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Npeaucnosune

dTa KHHUra obOpaileHa K YUYUTEJAM MAaTEeMATHUKU CTAPIINX
KJIACCOB, IIPEIOAAlONIMM I'eOMeTpuio 1o yueOHuKy «['eomeTpus.
10—11 xmaccei» A. [I. AnekcarapoBa, A. JI. Bepuepa, B. . PuI-
JKUKa AJA 0a30BOTO M yrIyOJeHHOro ypoBHei. JlaHHBIN yUeOHUK
no reomerpun aada 10 m 11 Kiaccos Gasupyercsas Ha Tpex CO-
CTABJIAMINNX, W3HAUAJbHO NPUCYIIUX TeOMETPUUECKON HayKe:
IPOCTPAHCTBEHHOM BOOOPAaKEeHUU, JIOTUYECKOM MBIIIJIEHUN U
NPaKTUYEeCKOM ITOHWMAaHUU.

Ha 6a3o6om yposne yueOHUK OPUEHTHDPOBAH Ha obeclrieyeHUE
HIPeuMYIIeCTBEHHO O0IIeo0pas3oBaTe/JIbHON M OOIEeKYyJIbTYPHOMR
noaroTroBku. Ha yenybsennom ypoeéHe NOUOTHUTEIHHO BELETCA
0ojiee cTpOToe M3yUEeHHE TeOPeTUYEeCKOT0 MaTepuajia, pelreHue
0oJiee Pas3sHOOOPA3HBIX M CJOMKHBIX 3aJau, IIOATOTOBKA K IIPO-
deccOHAJNIBHON OeATEeIbHOCTH, ITPEeAIIoJaraiolleil cucreMaTnue-
CKOe IIpUMeHeHle MaTeMaTUKU.

ITo sToMy yueOHUKY BO3MOIKHO KaK M3yUeHUEe reOMeTPUU Ha
yriy0JeHHOM ypOBHe 10 2 yaca B HeJeJl0 B TeueHHUe IBYX JIEeT,
TaK W ee u3ydyeHHe Ha 0a30BOM YpPOBHE OPHUEHTHPOBOYHO IIO
1,5 gaca B Hemenro B 10 u 11 xigacce. ABropammu paspabOTAHBI
IporpaMMbl UM IIPUMEPHOE IIOYPOUYHOE IIJIAaHWUPOBAHUE AJIA TaKUX
BapUAaHTOB M3y4YeHUS TeOMETPUU II0 dTOMY YUEOHUKY.

HuddepeHITUPOBAHHOCTD COMEPKAHUA yUYeOHUKa II03BOJIAET
KayKJIOMYy YUYEeHUKY BbIOpPATh MHAWBUAYAJBHYIO TPAEKTOPHUIO IIPU
paboTe mo HeMmy.

XoTsa yueOHUK B OCHOBHOM CBOEM YaCTHU IIOCBSAIIEH M3YUYEHIIO
CTepeoMeTprM, HO ero IIaHMMeTpUUYeCKUe pasAesibl JOIOJHSIOT
ero I0 BCero Kypca d3JieMeHTAapHOW TeoOMeTpPUH.

CopepixaresibHble U CTPYKTYpPHble OCOBEHHOCTU Yy4eBHMKa
«FeomeTtpusa»

CozeprkaHue IIPoOrpaMMbl, COOTBETCTBYIOIIel yueOHuKy «I'eo-
metpusa, 10—11», oxBaTbiBaeT Bech pasmen «['eomerpus» «PyH-
IaMeHTaJIbHOTO fApa colepskaHus obIrero oopasoBaHusa». Kypc
crepeomeTpuu B yueOHuMKax A. J[. AlexcamapoBa IIOCTPOEH TakK,
YTO M3y4YaTh €ro MOJYKHO IIOcjie JII000ro yuYeOHHKA IeOMeTpHuu
B OCHOBHOM IIIKOJIE, TTOCKOJIbKY IIJIOCKOCTH B HEM OIIPEEISIeTCA
Kak (urypa, Ha KOTOPOU BBITIOJHAETCA €BKJIUIOBA ILJIaHUME-
Tpus. Kakum o6pa3oM B OCHOBHOII IIIKOJie ObljIa IOCTpPOeHa ILjia-
HUMETPUudA, He UTPAaeT HUKAKOUN POJId, TaK KaK BarKHeumue (Gak-
ThI €BKJHUAOBOW IIJIAHWMETPUM OBLIU YCTAHOBJEHBI B JIIOOOM
Kypce TeOMEeTPUU OCHOBHOM IIKOJIBI.

B cTpyKType Kypca cTepeoMeTpPUM BBINENAIOTCA TPU JNHUN:
TepBad JUHUA — 9TO JUHUA 2e0MEeMPUL NOCMPOCHUIL N3YIaeMbIX
(uryp, BrOpas JUHUA — 9TO JUHUSA 20MeMPUlU 8bl4UCJCHUI Be-
JUYUH IIOCTPOEHHBIX (PUTYDP, a TPETbA JUHUA — BTO JUHUA udeil
u memodos cospemernHoll zeomempuu. Benymieit B8 10 kiacce aB-
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asiercsa JuHUA zeomempuu nocmpoeruil (rmaBa 1 «OcHoBaHuA
crepeoMeTpun» u riiaBa 2 «llepneHIUKYJIAPHOCTh U ITapaJiiesb-
HOCTBH NPSAMBIX W ILIOCKOCTeIi»), a B 11 Kilacce Bemymumu cTa-
HOBSATCS JUHUSA reoMeTpuu BblumciaeHuii (ryiasa 5 «O0beMbI Tesa
U ILIOHIAAW WX IIOBEPXHOCTEHN») WM JUHUA udeili u memodos co-
epemeHHOU zeomempuu (rnaBa 6 «KoopawmHATBI M BEKTOPHI»).

IBe meHTpasbHBIe TJaaBbl yuebHUKaA <«['eomerpusa, 10—
11» —rmaBa 3 «®Purypsr BpameHus» (10 kjgacc) m riaBa 4
«Muororpanauku» (11 KJjacc) — MOCBSAIEHBI OCHOBHOMY IIPEJ-
MeTy CTePeoMeTPUU — TreoOMeTPUUYEeCKUM TejJaM U WX MOBEPXHO-
craM. OHM HOCAT BO MHOTOM OIMCATEJbHBIN, HATIATHBIA Xapak-
Tep. MHOTO BHUMAHUS B OTUX TJaBaxX yIeJasdeTcd CUMMempuu
U3yUYaeMbIX TeJl — BasKHeHIIeMy OOIIeKYJbTYPHOMY IIOHATHUIO.

JeMeHTHI IIJIaHUMETPUU, COAEepKAIluecsd B YIIAyOJIeHHOM
Kypce TeoMeTpuu, pacipeesieHbl aBTOpaMU PaBHOMEPHO IO Bce-
My y4eOHWUKY ¥ BKJIOUEHbI B OJU3KHE [0 TeMaTUKe pPasmesibl
crepeomerpuu. Tak caejaHo, UYTOOBI IIJIAHUMETPUUECKUII Mare-
puas He OTOABUTAJ Ha BTOPOH IJIaH BaskKHEHIIyI0 3amady Kypca
reoOMeTpUU B CTAPIINUX KJaccax — M3YUeHUe CTePeoMeTpPUuu. ITO
TaKsKe IMO3BOJISAET Ha BBHICOKOM YPOBHE COXPAHATH IJIAHUMETPH-
YEeCKYI0 ITOATOTOBKY CTapIIEKJIaCCHUKOB.

3amaunblii MaTepuaa yueOHWKA AOCTATOYHO MHOTOTPAHHBIN.
3amaHus pasfessioTcsa Ha COOTBETCTBYIOIHE 0a30BOMY YPOBHIO
u yraybsaenuomy. Jlake HEKOTOpbIe IYHKTHI OMHOI 3a7auu mpef-
HasHaueHbl IJig 0a30BOTO, a Apyrue — AJA yriy0JIeHHOTO YPOB-
Hs. Bojsee TpyaHBIe 3aJauud OTMEUEHBI CIIEIUAJbHBIM 3HAUKOM.
B sagauax BeIAeNAOTCA PYOPUKHU IO BUIaM AeATeJbHOCTHU. Kpo-
Me TOTO, UTO HaZo CAesiaTh, pelas 3amauy, B OOJBIITHHCTBE yC-
JIOBUU CKa3aHO B yTBepauTesibHOU (opme: Hapucyiime, Buiuuc-
aume, Hoxkaxncume, ITocmpoiime, Haildume epanuust u T. 1. Ho
YCJI0BUS MHOTHX 3aJad COAeps;KaT W BOMPOCHI: «Kak Haiimu..?»,
«Kax nocmpoumu..?», «Kax eviyucaums..2» u 1. 1. B atux 3a-
Jadax TJIaBHOE COCTABUTH AJTOPUTM pellieHusa. Eile omgHa rpymn-
ma 3agad COJepP:;KUT BOMPOCHI Apyroro tuma: «Ecmb Jau..?2»,
«MoxcHo au..2», «BepHo au..2», «Kakoii no ¢opme..2», «Karxo-
20 8uda..?» u np. I9TO 3amaud KCCJIESOBATEIHLCKOTO XapakTepa.
3amaun K maparpady oObIYHO HAUMHAIOTCSA C HEOOJIBIITOTO Uucja
sdamau, OdonoaHswwux meopur. Ha Taxkume 3amauy BO3MOIKHBI
B [OaJbHEHINIeM CCBIIKM HapaBHE C TeOPeTHUYECKHUM TeKCTOM.
B yuebuuke mpeasararoTcs 3amzauu K ryaBaMm. OHHM MHOTOILIAHO-
BBl ¥ MMEIOT MTOTOBBIM XapakTep.

B yuebHUKe caesaHbI cieayiolliue U3MeHEeHUs M0 CPaBHEHUIO
c mpenbIayImuMu udnanuamu. Jlob6aBiaeHbl TyHKTHI 24.8 «3o0J10-
Toe ceueHue» u 24.9 «IlonynpaBuibHBIE MHOTOTPAHHUKNY».
B mauame Kakmoil riaBBl paccKasaHo o0 ee comep:KaHuM, a
B KOHIe B KpaTKux «MTorax» TOBOPUTCA O BaKHEUIITUX Pe3yJb-
TaTax 9TOI TJyaBbl. B pasmenax «3amauu K IJiaBaM» J0OaBJIEHBI
damaum A5 paboThl ¢ KoMIbioTepoM. B 3agaunom MaTtepualie



BBIIEJIEHBI B OT/JeJbHbIe PYOPUKM 3a7auu, KOTOPHIE AOIIOJHSIIOT
TEOPEeTUYECKUIT MaTepuas, 3aJadl KCCJIELOBATEIbCKOTO XapakK-
Tepa M 3aJauu IPUKJIAJHOTO comep:kaHusa. OOHOBJIEH WJLIIOCTPA-
TUBHBIN MaTepuaj, MHOTHEe PUCYHKU 3aMeHeHbl (GoTorpadusamMu.
JobaByieH CIIMCOK JIUTEpPaTypHI.

AocTmkeHne o6pa3oBATENbHbIX PE3yNbTATOB O06yueHus

Pabora mo mamHoMy y4eOHHKY obeclieurBaeT pean3aliiio
Tpex TPy 00pasoBaTeJIbHBIX PE3YJIbTATOB, CHOPMYIUPOBAHHBIX
B DenepasibHOM T'OCYJapCTBEHHOM OOpa30BATEJIbHOM CTaHIAPTE
cpenHero o61ero o0pa3oBaHUsA: JUYHOCTHBIX, METAIPEeIMETHBIX,
IIPeIMEeTHBIX.

IIpuBegem mpumepsl.

JInuHOCTHBIE pe3ynbTaTthbl

Basxmeiimas o0co0eHHOCTL Kypca I'eOMETPUM, M3JIOMKEHHOI'O
B yueOHMNKe, B TOM, YTO 9TOT KYpPC IPeICTaBJIsIeT CO00ii crucTeMy
00Ka3aHHbLX 8bL80008, a He TIPOCTO HAOODP (PaKTOB, COOGIIEHHBIX
VUEHHUKY. ITO YUUT CTAPIIEKJIACCHUKOB TPeOOBATh JOKA3aTeIbCTB,
BbIpabaThIBaeT y HUX CTPeMJIeHNEe K MCTHHE, (DOPMUPYeT X Ha-
YUYHOEe MMPOBO33PEHNE, BOCIHTBIBAET AKTHBHYIO I'DAKIAHCKYIO
MO3UIINIO, a IOTOMY MMEEeT UpPEe3BbIUailHO BasKHBLIII HPABCTBEH-
HBII ITOTEHIIUAJ.

Kypc cooTBeTcTByeT COBpeMEHHOMY YPOBHIO PA3BUTUA HAYKH.
B mem pacckasbiBaeTcsa O COBPEMEHHOII I'€OMETPHUHN B 3aK.jloye-
Huu ydyeOHUKA.

MeTtomosioruueckoii OCHOBOII yUeOHMKA SBJIAETCA CHCTEMHO-
IeATeJLHOCTHBIA IIOAXOM, KOTOPBIM II03BOJIAET (POPMHUPOBATH
y HIKOJBHMKOB I'OTOBHOCTHL K CAMOPA3BUTHIO, aKTHBHOCTL B 00Y-
YeHNHN, BLIOMPATEH AJIA YUAIIUXCA MHAUBUAYAJIbHBIE TPACKTOPUN
ooyuenus. [uddepennuanuu o0yUueHns CIIOCOOCTBYeT U pasdeJie-
Hue 3a0au Ha 0a308ble, T.e. 0o0sg3aTeJbHBLIE NJIS BCeX, W Oojiee
TPYAHBIE 3aNauu I8 Yy2ay0lern020 U3yyerus 1o BeIoopy. B yue6-
HUKe OAloTCs 3aJauM, MOIOJIHSAIIINE TEOPHUI0, CIIOCOOCTBYIOIINE
CaMOpPas3BUTUIO B JaHHOU IIpeaMeTHOI objsactu (Hampumep, 13.1,
16.3 u gp.). 3agaHus oA PyOPUKOI «IPUKJIATHAS TeOMETPUS»
IIOMOTAIOT IIOHATH CBA3b F'€OMETPHUN C JKU3HBIO U yU4aT OTBETCTBEH-
HOCTM TIpM IPUHATHUMN pelneHus (Hampumep, Ne 8.3, 11.5). 3a-
IaHWUs 0] PYOPUKOI «MCCIeayeM» CIIOCOOCTBYIOT (POPMUPOBAHMIIO
TBOPUECKOII aKTuBHOCTU (Hampumep, Ne 20.27, 23.13).

3agaHus IoJ PYOPUKOM «HCCHeLyeM» IIPEeIIIOoJJIaraloT COTPY/A-
HUYECTBO M YMEHIE BECTH JHAJIOT AJIA WX YCIIEIIHOI'O PeIIeHmnsd.
JTOo, IO CYyTHU, IPOEKTHBIEe 3amaun. CM., Hampumep, 3agzaum 1.13,
11.6, 16.11 u gp.

O TOM, UTO reOMeTpPHUSA SBJIAETCA YACTHLIO OOIeUeIOBEUECKOMR
KYJbTYPBI, O TOM, UTO OHA M3y4YaeT U ONNCHIBAET peasibHLIE IIPO-
IIeccel U SIBJIEHUS, B yUeOHMKe TOBOPUTCS, HaumHas ¢ . 1 Bae-



meuusi. ViMeHa BBIZAIONUXCS JIOAEH HPUCYTCTBYIOT HA CTPaHU-
nmax yueOHuka — HpioToH u JlomoHocoB, IlnaTon u Apucroreib,
Hexapt u Pepma, JlobaueBckuit m I'mabbept u T. 1.

C wucropuu reomerpum A. . AleKcaHAPOB HAYMHAJ CBOU
Kypc B yueOHUKe AJA 7 KJacca, 3TON ucmopueil ObLI MPOHU3AH
BeCh IATHJETHUH KypC TeOMeTpUU, a 3aBepIiaeTcss OH IIOApPos-
HBIM PAacCKa3oM O COBPEMEHHOU reOMeTPU! B HAaHHOM yUeOHUKe
oiaa 10—11 xjgaccoB, 0 pa3BUTUU TeOMETPUUECKUX IIpeAcTaBJie-
HUII yesioBeKa 00 OKPY:KaiolleM ero Mupe.

ToToBHOCTE K MPOMOJIKEHUI0O O0PA30BAHUS IIPEAOCTABISIOT
MHOTOUMCJI€HHbIE CBeJIeHUA O PA3BUTUU I'eOMETPUHU Ha IPOTKe-
HUY BEKOB M PACCKa3 O PA3JIMYHBIX I'eOMeTPUAX B KOHIlE yuel-
HuUKa (cM. c. 238—247). CamoobpasoBanue B TAaHHOU obJacTu
BOBMOYKHO C TIOMOIIbI0O KHUT II0 MaTeMaTUKe, CIIMCOK KOTOPBIX
mpeacTraBjieH B yueOHuUKe (cMm. c. 254, 255).

IcTeTuecKoe BO3JelicTBUEe M3YUeHUsS TeOMEeTPUU BO3HUKAET
IpU U3YyYEHUU IPABUJIBHBIX T€OMeTPUUYEecKUuX (PopM (CM. IYHKTBI
24.1, 24.2 n gp.), cummerpuu Qpuryp (cm. nyHKT 24.7), peanu-
3alMU STUX MPABUJBHBIX (OPM B MHaAMSITHUKAX AapPXUTEKTY-
PBI — «3acTHIBINIEN reoMeTpuu» (cM., Hampumep, c. 68, 73, 116,
153 u ap.). 9TomMy B yueOHUKe yjejdeTcA BHUMAaHWE, IJIA 00-
CY:KIeHUsS TaKUX BOIPOCOB BBIJEJIEHBI CIlelraJbHble maparpadbl
U TYHKTHI.

MetanpeameTtHbie pe3ynbTaThbl

VYMeHMe IJIaHWPOBATh CBOIO MeSATEIbHOCTH BO3MOKHO Uepes
coCTaBJIeHME IJIaHA PeIlleHUsA NPU BBINOJHEHUU 3aha4 PyOpUKU
«HCCJIeTyeM», a IJIA KOHTPOJIS ¥ KOPPEeKIMU IIOHUMAaHUA TEeKCTa
ocJie U3yYeHUsA TEOPUU NAIOTCA «BOIPOCHI IS CAMOKOHTPOJIS» .
YMeHMe MPOAYyKTUBHO 00IaThCA (DOPMUPYETCA MPU PEIeHuu 3a-
nad, o0CyKIeHUU Pa3JIUYHBIX BapUAaHTOB PEIIeHUs, B TOM YNC-
Je m HeBepHOro. Hampumep, mpu perreHuM 3amad, B KOTOPBIX
HY’KHO TIOCTPOUTH KaKoe-aubo m3o0paskeHune, BO3MOKEH OOMEH
pucyakamvu (cm. Ne 23.4, 23.5 u np.).

ToToBHOCT, M CIIOCOOHOCTHL K CaAMOCTOSTENIbHOW wuHGOpPMA-
IIMOHHO-TI0O3HABATEJLHON AeATEJbHOCTU Peajnu3yeTcs HpPU UTe-
HUU JONMOJIHUTEJbHON JUTEpaTyphbl IO HpeaMeTy U HCIIOJb30Ba-
HUU WHTEPHET-PEeCypPCOB U3 «CIIMCKAa JUTEpaTyphbl». Y MeHHEe KC-
OJIb30BaTh cpe/icTBa MH(MOPMAIMOHHBIX U KOMMYHUKAITUOHHBIX
TEeXHOJIOTUN B pEIIeHWW KOTHUTUBHBIX, KOMMYHUKATUBHBIX U
OpraHM3aIlMOHHBIX 3a7a4 ()OPMUPYETCA IIPU PEIeHUU 3amad py-
OpUKHU «IpUMeHseM KOMIIbIOTep» (CM., HAIIpUMep, 3ajauu K rJja-
Be III Ha c. 152).

BiageHue s3BIKOBBIMU CpeICTBaMU, a TOUYHEE TIeOMeTpudYe-
CKUM SI3BIKOM, 00eCIeuyMBAaeTCsA IPU PEIIeHUN TreoMeTPUUYecKOn
samauu. OHO (opmMupyercss npu OOOCHOBAHUHM Ka’KIOTO JIOTHU-
YecKOTo XO/ia B JO0Kas3aTeJbCTBE M OIOpe Ha aKCHUOMBLI U paHee



u3BecTHBIE (DAKTHI. ITO MOKHO IPOCIENUTH Ha IpUMepe pelre-
HUS TPAKTUUYECKU JI000¥ 3amaum yduyeOHUMKA.

MpeameTtHbie pe3ynbTATbI

Basosriit YPOBEHb

IlonnMaHme BOBMOIKHOCTY AKCHOMATUYECKOTO IIOCTPOEHUS
MaTeMaTUYeCKNX TEeOpHil BO3HUKAET IIOCJe HPOUTEeHUS IIePBOM
riaBbl. ['taBa 1 «OcHOBaHUSA CTePeOMETPUM» COmepP:KuT § 1 «AK-
cuOMBI cTepeoMeTpun». [[0ATOMYy aKCHOMATHUECKOE ITOCTPOEHIe
MaTeMaTUUYeCKUX TeOpHUIl MMeeT HeIOoCPeJCTBeHHOe OTHOIIEeHIe
K KypCy TeOMeTpHUwu.

Bragenue meTomaMu AOKAa3aTeIbCTB U aJTOPUTMOB PEITeHUS,
YMeHne UX IIPMMEHATHh, IPOBOAUNTHL JOKAa3aTeJIbHbIE€ PACCYXKIACHMIA
B XOJle pellieHusa 3a7ad o0ecreunBaiOTCs IPU PEIleHnr 3aJau U3
yueOHUKA.

B.TIa,Z[eHI/Ie OCHOBHBIMHM IIOHATHUAMM O IIJIOCKHMX MW IIPOCTPaH-
CTBEHHBIX TeOMEeTPHYECKHUX (I)I/II‘yan, 3HaHUe UnX OCHOBHBIX
CBOMCTB; (opMHUpoOBaHME yMEHUS PACIO3HABATh HA UepTerkax,
MOEeNAX W B peasbHOM MHUpPEe TeoMeTpuuyecKue (PUTypbl; PU-
MeHeHNe M3YUYEeHHBIX CBOICTB reoMeTpuuecKux puryp u Gopmya
IJIsl pellleHus TeoOMeTPUUYeCKUX 3a/au M 3aJad C MPAKTUYECKUM
cofep:KaHMeM BO3MOKHO TPU M3YUEHUUW TEOPeTUUYECKOTO MaTe-
puana u 3amad yueOHHKA.

Hpno6peTeHHe HABBIKOB HNCIIOJIB30BAaHUA TOTOBBIX KOMIIBIO-
TEePHBIX MIPOTPAMM IIPU PEIlleHWU 3aJadu 00eclieurBaeT pelleHure
3a7ay pyOPpUKU <«IpPUMEHsIeM KOMIIBIOTED».

Yray0sieHHBI VPOBEHb

dopmMupoBaHUe MIPEACTABICHUN yUYaIUXCA O HEOOXOIUMOCTU
IOKa3aTeJIbCTB IPU O0OCHOBAHUY MAaTEMATHUUECKUX YTBEPIKAEHUN
U POJIU aKCUOMATUKM B IIPOBENEHUU AEAYKTUBHBIX PACCYKIEHUN
MOJKHO IIPOUJLIIOCTPUPOBATH Ha IIPUMEPE WUBJIO0KEHUA TEeOpUu
B§ 9 u 10.

IlomaTuiiHblil anmmapaT Mo OCHOBHBIM paszesiaM Kypca MaTeMa-
TUKW; 3HAHUA OCHOBHBIX TeopeM, (GopMyJ M yMeHUS UX IpUMe-
HATDH, & TAKIKe YMEHUsA JOKa3bIBaTh TEOPEMbI M HAXOIUTh HECTAH-
JapTHBIE CIOCOOBI perreHus 3aJad (GOPMUPYIOTCA IPU PENIeHUUN
pasauYHBIX 3aau yueOHuKa. Hampumep, B yueOHUKe pasbupaercsa
pemierue 3amaun 15.10 Ha ¢. 108 ¢ yuerom 3HaHUII pasoOpaHHONR
TEeOpPEeMBI, NaJIbHEHIIeT0 IPUMEHEHUA MOJTYIYeHHON (GOPMYJIbI IJIA
YIPOIIEHUA PEIlleHnA PEeIlleHHON paHee 3aJlauy U AP.

MopenupoBaHue peaJlbHOU CUTYAaIlUM, NCCJIEIOBAHUE TOCTPO-
€HHBIX MOJIeJIell U MHTEPIPEeTUPOBAHUE TIOJYUYEHHOTO Pe3yabTaTa
MOXKHO TOJIYUUTH, perias OTHAeJbHbIe 3amaum ydeOHuUKa. CwMm.,
HampuMmep, 3agauy 21.17 o cmnueuHOM KOpOOKe miu 3amauy 26.4
0 IIUJIUHADE.



K mamHOMYy Kypcy cyiiecTByeT JJeKTpoHHaA (popMa ydeOHHU-
Ka (9®Y) — COOTBETCTBYIOIIAS II0 CTPYKTYpPE, COLEP KAHIIO
U XyOOKeCcTBeHHOMY O(OpPMJIEHWIO HeuaTHOW ¢opme yueOHUKA
¥ BKJIIOYAIONIAas B ce0s1 MHTePAKTUBHBIE CChLIKU, PACIITUPSAIOIITE
U JOIOJIHAOIME MaTepuas MeuaTHOTO YUYeOHUKA.

dynakunuoHaapHbie ocodeHHOCTH JDY:

YIOOHBIM UM MOHATHBIN MHTepdelic m HaBuramus mo IDY;
pabora B OHJAWH- U Oo(dialiH-peKUMax;

TECTOBbIE 3aJJaHUSA K Ka'KION TeMe, pasieily yueOHUKA;
BOBMOJKHOCTH L00aBIeHNA MaTepuajioB, CO3LAHHBIX YUUTe-
JeM;

MHCTPYMEHTHI U3MEHEeHUsI pasMepa Ipudra, co3mqaHusa 3a-
METOK W 3aKJaJ0K;

yIoOHasA HaBUTAIWA.

ITegarornyecKkne BO3MOJYKHOCTH MCIIOJbB30BAHUA ODY:

opraHmMsaIusa KOHTPOJIS W CAMOKOHTPOJIA II0 pes3yJabTaTam
W3YYEeHUS TEeMBbI;

peanusamnusa TEXHOJOTUH MOOUJIBLHOTO, AUCTAHIITMOHHOTO
WJIN CMEIIIaHHOTO O0YUYeHMs;

peanusanusa TpedboBanuit PI'OC mo popmMupoBanuio UHPOP-
MAaIMOHHO-00pa30BaTEeIbHOM CpeAbl CHUCTEMOU 3JIeKTPOH-
HBIX 00pa30BATEJIbHBIX PECYPCOB U IP.



O reomeTpum B wwIKONe'

Harre cpentee o6pasoBanue crpajgaeT meperpyskoii. Ho maxe
TIOCTAaHOBJIEHU A, 00A3bIBAIOIINE IIPEON0JIeTh 3Ty 00Je3Hb, HE Be-
IyT K PaguKaJIbHBIM Pe3yJabTaTaM: KaKIbIll CIeINaJnucT HacTa-
WBaeT Ha TOM, UTO 0e3 «ero» mpeameTa, 0e3 TaKHUX-TO WM TaKHX-
TO pasmesioB o0OHTHCH HMKAK HEeBO3MOKHO. Ho ecam cmpocsr:
moyemMy? — TO TOCJIeAyeT OTBEeT: 3TO HEBO3MOKHO HUKAaK, IIO-
TOMY UYTO HWKaK HEBO3MOMKHO... MO0 00pasoBaHWE U COCTOUT
B HAIIOJHEHUU uYejoBeKa sHammamu. OmHaxo mo 6oJiee riayboKo-
My TOHHMMAHUIO IeJb CpeaHero o0pasoBaHUS COCTOUT B TOM,
YTOOBI JaTh YeJIOBEKY OCHOBHBIE, IIPAKTHUYECKN HYMHBbI€e 3HAHUA
1 Pa3BUTHh €r0 JIMYHOCTH, PA3BUTHh AYXOBHO — B YMCTBEHHOM H
HPABCTBEHHOM OTHOIIIEHUU (TocjenHee M eCTh caMoe TJaBHOE).
ITosToMy BoOmpoc O HYKHOCTH JIOOOTO INTKOJBHOTO IIpeaMerTa,
0 HeoOXOJUMOCTH TOTO MU WHOTO eTro pasfesia CBOAUTCA K IpakK-
TUYECKOW HaMOOHOCTM ¥ 3HAYEHWIO B PA3BUTUU JUUYHOCTHU. [Ipm
STOM BBISCHSETCH, UTO KOe-UTO, a TO M MOBOJHHO MHOTOE MOK-
HO HCKJIOUYUTH M3 OporpaMM 0e3 COoKaJieHUs, a KOe-uTo CJeJO0-
BaJyio ObI U 400ABUTH. TOJNBKO PEIIUTH STOT BOIIPOC IJIA KayKIo-
ro ImpeaMeTa He OUeHBb IIPOCTO, MIOITOMY €T0 pelleHUre 3aMeHIIOT
YBepeHUAMU B HAMOOHOCTU «CBOETO» IIpeaMera.

ITorumanue TOT'O, UTO IPAKTHUUYECKH HYMXHO B JaHHOM IIpen-
MeTe ¥ UTO B HEM MOJKET CJHY:KUTh PA3BUTUIO JUUYHOCTHU, TOJIK-
HO OIpEeIeJINuTh U CcoAep:KaHue IpeaMeTa, U IMIOCTAHOBKY ero Ipe-
momaBauusa. B KOHEYHOM cueTe 9TO MOHMUMAHME JOJIMKHO CIYKUTh
OCHOBOM [Jif peIlleHus BCeX BOIPOCOB IIPEMoJaBaHUA.

MpbI paccMOTPUM B 9TOM IIJaHe KYypPC TeOMeTPUU, OCOOEHHO
cTepeoMeTpuu, MPeKAe BCETO C TOUKMW 3PEHUS ero poJud B pas-
BUTUN JINYHOCTHU. O,Z[HI/IM 13 pe3yJbTaTOB HAIIIEero paCcCMOTPEHUA
OyZmeT BBIBOZ, UTO U3 IPOTPAMMbl CTePEOMETPUU TOJEe3HO WC-
KJIIOUUTDH IIeJBIX OBa pasgesa.

1. NMpoTuBopeunBasa CyLLHOCTb FEOMETPUM

Oco0eHHOCTh TEOMETPHU, BBIAENAIOIAs ee He TOJbKO Cpeau
OCTAJBHBIX UYaCTed MaTeMaTUKM, HO M CPpequ APYruX HaAyK BO-
0011Ie, COCTOUT B TOM, UTO B Hell cTporas JIOTMKA COoeInMHeHa
C HAIVIASHBIM IIpeJcTaBjeHreM. ['eoMeTpusA B CBOEI CYII[HOCTU
U eCTh TaKoe COeIMHEeHUe >KMBOT0 BOOOpasKeHUsS W CTPOTOIl JIo-
I'MKH, B KOTOPOM OHM B3aMMHO OPraHM3YIOT W HAIIPABJIAKT APYT
Apyra.

BooOpaskenue gaeT HEOCPEICTBEHHOE BUIEHUE IeoMeTpuye-
cKoro (aKTa W IOJCKas3biBaeT JIOTUKE ero BBhIpasKeHue W AoKa-
3aTeJIbCTBO, a JOTUKA IIPUAaeT TOYHOCTb BOOOpaKEHWI0 W Ha-

1 Ony6iaukosano mox HasBarueM «O reoMeTpUn» B sKypHAIE «MaTeMaTiKa B IIKOJIEe»
(1980. — Ne 3).



IpaBJIIEeT ero K CO3JaHWI0 KapTHUH, O0OHAPYIKMBAIOIINX HYYKHEIE
JIOTUYEeCKNe CBSI3HU.

IT0, HECOMHEHHO, TaK /s TPeXMepPHOIl eBKJIMNIOBOII reome-
Tpunu. Ho B comepKkaTebHOM OCHOBAHWM HEEBKJMUIOBON W MHO-
TOMEPHOH I'eOMeTPHUHU TOKe JIesKaT HarJIAJHble IIPeACTABICHNd,
X0Tsi ObI 0000IIIeHHBIE; 0e3 HUX JII000U pasies TeOMEeTPUul, ecTe-
CTBEHHO, IepecraeT ObIThL reomerpueii. Ho 3mech MbI Oymem ro-
BOPHUTH HE O BCEH I'eOMEeTPHUM, a O TOH ee 4acTH, KOTopas M3yda-
eTcsd B IIIKOJIe, W IIPU STOM CHEIHAJbHO O CTEPEOMETPUM.

Hmenuo B cTepeoMeTpun yKasaHHasaA OCOOEHHOCTH IeOMETPUU
BBICTYIIaeT Hambojiee APKO. Bo-mepBBIX, IOTOMY YTO B Hell Tpe-
OyeTcs IIPOCTPAHCTBEHHOE BooOparkenme. PaKThl ILJIAHHMETPUN
u300paskamoTca Ha OJOCKe M Ha OyMare B MX IOAJUHHOM BUIE
(He cumTas TOro, UTO HEJb3s HAPUCOBATH OECKOHEUHYIO IIPAMYIO
0e3 BCAKON TOJIIUHBI W T.II.). Ho (pakThl CcTepeoMeTpuu u30-
OpasKarTcA YCJIOBHO U IIOTOMY HE MOT'YT OLITh BEPHO BOCIPHUHSI-
TBI 0€3 JOMOJHUTEJbHOTO MPOCTPAHCTBEHHOI'O IIPEACTABJIEHU, a
OHO COCTAaBJISIET M3BECTHYIO TPYAHOCTH, HEPEIKO 3HAUNTEILHYIO.
Bo-BTOpHBIX, CcTepeoMeTpusa H3yUYaeTCsA B IIOCJAESHUX KJaccax
IIKOJIBI, KOTZA ydYallliecs MTOJYKHBI OBITh JOCTATOYHO PA3BUTHI
IJIST TOI'0, YTOOBI BOCIIPUHATH JIOTUKY IeLYKTHUBHOIO M3JIOMKEHI.
ITosToMy Kypc cTepeoMeTpuMr MOYKHO M CJIeAyeT CTPOUTH C 00JIb-
IIeil JIOrMYeCKOIl II0CJIeL0BATEeIbHOCThIO M [J0Ka3aTeIbHOCTHIO,
yeM KypC ILIAHMMETPUU.

TakuMm 00pasoM, MBI ¢ OOJIBIIMM IIPABOM MOXKE€M IOBTOPUTE
0 Kypce CTepeOMEeTpPHH TO, YTO OBLLIO CKA3aHO O I'eOMETPHUHU BO-
obmre. CrepeoMeTpusa W MOJKHA OBITH HpemogaHa B COeIMHEHUU
HAIJIAIHOCTH W JIOTMKM, KaK JKMBOE IIPOCTPAHCTBEHHOE BOOOpa-
JKeHMe, IIPOHM3AaHHOe 1M OPraHM30BAHHOE CTPOrOil JIOTHMKOIA.

JKuBoe BOOOpaskeHme ckopee OJMKe HMCKYCCTBY, CTpOras JiO-
ruka — npuswierus Hayku. OHM, MOYKHO CKa3aThb, COBEPIIEeHHEIE
IPOTHUBOIIOJJIOMKHOCTHY («JIeI W IJIaMEeHb He CTOJb PA3JHUUYHBI MEXK
coboii»). OgHaKO reoMeTpusa UX BCe Ke COeIWHsET, W 3aJada
IpernogaBaHusg — COeAUHUThL MX B OJHOM yUYeOHOM IIpeamMeTe.

ITO ecTh peaibHOE B3aMMOIPOHUKHOBEHNE, €JUHCTBO IPOTHU-
BOIIOJIOKHOCTEH, IIPOTHMBOpPEUYNE B CAMOM CYIIHOCTH IIpeamMeTa,
KOTOpOEe He MOJKeT ObITh YCTPAHEHO MHAUe, KAK YHUUTOMKEHHEM
camMoro IpeaMeTra, T.e. JUKBUAAIMEH Kypca I'eOMeTPUU W 3a-
MEHOH ero 4emM-TO APYTrHM. OTO IIPOTHBOPEUHE COCTaBJIIET OCO-
OyI0 TPYAHOCTH, HO BMECTE C TeM 1 0COOYIO IIpPejieCcTh reOMETPUM.
TpyaHO coueTaTh CTOJIb IIPOTHUBOMIOJIOMKHBIE CBOMCTBA, KaK K-
BOCTh BOOOPAaKEHUs U CTPOrOCTh MBICJIM, HO 3aTO, KOrJa HUX
€IMHCTBO OCYIIeCTBJISIETCS, MAOCTUTAETCS OOJIbIIAS SACHOCTh IIO-
HUMAHUA ¥ PAJOCTh HEMOCPEICTBEHHOTO «BUAEHUSI» WCTUHBI.

B Kypce reomerpun COeIUHAIOTCS eIlle JBE IIPOTHBOIIOJIOMNK-
HOCTH: abCTpaKTHAs MaTeMaTHuyecKas IeOMeTPusa U <«peayibHasd
reoMeTpUsa» — IPOCTPAHCTBEHHBIE OTHOIIECHUA W CBOMCTBA MaTe-
PHUAJbHBIX TeJ. OTO IPOTHBOPEUNE BBICTYIIAET YK€ B TOT MO-
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MEHT, KOTZA Ha MOCKe «IIPOBOAAT IPAMYIO» M roBopar: «IIpo-
BeleM IIpaAMYy0 uyepe3 ToukKu A u B». Ho Ha mocKe HeT TOUueK u
HEBO3MOYKHO IIPOBECTU IIPSIMYIO: FeOMEeTPUUECKHe TOUKHU U IIPA-
MbI€ — DTO HAeaJIbHbIe O0BEKThI, OHM HE CYIIeCTBYIOT HHAaUe,
KaK B a0CTPAKTHOM MBIIIJIEHNN, UX, B CTPOrOM CMBICJIE, HEJIb3s
Ia)ke IPEeICTABUTH, 4 MOMKXHO TOJBKO MBICJIUTE.

VTBep:KAeHNS reoOMeTPUM BBICKA3BIBAIOTCA U JOKA3BIBAIOTCS
I UAeaJbHBIX I'€OMEeTPUUYECKUX O0BEKTOB, HO BOCIIPUHUMAIOT-
csd KaK yTBep:KAeHUs 00 00beKTax, HaIJIAIHO IIPeACTaBUMBIX, U
MIPUMEHAITCSA K pPeaJibHBIM BeIl[aM, B KOTOPBLIX HAeaJIbHbIe 00'b-
eKThbl TeOMETPUU PeaJn3yIOTCs HEPEeOKO oueHb ycaoBHO. Crepeo-
MeTpHUsA HaUYMHAETCA C TOr0, UTO «UYepe3 TPU TOUKU IIPOXOJUT
ILJIOCKOCTh». HO mOKasaTh 3TO peasbHO MOMKHO JHIIb C UPE3BbI-
YaWHOU YCJIOBHOCTHIO. IIJTOCKOCTL B peaJbHOCTH — 9TO JIUOO ILJIO-
CKHUil mpexmMer, JuOO IIJIOCKAas IIOBEPXHOCTh IIpeaAMeTa, T.e. He
reoMeTpuUYecKasi ILJIOCKOCTh KaK TaKoBasd, TeM 0oJiee OeCKOHeU-
Hasd.

IIpu Bceit cBoeli aOCTPAKTHOCTU Te€OMETPUs BO3HHUKJA U3
NPaKTUKN U IPUMEHSAETCA B IpaxTure. IlosToMy IpemomaBaHme
reoMeTpuy 00A3aTEeJbHO TOJYKHO CBS3LIBATH €€ C peaJbHBIMU
BelllaMU, C APYIUMH OUCHUILJIMHAMEP, OCOOEHHO ¢ (Pu3MKoil (u
yepes MPUIOMKEHUS, M B MJLIIOCTPAIMAX I'€OMETPUUYECKUX II0-
HATUHA U YTBEP:KACHUI, U B OUPEIEeJeHNAX OCHOBHBLIX ITOHATHI).

Hampumep, B melicTByIOIIIEM Kypce TeOMETPUH IepeMelleHne
OIIpPeleJIAioOT KaK OTOOpasKeHMe BCero IIPOoCTPaHCTBA wiu (B ILIa-
HuUMeTpuuM) Bceli miockoctu. Ho sto Henmemo. Ha camom pmese
nepemelranT npeaMeTrbl. COOTBETCTBEHHO B Kypce I'e€OMeTpPUU
HY)KHO HAUYMHATL C IOHATHUA O IepeMelleHun (Gpuryp Kax o00-
pase pealbHBIX IIepeMeIleH’il IpeJMeTOB C OJHOr0 MecTa Ha
Ipyroe?, 4TO OTBeYaeT HAIVIALHOMY IIPEACTABJICHHUIO 1 YIOOHO
B reomerpun (HAIpHUMep, €CJAH HYKHO OJHOBPEMEHHO IIepeme-
CTUTL OBe (PUI'YPLI TAK, YTOOBI OHM MOKPBLIN NAHHYIO TOYKY).
IIpu BceM 9TOM CBA3L IeOMETPUN C PEAJbHOCTHIO 3aKJIIOUAET
MIPOTHBOPEUNEe — HECOOTBETCTBHE PeaJIbHBIX Bellleil reoMeTpude-
CKUM abCTpaKIIUAM.

Takum 00pasoM, IpemoJaBaHMe IeOMETPHUU HOJKHO BKJIIO-
YaTh TPU TECHO CBA3AHHBIX, HO BMECTE C TeM M IIPOTHBOIIOJIONK-
HBIX DJIEMEHTA: JIOTUKY, HATJIAJHOEe IIpeAcTaB/IeHNne, IPUMeHeHe
K peaJbHBIM BelllaM. JTOT «TPEYrOJIbHUK» COCTABJISET, MOKHO
CKas3aTh, AYIINY MIPelofaBaHUsA I'eOMETPHI; BOOOpaKeHUe OJIMKe
K peaJbHOCTH. 3ajaua IIPeloJaBaHUs I'eOMETPHUU — Pa3BUThb
Yy yYalliXcs COOTBETCTBYIOI[HE TPU KAauecTBa: IIPOCTPAHCTBEHHOE
BOOOpaskeHIe, MPaKTHUYeCKOoe MOHMMAaHNe U JIOTHMYECKOe MBIIILIe-
HUe.

Pasymeercs, omHa m3 3amad Kypca reoMeTpUH — OaTh yda-
IUMCS OCHOBHBIE MOHATHSA M yMEHHSA B 00JIaCTH I'€OMETPHHU.

2 TlepeMeleHNe MaTepUaTbHON TOUKM ¢ OZHOTO MeCTa HA APYroe — U3 TeOMeT-
puyecKoil Touku A B TOUKy B u ocyiiecTBiser orobpakenue A Ha B.
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OpHako Bce Ke TJIaBHbIE, TJIYOMHHBIE 3aJady¥W IIPenoJaBaHUA
reoMeTpun B3aKJIOUYEHBI B TpPeX YKasaHHBIX 3JJI€MEeHTaX, BO-
MepBBIX, BBUAY UX 3HAUEHUS AJIs OOIEro pasBUTUS, BO-BTOPHIX,
IIOTOMY YTO OHHM yKe BKJIIOUAIOT OCHOBHOE M3 TeX 3HAHWM, KO-
TOpbIe JOJIKEH AaBaTh Kypc reomerpuu. I1oaToMy ocTaHOBUMCS
CHavajla Ha STUX 9JIE€MEHTaX.

2. Boo6pa)keHue U peanbHOCTb

BooOpakenue — 9To mpeKpacHas ¥ MOTYII[eCTBEHHAsA CI0CO0-
HOCTBh uejoBeKa. UTo ABJsAeT co00H B IIOAABJSIONIEH YACTH MC-
KyCCTBO UM TeXHHMKa, KaK He BOILJIOIIeHHoe BoobOpaskenme! Ha-
VUYHBIe HOed U TEeOPHH TaKyKe OKas3bIBaIOTCS B OOJIBIIIEN Mepe
ero mopo:kaeHusMu. IIpocTpaHCTBeHHOE BOooOpaskeHme, pPasBU-
THUIO KOTOPOTO CJYKUT TeOMEeTPUA, COCTABIAET BaKHBINH KOMIIO-
HEHT B OOIIell CIOCOOHOCTH YeJOBEeKa K BOOOPaKEeHUIO U MMeeT
CYIIIeCTBeHHOE 3HaueHue B psAxe oTHomeHui. OHO, pasymeercs,
BOOOIIle HEOOXOAMMO UeJIOBeKY IJIs OPUEHTUPOBKU B OKPYKalo-
IeM MUpe U B Pa3BUTOI (GopMe CYIIeCTBEHHO AJIsI MHOTUX BHUIOB
nesarenbHocTr. OHO HYIKHO KBaIU(MUIIMPOBAHHOMY pabouemy,
WHIKeHepy, apXUTeKTOpY, aBUATOPY, CKYJIbIITOPY U T. . BMmecTte
C TeM pa3BUTHE IIPOCTPAHCTBEHHOTO BOOOpaKEHUS pPacIIupAeT
BHAZEHNE MHpa, IejaeT ero 0oJiee IPOCTPAHCTBEHHO BBINYKJIBIM
W COMep:KaTeJbHBIM IIOJO0OHO TOMY, UTO [ejlaeT CTePeoCKOIl
¢ IJIOCKMMU CHUMKaMu’. PasBuToe BooOpaskeHme oboraiaer BHY-
TPpeHHUH MHUP dUYesoBeKa, JaBas eMy BO3MOKHOCTL CO37aBaTh
B cebe M co3epraTh pasHOOOpa3HbIEe KAaPTUHBI.

CioBoM, pasBUTOE MIPOCTPAHCTBEHHOE BOOOpaKeHUEe — 3TO
BaJKHBIN dJIeMEHT OO0Ileill KyJbTypbl. I'eoMerpusi, TpeOys B0OOO-
pakaTh reoMeTpuuecKre 0o0pasbl B MX HAEATbHOM TOYHOCTU U
JIOTUYECKOIl OIpe[eeHHOCTH, OaeT 9THUM MIPOCTPAHCTBEHHOMY
BOOOParKeHUI0 YTOHUYEHHOCTb X TOUYHOCTD.

Benukuit apxurektop Harrero sexa Jle Kopb6roswe mucadr:

«I'eomeTpusi ecTh CPEACTBO, C IIOMOIIHLI0 KOTOPOTO MBI BOC-
NpUHUMaeM cpely U BhIpakaeMm cels.

T'eomeTpus — 3ToO OCHOBA.

Kpome Toro, oma sBiIsgeTCsS MaTepHAJbHBLIM BOILJIOIIEHHEM
CUMBOJIOB, BBIPa’KaIOIX BCE COBEPIIIEHHOE, BO3BBIIIIEHHOE.

Ona gocraBidgeT HaM BBICOKOE YIOBJIETBOPEHME CBOell Mare-
MaTHUYECKOl TOUHOCTBIO.

Marmuua uaetr or reomerpuu. CiiemoBaTesnbHO, UEJIOBEK Ha-
mreii SIIOXW CBOMMU XYI0KE€CTBEHHBIMM BIIEUATJIEHUAMU 00sS3aH
B IIEPBYIO ouepenb reomerpuu. Ilocye crosieTuss aHaaM3a COBpe-
MEHHOe HCKYCCTBO M COBPeMeHHAas MBICJb PBYTCA 3a MIpeiesbl
CJIyYalHOTO, W TeOMEeTPUsS MNPUBOAUT MX K MaTEeMATHUUYECKOMY
r[opﬂ,zuscy ¥ TapMOHHU. ITa TEHAEHIIWA YCUJIUBAETCA C KaKIbIM
JHEM» .

3 Jle Kopo6iosve. I'pagocrpoutenserso // JIe Kop6iosse. Apxurekrypa XX Beka. — M.,
1977. — C. 25.
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Bo BmoxHOBeHHBIX cjaoBax KopbOiosbe reomMeTpusi BOCIIETa B ee
BOILIOIIEHNN B PeaJIbHBLIX BelllaX, B €IUHCTBE I'eOMETPHUUYECKOI'0
obpasa W ero MaTepuaJbHOT'O OCYIleCTBJeHUs. «Maluua uaer
OT reOMEeTPUN», BCSI TEeXHHKA IPOHH3aHA reoMeTpuell M HAUMHA-
eTcsi ¢ TeoMeTpuu, OO BCIOAY, TAe HY:KHA MaJieiInas TOYHOCTh
pasMepoB 1 (POPMEI, I'le HYKHA CTPYKTYPHOCTh B3aMMHOTO pac-
MOJIOKEeHUs YacTeii, BCTYMaeT B CUJYy TeOMeTPHs.

KouctpykTop, padounii-usodbperaresb, NHKEHEDP IPEeICTaBJIA-
IOT cebe cHauajia IPUMEPHBIN BUJ CO3IaBaeMOM IeTalu UJIN KOH-
CTPYKIINU, YEePTAT, YTOUHSIOT, HAEJAl0T MOJAENN; HaKOHeIl, CKJa-
IbIBaeTCsA TOUHOE IIPeJCTaBiieHNne, AesaloTcAd pabouue uepTerku,
U II0 HUM BOCCO3JAIOT IPOCTPAHCTBEHHBLIN BHUJ IIpeaMeTa, HU3Io-
TOBJIAIOT ero. Tak IpOMCXOAUT B3amMOJeliCTBHE IMPOCTPAHCTBEH-
HOTO BOOOpasKeHms, M300parkeHns Ha UepTerke W pPeaJbHOTO BO-
ILIOIIEHUA B MOJEJIMW WM B IOTOBOM IIpeiMeTe.

B mexanmke m B (pusmKe reoMeTpHUUYECKMe IIPeINCTaBJIEHU
TaKyKe UrpaT (PpyHIaMEHTAJLHYIO POJb yiKe IIOTOMY, YTO IBH-
JKeHMe, IPOIIeCChl IPOUCXOAAT B IIPOCTPAHCTBE. BCIOMHUM XOTSA
Obl KHHEMATHKY M I'€OMETPUUYECKYI0 ONTHUKY. BCIOMHUM eIlie
CTpOeHIe KPUCTAJJIOB, TPOCTPAHCTBEHHBIE MOJEIHU CIOKHBIX MO-
JIeKYJ, CUMMETPUIO JKMBBLIX OPraHU3MOB U JIP.

O sHaueHHM IIPOCTPAHCTBEHHBIX IIPEICTABJIEHUII B M300pasu-
TeJIbHOM HMCKYCCTBE 1 apXUTEKTYpPe I'OBOPUTH He MPUXOAUTCA — OHO
oueBUAHO. OTMETUM, MEKAY IIPOUYNM, UTO MOCBAILEHHAS NCKYCCTBY
KHHATA OJHOI'0 M3 CAMBIX BBIJAIOIIMXCS COBETCKUX XYIOKHUKOB
ITerpoBa-Bogkuna maswiBaercs «IIpocTpancTBo EBKammar.

YueHUKY HYKHO MOKas3aTh 9TU peasibHble CBA3U W BOILIOIIE-
HUSI TeOMeTPUU B JKU3HIU, B IPUPOLE, B MCKYCCTBE, B TEXHUKE
U HayKe, 4TOOBI TeOMETPUA HpejcTasia mepell HUM He KaK CyXoi
mpeaMeT, TMOAJIeKAINil 3yOpeskKe M crave Ha dK3aMeHe, a Kak
TOJIHOE COMepsKaHus, 3HAUEeHUsS U KPaCOThl SBJIeHUE KYJIbTYPHI,
Kak HayKa B ee CBA3SX C peaJbHBIMU BeIlaMMu.

IIpocTpancTBeHHBIE IIPEACTABIECHN, I'eOMeTPUYECKAd UHTYU-
1A UTPAIOT CYIEeCTBEHHEHIIYI0 POJIb BHE T€OMETPUMN M B CaAMOM
MateMaTuke. MaTemMaTuduecKuil aHaJ u3 HeMBICIUM 0e3 TeoMme-
TpUYeCKUX 00pPasoB, HAUMHASA C UYMNCJIOBOM HpPAMOI, Ipad@uKoOB
GyHKIMI 1 T. 1. 9Ta POJb TeOMETPUU cKasajach B HAIlleM BeKe
B co3maHUM (DYHKIIMOHAJHLHOTO aHajamW3a, 3aHABIIEro C ero oc-
HOBHBLIM MHOHSTHEM IIPOCTPAHCTBA (PYHKIUI IEHTPAJbHOE MECTO
B COBPEMEHHOM MaTeMaTuKe. UTOOLI He BO3OYAUTH MOMO3PEHUH
B CTpeMJIEHWHU aBTOpa-TeoMeTpa PAacXBaJUTh CBOIO HayKy, CO-
IIJIIOCHh Ha CY:KIeHWe OJHOTO HAaIlleTo BBIJAOIerocs MaTeMaTuKa
aopyroi cmemumaJjabHOCTH: «IIpocTpamcTBa (OYHKIUIT B OGOJIBIITHH-
CTBe ciy4JaeB 6€CKOHEUYHOMEDHBI, HO BO3MOXKHOCTh HAIIPaBJIEHHO
BOCHUTATh U 3aT€M IIPUMEHUTH K HUM IIePBOHAUYAIBHO PA3BUTYIO
KOHEUHOMEPHYIO (Jaske TPeXMepHYI0) MHTYUIIUI0 OKasajaach HC-
KJIIOUUTENbHO ILIOLOTBOPHBLIM OTKPBITHEM»*,

4 Manun 0. 1. Matematuka u dusuka. — M., 1979. — C. 10.

13



AtoT mpuMep — (POPMUPOBAHNE TPOMATHOI 00JacTH HAYKU
0 YKa3aHUAM T'eOMETPUYECKON WHTYUIIUU — C OOJBIION CHJION
MOKAa3bIBAaeT HAM Ty HAIPAaBJAMIOIIYIO POJb, KAKYI0 HUI'PAET Ieo-
MeTPHUUYECKOe BOOOpa’KeHIe B ero Ccorose C JIoTukoii. TouHo Tak
JKe IOJIKHO OBITh M B IMKOJBHOM IMPEIOoJaBaHNMN.

WUsznoxenune mgoboro sjieMeHTa Kypca — Oyab TO aKcmoMma,
oIpeneJieHNe, TeopeMa, 3aada — JOJIKHO HAUMHATHCA C HATJIAL-
HOM KapTHUHBI, KOTOPYIO YUaIlleca 1 OOJKHBI YCBOUTH B IIEPBYIO
ouepenb. Hamo, 4ToObI yYEeHMK IIPEACTABJSAI cebe, MTOIYCTHM,
YTO TaKoe MUpaMuga, MOI ONMCATH €€, MOT PeIlUTb KAacCaroIly-
IOCA ee IMPOCTYIO 3ajauy. A ecju IIPKU 9TOM OH He MOXKeT 0e30IIu-
0OUYHO MIPOM3HECTH TOUYHOI'O ee OIpeleseHHd, B 9TOM eIfe HeT
OOJIBIIION OefbI.

CyIllecTBeHHO HAIJISIAHO-OINEPATHUBHOE 3HAHHIE IIpPeaMeTa, CO-
Iepsxalee HarVIsAHbIE IPEACTABICHUA 1 YMEHUA IIPABUIbHO UMU
omepupoBaTh. Bce mpencTaBiasioT cede, UTO TAKOe CTYJ, U YMEIOT
UM II0JIb30BaThCs, HO, HABEPHOE, MHOTHE 3aTPYAHATCSI HATh Cpa-
3y, Kak Ha sK3amene, ompefejenmne: «CTysoM Ha3bIBAETCH...»
Y marematuroB XVII — XVIII BB. He OBLLIO TOYUHBIX OIIpeneJie-
HUA HU (PYHKIIMK, HA IOpeAeja, HU CaMOro IIePeMEeHHOTO X, HO
OHU elfiCTBOBAJM C 3aMeuYaTeJbHBIM yCIeXOM (BCIIOMHMM XOTS
ObI Jiijmepa).

IleganTuunoe cTpemMJyeHHE OaTh KaKIOMYy IIOHATHIO CJIOBEC-
HOe oImpefejeHne MOKET BECTH K TOMY, UTO BMECTO IIOSCHEHUS
U YTOUHEHHUS IIPeICTaBJIEHNH, KOTOPHLIE YyiKe eCTh y yuaIluXcHd,
BMecTO (JOPMHUPOBAHUA y HUX HOBBIX SCHBIX HMOHATHUHN MM LaeT-
cAd HEUTO TPYAHO IpeICcTaBMMOE MJIM BOBCEe HEBOOOpasmmoe, a
JIUIIL BBIPpAKEHHOE B CJOBECHOU 000JIOUKe, IOPOH TaKoOM, UTO
OHU He MOT'YT HUM IOHATH CKasaHHOe, HU IIpHMMeHuThL. Hampumep,
B IeHCTBYIOIINX yUyeOHUKAX JaeTcsa omnpenesenue: «Hampasie-
HUEeM Ha3bIBaeTCA MHOKECTBO BCEX COHAIIPABJIEHHBLIX Jydeii».
W rtax Kak yuyeHMKaM ysKe BHYIIAJIM, YTO MHOYKECTBO — 5TO CO-
OpaHUe 9JIeMEHTOB X OHO COCTOUT M3 CBOUX 3JE€MEHTOB, TO BBI-
XOOUT, UTO HaIpaBJeHHE COCTOUT M3 BCEX COHAIPABJEHHBIX JIY-
yeii. WMHTYUTHBHOEe IIOHATHE HAIPaBJIEHUA, CBONCTBEHHOE
KayKJOMYy YeJOBEKY, 3aMeHsJeTCsaA YeM-TO HeBOOOPa3MMBIM U
K TOMY JKe COBEpIIIeHHO OecCHoJIe3HBbIM, MOCKOJbKY TAaKUM IIO-
HATHEeM HaIpaBJIeHWS HHKTO, COOCTBEHHO, He moJb3yercsa. Cxox-
HOEe MOJIO)KEeHMEe OOHAPYKHBAETCS C OIPEeIeJeHUIMU IIOHATHHA
BEKTOpPa, MHOIOIpaHHUKA U IP.

Bpsaa au ecth uTo-1100 GoJiee BpeaHOe IS AYXOBHOTO — yM-
CTBEHHOI'0 M MOPAJBHOI'O — Pas3BUTHUA, UeM NPUYYATh UYeJOBEKa
IPOU3HOCUTH CJIOBA, CMBICJ KOTOPBIX OH TOJKOM HE IIOHMMAET
U IPpU HEOOXOAMMOCTH PYKOBOACTBYETCA APYIMMU HOHSATUSIMU.

OgHAKO MBI CBEPHYJIM HA KPUTUKY CYINECTBYIOIIMX Y4YeOHM-
KOB, KOTOpas ceiluac He BXOAUT B Hally 3agauy. O HUX CTOMJIO
VIOMAHYTEH JUINb 3aTe€M, 4TOObI sIpUe OTTEHHTh BAasKHOCTH HAa-
IVIASHOCTH M He JATh HOAYMAaTb, UTO, BCAYECKU HOJUEPKUBAA ee
3HaueHue, MLl JOMUMCSA B OTKpBIThIe aBepu. Bosce Her! EcTb
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BCE€ OCHOBAHUA YETKO BBIABUHYTHL U IMOAUEPKHYTH KaK MIEPBBIH
OCHOBHO¥ TMPUHITUII TIPEII0JaBaHUA IeOMEeTPUM: KaKIbIN 3JIeMEeHT
Kypca TeoOMeTpHUM [TOJI;KeH OMUpPaTbCs Ha BO3MOKHO 0Oojiee mpoO-
cToe U siCHOEe HATJISAHOe IpeicTaBJieHUe, C TAKOTO IIpeicTaBJie-
HUS HAO0 HAUMHATHL U UM PYKOBOJCTBOBATHCS B W3JIOMKEHUMU.
CoOOTBETCTBEHHO STOMY M3JIOMKEeHUe cJelyeT HauMHATL C HATJIAL-
HOWl KapTWHBI — C PUCYHKA Ha JOCKe, ONMMCAHUSI, IMOKa3a Moje-
U, TIPUMEpPOB.

B cTepeomeTpun CyIlecTBEHHO MMEHHO PHUCOBATDH, UTOOBI BBI-
3BaTh IIPOCTPAHCTBEHHOE IIPECTABIEHNE, TIOJb3YACh, HAIIPUMED,
MITPUXOBKOW, OTTEHAIOINe!l TpaHW MHOTOTPAaHHWKA, W T. .
(B PTO¥l CBA3WM 3aMeTHMM B CKOOKaX, 4TO Ha (PUBUKO-MaTeMaTHU-
YeCKMX W €CTEeCTBEHHBLIX (haKyJbTeTaxX IeJaroruuyecKMX WNHCTHU-
TYTOB IIOJIEBHO OBLIO OBl BBECTU 3aHATHUA IO CIEIUATBHOMY DPHU-
COBAHUIO).

BMmecTe ¢ pUCYHKOM [TOJIXKHO HATU Pas3bsICHEHUE ero IIpo-
CTPAHCTBEHHOTO COJePiKaHUsA, BO30OYKIAr0Iee BEePHOe ITPOCTPaH-
cTBeHHOe mpexacTaBieHue. OJHOBPEMEHHO HYYKHO Pa3biACHUTH
TaKyKe TOUHBINI TeOMEeTPUUYECKU CMBICT M300pakaeMoro — mpo-
HMUBaTh W OPraHW30BaTh HATJIAJHOE IIpeACTaBJeHHe TOUYHOM JIo-
rukoii. TyT ke HeoOX0oaMMO, €C/JIM 9TO He CAeJlaHO paHee, IATh
peasbHbIE IPUMEPHI U3 KU3HU, M3 TEXHUKU U T. I. JlormuecKu
OpraHMB0BaHHOE IIPECTABJCHUE AaeT HYKHYIO (DOPMYJIHUPOBKY
ompeqeseHns, TeOpeMbl UM 3aZauu. 3a STUM BCTYMAIOT B JAei-
CTBUE JIOTUUYECKUe T0Ka3aTeJbCTBA.

TeomeTpruecKuii METOJ M COCTOUT B TOM, YTO CAMO JIOTHYe-
CKOe [OKAas3aTeJbCTBO WJM pellleHre 3aJayud HamlpaBiadeTcsa Ha-
TJISOHBIM IpeACTaBJIeHNeM; JIydllle BCero, Korja JOKa3aTeJIbCTBO
WM pellleHue, MOKHO CKal3aTh, BUJHO M3 HATJIATHON KapTUHBI.
B crapuHHBIX MHIUNCKMX COYMHEHUAX OBIBAJIO TaK, YTO AOKA-
3aTeJbCTBO CBOMUJIOCH K UEPTEKY, MOATUCAHHOMY OJHUM CJIOBOM
«Cmotpu!». Ilpm mpoumx paBHBIX YCJIOBUAX CJEAYET IIPEeIIo-
YeCcTb HATVIANHBINA BBIBOJ BBIUMCIUTEIBHOMY U pPagy HATJIATHO-
CTU MOYKHO JK€PTBOBATBH JIOTUYECKON TOUYHOCTHIO M OOOCHOBAHHO-
ctbio. Tak, MmMOJe3HO NPUBJIEKATh HATJSAAHBIE COOOpaKeHUS
HEeMPePLIBHOCTY, HATJISAHO MIPEeACTaBJAsIeMble ABUKEHUA TOUEK U
¢uryp m gpyrue obpasbl, 3aMMCTBOBAaHHEIE JajKe U3 MEXaHUKU
u Qpusuku (cam ApxuMe] II0Jb30BAJICId MEXaHUYECKUMU CO00-
Pa’KeHUSAMHU B CBOMX FeOMETPUYECKUX BBIBOJAX, XOTdA, KOHEUHO,
OKOHYAaTeJIbHOe 0DOPMJIEHNE UX COBEPIIAJT CO BCEH CTPOTOCTHIO).

K Tomy ke momxony HOJIKeH ObITh HPUYUYEH U YUYEHUK — Ha-
YMHATH C PUCYHKA, ¢ HAOPOCKa, HATJIAJHOTO OIMHCAHUA — OTBE-
YaeT JU OH Yy AOCKHU, YYUT JIM YTO-HUOYAL AOMa, peIIaer Ju
3aJjauy; PUCYHKY [OJIKHBI COIIyTCTBOBATH IIPOCTPAHCTBEHHOE
IIpeJcTaBJIeHUEe, TOUHOE IOHMMAHUE U T. 1.

HackoapKO BasKHO COUeTaHUE SICHOTO HATIJISTHOTO IIPEeJCTaB-
JIEHUA W TOYHOIO NMOHMMAaHWUS M HACKOJbKO OIIACHO IPeHeOpeub
UM, MOKHO BUJAETH Ha IIPUMepPe ONpeJesieHus MHOTOTPaHHUKA,
maHHOro B yueOHuKe st 10—11 KiaccoB. ITO ompeeeHne Tak
YCJIOKHEHO U 3aIllyTaHO, YTO €r0 PeKOMEHAYIOT U He CIpAaIInBaTh
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Yy yueHHuKOB. V1 He MyApeHO: aBTOPhI YUeOHMKA CAMU 3aIlyTaJIlCh
B CBOEM OIIpeJeJIeHNM, M OHO OKasajioch HeBepHbIM! Ha pucynke
yueOHUKA II0 TeoMeTpuu s 7—9 KJaccoB mM300paskeHbl IISATh
MHOI'OIPAHHUKOB, ABA N3 HUX He MOAIIAJAIOT IIOJ OIIpeIesieHIe,
mamHoe B yueOHuKe s 10—11 xkaaccoB. A mPOM3OIILIO 3TO IIO-
TOMY, UTO aBTOPhI HE CMOIJIM COeQUHUTH MOJKHBIM 00pasoM Ha-
IVIAAHOE IPeJCTaBJIeHIe O MHOTOIPDAHHUKE C JIOTMYECKOM TOUYHO-
CThI0O (DOPMYJINPOBOK.

Wrak, usiaoskeHre BCIKOrO pasieiia Kypca HaulHAeTCa ¢ Kap-
THUHBI, ¢ HATJIALHOTO IPEeICTABJICHN, 00palaeTcs K JIOTUKe (op-
MYJHMPOBOK M BBLIBOJOB, a 3aTeM IIOJYyUYEeHHOEe 3HAHNE IIPUMEeHS-
eTcsd U 3aKPeIlIsIeTcs IMPU PACCMOTPEHUU IPUMEPOB U PeIleHNN
3amad. ITOT OOILIUI IOPALOK H3JIOMKEHUSA MOMKHO XapaKTepuso-
BaTh KpaTko cjoBamu B. U. JleHuHa 0 IIyTu HO3HAHUS BOOOIIE:
«OT XUBOro cosepraHusg K a0CTPAKTHOMY MBIIIJICHUIO U OM Hezo
K npaxmuke — TaKOB AWATEKTUUYECKUI MYTh TO3HAHUS UCIMUHDL,
NIO3HAHUA OOBEKTUBHOU PeaJbHOCTH»®.

Takum myTem, CKakeM MbI, M OOJYKHO HATH IIO3HAHNE yda-
IUMUCA T'€OMEeTPUMH.

3. Jloruka U MuUpoOBO33peHUue

IToxka MBI GoJibIlle TOBOPHMJIU OO MCXOJHOM ITYHKTE — O «¥KHU-
BOM CO3epIlaHuM»; 00paTUMCS KO BTOPOMY — K «abCTpakTHOMY
MBIIIIJIEHUIO», K TOMY 3JIEMEHTY <«TPEeyroJibHUKa», m300pakaro-
IIero CYIIHOCTh IeOMEeTPUU, KOTOPBIN ObLIT 00O3HAUEH KaK JIo-
TUKAa.

C maBHUX IIOp OOIIENIPU3HAHO, UTO KypC I'€OMETPUU TOJKEH
VYUTH JIOTUYECKOMY MBIIIIJIEHNIO0, U ObLIO ObI JUIITHUM PacIIpo-
CTPaHATHLCA 37Iech HaA DTy TEMY, HO BCe JKe IIpeJicTaBJAeTCs He-
00X0IMMBIM OOpaTUTh BHUMAaHNWE Ha HEKOTOPbIE MOMEHTHI.

ITo-BupuMoMy, ecThb cepbe3Hasd OIIACHOCTb, YTO MHOTHE yua-
muecd He CTOJIBKO IIOHMMAIOT JIOTUKY (OpPMYJUPOBOK M JOKasa-
TeJbCTB, CKOJIBKO 3ayYyMBAIOT MX. EaBa COMBIINCH C 3ayUYeHHOU
GOpPMYJIUPOBKU, C 3ayUYeHHOTO X0/la PacCy:KJIeHU, TaKoil YUeHUK
TepAeTcA; OH CJeNyeT, COOCTBEHHO, He CMbBICTY (hOPMYJIUPOBKH,
He PacCyKIeHWI0, a UX BHEIIIHEN CJIOBECHOII 000JIOUKe.

OnHO M3 TEepPBBIX CPEACTB IITPEONOJEHUA OIACHOCTH: yMEHb-
IMIUTh YUCJIO (POPMYJUPOBOK U OCOOEHHO IOKa3aTeJabCTB, KOTO-
pble YUYEeHUK JOJIXKeH 3allOMHUTL. Jlydlile, 4YToObl yUYEHUK 3HAaJ
IOKasaTeJbCTBA HEMHOTMX TEOpPeEM, HO 3HAJI C AeHCTBUTEJIbHBIM
MOHMMAaHueM, YeM CTapaJiCsi BBIZYOPUTH MOKAa3aTeJbCTBa AECAT-
KOB yTBEp:KJEeHUI, KOTOPhIE COMep:KaTcd B Kypce reoMeTpUU 3a
OIVH KJIacc.

