopony AD u3 Bepuins B u C, nepecekator
muaronanu AC u BD B Toukax E u F coorBercrBenno. Haiinure EF, ecitu BC = 1.

4. Toxakute, 4TO €CI 7Sl BIUCaHHOTO YeThipexyroibHuka ABCD Beimonaeno paBenctso CD
= AD + BC, 1o 6uccektpucsi ero yrioB A u B nepecekatorcst Ha ctopone CD.

5. JIokaxkuTe, 4TO €CJIM CyMMa KOCHHYCOB YTJIOB YEThIPEXYTOJIbHUKA paBHA HYJIIO, TO OH —
napaujesnorpaMM, Tpanenuus Wik BOMCaHHBINA 4eThIPEXYTOIbHHUK.

6. YUeTbIpEXYTrOJIbHUK pa3/iesieH JUaroHaas MU Ha YEThIpe TpeyrojabHUKa. [lnomann Tpéx u3 Hux
paBubl 10, 20 1 30, 1 kakaas MEHbIIE TUIOMIAAN YeTBEPTOTO TpeyroibHuKa. HaliauTe miomanb
JTAHHOTO YEeTBIPEXYTOJIbHUKA.

I[OM&I.HHCC 3aJaHuc.

1. B gerbipexyronsHuk ABCD mMoxHO Bicats okpyxkHOCTh. [TycTte K — Touka nepeceueHus
ero nuaronanieit. I3sectno, uro AB > BC > KC, BK =4 +, a nepumeTp u mwiomaas
tpeyroiabHuka BKC paBHbl cootBercTBeHHO 14 1 7. Haiiaure DC.

2. B wersipexyronbHuk ABCD MosxHO Bnicats okpyxkHocTh. ITycTte K — Touka nepeceuenus
ero quaronanei. M3zsectno, yto BC > AB > KC, KC = 6 +, a nepumMeTp 1 miomaas
tpeyroiabHuka BKC paBHbl coorBercTBeHHO 22 1 11. Haiinure DC.

3. B Tpamenuu ocHOBaHUS paBHBI a U b, TUarOHAIN MEPIEHIUKYISAPHBL, @ YOI MEXKITY
0OKOBBIMH CTOpOHaMH paBeH A. Haitaute momianp Tpanenuu.



3aunsitue 6, 7. OKpPYKHOCTb. YTJIbI CBSI3aHHbIE C OKPYKHOCTHIO. BniucCaHHBINH U onMcaHHbIH
YeThbIPeXyroJbHHUK.

OcHOBHbIE CBEICHUS

1. Yroan ABC, BepiiiHa KOTOPOTo JIEKUT HA OKPY>KHOCTH, @ CTOPOHBI ITEPECEKAIOT 3Ty
OKPYKHOCTb, Ha3bIBAIOT BIMCAHHBIM B OKPYKHOCTb. [lycTh O — 1enTp okpyxHoctu. Torna
PABC =PAOC, eciau Touku B u O nexat o oany cropony ot AC, u PABC =180°—- PAOC,
ecnu Touku B n O nexat no pasusie ctopons! ot AC. BaxnelmmM n Hanbosee 4acto
UCIOJIb3YEMBIM CJIEJICTBUEM 3TOTO (haKTa SBISETCS TO, UTO BEIMYUHBI YIJIOB, OMMUPAIOIINXCS Ha
paBHBIE XOP/bl, TM00 paBHbI, TM00 COCTABIAIOT B cymme 180°.

2. BennuuHa yria mexay xopzaoil AB 1 kacaTenbHOM K OKpY>KHOCTH, IPOXOJSIIEH Yepe3 TOUKY
A, paBHa IIOJIOBUHE YIJIOBOW BEIUYUHBI Ayru AB.

