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MecTo IMCHUIIMHBI B CTPYKTYpe 00pa30BaTeIbHOH MPOrpaMMBbl
Huctunmuna «['eomeTpus» OTHOCHUTCA K JUCIUIUIMHAM oO0s3aTenbHOM vactu bioka 1.
Juctumumael  (Moxynu) IIpeaMeTHO-METOIUYEeCKOro MOIYJsS YYeOHOro IUiaHa OCHOBHOU
npodeccuoHanbHOM 00pa30oBaTeNbHON MPOrpaMMbl BbICIIETr0 00pa3oBaHUs — MPOTPaMMBbl
OakanaBpuata 1o HampasieHuto 1noarotoBku 44.03.01 Ilemarornueckoe oOpa3oBaHuE,
HaIpaBlIeHHOCTh (Tpoduiib) oOpa3oBaTenbHOM MporpaMmbel «MaTtemarukay, 3a04HON (Gopmbl
00y4eHusl.
JucuumnimHa omupaeTcss Ha pe3ylbTaThl 00ydeHus, cpopMHupoBaHHBIE B paMKax Kypca
«MeToapl MaTeMaTHYeCKOW 00pabOTKU JaHHBIX «AJreOpay, HIKOIBHOTO Kypca MaTeMaTHKH.
Pe3ynbrarthl u3ydeHHs NUCUUIUIMHBI SBISIOTCS TEOPETUYECKOM U METOJI0JIOTMYECKOM
OCHOBOM I UW3y4YeHUs: AUCUMIUIMH: «lIpakTUKyM 10 pEIIeHHI0 MPEIMETHBIX 3aJauy,
«OneMeHThl KOMIbIOTEpHOU W AuddepeHnaabHoil reoMeTpun», «OCHOBBI Teopuu (GyHKIIUN
BEILECTBEHHOT0 M KOMIUIEKCHOTO TIEPEMEHHOT0» JUIsi MpOXoxkJeHus mnpaktuk «HayuHo-
uccienoBarenbckas pabora (MOJydyeHHE TMEPBUYHBIX HABBIKOB HAy4YHO-KCCIIEI0BATENbCKON
paboTel), KypcoBas pabora 1», «llemarormveckas mpakTUKa IO MAaTeMaTHUKE» M HTOTOBOM
aTTeCTallUU.
1. Ilepeuenb TMUIAHHPYEMBIX Ppe3yJbTATOB 00yueHuss (00pa3oBaTeJbHBIX
pe3yJbTaTOB) MO TUCIUILIHHE
IessaMu 0CBOCHUS JUCHUILUIMHBI «['eoMeTpus» ABISIOTCS
- packpbiTUe 3HA4YCHHE TEOMETPHUH, YIIyOJeHHe TMpeACTaBICHUS O MecTe
TEOMETPUU B U3YUCHHUH OKPYKAIOIIETO MUPA;
- U3y4YEeHHE OCHOBHBIX Pa3/eIOB TEOMETPUU U BOCIIUTaHKE OOIIEH reoMeTpruiecKon
KYJIBTYPBI, HCOOXOAMMON OYyIylmeMy YYHTEIIO IS MOHUMAaHHUS Kak OCHOBHOTO Kypca
MaTeMAaTHUKH, TaK U HIKOJIBHBIX (haKyJIbTaTUBHBIX KYpCOB;
- CIIOCOOCTBOBAThH PA3BUTHUIO TIPOCTPAHCTBEHHOT'O MBIIILICHHUS.
3agadeii OCBOCHUS TUCIUIUIMHEI SBJISETCS PAa3BUTHE YMEHHS CAMOCTOSITENIbHOM paboOThI €
MaTeMaTUYeCKOU JIUTepaTypou, Kypc «I'eomeTpusi» AOJKEH JIaTh CTY/IEHTaM 3HAHMS, HABBIKH U
yYMEHHUsI, HeOOXOIUMBIE JIsl YCIEIIHOTO U3yUeHUs JPYTUX pa3/ie]ioB MaTeMaTHKU

B pesynbrare ocBoeHMs mporpamMmbl OakajgaBpuata OOYYarOIIUKCS TOMKEH OBIAJICTh
CIeNYIOIMMU pe3yJibTaTaMu 00ydeHus 1o gucuuiuimHe «['eomerpus» (B Tabmuie
MPEJICTABJICHO COOTHECEHHE OOpa30OBaTENbHBIX PE3YNbTATOB OOyYEHUS MO TUCIUILUIMHE C
WHJIUKATOPaMU JOCTHKEHUSI KOMIIETEHITUH ):

Kommerenmus u OO6pazoBaTenbHBIC PE3YIbTAThI TUCIUTITUHBI

WHJUKATOPHI €€ (oTamel popmMHUpOBaHUS AUCIUTUIHHEI)

]:[OCTI/I)KGHI/IS[ B 3HaeET ymeer BJIAACET

JHUCITUITIMHE

VYK-1. Criocoben OP-1. 3naer MeToabI OP-2 Ymeer OP-3 Bnazeer
OCYILIECTBIISATH MOUCK, KPUTUYECKOTO aHaIN3a | IPUMEHSTh HaBbIKaMH pediekchu
KPUTUYECKHUI aHAW3 U | U CHHTE3a CHUCTEMHBIN ITOJIXO0. TI0 TIOBOY
cuHTe3 uHhopMaIuy, nH(pOpMAaLUH JUISL peILICHHs COOCTBEHHOI U Uy:KOU
MPUMEHSTh CHCTEMHBIN MOCTABJIEHHBIX 337a4 | MBICIUTEILHOMN
MOAXOJ 1JIsl PEIICHUS JIeITEITLHOCTH

MIOCTaBJICHHBIX 3314
VK-1.2. Ilpumensier
jgorudeckue Gopmbl 1
IpoIeTyphl, CIOCOOEH
K peQIIeKCHH 110
MOBOJTy COOCTBEHHOI U
Yy’KOH MBICIIUTEIILHON
NeSITETIbHOCTH.




ITIK-1. Ciocoben OP-4. 3naer posb u OP-6 ymeer OP-7 Bnageer
OCBaMBaTh U MECTO MaTeMaTUKU B | OCYIIECTBIISITh OTOOp | JeiicTBHEM
HCIIOJIb30BATh o0111Ieli KapTHHE y4eGHOro MPOEKTUPOBAHUS
TEOPETUYECKUE HAaY4HOI'O 3HaHUS; COJZICP)KAHUSI JUTA €70 | PasiMYHBIX (GOpM
3HAHUS U OP-5. 3naer peam3anum B YUEOHBIX 3aHATHH,
IIPaKTUYECKHE CTPYKTYpY, COCTaB U pazmuHbBIX popmax OP-8 Brnaneer
YMEHHSI U HaBBIKU B TMJAKTUYECKUE o0y4deHus B HaBBIKOM MTPUMEHEHUS
MIPEeIMETHOM ©IMHHLIBI COJCPXKAHHUS | COOTBETCTBUH C Pa3IMYHBIX METOMIOB,
o0jactu npu IIKOJILHOTO Kypca COBPEMEHHBIMU MPUEMOB U
perleHnu MaTeMaTHKH. TpeOOBAHUAMH K TEXHOJIOTHIA B
po¢eCCHOHATBHBIX 00pa3zoBaHUIO. 00y4YeHUH

3a1a4. MaTeMaTHKe.
[IK-1.1. 3naer

CTPYKTYpY, COCTaB U

JUIaKTHYECKUE

€IMHHIIBI

MpeAMETHON

obacTu

(mpenosiaBaeMoro

npeaMeTa).

[IK-1.2. Ymeer

OCYIIECTBISATH OTOOP

y4eOHOTO

COJIep>KaHusl AJIs €ro

peau3anuu B

pasnuyuHbIX hopmax

oOydeHus B

COOTBETCTBUH C

TpeOOBaHUSIMU

dI'0C OO.

[1K-3. Criocoben OP-9. 3naer OP-11 Ymeer OP-13. Bnageet
dbopmupoBath XapPaKTEPUCTHKY OKa3bIBaTh HaBBIKAMU
Pa3BHUBAIONIYIO JIMYHOCTHBIX, MeJArOTUIECKYIO OpraHu3aIvu U
o0pa3oBaTeNbHYyIO MIPEIMETHBIX U TIO/IICPKKY TIPOBEICHHSI 3aHSTHIA C
cpeny Juis MeTarpeIMETHbIX o0ydarommmcs B UCTIONIb30BaHUEM
JOCTUKEHHS PE3yIbTaTOB B 3aBHCHMOCTH OT X BO3MOKHOCTEH
JTUYHOCTHBIX, KOHTEKCTe 00y4yeHus: | oOpa3oBaTeIbHBIX 00pazoBaTebHON
MPEeIMETHBIX U MaTeMaTHKe; pe3yabTaToB, cpenbl 1S
METanpeaMETHBIX OP-10. 3naer OP-12 Ymeer JIOCTUKECHUS
pE3yJIBTaTOB OCOOEHHOCTH OpraHu30BbIBATH 00pa3oBaTeNbHBIX
oOyueHus MHTETrpalyu y4eOHBbIi Tporiecc ¢ pE3yJIBTaTOB U
cpeAcTBaMHu y4eOHBIX NIPEAMETOB | HCIOJIb30BaHUEM o0ecreueHus KauecTBa
MIPETI0IaBaEMbIX TUTSL OpraHU3aIH BO3MOKHOCTEH y4yeOHo-

y4eOHBIX PEAMETOB. | Pa3HBIX CIIOCOOOB o0pazoBaTesbHON BOCIIUTATEIHLHOTO
[IK-3.1. Bnaneer yueOHOM Cpenpl U pasBUTHS | TIPOLIECCA CPEICTBAMU
criocobamu JeSTEIILHOCTH. WHTEpeca K MaTeMaTHKU.
WHTETpaIuN TIPE/IMETY B paMKax

y4eOHBIX TPEAMETOB YPOUHOH U

TUTSL OpTaHU3AIH BHEYPOYHOU

pa3BHUBArONICH JeSTEIILHOCTH.

yaeOHOU

ACATCIIBHOCTHU




(uccemoBaTeIbCKOM,
IIPOECKTHOM,
TPYIIIOBOH U Jp.).
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3. Copep:kaHue JMCHUILUIMHBI, CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3aesnaM) ¢ yKa3aHHeM

OTBCACHHOI'0 HA HUX KOJINYECTBA AKAACMHUICCKHUX YaCOB U BH/10B y‘-leﬁl—[l)lX 3aHATHH

3.1. Ykazanue mem (pazoenoe) u omeedeHHO20 HA HUX KOIUYUECMEA AKADEMUUECKUX YACO8 U

6U008 YUeOHbIX 3aHAMUIL

KonnyectBo yacoB 1o ¢opmam opraHu3anuu o0ydeHus

HaumenoBanu u
aUMCHOBAHHE pas/iciia Jlexuuonnsle | [Ipaktuueckue | JlabopaTopHbie | CaMOCTOSITENb-
TeM 3aHATUSA 3aHATHUSA 3aHATHUSA Has paboTta
2 cemecTp
BekropHas anrebpa u 5 8 50
AQHAJTUTHYECKAsI TEOMETPHUS
['eomerpuueckue
2 4 69
npeoOpa3oOBaHMs
OKk3ameH 9
HToro mo 2 cemecTpy 4 12 - 128
3 cemecTp
I'eomeTpuueckue
P 2 8 44
HOCTPOCHHMSI Ha IJIOCKOCTH
Metoab! n300paxeHuit 2 2 44




3ayer 6

Hroro no 3 cemecTpy 4 10 - 94
4 cemecTp

OcHOBaHMSI TEOMETPHUH U

AIIEMEHTBI FEOMETPUH 4 12 119

Jlo6aueBckoro

DK3aMeH 9

Hroro no 4 cemectpy 4 12 - 128

Bcero mo aucuumianHe: 12 34 - 350

3.2.Kpamkoe onucanue cooepiicanus mem (pazoenoe) OUCUUNIUHbL
2 cemecmp
AHanuTHYeCKasi TeOMeTPHUsl U BEKTOPHAs ajiredpa

Hanpasnennele oTpe3ku U BeKTOpbl. Cl0XeHHE BEKTOPOB M €ro CcBoWcTBa. Pa3HOCTh ABYX
BEKTOPOB. YMHOKEHUE BEKTOpA HA YUCIIO U €ro cBOMCTBA. CUCTEMBI JIMHEHHO 3aBUCHUMBIX U
JUHENHO HE3aBUCHMBIX BEKTOPOB M HX cBoWcrBa. [Ipu3Hakm KOJUIMHEApHOCTH U
KOMIUIAHAPHOCTU BEKTOpOB. BekTopHOe mnpocTpaHcTBO. ba3zuc BEKTOPHOIO IPOCTPAHCTBA.
Koopnunatel Bekropa B JaHHOM Oasuce. CkanspHoe Ipou3BefieHHe BeKTOpoB. CBoiicTBa
CKaJIIPHOTO IIPOM3BEIEHUS. BpIUNCIIEHNE CKASIPHOTO ITPOU3BENEHNUS 110 KOOpAMHATaM BEKTOPOB
B OpPTOHOPMHpOBaHHOM 0Oasuce. OpueHTalus IUIOCKOCTM U HpocTpaHcTBa. BekropHoe
IIPOU3BE/IEHNE BEKTOPOB U €ro cBoiicTBa. CMEIIaHHOE MTPOU3BEIECHNE BEKTOPOB U €r0 CBOMCTBA.
Koopaunatel TOYEK Ha INIOCKOCTM M B IPOCTPaHCTBE. PelleHue mnpocTedmmx 3anad B
KoopanHaTax. Popmyisl peodbpa3zoBaHus apGUHHON U MPAMOYTOJbHONW CHUCTEM KOOpPAMHAT Ha
miockoctr. PopMmynbl mpeodpazoBanus adGUHHOM CHUCTEMBI KOOPAMHAT B TIPOCTPAHCTBE.
VpaBHEHHMsT JMHMH W TOBepXHOCTeW. lIpuMeHeHHMe BEKTOPHO-KOOPAMHATHOIO METOJa K
PEIIECHUIO 3a]a4 JIEMEHTApHOW TE€OMETPUU. YPaBHEHHUE MPSAMOM Ha IUIOCKOCTH, 3aJaHHOMU
pasHbBIMHU criocoO0aMu. YcJIoBHE MapaylIebHOCTH BEKTOpa W mpsMoil. PacmonoxkeHnue mpsmoit
OTHOCHUTEJIbHO CUCTEMBbI KOOpJAUHAT. B3anMHOE pacroyio)keHHe JBYX MPSMbIX Ha IIOCKOCTH.
AHanuTHYecKOe 33JaHHUE MOTYIJIOCKOCTU. MeTpuieckue 3a1a4yi TEOPUH MPSIMON Ha TUIOCKOCTH.
VYpaBHEHUS IUIOCKOCTH, 3aJlaHHOM pa3lMYHbIMU crocobamu. BzaumHOoe pacnosioxeHue
IUIOCKOCTH M CHCTEMBI KOOpPAMHAT. B3auMHOE pacnojioKeHUE IBYX IUIOCKOCTEH. YpaBHEHUs
npsiMOM B IPOCTpaHCTBE. B3anMHOe pacrojiokeHue AByX NpsMBIX. B3anMHOe pacrnosiokeHue
OpsIMOM M TUIOCKOCTH. AHAJIMTHYECKOE 3aJaHHE MOJIYyIPOCTPAaHCTBA. MeTpuueckue 3aaadu
TEOPUU NMPAMBIX U IUIOCKOCTEN. [Ipuiioxkenne Teopuu NpsIMbIX U MJIOCKOCTEN K PELIEHUIO 3a7a4
AIIEMEHTAPHON TreoMeTpuH. DJUIMIC, CBOMCTBa »uurca. [umepOona, cBOWCTBA THIEPOOIIBI.
JupexropralibHOE CBOMCTBO dsumarica W rumepboinbel. [lapabomna, cBoiicTBa mapabomnsr. Ob1Iee

yYpaBHEHUE KpPUBOW BTOpOro mnopsjaka. llepecedueHne KpruBOW BTOPOro MOPSAKAa M HPSIMOM.