Eciu MBI XOTHM yYHTBH JIOTUYECKOMY MBIIIJIEHUIO, TO U HAIO0
YUUTh €My, a He 3allOMMHAHUWIO I'OTOBBIX paccy:kaeHuii. Iloaro-
My m3jaraemble (hOPMYJIMPOBKU U JOKa3aTeJbCTBA MOJKHBI pac-

5 Jlenun B. H. TloaH. cobp. coa. — T. 29. — C. 152—153.
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cMaTPUBATLCA CKOpee KaK yIpPakKHEHUS B JOTMYECKOM MBIIILIe-
HUU, YeM KaK TO, YTO HAJ0 3ayYUBaTh.

Orciona BBITEKAeT U CJHEAYIONINII BLIBOJ: HYKHO JAaBaTh BO3-
MOJKHO OOJIbIlIE YIPaKHEHWH B JIOTMUYECKOM MBINIJIEHUW, KaK
BOOOIIEe HYKHO MHOT'0 YIIPAKHATHCA, YTOOBI HAYUYUTHCA KaKOMY-
aubo BULY IesSTeLHOCTU, OyIb TO paboTa HANUJIbHUKOM, XOIb-
0a Ha JbIKaxX WM JIOTUUECKHe paccyskaeHus. IloaTomy mosesHo,
BO-TIEPBBIX, YTOOBI yuarmuecsa pasdbmpanu (C IOHUMAaHUEM) MHOTO
IOKAa3aTeJbCTB, HO He 3ayuyWBajud WX. BO-BTOPBIX, CIedyeT pe-
IaTh BO3MOIKHO 0OJIBINIe 3aJjay Ha JOKAas3aTeJIbCTBO: ropasao IIo-
Je3Hee W MIPUATHEEe COO0Pa3UTh, HAUTU CAMOMY XOTsA Obl MaJIeHb-
KUii BBIBOJ, UeM 3ayuyuWBaTh UysKHe paccys:KAeHus (KpoMme Tex,
KOTOpbIE OCOOEHHO IMMOYUYUTEJTbHBI, OCTPOYMHBI U KPaCHUBBHI).

Jloruka reoMeTpuu 3aKJOUYeHa HE TOJBKO B OTAEJIbHBIX (POp-
MYJUPOBKAX W MOKasaTeJbCTBaxX, HO BO BCeil WX cucreMe B Iie-
goMm. CMBICST KaiKJOTO OIpelesieHrs, KaKIA0H TeopeMbl, KasKIo-
ro J0Kas3aTeJbCTBA OMpeaessieTcsa B KOHEUHOM CUeTe TOJbKO 5TOM
cucTeMoii, KoTopas ¥ JAejlaeT TeOMeTPHUIo IeJIOCTHOM Teopuei, a
He coOpaHHeM OTAeJIbHBIX OHpemeJeHUA U YTBEepP:KIeHui. ITo
3aKJI0UYeHHOEe B TeOMeTPUU IIOHATHE O TOUHON HayKe C ee CTPO-
ro pasBopauyMBaIOIeicss CUCTEeMOII BBIBOJOB TaK K€ CYII[eCTBEH-
HO, KaK ¥ TOUYHOCTHL B Ka’KIOM BBIBOJE.

Teomerpusa Tak u AOJKHA OBITH IIPENoOgaHa — C BO3MOIKHO
00JIbITIeli CTPOTOCTHIO BCel cucTeMbl. [Ipu 9TOM HaI0 MOHWUMATH,
uyT0 abCOJIOTHON CTPOTOCTU BOOOINE HE CYIIECTBYEeT, W IO3TOMY
3aJjlaua TIpPeIoJaBaHUs COCTOUT B TOM, UTOOBI, IPUHAB HEKOTO-
pbIii YPOBEHDB CTPOTOCTU U OIPEAeJIeHHYI0 CUCTEMY IMPEeANOCHIIOK,
pasBopauuMBaTh Ha e€e OCHOBe IOcJenyiolee uajoxKeHue. Bce cy-
IecTBEHHOE B Kypce cJjefyeT AOKAa3blBaTh HA MPUHATOM YPOBHE
CTPOTOCTH W He JOIYCKAaTh JOTMUECKUX IMEepPepPhIBOB, II0 KpalHei
Mepe B OCHOBHBIX JUHUAX Kypca.

MMeHHO TaK — B MOJIHOI JIOTUYECKOI CBSA3HOCTU — IIOCTPOE-
HO uajokeHue B «Hauamax» Eskiaupa. Tax ke, B 00IemM, OHO
IOCTPOEHO U B 3HaAMeHUTOM yueOHHKe Kucemnesa. O ymauHo 10-
myaspusupoBaa EBKJauma, m ero 3aBUAHBIN yclex OOYCJIOBJIEH
B 3HAUMTENbHON Mepe MMEHHO TeM, YTO Ha HeM JieKaJl OTCBeT
reaus EBKiuga, mogo0HO TOMY KaK Ha MEPEIOKeHUSX AJS JeTeit
«'ynnusepa» u «Pobumsona Kpyso» ocraercs cien pyKH UX Be-
JUKUX CO3qaTeseil.

TpeboBarme M3JI0KUTH OCHOBHBIE JUHUU Kypca 0e3 Joruue-
CKHX TPOMYCKOB BOBCE He 03HAUAET, UYTO YUYEHUKU TOJIKHBI
YUUTh BCEe 9TU AOKAas3aTeJbCTBA: TaKas HArpy3Ka Oblaa Obl upes-
MEepPHOM.

HokasaTenbcTBa MOTYT OBITH pasfiesieHbl Ha TPU YaCTHU: Te,
KOTOpBIE CJIeAyeT M3YyUYUTh W 3HATh, TE€, KOTOPbIe HAIO MOHATH,
¥, HaKOHeI[, Te, KOTOPble MOKHO B XOJe O0yUYeHUs MPOIYCTUTh,
uMess B BUAY, UYTO OHU MOTYT OBITh IPEIBHABICHBI W Paso0paHbl
10 KeJIJaHWI0 BCeM KJIACCOM MM OTHeJbHBIMU YyUeHUKaMu B 3a-
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BUCUMOCTU OT UX YPOBHA (OHM JOJKHBI OBITH U3JIOKEHBI B yues-
HUKe B KadeCTBe AOIOJHEHW).

B usiosxeHuMM reoMeTpUUd MOYKHO MCXOAWUTH M3 PAs3HBIX OC-
HOBHBIX TIOCBHLIOK, M3 PA3HBIX CHUCTEM aKCHOM, JIUIh ObI B HUX
He OBLIO HU HNPOTHBOpEUNii, HU MPOIyCcKoB. MIHaue roBops, mpu-
HATas aKCMOMAaTHUKA IOJIKHA OBITH HEIIPOTUBOPEUMBOUA U TIOJIHOM,
B OCTAJILHOM €e BBLIOOP MOJIMKEeH OIpPeAeNAThCA MeJarornyecKuMu
COO0pasKeHUAMHU, MPesKIe BCero HATIAAHOCTBIO U MPOCTOTOI BbI-
BOJIa M3 HUX OCHOBHBIX CJIEICTBUI, 3a KOTOPBIMH IO#geT pas-
BepThIBaHUE COOCTBEHHOTO COJlep:;KaHuA Kypca. BesycioBHoe 3Ha-
yeHMEe WMeeT caMa CTepeoMeTpPUs KaK CHucTeMa IIOJOMKeHU,
CBSIBAHHBIX JIOTHUECKUMU IIepexoJaMu, a CUCTeMa aKCHUOM Urpa-
eT POJb OTIPABHOTO MYHKTA, OT KOTOPOI'0 HAUMHAETCS IPOXO0K-
JeHIe 5TO CHUCTEMBEI.

B mociennee BpemMs IpencTaBUJIOCh HEOOXOAUMBIM IIEePEHTU
B IIIKOJIBHOU TeoMeTpuu Ha 0oJjiee TIyOOKUII YPOBEHb CTPOTOCTH,
YyeM TOT, KOTOPBIN 6bl1 y EBkiuma. dra 60JbIIasg CTPOroCTb CO-
CTOUT TpeKJe BCero B SBHOM YKasaHWU U (POPMYJIMPOBKE OC-
HOBHBIX TOHATUH ¥ aKCHOM, KOTOPbIE B MPEKHUX HIIOKEHUIX
TOJIBKO TOAPA3YMEBAJUCH.

Ho, usnaras 6ojiee TOYHO MCXOMHBIE MOCBLIKU, (GhOPMYyIUPYS
MPUHATHIE aKCHOMBI, HEOOXOAMMO AAJbINe MeP:KaThCA 3aJI0KeH-
HOTO B HHMX YPOBHS CTPOTOCTH, HE OCTABJSISA HM OTHOI'O CYIIe-
CTBEHHOTr'0 MyHKTa 0e3 MOKa3aTeJbCTBA, COOTBETCTBYIOIEro MPU-
HATOMY ypoBHI0O. MHaue B Kypce OymeT HapyllleHa CHCTeMa,
OymeT cMasamHa JIOTHKA ero M3J0KEeHUSA U MOKeT OKasaTbCsd, UTO
B HeM OyZeT mIpeacTaBjeHa He IeJOCTHAs HayKa reoMeTpus, a
ee (hparMeHThbI, UYTOOBI HE CKAs3aTh KYCKU U OOPBIBKMU, OAUH — Ha
OIHOM YPOBHE JIOTMKU, OPYroii — Ha APYroM, a TO U BOBce 0e3
JIOTUKMH.

Ecau mpuHAT TEOpeTHKO-MHOMKECTBeHHBIN YPOBEHDb, TO HYIK-
HO ero jgep:kaTbcsi. Hampumep, chopmyaupoBas akcuomy «IIps-
Mas eCTh HemyCToe MHOKECTBO TOUEK», HeJb3s IoCJe dTOTO IMPU-
HATh 0e3 JoKasaTeJbCTBa, UTO HA KaKIOW NPAMOM €eCTh IO
KpaiiHeil Mepe aBe TOUKHU (KaK 9TO cIejlaHO B MOCOOWMU IO Teo-
metpuu niasgs 10—11 xkaaccos). IHaue yTouHeHME MCXOJHBIX TIO-
CBLJIOK ocTaeTcs 0e3 JOJKHOI'0 YIOTPeOJeHUS U MOITOMY JIMIIA-
eTcsl CMbICJIa. BEIXOAUT, cCHAYAJIA TPOUSHOCATCS «yUeHble CJI0Ba»,
a IIOTOM [OeHCTBYIOT «II0 OUYEeBUIHOCTH». Takoe IIpernojgaBaHue
YUUT TOMY, UTO CJIOBA MOTYT PACXOAUTHCSA C EJIOM.

Henbssa Takike O0CTAaBIATH 0€3 JOKA3aTeJbCTBA CYII[eCTBEHHBIE
TeopeMbl Kypca, TOBOPS <«IpuMeM 06e3 JoKasaTeabCTBa...». Tak
MMOYTH BCEe B Kypce OKas3bIBaeTCs MPUHATHIM 0e3 JoKasaTeJIbCTBa
WY OCHOBAHHBIM HA NPUHATOM 0e3 mA0KasaTeJbCTBa, U KYpC
npuobpeTaeT CXOACTBO C HAOOPOM CBEJEHUI MO IeOMeTPUMU, TOT-
Ia KaK OH, II0 KpaiiHeil Mepe cTepeoMeTpusi, MOJKeH AaTh yue-
HUKaM He IPOCTO CBeJeHUsS II0 T'eOMEeTPHUH, a CUCTEeMY B TOU-
HOCTH HeTaJjieli U Bceli cTPpyKTyphbl. CKphbITas 3Aech riybokas
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3ajaya Kypca TeOMeTPHU COCTOUT B YCBOGHUU HAYYHOTO MUPO-
BO33peHUs, B (popMumpoBaHUU ero ocHOBHI. Ee obpasyroT Oesyc-
JIOBHOE yBa'KeHMe K YCTaHOBJIEHHOU HCTWHE, TpebOBaHUE TOKa-
3BIBATH TO, UTO BBIJBUTAeTCA B KaueCTBe MCTUHBI, OTKA3 OT
HOAMEHBI JOKas3aTeJbCTBAa BEPOWl WM CCBLIKOM Ha aBTOPUTET.
CrpemJieHrE K MCTHHE, IMOVCK JOKAa3aTeJIbCcTBA (MJIU OIIPOBEPIKe-
HUS) — 3TO aKTWBHAsdA, a IIOTOMY ¥ BeAyINas CTOPOHA B OCHOBE
HAay4YHOT0 MUPOBO33peHUA. CBOMCTBEHHOE eMy yOeskaeHue B (PyH-
IaMeHTaJIbHOM 3HAUEHUN M MOTYIIECTBEe HAYYHON MCTUHBI APKO
BBIPa’KeHO B 3HaMeHUTHIX ciaoBax B. U. Jleauna: «Yuenue Mapk-
ca BCECUJIbHO, IIOTOMY UYTO OHO BepHO»®. Kypc reomerpum BoOC-
OUTBIBaeT TpeOOBaHME JOKAa3bIBATH TO, UTO YTBEP:KIAETCA, €CJU,
KOHEUHO, 9TO He 3aMeHseTCs B Kypce ICEeBAOA0Ka3aTelbCTBAMU
uau 3adaBjaeHusMu: «IIpmmem 0Oe3 moKasaTeslbCTBa...» bBes3 10-
KasaTeJbCTBAa MOYKHO IIPUHATHP MHOTOE, W OCHOBaHHUeM OymeT
CIYKUTh CCBHLJIKA Ha aBTOPUTET: BEPHO MOTOMY, YTO CKa3aHO
B yueOHUKe (MU yUYuUTeJieM), a He TOTOMY, UTO JOKAa3aHO.

B yBaskenum K ucTuHe, B TpPeOOBAaHMH JOKas3aTeJLCTBA 3a-
KJIOYaeTCcs 4YpPe3BbIYANHO BAaKHBI HPaBCTBEHHLII MOMEHT.
B mpocreiimieii, HO oYeHBb BaYKHOW (opMe OH COCTOUT B TOM,
YTOOBI HE CYIUTHh 0e3 MOKas3aTeJbCTB, He IIOAIaBaThCsS BIIEUAT-
JeHUAM, HACTPOEHUAM UM HaBeTaM TaM, I'Jle Hy»KHO pasobparbcs
B (harkTax. HayuHas mpegaHHOCTh MCTHHE 1 COCTOUT B CTpPeMJIie-
HUU OCHOBBIBATL CBOM yOe:KIeHUs B JIOOOM BOIIpoce Ha HAOJIO-
IeHNsIX 1 BBIBOJAX HACTOJBKO O0BeKTUBHBLIX, HACTOJLKO HE IOJ-
IAIOMIMXCA IIOCTOPOHHUM BJINSAHHUAM 1 IIOPBIBAM TeMIEepPaMeHTa,
HACKOJILKO 9TO TOJILKO JOCTYITHO UeJIOBeKy. Bmpouem, y Hac HeT
3/lech MeCTa PasBUTh 3Ty caMy mo cebe UPEe3BBIYAWHO BaKHYIO
TeMy HPABCTBEHHOT'O COAEP:;KaHUS B OCHOBE HAYYHOT'O MHPOBO3-
3peHusi. MBI TOIBKO obOpaliiaeM BHUMaHWE HA TO, UTO KypC I'eo-
MeTPUHU B IPABUJIbHOI €ro IIOCTAHOBKE W OpPHEHTAI[UM, BOCIIH-
TBIBaA OOJIYKHOE OTHOIIEHNE K HMCTHUHE, TeM CAMbIM BHOCHUT CBOM
BKJIQZ B (POpMHUPOBAHME HAYYHOTO MUPOBO33PEHUSA U BMECTE
C 9THM B HPABCTBEHHOE BOCIUTAHNE YUYAI[HUXCH.

Kouneuno, eciu mpemojaBaHue MOJHOCTHIO 3aMBIKAeTCA B ca-
MOM reoMeTpuH, TO JaBaeMOe MM PasBUTHE JIOTMYECKOI'O MBbIIII-
JIeHUsI U 3JIEMEHTOB HAYUYHOT'O MHPOBO33PEHUS He BLIHAET 3a ee
cuenuajabHble paMKu. IlosToMy Iegaror JOJIXKEH MIPUBJIEUYL BHU-
MaHUe ydaluxcs K obIeMy 3HaueHUWI0 TpeboBaHUIl JoKas3aTesb-
HOCTH M TOYHOCTH B YCTAHOBJIEHMN KCTHUHBLI BOOOIIle — HE B OJ-
HOUM Jiuinb reomerpuu. Ho, uToOLI K TOMY OblLiIa BO3MOKHOCTD,
KypC He JO0JI’KeH OBbITh NEeperpyskKeH CIelUaJbHBIM MaTepPUaioM.
Torga yuarmimecsi CMOI'yT YCBOMUTH TO, UTO HEMCTBUTEJIHLHO HEOO-
XOAVWMO, M B Mepy CHJI IPOAYMATH OOII[1ie BLIBOIKI.

MupoBos3peHue He BBIYUMBAIOT, OHO (POPMUPYETCA UeIOBe-
KOM HA OCHOBE ero JKM3HEHHOI'0 OIIbITA, KYJbTYPbl M YUEHNS.

6 Tam xxe. — T. 23. — C. 43.
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4. 3HaHMA U yMeHus

PaccmorpeB rayOumHHBIE 3aJaul NPEIONABAHUA I'€OMETPUU,
o0paTuMCs Telepsb K ero ABHOMY COIEPIKAHUI0O — K TeM 3HAHUAM
U YMEHHUAM, KOTOPbIe OHO JOJIMKHO JaBaThb M BbIpadaThIBATh
y yuarmuxcs.

Mo:xHO cpady 3aMeTHTh, UTO BBIPAa0OTKA yMeHUA pellaTh
reoMeTpuuYecKre 3aJadyy M IIPOBOJUTH SOKA3aTelbCTBA yiKe 3a-
KJIIOUeHA B COUYETAHMU I'€OMETPHUUYECKOro BOOOPAKeHUs C JIOTHU-
yecKUM MbInuieHrneM. OHO COCTOUT B YMEHHM HATJISAAHO IIpej-
CTaBUTh cebe 3ajaudy, YBUAETh NOYTH pPeEIIeHus U JOTHYHO
nposectu ero. Eciam ke 3amaua KacaeTcsa peasIbHBIX Belleil, TO
ImepBoe, UTO HYXKHO yMeTh, — 5TO IMPEACTABUTH e€e KaK 3ajaudy
MaTeMaTHUUeCcKyi0, Kak 3afadyy reoMeTpuu (ecju 5TO He ClesaHO
SIBHO B ee IOCTAHOBKE) M 3aTeM peIlaTh ee, ONUpasch HA Ha-
IVIALHOE IIpeACTaBjJeHre W JIOTUKY. I'eoMeTpuuYecKHuil MeToJ u
€CTh He UTO MHOe, KaK JKHBOe BOOOpasKeHMe, B KOTOPOM HAXOLAT
YKa3aHUA IJIs JOTMUYECKH IIPOBOJMMOIO PeIlleHMsd.

Bmecre ¢ uncTO reomMeTprMuYECKHMM METOLOM IIPUMEHSIOTCS
JeMeHTapHas M BeKTOpHasd aJjredopa, TPUTOHOMETpHUUYECKUEe
GyHKIUE U aHaJau3. B IIKOJbHON TIeOMeTPUU IPUIOKEHUI
aareOpnl, He cuuTasdg OTHEJIBbHBIX 3aJad4, CBA3AHLI C METOHLOM
KoopauHaT. OgHAKO METOJ KOOPAMHAT B IIPOCTPAHCTBE KaK OT-
IEeJbHYI0 TeMy HeOOXOAMMO HCKJIOUNTH K3 INMKOJLHOIO Kypca:
ero BKJIIOUEHME CO3LajJI0 0e3 0co00il K TOMY HAZOOHOCTH Kpaii-
HIOIO IIePerpyskKy M YBOAUT OT OCHOBHOI'O COJEpsKaHusA Kypca.
Tema »srTa NOPUHALICHKHUT AaHAJUTAYECKOM I'e€OMETPUU IIPO-
CTPAHCTBA W NOJ’KHA OBIThH OCTaBJIEHA [OJIs BY30BCKOI'O Kypca;
B IIKOJIE HA ee HAaCTOSAIIYI0 IIPOPa0O0TKY IIPOCTO HET BPEMEHM.
ITosesHo pares TOJMBKO HAIJISAHOE IOHATHE O KOOpPAMHATAX
B IIPOCTPAHCTBE, HATJIALHOE, a He (opMajJbHOE, OCHOBAHHOE HAa
BEKTOPHOII ajrebpe, Kaxkoe maHO B gelicTBymoineM Kypce. He-
KOTOpBIe Ke IPUMEHEeHHs KOOPAMHAT MOYKHO BKJIOUYNUTH B 3a-
Jayy — He OOJIbIIIe.

He caemyer Takske sarpyskarTh ydyaluXcs HCKYCCTBEHHO yC-
JIOKHEHHBIMU 3aJadaMu. OTO KacaeTcsi He TOJLKO I'€OMEeTPHH.
3ajaumy, mpejJaraemMble, CKa)keM, Ha BBIIYCKHBIX JK3aMeHaX,
OBIBAIOT YACTO COBEPIIEHHO HAAYMAHHBIMM 1 COZEPXKAT TaKue
BBIKPYTAChl, KaKie He BCTPEUaloTCs HU B NPAKTHUKE, HU B CAMOM
M3BICKAHHON HaykKe. McTuHa, IMog00HO IMOAJMHHOM KpacoTe, IIPo-
cra, Kak ctuxu «Tuxa yKpamHCKas HOUb...». BBIBEPTHI HPHULY-
MBIBAIOT, KOIJa He yMeT HaiTu moaauHHoe. IIpoime samarh
XUTPOCILIETEHHYIO 3a7a4y, YeM BCKPBLITH YV YUEHHKA CTEIeHb sC-
HOCTH ¥ TOYHOCTH €ro HAIJIAJHOI'O IIPeACTABJIEHNUS U MOHMMAHUSI
(To ke OTHOCHUTCS K 3aJayaM Ha BCTYIUTEJbHBIX 5K3aMeHaX
B By3). Cuyia 1 ocTpoTa coO0pasUTEJSbHOCTH YIPAKHIETCA 1 00-
HApY KMBAETCs HA PeIlleHNN eCTeCTBeHHBIX II0 IIOCTAHOBKE, TPY/A-
HBIX U TJIyOOKWX 3aaad.

20



BexTopHasa anrebpa, BKJOUas CKaJAPHOE NIPOU3BeAEHUE,
HYy)KHA B (pM3HKe M y)Ke IIOTOMY He IOJIKHA OBbITh MCKJIIOUYeHA
u3 Kypca reomerpun. K Tomy ke OHA MMeeT IIPOCTOE HATJISITHOE
ocHOBaHUe (KaK HCUNCJIEHNE «HAIIPaBJEHHBIX OTPE3KOB») U 00-
rarble IPUIOYKEHHA B caMoil reomerpuu. HysKHO JINIIL I103a-
OOTUTBCA O TOM, UTOOBI CTPOUTH €€ MeHCTBUTENHHO HA BO3MOIK-
HO 0o0Jiee MHPOCTBIX HAIIAAHBIX OCHOBAHUSX M B TECHOI CBS3U
¢ samauamMu GU3UKKU. A TO IMOJydaeTcs TaKoe HeJieloe II0JIoMKe-
HUe, KOrga (PM3UKKM PAacCKasbIBAIOT O BEKTOPAX [IJIsI CBOMX HYIK
IM0-CBOEMY, a MaTeMaTUKM — II0-CBOEMY.

Tpuronomerpudueckre (PyHKIUN — 9TO HUCIBLITAHHBIA almapaT
reoMeTpuM, W UX TOXKE HY)KHO M3JIaraTh, OTIPABJIASICH OT IIPO-
CTBIX HAIVITHBIX 3aJa4, KaK OHU IIPAKTUYECKN W BOSHUKJIN — U3
pellIeHnsaA TPeyroJbHUKOB.

IIpumeHeHne aHaan3a B BBIUMCJICHUMN O0HEMOB MOJKET OBITH
OTHECEHO K CaMOMYy aHAJN3y B KaueCTBe ero IMPUJIOMKEHHUA, KaK
9TO CHeJIAaHO IJA ILJIOoMIaJell KPUBOJMHEMHBIX Tpalenuii u ap.
CoOCTBEHHO reoMeTpUU IIPUHALJIEKAT NOHAMUSA ILJIOIAgu, 00b-
eMa, ILJIOINAAM IIOBEPXHOCTH M I'€OMETPHUUYECKIe IIpPHeMbl, CBS-
3aHHBIE C HAXOMKIEHUEM STUX BeJHUUYUH AJIA IMPocTeHInux Gpuryp.

B pesyibTaTe maHHOrO KpaTKOro o630pa MOYKHO BHIETH, UTO
B IIOJABJIAIONIEH CBOEH YacTu Te 3HAHWS W YMeHHusA, KaKue I0JI-
JKeH NpuoOpecTHu ydallluiicsa B Kypce IeOMeTPUM, OXBaThIBAIOTCA
coueTaHmeM HATJIAJHOI'O MIPELCTABJIEHUS C JIOTHKON, 0 KOTOPOM
MbI TOBOPHUJIM BBIIIIE.

CiaenyeT OTKPOBEHHO IIPH3HATh, YTO 3HAUNTEJbLHAA UYacCTh
3HAHNI, TPeOyeMbIX OT IIIKOJbHNKA, BRIyUNBaeTCA 1 3a0bIBaeTcsd,
TaKk KakK HYysKHa He CTOJIbKO cama IIo cebe B OyAyIIeM JJis ITpakK-
TUYECKOl HamZOOHOCTH WM OOINero pPas3BUTHUA, CKOJIBKO IJId
«ycueBaemMocTu». PopmMasibHbIe 3HAHUA B CAMOM [eJie MOTYT
ObITh 3a0BITHI. Ba)kHee COXPAHUTb B IIaMATH HATJIAIHBbIE IIPEX-
CTaBJIEHU, OOII[Me MMOHATHUS W METOHbI, UeM 3arpyKaTh MaMsIThb
IeTaasiMI, KOTOPbIe IPU HAZOOHOCTH BBLIBOLATCS M3 OOIMX CBe-
OeHNH UJIN HAXOOATCSA B YYeOHMKAX M CIOpaBOUYHHKAX. MOKHO
3a0bITh, HaIpuMep, (QopMyJIy o0beMa Iapa, Kak u apyrue Qop-
MyJIbI, KOTOPBLIEe MMEIOTCS B CIPABOUHHKAX.

CienyeT UCKJIIOUNTH W3 IPOrpaMMBI KaK OCOOYI0 TeMy u3yde-
HIe MHOTOTPAHHBIX U CHEIHAJbHO TPEXTI'PAHHBIX YIJIOB, OCTABUB
ee TOJIBKO B KauecTBe Marepuajia AJd 3amad. Tema sTa CTOUT
B Kypce OCOOHSAKOM, M B Hel HeT HaJOOHOCTH.

3aTo II0JIe3HO BBECTH HEKOTOPLIe HATJISAHBLIE BeIll, Kacaro-
Imrecsl BBINYKJIBIX TeJ, MHOIOTPAHHUKOB, II€pEeMEIeHtil, CHM-
MeTpPHUH, BBECTH 3aTeM, UTOOBI JATh NOIOJHUTEJLHYIO MUIILY pPas-
BUTHIO BOOOpasKeHMs W PacCIIHPeHMI0 Kpyrosopa. Paccmorpenue
cummerpun (paKTUUYECKU IPYIN CUMMETPUM) IIPABMILHBIX MHO-
TOrpaHHUKOB — IPEKpPacHOe YIpayKHeHMe IJIs PasBUTUA HATJIAL-
HBIX IIPeACTaBJCeHUI (BMecTe ¢ TeM IIOHSATHEe CHMMETPUU HUIPaeT
byHIaMEHTAIbLHYIO POJb B HOBEHIINX TEOPUAX (PUBUKN).
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Ilonarusa, naymue ns HarJIALHONU T€OMETPUM, BOOOIIE UMEIOT
B COBPEeMEHHOU HayKe Upe3BBIUANIHO OOJIbIIOE 3HAUYEHNEe, TaK UTO
He HaJO AyMaTb, OyATO HAIJIALHOE — JTO HU3IIad, a He BBICIIAL
MaTreMaTHKa.

Marepuan rKypca reomerpuu, Kak yKe OBLIO CKasaHO O [I0-
KasaTeJIbCTBaX TeopeM, II0JIeBHO pasduTh Ha TPU dacTu: obA3a-
TEJIbHBI MUHUMYM, KOTOPBIA HaJAO 3HATH, IOTOM TO, C UYeM yue-
HUKU JOJIXKHBI OBITh O3HAKOMJIEHBI, WM, HAKOHEI], JOIOJHEHUd,
¢ KOTOPBIMHU ydYalliyecsa MOTYT OBITH 0O3HaKoMJeHBI. Kypc mosxen
3aKJI0UaTh B cefe BO3MOXKHOCTH BEIOODA B 3aBHUCHMOCTH OT TeX
WJIX WHBIX KOHKPETHBIX YCJIOBUU, TAaKUX, HAIPUMEDP, KaK ypo-
BeHb KJAacca, CKJIOHHOCTU YUYUTENd U AP.

IIpuBecTu Kypc reomerpuu B JOCTATOUHOE COOTBETCTBUE CO
BCEMHU M3JIOKEHHBLIMM B DTOU CTAThe NMPUHIMIAMU TPEACTABJIIA-
eTcs HeJerKUM, TeM 0ojiee UTO CYIIeCTBYIOIIUU KYPC CJIUIITKOM
Hapymmwmia sTu npuanunsl. Ho Bcakaa nepectpoiika obpas3oBaHus,
Kak Obl Hu ObljIa OHA paJuKalbHA, He [HOJKHA COBEPIIATHCSA
B IIopAAKe IepeBopoTa. IlepeBopoT, JjieT gecATh Hasaj, COBEPIIEH-
HBII B IIPENOJaBaHUYU TeOMEeTPUM, HeMaJio HaBpeauia eit. Hy:KHbI
He IIepeBOPOTHI, & YCOBEPIIIEHCTBOBAHUSA, COBepIIaeMble HACTOA-
TEJIbHO, HO TOCTENEeHHO (He CUMTas XUPYPTUUYEeCKUX OIepaluit
OTCEUEeHUsI TeX OTAeJOB Kypca, KOTOphble IMPU3HAHBLI HEHYKHBI-
Mu). KoHKpeTHO HIpeJIOMHTH U OCYIIeCTBUTH IJIyOOKKe 3ajauu
Kypca C ero MUPOBO33DEHUECKNM B3HaUeHHEeM B rapMOHUU Ha-
TVIALHOTO M JIOTUYEeCKOIo, HOoOMBafACh IIPU 5TOM MaKCUMAaJbHO
BOBMOYKHOM IIPOCTOTHI U ACHOCTHU, — BCE 3TO JOCTATOUYHO TPYLHO.

B zakJrouenme oTMeTHM, UTO M3JIOKEHHBIE TPUHIIUIBI MOTYT
OBITh TIOJIHOCTHIO OTHeceHBI K Kypcy reomerpuu B IITY. B mem
JOJ)KHA TOCIIOACTBOBATH Ta ’Ke JUHUA Ha DPasBUTHUE IIPOCTPaH-
CTBEHHBIX IIPEACTABJIEHUA M JIOTUYECKOTO MBIIJIEHUA B CBS3U
C peaJbHBIMU BelrlamMu. Pas3HWIA MOKET OBITh JIUIIH B TOM, UTO
HarJgAHBIA MaTepuas 0OJbllle yBA3bIBAeTCA C IIPOMBBOJLCTBOM U
TeXHUKOI, a HEKOTOPHINI MeHee HY KHBIII MaTepruaj U HEKOTOPhIe
JIOTUYECKWe TOHKOCTU MOTYT OBITH ONIYIIEHHI.

A. 1. Anekcanapos
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MeTtoauueckme pekomeHaALUMU
Mo TEOPEeTUHECKOM 4YacTu Kypcda

BGPMGTMBHOCTI: Kypca reomeTpumM U ero OCHOBHbIe JIMHUMU

BapuaTuBHOCTL cofeps;KaHUs IMTKOJBHBIX KYPCOB B CTAPIIUX
KJlaccaxX cpemHell IIKOJbl M HaJudWe B OJHOM IIIKOJIe KJIAaCCOB
¢ 0a30BBIM U C YyTIJIyOJEHHBIM KYPCOM MAaTEeMATUKWM CTABUT IIEpPe
yuuTeseM, MPemojaloliuM OJHOBPEMEHHO B dTHMX KJaccax, 3a-
Jauy HaWTHU IS KasKIOT0 TAKOTO KJAacca COOTBETCTBYIOIIUI eMy
YPOBEHb M3YUEHUsS reoMeTpuu. ¥ 4eOHO-MeTOANYeCKEe KOMILJIEK-
TBI 10 TEeOMEeTPWHU, CO3JaHHBIE AaBTOPCKUM KOJIJIEKTUBOM
A. 1. AnekcarpoBa, JalOT BO3MOKHOCTH YUUTEJIO YCIIEITHO
CIpPaBUTHCA € 9TOU 3amauvein. OQUH U3 HUX COJAEPIKUT JAKOHUU-
HbIN yueOHUK [1], numakTuyeckue marepuassl [2] U KHUTY OIS
yuutesda [3]. [JauHoe usmanue sToro yueGHIKa JOopaboTaHo B CO-
orBeTcTBUu ¢ PemepasbHBIM TOCYAAapPCTBEHHBIM 00pPa30BATeNb-
HBIM CTaHJApTOM CpeIHEero oO0Ilero oO0pas3oBaHUA TaK:Ke IS
yray0JaeHHOTO Kypca reomerpuu. IlosToMy mo HEMY MOKHO M3Y-
yaTh Kak 0a30BBIM, TaK M yIJAyOJIEHHBIN Kypc reomerpuu (110
1,5 wiu mo 2 yaca B HeOeJI0).

Ilemaroruueckue wumem KpymHeimero reomerpa XX BeKa
A. 1. AnekcaaapoBa ceiiuac BocTpe0OBaHBI CaMOU IleJarormue-
CKOM peasbHOCTHIO. VUM OBLJIM TOCBSAINEHBI €T0 CTAThU B JKypHA-
ne «Marematuka B mkoje». IIporpamMmvuO#N (M BasKHeWIel u3
HUX) SBJAETCS CTaTbs, IOMEIeHHAsA B Hayaje 9TOTO IIOCOOUs.

O ToM, YUTO B HMIKOJBHOM KypCce TeOMEeTPU! BeNyIITUMU SBJIS-
IOTCA TPYW JUHUUW — JUHUS MTOCTPOEHUMH, JUHUS BBIUUCICHUN U
JUHUA ugeili U1 MeTOJOB COBPEMEHHOU TreoMeTpuu, — yiKe T'OBO-
puiock. O6cyauM Temephb IMOAPOOHEee KaKAYIO M3 HUX.

BAXHEMLUME DUTYPbl CTEPEOMETPUM U UX MOCTPOEHME

ITocTpoenue puryp ¢ TeMu UM UHBIMU 3aJaHHBIMU CBOMICTBA-
MM — IIepBas U BajKHeWIIad 3ajjaua reOMEeTPHUU. ¥YoKe B IEePBBIX
Tpex moctyaarax «Hauvan» EBKJMZa roBopuTcA O IIOCTPOEHUU
OTPE3KOB U OKPYIKHOCTEH, a 3aTeM, HaumHasa ¢ IIpemmokerusa 1
0 IIOCTPOEHUY PAaBHOCTOPOHHEI'0 TPEeyroJbHUKA C 3aJaHHOU CTO-
pouoii, EBKauj cTpouT pasHooOpasHbie (PUI'YypPhbl W 3aBepIlIaeT
cBou «Hauajsia» IocTpoeHMEM NIPaBUJIbHBIX MHOTOT'DAHHUKOB.
B Teopuu peub mper o mOCTPOEHWM HAeaJbHBIX (Quryp. B mpak-
THKe ’Ke BCe COBPEMEHHOEe IIPOUM3BOJCTBO (IIPOMBINIJIEHHOCTD,
CTPOUTEJBCTBO M T. I.) COCTOUT B IIOCTPOEHUU PeaJbHBIX (PUTYDP
C 3aJJaHHBIMU CBOICTBaMU.

Ilpocnegum nuHUIO Zeomempuu nocmpoerHull B yueOHUKe
«I'eometrpusa. 10—11 kacchl».

1. Axcuomsl u nepBbie TeopemMbl. OCHOBHOM ITPEIMET ITKOJIb-
HOT'0 Kypca reoMeTpPUU — BaKHEUIIe reoMeTpuyecKue QUTyphl.
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VX HaZ0 MOCTPOUTH, HAUMHAA C CAMBIX IIPOCTBHIX, a 3aTeM IIO-
CTeIeHHO mepexons K 0ojiee CIOKHBIM. YiKe B aKCHUOMaTUKe
CTepeoMeTPUY M B CAMBIX II€PBBEIX TEOpPEeMaX TOBOPHUTCA O BO3-
MOYKHOCTU NOCMPOUmMb Ty UIN UHYI0 QUTYDPY: uepe3 mpu OaHHbLe
mouxku npoxodum nJaocKocmov, yepe3 08e OaHHble MOYKU NPO-
xo0um npamas, uepes 08e nepecekawujuecs npsamvie npoxooum
naockocms u T. . CJI0BO npoxodum B 9TUX YTBEPKIAEHUAX MOK-
HO 3aMEHUTH CJIOBAMU MOMCHO NpPo8ecmu, MOAUePKUBAd UX KOH-
CTPYKTUBHBIA XapaKTep.

ITocTtpoenusi GuUryp B sJaeMeHTApHO T€OMETPUHU — JTO Teope-
MBI CYIIIECTBOBAHUS TAKUX (PUTYD, JOKAa3bIBAEMble KOHCTPYKTUB-
HO. ITO 03HAYAET, UTO MCKOMOE ITOCTPOeHMe (J0Ka3aTeJIbCTBO CY-
IIIeCTBOBAHUSA HEKOTOPOM (DUTYPBI) CBOAUTCS K KOHEUHOMY UHCIY
IIOCJIeIOBATEIBHO OCYIITeCTBISEMBbIX IIIar0B, KaKABIN U3 KOTOPHIX
€CTb OJTHO 13 HeCKOJbKUX 3apaHee 3aJaHHBIX MPOCTEHIIINX ITOCTPO-
eHUIi. JTU TPOCTEHINNE ITOCTPOEHUS — NOCMYyJLamyv. nocmpoe-
HUs — SABJISIOTCS, KOHEYHO, TOXKEe HEKOTOPBIMU YTBEPIKAEHUAMU
CYIIIeCTBOBAHUA: aKCMOMAaMU’, UX IIEPBLIMHU CJAEICTBUAMU, a TAKIKe
YTBEP:KAEHUAMU, UMEIOIIIMHU 00IIleMaTeMaTHuUecKnii XxapakTep.

BoIimosiHSA ITTOCTPOEHUS B IIPOCTPAHCTBE, MBI OMMpaeMcs Ha
TaKue MOCTYJIAThI:

1. Ecau 3adana queypa, mo o Kaxdoili mouke npocmpar-
cmea MOMCHO CKA3amb, NPUHAOJEH UM AU OHA IMOU Puzype uiu
He npuHadnexcum. [[pysumu cro8amu, MOMHO BblOUPAMb 8 NPO-
cmpancmee moyKu, Kak npuradaexcaujue 0aHHOU uzype, mak
U He npuHadnexcauiue eil.

2. Ecau nocmpoeHnbvl 08e uzypvbl, mo cuumaemcs noCmpoeH-
HbLM UX nepeceiueHue (HampuMmep, IpAMas KaK IepeceueHune IBYX
TJIOCKOCTEI).

3. Ecau O0aHnbt 08e MOYKU, MO Hepe3 HUX MOMNHO Npogecmu
npamyio.

4. Ecau 0aHb. mpu moukKu, mo yepe3 HUX MOMHO npogecmu
naockocmoe. M1 mouno max e MONICHO NPO8ecmu NJI0CKOCMb ye-
pes3 npamyio u mouky u uepe3 0ge nepecekanuwjuecs uiu napa-
JleJlbHble npamuvLe.

5. Ha kax00il niockocmu MOMHO Npo8odumv Jwbvle no-
cmpoeHus NAAGHUMEeMmPUU.

Bo Beemenun yueOHMKA HAapUCOBAHLI BasKHEUIIIIe MHOTOTPAH-
HUKK — OUPaAMUALI M IPU3MbI — U JaHBLI UX OIKCATEJbHBIE (Ie-
CKPUINITHUBHBIE) ompeaeneHus. Ho cyIlecTByOT Ju Takue (pury-
pei? YTOOBI OTBETUTH HA 9TOT BOIIPOC, HOKAMKEM CYIIeCTBOBAHIE
3TUX (GUTYpP, TOCTPOUB UX. JTO W CHAEJaHO B IYHKTe 5.5 yued-
Huka. Hampumep, cTpos NupaMuay C JaHHBIM OCHOBAaHHEM H
TaHHOUW BEpIIWHON, TPOBOAUM CHauaJjia ee 60KOBbIe pebpa, 3aTemM
cTpouM OOKOBBIE TpaHU, KOTOPbIE BMeCTe C OCHOBAHMEM U Orpa-
HUYAT B IIPOCTPAHCTBE IIHPAMUIY.

Mo:xkHO He IaBaTh NEeCKPUITHUBHOTO OIpeleseHrus HeKOTOpOi
(urypsi, a cpady mocrpouth ee. Hampumep, HasBaTh IUPAMULOMN
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(urypy, KoTopas CTPOUTCA IO HEKOTOPOMY MpPaBUJy (aJTOpuUT-
My), a 3aTeM JOKasaThb Te ee CBOIWCTBA, KOTOPbIe YKAa3bIBAIOTCS
B JECKPUNITHUBHOM ompeneneHnu. VIMEHHO TaKo# Imoaxon; Oyaer
HAMU OCYIIECTBJEH II03[JHee MPU M3YUeHUU KOHYCOB U I[UJIWH-
npoB B §18 u B § 19.

IInanuMerpuyecKue IOCTPOEHUS B yueOHUKe BemyTCsd, Ha-
YyprHAas C MEePBBIX IJIaB, IPU IOCTPOEHUM CEUEHWIl MHOTOTDaHHU-
KOB. 9TH TOCTPOEHUS OMUPAIOTCS Ha CBOMCTBA ITapaJljieJbHOTO
MIPOEKTUPOBAHUSA, PACCMOTPEHHOTO B § 4.

2. TlocTpoenue B3aMMHO MEPIEHIUKYISIPHBIX M B3aUMHO IIa-
paIeIbHBIX HMPAMBIX M IJIOCKOCTeil. Cepuio MMEeHHO 9TUX TeO-
PeM O TIepHeHIUKYJIAPHOCTU M mapasuieabHocTu A. II. AsekcaH-
IPOB Ha3BaJ «CTPOUTEJNbHOU TreoMmeTpueii». M3 pasimyHBbIX
OTHOIIIEHUH MePIeHIUKYJIAPHOCTH W MNapajiebHOCTH BaKHeH-
UM B CTEPEOMETPUU SABJSETCA OTHOIIEHUEe IePIeHINKYJIIPHO-
CTU TPAMON W IJOCKOCTHU: K HEMY CBOAATCS MHOTUE APYTHue
cTepeoMeTpUUecKre IOCTPoeHus (HampuMep, OPTOrOHAJIBLHOE IPOo-
eKTupoBanue). VzyueHrneM MepIeHIUKYIAPHOCTH IPAMOM U ILIO-
ckoctu HaumHaeTcA riaBa Il B yueOHuKe (§ 6).

OcCcHOBHOII TPU3HAK MEPIEHIUKYIAPHOCTH MPIMOMN U ILJIOCKO-
ctu (§ 7, Teopema 6) mMO3BOJIAET IIPOCTO PEIUTH 3a7adyy O TO-
CTPOEHUM IIJIOCKOCTH, IPOXOAAIIEH uepes JaHHYIO TOUKY U Iep-
NeHIUKYJAPHYIO JTaHHON mnpaMoi. EIWHCTBEHHOCTH TaKoOU
IJIOCKOCTU TaK:Ke JeTKO yCTaHaBJAWBaeTcs. PelleHHas 3amaua
MIPUBOAUT K ONHOM M3 JBYX OCHOBHBIX TEOPEM O IIePIeHIUKYJIAP-
HOCTU TPAMOM M IIJIOCKOCTH: uepe3 Kax0yio mouky npocmpah-
cmaea npoxodum nJoCKOCMb, NepneHouKyiapHas O0AHHOU nps-
Moil, u npumom monvko o0Ha (myHKT 9.2, Teopema 11).

W3 »sToit TeopeMbl cJiiegyeT, B UYaCTHOCTH, UYTO 08€ MNJO-
cKocmu, nepneHOUuKyLApHbie O0HOU nNPAMOlL, NAPALLESbHbL
(myagr 11.1).

ITocTpouTh MPSAMYIO, IPOXOIAIIYIO Uepe3 TaHHY0 TOUYKY A u
MePHeHIUKYJIAPHYI0 TaHHOM MJIOCKOCTH O, CJIOKHee. Bo3MOMKHBI
IBa ciaydas.

1) Eciu Touka A JIeKUT B IJIOCKOCTH O, TO IIPOBOIUM uUepes
Hee B OTON IJIOCKOCTH JOOYIO MPSMYyio b, 3aTeM CTPOUM ILIO-
CKOCTH [, IPOXOAAINYI0 Uepe3 TOUKY A U MepPIeHANKYIADPHYIO
npamMoit b. 3aTeM B IJIOCKOCTH 3 mMpoBoguM uepe3 A MpAMYIO @,
MePpUeHIUKYJIAPHYI0 MPSIMOH €, IO KOTOPOH IMepeceKarTcs O 1
B. IIpamvas a L o, rak kak a L b u a L ¢ (nyaxr 7.3). Kaxk Buz-
HO, JJIA PeIeHus 3a7auu O IPOBeJeHNN MePIeHIuKyIApa K ILJI0-
CKOCTM M3 TOUKHM JTOM IIJIOCKOCTH OCTATOUHO OCHOBHOTO TIPH-
3HAKa MePIeHIUKYJIAPHOCTH HPAMON W TJIOCKOCTH.

2) Eciu Ttouka A He JIEXKUT B ILJIOCKOCTU O, TO IIpeIBapu-
TeJbHO AOKAa3bIBaeM ellle ONWH IIPU3HAK IMepPHeHIUKYIIPHOCTU
IPAMOIN M IJIOCKOCTU: ecau 00HA U3 08YxX napanneibHbulX Nps-
MblX NnepneHouKyLAPHA NJOCKOocmuU, mo u 0pyzas npamas nep-
neHourkyaapra amoil naockocmu (nyakt 8.2, Teopema 9).
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ITOT IpU3HAK HCHOJIb3yeM TaK: 6epeM B ILJIOCKOCTH (. JIO0YIO
TOUKYy B ¥ uepes Hee MPOBOAWM IPAMYIO b, IePIeHINKYIAPHYIO
IIJIOCKOCTHU 0., a 3aTeM uepe3 TOUKY A MPOBOAUM HPAMYIO @, IIa-
pamwrenbuyio npamoir b. Torma a L o (mysrT 9.1). Temeps MbI
yMeeM M3 KasKAON TOYKM BHE HAHHOM ILJIOCKOCTU OIYCTHUTH IIep-
MeHAUKYJIAP Ha 9Ty MMJIOCKOCTb.

ITocTpoenue TpPAMOIi, MPOXOAAIIEl uepes MAAaHHYIO TOUYKY U
MepUeHAUKYJIAPHON TaHHOUW MJIOCKOCTH, MOKAa3bIBaeT BTOPYIO OC-
HOBHYIO TE€OPeMY O MePHeHIUKYIAPHOCTU HMPAMOMN U IIJIOCKOCTH:
yepe3 Ka#c0ymw mMoOuKYy npoxodum npamas, nepneHOuKyiapHas
0aHHOIl naockocmu, U npumom moavko odna (oyHKT 9.1, Teo-
pema 10).

YUeHUKY OOJKHBI XOPOIINO TPEACTaBAATL cebe «pacciioeH-
HOCTh» IIPOCTPAHCTBA Ha CEeMeIHCTBO IIJIOCKOCTeil, MepueHIuKY-
JSPHBIX AAHHOW TPAMOI, W Ha CeMeHCTBO MPSAMbBIX, IePIeHIN-
KYJAPHBIX MaHHOU IJIOCKOCTH.

W3 TeopeM 0 MmepUeHAUKYJIAPHOCTU MPAMOI U IIJIOCKOCTH BBI-
IeJIUM ellle TeOpeMY O TOM, UTO 08e npsamvie, nepneHoOuKyYiapHbLe
00HOUl naockocmu, napananenvhsv. (myakT 8.1, Teopema 8).

TeopeMbl O MEPIEHAUKYISPHOCTHA MPSIMOM M IJIOCKOCTHU II0O-
3BOJIIOT JIETKO PEIIUTh 3aa4Yy O MOCTPOEHUM ILJIOCKOCTH, IIPO-
XOOAIIEH uepes HJaHHYI0 TOUKY A U mapajlieJbHYI0 JaHHOH ILIOo-
CKOCTU (i M3 TOUKU A oOmycKaeM IeprneHIUKyJasap AB Ha
IJIOCKOCTH O, a 3aTeM uepe3 A MPOBOAWM ILJIOCKOCTH [3, MepIeH-
IUKYJIAPHY0 npsmoit AB. flcHo, uro miocKocTh [ mapasieabHa
mirockoctu o (myHKT 11.3).

TeopeMbl O TIEPIEHANKYJIAPHOCTA MIPAMOI U IIJIOCKOCTH IaiOT
BOBMOJKHOCTH TaK OIPeAeIUTh COHAIPABIEHHOCTD JIyUei, UTo I0-
KasaTeJbCTBO TPAH3UTUBHOCTU UX COHATIPABJIEHHOCTU CTAHOBUTCS
coBceM mpocThIM. [larHoe A. JI. AjleKcaHIPOBBIM OITpeIeJIeHNEe CO-
HAIPaBJIEHHOCTH OBYX JIyuell TaKOBO: JBa Jyua COHAIIPaBJIEHBI,
ecJIi OHU IPUHAJIEKAT IPAMBIM, IePIeHINKYIAPHBIM OIHOM TIJI0-
CKOCTH, U JIEJKAT 110 OJJHY CTOPOHY OT 9TOM myiocKocTu (TyHKT 15.1).
IIpocrenauTe, KaK TEOPEMBI O TIEPIEHIUKYIAPHOCTHY IPAMOI U TLJI0-
CKOCTHM YYacTBYIOT B JOKA3aTeJbCTBEe TPAH3UTUBHOCTHU COHAIIPAB-
JeHHOCTH Jiyueli. O6myMaiiTe TaKkKe, KAKOBBI IJIAHUMETPUUECKUE
aHaJIOTH TaKOTO ITOAX0[a K COHAIIPABJIEHHOCTH JIyUeH.

O poau OTHOIIEHUS MEPHEeHIUKYIIPHOCTA IPAMOI U IIJIOCKO-
CTU B M3YyYEHUUM OPTOTOHAJIBHOTO IIPOEKTHUPOBAHUA yiKe OBLIO
cxkaszano. OTHenbHBLINT MYHKT 6.3 TOCBAINEH POJIM MePHeHIUKY-
Jsgpa B OpaKTHKe, B PeaJbHOCTH.

3. Inunuuapsl u KoHychl. Ilpuamel u mupamuabl. [locTpoenue
B IIepBOIl TrjaBe IHUPaAMHUJ U NPU3M IOACKA3LIBaeT, KaK KOH-
CTPYKTHUBHO MOJKHO OIIPENeJUTh IMUJIUHAPLI U KOHYCHI C IPOU3-
BOJBHBIM OCHOBAHMEM, B3SB B KAaueCTBe WX OCHOBAHUS JIIOOYIO
mwirockyoo ¢urypy F. Tak MBI m mocTynmaemM B yuyeOHUKe.

YT0o0BI IMOCTPOUTH KOHYC C OCHOBaHUeM F W C BepIINHON
B HEKOTopou Touke P (He Jiekareil B IJocKocTu (urypsr F),
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HAZO0 TOYKY P COeIWHUTHL OTPe3KaMU CO BCEMHU TOUuKaMu (pury-
pel F. OTU OTpe3KMW W BAIOJHAT KOHYC C BepIIMHON P U OCHO-
Banuem F (puc. 161, a, myskTr 19.1).

A ompenendoTca Tak. BepyTcs nBe mapaJiieabHBIE TIJIOCKOCTH
o u o’ m mpousBoJbHas ¢urypa F B mimockoctu o. M3 Bcex To-
ek Gurypsl F mIpoBOAATCS mapajiesbHbIe APYT APYTY OTPE3KHu
o TIockocTu . Purypa, KOTOPYIO 3aHOJHAT 9TU OTPE3KU, U
HasbIBaeTca nuamaapom (myHKT 18.1, puc. 153, 0).

Tenepp mpusmy (DupaMugy) MOMKHO OIPENEJUTh KaK I[u-
auHAp (KOHYC), OCHOBaHMEM KOTOPOT'0 ABJISETCA MHOTOYTOJbHUK.
BaxxHOo oTMeTHTH, UTO MPU TAKOM MOAXOIe He TpedyeTcs CJIOMK-
HOe TOHATHE MHOTOTPAHHUKA, O KOTOPOM MbI TOBOPUM B CJIEAy-
[OIlleM ITyHKTE.

W3 o0mimx cBOMCTB IMJIMHAPOB M KOHYCOB TOKAa3LIBAIOTCS
JIUIITH TTPOCThIE CBOIICTBA 00 MX CEUEHUAX IJIOCKOCTIMU, Iapas-
JIeILHBIMU WX OCHOBAHUSM.

Brigensiorcss mpsaMble MUINHAPH KaK IMUJIXHIPBI, 00pasyio-
e KOTOPBIX IEePHeHAUKYJISPHBI IIJOCKOCTH WX OCHOBAHUA.
IIpaMble TMUAMHAPBL 3aTe€M CHITPAIOT BAKHYIO POJb B TEOPUU
00'BEMOB.

TpaaIuIiMOHHBINA MUIVHAP BPAIIEHUS — 3TO MPAMOI ITUIUHID,
OCHOBaHIEe KOTOPOro — Kpyr (myHKT 18.3).

A TpaguUIMOHHBIA KOHYC BPAIEHUS — 3TO KOHYC, OCHOBaHUE
KOTOPOTO KPYT W BepIIMHA KOTOPOTO IPOEKTUPYETCS B IEHTP
ocHoBaHuA (myHKT 19.2).

IIpaBunbpHass mpusMa — dTO IpsAMas IMPU3Ma, OCHOBaHUE KO-
TOPOH MPABUJILHBIA MHOTOYTOJBHUK. KaK oHa CTPOUTCA — SCHO.

IIpaBunbHasgs mupaMuga — 9TO MUPaAMHUIa, OCHOBaHUE KOTO-
poli TPaBUJIBLHBIA MHOTOYTOJHLHUK WM OOKOBBIE pedpa KOTOPOu
paBubl. Kak oma crpouTcs (1 pucyercs!) ToKe paccKasbIBaeTcs
B yueOHUKe.

O0mIad ToYKa 3peHUs Ha IWJIMHAPLI 1 KOHYCHI M KOHCTPYK-
TUBHBIN TOAXOA K WX OMpPEeNeJeHUI0 OeJal0T COOTBETCTBYIOITUH
UM pasgea B IITKOJIBHOM Kypce CTepPeoMeTPUH IPOCTHIM W Ha-
TJISTHBIM.

4. MHOrOrpaHHMKHM ¥ MHOTOTPAHHBIE MOBEPXHOCTU. B cBoeil
obmupHO# cratbe «YTo Takoe MHororpaHHuk?» (MIII, 1981,
Nel mw Ne2) A. 1. AstekcaspoB mmcaJ:

«MHOTOTpaHHUKM COCTABJSAIOT, MOYKHO CKas3aTb, IEeHTPaJb-
HBIN TpeaMeT CTePeOMEeTpHMH...

ITeuTpanbHasgs POJb MHOTOTPAHHUKOB OIPEAENAeTCS MPeKIe
BCETO TeM, UTO MHOTUE pPe3yJabTaTbl, OTHOCSIIHECS K IPYyTUM
TejlaM, MOJYYaioTCS MCXOISA M3 COOTBETCTBYIOIIUX PE3YJIbTATOB
JIJIS MHOTOTPAHHUKOB; JOCTATOUYHO BCIIOMHUTD OIpPeeseHus 00b-
€MOB TeJ U IJIOIIafZiell MOBepPXHOCTell MyTeM IpeaesbHOTO Iepe-
Xola OT MHOTOTPDAHHUKOB...

HesaBucuMo OT 9TOr0 MHOTOTPAHHUKM caMu HO cebe Ipes-
CTaBJISIOT UPE3BBIUYAMHO COAepsKaTeNbHBIN IpeaMeT MccienoBa-
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HUSA, BBIAENIASICH CPeIU BCeX TeJ MHOTUMHU WHTEPEeCHBIMHU CBOM-
CTBAMHU, CIENUaJbHO K HUM OTHOCAIIUMHUCS TeopeMaMHu u
damavamMu. J[oCcTaTOUYHO BCIOOMHHUTH Teopemy Oiijgepa O UHCIIe
rpaHeii, pebep U BepIIUH, CHMMETPUIO TPABUJIbHBIX MHOTOTPAaH-
HUKOB, BOIIPOC O 3aIOJHEHWU IIPOCTPAHCTBA MHOTOTPAHHUKAMU
U Ip.».

Yarre BCero OmpemeasioT MHOTOTPAHHUK KaK TeJo, T'PaHu-
IIa KOTOPOTO COCTOMUT M3 KOHEUHOTO YKCJa MHOTOYTOJHLHUKOB.
Takoe JeCKPUOTHUBHOE OIpefeseHue MpeaIoaraer, 4To A0 9TO-
TO OIIpeNeJIeHbl TOHATUA MmeJso W 2paruya meaa. OupeneneHmne
9TUX TOHATUII TpeOyeT BBeleHUWE MOHATHUIN TIpaHUYHASA U BHY-
TpeHHAS TouKa (urypbl. HUKaKux TPyAHOCTEH B OIpemeIeHUU
9TUX TOHATUI HET: IpaHWYHAs TOUYKa (PUTYPHI B IIPOCTPAHCTBE
9TO TakKad TOYKA, YTO JIO0OH Imap ¢ IIEHTPOM B 3TON TOUYKEe
COIEP’KUT KaK TOUKM paccMaTpuBaeMOil (PUTypbl, TaK W TOUKH,
el He mpuHaAAJIe:xkarime. A Touka (UTYpPBI, KOTOpas He SABJIA-
eTcd ee TPAaHUYHOII TOUKOI, Ha3bIBA€TCA BHYTPEHHEH TOUKOU
durypsl.

MHO:X€eCTBO TPAaHUYHBIX TOUeK (hUTYpPHI Ha3bIBaeTCS ee Trpa-
HUTIel, a MHOKeCTBO BHYTPEHHUX TOUeK (DUTYPHI HABLIBAETCS ee
BHYTPEHHOCTBHIO.

Cormacuo A. 1. AsleKcaHIPOBY TeJIOM HAa3bIBAETCS OT'PAHU-
yeHHas (T. e. JeKalas B HEKOTOPOM Itape) hurypa B MPOCTPAH-
CTBe, KOTOpas, BO-TIEPBBIX, MMEET BHYTPEHHUE TOUKH, IPUUYEM
J00bIe IBe M3 HUX MOYKHO COeIUHUTH JOMAHOU BHYTPU (DUTYPHI,
W, BO-BTODBIX, T'PAHUIlA KOTOPOH MHPUHAAJIECKUT (QUTYype U CO-
BIIaflaeT C TpPaHUIlell ee BHYTpPeHHOCTH. 'paHuIla Teja HasbIBa-
eTCsl ero MOBEePXHOCTHIO.

9Tu ompegeeHus JIETKO COOOINUTh W IIPOUJIIOCTPUPOBATH
HATIAAHBIMU IIPUMepaMu B JIIOOOM KJacce, HO B 6a30BOM Kypce,
MOKHO, HalIpUMep, OTPAaHUYUTHCSA CJIOBAMMU, KOTOPHLIMU HauMHA-
erca yuebHUK A. Il. Kucenena:

«YacThr mpoCTpaHCTBa, OrpPaHWYEHHAs CO BCE€X CTOPOH, Ha-
3bIBAETCS TEOMETPUUECKUM TesioM. ['eoMeTpuUecKoe TeJo OThe-
JSIeTCSI OT OKPYJKAIOIIero MpoCTPAaHCTBA TOBEPXHOCTHIO» .

Wrak, mecKpUITUBHOE OMpeaeieHrne MHOTOTPDAHHUKA obJama-
eT HaTJIAJHOCThI0, HO UTOOBI JaTh €r0 «aKKypaTHO», IPUXOMUT-
csA caesaTh MOBOJBLHO MHOTO IIaroB. IIpoiile KOHCTPYKTHUBHO
oIpeeIuTh MHOTOTPDAHHUK KaK (PUTYpPy, COCTABJIEHHYIO U3 Te-
TpasapoB (TPeyroJabHLIX nupaMusn). TeTpasapbl, KOTOPLIE COCTAB-
JISTIOT MHOTOTPAHHUWK, JU0O MMEIOT TOJLKO OOIIyI0 TpaHb, JubO
UMET TOJbKO 00Illee pedpo, OO MMEIOT TOJBKO OOIIYyI0 Bep-
MmuHy, JAub0 He HUMeIT o0mmX ToueK. [IBa Takmx moaxoma
K OIlpeeeHUI0 MHOTOTPDAaHHWKA JaHLI B yUeOHWKe AJSA IITKOJ
¢ yrayOJeHHBIM M3yuyeHHeM MaTeMaTuKu. Tam Ke JoKasaHa WX
PaBHOCHJIBHOCTh. B JaHHOM y4YeOHHKE MBI OTrPaHUUYUBAEMCS
JIUIIIL OIlpefejieHrneM MHOTOTPAHHWKA KaK Teja, MOBEPXHOCTH
KOTOPOT'O COCTOUT M3 KOHEUHOTO UHMCJIAa MHOTOYTOJHHUKOB.
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Bompoc o0 ToM, uTO TaKoe I'paHb MHOTOTDAHHUKA, TOXKE OKa-
3bIBAeTCA COBCEM HE MPOCTBIM. Ecim o6paTUThCS K YUEOHUKY
crepeomerpuu A. II. KuceseBa, To TaM MOYKHO ITPOYECTb:

«MHOrOrpaHHUKOM HA3BIBAETCS TEJ0, OTPAaHUYEeHHOe ILIOCKU-
MU MHOTOyroidbHUKaMu. OOIre CTOPOHBI CMEKHBIX MHOT'OYTOJIb-
HUKOB Ha3bIBalOTCA pedpaMu MHOTOrpaHHWKa. MHOTOYTOJILHUKY,
KOTOpbIE OTPAaHUYMBAIOT MHOTOTPAHHUK, HAa3bIBalOTCA ero rpa-
HAMU» .

flcuo, uTO B 9THX (hpasax MHOTOe HEIOCKAa3aHO, a JIUIIb IO~
pasymeBaercs. Hampumep, eciu B KaKA0l rpaHu Kyba IIpoBeCTH
IHaroHab, To moayuuM (corsiacHo ckasanuHomy y A. II. Kuceie-
Ba), UTO y Ky0a [OBeHaAIlaTh TPEYroJbHBIX TpaHell W y Hero
18 pebep. Hemockazano y A. II. KuceneBa, 4To MHOTOYTOJBHUK
HA TMOBEPXHOCTY MHOTOTPAHHWKA JIUIIb TOTAA SABJSETCA I'PAHBIO
MHOTOTPAHHUKA, €CJU OH He COAEeP:KUTCS HU B KAKOM APYTroM
MHOTOYTOJbHUKE, JIeKallleM Ha ITOBEPXHOCTH TOTr'0 K€ MHOIO-
rpaHHUKA.

Ho u sToro TpeboBaHMs « MAKCUMAJbLHOCTU» AJIS IPAHU TOXKE
HemoctaTrouno. Ompenesnsia rpaHb MHOTOTPAaHHUKA B yueOHUKe,
MBI IOMUMO YCJIOBUSA «MaKCHUMAaJbHOCTH» HPEeIbABISAEM K MHO-
TOYTOJILHUKY, Ha3bIBAIOIIEeMyCs I'PaHblo, ellle Takoe TpeGoBaHUe:
BHYTPEHHOCTh, MHOTOTPAHHWKA IPHUJeraeT JHUIIL C OAHOH CTOPO-
HBI K 9TOMY MHOTOYTOJBHUKY. Kak IOKasbIBaeT mpuMep MHOTO-
rpagHuKa Ha puc. 200, 8, MHOTOYTOJIbHUKU, HE YIOBJIETBOPSIO-
e BTOMY YCJIOBHIO, MOTYT JiedKaThb HA IIOBEPXHOCTU
MHOTOTPaHHUKA, HO T'PAaHAMU MBI UX He Ha3bIBaeM.

IIpumep muOTOTpaEHMKa Ha puc. 200, 6 moATBEPKIAELT, UTO,
TOBOPS O T'PaHAX MHOTOTPAHHUWKA, CJefyeT MOJ MHOTOYTOJbHU-
KOM TIOHMMATh He TOJbKO OJHOCBSI3HbIE MHOTOYTOJbHUKU, OTpa-
HUUYeHHbIE IIPOCTON 3aMKHYTOU JIOMaHOU (IPOCTble MHOTOYTOJIb-
HUKHU), HO MHOTOCBS3Hble MHOTOYTOJbLHUKH.

3aBepiiad o0CYy:KJIeHUE IOHATUN MHOZ0ZPDAHHUK W €20 JJe-
MeHmbl, TPOIUTHUPYeM ele pas3 craTtbio A. I[. Arexcauaposa
«YT0o Taxoe MHOTOIPAHHUK?».

«PaccmoTpenHbBIl, Kasaloch Obl, MPOCTOM BOHPOC O T'PAHAX
MHOTOTPAHHMKA OYeHb IOYUYHUTEJeH KakK MpuMep, ITOKasbiBaio-
Ui, HACKOJbKO HEOOXOAUMO BHUMATENbHOE COUeTaHme HaTJIAL-
HOTO TpeJcTaBJeHUs u cTporoil Joruku. lIpexncraBias cebe
MHOTOTPAHHUK KaK TeJio, OrpaHnuYeHHOe MHOTOYTOJbHUKAMMU,
HYKHO BIYMAaThCS KaK B 9TO IpeJACTaBJeHNe, TaK U B IPUHITOE
ompeesieHrie MHOTOYToJIbHUKA. Hepeako ropopsar mpocto: «Muo-
TOYTOJbHUKMN, OTPAHUUYWBAOIINE MHOTOTDAHHUK, Ha3bIBAIOTCS
rpadsmMu». Ho To, Kak MBI BUAEJNUN, HeBEPHO: HUKTO He CUUTA-
eT TpaHAMHU KyOa Jito6ble MHOTOYTOJbHUKM, Ha KOTOPHIE MOMKHO
pasmeauTh ero OOLIUHO IIOHWMAaeMble T'DAaHU, XOTA B COBOKVII-
HOCTH TaKue MHOTOYTOJbHUKM €r0 W OrPaHUYUBAIOT.

Ilprumaa OomMOKM B TOM, UTO HPEACTABIAIT cebe orpaHU-
YyuWBaIOIe MHOTOTPAHHWK MHOTOYTOJBHUKM KaK TpaHH, T. e.
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HamboJbINe, HO YIYCKAIOT W3 BULY, UTO JTO IMpPeACTaBJIEHIE
HYKHO SIBHO OTOBODPUTL B OIIPEIEIeHUU.

Bojee Toro, ompenesnB MHOTOYTOJbHUK KaK ITPOCTOM MHOTO-
YTOJBHUK, YOYCKAIOT M3 BUAY MHOTOTPAHHUKH, ¥ KOTOPHIX €CTh
He TpOoCThie IpauHu. [IpoMCXOAUT STO OTTOrO, UTO JMOO OTpaHU-
YMBaIOT HATJISAHOE MIPEeACTaBJIeHNEe W pacCMaTpUBAaeMble IpUMe-
pPbI TOJBKO IPOCTEHINIMMHU MHOTOTPAaHHUKAMU, J10O0, IpeacTaB-
a8 u Oojiee CJOKHBIe IPUMEpbI, He 00paImalT TOJKHOTO
BHUMAHUA Ha TO, UTO JJiA HUX NPUHATHIE OIPeHeseHUs MOTYT
He TOAUTHCA.

PacmupsiiTe HaraagHbIe MPENCTABJICHUS; CBEpANHTEe ¢ HUMU
ITaBaeMble OIpelesieHrs U 00paTHO — MPEeACTABICHUS C OIpere-
JeHUSAMU » .

ObpaTuTe BHUMaHNE, YTO B CTAThe B OIpeAeJIeHNU TPAaHU HET
YCJIOBUSA O TOM, UTO BHYTPEHHOCTh MHOTOTPAHHWKA IIpUJIeTraeT
K Hell ¢ OTHOU cTOpPOHBI. IIpuMepnl, MOAO00HBIE MHOTOTPAHHUKY,
nsobpakenHomy Ha puc. 200 B yueOHUKe, MOSBUJINUCH TO3THEE,
yoKe IIocje TOro, KaK cTaThs Oblla HaIMcaHa, B IIPOIlECCe Malib-
Helmiel Hammeidl paboThl HAJ yYyeOHMKAMU IJIA IIKOJBI. JTO TO-
BOPUT X O TOM, HACKOJBKO CJIOJKEH MpeaMeT Oake TOW reome-
TPUU, KOTOPYIO HAa3BLIBAIOT JJeMEeHMAPHOU, W O TOM, UTO
B mporiecce paboOTbl HAA yUYeOHUKAMHU [Jid IMTKOJBI TeoMeTpaMm
MPUXOAUTCS PeIlaTh WU YUCTO HAYYHBIE MPOOJIEeMBI.

