PABOYAS ITPOT'PAMMA

yueOHOro kypca «I'eomerpus (yriry0J1éHHbIH YPOBEHB)»

Ju1st oOyyaromuxcs 7 — 9 Kj1accoB



HOACHUTEJIBHASA 3AIIMCKA

['eoMeTpusi Kak OJMH W3 OCHOBHBIX PAa3/EliOB IIKOJIBHOM MAaTeMaTHKH,
MMEIOIINNA CBOEH LEIbI0 00ECIEeUnTh M3YyYEHUE CBOMCTB M Pa3MEpoB (QUIyp, HX
OTHOUIEHUHA M B3aUMHOE pACIOJIOKEHUE, ONUPAETCS Ha  JIOTHYECKYIO,
JI0Ka3aTeapHy0 JUHUIO. LIEeHHOCTh M3ydYeHHs IeOMETpPUM Ha YPOBHE OCHOBHOIO
oOurero o0pa3oBaHusl 3aKIIOYAETCS B TOM, YTO OOYYaIOIIUNUCS YUUTCS MPOBOAUTD
J0Ka3aTeJIbHbIE PACCYKIEHUS, CTPOUTH JIOTHYECKHE YMO3aKIIIOUEHHUS, JOKa3bIBaTh
WUCTUHHBIE YTBEPKJICHHUS W CTPOUTh KOHTPIPUMEPHI K JIOKHBIM, MPOBOJIUTH
paccy X IeHuss «OT MPOTUBHOrO», OTJIMYaThb CBOWCTBA OT  IPHU3HAKOB,
dbopmynupoBath o0OpaTHble yTBepkJeHus. (Ocoboe 3HaueHHE JoKazaTelbHas
JIMHUS UMEET IS YIIIyOJIEHHOTO N3YUYEHUsI MAaTEMATHUKH.

Llenpro M3yyeHus TEOMETPUU SIBIISIETCS WCIIOJIb30BAaHUE €€ KaK MHCTPYMEHTA
IPU PELICHUH KaK MaTeMaTUYECKHUX, TaK U MPAKTUYECKUX 3a7a4, BCTPEUAIOIIUXCS
B peaimbHOM xku3HU. OOydyarouuics JIOJDKEH HAy4YuThCA  ONPEIENSTh
r€OMETPUYECKYIO0 (DUTypy, OIKCHIBATH CJIOBAMH YEPTEX WM PHUCYHOK, HAWTH
IUIOIAZAb  3E€MEJIbHOIO  y4acTKa, pPACCUMTHIBATH  HEOOXOAUMYKO  JUIMHY
ONTOBOJIOKOHHOTO KaOeyss win TpedyeMmble pa3Mepbl Tapaxka JUisi aBTOMOOWJIS.
DTOMY COOTBETCTBYET BTOpAsi, BHIYMCIUTEIbHASL JUHUS B U3YYEHUU T'€OMETPHUHU.
[Ipu pemeHuun 3amay NPAKTUYECKOTO XapakTepa OOYyYarolUWUCA YYUTCS CTPOUTh
MaTeMaTUYeCKUe MOJIEJIM  pEalbHbIX JKU3HEHHBIX CHUTyalud, MPOBOJIUTH
BBIYMCIICHUS U OLIEHUBATh aJIEKBATHOCTD MMOJYYEHHOTO pe3yJibTaTa.

Oco6eHHOCTh Yy4eOHOTr0 Kypca YriTyOJaE€HHOTO U3y4YEeHHUS] TEOMETPUHN COCTOUT
B TOM, 4TO OOy4YarolIfecs: HE IPOCTO 3HAKOMSTCS C ONPEAEIIEHHBIMU MTOHATUSAMY, a
YBEPEHHO OBJa/IeBatOT UMH. CylIEeCTBYIOIIME TEMBI MIPOrpaMMbl 0a30BOTr0 Kypca
reOMETPUU U3YyYaroTCs Ha OoJiee TITyOOKOM YPOBHE, a 00yJaronuecs: mpuoOpeTaroT
YMEHUS, MOMOTalolie MM YBEPEHHO MNPUMEHSTh CBOM 3HAHUS HE TOJBKO B
MaTeMaTuKe, HO U B CMEXHBIX MPEIMETax, MPek/e Bcero pu3nke u nHphopmaTuke,
a TaKXKe IMO0JIb30BAThCS MOJIYUYECHHBIMH 3HAHUSIMH TPU PEIICHUU MPAKTUYECKUX
3a/1a4.

CornacHo ydeOHOMY MlaHy B 7-9 Kiaccax wu3y4aercsi yriayOnEHHBIM
yueOHbI Kypc «I'eoMeTpus», KOTOPbIM BKIIOYAET CJIECTYIOIIME OCHOBHBIE Pa3/Ieibl
conepxkanus: «Hawama  reomerpum», «TpeyronbHukn», «OKpyXKHOCTBY,
«YetpipéxyronpHukmn», «[logobuey, «neMeHTsl TpuronomeTpuny, «llnomanmny», a
Takke «Metos koopauHaty, «Bexkropb», «[IpeoOpazoBanus MIOCKOCTH.

Ha wusyuenue yueOHOro kypca «l'eomerpusi» orBogutcs 306 uvacoB: B 7
kiacce — 102 yaca (3 yaca B Henento), B 8 kinacce — 102 vaca (3 vaca B Hezielnio), B
9 xiacce — 102 yaca (3 yaca B HEJIEINIO).



COILEPKXAHUE OBYUYEHUA
7 KIIACC

Hayana reomerpuu

Hctopuss BO3HUKHOBEHHsS M pa3BUTHA reoMeTpuu. HavanpHble NOHATHA
reomerpun. Touka, mnpsmasi, orpe3ok, Jyd. [lonstue o0 akcuome, Teopeme,
JIOKa3aTebCTBE, ONPEACIICHUN.

B3auMHOe pacnosiokeHue TOueK Ha INpsMou. M3mepeHue mIMHBI OTpe3Ka,
PAcCTOSIHUE MEXAY TOYKAMM.

ITonymnockocts m  yros. Buael yrmos. HM3MepeHuwe BeIWYMH — YIJIOB.
BeprukanbHble U cMexHbIE YIUibl. [lapaienbable U IEPIICHIUKYIISIPHBIE IIPSAMBIC.
Paccrosinue ot Touku 10 npsiMoui. buccektpuca yria.

Jlomanas. Buasl momanbix. JlnmnHa momanoi. MHoroyronsHukd. [lepumerp
MHOI'OYrOJIbHUKA. [IOHSATHE O BBIIMYKIIBIX U HEBBITYKJIBIX MHOIOYTOJIbHUKAX.

[lepBuuHble TMpeACTaBICHUS O PpaBEHCTBE QUIYP, HUX PACIOIOKEHHH,
CUMMETPHH.

IIpocreinmmue nmoctpoenus. MHCTpyMEHTHI [UIsl U3BMEPEHUN U TOCTPOCHHUIA.

TpeyronbHuKH

Buasl TpeyrosbHUKOB: OCTPOYI'OJIbHBIE, IIPSAMOYTOJBHBIE, TYIIOYTOJbHBIE,
paBHOOEpEHHbIE, PpPaBHOCTOpOHHUE. MeauaHa, OuCCeKTpuUca M BbICOTA
TPEYTOJIbHHUKA.

PaBencTtBo TpeyronpHukoB. IlepBblidi W BTOpOM NPU3HAKKM PABECHCTBA
TPEYroJIbHUKOB. PaBHOOEApEHHbIE TPEYroJbHUKM W UX cBoicTBa. [Ipu3Hak
pPaBHOOEIPEHHOTO TPEyrojbHUKa. TpeTuil mpu3HaK paBeHCTBA TPEYTOJIbLHUKOB.

CooTHOLIEHUST MEXIY CTOPOHAMH M yIJIaMHM TpeyroyibHuUKa. HepaBeHCTBO
TpeyrosbHuKa. HepaBeHCTBO 0 JyiMHE JIOMAaHOM.

Cummerpuunble  ¢urypel. OCHOBHBIE CBOMCTBA OCEBOW CHMMETpPHH.
IIpuMepbl CUMMETPHH B OKPYKaIOILEM MHUDE.

IHapamienbHbie npsaMmbie. CymMMa yrijioB MHOIOYI0OJIbHUKA

[TapannenbHOCTh NPSAMBIX, HCTOPUYECKUE CBEIECHMS O nocrynare EBxnmna u
o ponu JloGaueBCKOro B OTKPBITUM HEEBKIMJIOBOM reomerpun. CBoWcTBa U
NPU3HAKK NapaJuleNbHbIX NpsMbIX. CyMMa yIJIOB TPEyroibHUKa. BHEIIHUE yIiibl
TpeyrojapHuka. CymMMa BHYTPEHHUX YIVIOB MHOTI'OYI'OJIbBHMKA M CyMMa BHEIIHMX
YIJIOB BBIITYKJIOTO MHOTOYTOJIbHHKA.

IIpsimoyroabHbIe TPEYroJbHUKH

[Ipu3Haku paBeHCTBA MPSMOYIOJIBHBIX TPEYTOJbHUKOB. llepnenaukynsp u
HaxJIOHHas. CBOMCTBO MEIMaHbl IPSIMOYTOJIBHOTIO TPEYTOJIbHUKA, TPOBEAEHHON K
runorenyse. [IpaMoyrosbHbIil TPEYroJbHUK C yriioM B 30°.

OKpyx)HOCTH



[ToHATUS OKPYKHOCTH M Kpyra. DJIEMEHTBl OKPYXHOCTH M KpyTra: LIEHTP,
paguyc, AMaMeTp, Xopla, UX CBOWCTBA. B3anMHOE pacrosiokeHne OKPYKHOCTU U
npsimoii. KacarenbHas M ceKymas K OKpYKHOCTU. OKpY»XKHOCTb, BIIMCaHHas B
yrout. [Ipocreiye nocTpoeHus ¢ MOMOIIBIO HUPKYJIS U JIMHEUKHU.

I'eomeTpuYeckue MecTa TOYEK

IloHATHE O reoMeTpuyYecKoM MecTe TodeK. [Ipumepsl reoMeTpu4ecKkux MecT
TOYEK Ha IUIOCKOCTHU. bUCcCeKTpuca yriia U cepeAMHHBIN NEPIEHAUKYIIAP K OTPE3KY
KaK TeOMETpUYEeCKHEe MecTa TodeK. OmnucaHHas OKPYKHOCTb TPEYIrOJIbHHMKA, €€
LEeHTp. MeToa reoMeTprYecKuX MECT TOUEK ITPU PEIIEHUU T€OMETPUYECKUX 3a/1a4.

IHocTpoenus ¢ MOMOIUBLIO WUPKYJIA U JHHEHKH

Hctopuueckue cBeneHusi. OOOCHOBAaHUS MPOCTEHIINX MOCTPOEHUM, STaIbl
3a71a4y Ha IIOCTPOCHUS, PELLICHUE 3a/1a4 Ha IIOCTPOCHUE LIUPKYJIEM U JTUHEUKOU.

8 KJIACC

YeThIpEéXyroJbHUKU

[lapannenorpamm, ero mnpu3HaKM U cBoicTBa. IIpAMOyroiabHUK, poMmoO,
KBaJIpaT, UX MpU3HAKU M cBoiicTBa. Tpaneuus. PaBHoOeapeHHas Tpamneuus, €€
cBoiicTBa U npusHaku. [IpsmoyronbHas Tpaneuus. CpeHss JUHUASA Tpaeuuu.

Cpennss MHUSA TpEyrojbHHKA. MeETOJ y/IBOECHHs MEIHAHBl TPEYTOJIbHHKA.
Teopema o nepeceyeHUn MeUaH TPEYTroJbHUKA.

Teopema @aneca, Teopema O NPONOPIMOHAIBHBIX OTpe3Kax. Teopema
BapuHboHa 1)1 IPOU3BOIBHOIO YETHIPEXYTOIBHUKA.

[lenTpanbHO-CUMMETPUYHBIE (DUTYPBI.

IHoxooue

[lonobue TtpeyronbHUKOB, Kod(pduuueHnt noxodus. IlpusHaku nomOOUS
TPEYroJibHUKOB. IIpumMeHeHue nomo0usi NpH pELIEHWH TEOMETPUYECKHX U
NPAKTUYECKUX 3a]a4.

ILiomans

[lonsitue o mnomanu. CBolcTBa IUIOMIAIEH TI'€OMETPUUYECKUX (DUTYP.
[Ipocreitmue Gpopmyasl A7 MIIOMAAN TPEYroJibHUKA, MapaieiorpaMma, pomoa u
Tpaneuuu. Ilnomanu nogoOHeIX ¢puryp. OTHOIIEHKE TUIOIIAEH TPEyTrOJIbHUKOB.