AcuMmnrornueckne HampasiieHus. L{eHTpbl KpuBBIX BTOpOro nopsnka. KacareapHble K KpUBBIM
BTOpOro nopsaka. OnTuyeckre CBOMCTBA 3JUIMIICA, THIIEPOO0IIbl, mapabobl. JuaMeTpbl KpUBBIX
BTOPOro mnopsiaka. Teopema O CONPSKEHHBIX JUaMeTpax KpUBOM BTOPOro nopszaka. I'yaBHble
JUaMETPBI U TJIaBHBIE HAIIPABJICHHUs KPUBOW BTOPOTO MOPsAAKA. XapaKTEPUCTUYECKOE YPABHEHHE
KpuBOH BTOporo mnopsaka [IpuBeneHue oOIIero ypaBHEHUS KpUBOM BTOpPOro MOpsIKa K
KaHOHHYecKoMy Buay. Kiaccudukamust KpuBbIX BTOporo mnopsiaka. [loBepxHocTH BTOpPOTO
nopsaka. Meron ceuenunil. L{miiMHApUYeCKHEe M KOHUYECKHE IMOBEPXHOCTH B IMPOCTPAHCTBE.
[ToBepxHOCTH BpallleHUs B MPOCTPAHCTBE. DJUIMIICOMIBI M THUIEpPOOJOUIbI, U HUX CBOWCTBA.
[TapaGonounnsl 1 ux cBoiicria. [IpsiMonuHeiiHble 00pa3yroiue MOBEPXHOCTEH BTOPOro NOpsiIKa.
I'eomeTpnueckmne npeodpazoBaHus
OtoOpakeHust U mpeodpazoBaHuss MHOXKECTB. [Ipow3BeneHre (KOMIO3UIMS) MPeOOpa3OBaHMUIA,
rpynmna npeoOpa3oBaHuil. [IBH)KEHHs MIOCKOCTU: NapajljiesIbHbI NEepeHoC, BpallleHHe, OceBas
CUMMETpHUs, CKOJb3dllas CUMMETpHs, uUX cBoiicTBa. CBoiicTBa JBIM)KEHHMH oOwIero BHJa.
OcHoBHas TeopeMa ABIKEHHH IUIOCKOCTH. ['eoMeTpuYecKkn paBHbIE (UTYyphl U WX CBOWCTBA.
AHaIIMUTAYECKOE BBIPAKECHUE JABUKEHUN IUIOCKOCTH. ['pymma JBMKEHHM IUIOCKOCTH U €€
noarpynnsl. I'pynna cummerpuit reomerpuueckoi ¢urypsl. Knaccudukanus apuxeHun
wiockocTu nepBoro poxa. Teopema Hlana. Knaccudukanus IBHXKEHHH IIOCKOCTH BTOPOTO
pona. I'omorerust u ee cpoiictBa. [logobus miuockoctu, cBoiictBa momodus. Kimaccudukarms
nogobuit miockoctu. ['pynma monobmit u ee moarpynmnsl. [lomoGHble ¢urypsl. AddunaHbIe
npeoOpa3oBanust miockocTH. CBoiicTBa aduHHBIX IpeoOpa3zoBaHuil MmiIockocTH OCHOBHas
Teopema 00 apPUHHBIX MpeoOpa3oBaHUIX IIOCKOCTH. AHAIMTHYECKOE BhIpaskeHHe ad(PUHHBIX
npeoOpa3zoBannii  miIockocTH. llepcrnektuBHO-adhuHHBIE TMpeoOpa3oBaHMsl  TUIOCKOCTH:
cBOiicTBa, BUABIL. ['pynna apduHHBIX npeodpa3oBaHUM IUIOCKOCTH U €€ MoArpynmnsl. MHBepcus
IUIOCKOCTH OTHOCHUTENIBHO OKpPYKHOCTH. CBONCTBAa MHBEPCHHM. AHAIUTHYECKOE BBIPAKEHUE
uHBepcUM IUIocKOoCcTH. [loHsATHMS O JABWKEHMsAX npocTpaHcTBa. (CBOMCTBAa  JIBMXKEHUN
npoctpaHcTBa. [IpuMepsl IBHKEHMI NpoCcTpaHcTBa. [IpuiioskeHHE TEOpUH I'€OMETPUYECKUX
peoOpa3oBaHuil IUIOCKOCTH K PEIICHHUIO 3a/1a4 3JIEMEHTApHOM reOMETpHH.
3 cemecTp
ITocTpoeHunst Ha MJIOCKOCTH LUPKYJIEM U JTHHelKoH. OCHOBaHHMS reoMeTpHH

AKCHOMBI ITOCTPOEHMSI LIUPKYJIeM M JuHeiikoil. OcHoBHBIE ocTpoeHus. Cxema pelieHus 3aiad
Ha T1ocTpoeHne KOHCTpyKTHMBHBIE MHOKECTBAa/TEOMETpHUECKHE MecTa Touek Mertox
KOHCTPYKTUBHBIX MHOXkecTB (meron I'MT, meron mnepeceueHuil) mpu pelieHHM 3ajad Ha
noctpoeHue. [IpumeHeHre cBOMCTB ABMKEHUN K PEIICHUIO 3a]a4 Ha rnocrpoeHue. Ilpumenenne
CBOMCTB TOMOTETUM M TOJA00MS K PEIICHUIO 33Jad Ha MOCTpoeHHe. Anredpandeckuii MeTon

pelieHuss 3aJad Ha MocTpoeHue. [IpuMeHeHHe CBOMCTB MHBEpPCHM K pEIICHUIO 33a7ad Ha



noctpoenue. Kpurepuii pa3peminMocTH 3a/1a4 Ha MMOCTPOEHUE LUPKYJIEM U JIMHEHKOW. 3a1aun Ha
MIOCTPOEHUS, HEPAZPELUIUMBIE HUPKYJIEM U JIMHEUKOM.
Metoabl n300pakeHust
[TapannenpHOE€ MPOEKTUPOBAHUE U €ro CBOMCTBA. [loHATHME O LIEHTPaIbHOM IPOEKTUPOBAHMH.
Hzobpaxenue IUIOCKUX (Uryp TpH HapajulelbHOM HpoeKTupoBaHuu. 3o00pakeHue
MHOTOIPAHHMKOB  IIpM  MapajuleIbHOM  IpoektupoBanuu. Teopema  Ilosbke-IlIBapua.
N300paxeHue KpyribIX Tel IpH NapajuleJIbHOM INPOEKTUPOBAHUU. AKCOHOMETpUS U €€
cBoiictBa. IlomHble u HemoiHble H300pakeHUs. PemieHre MO3MIIMOHHBIX 3a/ad Ha IOJIHBIX
nzoopaxenusx. [lonstue o merone Momnxa.
4 cemecTp
OcHoBaHMs reOMeTPHH M 3J1eMeHThl reoMeTpun JlodbayeBckoro

[TonstTe o0 akcmoMatudyeckoMm MeToje. TpeOoBaHUS, MPEIbSBISEMbIE K CHCTEME AaKCHOM.
HenpoTtuBopeunBOCTh CHUCTEMBI aKCHMOM Ha IpuMepe akcuomMaTuku Beinsa. IlonHora u
HE3aBUCHMOCTb CHCTEMbl aKCHOM Ha Ipumepe axkcuoMatuku Beina. Cucrema akcuom
I'unbbepra u crnencTBus U3 akcuoM. llocTpoeHue €BKIMIOBOM reéOMETpPHH Ha OCHOBE aKCHOM
Beiina HenpotuBopeunBocTh akcuomatuku ['mnbOepra. [1aTeiii moctynar EBkinaa u akcuoma
napauiensHoctu [Ineiidepa. Cymma yriioB TpeyroiabHUKOB U MATHIN nocTynaT EBkiauaa. [lepas
u BTOpas TeopeMbl Jlexxannpa. IlpemioxkeHusi, HKBUBAJEHTHbIE aKCUOME MapajieIbHOCTU
(cymiecTBOBaHME TPEYroJIbHUKA, CyMMa YIJIOB KOTOPOI'O paBHA JBYM IPSIMBIM; CYILIECTBOBAaHUE
YEeThIPEXYrOJIbHUKA, CyMMa YIJIOB KOTOPOI'O paBHA 4YETBIPEM NPSIMBbIM; CYIIECTBOBAaHUE
MOJIOOHBIX, HO HEPABHBIX TPEYrOJHHUKOB; KOJUIMHEAPHOCTh TPEX TOUYEK, PABHOYAAJIEHHBIX OT
IpsIMOH; BO3MOXKHOCTh OINUCATh OKPYKHOCTh BOKpYT JII0OOTO TpEYyrojibHHWKA; IepecevyeHue
T000TO TEPHeHANKYJIsApa K CTOPOHE OCTPOTO yIrjla €O BTOPOM CTOPOHOM). AKCHOMa
napamiensHoctd  JloGaueBckoro. CyMMa yIJioB TpEYroJibHMKa M UYETHIPEXYTOJbHHKA Ha
rwiockocT JlobayeBckoro. [Ipu3Haku paBeHCTBa TPEYroJbHUKOB Ha MIOCKOCTH JIobaueBcKoro.
[TapannensHbie mnpsimple 1o JloGaueBckomy. Ilpusnak mnapamiensHocTH. CyliecTBOBaHUE
napajuieIbHbIX TpsAMbIX 10 JloOaueBckoMy. YToN mapauieIbHOCTH U €ro cBoiicTBa. DyHKIus
Jlo6aueBckoro. CBOMCTBa YETBHIPEXYrOJIbHUKOB Ha IutockocTH JloOaueBckoro. CBoiicTBa
napajulebHBIX MPSMBIX Ha miockoctu JloOadeBckoro. Pacxonsiuecs: mpsiMble Ha TIOCKOCTH
JloGaueBckoro: mpu3zHaK U cBoiicTBa. OKPYXKHOCTh, SKBHIUCTAHTa M OPHUIMKI Ha IUIOCKOCTU
Jlo6aueBckoro m ux cBoictBa. MuTepmnperamus tiockoctu JlobGaueBckoro (mozenp Kemmu-
KrneliHa Ha eBKIMIOBOM IJIOCKOCTH, Mozenb IlyaHkape Ha MONYIJIOCKOCTH U JIp.).
HemporuBopeunBocts mnanumerpuu JlobaueBckoro. HezaBUCUMOCTh aKCHOMBI TTApaIeTbHOCTH

[Ineiidepa oT octanmpHBIX akcuoMm [wmibOepra. I[loHATHS JAIMHBI OTpe3Ka, TUIOMIAIA



MHOTOYTOJIbHMKa H o00beMa MHororpaHHuka. OO030p aKCHOMAaTHK IUTAaHUMETPUH U
CTEPEOMETPHUH, TIPECTABICHHBIX B IIKOJIBHBIX y4eOHUKAX

4. TlepeuyeHb Y4eOHO-METOAMYECKOr0 oOecreYeHHsl ISl CaMOCTOSITEIbHOH PadoThI
00y4YaKOIIUXCS 10 TUCHHILINHE

CamocrosrenbHas padoTa CTyJICHTOB SBJIAETCS 0cO00W (OpMOi OopraHu3anuu y4eOHOro
nporecca, IPEACTABISIOMAs CO00H  IUTAaHUPYeMylo, TI03HABAaTENbHO, OPraHU3alMOHHO U
METOJIMYECKH HANpPAaBIAEMYIO JESTeIbHOCTh CTYJICHTOB, OPHEHTUPOBAHHYIO Ha JIOCTH)KECHHE
KOHKPETHOTO  pe3ysibTara, OCYLIECTBISIEMyI0 0€3 TpsMOH  IOMOIIM  IPEHOJAaBATEIIsL.
CamocrosTenbpHas paboTa CTYIEHTOB SIBIISIETCS COCTaBHOHM 4acThio yuyeOHOH paboThl M HMMeeT
IeJIbI0 3aKpeIUIeHHue M yriIyOJIeHHEe MOJyYeHHBIX 3HAHWH W HABBIKOB, TIOMCK M NPUOOpETeHUEe
HOBBIX 3HAaHUi, a TAK)KE BBINOJIHEHHE YUEOHBIX 3aJJaHUl, TIOATOTOBKY K MPEICTOSAIINM 3aHATHSIM
U o9k3ameHy. OHa mpexycMaTpuBaeT, Kak HpaBWiIo, pa3paboTKy pedepaToB, HamucaHue
JIOKJIAJIOB, BBINOJIHEHHE TBOPYECKUX, WHAMBHUIYAIbHBIX 3a/laHU B COOTBETCTBUHU C y4eOHOM
pOrpaMMOil (TEMaTHYECKUM IUIAHOM M3YYeHUs AUCHHUIUIMHBI). TeMa /Ui TaKoro BBICTYIUICHHS
MOKET OBITh TPEJIOKEHA IpernojaBaTeseM Wi n30paHa caMHM CTYJSHTOM, HO MaTepual
BBICTYIUICHUSI HE JOJDKEH IyONMpoBaTh JIEKIMOHHBIM Marepuan. PedepaTuBHbIi MaTepuad
CIIY’)KUT JTOTIONIHUTENbHOW MH(pOpManueil uist paboThl Ha MPAaKTUYECKUX 3aHATUAXK. OCHOBHAs
1eJIb JAHHOTO BU/1a paOOTHI COCTOUT B 00YYEHUH CTYACHTOB METOJ[aM CaMOCTOSATEIILHON pabOThI
¢ y4eOHbIM MaTepuasioM. J[JIsi TIOMHOTHI YCBOCHHUSI TEM, BHIHECEHHBIX B MPAKTHUYECKUE 3aHSTHS,
TpeOyercsi paboTa ¢ mepBoucTOYHMKaMH. Kypc mpeaycMmarpuBaeT caMOCTOSITEIbHYIO paboTy
CTYACHTOB CO CIIEHMAIBbHOW JuTeparypoii. CieyeT OTMETHTh, YTO CaMOCTOsTeNIbHAs paboTa
CTYZICHTOB PE3yJbTaTUBHA JIMIIb TOT/Ja, KOTJJa OHA BBIIOJHSACTCS CUCTEMATHYeCKH, TNIAHOMEPHO
U LIeJIEHAINPABIICHHO.

3agaHus Ui CaMOCTOATENIFHOM  pabOThl  IpEeAyCMaTpHBAaIOT — HCIIOJIB30BAHUE
HEOOXOJMMBIX TEPMHUHOB W TMOHATHH 1O Tmpobiematuke Kypca. OHHM HaleIWBAalOT Ha
NPaKTHYECKYI0 paboTy MO MPUMEHEHHIO M3y4aeMOro MaTepHaia, MOUCK OHOnmorpaduyeckoro
MaTepHala 1 AJIEKTPOHHBIX HCTOYHUKOB WH(POPMALINH, WIUTFOCTPATUBHBIX MaTEPUAIOB. 3aJaHuUs
[0 CaMOCTOSITEIbHON paboTe JarTcsd IO TeMaM, KOTOpble TpeOyIoT JIOTOJIHUTEIbHON
popaboTKH.

OO0umii 00beM CcaMOCTOATENBHOW pPAa0OTHl CTYIEHTOB MO JAMCHUIUIMHE BKIIIOYAeT
ayJUTOPHYIO U BHEAYJAUTOPHYIO CAMOCTOSATEIBHYIO paOOTy CTYZCHTOB B TEUEHHE CEMECTpA.