ITom cioBOM MHO202pAHHUK B COBPEMEHHOM MaTeMaTHKe ua-
CTO MMEIOT B BUAY HE TeJ0, OTpaHNUYeHHOe MHOTOYTOJbLHUKAMU,
a (urypy B IIPOCTPAHCTBE, COCTABJIEHHYIO M3 MHOTOYTOJbHUKOB
(mHamrpuMep, OATH rpaHell Kyba). B IIIKOJIBHOW reoMeTpum TaKkue
(urypsl ynobHee Ha3BIBATH MHO20ZPAHHLIMU NOBEPXHOCMAMU.
MHOTOTPAHHBIMHU MMOBEPXHOCTAMHU SABJIAIOTCS MOBEPXHOCTU TeJie-
CHBIX MHOTOTPAHHUKOB. MHOTOTPAHHBIMH ITOBEPXHOCTAMHU MOK-
HO CUMTATh WU MHOTOTPDAHHBIE YTJIbI, COCTABJIEHHbIE U3 ILJIOCKUX
YTJI0B aHAJIOTUUYHO TOMY, KaK IPOCThIe 3aMKHYTBIE JJOMaHbIe CO-
CTaBJIEHBI M3 OTPE3KOB.

ToBopss 0 pasBepTKaxX MHOTOTPAHHUKOB, HMEIOT B BUIY
WMMEHHO HAab0pbl MHOTOYTOJbHUKOB, M3 KOTOPBIX «CKJIEUBAIOTCS»
MHOTOTpPAHHBIE MOBEPXHOCTH. Bcs sTa TeMaTHKa uUMeeT SBHO
KOHCTPYKTUBHBII XapakTep KaK B TeOPHU, TaK U B IMPaAKTU-
Ke — IIKOJbHUKAM (Ia U CTyJeHTaM) OUYeHb HPABUTCA KJEUTh
MOJEeNY KPaCUBBIX MHOTOTPDAHHUKOB — IPaBUJIbHBIX, MOJYIpa-
BUJIBHBIX, 3BE3JUaThIX. ['eOMeTpUs MOCTPOEHUIT B yueOHUKe 3a-
BepItaeTcs MOCTPOeHNEeM MMEHHO IPaBUJIbHBIX MHOTOTPAHHUKOB
(kaxk m B «Hauamax» EBraupga).

M3MEPEHME TEOMETPUYECKMX BEJMNYUMH
ITocie Toro Kak (purypsl IIOCTPOEHBI, BCTaeT 3amada 00 HX

U3MepeHUl, O blUUCAeHUL XaPAKTEPUIYIOIIUX 3TU (PUTYPHI T'e0-
MeTPUYEeCKUX BeJUUYMH. VIMEHHO BBIUMCIUTEJIbHBIE 3aJadyul IIO0
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reoOMeTPUU TAI0TCA HAa Pa3HOOOPa3HBIX dK3aMeHaX (KaK BBIIMYCK-
HBIX, TAK W BCTYNHUTEJbHBIX), a IOTOMY MMEHHO TaKUM 3aJadyaM
yUUTeNa O0BIYHO YIEJSIOT B Kypce reoMeTpuy HamboJibiliee BHU-
MaHue. 3aBepIIaloN[UM STAloOM B PEIleHNM BLIUMCIUTEIbHOUN 3a-
llauyl SIBJSAETCSA BBIUMCJIECHUWE [0 HEKOTOPOU MOJIyYeHHOU B IIPO-
mecce ee pelreHua aarebpanyeckoir (opmysae, T.e. YUCTO
apudmeTnuecKue omeparnuu. KEcam «3amzayas» COCTOUT JHIIb
B IPUMEHEeHUU M3BECTHOU y:Ke (PopMyJbl, KOTAa 3aIaHbl BXOMA-
e B Hee BeJIUUYUHBI, TO dTO BCETO JIUINL yIpakHeHue B apud-
MeTHUKe, ImoMoraloIiee 3allOMHUTL IpuMeHAeMyio ¢opmyay. B co-
JlepyKaTeJIbHOU TeOMEeTPUUYECKOW 3aZaue 3TOMY B3aBepIIaroieMy
aTamy IPeJIIecTBYeT BBIBOJ aaredpamdecKkoii (popMyJibl, 0OBITHO
CBSIBAHHBIN C JOMOJHUTENLHBIMHU IIOCTPOEHUAMU. B Teopermue-
CKOM TeKCTe yueOHHKA BBIBOAUTCA CPABHUTEIHHO HEMHOTO BbI-
YUCAUTEIbHBIX (POPMYJ — MBI He Meperpy:KaeM MaMsaTh YUeHU-
KOB YACTHOCTSMM’, a YUYUM HMX IIOJy4YaTh M3 BTUX BaKHEUITUX
opmysT HYyKHBIE AJIA PeIleHus KOHKPETHON BBIUYMCIUTETbHOMR
reoOMeTPUUECKON 3amaum ajredbpandyeckue BuIpaskeHud. O6cyaum
JUHUIO 2e0Mempull 8bliUcC/leHUll B yueOHUKe.

1. BakHelimue BBIYUCINTENbHbIE (POPMYJIBI ILTAHUMETPHH.
B nmiamuMeTpuu BBIUYMCASIOT AJWHBI, ILJIOIIAAW W YIJbl. JIByMs
MEePBBIMY BBIYUCAUTENBLHBIMU (hOpMyJaMU IIJIAHUMETPUU SBJIA-
oTcsa opmyJia AJiA TJIOIAAM MPSAMOYTOJbHUKA (M3BeCTHAs M3
HaYaJbHOM IIKOJIBI):

S=ab, 1)
u dopmyJia AJA CyMMBI yIJIOB TPEYTOJbHUKA:
LA+ /ZB+ £ZC=180°. (2)

OcHoBHasa (opMyJa IJd BBIUUCIEHUS PACCTOIHUHN — ITO
meopema ITugazopa:
c=a?+ b 3)
OcTpble yrJIbl IPAMOYTOJBHOTO TPEYTOJbHUKA HAXOIAT (ecyiu
M3BECTHBI JBe eTr0 CTOPOHBI) IO (hopMyJiaM:

sind=2 u cosAzé. 4)
c c

Oo6o061enre Teopembl Iludaropa — meopema KOCUHYCOS8:
c2=a?+b%>-2abcosC. (5)

Jra TeopeMa II03BOJIAET HAXOAUTHh KAaK CTOPOHY TPEYTOJIbHU-
Ka (ecam m3BEeCTEH MPOTUBOJEKAIIUN efl YyroJl U ABe APYTUE CTO-
POHBI TPEYTOJbHUKA), TAK ¥ YIOJ TPEyToJbHUKA (eCIU M3BECTHBI
TPU CTOPOHBI TPEYTOJbHUKA).

Tperba BakHeHWINIad TeopeMa IJIAHUMETPUU — meopema Cu-
HYycos:

a b ¢
sinA = sinB ~ sinC’

(6)
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OrHomreHusa B paBeHcTBax (6) — sT0 AMaMeTphl OKPYKHOCTH,
OIMMCAHHON BOKPYT TPEYrOJbHUKA.
Ilnomans TpeyrospbHWKA CUUTAIOT 1O (hOpMyJaM:

S:%am (7
nian

S§=absinC. (8)

Bcecmomuuaem Tak:ke (GOpMYyJBI AJA AJIUHBI OKPYIKHOCTU U
ILJIOIAAY KpyTa.

ITux GOpPMyJ BIIOJHE TOCTATOUHO, UTOOBI PEINUTH JIOOYIO
BBIUMCJIUTENHFHYIO TIJIaHNMETPUYECKYIO 3amauy. KoHeuHo, moJes-
HO 3HaTh (opmyay I'epoHa, BBEIPaKAIONIYIO TJIOIIAAL TPEYTOJb-
HUKa yepes ero cTopoubl. Ho, MOKeT OBITH, TTOJIe3Hee, TPUMEeHIA
Teopemy Iludaropa, HaliTu BBICOTY TPEyrOJbHUKA, a 3aTEM BOC-
moab3oBaThbeAa Gopmynoii (7)? ChoenaB 3To, MBI BhIBemeM (hopmy-
ay T'epona.

Eme nBa mpumepa. Hamo nu yuenmkam 3amomMmHATL (hOPMY-
JIBI IJIsT PaguyCOB BIIMCAHHBIX M OMMCAHHBIX OKPYsKHOCTEll Tpe-
yronbuuKa? [asa a1000T0 MHOTOYTOJBHUKA, MMEIOIIEer0 BIIMCAH-
HYI0 OKPY:KHOCTH paguyca I, €ro IIONaAb S BBIpaKaeTcs II0
dbopmyse S=pr, Tae p — MOJYIEePUMETP MHOTOYTOJbHUKA. OTO
dbopmysa mosyuaeTcs cpasy, €CaU COeIUHUTDH IeHTP BIUCAHHOM
OKPYSKHOCTHY C BEPITUHAMU MHOTOYTOJBHUKA U IMOJCUUTATH ILIO-
AN TOJYUYUBIIUXCA TPEYTOJBHUKOB C BBICOTAMU I' IO (hopMy-
ae (7).

A uToOBI BBHIPA3UTh pammyc R OKDPYKHOCTH, ONUCAHHOH BO-
KPYT TPeyroJbHWKA, AOCTATOYHO BCIOMHUTH, UTO OTHOIIEHUS
B TeopeMe CHHYCOB — 9TO AMaMeTPhl OMMCAHHON OKPYKHOCTH,
T.e. 2R= ﬁ , BBIpasuTh orciofa sin C u moactaBuThb ero B (8).

. abe
BripasuB R 13 mmoJiydeHHOU (hopMyJibl, MMeeM: Rzﬁ.

2. Paccroaausa. PaccrosHme — BajKHeWIIasd M3 reoMeTpuUye-
CKMX BeJIMUUH: Uepe3 Hee BBLIPAKAIOTCA BCE OCTaJbHBIE I'eoMe-
TPUUYECKUE BEJUUYUHLI. B yueOHUKe IOHATHE PACCMOAHUE TIO-
CJIEIOBATEJIILHO PACIIUPAETCA OT PACCTOSAHUS MEMKIY TOUKAMU [0
paccrosHUA MexIy (urypamu. PaccmoTpum 9TO.

a) Paccmosanusa mexcdy mouxkamu (0runa ompeska). K tem
ILIAHUMETPUYECKUM (POPMYJIaM, O KOTOPBIX VYiKe TI'OBOPHUJIOCH
(BaskHeliasa n3 HUX — Teopema Iludaropa), B crepeomerpun Io0-
0aBisieTcsA MIPOCTPAHCTBEHHBINA aHAJor Teopembl Iludaropa, Ko-
TOPOMY [JaHBbI pPa3jinuHble (HPOPMYJIUPOBKU:

1) kgadpam OduazonHanu npamMoOYyzosbH020 napasienenuneda
paeen cymme K8adpamos mpex ez0 U3MepeHull;

2) paccmosanue medxncdy 08ymsa moukamu, KOOpOUHAMbL KOMO-
PpblX u38ecmHbvl, PABHO KOPHIO K8AOPAMHOMY U3 CYMMbL K8adpa-
mos pasHocmeil ux 00HOUMEHHbLX KOOpOUHAM;
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3) modyav ekmopa pagen KOPHIO KE8AOPAMHOMY U3 CYMMbl
K8adpamoe ezo NpPAMOYyz0JbHbLX KOOPOUHAM.

O paccrosuuu OT (PUKCUPOBAHHON TOYKU — I[€HTPA — T'OBO-
pUTCSA TpPU OIpemesieHWN BaKHeHIMux QUryp »sJIeMeHTapHOH
reoMeTpUU — OKDPY/KHOCTH U KPyra, cdepsl u IIapa.

06) Paccmosnue om moyuku 0o guzypvl. PaccTogaHueM OT TOY-
Ku A mo Qurypsl F HasbIBaeTcsa pacCTOAHME Me:XKIy TOUKoir A
u Osuskaiinieir K Hell Toukoir (urypst F. Ilpm srom Tourka B
¢urypsr F HasbIiBaeTcsa OJMskalmieil K TouKe A, eciii OTPE30K
AB He pjiuHHeEe OTPe3Ka, COeIUHAIOIIETO0 TOYKY A ¢ Jo0oi aApy-
roii Toukou Gurypsl F, T. e. oTpe3oKk AB ABIsgeTCA KpaTdyaWlIuM
U3 OTPE3KOB, COENWHAIIIUX TOUKYy A ¢ Toukamu ¢(urypsr F.
Hamnpuwmep, nauna meprneHAUKYIspa AB, OUMYII[eHHOTO U3 TOYKU
A Ha mpamyio p (IJOCKOCTH O), He IPOXOAAIIYIO Yepe3 TOUKY
A, ABideTcA paccTosHUMEM OT A 10 TpAMOR p (IJIOCKOCTH Q),
a OCHOBaHUe IePIeHANKYJIsdpa — TouKa B — OGam:Kkaiiias K Tod-
Ke A Touka mpamMou p (IJIOCKOCTHU ().

WnntocTpupyss TO IMOHATHE HNPUMEPaMU U3 IPAKTUKU, MOMK-
HO BCIIOMHUTHL ¥ O (pyTbOosie (OZUHHAAIIATUMETPOBBIN yaap HUIu
«CTeHKa» UTPOKOB, OTOABUHYTas CyAbeil HA 9 MeTpoB), U 0 pac-
CTOAHUY KOpabJisg WM IIJOBIla A0 Oepera, M O BbICOTe HAn 3eM-
Je#l JIeTAIero CUyTHUKAa u T. II.

3aMeTHM, UTO KOT/AAa TOBOPST O BBICOTE HMUPAMUIALI (BeIUUM-
He, a He 00 OTpesKe), TO UMEIOT B BUJY PACCTOSHWE OT BEPIIU-
HBI TUPAMUABI [0 TJOCKOCTH ee OCHOBAHWUS.

HUcnonb3ys moHATUS OJIMKANIIIEN TOUKY U KpaTyanlInero orpes-
Ka, COBCEM ITPOCTO MOKHO JOKAa3aTh KJIACCUUECKYIO TEOPEMY O TpeX
MEepHeHANKYAApax: HAKJAOHHAL K NJA0CKOCMU NepneHOUKyJIApHa
npaAMoll, Jaexcaweil 8 amoil NJAOCKOCmuU, mozda u moJjvko mozoa,
K020a NpoeKyus HAKJIOHHOU NePneHOUKYIAPHaA IMoil NPAMOLL.

HokasareunbcTBo. [IycTs gaunsl HakjJaoHHAA AC K ILJIOCKO-
cTHu o, ee mpoekius PC Ha 9Ty IJIOCKOCTb U IpAMas a, JeKalas
B IIJIOCKOCTU O M mpoxoxdAmias ueped Touky C (puc. 112, myHKT
13.2). B Teopeme mBa B3aMMHO OOpaTHBIX YTBep:KIeHUs: 1) ecau
ACla, to PCla; 2) eciu PCLa, o AC L a. Jlokaxkem ux.

Bossrmem mepemveHHYI0 TOuKy X TOpPAMOA @ W PACCMOTPUM
TpeyrosbHUK AXP (puc. 112, 6). OH OpAMOYTOJbHBIN, ITOCKOJIb-
Ky AP 1 o. ITo Teopeme IImdaropa AX?=XP?+ AP? ]IiBe Beuu-
ynnbel AX? n XP? oTanuamTCsa HA IIOCTOAHHOE ciaraemoe AP2.
ITosTomy oTrpesoxk AX cTaHOBUTCA KpaTUAUINIUM IIPU IBUKEHUU
Touku X IO IPAMOI a TOTJa U TOJBKO TOTAa, KOorha KparTdaii-
IIIM CTAHOBUTCA OTPe3oK XP. A KpaTuadlliUMU OHU CTAHOBSIT-
cs TOTJa ¥ TOJBKO TOTr[a, KOrjJa OHM OJHOBPEMEHHO OKasbIBa-
IOTCA TEePHeHAUKYJIAPHBIMU NTPAMON a. W3 9TOro u BBITEKAIOT
o0a yTBep:KAEHUS TEeOpeMbl O TpexX MepIeHIUKYJIApax.

Ilonarwme Oamikaiimieir TOYKU OAaeT BO3MOKHOCTH TOJIYUYUTh
WHTepecHoe 0000IeHre TeopeMbl O TpexX MepHeHAUuKyIapax. 3a-
MEeHUM B STOI TeopeMe MPAMYIO 4 Ha IPOU3BOJbHYIO GuUrypy F
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B miockoctu O (puc. 114 [1], mysrr 13.3). IIycte X — mepe-
MeHHas Touka (urypsl F. W3 pasencrtBa AX%= XP?+ AP? nena-
eM TOT ’Ke BBIBOJ O HamMeHbIIuX paccToguuax AX m PX — oHHu
CTAHOBATCS HaWMEHBIIUMU OJHOBpPeMeHHOo. Ilomyuaem Takoe
0000IIIeHIe TeoOpPeMbl 0 TpPeX MepHeHIUKYIApax:

Teopema (0o Onusxcaiiueit moure). Ilycmo ueypa F anexncum
8 nJjaockocmu o, A — Hexomopas mouka, He npuHadiexcau,as o,
u P — ee npoerxyusa na o. Tourxa Queypsr F 6ydem Oaudxncaiiuieil
K mouke A mozda u moavko mozda, K0z0a OHA sA8Asemcs Oau-
Jycattwelt k¥ ee npoexkuyuu P.

006 sTOM 00001TIeHNN KJIACCUUYECKOUW TeopeMbl O TPeX MepIieH-
mukyaapax A. Il. AnekcanapoB IUINET Tak:

«Teopema o0 Tpex IeprIeHAWKYJIIpPax 0OKasajaachb, KaK MBI BU-
IOUM, TOJBKO YAaCTHBIM CJy4YaeM TeopeMbl O OJu:kamIieil Touke,
OTHOCAIIeHcA K JI000# miIockoi urype. Ilpu sTom mokasaTeinb-
CTBO ee HUYYTH HE CJOKHee. JTO IPUMedaTeIbHO!

OnvH 13 MOMEHTOB B PA3BUTUU MATEeMaTHUKHU COCTOUT B TOM,
YTO pes3yJbTaThl, KOTOPbIE€ IperKjIe OTHOCUJIUCH K OoJiee CIeIu-
albHBIM (QUTypaM, ypaBHeHUSM, (QYHKIIUAM HJIA WUHBIM O0BEK-
TaM MaTeMaTuKH’, 0000IIaroTcsa II03:Ke Ha ropasmo 0ojee obIue
00bexThl. TeopemMa 0 Tpex IMepPIeHANKYJIIpaX BOCXOAUT K APEB-
HUM TpekaM (HO JOKasbIBAIM OHU ee IMOo-APyroMy), a Teopema
0 Osmikaiiiiedl TOUKe MPUHALJIEKUT reomMeTpunm XX BeKa».

B) Paccmosanue mencdy puzypamu. PaccToaHne Mexay SBYMS
urypamm — 3TO paccTosdHUE MEXAYy OJMIKAUIIUMU TOUKAMU
atux ¢uryp (myHxkr 14.1). YauBuTesbHO, UTO B HpoTrpamMmMe
IITKOJIBHOTO Kypca reOMeTPUU OTCYTCTBYET 3TO IIPOCTOE U BairKHOE
Kak B TEOPUHU, TaK U B MPAKTUKE IMOHATHUE, HO MEePEeUUCIAIOTCS
pasHooOpasHbIe ero YacTHbIe CJaydYau, OTHOCSIIHecd K PacCTos-
HUAM MEKIY MPSMBIMU U ILJIOCKOCTSMH. PAacCTOAHUAMU MEXKIY
IBYMSA MPSAMBIMU UJIU IJIOCKOCTAMU BO BCEX dTUX YACTHBIX CJIY-
yasgx SBIAIOTCA MJIUHBI WX OOIUX MEePHEeHAUKYJIAPOB. B mpak-
THKe TOBOPAT U M3MePSI0T MMEeHHO 9TH paccTosHus. Hampumep,
KOTZIa peub UIeT O BbICOTe KOMHATHI (pacCTOSHUE MEeXKAY mmapas-
JeJbHBIMU IIJIOCKOCTAMM), WJIU O IUPUHE KeJe3HOTOPOKHOMN
Kojsen (paccTosHMe MeXKIy IIapajlielbHBIMA IPAMBIMU), WU
0 BBICOTE IIJIAHKM MPU MPBIXKKAX B BBICOTY (PacCTOSHUE MEXKIY
HapajelbHBIMI IIPAMON UM IJIOCKOCTBIO).

Korma roBopsaT o BBICOTE€ HPU3MBI KaK 00 OTpe3Ke, MMEIOT
B BUAY OOIIUHA MEPIEHAUKYJIAP IIJIOCKOCTEe!l OCHOBAHUU ITPU3MBI,
a Korjga TOBOPAT O BBICOTE NMPUBMBI KaK O BeJIUYHHE, TO UMEIOT
B BUAY PACCTOAHUE MEKAY IIJIOCKOCTAMHU ee OCHOBaHUIA.

B mpakTuke msMepeHUe PaCCTOAHUI MeXKIy (puUrypamMu 4acrto
KacaeTcsd HapajelbHBIX (DUTYpP, HO IPU 9TOM MapajelbHOCTh
9TUX (QUTYp IIOHUMAaeTCs He KaK OTCYTCTBUE y HUX TOUEK Iepe-
ceueHUs (IPU UX MBICTEHHOM HEOTPAHWYEHHOM MIPOMOJIKEHUN),
a Kak IOCTOSHCTBO PACCTOAHUMN MeXIy HUMU. BOoT Kak cKasaHo
00 9TOM B yueOHUKe:
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«ITapanmenbHble MPSAMbIe ¥ IIJIOCKOCTH OIPENEJSIOTCS KaK
mpsMble ¥ IIJIOCKOCTH, KOTOpbIe He IlepecexkaroTcs (HAa BCeM HUX
0ecKOHeUHOM HpojoJi:KeHuun). Ho peaJbHO MBI ©MeeM [IeJio ¢ KO-
HEeUHBIMU YaCTAMHU MIPAMBIX ¥ IJIocKocTeii. IlapajienbHOCTh
IIPOTUBOIIOJIOKHBIX KPaeB MOCKU, TaK Ke KaK MapajelbHOCTh
MEXKAYITAKHBIX MEePEKPBITUl, OmpeaessieTcs He TeM, YTO IOJy-
yaeTcs OpU UX OECKOHEUHOM IIpomoKeHur. HUKaKOH MIOTHUK
He TPOJOJI’KaeT KpaeB JOCKU M0 0ECKOHEUYHOCTH, KaK M CTPOU-
TeJW OasKe MBICIeHHO He MPOMOJIKAI0T MEKITaKHbIe IepPeKphI-
Tusa. Ha camMoMm fesie B mapajlIeIbHBIX MPAMBIX U IIJIOCKOCTSX
Ba)KHBI ¥ WMEIOT PeaJbHBIN CMBICJ Te WX CBOIMCTBA, KOTOPHIE
OTHOCATCA K MX KOHEUHBIM dYacTsaM. Ha OCHOBaHUU JTUX Ke
CBOMCTB IIPOM3BOAUTCS IIOCTPOEHUE IapaliebHBIX MPSIMBIX U
ILJIOCKOCTell, a B JeHCTBUTEJbHOCTU — MX KOHEUHBIX YacTeil.

BaskHeimuM cpeiy TaKMX CBOWCTB, XapaKTepU3YIOIMIUX IIa-
paLIeIbHOCTh TPAMBIX ¥ IIJIOCKOCTEH, SBJISAETCS IIOCTOSHCTBO
paccTosgHUS, T. €. PABHOYAAJEHHOCTb TOUYEK OMHOM MPSMOM UJIU
IJIOCKOCTH OT JAPYTOIi».

ITosmesHo TpeACTaBAATH, UTO PACCTOSHUE MEXKIY CKPeIuBa-
IOIUMUCA IPAMBIMY (AJIMHA WX O0IEro NepreHAuKyJIdpa) — 3TO
paccTosHUEe MeKIy HapajleJbHBIMHU IIJIOCKOCTAMM, B KOTOPBIX
JesKaT 3TU HpSAMbBIe, WY PACCTOSHNE OT OJAHOM M3 9TUX MPAMBIX
0 TIapaJijieIbHOM el MJIOCKOCTH, COAepsKalleil APyryi MpsaMyio.

3. ¥rasel. B sToM myHKTE, roBOps 00 yriiax, MBI Be3je IIOf
CJIOBOM Yyzosi OymeM MMeTh B BUAY BEJUUYUHY 9TOTO yrJa.

a) Yeon mexuwcdy ayuamu (myHKT 15.2). K sTOMY IOHATMIO
CBOJATCA B [OaJIbHEHINIeM OompeAesieHns pPasHOOOpasHBIX YIJIOB
B CTEepeoMeTpHuU, B TOM UHCJEe W yrja MeKIy BekTopamu. CHa-
yaja TpebyeTcs BBECTH OTHOIIEHNE COHAIIPABJIEHHOCTU Jydell u
IOKasaTh ero TPaH3UTHUBHOCTh. B 3TOM TPYAHOM BOIIpOCe
A. 1. AnekcaHAPOB TPEAJIOKUJ eJUHOOOPA3HBIN ITOIXOJ, TOMA-
muiics Kak B IJIaHWMETPUU, TaK W B cTepeoMeTpuu. M3a0:KuUM
ero cTepeoMeTpuUYecKUi BapuaHT. Il1aHuMeTpUUYecKuii paccMoOT-
puTe CaMOCTOSATEIbHO.

IBa nyua @ m b Ha3BIBAIOTCA COHAINIPABJIEHHBLIMU, €CJIM Hal-
IeTcs Takas IJIOCKOCTb, KOTOPOM OHU IePIeHANKYJIAPHBI U Jie-
JKaT ¢ OmHOUW cTOpOoHBI OT Hee (myHKT 15.1). flcHO, uTO Tarkme
Jayum aub0 mapajyiesbHbI, JU00 OMUH U3 HUX COAEPIKUT APYToii.
0O06o3HaualT COHAIIPABJIEHHOCTDL Jyueil a u b Ttak: alb.

HokaskeM TPaH3UTHUBHOCTH OTHOIIEHWS COHAIIPABICHHOCTHU
JyUen.

Oaumo: attd, b1lec.

Ooxasars: allec.

HorasareanscTBo. IIycTh 00 — MJIOCKOCTH, KOTOPOM IIep-
TNeHIUKYJIAPHBI JyUW @ U b M OT KOTOPOM OHU JIeXKaT C OJHOU
CTOPOHBI, a J — aHaJOrMYHAsA IJIOCKOCTh AJsA Jydeir b u ¢. Ecan
IJIOCKOCTH O, ¥ [ coBmagaioT, To, oueBuaHo, alc. Ilyers mio-
croctu O u B pasauunsl. Torga oHM mapauieIbHBI, TAK KaK OHU
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MepUeHIUKYJIAPHLI Jyuy b. PaccMoTpuM Te orpaHUYeHHBIE UMU
MMOJYIIPOCTPAHCTBA, B KOTOPBIX JEKUT ayd b. OgHO M3 HUX CO-
Iep:;KUT Apyroe. B aToM MmosympocTpaHCTBe JieKaT Bce Jy4Yu d,
b, ¢ U Bce OHU TEPHEHIUKYJIAPHBI €r0 TPAHUYHOUN IIJIOCKOCTH.
ITosTomy a1lc.m

O snyuax, KOTOpbIe JiesKaT Ha MapajelbHBIX HPAMBIX (UIu
Ha OJHOU IIPSMOI), HO KOTOpPhIe He COHAIIPAaBJIEHBI, TOBOPAT, UTO
OHU HANPA8JieHbl TPOTUBOIIOJJIOMKHO.

OmpemenuM Temeph yros MeXKAy JydaMy B IITPOCTPAHCTBE.
Ecau gBa syua comampaBjeHBI, TO CUUTAIOT, YTO YIOJ MEXKIY
Humu paBeH 0°. Ecau Ke Jsiydm HampaBJieHBI ITPOTUBOIIOJIONKHO,
TO YyroJ Me:XKIy HuMHu mojiararorT paBHbIM 180°. B manbHeilniem
paccMaTpuBaeM JIyuM, He JeKalllue Ha MapaiebHbIX TPAMBIX
(wnu Ha omuoui mpsamoit). Ecam nBa syya a u b mmeroT obiree
HAYaJja0, TO OHU JIeXKAT B OJHOM MJOCKOCTH U YroJl MEXKIY HUMU
MoOHMMAaeTcd Kak B IaHuMeTpuu. Ecau Ke Hauajga Jyuyeit a u
b pasJauUYHBI, TO W3 HEKOTOPOoi TouKum O IIPOBOAUMM COHAIIPaB-
JIeHHBbIe UM JyYd P U ¢ W HAXOOAUM YyroJ MeKay Humu. Heob-
XOAUMO YCTAHOBUTH KOPPEKTHOCTH JTOTO OIPeAesieHUsS — ero
He3aBUCUMOCTh OT BbIOOpa Toukmu O.

Bosemem gr00yio Touky M u mpoBeneM 13 Hee JIydu ¢ U k,
coHAIIpaBJeHHbLIEe COOTBETCTBeHHO ¢ ayuamu a u b. Torga c11p
u k11q.

Ha nyue ¢ ormoxum orpesox MC, Ha gyue k — oTpe3ok MK,
Ha Jgyue p — oTpedok OP = MC u Ha ayue ¢ — oTpedok OQ = MK.
ITpoBemem orpesxku OM, PC, QK, PR, CK. Tak kKak OTpesKH
OP u MC paBHB W MHOapajlieIbHBI, TO UYeThIPEeXyTOJbHUK
OMCP — napamnnenorpamMmm. Ilostomy orpesku OM u PC paBHBI
U mapajijaeabHbl. AHAJOTUYHO, YeThIpeXyroabHUK OMKQ@ — na-
paniaemorpamMM, a moromy oTpe3ku OM m QK paBHBI U mapal-
aenbubl. CiaemoBaTenbHO, oTpe3ku PC m QK paBHBI U mapal-
JeJIbHBI. SHAUUT, YeThIpexXyroabuuk PQKC — mapajiaelorpamMM,
a moromy PQ=CK. Ho Torma tpeyrombuuku OPQ u MCK pas-
HbI (Mo Tpem cropoHam). Iloaromy Zpq=~/POQ=~LCMK = Zck.
KoppeKTHOCTDL ompeeeHus yriaa Me:KAy JydaMHu JoKasaHa.

0) Venvt mexncly npamvimu U NJAOCKOCMAMU. YTJIOM MEXKIY
MPAMBIMY HA3bIBAETCS HETYIIOW YroJl Me:KAy JydaMu, JiesKalu-
MM Ha 3TUX OPAMBIX (OyHKT 15.3).

JIuHelHBIN yroJ ABYTPAHHOTO yIJjia OIIpelesseTcs KaK yroJ
MeXKAY JydyaMu, MPOBEIeHHBLIMU B I'PAHAX ABYTPAHHOTO yrJja 13
HEKOTOPOH TOUKM ero pebpa U MepHeHIUKYJIAPHBIMU d3TOMY pes-
py. KoppekTHOCTh TaKOTo ompelesieHus BbITeKaeT W3 COHAIPAaB-
JIEHHOCTU [OBYX JIyueil, IPOBEJeHHBIX B OJHON TpaHU ABYT'paH-
HOTO yrJjia TMEepHeHIUKYJIAPHO ero peépy.

Ecau miockocTu mapajjielbHBI, TO YroJ MeKAYy HUMHU II0-
naraerca paBubiM 0°. Ecaum ke aBe IIJIOCKOCTH IepeceKaroTcs,
TO YIJIOM MEKAy HUMM HA3bIBAeTCS BeJIUYMHA HETYIIOTO u3 00-
pasoBaHHBIX UMY JBYTPAHHBIX YIJIOB. ITO MOHATHE MCIOJIb3yeT-
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’ o
CA IPU BBIYKCJICHUHN ILIOMALX S OPTOrOHAJBHOIN MPOEKINK Ka-
KOT0-1100 MHOTOYTOJbHUKA C ILIOMIAABI0 S:

S’'=S cos o, 9)

rge @ — yroJ MeKAy IIJIOCKOCTBIO MHOTOYTOJIBHUKA WM ILJIOCKO-
CTBIO €T0 ITPOEKITUMU.

Haxonern, yzon mexdy npamoil u naiockocmyvio B cirydae, KOr-
Jla OHW He B3aWMMHO IEePIeHAUKYJIAPHBI, ONpeleseTcs KaK yroJa
MeXOy OPAMON M ee OPTOTOHAJIBHON IIPOeKIlmell Ha 9Ty ILIO-
ckocTh (myHKT 15.4). Eciu Ke IJIOCKOCTh U HpsSAMas B3aMMHO
MePUeHANKYJJISAPHBI, TO YIroJ MeMXIy HUMM II0JlaraeTcsi PaBHBIM
90°.

OTmMeTuM, UTO AOKAa3aTeIbCTBa OOIUX TEOPETUUYECKUX II0JIO-
JKeHUI, CBASAHHBLIX C yrJlaMM, OTHOCSATCS B OCHOBHOM K pac-
CMOTPEHUIO yIJI0B Mexay aydamu. O0 oCTalbHBIX Ke YIrilaX pPedb
UIeT B MHOTOUYMCJEHHBIX BBIUUCIUTENbHBIX 3a7adax O IMUPaMU-
max u npuamax. O6beM Teopuu B 3TOM pasneiie (KaK B 6a30BOM,
TaK U B YIJyOJIEHHOM Kypcax) He OYeHb BeJUK. HO TOJBKO
B YyIUMIyOJIEHHOM Kypce (MU B 9JeKTHUBHOM Kypce) MOJKHO CyIIe-
CTBEHHO PACIIUPUTH €ro, U3YUNUB TPUTOHOMETPHUIO TPEeXTPaHHBIX
yIJIO0B.

4. Oobem (§ 25—27). 3agaun 00 m3MepeHUU O00HEMOB HEJIb-
351 B IIIKOJIBHOM KypCe TeOMEeTPUU UBJI0MKUTH C TOHN JKe CTeleHbIo
CTPOTOCTH, HAa KOTOPOMH IMJIO M3JOXKeHHe HAYaJbHBIX TeM Kypca
crepeomerpun. I109TOMY B ITKOJIBHOM H3JI0KEHUU TEOPUU O0B-
€MOB MHOTHE ee IOJIOKEeHUA apTryMeHTUPYIOTCA COOOpaKeHUAMU
HATJISTHOCTH.

O0BbemMOM TeJia Ha3bIBAETCS IOJIOMKUTEJbHASA BEJIMYWHA, OIpe-
IeJeHHas IJis Teja TaK, UTO, BO-IIEPBBIX, PaBHbIE Tejia UMEIOT
paBHBIe 00'beMbI (YCJIOBME MHBAPUAHTHOCTH) U, BO-BTOPHIX, €CJIU
TEJI0O COCTAaBJIEHO M3 KOHEUHOTO YMCJa TeJl, TO ero o0beM paBeH
cyMMe uX 00beMOB (ycJioBUE aAJUTUBHOCTH).

Cpagy ke oOpaiaercss BHUMaHMWe Ha aHAJOTUIO B OIpeje-
JeHUAX o0beMa Tejla M TJIOIIAAM IJIOCKON (UTyphI, a TaKiKe
IUINHBI OTPEe3Ka: BO BCEX TpPeX CAydYasdX 5TU II0JIOKUTEIbHbIe
BEJIMUYUHBI OIPENeJd0TCA YCJIOBUAMU WHBAPUAHTHOCTH W alIu-
TUBHOCTH.

9Tty omnmcaTrebHbIe (IeCKPUITUBHBIE) OIpPeHeeHUs TPeOyioT
JIOKa3aTeJIbCTB COOTBETCTBYIOIIMX TEOPEM CYIIIeCTBOBAHUA O0'B-
eMa, ILJIOMIaAMW, a TakKsKe AJmHBI. A. J[. AJekcauapoB BIepBbIe
B IIIKOJILHBIX y4YeOHMKAX reoMeTpPUU cKasasl O TOM, UTO «MbIC-
JUMbI€ B T€OMETPUHU TeJia MOT'YT OBITh HACTOJBKO CJIOMKHO YCTPO-
€HBI, UTO IIPUIINCATL UM BCEM 00beM C YKa3aHHBIMIU CBOMCTBAMU
(TTOI0KUTEIBHOCTA U aAAUTUBHOCTH) HeJdb3si». OH BBIZEJUJ Ta-
KO# KJacc Tes (M aHAJOTHMUYHBIA KJacc IJIOCKUX (GUryp), y Ko-
TOPBIX O0BEM CYIIeCTBYeT M KOTOPBIN MOJKHO JIETKO OIIUCATh
B paMKaX IIKOJBHOTO Kypca. JTO KJACC TeJl, B KOTOPBIX KaKAasd
npaMasi, UMeIas ¢ TeJoM oO0Iue TOYKU, IepeceKaeT ero Io-
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BEPXHOCTh II0 KOHEUHOMY UYHCJIY OTPE3KOB M OTAEJLHBLIX TOUEK.
Tarkwme Tema (m miaockue urypsr) A. . AnekcaHapoB Ha3BaJ
npocmuimu. damepumocTs mpocTeix (uryp u tea A. II. Anek-
CaHapPOB OOKasaj B cBoeii pabore «O Mepe, BHYTPEHHOCTU U I'pa-
Hune» (Cubupckuiti maTeMaTuuecKuit :KypHaa. 1983, 1. 24, Ne 5,
cTp. 12—14).

OcHoBHaA 1esb TeMbl «O0beMbl» — BBIBOZA (hOPMYJI AJA BBI-
YKCJIEHNS 00beMOB TeJI, M3yUYaeMbIX B 9JIEMEHTAPHON reOMEeTPUIH.
Croenano sTo B yueOHUKe oueHb mpocTo. CHauasa JOKasbIBaeTcs,
uTO 00BeM JI00020 NPAMOZ0 UULUHOPA paBeH NPOu3BedeHu NnJo-
wadu ezo ocHoBaHUA U 8blcombl. JIroboe mpocToe Tejao HmpubJIm-
JKeHHO MOJKHO pacCMaTpPUBATH PACCJIOEHHBIM HA TOHKMUE IPSAMbIe
MUJIUHAPBI. OTO IIO3BOJSAET BBIpAKaATh 00bEM Teja WHTEerpajioM
OT MJIOIIAMM ero CeueHWU uau (UYTO PAaBHOCHUJIBHO) IIOKA3aTh, UTO
IJIOIAAEL TIJIOCKOTO CeUeHMs TeJla paBHA MTPOMBBOMHONH OT 00B-
eMa 4YacTy TeJjla, OTPAHUYEHHOTO IJIOCKOCTBIO ceueHHs. (ITOT
BTOPOH IIOAXOJ MOXKHO IPHUMEHHTh M B TOM CJIydYae, €CJHU IIO-
HSTHEe OMIpPeNeJIeHHOTO MHTerpaja OTCYTCTBYeT B Kypce Hauall
aHanusa.) HUcooabpsysa gopmyny Hseioroma — JleiiOHHMIIAa, BBIBO-
OUM, BO-IIEPBBIX, (POPMYJaYy HAJsA oOBbeMa JIIO00To IIMJIMHIPA
(B WacTHOCTHU, TPU3MBI), BO-BTOPBIX, (DOPMYyJTy AJA 00BEeMa JIIO-
6oro KoHyca (B YaCTHOCTH, IIUPaMHUABI) W, HAKOHEIl, (POopMyJIy
IJjas obbema Immapa.

CHOBa OTMETUM, UTO OOIIUIA B3TJIAA B yueOHUKe Ha mpobJe-
My 00BEMOB TeJl MO3BOJISIET YIPOCTUTH MBJI0KEHUEe 9TOU TeMbI
B IIKOJBHOM KypCe, OCBOOOIUTEL €€ OT TeX YaCTHOCTEeH, KOTOPbI-
MU OBLI IIePerpyskeH TPaAUIMOHHBIA KYPC CTEPEeOMEeTPUIH.

5. IImomaau moBepxHocteit (§ 28). B sToii Teme BBIUMCIISA-
JOTCA MJIOMIAAY TPeX BUAOB MOBepxHoOcTel. Bo-mepBbIX, 9TO 1n.70-
wadu MHOzozpaHHLLX nogepxHocmeil. Taxkume maOIAAUM — BTO
CYMMBLI ILJIONIaZell MX TrpaHeil. OTO UYNUCTO ILIAHUMETPUUYECKUH
MaTepuaJ U BPAA JU CTOUT KYPC CTEPEOMETPHUH IIeperpyKaTh
KakuMHu-J1100 (GopMyJaMU O BBIUKMCJICHUU IIJIOIIameli O0OKOBBIX
IMOBEPXHOCTEN mpuaM wau nupamuz. Taxwme (PpopMyJabl YUEHUKN
BBIITYCKHOTO KJacca MOJIXKHBI YMeTh (eCJu 9TO HYKHO) BBIBECTH,
a He 3allOMUHATH WX, MeperpysKas CBOI0 MaMATH YaCTHOCTSAMMU.

Bo-BTOPBIX, 3TO naowadu pa3gepmuvl8aWUXCA NOBEPXHO-
cmeil: miIomaau O0OKOBBIX IMOBEPXHOCTeI MUJINHIPA BpallleHUs U
KOHyca BpallleHus. Beluncisas ux, MOKHO B 06a30BOM Kypce orpa-
HUYUTHCA WHTYUTHUBHO-HATJIAIHBIM YPOBHEM: B3ATH Pa3BEPTKU
9TUX IIOBEPXHOCTEI — IIPAMOYIOJBLHUK M CEKTOP KPyra, BBIUIC-
JUTHL WX IJIOIIAAX II0 W3BECTHBIM (POopMyJaM IJIAHUMETPUU U
MOJIyUYUTHh Te€M caMbIM (DOPMYJIBI IJIs ILIOIazeil OOKOBBIX IIO-
BepxHOCcTell. T (POPMYJIbl YUCHHUKHU LOJIMKHBI 3alIOMHUTEL. Dop-
MYJBI JKe IJIOIIaJlell NOJHbLX NoGepXHOoCmell ITUJINHIAPA U KOHY-
ca BpAJ JU CTOUT 3alOMHUHATH: 3HAas (DOPMYJIBI AJSA ILIOIIAAeit
OOKOBBIX IIOBEPXHOCTeN IUIAWHApPA ¥ KOHyca, (POPMYJIBI IS
ILJIOIIAael WX IIOJHBIX IIOBEPXHOCTEH HAZ0 YMeTh BBIBOJUTD.
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IIpu paccMOTpeHHOM MOAXOAe K MOHSATUIO IJIOIaAu pPasBep-
THIBAIOIelicA MOBEPXHOCTH CUUTAETCS, UTO ILJIOIIAAh TaKOIl IIO-
BEPXHOCTU — 9TO IJIOIIAAEL €e Pa3BepPTKU, HO KaKas MOBEPXHOCTh
SABJIsIeTCS Pas3BePTHIBAIOIIENCA WM UYTO TaKoOe ee pas3BepTKa ocTa-
eTcsd Ha ypoBHe HMHTyHIMH. Eciau maBaTh TOYHBIE OTBETHI HA Ta-
KHe BOIPOChI, TO IIPUXOJUTCA I'OBOPUTHL 00 WN30METPUUHBIX
IMOBEPXHOCTSX, O BHYTPEHHEHl IeOMeTPHUH IIOBEPXHOCTU, 00 u3-
rubaHuM IIOBEPXHOCTH.

Ecau ke mIOBEpXHOCTH Ha IJIOCKOCTh PAa3BEPHYTH HeJNb3sA (Ha-
npuMep, Jio0yio 00JIacTh Ha cepe), TO IPUXOAUTCA IPUOIUIKATD
ee MHOTOIrPaHHBIMI MOBEPXHOCTAMHU. IIpocTo MpubInKaTh TAKYIO
MOBEPXHOCTh BIIMCAHHLIMU B Hee MHOTOTPAHHUKAMU Heabas. s
BBIITYKJIBIX IIOBEPXHOCTEI TaKoe IIPUOIMIKeHNe BeleT K HYKHOM
1eJid, ecau OpaTh MHOTOTPAHHUKM, OIMMCAHHBIE BOKPYTI paccMma-
TPUBAEMOM BBIIYKJOM IIOBEPXHOCTH. I'paHM 9THX MHOTOIPDAHHM-
KOB JIEJKAT B ONOPHbLX NJAOCKOCMSAX BBINMYKJONH MTOBEPXHOCTH.
ITonaTue onopHas naockocmv JETKO OIpeAeseTcss B TepMUHAX
9JIeMEeHTapHOI CTepeoOMeTPUHU: ILIOCKOCTh Ha3bIBAETCS OIIOPHOM
IIJIOCKOCTBIO Tejia, eCJV OHa IIPOXOAUT Uepe3 ero TPaHUYHYIO
TOUKY U TeJIO JIEKUT IO OAHY CTOPOHY OT 3TO¥ IJIocKOocTu. BBO-
IUTCS 9TO MOHSATHE TOCJe M3YyUYeHUsS B3aUMHOTO PACIOJIOKEHUS
miIockocTtu u mapa (chepsl). OHO 3HAUNTEIBLHO yaoOHee Tpagu-
IIMOHHOTO JJIA Kypca dJieMeHTapHOI CTepeoMeTpUU MOHATUS Ka-
camenvHas MNJA0OCKOCMb, KOTOpPOe, MO CYIIEeCTBY, OTHOCHUTCS
K 1auddepennuaniboin reomerpun. OO0 OIOPHBIX IIJIOCKOCTAX
yIOOHO T'OBOPUTH U AJIA MHOTOIPAHHUKOB, V¥ KOTOPBHIX B BEPIIIHU-
HaxX W Ha pedpax HeT KacaTeJbHbIX ILJIOCKOCTEIi.

O0beM MHOTOIPAHHMKA, OIIMCAHHOTO BOKPYT c(epbl, pPaBeH
OJHOM TpeTH MPOU3BEeNeHUA ILIOIIALN ero IIOBEePXHOCTH U PaLu-
yca coepni. Korma rpanu Takoro MHOTOTPaHHUKA CTAHOBATCS
CKOJIb YTOOHO MAaJbIMH, TO €ro 00BbeM CTPEeMHUTCA K 00beMy
mapa, a IJoIaab ero MOBePXHOCTH CTPEMUTCS K ILIOIamu cde-
pel. IlosToMy oO0BeM Iapa paBeH OJHON TPETH MPOU3BEeNeHUI
mromanu chepbl Ha ee paguyc, T.e. paBeH 47TRZ.

ILnomagu GOKOBBIX MOBEPXHOCTElH IMUIWHAPA U KOHYCA MOXK-
HO HalTH, NpubIMKasd UX IPU3MaMK U OIHPAMULAMIK, OIIMCAH-
HBIMH BOKPYT IIMJIKXHIPA X KOHYycCA.

Hoeu u memodvL co8pemenHOlL zeomempuu: npeobpa3osanus,
KoopOuHambL, 8KMOPbL

C TOuKU 3peHus OOCYKIAIOIIUXCA B DTON JUHUU UAEH, UIen
CIMMEeTPHHU, IPeo0pa3soBaHMil, KOOPAUHAT U BEKTOPOB yiKe 3HAa-
KOMBI IIKOJBHHKAM K3 Kypca MaTeMaTHKN OCHOBHOII IIIKOJIBI.
Ho B cTepeomerpuu sTOT MaTepualsl CTAHOBUTCS Ooraue M MHTE-
pecuee. MbI 00CyauM, KaK pacCMaTPUBAIOTCSI CUMMETPUU U IIpe-
o0pasoBaHmuA, 4 TaKyKe KOOPAMHATHI M BEKTOPhl B yUYeOHUKeE.
B mem MBI ciiegyeM TOMY JKe ILJIAHY, IO KOTOPOMY STU IIOHATHUS
us3yvajJnch B HaAIMX yueOHMKaxXx A 9 Kjacca.
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1. Cummerpusi Kak cBoiictBo ¢uryp. Unesa cummempuu (e
TOJILKO B T€OMEeTPUU) — BasKHeNIas oOIIeKyJabTypHada unes. Ha-
IIOMHUM, UTO I'PEUECKOe CJI0BO CUMMEempPUs 03HAUAeT COrIacoBaH-
HOCTH DPasMepoB, copasmeprHocmsb. OKpy:KAOIUN HAC MHUDP BO
MHOTOM CHUMMETPHUUYEH: CUMMETPUUYHBI CHEKUHKU U KPUCTAJIIBI,
I[BETHI W JINCThs, TeJla HACEKOMBIX U KUBOTHBIX U T.A. W T. II.
W Bce cosmamHOe UYEJIOBEKOM TOKe dUallle BCero CUMMETPUUHO:
apXUTEeKTYPHBIE COOPYKeHUs, Mebeab, MOCyJa, aBTOMOOWJIN U
camoyeTsl u T. 7. CUMMeTpHiI0 MBI HAXOAUM U B My3bIKe (B Me-
JOaMAX ¥ PUTMAax), W B moa3um (B pasMepax u pudmax), #u
B CIIOPTUBHBIX UTDaX.

A B reomerpuu, maydas TOT WU HUHON KJjacc GUTYP, MBI
paccmaTtpuBaeM 0ojiee TOAPOOHO cpeau GUTYP ITOr0 KJjacca Hau-
0ojiee cMMMeTPUYHBIE: PaBHOOEAPEHHBIE U PABHOCTOPOHHUE Tpe-
YTOJIBHUKU B KJIacCe TPEYTOJbHUKOB, IPAaBUJbHbIE MUPAMUILI U
MpaBUJIbHBIE MPU3MbI CPEAW ONUPAMUL U IPUSM U T. II.

B yueGHUKe PasroBOp O CUMMETPUN KOHKPETHBIX (pUTYyp Be-
IeTcsa BMeCTe C M3yuyeHHeM paccMaTpuBaeMoil (GUTyphI, W Ha-
YMHAeTCS OH C pacCMOTpPeHus cuMMmeTpuu cheps u 1mapa (§ 17).
Wsyuas cummerpuio cepsbl U I1apa, MBI TOBOPUM O TOM, KaKue
B00OIIIe (UTYPHI HAB3BIBAIOTCSA UEHMPALbHO-CUMMEMPULHbLMU
(myuxT 17.1), Kakue — 3epKAAbHO-CUMMEeMPUYHbIMU (TTYHKT
17.2), a rakme — Queypamu epauwienus (myskr 17.3). I naree,
usyuas MUJIUHAPBI U KOHYCHI, IPU3MbI U MHUPAMUILI, TPABUIb-
HbIe MHOTOTPDAHHUKM, MBI TOK€ TOBOPUM 00 WX CHUMMETPUMH.

XapakTep M3yYeHUsS BOIPOCOB, CBS3AHHBIX C CHUMMeTpUel
(uryp, OTAMUYEH OT TOTO JIOTUUYECKU CTPOTOTO MBJIO0KEeHUS, KO-
TOPBIN OBLT B T€OMETPHUU IIOCTPOEHUII: M3yUeHUe STUX BOIPOCOB
BO MHOTOM OIIMCAaTeJbHO, 3[]eCh Ha IEepPBbIN IJaH BBIXOASAT HAa-
TJISTHOCTh U KMBOE MPOCTPAHCTBEHHOE BooOpaskeHue. (3aMeTum,
YTO AJIA MHOTUX YUEHUKOB, KOTOPBIM He CJIUIITKOM OJIM3KAa JIOTH-
Ka TeoMeTpHH, B 9TUX BOIIPOCAX T'eOMETPUS CTAHOBUTCSA HHTE-
pecHoir). cTeTHUeCKass OKpPacKa Kypca reOMEeTPUN IPU U3YUeHUN
CUMMETPUU YCUJIUTCH, €CJIU ero WJIIICTPUPOBATH MIpUMEpaMu
u3 Tex objsacTeil, 0 KOTOPHIX yiKe ObLIO CKa3aHO (ApXUTEKTYPHI,
TeXHUKHU, KUBOU IPHUPOABI U T. A.). ViMeerca Oorartas HaydHO-
MoMyJIspHas JUTepaTypa, CBA3aHHAsI C CUMMeTpueii.

Emte pas o cumMerpuu GUTyphl MBI MO3AHEee OyJeM TOBOPUTH
KaK 0 BOBMOYKHOCTU CAMOCOBMEIIeHUS 9TOH (PUTYyPHI HEKOTOPHIM
HEeTOXKIeCTBeHHBIM ABU:KeHueM. CHauasa cienyeT oO6CYyIUTH I'eo-
MeTpuUyecKue IIpeoOpas3oBaHMs.

2. TeomeTpuueckne NMpPeoOpPa3OoBaHUA B IIKOJIBHOM Kypce.
OcHoBHbIe MOHATHA U TepMuHoJdorus. O mpeobGpasoBanmsax Gu-
ryp roBopuJ eife EBKIuI, Korga oH (opMyaIUpOBAT aKCUOMY 7:
u cosmewatowuecs 0pyz ¢ 0pyzom pashvl mexcdy coboii. I mpu
IOKAa3aTeJbCTBAX TeOpeM, OCHOBAHHBIX HA TOHATUU HAJONCEHUE,
peub uUAeT TakKiKe o mpeobpasoBammsax ¢uryp. Jlroboe momosHU-
TeJIbHOe TOCTPOeHUE, BHIMOJHSIOIeecs MPU JOKasaTeJbCTBe Te-
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opeMbl WM IPU PeIeHuU 3aJauu, — dTO TOKe IIpeodpasoBaHUe
¢urypsi. IIpeobpasoBaHue IPOCTPAHCTBEHHBIX (PUTYD B IIJIOCKUE
MIPOUCXOUT, KOTAA 3TU (PUTYPhI M300PaAKAIOTCA B PUCYHKAX UJIU
yepTerkax. ITU IPUMEPHI MOYKHO ITPOAOJIKUTH. TaK UTO mIpeod-
pasoBanus (UTyp IPUCYTCTBYIOT BO BCeX KypcaxX IeOMeTpPuu, U
BOIIPOC COCTOUT B TOM, IPUMEHSIOTCS JIX IPeo0PasoBAHUSA B 3TOM
Kypce Ha HaTJIAIHO-WHTYUTUBHOM ypOBHE, 0e3 KaKux Obl TO HU
ObLIO ompeneseHUll (HaIpuUMep, 6Bpauw,eHue B0KpPYz NPAMOL
B yueOHuKe A.Il. Kucenepa), aABJseTcsa JU paccMaTpuBaeMoe
mpeoOpasoBaHUe JIUIL CPEACTBOM B TEOPUU W IPU PEIIeHUU 3a-
Jladu, WM HEKOTOpoe IIpeobpasoBaHMe WM KJiacC IpeodpasoBaHUL
CTAHOBATCS caMU IIpeaMeToM uayueHus? PasHble yUeOHUKU Teo-
MeTpUHU II0-Pa3sHOMY OTBEUAIOT Ha MOCTaBJeHHBbIN Bompoc. Tak
YTO AMana30H M3y4yeHudA MpeoOpasoBaHUWIl B PasHBIX yUeOHUKaAX
reoMeTpUU BeChMa IMTHUPOK.

Ha matmn B3riisifi, 0 reoMeTpUUECKUX MTPeodpasoBaHUAX B Kyp-
ce TeOMeTPUU MOYKHO MOBOPHUTH KAaK O MeOMEeTPUUYECKUX aHaJIoTax
YUCJIOBBIX (PYHKIIMII, CTOJb [OEeTaJbHO M3yUYaINUXCA B Kypce
anreOpsl ¥ HAvaJ aHAJIM3Aa: YMCJIOBbIe (DYHKIIUU COMOCTABJISIOT
YKCJIO YUCJTY, & TeOMeTPUYEeCKUe MpeodpasoBaHUA COMOCTABISIIOT
TOUKe TOUKY. VIMEHHO 00 3TOM W TOBOPAT OIIpelesieHs, JaHHble
B yueOHUKe:

ITpeobpasosanue ¢gueypv. F cOCTOUT B TOM, UTO KaKIOU ee
Touke X coIocTaBisgeTca HeKoropad Touka X'. Bce Toukm X’
00pasyioT HeKoTopyio ¢purypy F’, u roeopAar, uto purypa F mpe-
obpasyercsa B ¢urypy F’. T'oBopAT Takke, 4To TouKa X' SABJIA-
erca obpazom mouku X, a dpurypa F’' — oopasom gueypv. F nna
ITaHHOTO mpeoOpasoBaHusa (DyHKT 4.1).

B yueOHUMKe HUKaAKMX [IPYTruUX OOIUX OIpeAeJeHUi, CB:A-
3aHHBIX C IIpeoOpas3soBaHUAMU, He OaeTcsd. JTUX HOHATUHN I0-
CTATOYHO [J W3yYeHUs BCero wMaTepuajga, BKJIUYEHHOTO
B 00s3aTeJbHBII MHUHUMYM COJep:KaHUsA, Kak 0asoBOTo, Tak U
yray06JIeHHOTO Kypca TeoOMeTpUu.

ComnocraBieHue TOUKe ee 00pa3a OOBIYHO 3a7aeTCsA KOHCTPYK-
TUBHO, KaK Pe3yJbTaT HEKOTOPOT'0 TeOMETPUYECKOTO MTOCTPOEHNUA.

Takoe comocTaB/ieHWe IIPOUCXOAUT MPU IIPOEKTUPOBAHUU
(TpoempoBaHMM) TOYKU HPOCTPAHCTBA HA IIJIOCKOCTh, T. €. IIPU
n3obpakeHun GUTyp B HapajjiebHO, OPTOTOHAIBHON WU IEH-
TpadbHOII mHpoeKIiuu. VI B ompemeleHUAX KOHKPETHBIX BHUIOB
IBUKeHUU (mepeMelleHuil) — CUMMEeTPUI, IIOBOPOTa, IEepeHo-
ca — TaKJ’Ke COIIOCTaBJIEHNE TOUKe ee o0pasa 3ajaeTcd KOHCTPYK-
TUBHO. BcmoMHUTE ompefeseHUs 9TUX IpeoOpasoBaHUU U Teo-
MEeTPHUIO IIOCTPOEHUII, a 3aTeM YKa)KUTe, KaKue II0CTPOeHUS
HeoO0XO0QMMO BBITIOJHUTL IIPU MOCTPOEHUM OOpPasoB TOUEK IIPU
9TUX TPeoOdPa30BAHUIX.

3. IBm:kenusa. B mpocTpaHcTBe ABMMKEHUS (PUTYD OIpeesis-
IOTCSI JTOCJIOBHO TaK JKe, KaK WM Ha IJIOCKOCTH, — BTO IIpeodpa-
30BaHUA (DUTYD, COXPAHSIOIN[ME PACCTOSHUA MeXKIY TOUKAMMU.
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Ilnan mayueHuss ABUIKEHWIN B y4yeOHWKE TAKOB: ABUKEHUSA SAB-
JISIIOTCS CAMOCTOATENLHBIM O0BeKTOM W3Yy4YeHWs, CHadajga pac-
CMAaTPUBAIOTCSA YaCTHBbIE BUIBI ABUKEHUN — cUMMeTpuu (IyHKT
24.3), noBopor (myHKT 24.4) u mepenoc (myHKT 30.7), a 3aTem
hopmyaupyeTcs TeopemMa O TOM, UTO Jifo0oe IBUKeHNe MPOCTPaH-
cTBa fABJsAETCA JOO BUHTOBBIM ABMKEHUEM, JUOO0 3ePKAJbHBIM
IOBOPOTOM, JINOO CKOJB3AIIUM OTpakeHueM. Ho B yueOGHUKe oTa
TeopeMa JUIh opmyaupyercs. [lousTrue IBUKEHUS MTO3BOJIAET
IaTh 00Illee ompejesieHne paBeHCTBa QUTYpP, KaK (UTYpP, COBMe-
MIAONUXCS HEKOTOPBHIM IBUIKEHUEM.

XapakTepuUCTUUeCKHe CBOMCTBA YACTHBIX BUAOB IBUIKEHUN
MMO3BOJSAIOT WX KOHCTPYKTUBHBIE OIpeneeHUs IOMOJHUTH [e-
CKpuUNTUBHBIMU. Hampumep, mepeHoc — 9TO IBUIKEHME, coXpa-
HsIOIllee HAIPaBJEHUS, a IeHTpaJbHas CUMMETPUS — JTO IBU-
JKeHue, M3MeHSA0Iee HalpaBJIeHUsA Ha IPOTUBOIOJIOKHEIE.

Bor uto nucan A. [I. AnekcaHIpPOB, CPAaBHUBAsA MeXaHUYECKOE
U TeoMeTpUYecKoe ABUKEHUS:

«BbplsgicHuM 06oJiee TTOAPOOHO CBsA3bh TOTO ABUMKEHUS, KOTOPOE
oImpeseieH0 B TeOMETPUM, C PealbHBIM IBUKEHUEM.

IIpeacraBum cebe Kaxoe-HuUOyIb peasibHOe TeJao T B HEKOTO-
pOM oIIpefieIeHHOM TMoJoKeHuu. Kaskmas ero yacTuila 3aHUMaeT
ompeseieHHOe IOJIOKeHNe — HAaXOAUTCSA B OMPeIeIeHHON TOuKe
X mpoctpamcTBa. [[omycTUM, IpeIMeT U3MEHUI CBOe MOJIOMKeHue.
ITo 3HAUUT, KaKJas ero 4acTHuIla 3aHsJa HeKOTopoe HoBoe (WJiu,
B UYACTHOCTHU, CTapoe) mojioxKeHwme. JlaHHas uyacTuila, ObIBITAs
B Touke X, 3aHdJa TOJOKeHME B TOUKe mpocTpaHcTBa X'; TeM
caMbIM JBUJKEHMEe IpeaMeTa yCTaHaBJIWBAET COOTBETCTBUE MeXK-
Iy TOYKaMM IIPOCTPAHCTBA: TOYKA X' COOTBETCTBYeT TouKe X.
(Mo:xHO cKasaTh ele Tak: mMecTy X, I'le HaXOQWJIach YacTHUIlA,
COOTBETCTBYeT MecTO X', Tlle OHa Telepb HAXOMUTCH.)

B mMexaHWKe Teji0 HasbIBaeTCSA TBEPIABIM WU Jaske abCOJIOT-
HO TBepJbIM, €CJW OHO He OOoIycKaeT HUKaKuX medopMariuii,
TaK UYTO PACCTOSHUS MEKIY ero JacTuIlaMU HeusMeHHbI. I109To-
My ecJau TPU ABUKEHUW TAKOTO Tejia ero YacTUIIhI U3 ToueK X
u Y mepenniu B yacTunbl X' 1 Y', TO PAaCCTOSHUS COXPAHAIOTCS:
|X’ Y’|=| XY|, T. €. IPOMCXOIUT ABUMKEHUE, KaK MBI ero oIlpe-
IeINJI TeOMEeTPUUEeCKH.

B reomerpuuecKoM MOHATUU ABUKEHUS YAEP:KUBAIOT TOJIBKO
COTMIOCTaBJIEeHNE OJHOTO IIOJIOMKEeHUS Tejla C APYrUM, BOBCE OT-
BJIEKAsCh OT IIpoliecca ABU:KeHUsA. CaM 9TOT mpoliecc MBI Oyaem
HA3BIBATh HEMPEPBLIBHLIM IBUKEHUEM.

OxkasbiBaeTcsd, OJHAKO, UTO J000Oe ABUKEHUE B TeOMeTpUU
mpeacTaBiasgeT coboil OO OTBIEUEHHBINI 00pa3 peajbHOT'O ABU-
JKeHUs TBePAOTO Tejia, KOT/Aa YUUTHIBAETCS TOJIBKO TO, M3 KAKUX
TOUEK IIPOCTPAHCTBA B KaKWe TOUYKM IePexXOIsAT UYaCTUIILI Teja
(T. e. yUUTHIBAETCA TOJHKO COOTBETCTBHE OJHUX TOUEK APYTUM),
aubo coueraHme (KOMIIOSUITMIO) STOTO OTBJIEUEHHOTO 0oOpasa pe-
aJLHOTO OBUMKEHUS C OTPaKeHWEeM B ILJIOCKOCTH.
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ToMbKO UTO CKa3aHHOE O JBUIKEHUAX IPUHALJIEIKUT He caMoit
reoMeTpuu, a ee CBA3U ¢ (PuU3UMKOM. MOKHO CKasaTb, UYTO Teo-
MeTpUs BBICTYIIaeT 3[ech KakK IepBas IjiaBa MeXaHUKU, TPaAKTy-
oIas MeXaHuuecKoe IBUIKeHne. Bes IBMIKeHUH reoMeTpus He
MorJia ObI CyIllecCTBOBaTh. B caMoM feie, y:Ke cCpaBHeHHEe OTpes-
KOB U M3MepeHue IJIUH OCHOBAHO HA ABUKEHUU IIPEIMETOB, KOT-
la ONWH MPUKJIAABIBAETCA K Apyromy. Y mMOIKHO OBITH ITOHATHO,
mouemy HBIOTOH B MIPEIUCIOBAY K CBOEMY BEJIMKOMY TPyAy «Ma-
TeMaTHUUYecKure Hauajga HaTypaabHOI ¢usocodum» MOHUCAT, UTO
reoMeTpUsi OCHOBBIBAETCS Ha MEXaHUKE».

4. O6mee mouaTue o cummerpun. CuMMeTpusa MPaBUIBHBIX
¢puryp. Cummerpuein Gurypsl BooOIlle Ha3bIBaeTCA CBOWCTBO (pu-
T'ypBI, COCTOAIlEe B TOM, UTO CYII[ECTBYeT ABUIKeHHe (OTJIUYHOe
OT TOKIECTBEHHOT0), COBMEIIAIoIllee ee caMy C COOOI.

IBuskeHuss purypsl, COBMeIalOI[e ee caMy C co0oi, Ha-
3BIBAIOT ee npeobpasosaruamu cummempuu (nyHKT 24.5). Ilpe-
obpasoBaHUA cUMMeTpUu (UTYPHI 00JIafai0T TPYIHIOBLIMU CBOM-
cTBaMU (OTHOCUTEJNBHO OHepanuy KOMIIO3UIINI Ipeodpa3oBaHm;ii).
A mMeHHO, ecyiu IBUKEHUSA COBMEIIAIOT (pUrypy camy c coboii,
TO UX KOMIIO3UIUSA (B JIIOOOM IIOPSAIKE) TOKE COBMeIaeT 3Ty
urypy camy c coboii; ecau Kakoe-TO ABUKEHUe coBMelriaeT hu-
Typy camy ¢ coboii, To oOpaTHOe eMy ABUKEHUe TOKe COBMeIla-
et Gurypy camy c co0Ooii.

COBOKYIIHOCTh BCEX MpeoOpasoBaHUH CUMMETPUU (PUTYPHI
(BKJIIOUAsS TOKIECTBEHHOe IpeoOpasoBaHUe) HA3LIBAIOT ee zZpyn-
noi. cummempuu.

Wsyuasgs cuMMeTPUIO PABIUUYHBIX (PUTYP, UMEIOINX B CBOUX
Ha3BaHUAX CJIOBO NPaAsuUbHbLil (NPABULbHASL), MOKHO 3aMEeTUTh,
YTO UX CUMMeTpus Oorauve, 4ueM y aHAJOTUUYHBIX (PUTYp, HE SIB-
JSIOIUXCA TpaBUIbHBIMU. Hampumep, MaKcuMalbHAs CHUMMe-
TPUYHOCTH MHOTOYTOJBHUKA O3HAUAET, MJS JIOOBIX ABYX €ro
BepminH A u B u a1 JI00BIX IBYX €0 CTOPOH @ W b, MCXOAAITINX
U3 3TUX BEPIIUH, CYIeCTBYeT TaKas ero cuMMeTpus (Takoe mpe-
obpasoBanue cummerpuu) f, uto f(A)=B u f(a)=>b. fcHo, uTo
Yy MHOTOYTOJBHUKA, 00JaJaoIlero TaKoi CUMMETPUUYHOCTHIO,
PaBHBI ApPYT APYTY BCe ero CTOPOHBLI M PaBHBI APYT APYTy Bce
ero yrJbl, T.€. OH SBJSeTCA NPaBUJIbHBIM. SICHO TakKiKe, UTO
IpaBUJIbHBIE MHOTOYTOJBHUKY 00J1a/Jal0T YKa3aHHON MaKCUMAaJb-
HOWl CHUMMEeTPUYHOCTBIO.

AnajornyHoe BepPHO W AJSA MPABUJbHBIX MHOTOTPAHHUKOB.
MpbI ompenenunau MpaBUIbHbIE MHOTOTPAHHUKU KaK Te, V KOTO-
pPBIX paBHBI ApPYyr APYyry pebpa, yrabl TpaHell u IByrpaHHBIE
yrabl. Ho MOKHO OBLIO OBl MX OMNpENEeNNTh KaK MaKCUMAaJbHO
CUMMETPUYHbIE MHOTOTPAHHUKHK. OTO O3HAUaeT CcJeAyioIee.
Ecau y mpaBuIbHOTO MHOTOTPAHHUKA P B3ATH BePIIUHY A, UAY-
Iree u3 Hee pebpo a U T'paHb (., IPUJIETAIONIYI0 K 9TOMYy Pedpy,
a 3aTeM B3ATH e€Ille OAWH TaKoil HAOOp m3 BepIIUHBI A;, pedpa
a, ¥ TpaHu 0, TO HalfeTcsa TaKoe IBUKeHNe MHOTOTpaHHuKa P,
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KOTOpPBIM BepinmHa A, pedpo a u rpaHb O OTOOpa’KalTCA COOT-
BETCTBEHHO B BepIIUHY A,, pedpo a; u rpaHb 0. ITO CBOMCTBO
SABJsSIeTCA XapaKTePUCTUUYECKUM CBOWCTBOM IIPaBUJILHOTO MHOTO-
TPaHHUKA — UM 00JIafal0T TOJBbKO IMPaBUJIbHbIE MHOTOTPAHHUKU.
ITosTomMy MOKHO OBLIO OBI OIIPEAEIUTh MPABUJIbHBIA MHOTOTPAH-
HUK KaK MHOTOTPAHHUK, 00JaJalol[uii CBOMCTBOM MaKCHUMAJb-
HOWl CUMMETPUUYHOCTH.

AHAJOTUYHBLIN IIOAXOH BO3MOKEH U JIs OIIpelesieHUs IIpa-
BUJIBHBIX HIPU3M U HNPABUJIbHBIX mupamuj. IlogymatiTe, Kak JaTh
TaKue OIpeaeIeHus.