Teopema IIudaropa

Teopema Iludaropa. Ilpumenenue teopemsl Iludaropa npu pemeHuu
MIPaKTUYECKUX 3a]a4.

JIeMEeHTbI TPUTOHOMETPHH

CuHyC, KOCHHYC, TQHI€HC U KOTAHT€HC OCTpPOro yria MPSMOYTOJIbHOTO
TpeyroyibHuKa. Tpuronomerpuueckue ¢ynkuuu yriaoB B 30° 45° u 60°.
[IponopuuoHaIbHBIE OTPE3KU B IPSIMOYTOJIBHOM TPEYTOJIbHUKE.

Yriabl 1 4eTBIPEXYT0JILHUKH, CBSI3AHHbIE ¢ OKPYKHOCTBHIO



BrnimcaHHble M LEHTpalbHBIE YIUIBI, YIOJl MEXAY KacaTeJIbHOW M XOpIOH.
Yl MeXIy XOpJaMH M CEKyLUIMMHU. BIMcaHHblE M ONMCaHHBIE OKPYKHOCTH
TPEYTOJIbHUKA M 4YeThIPEXYroiapHUKH. CBOWCTBA M NPU3HAKH BIHCAHHOIO
YETBIPEXYTOJbHUKA. B3auMHOE pacnosiokeHHe IBYX OKpykHocrenl. Kacanue
okpyxHOcTei. O01I1e KacaTeabHbIE K IBYM OKPYKHOCTSIM.

9 KUIACC

Pemienue TpeyrojJbHMKOB

Cunyc, kocuHyc, TaHreic yraoB ot 0° po 180°. OcHoBHOE
TPUTOHOMETPUYECKOE  TOKIECTBO. @opMyJsIbl  TPUBEIACHUS. Pemenne
TPEyroapHUKOB. TeopemMa KOCHMHYCOB UM  TeopeMa CHHYCOB. Pemenue
IPaKTUYECKUX 33J1a4 C UCIIOJIb30BaHUEM TEOPEMBI KOCHHYCOB M TEOPEMBI CUHYCOB.
Pewenue 3a1a4 reOMETPUYECKON ONITUKH.

Tpuronomerpruueckue dopMynbl I [JIOW@AM  TPEYrOJbHHKA,
napajiesiorpaMmma, pombOa, Tpaneruu. ®Popmyrna ['epona. @opmyna rmIiomagu
BBIITYKJIOTO YETHIPEXYTOJIbHHKA.

Iloxo0ue TpeyroIbHUKOB

Xopapl W TOAOOHBIE TPEYTrONBHUKA B  OKPYXKHOCTH. Teopema o
IIPOU3BEICHUN OTPE3KOB XOpJ, TEOPEMBI O IIPOU3BEICHUHM OTPE3KOB CEKYILMX,
TeopeMa O KBajJpaTe KacarenbHOU. [I[puMeHeHne Npu peleHn reoMeTpUYECKUX
3aga4d. Teopembl UeBbl 1 Menenas. [lonsitue o romoreTuu.

MeTtoa koopaAMHAT

VYpaBHeHUEe NMpsSMON HA TUIOCKOCTU. YTJIOBOM KOA(P(UIMEHT M CBOOOIHBIH
YIEH, MX TIEOMETPUYECKHUM CMbICHI. [lapaninenbHOCTh M NEPNEHAUKYJISIPHOCTH
NpsAMBIX (depe3 yriioBod K03 GUIMEHT).

VYpaBHeHHE OKpYXHOCTH. HaxoxkaeHue mnepecedeHnii OKPYKHOCTEH U
IpsIMBIX B KoopauHaTax. dopmyna paccTOSHUS OT TOYKM A0 Npsimou. Ilmomans
napajuiesiorpaMMa B KOOpAMHATaX, IMOHATHE 00 OPUEHTHMPOBAHHOM IJIOIIA[IH.
IIpuMeneHne MeTona KOOpAUHAT B MMPAKTUKO-OPUEHTUPOBAHHBIX TEOMETPUUYECKHUX
3a/1ayax.

BexTopsl

Bekropel Ha miockoctd. CHOKEHHME M BBIYMTAHUE BEKTOPOB — IIPaBUIIA
TPEYTOJBHUKA U MapajuiesiorpaMMa. Y MHOXKEHHE BEKTOpa Ha yucio. KoopanHaTel
BekTOpa. ClIOKEHHE M BBIYMTAHHE BEKTOPOB, YMHO)XEHHE BEKTOpa Ha YHUCIO B
KoopauHartax. [I[pumeHeHre BEKTOPOB B (PU3UKE, LIEHTP Macc.

[Tonsitue o Oa3uce (Ha IMIOCKOCTH). PasnokeHuss BEKTOPOB Mo Oasucy.
CkanspHO€ NPOU3BENECHUE BEKTOPOB, T€OMETPUUYECKUU CMBICI U BBIPAKECHHUE B
JIEKapTOBBIX KoopAauHatax. JucTpuOyTHBHOCTH CKaJNSIPHOTO IPOU3BEACHUS.
CkassipHOE  TpOW3BEACHUME M INpoenupoBaHue. [IpuMeHEHHe CKaIApHOTO



IIPOM3BEACHUS BEKTOPOB JUIA HAXOXKICHWS [JUIMH M yrioB. Pemenwne
FEOMETPUYECKUX 3a/1a4 C IIOMOLIBIO CKAIAPHOIO IPOU3BEICHHUS.

JIMHA OKPYKHOCTH M IUIOLIAAL KPyra

[IpaBunbHBIE MHOTIOYrOJIbHUKH. JlnmuHa OKpyx)HOCTH. I'pamycHas wu
paguaHHas Mepa yIya, BBIYMCICHHE IUIMH AYr OKpyxkHOocteu. [lmomanes kpyra,
ceKTopa, cermeHTa. Mcropuueckue cBeieHrs 00 M3MEpEHUH IITMHBI OKPYKHOCTH U
IJIOIIAAU KpyTa.

JIBHKEeHHM S TUIOCKOCTH

LentpanpHas cummertpusi. LlentpanbHo-cummerpudnbie ¢urypsl. [loBopor.
OceBag cummerpusa. PuUrypsl, CUMMETPUYHBIE OTHOCHUTEIBHO HEKOTOPOHM OCH.
[TapannenbHbIN IEPEHOC.

[lonsitue nBwxeHHss U ero cpoiicTBa. PaBeHcTBO ¢uryp. Ilpossienus
CUMMETPUM B NPUPOJE, KUBOIIMCH, CKYJBNOTYype, apxurekrype. Kommosuuun
IBWXKEHUH (TpocTeiue npuMepsl). [I[puMeHeHre B reoMeTpUYeCKHUX 3a/1auax.



IIVIAHUPYEMBIE PE3YJIbTATBI OCBOEHUSA ITPOI'PAMMBbI
YUYEBHOI'O KYPCA «'EOMETPUSI» HA YIJYBJAEHHOM YPOBHE
OCHOBHOT'O OBIIETI'O OBPA3OBAHUA

JIMYHOCTHBIE PE3YJIBTATBI

JIMYHOCTHBIE PpPe3yJbTAThl OCBOCHHUS MPOTPaMMbl MO MaTeMaTHUKE
XapaKTEPU3YIOTCS B YACTH:

1) naTpHOTHYECKOr0 BOCIIUTAHNS:

[IPOSIBJICHUEM HMHTEpeca K MPOLUIOMY M  HACTOSLIEMY POCCUKUCKOU
MaTeMaTUKHU, I1IEHHOCTHBIM  OTHOIIEHHWEM K  JIOCTHIXKEHHUSIM  POCCHMCKHUX
MAaTEMATHUKOB M POCCHMCKOM MaTEMaTUYECKOW WIKOJbI, K HCIOJb30BAHUIO 3TUX
JOCTIKEHUN B IPYTUX HAyKaX U MPUKIAAHBIX cepax;

2) rpa:KIaHCKOr0 M TYXOBHO-HPABCTBEHHOI0 BOCIIMTAHUA:

TOTOBHOCTBIO K BBITIOJIHEHUIO 00S3aHHOCTEHN T'pakKJIaHWMHA M peaIu3alluid €ro
MpaB, TMPEJCTABICHUEM O MATEeMaTUYECKUX OCHOBaX (YHKIIMOHUPOBAHUS
Pa3TUYHBIX CTPYKTYDP, SBICHUH, MPOIEAYP TPakIaHCKOTO OOIIecTBa (Harpumep,
BBIOOPBI, OMPOCHI), TOTOBHOCTHIO K O0CYKICHHUIO 3TUYECKUX MPOOIJIeM, CBI3aHHBIX
C TPaKTUYECKUM IPUMEHEHHEM JIOCTHXKEHUM HayKHU, OCO3HAHUEM Ba)KHOCTHU
MOPaJIbHO-3TUYECKUX TTPUHIIUIIOB B JICSTEILHOCTH YUEHOTO;

3) TPYyA0BOIr0 BOCIIUTAHUS:

YCTaHOBKOII Ha AaKTHBHOE YYacTUE€ B PEUICHUHM MPAKTHYECKUX 3aj]lay
MaTeMaTUYE€CKOW HAMpPaBICHHOCTH, OCO3HAHMEM Ba)XHOCTU MaTEMaTHYECKOTO
o0Opa3oBaHUs Ha MPOTSHKEHMHM BCEM JKM3HM JJIsl YCHEIIHOM NpodeccHOHaIbHOM
JEATEIHPHOCTA W PA3BUTHEM HEOOXOIMMBIX YMEHHH, OCO3HAaHHBIM BBIOOPOM U
MOCTPOCHUEM MHIMBUYAIbHON TPAaeKTOpUM 00OPa30BaHUs U KU3HEHHBIX TIJIAHOB C
y4ETOM JIMYHBIX UHTEPECOB U OOIIIECTBEHHBIX TOTPEOHOCTEH;

4) 3cTEeTH4eCKOr0 BOCIIUTAHUSA:

CIIOCOOHOCTHIO K OMOIIMOHATBHOMY U  3CTETUYECKOMY  BOCIPHUATHIO
MaTEMaTUYECKUX OOBEKTOB, 3a/au, PEIICHWM, pacCyXJICHUW, YMEHUIO BUJICThH
MAaTeMaTUYE€CKUE 3aKOHOMEPHOCTH B UCKYCCTBE;

5) ueHHocTel HAYy4YHOIr0 NMO3HAHUSA:

OpUEHTalMel B JAESATEIBHOCTA HAa COBPEMEHHYIO CHUCTEMY HAayYHBIX
NPEJICTaBIEHU 00 OCHOBHBIX 3aKOHOMEPHOCTSAX Pa3BUTHsI YENIOBEKA, MPUPOJILI U
oO1iecTBa, MOHMMAHWEM MATEeMaTUYECKOM HAayKH Kak cQepbl 4YeIOoBEYECKOU
JESATEeLHOCTH, ATANoB €€ Pa3BUTHUS W 3HAYMMOCTH JJIsI Pa3BUTHS IUBWIM3ALIUH,
OBJIJICHUEM SI3BIKOM MAaT€MaTUKH U MAaTEeMaTUYECKOW KyJIbTYpOW KakK CpPeACTBOM
MO3HAHUS MUpPA, OBJIaJICHUEM HABBIKAMH HCCIIEI0OBATENIBCKON JIEATEIbHOCTH;



6) ¢usnyeckoro BocnuTaHusd, GOPMHPOBAHHMA KYJAbTYPbI 310POBbS U
3MOIMOHAJIBLHOIO 0JIaronoJIy4ns:

FOTOBHOCTBHIO MPUMEHSTh MATEMAaTHUYECKHE 3HAHUA B HMHTEpPECAX CBOETO
3I0POBbs, BEACHUS  3J0pOBOro  oOpa3a KW3HU  (3I0pOBOE  MUTAHUE,
cOQTaHCUPOBAHHBIM PEXUM 3aHATHA W OT/AbIXa, peryaspHas ¢uzndeckas
aKTUBHOCTbH), C(HOPMHUPOBAHHOCTHIO HaBbIKAa pedIECKCUM, TMPU3HAHHEM CBOETO
IpaBa Ha OIIMOKY W TAKOTo K€ IpaBa JPYroro 4ejaoBeKa;

7) 3KOJIOTUYeCKOT0 BOCIIMTAHMSA:

OpHUEHTALIMEN HA MPUMEHEHUE MATEMAaTUYECKUX 3HAHWUM JUISl PEUICHUS 3a/1a4
B 00JIaCTH COXPAaHHOCTH OKpY>KAroIIell Cpepl, IJIAaHUPOBAHHS TOCTYIKOB U
OIIEHKM HX BO3MOKHBIX MOCJIECACTBUM ISl OKPYXKAIOLIEH Cpeabl, OCO3HAHUEM
100aJIBLHOTO XapaKkTepa SKOJIOTMUYECKUX MPOOJIeM U MyTeH UX pelieHus;

8) ajanTanun K M3MEHAKINUMCH YCJOBHAM COLUMAJIBLHOM U NMPHUPOAHOM
cpeabl:

TOTOBHOCTBIO K JICHCTBHUSIM B YCJIOBUSAX HEONMPEACIEHHOCTH, IOBBIIICHUIO
YPOBHSI CBOEH KOMIIETEHTHOCTH YEPE3 MPAKTHUUYECKYIO NEATEIBHOCTh, B TOM YHCIIE
YMEHUE YYUTHCS y APYTHX JIOJCH, MpUoOpeTaTb B COBMECTHOW JCSATEIHHOCTU
HOBBIE 3HAHUS, HABBIKK U KOMIICTCHIIUH U3 OIBITA IPYTHUX;

HEO0OXOUMOCThIO B ()OPMUPOBAHUN HOBBIX 3HAHUMU, (OPMYJIUPOBATH HJICH,
MOHATHUSI, TUMIOTE3bI 00 OOBEKTaX U SIBJICHUSIX, B TOM UUCIIC paHEE HEU3BECTHBIX,
OCO3HaBaTh JACPUUUTH COOCTBEHHBIX 3HAHUN U KOMIIETEHTHOCTEH, MJIaHUPOBATH
CBOE pa3BUTHE;

CIIOCOOHOCTBIO  OCO3HAaBaTh  CTPECCOBYIO  CHUTyalldl0, BOCIPUHUMATH
CTPECCOBYIO CHUTYaIlMI0 KakK BBI30B, TPEOYIOUIUMNA KOHTPMEpP, KOPPEKTUPOBATh
MIPUHUMAEMbIE pEIICHUS] U JEUCTBUS, (HOPMYJIHPOBATH U OLEHUBATH PUCKU U
MOCJIE/ICTBUS, (POPMUPOBATH OIIBIT.

METANIPEIMETHBIE PE3YJIbTATDBI

B pesynbrare ocBOCHMs IpOrpaMMbl M0 MaTeMaTHKE Ha YPOBHE OCHOBHOIO
oOmrero oopazoBanust y o0ydaromnierocsi OyayT chopMUpOBAaHEI MeTANPeIMeTHbIe
pe3yJbTaThl, XapaKTePU3yOIIHECs OBJIJICHUEM YHHUBEPCATbHBIMHU
MO3HABATCIbHBIMK  JICHCTBUSAMH,  YHHUBEPCAIbHBIMH  KOMMYHHUKATHBHBIMHU
JCHCTBUSIMHM U YHUBEPCAIBHBIMU PETYJIATUBHBIMH JCHCTBUSIMHU.

ITo3HaBaTe/ibHBIE YHHUBEPCAJIbHbIE YUeOHbIE 1eHCTBUS
ba3oBble Jijornueckue aJedcTBUA:

BBISIBJISAITH M XapPaKTEPU30BATh CYIIECTBCHHBIE MPU3HAKA MATEMATHYECKUX
OOBEKTOB, TIOHATHM, OTHOIICHUH MEXIy MOHATHAMH, (DOopMyIUpOBaTh



OTIpe/IeTICHUS TIOHSATHH, YCTaHABIUBATh CYIIECTBEHHBIN MPU3HAK KJIAacCU(pUKALINY,
OCHOBaHMsI /7151 0000IIEHHS M CPABHEHMSI, KPUTEPUHU MTPOBOJIMMOTO aHAJIN3a;

BOCIPUHUMATh,  (HOpPMYJIUpOBaTH U  NPeoOpPa3oBBIBATH  CYXKIACHHUS:
YTBEpAUTENbHbBIE U OTPUIATENIbHbIC, IMHIYHBIC, YACTHBIE U 00IIUE, YCIOBHEIC,

BBISIBJISITh MaTEMaTHUECKUE 3aKOHOMEPHOCTH, B3aUMOCBSI3U U MPOTUBOPEUUS
B (akrTax, JaHHBIX, HAOIIOJACHUIX M YTBEPXKICHUSX, MpENaratb KpUTEPUH IS
BBISIBJICHUS] 3aKOHOMEPHOCTEHN U MPOTUBOPEUNIL;

JeNaTh BBIBOJABI C WCIOJIB30BAHHEM 3aKOHOB JIOTHKH, ACIYKTUBHBIX W
WHIYKTUBHBIX YMO3aKIFOUCHHUH, YMO3aKIIOUCHHU 110 aHATIOTHH;

pa30upaTh J10Ka3aTENbCTBA MATEMAaTHYECKUX YTBEPXKIACHUM (MpsSMble U OT
IPOTUBHOIO), MPOBOAUTH CAMOCTOSITENBHO JOKA3aTeIbCTBA MAaTEMaTUYECKHUX
(aKkTOB, BBICTpaWBaTh APTyMEHTAIMIO, MPUBOAWTH NMPUMEPHI U KOHTPIPHUMEDHI,
OPUMEHATh METOJ MAaTeMaTUYeCKOW HHIYKIUH, OOOCHOBBIBATH COOCTBEHHBIC
paccyXIeHus;

BBIOMpATh CIOCOO pelieHrus ydeOHOM 3amayu  (CpaBHMBATh HECKOJBKO
BapHAHTOB  pEUICHHs, BbIOMpaTh HamOolee  MOAXONAIMN ¢ y4&ToM
CaMOCTOSITENILHO BBIZICIEHHBIX KPUTEPHUEB).
ba3oBrble uccienoBare/ibCKkie AeHCTBHUA:

UCIIOJIb30BaTh BOIPOCHl KaK HCCIIEIOBATEIbCKUNA HHCTPYMEHT IO3HAHMS,
dbopMynIupoBaTh  BONPOCHl,  (PUKCUPYIOUIME  MPOTUBOpPEUYUE,  MpodIieMy,
CaMOCTOSITENIFHO YCTaHABIMBATh MCKOMOE W JaHHOE, (POpMHpOBATH TUIOTE3Y,
apryMEHTUPOBATh CBOIO MO3UIIMIO, MHEHUE;

IPOBOJUTH IO CaMOCTOSATENbHO COCTABICHHOMY IUIaHY JKCIIEPUMEHT,
HCCJIEIOBAHUE IO YCTAaHOBJICHHIO OCOOEHHOCTEH MaTEMaTHYECKOTo OOBEKTa,
3aBUCUMOCTEH 00BEKTOB MEXIY COOOM;

CaMOCTOATENHFHO (OPMYIHPOBATH OOOOIICHUS M BBIBOJBI MO PE3yJIbTaTaMm
NPOBENEHHOTO  HAONIONEHMS,  HUCCIEAOBAHMS, OKCIEPUMEHTa,  OIICHUBATh
JOCTOBEPHOCTH MOJYYCHHBIX PE3yIbTAaTOB, BEIBOJIOB U 00OOIICHMIA;

MPOTHO3UPOBATh BO3MOXHOE pa3BUTHE IMIPOLIECCa, a TaKXKe BBIIBUTATH
MIPEATNOI0KEHUS O €r0 Pa3BUTUU B HOBBIX YCIIOBHSIX.

Pa6ora ¢ undpopmanmeii:

BBISIBIISATh HEJAOCTATOYHOCTh M HM30BITOYHOCTH HMHGOPMAIWH, JaHHBIX,
HEOOXOUMBIX JJISl pEeLICHHS 3a1a4u;

BBIOWpATh, aHAJIU3UPOBATh, CHUCTEMATU3UPOBaTh U HUHTEPIPETUPOBATH
UHGOPMAIINIO Pa3IUYHbIX BUAOB U POPM MpeACTaBICHHUS;

BBIOMpaTh (QopMy mpeiacTaBieHUs HHPOpMAUUMU W WUIIOCTPUPOBATH
peliaeMble 3a/1a4ll CXeMaMu, TuarpaMMaMu, HHON TpaduKoil 1 UX KOMOWHAIIUSMU;

OIICHMBATh HAAEKHOCTh MH(POPMAIIMU 10 KPUTEPHSIM, NPEITIOKECHHBIM HWITU
chOpMYIUPOBAHHBIM CAMOCTOSITENILHO.



KoMMyHnKaTHBHBIE YHHBepPcalbHble YueOHbIEe 1eHCTBHUSA:

BOCIIPUHUMATH U (POPMYJIUPOBATH CYKIACHUSI B COOTBETCTBUHU C YCIOBUSMHU U
HeasIMU OOLIEHUS, SICHO, TOYHO, T'PAMOTHO BBIPaXXaTh CBOIO TOYKY 3pEHHUS B
YCTHBIX M NMHUCBMEHHBIX TEKCTaX, JaBaTh MOSCHEHHUS IO XOAY PELICHUs 3aJauH,
KOMMEHTHPOBATh MOJYYEHHBIN pe3yibTar;

B XOJle OOCY’KJI€HUsI 3aJlaBaTh BOIPOCHI MO CYIIECTBY OOCYX IAaeMOW TEMBlI,
npoOJeMbl, pelaeMol 3aJaud, BBICKA3bIBATh WJIEW, HAIICJICHHbIE Ha IIOMCK
pELIEHMs], COINOCTAaBIATh CBOM CYXKIEHHUS C CYXKJIEHUSMH JIPYTMX YYaCTHUKOB
auanora, oOHapy»XUBaTh Pa3lIMYUEe U CXOACTBO IMO3ULMUH, B KOPPEKTHOH (opme
(bopMyIMpPOBATH PA3HOIIIACHS], CBOU BO3PAKEHUS;

MPEACTABIIATh PE3YJIbTAThl PEIICHMS 3a/laui, SKCIIEPUMEHTA, HCCIEJ0BaHuS,
MPOEKTa, CaMOCTOSATENBHO BBIOMpPATh (opMaT BBICTYIUIGHHA C Y4€TOM 3ajad
Npe3eHTalnu U 0COOEHHOCTEN ayIMTOPUH;

NOHUMAaTh M HCIOJb30BaTh MPEUMYILECTBA KOMAHIHOW U WHAMBUAYaJIbHOM
paboOThl MpU pEIIEHWH Y4YEeOHBIX MATEMAaTUYECKUX 3a7ad, NPUHUMATh LEJb
COBMECTHOH JesTeNbHOCTH, IUIAHUPOBATh OPraHU3alldi0 COBMECTHON paboThl,
pacnpenensiTh BuAbl padoT, I0roBapuBaThCs, 00CYXJaTh MPOLECC U Pe3ysbTar
paboThl, 000011aTh MHEHUSI HECKOJIBKUX JIIOJICH;

y4acTBOBaTh B TPyHHOBBIX (opMax padoThl (00CyxkAeHUs, OOMEH MHEHUH,
«MO3rOBbI€ INTYPMBD» W HHBIE); BBIIOJHATH CBOIO 4YacTh pabOTBl U
KOOpPAMHUPOBATh CBOM JAECUCTBHUS C JPYIMMM 4YJI€HAMH KOMAaHIbl, OLICHUBATb
KayecTBO pe3yjbTaTa M KayecTBO CBOEro BKJIaJa B OOMIMI pe3ynbTar Io
KpUTEpUSIM, CHOPMYIUPOBAHHBIM YYaCTHUKAMU B3aUMOJICHCTBHS.

PeryasiTuBHbIE YHUBEPcAJIbHbIE YUeOHbIE [1eiiCTBUSA
Camoopranuzanus:

BBISIBJISITH MPOOJIEMBI ISl PEIICHHS] B JKM3HEHHBIX M y4E€OHBIX CHUTYyallUsX,
OPUEHTUPOBATHCS B PA3IUYHBIX MOAXOAaX MPUHATHS pelieHui (MHIUBUIYaIbHOE,
IpyIIIOBOE);

CaMOCTOSITEJIbHO COCTaBJIATh IUIaH, aJTOPUTM pEUIeHUs 3aaaud (WM €ero
4acTh), BBIOMpATh CHOCOO pelieHus ¢ YYETOM HMEIOIIMXCA PECcypcoB U
COOCTBEHHBIX BO3MOXKHOCTEHM, apryMEHTUpPOBATh M KOPPEKTUPOBATh BapUAHTHI
pelieHuii ¢ y4éToM HOBOM MH(MOPMALIHH.