3. VYrioBble BETMYHUHBI AYT, 3aKJIIIOUCHHBIX MCXKIY IMapaJUICIIbHBIMU XOpJAaMH, PABHBI.

4. Kak yxe roBOpHJIOCh, BEJIMUMHBI YTJIOB, OUPAIOLINXCS Ha OJTHY XOP/Y, MOT'YT OBbITh PaBHBI, a
MOTYT cOCTaBIIsATh B cymme 180°. Iyt TOro 4To0Bl HE paccMaTPUBATh Pa3IMYHbIC BAPUAHTHI
PacIoI0kKEHU TOUEK Ha OKPYKHOCTH, BBEJIEM IOHATUE «OPUEHTUPOBAHHBIM YTOJI MEXIY
npSMbIMIY». BeTHunHON OpHEeHTHPOBAHHOTO yriia Mexay npsmeiMia AB n CD (o60o3nauenue:
P(AB,CD)) Oynem Ha3bIBaTh BEIHUMHY yIila. HA KOTOPBIM HY>KHO MTOBEPHYThH MIPOTUB YacOBOI
cTpenku npsimyro AB Tak, 4ToObI OHa cTana napaienssa npsmoi CD. Ilpu aToMm yrisl,
orinnyaromuecs Ha n - 180°, cuurarorcsa paBHbIMU. ClenyeT OTMETUTD, YTO OPUEHTUPOBAHHBIN
yros Mexay npsaMmbiMu CD u AB He paBeH opueHTHpOBaHHOMY yriy Mexay npsimsiMu AB u CD
(oHu cocTtaBisaoT B cymMmMe 180° wiin, 4To Mo HalleMy COTJIAlIeHUIO TO ke camoe, 0°).

Jlerko npoBepuUTH CIEAYIOIHNE CBOWCTBA OPUEHTUPOBAHHBIX YIJIOB:

a) P(AB,BC) =-P(BC,AB);

6) P(AB,CD) + P(CD,EF) = P(AB,EF);

B) Touku A,B,C,D, He nexarnue Ha OTHOM MpsAMOIi, IPUHATIEKAT OJTHON OKPYKHOCTH TOTAA U
tosibko Toraa, korna P(AB,BC) = P(AD,DC) (nns noka3aTtenbcTBa 3TOro CBOMCTBA HYKHO
paccMOTpeTh JBa citydas: Touku B u D nexar no onny cropony ot AC; Touku B u D nexar no
pazsblie cTtopoHsl 0T AC).

3AJJAYN

1.a) U3 Touku A, nexarieii BHe OKpYKHOCTH, BbIX0AAT J1yun AB u AC, nepecekaromue 3ty
OKpYXHOCTb. Jlokaxure, 4yro BenuuuHa yriia BAC paBHa nosypa3HOCTH YIJIOBBIX BEJIMYUH JYT
OKPYXHOCTH, 3aKJIIOYEHHBIX BHYTPH TOTO yTJa.

6) Bepumna yrina BAC pacronioskeHa BHYTPH OKPYKHOCTH. JloKaXuTe, YTO BEIMYMHA yIiia
BAC paBHa nosrycymMMe yIJIOBbIX BEJIMUUH AYT OKPY>KHOCTH, 3aKJIFOUEHHBIX BHYTpH yriia BAC u
BHYTPH yIJIa, CHMMETPUYHOI'O EMY OTHOCUTENBHO BEPILIUHEI A.

2.113 Touku P, pacnionoxkenHoi BHyTpu octporo yria BAC, onymens! nepnenaukyispsl PC1 u
PB1 na npsimbie AB u AC. [Jokaxure, uto PC1AP = PC1BI1P.

1./lokaxkuTe, 4TO €CIIM LEHTP BIIMCAHHOW B YETHIPEXYTOJIBHUK OKPYKHOCTH COBIAJAET C TOYKON
nepeceyeHus TuaroHase, To 3TOT YeThIPeXyroJbHUK- pOMO.

2.YersipexyronpHuk ABCD onucan okosno okpyxHoctu ¢ neHtpoM O. Jlokaxure, uto PAOB +
PCOD = 180°.



3.JlokaxxuTe, 4TO €CIIM CYHIECTBYET OKPYKHOCTbh, KACAIOIIAsACS BCEX CTOPOH BBITYKIIOTO
yeTbipexyroibHuka ABCD, 1 OKpyKHOCTB, Kacaromascs IpoJA0IKEHUN BCEX €ro CTOPOH, TO
JHaroHaay TaKOro YETHIPEXYTrOJIbHUKA IEPIIECH INKYIIAPHBL.