5. [TapanrenbHOoe U IEHTPAIbHOE MPOEKTUPOBaHUA. V3yue-
HIUe CTepPeoMeTPUU HeMBICIUMO 0e3 PUCYHKOB IPOCTPAHCTBEHHBIX
(uryp. YueHUKU MOJKHBI U YyMeTb gudembs TO, UTO HaPUCOBAHO,
U yMeTb CaMU puco8amb MIPOCTPAHCTBEHHbIe (DUTYPHI IPU pellie-
HUU 3aa4 U JOKa3aTeJbCTBaX TeopeM. B yueOHUKaAX reoMeTpuu
PUCYHKU [TaHBI B NAPALJLEAbHOU NPOEKUUU, W BBIMOJIHATHL DPU-
CYHKU (DUTYp YUYEHUKU TaKKe OymayT B Takoul mpoekiuu. [loaTo-
My H3yueHUe MapajjieIbHOTO IMPOEKTUPOBAHUS B yUeOHUKE IIPO-
ucxoaut y:ke B raase 1 §4. B § 4 paccmarpuBaoTesa BarkHeHIIe
CBOMCTBA Iapajjie;ibHOTO IIPOEKTHPOBAHUSA, pacCKasbIBaeTcsd,
Kak m300pasKaioTcs B IMapaljieJbHOIN MPOEKIIUY pasHble (YUTYPHI.
A o mpocrefimux mpaBuUiaX MU300paKEHUS HA IJIOCKOCTU IIPO-
CTPAHCTBEHHBIX (PUTYp TOBOPUTCA B ATUX yUeOHUKAX yiKe BO
BBeZeHUU. U majiee B Kypce CTepeoOMeTpuH, uayuas KaKkyio-11u6o
(¢urypy, MbI Bcerma TOBOPUM, KaK OHa pHUCYyeTCs.

Ho B :xuBommcu, npu ororpadmpoBaHUM HCIOJb3yeTcAa 00-
Jlee CJIOKHOE, UeM IMapaJjiiebHOe, — IeHTPaJbHOE IIPOeKTUPOBa-
Hue (nepcnekmusa). OHO Ke MPOEIMPYET Ha CETUYATKY HAIIero
rjasa BUAMMBINA HamMu Mup. O IeHTPATbHOM IIPOEKTUPOBAHUU
KpaTKO CKasaHo B yueOHUKe, a 0ojee MOAPOOHOE ero maydeHue
BBIXOJUT 34 PaMKM Kak 6as0BOT0O, TaK W YIIyOJEHHOTO KYPCOB
TeOMEeTPUHU.

6. CooTHOIIEHHE CHHTETHUECKOT0 M KOOPIUHATHOTO METOT0B
npu uzydyeHuu nmpeodpasoBanuii. Haunem obGcyskaeHMe 3TOTO BO-
mpoca ¢ OOJBIION IUTATHI W3 HAINeN cTaTbhu: «J[[BUIKEeHUAM
B IIPOCTPAHCTBE yIeJeHO BHUMAHUS OOJIbIe, UeM B APYTUX Kyp-
cax. K sTomy Hac moOyskmanm 1o KpaiHeill Mepe aBa o0OCTOSA-
TeJbCTBA. BO-TIepBBIX, ABUKEHUS TAIOT XOPOIIHWM HaTJISTHBIH
MaTepuaj, pasBUBAOIIUII IIPOCTPAHCTBEHHBIE IIPEICTAaBJIEHU,
HaIpuMep MPU PACCMOTPEHUU 3JIeMEHTOB CUMMETPUU IPaBUIb-
HBIX MHOTOTPAHHUKOB. BO-BTOPBIX, TeoMeTpUUEeCKUe MBUKEHUS
CBSI3aHBI C TAKMMY BAXKHEHINTMMU «BelllaMu», KaK MeXaHUuYecKoe
IBU)KEHNEe W CHUMMeTPHUsS B MPUPOJAEe U HCKYCCTBe. IATa TeMma
IOJI;KHA CHY:KUTHh OOIIeMYy PAasBUTUIO YUAIIUXCSA U HACBIIIEHUIO
Kypca reoMeTpUU KUBBIM MaTepuasoMm. Hampumep, yuariumes,
Hamo AyMaTh, OyJeT MHTEPEecHO y3HaTh, XOTd Obl 0e3 mokasa-
TeJIbCTBA, TOT (PAKT, UTO BCSIKOE NBUIKEHMNE, KaKoe MOYKHO OCy-
IIIeCTBUTh HEIPEePbIBHO, IIPEJCTaBJsgeT co00il BUHTOBOE IBUKe-
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Hue (BKJOUad KaK YaCTHBIE CJAydYau HapaJIyIeJIbHBIA TepPeHOC U
IMOBOPOT), MHAUE TOBOPS, KaK HU IIePEeHOCUTh, HU KPYTUTH Ipe-
MeT, a ero KOHEUHOe ITOJIO}KEHVE MOJKHO MOJYYUTH OJHUM BUH-
TOBBIM ABUKEHUEM.

JBU:KeHUA B IPOCTPAHCTBE CJIYKAT CAMOCTOATEIHHBIM O0h-
eKTOM W3yYeHHUdA, a He anmnapaToM s APYyTrux TeM. B cBsas3u
C 9TUM TOAYEPKHEM, UTO B JaHHOM KHUTe MBI CO3HATEJHHO IOJIb-
3yeMcs IPenMYIIeCTBeHHO OAHUM TPASUIITNOHHBIM CUHTETUUECKUM
MEeTOIOM dJIeMEeHTapHO! TeOMeTPWH U JUIIL HaMedaeM [Ipyrue
MeTOAbI — KOOPAUHATHLIN, BEeKTOPHBIN, MeTon nBu:keHuii. I1o Ha-
eMy MHEHWIO, BPSA JIX BO3MOYKHO — Ja WM HYKHO JIU? — ONHO-
BPEMEHHO VUYHUTBL B CpeAHell IITKOoJie BCeM 3THUM MeTOHaM.

B yuebGHUKe BLIOpAH TOT M3 METOAOB, KOTOPBIN IIPOIIE, BasK-
Hee U ecTeCTBEeHHee [IJIs IeJiell BCeoOIero cpeHero oopasoBanmsa
M COOTBETCTBYET CAMOMY CYII[ECTBY T€OMETPUM.

Pedopmaropsl nmpenosaBaHUsA TeoMeTpPUU, TOBOPA O KOOPAU-
HATHOM ¥ BEKTOPHOM MeETOJaX, yIyCKaJlii W3 BUAY, YTO cama
TeOMeTPUs COMEP)KUT B cebe MeToJ — IMPSAMON IreoOMeTPUYEeCKU
MeTOJ] HOHUMaHMA, JOKAa3aTeJIbCTBA U PEIeHWA 3a7ayu U TeOPeEM:
n300pasuTh BONPOC IeOMETPUYECKU W YBUAETH €T0 COJepP:KaHue
U pelleHre. A 3TO M HY)KHO KaK B caMOW MaTeMaTWKe, TaK U
B ellle OOJIBINIEN CTEeNeHW B IMPAKTUUYECKOU MesATeIbHOCTU».

7. KoopauuaTtel u MeTon KoopauHat. Cunrasd TPagUIlMOHHBIA
CUHTEeTUYECKUI MeTOJ OCHOBHBIM B IITKOJBHOM KypCe€ IeOMeTPUH,
A. 1. AnekcaHAPOB B IIIKOJBHBIX YUeOHUKAX O 3HAUYEHUU METoJa
KOOpAWHAT TOBOPUT TakK:

«CyTh MeTOma KOOPAUHAT COCTOUT B CJIEAYIOIleM. Bo-mepBbIX,
3amaBasg (uUrypsl ypaBHeHHUAMHU (HepaBeHCTBAMU) U BbIpasKas
B KOODAWHATAX Pa3JUUYHBbIE N'eOMETPUYECKUE COOTHOINEHUSA, MBI
npuMeHseM ajre0py M aHAJIW3 K PEIIeHWI0 TeOMeTPUUeCKUX 3a-
lad, K JOKAal3aTeJbCTBY I'€OMETPUUECKUX TEOPEM.

IIpumenenme KoopAuwHAT W ajredparmyecKUX METOIOB K WC-
CJeOBAaHUIO TEOMETPUUECKUX 00BEKTOB U K PEIIeHNI0 TeOMeTPHU-
YeCKHUX 3a/1a4 COCTaBJISIET Pas3jieJ] TeOMeTPUM, Ha3bIBaeMbIl aHaA-
JIUTUYECKON reoMeTpHUel.

Bo-BTOpPBIX, MOJNIB3YsCh KOOPAWMHATAMM, MOYKHO WCTOJIKOBBI-
BaTh ajirebpanmuecKre M aHAJUTUYECKUE COOTHOIIEHUA U (PaKThI
reOMeTPUUYECKW U TaK MPUMEHATHh I'eOMeTpHuio K ajredpe m aHa-
nausy. I'padpuueckoe maodOpaskeHre (GYHKIUHA — HMePBBI TPUMED
TAKOTO IIPUMEHEHUA MeTo/la KOOpAWHAT.

Yepes MeTon KOOPAWHAT IeOMETPUsS U ajaredpa C aHaJIMU30M,
COeUHAACH U B3aMMOJIEMICTBYS, NAIOT OOraThle IJIOABI, KOTOPHIE
OHU He MOTJM ObI AaTh, OCTAaBasiCh pasmeeHHBIMU. VX B3anmMHOE
BIWSAHWE COCTABJSET OIHY U3 TJaBHBIX BHYTPEHHHUX MIPYKUH
pasBuTus matTeMaTuku oT [lekapra u HploToHa A0 HAIIIUX THEH».

B § 29, nocBsAieHHOM IPAMOYTOJBHBIM KOOpPAMHATAM B ITPO-
cTpaHCTBe, mocje mux onpegejeHus (myHKT 29.1) oTmaeabHBIN
OyHKT 29.2 MOCBAIIEH MOCTPOEHUI0 TOUKU C JAHHBIMU KOOPIU-
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HaTaM’: BasKHO HAYUYUTh YUYEHWKOB MIPABUJIBHO PHCOBATH IIPO-
CTpaHCTBeHHBIe (DUTYPHI B CHCTEMe KOOpAMHAT. YMes 5TO, He-
TpyAHO crpaBuThca Ha EI'D co crepeomeTrpuueckoil 3amaudeit m3
paszena C.

dopmysa, BeIpaKarlas pacCTOSHUE MeKJIy TOUYKaMHU depes
uxX KoopauHaThl (IyHKT 29.3), y:Ke JaeT BO3MOXKHOCTL pPeIIaTh
MHOTHE 3aJaul MeTOJOM KoopAawHaT. IIpumepbl Takux 3anad,
paccmoTrpenHbIe B . 29.5, Kacarorcs nmepeceuenus cepbl U ILIO-
CKOCTH, MBYX IUJIUHAPOB.

Cusly KOOpPAMHATHOTO MeETO[a CJeAyeT HPOAeMOHCTPUPOBATH
Ha 3amavax dJIeMEeHTapHO! TeOMeTpPHH, pPeIlleHus KOTOPHIX CHUH-
TEeTUUYECKUM METOJOM CJIOKHee, ueM KOOpAWHATHBIM. B yueOHU-
Ke MBI pasbupaeM 3agady O MepeceyeHUU IBYX OAMHAKOBBIX
IMUJINHAPOB, OCH KOTOPBIX IIE€PECeKaloTCsA ¥ B3aWMHO MepIeHIN-
KYJAPHBI.

8. BekTophl U BEeKTOPHBIN MeTOa. BEeKTOpHI, KaK W KOOPMAU-
HaTBI, IO CBOEM mpupomae — MHoTroMepHbI. Tak uTo B maparpadax
30 m 31 oHM paccMaTpPWBAIOTCA MO AHAJOTUU C TeM, KaK 3TO
yoKe OBLIO CoejaH0 HAMHU B IJIAHUMETPUW B HAIUX YUeOHUKAX
9 KJacca: COHAIIPaBJIEHHOCTh M PaBEHCTBO BeKTOPOoB (IyHKT 30.2),
CJIOKeHUEe BEKTOPOB M YMHOKEHUEe BeKTopa Ha YUCJI0 (IYHKTBI
30.3 u 30.4). HoBeiM saABsieTcss mOHsATHe 0a3uca M pasJiOKeHUe
BEeKTOpa 10 0a3WCHBIM BEKTOpPaM B OJHOMEDPHOM, ABYMEPHOM U
TpexmMepHOM caydadax (myHKT 30.5).

BeKTOpHBIIT METOA MBI WJIJIIOCTPUPYEM Ha HEIPOCTHIX 3ajia-
yax: o I[EHTPe MacC TeTpasipa U IO0Ka3aTeIbCTBO TeopeMbl Me-
Henad (myHKT 30.6). C mIOMOIIBLI0O BEKTOPOB M3yYaeTcsa 1 mapal-
JenbHbIN mepeHoc (myHkT 30.7).

KoopauHaTbl BEKTOPOB U AEHCTBUS C HUMHU pPacCMaTPUBaIOT-
ca B myHKTax 31.1 m 31.2, a 3areM m3ydyaeTcd CKaJAPHOE yM-
HOKeHHe BeKTOopoB (IyHKT 31.3). C ero moMoOIlbI0 BBIBOIATCS
ypaBHeHme tmiockocTu (myHKT 31.4) m dopmysia paccToSHUA
TOUKHU 10 IIJTOCKOCTH (IyHKT 31.5).

9. 3akarouenue. O TOM, KaK pasBUBAeTCsS COBpeMeHHAas TIeo-
MeTpus, KaKue 3aJauyyd OHAa pellaeT, O ee MHOTOUMCIEHHBIX U
pasHoOOpas3HbBIX pasdgesax, O TOM, KakK OHA CBA3aHA C U3YyUYEeHU-
eM GUBUKON M acTPOHOMUEHN OKPYsKalollero Hac IIPOCTPaHCTBAa,
roBopuTCA B 3aKJIOUEeHNN yueOHMKAa. BaskHO, YTOOBI BHIIYCKHU-
KU IITKOJIBI 3HAJIU O TOM, UTO T€OMETPHUSA — KWBasS W pPacTyIas
HayKa, a He 3aCTBLIBIINNA U OKOCTEHEBIIHM IIpeIMeT.
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IIpu pabGore mo PemepasbHOMY KOMIOHEHTY BBLI MOYKETe
WCIIOJIB30BATh JUTEPATYPy, YKasaHHylo HuxKe, mpo 2013 roga.
A ¢ 2013 roga maHHBIA KOMILIEKT yUeOHO-METOAUUECKUX II0CO-
O6uii mopaboraH B cooTBeTcTBuU ¢ PenepasbHBIM T'OCYIapCTBEH-
HBIM 00pasoBaTeJbHBIM CTAHJAPTOM OCHOBHOTO 0O0IIero o6paso-
BaHUA.
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KommeHTapuM K pelueHuIO OTAEeNbHbIX 3apay
y4yebHuka

X KJIACC
3agaunm k § 1

1.1. Axkcuoma 1 yTBepiKaaer, 4YTO B IIPOCTPAHCTBE CYIIECTBY-
oT miaockocTu. CorsiacHO ATOM aKCHMOMeE ILJIOCKOCTEH He MeHbBbIIe
IByx. BosdbMeM Tpu TOUKM, He JiesKalllie Ha OJHOMW NPAMOI, Ha
epBO¥ IJIOCKOCTH U JIIOOYI0 TOYKY HA BTOpOoW u3 HuxX. lloKa-
JKeM, UTO BTU 4YeThIpe TOUKHU He JieKaT B OJHON TJIOCKOCTH.
IIpenmonosxkum, Takas — TPeTbs — ILJIOCKOCTb ecTh. C mepBoOit
IJIOCKOCTBHIO OHA MMeeT OOIIYI0 TOUKY, JaKke TPU OOIue TOYKH.
Ho Torpma oma moikHa mMeTh C¢ Hell oOmIylo mpamyio. Tpu mx
o0Iue TOYKM JOJIMKHBI JIeKaTh HA 9TOM 00Imeill mpAMOM, YTO
IPOTUBOPEUUT BHIOOPY TAKMX TOYEK HaA IIEPBOI IIJIOCKOCTH.
Harme npeamosioskeHne npuBesio K IPOTUBOPEUYHNIO, ITOITOMY OHO
He fABJseTcda BepHbIM. Ho Torma BepHO TO, uTO Tpebyercs mo-
KasaThb.

1.5. 9Tu 3amaun mpesHA3HAUEHBI AJIS PA3BUTUSA HATJIATHBIX
IpeACTaBJIeHUH, CBA3aHbI C IPUMeHeHueM aKCUOMAaTWUKU M, BO3-
MOJKHO, IIPEJOCTEePEryT YUeHUKOB OT COOCTBEHHBIX HEBEPHBIX PHU-
CYHKOB. B KaKJAoM M3 PUCYHKOB, I'Jle ecTh OIlMnOKa, OHa 00y-
CJIOBJIeHA HapyIIeHWeM KakKoii-inbo akcuombl. Hampuwmep,
B 3aJjauax «a», «B» CeUeHIe HMeeT C IIepeqHeli rpaHbi0 Kyba 00-
IIyIo JIOMaHy0, a JAOJIKeH OBIThH OTpPe30oK. B 3amaue «0» ceueHue
WMeeT C JIeBOW TI'paHbIO OOIYyI0 TOYKY, HO HE MMeeT OOIIero or-
pe3ka. AHaJOTMYHO 00CTOAT neJjia B 3ajmaue «TI'». B 3amade «I»
HUKHee JieBoe pebpo MMeeT ¢ CeUueHMeM [Be o0Ire TOYKU (UTO
BBISICHAETCA B pe3yJbTaTe MOIOJHUTEJIbHOTO IIOCTPOEeHNUA), HO He
JIEXKUT B 9TOH IIJIOCKOCTU. AHAJIOTUYHAA CUTYyaIlUsd B 3a/jaUaxX «e»,
«X». B 3aaue «3» MOYKHO IIPOBEPUTD, JIeXKAT JIU HA OJJHOM IIPAMOMI
00IIIe TOYKM TJIOCKOCTH CEeUYeHUd W HU)KHEro OCHOBaHUA KyOa.
MosKHO TaKKe IIOCMOTPEeTh, CKOJIBKO TOUEK MMeeT IIpsMasi, IIpo-
XOAAIasI uepes mpaBoe 3aaHee pedpo Kyda, ¢ IJIOCKOCTHIO CEUeHU .

1.6. B 3ajauax «a» — «I'» HapyIlIeHUs aKCUOMATUKU OYEBUI-
HBI. B 3amauax «I» u «e» MOXKHO IIOCMOTPETH, CKOJBKO OOIIUX
Touek mMmeer npamas AB (PC) ¢ IJIOCKOCTBIO CEUEHUS.

1.12. a) Ha pgBa MHOrorpaHHWKAa, He SABJIAIOINIMXCA TeTpa-
sIpaMu, TeTpasAp pasduBaeTcs IIOCJe ITPOBEeIeHUs, HaIpumep,
ceueHUsd, IMIPOXOAAIIET0 Uepe3 cepelrHbl ABYX OOKOBBIX pebep u
IBe cepeIuHBI OCHOBaHMUSA.

3agaum Kk § 2

2.1. a) Tak Kak mpAMas a UMeeT C IJIOCKOCTHIO [} 0O6IIyio
TOYKY (Ha IMPAMOM p), TO OHA JUGO JIEKUT B IIOCKOCTH [, uGo
ee mepecexaer. Eciau oHA JIEKUT B IJIOCKOCTH 3, TO IOJIy4YaeTcs,
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uTO JBE MAHHBIE IIJIOCKOCTH HMEIOT ABe OOIre pa3jInuuyHbIe HIpPs-
mble. Ho 5T0 HeBO3MO:KHO. 3HAUUT, IpAMasd @ MepeceKaeT ILIOo-
CKOCTH 3.

6) Ilyctep mpsimasi a miepeceKkaeT IJIOCKOCTh 3 B Touke A. Tor-
Jla 9Ta TOYKa sBJseTcs obmieidl mis miockocreit oo u . Ho Bce
o0IIre TOYKHU OBYX IIJIOCKOCTeH JiesKaT Ha UX OOIell IIPAMOI.
3HaUuT, TOUKa A JIeXKUT Ha nmpamoin p. Tak Kaxk mpamasa a mMme-
eT OOIIyI0 TOYKY C IPAMOUN p, TO OHa JUOO COBIIaJaeT C HeW,
aubo mepecekaer ee. Kcyimu ObI OHa coBmajajia ¢ IPAMOHM p, TO
oHa Jekana Obl B ILIOCKOCTH [3, UTO MPOTUBOPEUUT YCJIOBUIO.
3HauUuUT, OHA IMepeceKaeT MPAMYIO p.

2.2. BospbMeM HA JaHHONM IPAMON a ABe TOUKK. Uepes HHUX
OPOXOAUT ILJIOCKOCTH O (caemctBue 3 mu3 1m. 1.1). Torma sTa mio-
CKOCTBH () ITPOXOIUT Uepes JaHHYI0 IpaMyio a (akcuoma 3). Bosn-
MeM Ha IIPOBEJEHHOM IIJIOCKOCTH O TOUKY A, He JieKallyio Ha
IaHHO! mpsiMoit a. BosbMmeM erre ofHy miIocKoCTh B (akcuoma 1).
Ha sroit miockoctu 3 Bo3bMeM JiI00yi0 TOUKY B, He JIeKAIYIo
B mIockoctu o. Ha mpsamoit AB Bos3bMeM J00yi0 Toury C, oT-
JNYHYI0 oT Touek A m B. YUepes mamHyl NOpPAMYI0 @ U TOU-
Ky C mpoBeneM IIocKoCcTb. OHA OyAeT OTJAWYHA OT ILJIOCKOCTH Of.
3a cuer BBIOOpPa TOUEK Ha IPAMON AB MBI CMOMKEM IIOJYUYHUTH
0eCKOHEeUHOe YHMCJIO0 IIJIOCKOCTEeHM, MPOXONAIUX uepes MaHHYIO
IpaAMYIo a.

2.8. 9Ty samauy WMeeT CMbBICJ peIllaTh CHadajga W3 HaTJIAa[I-
HBIX COOOpasKeHuii, Jake HUUYETro He PUCYHA, a TOJbKO IpeacTaB-
nss cebe HEKYIO MepeMeHHYIO IJIOCKOCTh M ee BO3MOYKHOE IBU-
JKeHle B IIPOCTPAHCTBE OTHOCHUTEJILHO MSAaHHOIO TeTpasgpa.
W TosbKO 3aTeM HPOBEPUTH CBOU IIPEIOJOKEHUS O BUAE ceue-
HUS PeIlleHMeM COOTBETCTBYIOINUX KOHCTPYKTHUBHBIX 3a1ad.

3agaum k § 3

3.1. Tak Kaxk mpaMble @ U b TapalJeJbHBI, TO OHU JIE€KAT
B oxHOU twiockoctu. Haszosem ee miockocThio . Ilmockocrs 3
HMeeT C ILJIOCKOCTBIO O, OOIIMYI0 IPAMYI0 a U OOIIYI0 TOUYKY, He
JIedKAITyIo Ha OpaAMOi a. IT0aToMy IJIOCKOCTH O ¥ 3 COBIALAIOT.
Ho Torpa mpamasa b j1eXUT B ILIOCKOCTH (.

3.2. Ilpeamono:kumM, ecTh BTOpAas ILJIOCKOCTb, B KOTOPOM Je-
sKaT aTu mpamble. Ho Torma oHa mMeeT ¢ IIEPBOI ILJIOCKOCTHIO
(ILJIOCKOCTHIO, B KOTOPOI JIeKaT 9TU HPAMbIE) TPU 00Ie TOUYKH,
He JIe)Kallue Ha ONHOM IpaMO#l (IBe — HAa OJHOM M3 MAHHBIX
OPAMBIX W OJHY — Ha IPYyroi). 3HaUUT, OHA COBIIAJAeT C IIePBOH
ILJIOCKOCTHIO, UTO IPOTHBOPEUYUT HAIIEMY IIPENIOJIOMKEHNI0. 3Ha-
YUT, BTOPOU TAKOU IIJIOCKOCTU HET.

3apaum k rnase |

I.1. Eciu touka K je:xut B miaockoctu ABC, To Takoe pac-
CTOSHNE HANTH HECJOMKHO — 3TO OOBIUHAS IJIAHKMETPUUYEeCKas
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V15 -3 V15 + 43
2 2

, KC=
Ho eciu touka K He jexut B miaockoctu ABC, To cuTyamusa
menserca. Ilyers Touka L — cepenuna AB. IIpu aro6om 1moJio-

1
sxkeaun Touku K KL =§. W3 tpeyronbuuka KLC, ncmoab3ysa

TeopeMy KOCUHYCa, MOKHO YCTAaHOBUTH I'PAHUIILI AJIA M3MEHEeHUA

153 543
: 2 2

3amaua, npuuem Jerkas. Orser: KC=

KC SKC<

YaJuBO IIpejrnoJjaraercd, uro yroa KLC yBeawmumBaeTcsd, HaXO-

. Ho mpm sTom paccykaeHUU MOJ-

IACh B ONHOI U TOI JKe ILIOCKOCTH. OTOT (haKT B JaHHOM MeCTe
Kypca He AOKasaTh. [losToMy ecau peIllaTh ¢ yYeHUKAMHU ITY
3aJjauyy B JAHHBII MOMEHT, TO HEOOXOAMMO IIOAUYEPKHYThb, UTO
OKOHUATEeJIbHO 3a/laua IOKa pellleHa ObITH He MOJYKET.

Ilonesno aTy curyanuio oObIrpaTh: cHayajga Kak OBl ee pe-
IIUTh U IMOJYYUTH OTBET, a MOTOM OOPATUTHL BHUMAaHWE Ha MPO-
0esbl B PaCCYsKIEHUMN.

I.2. a) Kaxkawiii U3 9TUX OTPE3KOB ABJIAETCA CPegHeil JUHU-
el B TpeyroJbHUKE, SBJAIOIIEMCS I'PDAHBI0 JAHHOTO IPAaBUJILHO-
ro rerpasapa. IloaToMy KasKABIN M3 9TUX OTPE3KOB paBeH 1.

06) Orpesox KM saBasieTcss MeJuaHO B PaBHOOEIPEHHOM Tpe-

yronbHuKe AMP, TpoBemeHHOH Ha ocHOoBaHume AP. KM =+/2.
AnanornuyHo Beruuciasercsa NL.
B) Yron NKL MOXHO HaWTH TO TeopeMe KOCHUHYycCa U3 Tpe-

yroabHuKka NKL, B Kotopom NK=KL=1, NL=+2. On ssna-
eTcs MPAMBIM. AHAJOTUYHO IPAMBIMHI yIJIaMi OyAyT W BCe IIPO-
Yyue yrJibl, YKasaHHbIe B 9TOM IIYHKTE.

r) Tpebyercsa mokasathb, uTo Touku K, L, M, N jexaT B OJHOI
miockocTu. JlJis 3TOTO IOCTATOYHO MOKas3aTh, uto KL|NM. Xora
00e 5Tu IpsAMbIe IapajjieJbHbl IPAMON AB, mpobjieMa B TOM, UTO
MOKa He J0Ka3aHa TPaH3UTHUBHOCTH MNAPaJIJIEIBHOCTH HTPAMBIX
B mpocTpaHcTBe. IloaToMy MpUXOAUTCA MelicTBOBATHL MHaue. Pac-
CMOTPUM IIOCKOCTb KLN ™M JOKakeM, UTO OHA HPOXOAUT Uepes
cepenuny pebpa BC, T. e. uepes Touky M. Tak Kak ceueHue Terpa-
sapa mIocKocTbio K LN umeeT ¢ maocKocTbio ABC o6111yio Touky N,
TO 3TU IJIOCKOCTU IepeceKaroTcs Io mpamoii. IlycTts ara mpamasa
nepecekaeT npamyio AB B Touke T. Ilosyuaercsi, 4TO IJIOCKOCTh
ceueHusa mmeer ¢ rpaubio APB tpu obimue touku: K, L, T, He Je-
JKallfe Ha OJHOU IIPSAMOM, T. €. COBIIaJAeT ¢ rpaubio APB TeTpa-
anpa. Ilpuxogum K mporuBopeumio. Ho Torga moJsrydaercs, 4UTO
npsamas nepeceuenus miaockocteit KLN u ABC He uMeeT O0MIHX
ToueK ¢ mpamount AB, T.e. mapanenbHa AB. IlosTomy oHa Ipo-
xoauT uepesd Touky M — cepenuny BC. Tem caMbIM JOKa3aHo, 4TO
Touxku K, L, M, N je:kaT B ofgHOU IIJIocKocTu. M TaKk KaK B UeThI-
pexyroabauKke KLMN Bce yriibl IPsIMbBIE, TO 9TO MIPAMOYTOJbHUK.
TyT *Ke MOKHO H00aBUTH, UTO OH ABJISETCS KBaJpPaTOM.
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n) B myakTe «0» y:Ke ObLIO mokKasamo, uro KM — memuaHa
Ha ocHoBaHue AP B paBHOOeapeHHOM TpeyroabHuKke AMP. Ilo-
stomy KM 1 AP. Amanoruuno KM | BC us paBHOOEIPEHHOTO
Tpeyroabuuka BKC. Touno Tak Xe moxasbIBaeTcs, uTo LN saB-
asieTcss o0ImuMM IepueHAuKyaapom K npambim AC u PB.

1.3. Ilycts Touka K — cepenuua orpesxka AB, Touka L — ce-
pexuna orpeska CD. Haiimem KL? m3 QopMyJabl A MeLAAHBI
Tpeyroabuuka KCD uiu M3 TeopeMbl O CyMMe KBaIpaTOB Jaua-
roasein mapasienorpamma: (2KL)?+ CD?=2(KC?+ KD?). Haii-
nem KC? us opmyJssl Ajas mMenuaHbl TpeyroabHuka ABC. Haii-
nem KD? ums (Qopmynbl Aasa MeuaHbl TpeyroabHuKa ABD.
JIt060TIBLITHO 3aMeTUTh, UTO 9TO PellleHre BO3MOKHO IIPU JH000M
pacmosoKeHnN JaHHBIX OTPE3KOB B ITPOCTPAHCTBE, B UACTHOCTU
KOTZIa OHU JIeXKaT B OMHOI IIJIOCKOCTH.

1.4. a) Ilycts Touxka K — cepeguna pebpa BC. U3 TpeyroJb-

uuka PBC maxomum: PK = \/§ , u3 tpeyroabHuka ABC HaxommMm:
AK = \/§ Torma AQ = (2 \/§ )/3. U3 tpeyronsauka PAK Haxogum
mo TeopeMe KocuHyca: cos LPAK = J3 /3. W 3aTeM U3 TPEyrojb-

HuKa PAQ Haxomum 1o TeopeMe KocuHyca: PQ=2./2/3.

06) Ilycts D — cepeguHa OGokoBoro pebpa PA. PD mHaxogum
us TpeyroabHuka @DA mo Teopeme kKocuHyca @D =1. MoxHO
nelicTBoBaTh mHaue. VI3 TpeyrosbHuKa PAQ 1Mo Teopeme KoCHU-
Hyca BBIYUCJIUTH, 4TO yroa PQRA mnpsamoii. Ho Torma menmana
MIPSIMOYTOJBHOTO TPeyroabHuKa PQA paBHa MOJOBUHE TUIIOTE-
Hy3bl PA. 3pech Xe Hamo o0paTUTh BHMMAaHHWEe HA TO, UTO BCe
TaKkue paCCTOSHUS PaBHBI — M3 PaBEHCTBA COOTBETCTBYIOIUX
TPEYTrOJbHUKOB.

B) Ilycts T — mentp rpanu PBC. W3 momobusa TpeyrojabHU-
KoB KQT u KAP c xKoapduiiueHTOM % moJiyuaeM, 4To QT=§.
Paccrosauue or @ 1o 1meHTpa J000# ApPyroii 00KOBOII rpaHu 0y-
IeT TaKUM JKe.

r) OgHy M3 ABYX T'paHell mpuMeM 3a OCHOBaHUWE IIPABUJIBLHO-
ro Terpasapa. Torga 3agada CBOAUTCA K IIPEIBIAYIIEH.

3ameuanue KO Bcell zamadye. BoKoBoe pebpo IPUHATO 3a 2
JIsT yaoOcTBa BhIUumcaeHUE. MOKHO B3dATh, YTO OHO paBHO 1, a
MOJKHO Ccpasy peIaTh B 00IleM cJydae, IIOJIOJKUB ero PaBHBIM d.

1.5. a) Ilycts BT — o0uiuii oTpes3ok sTux ceuenmii. Ero mium-
HY HaleM Kak JIJNHY MeAuaHbl B TpeyrojbHuke BKP, mpoBe-

. 11

IeHHOW M3 BepIIUHBI B: Bng.
0) Ilycts meguanbt AM um BN mepecekalTcs B TOUKe @, a
menuanbl CM u BO mnepecekaiorcss B Touke R. Torma oTpesok
Q@R saBiasercsa oOIuUM IJd ABYX cedenuii. Halimem ero ms Tpe-

yroabHuKa QMR, mogodHOoro TpeyroabHuky AMC c¢ Kosddumm-

1 1
eHTOM ! QRR= 3
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B) Ilycrs memumansl BO m PL mepecekatorcsa B Touke U, a
menuanbl PS u BN mepecekarorca B Touke V. Torma oTpesok
UV aBnsercda oOIuM O OBYX ceueHui. Halimem ero ma Tpe-
yroabHuka PUV, momobuoro tTpeyroabuuky PLS ¢ xKoadduiiuen-

2 1
TOM g. QR—g.

r) O0muii orpesok stumx ceuenuit — NR. Hailimem ero us
rpeyroabauka CNR mo Teopeme Kocuuyca: NR2=CN?+ CR? -
—2CN - CR cos C, rge cos C BeruumcauM us Tpeyroabuuxa MCN:

C= 5
cos C= .

1.6. a) Taxoii upsaMoil ABIAeTCA HPAMAas, COeIUHIIOIAA Ce-
peAuHBI TPOTUBOIOJIOKHBIX pebep MPaBUJIBHOTO TeTpasapa.

6) Her.

ITonyunm NR= %

3agaum kK § 6

6.1. Bce aTu 3amaum MOTYT OBITH peIIeHbI IO IPU3HAKaM pa-
BEHCTBa TPAMOYTOJbHBIX TPEYTOJbHUKOB.

6.2. a) Tak kaxk PK | AC, to PK — BbICOTa B paBHOOEIpEH-
HOM TpeyrosibHUKe APC, mpoBeeHHAsA M3 €r0 BEPIIWHBI, a TO-
Tomy Touka K — cepeaguna AC. Ho Torma B paBHOOEIPEHHOM
TpeyrosbauKe ABC (y Hero paBHBI cTopoHbl AB m BC Kak mpo-
eKIuu paBHBIX HaKJOHHBIX PB m PC) BK — menuaHa, IpoBe-
IeHHas W3 BePINIWHBI, a TOTOMY W BBICOTA.

6) ITO yTBep:KIeHUe NOKAa3LIBAETCA AaHAJOTHUYHO.

6.6. B) O6osuauum: PA=a, BA=a,, LAPC=, LZABC=§,,
AC=b. Uz rtpeyrosmbauka APC wmMeeM II0 TeopeMe KOCHUHYcCa
b?=2a%(1 — cos B). Us Tpeyronbuuka ABC wmeeM IO TeopeMe

KOCHHYcCa b2=2af(1 —cos ;). CpaBHUBas JBa IOJYYEHHBIX BbI-
paskeHus muA b?, mosiyuaeM PaBEHCTBO

a?(1 - cos B)= a’ (1 — cos B,).
IIpu KemaHUM ero MOKHO IlepemucaTb B TaKOM BHE:

R T D
a;:a=|sing:sin 5

r) CoxpaHuM Te Ke 0003HAUEHWSA, UTO MW B 3amade «B», U
nodasum: PB=h. U3 Tpeyroasuuxa PBA mo Teopeme IIugaropa

umeeM h = \}af - az . HOI[CTaBI/IM BMECTO a4y 1 @ 3HaAYEeHUusdA, II0JIy-

YeHHbI€ B IIYHKTE «B», W IIOJIYyYUM h= =

3apauu Kk § 7

7.1. a) Tak kKaxk y IIpPaBUJIBHOM NPU3MBI OOKOBBIE TIpa-
HU — OPAMOYTOJbHUKM’, TO ee O0KOBOe pPedpo IepHeHINuKYIIPHO
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IBYyM peOpaM OCHOBaHWS, MMEIOIIUM C 3TUM OOKOBBIM pPeOpOM
o601mryio BepiiuHy. Ho Torza MOMKHO NPUMEHUTH IPU3HAK IIep-
MeHAUKYJISIPHOCTA MPAMOI M IJIOCKOCTH, OTKYJa U CJELyeT I0-
KasbIBaeMoe yTBep:KAeHUe.

6) B mpamoyrosbHOM mapajjesenunene 60KOBoe pedpo Iep-
MeHAUKYJIIPHO OCHOBAaHUIO. I109TOMY €ro muaroHaju SBJISIOTCS
TUMIOTEeHY3aMU COOTBETCTBYIOIIMX PABHBIX MPSIMOYTOJBHBIX Tpe-
YTOJILHUKOB.

7.2. 06) dra s3amauya, MO CYIECTBY, peIlleHa IIPU PeIleHuun 3a-
maum 1.46 K raase 1.

7.3. HcKoMmoii pUrypoii ABJIAETCA IMJIOCKOCTh CePeSUHHBIX IIep-
MeHAUKYJISIPOB JaHHOTO oTpeska. [flokaxem ato. IIycts AB — nmaH-
HBIIT 0TPe30K, K — ero cepenmua. O003HAUMM MHOYKECTBO TOUYEK,
paBHOyIaJIeHHBIX OT KOHIIOB JaHHOT'O OTpesKa, ueped F, a mio-
CKOCTb CEPEeIUHHBLIX IepIeHAuKYaapoB uepe3 G. Tpebyercs mo-
KasaTb, uto F =@G. [l 9TOro JOCTATOYHO AOKAa3aTh JBA YTBEPIK-
neuusda: 1) Ecau mpousBonbHaa Touka X mpuHAAJIeKuT F, To oHA
npuHagiae:xutr G. 2) YTBep:KIeHnue, o0OpaTHOe yTBep:KIAeHUuo 1.

1) Hoxkaxkem mepBoe yTBep:kiaeHue. IIpoBemem memuany XK
B TpeyroabHuke AXB. Tak rak XA=XB, to XK — BbICOTaA
B oToM TpeyroabHuke. Ho Torma mpsamasa XK — cepeIuHHBIN
MepIeHINKYIapP K oTpe3ky AB. Bce Taxkue mepneHIUKYJISAPBI
npuHagiexar purype G. 3Haunutr, u Touka K npuHaIIeKAT pu-
rype G.

2) Hoxkaxkem oOparHOe yTBep:KaeHme. Ilycth Touka Y mpu-
HAAJIEKUT IJIOCKOCTHU CePeIUHHBIX MepPIeHIuKyaapoB. IIpoBegem
npamyio YK. Tak kak Touka Y NPUHAAJEKUT IJIOCKOCTHU Cepe-
OIUHHBIX MEPHeHIUKYJIAPOB oTpe3dka AB, To um mpamas YK dAB-
JsieTcss CepeIuHHBIM MepIneHAuKyaspoMm otpe3ka AB. Torga
B TpeyroabHuKe AY B oTpe3ok YK sBisercss MeIUaHOW W BBICO-
Toti. Ho Tako#l TpeyrosbHUK SABIAETCA PaBHOOEJPEHHBIM, T. €.
YA =YB. 3rauur, Touka Y npuHamiIexKutr urype F.

7.6. B) OGosnauum cepenuny peopa AC uepes P, cepemsuny
peopa A,C, uepes P,. Tak kax BA=BC u PA=PC, o BP 1 AC,
a IMOTOMY TOUKa B JIeKUT B MJIOCKOCTH CEePeIUHHBIX MepIeHIN-
Kyaapos K mpamoit AC. Ilo Toil Ke mpuumHe B DTOU Ke ILIO-
CKOCTHU CepeIVHHBLIX IIePIeHAMKYJIAPOB JexxaT Touku P, u B;.
ITosToMy HY:KHBIM HaAM CeUeHUEM IIPU3MbI ABJIAETCS UYeThIpeX-
yroapHUK (mpsamoyrosibuurk) PP,B;B.

3agaum k § 8

8.3. Tak Kak aBe IpsAMbIe, MEPIEHINKYJIIPHBIE OJHON U TOM
JKe TJIOCKOCTH, IapajijiesibHBbI, TO 3ajlauya CBOAUTCA K IJIaHUMeE-
TPUUYECKOU: HAalIT OOKOBYIO CTOPOHY IIPAMOYTOJbHOM TpaIeIun,
B KOTOPOM M3BECTHBLI TPU CTOPOHBI.

8.4. MoxHO, HampuMep, BOTKHYTL BEePTUKAJbHO B 3€MJIIO
miect. Torga BepTHKAaJbHBIE O0BEKTHI HapPAJJIeIbHBI M MOXKHO
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CcBeCTHu 3agady K HJIaHHMeTpH‘-IeCKOfI. Tax n3mMmepAaa daec BBI-
COTYy eruieTCKux IInupammnmi.

3agaum Kk § 9

9.1. BepmiuHa IpaBUIbHON MUPAMUABI PaBHOYTAJIEHA OT BCEX
BepIINH ocHoBaHuA. Ho Torza m ee IpoeKIuMA Ha MJIOCKOCTH
OCHOBaHUsA OyAeT paBHOyJaJieHAa OT BCeX BEPIINUH OCHOBAaHUA.
Toukoii, paBHOYJAJIEHHO! OT BCE€X BEPIIHWH IPaBUJIbHOTO MHOTO-
YToJIbHUKA, JIeKAalller0 B OCHOBAHWU NPABUJIBHOU ITUPaAMUIBI,
IpU TOM, UTO 3Ta TOYKA JEKUT B IIJIOCKOCTH JaHHOTO IPaBUJIb-
HOTO MHOTOYTOJILHUKA, fABJIAETCA ero IeHTp. Takum oOpasom,
IEHTP OCHOBAHUA NMPABUJILHON NMUPAMUABI ABJISAETCA IIPOEKIIMEn
ee BepIIUHBI Ha IIJIOCKOCTh OCHOBAHUS, a IMOTOMY IPUHAAJIECIKUT
BBICOTE MUPAMUILI.

9.2. Ilycte M — maHHBI MHOTOYTOJBLHUK, TouKa K — ero
meuTp. Hoxkakem mepBoe yTBep:kaeHue. Ilycts Touka X paBHO-
yaangeHa ot Bcex BepmuH M. Torma ee mpoeKIusA Ha ILJIOCKOCTH
MHOTOYTOJIbHMKAa paBHOYyJaJieHAa OT BceX BepmiuH M, T.e. ABJIA-
eTcsA IEeHTPOM OKpPYKHOCTU, OmMCcaHHON okKojsio M. Orcioma cie-
oyeT, 4To Touka X JIEXKUT Ha IIPAMOI, IPOXOAAINell uepes IeHTP
OMMMCAHHON OKO0JI0 M OKPYKHOCTH U HEePIEeHAUKYJIAPHON K ILIO-
CKOCTH MHOTOYyTOJbHUKA M.

Hoxaxem obparHoe yTBepskaeHme. IlycTts Touka Y mpuHaI-
Jexutr aroii mpamoii. CoenuHuMM ee co BceMu BepinuHamu M.
OkasbIBaeTcs, YTO y BCEeX MPOBEAEHHBIX M3 TOUKMU Y HAKJOHHBIX
K IIJIOCKOCTHM MHOTrOyroJibHMKa M paBHBI Ipoekiuu. Ho Torma
PaBHBI U caMUu HaKJIOHHBIE.

9.4. 1)* O6osHauuMm OOKOoBoe pebpo PB mpaBUJIbHON Tpe-
yroabHOU ntupamunbl PABC uyepe3 x. I3 60KoBoi# rpanu (IycThb
ato Oyzmer rpamp PBC) maxomum BC: BC =2x sin (¢/2). IIycTts

@ — uentp ocuoBanus ABC. Torma BQ = 2 xsin? B IPSAMO-

J3 2
YTrOJBHOM TpeyroJbHuKe PBQ sanuiuem Teopemy Iludaropa: x2 —
2
2 .0
— xsin+
J3 2

IInpaMuabl:

= 1. PemuB aT0 ypaBHeHUe, HaliieM O0KOBOe pPedpo

1

fl—ésin2 hid
3 2

9.8. Ilycts ABCDA,B,C,D, — pauublli Ky0. [loxaskem, 4TO
ero auaroHanab B;D mnepuenaukyiadapHa miockoctu A,;BC;. Ceue-
HUe Ky0a 9TOH IIJIOCKOCTBIO ITPEJCTaBJISET CO00W TPEyTroJbHUK
A,BC,. IIycts Touka T aBideTca ero meHTpoM. Paccmorpum Te-
Tpasap B;A;BC,. OH saBasieTcss IPaBUJIBHOU TPEYTOJBHOW IHpa-

X =
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mugont ¢ ocuoBanueMm A;BC,. IIpoBesgem BBICOTY 3TOW MHUPAMUIBI
u3 BepmuHbl B,. Cornacuo 3agauve 8.1 oHa mpoiiier yepes IEHTP
ocHoBaHuA — Touky 7. Paccmorpum terpasap DA,BC,. OH Tak-
JKe SBJseTcs MPaBUJIBHOM TPEYyroabHON MHUpaMuUmoil ¢ OCHOBA-
Huem A;BC,. IIpoBenem BBICOTY 3TOW MUPaMUILI U3 BePIIUHBI D.
Cornacuo 3samaue 8.1 oHa mpolAeT uepe3 IEHTP OCHOBAHUA —
Touky T. Ilpsamvbie B;T u D,T nepneHAUKYJAPHBLI OJHOW W TOU
ke mirockoctu A;BC, m mmeroT oburyio Touky T, 3HAUUT, OHU
COBITAJAIOT B CUJIYy €IUHCTBEHHOCTH MPSIMOM, HePIeHIUKYITPHOMN
MaHHOM MJIOCKOCTH U TIPOXOIAINel uepes HaHHYI0 Touky. MHaue
roBopsd, npamas B,;D mepuneHAuWKYyJiApHa Iockoctu A,BC,.

9.11. Bung ceueHuss 3aBHUCHUT OT BHUAA OuUpaMuznbl. Ecaum mu-
paMuza «BBICOKAsS W y3Kasd», TO CeueHUWe MpeAcTaBiseT cob0oit
TpeyroJbHUK (paBHOOeApeHHBIN) ¢ ocHOoBanueM AC. FKEcianm
B BepmiuHe P cXogATcs TPU IJIOCKUX MPAMBIX yIJja, TO ceue-
HUe IIpPeAcTaBJIsgeT co00li TPeyroJbHUK (PaBHOOEIPEHHBLIN Hps-
MOYTOJbHBIN) ¢ ocHOBaHueM AC — GOKOBYIO I'DaHb TUPAMUIBI.
Ecau nupamupa «HUBKAsA W IIUPOKAS», TO IJIOCKOCTH CEUEHUS
OymeT MMeTh C IUPaAMHUOOH TOJBKO 00Iee pebpo AC, KoTopoe
u OymeT B JaHHOM ciydae ceueHueMm. OKOHUATEIbHO: CEUEHUEM
MUPaMUIbl TAKOH IIJIOCKOCTHIO MOKET OBITH TPEYTOJbHUK WU
OTPE30K.

PaccMoTpuM Takyio TUpPaMHUIY, CEUYeHHEeM KOTOPOU maHHOM
IJIOCKOCTBIO SBJSETCSA TPEYyroJbHUK. PaccMoTpuM jgajee Tpe-
yronsauku AXC, rme X — HeKoropas Touka pebpa PB (mMoxeTr
OBITH, W ero KoHel). ILmomans S TaAKOro TPeyroJbHUKA BBIUKC-
asiercss mo ¢gopmyae, rae S=0,5:-AC - XK, a K — cepenuHa pe-
o6pa AC. (To, uto XK sBisAgeTCs BBLICOTOII B 9TOM TPEYTOJLHUKE,
cjaenyeT 13 TOTO, UTO TpeyroJbHUK ceueHus AXK paBHoOempeH-
HbIli.) B aToii dopmysie Benumumna AC mocrosuHas. [lostromy S
OymeT uWMeTh HaWMeHbIlee 3HAUeHMWEe TOTAa, Koraa OymeT Hawu-
meHbIIUM oTpe3ok XK. Ecaum miaockocts AXC Oyaer meplIeHIN-
KyJaapHOii K pebpy PB, To u orpesok XK (je:xamuii B oTOH
IJIOCKOCTH) OyzeTr IepmeHAUKYyJsapeH pedpy PB. A Korma oH
OymeT mepHeHIUKYJIApeH pedbpy PB, oH um OyIeT HAUMEHBLIINM
cpenu BCceX OTPE3KOB, COEMMHSIONIUX TOUYKY K ¢ Toukamu pebGpa
PB. Urak, HauMeHbINasA IJIOINAAb TAaKOro (TPeyroJibHOI'0) ceue-
Hud OymeT B TOM ciaydae, Korgma ceuenme AXC Oyaer meplIeHIN-
KyaapHo pedpy PB.

3agaum k § 10

10.1. a) Crauasa TpPOBOAUM UYepe3 JaHHYIO TOUKY IPAMYIO,
MePpUeHIUKYIAPHYIO0 TaHHOM IIJIOCKOCTU, a 3aTeM IPOBOAUM ILIO-
CKOCTDH uepes IIPOBEJEHHYI0 MPAMYIO.

6) Ecau npsamas nmepueHIUKYJISPHA IMJIOCKOCTH, TO JOCTATOU-
HO B3STb JIIOOYIO IIJIOCKOCTh, IPOXOIAINYIO0 Yepesd MaHHYI0 Ips-
myoo. Eciu npsMas He NMepHneHAUKYJISPHA IJIOCKOCTH, TO UYepes
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JT00YI0 TOUKY JaHHOM IPAMOI HMpOBeaeM MepHeHIUKYIAP K IJI0-
CKOCTH. 3aTeM IIOCTPOUM ILJIOCKOCTb, MPOXOAAIIYI0 uepes maH-
HYI0 TIPAMYIO U TIPOBEAEHHbBIH MEePIeHAUKYIIP.

10.2. r) B mpaBusabHON UYETHIPEXYTOJIBHON NHUPaMUIE ILJIO-
CKOCTH OCHOBAHUSA MNEPIEHAWKYJISPHA ILJIOCKOCTH, KOTOpas
MIPOXOIUT Uepe3 BepPINNHY MUPAMUALI U AUATrOHAJIb OCHOBAHWUA.
Kpome Toro, MOryT OBITh HEePIEHAUKYIAPHBI IIJIOCKOCTU IIPO-
THUBOIIOJIOKHBIX OOKOBBIX Tpameii. CTOUT 3aMeTUTh, UTO HE MO-
IyT OBITh IEPNEeHAUKYJISAPHBI IIJIOCKOCTHA COCETHUX OOKOBBIX
rpaHen.

10.3. IIpoBegemM IepHeHAUKYJIAP W3 NAHHONW TOUYKM HA IIPA-
MYI0 IIepeceueHmuss IBYX NaHHBIX IJIocKocTeii. Eciu oH coBmama-
eT C JDaHHOW IPAMOM, TO YyTBep:KIeHUe NoKasaHo. Eciu HeT, TO
COTJIACHO CBOICTBY MEPHEeHAUKYJIAPHBIX ILIOCKOCTel OH Oyaer
MEePIeHANKYJIAPEeH BTOPOW AAaHHOU Imjockoctu. Ho Torma moury-
YaeTcs, YTO M3 JAHHOW TOUKMW Ha JaHHYIO IJIOCKOCTHh ITPOBEIEHBI
IBa TEPIeHIUKYJIApa, YTO HEBO3MOIKHO.

10.16. B)* IIpegmosiokumM, uTO ILIOCKOCTH ACD Oymer mep-
NeHIUKYJIAPHA Kamkmoir muid miockocrteit ABC, ABD. Torpma co-
raacHo 3azmadye 9.4 oma OyaerT NEepUEeHAUKYJIAPHA TPAMOA HUX
nepeceuenus AB. Ho ecau mpamas AB meplneHAWKYJIsSpHA ILIO-
ckoctu ACD, TO OHa TEepPHEeHIUKYJIAPHA JIIOO0N NMPSAMON B 3TOU
IIJIOCKOCTH, IIPOXOJAIell uepes TOUKY A, B TOM UHCJ€e U MIPSIMOH
AD. Torpma momyuaercs, 4To B TpeyrojbHuke ABD nBa mpsaMbIX
yrja — IpOTUBOpPeUne.

10.17. B)* 3amauy MOYKHO PEIIUTH C IIOMOIILIO0 BBIUMCICHUIA.
ITycte Touka K — cepenuHa pebpa AB, Touka L — cepenuHa pe-
o6pa CD. IlycTh cTOpOHA AAHHOTO PAaBHOCTOPOHHETO TPEYTOJbHU-
ka paBua 1. Haiimem CK um DK. Tax kak miockoctu ABC u
ABD mnepneHIWKYJAPHBI, TO TpeyroabHUK CKD mpaAMOyrojb-
HBIM, a moTromy Mo:kHO Hawtu CD. W3 paBHOOEIpPEHHOTO Tpe-
yroabHuKa ACD HaxomuM ero menmany AL. AHAJOTMYHO TaKoi
sKe Oygmer u menuana BL tpeyroabauka CBL. VI3 TpeyroJabHHUKA
ALB nHaxomuMm 1o Teopeme KocuHyca yroa ALB. Tak Kak sToT
KOCHHYC He paBeH HYJI0, TO yroa ALB He saBiseTcA HPAMBIM,
a moromy u miaockocTu ACD u BCD He ABIAITCA MePHeHIUKY-
JISIPHBIMU.

10.20. 3mech BOBMOKHBI [OBa CJaydasi: OBe IMePHeHIUKYJIAP-
HbIe TPaHU, 0 KOTOPBIX TOBOPUTCSA B YCJIOBUU, MOTYT OBITH CMEK-
HBIMH W MOTYT OBITH IIPOTUBOMIOJOKHBIMU. B mocienmem ciyuae
OHU cojep:kaT OOKOBBIE CTOPOHBLI Tpamenuu. B Takoil curyaruu
BBICOTA OUPAMUALI OyAeT JieKaTh BHE HNUPAMUALI U COeAUHATH
BEPIIVHY MUPAMUABI C TOUKOUN IMepeceyeHus ITPONOJIKEeHUI 00-
KOBBIX CTOPOH TPaAIEeIUu.

CrouT 3aMeTUTh, UTO eIlle OAWH CJydaii, KOrJga I'paHu Iupa-
MUIBI, HePUeHIUKYJISAPHBIE ee OCHOBAHUIO, MPOXOIAT uepes Ia-
pajiiesbHBbIe CTOPOHBI Tpamenuu, He WMeeT MecTa. lIpeamoso-
JKMM, UTO TaKOe BO3MOIKHO, T. €. Uepes JBa OCHOBAHUS TpaIeIluu
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MIPOXOJAT IPaHU HUPAMUILI, IePIEHANKYIIPHbIE ee OCHOBAHUIO.
Torpza npAamas nepeceyeHUs IIJIOCKOCTEH, COMEePIsKAIUX dTU T'pa-
HU, Tak/Ke OyJeT NMepueHAVWKYJApHA OCHOBaHMIO. Tak Kak ILIO-
CKOCTh KaiKJIOW W3 9TUX IpaHell MepHeHJUKYJIAPHA OCHOBAHUIO,
TO O0IIas IpAMAasa dTUX ILIOCKOCTEH, ABIAACH IIEPUIEHINKYIIPOM
K OCHOBAHWIO, NOJIYKHA JIEKATh B KAXKIOU U3 dTUX TpaHell U Ipu
9TOM TIepeceKaTh OCHOBaHUsA Tpamnemuu. Ho Torma, umes aBe 00-
e TOYKW C IJIOCKOCTHIO OCHOBAHWUSA TpameInuy, dTa IpAMas
IOJIJKHA JIeJKaTh B IJIOCKOCTH OCHOBAHUSA Tpamenuu. ITO HEBO3-
MOJKHO, TaK KaK OHA MEePIeHAUKYJSAPHAa IIJIOCKOCTH OCHOBAaHUA
TpaIeInn.

10.22. B)* Taxum ceueHMEeM ABJISIETCA MNPAMOYTOJbLHUK
AA,C,C.

10.23. B)* Takum ceueHueM sABJIsSeTCA TpeyroabHuk PKL,
rae Touka K — cepenuua pedopa AB, a Touka L — cepeguHa pe-
6pa CD.

3agaum k § 11

11.1. 9Ty MJIOCKOCTHU HapaJijielIbHbBI, TaK KaK KasKaad U3 HUX
MepIeHAUKYJIsIpPHAa OJHOMY M TOMY »Ke O0KOBOMY pPedpy JaHHOTO
MHOTOTpaHHUKA.

11.4. JIubo oHM HacaKeHBI IEPIEHINKYJIIPHO Ha OLHY OCh,
aubo Ha mapaJuiesbHble ocu. IIpmuem sTa och (ocu) meprIeHIU-
KyJIIpHA OJHOM U TOH! Ke IIJIOCKOII MOBEPXHOCTU.

11.5. OcHoBHasA wuaesd: TOUKY IIOABeca I'pys3a U IEHTP Macc
mpeaMeTa JOJIXKHA COeIUHATH BepTHUKAaJbHAA MpAMAasd.

a) Jya 3TOro HOCTATOYHO 3aKPEIUTh TPOCHI B yIJax IJINUTHI.
Tak Kax IeHTpP Macc STOU ILJIUThI IPOEKTUPYETCA B IEHTP IPsA-
MOYTOJbHUKA, ABJAIONIETOCA €e OCHOBAaHWEM, TO 9TO O0ECIeUHUT
ee paBHOBecHe.

06) HocTaTouHO B3ATH BEPEBKM PABHOU AJWHBI U 3aKPEIUTh
UX OJHUM KOHIIOM Ha KpIOKe, a APYIUM Ha KOJbIle, IIPUYEM
TaK, YTOObI PACCTOAHUS MEKAY 3aKPEILJIEHHBIMHU KOHI[AMU OBbLIU
onuHaKoOBHEI. I[eHTp Macc KoOJblla HAaXOAUTCSA B IEHTPE OKPYIK-
HOCTHU, ONUCAHHOW OKOJIO TPeyroJbHUKA, 00pa30BaHHOTO KOHIIA-
MM BepeBKHU Ha KOJIbIIE.

11.9. 1) B) Ilyctb Touka S — cepenuna pedpa AC. IIpoBemem
ceuenue nupamunbl PSB, a B HeM oTpe3ok DF, mapaJuiebHbBINI
BS, npu stom Touka F jexur Ha oTrpeske PS. 3areMm uepes
Touky F mposemem otrpesok KL B rpanu PAC, mapajjieabHBIN
AC, npu stoMm Touka K jexutr Ha pebpe PA, Touxa L JeKUT
Ha pebpe PC. Ceuenne KLD OyaeT MCKOMBIM.

3) Ina cayuasa «B» w3 . 1) 3amMeuyaeM, UTO TPEYrOJbHUK
DKL nono6en tpeyronbHuKy ABC (II0 TpeM CTOPOHAM), IPUYEM

Koo((punumeHT momodus paBeH ITosToMy oTHOIIIeHME WX ILJIO-

1 2’
mageil paBHO I
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3agaum k § 12

12.1. 6) Ilycts maHbl TpaAMadA @ U ILJIOCKOCTH O. IIpamas b
napaJijiejibHa MPAMON a W IJIOCKocTu O. Tpebyercs moxkasaTh,
YTO HmpAMas a NapajijiejbHa IIJIOCKOCTHU O. BO3MOKHBI JBa CJIy-
yasg. 1. IlnockocTh, MpoxoAsdIlasd uepe3 IpsAMble a U b, mapa-
JeJabHA Ta0ocKocTu .. Torma Bce oueBuaHo. 2. IlycTth Temepsb
IJIOCKOCTh, IIPOXOIAINAas uepe3 5TU IPAMbIe, IlepeceKaeT ILIO-
CKOCTh O, IO HeKoTopoii npamoi c. Torga mpsambie b u ¢ mapaJ-
JIeIbHBI, W COTJIACHO TPAH3UTHUBHOCTU IapPaJJIEIbHOCTU ITPIMBIX
OpAMBIE @ U ¢ TapaJuiejibHbI. V3 mapajjielbHOCTH OPAMBIX d U
¢ U cJenyeT IMapajjeJbHOCTh HIPAMOM @ U TJIOCKOCTH O.

B) IlycTh maHBI mpsaMas a W ILIOCKOCTH O. Ilpamas b mep-
NeHINKYJIAPHA MPAMON a U ILIocKocTu O. Tpebyercsa moxasaTh,
YTO mpAMas a IapaJjuiejibHa IIJIOCKOCTH O. TaK Kaxk mpamas b
NepHIeHAUKYJAIpPHa W MPAMON @, ¥ IJIOCKOCTHU O, TO OHAa Iiepe-
CeKaeT W HpPAMYIO @, ¥ ILIOCKOCTH O. IlIocKocCTb, mMpoxoaArmias
yepe3 IpAMble @ W b, mepeceKaeT IIJIOCKOCTh O IO MIPAMOH C,
napaJijiejabHOU mpaMoi a. Tak Kak npaMas b mepneHInKYyJIApHa
IJIOCKOCTH O, TO OHA HePIeHAUKYJSIpPHA IPAMOI C.

r) IlycTs mambl mpsiMasi @ U IJIOCKOCTH O. IlimockocTs B mep-
NeHIUKYJAAPHA IPAMON a U ILIocKocTu 0. Tpebyercsa moxasaTh,
YyTO mMpsAMasd @ IapaJjuiejibHa IJIOCKOCTU O. IIycTh IJIOCKOCTH O
u [ mepecexarTCsA IO MPAMOU p, OIPsIMas d U ILJIOCKOCTh 3 mepe-
cexaiorca B Touke A. IIpoBemem uepe3 Touky A mpamyro b, mep-
NeHIUKYJIAPHYIO IPAMON p. ITa mpaMasa OyaeT HeprIeHIuKYyIap-
Ha IJoCKocTu . Kpome Toro, oHa OymeT IepHeHAMKYJIApPHA U
npamoii a. Tem caMbIM Bce CBeJIOCh K NpeAbIAyINell 3amaue.

12.2. 6) 9ra mapaJIeIbHOCTH CJeAyeT W3 TOTO, UTO B OCHO-
BaHUU IIPU3MBI €CTh IIapa IlepeceKamIMUuXCcs IPAMBIX, KaKIasd
M3 KOTOPBIX IapaJijiejibHa COOTBETCTBYIOINEH mpaMoii (Jeskarein
B OJHOM M TOH Ke OGOKOBOII T'paHM) IPYroro OCHOBaHWUS.

12.6. a) Cuauasa uepes Touky O mpoBenem npamyo KL, ma-
pamnenbuyio npamoir AC (K € AB, L e BC). Ona Oyzer mapaJi-
nenbHa maockoctu PAC. 3aTeM mpoBeeM ceueHHe TeTpasapa
PMB (M e€AC, AM = MC). B niaockoctu PMB mpoBeneM mps-
myio QT, napannensryio npamoit PM (T € PB). Oua Oyzer na-
pamwnenbHa miockoctu PAC. IIpoBemem ceueHue TeTpasapa ILIO-
ckocThio KTL. Bece oTpe3ku, Jexalue B TeTpasape, BbIXOIAIINE
U3 TOYKM @ m mapajienbHble rpanu PAC, HaxomsaTca B Tpe-
yronpauke KTL. Takum obpasom, TpedyeTcsa HaWTHN HAMOOJIBIITUI
¥ HAUMEHBIIUHN W3 OTPE3KOB, PACIIOJOKEHHBIX B TPEYTOJIbHUKE
KTL wn npoxomdaimux udepe3 TOUKy @. flcHO, 4TO HaAmMOOJBIIINM
OTPE3KOM B paBHOCTOPOHHeM TpeyroiabHuke KTL saBiasercsa or-
pe3ok @T. A HamMeHBIIIMM OTPE3KOM TaKoTo Buia OyaeT oTpe-
30K, BBIXOAAINUN M3 TOUKU @ W IEePHeHANKYJIAPHBIA OTPE3KY
LT, T.e. BoICOTA B IPAMOYIOJbHOM TpeyrogbHuke LT, 1mpo-
BelleHHAsd W3 BEPIINMHBI OpAMOro yrja @ Ha runorenysy LT.
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12.8. B) Ilycts PABCD — nmaHHas 4YeThIpeXyroJbHas MHUpa-
muzga ¢ ocHoBanueMm ABCD. Ilpoemem oTpesox KL, mapajieib-
veiii otpedky CD (K € AD, L € BC). Tpeyronbauk KPL nexur
B ILTOCKOCTH, IapaJuieabHou pedopy CD. OH aBiasdeTcs paBHOOe-
pesabpiM (PK =PL). Ero niomanb S BBIUHCIAETCS HO (QopmyJie
S=0,5KL - PN, rne PN — ero BricoTa (1 Menuana). B aToii dop-
myse ocHoBanme KL paBHOOempeHHOro Tpeyroabuuka KPL 1mo-
CTOSTHHO, MeHseTcs TOJIbKO Bbicora PN. PaccmoTrpum BBICOTY
PN, kKorma oHa HaXOAZUTCA B IPAMOYTOJbBHOM TPEYroJbHUKE
KQM (® — 1meHTpP OCHOBaHUA ImupaMuznbl, M — cepenuHa pebpa
CD). fcuo, uro PN ywmensbinaercss or PM pgo PQ. IlosTomy Ham-
MeHbIIlee 3HaUeHWe IJjolianu TpeyroabHuka KPL pgocruraercs,
Korga Touka N coBIazaeT ¢ TOUKOi @. A HamboibIllero smaue-
HUSA y IUIONaAMW STOTO TPEeyroJbHWKA HET, TaK KaK IIPU COBIIA-
ITeHun TOUuKM N ¢ TOUuKoW M ceueHue IepecTaeT OBLITh Hapal-
JeJbHBIM pebpy CD, ub6o oHO uepe3 3TO pedPO MTPOXOIUT.
B zakaiouenue cToUT J00ABUTH, UTO MBI PACCMOTPEJIU TOJBKO Te
CeueHUs, KOTOPbIEe MMPOXOJAT uepes oTpes3ok KL, Haxomgdamumiics
C OIHOUM CTOPOHBI OT TOYKU . C IPyroil CTOPOHBI OT HEE CUTY-
anusa OymeT cUMMeTPUYHAs.

3agaum k § 13

13.1. [Ina mokasaTesJbCTBa JOCTATOUYHO PACCMOTPETH IIPSIMO-
YTOJBbHBIN TPEYTOJbHUK, B KOTOPOM OJIWH U3 KaTeTOB — 0OOKOBOE
pebpo IpAMOYTOJIBHOTO Mapajiesenuiea, a Ipyroii KareT — Iu-
aroHaJib OCHOBAHUA JTOTO IapajijiesleluIena, mMelolias C B3d-
TBIM OOKOBBIM PeOpPOM OOIIYIO BEPIIUHY.

13.2. OkasnIiBaeTcs, OJs pPeIleH’s 3aJadyd OJHUHA CTOPOHBI
MTaHHOTO MPaBUJBHOTO TPEYTrOJbHUKA HE ABJIAETCA HeoO0XOIUMOM
BeJIUUMHON. BoJsiee Toro, ee MOKHO BBIUHCJIUTD, UCXOAA U3 IPY-
rmX JAaHHBIX 3aJauu. ITO BUAHO B IIPOIECCE€ TAKOTO PeIIeHud.
IIycts Touka O — IEeHTp AAHHOTO TPEYyroJbHUKA, Touka K — ce-
penuHa ctopoHbl AB. Torga M3 COOTBETCTBYIOIUX HPAMOYTOJb-
HBIX TPEyTOJbHUKOB MMeeM Takwe saBucumoctm: AO?=d;—d?,
KO?= dg—df. Kpome Toro, us tpeyroapauka AKO mmeeM coOOT-
momenune: AO =2KO. [lanee, u3 anredbpanuecKnuX BBIKJIAJOK MbI
IPUXOAUM K TaKOMy paBeHCTBY: 4d:—d: =3d>.

AHaJlornuHO pelrraeTcs 3ajava IJIs IPaBUILHOTO N-yTOJbHUKA.

13.3. 31ech HaJO PacCMOTPEThL HECKOJILKO CJIYYaeB B 3aBUCU-
MOCTH OT BEJIMUYHUHLI yIJja, KOTOpbii Jayu OC obpasdyer c JydaMmu
OA u OB. CaMpIii IPOCTOH cCJOyYall — KOTZa 9TOT YIr'oJI IIPSMOIA.
Torpa npamas OC mepuneHAUKYIApPHA ILI0ocKocTu AOB u mpoex-
muei Touku C Ha miiockocTb AOB aBasiercsa Touka O. Jlajmee Bos-
MOJKHBI [Ba CJOydas: KOrJa 3TOT YI'0J OCTPLIM M KOrJa OH TYIIOM.
Pacemorpum ciayuait octporo yria. IIpoBeseM mepneHIUKYJIAPBI
CA, u CB; u3 touxku C Ha syun OA u OB coorBercTBeHHO. U3
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ToueK A; u B; mpoBeaeM IepneHIUKYAApbl K Jgyudam OB um OA
COOTBETCTBEHHO [0 MX B3aMMHOTO mepeceueHus B Touke C;. Io-
KakeM, uTo Touka C; aBjsgeTcs mpoekiueil Touku C Ha MIOCKOCTh
AOB. Tlpamasa OB nepueHaukyJigpHa miaockoctu CB,C,, mosaTomMy
mwirockoctTb AOB nepneHgukyiadapHa miaockoctu CB,C,. Ilpamasa
OA nepnengukyasapHa miaockoctu CA;C,, 03TOMY ILJIOCKOCTh
AOB nepnengukryasapHa miockoctu CA,C,. Orkasasock, 4TO ILJIO-
ckoctu CB,C; u CA,C, nepnenaukyaapHubl miockoctu AOB. Ho
Torga u CC, — mpaMas WX epeceueHus — MePIeHAUKYyJIApHa
mwirockoctu AOB, a moromy Touka C; ABISAETCA MPOEKIIUEl TOUKU
C Ha miockocts AOB. Tenepbs MOMXKHO 3aMeTUTh, UTO TOuKa C,
ae:xut Ha 6uccexkTpuce yriaa AOB. VI3 paBeHCTBa TPEyroJbHUKOB
COB, u COA, cunenyer, utro OB; =0A,. VI3 paBeHCTBa TPEyTroJb-
HukoB OB;C; u OA,C, cinenyer, uto C,B, =C,A;. Ho Torma Touka
C, yria AOB paBHOyIaJieHa OT ero cTopoH. IlosTomMy oHa Je€KUT
Ha O6ucceKkTpuce sToro yriaa. Takum o6pasom, moayuaeM, UTO MPO-
exknuu Bcex Touek Jiydya OC jexxkar Ha Ouccektpuce yria AOB.