CaMOKOHTPOJIb, SMOLMOHAJIbHBIH HHTEJJIEKT:

BJIQJIETh CIIOCOOAMU CaMOINPOBEPKU, CAMOKOHTPOJISI TIpollecca U pesyibTaTa
pElIeHUs] MaTeMaTUYEeCKOM 3a/jauk, CAMOMOTHUBALIUU U PEPIIEKCUU;

MPEABUJIETh TPYJIHOCTH, KOTOPhIE MOTYT BO3HUKHYTh MPU PEUICHUU 3a]1a4H,
BHOCUTh KOPPEKTHUBBI B JIEATEILHOCTh HAa OCHOBE HOBBIX OOCTOSTEILCTB,
HaWJCHHBIX OIMIMOOK, BBISIBJICHHBIX TPYIHOCTEH;



OIICHUBATh COOTBETCTBHE PE3yjbTaTa JEATEIbHOCTH MOCTABJICHHOW L€ U
YCJIOBHSIM, OOBACHSTH MIPUYUHBI JIOCTHKCHUS UM HEIOCTIKCHHS 11€TTH, HaXOIUTh
OLIMOKY, 1aBaTh OLIEHKY MPUOOPETEHHOMY OIIBITY;

BBIpaXaTh SMOILMU TMPU H3YYEHUU MATEeMATHYECKUX OOBEKTOB U (HhaKTOB,
JaBaTh SMOIIMOHAIIBHYIO OIIEHKY PELICHUS 3a]]auu.

NPEAMETHBIE PE3YJIBTATHI

K koHiry 00yueHus B 7 kj1acce 00y4aromuics MoayyuT CIeAyIolue MpeAMeTHbIE
pE3yNbTaThI:

Pacro3naBaTh W3y4deHHBIE TEOMETPUYECKHE (QUTYPBI, ONPENeNsiTh WX
B3aMMHOE PACIOJIOKEHHE, H300pakaTh T'e€OMETpUYECKUe (DUTYPBI, BBITIOIHSITH
YEepTeXKHU 10 YCJIOBHIO 3ajaud. M3mepsTh JUHEHHbIE W YIJIOBBIE BEJIMYUHBI.
Pemiats 3a71a4u Ha BBIYUCIIEHUE JIJTUH OTPE3KOB U BEJIUYUH YTJIOB.

JlenaTh TPUKHUAKY W OLIEHKY JMHEWHBIX W YTJIOBBIX BEJIUYUH IMPEIMETOB B
peaNbHOM >KU3HU, pa3MEpOB NPHUPOAHBIX OO0BEKTOB. Paznuuare pasmepsl 3THX
00BEKTOB T10 TIOPSIAKY BETUYUHBI.

CtpouThb 4yepTeKu K T€OMETPUUYECKUM 3a/1auam.

[Tonp30BaThCs MpU3HAKAMHM PABEHCTBA TPEYTOJbHUKOB, MCIOJIb30BAThH
NPU3HAKKU U CBOWCTBA PABHOOEAPEHHBIX TPEYTOJIHLHUKOB TP PEIICHUH 3a]1a4.

[IpoBOAUTE JOTHYECKUE PACCYKACHHUSI C HCIOJIB30BAaHUEM T€OMETPUUYECKHUX
TEOPEM.

[Tonp30BaThCs MpPU3HAKAMU PABEHCTBA MPSIMOYTOJIBHBIX TPEYTOJIbHUKOB,
CBOMCTBOM  MEAMaHbl, TMPOBEAEHHOW K  TUIOTEHY3€  MPSIMOYTOJIbHOTO
TPEYTOJbHUKA, B PEIICHUU F'€OMETPUUYECKHUX 3a/1a4.

OrnpenensiTe napamuieibHOCTh MPSIMBIX C TOMOIIBIO YTJIOB, KOTOPBIE 00pa3yeT
¢ HUMU cekymas. OnpeaensaTs napauieIbHOCTh NPSIMBIX C MOMOIIBIO PaBEHCTBA
PacCTOSIHUN OT TOYEK OAHOM IIPSMOU 10 TOUEK APYTOM MPSIMOM.

Pemiats 3a1aun Ha KiieTyaTol Oymare.

[IpoBOAUTH BBIYUCIICHUST UM HAXOJUTh YHUCJIOBbIE U OYKBEHHBIC 3HAYCHUS
VIJIOB B TE€OMETPUUECKUX 3aJlayax C UCIOJb30BAaHUEM CYMMBbI VYIJIOB
TPEYTOJIbHUKOB W MHOTOYTOJBHUKOB, CBOWMCTB YIJIOB, OOpa30BaHHBIX MpHU
NnepeceyeHrn JBYX IMapajlyIebHBIX MPSMBIX CeKylled. PemaTe mpakTuueckue
3aJlayd Ha HaXOX/ICHHUE YTJIOB.

Brnaners mnonsituem reomerpuueckoro mecra touek (I'MT). Omnpenensrs
OHMCCEeKTPHCY yIJIa U CEPEIUHHBIN NEPICHIUKYJIISP K OTPE3KY KaK T€OMETPUUECKHE
MecTta Touek. [lonp3oBaThest moHsITHEM reoMeTpruyeckoro Mecta Touek (I'MT) mpu
JI0Ka3aTeIbCTBE T€OMETPUUYECKUX YTBEPKJICHUN U TIPU PEILICHUH 3a]1a4.



@OopMyIMpOBATh ONPEAECIEHUs OKPYKHOCTH M Kpyra, XOpAbl M IUaMeETpa
OKPY’KHOCTH, YBEPEHHO BJIAJIETh UX CBOMCTBAMU. ¥ METh I0KA3bIBATh U IIPUMEHSATH
JTU CBOMCTBA IIPU PEILICHUU 3a/1a4.

Brnagers moHsTHEM ONMCAHHOM OKOJIO TPEYrOJIbHUKA OKDPY)KHOCTH, YMETh
HaXOoAUTh €€ HeHTp. JloKa3bIBaTh U HUCIOJIB30BATh (PAKTHI O TOM, YTO OMCCEKTPHUCHI
YIJIOB TPEYrOJIbHUKA IEPECEKAIOTCA B OJHOM TOUYKE, U O TOM, YTO CEPEIAMHHBIC
NEPIEHAUKYJIIAPBI K CTOPOHAM TPEYTOJIbHUKA IIEPECEKAIOTCA B OJTHOU TOYKE.

Brnagers noHsATHEM KacaTelnbHON K OKPYKHOCTH, IOJIB30BATHCS TEOPEMOU O
IIEPIICHINKYJIIPHOCTA KAacaTENbHOM M pajuyca, MPOBEAEHHOIO K TOYKE KACaHUS.
JIoKa3pIBaTh PaBEHCTBO OTPE3KOB KACATEJBHBIX K OKPYKHOCTH, IPOBEAEHHBIX U3
OJIHOU TOYKH, U IPUMEHATH 3TO B PEIICHUU T'€OMETPUYECKUX 3a1a4.

JlokasplBaTh M NPUMEHATh M[POCTEHIIME TIEOMETPUYECKUE HEPaBEHCTBA,
ITIOHUMATh UX IMPAKTUYECKUN CMBICII.

IIpoBOANTE OCHOBHBIE T€OMETPUUYECKUE TTOCTPOCHHMS C IIOMOIIBIO LIUPKYJIS U
JINHENKHU.

K xonmy oOydyenus B 8 Kkiacce oO0ydaromuiics TMOJXYYUT CIIEAYIOIINE
IPEIMETHBIE PE3YJIbTATHI:

Pacrio3HaBaTh OCHOBHBIE BHJIbI YETHIPEXYTOJIBHUKOB, HX DJIEMEHTHI,
M0JIb30BAThCSl UX CBOWMCTBAMM IMpU PEIICHUHM T'€OMETpUYECKUX 3ajad. Pasnuuate
NpPU3HAKK M CBOMCTBA MapajuienorpaMmma, pom0a u npsMOYrojbHUKA, 10Ka3bIBaTh
UX U YBEPEHHO NPUMEHATH [PU PEILIEHUH I'€OMETPUUECKHX 3a/1a4.

Hcnonb3oBaTh CBOMCTBA TOUKM MEPECEUEHUs] MEANaH TPEYroJibHUKA (LIEHTpa
Macc) B PEIICHHUH 3a/1a4.

BnaneTs noHsATHEM CpeIHEN JIMHUU TPEyTOJbHUKA U TPANELMH, TPUMEHSITh
UX CBOMCTBAa INpPHU PEIICHWH TE€OMETpUYEcKuX 3anad. Mcronws3oBaTk TeopeMy
dajieca U TeOpeMy O NPONOPLHUOHATBHBIX OTPE3KaX, MPUMEHATh UX ISl pelIeHUs
MPaKTUYECKUX 3a]1a4.

Pacno3HaBaTh IIEHTpaIbHO-CUMMETPUYHBIE (UTYPHl W HUCIHOJIB30BaTh UX
CBOWCTBA MPU PEIICHUHN 3a]1a4.

Bnanets moHsTHSIMU 1OA00MS TPEYTrOJABHUKOB, Kod(duiueHta mnoaoodus,
COOTBETCTBEHHBIX 3JIEMEHTOB MOAOOHBIX TPEYTOJIbHUKOB. IMeTh npencraBiieHne o
npeobpazoBaHuu nmoaodus u o nogoOHbIX (urypax. [lonp3oBaTbes mpu3HaAKaMu
o o0usi TPEYroJbHUKOB MpPU PELICHUH TeOMETpUYEecKUX 3ajad. JokaspiBaTh U
NPUMEHSTh OTHOILIEHUS TPOMOPLIMOHATLHOCTH B MPSIMOYTOJIBHBIX TPEYTOJIbHUKAX.
[IpumeHsTh Mogo0ue B MPaKTUYECKUX 3a]adax.

BeBonuTe W ucnonp3oBaTh mpocTeiimue  (GopMynbl Ui [UIOUIAAU
TpeyrojbHHUKa, MapaiieraorpaMMa, pomba u Tpanenuuu. Berauciare (pa3nuyHbIMU
cnoco0amMu) IMJIOMIAAb TPEYTroJbHUKA M IUIOIAJM MHOTOYTOJBHBIX (UTYpP



(monp3ysAch, T€ HEOOXOAMMO, KaJbKyJISTOPOM). 3HATh OTHOIICHHE IJIOMIAJEH
NOJOOHBIX (QUIyp M NPUMEHATH MpPH peuieHuH 3afad. [IpuMeHsTh mojydeHHbIe
YMEHUS B IPAKTUYECKUX 3a/1adax.

[lonb3oBaThcss Teopemoirn Iludaropa mg pemieHUss TE€OMETPUUYECKUX U
npakTudeckux 3agad. CTpoUTh MaTEMaTUYECKyI0 MOJEIb B MPAKTHYECKHX
3a/1ayax, CaMOCTOSITENIBHO JIEJIaTh YEPTEK U HAXOAUTh COOTBETCTBYIOIIUE JIJTUHBI.

Biagete MOHATHEM BIMCAaHHOTO M IEHTPAIBHOIO YIVIA, YIVIA MEXIY
KacaTeJIbHOM U XOpJOM, ONMCAHHOW M BIMCAHHOM OKPYXXHOCTU TPEYTOJIbHUKA U
YEeTBIPEXYTOJbHUKA, IPUMEHATh UX CBOMCTBA ITPH PELICHUU 33]1a4.

[IpuMeHATh MOJIyYeHHBIE 3HAHUS Ha NMPAKTHKE — CTPOUTH MATEMATHYECKHE
MOJIEIN JUIsl 33]1a4 PEAIbHOM JKU3HU U NMPOBOJUTH COOTBETCTBYIOIINE BBIUMCIICHUS
C TpPUMEHEHUEM TMOAO0OUS U TPUTOHOMETPHUM (MOJB3YACh, A€ HEOOXOIUMO,
KAJIbKYJISITOPOM).

K koHiry 00yueHus B 9 kiacce o0yyaromuics MojayyuT CleayIolue npeaMeTHbIe
pPEe3yJIbTaTHI:

3HaTh TPUTOHOMETPUYECKHE (DYHKITMM OCTPBIX YTIIOB, YMETh HAXOJHUTh C UX
NOMOIIBIO Pa3JIMYHbIE 3JEMEHTHl MPSMOYIOJBHOTO TPEYroJibHUKA («pEelIeHue
MPSMOYTOJIBHBIX TPEYTOJILHUKOBY). HaxoauTk (¢ MOMOIIBIO KaTbKYJIATOPa) AJIUHBI
Y yTJIbI J1S1 HETAOJIMYHBIX 3HAYCHUM.