AyIuTOpHas caMOCTOsATENIbHAs paboTa OCYIIEeCTBIseTCs B ()OpME BHIIIOJIHEHUS TECTOBBIX
3aaHuid, Keic-3a/1a4, THCHMEHHBIX IPOBEPOYHBIX pPA0OT TO AUCHUIUIMHE. AyIUTOpHAs
camocTosiTeNbHas pabota obecriedeHa 0a30il TECTOBBIX MaTepUalIOB, KeWc-3a1a4 MO pasjenam
JVICTIATUTAHBIL.

BHeayauTopHasi caMocTosiTeIbHast paboTa OCYIIECTBISETCS B (hopMax:

- INOATOTOBKU K YCTHBIM BBICTYIJICHUSAM II0 MaTCpHaiaM HCKHHﬁ, CaMOCTOATCIIbPHBIX OOKJIaao0B,
TIPE3EHTAaLINM;

- IIOJIrOTOBKH TECTOB [0 BOIPOCAM MPOrPAMMBI

- IOMAIIHKX 3aJaHHUH ISl CAMOCTOSITEIIBHOTO PEIICHHS

3aoanus 0nsa munosvix KOHMPOILHLIX paboOm
OC-1. KoutpoJusHas padora Ne 1

1. Jan napamienenunen ABCDAB C DO - Touka nepeceuenus ero quaronaneid, M, N, P u Q -

cepearHbl 00koBbIX cropoH AA’, BB, CC "u DD’ Haiith koopanHaTBl BEKTOPOB AB', A'C', AP, B

- - —_— —_— =
u 0C'B Oa3uce: é, =04 .8, = 0B.,é, = 0D.



2. Tlo mpuBeaeHOMY HHXKE pacCyXICHHIO 1Mo Joka3zatenbeTBy Jemmbl AB =CD < AC =BD

JaTb 3aKIIFOUCHHUC O IIO0JIHOTC KW IIPABHUJIIBHOCTH 3TOI'O PACCYIKICHHA. HpI/I HGO6XOI[I/IMOCTI/I

MOIPAaBUTh WX JOIOJIHUTL PACCYXKIACHUC!

«Tax xak AB=CD , 1o u3 onpenenenus paBenctBa BeKTOpoB momydaeMm, uTo AB Il €D u

AB=CD, orkyna cnegyer, uro ABDC mnapamnenorpamm. B mnapamienorpamme
IIPOTHMBOIIOJIOKHEIE CTOPOHBI PaBHBI U Napaiienbhbl, mostomy AC | BD u AC = BD, a 3nauur
AC = ED».

3.Haiitu Beicoty DH terpasnpa ABCD, ecnu: AB (3;1;1}, A_r:}{O;-l;Z}, ,ﬁ{-4;3;1}.

4. Ucnonb3ys BEKTOpbl Ha IUIOCKOCTH, HAWAMTE KOCHUHYC Yyria Mexay MmeauaHod AM u
ouccektpucoit BE npsmoyronbHOro tpeyroiabauka ABC ¢ npsmbiM yriom C, ecnu AC=4,BC=3.

5. CdopmynupyiiTe ¢ MNOMOIIBIO BEKTOPHBIX COOTHOIICHUN YTBEPKIECHHE O CBOWCTBAX

KBajIpara.

OC-2. KoutpoabHas padora Ne 2
1. anbl KoopauHATH YeThipex BepimH napauienenunena ABCDA'B'C'D'. Onpenenuth

KOOPpAWHATBI OCTAJIbHBIX BECPIINH:

A(2;3;-1), B(4;0;2), C(1;1;-6), A’(1 -3;-4).
2.Jlanbl ypaBHEHUS JIBYX CTOpOoH pomba: x+2y-1=0, x+2y+3=0 u ero gmaronamu: x+y=0.
Haittu ypaBHeHHS ABYX IPYTHX CTOPOH.
3. Jlanbl ypaBHeHuUs IockocTer o 4x+2y+2z-3=0 u : 4x+2y+2z-6=0. Haiitu ypaBHeHue ux
IJIOCKOCTH CUMMETPHH.
4 HaiiTu  ypaBHEHHE OpTOrOHAJbHOW  mpoekuuu npsmoir | Ha  mimockocTe 7
I:{ 2X+Yy—22=0,

4x -y—-2z-14=0,
m:3Xx+2y-z-1=0.
5. Jlan napamrenenunen ABCDABC D, M — cepenuna pedpa AA " icions3yst MeTOx
KOOpAMHAT, HAlTH yron Mexay riockoctsimu MDC’u ABC, ecnu AB=2, AD=3, AA"=6.

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

2. Hanmmmre ypaBHeHHE 00IIEro quaMeTpa IByX JJMHUN BTOPOTO MOPSIAKA:

Vprxt—2xy —y  —2x -2y =0 m y1x"—2xy 9y —2x -2y =0,

3.CocTaBbTe KAHOHUYECKOE YpaBHEHHE TUIEPOOIIBI, ECITH €€ DKCIIEHTPUCUTET PaBeH V3, a 0JHa
U3 BEpIUIMH uMeeT kKoopauHatel (-2,0).

OC-4. KoutpoabHas padota Ne 4
1. JlaHO aHATMTUYECKOE BbIpaKeHHE MPeoOpa3oBaHUs IIIOCKOCTH x' = Zx — 3y,



¥ =3x + 2y — 2. YKa3aTh €ro BUJl U HAUTHU DJIEMEHTHI, €r0 OMPEAEISIONIME.

2. HaiiTu aHaIWTHYECKUE BBIPAXKEHUS TNeEpCHeKTUBHO-apPuHHOrO mpeodpa3oBaHus, i
KOTOPOTO mpsiMast | siBIsieTCsT OChIO, MPH yCIOBUH, YTO TOYka P mpeobpasyercss B Touky Q :
Lx—2y+1=0, P(-11), QZ-1).

3. Tloctpouts o00pa3 u mpooOpa3 OKPYKHOCTH TMPU TOMOTETHUH, 3aJaHHOW TapoH
COOTBETCTBEHHBIX MPSIMBIX M HHBAPUAHTHOH MPSMOH.

4. Yepe3 1EHTp MPABUIBHOTO TPEYTOJIbHUKA MPOBEACHBI JIBE MPSMBbIE, YTOJI MEXIy KOTOPBIMH
paBeH 60°. JlokaxxuTe, UCHOJIb3ysl CBOMCTBA IOBOPOTA, YTO TPEYrOJbHUK BBICEKAET Ha 3ITHUX
IPSMBIX JIBa PaBHBIX OTPE3Ka.

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

2. TlocTpouThb TPEyronbHKK MO BbicOTaM ha, Ne 1 Meanane Mp.

3. [aubl nBe BepmuHbl 4 M B TpeyroibHUKa U IpsMas, cojaepkaiias OUCCEKTpUCY
TpeyrojbHHUKa, mpoxoasulyto uepe3 Bepuuny C. Iloctpoiite Tpeyronsauk ABC.

4. IlocrpoliTe NpSIMOYTOJbHUK 10 CTOPOHE U OTHOLIEHUIO IPYroi CTOPOHBI K AMArOHAIH.

OC-6. KoutpoJbHas pagora Ne 6
1. daHo m300pakeHHe paBHOOCPEHHOTO TPEYTrOJIbHUKA, BEICOTa KOTOPOTO PaBHA OCHOBAHHIO.

[TocTpouts n300paxeHue IByX APYTUX BBICOT.

2. ITloctpouth ceueHue NATUYroabHON MPU3MBI IUIOCKOCTBIO, 33/1aHHON TpeMs TOUKaMU TaK,
YTO OJIHA JIEKUT Ha MJIOCKOCTU HIKHETO OCHOBAHMUS, a JIBE Apyrue — Ha ee OOKOBBIX pedpax.

3. Tloctpouts ceuenne nsaTuyroisHoN upamMubl SABCDE MI0CKOCTBIO, TPOXOASIIEH yepes3
TOUYKY OCHOBaHUS NapajuieiabHo rpanu SBC.

4. Jlano uzoOpaxenue nuiauHapa. Iloctponts n300paxkeHne NpaBUIIbHOM MIECTUYTOIBHON
IIPU3MBI, OIIMCAHHOM OKOJIO 3TOTO LWINHIPA

OC-7. KonutpoJusbHas padora Ne 7
1. Jlokazatk, 4TO mepBasi akcoMa akcMoMaTHKH Beilnsa ad¢duHHOrO mpocTpaHcTBa HE 3aBUCUT

OT BTOPOM aKCHOMBI
2. Ecmu mpsmMas a He NpOXOOUT dYepe3 BEepUIMHBI TpeyroibHuka ABC, TO OHa HE MOXET
nepeceKkaTb BCEX TPEX CTOPOH TPEYroJbHHUKA.
3. Jlokazarp creayromee yTBEpXKIeHHE: IBYNpsSMOyroidbHHUK ABCD ¢ ocHoBanumem AB
ABISIETCA 4YeTHIpEXyrodbHUKOM Cakkepu Torja M Tonbko Ttorga, korma yriel C u D
KOHIPYJHTHBI.

Hnsa camocmoamenvHoli n0020MO6KU K 3AHAMUAM NO OUCHUNIUHE PEKOMEHOYem A

ucnoJjibzoeamo yueﬂuo-memoouuecmte mamepuaiibl:

1. I'pummua C.A., KyBmmnoBa A.H., KypeneBa T.H., UepeBarenko O.U. I'eomerpus:
yuebHo-MeToauueckoe nocooue. Yacte 1. — Yibsnosek: Yal'IlV, 2017. - 12 c..



2. I'pummna C.A., KyesmmnoBa A.H., KypeneBa T.H., YepeBarenko O.M. I'eomerpusi:
yaeOHO-MeToanueckoe mocoodue. Yacts 2. — Yubsaaosck: Yal'IIV, 2017. - 11 c..

3. [Tpokonbes I'.C., CannaeBa I'.B. Meroauueckue yka3aHus U KOHTpoJbHas pabora Ne 1
no teme «l'eomerpus Ha uiockocTw». [l CTyAeHTOB — 3a04yHMKOB | Kypca (QHU3UKO-
MaTeMaTH4ecKoro (hakynbreTa.- YIbsiHOBCK, 1996. (bubaunorexa Yal'IIV).

4, [IpokonweB I'.C., YepeBarenko O.HM. Meroaumyeckre peKOMEHJAUMM U KOHTPOJIbHAS
pabota Ne 2 mo teme «l'eomerpusi B mpocTpaHCTBe». ISl CTYJEHTOB — 3a0YHUKOB 2 Kypca
bu3uKo-MaTeMaTH4YeCKOTo (haKynprera .- YIibsHoBCK, 2010. (bubmuorexa Yal'IIV).

S. I'pummua C.A., KyBmmmnoBa A.H., KypeneBa T.H., UepeBarenko O.M. I'eomerpus:
yaeOHO-MeToanueckoe mocoodue. Yactp 3. — Yabsaosck: Yal'IIV, 2017. — 112 c..

6. KypeneBa T.H. Meronuueckue ykazaHust 1 KOHTpoJsibHas padora Ne 3 o teme «MeTo bl
n3o0paxkeHuil. IIpoekTuBHas reomerpusi». [nsg CTyAEHTOB — 3a04HHMKOB 3 Kypca (HU3UKO-
MaTeMaTH4ecKoro (akynbreTa .- YabstHOBCK, 2004. (bubmmoteka Yal'IIVY).

5. IlpumepHble OLEHOYHbIE MaTepHAJbl /Il TMPOBeAeHHS TeKYyllero KOHTPOJS
yCIeBAeMOCTH M MPOMEKYTOUYHOM aTTeCTAlMH 00y4aIOIMXCHA M0 IMCUUILIHHE

Opranu3anus u NpoBe/ieHUe aTTeCTALMM CTYAeHTa

®I'OC BO opueHTHpOBaHBl NPEUMYIIECTBEHHO HE Ha COOOIIEHHE OOyyaromeMmycs
KOMIUIEKCAa TEOpPeTHMYECKHX 3HaHWi, HO Ha BbIPAaOOTKY Yy OakajaBpa KOMIIETEHUUH —
JUHAMUYECKOro Habopa 3HaHWH, YMEHUH, HAaBBIKOB M JINYHOCTHBIX KaueCTB, KOTOPbIE IO3BOJISAT
BBIITYCKHUKY CTaTh KOHKYPEHTOCIIOCOOHBIM Ha PBIHKE TPYyJa W YCHEIHO NpOoQecCHOHATHHO
peaI30BbIBATHCA.

B npouecce onenku 6akaaaBpoB HEOOXOAUMO UCTIONB3YIOTCS KaK TPAJUIMOHHBIE, TaK U
MHHOBAI[MOHHBIE THIbI, BUJIBl U (GOpMBI KOHTpOJs. [Ipy 3TOM MOCTENEHHO TpaIuLOHHbIE
CPEICTBAa COBEPLICHCTBYIOTCS B pYCJI€ KOMIIETEHTHOCTHOTO IOJIXO0Ja, a HWHHOBALMOHHbIE
CpeZCTBa aIalITUPOBAHBI JUIs IOBCEMECTHOT'O IPUMEHEHUS B POCCUICKON BY30BCKOI MPaKTHKE.

Llenpr mpoBeneHnsi arrecTallMid — IPOBEpPKAa OCBOEHHUS OOPAa30BATEIbHOW IMPOTrPaMMBbI
JUCLUTUIMHBI-IPAKTUKYMa Yepe3 CPOPMHUPOBAHHOCTh 00Pa30BaTEeNbHBIX PE3yIbTATOB.

IIpomeskyTouHasi aTrrecTanMsi OCYLIECTBISIETCS B KOHIE CEMECTpa U 3aBeplIacT
W3Y4YEHHE AMCLMIUIMHBL, MOMOraeT OLICHUTh KPYNHBIE COBOKYNHOCTH 3HAaHUNW M YMEHUH,
(dbopMHUpOBaHKE OTIPEICIICHHBIX KOMIIETEHITUH.

ONEHOYHBIMHA CpPEACTBAMH TEKYIIETO OLEHUBAHHS SBISIOTCS: JIOKJIAA, TECTHI IO
TEOPETUYECKHM BONpOCaM JUCHUIUIMHBI, 3alllUTa NpakTUYecKux pador u T.m. KoHTpoib
YCBOGHHSI MaTepuaia BEAETCS PEeryIsipHO B TEUEHHE BCEro CeMecTpa Ha TPaKTHUYECKUX
(ceMUHapCKUX, 1aOOPATOPHBIX ) 3aHATHUSX.

Ne CPEJCTBA OHEHUBAHUW, OObpazoBaTenbHbIE
H/H HCIOJIb3YyEMbIC JId TCKYIIETO OLICHNBAHUA MOKa3aTCJIA pe3yJIBTaTI>I TUCLUTUIUHBI
(hopMHUpPOBaHUS KOMITCTCHIINU
Ouenounnle cpeacTpa A Tekymeil arrecranun | OP-1. 3HaeT MeToABI KPUTUUECKOTO
OC-1 Kontponbnas padora Ne 1 aHaJIM3a U CUHTE3a HHPOPMAITUU
OC-2 KontposnbHas pabota Ne 2 OP-2 YMeer npuMeHATh CUCTEMHBIN
OC-3 KontponbHas padora Ne 3 OJIXOJT JUTS PEIICHHS! TOCTABICHHBIX
OC-4 KontponbHas pabota Ne 4 3ama4y
OC-5 KontponbHas padora Ne 5 OP-3 Braneer HaBbIKaMK
OC-6 KOHTpOHBHaﬂ pa6OTa Ne 6 pe(bHeKCI/II/I 110 MoBOAY cOOCTBEHHOI
OC-7 KontponbHas pabota Ne 7 ¥ 9y)KOH MBICTHTEIIbHOM
OC-8 Tect JIESATEIIBHOCTH
OP-4. 3Haet posb U MECTO




O1eHoYHBIE CpeNCcTBA IS MIPOMEKYTOUHOM
aTTecTanuu
3a4eT (IK3aMeH)
OC-9-11 3k3ameH u 3a4eT B popMe YCTHOTO
co0ecemoBaHU

MaTeMaTHKU B OOIIeH KapTUHE
Hay4HOT'O 3HAHUS,

OP-5. 3Haer CTpyKTypy, COCTaB M
JTUTAKTUYECKIE €AMHUIIBI
Collep’KaHUs  HIKOJBHOTO  Kypca
MaTeMaTHKH.