Ecau Ke mcxomHBIN yroJ, oopasoBauubiii ayuom OC c syua-
mu OA u OB, OyzeT TYIbIM, TO IIPOIIle BCET'O PACCMOTPETH YTIOJI
A’OB’, Beprukanbubiii ¢ yraom AOB. C nyuamu OA’ u OB’ jnyu
OC Oymer 0OpasoBBLIBATH YK€ OCTPhIE€ YIJIBI, a IOTOMY 9TOT CJY-
yaii cBemeTcsA K mpeabiayiiemMy. [109ToOMy IPOEKIMH BCEX TOUYEK
ayuya OC ma miockocth AOB OynyT JexaTh Ha OucceKTpuce yria,
BepTUKaJIbHOTO ¢ yriom AOB.

13.12. a) JlocTaTOYHO BOCIIOJb30BATHCA PE3yJIbTATOM 3aJayuu
13.1.

13.15. JTocTaTouHO 3HATH AJUHY CT0J0a, BHICOTY, HA KOTOPOI
OyZeT KpemuThbCcA MPOBOJ K CTEHEe U PaCcCTOSHUE MeKIy OCHOBa-
HUeM cToJiba ¥ IpoeKI[Mell Ha 3eMJI0 TOYKU 3aKPeIeHUs MPo-
BOJA U CTEHBI.

13.19. a) IIposemem mpamy:o OC, IepHeHINUKYIAPHYIO IIP-
Mot p. Torga AC L p u BC L p. Ilonyunnoch, uro npamele CA,
CO, CB, mpoxondAniue uyepe3 OOHYy U Ty Ke TouKy C, meprueHIu-
KYJSPHBI OJHOU M TO# iKe mpamou p. Takume mpAMBIe JiexKaT
B OJHOI IIJIOCKOCTH — ILJIOCKOCTH IEePIeHAUKYJIAPOB. IlosTomy
Bce ueTbIpe Touku — O, A, B, C, ne:xalue Ha 3TUX MNPAMBIX,
OKa3bIBAIOTCSI B OJHOM IIJIOCKOCTH. 3HauuT, npambie AB u OC
JesKaT B OJHOM IJIOCKOCTH.

13.20. 6) IIpoBemem IepIeHAUKYISP U3 TOUKU K TUMOTEHyY-

3l AB ma rarer AC. M3 tpeyroapauxka AMK sBoipasum AK:

AK =%. IIpoBegem LM. 910 u OymeT mepueHIUKYJIAP u3 L Ha
AC. Ero piuny HalieM M3 IPAMOYTOJbHOTO Tpeyroabuuka LK M
%2 +1. Tax xax 0<x<x/§, To LM wus-
MeHsdeTcA B rpanuiiax or 1 mo 2. AHaJOrMYHO HAXOAATCS Ipa-
HUIBI JJIA HepueHIuKyJadapa u3d L ma BC.

no gopmynae LM?= (
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13.31. Paccrosauue ot Touku K g0 npamoit BC mMoxKeT pas-
HATBCA paccToaHU0 oT Touku K mo mpamoit AC, ecau Touka K
Oymer B BepmiuHe P.

Paccroanue ot Touku K mo niaockoctu ABC Mo:KeT PaBHATH-
cAa paccroaHuio oT Touku K go miockoctu APC, eciu touka K
Oymer B cepenmae PB. 1A mosydeHWs 3TOTO pe3yJjbTrara mo-
CTaTOYHO PacCMOTpeTh TpeyroabHuK PLB, rme Touka L — cepe-
nuHa pebpa AC. Ilepunenaumkynapbl u3 ToukKu K Ha ILJIOCKOCTU
ABC u APC naxoparca B TpeyroiabHuke PLB m ABJIAIOTCA IIep-
neupukyiaapamu Ha npAambie PL u BL. Orciona Bce u cjiemyer.

3apaum k § 14

14.1. TIycTe mausl gBe mwiaockoctu o u . Touku A u B sexar
Ha IJIOCKOCTH O, Touku C u D sieskar Ha IJIOCKOCTH [3, IpU 9TOM
AC | BD. TIposemem miockocTh uepes npsamble AC u BD. Dra
ILJIOCKOCTD TIepeceueT JaHHbIE MMapaJiiesbHble IJIOCKOCTH IO IIa-
paIeIbHBIM OPAMBIM, mosToMmy ABDC — napaJienorpamMM. Ho
Torma AC = BD. Pasymeercs, oOpaTHOe yTBep:KAeHUE He SBJIs-
eTCs BEPHBIM.

14.2, Takoii (Qurypoii ABJIAeTCA IIJOCKOCTh, IapajiejbHas
MaHHBIM ILJIOCKOCTSAM UM IIPOXOASAINas uepes CepefuHy O0OIIero
MepIeHANKYasaApa OaHHBIX ILTOCKocTei. Jlokamkem sTo. IlycTh
IaHbI B IJIOCKOCTH O U B, AB — o0IUi NePHeHgUuKYJIsIp 9TUX
IJIOCKOCTEeM, IpuuYeM TOouKa A TPUHAIIEKUT IJIOCKOCTH O, a
Touka B npuHamiexuT miaockoctu 3. IlyecTs miockocTs Y mapas-
JeJibHA MAaHHBIM ILIOCKOCTSM UM IPOXOAUT uepes cepenuny AB.
Horasxem nBa yTBep:kgeHma: 1) Kampasa Touka IIockocTu 7y
paBHOymaJsieHa OT miaocKoctedr oo u . 2) Jliobas TouKa BHE ILIO-
CKOoCTH Y He OyAeT paBHOyAaJIeHA OT ILJIOCKOCTeN o u J3.

1) IIycts AB mepecekaeTr ILIOCKOCTEH Y B Touke C. Bosbpmem
MIPOM3BOJBbHYI0O TOUKY X ILJIOCKOCTH Y, oTauyuyio ot C, u mo-
KasKeM, YTO OHa paBHOyZaJieHa OT mjaocKocreir o u 3. IIposemem
yepe3d TOUKy X OOIUNA TEePHeHJUKYJAADP YZ ABYX MaHHBIX ILJIO-
ckocreir (Y — ma miaockoctu 0, Z — Ha miaockoctu f). Torma
XY — sTo paccrosguue or X mo o, XZ — 910 paccTrosgHue oT X
no B. Takum oOpasom, Ham TpedyeTcs NOKAasaTh PABEHCTBO OT-
pe3koB XY u XZ. i 3TOro paccMOTpuM ILTOcKOCcTh ABZY u
yeThIpeXyroabuuk ABZY. OH aBiseTcsa NPAMOYTOJbHUKOM, IIPHU
aroMm XC B 3TOM IPAMOYTOJbHUKE IePIeHAnKYyaaped AB u mpo-
xonut uepes cepenuny AB. Ho torga XY =XZ.

2) BosbpmeM Temeph TOUKY P BHe IJIOCKOCTU Y, IIPOBEIEM Ue-
pes Hee 00Ut mepueHAUKYJAAp ST ABYX TAHHBIX ILJIOCKOCTEM.
W3 amasmoruyHbeIiX COOOpasKeHUil HEeCJOKHO JOKasaTb, UTO OTPes-
ku PS u PT ue paBHbl. HOo TOrjj]a He paBHBI PAacCTOSHUSA OT TOY-
Ku P [0 maHHBIX ILIOCKOCTEM.

14.3. Cnemyer paccMOTpeTh OBa cjaydas: KOrJa B OCHOBAHUU
MPU3MBbI HAXOAUTCS MPABUJIBHBIN MHOTOYTOJBHUK C UETHBIM YKC-
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JIOM CTOPOH W KOT/Ja B OCHOBAHUU MMPU3MBI HAXOMUTCS IIPABUJIbL-
HBINT MHOTOYTOJIBHUK C HEUETHBIM UKCJIOM CTOPOoH. Pasbepem sTu
IBa caydyas Ha KOHKPETHBIX IIPUMepax — KOorja JaHHas IpusMa
IIeCTUYTOJbHAS W KOTJA OHA MATHUYTOoJbHAasd.

IIycrs A,A,A;AA;A;B,B,B;B,B;B; — npaBuJbHasA IIECTU-
yrojbHas mpuaMa. PaccMOTpUM ceueHUe MPU3MbI ILJIOCKOCTBHIO
A,AB,. OHO aBngerca npamoyroabHukoM. OTpesork O,0,, coenu-
HSAMIOIUI IMeHTPbl OoCHOoBaHUA TPudMbl O; u O,, JEKUT B 9TOM
MIPSAMOYTOJbHUKE U SBJSAETCA ero cpeameiil juumeit. I cBoiicTB
npAMOyroJbHUKa caexyet, uro 0,0, 1 A;A,. TlogoOHBIA pe3ysb-
TaT MOJYYUTCS, €CJIU PAacCMOTPETh APYroe aHAJOTMYHOE ceueHue
npusambl, Hanpumep A,A.B,: 0,0, 1 A,A,. Ho torma 0,0, L
1 (A4;4,A4,).

IIycts Temeps A A,A;A,A,B,B,B;B,B; — npaBujbHasg IATHU-
yroabHad mpusMa. «IIpeBpaTuM» ee B MPABUJILHYIO JeCATUYTOJIb-
HYI0, IIOCTPOUB BO BHEIITHIOID CTOPOHY Ha KaKIOW CTOpPOHE KasK-
IIOTO OCHOBAHUS paBHBIEe paBHOOeAPEHHBIE TPEYTroJbHUKU (Tak
HasbIBaeMas olepanus yIABOEHHUS CTOPOH IPAaBUJILHOTO MHOTO-
yronbHUKA). [Ipy 9TOM IIeHTP OCHOBaHUA NAHHOW IMATUYTOJbHOMN
MIPU3MBI U IIEHTP OCHOBAHUS MOCTPOEHHOI AeCATUYTOJbHON mpu-
3MBI OYAYyT COBIAAaTh. A AJSA MPUSMBI C UETHBIM UKCJIOM CTOPOH
B OCHOBAHUMW MBI 3Ty 3aJauy ysKe PeIluJiu.

PasymeeTcsi, BOBMOXKHBI W ApPyrue PeIIeHWs STOH 3amauwu,
nake 6e3 CCBHLIOK HA IJIAHMMETPUIO.

14.5. 3ajgaua cBoguTCsS K ILJIaHMMeTpUUecKoii. IIposemem
MIPAMYIO, MIPOXOMAINYI0 Uepe3d TOUKY A U MepHneHIUKYJISAPHYIO
mrockocTu o (a 3HauuT, u ). Yepes MOCTPOEHHYIO IPSIMYIO IIPO-
BeJleM IIJIOCKOCTh — OHA OyaeT MepHeHAUKYJISAPHA TaHHBIM ILIO-
ckoctaAM. Temeps pemuM 3amadyy «B IIOCTPOEHHOM IIJIOCKOCTH»
UJIN JaKe «B IIOCTPOEHHOI mpsaMoii». Heobxogmmo paccMoTpeThb
pasHble ciaydau — UX OyJeT BCero 5 — pacloJoKeHus TOUuKu A
OTHOCUTEJIbHO IOJYUYEHHBIX MPAMBIX ITepeCeueHus] NJaHHBIX ILIO-
CKOCTell M ITOCTPOEHHOU TJIOCKOCTH.

14.6. 3agaua MoxxkeT OBITH CBeJeHA K ILIAHHMETPUUYECKOI.
Iass 9TOTO AOCTATOUHO IIPOBECTU MHPAMYIO, MEePIeHAUKYISIPHYIO
BCEM OTUM ILIOCKoCcTAM. Torza Bce paccTOAHUSA MeEKIY IJIOCKO-
cTaMu OyAyT PaBHBI COOTBETCTBYIOIIUM PACCTOSHUAM MEKIY
TOUKAMU TepeceueHmnsi 9TOM MPSMOM € JaHHBIMU ILJIOCKOCTSIMMU.

14.8. 6) BpicoTOli MPAMOYTOJILHOTO Iapajuiesienunena ABJIs-
eTcsi, B YaCTHOCTH, ero pedpo. O003HAUUM TPU HU3MEPEHUs MHpPs-
MOYTOJILHOTO IapaJjuieenunena Kak a, b, c¢. Ilycrts ¢ pe6pom a
nuaroHaJb obpasyer yroa 60°, ¢ pedbpom b obpasyer yroa 30°,

a pe6po ¢ ABJISETCA ero BBICOTOM. Tor‘,u;a ImojgydaeM, 4TO d =

V3
5
(kBagpar AmMaroHaJu IPAMOYTOJBHOIO IlapaJijeseluIileia PaBeH
cyMMe KBaapaToB ero mamepenwuii). IlogcTaBuM B 9TO PaBEHCTBO

Ea

b= C gpyroil CTOPOHBI, BEIIOIHAETCS paBeHCTBO a’ +b% +c?=1
y
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HalimeHHble 3HaueHUA Iasd a u b. Ilomyuum, uro ¢ =0. MoxkHO
CKasaTh, UYTO IIPU 9TOM Mapajjiejiellune] BBIPOKIAeTCa B IpHA-
MOYTOJbHUK, HO BCe-TAKU 9TO yiKe He mapajiiejenuiies. SHAUYUT,
JaHHbIe B 3aJlaue IIPOTUBOPEUUBHLI — MapajjieIellnuIe]] C TAKUMU
cBoiicTBaMu He cyimecTByeT. Il03TOMY BBIUHCISATH €TI0 BBICOTY
O6eccmbicienHo. [IpaBga, o0HAPYKMUIOCH 9TO MMEHHO B IIpoIiecce
BBIUUCJIEHUS BBICOTBI. MOMKHO JU OBIIO MOJYYUTH 3TO MPOTUBO-
peume Kax-to mHaue? Jla, ecau MCIIOJb30BaTh COOTHOIIIEHIE
MeXKAY IMIJIOCKUMU YIJaMU B TPEXT'PDAHHOM yrJie: cyMMa JBYX ero
JI00BIX YIJIOB JOJIXKHA OBITH OOJIBIIIE TpeThero. A B Hallleil 3a-
maye cymma yriaoB 60° m 30° maer Kak pas 90°, T.e. mBa mjo-
CKUX yrJia, o0pasoBaHHBIE AUATOHAJBIO ¢ pedpamMu, JalOT B CyM-
Me TaKyl JKe BeJWUYWHY, KaK TpeTuil IJIOCKUH yroJ,
SABJSIONIUHACS YIJIOM MIPSIMOYTOJbLHUKA.

14.10. MosxeT TOKasaThbCAd CTPAHHBLIM, UTO, II0 CYIIECTBY,
ONHY W Ty Ke 3aJauy Mpeajaraercs PeIIuTb B TPexX Ccaydasx.
Heno Bor B uem. IIpoekmueil Touku A; OyzeT HeKad TouKa A,
Ha O6uccexkTpuce yria CAB. OgHako HesAcCHO, OymeT Jjiu A, Jie;KaTh
B TpeyroinbHuKe ABC mjim OHA BBIAJET 3a IIPEeeJibl 3TOTO Tpe-
yronpHuKa. UHTYUTUBHO SCHO, UTO, YeM JJIMHHee DOKOBOE pPedpo
npusmbl AA;, Tem gainbire oT Touku A Oymer Ttouka A,. Iloaro-
My paccmoTpuM TpeyroabHuUK AA;K, rme Touka K — cepemuua
cropoubl BC. Ocrayoch BBISCHUTL, KAKUM IO BUAY OyAeT yroJ
AKA,. Paccmorpum ToT caydaii, korga AA;=2. Torma A,C=2,

CK=1,AK= V3. Tlo TeopeMe KOocuHyca u3 TpeyrojbHuka AA; K

BUAUM, UTO B 9TOM ciiyuae yroya K sABiIseTcss oCTPBHIM, a IMOTOMY
A, HaxoxuTcsa Ha orpedke AK, T.e. B Tpeyronrauke ABC.

14.14. B) IIpamasa BD mnapannienbHa miaockoctu AB;D,. Ilo-
STOMY AOCTATOUYHO HANTU PACCTOSHHE OT JIIO0OW TOUKM IIPSIMOM
BD po mmockoctu AB;D,. Ilycts Touka O — IEeHTDP HUKHETO
OCHOBaHUA JAHHOTO ITapaJiiejenuiiena, a Touka O, — IeHTP ero
BEePXHEro ocHoBaHUA. Torga MCKOMOE PAaCCTOSHUE MOYKHO HAWTU
KaK BBICOTY B IPAMOYToJbHOM TpeyroiabHuKe AOQ,, pOBeaeH-
HYIO0 Ha ero rumorenysy. OTBeT moJsiyuaeTcs MPaKTUYEeCKH YCTHO.

14.17. Ceemem sTy 3amauy K IJiaHUMeTpudecKoii. I[asa sToro
IpoBeJeM IIJIOCKOCTh, MEPIEeHAUKYIAPHYIO J000M M3 MaHHBIX
npavbeix. OHa OyneT HepHeHAUKYJISAPHA WM K APYTUM JaHHBIM
MIPSIMBIM, IIOCKOJIbKY BCEe OHU HapajieabHbl. TOUKHU ITepeceueHus
9TUX MPSMBIX C IIPOBEIEHHON IIJIOCKOCTBHIO ABJISIOTCSA BepIIMHA-
MU IPSAMOYTOJBHOTO TPEYyroJbHUKA. ITO BBHITEKAET M3 TOr0, UTO
MaHHBIE IIJIOCKOCTU MepHeHAUKYJIApHbI. Takum obpasom, Haao
BBISICHATh, B KAKMX T'PAHMUIIAX HAXOAUTCA BHICOTA IMPAMOYIOJb-
HOTO TPEeyroJbHUKA, IPOBeJieHHAas Ha ero r'miloTeHysy, paBHyio 1.
Otser oueBugeu: or 0 mo 0,5.

14.18. a) Copoextupyem Touky A Ha npamyio b. Ilycts mpo-
exnueir Oymer Touka B. Orpesoxk AB sABJseTcs OOIUM TepIIeH-
IUKYJIAPOM IPSAMBIX a4 U b, a TaKkyKe MEePIeHIUKYJIAPOM U3 TOU-
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Ku A Ha mpamylo b. 9To coBIajeHUe MEePHeHAUKYISAPOB U
IOKas3bIBaeT TpebyeMoe DPaBEHCTBO.

6) lMmeeT cMBbICJ pacCcMaTPUBATH CAyYall CKPEIUBAIOIIUXCS
npambix. Ilycte AB — o0mIuii MepuneHgUuKYIAp NPAMBIX a U b
(A€a, Beb). Ilycts, nanee, mpsaMasd a,; IPOXOJUT Uepe3 TOUKY
B u mapanimenbHa mpsaMoii o. IIJ0CKOCTb, MPOXOAAIIYIO dYepes
mpsambie b 1 a,, HasoBeMm . Torma mpaMas a, ABIAETCS MPOEK-
muel mPSAMOM @ Ha IJIOCKOCTh O. Ilycth Temepsr XK — meprieH-
IUKRyaAap ud Touku X Ha npamyio b, XL — mepueHAUKYJIAD U3
TouKu X Ha IPAMYIO a; (U TeM caMbIM HEePIEeHAUKYJIAP Ha ILIO-
ckocTh ). Torga LK — mepneHIUKYJIAP U3 TOUKU L HA IPAMYIO
b. Ilpu mBukeHHH TOUKHM X K TOUKe A IO IPAMOH a B OTHOM
HaIlpaBJieHUu paccrosgHue XL He MeHseTcs, a paccrognme LK
Oymetr ymeHbInatbes. IlosTromy u paccrosauaue XK (T.e. paccros-
HUe OT TouKu X [0 MpAMOi b) TaKksKe OymeT ymMeHbIIAThCA. Ilocie
TOrO KaK TouKa X IPOHJET uepes TOUKY A, IpoIecc moiaeT B 00-
paTHYIO CTOPOHY — paccrosanue oT X 10 b OymeT yBeIUuuuBaThCS.

14.19. a) Vckomoe paccTosHIEe PAaBHO PACCTOAHMIO MEKIY
mapajieIbHBIMUA IIJIOCKOCTSIMU, B KOTOPBIX JIeKAT HAaHHbIe Ips-
Mble. Ho 9TMMUY MJIOCKOCTAMY SIBJISIOTCS IIPOTUBOIIOJIOKHBIE I'pa-
HU KyOa. IlosTomy mcKomoe paccrosHue paBHO 1.

0) Pemrenne Ttaxkoe ke, KaK B IIYHKTE «a».

B) Ilpamaa AD mapannensHa miockoctu BCA;D;, B KoTopoi
nexkut npavas CD,. g HaxX0KIeHUS HNCKOMOTO PaCCTOSHUS
IOCTAaTOYHO HAWTU PACCTOSHWE OT KaKOW-JIMO0O TOUKU HPAMOM
AD po nnockoctu BCA;D,. TakuM paccToaHUEM SABJSIETCS pac-

crossame OoT Touku D mo mpamoit CD,. OHO paBHO 5

r) ITU OpPAMBIE JIEKAT B MapalIeJdbHBIX ILTOCKocTax CD,B,;
u A,DB coorBeTcTBeHHO. Kakmasa m3 HUX IepUEeHAUKYJISPHA
AC — pguaronanu Kyb6a. IIpu sTom muaronaib AC OeJUTCS STUMU

IIJIOCKOCTAMM Ha TPHW pPaBHBbIE YacCTHU. HOSTOMy HMCKOMO€ paccCTo-

3
dHUe paBHO ?.

n) Ilpamasa AC mapannenpHa miockoctu B, KDL, rne Touka
K — cepenuna pebpa CC,, a Touka L — cepenuna pebGpa AA,.
HocTaTouHo HAWTM pPaCCTOAHUE OO BTOU IIJIOCKOCTH OT KaKOu-
au6o toukm mpamoii AC. BosbmeM 1y 3Toro TOuKy O — IIEHTD
rpaau ABCD. Ilepuneraukyiap u3 Touku O Ha miaockocTb BKDL
Oyner mepueHauKyJapoM u3 Touku O Ha npamyio B;D. Haiinem
cHayaja pacCTOAHUE O ATOH IJIOCKOCTU OT TOUKU B — OHO paB-
HO BBICOTE IPAMOYTOJILHOTO TpeyrosbHUKa B;BD, mpoBeneHHON
Ha Tumnoreny3y B;D. Torma paccrosunme ot Touku O 10 3TOU

2
IJIOCKOCTU OyIeT B ABa pas3a MeHbIne sToro. Orser: 0,51[5.

14.23. Eciu HOXKM MMEIOT PasHyo IJWUHY, TO MOMKET OBIThH
TaK, YTO MOBEPXHOCTH CTOJIA, IIOCJE TOI'0 KAaK OH YIPETCS B IIOJ
TpeMsi HOMKKamu, He OygeT mapaJjiesbHa IOJIY.
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3agaum Kk § 15

15.1. 6) Yepe3 mpom3BOJBHYIO TOUKY A IPSIMON a IPOBeIEeM
MepUeHIUKYJIAP AB Ha AaHHYIO ILJIOCKOCTb. Uepes mpsMble a U
AB mposefieM IJIOCKOCTh . IlpsmMas ¢ mepeceuyeHus IJIOCKOCTeMR
o u B Gymer mapasienbpHa npsamoit a. Tak Kak mpsamas b mep-
MeHAUKYJIsIpHA O, TO u upaAmasd AB mnepueHgukyaspHa o. Ho
Torga AB meprneHAuUKYJAspHa mpsamoit c¢. Orcroma mojayudaercs,
YTO OHA MHePIeHIUKYJApHA mpamMoil a. CorjacHo olpenesieHUio
yrjaa Me;KAy CKPeIUBAOIUMUCA MPSIMBIMU JAaHHBIE MPSAMbIE @
U b TmeprneHAuKYISPHBI.

ObpaTHOe yTBep:KIAeHMEe cHOPMYJIUPYEM TaK: €CJIU ILJIOCKOCTH
U He JieKalllad B HeW IpaMas MepIeHAUKYJIAPHBI OJHOW U TOI
JKe TpSAMOI, TO OHM MHapajliebHBI. OTO YTBEpP:KIEHUE BEPHO U
MOKA3bIBAETCA AHAJOTUYHO MPAMOMY YTBEPKICHUIO.

15.2. Jla mokasaTesbCTBA 9TOTO yTBEp:KAeHUA (1 00paTHOTO)
IOCTATOYHO IIPOBECTH MNPAMYI0 ¢, HapajleJbHYI0 MPAMON a u
MIPOXOMSAIIYIO Uepe3 TOUKY IepeceueHns IpAMoit b ¢ JaHHOIl MI0-
ckocTbio. IIpsamas ¢ Oymger JekaTh B HaHHOM IIOCKocTu. llasee
MOTPeOYIOTCA CCBLIKKM Ha TEOPeMYy O TpeX MNepHeHIUKYJIApax U
ompefieJieHre YIJja MeXKAY ABYMS CKPeIUBAIOIUMUCS TPIMBIMH.

15.3. 910 yTBep:KIeHMNe BBITEKAaeT M3 OIpeaeJeHUsd yrJja
MEXKAY CKPEeINBAIINMUCSA MPIMBIMU, TaK KaK MEePIeHIUKYJIA-
Pl K OZHOM M TOM Ke MJIOCKOCTH HapasljiesbHBbI.

15.4. 3) Crauajyia paccmoTpuM TpeyroabHuUK BD,C m Halizem
yron B B aTom TpeyroJibHUKe. Yrou mexxay Jgydamu DB u BC,
PaBHBLIN JaHHOMY, OyAeT OOMOJHATL STOT HAWAEHHBIH YroJ o0
180°.

u) CHayasla MOKHO paccMoTpeTh TpeyroiabHUK CBA, u Haii-
™1 B Hem yroa C.

k) CHauajsla MOYKHO PaccMOTpPeTh TPeyroabHUK ADB; u Hali-
™M B HeM yroa D.

15.6. a) PaccmoTpum 0000IIIeHe 9TOTO YTBEPIKIEHUA. BO3b-
MeM TpPOUu3BOJIbHBIN TpeyroabHUK ABC m OyaeM BpallaTh ero
BOKPYTI' KaKoO#-1mnb0 MpsMOi, MPOXOAsAIell uepes OAHY U3 €ro
CTOPOH, Hampumep BOKPyr mpsamoii AB. Bepmuua C mpu Takom
BpallleHUY BCe BPeMs HAXOAUTCS B IIJIOCKOCTH, MEPHEeHIUKYIAP-
vHoti mpamoni AB. Ilycts C; m C, — nBa moJokeHusa Touku C.
IIpsamasa C,C, Bce BpeMs OyIeT HAXOAUTHLCS B TOU Ke ILJIIOCKO-
cru. Ho Torma oma Oyaer meprneHAMKYyJsapHA mpsmoi AB.

15.7. r) [Ina HaXOKAEHUA ITOrO yIJa NOCTATOYHO PACCMO-
TpeTh Tpeyroabuuk A;DB. Orser: 60°.

15.8. a) Paccmorpum ciayuait, korga mpambie p u AB ckpe-
muBaroTcsi. TpebGyercsa mpoBepUTH OBa yTBep:KAeHUs. IlepBoe
Takoe: (ABc o) A (oo L p) = p L AB. Bropoe Takoe: p L AB = (30):
(ABc o) A (o L p). ITlepBoe yTBep:KIeHME CIeLyeT U3 HOHMMAHUA
MePHeHANKYJIAPHOCTH ABYX CKPEIUBAIOIINXCS MPAMbIX. s 1o-
KasaTeJIbCTBA BTOPOT'O YTBEPIKIEHUS MOCTATOYHO IPOBECTU IIep-
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neugukyiaap AC us3 touku A Ha mpavmyoo p. Ilmockocts ACB
OymeT TO¥ camMoi IJIOCKOCTBIO O, UTO CJeAyeT W3 IpU3HaKa Iep-
MeHAUKYJIIPHOCTA MPAMOM U ILIOCKOCTU. 3aMEeTHUM, UTO IIepBOe
yTBEePIKIeHNEe COOTBETCTBYET CJIOBY «TOTZA», & BTOPOE — 000POTY
«TOJIBKO TOTZAa».

15.9. Ora sajmaua sABIAeTCS, IO CYIIECTBY, IJIaHUMeTpHUUe-
CKOIl M peIllaeTcs W3 PACCMOTPEHUS MPAMOYTOJBHOI'O TPEyrojb-
Huka ABC.

15.14. IIpoBemeM HOpAMYI0 ¢, HapaJlIeJbHYIO MNPAMON b u
TmepeceKaroIyo IpAMYIO d. YToJI MeXay b u o 6yaeT paBeH yriy
MEXIY ¢ W O. A 9TOT yroJa MOKHO HAWTU W3 TPEYTroJbHUKA
C BepIIMHAMU B TOUKAX MEPeceueHus: MPSIMBIX @ U C, MPIMOH
a ¥ TJIOCKOCTH O, IPAMOI ¢ U IJIOCKOCTH .

15.15. PaccmorpuM HOpMAaJb K JAHHOM IIJIOCKOCTH, T. €. IIPS-
MYyI0, el MepIeHAWKYJIAPHY0. YTBep:KAeHue 00 yrie Me:xKIy
MIPSMOM ¥ TIJIOCKOCTHIO MOKHO CBECTH K YTBEDIKAEHUIO O MPIMOM
¥ HOPMAJM K 9TOH IJIOCKOCTH. B dYacTHOCTHU, PABEHCTBO
Zao.= /b, Tae a u b — mapaJjieabHble IPSAMbIe, ITepeceKaoInue
IIJIOCKOCTh (), MOJKHO 3aMeHWUTh Ha paBHOCUJIbHOe: Lac = Zbc,
rie ¢ — HOpPMaJIb K IIJIOCKOCTH O.. A Tak KaK BCce HOPMAaJIHW K Of-
HOW ¥ TOM »Ke IJIOCKOCTU IapaJijiejbHbl, TO BEPHO PaBEHCTBO
Zac=/bc, OTKyfa U clenyeT mOKasbiBaemoe yTBep:kaenume. OG-
paTHoe yTBep:KIeHUe, pasyMeeTcs, HeBEepHO.

15.19. Bo Bcex 3amauax 3TOTO HOMepa AJSA BBIUMCJIEHUS HC-
KOMBIX YIJIOB MOYKHO HCIIOJIb30BATh HOPMAaJb K 3aJaHHOI ILIO-
ckoctu. PaccMoTpuMm, K mpumepy, 3amauy 2a. Hopmasbio K 1mio-
ckoctu AB,C,D aBusderca npamas A;B. Yrom Mexay npAMBIMUI
A,D n A,B maxonurca us tpeyroabauka A;BD — oH paBeH 60°.
ITosTomy mckombiii yroam pasen 30°.

15.21. Bricora H o0beKTa HaJ 3eMJeil BIUNCIAETCA 10 Gop-
myse H =d sin ¢, roe d — paccroanue 1o o0beKTa OT HabJiona-
TeJs, a (¢ — yroJj, IOJ KOTOPHIM BHAEH O0BEKT HabJIofaTesieM.
IIpu yBesmuyenuu d M yMEHBIIEHUUW () CKA3aTh, UTO IPOUCXOMUT
¢ H B obmieMm ciyuyae, HEBO3MOKHO. B KOHKDPETHOM cjydyae Bce
HAXOIUTCA U3 BBIYMCJIEHUIMA.

15.22. IIo mepe Toro Kak CoJiHIlE TOOHMMAETCSA HAJ TOPH-
30HTOM, YBEJIMUUBAETCS yTroJ, KOTOPBII COCTABJISAET C MOBEPXHO-
cThi0 3eMJau Jyd OT BepInuHBI AepeBa Ha CoiHile. BbicoTa ne-
peBa IIOCTOSHHA, ¥ MOJUHY TeHW MOYKHO HaWTH, pasmeuB
BBICOTY JepeBa Ha TaHTeHC yrja HaKJIOHA 3TOTO Jyda.

3apgaum k rnase Il

I1.2. IIycts Touxka K — cepenuna ctopoubl BC. CpaBHUM IIO-
JIOBUHBI paccMaTpuBaeMbix yrioB — yribl KXC u KAC. U3 npsa-
moyroabHOTO TpeyroabHuKa KXC mmeem sin ZKXC=KC : XC.
W3 mpamoyroasHoro tpeyroabaunka KAC wumeem sin ZKAC =
=KC:AC. A tak Kak XC>AC, 1o sin ZKXC <sin ZKAC. Ilo-
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aromy LKXC < ZKAC (rak xrak yrabl KXC u KAC octpsie). Ho
Torma u yroa BXC wmenbimne yriaa BAC.

3amauy MOKHO DPeIIUTh WHaue, W3 HATJISAHO SCHBIX IIpes-
CTaBJIEHUN — «II0JOKUB» TpeyroabHuK BXC Ha miockocts BAC.
Torma Touka X «JIs:KeT» majbllle oT TOYKM K, uem Touka A.
Hanbite mosyuaeM pPe3yJabTaT y:Ke M3 COOOpaKeHuil IJIaHuMe-
TPUU.

I1.5. a) Iaa Toro uTOOBI AOKasaTh MHEePIEHIUKYJISPHOCTH
npamoii AD U IJIOCKOCTH O, HOCTATOYHO AOKAa3aTh MePIeHIUKY-
JAPHOCTL HmpamMoii AD u eie ogHOU mpaAmoi (Kpome AB), je:xa-
miell B IJIOCKOCTH O.. Bo3bMeM Ha IpAMOUN a JiIoOyio ToOuky X,
orauuHylo ot B, u gokaskem, uto DA 1 AX. IIna artoro gocra-
TOYHO [OKas3aTb, uro DX?= DA?+ AX?. ]IJs NPOBEPKHU BTOrO pa-
BeHCTBa BhIpasuMm DX? mo teopeme Iludaropa ms TpeyrojabHUKA
DBX: DX?=DB?+ BX?; zarem BbIpasum DB? mo Teopeme Ilu-
(aropa us Tpeyronpunka DAB: DB?= DA? + AB?; najee BLIpasuM
BX? no teopeme Ilugaropa us tpeyronpanka ABX: BX2=AX?2 -
— AB?, TloxcraBuM moJydeHHBbIe 3HaueHnd Aasg DB? u BX? B nep-
BOE PaBEHCTBO W TMOJYYUM TO, UTO TpedyeTcs.

60) Pemraercs mo To#l ke cxeme, UTO U 3amada «a».

I1.6. Bygem cumrTaThb, UTO KBaApaT HAXOAUTCA IIO0 OLHY CTO-
poHY oT miaockocTu o. O0o3HAUMM OTPE3KHU, IIPOBEIEHHBIE 0
mirockoctu o u3 Touek A, B, C, D, rkaxk A,, B, C,, D,. fcHo,
uT0 ueThIpexyronbHuK ACC, A, aBaseTcd Tpanenueil iy napai-
JejorpaMMoM. B JIt060M 13 9THX CJIyUYaeB BBITIOJHAETCS PaBeH-
ctBo AA;+CC,=200,. AHajOoruYyHO u3 YETHIPEXYT'OJbHUKA
BDD,B, nonyuaem paBeHctBo BB, + DD, =200,. Ho Torma Bep-
HO PaBEHCTBO

AA,+CC,=BB;+ DD, (¥%).

Temeps MOKHO IepedTH K IMOAOYHKTAM B 9TOH 3aaaue.

a) flcHO, UTO pPaBEHCTBO JIOOBIX TPeX UMCeJ B paBeHCTBe (*)
IPUBOAUT K TOMY, UTO ¥ YETBEPTOE YUCJIO PABHO UM JKe.

0) $lcHo, uTO paBeHCTBa JIIOOBIX ABYX W3 UNCEJ B PABEHCTBE
(*) HemoCTaTOYHO, UTOOBI MM PaBHSAJUCH OCTABIIIMECS ABa YHCJA.
ITO ACHO TaKiKe U3 HATJIALHBIX COOOPaKeHWMIl, eclii <«IIOKPY-
TUTH» KBajgpaT BoKpyr AD (upu paBencTBe AA; u DD,) uiu Bo-
Kpyr AC (upu paBenctBe AA; u CC,).

B) Paccmorpum TOT ciyuaii, Korga W3 4YeThIpEX IJIUH IIPO-
BeJIEHHBIX OTPE3KOB M3BECTHBI JJIMHBI IBYX OTPE3KOB, IIPOBEEH-
HBIX Yepe3 [IBe COcelHMEe BePIIMHBI KBajgpara. Torga ms (opmy-
JbI (*) MBI CMOJKeM HAWTH AJUHBI BCEX UEThIPEX INPOBEIEHHBIX
orpe3koB. VI cTopoHa KBajgpaTa B 9TOM cJydae HaM Jgaske He
OoHamo0uTCH.

IIycTe Temeph HaM HM3BECTHBI AJHUHBI ABYX OTPE3KOB, IIPO-
BeJIEHHBIX W3 IPOTMBOIIOJIOKHBIX BEPIIWH KBajJpaTa, HaIpUMep
AA, u CC,. Torga uapopmanusa o aauHe orpeska OO0, ABIdeTcA
UBJINIITHE, BeIb OH pPaBEH MOJYCyMMe 3TUX IBYX UM3BECTHBIX
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OTpe3KoB. Bynem Termeph MBICIEHHO BpalaTh KBaapaT ¢ GUKCU-
poBaHHOM cTOpoHOU BOKpPyr AC. fcHO, UTO HpPM 3TOM IJINHBI
orpeskoB BB; u DD, OyayT MeHATHCA, a IIOTOMY U He IIpej-
CTaBJISIETCSA BO3MOYKHBIM MX BBIUUCJIUTD.

r) Pesynaprar mosyumM u3 HaArJAAJHO ACHBIX COOOpPaKeHUM.
HaubGonpmnii 1 HauMeHBIINH U3 3TUX UYEThIPEeX OTPE3KOB MOJIY-
YUTCA TOTJA, KOrAa IJIOCKOCTh KBaapaTa OyaeT HmeprueHIuKyIap-
Ha ILIOCKOCTH Ol.

I1.10. r) EquHCTBEHHOCTh, TAKOI IIaphl HapaJLIeJbHBIX ILIO-
CKOCTell MOMEHTaJbHO ciemnyeT u3 pesdyabrara 3amaum I1.7. Co-
TJIaCHO eii MpsMble IIepeceueHus ABYX IIap COOTBETCTBEHHO IIa-
palleJbHBIX IIJIOCKOCTEH IIapaJjijieIbHBI MeXXAy coboii. Ecam
Temepb MbI IIPEAIIOJOKUM, UTO Yepe3 [OBe CKpPeIWBaoIuecs
MpsAMBbIe MIPOXOAAT JBe IIapbl COOTBETCTBEHHO MapajelbHBIX
ILJIOCKOCTEeI, TO MOJIyYUM IIPOTUBOPEUMe.

II.11. 1) r) 3amerum, uro PB mepHneHIUKYISAPHA ILJIOCKOCTU
BCK. Ilycte Touka L — cepemuHa pebpa BC, QM — mepueHan-
KyJaap m3 TouKum @ Ha maockocTh BCK. Jlerxko mokasaThb, 4TO
Touka M jexxkut Ha orpeske KL. Torma us momobusd TpeyroabHUI-

KoB LMQ® u LKB moaydyaeM HYXKHBIA pesyJsbTaT: QM =(%J BK.

2) Kaxxkmoe m3 9TUX ceueHUH mOmo0HO TpeyroabHuKy BCP:

1
OOHO — C KO03(pPuimeHETOM 3> APyroe — ¢ KOoa(ppummeHTOM

Orcroza 1mojyyaeM OTHOIIEHHE IJIONIafeil STHUX CeUeHUH —

Slco w| N

3) Taxkoe ceuenue Oymer mpsaMoyroJabHuKoM. OIHa ero cTOpoHa

coCTaBJIAET [%)BCz ;, a gpyras — (%JPA:%. ITosTomy ero

mIoIank OyaeT paBHA % 5) IIpoBemeM IepPHIeHAUKYJIAP U3 TOU-

Ku K zHa niaockocth BCP. Ou momazeT Ha oTpe3ok PL, rae Touka
L — cepenuna BC. Jlio6as MJIOCKOCTh, IIePHEeHINKYIAPHASA I'PaHU
PBC u npoxonaiias yepes TOUuKy K, OyIeT IPOXOAUTh Yepes3 3TOT
neprneHAuKyaap. CeueHne TeTpasapa TaKOW IJIOCKOCTHIO MOYKET
OBITh TPEYTOJBHUKOM WJIU YETHIPEXYTOJbHUKOM.

II.12. 1) B) 9TOT HEPHIEHAVWKYIAP MOXKHO BBIUWCIUTH KaK
MOJIOBUHY BBICOTHI B paBHOOenpeHHOM TpeyroiabHuke PLM (L —
cepenuna AB, M — cepeguna CD), nmpoBefeHHOU M3 TOYKU L Ha
cropouy PM. 2) B) Takum ceueHueMm saBjaseTca Tpanenus ANKD
(N — cepenuna pebpa PB). 3) 6) B ceuenuu PBD mpoBesieM OT-
pesok EF, nmapannenbuwsiii PD (E € PB, F € BD). B nnockoctu
ocHoBaHusa mpoBeaeM orpes3ok ST, mapaynenbHbiii AC. Ceuenue
nupamMubl, mpoxondArmiee yepes ST u EF, oyger uckombiM. OHO
MOJKEeT OBITh TPEYTOJbHUKOM, IMATUYTOJbHUKOM WJIU TOYKOU B.
W3 Takmx ceuyeHUII MMeET CMBICJ MCKJIUUTH CEUEHUs, IPOXO-
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namue udepes AC u PD (upamas, JeKalasd B IJIOCKOCTU, He
napajienbHa ei). Ho MOXHO pamgu OONIIHOCTH UM OCTaBUTh WX,
IpeIBapUTESbHO OTOBOPUB 3Ty cuTyarnuio. 4) a) Iua mocrtpoe-
HUSA TAKOT'0 CeUeHUs IOJIe3HO Ha OCHOBAHUYW MUPAMUALI U B Tpe-
yronbHUKe PBD 1poBecTH OTpPe30OK, IapajelnbHbiii BD.
4) 6) A mocTpoeHUA TAKOTO CEUEHUs ITOJE3HO B TPEYTOJbHU-
kKax PCD u PAB mpoBecTu OTpe30K, napayiaenabHbiii CD. 5) Ina
IMOCTPOEHMUST TAKUX CEUeHUI IOJIE3HO CHAuaJia IPOBECTU MepIeH-
IUKyaapel u3 touek K (B 3amauax «a» um «B») W @ (B 3amaue
«0») Ha yKa3aHHBIE IIJIOCKOCTH.

I1.13. ImeeT cMBICJ paccMaTPUBATL BCIO KOH(MUI'YPAI[IIO
B IIpollecce BpAaIlleHusA BOKPYr JaHHOU amaroHaau. Torma Hau-
0oJibIliee 3HaUEeHME IIPOEKIMM KaKIOT0 paccMaTpUBAaeMOTO OT-
peska — pebpa MM AUAroOHAJIN Kyba — OyZeT HOCTHUTAThCsS TOT[a,
KOTZIa 9TOT OTPEe30K OyaeT JiesKaThb B ILJIOCKOCTH O.. A HauMeHb-
Iee 3HAUYeHUWE BTOM IMPOEKIIMU JOCTUTAeTCsS TOTAA, KOTZAa YToJ
MeXKAY S9THUM OTPe3KOM (TOouHee, MPSIMOM, coaeps;Kaleil aToT OT-
PEe30K) M IIJIOCKOCTBIO O OymeT HamboJbImIUM (9TO cJjenyeT us3
TOTO, UTO HPOEKIIUS OTPe3Ka Ha IJIOCKOCTh PaBHA CaMOMy OT-
pesKy, YMHOKeHHOMY Ha KOCHHYC yrjila MeXAY OTPEe3KOM M ILIO-
CKOCTBIO). B cBOIO ouepenb, 3TOT yroJ OymeT HAMOOJBIINM, KOT-
la paccMaTpPUBaeMbIii OTPe30K OyaeT HAaXOOUThCA B IIJIOCKOCTH,
MIPOXOIAINell uepe3 HaHHYIO AUAroHAIbh Ky0a U MepHeHIuKYIap-
HOU mmockocTu O. [lanbHeililliee pellieHMe 3aJauy YUCTO IIJIAHU-
MeTpuyecKoe.

11.14. IIycts ABCD — maHuBIN mapaJjiaeaorpamMm. Ilycrs us-
BECTHBI PACCTOSHUSA IO IJIOCKOCTU O, oT BepmuHa A, B, C u Tpe-
OyeTcs HaWTH pacCTOsSHUE M0 IJOCKOCTU O, OT BepinuHbl D. Boc-
moJab3yeMcsi TeM (PaKTOM, UTO PACCTOSHUE [0 IJIOCKOCTH OT
cepeIUHBI OTPe3Ka PaBHO IIOJYyCyMMe PACCTOSAHUIT MO ATOM ILIO-
CKOCTH OT ero KOHI0B. IlycTh Touka O — IeHTD JaHHOTO MmapaJ-
nenorpamma. Torza BeImoJHAeTcs paBeHcTBO |Ool=0,5(lAc|+
+|Cal)=0,5(Boa|+|Da). Orcrona u monygaercs, uTo, 3HAsS TPU
paccToAHUSA OT BEPIIUH, MOKHO HANTH pPacCTOSHUE OT YeTBEPTOH
BEPIITUHBI.

Ecau mapanmemorpamMM OyaeT JiesKaThb C PA3HBIX CTOPOH OT
ILJIOCKOCTH O, TO MOYKHO CIeJIaTh MapaJljaeJbHbI ITepeHoC TaHHOHK
IIJIOCKOCTHU TaK, YTOOBI BeCh ITapaJiaiejorpaMM OKasaJicia C OJHOM
CTOPOHBI OT HOBOM mJocKocTu. IIpu sTOM HaIpaBJieHHe Mmapas-
JIeJILHOTO IIepeHoca 3aJaeTcs MPAMOM, MepIneHAUKYIIPHON TamH-
HOI mocKocTu. TeM caMbIM MBI IPHUAEM K ysKe PeIlleHHOH 3a-
made. OcraHeTcs TOJBKO YUYECTh PACCTOSHUE, Ha KOTOPOE MbI
mepeHecau MaHHYIO IMJIOCKOCTb.

I1.15. IIporoTuimom sTO# 3agaumy ABJIAETCA 3aJaUa O HAXOMK-
JeHUU SIHUIIeHTPa 3eMJIeTPACeHUsS MO0 MaHHBIM Tpex celicMuue-
cKuxX craHnuii. MOXHO CUMTaTh, UTO PACCTOSIHUA MEXKIYy Ha-
OmomaTensaMu u3BecTHBI. TakK Kak HaOJZaTenu BUAEJU U
CJIBIIIIANIN B3PBIB, TO, 3HAs CKOPOCTHb 3BYKa, OHU MOTYT BBIUHUC-
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JIUTHh PACCTOSHUSA 0 TOUKU, B KOTOPOII MPOM30IITes] B3PLIB. Jlainb-
II1e TIePeBOAMM 3aJauy Ha reoMeTpUUYeCKUil S3bIK. MI3BeCTHHI Bce
mecTh pebep TerTpasgpa, u TpedyeTcda HaWTU ero BbicoTy. Takasa
3aj7laua mMeeT pellleHre, mpuyeM eguHcTBeHHOe. OcTasoch Temephb
opugyMaTh, Kak 9To caeaarhb. Ilycts PABC — maHHBIA TeTpasap,
P@ — ero BpIcOTa. Bymem cuuTaTh OIS OIPeNeIeHHOCTH, UTO
TpeyroabHUK ABC OCTPOYTOJILHBIN U TOUKA @ HAXOOUTCS BHYTPU
Tpeyroabuuka ABC. IlpoBegem QK — MepPHeHIUKYJASIP U3 TOUKU
@ Ha AC u orpesoxk PK. Ilo TeopeMe 0 Tpex IepIeHIUKYJIAPax
noJyryuaercs, uto PK — BeicoTa B TpeyroabHuke APC. Tax Kak
B TpeyroabHukKe APC u3BeCTHBI BCE CTOPOHBI, TO MbI MOYKEM
"Haitu PK, a 3atem u CK. CuenaeM Taxkoe :Ke IIOCTPOEHUE eIlle
pas, IpoBens IMepIeHAUKYIAAP QL m3 Toukum @ Ha cropouy BC,
a 3arem PL. [lanee Bbruucsasem CL. Terneph BCHOMHUM, YTO MbI
pelltaeM TPaKTUUYECKYIO 3amauy, U OymeM melicTBOBaTh Tak. Ha
aucTe Oymarm mocTpouM TpeyroabHUK ABC B ompenejeHHOM
macmirabe. lamee Ha ero croponax CA m CB omyoum (B TOM
ke macmirabe) orpesku CK u CL cooTBeTcTBeHHO. Uepes3 moJry-
YyeHHbIe TOUKHU IIPOBEJEM MPAMbIe, IIePIeHIUKYIAPHbIE CTOPOHAM
CA u CB coorBercTBenHO0. OHU IIepeceKyTcs B Touke @ (TouHee,
el cooTBeTcTByMOIeli). MamepuMm (Ha Jumcre OyMarm) OTPE3OK
QK. 3arem, yura maciitab, HaiiieM ero peajbHyio aauny. W ma-
KoHell, mo TeopeMe IIumdaropa ma Tpeyrombuuka PQK Haimem
BbICOTY PQ TeTpasapa.

3amaua pelmiaeTrcsa ¥ IPU APYTUX HAYAJIbHBIX YCJIOBUSAX, 3a-
BUCAIIUX OT BHUJA TpeyrojsbHUKAa ABC W TOJIOKEHUSA TOUKU @
OTHOCUTEJHLHO Hero. A BOT ABYX HabJomaTesiell IJd ee pelleHus
HeJ0oCTaTOYHO. ['eOMeTPUYECKHN ATOT Pe3yJbTAT SCeH M3 HaTJIAL-
HBIX mpexacrtaBiaenuii. IlycTb, Hampumep, M3BEeCTHBI TOJbKO AC,
PA u PB. Bpamiaa TpeyroabHuk BOKPYr AC, MBI IIOJYyYUM pas-
HBIE II0 BBLICOTE MOJOKEHHs TOouKu P Hajg miaockocTbio ABC.

I1.16. Byzmem paccmaTpuBaTh TaKoOU ciaydaii, KOTZa TPOEKIUS
TOUYKHY Ha IJOCKOCTb O, HAXOAUTCA BHYTPHU AaHHOTO yria. IlycTh
Temepb A — mamHas TOuYKa, O — HAHHBIA yroJy, D — mpoeKnus
TOUKU A Ha ILIOCKOCTH O, B m C — mpoeKmuum TOUKMU A Ha CTO-
poubl yriua. W3 tpeyronbHuKoB ABO u ACO Haxoaum IO Teope-
me ITugaropa orpesku OC u OB. [[anbiiie pemiaemM IJIaHUMETPHU-
yeckyo 3samauy: 3Had OB, OC u yron O, mautu BD(CD).
ITpoxnum orpesox BD pgo mepeceueHuss B Touke K ¢ OgHOU cTO-
poHoi#t manHoro yria. Ilpoxaum orpesok CD no mepeceueHUS
B Touke L ¢ gapyroii cropoHo#l manuoro yria. CocraBum nis or-
pesxoB BD u CD Takyio cucremy, obosHauuB BD=x, a CD=y:

x+y/sin(90° — @) =0B tg ¢, y + x/sin(90° — @) =0OC tg o.

Pemus sty cucremy, Haiimem BD. 3atem u3 TpeyroiabHuka ABD
no Teopeme Iludaropa maiimem AD.

I1.19. ITo cymiecTBy, 3amaua aHajJoruuHa 3azade 16 K sToit
raaBe. A HaxXO0MXKIEeHUA STOTO yIJja JOCTATOUYHO HAWTU BBICO-
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Ty TeTpasapa, T.e. PACCTOSHUWE OT BEPIIWHBI TeTpasapa mao0
IIJIOCKOCTH ero OCHOBaHUs. VIMEHHO 5TO W ObLIO cAelaHO B 3a-
maue 16.

I1.21. CranmapTHOe pellleHHe COCTOMT B cJenyrolneMm. IIpm-
MeM 0OKOBoe peOpo aToit mupamuzabl 3a 1. Jlajiee BHIUMCIUM BCe
HeoOXoouMbIe OTPEe3KM ¥ HaleM HCKOMBIe YIJIBI C IIOMOIILIO
TPUTOHOMETPUUECKUX (QYHKIIUN M3 KaKUX-IU00 MPIMOYTOJbHBIX
TPEYroJbHUKOB UM II0 TeopeMe KocuHyca. Pasymeercs, MOKHO
CUMTAaTh, UTO 00KOBOe pedbpo paBHO a. KoHeUHLIN pe3yJbTaT OT
ATOTO HEe 3aBUCHUT, 16O BCe MPaBUJIbHbBIE TPEYTOJbHBIE TUPAMUIBI
C 3aJJaHHBIM IJIOCKUM YTJIOM IIPU BEPINWHE MOAO0HBI, a TOTOMY
BCE COOTBETCTBEHHBIE YIJbl ¥ HUX OAUHAKOBBI.

I1.22. IIpoBemem uepes JIOOYI0 TOUKY DAHHON MPSMOM IIJIO-
CKOCTb, ell mepreHAuKyJaApHY0. OHa OymerT IeplIeHAWKYJISpHAa
U OpSAMOI IlepecedyeHUs AAHHBIX IJIOCKOCTel, TaK KakK OHa Iia-
pawtesnbHa nanHoi. Ho Torma oma OymeT meprneHAUKYJISPHA U
MaHHBIM IIJIOCKOCTAM. Temeph pacCMOTPUM IMMOJYUYHUBIIYIOCS KOH-
(urypamnuio B TPOBEJEHHON MJIOCKOCTU. MBI MOJYYUM TaKyIO
s3agauy. V3BecTeH yroJi, TOYKa BHYTPHU ero yAajieHa Ha M3BECT-
HBIEe PacCTOSHUS OT ero cTopoH. Tpebyercs HaliTu paccTosaHUe
OT Hee IO BEepIIWHBLI STOTO yrJja.

I1.23. BBemem Takue 0003HAUEHUS: PACCTOSHHE OT TOUKU A
Io mirockoctu B obosHauum h,, pacCTosiHWE OT TOUKU A [0 mps-
MO# p obGo3HaumMm d,, pacCTOAHUWE OT TOYKMW B 0 TJIOCKOCTH O
o0o3HauuM hy, paccTOsTHME OT TOUKM B 10 mpamMoil p obo3HAa-
yuM dp. OueBupHBI paBeHCTBa: h,=d,sin @, hy=dgzsin ¢. U3
aTux (GOpMyJ U ciemyeT TpebyeMas PaBHOCUJILHOCTE.

I1.24. B 3amaue «0» ecThb HEKOTOpas TOHKOCTh. Tpebyercsa
HAWTU PACCTOAHUE OT BePIWHBI OCHOBAHUA 0 OOKOBOH TI'pamw,
a He 0 IIJIOCKOCTU OOKOBO¥ rpaHu, T.e. HALO0 MCKATh PACCTOSA-
HUe OT TOYKHU 0 TPeyroJbHWKA, a He IO ero IjaocKoctu. Ilpu
TaKoli MOCTAaHOBKE 3aJau HAMO BBISCHUTDH MOJOKEeHUE ITPOEKITNN
BEPIIUHBI OCHOBAHWSA Ha IIJIOCKOCTH OOKOBOUW rpaHu. Ecam sra
MIPOEKITNA HAXOAUTCS 3a IpeaesamMu OOKOBOM I'paHM, TO PaccTo-
AHVE OT BEPIINHBI OCHOBAaHUSA J0 OOKOBOU TrpaHU OyIeT paBHO
00oKOBOMY pPebOpy 9TO¥l mmpamMuabl. AHAJOTUUHBIN pe3yabTar 0y-
IeT W TOTJa, KOTAa IMPOoeKIlnell BepIIuHbLI OCHOBAaHUS OyaeT Bep-
mrHa nupamunbl. Hambosee comep:kaTeNbHBIA cJjaydail Oyner,
KOT/ZIa TTPOeKIlreli BepIIuHbl OCHOBAHUSA SBJISETCA TOUKA BHYTPU
0OKOBOII Tpamm. JIerKo IOKasaThb, UTO OHA IMIPUHAIJIEIKUT alo-
(heme mupamumbl, T. €. BbICOTe OOKOBOI I'paHU, MPOBEIEHHON 13
BepIIuHBI nupamuabl. Ho Torma sajaya CBOAUTCS K IJIaHUMeE-
TPpUUYECKOM: HaAWTH BBICOTY B TPEYroJbHUKE, €CJIH BCE TPU ero
CTOPOHBI M3BECTHHI (B HAIIIEM CJIyUae UX MOKHO BBIYUCIUTH — 9TO
0oxoBOe pebpo mupamMumabl, armodemMa TUPaMUIbl ¥ BBICOTA B Tpe-
YTOJbHUKE, SBJISIOIEMCS OCHOBAHMEM MHUPAMUILI).

I1.25. 6) B sT0if 3amaue ecTh HECKOJBKO CIyuyaeB B 3aBUCHU-
MOCTH OT BeJuumHB yriaa ¢: 1) ¢=0°% 2) 0°<@<¢@, rge
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(P, — YroJ, TaHTeHC KOTOporo paBeH AA, :AT:% (rouka T —

cepenuna pebpa BC); 3) 0,<9<90° 4) 9=90°. (Hexoropsnie
caydyad MOJKHO OOBbeqUHUTH.) B ciydyae 2 ceueHueM SBJIAETCSA
TPEeYroJbHUK, W HAWTW ero IJIOoNaAb HE COCTaBJIAET Tpyna.
B cayuae 3 ceuenuem sABiseTcsa paBHOOOKas Tpamernusa. UToOb
BBIUUCJIUTH €e IJIOIalb, CHayajia OCYIIeCTBUM TaKoe IIOCTPOeHe
aToro ceuenus. Ha mpomoskeHum pedopa AA, 3a TOUKy A; BBI-
6epeMm HexoTopyio Touky K u mposemem orpesku KB u KC.
ITycte oHM mepecexkaror pebpa A;B; u A,C; B Toukax L u M
cooTBeTCTBEHHO. Torga MCKOMBIM CEUEHUEM SBJSETCS TPaIerus
BLMC. Yron Mexxay ILJIOCKOCThIO CeUEHUS M OCHOBAHLEM — 3TO
yron KTA. Ilnomanbk aTOTO ceyeHMSA MOMKET ObITh HaljeHa Kak
pasHoCTb ILjaomiageil TpeyroabHuKoB KLM u KBC. 9tu Tpe-
YTOJBHUKM IIOAOOHBI, M OTHOIIEHMEe KX IJIOINaJeil paBHO KBa-
aparty kKoaddunuenTa momobus, T. e. orHoireHuio KA, : KA. 9o
OTHOIIIeHWE JIeTKO HaxoxuTcdA. B camom pene, KA=AT tg o=

=§tg(p, a KA1=KA—1=§tg(p—1.

XI KJIACC
3agaum Kk § 16

16.1. IIpoBemeM ILJIOCKOCTL uepes IIPAMYIO, COEeIUHSIONIIYIO
IeHTPhI JaHHBIX cep. Kamayo chepy sTa IIJIOCKOCTL IIepeceueT
mo oKpyskHOCcTH. TakuM obpasoM, 3ajava CBOAUTCA K IJIaHUMeE-
TPUUECKOI.

16.2. [Insa mokasaTesbCTBa IMEPHEHANKYJIAPHOCTUA ITUX IIPSI-
MOM M IIJIOCKOCTHU JOCTATOYHO AOKAas3aTh, 4uTo mpamas OO0, mep-
MeHIUKYJASPHA IBYM IPSAMBIM Ha IIJIOCKOCTU CEUYEeHU, IIPOXO/A-
UM Yepes ero meHTp. IIpoBegeM cHauaia OOHY IIJIOCKOCTDH Uepes
npamyio OO,. OHa mepecedueT ILJIOCKOCTh JAHHOTO CEUEHUS II0
OpAMOI. JTa IpAMas «BCTPETUT» AaHHYIO chepy B ABYX TOUKAX:
A u B. Raxpgas m3 sTHUX TOUEeK JIeXKUT Ha cdepe, a IIOTOMY
OA=0B. Ho Torgma tpeyroabHuk AOB paBHOOEIPEHHBIA W ero
menuana OO0, saBiasiercs BbicoToii. IToaromy OO; L AB. TouHo Tak
JKe NOKas3bIBaeTcs MepIeHaAnKyaapHocTh OO0, ellle OMHON IIPSIMOIA.

16.3. Ilycte mambl nBe cdepwl. IlepBas cdepa — ¢ IeHTPOM
A u paguycom R,, Bropas chepa — c¢ 1meHTpoM B u paguycom R,.
ITIycts Touka K — Kakasi-To umX 00Iasi TOUKAa, IPpUYEeM He eInH-
crBernHas. IIpoBemem uepes3 TOuKy K MJIOCKOCTBH, IMEPIEHIUKY-
aapuyo npsaMoil AB. IIycTh 5Ta IIJIOCKOCTH IIEpeceKaeT IIPSAMYIO
AB B Touke L. JlokaxkeM, YTO OKPYsKHOCTh C IIEHTPOM B TOYKEe
L u pagmycom LK, ne:xainas B HPOBEIEHHOM IIJIOCKOCTH, WU SIB-
JsgeTcA JIMHUEHN IiepeceueHus AByX cdep. Jya sToro moraskem
nBa yrBepskIgenus. CHauajga OOKa)KeM, UTO Jio0as TOUYKAa 9TOH
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OKPY/KHOCTH HAXOAUTCA HA KaXIOM M3 JaHHBIX chep, a IOoTOMY
JEeKUT HA JUHUU UX IepeceueHus. I[lycTts Hekoropas Tourka X
OPUHALJIEKUT dTOH OKPYsKHOCTU. PaccMOTpuM ABa TpPeyroJbHMU-
Ka: AXL u AKL. OHu npAMOyroJibHbIe, UMEIOT PaBHBIE KaTeThI
LX u LK, a Tak:ke obOmuii karer LA. 3HauuT, oHU paBHBI. Ho
Torga XA =KA=R,. Orciona cienyer, 4To Touka X HOpUHAIJE-
JKUT mepBoit chepe. Taxk ke MOKAs3LIBAeTCsA, UTO OHA IPUHAJJIE-
JKIT BTOPO# cepe, TeM caMbIM JHMHHUU IIepeceueHusa ABYX cdep.

JokakeM Temephb BTOpPOE yTBep:kAeHue. BosbmeM JI00yI0 TOU-
Ky Y, obiryio 1y AByX cdep, U HJOKaKeM, UTO OHA MPUHAAJIEIKUAT
TIOCTPOEHHOI OKpYy:KHOCTHU. JIT000i TpeyroabHuK AY B paBeH Tpe-
yroabHUKY AKB. IlosToMy BO Bcex TpeyroabHuKax AY B BBICOTHI,
MIPOBEIEeHHbIE M3 TOYEK Y, OYyAyT HmaJaTh B OGHY U Ty K€ TOUKY
L mpamoii AB. Tak Kak Bce IepPHeHAUKYJISIPBl K JAaHHON IPSIMOIL,
MIPOXOAAIIME Uepe3 OAHY U Ty Ke ee TOUKY, JiesKaT B OJHOU ILIOo-
CKOCTHM, TO BCe TOUKHM Y TaKiKe JIeKaT B ONHOM M TOU Ke ILIO-
CKocTH. 3HAUUT, 9Ta JUHUS IJIOCKas. A Tak Kak BCe 3THU BBICO-
Tl YL paBHBI, TO KasKIas TOUKa Y ymajeHa oT L Ha OmHO U TO
JKe paccTosHme, T.e. Ha paccroauue LK. 3HauuT, jobasa obiiasa
ToOuKa Y JIEKUT Ha OKPY:KHOCTHU C IleHTpoM L m pamumycom LK.

16.7. 6) 3mecsh HaLO pasaMUaATh ABA CAydas: KOrga IIaphbl HMe-
0T OOIYI0 TOUKY, TOTZA PACCTOSHHEe MexIy HuMmu pasuo 0, u
KOTJa OHHM He MMeIOT OOIUX ToueK. Ecaum OHM He MMEIOT 00X
TOYEK, TO PACCTOsIHUE MeXAy HUMU paBHO d — (R; + R,). [lokaskem
aTo. IlycTh 1menTpsl mapoB — A u B. Ilycts mpamasa AB mepe-
cekaer c(epbl 3TuX MmapoB B Toukax K um L. BosbmMem mpoms-
BOJIbHBIE TOUKH X W Y B 9THUX MIapax. Paccmorpum oTpe3ok AB
u Hemjaockyio Jomanyo AXYB. CorjiacHO HepaBeHCTBY TPEYTOJIb-
HUKa mMmeeMm HepaBeHCTBO AB=AK + KL+ LB<AX+ XY +YB.
Ho AX=AK, YB=BL, a noromy KL<XY, nmpuuemM paBeHCTBO
JocTuraercda, Korga Touku X m Y coBmazamT ¢ ToukamMu K u L.
Urak, KL — KpaTyaiminii OTPe3oK, COeTUHSIIONINN TOUKH IIIapOB,
a ero IJIMHAa ABJISETCS PACCTOAHUEM MeXKIY ITapaMu.

16.11. C camoro Hauajga OygeM CUHTAThb, UTO HAHHBIE TOUKU
He ABJIAIOTCA KOHI[AMHK OJHOTO W TOTO ’Ke aumaMerpa. B sTom
cayuae BCe cedueHHA OyAyT OOJBIIMMH KpPyraMu JaHHOI'O Imapa,
a IoTOMY paBHOBeJUKHU. I10J€3HO IpencTaBUTh cebe MI0CKOCTD,
MPOXOAAIIYI0O Ueped MPAMYIO, COAEpP:KAaIlllyi0 ABe MaHHBIE TOY-
Ku — HasoBeM ux A m B. IlycTh sTa IJIOCKOCTH BpaIllaeTcs BO-
Kpyr AB. flcHo, uT0 HaMOOJBIIAS ILJIOIALL CEUCHUSA MOJYUUTCS
TOrga, KOrJa OHO IIPOXOAUT dYepes IeHTP cdepbl O — mIpocTo
0OJIBIIIETO CeueHUus B IIape He ObIBaeT. A HauWMeHbINAs ILIOIIALD
MOJYYUTCS TOTIA, KOT[Ja 9Ta IJIOCKOCTL OyIeT MepHeHIUuKYIap-
Ha miaockoctu OAB u Oymer mpoxoauTth yepe3 npamyio AB. Jlo-
Ka:xeM oTo. HamMmeHbIllee ceuenmne MOJIYUUTCS TOTHA, KOTJA €ro
pazuyc OyaeT HAMMEHBIIINM, T.€. TOTAA, KOrJa PACCTOAHMNE OT
meHTpa cdepnl OO IeHTpa cedueHus OymeT HamboabImum. IlycThb
Touka O, SBJIAETCS IEHTPOM TOTO CEUeHMs, KOTOpOe MepIeHIu-
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KyasapHo miockoctu OAB, a Touka O, — IeHTp JII060To ceueHmns,
KoTopoe mpoxonut uepesd AB, Ho mpu stoM O, He cOBIIagaeT HU
¢ Toukoil O, HU ¢ ToukKoii O,. B mpAMOyroJibHOM TPEyTOJbHUKE
00,0, Buaum, uro OO0, — Karer, a O0O; — runorenysa. IlosTomy
00, > 00,. 3uaunr, ceuenue c 1meHTpom O; UMeeT HAUMEHBIITYIO
BOBMOXKHYIO IIJIOINAb. BCIO 9Ty KOH(MUTYpaIMi0 MOMKHO CBECTU
K IamumMmeTpuueckoii. Hago mapucoBaTh Kpyr c¢ 1entpom O,
xopay AB 9TOro Kpyra, IeplIeHAUKYJISPHYI0 dTOMY AuaMeTpy,
¢ cepeauuoii O,, elle OAHY XOPAYy STOT0 Kpyra, IPOXOAAIIYIO
uyepe3d Touky O,, ¢ cepeguaonn O,.

16.13. B) IlycThb meuTp mamuoi cepbl — Touka O, Touka A —
(ukcupoBaHHAad TOUKA AaHHOU cepbl, AB — XopjJa ZaHHOU cde-
pbl maHHO# AamHbI. PaccMorpum chepy C IeHTPOM B TOUKe A u
paguycom AB. Chepsnl ¢ 1menTpamu B Toukax O u A mepeceka-
IOTCA, TOTAA JUHUSA WX IIepeceueHus SABJISETCA OKPYsKHOCTBHIO.
Ha aToi#t OKPY:KHOCTH U JI€KAT KOHIIBI BCEX XOP, BBIXOIAIIUX
u3 Touku A m paBHBIX AB.

16.14. 6) Ilyctb Touka O — IeHTP AaHHOU chepbl, AB — oauH
u3 Takumx Jyueit. Paccmorpum chepy C IIEHTPOM B TOUuKe A u
paguycom AB. Chepsnl ¢ 1menTpamu B Toukax O u A mepeceka-
IOTCA, TOTAA JUHUSA WX IIepeceueHus SABJISETCA OKPYsKHOCTBHIO.
Ha sT0#t OKPY/KHOCTH M JIesKaT BCe TOUKHW KacaHus Jyueid, BbI-
XOOAIIUX W3 TOUKHU A.