4.OKpyKHOCTb BBICEKAET HA BCEX YETHIPEX CTOPOHAX YETHIPEXYTOJIbHUKA PABHBIE XOP/IbI.
Jloka)kute, 4TO B 3TOT YETBHIPEXYTOJBHUK MOXKHO BIIUCATh OKPY’KHOCTD.

JlomarHee 3a1aHue.

1 /lokakute, 4TO €CJIM B UETHIPEXYTOJIbHUK MOXKHO BIIUCATh OKPY>KHOCTb, TO LIEHTP ITOH
OKPYKHOCTH JIEKHUT HA OJTHOM MPSAMOI ¢ cepeIMHaMH IharoHajiei.

2.YernipexyroapHuk ABCD onucan okoso okpyxHoctu ¢ nentpoM O. B Tpeyronbsauke AOB
npoBenieHbl BbicOTEl AA1 1 BB1, a B tpeyronbauke COD- BoicoTel CC1 u DD1. Jlokaxure, 4To
touku A1,B1,C1 u D1 nexat Ha 0fHOM TpSIMOIA.

3. Yruel ipu ocaoBannu AD tpaneniuu ABCD pasnbl 2a u 2b. Jlokaxkute, 9T0O Tpaneuus
OIKCaHHas TOT/Ia ¥ TOJIbKO Toraa, koraga BC/AD = tg atg b.

3ansTue 8, 9. [lonooHbIe GuUrypsbi.

1. B tpeyronsuuke ABC nHa cpeaneit tuauu DE, napamiensHoit AB, kak Ha guamerpe
IIOCTPOEHA OKPYKHOCTB, nepecekaroias cropoubl AC u BC B Toukax M u N. Haiinute MN,
ecsimi BC=a, AC=b, AB=c.

2. Yepes HEKOTOPYIO TOUKY, B3SATYIO BHYTPU TPEYTOJbHUKA, IPOBEACHBI TPU IPSIMBIE,
napajielibHbIe CTOPOHAM. DTH MPsIMbIE pa30MBAIOT TPEYTOJbHHUK HA MIECTh YaCTeH, TPH U3
KOTOPBIX — TPEYroJbHUKH ¢ TutomanaMu S1, S2, S3. Haiinure muomans 1aHHOTO
TPeYroJbHUKA.

3. B paBHoGenpennsii TpeyronbHuk ABC (AB = BC) Bnucana okpyxHocTb panuyca 3. [Ipsmas
| kacaeTcst 3TOM OKpYKHOCTH M napasienbHa npsamoil AC. PaccrosHue ot Touku B 1o npsimoii |
paBHo 3. HaiinuTe paccTosiHHE MEX1y TOUKaMH, B KOTOPBIX JJaHHAsi OKPY>KHOCTh Kacaercs
cropon AB u BC.

4. B tpanenuun ABCD auaronans AC nepnieHaukynispHa 60koBoii ctopone CD, a nuaronainb
DB nepnennukynspraa 6okoBoii cropone AB. Ha nponomkenusix 0oxoBsix ctopoH AB u DC 3a
MmeHbliee ocHoBaHue BC otnoxens! orpesku BM n CN Tak, 4To nosy4yaercs HOBas Tpareuus
BMNC, nogo6nas tpanenuu ABCD. Haiinure momans tpanenun ABCD, ecnu momaas
tpaneunu AMND pasna P, a cymma yrino CAD u BDA pasha 60o0.

5. Uepes Touky A o6meit xopasl BC nepecekaromuxcs OKpy>KHOCTEH MpoBeieHa mpsmas,
nepeceKaronias OKpy>KHOCTH B Takux Toukax D u E cooTBeTcTBeHHO, uTO npsimas BD kacaercs
OJIHOH OKpYKHOCTH, a npsiMasi BE — apyroii. [Iponomkenue xopasl CD oaHOM OKpYKHOCTH
nepeceKaeT Apyryr okpyxHocTh B Touke F. Haitnure otHomenue BD : BE, ecmu AD =8 u AE
= 2. Cpasnure miomaau tpeyroisaukos BDE n BDF.