OP-6 yMmeer oOCyIIECTBISATH OTOOP
y4eOHOro COJAEp)KaHUsS U1 €ro
peaiMzalud B Pa3NUYHbIX (Hopmax
oOydeHHUs B  COOTBETCTBHH  C
COBpPEMEHHBIMH TPEOOBaHUAMH K
00pa3oBaHUIO.

OP-7 Bnaneet nelicTBUEM
MPOSKTUPOBAHMSI PA3TTUIHBIX (hopM
y4eOHBIX 3aHATHH,

OP-8 BIIAJICET HaBBIKOM
MPUMEHEHUS pPa3jIMYHbIX METOJIOB,
MIPUEMOB ¥ TEXHOJIOTUH B OOYYECHHH
MaTeMaTuKe.

OP-9. 3HaeT XapaKTEPUCTUKY
JTUYHOCTHBIX, MPEAMETHBIX u
METamnpeaMETHBIX  PE3yJbTaTOB B
KOHTEKCTE OOyUEHUsI MaTeMaTHKE;
OP-10. Birageet HaBBIKOM
MIPUMEHEHHUSI Pa3JIMYHBIX METO/IOB,
MIPUEMOB U TEXHOJIOTUN B 00y4YeHUU
MaTeMaTuKe.

OP-11 Ymeer oka3biBaTh
MEarOTHYECKYIO TTOIICPKKY
00y4JarmuMcst B 3aBUCUMOCTH OT HX
00pa3oBaTeNbHBIX PE3YJIbTATOB;
OP-12  Vmeer  opraHu3oBbIBaTh
yueOHBIN porecc c
HCIIOJIb30BaHUEM BO3MOKHOCTEHN
o0pa3oBaTesIbHON Cpensl JUIs
pa3BUTHUsI MHTEpEca K MpPeIMETy B
paMKax YpOYHOM M BHEYPOUHOU
JIeATETbHOCTH.

OP-13. Bianeer naBbIkamMu
OpraHu3ali 1 NPOBEICHUS
3aHATHI C UCIIOJIb30BAaHUEM
BO3MOYKHOCTEH 00pa30BaTeIbHOM
Cpenbl IS TOCTHKEHUS
00pa3oBaTeNbHBIX PE3yabTaTOB U
obecrnieueHus

Onucanue OIEHOYHBIX CPEICTB M HEOOXOAUMOIo 00OpYyIOBaHHS (IEMOHCTPALIMOHHOTO
Mmartepuaia), a TaK >kKe MpOoIexypbl M KpPUTEPUU OLECHUBAHUS HHIUKATOPOB JOCTHKCHUS
KOMIIETEHIIMI Ha pa3IMYHBIX 3Tanax ux (OpMHUPOBAHUS B IPOIIECCE OCBOCHMS 00pa30BaTeIbHON
nporpaMMel  IpejacraBieHsl B (DOHAE OLIEHOYHBIX CPEICTB A TEKYLIETO KOHTPOJIS
yCIIeBAa€MOCTH M MPOMEKYTOYHON aTTecTalluu 1o quciuminHe «I'eomerpusi».




Mamepuanst, ucnonv3yemole 011 meKyuie2o KOHMpPOJis ycnesaemocmu
o0yuaruwuxca no OucCyunIuHe
Marepuansl Juist Oprauu3aldy TeKyIIeH aTTecTalluy IPeICTaBlICHbI B 1.5 MPOrpaMMBl.

Mamepuanwi, ucnonvzyemoie 0151 RPOMEHCYMOUYHO20 KOHMPOJIA YCREeaeMOCmuU
o0yuarwuxca no OucyunIuHne

IlepeueHb BONPOCOB K IK3aMeHY
OC-9. 2 cemecTp

AHaJquTHYecKas reoMeTpusi 1 BEKTOpHast anreﬁpa

1.

10.

11.

12.

13.

14.

HamnpaBnennble oTpe3ku U BeKTOpbl. Cll0)KeHHE BEKTOPOB U €ro cBoicTBa. Pa3HOCTh ByX
BEKTOPOB.

YMHOXEHHEe BEKTOpa Ha YKCIIO U €r0 CBOMCTBA.

Cuctembl JIMHEHHO 3aBUCHUMBIX W JIMHEMHO HE3aBHUCUMBIX BEKTOPOB M HX CBOMCTBA.
[Ipu3HaKy KOJUIMHEAPHOCTH U KOMIUIAHAPHOCTU BEKTOPOB.

BekTopHoe mnpocTtpancTtBo. baszuc BekTOpHOro mnpoctpancrBa. KoopawHatel BeKTOpa B
TaHHOM Oasuce.

CkansipHoe npou3BeneHne BEeKTOpoB. CBOMCTBA CKAISIPHOTO MpOU3BeNeHUs. Brruncinenue
CKaJIIPHOTO IPOU3BE/ICHUS TI0 KOOPAUHATAM BEKTOPOB B OPTOHOPMHUPOBAHHOM 0azuce
OpueHTtanus IUIOCKOCTH U NPOCTpaHCTBA. BekTOpHOE Npou3BeleHHE BEKTOPOB U €ro
CBOMCTBA.

CwmenranHoe MTPOU3BEIEHNE BEKTOPOB U €ro CBOMCTBA.

Koopaunatsl TO4YeKk Ha MJIOCKOCTH M B MPOCTpaHCTBE. PemieHwe mpocTtedmmux 3aaad B
koopauHatax. @opmynsl mpeodpazoBanus adhGUHHON U IPSIMOYTOIBEHON CUCTEM KOOpAMHAT
Ha TuiockocTu. @opmynbl  mpeoOpasoBaHus adhPUHHOM CHUCTEMBI KOOpPAWMHAT B
MIPOCTPAHCTBE.

YpaBHEHUS JINHUNA U TOBEPXHOCTEM.

[IpuMeHeHne BEKTOPHO-KOOPAMHATHOTO METOJa K PEHICHUIO0 3aJad 3JIEeMEHTapHOU
TEOMETPHUH.

VYpaBHeHHE TIpSIMOM Ha IJIOCKOCTH, 3aJaHHOM pa3HBIMH crocoOamu. Y cCIloBHE
MapajuieIbHOCTH BEKTOpa M MpsaAmoil. PacmosioxkeHne mnpsMOil OTHOCUTEIBHO CHUCTEMBI
KOOpJAUHAT

B3anmMHoe pacnioniokeHue IBYX IpsIMBbIX Ha MJIIOCKOCTH.

AHaMTHYECKOe 3aJaHhe TOJYIUIOCKOCTH. MeTpuuecKkue 3ajadyd TEOpHH MpsSMOM Ha
IIJIOCKOCTH.

YpaBHEeHHS TUIOCKOCTH, 33aJaHHOW pa3IMYHBIMH crioco0amMu. BzanMHOe pacroniokeHue

IJIOCKOCTU U CUCTEMbI KOOPAHUHAT. Bzaumnoe PacCIoJIOKCHHUEC IBYX MJIOCKOCTEH.



15. VpaBHeHus npsiMoil B mpocTpaHCTBE. B3anMHOe pacrionokeHue IByX MpsSMbIX. BzammHoe
pacnoIokeHUe NPSAMON U MIIOCKOCTH.

16. AnanmuTHueckoe 3aJaHUE MOJYNPOCTPAHCTBA. MeTpudecKkue 3aJadd TEOPUU MPSAMBIX H
IIJIOCKOCTEH.

17. TlpunoxeHue TEOPUH MPSMBIX U MIIOCKOCTEN K PELICHUIO 33a/1a4 AJIEMEHTAPHON T'€OMETPHUU.

18. Dmurc, cBOiCTBa dILIUIICA.

19. T'unepGona, cBOWiCTBA TUIIEPOOIHI.

20. JlupexTopuaabHOE CBOMCTBO JUIUIICA M THIIEPOOIIBI

21. Ilapaboma, cBoicTBa apaboIIbI.

22. OO0mee ypaBHEHHE KpHBOH BTOporo mopsiaka. Ilepeceuenue KpuBOil BTOpOTO MOpsIKa U
IpsIMON. ACUMIITOTUYECKHE HAIIPABJICHUS.

23. LleHTpbl KPUBBIX BTOPOTO MOPSAKA.

24. KacarenpHble K KPUBBIM BTOPOrO mopsika. ONTHYECKHEe CBOWCTBA AJUTUIICA, TUIIEPOOIIHI,
napaboJibl.

25. JlmaMeTpbl KpHBBIX BTOpOTO Mopsiaka. Teopema O CONPSHKEHHBIX IMaMETpax KpHUBOM
BTOPOro nopsiaka. [ 1aBHble JUaMeTpbl U TJIaBHbIE HAIIPABIECHUS KPUBOM BTOPOrO MOPsIKA.

26. XapakTepuCTUYECKOE€ ypaBHEHHE KpHBOW BToporo mnopsaka [IpuBenenue oOmiero
YpaBHEHHUs KPUBOM BTOpPOro mHopsika K KaHOHMYecKoMy Buay. Knaccuduxaius KpuBbIX
BTOPOT'O MOPSAKA.

27. TToBepXHOCTH BTOPOTO MOpsaKa. MeToa ceueHu .

28. unuuapudeckre 1 KOHMUECKUE MTOBEPXHOCTH B IPOCTPAHCTBE.

29. TloBepxHOCTH BpalieHHs B IPOCTPAHCTBE.

30. Dyumriconabl U TUIIEPOOIOUIBI, U UX CBOMCTBA.

31. ITapaGoyousl M UX CBOMCTBA.

32. TIpsmonuHeiiHble 00pa3yrolre MOBEPXHOCTEH BTOPOro MopsiaKa.

I'eomeTpuueckmne npeodpazoBaHus

1. Orobpaxenuss u  mnpeoOpa3zoBaHusi  MHOXecTB.  IIpomsBeneHue  (KOMITO3UIUSA)

npeoOpa3oBaHuil, rpymna npeoopa3oBaHUii.

2. JIBkeHHWs IUJIOCKOCTH: TNapajjieNibHbli TepeHoc, BpalleHue, oceBas CUMMETpPHS,

CKOJIb3S1I1asi CHMMETPHSI, UX CBOWCTBA.

3. CsaolicTBa IBWXEHUI 00IIEr0 BUAA.

4. OcHOBHas TeOpeMa JBHKCHHI TIOCKOCTH.

5. T'eomerpuuecku paBHbIEe GUTYPHI U UX CBOWCTBA.

6. AHaTUTHYECKOE BBIPAKCHUE JBIDKEHUH IDIOCKOCTH. ['pyIma JBMKEHWUH IJIOCKOCTH H €€

noArpynmnsl. I'pynna cuMMeTpuii reoMeTpudeckoi GUryps.



7. Knaccudukanus IBHXEHHH TIIOCKOCTH TTepBoro poaa. Teopema [lams.
8. Knaccuduxarus nBrmKeHUH MIOCKOCTH BTOPOTO POJIa.
9. Tomorerus u ee cBoOiCTBA.
10. ITomoOust mIockocTH, cBoicTBa momoous. Knaccudukanus momoduit miockoctu. ['pymnma
noao6uit u ee noarpynimsl. [logoOHbIe GUTypHI.
11. Addunnbie mnpeobpaszoBanus I1wiockoctd. CBoiictBa adpuHHBIX mHpeoOpa3oBaHUit
TUIOCKOCTH
12. OcnoBHas Teopema 00 adhGUHHBIX TPEOOPA3OBAHUAX TIOCKOCTH.
13. Ananutndeckoe BeIpakeHue adGUHHBIX TpeoOpa30BaHUN TIJIOCKOCTH.
14. TlepcnexTuBHO-adPpuHHBIE TPe0OpPa30BaHUS MIIOCKOCTH: CBOMCTBA, BHIBL.
15. I'pynna addunHBIX Tpeodpa3zoBaHUi TIIOCKOCTH U €€ MOTPYIIIIBL.
16. MHBepcusi MIOCKOCTH OTHOCHTEIBHO OKPYKHOCTH. CBOICTBa MHBEPCHUU. AHAIUTUYECKOE
BBIpaXCHHE UHBEPCUH TIOCKOCTH.
17. Tlonsatus o ABMXKEHUAX MpocTpaHcTBa. CBoilcTBa IBMXKEHMM NpocTpaHcTBa. I[Ipumepsl
JIBU>KEHUI MPOCTPAHCTBA.
18. IIpunoxenne TEOPUH TEOMETPUUYECKUX MPEOOpa3OBaHUN IIIOCKOCTH K PEIICHUI0 3a]ad
3JIEeMEHTapHON T€OMETPHUH.
OC -10. 3auer. 3 cemecTp

IMocTpoeHus HA MJIOCKOCTH HUPKYJIeM M JIMHelikoii. OcHOBaHUS reOMeTPUH
1. AKCHOMBI MOCTPOEHUS IHUPKYJIeM U JuHeiKoi. OcHOBHBIE MocTpoeHus. Cxema pelieHus
3aJa4 Ha MOCTPOEHHE
2. KoHCTpyKTHBHBIE MHOXECTBA/TEOMETPUIECKHE MECTA TOUCK
3. Metoa KOHCTPYKTHBHBIX MHOXecTB (Meron I'MT, meron mepecedeHuil) mMpu penieHun
3aJa4 Ha MOCTPOEHHUE.

[TpuMeHeHnEe CBOMCTB IBUKEHUHN K PEIICHUIO 33/1a4 Ha TIOCTPOCHHUE.

[IpumeHeHne CBOMCTB TOMOTETUH U MOJ00MS K PEIISHUIO 3a/1a4 Ha TTOCTPOSHUE.
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6. AunreOpandeckuii METOJI PEIICHUS 3a7a9 Ha TIOCTPOCHUE.

7. IlpumeHeHHe CBOWCTB MHBEPCUU K PELICHUIO 33]]a4 Ha TOCTPOCHHE.

8. Kpurtepuii pazpemmMocTy 3aja4 Ha MOCTPOSHUE LUPKYIIEM U JTUHEHKOH.

9. 3amaum Ha MOCTPOEHUS, HEPA3PEIIUMBIC IIUPKYIIEM H JTHHEHKOM.

Metoabl n300paxxeHust

1. TlapannenbHOe€ TpPOEKTHpOBaHHME M  €ro cBodcTBa. IloHATHE O  IEHTPaJIBLHOM

MMPOCKTUPOBAHUU.

2. Uzobpaxenue miockux GUryp npu napaielbHOM MIPOSKTHPOBAHUH.



3. MHM3oOpaxkeHne MHOTOTPAaHHUKOB IPHU IMapauieIbHOM TpoekTupoBaHuu. Teopema Ilonbke-

IIBapua.

4. H300paxkeHHEe KPYyIibIX 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 - 11. 4 cemecTp
OcHOBaHUS TeOMETPUM U 3JIeMeHThI reomeTpuu Jlo0ayeBCKOro
1. Tlonsatue 06 akcuomMaTudeckoM merone. TpeOoBaHMs, MPEIBSBISAEMbIE K CUCTEME aKCHOM.
HenpoTuBopeunBOCTh CUCTEMBI aKCHOM Ha IIPUMEPE AKCUOMATUKK Beins.
[TonHOTa M HE3aBUCUMOCTH CUCTEMBI AaKCMOM Ha MPUMEpPE aKCUOMATUKU Beitiis.
Cucrema akcuom ['miibOepra u CleICTBUS U3 aKCHOM.