16.15. a) PaccmoTpuMm ceueHme Bcell 5TOH KOHGUTypaluu
IJIOCKOCTBIO, IPOXOoAsAlneit uepes aumamerp. Iloayuum KpyT.
ITlycte ero meuTp — Touka O, AB — B3ATBIN AUaMeTpP TAHHOTO
mapa, CD — xopla Kpyra, paBHasd OUaMeTpy Inenu, Touka K —
cepenuua xopabl CD. Obosunauum KB =h. Torma AK =2R-h. U3
OpAMOYTOJBHOTO TpeyrosbHuKa ACB mMeeM TaKoe PaBEHCTBO:
r?=h(2R — h). Ilonyuniau KBagpaTHOe yPaBHEHNE OTHOCUTEJILHO
h, peluB KOTOpOe HalIeM HeM3BeCTHYIO BeawuumHy h. IIpu saTom
HaJ0 YYUTHIBATH HEOOXOAWMOCTH BBINOJHEHUS HepaBeHCTBA
0<h<2R.

16.16. 6) Paccroanue ot Touku X IO IITapa PaBHO PasHOCTHU
paccroaruit OX m pagmyca Iapa.

16.20. IIpoBemeM IIJIOCKOCTH uepe3 I[EHTP MTaHHOrO Imapa,
MepHeHANKYIIPHYI0 pedpy AByrpanHoro yriaa. Tem camMbIM IOJTY-
YUM IJIAHUMETPUUECKYIO 3aJady: BHYTPHU yIJjla BEJIUYUHON ¢
JIeJKUT TOUKA, yAaJeHHas Ha PaBHbIE PACCTOSHUS OT €ro CTOPOH,
IpuYeM 5TU PACCTOSHUS MB3BECTHBI. YUUThIBasg, UTO TakKas TOU-
Ka JIeXKUT Ha OMCCeKTpuce yrJa, JIETKO IMOJYYUTDL PelleHue.

16.21. B) Eciu ma ciepe maHbl [Be TOUKU, HE SBIAIOIIHAECS
IMaMeTpPaabHO MTPOTUBOIIOJOKHBIMUA, TO Uepe3 HUX MOIKHO IIPO-
BecTHu He 0OJbINlEe ABYX OKPYsKHOCTEH TAaHHOTO paguyca, MHOTIA
TOJIBKO OJHY, a TO U BOBCe HHU OIHOI. PesyibTaT 3aBUCUT OT
COOTHOIIIEHUS CJEAYIOIIUX IapamMeTpoB: paguyca cdepbl, pagu-
yca JaHHOM OKPYKHOCTH U PACCTOSHUS MEXKAY AAHHBIMH TOU-
KaMu.
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Ecau ke Ha cdepe maHBI TPU TOYKU, TO MOKHO IIPOBECTU HE
0OJIbIIIe OJHOM OKPY:KHOCTU C TAHHBIM PAIUYyCOM.

16.22. 3amaua o pasbuenuu chepbl TPeMs OKPYKHOCTAMU
paBHOCHJIbHA 3ajadue O pasbMeHUU IIPOCTPAHCTBA TPeMs ILJIOCKO-
cramu. Takux yacreil mosker OwvIThb 4, 5, 6, 8.

16.23. Ilycte A — TOuKa, Jeskalllasd Ha IIeCTHULEeCATON Iia-
pannenu chepsl ¢ meaTpoMm O. ITo o3Hauaer, uto Jgyu OA co-
CTaBJIAET C IIJIOCKOCTBHIO SKBaTopa yroJ, paBHbi 60°. Ho Torma
9TOT JIYY cocTaBjsgeT yroa BeauumHor 30° ¢ HampaBiIeHHEM
for — ceBep. Torga pagmyc oKpyKHOCTH 7', IPECTABISIONIEH CO-
0oii IIIeCTUIECATYIO IIapaJjiesb, BBIUUCASIETCS II0 GopMmyJie
r=Rsin 30°, rne R — paauyc nanaoiu chepsl. OTciona mosryyaem
r=R/2. VI3 aT0ii (QOPMYJILI CIEOYEeT, YTO OTHOIIEHNEe IJUH 3TUX
nmapajiaeneil (Kak M BcexX Impouux) Ha 3emye u JlyHe paBHO OT-
HOIIEHWIO paxmnycoB 3emyu u JIyHBI.

3agaum k § 18

18.1. DToi1 (Qurypoii ABAsSETCS NPAMOYTOJbLHUK WUJIW OTpe-
30K. PaccMoTpuM [0KasaTeNbCTBO AJs Caydasi, KOrjga CeueHue
He MPOXOIUT Uepe3 OCh IUJIMHAPA WU MIPOXOAUT TOJLKO uepes
00pasyIoIlyo ero MmoBepXHOCTH. Bo3dbMeM [aBe 00pasylolue ero
noBepxHOCT AB u CD (Touku A m D Ha HUKHEM OCHOBAHUN).
IIpoBemem uepes HUX IJIOCKOCTH, UTO BO3MOKHO BBUAY UX IIa-
panienasHOCcTH. Kpome TOro, sra IJIOCKOCTbH OyZeT OTBeUaTh yC-
JIOBUIIO 3ajlauu, T.e. mapajiejibHa ocu. HYerwipexyroiabHuuk ABCD
6yner mapaJiesorpammom, u6o AB|CD u AD| BC. A rtak Kak
obpasyrolue OPsSIMOro IMUINHAPA IIePIeHIUKYJIAPHBI ero OCHO-
BaHUSAM, TO OTOT [apajljiejlorpaMM SBJSEeTCA IIPAMOYIOJb-
HUKOM.

18.2. PaccmoTrpuM oceBoe ceuenue muauHapa. OHo ABIsgeTCA
MIPSMOYTOJBHUKOM. S3HAUHUT, OKOJIO HETO MOYKHO OIMCATH OKPYK-
HOCTBb. IleHTp O 9TOH OKPYKHOCTH U OyAeT IeHTPOM OIMNCAHHON
chepsl. [y 9TOr0 AOCTATOYHO YOEIUTHLCA B TOM, UTO PACCTOSHIE
or 1menTpa O [0 1000 TOUYKM OKPYKHOCTH JIFOGOT'O OCHOBAHUS
MUJINHAPA PABHO PaAUyCy HPOBEAEHHON OKPYKHOCTH, T. €. OJHO
M TO Ke. ITO NOCTATOUHO SICHO, MO0 BCE OCeBbI€ CEUEHUS IU-
JUHIPA PaBHBI.

18.3. PaccmoTpum oceBoe ceueHue nuauHapa. OHO ABIAET-
csl IPAMOYTOJbHUKOM. S3HAUUT, B HETO MOKHO BIIKUCATH OKPYK-
HOCTh TOTZIa W TOJIBKO TOT/A, KOTJa OHO SABJSETCS KBaIpaTOM.
B mamnom cayuae meHTp O 9TOH OKPYKHOCTU U OyIeT IIEHTPOM
BIUCAaHHON cdepbl. I 9TOro AOCTATOYHO yOEAUTHCS B TOM,
YTO paccTosHue OT IeHTpa O [0 OCHOBAHUM IUJINHAPA PaBHO
pPacCTOAHUIO OT ATOrO IeHTPa A0 OOKOBOM MOBEPXHOCTH IMJINH-
Ipa ¥ PaBHO PAAUyCy IIPOBEIEHHOI OKPYsKHOCTH, T.e€. OTHO U
TO Ke. ITO JOCTATOUHO SICHO, MO0 BCEe OCEBble CeUeHUS IMJINH-
Ipa pPaBHBI.
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18.9. B) 3ajgaum Ha Tejla BpallleHUsA HMEET CMBICJ IO BO3-
MOXKHOCTH CBOIUTH K IIJIaHMMETPUUYECKHM. Halle BCero sTo J0-
CTUTAeTCsA PacCMOTPEHUEeM UX OCEeBBbIX CeUeHUH.

IIycts mpsamoyroabHuK ABCD ABASETCS OCEBBIM CEYEeHUEM
OuInHApPa, BOucamHoro B miap c¢ meuTpoMm O. Torma Touka O
SABJseTCA IlepeceyeHWeM amaroHajeil mpamoyroabHuxka ABCD.
ILnomans S aTOro MPAMOYTOJbHUKA BBIUHCASIETCS TO (opMyJie
S=AB-CD. Beegem obosnauenus: AB=x, CD=y. Torga npu-
XOAUM K paBeHCTBY S =xy. [as mambHeHIIero perieHuns JydIe
paboTaTh ¢ PAaBHOCUJILHBIM eMy paBeHCTBOM S? = x2y? (paBHOCHIIb-
HOCTBH oOfeclieueHa IMOJOKUTEJIbHOCTHIO BCEX BXOAAIIUX B Ty
dopmyny Benuuuu). W3 mpaMoyrojabHOro TpeyroabHura ACD
nMeeM Takoe cooTHommeHume: x2+ y?=4R2 W3 Hero ciegyer, 4To
CyMMa JBYX MOJIOXKUTEJbHBIX umcesa x2 u y? mocrosuua. Ho us-
BECTHO, UTO WX IIPOM3BeAEeHNEe B 9TOM CJydae mMeeT HamOoJbIliee
3HAUeHWe U JOCTUTAeTCsA IMPU WX paBeHCTBe. IloaToMy HambGOJb-
lllee 3HAUEHWEe IPOU3BEICHUs uncesa x> m y?, a 3HAUUT, X U Y
IOCTUTaEeTCsA MPU X =Y. ITO O3HAUAET, UTO HAMOOJIBIIYIO IIJIOIMALb
W3 BCeX BIMCAHHBIX B OKPYKHOCTHL MHPAMOYTOJbHUKOB HMMeeT
KBagpatr. BosBpalasch K UCXOMHOI 3ajaue, IPUXOAUM K TAKOMY
pesyJbTaTy: W3 BCeX IUJIWHAPOB, BIIMCAHHBIX B MJAHHBIN ITap,
HambOJbINIasA IMJIOIIAAL OCEBOTO CeUeHMs y IMJIUHIpPA C KBaapar-
HBIM OCEBBLIM ceueHueM. Pasymeercs, caM pe3yJbTaT MOKeT ObITh
MOJyYeH W W3 APYTUX COOOpaskeHuii, B YAaCTHOCTU U3 CBOICTB
KBaApaTHOrO TPexujeHa MU C MUCIOJb30BAHWEM IPOU3BOMHOIM.

18.11*%, 3amaua «B» CBOAUTCA K TAKOH ILIAaHMMETPUUECKON
3ajave: B 3aJaHHBINA YroJI () BOIUCHIBAETCA OKPYKHOCTH paamyca
R, uemy paBHO paccTOSHUE OT IEHTPA OKPYKHOCTHU O BEPIITUHBI
yraa? [[yid moayueHusa TaKol MIaHNMeTPUYeCKOol Koupurypamnmu
IOCTATOYHO PaCCMOTPETh CeueHUe IUJINHIPA IIJOCKOCTHIO, IIep-
MeHAUKYJISIPHON pedpy MAHHOTO ABYTPAHHOTO yIrJjia U IPOXOMA-
et uyepes ero ImeHTp cuMmMerpuu. O003HAUUM IIEHTD OKPYK-
HocTHu uepes O (OH Ke IIEHTP CUMMETPHUU), BEPIIUHY yrJja uepes
A, TOUKM KacaHus OKPYKHOCTHM W CTOPOH yria uepe3 B u C.
B npamoyronsaom tpeyronbauke OBC umeem OA =R / sin(¢/2).
ITO U ecTh OTBET.

3agaum k § 19

19.1. [Insa permreHusa JOCTaTOYHO PAaCCMOTPETH OCEBOE CEeUeHUe
KoHyca. M3 momo0us TpPeyroJbHUKOB IIOJIy4aeM pe3yabTaT
S =nR2x?/H?.

19.2. PaccmorpuMm oceBoe ceuenHme Kouyca. OHO saBisercd
pPaBHOOEIPEHHLIM TPEYrOJbHHUKOM. SHAUUT, OKOJIO HEro MOXKHO
omucarh OKPY:KHOCTh. IleHTp O 3TOII OKpY:KHOCTU U OyIeT IleH-
TPOM oOIHMCaHHOU cdepbl. [y 3TOr0 MOCTATOUYHO YOETUTHCSA
B TOM, uTO paccTrosgHue or O a0 000 TOYKH OKPYKHOCTU OC-
HOBAHMUA KOHyCaA PaBHO paccToaHuio oT O 0 BepIIMHBI KOHycCa
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¥ PaBHO PaAUyCy IIPOBEJEHHON OKPYKHOCTH, T. €. OMHO U TO Ke.
9TO BHOJHE SICHO, MO0 BCEe OCEBbIe CeUeHUs KOHyca PaBHHI.

19.3. PaccmoTrpum oceBoe ceueHue Komyca. OHO sABIAeTCS
paBHOOEIPEHHBIM TPEYyTOJbHUKOM. 3HAUUT, B HETO MOKHO BIU-
caTh OKPY:KHOCTb. B mamHom ciayuae 1eHTP O 3TOil OKPYKHOCTU
u OyJZeT IeHTPOM BmucaHHO# cdepsnl. [lyis aToro mocrarouno yoe-
IUTHCA B TOM, UTO paccrosume oT IeHtpa O IO OCHOBaHUS KO-
HyCa PaBHO PACCTOSHUIO OT 9TOTO IEHTPA A0 JI000¥ o0pasyrolein
0OKOBOII TMOBEPXHOCTHM KOHYyCa UM PABHO PAAUYyCy IIPOBEIEHHOH
OKPYsKHOCTH, T.€. OOHO U TO Ke. ITO BIIOJHE sSCHO, OO Bce
OCeBbIe CeueHUs KOHYyca PaBHBI.

19.7. B) CBemem aTy 3ajauy K ILJIAaHIMETPUUYECKOM, IIPOBEISA
oceBoe ceueHre KoHyca. KapTurka OymeT Takoii: B OKPYKHOCThb
BIIMCAH DPAaBHOOEIPEHHBLIN TPEYyrOJbHUK, SBISIONIUHACS OCEBBIM
ceueHmeM Kouyca. Eire Jiydiiie pacCMOTPETh «IIOJIOBUHKY» — IIPsA-
MOYTOJIbHBIA TPEYroJbHUK, TUIOTEHY30i KOTOPOTO SBJIAETCS
IuaMeTp OMMCAHHON OKPYKHOCTH (M OIMMCAHHOW OKOJIO KOHyca
chepbl) TaKoro TpeyroabHuKa. Hy:KHBIe HaM (QOPMYJBI cCpasy
CJIeIYIOT M3 WM3BECTHBIX METPUUYECKUX COOTHOIIEHUN B IMPSIMO-
YTrOJILHOM TPEeyroJbHUKE.

19.9. 6)* 3xech a(pdexTHO padoTalOT TAK HasbIBaeMbIe CO00-
pasKeHUs HeIpPephIBHOCTU. B BepIilHe 0CeBOT0 CeUueHUs KOHyca
COTJIACHO YCJOBUIO HAXOAUTCS Tymoi yroJ. IlycTs mmameTpom
OCHOBaHUA ABJAeTCS OTpe3oK AB. HauHem Temeps ABUTATH IO
OKPYsKHOCTH TOUKY B mo HampasJeHnuio K Touke A. IIpu mocra-
TOUYHOM OJM30CTH STUX TOUEK YroJ IIPU BepIIHE OCEeBOTO ceue-
HUS CTAHET OCTPHhIM. SHAYUMUT, B KAKOM-TO ITPOMEKYTOUYHOM IIO-
JIOKEHUU BTOT YyroJl OyaeT MPSMBIM.

BosMOKHO ¥ aHAIUTHUUYECKOEe A0KAa3aTeabCTBO. IIyCcTh paBHO-
OepeHHBINI TPEYrOJbHUK C OOKOBOII CTOPOHOW [ M OCHOBaHUEM
d aBasieTcs ceueHMeM KoHyca. /Jig Toro 4ToObl OH OBLI TPAMO-
YTOJbHBIM, HEOOXOAMMO ¥ JOCTATOUHO BBIMTOJHEHUE YCJIOBUS
d?=2I2 1 npu 3TOM [OJKHO BBIIOJHATHCI HEpaBeHCTBO d < 2R,
rae R — paamyc ocHOBaHUSA KoHyca. HO OHO BBIMIOJHAETCS, IIO-
CKOJIbKY COTJIACHO YCJIOBUIO TPEYTOJBLHUK B OCEBOM CEUEHHU TY-
IIOYTOJILHBIN, a4 IMOTOMY BePHO HepaBeHCTBO (2R)Z> 2[2.

19.10. Bce oOpaTHbIe yTBep:KIAeHUA BepHBI. IIpoBepuM 0OmHO
u3 HuX. IlycTh B JaHHOM KOHyce 00pasyrolasi IOBEePXHOCTH PaB-
Ha L, BpIcoTa paBHa H. PaccMoTpuM cedeHMe 5TOro0 KOHYyca, KO-
TOpoe 00pasyeT C IJIOCKOCTHIO OCHOBaHUA (DMKCUPOBAHHBIN YTOJ
¢. B sTOM ceueHuu, KOTOpOE SABJAETCA PABHOOEIPEHHBIM Tpe-
YTrOJBHUKOM, 00KOBas cTopoHa paBHa L. BricoTa ero, mpoBefeH-
Hasg K OCHOBaHWIO, paBHa H :tg ¢, a moromy Tak:Ke sABIgeTCA
KOHCTaHTOl. PaBHOOEIPEHHBIE TPEYTOJbHUKYU C OJHON U TOM Ke
(mo nmnuHe) OGOKOBOM CTOPOHON M TOCTOSHHOM BBICOTOM K OCHO-
BAHUIO PaBHBI.

19.12. [lna sToro HailieM paguyc Kpyra, BIIMCAHHOTO B oce-
BOE ceueHUe KOHYyca.
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19.13. 3azaua CBOAUTCS K HAXOMKIEHUIO I'PDAHUIL IJIA IJIOIA-
IV PaBHOOEIPEHHOTO0 TPEeyroJbHUKA, BIMCAHHOTO B OKPYKHOCTH
panuyca 2. IIycts ABC — Takoii TpeyroabHuk, npuuem AC = BC.
IIycts CD — mmameTrp ONMMCAHHOW OKOJIO HEr0 OKPYKHOCTH U
Touka K — Touka mepeceuenuss AB u CD. O6o3umauum AK =a,
CK =h. Torga miomiagb S 9TOTO TPEYyroJbHUKA MOMKHO 3alllCcaTh
no gopmyse S=ah. YmobHee s malbHEUINNX BBLIKJIAIOK 3a-
IMCAaTh PABHOCWJIbHOE paBeHCTBO: S2=a2h?. Iajee, U3 IpPAMO-
yrospHOoro TpeyroapHuka ACD wuMeeM TakKoe COOTHOIIIEHUE:
a?=h(2R—-h)=h(4 — h). TlogcTaBuM IIOJy4deHHOE BLIpAKEHUE
mia a? B gopmyay giasa S? m mpugeM K TaKOMY PaBEHCTBY:
S2=h(4 — h)h?=h3(4 — h). Bagaua cBejach K HAXOXKJCHUIO HaU-
GOJIBIIIET0 WM HAWMMEHBINero 3HadveHunil (QyHxmuu h®(4 — h) npn
ycioBumu, uto 0<h <4. Ucnonb3ys TPOM3BONHYIO, BTy 3amady
Jerko pemuthb. Cilemyer Takike 3aMeTUTb, UTO pellleHUe He 3a-
BHUCUT OT IIOJIOKEHUS IeHTPa OMUCAHHONM OKPYIKHOCTU OTHOCHU-
TeJbHO JaHHOTO TPeyroJbHHKa. B camom meise, 0COOEHHOCTU
pUCYHKA HUKAK He HCIO0Jb3YIOTCH.

W HakoHel, BIIOJHE OUYEBUIHO, UTO HAWMEHBIIET0 3HAUEHUS
y Takoi miomiaau HeT. I[Jisg 9TOTO AOCTATOUYHO HAUaTh COMMIKATH
TouKu A m B — II0Iagh TPEYTOJbHUKA IIPU STOM YCTPEMUTCS
K HYJIIO.

3agaum k § 21

21.1. CHauaJia OOHUIIIEeM OKOJIO JAaHHOII IIPU3MbI MPAMOI KPYy-
TOBOI IMUJIMHIP, 4 3aT€M OKOJIO 3TOTO IIUINHAPA omuiiieM chepy.
JTa cepa ommcaHa OKOJIO ITAHHOI NIPU3MBI.

21.2. BoumieM B IpaBUJIBHYIO IPU3MY IIPAMOI KPYTOBOM ITU-
auaap. Cdepa Oymer BOmcaHa B JaHHYIO IIPU3MY TOTJa W TOJb-
KO TOorJa, KOTJa OHa BIIMCAHA B IIOCTPOEHHBIN IMIUHAP. A 5TO
BOBMOYKHO TOTZIa U TOJBKO TOT[Aa, KOTZA OCEBBIM CeUeHWeM I[U-
JUHApa ABJIsdeTcsS KBaapar. Takum o0pasoM, IPUXOAUM K pe-
3yJbTATY: B MPABUJIBbHYIO MPU3MYy MOXKHO BOUCATh chepy Tormga
U TOJBKO TOT[A, KOTJa cepefrHa OCH IIPU3MBLI PaBHOyaieHa OT
BCeX ee T'paHeii.

21.3. CHauyajia OmHUINIEM OKOJIO JaHHOTO HNPAMOYTOJBbHOTO Ta-
pajesenuiiesa NPAMON KPYroBOi IMUINHIP, a 3aTeM OKOJIO 9TO-
ro MUJIMHApPaA omuiieM cpepy. VMmenuo sta cepa u OymeT omu-
CaHHOM OKOJIO JAaHHOTO IPAMOYTOJBHOTO Iapajijiesenuiena. OTO
MOXKHO cIeJiaTh BCer[a.

Broumiem B maHHBI IPAMOYTOJBHBIN IIapaJijiesenuie] IIps-
Mo# Kpyrosoit nmuauaAp. Cdhepa Oyaer BOuUcaHA B AAHHBIA MIPA-
MOYTOJIBHBIN MapaJiejiellnuiie]] TOrAa U TOJbKO TOraa, KOTraa oHa
BIIICAHA B MHOCTPOEHHBIN IUIWHAP. A 5TO BO3MOMKHO TOTIA U
TOJIBKO TOT/]a, KOTZIA OCeBBIM CeueHUeM IIMJINHAPA ABJIsSeTCA KBa-
npar. Takum obpasoM, IPUXOAUM K Pe3yJIbTATy: B JAaHHBIN HpPA-
MOYTOJBHBIN MapaJjejiellnuie]] MOKHO BIHCAThb cepy Torga u

79



TOJIBKO TOT/A, KOT[ga IEeHTP CUMMETPHUHU Iapajiejenurnena pas-
HOyJaJeH OT BCeX ero I'pamHeii.

21.4. Hy:xHubIif HAM pe3yJbTAT MOJYyYaeTcs U3 TOT0, UTO KBa-
IpaT aIuaroHaju IPAMOYTOJbHOTO ITapaJjijesenuiesa paBeH CyM-
Me KBaJpaToOB Tpex ero pebep, BBIXOAAIIUX W3 OJHOU U TOU Ke
BEPIITUHBI.

21.8. B) Ilepen HaMu TUNMMYHBIA IPUMEP HCCJIEI0BATEIbCKOMN
sagaun. He ckasaHo, K KaKOMYy Pe3yJbTAaTy MbI HOJKHBI IPU-
Ti. MBI caMu JZOJKHBI c(hOPMYJIUPOBATE Iepes co00il HEKOTOpbhIe
BOIIPOCHI ¥ IOCTapaThbCAd Ha HUX OTBETUTH. TPEYTrOJIbHUKU IO
BUAY PasaudyaloTCA II0 CTOPOHAM M yriaMm. IloaToMy MOKHO IIO-
CTABUTH TaKWe BOIPOCHI: MOKET JU B CEUEHHU IIPUSMBI IOJY-
YUTHCA PABHOOEAPEHHBIN U JAa)Ke PABHOCTOPOHHUM TPEYTOJIbLHUK?
Mo:KHO i1 B CEUEHUU DTON MPU3MbI HOJYUUTH OCTPOYTOJbHBIH
TPEYTOJbHUK, HPAMOYTOJbHBIN TPEYTOJbHUK U TYIOYTOJbHBIH
TpeyroabHuK? HekoTopble M3 3THMX BOIPOCOB JOCTATOUYHO IIPO-
CTBI, ¥ OTBET Ha HUX CJeAyeT HMOUTH MOMeHTaJbHO. Hampumep,
PaBHOCTOPOHHUY TPEYTOJBHUK (& IIOTOMY M OCTPOYTOJIbHBIN) TO-
Jy4JaeTcs, eclM IIDOBECTU CeueHUe, IlapajljieJbHOe OCHOBAHUIO.
PaBHOGEIpEHHBIN TPEYTOJIbHUK MOMKHO HMOJYUUTD, €CJIU ITPOBECTU
ceueHUe yepe3 pedbpPO OCHOBAHUSA W ITPOTUBOJIEIKAIIYIO BEPIIUHY
IPYTroro OCHOBaHUs. PasymeeTcs, BOBMOKHBLI W APYTHe OTBETHI.
OcranbHBbIe BOMPOCHI moTpyAHee. Hampumep, pasHOCTOPOHHUH
TPEYTOJbHUK MOJYUaeTCsI, €CJU B3SATh TPU TaKUe ero BepIIUHBI:
OIlHA — 9TO BepIIIMHA OCHOBAHUSA IPU3MBbI, a Be APYTHe ero Bep-
IIUHBI Jie;KaT Ha ero pedpax, HpUyYeM Ha Pa3HBIX PACCTOSHUIX
OT 9TOr0 OCHOBaHuA. EIlle TpyAHee OTBETUTH HA BOIPOC O IpHA-
MOYTOJBHOM M TYIOYTOJbHOM CEUeHWU 3TO¥ mpusMbl. [losTomMy
CUTYyaIlNI0 MCCJIeIOBAaHUSA MOYKHO YIPOCTUTHL. Hampumep, mocra-
BUTH TaKOIl BOIIPOC: MOKHO JIM IOJYYUTb B CEUEHUHU IIPAMO-
YTOJNBHBIN TPEYrOJbHUK, TMIOTEHY30W KOTOPOTO SABJSETCA aua-
romans AB; rpanu npusmbl ABCA,B,C,, a BepIInHa IPAMOIO
yrjia JIeKUT Ha OOKOBOM pebpe mpuambli? O603HAUMM 3Ty Bep-
muHy Ha pebpe DD, uepes K. Ilycts DK =x. Jlyia Toro 4ro0bI
Takoil TpeyroabHUK AB;K ObLI IpAMOYTrOJbHBIM, HEOOXOAMMO U
JocTaToOuHO BhInoJgHeHne paseHcTBa (1+x2)+(1+(1 - x)¥)=2.
IIpu permrenuu sTOr0 ypaBHEeHUS HEOOXOAMMO YUUTHIBATHL OT'pa-
HUYeHUA Ha mepeMeHHy0 x: 0<x<1. B pesyiabrare okasnIBa-
eTcsl, UTO HalileHHbIe KOPHY YPaBHEHUS He YIOBJIETBOPSIOT 3TUM
OrpaHUYEHUAM, a IIOTOMY TAKOTO POJa CeUeHUs He CYIIeCTBYeT.

AmnajornuyHas mo Ayxy paboTa mpojesblBaeTcss U AJSA BBISAC-
HEeHUS TOTO, KAKUM UYeTBhIPeXyTrOJbHUKOM MOXKET ObITh CeueHue
Takoi mpusMbl. KBazpaT, OpAMOYTOJbHUK U paBHOOOKAas Tpa-
menus BOOJHE OoueBUAHBI. Hecsio:KHO TOKas3aTh, K MIPUMEpPY, UTO
ceueHMe He MOKeT OBITb PoMOGOM OOIero BUA, OTIAUYHBIM OT
KBazgpara. B mpusme 5 rpaneii, a B pom0e 4 CTOpPOHBI. SHAYUT,
0043aTeIbHO IIJIOCKOCTBIO CeUeHUS IepeceKaeTcd OLHO U3 OCHO-
BaHUI npudMbl. [[Jisg mosydyeHusa pomba HEOOXOAMMO MMETh B ce-
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YeHUU Iapy MapaljieJbHbIX CTOPOH, MIO9TOMY HEOOXOIUMO Iepe-
ceueHWe U [OPYroro OCHOBaHWUS MpusaMbl. J[pyrymo mapy
mapaJiIeIbHBIX CTOPOH MBI MOKEM ITOJIYUUTh HA OOKOBBIX I'PaHIX
mpusMbl. Ho Torzma B ceueHUM MOJIydaeTcs JuOO0 MPAMOYTOJbHUK,
aubo Tpamenus, Jub0 IATHYTOJbHUK.

21.14. r) Paguyc ommcamHOro Iiapa paBeH I[IOJIOBHHE Iua-
roHaJIU TapaJijaesenuiena.

21.15. B)* Comwremcs Ha pesdyabrar samauum 21.4. CorsaacHo
eMy CyMMa KBaJIpaToB 3THX TPeX KOCHMHYycOB paBHa 1. I[Ba yria
B HaHHBIX Harei 3amaum paBHbI 30° m 60°. CymMma KBamgpaToB
KOCHHYCOB 9TUX [IBYX YIJIOB paBHaA Kak pas 1, u Ha JOJI0 Tpe-
THEr0 KOCHMHYCAa HHYEero He ocTaercs, TouHee, oH paBed 0. Ho
TOTa MOJyYaeTcs, UTO AUArOHAJb IIapaJsljiesernuiena COCTaBIgeT
¢ TpeTbUM peOpPOM MapaJiiesenuiiefia MPAMOI yroj, YTO HEBO3-
Mo:kHO. IlosToMy maHHBIE B 9TOH 3aJade MPOTHBOPEUUBHI — Ta-
KOTO TapaJjijesienuiiefia He CYIeCTBYer.

21.17. 9ra 3amaua uU3BeCTHA W3 3aHMMATEIbHON JUTEPATYPHI
mo MmaremMartuke. MOKHO IIOCTaBUTh KOPOOOK (WMHAYe TOBOpPH,
npAMoyroabHbIli napaJsienenunens ABCDA,B,C,D,) ¢ guarosa-
a0 AC, Ha yroa crosa BepruuHoir A (pebpa AB u AD upyt 1o
Kpaio cTojla) U OTMETHUTh Ha CTOJIe TOYKY, A0 KOTOPOM IOIILIO
ero pebpo AB. 3areM IIepeMeCcTUTHL IIapajjieJIbHO caMOMYy cebe
KOpOOOK B HOBOe IIOJIO)KeHWe Ha paccrosnme AB Tak, 4YTOOBI
HOBOE II0JIOJKEeHIe BePITUHBI A COBITAJIO CO CTAPBIM ITOJIOMKEHUEM
BepiiuHLI B. KOopoOOK B HOBOM TOJIOMKEHUU KaK OBl ITPUCTPOWJI-
¢ K CBOEMYy CTapoMy MoJo:keHwio. Ho Temeph AmaroHaasb Ko-
poOKa paBHaA OTPE3Ky, KOTOPBHIN COEMUHSET CTapoe II0JIOKeHUe
TOYKU A ¢ HOBBIM TOJIOKE€HWEM TOUKu D;. ITOT OTPEe30OK HaXo-
IUTCS BHE KOpoOKa, a IMOTOMY ero JIeTKO M3MePHUTh.

21.18. 6) 3mech HamO pPacCMOTPETh Pas3HbIE CJIyYar PaCIIOJIO-
JKeHUs TpaHel: OHM MOTYT ObITh MapaJjelbHbI, 4 MOTYT U Iepe-
cexaTbCs.

B) U1 3mech Hamo paccMOTPETh Pas3HOe B3aMMHOE II0JIOKEHUE
9TUX TpaHeil: TpU U3 HUX MOTYT UMETh OOIIYI0 TOUKY, HO MOTYT
U He WMeTh.

21.21. n) PaccrosHue MeXIy CKPEIUBAIOI[MMUCT IPAMBIMK
PaBHO AJMWHE WX OOIIero mepreHAuKyJasapa. TaKoBLIM SBJISETCS
BbIcOTa poMmba ABCD, mpoBemeHHasdA M3 BEPIIMHBI A Ha OPIMYIO
CD.

21.22. 2)* TpaguIiMOHHO OCHOBAaHHEM IIapaJijejelrunmnena
ABCDA,B,C,D, cuutaior rpaib, HazBanuywo ABCD, xora aTo u
HeoOa3aTesbHO. Tak Kak npaMas AB NepneHIuKYyJIApHA TPAMBIM
AD u AA,, To oHa nepueHIUKYyJAsApHaA 1iockoctu AA;D. Ho Tor-
na rpanu AA,D:D u BB;C,C nepneHIUKYJAPHBI OCHOBAHUIO
ABCD. Tlostomy BepmiuHbI ocHOBaHuA A,B;C,D; IpoeKTupyoTCca
Ha HU)KHee OCHOBaHNE B TOUKMU, Je:kaliue Ha npambeix AD u BC.
IIpu sTom, yuuThIBas JaHHBIE 3aJaul, MPOEKIIMAMHU TOUYEK A,
B, oynyt Toukm A,, B, — cepenuabl pedep AD u BC, a mpoek-
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nuamu touexk C,, D, 6ymyr tourku C, u D,, taxkme, utro DD,=
=CCy,=0,5AD. [lyia cpaBHeHUA YIJIOB JyYIlle 37]eCh BOCIIOJIb30-
BaThCs UX TaHreHcamu. Tak Kak BBICOTHI IapaJijiesienuiiesia, mpo-
BeZleHHbIe K OCHOBAHMIO, PaBHBI, TO OCTAHETCS TOJHKO CPABHUTH
JiuHbl oTpeskoB A,C, B,D, AC,, BD,, 4To He cOCTaBJIAET TPYyZa.

3agaum Kk § 22

22.1. a) Ilycte P® — BbICOTA TPaBUJIbHON TUPaAMUBI, IIPO-
BeleHHass u3 BepinuHbl P, AB — peOpo ee OCHOBaHNs, TOYKa
K — cepenuna pebpa AB. Ilposegem QK u PK. Tak kax AB
nepuneHIuKyIApHO QK 1 PK, To AB nepuneHIUKYJIAPHO IJIOCKO-
ctu PQK. Torma miaockoctu PAB u PQRK mepneHAUKYJISAPHBI.
Orcioma u ciaengyeT TpedyemMoe yTBep:KIeHUe.

r) ITycte AB u BC — nBa cocemgHux pebpa OCHOBaHHUA IIpa-
BUJIbHON mupamunbl. [lepnergukynasapsl u3 Touek A u C Ha 60-
KoBoe pebpo PB momnazaimT B OOHY W Ty Ke TOUuKy pebpa PB.
Yroa Memxay TaKMMU TMEPHeHIUKYJAIpPaMH He 3aBUCUT B IIpa-
BUJIBHOI mupaMuje oT BbIGopa pebpa, Ha KOTOPOE MbI ITPOBOIUM
STH TEePIeHIUKYJAApbl. Ho Takoil yroa saBJiseTcs JUHEHHBIM
yrJIOM ABYT'PAHHOTO yrJia mmpu 00KoBoM pebpe. OTcioma u ciaenmy-
€T, UTO BCE 5TU YIJILI PaBHBI MEKIYy COOOIi.

22.2, a) CHavaysia ommIneM OKPYsKHOCTb OKOJIO OCHOBaHUSA
MUPaMHUIbl U PACCMOTPUM KOHYC, BepPIIHA KOTOPOI'O SBJSETCS
BEPINMHOM IHpaMHUIbI, a OCHOBAaHMEM — MPOBEAEHHAS OKPYK-
HOoCTh. OKOJIO BTOTO KOHyCa MOKHO omucaThb cdepy (corsacuHo
damaue 21.2). 9ra ke cdepa OymeT OMMCAHHON OKOJO TaHHOU
MAPAMUIEI.

0) 3amaua perraeTcda aHAJOTUYHO 3ajayue «a».

22.3. Ilyctp P@ — BBICOTA MPABUJIBHON NUPaMUIbI, IIPOBE-
IeHHasA u3 BepinuHbI P, AB — peOpo ee ocHOBaHUA. B mpaBuib-
HOU MUpaMuje U3BECTEH TaKKe yroj AQB. a) V3 TpeyroibHUKa
APB mnatinem PA, us TpeyroabHuka AQB HalimzeMm QA. 3arem
HAXOIUM BBICOTY.

0) Onumem oKoJO maHHOUW mupamunabl KoHyc. Cdepa, omu-
caHHAas OKOJIO MUpPaMUILI, OyaeT cepoii, OMMCAHHOM OKOJIO 9TO-
ro KoHyca. Jlajee MOKHO BOCIIOJIb30BATHCA PE3yJIbTATAMU, MOJIY-
yeHHBIMHU B 3amaue 21.7B.

B) Ilycrs Touka K — cepenuna pebpa AB. IlpoBemem QK u
PK. Vckomblii pagunyc HaxoguTca usd tpeyroiabauka KQP. Ilentp
BIIMCAHHOU c(epnl JeKUT Ha KareTe PE 3TOro TpeyrojbHUKA U
paBHOyHaJsieH oT cTopoH QK u PK.

e) Ilycte AB u BC — gBa cocegHUX peOpa OCHOBaHUSA IIpa-
BUJIbHON mupamunbl. [lepnergukynasapsl u3 Touek A u C Ha 60-
KoBoe pebpo PB momamaioT B OAHY U Ty Ke Touky L pebGpa PB.
Wckombiii yrom Mo:kHO HaliTu m3 TpeyroiabHuka ALC.

22.4. 9Ta 3amava CBOOUTCSA K IPEALIAYIIEN, ecJau HaAWUTU ILIO-
CKUI yroJl IpU BepIlnHe.
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22.7. n) Taxkoe ceuenme B O0IIeM cJydae SABJIAETCSA IIapaJiie-
gorpamMomM. CTOPOHBI ¥ AMATOHAJIU ATOTO MapajejorpamMMma, a
3aTeM U ILIOIA[b BBIUUCIAIOTCSA U3 YCJIOBUS.

3apaua k § 24

24.2. B ceueHUU TPABUJIBHOTO TETPasApa MOYKHO IOJYUUTH
[IpaBUJIbHBIE TPEYrOJbHUK W YeTHIPEeXyroJbHUK. B ceuennu Kyda
MOKHO IOJIYYUTh IMPABUJIbHBIE TPEYIOJIbHUK, YETHIPEXYTOJIbHUK
¥ IIeCTUYTOJbHUK. [IPABUIBHBINA IIECTUYTOJbHUK MOMKHO ITOJIY-
YUTH TAK/Ke B CEUEHUU IIPABUJILHOTO OKTasApa U IIPaBUILHOTO
IomeKasmpa.

3apgaum k rnase IV

IV.4. 2) r) Ceuenne MoOKeT OBITH OTPE3KOM, pPaBHOOeIpeH-
HBIM TPEYTOJbHUKOM, B TOM UHCJe IPIMOYTOJbHBIM, PaBHOOO-
KOIl Tpamenuei, MpAMOYTOJbHIKOM.

3) B) MokHO 3aMeTUTh, UTO JaHHAA HPU3Ma ABJIETCH «IIO-
JIOBUHKOI» Ky0a ¢ emmHUUYHBIMU peOpamu. Torma mckomoe pac-
CTOSHUE PaBHO % IuaroHaJii TaKoro Kyoa.

4) e) ITOT YyroJ IpoIle MCKATh KaK yroJl Me:XKIy HOPMAaJIIMU
K 9TUM ILJIOCKOCTAM, T.e. Mexkny A;B u BC,.

5) IliockoCTh MHOTOYTOJILHOTO CEUYEHUs, KOTOPOE ITPOXOIUT
yepesd AC mox yriom 60° K OCHOBaHWIO, IepeceKaeT HPSIMYIO
BB;. YTo0bl yCTaHOBUTH (POPMY BTOTO CEUEHMHd, HAJ0 YCTAHO-
BUTH, IEPECeKaeT aTa IJIOCKOCTh pebpo BB; UJIN ero mpomojsKe-
Hue. {18 3TOTO MOCTAaTOYHO CPaBHUTH BenmuuHy yryia BKB; (roe
Touka K — cepenuHa AC) ¢ yraom 60°. Tanreuc sToro yrJa pa-

BeH x/§, T. €. MEHbIIIe YeM \/g =tg 60°. 3HauuT, IMJIOCKOCTHL Ce-
yeHUs He nepecexkaer pebpo BB;. Ho Torza takoe ceueHue mpej-
CTaBJIsAET COOOM TpaIleIuio.

7) Onumiem cdepy OKoJO Kyba, 4acTbI0O KOTOPOTO SABJIAETCA
mamHas mpusMma. Ha 9Toii cepe OyAyT Jie:kaTh BCe BEPIINHEBI
Kyba, a 3HAUNT, X BCe BEPIIMHLI JaHHOI mpusMbl. Pamguyc cde-
PBI, OMMCAHHON OKOJIO JaHHOUW IIPM3MBI, MOYKHO HaWTH Kak pa-
nuyc chepbl, OMMCAHHONI OKOJI0 3Toro Kyb6a. Iumamerp cdepsr,
BIIMCAHHOW B MaHHYIO IIPU3MY, HEOOXOAMMO PaBeH PaCCTOAHUIO
MeKIy ee OCHOBAaHUAMMU, T.e. 1. OH Ke HeoOXOOAMMO paBeH ou-
aMeTPy OKPYKHOCTH, BIMCAHHON B IIEPHEHIUKYISAPHOE CeueHue
IPU3MBbI, KAKOBBIM fABJIAEeTCA ee ocHoBanme. QueBUIHO, UTO OU-
aMeTp TakKoi oKpys;kHOcTH MeHbIte 1. CiemoBaTesbHO, B JAHHYIO
Ipu3My HeJab3d BOHUCATH cepy.

IV.5. 3) 6) Hauublil TeTpasAp ABISETCS YacThio Kyba ¢ pe-
6pom 1, «yromxom» storo Kyba. IlosTomMy paccTosHue OT TOU-

1

Ku B po mmockoctu (PAC) paBHO 3 /MaroHamm Ky0ba c pebpom 1.

83



3) B) O0muM mnepueHAUKYyJApoM npAMbix PB u AC aBaser-
ca orpe3ok BK — BbicoTa u3 BepuinHbl B B Tpeyromrauke ABC.

4) r) Ilycts PBK u CBL — TJIOCKOCTU CUMMETPUU TeTpasapa
(K — cepenuua AC, L — cepenuHa PA). Yroa MeXOy 9TUMHU ILJIO-
CKOCTAMHU BBIUMCJIUM KaK yroJ Me;KAy WX HopMmaaamu. Hopwma-
Jbi0 K mIockoctu PBK oyaer npamas AC, HOpMAaJIbio K TJIOCKO-
ctu CBL Oymer npamasa PA. Yroa MexXAy 5TUMHU IPAMBIMU, a
cJIeoBaTeJbHO, YroJl MeXKIy 9TUMH ILJIOCKOCTSMH paBeH 60°.

7)* Pagmyc cdepnl, OMMCAHHON OKOJIO AAHHOTO TeTpasapa,
TOT K€ CaMblii, YTO U paguyc cdepbl, OMMCAHHON OKOJIO Ky0ba,
«yTOJIKOM» KOTOPOTO ABJAETCA MNAHHBIM TeTpasap. A pamumyc
chepsl, OMMCAHHON OKOJIO 9TOT0 Ky0a, paBeH IIOJIOBUHE ero Iu-
aronanu. Ilepefimem kK BonucauHoi cdepe. IlycTs ee meHTp — TOU-
ka O. 9ra TouKa paBHOyIAJieHa OT BCeX TI'paHell MUPaMUILI.
Ecnu mpoBectu m3 Hee mepneHauKyJiApbl Ha rpanu PAB, PCB,
ABC naHHOUW HHUpPaAMHUIBLI, TO MOYKHO PaccMOTpPeTh KyO, Bce Bep-
IIUHBI KOTOpOro, KpoMe O, jekaT Ha TpaHAX MJAHHONU IHUpaMU-
oel, mpuueM BO — ero gmaronans. Eciu 0003HauuTh pamguyc r,

to BO=r+/3. IIycts mpamas BO mnepecexkaer IiIocKkocTs PAC

B Touke M. [Inuua orpeska BM — aTo paccTossHHE OT TOUKU B
mo rpanu PAC, MBI ero BBIUMCJAWIN B IyHKTe 36. OHO paBHO

g. ITosromy OM =BM — BO = g ~r+/3. Ho paccroaame OM

ABJSEeTCA W PaguycoM BHOUcCAHHOU cdepbl. B pesyiabraTe moJy-

V3
yaeM ypaBHEHHE I = T_ r\/g, permieHrueM KOTOPOI'oO M ABJIAETCA

paauyc BIUCAHHON cdepbl. 3aMeTHUM, YTO 3TOT K€ Pe3yJbTaT
MOKHO TMOJYUYUTH W HECKOJIBKO II03sKe, IOCJIe IPOX0KAEeHUA 00h-
eMoB, 1o dopmyse r=3V/S, rae r — pagmyc BOucCaHHOU c(epsl,
V — obbeM mupaMuibl, S — IJIOMIAAb €€ IIOBEePXHOCTH.

IV.6. 3) r)* [ManmHy nmupaMuay MOYKHO pacCcMaTpUBATh KaK
yacTb eqUHUYHOrO Kyba (Kyba c pedbpom 1) ABCDA,PCD,. [a-
Jlee, IPUCTPOUM K dTOMY KyOy ellle OOWH Takoil Ke Kyb6 c oc-
"HoBaHueM ABCD. Ilpogaum ceuenue PAC mepBoro Kyba BO BTO-
poii. Paccroarue or Touku D o maockoctu PAC Oymer paBHO

1
3 AVIMHEL JUATOHAIN IPUCTPOEHHOTO Ky0a, a TaK KaK OH paBeH

1 1 \/—
NQHHOMY, TO - RUATOHAIM IIEPBOTO Kyba, T. e. (5] 3.

3) m)* OmaTrh OygeM paccMaTpUBaTh MaHHYI0 TUPAMUIY KaK
vacts Ky6a ABCDA,PC,D,. I'panb PCD nmpaMugbl B 9ToM Kyb6e
nmact nuaroHasnbHoe ceueHue PCDA,. Paccroanue oT A 10 TIJIOCKO-
CTH ceueHUA OyZeT PaBHO NEPIEHIUKYJIAPY U3 TOUKU A HaA 3Ty
TJIOCKOCTh, T. €. IOJIOBUHE AuaroHasu rpanu AA;D;D storo xkyba.

4) B) UHTepecHee Bcero mcKaTh yroa mexxay rpanamum PCD
u PAD. PaccmarpmBasg WX KaK YacTU AUATOHAJIBHBIX CEUEHUU
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PCDA, n DAPC, ry6a ABCDA,PC,D,, BbIUNCJIUM BTOT yIOJ KaK
YTOJI MeXKIy HOPMAaJIAMU K 9TUM IJIOCKOCTAM, KAKOBBIMU SIBJIS-
orca npsavble BA; u BC,. 9ror yroa pasen 60°.

5) Cnemyer paccMOTpeTh OBa cCJaydasi: KOTJa cedeHue Iepe-
cekaer mpaAMyio PB ujau Korma OHO mepecekaeT mpsamyio PD.

7) OmATh JKe PacCMOTPUM JaHHYIO IHPAMHUIYy KaK YacTh KyOa
ABCDA,PC,D,. Chepa, onrcaHHasg OKOJIO 3TOro Kyba, ABIdeTCA
cepoil, OMMCAHHOW OKOJIO AAHHON mnumpamMuabl. BO3MOIKHOCTH
BrcaHus cdepsbl B TaKyI0 MUPAMUIY UHTEPECHO MPOUJLIIOCTPU-
poBaTh cooOpaskeHUSMHU BecbMa HarasgHbiMu. CHauvasia paccmo-
TPUM MaJIeHbKYI0 cdepy, KoTopas KacaeTcs TpexX IOIlapHOo Iep-
MeHIUKYJAAPHBIX TpaHeill OUpaMHUIbl, KaK OBl «3aroHUM ee
B yroj», Tle CXOASATCA TPU HPAMBIX yria. A mOTOM HaYHEM
paBHOMEDHO ee «pas3ayBaTb», T.e€. YBeJIWUWBATH B pajguyce.
B Tor momeHT, Korma oHa KocHeTcs rpamu PAD, oHa (u3 coo0-
paskeHU#l cumMerpuu) KocHercsa u rpanu PCD. Pagmyc Takoi
chepsl IPOIe HAXOAUTDH C MOMOINBI0 (POPMYJIbI, MCIOJIb3YIOIIEeH
00beM, YKa3aHHON B MpeABIAYINel 3amadve.

BosmoikeH m «J1000BOI», HO 6oJiee TPYAOEMKHI IIYTH pellle-
HUSA C HUCIIOJb30BaHMEM OMCCEKTOPOB ABYT'DAHHBIX YTJIOB JaHHOMK
MUPAMUIBI.

IV.7. 3) a) 9To paccTosdHNe PABHO BBICOTE, IIPOBEIEHHOI 13
Touku C B TpeyroabHuKe BCD.

3) 0, B) IIpamas BC mapaJienabHa npamoii AD, mosToMy oHa
napasienbHa miaockoctu ACD. Ho Torga paccTodHMe IO MJIOCKO-
ctu ACD ot touku C u ot mpsamoit BC omuo um To :xke. Ilpoie
Bcero ero HanTum u3 TpeyroabHuKa PKL, rome Touka K — cepe-
muna BC, a touxka L — cepenuna AD. OHO OymeT paBHO BBICOTE
TpeyrosbauKka KPL, nmpoBeieHHON m3 BepIiuHb K.

4) r) 9trum yruom O6ygmer yron LPK. HaiitTu ero mMoXHO 13
TpeyrosibHuKa LPK. UTo06bl yOeguThCcsa B 9TOM, JHOCTAaTOYHO pac-
CMOTpPETh MPAMYIO IlepeceueHusi miockocreii APD u BPC. Omna
OyzeT MPOXOAUTH Yepesd TOUKY P m mapasnensHa npaMbeiM BC u
AD. Torma yron LPK OymerT JWHEHHBIM YIJIOM IBYTPAHHOTO
yria, 3agaHHoro miaockoctavMu APD u BPC.

4) n) VcKOMBIA yros MOYKHO HAWTW W3 TAaKOTO PaBEHCTBA:
cos (£LPA, BD)=cos LPAD cos £ZBDA.

5) Crauasa Hamo ybeguThcsad B TOM, YTO TaKOe CeUEHUE SIB-
JsieTcsA Tpamerueii.

6) n) lanmHad mupamMua ABJIAETCA YACTHIO IPAMOUN TPEYTOJIb-
wot mpudmMbl ABTDCN. BokoBsie pedpa aroit npusmbl — AD, BC
u TN. IIpu srom npamasa TN aBiasgerca TPAMON IepeceueHUA
mirockocteit APD u BPC, a tpeyronbauku ABT n DCN — ocHo-
BaHU IPU3MbBI — JIE}KAT B MJIOCKOCTAX, IePIeHINKYIAPHBIX AD.
Buytpu orpeska PN Bo3pMeM TOYKYy R m mpoBejgeM uepe3 Hee
NepHeHANuKYAsapHoe ceueHne mpusMbl RKL. 9To ceueHme mapaJi-
aenpH0 PQ m CD, T.e. oTBeuaeT ycaoBuio 3amaum. [lupamunmy
PABCD »310 ceuenue Oyper mepecekatrb mo Tpanernuu KK ,L,L
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(K nexur vHa AD, K, nexxutr Ha PD, L nexutr Ha BC, L; nexur
Ha PC). Ceuenne KK,L;L cocTaBiigeT 4acThb OT MEPIEHAUKYJIAP-
HOTO ceueHus npusMbl RKL, T03TOMY ero miomiagb MeHbIIe 10~
a7 IePIeHIUKYIAPHOTO CeUeHN IPU JI000M MOJI0KEeHN N TOU-
Ku R ma orpeske PN. U3 »sToro ciemyer, 4uTo HauOOJIbIIasd
IJIOMIAAb TAKOTO CeUeHUs MOCTUTAeTCs, KOTJa IMepIeHIuKYIap-
HOe ceueHUe MPOXOAUT uepe3 TOUKY P, a HauMeHbIllee 3HAUeHe
(paBHOe 0) mocTuraercs, Korja MepueHIUKYJIAPHOE ceueHre mpo-
XOIUT uepe3 TOUKy N.

Crporo roBopsi, 06a 9THUX 9KCTPEMAJbHBIX IO ILJIOIAAU Ce-
YeHWA He HapauiesibHbI npavMbiM PQ u CD, a comepskaT ux.
Ecau BcTaTh Ha 9Ty TOUKY 3PEHUS, TO TaKOe CeUeHUe MUPAMUIbI
He mMeeT HU HaumOOJIBIITero, HW HAWMEHbBIIIEero 3HAUYeHUSd.

7) OmnuimreM OKOJIO JAHHOUW NHUPAMUILI IIPAMOII KPYTroBOl KO-
HyCc c¢ BepmuHoii P m BbicoTol PQ. Cdepa, onmcaHHas OKOJO
9TOTO KOHyca, W OymeT c(epoii, OIMMCAHHON OKOJO JaHHOW NIu-
pamuzabsl. Paguyc nckomoii cepsl O0yaeT paBeH paguycy chepsl,
ONMCAHHOW OKOJIO 3TOro Komyca. HeoOxomumMble BBIUMCJIEHUS
MOJKHO IIPOBECTH, UCIIOJb3Ys Pe3yabTaThl 3amauu 21.7.

Broucats B mamHyoo nupaMuny cdepy HEeBO3MOKHO. B camom
Iejie, U3 COOOpasKeHUil CUMMETPHUU SICHO, UTO I[EHTP BIMCAHHOM
chepsl TOJIKEH JiesKaThb Ha BbicoTe nupaMuabl. OgHaKO, KaKyio
ObI MBI HUM B3SAJAM TOYKY HA BBICOTE NUPAMHUABLI, PACCTOSHUE OT
Hee mo miaockoctu PCD He OymeT paBHO PACCTOSAHHIO OT Hee IO
mwirockoctu PAD. Urobbel B 9TOM yOegWTBhCs, AOCTATOYHO CPaB-
HUTh PACCTOSHUS OO0 9TUX IIJIOCKOCTeH oT TouKu Q. [asa apyrux
TOUEK BBICOTHI MCIOJb3yeM momobue.

IV.8. Paccmorpum auaromanbHoe ceuenue AA;C,C mapaiie-
nenunena ABCDA,B,C,D,. Ouo npexcraBiger coboil mmapaJieio-
rpamm. [uaromans AC; mapajjiesienuinena sSBISETCS OTHOBpe-
MEHHO [MaroOHAJbI0 9TOTO Iapajjaesorpamma. IlycTh Touka
F — cepenquna AC, touka F, — cepenmuna A,C,. B mapannemno-
rpamme AA;C,C npoBenem orpesku A F u CF,. Vcxonuas 3amaua
cBeJach K M3BECTHOH ILIAHMMETPUUYECKOI 3amaue: AOoKasaTh, UTO
orpesku A F u CF, nenar guaroHaib AC; Ha Tpu PaBHBIX OT-
pesKa, a caMu JeJsaTCsS 9TOW AuaroHaybio B oTHommeHuum 2: 1,
cuuTas OT BEPIIMHBI ITapaJijiejorpamMmma.

3agaum Kk § 26

26.3. TeopeTuuecKu MOKHO JEJUTHL TOJbKO OCHOBaHUE, MOMK-
HO [JEeJUTH TOJbKO BBICOTY, MOXKHO HeJUTHL W TO W apyroe. Ha
OpaKTHUKe JKe OeJSaT TOJbKO ocHoBaHmMe. Ho Torma samaua cBO-
IUTCA K ILJIAHMMETPUUYECKOM — JejIeHre Kpyra Ha PaBHOBEJINKIE
YacTu.

26.4. Eciu «pasgelnTb» — 9TO IIPOBECTH HEKOTOPYIO ILIO-
CKOCTh CEUEeHUs, TO HeT. EciIm Ke «pasfejuTb» KMMeeT IPYyroi
CMBICJI, TO BIIOJIHE BO3MOJKHO. Hampumep, u3 IUJINHIPA BIIOJIHE
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MOYKHO BBIPE3aTh IPAMOYTOJbHBINA HapaJijiesenuiies, 00beM Ko-
TOPOr'0 PaBEH IIOJIOBHMHE 00'beMa IUINHIPA.

26.5. a) HakigoHuM cocyh Tak, 4TOOBI JKHUAKOCTH AOXOTHMJIA
0 ero Kpas, W IMOCMOTPHUM, IIOKAKEeTCA NHO WJIU HeT. Eciau oHO
He II0Ka3aJI0Ch, TO HAJHUTO OOJIbIIE ITOJOBUHBI; €CJIM IMOKA3aJICH
caMbIli KpaelleK JHA, TO POBHO IIOJIOBUHA; €CJAM IOKA3aJICAd He
TOJBKO KpaelleK [HA, TO HAJIWTO MEHBIIE II0OJIOBUHBLI. Pasyme-
eTcs, ecJaM IHO MOKA3aJI0Ch PAHBIIE TOI'0O MOMEHTAa, KOTHa K-
KOCTb [IOIILIA [0 Kpas, TO HAJUTO TAKXKe MEHbIIle II0JIOBUHEI.
Bce 9T0 MOKHO IPOMJLIIOCTPUPOBATE HA MPSAMOYTOJbHUKE — 0Ce-
BOM CEUEHNM LUJINHAPA, PUCYS €ro B PA3HBIX IIOJOKEHUAX HaJ
FOPUBOHTAJIBHON IIJIOCKOCTBIO.

16+/2n 167

26.7. OrBernl: a) 0<V < 57 6) 0<V< Wl

26.11. C10oBO «pasmesuTh» IMOHMMAaeTCAd KaK «IIPOBECTU OJHY

ILJIOCKOCTh TaK, YTOOBI MOJYUYMJIOCHL ceueHme». s peleHus

KaJI0H M3 3TUX 3aJad NOCTATOUHO IIPOBECTU CeueHUe yKasaH-
HOTO MHOTOTPAHHHKA Yepe3 IEHTP ero CUMMEeTPHUH.

26.13. B) Ykazaume. Tperuil yroa tpeyrojibHUKa paBeH 75°,

a ITOTOMY HaubOOJIbIIIEH ero CTOPOHOMH ABJISETCS CTOPOHA, paBHas 1.

3agaun k § 27

27.2. 6) Ilyctp KK, — cpegHAsa JUHUSA OPAMOYTOJbHUKA
BCC,B,, coemunsiomasa cepenuubl cropon BC u B,C,. Torma
BC 1 KK,. Kpome Toro, BC 1 AK. Ilostromy npamas BC mepneH-
nukyiaapua miaockoctu KK;AA. CiemoBaTesbHO, MEPIEHIUKY-
aspubl maockoctu ABC u KK,AA, noatromy eciu u3 Touku K
npoBectu nepueHaukyaAap K;L Ha mpamyo AK, To oH Oyaer u
MepIeHAuKYJAIApoM K maockoctu ABC, a 3HAaUuUT, BBICOTOI IIPHU-
3Mbl. Ee Jerko HaiiTu U3 IpAMOYToJIbHOTO Tpeyroabuuka KLK,,
B KoTopoM uaBecTHBI runorenysa KK, u yroa K;KL — juHei-
HBII YroJI JaHHOTO ABYTI'PAHHOTO yTIJia.

27.4. a) JIyu AA, cocraBisieT paBHbI€ OCTPbI€ YIJIbI C JIydaMU
AB u AD nnockoctu ABC. CinemoBaTelbHO, OH IPOEKTUPYETCS
Ha OuccexkTpucy yriaa BAD. Jlaiee BocmoJibdyeMcsa (OPMYJION
cos LA,AD =cos LA,AK cos ZKAD. W3 Hee MOXHO HaWUTU
cos LAAK. 3uHaa cos LA;AK, moxxkHO HalTu sin LA;AK, a 3aTeMm
U3 IPSIMOYTOJBbHOTO TpeyroabHuka A, AK HaliTu BbicOTy A K.

06) 9To TOT Ke caMblii mapaJijejielluIilell, UTO U B 3ajaue «a»,
HO TOJIbKO HaJ0 I1epeo003HAUUTH €r0 OCHOBaHUsA. BepxHee OCHO-
Banue A,B,C,D; mapannenenunena ABCDA,B,C;D, o6Go3Hauum
coorBercTBeHHO ABCD, a Hu:xHee ocHoBanume ABCD »sToro ma-
pasesiennuiieja 0003HAUYNM cooTBeTcTBeHHO A,B,C,D,. IloaTomy
pelrieHne 3agaum «0» CBOAUTCA K PEIIEHUIO 3aJadul «a».

27.5. Bynem cunrathb, uTo B mapaJsienenunene ABCDA,B,C,D,
KBaZpatamMu saBjasiorca ocHoBanua ABCD u A;B,C,D;, a TakxKe
6oxoBwie rpanu AA,B;B u DD,C,C. Torga upamas AB mepIeH-
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IUKyasapHa miaockoctu AA,D,D, a moromy miaockoctu ABCD u
AA,D.,D nepuneagurynsapabl. [lepnengukynaap A, K u3 Tourku A,
Ha npAMyo0 AB OyaerT m0sTOMY HEPIeHIUKYJIAPOM U K ILJIOCKO-
ctu ABCD, a moTomMy #ABJAeTCA BBICOTOI IIapaJijejenumnena.
flcHo, uTo oTpesok A;K, ABASACH MEePIEHIAUKYJIAPOM K ILJIOCKO-
cTu, He Oojblie oTpeska AA;, KOTOPBIN ABJISAETCA, BOOOIIE TO-
BOpA, HAKJOHHON K 9TOU mocKocTu. IloaTromy HambosbIee 3HA-
yeHHe meprneHAuUKyJaapa AK K IJIOCKOCTH paBHsercs AA;, T.e.
TOTZA, KOTJa ero JJinHa paBHA niauHe pebpa AA;, T.e. 1. Cie-
IOBaTeJIbHO, HambOOJIbIllee 3HAUEHUWE ero o00beMa [JOCTUTaeTCs
TOTHa, Korga 60KoBoe peGpo mapaJiiesiennuiena CTAHOBUTCSA Iep-
MeHAUKYJIAPHLIM K OCHOBAHUIIO.

ITOT pe3yJabTAT MOKHO IMPEJBOCXUTUTh M3 HATJSIHBIX COO00-
paskeHuit, Bpamas IJIocKocTh AA,;B;B BoKpyr mnpsamoii AB.
«Buguo», uTO BBICOTA mapaJuiejenunena OyaeT HaMOOJIBIIEH,
Korgpa mockoctu AA;B;B u ABCD 06ynyT nepneHIUKYJIAPHBI.

27.6. Ilycts S, — mIoIagh OCHOBAHUS MPU3MbI, H — ee BbI-
cora. Y:Ke HM3BECTHO, UTO IJIOIIAAb JIIOOOTO MHOTOYTOJbHUKA
paBHa MJIOMIAAXW €r0 MHOTOYTOJBHOIN IMPOeKIMU Ha JO0YIo ILIOo-
CKOCTD, JeJIeHHOW Ha KOCHHYC yrjia MeKIy IJIOCKOCTHIO JaHHO-
ro MHOTOYTOJbHUKA W ILJIOCKOCTBIO MIPOEKI[Hii. 3amuiieM 35TO
paBeHCTBO B Buzae Gopmyasl S,=S; / cos @, TAe ¢ — yroja Mexay
mIocKocTAMU. Ho yros MesKay IJIOCKOCTAMU PaBeH YIJIy MeXIY
HOPMAJISIMU K 9TUM ILIOCKOCTAM. HopMasabio K OCHOBAHUIO MIPU-
3MBI SABJSETCS ee BbIcOTa. HopMaibio K MEePHeHIUKYJIAPHOMY
CeUeHUIO MPUBMBI sIBJsieTcsa 60KoBoe pebpo. IlosTomy BepHO pa-
BeHcTBO L=H /cos ¢. /I3 9TuX ABYX pPaBEHCTB NOJy4aeM IIPO-
nopnuio S,/ Sy=H / L. Tak rax SyH =V, To npuxoium K TOMY,
uyTOo Tpedyercsa mokaszarh: V=S,L.

27.13. 3agaua cBoguTcsa K 3amaue 27.8.

27.17. PasbepeM 3samauy «I'» IJs TPEYTOJbHOH MHPaAMUIBI.
BricoTa sToii mupaMuABI HAXOAUTCA W3 MPSIMOYTOJbHOTO Tpe-
yroabuuka PAQ®, roe P — BeplnHa OTUPaMUAbI, @ — ee IPOoeK-
s Ha MJIOCKOCTh OCHOBAaHWS, A — OJHA M3 BEPIIUH OCHOBAHUS
nupamugabl. Kater AQ TpeyroabHuka PAQ sBIseTcS PaguycoM
OKPYsKHOCTHU, OMMMCAHHON OKOJIO OCHOBaHUA mupamuibi. OTcioga
HAXOIUTCS CTOPOHA OCHOBAHUS MUPAMUIbI.

27.18. HameTuM IjIaH pelleHusA B 3agaue «0» O IPaBUIb-
HOU TpPeyroJibHO#M yceueHHO# nmpamupabl. Ilycrs ABCA,B,C; —
mpaBuJbHAasA yCeUeHHAs TPeyroJbHas MHUPaMHuIa, SBJISIOMIASCS
YacThio IpaBUIbHON TpeyroabHoll mupamunbl PABC. Torma o6mb-
eM JaHHOH yCceueHHON MUpaMUALI PaBeH PasHOCTU 00BEMOB IBYX
IpaBUJIbHBIX TpeyrosbHbix nupamun PABC u PA;B,C,. Tak Kak
CTOPOHBI OCHOBAHUIM 9TUX IMHUPAMUJ U3BECTHBLI, TO W ILJIOIAAU
uX OCHOBaHUII MOKHO HaliTu. OcTajoch HAWTU WX BBICOTBHI. JTO
MOKHO CIeJaTh, eCJU PacCMOTPeTh TpeyroJabHuK PAQ, rae Tou-
Ka @ — 1eHTp OOJIBIITer0 OCHOBAHUS MUPAMUIbI, U TPEYTOJbHUK
PA,Q,, rne TouKa @); — IIEHTP MEHBIIIET0 OCHOBAHUA IMUPAMU/IHI.
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Orpesok @R, MOKHO HAWTU KaK BBICOTY HNPAMOYTOJBHON Tpare-
muu AA,Q,Q ob6sIuHBIM crocobom. OTpe3ok P@, MOMKHO HaNTH,
paccMmoTpeB momobHbie TpeyronbHUKU PAQ u PAQ,. Tem cambiMm
3aKOHUYEH ILJIaH PeIlleHus 3aauu.

27.20. a) IIycts B Terpasape ABCD AB=BC=CA=AD=
=CD=1. IIpumem 3a ero ocuoBanme rpaub ABC. Tak Kak Bce
pebpa OCHOBaHUS M3BECTHBHI, TO 00BEM OIPEAEISETCS TOJIHKO
3HAUEHWEM MepPEeMeHHOM BBICOTHI, IIPOBEJEHHOM W3 BepIMUHbI D
Ha miaockocts ABC. Korga ke oHa siBasieTca HambOoJbIneii? By-
IoeM MbIcJaeHHO Bpainath rpadb ADC Boxkpyr AC. Bricora, mpo-
BeleHHad u3 Touku D, Oyaer mamboJibliieii, Korga Touka D OymeT
0ojiee Bcero ymgajieHa OT IIJIOCKOCTH OcHoBaumus. VI mpowumsoiiger
9TO B TOT MOMEHT, Korzga rpaub ACD cTaHeT IepIeHInKYJIIPHON
ocHOBaHMIO. [lanbHeNINIMe BHIUNCIEHUS OUueBUHBI. [loTyuyeHHBINT
HaMHU W3 HaTJISTHBIX COOOpasKeHull pes3yabTaT O HaumboJbIIeM
3HAYEHUU BBICOTHI MOKHO IpU KeJaHuW (Qopmaans3oBaThb. s
STOTO JIOCTATOUHO 3ammcarthb paBeHcTBO D@ = DK sin /DK@, rae
TOuKa @ — IIeHTP OCHOBaHUA, a Touka K — cepenuna pebpa AC.
Orcioma BUOHO, UTO HauMOOJIbIllee 3HAUEHWEe BLICOTHI D@ mocTu-
raerca npu yrie DK@, paBaom 90°.

6) Ilycts B TeTrpasape ABCD AB=BC=CA=AD =1. Ilpumem
3a ero ocHoBanme rpanb ABC. Tak Kak Bce peOpa OCHOBa-
HUSA UBBECTHBI, TO 00bEM OIIpeaessieTcsa TOJbKO 3HAUeHUEeM Iepe-
MEHHOUW BBICOTHI, IIPOBEJEHHOINl U3 BepIIWHLI [ Ha IJIO-
cxoctb ABC. Korga ke ona apiserca HauboJibinein? OueBuiHO,
Torma, kKorma pebpo AD OyaeT HeprIeHAUKYJISAPHO OCHOBAHUIO,
BeJlb BbICOTA He 00JbIlle 3TOTO pedpa U paBHA eMy KaK pas B Ta-
KOM ITOJIOXKEHUMU.

27.21. Ilycts DA, DB, DC — 6okoBble pebpa IpPaBUIbHOMN
TpeyroyibHOU nupamuzabl. [Ipymem 3a ee ocHoBanme rpaub ADC,
Torma Touka B Oymer ee BepinuHOU. HamboabInyo ILIOIIALL OC-
HOBaHHMe OyIeT MMeTh Torza, Korma pedopa DA u DC OymyTt B3a-
WUMHO IIepIeHANKYJISPHBI. BbicoTa, MpoBeleHHAS W3 BEPIIUHBI
B, oymer HamboJbllleii, Korga pedpo BD OyaeT mepneHIUKYJIAP-
HO miaockoctu ADC, T.e. peobpam DA u DC. Bce sTtu ycaoBusa
BBITIOJTHAIOTCS OZHOBPEMEHHO IPW B3aMMHOI MMOTAapHOI MepreH-
nukyaapuoctu pebep DA, DC m DB. B rTakoii nupamume 10-
cTuraeTcAa HauboabIIUil 00beM. SICHO, UTO HAMMEHBIIIEr0 00'beMa
Yy TaKO# muUpaMugbl HET, W00 OH MOMKeT OBITh CKOJIb YT'OJHO
OMM30K K HYJIO: IJA 9TOT0 MOCTATOUYHO CAEJaTh YroJl MEeKIY
ITaHHBIMU pebpaMu CKOJIb YTOZHO MAaJIbIM.