[Tomp3oBaThCs popMysiaMu MPUBENACHHUSI 1 OCHOBHBIM TPUTOHOMETPHIECCKUM
TOXJIECTBOM JUISl HAXOXJICHUS COOTHOLICHUM MEXJy TPUTOHOMETPUUYECKUMU
BEJIMYMHAMM.

Jloka3plBaTh TEOpPEMY CHHYCOB M TE€OPEMY KOCHUHYCOB, IPUMEHSTH WX A
HaXO0XJICHUSI Pa3IMYHbIX 3JIEMEHTOB TPEYTrOJIbHUKA («PEIICHUE TPEYTOJIbLHUKOBY),
IIpU PELICHUM TE€OMETPUYECKUX 3anad. [IpuMeHsATh NOydeHHBIE 3HAHWS IIPU
pEILICHUH MTPAKTUYECKUX 3a/a4.

[IpuMEHATH TPUTOHOMETPHIO B 3aJ1a4ax Ha HAXOX/CHHUE IUIONIA/IN, BEIBOJUTD
M BIIQJIETh TPUTOHOMETPUYECKUMHU (GOpMyJIaMHu IS IUIOMIATd TPEyTOIbHUKA,
napaiesiorpaMma, pomoa, Tparneiuu, BRIBOJUTh U MPUMEHSITH hopmyiy ['epona u
dbopmyIy JUIs TUIOIIAIN BBITYKJIOTO YETHIPEXYTOIbHUKA.

Nmere mnpencraBieHne O TOMOTETHH, NPUMEHSATH B  MNPAKTUYECKUX
CUTYyalUsIX.

Hcnonb3oBaTk Teopemsl UeBsl 1 MeHenas npu pelieHuu 3a1ay.

Ucnonb3oBaTh TEOpEeMbl O BIHMCAHHBIX YIWIAX, YyIJIaX MEXIYy XOpAaMH
(CeKkyluMHM) U yriie MeXAy KacaTeIbHON U XOPJI0M MPHU PEIICHUN TEOMETPUIECKUX
3aga4. /[oka3plBaTh M NPUMEHSATH TEOPEMBI O MPOU3BEICHUU OTPE3KOB XOpI, O
IIPOU3BEICHUN OTPE3KOB CEKYILHX, O KBAJpPaTe KacaTeJIbHOM.



Bnagerp moHsTHEM KOOpPAMHAT Ha IIJIOCKOCTH, paboTaTh C ypaBHEHHEM
OpsiMOM  Ha IUIOCKOCTH. BiageTs mNOHATHSAMH yrioBoro Kosg@uuueHTa Hu
CBOOO/IHOTO 4JIEHA, MOHUMAaTh HUX TIE€OMETPUYECKUH CMBICI U CBS3b YIVIOBOTO
koa(pduieHTa ¢ Bo3pacTaHMEM M YObIBAHMEM JIMHEHHOW (QYHKUIUU. YMETh
pemate METOAOM KOOPAMHAT 3a4adyM, CBS3aHHBIE C NAPAUICIBHOCTBIO H
IIEPIICHIUKYJIAPHOCTBIO IPSAMBIX, NEPECEUYCHUEM IIPSAMBIX, HAXOXKICHUEM TOYEK
[IEPECEUCHUS.

BeiBomUTh W BIAAETh YpPAaBHEHHMEM OKPYKHOCTH. Mcmonp30BaTe MeETOA
KOOpPAMHAT Il HAXOXKICHHUs IIEPECEYEHUU OKPYKHOCTEM M NpsMbIX. Braners
dbopMynaMu paccTOSTHUSL OT TOYKHM 10 MPSMOM, IUIOIIaAM MNapajuieorpaMMa B
KOOpAMHATaX, UMETh MOHATHE 00 OpPUEHTHPOBAHHOM miowmanu. llomp3oBaThCs
METOJOM KOOpAMHAT Ha IUIOCKOCTH, NPUMEHATb €ro IpU PEUICHUU
F€OMETPUYECKAX W TPAKTUYECKUX 3anad. lIpumenars Meron xoopauHaTr B
IIPAKTUKO-OPUEHTUPOBAHHBIX N'€OMETPUYECKUX 3aadax.

Branete MOHATHEM BEKTOpa. YMETh CKJIaAbIBAaTh M BBIYATATH BEKTOPSI,
YMHOXaTh HAa YHCJIO, BIAJETh MPABUIAMU TPEYTOJbHHKA U IAapaJIIENIOrpaMMa.
Biazerp nmpakTUYECKMMU HMHTEPIIPETALMAMU BEKTOPOB. YBEPEHHO IOJIB30BATHCS
KOOpAMHATaMHU BEKTOpa. DBriaaerp CI0KEHWEM U BBIYMTAHUEM BEKTOPOB,
YMHOKEHHEM BEKTOPA HA YUCJIO B KOOPJAUHATAX.

Nwmets npencrabienue o 0a3uce (Ha MIOCKOCTH). PackiianbiBaTh BEKTOPHI 11O
O6asucy. PackmageiBaTh BEKTOpPHl CHJI C TIOMOINBIO IPOCLUUPOBAHUA U
TPUTOHOMETPUYECKUX COOTHOLICHUH. IIpUMEHATH MOJNydYeHHBIE 3HAHUA B
OpoCTENIINX (PU3NUECKUX 3a]auax.

Bianerp NOHATHEM CKalspHOTO IPOU3BENECHUS BEKTOPOB, NMOHUMATh €r0
F€OMETPUYECKAM CMBICII W YBEPEHHO IIOJb30BATBCA €r0 BBIPAKECHUEM B
JEKapTOBBIX KOOpAWHATaX. 3HATh JUCTPUOYTUBHOCTH CKAJIIPHOTO MPOU3BEICHUS
U €0 CBA3b C IpoenupoBaHueM. [[pUMEHATh CKAIIPHOE MPOU3BEACHUE BEKTOPOB
JUISL HAXOXKAECHUS JUIMH W YIJoB. Pemars reomerpuyeckue 3aaadyv ¢ MOMOIIBIO
CKAJIIPHOTO npou3BeneHus. Vcnonb30BaTh CKAIAPHOE NMPOU3BEICHUE BEKTOPOB B
anredpanyecknx U (PU3NYeCcKux 3agavax.

Bianete NMOHATHAMHM NPABWIBHOIO MHOTOYTOJIBHMKA, JUIMHBI OKPY>KHOCTH,
JUIMHBI JyTH OKPY>KHOCTH U PaAUaHHOM MEPHI yTila, BBIYUCIAThH IIOMAAb KPyTa U
ero yacter. [lonnmare cmbicn yucna n. IIpumeHATH MOTydeHHBIE YMEHHs INpU
peIlIeHNH TPaKTHMYECKUX 3a7ady. 3HaTh HUCTOPUYECKHE CBEIEHUS 00 H3MEpEeHHUU
JUIMHBI OKPY’KHOCTH M IUIOIIAN KpyTa.

Nmerp mnpencraBieHue o MpeoOpa3oBaHMM IUIOCKOCTH, O JIBHIKEHHSIX.
Haxoguth ocu, UEHTpbl CHUMMETpUU (GUTYp, IEHTPHl IOBOPOTAa, HAXOIUTH
KOMITO3UIIMKM TPOCTEHIHNX mnpeoOpazoBanuii. [IpuMeHSITh ABMXEHHS TUIOCKOCTU
[P PELICHUU T€OMETPUYECKUX 3aad.



[IpumeHsATh TOTydCHHBIC 3HAHWS Ha MPAKTHKE — CTPOUTHh MATEMAaTHUYECKHE
MOJIENIU JIJIS 3a/1a4 peaibHOM KM3HU U MPOBOJAUTH COOTBETCTBYIOIINE BHIUUCICHUS
C MPUMEHEHHEM IMOJ00WS W TPUTOHOMETPHUYECKUX (QYHKIMHA (TOJB3YSICh, TIC
HEO00XO0IUMO, KAIBKYISITOPOM).



TEMATHUYECKOE INTAHUPOBAHUE
7 KIIACC

KoanuecTBo yacos DJIeKTPOHHbIE
Ne i/l :-[I;I:rn;?;o;::me PA3/IEIOn M TeM Beero Konrpoasnbie | IlpakTuyeckue f:;l;g)fo(:;::lb““e
padoThI padoThI pecypenI
Hauana reomerpuu. I[Ipocreimmue
1 reoMeTpudeckue GUrypsl U UX CBOMCTRBA. 28 1
N3mepenne reoMeTpuueckux BeIUUNH
2 TpeyrosbHUKN 19 1
3 [TapannensHocts. CyMMa yrios 15 1
MHOTOYTOJIbHUKA
4 IIpssMOyrosIbHBIE TPEYTOJIBHUKU 7
['eomeTpuyeckre HepaBeHCTBA 1
Oxpy>xxHOCTb. 'eomeTpuueckue mecra
6 Touek. [locTpoeHns ¢ moMoUIbIO UPKYIISA 18 1
Y JIMHEWKH
. HOBTOPGHI/IG, 000011IeHNE, CHCTEMATH3aIIM 10 1
3HAHUH
OBUIEE KOJIMYECTBO YACOB I10 ITPOTPAMME 102 6 0




8 KUIACC

KoanuecTBo yacos DJIeKTPOHHbIE
Ne ni/nn il;:rnla):ao;:::me PASICIAOR HTEM Beero Kourpoasbnsie | IlpakTuyeckn f)léllz(zll)i)lBa]::J)Ibele
padoThI e padoThl pecypesr

YeTIpEXYroJIbHUKU 22 1

ITonoGue 16 1

[Imomans 16 1

Teopema [Tudaropa u Havana 13 |

TPUTOHOMETPUHU

VYTIIbI B 9eTHIPEXYTONBHUKH, CBS3aHHBIC C 20 |

OKPYKHOCTBIO

HOBTOPGHI/IG, 000011IeH1Ee, CHCTEMATH3ALIHS 10 |

3HAHUH
OBIIEE KOJIMYECTBO YACOB I10 [TPOTPAMME 102 6 0




9 KUIIACC

KosaunuyectBo 4yacos DJIEKTPOHHBIE
Ne i/ f;:rn;::;:::me PA3AIEIOn M TEM Beero KouTpoJbHbI IIpakTnueckue f)lél;(fz)(:aab;:])mﬂme
e padoThbl padoThI pecypest
1 Pemenue TpeyrojbHUKOB 22 1
2 [Tono6ue TpeyroJbHUKOB 12 1
3 Mertoa koopauHaT 10 1
4 BexTopsl 20 1
5 JInHa OKpY»KHOCTH M ILIOIIAb Kpyra 16 1
6 JIBUKEHUS TIOCKOCTH 10
7 [ToBTOpEHME, 0606H16HIEC, 12 1
CUCTEMATH3alMs 3HAaHUN
OBUIEE KOJIMYECTBO YACOB I10 I[TPOTPAMME 102 6 0







IHOYPOYHOE IIVIAHUPOBAHHUE
7 KIIACC

Ne i/

Tema ypoka

KoaunuyecTBO 4acoB

Bcero

KonTtposabHbie
padoTbI

IIpakTHyeckue
padoThI

Jara
HU3y4YeHH
|

DJIEKTPOHHBIE
nugposbie
o0pa3oBaTe/ibHbIE

pecypcbl

Ucropust BOBHUKHOBEHUS U Pa3BUTHSI
reoMeTpun

Hauanbnbie nonstust reomerpun. Touka,
npsiMasi, OTPE30K, Jy4

Hauanbuble nouatus reomerpun. Touka,
npsMasi, OTpe30K, JIyd

[TonsiTue 06 akcuome, Teopeme,
JIOKa3aTeNIbCTBE, ONPEICIICHUH, CBOWCTBE,
MpU3HAKe

B3aumHoe pacnonoxeHue Touek Ha
npsMoid. MIamepenue JyinHbl OTpe3Ka,
paccTosSTHUE MEXKIY TOUKAMH

B3anmHOe pacnonoxeHue To4eK Ha
npsiMoil. MI3Mepenne JUIMHBI OTpe3Ka,
paccTosHUE MEXKY TOUKaAMU

B3anmHOE pacnonokeHue To4eK Ha
npsiMoil. MI3MepeHune JUIMHBI OTpe3Ka,
pacCTOAHHUE MEKAY TOUKAMU

[TonynnockocTs u yroiyi. Buasl yrios.
HSMepeHI/IC BCJIMYHMH YTJIOB




HOHyHHOCKOCTB " YTOJI. Bugsr YTJIOB.