ITocTpoeHne eBKIMI0BOM F€OMETPUN Ha OCHOBE aKCUoM Bels
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5. HenpotuBopeunBocTh akcnomatuku [ minb0epra.
6. ILareiit noctynat EBkinaa u akcuoma napaiiensnoctu [lneidepa.

7. CymMma yrioB TpeyroilbHUKOB U MATHINA nocTynaTt EBkinaa.

8. [Ilepsas u BTOpas Teopemsl JIexxanapa.

9. IIpemnoxeHusi, 5KBUBAJCHTHBIE aKCHOME MMapaJUICTBHOCTH (CYIIECTBOBAHUE TPEYTOJIbHUKA,
CyMMa yTIJ0B KOTOPOTO paBHAa JBYM IPSIMBIM; CYILIECTBOBAHHE YETHIPEXYTOJbHHUKA, CYMMa YIJIOB
KOTOPOT'O paBHa YETHIPEM NPSMBIM; CYLIECTBOBaHHE MOJOOHBIX, HO HEPABHBIX TPEYTOJIbHUKOB;
KOJUIMHEAPHOCTh TPEX TOYEK, PABHOYIAJIEHHBIX OT MPSIMOI; BO3MOKHOCTh OIIUCATh OKPYKHOCTb
BOKPYT JIF0OOT0 TPEYroJbHUKA; IepeceueHne J00ro NepneHauKyispa K CTOpOHE OCTPOro yria
CO BTOPO# CTOPOHOIA).

10. Akcuoma  mapamienbHoctH  JloOaueBckoro. Cymma  yrjaoB — TpeyrojbHMKa U
YEeThIPEXyrojibHUKa Ha IiockocTH JlobGaueBckoro. Ilpu3Haku paBeHCTBa TpPEyroJIbHMKOB Ha
mockocT JIobaueBckoro.

11. IMapannensHble npsimble no JlobadeBckomy. Ilpusnak mapamnensHocTd. CyllecTBOBaHUE
napajjieNbHbIX NpsMbIX 1o JloGaueBckoMy. YToJ MapajuielbHOCTH M ero cBoicTBa. DyHKIUSA
JloGaueBckoro.

12. CaoiicTBa YeTHIPEXYTOIHHUKOB Ha IJIOCKOCTH JIoOaueBCKOTO.

13. CgoiicTBa mapajuienbHbIX NPSAMBIX Ha MII0CKOCTH JloGaueBckoro. Pacxonsmumecs: mpsiMbie
Ha riockocTy JIobayeBcKoro: Mpu3HaK U CBOMCTBA.

14. OxpyXHOCTb, SKBUAMCTAHTA U OPULIMKII Ha TUIOCKOCTH JIoGaueBCKOro U MX CBOMCTBA.



15. Unrepnperanust mnockoctu JlobaueBckoro (momens Kemmm-KneitHa Ha eBKIWIOBOM
IUIOCKOCTH, Mojiesb [lyaHkape Ha MOJIYIJIOCKOCTH U Jp.). HempoTuBOpeuynBOCTh IIIaHUMETPHH
Jlob6aueBckoro. HezaBucMMOCTh akcroMmbl napamiensHoctu Ilnefidepa oT ocTaiabHBIX aKCHOM
['mnbbepra.
16. IlonsTus IIMHBI OTPE3Ka, IUIOIIAAN MHOTOYTOJIbHUKA U 00beMa MHOTOTPaHHUKA.
17. OG30p aKkcHMOMAaTHK IUIAaHUMETPUM U CTEPEOMETPUH, IPEACTABICHHBIX B IIKOJIbHBIX
yueOHHUKax.

B koHIIe n3ydeHUs TUCIMITIMHBI TOABOASTCS UTOTU PadOTHI CTYACHTOB HA JIGKLIMOHHBIX H
NPAaKTHYECKHUX 3aHATHSX ITyTEM CyMMHPOBAHUS 3apaOOTaHHBIX 0aJUIOB B TEUYCHUE CEMECTPA.

Kpurepun oueHuBanusi 3HAHUI 00y4AIOIIUXCA MO JUCHUILIIHHE

Dopmuposanue 6ALTLHO-PEUMUH2080U OYEHKU pabomvl 00YYAOWUXCS

ITocerenne Pabora Ha
ITocemenne
N MPAKTHYECKUX | TMPAKTHYCCKUX 3auer
JIEKIANA .
3aHATHN 3aHATUAX
PasbammoBkano |2 x 1=2 5x1=5
229 GaiuioB 64 damna
3 BUJAaM paboT 0amI0B 0ayI0B
. 300
cemecTpbl | CymmMapHBbIi 7 6anna 236 Gannos
2 0ayuI0B max OaJu10B
Makc. 0ajut max max
max
ITocerenne Pabora Ha
ITocemenue
N MPAKTUYECKHUX | MPAKTHYCCKUX DK3aMeH
JIEKIANI .
3aHATUH 3aHATUAX
PasbammoBkano |2 x 1=2 6x1=6
296 Gasuia 96 6a10B
5 4 BUJIaM paboT 0aJIoB bannos
) B 400
cemectp | CyMMapHbIi 304 Gayna
2 0ayutoB max | 8 0ayuIoB max OaJUIOB
Makc. bamn Max max

Kpumepuu oyenusanus pabomol obyuaowecocst no umozam 3 cemecmpa
Ouenka Bauei (3 3E)
«3a4TEHO» 151-300
«HE 3a4TECHO» 0-150
Kpumepuu oyenusanus pabomsl obyuaioujecocst no umozam 2, 4 cemecmpos

Ouenka Basbl (4 3E)
«OTITUIHOY 361-400
«XOpOILOY» 281-360

«yJIOBJICTBOPUTEIILHO 201-280
«HEYIOBIIETBOPUTEILHO) 200 1 meHee

6. MeToanyecKkue yKa3aHus /Ui 00y4alOLIMXCSl 10 OCBOCHHIO THCIMIIIMHBI

VYcnennoe u3ydeHne Kypca TpeOyeT OT oOyJaromuxcsi TOCEIICHUs JIEKINM, aKTHBHOM
paboThl Ha NPAKTUYECKUX 3aHATHSAX, BBIIOJHEHHUS BCEX YUYEOHBIX 3aJlaHUi MpernojaBaTes,
03HAaKOMJICHHSI C OCHOBHOM U JIONIOJIHUTEIILHOM JINTEPATypOH.




3anuch JeKIuM — ogHa U3 (POopM aKTUBHON CaMOCTOSTENBHON pabOThl 00yUYaIOIIUXCS,
TpeOyromasi HaBBIKOB M YMEHHS KpaTKO, CXEMAaTH4HO, IIOCIEAOBATEIbHO W JIOTHYHO
(UKCUpPOBaTH OCHOBHBIE TOJIOKEHUS, BBIBOJBI, 00001IeHus, (HOPMYIHPOBKH. B KOHIlE JeKuuu
npernojiaBaTesib OCTaBisieT Bpems (5 MUHYT) s TOro, 4YTOOBI OOyd4arolmiuecss HUMelu
BO3MOKHOCTb 33/1aTh YTOUHSIOIINE BOMPOCHI 110 M3y4aeMoMy Marepuaiy. M3-3a HenocTaTouHoro
KOJIMYECTBA ayJMTOPHBIX YacOB HEKOTOPhIE TEMbl HE YIACTCS OCBETHTh B IOJHOM OOBeMeE,
[OATOMY TIperojaBaTellb, 10 CBOEMY YCMOTPEHHIO, HEKOTOPbIE BOMPOCHI BBIHOCHUT Ha
CaMOCTOSITENILHYIO Pa0OTy CTYJICHTOB, pEKOMEH/Ysl Ty WM HHYIO JuTeparypy. Kpome storo, mist
JY4IIEro OCBOCHUS Marepuaja M CHUCTEMAaTH3allMid 3HAHWH 10 JUCHUIUIMHE, HEO0OXOIMMO
MIOCTOSIHHO pa30HMparh MaTepuaibl JICKIMHA 10 KOHCIIEKTaM W Y4eOHbIM TocoOusiM. B ciydae
HEOOXOIMMOCTH 00pAIATHCS K MPETIOIaBaTeNIO 32 KOHCYIIbTAIHEH.

IMoaroroBKka K NMPaKTHYECKUM 3aHSATHSIM.

[Tpyn mOArOTOBKE K MPAKTUYECKHM 3aHATHUSAM CTYIEHT JOJDKEH H3YYHTh TEOPETHUYECKUI
Marepuall 1Mo TeMe 3aHsTUsS (MCIIOIb30BaTh KOHCIEKT JICKIMWA, U3YYUTh OCHOBHYIO JIUTEPATYPY,
03HAKOMUTbHCS C JOMOJHUTEILHON IUTEPATYPOH, IIPU HEOOXOTUMOCTH JTOTIOTHUTH KOHCIIEKT, Jerast
B HEM COOTBETCTBYIOIIME 3allUCH W3 JIMTEPATypHBIX HCTOYHHMKOB). B ciydae 3arpynHeHHH,
BO3HUKAIOIIMX NPU OCBOCHUM TEOPETUYECKOr0 MaTepHaia, CTYICHTY ClielyeT oOpamathCs 3a
KOHCYJIbTAIlMeH K mpernojaBaTento. Vs Ha KOHCYJIBTAIMI0, HEOOXOIMMO XOPOIIO MpOIyMaTh
BOITPOCHI, KOTOPBIE TPEOYIOT pa3bsICHEHUSL.

B Havasne npakTHYeCcKOro 3aHsTHsI IPENOAaBaTel b 3HAKOMHUT CTYJCHTOB C TEMOM, OTJIaliaeT
IUIaH TIPOBE/ICHMS 3aHSATHSA, BBIIACT 33/IaHHsA. B TeueHne OTBEIEHHOTO BPEMEHH Ha BBITOJHEHHE
pPabOTHI CTYIEHT MOXKET 0OPATUTHCS K MPEIOIaBaTeNi0 32 KOHCYJIbTAIMEH WIH pa3bsiCHeHUusIMH. B
KOHIIE 3aHSTHS IPOBOJUTCS IPUEM BBITIOJHEHHBIX 3aJaHNi, COOECeTOBaHHE CO CTYICHTOM.

Pe3ynbraThl BBIMOTHEHUS MPAKTHUECKUX 3[IAaHUH OIICHUBAIOTCS B 0aJ1ax, B COOTBETCTBHU C
0aJUIbHO-PEUTUHIOBOM CUCTEMON YHUBEPCHUTETA.

IMnanbl NpaKkTHYeCKUX 3aHATHI (2 cemecTp)
3ansaTme 1.
Tema: Ilonsitue BekTopa. KosiinHeapusbie BeKTopbl. PaBHbIe BeKTOpBI. JINHeiiHbIE
onepaunuy Hal BEKTOPaMH.
1. llonsTMe BeKTOpa, HYJIEBOIO BEKTOpA; ONpPEJEICHHUS PaBHbIX, KOJUIMHEAPHBIX,
[IPOTUBOIIOJIOKHBIX, KOMIUIAHAPHBIX BEKTOPOB. JJIMHA BEKTOPA.
2. Omnepamnusi CJIOXEHHS BEKTOPOB: OINpEAETICHHE CYMMBI BEKTOPOB; CBOMCTBA OIEpamuu
CIIOYKEHUS.
3. BbIunTaHue BEKTOPOB.
4. YMHOXEHME BEKTOpa Ha YMCIIO: ONpe/esieHHe, CBOWCTBA ONepalHH.
Pemmuts 3amaun: [2] Ne 1, 5, 6, 19, 24.

3anstue 2.
Tema: CkansipHoe npousBeeHne BeKTOPOB. [IppiMeHeHne BEKTOPOB K pellIeHUI0 3a/1a4
IIKOJbHOI0 Kypca reomerpuu. BekTopHoe u cMelniaHHoe Mpou3BeieHHe BEKTOPOB.

1. CkansipHoe mnpou3BEACHHE BEKTOPOB: OMpeIelieHne, CBOMCTBA (KOMMYTAaTUBHOCTD,
ACCOIIMATUBHOCTh  OTHOCUTEIBHO yYMHOXXEHHUSI Ha  YHUCIO. JUCTPUOYTHUBHOCTD.
HEOOXOUMOE U JOCTATOYHOE YCIOBHUS PABEHCTBA HYIIO CKAISAPHOTO MPOU3BEICHUS,
CKaJIAPHBIN KBaJIpaT, BEIUMCICHUE Yepe3 KOOPAUHATHI BEKTOPOB). OOOCHOBaHME CBOMCTB.
Ornpenenenre OpUEHTUPOBAHHOTO TPEXMEPHOTO MPOCTPAHCTBA.

Ornpezenenre BEKTOPHOTO MPOU3BEICHUSI IBYX BEKTOPOB.

['eomeTpuyeckuii CMbICT MOJTYJISI BEKTOPHOTO MPOU3BEACHHUS.

®dopMmyna g BBIUKCIEHUS BEKTOPHOTO  TIPOM3BEACHUS  4Yepe3  KOOPJAMHATHI
MHOXHUTEJICH.
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CBolicTBa  BEKTOPHOTO  TIPOM3BEICHUS:  AHTUKOMMYTATUBHOCTh  OTHOCHTEIHHO
CKISPHOTO MHOXXHTEJS, JITUCTPUOYTHBHOCTh OTHOCHUTENBHO CIIOKEHUS, YCIOBHE
KOJUTMHEAPHOCTH BEKTOPOB (JJ0KA3aTEIbCTBA CBOMCTB).
Bbruucnienue iomaan TpeyrojibHUKA C TOMOIIBI0 BEKTOPHOTO MPOU3BEICHHS (BBIBOJ
(bOpMYITBI MJIOMIAIHN).
OnpezneneHre CMEIIAHHOTO MPOU3BENICHHSI TPEX BEKTOPOB.
['eomeTpruYecKuii CMBICT CMEIIIAHHOTO TPOU3BEICHUS (C 000CHOBAHHEM).
dopmyiia s BBIYUCICHUS CMEIIAHHOTO MPOU3BEICHHS (3HATH BHIBOI).
CBolicTBa CMEIIIAHHOTO MPOW3BECHHS ¢ 000CHOBAHHEM UX:

d. HMHBapHaHTHOCTh OTHOCHTEIBHO IIMKIMYCCKOM IMePECTAaHOBKH;

b. u3MeHeHue 3HAKa MPHU MEPECTAHOBKE JBYX MHOXKUTEIICH;

C. acCOUMATHBHOCTh OTHOCHTEIBHO CKAJISIPHOTO MHOYKHUTEIIS;

d. aUCTpHOYTHBHOCTH OTHOCHUTEIIBHO CIIOXKCHUS.

12. ®opmyiia HEOOXOIUMOTO M IOCTATOYHOTO YCIIOBHI KOMIUIAHAPHOCTUH TPEX
BEKTOPOB (C 00OCHOBaHUEM).
13. Beruncienune oObeMa MapajuielenuIie/ia, TeTpadapa C IOMOIIbI CMEUIIaHHOTO
pou3BeACHUS (BBIBOJ (OPMYIIBI 00BEMA TETPAdIpa).
Pemmts 3amaun: [2] 105, 116, 124. Ne 1012 (a, 6), 1036, 1019, 1022, 1023 (6), 1025 (6), 1031
(a), 1035.

3ansarue 3.