27.22. Ilycts ABCD — mauHBIN TeTpasap. llpumem rpamb
ABC 3a ero ocHoBaHume. Tak Kak Bce pebpa TeTpasapa MOKHO
U3MEepUTh, TO IJaoIanb ocHoBaHus ABC Mo:KHO HaiTu 10O (hop-
mynae I'epona. IIpobiema B TOomM, uTOOBI HaWTHM ero BbIcOTy D@.
Ins ee HaXOMKAEHUSA IpojeaeM cienyroiiiee. IIpoBemgeM BBICOTY
DK wu3 touku D Ha pebpo AC. ([lyiga mpoOCTOTHI IIpeAIioaraem,
uyro Touka K okazasacey BHyTpu AC.) Ilocie uero B rpanu ABC
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u3 Touku K mpoBezeMm Jiyd, mepueHIuKyaapHbiil AC. M3BecTHO,
uyTo Touka D OyneT MPOeKTHUPOBATHCS Ha JTOT Jyd. Temepsb I0-
BTOPUM IIOCTPOEHWE, HO HPOBESA BBICOTY U3 TOUKU D K pedopy
BC, a sarem mpoBeneMm B rpaHu ABC jiy4, MepIeHAUKYJIAPHBIN
BC. ([Iiss mpocTOTHI TIPeAIIoJaraeM, 4To Touka L okasajach BHY-
pu BC.) Touka D OynerT mpoeKTMpPOBAaThCA W HA BTOT Jy4d. Ta-
KM o0pa3oM, TOYKA ) — TPOEKIusaA TOYKW [ Ha MJIOCKOCTh
ABC — moxkeT ObITh HaljeHa KaK TOUKa MepeceueHus ABYX JIy-
yeii, mocTpoeHHBIX B rpanu ABC. Tem caMbIM MBI (pUKCHUpPyeM
u BBIcOTy D@, mpoBemeHHYI0 m3 BepmuHbl D Ha rpanb ABC.
ITpu sTtom orpeskum Q@K um QL MOIKHO M3MEPUTH HEIIOCPEeICTBEH-
HOo Ha rpanu ABC. Camy 3Ty BBICOTY MOJKHO BBIUMCJIUTH IO Te-
opeme IIugaropa xors ObI M3 MPSAMOYTOJBHOTO TPEYTroJbHUKA
DKQ.

27.25. TIporie Bcero mpoBeCcTH AMAroHaJdb OCHOBaHUsA. Jlam-
Hasd 4YeThIpeXyroJibHas MuUpaMuza pasodbeTcsa MpU 9TOM Ha JABe
TpeyrojbHble mupamMugbl. O0beM KayKIOW M3 HUX MBI MOYKEM
HaliTu corjacHo 3ajmaue 27.22.

27.26. 3amaua cBoguTcsa K 3azaue 27.18.

27.28. a) CoeguHNM IEHTP CUMMETPHUH IIapajjiesIeluena co
BceMHU ero BepmmuHamu. I[loayuum 1mrecth nmupamug. O0beM Kask-

" 1
OO M3 HUX COCTaBJIAET 3 o0bema ImapaJiaesennIiiena.

0) Ilycts ABCDA,B,C,D; — pauubiii napaienenunesn. Coenu-
HUM ero BepmuHy D; ¢ BepmuHavmu A, B, C, B;. [lonyuum tpu
YeThIPEeXyToJbHBIe MUPaMUAbl ¢ ocHoBaHusmMu ABCD, ABB,A;,

BCC.B,. O6meM KaKIONl M3 HUX COCTABJIAET % oT o0beMa ma-
pajienenunesa.

27.29. HampoTus KasKA0l IpaHU dTOTO TETpasapa HAXOIUTCS
BepIIMHA TAHHOTO MapajljiejienuIiesia, KOTOPYI0 MBI OymeM CUum-
TaTh W BEPIIMHON TeTpasapa. TaKWMX TeTpasapoB — IO UYUCITY

. 1
rpameii — 4. O0beM KaKI0ro M3 HUX COCTABJIAET B o0bema Iia-

. 2
pajiesienuiiea, ©X CyMMAapPHBIA 00beM maer 3 o0bemMa ImapaJ-

Jnenenunena. Bmecre ¢ JaHHBIM TeTPasApPOM OHU AAIOT B CyMMe
00beM Bcero mapaJsuienenuiena. IlosTomy o6beM JaHHOTO TeTpa-
3[Ipa COCTABJIAET % oT o0beMa IapaJijiesenunesa.

27.33. Yrazanue. B 3asaue MOKHO He YUUTHIBATH TOJIIUHY
KODPKH.

27.35. 6) Haubosbmiuii map B JaHHOM Teje Heo0s3aTeIbHO
BIUCAHHBIN, W00 BOMCATH IIIap MOYKHO He BO BCsAKoe Tejo. Ho
BIIMCAHHBIA IIap Bcerga HambosbInuii. [ad TPAMOYTOJHLHOTO
mapajuiesenuiena 3agada pelraerca Tak. O0beM Imapa ompefe-
asiercAa ero paawmycoM. Hawmboabmemy o0beMYy COOTBETCTBYET
HamboabIuii paguyc. HanbGoasIuii pagmuyc COOTBETCTBYeT Hau-
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OosbIIeMy AMAMETPy. A HaWMOOJBIINU AUMaMETP IIapa, HaXOId-
merocs B Iapajjejenuliefie, olpeleisdeTcd HaWMeHBIIUM pac-
CTOAHVEM MeKIy IJIOCKOCTSAMU ero I'paHeil.

r) Hago cpaBHUTH IOJOBUHY PACCTOAHUSA MEXKAY OCHOBAHU-
AMU TMPUIMBI C PAAUYCOM OKPYKHOCTH, BIMCAHHOU B OCHOBaHUE.
Haumensbiiaa m3 sTMX BeJWYMH U AACT PagWyC HAMOOJIBIIETO
mapa, KOTOPBIH MOXKHO PACIIOJIOXKUTH B JAaHHOU IIpU3MeE.

3agaum Kk § 28

28.1. 6) JlokaskeM 5TO yTBep:KAeHWE Ha IIPUMepPe TPeyroJb-
HOIl TIPMBMBI — B OO0IlEM cJydyae AOKas3aTeJbCTBO AHAJOTHUUHO.
IIycts ABCA,B,C, — TpeyroybHaa npusma, KLM — ee mepiieH-
IUKYJISpPHOEe ceueHume, mpu 9ToM Touka K JeKuT HaA MTpsaMoi
AA,, Touka L jexxut Ha npamoii BB;, Touka M JIeKUT HA OpA-
moii CC,. Ilnomaab G0OKOBOM MOBEPXHOCTU TAKOW IIPU3MbI paBHA
cyMMe ILIOIIafiell Tpex IapaJilieJIorPaMMOB, SBJISIOIINXCS ee
O6oxoBbIMU rpaHaMu. ILiomaas mapasienorpamma AA,B;B paBua
IpOM3BeeHNI0 OOKOBOTO pebpa mpusaMbl Ha ero BeicoTy KL. Ilno-
manbs napasrenorpamma AA;C,;C paBHa IpousBeleHNI0 OOKOBOTO
pebpa mpusMbl Ha ero BeicoTy KM. Ilnomiaas mapaJijiegorpaMmma
BB,C,C paBHa mnpousBeJleHINI0 0OOKOBOTO pebpa IpPM3MbI Ha €ro
BoicoTy LM. ClOMUB 3TH TPU CJAraeMbIX IJIOMIAAU W BBIHECS
IauHy GOKOBOTO pedpa 3a CKOOKY, MBI YBUJIMM, YTO B CKOOKax
ocTaeTcs CyMMa TPeX CTOPOH MePHeHIUKYJISAPHOTO CeUeHUs, T. €.
ero ImepuMeTp.

28.2. 6) IIpoBegeM MJIOCKOCTH, KacaTeJbHYIO K TaHHOU cdepe
¢ mearpom O, U mycTh TOYKa A — TOUKa KacaHus. PaccMoTpum
Terephb JO0YI0 GOJBIIYI0 OKPYsKHOCTh NAHHOI chephl, IPOXOad-
myto ueped ToukKy A. IITOCKOCTBH 5TO# OKPY:KHOCTU IIepeceKaeT
KacaTeJbHYIO0 IIJIOCKOCTb II0 HEKOTOPOH IPSMOIl — HAa30BeM ee p.
Ha npamoii p or Touku A oTyIo:KHUM OTpe3okK AB, GoJybIuii pa-
nmyca mamuHoii cdepnbl. VI3 Toukum B mpoBemeM ellle OOHY Kaca-
TEJIbHYIO K 9TOU OOJIBIION OKPYYKHOCTH, M MyCcTh Touka C — Tou-
Ka mepeceueHuUs 3Tou KacareabHoir u mpamoil OA. Touka C
OymeT BepIIMHON HY:KHOUW Ham nupamuabl. OCHOBaHUE ee MOYKHO
BOCCTAaHOBUTH, TaK KaK M3BECTHA TOUKa B — cepeauHa OMHOI 13
CTOPOH ocHOBaHUSA (11000r0 MO hopMe MPABUIBHOI'O MHOTOYTOJIb-
HUKAa) U U3BECTEeH PagUyC OKPYsKHOCTHU, BIMCAHHOI B HEro, — OT-
pesox AB.

28.3. 6) HTepecHO TaKoe pellleHme. ByaeM IBUraTh TOUKY
M0 BBICOTE MUPAMHUILI OT BEPIIMHBLI K OCHOBaHUIO. Korma oma
IOCTATOYHO OJIM3KAa K BEPINHNHE, PACCTOSHHE OT Hee 10 OOKOBOIT
rpaHu MeHbIIle, UeM pacCTOsSHHEe OT Hee 10 OCHoBaHus. Korma
OHA [OCTATOYHO OJM3Ka K OCHOBAHUIO, PACCTOSHHE OT Hee 10
00KOBOIT rpaHu 0GOJIbIIIE, YeM PACCTOSAHUE OT Hee 0 OCHOBAHMUAI.
3HAUUT, B KAKOM-TO MOJIOMKEHUU 9TU PACCTOSHUSA OYAyT PaBHBI.

91



3nech u OygeT HAXOOUTHCA TOUKA, PaBHOYIAJeHHas OT BCeX ee
rpaHeii, T. e. IIEHTP BINUCAHHOMN c(epsrl.

28.6. r) Taxoe ceueHre 00pPa30BAHO TPEeMs TUATOHAJIAMU I'pa-
Hell Kyba, a IIOTOMY IIpeJCTaBJseT COO0OM PaBHOCTOPOHHUII Tpe-
YTOJbHUK.

28.11. [Ins pelieHus 3aJauyd IMOJE3HO BOCIIOJH30BATHCSI CO-
o0paskeHUAMU HOAOOUS U paccMaTPUBATL YCEUEHHYIO MUPAMULY
KaK PasHOCTb ABYX IMOAOOHBIX nupamuzg. OmHa M3 dTUX ITHPAMIL
nMeeT OCHOBaHMEM O00Jiblllee OCHOBAHNIE YCEUEHHON NMUpPaMUIbI,
a apyras nmupaMua mMeeT OCHOBAHMEM MeHbIllee OCHOBaHIe yce-
yeHHOU nupamuabl. KoadduimeHT momobusa paBeH OTHOIIEHUIO
CTOpPOH ocHoBaHUs. Ilocjie 9TOr0 AOCTATOUYHO HANTU IMJIOIIALb
TIOBEPXHOCTU OOJBIIEH MHUPAMUILI.

28.19. B »To0il 3amaue HEOOXOAMMO IIPEIIIOJJIOMKEHIE O TOM,
YTO CJION KPacKW «He MMeeT TOJI[UHBI».

28.22. TIpu pellleHUU 3TOU 3aJaUM CJIEAYET BOCIOJIb30BATHCS
YTBEPIKIEHEM O TOM, UTO PaBHBIE YacTHU c()ephbl MMEIOT PaBHEIE
IJIOIAAY TOBepxXHOCTel. J[JoKasbIBaTh 3TH PaBEHCTBA MOYKHO U3
cummerpuu cpepsl. Kpome Toro, mpu perieHnu 3aJadyll HCIIOJIb-
3yeTcs aJIUTHUBHOCTH ILJIOIIAAU HOBEPXHOCTHU: ecau chepa pas-
OuTa HA YACTH, OTPAHMYEHHBIE AYyraMu OOJIBIINX OKPYKHOCTEMH,
TO cyMMa ILIOIaZiell 3TUX YacTell paBHA ILIOIAAN caMoii cdepsl.

28.27. ILnomans moBepxXHOCTH (M 00'b€M) JAHHOT'O TeJIa MOYK-
HO HaWTHU caenyronuM obopasom. MbBICIEeHHO pas3gBUHEM Teja, U3
KOTOPBIX COCTOUT maHHOe Tejao. OHM paBHBI, W KaiKIoe M3 HUX
nMeeT ONHMM OCHOBaHMEM KpPyTr, a APYruM — 3JLINIC. BmecTo
OJHOI'0 M3 HUX BO3bMEM Apyroe, paBHoe eMy (M IIEPBOMY TeJy),
HO TakKoe, UTOOBbI OHO IIOCJ€ COBMEIIEHUS €ro C MePBBIM TeJI0M
PaBHBLIMU 9JIIUIICAMHU HABAJIO IPSAMOI KPYroBou muauHAp. Ilocie
9TOr0 JIETKO HAWTKU HYYKHBIE BEJINUYNHBI.

MosxHO pemiaTh nHaue. [[aHHOE TEJIO0 MOKHO pacCMaTPUBATH
KakKk o0beJnMHEeHNE TpeX TeJ: ABYX PAaBHBIX IPAMBIX KPYTOBBIX
IMUJIUHAPOB U TeJja, IPeACTABIAIIEro co00i o0beaHeHNEe IBYX
PABHBIX <«IOJYIIMJIXHIPOB».

IIpe:xme uem peraTh 9Ty 3amady, IIOJIE3HO PEIIUTh aHaJo-
TUYHYIO 3aaYy Ha IIJIOCKOCTU IJs ABYX YacTell MPAMOYTOJbLHU-
KOB, COCTaBJIEHHBIX MTOJOOHBIM 00pPa3oM. OTH YACTHU MPSIMOYTOJb-
HUKOB MOJYKHO paccMaTpPUBaTh KaK YaCTU OCEBBIX CeUeHUH
HCXOJHBIX ITUJINHIPOB.

28.37. MmeeT cMBbICa pacCMaTPUBATh JAHHBIN YCEUEHHBIN KO-
HyC KaK Pas3HOCTh IBYX KOHYCOB — «OOJIBIIIOTO» UM «MAaJIOTO».
IATU KOHYCHI MOJO0OHEI, a OTHOIIIEHNEe UX ILIOINAaAell MOBepXHOCTeHR
paBHO KBaZpaTy KoshduimeHTa TON00Ms, KOTOPHIN paBeH OT-
HOIITeHUWI0 nX paauycoB. Ilociie uero JOCTaTOYHO HAUTU ILIOIIALb
MOBEPXHOCTY OOJIBIIIETO KOHYcCA.

28.39. 1) r)* Cuenyer paccMOTpeTh pPasHbIe CJOydYau PacCIo-
JIOKEHUS OCU BPAIlleHWs OTHOCUTEJIbHO TpeyroabHuka. OHa Mo-
JKeT He MMeTh ¢ HMM OOIIHX TOueK (IBa cjiayudas), MMeTb C HUM
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O0IIIYI0 TOYKY — BEPINUHY TPEeyroJbHWKA, MMepeceKaTh MaHHBIH
TPEYTroJbHUK II0 OTPE3KY, OTJIMYHOMY OT CTOPOHBI, UM II0 CAMOM
cropoue (B IocjJeJHEM cJydae HapYIIEHO OIpejesieHue Imapas-
JIeIBHOCTH, HO ero MOJKHO PacCMOTPeTh IJjsd obrrHoctu). Ham-
0oJiee CJIOKHBIN ciydaii — KOTr[a OCh BpallleHus IepeceKaeT Tpe-
YIOJBHUK II0 OTPE3KY, OTJIHMYHOMY OT CTOPOHLI. Ilpu pelrneHun
3aJjlaud B 9TOM CJydYae MOKHO OTPAHUUYUTHLCSA CHUTyalluei, Korga
MCKOMAas ITOBEPXHOCTH Teja BpallleHus IpeacTaBiseT coboii 00b-
efnHeHNe OOKOBBIX IIOBEPXHOCTEHl IIMIMHApPA U LABYX KOHYCOB.
B mpyrux ciaydasx BO3HUKaeT HeKOTopas IIpobjieMa BBLISCHEHUS
TOTO, ABJSETCA JIU IOJyUeHHas KOH(pUTypalus TeJoM.

6) B) HamboJsiee IpocToOil cayuail moryuaeTrcsa, Korjga 00KOBbBIE
CTOPOHBI Tpalenuu MepUeHAUKYIApPHBI. MOMKHO TaKiKe paso-
OpaTh cayuaii, KOrja IIOBEPXHOCThb TeJia BPAIIEHUS COCTOUT U3
OOKOBBIX IIOBEPXHOCTEH YCEUeHHOTO KOHyCa U JOBYX KOHYCOB.
B mpyrux ciaydasx BO3HUKaeT HeKOTopas IIpobjieMa BBLISCHEHUS
TOTO, ABJSETCA JU IOJyUYeHHas KOH(pUTypalus TeJoM.

3apgaum Kk rnase V
V.1. Ilycrs mamuasa npusma ABCA;B,C,. Ob6osnauum AB=x,

BB;=y. O0beM npusmbl BbIpa3uUTCA (QOPMYJIOM V=§x2y. Co-

TJIaCHO ycjoBUIO 3ajauu x +y=3. llereByo GYHKIUIO MOKHO

sanucath Kak V =x2(8 —x), rome 0<x<3. Ilpomenas oGBIUHOE
HCCJIelOBaHNe Ha IOMCKYM HAMOOJIBIIEro 3HAUEHUS, BUAUM, UTO

oHOo gocturaercsa npu x =2. OrBer: V=43.
V.2, Ilycrs mamnas npusma ABCA,B,C,. O6o3nauum AB = x,

. 3
BB, =y. O6beM mpusMbl BBIPAsuUTCA (POPMYJION Vzgxzy. Hs
reoMeTpuUecKux coobpaskeHuii (Treopema IIudaropa) mosyuaem
x2+3y?=9. lleseByo (QYHKOUIO MOYKHO 3alHcaTh Kak V =

=9 -3y?)y, rme O0<y< \/g . IIpomesaB 0OOBIUHOE MCCJIELOBAHIIE
HA MOWCKU HAMOOJIBIIEro 3HAUEHWUs, BUAUM, UTO OHO JOCTHUraeT-
ca nmpu y=1. OrBer: BbicOTa paBHa 1.

V.3. Ilycry mamubiii napasienenunen ABCDA,B,C,D,. O6o-
sHauuM AB=x, BC=y, BB,=x. O0beM napajiejiennunena BbI-
pasutca Gopmysioit V= x%y. CorylacHO yCJIOBUIO 3a7auu X + y = 3.

Ienesyo QpyHEIMIO V MOxKHO 3ammcaTh Kak V =x2(3 — x), rae
0 < x < 3. IIpomenaB 0OLIYHOE HCCJIEIOBAHIE HA IIOMCKU HAMOOJIb-
IIero 3HaUeHus, BUAUM, UTO OHO mocturaercs npu x = 2. OTer:
V=4.

V.4. Ilycty pamnaa unpusma ABCDA,B,C,D,. O6o3Hauum
AB=AD=x, BB;=y. O0beM mpuaMbl BBIpasuTci (OPMYJIOI

V = x%y. CoryiacHO yCJIOBUIO 3afauul X J2+ y=3. LleneByo QpyHK-
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§107820) V MOKHO 3ammcaTh Kak T~f=x2(3—x\/§), rae 0<x<73§.

IIpomenaB oObIUHOE MCCIeOBaHNE Ha IOMCKU HanMOOJbIIIEro 3HA-

YeHUs, BUOUM, YTO OHO JOCTUTAETCS IPU X = J2. Orger: V=16.
V.5. Ilycre pmammasa nupamuza PABC. O6osmauum AC=x,

BC=y. O0beM nupaMujbl BhIpasuTcsa Gopmymon V= gxzy. Co-

TJIACHO yCJIOBUIO 3amaun x +y = 18. IleneByio QyHKIIHIO V mox-

HO 3ammcaTtb Kak V =x2(18—x), roe 0 < x < 18. IIpogenas oObIU-
HOe mccjeJoBaHMe Ha IIOMCKM HamOOJbINIEro 3HAUEHWS, BUIUM,

uYTO OHO mocturaerca mnpu x = 12. OrBer: V=48+/3.

V.6. 1) Ilycts x — paguyc OCHOBAaHUSA IUJIUHIDPA, Y — €ro
BoicoTa. O6BbeM NmuAMHApPaA BbIpasurca dopmyaonn V =mnxly.
W3 reomerpuueckux coobpaskeHUuu (mogobue TPeyroJbHUKOB)
X Yy _
RTH ™
=x2(R - x), rme 0<x < R. IIponenas oObIUHOE HCCJIeLOBaHUE HA
MOMCKHM HAMOOJBIIEr0 3HAYEHUS, BUAUM, YTO OHO JOCTHUIAETCS
ATR*H

27

2) TlockonbKy B yueOHHKe (POPMYJIMPOBKA 3TOM 3amauu CO-
IEePIKUT HETOUHOCTH, €e CJeAyeT pellaTh B TOU pemaxkiuu, KO-
Topas MpPUBENeHA HUMKE.

2) a) Ilyctep x — cTOpOHA OCHOBaHWA IPU3MBI, J — €e BBICO-

J3

Ta. O0beM IPU3MbI BEIpA3UTCSI Popmyaoin V= Tx2y. N3 reomer-
. x y

puyecKux coobpakeHuii (momobue TPEYTOJBHUKOB) —— + 2=
( ) N

=1. IlemeByo GYHKIINIO V MOMKHO sammcaTh Kax T7=x2(Rf -

+ 1. ITeneByo ¢QyHKIUIO V MOXKHO 3amucaTh Kark V=

npu xzzTR. Orser: V=

—x), rme 0<x<R \/§ . IIpomenas oObIUHOE HCCIEeLOBaHME Ha IIO-
NCKU HauOOJIBIIIET0 3HAUEHUA, BUAUM, YTO OHO JOCTHUTAeTCsS IIPU
2R3 JV3R?H
x=="——. OrBer: V=—i———,
3 9
2) 6) Ilycte x — cTOpOHA OCHOBAaHMWA IPU3MBI, ) — €€ BBICO-
ra. O0beM MpusaMbl BeIpasurces gopmyoit V= x%y. U3 reomerpu-

. X Yy
YyecKux coobOpakeHU#l (momobre TPeyroJlbHUKOB) —— + -2 =1.

RV2 H

IleneByio GyHKI[UIO V MokHO sammcaTh Kak V =x2(R\/§ - x),

rae 0<x<RWV2. IIpomesaB 00bIUHOE HCCJIELOBaHME HA IIOUCKU
HamOOJIBIIIeT0 3HAUEHWA, BUIAUM, UTO OHO JOCTHUTAETCA IIPU X =
2RV2 8R’H

=—3 - OrBer: V= T
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V.7. 1) Ilycte x — pagmyc OCHOBAHHUS I[MJIUHIPA, y—
ero BeicoTa. O6beM IMAWHAPA BhIpasuTca Gopmysuon V =mxly.
N3 reomerpuuecKux COOﬁpa?KeHI/II/I (Teopema Hn(bar‘opa)

4x?+ y?=4R2. IleneByio PYHKIIUIO V MOKHO sammcarb Kak V=
2
=y| R® - yTJ’ rae 0 <y < 2R. IIpomenaB oOBIUHOE HCCJIEJOBAHUE

Ha TOUCKUW HamOOJILINIETO 3HAUEHUS, BUAUM, YTO OHO JOCTUTAET-
473R?
—g

2) IlockosnbKy B yueOHHUKe (DOPMYJIUPOBKA dTOH 3ajadyu CO-
IEeP;KUT HETOYHOCTh, €e CJeAyeT pelllaTb B TOM DPeJaKIMM, KO-
Topasd IIpUBeleHA HUKE.

2) a) IIycts x — pamzmyc OCHOBaHUA KOHYCA, I — €ro BBHICOTA.

cA Ipu y:%. Orger: V=

2
o %
O6beM KOHyca BBIpAsuTcs (OpMYJIOi VzTy. W3 reomerpuue-

CKHUX cooOpakeHNii (MeTpUUYECKIe COOTHOIICHUA B HPAMOYIOJIb-
HOM TPEYTrOJbHUKE, B KOTOPOM THMIIOTEHY30U SBJIAETCA TUaMeTpP

cepr) x2=y (2R —y). Ilenesyo QPyHKINAIO V MOMHO 3amucaTh
Y Y

kar V=y%(2R - y), roe 0 <y < 2R. IIpomenas o0BIYHOE HCCJIELO-
BaHNe Ha IIOUCKU HAMOOJIBIIEr0 3HAUEHWS, BUAMWM, UTO OHO IO-

4R 32nR?
CTUTAETCHA TPU Y =—-. Orser: VZT'

2) 6) Ilycth x — cTOpOHA OCHOBAHUA IPU3MBI, J — €€ BBICO-

. 3
Ta. O0beM OPU3MBI BBIPA3BUTCSI (QOPMYJIIOL V=% x%y. U3 reo-

x

MeTpuuecKuX cooOpakeHui (teopema Iludaropa) 3

y__z
4R

4

rne 0<y<2R. IlpomesnaB oOBIUHOE WCCJIeJOBaHWE Ha IIONCKU
HambOJBINEr0 3HAUEHUA, BUAUM, UTO OHO JOCTUTAETCS IMPU Y =

=¥. Orset: V = R3.

2) B) Ilycts x — cTOpOHA OCHOBAaHUWA MPU3MBI, § — €€ BBICO-

ta. O0beM PU3MEI BeIpasuTca gopmysaon V= x%y. I/Is reoMeTpu-
2

yecKuX cooOpakeHuiul (Teopema Iludaropa) —+ —R2 IMese-

~ —~ 2
IeneByro pyHKNMi0O V MOMKHO 3amucaTh Kak sz(R2 —y—),

BYI0 (PYHKIIHIIO V MoHO 3ammcath Kaxk V =y(4R2—y ), rme

0<y<2R. IlpomenaB OOBIUHOE HCCJENOBaHMWE HA TOWUCKU HaU-

2R\/_

00JIBITIeTO 3HAUEHWA, BUAUM, UTO OHO JOCTUTAETCS IPU Y = =—a—
8R*\3
Orser: VZT'
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2) r) Ilyecrh x — cTOpOHA OCHOBAHUS NMUPAMUIBI, i — €€ BBI-

. 3
corta. O0beM HPU3MbI BBIPA3UTCA (HOPMYJION Vzg x?%y. U3 reo-

MEeTPpHUUYEeCKUX COOﬁpaJKeHI/Iﬁ (MeTpI/I‘{eCKI/Ie COOTHOIIIE€HUA B IIPA-
MOYTOJIBHOM TpPE€YTI'OJIBHUKE, B KOTOPOM FHHOTeHYBOﬁ ABJIdeTCA

nuametp cdepsr) x2=3y (2R — y). Illenesyo QyHKIIUIO V MoMHO

sanucath Kak V =y%(2R — y), rae 0 <y < 2R. IlpoxenaB o0bIuHOE
ucceoBaHMe Ha MOMCKU HAmOOJbINIEro 3HAUEHUS, BUAUM, UTO

4R 8V3R?
OHO JIOCTHUTaeTCs MpH Y =—-. OrBer: V:T'
2) n) Ilycth x — cTOPOHA OCHOBAHWA TUPAMUIBI, § — €€ BBI-
2
cora. O6beM OPUBMBI BBIPA3UTCA (POPMYJIOHN V=%. W3z reo-

MeTpUYECKUX cooOparkeHUil (MeTpUUYeCKUe COOTHOIINEHUA B IIPA-
MOYTOJBHOM TPEYTrOJbHUKE, B KOTOPOM THUIIOTEHY30i SBJISETCS
nuametp cdepsr) x2=2y (2R — y). LleneByio QyHKINIO V MOMKHO
sanucath Kak V =y?(2R —y), roe 0 <y < 2R. IIpogenaB oOBIUHOE
ucceoBaHNe Ha IMOMCKU HamOOJbINIEro 3HAUEHUS, BUAUM, UTO
64R?
81 °
V.8. IIycth x — pagmyc OCHOBaHUS KOHyca, y — o0Opasyio-
masa ero moBepxHocTu. O6beM KOHyca BbIpasuTca (GopmyJsion V=
2 [ 2 2
X - X
=+. CorusacHo ycaoBuio 3agaun X +y = 10. Yto6bI mosy-
YUTh 00Jiee MPOCTYIO IIEJEBYI0 (DYHKI[MIO, PACCMOTPUM KBaapaT
o0bemMa. ITO BO3MOKHO IIOTOMY, UTO 9KCTPeMaJbHble 3HAUCHUI
HEOTPHUIIATEJbHON (GYHKIUU W ee KBaJpaTa AOCTUTAIOTCA IIPU
ONHUX W TeX Ke 3HAUeHuAX IIepeMeHHOl. B pesysbraTe mocie

4R
OHO JOCTHUTAeTCH TPU Y =—-. Orger: V=

OUEBUIHBIX BBIKJAAOK IeJeByI0 (GYHKIHWIO V MOKHO 3ammcaTh

kag V =x%(5—x), roe 0 <x < 5. Ilpomenas oGBIYHOE HCCJIEL0BA-
HMe Ha IMOMCKMN HAMOOJILIIEer0 3HAUEHHUS, BUAUM, YTO OHO [0-
cruraerca npu x =4. OrBeT: paguyc paseH 4.

V.9. Ilycts x — paguyc OCHOBaHUS KOHYCa, J — ero BBICOTA.
nxly
3
sagaun x +y = 1. Ilenesasa pyurmusa V raxosa: V =x*1 - x), rae

006meM KOHYcCa BeIpA3UTC popmysoin V= . CoryacHo ycJ0OBHUIO

0<x<1. IIpomenas oObIUHOE HCCJIELOBAHNE HA MOMCKU HAMOOJb-

2 1
LIero 3HAYEHUA, BUAUM, UTO OHO AOCTUrAeTCA IPU X =3, Y =3.

2 1
OTBeT: paguyc OCHOBaHUSA KOHYyCa paBeH 3» BBICOTA paBHA .
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V.10. IIycTh X — cTOpPOHA OCHOBAHUS HUPAMUILI, § — €€ BBI-

cora. O6beM HUpaMHUABI BBIPA3UTCA (OPMYJIOH V—\/—x 2y, Us

reoMeTpuuecKux coobpaskenuii (reopema ITugaropa) ic—2+ y2=12.

ITeneByro pyHKIUIIO V Mo:xHO samucath Kak V = y(12 — y?), rme

O<y< 2\/§ . IIpomesnas oOBIUHOE HCCIEeLOBaHME Ha IIOUCKM HaM-
0oJIBIlIEr0 3HAYEHUS, BUAMM, UTO OHO IOCTUTAETCA TpHU Yy = 2.

Orser: V=16 \/g

V.11. IIycth x — cTopoHa AB OCHOBaHUS NMUPaAMUIBI, Y — ee

2
BeicoTa PB. O0beM IHpaMHUALI BBIPA3UTCA (POPMYJION Vz%.

W3 ycaoBua sagauu x +y=9. IleneByo QyHKIUIO V MoHO 3a-

nucath Kak V =y%(9 —y), rme 0<y<9. IIpomesas oObIUHOE HC-
cjemOBaHNe HA IIOMCKY HAanOOJBIIEro 3HAYEeHUs, BUAMM, YTO OHO

mocruraercsa npu y = 6. OTBeT: MCKOMOe pacCTOAHME PABHO 35.
V.12. IIycth x — cTopoHa AB OCHOBaHWS NMUPAMUIbBI, § — ee

2
BbeIicoTa PA. O0beM IHUpPaMUILI BBIPABUTCA (POPMYJIOH v=_ us

ycaoBud 3amauu 2x +y=12. IleneByro QyHKIUIO V MoHO 3a-

nucaTtb Kak V =x%6 — x), roe 0 <x < 6. IIpogenas o0bIYHOE HC-
cJIeloOBaHMe Ha IIOUCKY HAWOOJBIIEro 3HAYCHUS, BUAUM, YTO OHO
nocruraercs mpu x =4. OTBeT: UCKOMbIE BeJIMYUHBI PaBHBI 4 u 6.

V.13. Ilycrs mammasa npusma ABCDA,B,C,D,. O6o3Hauum
AB=x, AA,=y. O0beM mpu3Mbl BBIpA3UTCA QopmyJsoit V=

= /3 x2 y. Cornacuo ycisoBuio 3agaum x +y=9. IleneByo GyHK-

§147870) V MoKHO samucaTh Kak V =x2%9 — x), rme 0<x<9. IIpo-
IejaB OOBIUHOE NCCJIeLOBaHNUEe HA IIOMCKM HAMOOJIBIIEro 3Haue-

HUSA, BUIUM, UTO OHO gocturaercsa npu x =6. Oreser: V=108 J3.

V.14. IIycth x — cropoHa AC OCHOBaHUS NMHUPAMULLI, § — ee

2
BeicoTa PC. O6beM IupaMUAbI BBIPASUTCA (POPMYJIOH Vz%.

W3 ycnoBua sagmauu 3x+y=12. IleneByo pyHKIIIIO V MOMXKHO
sanmcath Kak V = x%(8 —x), rme 0<x<3. IlpogesaB oGLIUHOE

HCcJIeJOBaHNe Ha IMOMCKM HamOOJLIIIEr0 3HAUYEHUS, BUIUM, UTO
oHO mocruraercs npu x = 2. OTBeT: UCKOMas BeJUUYNHA paBHA 2.
V.15. Ilycte x — cropoHa AB OCHOBaHMS HHPaAMULLI,

cropoHa BC ocHoBauma nupamuabi. O6beM mupaMuibl BBIPA3UT-
2

3

cs1 opmy.aoii v=2Y us YCJIOBUSA 3a7a4yd IIOJyUaeM PaBEHCTBO:
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x+y=06. LlemeByio (pyHKIUIO V MOKHO 3amucaTh Kaxk V =
=x2(6 — x), rme 0<x<6. IIpomenas oObIUHOE HCCJENOBaHUE HA
MMOMCKY HAMOOJBINIEro 3HAUEHWS, BUAUM, UTO OHO JOCTUTAETCS
32
?c
V.16. Ilycte x — BBICcOTa mupamunabl, y=PC. O0bem mupa-

npu x=4. Orer: V=

(y—x")x

3 o~
noaydaeM paBeHCTBO X +y=38. IleneByo ¢yHKIUI0 V MOXKHO
3alnucaTb Kakxk

MUABI BbIpasuTcs (opmyson V= . W3 ycaoBus samauu

V=x(4-x), rae 1<x<3.

IIpomenas oObIuHOE HCClIeZOBaHVE Ha IIOMCKU HAWOOJIBIIETO
3HAUEHUs, BUAUM, YTO OHO mocturaercsa mpu x =2. OTBer: uc-
KoMmas BesmumHa PB paBHa 2.

V.17. Ilycts x — cTopoHa pom0ba, y — BBICOTA IHUPAMUIBI.

2
O0bemM mMpaMuUAbl BHIPA3UTCSA (POPMYJIOM Vz%. W3 ycaoBusa

3aJjaun TmMoJydaeM paBeHCTBO 2x + y =48. IlemeByio GyHKIIHUIO 1%
MOKHO 3ammcaTbh Kak V =x%24 —x), rae 0<x<24. IIpoxgenas

00BIYHOE HCCJIeLOBaHME Ha IMOMCKU HaWOOJbIIEero 3HaueHUs, BU-
INM, UTO OHO gocTuraerca mpu x = 16. OTBeT: MCKOMBIE BeJIHU-
YUHBI PaBHBI 16.

V.18. IIycte x — cropona AD, y — cropona AB. Torma BbI-
coTa mUpaMuAbl TOo)Ke paBHa y. O0beM THpPaMHUIbl BBIPA3UTCS
x2y
3 . -
x+y=06. IlleneByio GyHKIui0 V MOKHO 3amucaTh Kag V=
=x(6 — x)%, rme 0 <x<B6.

ITIpomenas oObIuHOE HCCaeLOBaHME Ha IOUCKM HaAMOOJILIIIETO
3HAUeHus, BUAUM, UTO OHO gocturaercsa npu x=2. OrBer: muc-
KoMas BeJMunHA paBHAa 4.

V.19. Ilycte x — cropona AD, y — cropona AB. Torga mio-
mane noBepxHocTu S paBHa 18+ x+y. CoriacHo YCJIOBHIO
xy=9. [Jasee MOXHO IPOBECTU MCCJIENOBAHMNE C IIOMOIIBIO IIPO-
M3BOJHOM, HO IPOIIe chejiaThb mHaue. VI3BeCTHO, UTO CyMMa IIO-
JIOKUTEJbHBIX UMCEJ IIPU IIOCTOSIHHOM HX IIPOM3BEAEHUUN JOCTH-
raeT HaUMEHBIIIEr0 3HAUeHWs, KOIJa OHU paBHBI. IlosToMy
HauMeHbIIlee 3HAUeHNe IJIOINAAN IIOBEPXHOCTU LOCTUTAETCA IIPU
x=y=3. OrBer: 24.

dopmysonn V= N3 ycnoBua samaum mojsiyuaeM PaBEHCTBO

3apaum k § 29

29.4. Ilycts ocHOBaHMEM HpaBUJIBHOTO TeTpasapa ABCD aB-
asiercsi rpadb ABC. s touku C BO3MOJYKHBI [Ba IIOJIOMKEHIS
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Ha IJIOCKOCTHU XYy. BribepeM TO M3 HUX, KOTZAa OHa OyIeT JeKaThb
HaA TOJIOKUTENbHOIH mosyocu y. Ee KoopaAumHATHI IO OCSAM X U 2
pPaBHBI HYJIIO, OCTAJIOCh HAWTH KoopawHATy mo ocu y. Ee Haxo-
VM, BBIUWCJIVB BBICOTY B IpaBuJabHOM TpeyroiabHuke ABC. Ilna
BepIuHBI D BO3MOMKHBLI Telepb [OBa IIOJOKEHUS B IPOCTPaH-
CTBe — HaJ IJIOCKOCTBHIO Xy U moj Heli. Beibepem ciyuaii, Korga
Touka D pacmoJjiokeHa HaJ IJOCKOCThIo xy. Ee KoopauHaTa 1o
OoCH X paBHA HYJO, KOOPAMHATA IO OCH Y paBHA KOOpAMHATE ee
MIPOEKIINY Ha IJIOCKOCTDL XY, T. €. KOOpAUHATE IEeHTPa TPeyrojb-
Huka ABC. Ocrajochk HalTu KoopauHaTy mo ocu z. OHa paBHa
BBICOTE 9TOTO TeTpasapa. 3ajaua MMeeT UeThIpe PeIleHus.

29.8. 6) [as pelteHus 3aJauyu CJaeIyeT BOCIOJIb30BATHCA CJIe-
nyomuMm. CHavasa HalileM KOOPOWHATY IIeHTpa Kyba. 3aTeM wmc-
mojb3yeM TOT (haKT, UTO TPEYTOJbHUKHU, O KOTOPBHIX HIET PeUb
B 3ajmaue, paBHOCTOpoHHHIe. Kakaas KoopAmHaATa IeHTPa PaBHO-
CTOPOHHET'0 TPEeyroJbHUKA SABJISETCA CPEIHUM apuMeTuUecKUuM
KoopamHAT ero BepiiuH. Ilocjie sToro mpumenseMm GOpMyJy pac-
CTOSHUSA MEXKIY IBYMS TOUKAMU.

29.17. CuauaJyia BeIOEpEM TAKYIO CHCTEMY KOOPAUHAT, YTOOBI
IeHTPBI obemx cdep JerKaaud HA OCH X, a HAYATO KOOPAUHAT
JIesKaJio TIocepeauHe MeXKIy d9TUMU IleHTpamu. IlycTh KoopauHa-
TBI IIeHTPa IepBoil cheprl OyayT Takumu: (—a, 0, 0), a Koopau-
HaTBI IIeHTpa BTOpoOii cepbl Oyayr takumu: (a, 0, 0). Torma
ypaBHeHHe IepBoil cdepsl ummeer Bui (x+a)>+y?+z2=R? a
ypaBHeHMe BTOpOi cdepbl mmeer Bup (x —a)?+y?+22=R2 3a-
OUIeM CHCTEeMY ABYX STHUX ypaBHeHmii. Peiias ee, yBUAUM, UTO
KoopAuHAaTa X ABJIAeTCS HocTosHHOM. OTcioma SCHO, UTO MHO-
JKeCTBO ee peIleHWH HaxXOAUTCA B ILJIOCKocTH. IlomcTraBuB Haii-
IeHHOe 3HaUeHNe X B JII000e M3 MCXOMHBIX YPaBHEHUH, IOIYUUM,
YTO B OOII[eM cJyyae MMeeM [eJi0 C OKPYKHOCTbIO B HaWIeHHON
ILJIOCKOCTH.

29.18. BribepeM cucTeMy KOOPAMHAT TaK, YTOOBI OCh X Je-
JKaJjia Ha IepeceueHuyr JaHHBIX IIJIocKocTeii. ITycTh Touka K Ha-
XOAUTCS B TEPBOM OKTaHTe (T.e. BCe ee KOOPAWHATHI IOJOMKU-

renbubl). Ilycts |Ko|=y, |KB|=z. Torma ycnosue 3sanaum
IepenuiieM B BuJe paBeHCTBa y+2=1. OTO paBeHCTBO 3ajaeT
ILJIOCKOCTh, IapalIeJbHYI0 OCU X. B IIepBOM OKTaHTe TaKas ILIO-
CKOCTb JACT YaCTb IIOJIOCHI MEKJY ABYMs IapasljieIbHBIMU IIPs-
MBIMU, IO KOTOPBHIM IIOJIyUYeHHAas ILJIOCKOCTh IIepeceKaeT KOoop-
IUHATHBIE TIJIOCKOCTH X2 U XY. OKOHUATEJIbHO IMOJYyYNM GOKOBYIO
MMOBEPXHOCTh OECKOHEUHOI IIPSIMOI ITPU3MBI.

3agaum k § 30

30.8. Jlerko y0emsuThCs B TOM, UTO TaKOH TOUKOI SIBJISETCS
IEHTP CHUMMETPHUM HapaJjJiejenuinena. EIMHCTBEHHOCTh TAKON
TOUKM OOKaKeM OT IIpOoTHUBHOro. IlyecTh ecTh Touka Y ¢ TaKUM
JKe CBOMCTBOM. 3aluIlleM AJd Hee aHaJOTMYHOE PaBeHCTBO, a
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IIOTOM BBIUTEM H3 II€EPBOI'O paB€HCTBA BTOPOE. HOJIy‘II/IM IIocJjie

—_— ->
yupoirenuii paBeactBo 8 XY = 0, KoTopoe 1 0O3HAUaeT COBIIaje-
HUe Touek X u Y.

ITOT pes3yabTaT BepeH MJd J000ro umcaa Touek A, A,, ...,
A,. Ero GusuyecKuii CMBICJ CBOJUTCA K CYII[ECTBOBAHUIO U €IUH-
CTBEHHOCTHU I[€HTPa MAacc J00ro urcjia ToueK. MCKOMBIN IIeHTP
Macc MoKeT ObITh HaiimeH Tak. O6o3Haumm ero uepe3 1. Bbr-
OepeM IIPOM3BOJIBHYIO TOUKY O MpOCTpPaHCTBAa KaK IIOJIOC, T. €.
OymeM OTKJIAABIBATH OT Hee BCe Iocjenylolliue BeKTopbl. Ham
HAJ0 HAWTU Takyio TOYKY 7T, UTOOGBI BBITOJHAJIOCH PABEHCTBO

—_—

no__ 5 >
ZTAizO. Husa kapgoro BekTopa T A, BepHO COOTHOIIEHUe

TA OA OT. ITosToMy mpuxoamM K pPaBeHCTBY ZTA

— ZOA
—EOA —nOT. U nojayuyum, uro OT =-1 P . Tem cambIM IIeHTP

R

Macc (urcupoBaH. [leiiCTBUTEIBHO, CIOKUM BCe BeKTOPEl OA,,
1
3aTeM YMHOXHM CyMMy Ha —. Ocrayioch TOJIBKO OTJIOMKUTDH IIO-

JYYeHHBIH BeKTOp oT Touku O. EgMHCTBEHHOCTH HaAEHHOTO
BEKTOpa [OKAa3bIBAETCA OT IPOTHUBHOTO, TaK K€ KaK U B IMPU-
BEJIEHHOM DeIleHUN.

30.12. a) AX=AAB; 6) AX=AAB; rie 0<SA<1;8) AX =
=0 AB+B AC.

30.13. 3anumem nBa pasenctBa: AC= AB+ BB +BC u
AC=AD,+D,D+DC. Bumum, uto AB=DC; B,C=AD,.
" noayuaem, uro BB, = D, D. Orciofa u cieiyer Hy>XKHas HaM

apaJlieJibHOCTh. . .
30.14. Bripasum BekTopbl KM u NL uepes BekTOpbl PA,

—— —_—

PD, PC u yBUAUM, UTO OHU He KOJIJIMHEApHBI, T.e. He OTJIU-
—_— —_— —_—

YyaioTCcsA HA IOCTOAHHBINA MHOMKHUTedb. Umeem KM = PM — PK =

2——> _—

=5 PC- (PA+AK)——PC PA- AB——PC PA -

—l(P—B) ﬁ)__zTc’—g —llTB)zg PC—PA-1PB|
3 3 3 2
NL=PL - PN=PB +BL——PA PB ++ (PC PB)—é—’Az

1 —_— —_— —_—

FZ——PB+ PC——(PC PA-PB).

W~
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IIpu xenaHuy MOYKHO OejaTh BBIKJAIKU JaJIbIlle, YTOOBI yoe-
IUTHCA B TOM, UTO BEKTOPLI, 3aKJIIOUEHHBIE B CKOOKaX, He KOJ-
JIMHEaPHBI.

30.15. Hokakem, uto cepeguua K muaroHanu A,C JeXuUT Ha
numaronasu B;D. IIas 8TOTO JOCTATOYHO JOKA3aTbhb, UTO BEKTOPBI

_—

B K m B D KoaiuHeapHbI C COOTBETCTBYIOIAM MHOMKHUTEJIEM.

—_—— >

Bce BexTOpHI OyZieM BeIpa:KaTh uyepes BeKTOopel AD, AB, AA, .

Vmeem AK=_(AA, +AC)=5(AA, +AB+AD).

BL=AK - AB,= [ (AA, +AB+AD) - (AA, +AB)=
1 _— —_— —_
=2 (-AA, - AB+AD).
B D=AD-AB,=AD-AB-AA. .

—_— —_—
Orcroga BunHO, uro B, K=0,5B,D. Orasanoch, 4To Touka K

ABJIeTCA K TOMY Ke cepenuHoil nuaronanu BD.
HokaskeMm Temepb, uTO LeHTP L TpeyroabHuKa BA;C,; TakKe
JIeXKUT Ha DTOM auaroHaju. HYCTB Toqfca M — cepe,aHHa AC,.

57 2357 2 1

Torga BL——BM—— —(BA +BC )——(BA +BC ).

Barem BleBL—BBlzg(BA1+BCI )~ BB, =
1 —_— —_— —_— —_— —_—
= 5(AA, - AB+AC, - AB)-BB, =

= 5(AA ~AB+AA +AB+ AD- AB)-BB, =

= S(2AA +AD-AB)-AA =—; AA +; AD-; AB=

= l(— AA +AD —A—B))z 1B.D.Toecrs B,L cocraBiser Lo B.D.
3 1 3 1 3

30.16. Crauasia TOCMOTPHM, UTO MHPOMCXOAUT B Hauaje U
B KOHIIE ABUKEHUs. B HauaJbHBII MOMEHT BPeMEHU MBI MMeeM
eJio ¢ oTpeskoM AD, B KOHIe NBUKEHUSA MBI UMeEeM JIeJI0 C OT-
pesxkoMm BC. IlosTtomy OyzemM mOKasbIBaTh, UTO OTPe3oK XY ma-
paJuieJieH IIJIOCKOCTH, mnapajiienbHoit nmpaMbiMm AD u BC. Ilepe-

—_—

Be/l HA BEKTOPHBIN S3BIK, HOKAYKEM, UTO BeKTOp XY SABJIAETCA

JUHEeNHOM KOMOMHAIIEell BEeKTOPOB ZB u EE Nmeem
XY=DY-DX =tDB- (DA + AX)=tDB-DA—t AC =

—tDB-DA-t(DC-DA)=tDB—-tDC +(t - 1) DA =

—t(DB-DC)+(t—1)DA =tCB +(t — 1) DA.
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3agaum k § 31

31.10. Haiimem KOOpAMHATEI BEKTOPOB, 3aJaHHBLIX STUMU TOU-
KaMu: Ez(& 0, -3); AC=(3, -3,0); AD=(3, 1, 2); BC=(0,

-3, 3); BD=(0, 1, 5); CD=(0, 4, 2). Tenepp IpoBepuUM, €CThb
JIV CPEeIN 3TUX BEKTOPOB KOJIJIMHEAapHbIEe, COCTABJIASA OTHOIIECHIS
COOTBETCTBYIOIIIUX KOOPAMHAT dTUX BEKTOPOB. MOKHO YBUIETh,
YTO HEOOXOAWMOI IPOIOPIIMOHATBHOCTU COOTBETCTBYIOIIUX KO-
OpOWHAT HEeT IJIs JI000UM maphl JaHHBIX BeKTOpPoB. IlosTomy HeT
U IapajiebHBIX MPAMBIX.

31.17. IlepeiizeM K paguyc-BeKTOPHOII 3aIlliC BEKTOPOB,
KOrjJa Bce OHM PacCMaTPUBAIOTCSA BBIXOIAIMMU M3 OSHOI TOUKH,

B maHHOM cjayuae um3 Touku P. Torma E: ﬁ—ﬁ, Ez

=P—C)—ﬁ, B—C):P—C)—ﬁ?). Ia mpocToThl 0003HAYMM ﬁ:é,

—

PB=b, PC=c. Ilocne aToro mepBoe yCJOBHUE 3aIHUIIEM B BUIE
-> - -> -> - —>
(b—a)-c =0, a BTOpOe ycioBme zammmieM Tak: (¢ —a)’+ b=

—_—> -> ->

=a® +(c—b)% Vmpormaa BTopoe paBeHCTBO (BO3BeAs B KBagpaT
-> -> > ->
U TIpUBEAA MOAO0HBIE), MBI IPUXOAUM K TaKOMy: a - ¢ = b - c.

Jlerko BUIETb, UTO OHO PABHOCUJIBHO IIEPBOMY YCJIOBUIO.
31.18. a) Ilycts Ha mJIOCKOCTH @ uUMeeTcda IpaAMad a,
BC — nepneHAUKYJASAP Ha 9Ty IJIOCKOCTh M3 TOUuKu B, BA — Ha-
KJIOHHasA Ha 9Ty IIOCKOcTb um3 Touku B. Tpebyerca mokasaTh
PaBHOCUJBHOCTb OBYX yTBepikaeHuii: BA 1l a u CA L a. Ilepe-

BeIEM 39TO Ha BEKTOPHBIN aA3bIK: AB:-a=0< AC-a=0. 3gech
>
a — KaKoIi-TO BEKTOpP Ha HpAMOH a. 3aluilieM OYeBHUIHOEe pa-

BeHcTBO: AB=AC + CB. Temnepnb mepemnuiiieM IIepBoe BEeKTOPHOE
paBercTtBo B TakoMm Bume: (AC + CB)-a =0. PackpbIB CKOOKH,

—_ > R ->
noaydaem cienyiomiee: AC-a + CB -a=0. Bropoe caaraemoe
paBHO HYJIIO, TaK Kak mnpsavas BC NepHneHAUKYJISpHA IJIOCKO-

ctu o. Ocraerca paBeHcTBo AC-a=0. OHO cCOOTBETCTBYET BTOPOI
YKa3aHHOU IepHeHAVMKYyJApHOCcTU. VTak, M3 IMEepBOTO YCJIOBUA
MEePHIEeHANKYJIAPHOCTH Mbl MOJKEM IIOJYUYUTH BTOpOe. [elcTBys
B 00paTHOM TOPSAKEe, MBI U3 BTOPOTO YCJOBUS MEPHEHIUKYIAP-
HOCTH TOJIyuuM IepBoe. TeM caMbIM MBI JAOKAa3aju PaBHOCUJIb-
HOCTh ABYX YTBEP:KIEHUM, COCTABJAIOIINX TEOPEeMYy O Tpex Iep-
MeHAUKYIIpax.

0) IlycTs Ha mJIOCKOCTH O JaHBI JBe IEePEceKalomuecs IMIps-
Mble @ U b, a TakiKe IIPOMBBOJIbHAA mpaMmas c¢. IlycTs mpamasa
p TepneHAUKYJAApHA mpsamonr a u mupamoinr b. Tpebyerca mokra-
3aTh, UTO OpsAMas p MePIeHIUKYJAApHA mpamoii ¢. O6o3HaAUUM
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-> -> -> —
COOTBETCTBYIOII[ME BEeKTOPHI Kak a, b, c, p U TepeBefieM 3a-
- >

mauy Ha Be}cToprm A3BIK. HaM JaHO p-a= p b 0. Tpedbyercsa
,uoxasaTb' p c= O BeKTOp ¢ MOMHO PasJIoKUTh IO BEKTOpaM

a ubs BHZE c=aa +Bb rge o # B — HeKOTOpble YmcIa.
Torza BepHa ciexyoomias BBIKJIAIKA:

- >

p-c=plaa+pb)=c(p-a)+B(p-b)=0-0+B-0=0.

PeSy.HBTaT BBIUMICJIEHUA IIOKA3bIBAE€T, UYTO IIPAMBIE P U C IIEepP-
NEeHAUKYIAPHBI.
B) IlycTs manbr IpsAMbBIE @ U X, TEPIEHAUKYJIAPHBIE TIJIOCKOCTH
o. Tpebyerca mokasaTh MX HapaIeJbHOCTH, B IIEPEBOJE HA BEK-
> -

TOPHBIN SA3BIK: HOKA3aTh KOJJIMHEAPHOCTb BEKTOPOB @ W X, Jie-
JKaIlX COOTBETCTBEHHO HA HTHUX IPAMBIX. BhiOepeM Ha ILJIOCKO-
-> >

CTHU O Iapy OPTOTOHAJbHBLIX BEKTOPOB b M ¢, OTJIOMKEHHBIX OT
TOM TOUKM, B KOTOPOIl IMpsMasi @ MepeceKkaeTr IJOCKOCTh O. Bek-
-> ->

TOpPBL b U ¢ OyZeM CUMTaTh eINHUYHBIMU. Terepb MOYKHO BBeCTI/I
CHUCTEMY KOOPAMHAT B IIPOCTPAHCTBE C OCAMU a, b, c Be}c'rop x
MO}KHO PasJIOKUTh B 9TOM cucTeMe KOOpAWHAT: x oca +Bb +
+'yc. Ham msBecTHO, UTO mpAMasd X HePHEHAUKYJIAPHA IIJIOCKO-
cTHU O, no:aTomy x 1 b u BBITIOJIHSIETCS paBeHc'rBo :; Z =0, T.e.
(oca +Bb +yc) b 0. Torma oc(a . b)+B(b2)+y(c b) 0,

OTKyZa IIOJIydaeM, YUHTBIBas, UTO a b b =0, B(bz) 0.
Ho torza B=0. Anamoruuuao y=0. TeMm caMbIM MBI IPUXOLUM

K PaBEeHCTBY X = 0.4, KOTOPOEe M O3HAYAeT IMapaslieJbHOCTh IpA-
MBIX X U Q.

31.21. a) HanHble OBe IJIOCKOCTA WMEIOT PaBHBIE BEKTOPBI
wopmasu: (1, 1, 1), T. e. X HOpMaJbHbIE BEKTOPHI KOJJINHEAP-
HBI, a4 COOTBETCTBYIOIIE HOPMAJIAM MIPAMbIe, MEePHEeHIUKYIAP-
HbIe MaHHBIM IJIOCKOCTAM, IapajljieJbHbl. 3HAUUT, U CaMHU ILIO-
CKOCTHY TapaJjlyiesbHBEI.

6) [aHHbIe ABe TJOCKOCTM MMEIOT He KOJIINHeapHble HOpMa-
aa: (1, 1, 1) u (1, 1, —1). 3HauuT, OHU HEe MOTYT OBITH Iapas-
neabHBbIMU. HO TOrma oHU IepeceKaroTcs.

31.22.* JlocTaTOYHO 3amucaTh B KOOPAMHATAX UX HOPMAaJb-
HbIe BEKTOPHI. 3aTeM HalJeM CKaJdpHOe MIPOW3BeJeHUe ITUX
BeKTOpoB. IlmockocTu OyAyT MEePIeHANKYIIPHBI TOTAA U TOJBKO
TOTZa, KOTZA CKaJAPHOE MPOU3BEJeHNEe MX HOPMAJbHBIX BEKTO-
pOB OymeT paBHO HYJII0. AHAJOTUYHO MMapajieJbHOCTb IJIOCKO-
cTell paBHOCHJIbHA KOJIIMHEAPHOCTH MX HOPMAJbHBIX BEKTOPOB.
YTos MeXAy MJIOCKOCTAMHY HAXOMUTCSI KaK YroJl MeXKIy UX HOP-
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MajgaMu, T. €. He Ty1’IOfI Yroj Mexay BEeKTOopaMmu MX HOpMaJIefI.
JTo gesaeTcda C HCIIOJb30BaHMEM CKaJAPHOI'O IIPOM3BEAEHMA:

>3 > > .
———. 37eCb a, b — BEKTOpPHLI HOpMaJell K JaHHBLIM

-> >
cosZa, b==—=
la| |6

TIJIOCKOCTSIM.

31.23. Kaxkpasa um3 sTux (puryp samaeT MDOJYIPOCTPAHCTBO
¢ TPAaHMYHOM IIJIOCKOCTBHIO, ypaBHeHUe KoTopoir Ax + By+ Cz +
+D=0.

31.24. a) Cioii MexxIay ABYyMsA MMapajliebHBIMU IIJIOCKOCTAMU
x=1wu x=-1.

0) Cuoit Mexay ABYMs HapajljIeIbHBIMU IJIOCKOCTAMU X — Y =
=—1wux-y=2.

B) Cioii MeXxkay AByMsA IapalIeIbHBIMU IJIOCKOCTAMU X + Y +
+2z=10 u x+y+2=20.

r) IIpaMOyroJbHBIN IIapajjaesenuiiell, MIOJYJYAIITUACA IPU
mepecevyeHn TPeX IIOMapHO IIePHeHANKYJIAPHBIX CJIOEB.

n) Terpasap, moJydaromiuiica IpU IepeceueHnr YeThIpeX II0-
JYIPOCTPAHCTB.

31.25. Bymem ays mpocTOTHI cUuuUTaTh, uTo AB=AC=AD=1.
IlenTp onmucanHoro 1apa obo3HaunM Toukoii O. Beemem cucremy
KOOpAMHAT C HadyajoM A ¥ IOJOKUTEeJbHBIMU IoJyocaMu AB,
AD, AC: x, y, 2z cooTBeTcTBeHHO. Torsma ypaBHeHUEe ILJIOCKOCTH
BCD o6ygper takum: x +y+2z— 1=0. Koopaunrarer Touku O Haii-
JIeM C IIOMOIIIBIO CJeAVIONINX pPacCysKAeHui. Bo-miepBbIX, N3BECT-
HO, UTO IIeHTP chepbl, OMMCAHHON OKOJO HMPaBUJIbHON TPEYTOJb-
HOU MUPaMUbI, JIEKUT Ha ee BbICOTE JIU0O Ha ee MPOJOJIKEeHUH.
Ho torma Bce koopamuarsl Toukum O paBHBL: O(x, x, x). (IIpu
JKeJIJaHUU BTOT Pe3yJbTaT MOKHO MOJYUUTDb, UCIIOJIb3Ysd KOOPAU-
HATHBIN MeToJ], IpupaBHAB paccrogHuda ot O(x, y, 2) O BEPIINH
B(1, 0, 0), C(0, 1, 0), D(0, 0, 1) nupamunsl.) Teneps 3amnuiliemMm
ycaoBue paseHcTBa paccroanuii OA=0B: x>+ y?+22=(x—1)2+

24 52 1
+y*+ 2% Orcroma mosy4aeM, UYTO X = 5 AHaJloTUYHO Yy =2 = 5
ITogcraBuB 5TH KOOpAMHATHI B ypaBHeHue miockoctu BCD, Bu-
nuM, uro Touka O B Hell He JieXuT. [lajee mosiygyaem, UTO AJISA

3
Hee BBINOJHAETCA HEPaBEeHCTBO X + Y + 2= 3 >1. A AJId TOYEK

TeTpasapa, Kak JIeTKO BHUIETh, B3AB JIOOYIO TOUKY, HOCTATOUYHO
0nu3Ky0 K A, x+y+2z<1. ITosromy sicHO, uTo Touka O JIEKUT
C IPyroii cTOpoHBI OT ILTocKocTu BCD, Hexenu Touka A.
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JJa omepaTUBHOTO KOHTPOJIA 3HAHWUN WM YMEHUWH IO MaTeMa-
THKe YUeHUKOB CpeAHeil IKOJbl JOCTATOUHO JAaBHO MCIIOJIb3YIOT-
cs OUOaKTHUUYeCKMe MaTepuasibl — CIeluajbHO MoJAoOpaHHBIE U
CUCTEeMATU3UPOBAHHBIE YIIPAKHEHUS.

Temepb y HAC cTaqu MPU3HAHBI TECTHI, U3NAETCA MHOTO UX
Pa3JIMYHBLIX BApPUAHTOB. YiKe IIPOBOAUTCS B TECTOBOI ¢opme u
BBIITYCKHOII 9K3aMeH, WM BCTYNHUTEJbLHBIN B BY3BI.

EcTecTBeHHO TIPEAJIOKUTD TECThI U JJISA PEaJbHOTO ITKOJbHO-
ro mpemofaBaHUs. B KamkaoM TecTe, IPUBEJAEHHOM HUKe, IATh
sagaunuii. Kasxmoe samanuve copMyJIUPOBAaHO KaK YTBEP:KAEHIE
¥ TpejIioJaraeT BbIOOP OZHOTO OTBETA M3 UEThIPeX BO3MOKHBIX.
Bupg oreBera Takos: «Ila» (ycioBHO «+»), «Her» (ycioBHO «—»),
«He sHaio» (ycmoBao «0»), «3amaua HeompeaeseHHAsa» (YCIOBHO
«?»). B HeompepeseHHBIX 3aJaHUAX MIPOBEPAETCS yMeHHEe yue-
HUKa aHAJIU3UPOBATDH YCJIOBUE 3aauu.

IIpu omenke paboThl y4YyeHHKA 3a BEPHBLIH OTBET CTABUIU
«+1», 3a HeBepHBIN 0oTBeT — «—1», 3a orBeT «He 3HaI0» — «0».
B pesynbraTe cymmapHOe umcJio 0aJiJIOB 3a TECT MOXKET OBITh
MeHbIIIe YHCJIa BEePHBIX OTBeTOB. HO MMEHHO II0 CyMMapHOMY
yucay 0asiloB JaeTcs OKOHUATeJIbHAsA OIleHKaA 3a BBITOJHEHUE
TecTa (MJIM COBOKYIHOCTU TecTOB). Mopanb fAcHA: YUYEHUKY «BBI-
rogHee» BBIABaTh TOJBKO TaKWe OTBEThI, B KOTOPBHIX OH abco-
JIIOTHO yBepeH. ['ajanue MoKeT yXYAIIUTL €T0 pes3yJbTar, Ipu-
yeM, KaK MMOKAas3bIBaeT MPAKTUKA, CYIeCTBEHHO.

IIpu GopmMyIupoOBKe HEOTpeHeJeHHBIX 3aJaHUi BCTPEUAIOTCS
HeKoTopble TpyaHocTu. Ilosscamm. YUTo, cOOCTBEHHO, WMMeeTcCA
B BUIY, KOTJa 3ajjlaeTcd, K IPUMepy, TaKo#i Bompoc: «Bepwuo siu,
uro a?>1?» ([gsa IpocTOTHI OyZeM CYNTAThL, UTO IePpEeMeHHAs a
3aJjlaHa HA MaKCHUMAJIbHO «IITMPOKOM» MHOKECTBE — MHOKECTBe
BCeX MeHCTBUTENbHBIX UKCEJI.)

Ecau mbl crmpammuBaeMm «BepHo au?», TO mMeeM AEJI0 C BBI-
ckasbiBanueM. OZHAKO HAIPAMYIO 31eCh BBICKA3bIBAHUS HET —
ecTh mpeauKaT (BhIpasKeHue ¢ MepeMeHHOM, BhICKasbIBaTelbHAas
(opma) uiu mazke UTO-TO eIlle M3-3a BOIIPOCUTEJIBHOUN (POPMEBI 3a-
mauus. YTo6bl IpeBPaTUTh MIPEIUKAT B BhICKa3bIBaHUe, TpeOyeT-
cs Ha IePeMeHHYI0 @ «HaBeCUTh» HEeKUIT KBAHTOP — BCEOOIITHOCTU
WJIN CYIIeCTBOBAHUS (M B KaKOM-TO MOMEHT yOpaTh BOIPOCUTEIhb-
HYyI0 (hopmy). Kakoii ke KBAHTOP — MO YMOJUAHUIO — «HaBEIIIeH»
Ha TIepeMeHHYI0 a B TakoMm 3amanuu? Ecau moapasymeBaeTcs
KBaHTOP BCEOOIMHOCTH (BEPHO JU AJs JioOOTro a ...), TO OTBET
«Hetr». Eciiu mompasymMeBaeTcs KBAaHTOP CYIIIeCTBOBaHUA (BEepPHO
JU, YTO CYIIIEeCTBYeT a ...), To oTBeT «[la». JIro0oit m3 sTux OT-
BeTOB Hac He yCTpamBaeT, nb0 MCKJOUaeT (QUKCAIUIO Heolpeme-
JeHHOCTU. X0oueTcs, YTOOBI OTBET ObLI Takoi: «CMOTpsa Kaxkoe a»,
WJIW, YTO PaBHOCUJbHO, «/HOrma ma, MHOTZA HET».

Curyamnusa HempocTas, M00 OHa OPMEHTUPOBAaHA Ha S3BIK —
€CTeCTBEHHBI U MaremaTuuecKuii. IIpuHSATBIE B MaTeMaTUKe
KBAHTOPBI «yOMBAIOT» HEOMPEIeIeHHOCTb.

106



s KogmpoBaHUS HEOIPeIeJeHHOCTU B IIpe[iaraeMbIX Te-
CTax MCIIOJb3YeTCSA CJIOBO «HEKOTOPBIH». BoT mpumepsl. 3amanue
TakoBo: «IIycTh a — HEKOTOpoe AeicTBUTEeJbHOE UmCcJI0. BepHo
Ju HepaBeHCTBO a?>—-1?7» Pasymeercs, orser «Jla», mb0o OHO
BepHO Bcerga. Ere ogHo 3amaHue TakoBO: «BepHo Jium HepaBeH-
crBo a’?<-1?» Pasymeercs, orser «Her», m60 OHO Bcerjga He-
Bepuo. Crenyroliiee 3amaHue TaKOBO: «BepHO Ju HepaBeHCTBO
a?>1?» A Tenepp orBeT TakoB: «WHOrma ma, WHOTZA HET».

Haxowner, M0o:XHO yO6paTh BOIPOCUTEJIbHYIO (DOPMY IIPeIio-
JKeHUs U cpasdy 3a7aTh BbICKasbiBaHMe B Takoit dopme: «IIycThb
a — HeKOoTopoe meiicTBuUTeNbHOe umcyao. HepasemcTso a®>1 sB-
JISIeTCSI BEPHBIM» .

IIpuBegem Temepsb MPOCTOH TeOMETPUUYECKUN IIPUMep, IpUuIeM
yaKe cpasy B yTBepAUTEJIbHOU (opme:

«JlaH HEKOTOpBIN TPEyroJbHUK cO cTopoHamu 3a, 4a, Sa.
BepHbI Takue yTBep:KIeHUA:

1. IIpu m060M sHaueHuu a >0 3TOT TPEYTrOJbHUK SBJISIETCS
npAMOYToJabHBIM. (OTBeT: «+».)

2. Ilpu no6om sHaueHuu a >0 IEHTP ONMMCAHHOU OKOJIO HETO
OKPYIKHOCTHU JIEKUT BHYTPU TpeyroabHuUKa. (OTBeT: «—».)

3. Ilpu mrobom smauenuu a >0 ero miomanb 6osapiie 1. (Ot-
BeT: «?».)».

Temneps mepeiiieM K caMUM TecTaM.

X KNACC
Tect 10.1. CxpemmuBaromuecsa IIPIMbIe

IlBe mpAMBIe CKPEIWBAIOTCSA, €CJIU:

1) aro npameie AD u BC, ABCD — TeTpasap;

2) aro npamveie AK u CL, ABCD — terpasap, Touka K — ce-
penuna pedpa BD, Ttouxka L — cepemuna pedpa AD;

3) aro npameie AX u CY, ABCD — terpasap, Touka X — He-
KoTopas Touka BHyTpu rpanu BCD, Touka Y — HeKoTopas TOY-
Ka BHyTpu rpanu ABC;

4) sT0 mpamvble AB; u A;D, unyiiue dyepes BeEPIIWHBI KyOa
ABCDA,B,C,D;;

5) ato mpawveie AC u B,;D, upymniue uepe3 BepIIMHBI Kyba
ABCDA,B,C,D,.