? N3mepenne BeIUYKH yIJIOB

10 [TonynnockocTs u yroiyi. Buasl yrios.
N3mepenne BeIUYKH yIJIOB
BepTtukanbHble U CMEKHBIC YTITHI.

11 [TapanienbHble ¥ NEPIEHIUKYIISIPHbIE
psIMbIE
BeprtukanbHbie 1 CMEKHBIE YTIIBL.

12 [TapanienbHble ¥ EPIEHIUKYJIIPHBIE
psIMBIC
BeprtukaibHble U CMEKHBIE YTIIbL.

13 [TapannenbHble U NEPIEHIUKYIISPHBIC
psiMbIE
BeprukaibHble U CMEKHBIE YTIIbI.

14 [TapannenpHble U NEPIIEHIUKYISPHBIE
psiMbIe
BeprukaibHble U CMEKHBIE YTIIBI.

15 [TapannenpHble U EPICHANKYISIPHBIE
psiMble

16 buccektpuca yria

17 buccekrpuca yria

18 buccekrpuca yria

19 Jlomanas. Bunpl nomassiX. J[nuHa
JIOMaHOU

20 Jlomanas. Buael nomansix. [{nnnHa
JIOMaHOU

21 Mmuoroyronasnuku. [lepumerp




MHOTI'OYT'OJIbHHKA. Ilonstue o BBIITYKIJIBIX
W HECBBIITYKJIBIX MHOT'OYTI'OJIbHUKAX

22

MuoroyronasHuku. [lepumerp
MHOTOyToJbHUKA. [[OHATHE O BBITYKIBIX
Y HEBBITYKJIBIX MHOTOYTOJIbHUKAX

23

Mmuoroyronasnuku. [lepumerp
MHOTrOyrojpHuKa. [IonaTHE O BBITYKIIBIX
Y HEBBIITYKJIBIX MHOTOYTOJIbHUKAX

24

Mmuoroyronasnuku. [lepumerp
MHOTOyrojbpHUKA. [[OHATHE O BBITYKIIBIX
Y HEBBIITYKJIBIX MHOTOYTOJIbHUKAX

25

MHuoroyronasnuku. [lepumerp
MHOTOyrojbpHUKa. [IoHATHE O BBITYKIIBIX
Y HEBBIITYKJIBIX MHOTOYTOJIbHUKAX

26

WNHCTpyMEHTHI 111 U3MEPEHUN U
[MOCTPOEHU I

27

NHCTpyMEHTHI 111 U3MEPEHUN U
MMOCTPOECHU I

28

Kontponbnas pabora no teme "Hauana
reometpuu. [Ipocreiimme
reoMeTpuYecKre (PUTYphl U UX CBOMCTBA.
N3mepenne reomerpudeckux uryp"

29

Menuana, OGucceKTpuca U BhICOTa
TpEyrojbHUKa

30

Menuana, 6GuccekTpuca 1 BbICOTa
TpeyrojbHUKa

31

PaBeHCTBO TpeyroabHUKOB




IIepBblil 1 BTOPOM IIPU3HAKY PABEHCTBA

32 TPEYrOJIbHUKOB

1 IIepBbIil 1 BTOpOM IPU3HAKU PABEHCTBA
TPEYrOJIbHUKOB

34 [IepBbIil 1 BTOpOM IPU3HAKU PABEHCTBA
TPEYTOJIbHUKOB

35 IIepBbIil 1 BTOPOY IIPU3HAKK PABEHCTBA
TPEYTOJIbHUKOB

36 IIepBbIil 1 BTOPOY IIPU3HAKK PABEHCTBA
TPEYTrOJIbHUKOB

37 PaBHOOGeipeHHBIE TPEYTOJBHUKHN U UX
CBOMCTBA

13 PaBHOGeipeHHBIE TPEYTOJBHUKHN U UX
CBOMCTBa

39 PaBHOOEIpeHHBIE TPEYTOJIBHUKH U UX
CBOMCTBa

40 ITpu3Hak paBHOOEAPEHHOTO
TPEYroJIbHUKA

A1 [Tpu3Hak paBHOOEIPEHHOTO
TPEYroJIbHUKA

47 Tperuii npu3HaKk paBeHCTBA
TPEYrOJIbHUKOB

43 Tpetnii npu3HaK paBeHCTBA
TPEYrOJIbHUKOB

44 Tpetnii npu3HaK paBeHCTBA
TPEYTOJIbHUKOB

45 @urypsl ¢ 0CEBOM CUMMETPHUEH.




IIpymepbl CHMMETPHUH B OKPYIKaOLLEM
MUpe

@urypsl ¢ 0CEBON CUMMETPHUEM.

46 [Ipumepsl CUMMETPUHN B OKPYIKAIOIIEM 1
MuUpe

47 KonTponbHas pabota no teme |
"TpeyrosbHuKH"

48 [TapanienbHOCTb MPSIMBIX 1

49 CBolicTBa ¥ IPU3HAKH NapaJlIeIbHbIX 1
MPSIMBIX

50 CBoiicTBa ¥ IPU3HAKH MapalIeIbHBIX 1
MPSIMBIX

51 CBoiicTBa M IPU3HAKH MapalIeIbHBIX 1
TIPSIMBIX

5 CBolicTBa M IPU3HAKH NapalIeIbHbBIX 1
TIPSIMBIX

53 CBolicTBa M IPU3HAKH NapaJlIeIbHbBIX 1
TIPSIMBIX

54 CBoiicTBa M PU3HAKY MapauIEIbHbBIX 1
TIPSIMBIX

55 CymMa yriioB TpeyroJIbHUKa 1

56 CymMmma yTJi0B TpEyroJibHUKa 1

57 BHemHue yrisl TpeyrojapHuKa 1

58 BueHue yrisl TpeyrojibHUKa 1
CyMMa BHYTpPEHHUX YTJIOB

59 MHOTOYTOJIbHUKA U CyMMa BHEIIHUX 1

YTJIOB BBIITYKJIOI'O MHOTOYT'OJIbBHUKA




CyMMa BHYTpPEHHUX YTJIOB

60 MHOTOYTOJIbHUKA U CYyMMa BHEUTHHX
YTJIOB BBITYKJIOTO MHOTOYTOJILHUKA
CymMa BHYTPEHHHUX YTJIOB

61 MHOTOYTOJIbHUKA U CyMMa BHEIIHUX
YTJIOB BBIYKJIOTO MHOTOYTOJIbHUKA
KonTponbhas pabota no teme

62 "[TapamnensHocTs. CyMMa yTiioB
MHOTOYTOJIbHUKA"

63 [Tpu3Haky paBeHCTBA MPAMOYTOIBHBIX
TPEYTOJIbHUKOB

64 [Tpu3Haky paBeHCTBA MPSMOYTOIBHBIX
TPEYTOJIbHUKOB

65 [lepieHaUKYISIp U HAKIOHHAS
CBOMCTBO MeuaHbI MPSIMOYTOJIBHOTO

66 TpEyroJibHUKA, MPOBEAEHHON K
THIOTEHY3€
CBOMCTBO MeAMaHbI TPSIMOYTOJIBHOTO

67 TPEYTOJIbHUKA, TPOBEAEHHON K
TUIIOTEHY3€

68 [IpsAMOYTONBHBIN TPEYTONBHUK C YIJIOM B
30 rpaaycoB

69 [TpssMOYTONBHBIN TPEYTOJIBHUK C YTIIOM B
30 rpaaycoB

70 CooTHOILIIEHUSI MEKy CTOPOHAMH U
yIiaM# TPEyroJbHUKA

71 CooTHOIIEHUS] MEXTYy CTOPOHAMH U




yIJIaMU TPEYTroJbHUKA

HepaBeHcTBO TpeyroibHHKA.

72
HepaBeHncTBO 0 qiimHe 1oMaHOM
HepaBeHcTBO Mex 1y epIEeHANKYISIPOM
73 ¥ HaKIOHHOM. PaccTosstHME OT TOUKM 1O
IPSAMOi
Konrponbnas pabora o tTemam
74 "[IpsiMmOyrObHBIE TPEYTOJIBHUKH'",
"I'eomeTprueckue HepaBeHcTBA"
75 OKpY’KHOCTb, XOPZbI U JUAMETPBI, UX
CBOMCTBA
76 OKpY’KHOCTb, XOPZbI U JUAMETPBI, UX
CBOMCTBA
B3anMHoOe pacnonoxeHne OKpyKHOCTH U
77 npsmoid. KacarenbHas u cexyiias K
OKPY>KHOCTH
B3anMHOe pacnonoxeHue OKpyKHOCTH U
78 npsmoid. KacarenbHas u cexymias K
OKPY>KHOCTH
B3aumHoe pacnonoxeHue OKpyKHOCTU U
79 npsmoil. KacarenbHas u cexymnas K
OKpY>KHOCTH
80 OKpY’KHOCTb, BIIUCAHHAS B YTOJI
81 OKpY>KHOCTb, BIIUCAHHAS B YTOJI
[ToHsiTHE O rEOMETPUUECKOM MECTe
82 Touek. [IpumMepbl reOMEeTpUYECKUX MECT

TOYECK Ha IINIOCKOCTH




83

Ilonstue o TCOMECTPHUICCKOM MECTC
TOYCK. HpI/IMepBI TCOMCTPHUUCCKUX MCCT
TOYCK Ha IINIOCKOCTH

84

OnucaHHas OKpyKHOCTb TPEYTOJIbHUKA,
€€ LIeHTP

85

Omnucannas OKPY’KHOCTbh TPCYTOJIbHUKA,
€€ IEHTP

86

MGTO)I TCOMETPHUICCKUX MECT TOYCK IIPpU
pEeIICHUN T'COMCTPUICCKHUX 3a/1a4

87

Meton TCOMETPHUICCKUX MCECT TOYCK IIpU
pEeIICHUN T'COMCTPUICCKHUX 3a/1a4

88

Meton TCOMETPHUICCKUX MCCT TOYCK IIpU
PCHICHUU TCOMCTPHUUCCKUX 3aaa4d

89

MeTO)I TCOMETPHUICCKUX MECT TOYCK ITPpU
PCHICHUU TCOMCTPUUCCKUX 3aaa4d

90

O60cHOBaHMS MPOCTEUITNX TOCTPOCHUH,
JTanbl 337a44 HA IOCTPOEHHUs], pELICHUE
3aJa4 Ha IOCTPOCHUE LIUPKYJIEM U
JIMHENKOU

91

O6ocHOBaHMS MPOCTEUIINX TOCTPOCHUH,
JTanbl 337a41 HA IOCTPOCHHUSI, pELICHUE
3a/1a4 Ha IOCTPOEHUE LUPKYJIEM U
JIMHENKOU

92

Konrponbnas padora o Teme
"Okpy>xHOCTb. ['eoOMeTpHueckne Mecta
Touek. [locTpoeHus ¢ moMOUIbIO IUPKYJISA
U JIMHEUKH"




93

[ToBTropenue u o6061meHue. Pemenue
3a/1a4, WLTFOCTPUPYIOIINX CBSA3U MEKITY
Pa3ITUYHBIME TEMaMH Kypca

94

[ToBTOpenue u 0000MIeHNE. Pemenune
3aJ1a4, WUTIOCTPUPYIOIIMX CBI3H MEKIY
pa3InYHBIMH TEMaMH Kypca

95

[ToBTOpenue u 0600IeHNE. Pemenue
3314, WUTFOCTPUPYIOIINX CBI3H MEKIY
pa3IMYHBIMKM TEMaMHU Kypca

96

[ToBTOpenue u o6o6meHue. Pemenue
3a/1a4, WITIOCTPUPYIOIIUX CBSI3H MEXKIY
pa3IUYHBIMU TEMaMHU Kypca

97

[ToBTrOpenue u o600meHue. Pemenue
3a/1a4, WIIIOCTPUPYIOIUX CBA3U MEXKIY
pa3IMYHBIMU TEMaMU Kypca

98

[ToBTrOopenue u o6o6mmeHue. Pemenue
3a/1a4, WUTIOCTPUPYOIINX CBSI3H MEKIY
pa3IMYHBIMU TEMaMU Kypca

99

[ToBTropenue u o6061meHue. Pemenue
3a/1a4, WITFOCTPUPYIOIINX CBSA3U MEXKITY
Pa3ITUYHBIMH TEMaMH Kypca

100

[ToBTOpenue u 0000mIeHNE. Pemenune
3aJ1a4, WUTIOCTPUPYIOIIMX CBSI3H MEKIY
pa3InYHBIMH TEMaMH Kypca