Tema: [Ipamas Junus. Paziuunsie cnocoObl 3aganus npsiMoii. O01ee ypaBHeHHe
npsamoii. 'eomeTpuyecknii cMbics 3Haka MHOrowieHa AX + By + C. [lapajuie1bHOCTD U
NePHeHINKYJIAPHOCTb IBYX NPAMbIX. PaccTosinue oT ToOYKH 10 npsiMoii. MeTo1 KOOpAUHAT

1.
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B PeLLICHHMH 32/1a4 IKOJIBbHOI'0 Kypca reoMeTpun

BrIBOI ypaBHEHUS IPSAMOM, 3aJAHHONW TOYKOM W HAIIPABIISAIOIIMM BEKTOPOM.

Br1BOZ ypaBHEHUS IPSIMOM, 3aJaHHON ABYMS TOUKAMH.

BriBon ypaBHEHMS NpsAMOW, 3aJaHHOM TOYKOW W NEPHEHAMKYJISIPHBIM BEKTOPOM.
HopManbHblid BEKTOp MIPSMOM.

OO11ee ypaBHEHUE NPSIMOII.

YpaBHEHME NPSAMON «B OTPE3KAXN.

VYpaBHeHME NPSAMOI € YTIOBBIM KO3(PPHUIIEHTOM.

PacnonosxeHne npsMoil B cHUCTEME KOOpAMHAT B 3aBUCUMOCTU OT PaBEHCTBA HYIIIO
K03 (UIIMEHTOB B 00111eM ypaBHEHUH MPSIMOI.

Pemuts 3amaun: [2] Ne 369 — 372 (yctno), 373 (a, B, T, 1, %), 375, 376, 390, 392 (a, 0, B, A, X),
395 (a, 0), 402.

agrwbdE

3anstue 4.

Tema: Paznu4unble cioco0bl 3a1aHUs NPSIMOI.
BbIBO ypaBHEHMS IIPSIMOM, 3aJaHHON TOYKOW M HAIIPABISAIOIIUM BEKTOPOM.
[TapameTpudeckue, KAHOHUYECKHAE YPABHEHUS IIPSIMOIA.
BriBo ypaBHEHUS NPSIMOM, 3aJaHHOW IBYMsI TOUKaMH.
VYpaBHeHUe NpsAMOi, 3aJaHHON JBYMS IJI0CKOCTAMU. OO11ee ypaBHEHHE MPSIMOM.
[Tepexox oT oOmiero ypaBHEHHs MNPSAMOW K MapaMETPUUYECKUM WM KaHOHUYECKUM
YPAaBHEHUSM.
HccnenoBanue B3aUMHOTO DPACIONOXKEHHUS JABYX MpsAMbIX. OOOCHOBaHME YCIIOBHIA,
ONPENEIAIMNX NPsMbIE  CKPEIIMBAIOIIMECA. IEPECEKAOUIUecs, NapaJljieibHBbIE,
COBIIAJAIOLINE. .

Permute 3amaun: [2] Ne 1133 (a, 6, B), 1135, 1140 (a, 0, B), 1141, 1143 (a).

3ansarue 5.

Tema: [IpeoOpa3oBanusi IJI0CKOCTH. /[BUKeHUsA. [IBUKeHMSI IEPBOTr0 M BTOPOI0 Poaa.

1.

®opmy.Jbl ABH:keHUil. IIpuMeHenne K pelieHuIo 3a1ay.
Cy1ecTByeT J1: MapajuleabHbII IEPEHOC, TOBOPOT, CUMMETPHS, - OTOOpaKaroIIHe: a)
npsMyto Ha ce0si; 0) mapy mapajuieNnbHbIX MPSIMBIX Ha ce0s;



B) OJIMH OTPE30K Ha APYroi OTPE30K;
T) Jy4 Ha COHANpaBJICHHBIN C HUM;
1) apy NepeceKaroIuXxcs NpsAMbIX Ha ceOs;
€) Touky A Ha Touky B.
2. [NapannenbHblil nepeHoC 3aaH napoil coorsercTByrommx Touek M(1;-3) u M'(7;0).
3anucaTh (HOPMYJIBI TApALISIBLHOTO MTepeHOCca U HAWTH 00pa3 mpsmoit 2x +3Yy-2=0.
3. [NapamnensHbIiA epeHoc 3a1ad opmynamu x' =X + 2, y' =y — 8. Ha npsimoit
£: 2x — 3y — 7 = 0. Haiitu TOUuKy, KOTOpas Ipu JAHHOM IIEPEHOCE MOIa1aeT Ha MPAMYI0 m: 7X —
y+5=0.
4. JlaHbl 1Ba paBHBIX HemapayuienbHbIX oTpe3ka AB, A'B' u mpsamas £. [Toctpouts 006pa3 npsimoit
{ mpu noBopoTe, nepeBoaAIIUM Touk A 1 B coorBeTcTBeHHO B Touku A' u B'.
5. Ha mpsimbix £: x+2y-8=0 u m: 5x-3y+1=0. Haiinure TOYKH, CHMMETPUYHBIC OTHOCUTEILHO
Hayajia KOOpAMHAT.
6. [lansl nBe paznuunbie Touku B, B' u npsimas . [Toctpouts 06pa3 npsimoii £ mpu oceBoit
CUMMETPUU. 1J1s1 KOTOpoi Touku B, B' ABIsAIOTCS COOTBETCTBYIOIIUMH.
7. Haiitu koopauHatsl o0pa3a Touku A (1, 1) mpu CKOIb3sIIIeH CHMMETPUH, TTPU KOTOPOH TOUKA
O (0, 0)u B (1, 2), nepexoasiiue coorBeTcTBeHHO B Touku O' (2, 5) u B' (4, 4).
8. CoctaBUTh (POPMYIIBI ABMKEHHUS MIEPBOTO POJIA, PU KOTOPOM Mpsimast X - y= 0 siBIsieTcs
obOpa3om npsiMmoit X -y - 4 =0, a Touka A (2, 0) — uHBapuaHTHa.
9. BersicHUTb, Kakue U3 JaHHBIX (OPMYI ABISIOTCA (hopMynaMu IBUKEHUH. OnpeenuTh BU
JIBIDKCHHSL.
aA)x'=%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 06pa3 A BCM mipu komriosuniuu npeodpazoBanuit Sas°® Tea © Zo.
3ansTue 6.
Tema: Ilpeodpa3zoBanus miuockoctu. [lonodue u romorerus.

1. CymectByeT M TOMOTETHS, OTOOpaxaromias: a) OJHY U3 JBYX IIEPeceKaroluxcs
(TTapaJIeNTbHBIX ) MIPSMBIX Ha APYTYIO; 0) JIyd B €My COHANPABICHHBIN (TIPOTHBOIIOIOKHO
HAIPaBIIEHHBII); B) OKPY>KHOCTh Ha HEPABHYIO €l OKPY>KHOCTb.

2. Kakum mpeoOpa3oBaHueM SBISETCS MPOU3BEICHUE JIBYX TOMOTETHIA ¢ OOIIMM LEHTPOM
(c pa3nmUYHBIMU LEHTpaMHu)?

3. Kakoe u3 qJaHHBIX TPEOOPa30BAHUN SBISETCS MOJO0UEM:

x =3x-4y+1 x=8x +y+ 3
y=4x+3y-2 y= x+8y-3
4. Haiitu koopauHaThl 00pa3a Touku A (2;-4) mpu TOMOTETHH C LEHTPOM C(1;-8)u

ko3 dunmeHTom K = - 3.

5. Haiitn uentp u kodduIHEHT roMoTeTHH oToOpakaromero Touku A(-2;1), B(2;-1)
COOTBETCTBEHHO B ToukH A'(6;5), B'(6,11).

6. ABCJ] — tpaneuus, M u K — cepenuns! orpeskoB CJ/l u B/l cootBercTBeHHO, O- TOUKa
nepecedeHust auaroHanei. Iloctpouts o00Opa3 uersipexyroiabHuka KMCO  mpu
KOMIO3HINH Tipeobpaszopanuii Sag® R 04° Tcg © H 2p.

7. Jloxazatse, uro eciu A1,B1,C1 — cepenunbl cropoH TpeyroabHuka ABC, To TpeyroibHUK
ABC romorerndex tpeyroiapHuky AiBiCi.

8. B ABC/ touku A1,B1,C1,/11 — neHTpsI TskecTr TpeyronbaukoB BC/, CIA, J1AB,

ABC cootserctBenHo. Haiitu nnomans yetsipexyronbauka Ai1Bi1Ci/l1, ecnu Sascp=P.

9. Jlokasark, 4TO TOYKA IEPECEUCHHUS JUArOHAICH TPAIeIU B TOYKa TIePECCUCHHS
IPOI0JDKEHHS OOKOBBIX CTOPOH JIeXKAT Ha NMPSMOM, MPOXOJIAIIEH uepe3 cepeHbI
OCHOBAaHUH TPAIELVH.

IInanbl npakTHYeCKUX 3aHATHI (3 cemecTp)



3ansaTue 1 - 4. IlocTpoeHHus HUPKYJIeM U JHMHEHKOIA.

1. Ha miiockocTn HapucoBaHa OKpy>KHOCTh, HO IIEHTp €€ He oTMeueH. [locTpoiiTe ero.

2. ITocTpoliTe TpEYroJIbHUK, €CJIM 3a4aHbl CTOPOHA, IPWICKALUN K HEH YroJI U CyMMa JIBYX
JPYTHX CTOPOH.

3. ITocTpoiiTe TpEYroJbHUK, €CJIHA 3a4aHbl CTOPOHA, IIPWIICKAIIUN K HEW YTOJI U pasHOCTh
JBYX APYTUX CTOPOH.

4. UYepes naHHyO TOYKY IIPOBECTH NPAMYIO, TApAJLICIbHYIO JaHHON IPSIMOM.

5. IIpoBenuTe KacaTeIbHYIO K OKPY>KHOCTH, IPOXOAILYIO YEPE3 JaHHYIO TOUKY BHE
OKPY’KHOCTH.

6. ITpoBeanTe 0OIIYIO KacaTEIbHYIO K JIBYM JAHHBIM OKPY>KHOCTSIM.

7. JlaH OTpe30K IJIMHBI a4 U HATYPAIbHOE YKUCIIO N. [I0CTpOUTH OTPE3OK JJIMHEI .

8. JlaH OTpe30K [UIMHBI @ U HaTypajibHble ykciaa m 1 n. [locTpouTs oTpe3ok IMHBI m/n a.
9. JlaHbBI OTpPE3KH ¢ JJIMHAMU a, b, ¢. [locTpouTh 0TPE30K, ATMHA KOTOPOTO paBHA ab/c.

10.  Jlansl oTpe3ku ¢ juinHamu a 1 b. [1ocTpouTs OTpe30oK AJIUHBI .

11. Jan yroiy. BHyTpH yria HaMTH TOUYKY, HAXOJAUIYIOCS Ha 33JJaHHBIX PACCTOSHUAX OT
CTOPOH yTJIa.

12.  TlocTpouTh TpEyroJbHHK 110 CTOPOHE, ONMYIICHHOW HA HEE BBICOTE U PAJINYCy OMUCAHHOM
OKpYXHOCTU. CKOJIBKO MOJIYYHUTCS TPEYT OJIbHUKOB?

13. B maHHOM TpeyrojbHHUKE MPOBECTH MPSIMYIO, TaPAJUICTHHYI0 OCHOBAHHUIO TaK, YTOOBI

CyMMa OTPE3KOB OOKOBBIX CTOPOH, 3aKIFOUYEHHBIX MEXAY ITON MPSIMON U OCHOBaHHEM, ObLia
paBHA OCHOBAHHIO.
14. Jansl Tpu Touku A, B u C, He nexanue Ha ogHo# npsimoil. [IpoBectu npsimyto,

nepecekaronryro otpe3ok AC B Touke X, a oTpe3ok BC — B Touke Y Takum o0pazom, uro AX =
XY = YB.

3ansitme 5.  IlapasjgeabHoe  mpoexkTupoBanue.  H3o0pajkeHue  IUIOCKMX H
NMPOCTPAHCTBEHHBIX (PUIYP B MapasjiebHOIl MPOEKINH.

Llens: OcHOBHBIE (paKThl MapAILICTLHON T€OMETPHN; NU300paKEHHE TUIOCKUX U
IPOCTPAHCTBEHHBIX (PUTYp B MapasIebHOM MPOEKIUH.

1. ITocTpoiite napanienbHy0 IPOSKIHMI0 pABHOCTOPOHHETO TpeyroyibHuKa. B HeM u3o0pasure:
a) CpEIHION0 JUHUIO;
0) panuyc BOUCAaHHOM OKPY>KHOCTH;
B) paauyc ONMMCAaHHON OKPYXHOCTH.

2. Nano uzobpaxenue pomba. Haliqure n3o0paskeHue ero BbICOTHI, €CIIM OCTPbIN yroi pomba
paseH 60°.

3. JlaHo m300pakeHue TpeyrojabHUKa U ABYX ero BeicoT. IlocTpoiite n3o0pakeHne neHTpa
OKPYKHOCTH, OITMCAHHON OKOJIO JAaHHOTO TPEYTrOJIbHUKA.

4. Jlano uzo0pakeHne paBHOOEAPEHHOTO TPEYrOJIbHIKA, B KOTOPOM OOKOBasi CTOPOHA B JIBa pa3a
Oombire ero ocHoBaHus. [locTpoiiTe H300pakeHUs BCEX €T0 3aMeUYaTeNIbHBIX TOUEK.

5. IlocTpoiitTe mapauieabHyI0 IPOEKIHMIO (GUTYpPBI, ABISIONIYIOCS 00bEAMHEHUEM KBaIpaTa 1
PABHOCTOPOHHETO TPEYTOJbHUKA, UMEIOIINX OOLIYI0 CTOPOHY.

6. [Toctpoiite n300pakeHne OKPYKHOCTH C 3a/1aHHBIM PaJHYCOM.

[omariHee 3anaHue.
1. [TocTpoiiTe mapauIenbHYIO MPOEKIUIO KBajipaTa. B HeM nzobpaszure:



a) paJuyc BIUCAHHOM OKPY>KHOCTH;

0) Pagmnyc onmcaHHO#M OKPYKHOCTH;

B) MEPIIEHAUKYJISP, IPOBEIECHHBIN 13 BepuinHbl A Ha nnpsamyro DM, rne M —
cepennHa ctoponsl AB.

2.Jlano uzoopakenue tpeyronparka ABC, onna cropona AB xoToporo paBHa 10cM., a npyras
cropona AC — 8cwm. [TocTpoiite nzodpaskeHre OMCCEKTPUCHI JAHHOTO TPEYTOJIbHUKA,
NPOBEICHHOW M3 BEPIIMHBI A.

3. Iloctpoiite napauieabHyO MPOEKINIO KBapaTa, BIUCAHHOTO B IPaBUJIbHBIN TPEYTOJbHUK.

IInanbl npakTHYecKHX 3aHATHIL (4 cemecTp)

3ausrtue 1. Tpeyroabuuku. Cymma yriioB TpeyrojibHUKa. 3aMeuyaTelbHble TOUYKH U JTUHHU
TpeyroabHuka. Teopema Iudaropa. [IpusHaku paBeHCTBA TPEYTroJbHUKOB.