6. Yerbipéxyronpuuk ABCD Bniucan B okpykHoCTh. [lnaronans AC sBnsieTcs OMCCEKTPUCOM
yria BAD u nepecekaetcs ¢ auaronansio BD B Touke K. Haitnure KC, ecnmu BC =4, a AK = 6.

[omariHee 3anaHue.



1. B Bemykiiom uetelpéxyronsHuke ABCD u3BecTHO, uTo miomaas TpeyroasHuka ODC (O —
TOYKa MepeceueHus AuaroHasneil) ecTb cpeHee NponopIHOHATbHOE MEXTY TTOMAIIMHI
tpeyroibHukoB BOC nu AOD. [Jokaxute, uto ABCD — Tpanenus uiu napajjiesorpamm.

2. 13 BepmmnHbl C ocTpoyrosibHOTO Tpeyroiapurka ABC onymiena Beicota CH, a u3 Touku H
onymeHsl neprnenaukyasipel HM u HN na croponst BC u AC cootBeTcTBeHHO. JloKaxkuTe, 4TO
tpeyrobHuKH MNC u ABC no100HBI.

3. JlnaroHanu BBITYKJIOTO YETHIPEXYTOJbHUKA JICIST €r0 Ha YEThIPE MO0OHBIX TPEYTOJIbHUKA.
Jlokaxkure, 4TO €ro MO>KHO pa3pe3arh Ha JBa PABHBIX TPEYTOJIbHHKA.

3aunsarue 10, 11. [laomans puryp.

1. Otpe3ok AB ectb nuamerp kpyra, a Touka C siesxut BHe 3Toro kpyra. Orpesku AC u BC
MEPECEKAIOTCS C OKPYKHOCTHIO B TOUukax D u M coorBercTBenHo. Haitaure yron CBD, eciu
momaaun TpeyroibHukoB DCM u ACB otHOCcsTCs Kak 1:4.

2. OTpe3Ku, COeIUHSIOUIME OCHOBAHUS BBICOT OCTPOYT'OJIBHOIO TPEYTrOJIbHUKA, paBHbI 8, 15 n
17. HaliquTe Tutomaas TpeyrojabHUKa.

3. OxpyxHocTb kacaercs ctopoH AB u AD npsimoyronsanka ABCD u nepecekaer cropony DC
B equHCTBeHHOU Touke F u ctopony BC B enuncTBenHol Touke E. Haiinure niomanes Tpanenuu
AFCB, eciu AB=32, AD=40u BE=1.

4. Ha kaxxaoli cTopoHe napajuiesiorpaMma B3sTo 1o Touke. [lnomans yeTbpéXyronbHIKa C
BEpILMHAMU B 3THX TOYKaX paBHa MOJOBHUHE IJIOLIAAU Napajuienorpamma. Jlokaxkure, 4To XOTs
OBl 0J1HA U3 AMArOHAJIEH YeThIPEXYTOIbHUKA MapajljiebHa OJHOM U3 CTOPOH NapasuleIorpaMma.

5. ,Z[Ba MNpAMOYT'OJIbHHUKA ITOJIOKCHBI Ha IJIOCKOCTD TaK, YTO UX I'PaAHUIIBI UMCIHOT BOCECMb TOYCK
MepeccUCHU. OTH TOYKHU COCAUHCHBI UCPE3 OJHY. I[OKEB&TL, qToO II101aAb IOJIy4Y€HHOI'O
‘-IeTI)IpéXYFOJ'H)HI/IKa HC UBMCHHUTCA IIPpH TOCTYNATCJIbHOM NNEPEMEILICHHUHU OAHOTO U3
MpAMOYT'OJIbHUKOB.