101

Hrorosasi koHTpobHAs paboTa

102

[ToBTOpenue u o6o61eHue. Pemenne
3aj1a4, WJUTFOCTPUPYIOLINX CBSI3U MEXKIY
pa3IUYHBIMU TEMaMU Kypca




OBIIEE KOJIMYECTBO YACOB I10
I[TPOTPAMME

102




8 KUIACC

KoanuectBo yacos 1 DJIeKTPOHHbIE
aTa
Ne T nupposbIe
€Ma ypoka Kourpousbnsie | IlpakTHyeckue | H3YUE€HH
n/n Bcero o0pa3oBaTe/ibHbIE
padoTsbI padoTbI |
pecypchl
) [Tapamienorpamm, ero Npu3HaKku U |
CBOMCTBA
5 [Tapamienorpamm, ero Npu3HaKku U |
CBOMCTBA
3 [Tapannenorpamm, ero Npu3Haku u 1
CBOMCTBA
4 [Tapannenorpamm, ero Npu3Haku u 1
CBOMCTBa
5 [Tapamienorpamm, ero Npu3HaKu U |
CBOMCTBa
6 [IpsimoyronbHUK, poMO, KBaJpat, ux |
IIPU3HAKU U CBOMCTBA
7 [IpsmMoyronbHUK, poMO, KBaapaT, ux |
IIPU3HAKU U CBOMCTBA
g [IpsmMoyronbHUK, pOMO, KBaJpaT, UX |
IIPU3HAKU U CBOWMCTBA
9 [IpsiMoyronbHUK, poMO, KBagpaT, UxX |
IIPU3HAKU U CBOMCTBA
10 CpenHsist TMHUS TPEYTOJIbHUKA 1
11 CpenHsist TMHUS TPEYToJIbHUKA 1
12 Tpanenusa. PasHoOenpenHas tparenus, eé 1
b




CBOICTBA U IIPU3HAKN

Tpanenus. PaBHoOeapenHas Tpanenus, eé

13 . 1
CBOICTBa U MPU3HAKU
14 [IpssMmoyronbHas Tpaneuus 1
15 CpenHsist TMHUSA Tpanenun 1
16 Teopema Paneca 1
17 Teopema Paneca 1
18 TeopeMa 0 mpoOMOPIIMOHATBHBIX OTPE3KaX 1
19 Teopema 0 IpONOPIMOHATIBHBIX OTPE3KAX 1
20 IlenTp macc TpeyrojabHHUKa 1
21 LlenTpanbHO-cUMMETpUYHBIE (DUTYPBI 1
” KonTponbhas pabota no teme |
"HeTsIpEXyroJbHUKN"
” [Tomo6ue TpeyroibHUKOB, KOA(PPHUITUEHT 1
noo0us
24 [Tonobue TpeyroabHUKOB, KO3 PHUIIHEHT |
noo0us
25 ITpu3Haku mo100us TPEYroIbHUKOB 1
26 [Ipu3Haku momo0us TPEyroJbHUKOB 1
27 [Ipu3naky no100us TpEyroabHUKOB 1
28 [Tpu3Haku mo100ust TPEYTOIBHUKOB 1
29 ITpu3Haku nmo100us TPEYroIbHUKOB 1
30 [Ipu3Haku momoOus TPEyroJbHUKOB 1
31 [Ipumenenue mo1ooust pu pelieHnn |
MIPAKTUYECKUX 3aja4
32 [Ipumenenne nogo0ust P pelICHUH 1




MPaKTUICCKUX 3adaYd

[Ipumenenue monodus Mpu pereHuu

33 MIPAKTHYCCKUX 3a71a4

34 [TpumeneHne moo0us MPH PEIICHUN
MIPAKTHYCCKUX 3a71a4

35 [TpumeneHne moo0us Py perICHUN
MPAKTHYECKUX 3a7a4

16 [Tpumenenue monoous Mpu pereHun
MPAKTHYECKUX 33724

17 BBenenue nonatus npeodpa3oBaHus
moAo0us U MOJA0OHBIX uryp

38 Kontponbnas padota o teme "[lomooue"

39 [Tonsitue momaau. CBoiicTBa miIonaaen
TEOMETPUYECKUX (HUTyp

40 [Tonsitue mnomaau. CBoiicTBa miIonaaen
TeOMETPUUYECKUX PUTYD

A1 TTousrue mwiomaau. CBoNWCTBA IIOMIAAEH
TeOMETPUUYECKUX PUTYD
[Ipocreitmue Gopmynbl A TUIOMIATN

42 TPEYroJIbHHKA, TapajijieiorpaMma, pomoa
U Tpamnenun
[Ipocreitmme GopMyIIbl A1 ILIOIIAIN

43 TPEYToJIbHHKA, TapaJijieiorpaMma, pomoa
U Tparenun
[Ipocreitmme GopmMyIIbl AJIs IIOIIAIN

44 TpeyrojibHHKa, Tapajjiesorpamma, pomoa

U Tparneuun




[Ipocreiime hopMyIbl A MIIOLIAU

45 TpeyrojibHHKa, Mapajjenorpamma, pomoa 1
U Tparnenun
[Ipocreiimue Gopmynbl A TUIOMIATU
46 TPEYTroJIbHHKA, TapajijieiorpaMma, pomoa 1
U Tparnenun
[Ipocreitmme GopMyIIbl AT IIOIIAINA
47 TPEYToJIbHHKA, TapajijieiorpaMma, pomoa 1
U Tparnenun
[Ipocreitmme GopmMyIIbl AJIs IIOIIAIN
48 TPEYTroJIbHHUKA, apajijiesiorpaMma, pomoa 1
U Tpareun
[Tpocreiimme GopMyIIbl s TUTOIIA A
49 TpeyrojibHHKa, apajiesorpaMma, pomoa 1
Y Tparenun
[Ipocreiimme GopMybl s TUIOIIA A
50 TpEyroibHHKA, Mapajjienorpamma, pomoa 1
U Tparenun
51 [Tnomanu nonoOHBIX huryp 1
52 [Tnomaau mogoOHBIX Guryp 1
53 [Tnomanu nonoOHbIX Guryp 1
54 Kontpoinbnas padora no teme "Ilnomans" 1
55 Teopema [Iudaropa 1
56 [Ipumenenue Teopemsl [ludaropa npu |
peIIeHAN MPAaKTUIECKUX 32149
57 [Ipumenenue Teopemsl [ludaropa npu 1

PEIICHUHN NMPAKTHYICCKUX 3a1a4




[Ipumenenue Teopemsl [ludaropa npu

58 PEILIECHNN IPAKTHYECKUX 3a7a4

59 [Ipumenenue Teopemsl [ludaropa npu
pEILIEHNN IPAKTHYECKUX 3a7a4

60 [Ipumenenue Teopemsl [ludaropa npu
pEILIeHNN IPAaKTUYECKUX 3a7a4

61 [IponoproHaIbHBIE OTPE3KH B
MPSIMOYTOJIbHOM TPEYTOJIbHUKE

62 [IponoproHaIbHBIE OTPE3KH B
IIPSIMOYTOJIBHOM TPEYTOJIbHUKE

63 IIponopunoHanbHbBIE OTPE3KU B
IIPSIMOYTOJIBHOM TPEYTOJIbHUKE

64 IIponopuroHanbHbBIE OTPE3KHU B
MPSIMOYTOJIBHOM TPEYTOJIbHUKE

65 [IponoprmoHaIbHBIE OTPE3KH B
MPSIMOYTOJIBHOM TPEYTOJIbHUKE

66 [IponoprmoHaIbHBIE OTPE3KH B
IIPSIMOYTOJIBHOM TPEYTOJIbHUKE
CuHycC, KOCUHYC, TAHT€HC ¥ KOTAaHI'€HC

67 OCTPOrO yrIja NpsSIMOYTOJBLHOTO
TPEyroJbHHUKA
CuHyC, KOCUHYC, TAHT€HC ¥ KOTAaHI'€HC

68 OCTpOTO yrila IPSIMOYI'OJBHOIO
TPEyroJbHUKA
CuHyc, KOCUHYC, TAHT€HC U KOTaHI'€HC

69 OCTpPOT0 yriia MpsIMOYTOJIbHOTO

TPEyrojbHHUKa




Tpuronomerpuueckue GyHKINHU YIIIOB B

70 30°, 45° n 60° 1

71 Tpuronomerpruueckre GyHKIIUN yTIOB B |
30°, 45° u 60°

7 KonTponbhas pabora no teme "Teopema |
[Tugaropa u Hayana TpuronomeTpun"

73 BrucanHble U LIEHTpaIbHBIE YIUIbI 1

74 BnucanHnble 1 LIEHTpaIbHBIE YIJIbI 1

75 Brniucannsbie v 1IEeHTpaIbHBIE YTJIbI 1

76 BnucanHnble 1 IEHTpaIbHBIE YIUIBI 1

77 VYroia Mexay KacaTeJIbHOU U XOpAOU 1

78 Yron Mexay KacaTeJIbHOU U XOpAO0U 1

79 VYriael MeXAy XOpAaMu U CEKYIIMMU 1

80 VYTibl MEXAY XOpIaMU U CEKYIIUMU 1

21 Bnucannsie u onucanHbie |
YETBIPEXYTOJIbHUKHU

%) Bnucannsie u onucaHHbie |
YETHIPEXYTOJIbHUKU

23 CBoiicTBa ¥ NpU3HAKK BIMCAHHOTO 1
YEeThIPEXYTOJIbHUKA

%4 CBoiicTBa ¥ NpU3HAKK BIMCAHHOTO 1
YeTBIPEXYTOMBHUKA

25 CBoiicTBa ¥ pU3HAKU BIUCAHHOTO 1
YEeThIPEXYTOJIbHUKA

26 CBoiicTBa ¥ pU3HAKU BIUCAHHOTO 1

YETBIPEXYTOJIbHUKA




BzaumHoe PACIIOJIOKCHHUEC ABYX

87 .
OKpY’KHOCTEH
28 B3anmHoe pacnonoxxeHue JByx
OKPY’KHOCTEMN
89 Kacanue okpyxHOCTEHN
90 Kacanne oxpyxHocTeit
91 OO6mre KacaTeabHbIE K IBYM
OKPY’KHOCTSIM
Kontponbhas padota o teme "YTisl u
92 YeThIPEXYTOJbHUKY, CBSI3aHHBIE C
OKPY’KHOCTBIO"
[ToBTOpenue u 06061meHue. Pemenue
93 3aJja4, WJUTIOCTPUPYIOLIUX CBSI3U MEXKAY
pa3IMIHBIMHA TEMaMH Kypca
[ToBTOpenue u 06061eHue. Pemenue
94 3a/1a4, WUTIOCTPUPYIOIINX CBSI3H MEKIY
Pa3IMYHBIMHA TEMaMH Kypca
[ToBTrOopenue u o6oOmenue. Pemenue
95 3a]1a4, WUTIOCTPUPYIOLINX CBA3H MEKIY
Pa3IUYHBIMHE TEMaMH Kypca
IToBTrOopenue u o6o61eHue. Pemenue
96 3a]1a4, WUTIOCTPUPYIOLINX CBA3H MEKIY
Pa3NIUYHBIMH TEMaMH Kypca
[ToBTOpenue u 0600mEeHue. Permenue
97 3aj1a4, MJUTIOCTPUPYIOLINX CBSI3U MEXKIY
Pa3IUYHBIMHU TEMaMHU Kypca
98 [ToBTOpenue u 0600meHue. Pemenue




3aa4, HWJUTIOCTPUPYIOLIUX CBA3U MCKAY
Pa3IMYHBIMHU TCMAMHU KypCa

[ToBTOpenue u 06061meHue. Pemenue
99 3a7a4, WUTIOCTPUPYIOIINX CBSI3H MEXKIY
Pa3IUYHBIMH TEMaMH Kypca

[ToBTOpenue u 06061eHue. Pemenne

100 3a7a4, WITIOCTPUPYIOIIUX CBI3U MEXKITY 1
pa3IUYHBIME TEMaMH Kypca
101 HroroBas koHTpoIbHAs paboTa 1
IToBTrOopenue u o6o61eHue. Pemenue
102 3a/1a4, WUTIOCTPUPYIOIINX CBSI3U MEXKITY 1
pa3IMYHBIMHM TEMaMH Kypca
OBUIEE KOJIMYECTBO YACOB I10 102