Ha 3anstun CUCTCMATU3UPYIOTCA 3HAHUA YYallUXCd O TPCYTOJIbHUKAX M €T0 BBICOTAX, €ro
MeJMaHax, yJauecss GopMyIUPYIOT U JOKA3bIBAIOT TEOPEMbI O TOUYKE MEepecedeHHs] MeIuaH, O
NOJOOMH TPEYrOJIbHUKOB, BBIBOJAT (OPMYITY HAXOXKIEHHS MeIuaHbl TPEYrojbHUKA, €CIU
U3BECTHBI €r0 CTOPOHBI, ((OPMYIUPYIOT U JOKA3BIBAIOT TEOPEMBI O TOUKE MEPECEUCHUs BBICOT, O
NOJO0MH TPEYTOJILHUKOB, OOpPa30BaHHBIX BBICOTOM, OIYIIEHHOW M BEPIIMHBI MPSIMOTO yria
JAHHOTO TPEYTOJIbHHUKA; BRIBOJAT (POPMYITY HaXOKJICHHS BBICOTHI TPEYTOJIbHUKA, €CITH U3BECTHBI
€TI0 CTOPOHBI; 3BHAKOMATCA ¢ MUHHUMAJIbHBIM CBOHCTBOM TPECYroJIbHUKA.

Teopema. BbICOTBI TPEYTOJIBHUKA MEPECEKAIOTCA B OJTHOM TOUKE.

3ameuanue: B ciiydae TymoyroiabHOro TpEyroiibHHKa OCHOBAaHHUSI €ro BBICOT HAXOISATCS Ha
MPOJIOIDKCHUSIX CTOPOH, MPUJICKAIINX K TYIIOMY YIITy:

Omnpenenenue 1. Touka nmepeceueHus: BBICOT TPEYTOJIbHUKA HA3bIBAETCS OPTOLIEHTPOM.
Omnpenenenne 2. TpeyronbHUK, 00pa30BaHHBIA OCHOBAHUSMHU BBICOT TPEYrOJIbHUKA, HA3BIBACTCS

OPTOLEHTPUYECKUM.
3anaHus:
1. Jlokazatb, 4TO i1 TpPOU3BOJNBHOrO TpeyronbHuka ABC BepHO paBeHCTBO:
1 1 1 1
ha hb hc r r %1
,rne I' - pagnyc BOMCAaHHOW B TPEYTOJIBHUK OKPY>KHOCTH.
2. ITycts O, Q, M u H — cOOTBETCTBEHHO IIEHTPHI ONMUCAHHOM, BIIUCAHHONW OKPY>KHOCTEH,

TOYKa MEepECeUeHus] MeuaH 1 TOYKa IepecedyeHus BbIcoT TpeyroiabHuka ABC. Jlokaxure, 4yTo
€CJIN JBe JII0ObIe U3 3TUX TOYEK COBIAJAIOT, TO 3TOT TPEYrOJIbHUK — PAaBHOCTOPOHHHUH.

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

(3apy6Oexuble MmaTeMaTudeckue onumnuasl: Heto-Mopk, 76).

Teopema. Meaunansl TpeyroJibHUKa IEPECEKAIOTCS B OJJTHOM TOUKe.
Onpenenenne 1. Touka nepecedeHus: BEICOT TPEYTOIbHUKA HA3bIBAETCS LIEHTPOUIOM.

1. JlnrHa MeraHbl TPEYToJIbHUKA BhIpakaeTcs popMyIioi
b?+c® a?
Ma= \[—————,
2 4

rac a, b, C — IJIMHBI CTOPOH TPCYTOJIbHUKA.



2. JIJ1st BCAKOTO TPEyroJIbHUKA BBIITOIHAETCS COOTHOLICHUE:!

3
Ma? + Mp? + Mc? = " (% + b+ c?).

’ ? ,_ 2TR?
4. Ma, Mp ¥ Mc — MEMAHBI TPEYTOJIBHUKA. JJOKaXKHUTE, 4TO eClii Ma” + Mp” + Mc” = 2
TO TPEYTOJILHUK PaBHOCTOPOHHHH, Iie R — paanyc onucanHON OKPY>KHOCTH.
Teopema. brccekTpuch! TpeyroiabHUKA IIEPECEKAIOTCS B OJHON TOUKE.
Omnpenenenne 1. Touka nepeceyeHus BHICOT TPEYroJIbHUKA Ha3bIBACTCS HHIICHTPOM.
5. [Myctb la, lb, Ic — OuccekTpuchl TpeyroiabHuKa, P — ero nosnymnepumerp. Jokaxure, 4To
ecIu
122 + 1%, + 1% = p?, TO TpeyroibHUK PABHOCTOPOHHHUIA.
6. Han AABC. buccektpucet AA1, BB1 u CC1 ero BHyTpeHHUX YTJIOB MEPECEKAIOTCS B

touke O. U3BecTHO, uTo TpeyroasHukd AOB1 1 AOC1 ciMMeTpUYHBI OTHOCUTEIHHO TPSMOMA
AO, tpeyronbauku A10B n BOCy — otHocutensHo BO, a tpeyronsnuku A10C u B1OC —
otHocutensHo OC. Jlokazats, uto AABC — paBHOCTOPOHHUIA.

JomaiHee 3ananue.

1. BoicoTsl ocTpoyroasHoro tpeyroibauka ABC nepecekatorcs B Touke O, a Ha oTpe3kax OB u
OC BwiOpansl Touku B u C , nist kotopsix AB C == AC B =. Jlokazats, uto AB = AC.

2. TpeyronbHHKE IBE BHICOTHI HE MEHBIIIE CTOPOH, Ha KOTOPBIE OHH onyIieHbl. Haiinure yribl
TpeyrosibHuKa. (Beepoccuiickas onumnuana, 1964r.(Mockga)).

3. ITycTh Ma, My, M — MeAUAHBI TPEYTOJIbHKKA, a Na, b, hc — ero BeicOTHI. JloKaxkuTe, YTO eciu

ma mb mc — F
'e + —2 + — =3, T0 TpeyrojbHUK PaBHOCTOPOHHUH.
a

b c
3ausTue 2. HapaJIJICJIOFpaMM. Tpanemm.

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

2. Ilyctb M — cepenuna croponsl BC napamnenorpamma ABCD. B kakoM OTHOILIEHHUH OTPE30K
AM nenut guaro”ains BD?

3. CropoHsl apajuiesorpaMma paBHbl 2 U 4, a yros Mexay HUMH paseH 600. Uepes BepiinHy
ATOrO yrJja MPOBEJEHBI MPSAMBIE, TPOXOAIINE YEPEe3 CePEIUHBI IBYX APYTUX CTOPOH
napajuiesorpaMmma. Haiiaure kocuHyc yria MEKIy STUMH MPSMBIMH.

4, I[OKEDI(I/ITG, 4TO CCPCAUHBI CTOPOH 1000r0 ‘IeTBIpéXYTOJIBHI/IKa SABJIAIOTCS BEPIIMHAMUA
napajicjorpaMmma.

5. BokoBas cTopoHa paBHOOepeHHOM Tpamneluy paBHa 41, Beicota paBHa 40 u cpeaHsst TUHUS
paBHa 45. Halinute ocHOBaHHs.

6. Cepeauny Oojiee JUIMHHOW OOKOBOW CTOPOHBI PSMOYTOJIEHON TpaIeIiy COSTMHUITH C
BepIirHaMu Tparenuu. [Ipu 3Tom Tpanenus pasienuiack Ha TP paBHOOEIPEHHBIX
TpeyroiabHuKa. Haliiute BeIMYMHY OCTPOTO yriia Tpanenuy.



JlomarrHee 3aiaHue.

1. IBa paznuunbix napauienorpamma ABCD u A1B1CIDI1 ¢ cooTBETCTBEHHO MapasjieIbHbIMU
CTOPOHAMH BIIMCaHBI B 4eThIpeXyrosibHUK PQRS (Touku A u A1 nexat Ha ctopone PQ, B u B1-
Ha QR u 1. 1.). JlokaxxuTe, 4YTO AMArOHANU YETHIPEXYTroIbHUKA NapasieIbHbl CTOPOHAM
[apajuIeJIorpaMMOB.

2. B tpaneunu ABCD c ocHoBanusimu AB = a u CD = b npoBeaén orpe3ok A1BI,
COCMHSIONIMNA CepeIUHbI TUaroHagei. B monydeHHoON Tpanenuu npoBeaeH oTpe3ok A2B2,
TOE COCTUHSIONINI CepeIMHbI TUaroHaliel, U Tak jainee. MOXeT Jid B MOCIEI0BATEIbHOCTH
nuH oTpe3koB AB, A1B1, A2B2,... kakoe-To 4MCI0 BCTPETUTHCS ABAXKIBI? SABisieTcs JIu 3T
MOCJIEI0BATEILHOCT, MOHOTOHHOM (BO3pacTaroniei uin yobiBaromieit)? CTpeMHUTCs Jid OHA K
KaKoMy-HUOY b npeneny?

3. OcHOBaHMs Tpaleluy paBHbI a ¥ b (a > b). OTpe3ku, COeTUHSAIONINE CePeaUHY OO0JIBIIIETO
OCHOBaHUS C KOHIIAMH MEHBIIIETO OCHOBAHMSI, IEPECEKAIOT IMArOHAN TPANeIuK B TOUKax M u
N. Haiinure MN.

3anstue 3. YeThIpexyroJibHMKH.

1. Yron mexny croponamMu AB u CD uetsipexyronsauka ABCD paseH j. Jlokaxure, uto AD2 =
AB2 + BC2 + CD2 - 2(AB - BCcos B+ BC - CDcos C + CD - ABcos j).

2. Cepenunbl M u N auaronaneit AC u BD Beinykiioro uetsipexyrosnbauka ABCD ne
conagatot. [Ipsmas MN nepecekaer croponsl AB u CD B Toukax M1 u N1. [Jokaxute, 4to
ectu MM1 = NN1, To AD|BC.

3. Yerbipéxyronpuuk ABCD, auaroHany KOTOpOro B3aMMHO MEPIEHIUKYIISIPHBI, BIIUCAH B
OKpYKHOCTb. [lepnenaukyinspsl, onymeHHsle Ha ctopony AD u3 BepuuH B u C, nepecekator
muaronanu AC u BD B toukax E u F coorBercrBenno. Haiinure EF, ecitu BC = 1.

4. Tlokaxxute, 4TO €CIIM JJ1s BIUCAHHOTO YeThipexyroipHuka ABCD Beinonneno pasenctso CD
= AD + BC, to 6uccektpucsl ero yrioB A u B nepecekatorcs Ha cropone CD.

5. Jlokaxxute, 4TO €ciii CyMMa KOCHHYCOB YTIJIOB YETBIPEXYTOJIbHUKA PaBHA HYJIIO, TO OH —
rapasuiesiorpaMM, Tpareus Wid BOIMCAHHBIA YEThIPEXYTOJIbHUK.

6. UeThIpEXYTOMBHUK pa3/IeNieH TUAaroHaIMA Ha YeThIpe TpeyrojbHuKa. [lnomann Tpéx u3 Hux
paBusbl 10, 20 u 30, 1 Kaxaas MEHbLIE TUIONIAJAN YETBEPTOro TpeyroidbHuka. Haiinure miomanp
JTAHHOTO YEeTHIPEXYTOJIbHUKA.

[omamHee 3ananue.

1. B werbipexyronbauk ABCD moxHO Bnucath okpyxkHocTh. [Tycts K — Touka nepeceueHus
ero quaronanei. M3sectHo, uto AB > BC > KC, BK =4 +, a nepumerp u miomaisb
tpeyronbHuka BKC paBHbl cooTBeTcTBeHHO 14 1 7. Haitaure DC.

2. B uetbipexyronsHuk ABCD M0HO Brucath OKpyXHOCTb. [1lycTh K — Touka nepeceuenus
ero quaronanei. M3zsectHo, uto BC > AB > KC, KC = 6 +, a nepumMeTp u miomaib
tpeyronbHuka BKC paBHbl coorBeTcTBeHHO 22 1 11. Haiinure DC.

3. B Tpanennu ocHOBaHUS paBHbI a U b, TUaroHaIy NEPIEeHIUKYISIPHBL, @ YTOJ MEXKIY
060KkOoBBIMU cTOpOoHaMu paBeH A. HaiinuTe miomaaes Tpaneuuu.



3ausatue 4. OKpYKHOCTb. YIUIbl CBSI3AHHBbIE ¢ OKPYKHOCTHIO. BricaHHbIi ¥ ONMCAHHBIN
YeThIpPexXyroJbHHUK.

OcHOBHBIE CBEICHUS

1. Yron ABC, BepiirHa KOTOPOTO JIEKUT Ha OKPY>KHOCTH, @ CTOPOHBI IIEPECEKAIOT ITY
OKPYKHOCTb, Ha3bIBAIOT BIMCAHHBIM B OKPYKHOCTb. [IycTh O — 1enTp okpyxHoctu. Torna
PABC =PAOC, eciu Touku B u O nexart no oany ctopony ot AC, u PABC =180°—- PAOC,
eciu Touku B u O nexat no pasasie ctopoHbl oT AC. BaxknHelmmm u Hanbosee 4acTo
UCIIOJIE3YEMBIM CIIEJICTBUEM ITOTO (haKTa SBISETCS TO, YTO BEIIMYMHBI YIIIOB, OMMUPAIOIINXCS HA
PaBHBIE XOP/bI, JIMOO PaBHBI, TUOO COCTABIAIOT B cymMme 180°.

2. BennuuHa yria mexay xopaoi AB u kacatenbHON K OKPYKHOCTH, MIPOXOIAIICH Yepe3 TOUKY
A, paBHa II0JIOBUHE YIJIOBOM BeNM4MHbI 1yTu AB.

3. YI0BEIE BETHYUHEI AYT, 3aKJIIOUYCHHBIX MCXKIY MMapaUICIIbHBIMU XOpJaMH, PaBHBI.

4. Kak yxe TOBOPHIIOCH, BEIMYMHBI YTIIOB, OMUPAIOLINXCS Ha OJHY XOP/Y, MOTYT OBITh PaBHBI, a
MOTYT cocTaBiATh B cymme 180°. [ Toro utoObl HE paccMaTpUBaTh pPa3IMyHbIe BApUAHThI
PacroJIOKEHUsI TOUEK Ha OKPY>KHOCTH, BBEJIEM IIOHITHE «OPUEHTUPOBAHHBIN YIOJ MEXKIY
OpsAMbIMUY». BeanunHol opreHTHpOoBaHHOTO yria Mexy npsiMbiMu AB u CD (00o3HaueHue:
P(AB,CD)) 6yaem Ha3bIBaTh BEIUYHUHY YIJIa. HA KOTOPbII HY>KHO IIOBEPHYTh IIPOTUB YacOBOI
cTpesiku npsimyto AB Tak, 4ToObl OHa cTana napauienasHa npsimoit CD. Ilpu 3Tom yrisl,
ornuyaromuecs Ha n - 180°, cunrarorcst paBHbIMU. ClieyeT OTMETUTh, YTO OPUEHTUPOBAHHBIN
yroa mexay npsmeiMu CD u AB He paBeH opueHTHUpOBaHHOMY yIi1y Mexay npsMeiMu AB u CD
(oHu cocTaBistOT B cyMMe 180° miiy, 4To MO HalleMy COIJIAIIEHUIO TO ke camoe, 0°).

Jlerko nMpoBepUTH CIEAYIONINE CBOWCTBA OPUEHTHUPOBAHHBIX 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 nexaiue Ha OAHOM NMPSAMOU, TPUHAAJIEKAT OJTHON OKPYKHOCTH TOT/1a U
tonbko Toraa, koraa P(AB,BC) = P(AD,DC) (ans noka3aTenscTBa 3TOr0 CBOMCTBA HYKHO
paccMoTpeTh JiBa ciydasi: Touku B u D nexar no oany cropony ot AC; Touku B u D nexar no
pazHbie cTopoHbl 0T AC).

3AJJAYN

1.a) Y3 Touku A, nexaiiieit BHe OKpY>KHOCTH, BBIXOAAT 1yuu AB u AC, nepecekatoiue 3Ty
OKpYXHOCTb. Jlokaxure, 4yTo BenuunHa yriia BAC paBHa nojypa3HOCTH YIVIOBBIX BEJIMUYUH JYT
OKPYKHOCTH, 3aKJIFOYEHHBIX BHYTPHU TOTO yIJja.