6. Ha xaretax u THIIOTCHY3C MPAMOYT'OJIbHOTO TPCYT'OJIbHUKA ITIOCTPOCHBI KBAAPATHI,
PACIIOJIOKCHHBIC BHE TPCYT'OJIbHUKA. Beranciauts ImIomaab MECTUYTOJIbHUKA, BEPIINHBI
KOTOPOIr'o COBIAAAOT € TEMH BECPUIMHAMHA KBAJIPATOB, KOTOPBIC HC IIPUHAJICKAT JaHHOMY
TPECYIrOJIbHUKY. I[J'II/IHa THIIOTCHY3bI C 1 CyMMa IJIMH KaTC€TOB S U3BCCTHHI.

JomaiHee 3ananue.

1. JlokaxxuTe, 4TO IJIOLIA/Ib TPEYTOJIbHUKA MOXKHO BBIPAa3UTh 10 ¢opmyne S = (p - a)ra, rjae ra —
paauyc BHEBIIMCAHHON OKPY’KHOCTH, KaCaroIEeUcsl CTOPOHBI, PABHOU a, P — MOJIYIIEPUMETP
TPEYroJIbHUKA.

2. B tpaneunto ABCD c ocnoBanusimu BC u AD u 6okoBeiMu cropoHamu AB u CD Bnncana

OKpYkHOCTb ¢ ieHTpoM O. Haiinure muomans tpanenuu, ecau yroi DAB npamoi, OC =2,
OD =4.

3. Uepes Bepmunbl A u B Tpeyronbauka ABC npoBeneHa OKpy>KHOCTb, ITepeceKaroiast
ctoponsl BC n AC B Toukax D u E coorBercTBenHo. [nomane tpeyronsauka CDE B ceMb pa3
MeHbIe Tiomanau yeteipéxyroiapanka ABDE. Halinute xopay DE u paanyc okpykHOCTH, eciin
AB=4uC=45°

3ansaTue 12. B3aumHoe pacnonokeHue NpsMbIX Ha TIockocTH JlobaueBckoro. [lapamnensHbie u
CBEpXIApAIJIEIbHbBIC MTPSAMBIE.
ILlenw: PazoOpath OCHOBHBIE MOHATHUS TeoMeTpun JIOO0YEBCKOTO.



PexoMenganmu k caMoCTOATEIbHOM padoTe
1. [TpopabGoTaTh MaTepHalI MO TEME MPAKTUIECKOTO 3aHITHSI.
2. IloBTOpUTH JIEKLIMOHHBIN MaTepUa 110 TEME 3aHSTHSL.

3anamue 13. TpeyroipHUKM M YETHIPEXYTOJbHUKH Ha IUIOCKOCTH JloGaueBckoro. Yromn
napauieIbHOCTH

I]ens: Pazo0Opath 0OCHOBHBIE MOHATHS TeoMeTpun JlobaueBcKoro.

Pexomenpanmu Kk caMoCTOSITEJILHOM padoTe

1. [IpopabGoTaTh MaTepHall MO TEME MPAKTUUECKOTO 3aAHITHSL.

2. IToBTOpUTH JEKIIMOHHBIN MaTeprall 10 TEME 3aHITHSI.

3ausitue 14. OKpy>KHOCTh, SKBUJIUCTAHTA, OPULIUKII.

I]ens: Pazo0parh OCHOBHBIE MOHATHUS TeoMeTpun JIobaueBcKoro.
Pexomenpanmm Kk caMOCTOSITEJIbHOM padoTe

1. [IpopabGoTaTh MaTepHall MO TEME MPAKTUUECKOTO 3aHITHSI.

2. [ToBTOPUTH JIEKIIMOHHBIA MaTepUai IO TEME 3aHSTHSL.

3ansaTue 15. KonTposbHas padora.

8.

IlepeyeHb OCHOBHOI M 10NOJTHUTEIbHOH Y4eOHOH uTepaTypsbl, UHTEepHeT-pecypcosB,

He()ﬁXOJII/IMLIX AJIA OCBOCHUSA JUCHUIIJIHHBI
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— Dnekrponnas oubmunoreka http://lib.mexmat.ru/books/75829 (cBo6GoaHbIN 10CTYII)
— DnexrponHas oubnmoreka http://wWww.razym.ru (cBoGOIHBII TOCTYII)
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