[TPOTPAMME




9 KUIIACC

KoanuectBo yacos DJIeKTPOHHbIE
Ne Aata undposbie
. Tema ypoka Beero Kourpousbnsie | IlpakTHyeckue | H3YUE€HH 06paz0OBATEBHbIC
padoTsbI padoTbI A pecypenr
| Cunyc, KocuHyc, TaHTeHC yrioB oT 0 10 1
180°
5 OCHOBHOE TPUTOHOMETPUYECKOE |
TOKJECTBO
DopMybl IPUBENECHUS 1
4 ®opmyJibl TPUBEACHUS 1
5 Pemenne tpeyronsankoB. Teopema 1
KOCHHYCOB
6 Pemenne tpeyronsankoB. Teopema |
KOCHHYCOB
7 Teopema crHyCOB 1
Teopema cuHycoB 1
Pemenne npakrrueckux 3amad ¢
9 UCIIOJIb30BAHUEM TEOPEMBI KOCUHYCOB U 1
TEOpPEMBbI CHHYCOB
Pemenne npakruueckux 3amad ¢
10 HCIIOJIb30BAHNEM TEOPEMBI KOCHHYCOB 1 1
TEOpPEMBI CHHYCOB
Pemenue npakTuueckux 3anad c
11 HCIIOJIb30BAHNEM TEOPEMBI KOCHHYCOB U 1

TCOPEMBI CHHYCOB




Pemenue MPAKTUYCCKUX 3aaaY C

12 HCIOJIb30BAHUEM TEOPEMBI KOCUHYCOB U
TEOPEMBI CHHYCOB
Tpuronomerpuueckue GopmMybl s

13 IJIOMIAAN TPEYTroJIbHUKA,
napajuiesorpaMma
Tpuronomerpuueckue Gpopmysl A

14 IUIOUIA/Id TPEYTOJIbHUKA,
napajuiesorpaMma
Tpuronomerpudeckue GopmMyJibl It

15 TJIOIIAIU TPEYTOJIbHUKA,
napajuiesorpaMma
Tpuronomerpudeckue GopmMyIsl A7

16 IJIOIIAU TPEYTOJIbHUKA,
napajuiesorpaMma

17 ®opmyna ['epona

18 ®opmyna ['epona

19 ®opmyina ['epona

20 @opMyiia IUIOIMIAIN BBITYKIOTO
YETBIPEXYTOJIBHUKA

)1 dopmyna IO BITYKIOrO
YETBIPEXYTOJIBHUKA

” KonrponsHas padora no teme "Pemenue
TPEYTOJbHUKOB"

7 Xopasl U T0J00HBIE TPEYTOJIBHUKHU B
OKPY>KHOCTH

24 Teopema 0 mpoU3BEACHUN OTPE3KOB XOP/I




25 Teopema o Ipon3BeIEHUH OTPE3KOB XOP. 1
26 Teopembl 0 MPOU3BEICHUN OTPE3KOB |
CEeKYILUX
7 Teopemsl 0 IPOU3BENEHNUN OTPE3KOB 1
CEeKYILUX
28 TeopemMa 0 kBajpaTe KacaTeabHON 1
29 Teopema o kBagpare KacaTelbHON 1
30 Teopembl UeBsl 1 MeHenas 1
31 Teopembr UeBbl 1 Menenas 1
32 Teopems! UeBbl 1 Menenas 1
33 [TonsiTue o romoTeTHH 1
14 Kontponbhas padota o teme "[lomooue |
TPEYTOJIbHUKOB"
YpaBHEHHE NPSIMOI HA TJIOCKOCTH.
35 VYrnoBo# koahpuireHT 1 CBOOOHBIN 1
YJIeH, UX T€OMETPUYECKUI CMBICT
YpaBHEHHE NPSIMOI HA TJIOCKOCTH.
36 VYrinoBoi koahpureHT u cBOOOHBIN 1
YJIeH, UX TEOMETPUYECKUI CMBICTT
37 [TapannenbHOCTh U NEPIEHAUKYISIPHOCTh |
NpSMBIX (depe3 yriioBoil koddduimeHr)
38 YpaBHEHHE OKPYKHOCTH 1
19 Haxoxnenue nepeceueHuit okpy>kHOCTEH |
U TIPSMBIX B KOOpJIUHATAaX
40 Haxoxnenne nepecedeHui OKpyKHOCTEN 1

" IPAMBIX B KOOpAWHATax




41

q)opMlea pacCcTodaHud OT TOYKH O HpﬂMOﬁ

HJ'IOH_Ia,Z[b mapajuicjorpaMmmMma B

42 KOOpJMHATAaX, MOHATHE 00
OPHEHTUPOBAHHOI Mo
[IpumeneHne MeTo1a KOOPAUHAT B

43 MIPAaKTUYECKU-OPUEHTUPOBAHHBIX
reOMETPHUECKUX 3aJadax

44 KonTponbhas padbota no teme "Metoj
KoopauHat"

45 BekTopsl Ha IJI0CKOCTH
CrnoxeHue ¥ BBIYNTaHUE BEKTOPOB —

46 IIpaBUJjIa TPEYrOJIbHUKA U
napaenorpaMma
Crno’xeHue 1 BBIYUTaHHUE BEKTOPOB —

47 IIpaBUJIa TPEYTOJIBHUKA U
napaesnorpaMma

48 YMHOKEHUE BEKTOpa HA YUCIIO

49 Koopaunats! BekTopa
CroxeHue 1 BBIUUTaHWE BEKTOPOB,

50 YMHOXEHHE BEKTOpa Ha YUCIIO B
KOOpAMHATax
CroxeHne 1 BBIYUTaHUE BEKTOPOB,

51 YMHOXEHHE BEKTOpa Ha YUCIIO B
KOOp/AMHATax

5 [IpumeHneHne BEKTOPOB B (pU3MKe, LICHTP
Mmacc

53 [TonsiTue o 6a3uce (Ha MIIOCKOCTH).




Pa3noxeHus BEKTOpOB 1o 0azucy

[TonsiTue o 6a3uce (Ha MIOCKOCTH).

54
Paznoxenns BEeKTOpoB 1o Oasucy

55 [TonsiTue o 6a3uce (Ha MIOCKOCTH).
Paznoxenns BEKTOpoOB 110 0azucy
CkansipHo€ pOU3BEACHNE BEKTOPOB,

56 Te€OMETPUUECKUI CMBICIT M BBIPAXKEHUE B
JIEKapTOBBIX KOOPAWHATAX

57 JAucTpuOyTUBHOCTH CKAJISIPHOTO
MIPOU3BEACHUS

58 CkansipHO€ POU3BEICHUE U
[IPOELIUPOBaHUE

59 [TpumeHeHne CKaIsPHOTO MPON3BEACHUS
BEKTOPOB IS HAXOXKJICHHUS JUTMH U YTIIOB

60 [IpuMeHeHHEe CKAISAPHOTO POU3BEICHUS
BEKTOPOB ISl HAXOXKICHHUS JUTMH U YTIIOB

61 [IpuMeHeHHEe CKAISAPHOTO POU3BEICHUS
BEKTOPOB U1 HAXOXKJCHHUS JUTUH U YTIIOB
Pemenne reomeTpryeckux 3amad c

62
MIOMOIIBIO CKAIIPHOTO TIPOU3BEIECHUS
Pemenne reomeTpryeckux 3amad c

63
MIOMOIIBIO CKAISPHOTO NPOU3BEICHUS

64 KonTponbhast pabora no teme "Bekrtopst"

65 [IpaBuUIBHBIE MHOTOYTOJIBHUKH,
BBIUMCIICHUE WX JIEMEHTOB

66 [IpaBuUIBHBIE MHOTOYTOJIBHUKH,

BBIYHCJICHUEC UX 3JICMCHTOB




HpaBI/IHBHHe MHOTI'OYT'OJIbHHUKH,

67 BBIYHCIICHHE UX DJIEMEHTOB 1

68 [IpaBmiibHBIE MHOTOYTOJIBHUKH, |
BBIYHCIICHHE UX DJIEMEHTOB

69 Uwucno © v iMHa OKPYKHOCTH 1

70 Yucno © ¥ UIMHA OKPY>KHOCTH 1

71 JlnvHa 1yru OKpy»KHOCTH 1

72 JlmuHa 1yTv OKPY>KHOCTH 1

73 Pannannas mepa yria 1

74 Panuannas mepa yria 1

75 [Inomanp Kpyra u €ro 3J€MEHTOB (CEKTOpa |
1 CETMEHTA)

76 [Inomanpe kpyra u ero 3JeMeHTOB (CeKTopa |
1 CETMEHTA)

77 [Inomanpe kpyra u ero 3JeMeHTOB (CeKTopa |
Y CETMEHTA)

73 Brruncnenue nepumMeTpoB U IIOIAAEH |
(buryp, BKJIIOYAIOIIUX 3JIEMEHTHI Kpyra

79 Brruncnenue nepumMeTpoB U IIOIAAEH |
¢buryp, BKIIOYAIOMIUX 3JIEMEHTBI Kpyra

20 KonTponbsnas o teme "JlninHa |
OKpPY>KHOCTH M IIJIOLaab kpyra"

81 LenTpanbHas cuMMeTpus 1

82 LlenTpanbHO-cUMMETpUYHBIE (DUTYPBI 1

83 [ToBopoTt 1

84 OceBas cummeTpus 1




dur YPbI, CUMMCTPHYHBIC OTHOCUTCIILHO

85 .
HEKOTOPOH ocH

86 [TapamiensHbII IEPEHOC

87 [TonsiTHE NBUYKEHUS U €r0 CBOKWCTBA

88 PaBenctBo ¢uryp

29 [IposiBieHus: CUMMETpPUU B IPUPOIE,
KHUBOITUCH, CKYJIBITYPE, apXUTEKTYpe

90 Kommo3zurim aBmkeHui (mpocTeiime
TIPUMEPHI)
[ToBTOpenue u 06061eHne. Pemenue

91 3a7a4, WITIOCTPUPYIOIIUX CBSI3U MEXKITY
Pa3IMYHBIMHA TEMaMH Kypca
[ToBTOopenue u o6o0mmeHue. Pemenue

92 3a/1a4, WUTIOCTPUPYIOIINX CBSI3U MEKIY
Pa3NUYHBIMHE TEMaMH Kypca
IToBTOpenue u o6o61eHue. Pemmenue

93 3a]1a4, WUTIOCTPUPYIOUINX CBA3H MEKIY
Pa3NUYHBIMHE TEMaMH Kypca
[ToBTOpenue u 0606meHue. Pemenue

94 3a/1a4, WUIIOCTPUPYIOILIUX CBI3U MEKIY
pa3NUYHBIMHM TEMaMHU Kypca
[ToBTOpenue u 0600mEeHne. Permenue

95 3aj]1a4, WJUTIOCTPUPYIOLIUX CBSI3U MEXKIY
pa3IMYHBIMHU TEMaMH Kypca
[ToBTOpenue u 06061meHue. Pemenue

96 3ajja4, MWJUTIOCTPUPYIOLIUX CBSI3U MEKIY

pa3IMYHBIMHU TEMaMH Kypca




IToBTOopenue u o6o61eHue. Pemmenue
97 3a/1a4, WITFOCTPUPYIOIIUX CBA3U MEXKIY
pa3IUYHBIME TEMaMH Kypca

[ToBTOpenue u 0600mEeHne. Pemenune

98 3a7a4, WITIOCTPUPYIOIIUX CBI3U MEXKITY 1
Pa3NUYHBIMHU TEMaMH Kypca
[ToBTOpenue u 0600meHue. Pemenue

99 3a7a4, WITIOCTPUPYIOIIUX CBI3U MEXKITY 1
pa3IMYHBIMHU TEMaMHU Kypca
[ToBTOpenue u 06061eHue. Pemenue

100 3a/1a4, WUTIOCTPUPYIOIINX CBSI3U MEKITY 1
pa3IMIHBIME TEMaMH Kypca

101 Hrorosas xoHTponbHas padboTa 1
[ToBTOpenue u o6o61eHue. Pemenue

102 3a/1a4, WUTIOCTPUPYIOIINX CBSI3U MEXKIY 1
Pa3NUYHBIMH TEMaMH Kypca

OBLIEE KOJIMYECTBO YACOB I10 102

I[TPOTPAMME







YYEBHO-METOANYECKOE OBECIIEYHEHUE
OBPA3OBATEJIBHOI'O ITPOLECCA
OBA3ATEJIBHBIE YYEBHBIE MATEPHUAJIBI 1JIS1 YHEHUKA

METOINYECKHUE MATEPHUAJIbBI UIAA YUUTEJIA

HUPPOBBIE OBPA3OBATEJIBHBIE PECYPCBI 1 PECYPCBI CETHU

HUHTEPHET