6) Bepmmna yrina BAC pacnonoxeHa BHYTpH OKPYXHOCTHU. J[oKaxuTe, YTO BEIMUMHA yIJia
BAC paBHa noiycyMMe YIiIOBBIX BEJIMUYUH JIyT OKPYKHOCTH, 3aKIIIOYEHHBIX BHYTpH yria BAC u
BHYTpPH yIJIa, CAMMETPUYHOTO €My OTHOCUTEIFHO BEPIIHHEI A.

2.113 trouku P, pacnionoxxenHoit BHyTpu octporo yrina BAC, onymiens! neprienaukynsapsl PC1 u
PB1 na npsameie AB u AC. [Jokaxure, uro PC1AP = PC1BI1P.

1./loka)kure, 4TO €CIU LIEHTP BIMCAHHON B YETBIPEXYTOJIbHUK OKPY>KHOCTH COBIIAJAET C TOUKON
nepecedeHusl TuaroHaiei, To 3TOT YeThIPEXyroJbHUK- POMO.

2.YerbipexyronsHuk ABCD onucan okosno okpyxHoctu ¢ 1ieHTpoM O. Jlokaxute, uto PAOB +
PCOD = 180°.



3.Jlokaxxure, 4TO €CIIU CYILECTBYET OKPYKHOCTb, KACAIOIIASACA BCEX CTOPOH BBIITYKIIOTO
yeTbIpexyrojipHuka ABCD, 1 0Kpy’HOCTb, Kacarolasicsi poI0JKEHUI BCEX €ro CTOPOH, TO
JIMaroHaId TaKoOro YeThIPEXyroJbHUKA MEePIEeHIUKYISPHBI.

4.0pr>KHOCTB BBICCKACT Ha BCEX YCTBIPEX CTOPOHAX YETBIPEXYIOJIbHUKA PaBHBIC XOPAbI.
I[OKa)KI/ITe, YTO B 3TOT YCTBIPCXYI'OJIbHUK MOKHO BIIUCATh OKPYKXHOCTD.

Jomarnee 3ananue.

1 Jlokaxkute, 4TO €CIM B YETHIPEXYTOJbHUK MOKHO BIIUCATh OKPYKHOCTb, TO LICHTP ITOU
OKPY’KHOCTH JIE)KUT HA OJTHOU MPSAMOM C CEpeIMHAMU JTUaroHaJIeH.

2. YetrbipexyroinbHuk ABCD onucan 0koJio okpyXHOCTH ¢ 1ileHTpoM O. B Tpeyronbuuke AOB
nposeneHsl BbicoTel AA1 u BBI, a B Tpeyronsauke COD- Beicotsl CC1 u DD1. JlokaxuTte, 4yTo
touku A1,B1,C1 u D1 nexat Ha ogHOM TIPSMOM.

3. Yrasl pu ocHoBanuu AD Tpanenuu ABCD paBubl 2a u 2b. JlokakuTe, 4TO Tpaneuus
OTHMCaHHAs TOTJA U TOJBKO Toraa, korma BC/AD = tg atg b.

3ansaTue 5. [lonooubie Gpurypsl.

1. B tpeyronsauke ABC Ha cpenneit iunuu DE, napamnensHoit AB, kak Ha nuametpe
MIOCTPOEHA OKPYKHOCTh, nepecekaromias croponsl AC u BC B Toukax M u N. Haiinure MN,
ecsii BC=a, AC=b, AB=c.

2. Yepe3 HEKOTOPYIO TOUKY, B3ATYIO BHYTPU TPEYTOJIbHUKA, IPOBEJIEHBI TPU MPSMBIE,
napaielibHble CTOpOHaM. DTH MpsiMble pa30MBatOT TPEYTOJbHUK HA IIECTh YacTel, TPH U3
KOTOPBIX — TPEYroJibHUKH ¢ Tuiomanamu S1, S2, S3. Haiinure muiomans 1aHHOTO
TPEYroJIbHUKA.

3. B paBHoGenpennslii TpeyronsHuk ABC (AB = BC) Bniucana okpysxHocTh paguyca 3. [Tpsamas
| kacaercst 3TOM OKpY>KHOCTH U mapajuienbHa npsmord AC. Pacctostaue ot Touku B 10 npsimoit |
paBHO 3. HalinuTe paccTossHHE MEXly TOUKaMH, B KOTOPBIX JaHHAsl OKPYKHOCTb KacaeTcs
ctopon AB u BC.

4. B tpanenun ABCD auaronans AC nepnenaukynspHa 60koBoil cropone CD, a quaronainb
DB nepnennukynsipHa 6okoBoii cropoHe AB. Ha nmpogomkenusx 6okoBsix ctopoH AB u DC 3a
MmeHbliee ocHoBanue BC otnoxens! orpe3ku BM u CN Tak, 4To noiy4yaercst HoBasi Tparenus
BMNC, nono6nas tpanenun ABCD. Haitnure momans tpanenun ABCD, ecnu miomians
tpaneuuu AMND pasna P, a cymma yrino CAD u BDA pasna 60o.

5. Yepes Touky A obuieit xopasl BC nepecekaromuxcsi OKpy>KHOCTEH MpoBeieHa npsaMas,
nepeceKarolas OKpyXHOCTU B Takux Toukax D u E cooTBeTcTBeHHO, uTO nipsimast BD kacaercs
OJIHOW OKpY’KHOCTH, a npsamast BE — npyroii. [Ipogomxenue xopast CD 01HON OKpYKHOCTH
nepeceKaeT Apyryro okpyxHocTh B Touke F. Haitnure otHomenne BD : BE, ecniu AD =8 u AE
= 2. Cpasnure miomaau tpeyroidsHukoB BDE n BDF.

6. Yetrsipéxyronpauk ABCD Bnucan B okpyxHOCTb. J{uaronans AC sBisieTcs OUCCeKTpUcoit
yriaa BAD u nepecekaercs ¢ quaronansto BD B Touke K. Haiinute KC, ecnmu BC =4, a AK = 6.

I[OM&I.HHCC 3aJaHuc.



1. B BemmykioMm uetsipéxyroasHuke ABCD u3BectHo, uTo miomaas tpeyroinsauka ODC (O —
TOYKa [epeceueHus AuaroHaseil) ecTb CpeHee MPOonopIHOHATBHOE MEXTY TUTOMAIIMU
tpeyronbHukoB BOC u AOD. [Jokaxute, uto ABCD — Tpanenus uiv napajjiesorpamm.

2. 13 Bepmmnabl C ocTpoyrosibHoro Tpeyroibaruka ABC onymiena Beicota CH, a u3 Touku H
onymensl neprnenaukyasipel HM u HN na croponst BC u AC cootBeTcTBeHHO. JloKaxkuTe, 4To
tpeyroibHuKH MNC u ABC no100HbI.

3. JlnaroHany BBITYKJIOT'O YETHIPEXYTrOIbHUKA JICJIAT €r0 Ha YEThIPE MOJOOHBIX TPEYTOJIbHUKA.
Jlokaxkure, 4TO €ro MO>KHO pa3pe3arh Ha JBa PABHBIX TPEYTOJIbHUKA.

3aunsrtue 6. [lnomans guryp.

1. Otpe3ok AB ectb nuametp kpyra, a Touka C siexxut BHe 3Toro kpyra. Orpesku AC u BC
MEPECEKAIOTCS C OKPYKHOCTHIO B Toukax D u M coorBercTBenHo. Haitnute yron CBD, eciiu
romaaun TpeyroibHukoB DCM n ACB otHOCcsTCA Kak 1:4.

2. OTpe3ku, COeUHSIONME OCHOBAHUS BBICOT OCTPOYTOJIbHOTO TPEYTOJIbHUKA, PaBHBI 8, 15 1
17. HalimuTe Tuiomaas TpeyrojibHUKa.

3. OxpyxHocTb Kacaercsi ctopoH AB u AD npsamoyronsauka ABCD u nepecekaet cropony DC

B eAnHCTBeHHOM Touke F u cropony BC B enuncTBenHoit Touke E. Haiinure nnomans Tpanenun
AFCB, eciu AB=32, AD=40u BE=1.

4. Ha xaxj0ii cTopoHe napajuiejiorpaMmma B3sTo 1o Touke. [lnomanb 4eThpéXyroipHuKa ¢
BEpILIMHAMH B 3THX TOYKaX paBHa MOJOBUHE IJIOLIAIM Napajuienorpamma. JJokaxure, 4To XoTsa
OBl 0J1HA U3 AMArOHAJIEH YeThIPEXYTOIbHUKA MapajliebHa OJHON U3 CTOPOH NapajuleIorpaMma.

5. ,Z[Ba MMpAMOYT'OJIbHHUKA ITOJIOKCHBI HAa IMJIOCKOCTD TaK, YTO UX I'PaHULIbI UMCHOT BOCEMb TOYCK
MEPCCCUCHUA. OTH TOYKH COCAUHCHBI UCPE3 OJHY. I[OKaSaTB, 4To IUI0IIaAb ITOJIY4YCHHOT' O
‘-ICTI)IpéXYTOJII)HI/IKa HC U3MCHUTCH IIPU MOCTYHNATCIbHOM IIEPECMCIICHUN OJHOI'O U3
MpAMOYT'OJIbHUKOB.

6. Ha karetax u THIIOTCHY3C MPAMOYT'OJIbHOTO TPCYT'OJIbHUKA ITOCTPOCHBI KBAAPATHI,
PACIIOJIOKCHHBIC BHE TPCYT'OJIbHUKA. Brerancants miIomazab MECTUYroJIbHUKA, BEPIINHBI
KOTOPOIr'o COBIMAAAOT € TEMH BCPUHIMHAMHA KBAJIPATOB, KOTOPBIC HC IPUHAJICIKAT JAHHOMY
TPEYTrOJILHUKY. I[J'II/IHa THIIOTCHY3bI C 1 CyMMa IJIMH KaTC€TOB S U3BCCTHHI.

JomaiHee 3ananue.

1. Jlokaxxure, 4YTO IJIOLIA/Ib TPEYTOJIbHUKA MOXKHO BBIPA3UTh 1O Gopmyie S = (p - a)ra, rjae ra —
paauyc BHEBIIMCAHHOW OKPYKHOCTH, KaCaroIIEeNCs CTOPOHBI, PABHOM a, p — IMOJIYIIEPUMETP
TPEYroJIbHUKA.

2. B tpaneunto ABCD c ocnoBanusimu BC u AD u 6okoBbiMu cropoHamu AB u CD Bnncana
OKpykHOCTb ¢ ieHTpoM O. Haiinure mutomane tpanenuu, eciau yroia DAB npsamoit, OC =2,

OD =4.

3. Uepes BepuHbl A u B Tpeyronbanka ABC npoBeieHa OKpyKHOCTb, ITEpeceKaroIast
croponsl BC u AC B Toukax D u E coorBercTBeHHO. [TImomans Tpeyronsauka CDE B cemb pa3
MeHblIIe momann yerbipéxyroapauka ABDE. Haiiaure xopay DE u paguyc okpyxkHocTH, eciiu
AB=4uC =45

7. TlepeyeHb OCHOBHOW U JONOJHUTEJIbHOI yueOHOI JuTepaTypbl, UHTEepHET-pecypcoB,
HEeO0XOAUMBIX [IJISl OCBOCHUSI TUCIHUNIMHBI

OcHoBHas TuTEpaTypa



. OctputoBckuii, A. H. AHamuThueckas reomMeTpus [DICKTpOHHBIM pecypc] : yueO.
nocobue / A. H. OcteinoBckuii. - Kpacnosipck : Cub. denep. yu-t, 2011. - 92 c. - ISBN
978-5-7638-2196-3. - Tekct : ANEKTPOHHBIH. - URL:
https://znanium.com/catalog/product/443221 (mara oOpamenus: 20.04.2023). — Pexum
JIOCTYTIA: 1O MOAIMKCKE.

. boprakoBckuii, A. C. AHaiuTHdeckass TeOMETpHs B NPHUMEpaxX W 3agavax . ydeOHoe

nocobue / A. C. boprakosckuii, A. B. IlanteneeB. — 2-¢ usn., crep. — Mocksa :
NH®PA-M, 2020. — 496 c. — (Bricmiee obpa3oBanue: bakanaBpuar). - ISBN 978-5-
16-011202-2. - Tekcr : AJIEKTPOHHBIH. - URL:

https://znanium.com/catalog/product/1069929 (nara o6pamenus: 20.04.2023). — Pexxum
J0CTyMa: 10 HOIUCKE.
. Edumos, H.B. Kpartkuii Kypc aHAIUTHUECKOW T€OMETpHUH : yuyeOHoe mocodue : [16+] /
H.B. Edumos. — 14-e uzna., uctp. — Mocksa : @usmarnut, 2008. — 239 c. : w1 — Pexxum
nocryna: mo moamucke. — URL: https://biblioclub.ru/index.php?page=book&id=69316
(mata oopamenus: 20.04.2023). — bubnuorp. B ku. — ISBN 978-5-9221-0971-0. — Tekcr :
3JIEKTPOHHBIMN.

JonosHuTeILHASA JTUTEPaTypa
. Wnbun, B. A. Ananutudeckas reomerpus : yuebuuk / B. A. Unbun, 3. I'. [lo3usk. — 7-e
u3l., crep. — Mocksa : @usmariur, 2009. — 224 c. — (Kypc BbicmIeli MaTeMaTHKU H
MaTematuueckoi ¢usuku. Bpm. 3). — Pexum goctyma: 1O MOAMMCKE. —
URL.: https://biblioclub.ru/index.php?page=book&id=82797 (nara oOpareHus:
20.04.2023). — ISBN 978-5-9221-0511-8. — TeKcT : 3JCKTPOHHBIA.
. Ocunenko, C. A. AnanuTuyeckass reOMETpusi: IpsMas U IUIOCKOCTb : METOAMYECKOE
nocobue : [16+] / C. A. Ocunenko, M. I'. bynaroBa. — MockBa ; bepnun : Jupekt-
Menmua, 2015. — 40 c¢. — Pexum jgocrtyma: 1O  TOAMNHUCKE.  —
URL.: https://biblioclub.ru/index.php?page=book&id=429201 (nara oOpareHus:
20.04.2023). — bubmmorp. B kH. — ISBN 978-5-4475-3903-0. — DOI 10.23681/429201. —
TeKcT : 2MeKTPOHHBIH.
. bexnemumena, JI. A. COoOpHMK 3agad IO AHAJIUTUYECKOW TIE€OMETPUM M JIMHEHHOMN
anreOpe : yueOHoe nocoOue / JI. A. bexnemuesa, A. 1O. IlerpoBuu, 1. A. Uy6apos ;
pen. 1. B. Bexnemuies. — 2-e u3a., nepepad. — Mocksa : @usmatiut, 2006. — 496 c. —
Pexum JIOCTyTIA: o HOJIHCKE. —
URL.: https://biblioclub.ru/index.php?page=book&id=82795 (nara oOpareHus:
20.04.2023). — ISBN 5-9221-0010-6. — TekcT : 21eKTPOHHBIA.

Hnmepnem-pecypcol
3BC ZNANIUM.COM http://znanium.com
OBbC «YHuBepcuteTcKast oubdanoreka onaiiny http://biblioclub.ru
Onekrponnas oudiauoreka http:/lib.mexmat.ru/books/75829 (cBoOGoaHBII TOCTYII)
DnektpoHHas oubmuoreka http://www.razym.ru (cBoOOIHBII TOCTYII)
http://nsportal.ru/sites/default/files/2012/12/10/tvorcheskiy _proekt po_matematike n
a_temu.docx.
http://www.mathnet.ru O6wepoccuincknini matematTm4ecknin noptan
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