OTBeTBI: + +?+ +

Tecr 10.2. [IpusHaAKU NEePNEHAUKYITPHOCTH MPIAMOI
H IUIOCKOCTH

IIpssimMasa a U TJIOCKOCTH O B3AUMHO NEPHEHAWKYJIAPHBI, €CJIU:

1) npamasa a coeguHsieT MeHTpPHI rpaneit AA;D,D n BB,C,C
Kyb6a ABCDA,B,C,D,, mJI0CKOCTH O — 3TO IJIOCKOCTHL TPaHU
BB,C,C;
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2) nmpamasa a coenmHAeT cepenuHbl pebep AA; u CC; Kyba
ABCDA,B,C,D;, JIOCKOCTb O, — 3TO ILJIOCKOCTb BB,D;;

3) npamasa a coexmHdAer Bepmuny A kyba ABCDA,B.C.D,
C HEKOTOPOII TOUKOM ero moBepPXHOCTH, IIJIOCKOCTbH O — JTO ILIO-
crkocts rpanu CC,D,D;

4) mpsaMas a coegUHSAET cepeIuHBl pebep ocHoBaHusa AB u
CD mupaBWJIBbHOW dYeThIpexyrosibHoit nupamunsi PABCD, nio-
CKOCTL Ol — 3TO IIIOCKOCTb PCD;

5) nmpamaa a coemuuseTr 1eHTphl rpaumeii ABC u DBC mpa-
BUJIbHOTO TeTpasnapa ABCD, miocKocTh 0. — 3T0 Iockocts BKC,
rae Touka K — cepemuHa pebpa AD.

OrBeTBI: + + ?2 — +

Tect 10.3. CpoiicTBa mepPNEeHIUKYJIAPHBIX ILIOCKOCTEH

Ilycts TIOCKOCTM O ¥ [3 B3aMMHO MEPIEHAWKYJISIPHBI W Iepe-
cekaroTca no npamoiu p. Torapa:

1) eciu ac o, bcP, alp, bLlp, upuuem npsameie a u b
mepeceKarTcsa, To a 1 b;

2) I BCAKON NPAMOM @ M3 IJIOCKOCTH (), IIepeceKarolnei
NpAMYIO p, HaWZeTcd B IJIOCKOCTH [} mpsAMasi, KOTOpas IMepIieH-
OUKYJIApHA IPAMOUN a;

3) ecitm aca, bc P, a LB, npuuem npsiMmbie @ u b mepece-
KawmoTcd, To a 1 b;

4) ecqii a C 0, IpAMasg a4 He NEPIEHAUKYJAPHA MPAMOI p,
TO B IIOCKOCTH 3 Haligercss npsaMasi b, TepIeHIUKYIAPHAA TPs-
MOH a;

5) matimyrcs mpsiMbie a u b, Takue, 4TO @ C O, b C §, mpuuyem
mpsaMble @ U b TIepPIeHANKYJIAPHBI U KaKJasd M3 HUX He MepreH-
IVUKYJIIPHA TPAMOU p.

OrBeTwl: + + + + —

Tect 10.4. IIpu3HaKH TEePHEeHTUKYISIPHOCTH ILJIOCKOCTEH

ILnockocTy O ¥ 3 BSBAMMHO IE€PIEHIUKYJISPHBI, €CJIU:

1) PABC — npaBuJIibHasA TpeyroJbHasd IUpaMuia C OCHOBa-
uuem ABC, o.=(PAK), rone K — cepenuna BC, = (ABC);

2) PABCD — mpaBuJibHasI YeTHIPEXyToJbHAsd NUpPaMuIa C 0C-
nosaumem ABCD, o= (PAC), p=(PBD);

3) ABCDA,B,C,D, — xy6, o.=(AA,C,), B=(BB,D,);

4) ABCDA,B;C,D; — HeKOTOpPbIliI NPAMOYTOJbHBIN MapaJiie-
nenunen, o.=(ABK), = (A4,B;K), rae touka K — cepenuna pedpa
DD;

5) ABCDA,B,C,D; — xy0, o.=(AB;C), p=(AD,C).

OrBeTwl: + + + 2?2 —
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Tect 10.5. IlpusHaku mapajiIeIbHOCTH ILIOCKOCTEH

JBe MJIOCKOCTH TMapaJiebHBI, €CJIU:

1) oHm mepecexkaiOT TPEThI0 IJIOCKOCTh II0 IapaJijebHbIM
IPSAMBIM;

2) g Ka'KIOM HmpAMOM B OAHOUN M3 HUX €CTh HapaJiiejlbHas
npaMasa B JIPYTroif;

3) OHU TEepPHeHAUKYJIAPHBI OJHOW WM TOH K€ IJIOCKOCTH;

4) Kaxkmad mpsaMas, mepeceKarolas OgHy U3 HUX, IepeceKa-
eT u JApyryio;

5) UX IPOEKIUAMHU Ha TPETHIO JAHHYIO IJIOCKOCTH ABJISAIOTCS
mapaJjJjiebHbIe TIPAMBIE.

OrBeTpI: — + — + +

Tecr 10.6. CpoiicTBa mapajTeIbHBIX ILJIOCKOCTEI

IIycTs mBe MIOCKOCTH mHapaJjienbHbI. Tormga:

1) ecnu ofHA M3 HUX MEpeceKaeT JaHHYIO IPAMYI0, TO U IpY-
ras mmepecexKaeT 9Ty Ke IPAMYIO;

2) eciu omHA W3 HUX IMEPIEeHAUKYJISPHA TAaHHON IPAMOIT, TO
U apyras MephneHIuKyJIspHa 9TOH iKe IPAMOIi;

3) ecim ofHa M3 HUX IEPIEHAUKYJISPHA TAHHOHN IJIOCKOCTH,
TO W Apyras HepIeHIuKYJSApHA 3TON Ke ILJIOCKOCTH;

4) ecqiu omHA W3 HUX IIepeceKaeT Ky0O II0 TPEYroJbHUKY, TO
U Ipyras IepeceKaeT 9TOT Ke Ky0 I10 TPeyroJbHUKY;

5) ecau omHA M3 HUX TEepPeceKaeT TeTPasp IO UYeThIPeXyrojb-
HUKY, TO U JIpyras IepeceKaeT 9TOT JKe TeTPas[p II0 UeThIpex-
YTOJBHUKY.

OTrBeThI: + + + — —

Tecr 10.7. ITapanneabHOCTh MPAMONW H TIJIIOCKOCTH

1) Ilpamaa a mapajigenbHA IJIOCKOCTH O U HEKOTOPOHA mpsA-
mo#t b. Torma nmpamasa b mapajiaeabHa IJIOCKOCTH OL.

2) Hexoropsle mpsaMble @ W b TapajieJbHBI IIJIOCKOCTH .
Torma a u b mapajienbHBI.

3) Ilpawmsie a u b napannensHbl. [IpaMas a mepecekaeT mJO-
ckocTb 0. Torma mpsamas b mepeceKaeT ILJIOCKOCTB O.

4) HexoTopasa mpsaMasa a He mapajijielbHa NPAMOW b m ma-
panienbHa ILIOCKocTu . Torma mpamas b He mapaJjjejbHa ILJIO-
CKOCTHU O..

5) IIpamas a mapaJiesbHa IJIOCKOCTH C. IlIocKocTh O ma-
pasesbHa HeKoTopoil miaockoctu P. Torma mpsmas a mapas-
JleJIbHA ILJIOCKOCTH [3.

Orserwl: ?2 2 + 7 ?
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Tect 10.8. IlapajnensHOEe NPOEKTUPOBaAHHE

IIpu mapaniesrbHOM IPOEKTUPOBAHWM HA JAHHYIO ILJIOCKOCTH Ol
1) 1Ba HepaBHBLIX OTPe3Ka MOTYT MMETh PaBHBIE IPOEKIINN;
2) mpoekmueil MPAIMOII MOKET OBbITH OTPE3OK;
3) HaliyTCsa TaKue CKpeIuBaloluecs MIpPsSMble, KOTOpPbIe
MIPOEKTUPYIOTCSA B IapaJliebHbIe IIPSAMBIE;
4) mpoekIiuell OKPYKHOCTHA MOXKET OBITh OTPE3OK;
5) mpoekmuell OKPYKHOCTH MOKeT ObITb He paBHadA el
OKPYKHOCTb.

OTrsBeTbI: + — + + —

Tect 10.9. OproroHajapHOEe NMPOEKTHPOBAHUE

B pesynbraTe OpTOrOHAJIBHOTO MPOEKTHUPOBAHUS:

1) mpoeknueil KBajpaTa MOYKeT OLITh KBaapar;

2) mpoekIuell KBaapaTa MOKeT ObITh NPAMOYTOJbHUK C He-
PaBHBIMU CTOPOHAMIU;

3) mpoekImueii Kyba MOKeT OBITH KBaapar;

4) mpoekIMell TeTpasapa MOKeT ObITh TPEYTroJbHUK;

5) mpoekmuei 1apa MoOXKeT OBITH HEe KPYT.

OTrBeTwI: + + + + —

Tect 10.10. Paccroanmue

Ilycts mama ueresrpexyronpHas nupamuga PABCD ¢ ocHOBaHUEM
ABCD, B KoTOopoil Kaskmoe pedpo paBHO 2. B sroii mumpamume:

1) paccroaame ot A mo upamoit PC OoJbiae 1;

2) paccrosauue or C mo miaockoctu BPD Goabine 1;

3) paccrosauue ot npamoii AD mo miockoctu PBC Goubiie 2;

4) paccroaaue ot npamoir CD go nmpamoit PX mensine 2, rue
Touka X JIeKUT Ha pedbpe AB;

5) paccrosHue ot miaockoctu PDC mo IJIOCKOCTH, €H IapaJ-
JIeJIbHOII M IIPOXOASAINeH uepes3 IEHTP OCHOBaHMA, 0oJjblme 1.

OrBeTwl: + + — + —

Tect 10.11. Yroa mMexkay HTPIMBIMU

VYron mexxay npAMbiMu a u b He Oosabine 60°, eciou:
1) a=(AB), b=(CD), ABCD — npaBUJIbHBIA TeTPadID;
2) a=(AB,), b=(CD,), ABCDA,B,C,D, — xy6;
3) a=(AB,), b=(A,D), ABCDA,B,C,D, — Kyb6;
4) a=(AB,), b=(A,C), ABCDA,B,C,D; — ryb0;
5) a=(B;D), b=(BC,), ABCDA,B,C,D, — Kyb0.

OrBeTBl: — — + — —
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Tect 10.12. Yrom Meskay NPAMOM M IIJIOCKOCTHIO

Yron o Gosbie yraa B, ecau pan xky6 ABCDA;B,C,D; u:

1) o — yrox mexay npsmoii C;D; u miockocTsio AA; Dy, B —
yroa Mesxay npamoirt AB; u miockocteio BB,Cy;

2) o — yroa mexny mpamoit A;C u mirockocrsio CDD,, f —
yroa mesxay npamoit A;C m miockoctbio CBBy;

3) o — yrox mexnay npsmoit A;C u miaockocteio A;B,Cy, f —
yroa mesxay npamoir B;D m miockoctbio ABC;

4) o — yroa mexnmy npamoin DB; u mmockocteio ABC, B —
yroa mesxay npamoiit DB; u miockoctbio CDDy;

5) o — yron mexay npsimoit AB; u miaockocteio BB,Cq, B —
yroa mexxay npamoirt AC; m miockoctbio ABC.

OTBeTBI: + — — — +

Tect 10.13. ¥Yrom MeskAy ILJIOCKOCTAMH

ITlycte B TeTpasgpe ABCD Bce IJIOCKMe YIJIBI IIpU BepiiuHe D
npsaMble u pebpa, BHIXOAAINNWE M3 BepIIWHLI D, paBHBI, TOY-
kKa K — cepenuna pebpa AC. Torma yrox o> 45°, ecau o — yroa
MeKIY IIJIOCKOCTSIMU:

1) ABD u CBD;

2) ABC u CAD;

3) ABC u CBD;

4) KBD u CAD;

5) BDK u ABD.

OTrBeTwI: + + + + —

Tecr 10.14. Yrasl MexAy HUPAMBIMH M TLJIOCKOCTSIMH

Ilycts B mpaBmabHOU yeThIpexyroabHo tupamuge PABCD c oc-
HoBanuem ABCD Bce pebpa paBubI. Torma:

1) yron mexny npamoit PA u niockoctsio PCD Gonbiiie, uem
yron mexxay npamoi PD u miockocthio PBC;

2) yroa mexnay npsamoii PA u npamoii BC 6oJbIiie, 4eM yTOJ
mexnay npsamoin PA m minockoctbio ABC;

3) yroa me:xkny npamoit PB u miockocTbio ABC 0osbilie, uem
yros Meskay miIocKocTbio PAD m miockocthio ABC;

4) yron mexnay miockocteio PDC m miiockoctbio ABC 60y1b-
me, 4eM yroJi MeXJy IJI0ocKocThio PAD m mnockoctbio PBC;

5) yronm me:xknay miockoctbio PAB um maockocTbio PCD 60Jb-
me, YeM yroJi MeXJy II0CKocThio PAD m miockoctbio ABC.

OrBeTBI: — + — — +
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Xl KJTACC
Tect 11.1. Illap

Hau miap. B atom mrape:

1) cyliecTByeT ceueHme, KOTOpPOe SBJSETCS HAUMEHBIIUM II0
IJIOIIA I ;

2) ueM gmajbllle OT €ro IleHTpa HAaXOJUTCS CeUeHUe, TeM OHO
0oJIbIlle II0 ILJIOIIA/H;

3) I KasKAOTOo CeueHUs HaWaeTcAd TaKoe, KOTOPOE PaBHO
ImepBOMY U IEPHEeHAMKYJIAPHO eMy (T.e. HaXOAUTCSA B ILJIOCKO-
CTHU, TEePIEeHIUKYJIIPHON IIJIOCKOCTH IIEePBOTO CeUeHUA);

4) Ha ero MOBEPXHOCTHU HAUAYTCS YeThbIPe TOUKU, PACCTOIHUA
MeXKJy KOTOPBIMH PaBHBI APYT APYIY;

5) maA Kaykmoll ocu BpallleHWsA HaWAeTcs IIJIOCKOCTh CHUMMe-
TPUHU 5TOrO ITapa, KOTopasd eMy IepIeHAUKYJIApHa.

OrBeTbI: — — + + +

Tecr 11.2. Iuauagp

Hau nuauuap BpamieHus. [[Jig sToro muJIMHApPA:

1) HamMOOJBIIIUM MO ILJIOIIAAN MPAMOYTOJbHBIM CEUEHUEM SB-
JIsieTCsS OCEBOE;

2) CyIlecTBYIOT HepaBHbIE KPYTrOBbIE€ CEUEHUS;

3) KaxkJIasi ero IJIOCKOCTh CUMMETPUHU COJEPIKUT ero OCh Bpa-
IeHU;

4) cyIiecTBYIOT B3aWMMHO IEPIEeHAUKYJSIPHBIE IIJOCKOCTH
CUMMETPHUU;

5) cyIiecTByeT Takasi IIJIOCKOCTb, Ha KOTOPYIO OPTOTOHAJb-
HOII IpoeKIlmeil MaHHOTO IUJIUHAPA SBJISETCS U He KPyr, U He
MIPSIMOYTOJbHUK.

OrBeTbI: + — — + +

Tecr 11.3. IIpaBuiabHas npusMa

Iana mpaBuibHas n-yroabHas mpusma. Toraa:

1) npu n=4 B Hell HaWAyTcA ABe HapaJliejibHble OOKOBBIE
rpaHu;

2) pu n=3 B Hell HAUAYTCA ABE MEPHEeHAUKYJIAPHBbIE 00KO-
Bble I'DaHU;

3) mpu s000M n B Hel CYIIeCTBYeT TOUKAa, PaBHOyAAJeHHAS
OT BCeX BepIINH;

4) mpu g060M 7 B HEHM CYIECTByeT TOUKA, paBHOYJAaJeHHAS
OT BcexX OOKOBBIX I'paHei;

5) mpu HEKOTOPOM 7 y Hee CYII[eCTBYeT N IJIOCKOCTEH CHM-
MEeTPUU.

OrBeTbI: + — + + —
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Tect 11.4. IIpAMOYroabHBIH MapaJljieIenuies

JlaH OpAMOYTOJbHBIN HapaJiiesielniie]l, He SIBJISIOIIUNACT KyOoM.
Torma cyiiecTByer:

1) ero ceuenme, SBJSIOIEECS Tpallellnei;

2) TouKa, paBHOyZAJieHHas OT BCeX ero BepIIUH;

3) Touka, paBHOyZAJieHHasd OT BCeX ero rpameii;

4) ero MPOEKIUA, SABIAIOIIAACA IIECTUYTOJbHUKOM;

5) muaroHasib, KOTOpas IepIeHANUKYJIAPHA APYroil ero aua-
TOHAJIU.

OrBeThI: + + — + —

Tecr 11.5. Konyc

Hau konyc. Torma:

1) HAMGOMBIIIMM II0 ILIOMIALKM €ro TPEeyroJbHBIM CedeHueM
ABJIAETCA OCEBOE;

2) cyIecTByeT HamMeHbIllee IO IJIOIIAAU ero KPyrosoe ce-
yeHUe;

3) Kaxk[Iasi ero IJIOCKOCTh CUMMETPUU COJEePIKUT ero OCh Bpa-
IeHU;

4) cyiiecTByeT TOYKa, paBHOyAAJIeHHAd OT €TI0 BEPIIWHBI U
OT BCeX TOYEK OKPYsKHOCTU ero OCHOBAHUS;

5) cyIiecTByeT Takas IMJIOCKOCTb, Ha KOTOPYIO €ro OpPTOro-
HAJbHOM MPOEKIlVell SBJIAETCS He KPYr WM He TPEYroJbHUK.

OrBeTBI: — — + + +
Tectr 11.6. IlpaBuiasHaaA THpaMuIA

B mpaBusibHOU n-yroqbHOU mUpamMwuje:
1) mpu nr060M 7 ecTh TOUYKA, PaBHOyJAJeHHAs OT BCeX Bep-

2) mpu J1000M 71 eCTh TOYKA, PaBHOYIAJIEHHAs OT BCeX IpaHeli;
3) mpu J000M 7 €CTh OCh CHUMMETPUH;
4) TIpu HEKOTOPOM 71 yroJ MEeKAY COCeTHUMMU OOKOBBIMU T'pa-
HAMU TYIIOW;
5) mpu HEKOTOpOM 1 HaWAyTCA B3AUMHO HEePHEeHIUKYJIAPHLIE
rpatmu.
OrBerwl: + + — 2?2 ?

Tectr 11.7. O0beMm HMIUHIPA

O6beMm munuuapa Ooiabire 10, eciu:
1) paguyc ero ocHoBaHUsA 6oJibllle 1 1 ero BeIicoTa OoJbIle 1;
2) paguyc ero oOCHOBaHMs MeHbIIe 1 1 ero BbICOTa MEHbIIE 2;
3) ero oCeBBLIM CeUeHUeM SBJIIEeTCA KBaapaT CO CTOPOHOI 3;
4) nuaroHaJib €r0 OCeBOTO ceueHUsA paBHa 4 u obOpasyer
C ILTIOCKOCTBhIO OCHOBaHUA yros 60°;
5) o BmmcaH B Iap pagmyca 2.
OTBeTwI: — — + + —
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Tect 11.8. O6beM npPU3MBbI

O0beM HEKOTOPOIi HMpU3MbI 0OJIbIIEe 5, €CU STOH HPU3MOII fAB-
JIseTcs:

1) ky6 ¢ aumaroHaiabio 3;

2) mpsAMOYTrOJIbHBIN MMapaJijiesenune]], TUAroHajlb KOTOPOTO
paBHa 3 u cocTaBideT ¢ ero pebpamm yruabsl 60°, 60° u 45°;

3) mpaBuUJbHAsS IECTUYTOJbHAsS IIPU3Ma, ¥ KOTOPOil Bce pe-
Opa paBHBI 1;

4) HaAKJOHHBIN HapaJijiejienuiiell, y KOTOPOro Bce pedpa pas-
HBI 2;

5) mpaBuJIbHAs TpeyroJibHas IpusMa, Kaykaoe pedpo KOTOopoit
6oabIie 2.

OrBerwl: + — — ? ?

Tect 11.9. O6bem KoHYyca

Haubl gBa KoHyca. O6beM BTOPOro M3 HUX 00JIbIlle 00beMa mep-
BOTO, €CJIN:

1) paguyc OCHOBaHUSA BTOPOTO KOHyca B JBa pasa OOJIbIIIe
paguyca OCHOBAHUS IIEPBOTO KOHYCA, a BHICOTA BTOPOr'o KOHYyca
B /JIBa pasa MEHbIIE BBICOTHI IIEPBOr'0 KOHYyCA;

2) obOpasyrmolas IOBePXHOCTH BTOPOTO KOHYyca 6oJibiiie obpa-
3yIOIIell TOBEPXHOCTH II€PBOT'0 KOHYCA U PAAMYC OCHOBAHUSA BTO-
poro KoHyca 0OJibIlle pajmyca OCHOBAHUS IIEPBOTO KOHYCA;

3) momiagb OCEBOTO CEUeHUs BTOPOr0 KOHyca O0OJIbIlle IIJIO-
IIagu OCEeBOT0 CeUeHUs IePBOr0 KOHYCA;

4) BTOPOII KOHYC OHHCAH OKOJIO Ilapa pagumyca R, a mepBbIi
KOHYC omImcaH OKoJio Imapa pazuyca 0,5R;

5) obpasyrolue IIOBEPXHOCTH 3TUX KOHYCOB PaBHBI M obpa-
3yI0Ilasi MOBEPXHOCTH BTOPOrO KOHYCa COCTABJAET C OCHOBAHUEM
yroJ, 00JbIlnii, ueM 00pasyroliasa MOBEPXHOCTH EePBOTO KOHYCA.

OrBeTpl: + — — — —

Tect 11.10. O6bem nupaMugbI

O0bem mupaMuabl 0oJibilie 1, ecau 9TOM HUPAMUION ABJISIETCH:

1) opaBuUJIbHBIN TeTpasAp ¢ pedpoM, OOJbIIUM uUeM 2;

2) mpaBUJbHAS TpPeyrojbHas MUPaMUAa, ¥ KOTOPOoii OOKOBBIE
pebpa paBHBI 2 U BCe ILJIOCKHE YIJIbI IIPU BePIINUHE IPAMbIE;

3) mpaBUJIbHAS TpPeyrojbHas MUPaMUAa, ¥ KOTOPOii OOKOBBIE
pebpa paBHbl 10, a mIoOCKUilI yroJ mpu BepiiunHe paBeH 1°;

4) uvernIpexyroJibHas IHUPaMHAa, y KOTOPOH Bce pedOpa pas-
HBI 2;

5) Terpasap, B KOTOPOM [Be I'DAaHU SABJIAITCS PAaBHOCTOPOH-
HUMU TPEYyroJbHUKaMu co cTopoHoii 10, a yroa Mexay sTUMU
TPaHAMU TYIIOH.

OTrBeThI: + + — + —
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Tect 11.11. O6Bem miapa

Bepwno, uto:

1) paguyc 1apa OPOHOPIIMOHAJIEH KYyOMYeCKOMY KOPHIO U3
ero oonema;

2) ecau pajzuyc miapa 6oJibiiie 1, To 00beM 9TOro Imapa 60JIb-
mie 4;

3) uem GoJibille 00BbEM IIapa, TeM OO0JIbIlle 00beM NPaBUJIb-
HOTO TeTpasJpa, BIMCAHHOTO B HETO;

4) ecqu maHbl mapbl pagmycamu R, u R,, npuuem R,=2R,,
TO 00BbeM OOJIBIIIEro Iapa MeHbIIe CeMH 00beMOB MEHBIIIero
mapa;

5) ecau pmaHbl mapel paguycamum R, u R, ¢ obbemamu V; u
V, coorBeTcTBeHHO U V,>2V,, To R,/R,>1,4.

OTrBeThI: + + + — —

Tect 11.12. Ilnomans cdepsr

Bepwno, uro:

1) opu yBesmmueHHHM paguyca cepbl B ABa pasa IJIOIIALL ee
IIOBEPXHOCTY YBEJIMUYMBAETCA TOKE B JBa pasa;

2) momiaab cdepbl IPOIMOPIMOHATIbHA 00beMy OrpaHUUYEHHO-
ro €0 Imiapa;

3) cylecTByeT TaKOU IIap, y KOTOPOT0 O0BEeM UYHCJIEHHO
MeHbIIIe ILJIOIIAAN ero IIOBEPXHOCTH;

4) miolmaab MOBEPXHOCTH Iapa B ABa pasa 0oJIbIlle ILJIOINA-
IV TIOBEPXHOCTHU IIOJIYIIapa;

5) uem OoJibIlie ILIOINAAL chepbl, TeM OOJIbIIle IJIOIAAb IIO-
BEPXHOCTU IIPABUJIBHOM TPEYTOJbHON NHUPaAMUABI, OIMWCAHHOM
OKO0JIO 9TO¥ c(ephl.

OrBeTbI: — — + — —

Tect 11.13. ILmomans MOBEPXHOCTH IUJIWNHIAPA BpallleHUS

Bepno, uro:

1) cymiecTByeT IMUJIUHADP, ¥ KOTOPOTO ILJIOMIaAb OOKOBOI II0-
BEPXHOCTH B [Ba pasa MeHbIIe ILJIOMIIaJN ero MOBEePXHOCTU;

2) cyiiecTByeT MUJIUHAD, MJIOIIAAb IIOBEPXHOCTU KOTOPOTO
paBHa 2, a pa3BepTKa OOKOBOM MOBEPXHOCTU KOTOPOTO SIBJIAETCS
KBaJpaToM;

3) yBeJMYMB pPajnNyC OCHOBAHUSA U OOPaA3YIONIYI0 IUJIUHIPA
B IBa pasa, Mbl YBeJIUUYHUM ILJIOIAlb €T0 IIOBEPXHOCTHY B /IBa Pasa;

4) yem OoJibIlle 00'bEM ITUJIWHIPA, T€M OOJbIlIe IJIOIAAb ero
TIOBEPXHOCTU;

5) BHyTpU HAHHOTO IUJMHAPA MOYKET HAaXOAWUTHCA IUJIUHID
¢ OOJIbIIIEN MJIOIAABIO ITOBEPXHOCTH.

OTrBeThI: + + — — —
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Tect 11.14. Ilmomaas MOBEPXHOCTHM KOHyCa BPAIIEHHUA

Bepwno, uro:

1) cyimecTByeT KOHYC, ¥ KOTOPOTO ILJIOIAaAb OOKOBOI MOBEPX-
HOCTH B JIBA pPas3a MEHbIIEe ILJIOMIAAU €ro IIOBEPXHOCTH;

2) pasBepTKOM HEKOTOPOTO KOHYCAa, Y KOTOPOTO ILJIOMIAAb IO~
BepxHOocTH paBHa 10, ABJAETCA MOJYKPYT IJIOHIAABIO T;

3) yBeJIWUYUB PajgUyC OCHOBAHUS KOHyCa U ero o0pasyIoIlyio
B IBa pasa, Mbl YBEJWYUM ILJIOIIAAL €r0 IIOBEPXHOCTU TOXKE
B JIBa pasa;

4) yeMm 0OJIbIIIEe TIOBEPXHOCTh KOHYCa, TeM 0O0JIbIIle ero 00beM;

5) BHYTpU JaHHOTO KOHYyCa MOJKET HaXOAUThCA KOHYC C 00JIb-
el IJI0MIaAbI0 TTOBEPXHOCTH.

OrBeTpl: + — — — —
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X KNACC

KourpoasHasa paGora Ne 1
(mo teme «OcCHOBAHHUA CTEPEOMETPHUHU»)

Bapuanum 1

1. Uzo6pasuTe miockocTs ¢, u Tpanenuio ABCD (BC | AD) na
He#t. Ilycts Touka M BHe TJIOCKOCTH O, a TouKa K Ha IJIOCKO-
cTu O, HO BHe Tpamenuu ABCD. N3o6pasure upambie MP u KE,
nepecekarInue npamyo BC B Toukax P m E COOTBETCTBEHHO.
Kak pacmososxensl mpamblie MP u KE TI0 OTHOIIEHUIO: a) K ILJIO-
cKocTu O; 0) K mpamoit AD?

2. Nzobpasure ky6 ABCDA,B,C;D; u Ttouku M u N, upu-
Hagme:xxarmue pebpam C,C m AB coorBeTcTBeHHO. M300pasute
ceueHne Kyba miockocteio NB,M.

3. BepHOo s yTBep:KIeHME: Uepe3 CTOPOHY TPEyroJbHUKA U
IEHTP OMMCAHHON BOKPYT HETO OKPYsKHOCTHU MPOXOAUT IJIOCKOCTh
U TPUTOM €IUHCTBEHHAA?

4. B mpocTpaHCTBe pACIOJOKeHBbI Tpu TouKu A, B u C, He
Jexkaiue Ha omHou mpamoii. Touxa A ymanena ot Touek B u C
Ha 10 cm, a or mpamoit BC uHa 8 cm. Haligure paccrosHue oOT
B nmo C.

Bapuanm 2

1. Vzo6pasuTe MJIOCKOCTHL O u mapajienorpamm ABCD Ha
Heii. IlycTh Touka P BHe IIJIOCKOCTH O/, a TOukKa FE Ha IJIOCKO-
CTH O, HO BHe mapaJuiesorpamma ABCD. WM3o6pasuTe IpsMble
PM u EK, nepecekalomiue npamyo AB B Toukax M u K coot-
BeTcTBeHHO. Kak pacmosiokensl npambie PM u EK 1o oTHOIIIE-
HUIO: a) K IJIOCKOCTH O; 0) K mpamout CD?

2. Nsob6pasure xky6 ABCDA,B,C,D, u touku M u N, npu-
Hamiekaimue pedopam AA; u BC coorBeTcTBeHHO. V306pasure
ceueHre Ky0a myockoctbio NB;M.

3. BepHOo s yTBepikIeHUe: uyepe3 MeJUaHy TPEyroJbHUKA U
IeHTP BIMCAHHOW B HEr0 OKPYKHOCTHU MPOXOAUT IIJIOCKOCTH U
MIPUTOM €IMHCTBEHHAS?

4. B mpocTpaHCTBe pacioJjioskeHbl Tpu Touku A, B u C, He
Jexkale Ha ogHou mpsamoii. Touxka B ymgasena ot Touek A u C
Ha 10 cm. Paccrosume or A mo C paBHo 16 cm. Haiigure pac-
cTodHMe OT Touku B mo mpsamoii AC.

Koutponsnass paGora Ne 2
(mo Teme «IlepmeHINKYIAPHOCTh NMPAMBIX M ILJIOCKOCTEH»)

Bapuanm 1

1. K mrockoctu tpeyroabauka ABC, B Kotropom AC=BC=5
u AB =8, uepe3 TOUKY A NIpoBeIeH ImeplIeHAuKyIap AP, a uepes
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Tourky C mpoBeJeHa psaMasi, mapajieabHad AP, Ha KOTOPOIl OT-
ao:keH orpesok CO=4. Hatigute paccrosuue ot Toukum O 10
cepefuHBI CTOPOHBLI AB.

2. B ocuoBanuu nupamuznbl PABC — mpsaMOYTOJbHBINA Tpe-
yroasHUK ABC, B ®KOoTOpoM ZC =90°, a karetrsl 5 u 12. BokoBasa
rpaub PAB mepneHIUKYJIAPHA TJIOCKOCTH OCHOBAHUA W WMEET
mIomanas 65 KBaApaTHBIX efuHUIl. HaliiuTe BBICOTY TUPAMUILI.

3. UsBecTHO, YTO IJIOCKOCTA O W [3 B3aMMHO NIEPIEHIUKY-
aapusl, ABCD — mapaJijieJorpaMM C OCTPBIM yIJIOM A B IJIOCKO-
ctu o, a ABMN — upsiMOyroJibHUK B mIockocTu . Ompenenure,
CYIIIECTBYEeT JIU IJIOCKOCTBL, B KOTOPOIi JeskaT npsamseie: a) DC u
NM; 6) DA u AN; B) DA u BM. Hafinute Benuuuny yriaa NAD.
Hatinure ngnuny DN, cuutaa CB=a, AN =b.

Bapuanm 2

1. K minockoctu tpeyroabauka ABC, B kotopom AC=AB =06,
®BAC =60°, uepes TouKy B mposemeH neprneHaukyasap BP, a
yepe3 TOUKY A IIpoBeleHa INpAMas, mapajjaeilbHas BP, Ha Ko-
TOPO#i OoTJIoXKeH oTpe3ok AD = 3. HaliguTe paccTodHNe OT TOUYKU
D pmo cepenunbl ctopoubsl BC.

2. B ocmoBamnu nupamunbl PABC — npsaAMOYIOJIbHBIA Tpe-
yroasHuK ABC, B KoTopom £C=90°, AB=13 u BC =12. BokoBasa
rpaub PAC mnepneHAUKYJIAPHA IIJIOCKOCTA OCHOBAHUA U UMEET
miromniaak 15 KBagpaTHbIX eguHuIl. HalauTe BBICOTY MUPaAMUIBI.

3. U3BecTHO, UTO ILJIOCKOCTH O, W [3 B3aMMHO IEPIEHIUKY-
asapusl, ABCD — npaMOYTroJbHUK B ILJIocKoCcTU O, ADKP — Tpa-
nenus B maockoctu (. Ompenennre, CYIECTBYET JIU ILIOCKOCTb,
B KoTopoii je:xar npambie: a) BC u PK; 6) DC u AP; B) DC u
DK. Hatinute Beauuuny yria CDK. Haitigure gauny KD, cum-
Tag KC=m, AB=n.

KourpoasHaa paGora Ne 3
(mo teme «IIpoekuuun. Paccroganus. Yriabi»)

Bapuanm 1

1. Nzob6pasure ky6 ABCDA,B,C,D; u Ttouky M Ha pebpe BB,
Takyio, uro BM :MB=1:2. Ilyctb pebpo Kyba paBHO 6.
Brruucnure: a) |M; D,D|; 6) |M; CD|; B) |AA; CD|; 1) | M;
(DCCy) |; m) tg Z(MC; (AABy)); e) tg Z((AMC); (ABC));
®xK) tg L(AM; CD).

2. B mapannemorpamme ABCD /A=60°, AB=4, AD=4.
K nmockocTu mapasiiesorpaMMma IpOBeeH MeplIeHuKyJIAD Yepes

BepmimHy B m Ha HeM OTJIOKEH OTPEe30K BM =2/3. Touxa
K — cepequna M D. Beruucaure: a) | M; AC|; 6) | M; CD|; B) | K;
(ABC)|; t) Z(MBD); (MBC)); 1) sin Z((MDC); (ABC)).

3. BepHo s1m yTBep:KIeHME: €CIU ABe IJIOCKOCTH IePIeHIN-
KYJAPHBI K TPeThbel, TO OHU IapaslieJbHbI?
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Bapuaum 2

1. Uzobpasure ky6 ABCDA,B,C,D; u Toury K Ha pebpe CC,,
Takyio, uro C,K : KC=1:3. IIycts pebpo KyOa paBHO 4. BnI-
yucaure: a) | K; AA,|; 6) |K; AD|; B) |C,C; AB|; 1) | K; (ABB;)|;
n) tg Z(KB; (CC,Dy)); e) tg Z(KBD); (ABC)); x) tg Z(BK; AD).

2. B mapannemorpamme ABCD /A=60°, AB=6, AD=6.
K mockocTu mapasiiesorpaMMa IPOBEZeH MEPIEeHAUKYIAD Yepes

BepmimHy B m Ha HeM OTJOKEeH OTPEe30K BK =3J3. Tou-

ka M — cepeguna KD. Brruucaure: a) |K; AC|; 6) |K; AD|;

B) | M; (ABC)|; r) Z((KBD); (KBA)); 1) sin Z((KAD); (ABC)).
3. BepHO 1M yTBep:KAeHUe: eCIHU JBe IJOCKOCTU IepIeH/N-

KYJIApHBI K TPeTheil, TO OHU IepIeHAUKYJIAPHBI APYT APYTy?

Konrpossnass paGora N 4
(mo Teme «®PUrypsl BpallleHUS»)

Bapuanum 1

1. Cpepa racaerca miaockoctTu o B Touke M. Ha miockoctu o
B3aATa Touka K, ymameHHas ot Touku M Ha 12, a oT IeHTpa
mapa Ha 13. Yemy paBen mguamerp miapa?

2. B xoHyce, o0pas3soBaHHOM BpallleHHeM IPAMOYTOJbHOTO
TPeyroJbHUKA ¢ KaTeTaMu 6 u 8 BOKPYr MEHbLIIIEro Karera, Hai-
IUTe: a) paccTosHUE OT IeHTPa OCHOBAHUA OO0 00pasyrolneil Ko-
HUYECKOM IIOBEePXHOCTH; 0) ILIOM[aAb CEUEHUs, IapalIeJIbHOI'0
OCHOBAHUIO M yIOAJEHHOTO OT BepIIuHLI Ha 1,5; B) mioimaab oce-
BOI'O CEUYeHMdd.

Bapuaum 2

1. Coepa Kacaercsa miaockocTu ¢, B Touke P. Ha miaockoctu o
B3ATa Touka K, ymajmeHHas oT Touku P Ha 5, a oT IeHTpa IIapa
Ha 13. Yemy paBen muamerp miapa?

2. B xonyce, 0o0pas3soBaHHOM BpallleHHeM IIPAMOYIOJbHOI'O
TPeyroJbHNKA ¢ KaTeTaMu 6 1 8 BOKPYr OOJBIIIEro Karera, Haii-
IUTEe: a) PacCTOsdHMNE OT IeHTPa OCHOBAHUA OO0 oOpasymollneil Ko-
HUYECKOM IIOBEepPXHOCTH; 0) IIJIOIIaAb CEUeHUs, MapasjaieJbHOTO
OCHOBAHUIO U YAAJEHHOTO OT BEePIIMHBI Ha 2; B) ILJIOIIAAb Oce-
BOTO CEeUYeHUsd.
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Xl KJTACC
Kourponsnass pa6ora Ne 5 (mo Teme «MHOrorpaHHUKM»)

Bapuanum 1

1. B ocuoBanumu npsamoit mpusmbl ABCA,B;C, JleXuT paBHO-
Oenpennblii Tpeyroabuuk ABC, B xoropom AB=BC=20 mun
AC=24. [lnuna nuaronanu B;C pasua 30. Haiinure: a) BBICOTY
npusMmbl; 0) cuHyc yriaa HakjgoHa B;C K miockoctu ABC; B) Ko-
cunyc yraa "HakJgoHa B;C k rpanum AA,C,C; T) mIomanab ceueHUsA
npusMbl IJI0CKOCThI0 AB;C; 1) TaHreHC yrja HaKJIOHA CEYEHUSA
U3 MYHKTA «T» K IJIOCKOCTA OCHOBAHUS; €) PACCTOSHUE MEKIY
npambiMu AA; u BC; X) TaHTeHC yrJia HakJoHa ceueHus A;BC
K TLJIOCKOCTH OCHOBAHWUSI.

2. B nmunuugp ¢ ockio OO, =8 u paguycoM OCHOBaHUSA 6 BIIU-
caHa mpaBuJibHaA TpeyroabHas nupamuza 0,ABC, B KoTopou
ocuoBanue ABC BmmcaHo B HUKHee OCHOBaHUe ITMJIUHApa. V30-
OpasuTe yKasaHHble MUINHAP U numpamuny. Haiinure: a) nauHy
OOKOBOTO pebpa mHUpaMUIbI; 0) IJIOMIIaAb OCHOBAHUS HMUPAMUILI;
B) IJIOHMIAAL CEUEHUA ITMJIUHIPA IIJIOCKOCTHIO, IIPOBEJEHHOH ue-
pe3 CTOPOHY OCHOBAHUSA NHUPAMHUABI, mapajieabHo ocu OO
r) paccrosgHue oT ocu OO; M0 TIOCTPOEHHOTO B IIYHKTE «B» Cce-
YyeHUs.

Bapuanm 2

1. B ocuoBanum npsamoii nmpusmbl ABCA,B;C; 1eXUT paBHO-
Oexpennbiii TpeyroibHUK ABC, B kKoTopoMm AC=AB=20 u
BC=32. Ouaronmansr A;B cocraBigeT ¢ ocHOBaHmeM yroa 60°.
Haiigure: a) BbIcOTy mpuaMbl; 0) AJAuMHY auaroHaau A,B;
B) KOCHHYC yrJja HakJoHa A,;B kK rpanu BB;C,C; 1) niomanb
ceueHUs NOPUBMBI IIJIOCKOoCcThbio A;BC; m) cuHyc yrja HaKJOHAa
CeueHUs M3 MYHKTA «T» K IJIOCKOCTU OCHOBAHUS; €) PACCTOSHIE
mexkay npavmbiMu CC; m BA; K) TaHTeHC yrJja HaKJOHA CeYeHUSA
ABC, K ILJIOCKOCTH OCHOBaHWUS.

2. B xonyc ¢ BeicoToii PO =8 u pagmycoM OCHOBaHUA 6 BIuU-
caHa TMpaBUJbHaAs uYeThIpexyrojabHas nupamuga PABCD. Wso-
OpasuTe yKasaHHble KOHyC UM mnupamMuay. Haiigure: a) OJuHY
00KOBOTO pedpa mupamMuibl; 0) IJIOMIAAb OCHOBAHUS TUPAMUBI;
B) IJIOLIAAL CeUeHMs KOHycCa IIJIOCKOCThIO, IPOBEIEHHOI uepes
BEPIINHY KOHYCA M CTOPOHY OCHOBAHWS MUPAMUIBI; ') PACCTOSA-
Hre oT Touku O [0 MOCTPOEHHOTO B MYHKTE «B» CEUEHUS.

Koutponsnass padora Ne 6 (mo teme «O0BeMBI Tes»)
Bapuanum 1

1. B ocHoBanum IIPAMOYTOJIBHOT'O IIapaJijesyieliuiena JIEXUT
KBajgpar. Bricora nmapaJsuiaesienuiaena BABOE 0oJIbIIIe CTOPOHBI
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KBajgpara. HJIOIJ_Ia,Z[B CeéueHudA, IIPOBEJEHHOI'O Uepes3d IIPOTUBOIIO-

JI0KHBIe OOKOBBIE pebpa mapaJjijesenuiena, paBHa 182.
Haiinure o0bem: a) mapaJesenuiiea; 0) KOHyca, OCHOBAHUEM
KOTOPOTO CJYJKHUT KPYTr, BIMCAHHBIA B HUMKHEe OCHOBaHUE Iia-
paJjuiesienuiieia, a BEPIIUHOM — IPOM3BOJHHASA TOUKA BEPXHETO
OCHOBAHWUI.

2. OcuoBanuem nupamuabl PABCD cay:XKUT IPAMOYTOJIbHUK
ABCD. T'paru PAB u PBC nepneHIUKYJSIPHBI K ILJIOCKOCTH OC-
HOBauudA, a rpanu PCD um PAD HaKJOHEHBI K OCHOBAHUIO IIO
yraamu 30° u 60° cooTBeTcTBeHHO. BhIcOoTa mupaMuabl paBHa h.
W3 npemioskeHHBIX (hOPMYJI IJIsA BHIUUCIEHU 00'beMa MTUPaAMUIbI

h? n’ 3
BbIOepuTe BepHyio: a) V=—; 0) V=—; B) V="~1h J3.
3 J3

3. OcHoBaHmeM HakJOHHON nmpusMbl ABCA,B,C, CIy:XUT Tpe-
yroapauk ABC, B koropom £ZC=90°, CA=6, CB=28. IIpoekmu-
eii Touku C; Ha maockocTh ABC aBiasiercsa Touka O — cepeaumHa
BBICOTHI TpeyroabHuka ABC, mpoBemeHHOW K rumorenyse AB.
BokoBoe pebpo mpusMbl HAKJIOHEHO K OCHOBAHUIO IIOJA YTJIOM O,
TaHTEeHC KOoToporo paseH 2,5. Haiinure o0beM IPU3MBI UM CPaB-
HUTEe ero ¢ o0’beMOM Illapa pagmyca 3.

Bapuanm 2
1. B ocHOBaHWY NPAMOYTOJBHOI'O Iapajjejiellulesa JIEeKUT

2
KBajgpar. BricoTa IIapaJjujieJjenuniieaa CocraBJideT § CTOPOHBI KBa-
apara. HJIOI.U;a,Z[L CeueHUusd, IMIPOBEAEHHOI0 Yepes3 IIPOTUBOIIOJIOMK-

HBIe 0OKOBBIe pebpa mapaJjiesenumnena, paBHaA 24+/2. Haitnure
o0beM: a) mapajiesenumnena; 0) KOHyca, OCHOBAaHHEM KOTOPOI'O
CHYKUT KPYT, OMMCAHHBIA BOKPYT HUKHETO OCHOBAHUSA IMapas-
JeJienIiIIea, a BEPIIUMHON — MPOMBBOJIbHAS TOUKA BEPXHETO 0C-
HOBaHUA.

2. OcuoBanueMm mupamMunbl PABCD CIy:KUT TIPAMOYTOJIbHUK
ABCD. T'paru PBC u PCD nepneHIUKYJISAPHBI K ILJIOCKOCTU OC-
HOBaHUA, a rpanu PAB u PAD HaKJOHEHBI K OCHOBAHUIO IION
yraamu 45° u 30° coorBeTcTBeHHO. BhicoTa mupaMuabl paBHA A.
W3 npennokeHHBIX (GOPMYJ IS BRIUYNCIEHUSA 00heMa ITUPaMUIbI

h® n’ 3
BbIOepuTe BepHyIO: a) V="3; 06) V=—; B) V=h J3.

3 V3

3. OcHoBaHmeM HakrJoHHON nmpusMbl ABCA,B,C, ciy:Xur Tpe-

yroabauk ABC, B xotopom £C=90°, CA=6, CB=8. Ilpoekmnu-
eii touku C; Ha miaockocTs ABC aBiderca Touka O — TOuKa
BBICOTHI TpeyroabHuka ABC, mpoBemeHHON K rumnorenyse AB u
JIessias BHICOTY B OTHOIeHUHW 2 : 1, cumTas OT BepINUHBI IpSA-
moro yria. BokoBoe pebpo Mpu3Mbl HAKJIOHEHO K OCHOBAHUIO
oI yIJIOM (., TAHTeHC KOToporo paseH 2,5. Halizute o6beM IIpu-
3MBI M CPaBHHUTE ero ¢ 00beMOM Iapa pazguyca 4.
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KourpoasHasa pa6ora Ne 7
(mo Tteme «00BEeMBI TEJ M IJIOUIATU HMX ITOBEPXHOCTEM»)

Bapuanm 1

1. B ocHoBaHWU MTPSMOYTOJLHOTO IapaJjjieenuiena — KBa-
npar. [uaronanss mapaJienenuiienia, paBsHasa 2d, obpasyer ¢ 60-
KoBoi1 rpambio yroa 30°. Haiimmre o0beM mapajjiesenunena u
IJIOIIALh ero OOKOBOM IIOBEPXHOCTH.

2. B ocuoBanum mupamugbl PABC JeXUT TPAMOYTOJbHBIN
Tpeyronbauk ABC, B xoropom ZC=90°, LA =arccos0,6,
AB=10. Ilnockoctu PAB u PBC 00pas3yioT ¢ OCHOBaHWEM YTOJI
90°, a rpaap PAC HaKJIOHEeHa K OCHOBaHUIO mon yrjom 45°. Haii-
ouTe obbeM mMUpaMuAbl W Ijoinanb rpanum PAC.

3. PaccMMaTpuBaOTCs BCEBO3MOKHBIE IUJIWHAPHI, IJIUHA

IUaroHaJlii OCeBOTO0 CeUeHUs KOTOPBIX paBHA 4/3. Kaxosm
IOJIKHBI OBITH BBICOTA U PAAWyC IUJIWHAPA, UTOOBI ero 00beM
ob11 HauboabmuM? HalimuTe 060beM 9TOTO ITUINHAPA U ILJIOIIALb
€ro IIOJTHOM ITOBEPXHOCTH.

Bapuaum 2

1. IluaroHanap MPSMOYTOJLHOTO MapaJiiesenuiesa pasHa 6 u
o0pas3yeT C MJIOCKOCTHIO OOKOBOU T'paHU, SABJIAIOIIENCA KBajapa-
TOM, yroa 45°. Halizute o0beM IapaJiejenuiiefa 1 ILIOIIATb
€T0 TOJHOU TTOBEPXHOCTU.

2. B ocHoBanuu nupamunbl PABC JjeXUT IPAMOYTOJbHUK
ABCD, B roropom numaronans AC=10, a ZCAD =arccos 0,8.
Ilnockoctu PAB u PBC o6pasyior ¢ ocHoBammeMm yroa 90°, a
rpagb PCD makJOHeHa K OCHOBaHWIO mmoh yriom 45°. Haiimure
00beM mmpaMuabl U mjomianb rpanu PAD.

3. PaccmaTpuBaroTcsi BCEBO3MOJKHEIE KOHYCHI, 00pasyiomias

KOTOPBIX paBHA 2\/5 . KaxkoBbl mO/IXKHBI OLITH BBICOTA U PagUyC
OCHOBAHM’S KOHyCa, UTOOBI ero oobeM ObLIT HamOOJALIIMM? BrI-
YypCcaANTE 00beM 9TOr0 KOHyCa W ILIOIIAJL ero IIOBEPXHOCTH.

KourpoasHaa pab6ora Ne 8
(mo teme «KoopauHATHI M BEKTOPBI»)

Bapuanm 1

1. ABCDA B,C,D, npﬁmoyronbnmn napaJiyiejieniuIen.

IIycts AB= a AA —b u AD= c. Touka M — cepenmHa OT-
pe3rka B;C,, a O—Toqfca nepecequHﬂ AC un BD. BpraSI/ITe

-> >

yepe3 BEKTOPHI a, b, c cJaedyIolie BEKTOPHI: a) DB
6) DM; B) MO.
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2. 3aganael Touku A(-3; 2; 5), B(2; 3; 3), C(-13; 0; 9),
D(4; —1; 6). Horakure, uro Touku A, B, C Jjie;xaT Ha OTHOU
nopsaMoii, a upaMas BD el mepueHIUKYJIsSpHA.

3. ABCA,B,C, — mipaBUJIbHAsA TPEyrojbHAs IPU3Ma, CTOPOHBI
OCHOBAHUI KOTOPOI paBHBI 2, a OoKkoBoe pedpo — 4. Touka M —
cepenuua pedopa BC. BrlunmciauTe cKaaApHbIe IPOU3BENeHU BEK-

TOpOB:a)ﬁI/IC—C;;6) M—)4411/IB—C), B) CTB)HQ, I‘)A—.Bl)
4. Jlausl egUHUYHBIE BEKTOPHI a, b, c¢. HW3BecTHO, YTO
Zab=90°, /be=120°, Lac=120°. Beramcaure: a) (a+b)x

X(b+ c); 6) yron Mexxay BeKTopamu a+ b u b+ c.

- > ->

Bapuaum 2
1. ABCDA,B,C,D, — npaAMOYTOJBHBI Iapajjejenuien.

ITycts ZE:Z, AA1=Z u AD=Z. Touxka M — cepeamuHa OT-
peska C,D,;, a O — touka mnepeceuenuss AC u BD. Bripasure

uepes BEKTOPHI a, b, c¢ cienylomue BeKTOpbl: a) BD,;
6) BM; B) OM.

2. 3agansl Touku A(—3; —3; —2), B(—5; —2; 3), C(-9; 0; 13),
D(—6; 1; —4). Hokakure, uTo Touku A, B, C jexar Ha OIHOU
npAMoii, a npamas AD eli mepueHAUKYJIApHA.

3. ABCA,B,C, — mipaBUJIbHAA TPEyroJbHAA IPU3Ma, CTOPOHBI
OCHOBAHUII KOTOPO# paBHBLI 4, a O0KoBoe pedpo pasuo 2. Tou-
Ka M — cepenuna pebopa AB. BoiuncinTe cKaJspHBIe IPOU3Be-

IeHUsS BEKTOPOB: a) E u EE; 0) M—>C1 u ZE; B) ZE u
B—C); ) B—Al) u C—B;

4. [Taubl eIUHUYHBIE BEKTOPHI ;, E, Z HNs3BecTHO, uTO
423=120°, ZZZ=60°, AZZ=90°. Berumciaure: a) (Z+Z)x

-> - >

X (a + b); 6) yroan mMe:xkay BekTopamMu a +b u a+ c.
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MpumepHoe Temaruueckoe MJIAHUPOBAHMUE.
Feometpusa, 10—11 xnaccobi

Mporpamma 6a30BOro Kypca reoMeTpum CpepHero
(nonHoro) o6uwero o6pa3oBaHMA MO MATEMATUKE
(10—11 xnaccbl), no yue6Huky «Feometpusa.10—11»,
astopbl — A. [1. AnexkcaHgpos, A.Jl. BepHep, B. U. Pbnkux

NOACHMTEJIbHAA 3AMUCKA

ITenmu xypca reomerpum crapiineil mroasl (10—11 Kiaccher)
BKJIOYAIOT 00Wjue IeJu U3YyYeHUs MaTeMaTUKHU, ¢ KOTOPBIX Ha-
ynHaeTcsa PenepasbHBINI TOCYAZApPCTBEHHBIN CTaHIAPT CPEIHETO
(mosiHOTO) 0OIIIEro oOpasoBaHUA II0 MaTeMaTHKe, a TaKiKe Co-
IepsKaT Ieau, cneyuguyeckue MMEHHO AJA Kypca TeoMeTpuu
cTapImeil ITKOJIbI:

1) cucremMaTuuecKkoe M3yueHHe CBOMCTB reoMeTpPUUYecKUx (u-
T'yp B IIPOCTPAHCTBE U PA3BUTUE ITPOCTPAHCTBEHHOTO MBIILIECHU;

2) pasBUTHE JIOTUYECKOTO MBIIIJIECHUSA IPU U3YUYEHUU CUCTE-
MAaTHYECKOTO JeAYKTHUBHOTO Kypca CTePEOMETPUH;

3) pasBuUTHE HPAKTUUYECKOTI'0 IIOHNMAHUS reOMETPUU, e€e BO3-
MOXKHOCTEH JAJiA ONMMCAHUS CBOMCTB pPeAJbHBIX IPEIMETOB WM MX
B3aMMHOT'O PACIIOJOKEHUST;

4) TOATOTOBKA I'€eOMETPHUUECKOTO allapara, HeoO0XO0IMMOTO
I M3YUYEHUA CMEKHBIX [AUCIUIJIMH B IIIKOJE, a TaKiKe IJd
npodeccuoHATbHON IMMOATOTOBKM, IJA HUIYUEHUS MaTeMaTUKU
B BBICIINX U B CPEIHUX CIEIUATbHBIX YUEOHBIX 3aBeJIeHUAX
(B cayuae HeEOOXOAMMOCTH).

Ciaenyer HOOYEePKHYThb, UTO KypC reoMeTpum Ha 0a30BOM
YPOBHE OPUEHTHPOBAH, IIPEKAE BCEro, Ha 00IIeo0pasoBaTeIbHYIO
U OOIEKYJIbTYPHYIO IOATOTOBKY YUEHUKOB.

CopmepskaHue MpPoOrpaMMbI, COOTBETCTBYIOIEl yueOHUKyY «I'eo-
merpusa. 10—11», oxBaTbIiBaeT Bechb paszgea <«l'eomerpusa»
«DyHIaAMEHTAJIbHOTO SApa COMAepPsKaHusA 00Imero o0pasoBaHUA».

TpeboBaHUS K YPOBHIO IOJATOTOBKHM BBINMYCKHUKOB 3a/IaHbI
Deepa bHBIM TOCYIAaPCTBEHHBIM 00PAa30BATEJILHBIM CTAaHAAPTOM
00111ero o6pasoBaHUA IO MaTeMaTHUKe.

Kypc crepeomerpuu B yueOHuUKax A. Il. Alekcangposa IIo-
CTPOEH TaK, UTO M3y4YaTh ero MOJKHO IOCJIe JII00OTO yueOHHKA
TeoOMeTPUM B OCHOBHOI INIKOJIE, TOCKOJIBKY IIJIOCKOCTb B HEM
ompegeaserca KaK (GuUrypa, Ha KOTOPOI BBITIOJHAETCA €BKJIUIO0-
Ba maHuMeTpus. Kakum o0pasoM B OCHOBHOII IIKOJie Oblja IO-
CTpPOeHa IJIAHWUMETPUA, He UTPaeT HUKAKON POJid, TaK KaK BaskK-
Helne GaKThl €BKJIUAOBOM IJIAHUMETPUM OBLIN YCTAHOBJIEHBI
B JIIOOOM Kypce TeOMeTPUM OCHOBHOM ITKOJIBI.

B cTpyKType Kypca CTepeOMEeTPUU BBIAENAIOTCA TPU JUHUMI:
TepBad JUHUA — 9TO JUHUA 2e0MEMPUL NOCMPOCHUI N3YIaEeMbIX
(uryp, Bropas JUHUA — BTO JUHUA 2e0MeMPUU BblYUCJCHULL Be-
JUYUH TOCTPOEHHBIX (DUTYP, a TPEThbA JMHUA — 3TO JUHUA udeil
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u memodosg cogpemenHoll zeomempuu. Bengymieit 8 10 Kyiacce AB-
asieTcsa JuHUA zeomempuu nocmpoenuil (rmaBa 1 «OcHoBanuma
crepeoMeTpum» u riiaBa 2 «lleprneHAUKYJIAPHOCTh U Mapajliesb-
HOCTHb NPSAMBIX W IIJIOCKOCTeW»), a B 11 Kjacce Bemgyliumu cra-
HOBATCA JUHUSA 2eomempuls 8vluucaeruil (rmaBa 5 «O0beMbl Tesx
U ILIOM[AAM WX IIOBEPXHOCTEH») W JUHHUA udeil u memodos co-
epemeHHOU zeomempuu (rnaBa 6 «KoopawHATBI M BEKTOPHI»).

IBe menTpasbHbIe IIaBbl yueOHUKA «['eomerpusa. 10—11» —
rnaBa 3 «@Purypsr Bpamenusa» (10 kimacc) u rmaBa 4 «Muoro-
rpagHuUKN» (11 Kjgacc) — IMOCBAIIEHBI OCHOBHOMY IIPEIMETY CTe-
peoMeTpuu — reOMeTPUUYEeCKUM TeJaM U UX ImoBepxHocTaM. OHu
HOCAT BO MHOTOM OIIMCATEeNbHBbIN, HaTJIAOHBIN XapakTep. MHOro
BHUMAaHUS B JTUX TJaBax YAeNAeTCA CUMMEeMPUU WN3yUaeMbIX
TeJl — BasKHeHIIeMy OOINeKyJbTYPHOMY HOHSATHUIO.

Copep)xaHue nporpammbl

1. OcHOBaHMSA CTEPEOMETPHH.

Axcuomsl crepeomerpun. PaBeHcTBo duryp. Baskueiimue te-
opeMbI 0 TpeyroiabHuUKax. Croco0bl 3afauus MPSAMbBIX U ILJIOCKO-
cTeil B mpocTpaHCTBe. BzamMHOe pacIosio:keHue ABYX TPSAMBIX
B mIpocTpaHcTBe. [lapajienbHoe TPOEKTUPOBAHME. ¥ TBEP KIAEHUS
CYIIIECTBOBAHUA U eAWHCTBeHHOCTH. IlocTpoeHMs B IpPOCTpaH-
crBe. IlocTpoenune mupaMujg U MPU3M.

2. BsaumMHoOe pacimojioskeHue NMPAMBIX M ILIOCKOCTEeH B MPO-
cTpaHCTBe.

IlepreHANKYIAPHOCTD IPAMOI U IJIOCKOCTH. [IpmsHak mep-
MeHAUKYJISIPHOCTA MPAMON M II0CKOCTU. CBSIZHL MEXKAy MepreH-
IUKYJISAPHOCTHIO MIPAMOM U IIJIOCKOCTH U TapajjieIbHOCTBIO IPs-
MbIX. OCHOBHBIE TEOPEMBI O TMEPIEHANKYJISAPHOCTH MIPAMON U
ILJIOCKOCTH. YTOJ MEMKAY IJIOCKOCTAMU. lleprneHAuKYITPHOCTD
miockocreii. IlapanienbHocTh mJaocKocTeii. IlapasienbHOCTH
npsaMoi u miaockocTu. OpToromasbHoe MpoeKTupoBanme. Teope-
Ma O TpexX MepHeHAuKyJasdpax. Paccrodnue Mexny (QUrypammu.
Paccrosnue mexay purypamMu u mapajienbHocTb. CoHampaBieH-
HOCTBL Jyuel. YTOJ MeXAYy JydaMu. YTOJ MeXAY HPSIMBIMH.
Yroa MexAy NPAMON U IJIOCKOCTBIO.

3. ®durypsl BpalieHus.

Cdepa u mrap. Bsaumuoe pacmosio:kenue cepbl U IIJIOCKOCTH.
Kacarenbuas mimockocTh chepbl. Cummerpus chepsl u Imapa.
HMunuaap. Koryc. YceueHHBINT KOHYC.

4. MHOrOrpaHHUKH.

IIpusma kak yacTHBII caydail nuianHApa. [IpaBuabHasA mpu-
sma. ITapannenenunesn. [Tupamuga Kak 4acTHBIN ciaydail KoHyca.
IIpaBunpuass nmupamuza. Tenga m mx moBepxHOCTH. MHOTrOrpaH-
HUKU. MHOTOTpanHas MOBePXHOCThL. MHoTOrpanHble yribl. Teo-
pema Oitnepa. IIpaBunbHbIe MHOrOrpaHHuUKU. IIpeoGpasoBaHusa
cumMmerpun ¢uryp. IloBopor. dimemeHThl cummerpuu. Cumme-
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TPUA IPABUJIbHBEIX MHOTOIPDAHHUKOB, IPABUJIbHBIX IIPU3M U IIpa-
BUJIbHBIX ITHPAMIUL.

5. O0'beMBI TeJI M ILIOUAJTU UX IIOBEPXHOCTEHM.

O0BeMbl TPOCTHIX TeJI. 3aBUCUMOCTh 00beMa Tejia OT ILIOoIa-
meit ero ceuennii. O0beMbl MUJINHAPA (IPU3MBI), KOHyca (mmupa-
MuAbl), mapa. Ilnomanek BEITYKJION moBepxHocTHu. Ilmomans coe-
pBI, IJIOINAAL MOBEPXHOCTU ITUIWHAPA, IIJIOIAAb MOBEPXHOCTU
KoHyca.

6. KoopauHaThI U BEKTOPBI.

JexapToBbI KOOPAUHATEI B TPOCTPaHCTBE. MeTo KOOpAUHAT.
Dopmysa OIS PACCTOAHUA MEKIY TOUKAMHU. ¥ paBHeHUe chepsl.
ITouatue BexTopa. Ciio:KeHME BEKTOPOB. ¥ MHOKEHUE BeKTOpa
Ha uwncjo. PasjgokeHune BeKTopa mo 06asucy. BeKTOpHBINT MeTOJ.
ITapannensubiit mepenoc. Koopauuate! BekTOpa. [eiicTBuA ¢ BeK-
TopamMu ¥ JeiicTBuA ¢ KoopauHaramu. CKaJlspHOe YMHOKeHUe
BEKTOPOB. ¥YpaBHEHUEe IIJIOCKOoCTH. DPopMyja PACCTOAHUSA OT TOU-
KM IO IIJIOCKOCTH.

Mporpamma yrny6seHHOro Kypcd reoMeTpum cpepHero
(nonHoro) o6wero o6pasoBaHMA MO MATEMATUKE
(10—11 xnaccbl), no yuebHuky «Feometpusa.10—11»,
astopbl — A. [l. AnexcaHpgpos, A.Jl. BepHep, B. WU. Pbbkuk

NOACHMTEJIbHAA 3AMUCKA

ITesu xypca reomerpum crapiineil miroJabl (10—11 Kiaccher)
BKJIOYAIOT 00Wjue TeJu U3YYeHUs MaTeMaTUKHU, ¢ KOTOPBIX Ha-
ypHaeTca PemepasbHBI T'OCYZAapPCTBEHHBIH 00pas3oBaTeIbHBIN
cTaHZAPT cpeaHero (IIOJHOro) o0Iero odopasoBaHUSA IO MaTeMa-
THKE, a TaKiKe CcoJepiKaT IeJu, cneyuduieckue WMEHHO AJA
Kypca reOMeTPUM CTapIIeHd ITKOJIbI:

1) cucremaTuueckoe M3y4YeHHE CBOMCTB reOMeTPUUYECKUX (hu-
T'yp B IIPOCTPAHCTBE U PA3BUTHE ITPOCTPAHCTBEHHOTO MBIILIEHU;

2) pasBuUTHE JIOTMUECKOTO MBIIIJIEHUA MPU UBYYEHUU CUCTE-
MaTHYECKOTO IeAyKTHUBHOTO Kypca CTePEOMETPUH;

3) pasBuUTHE IIPAKTHUYECKOTO MOHMMAHUA I'€OMeTPHUH, ee BO3-
MOXKHOCTEH JAJIA ONMMCAHUS CBOMCTB pPEAJbHBIX IPEIMETOB W UX
B3aMMHOT'0 PACIIOJIOKEHUS;

4) moATOTOBKA I'eOMETPHUUYECKOT0 ammnapaTra, HeoO0XOIHMMOTO
I M3YUYEHUA CMEKHBIX [AUCIUILJIMH B IIIKOJE, a TaKiKe IJd
npodeccuoHATbHON IMOATOTOBKH, IJA HIYUEHUS MaTEeMaTHUKU
B BBICIINX U B CPEIHUX CIEIUAJTbHBIX YUEeOHBIX 3aBeJIeHUAX.

K Kypcy reomerpum yriay6JeHHOTO YpPOBHA K TeM Tpebdo-
BaHUSAM, KOTOpble Obliu y 0a30BOr0 ypOBHA, T.e. oOImieodpa-
30BaTeJbHON U OOIEKYJIbTYPHOM MHOATOTOBKU YUYEHUKOB, B Pe-
IepaJIbHBIX TOCYAZAapCTBEHHBIX 00pasoBaTeJbHBIX CTaHAAPTaxX
I00aBIAIOTCSA OOIOJHUTENBHO TaKKWe TPeOOBaHUM:

1) chopMUPOBAHHOCTL IIPEACTaBJIEHUNA O HeOO0XOIUMOCTHU
IOKa3aTeJIbCTB IPU O00CHOBAHUY MAaTEMAaTUUECKUX YTBEPIKAECHUN
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W POJIM aKCHOMATHUKU B MHPOBEJEHUU NEeAYKTUBHBIX pacCysKie-
HUN;

2) 3HaHUS OCHOBHBIX TeopeM, (DOPMYJ U YMEeHUs TOKAa3LIBATh
TEeOpPeMbl;

3) chopMUPOBAHHOCTL YMEHHUH MOAEINPOBAThH peasibHble CU-
Tyalluu, MUCCJIEeI0BATh MOCTPOEHHBIE MOJENN, WHTEePIPETHUPOBATH
MOJyUYeHHBIN Pe3yJbTar.

CoaepsxaHue mMporpaMMbl, COOTBETCTBYIOIIell yueOHUKyY «I'eo-
metpusa. 10—11», oxBarbiBaeT Bech pasdnein «['eomerpusa» «PyH-
JTaMeHTAJILHOTO Afpa CoAep:KaHuUs 00Iero oOpasoBaHUI» .

Kypc crepeomerpum B yueOHUMKaxX AJIeKCAHIPOBA IIOCTPOEH
TaK, YTO U3y4YaTh ero MOKHO IIOCJe JIF00OTO yueOHUKA TeOMeTpUun
B OCHOBHOM IIIKOJIE, TTOCKOJbKY IIJIOCKOCTh B HEM OIIPeesIsieTcs
Kak (urypa, Ha KOTOPOH BBIMIOJHSETCA €BKJIUIO0BA ILJIaHUMe-
Tpusa. Kakum o6pasoM B OCHOBHOI IITKOJie Oblja IMOCTpPOEHAa ILiIa-
HUMETPpUA, He UTPaeT HUKAKOW POJIM, TaK KaK BaskHeuInue (ak-
ThI €BKJUAOBOUN IIJIAHWMETPUU OBLIM YCTAHOBJEHBI B JIIOO0OM
Kypce TeOMeTpPUU OCHOBHOWM IITKOJIBI.

B cTpyKType Kypca CTepeoMeTpPUU BBIAEJSIOTCS TPU JUHUUI:
mepBasg JUHUS — 9TO JUHUSA 2e0MEeMPUU NOCMPOCHUI U3YIaeMbIX
(uryp, Bropas JUHUA — BTO JUHUSA 2e0MemMPUU 8blYUCJeHULL Be-
JUYUH ITOCTPOEHHBIX (PUTYP, a TPETbA JUHUSI — ITO JUHUA udeil
u memodos cospemenHoil zeomempuu. Benyieir B 10 kiacce AB-
aseTcsa JuHuUs zeomempuu nocmpoenuil (rmaBa 1 «OcHoBaunma
crepeoMeTpum» u riiaBa 2 «lleprneHAUKYJIAPHOCTh M Mapajliesb-
HOCThb NPSAMBIX W ILJIOCKOCTEW»), a B 11 Kjacce Bemyliumu cra-
HOBATCA JUHUSA 2eomempuls gvluucaeruil (rmaBa 5 «O0beMbl Tesx
U ILIOM[AJM WX IIOBEPXHOCTEH») W JUHUA udeil u memodos co-
epemeHHOU zeomempuu (rnaBa 6 «KoopawmHATBI M BEKTOPHI»).

IBe menTpasbHbIe IIaBhl yueOHUKA «['eomerpusa. 10—11» —
rnaBa 3 «@Purypsr Bpamenusa» (10 kmacc) u rimaBa 4 «MHoro-
rpagHUKN» (11 KjJacc) — IMOCBAIIEHBI OCHOBHOMY IIPEIMETY CTe-
peoMeTpuM — reOMeTPUUYEeCKUM TeJaM U UX ImoBepxHocTaM. OHu
HOCAT BO MHOTOM OIIMCATEeNbHBIN, HaTJIAOHBIN xapakTep. MHOro
BHUMAaHUS B JTUX TJIaBax YAeNAeTCA CUMMEeMPUU WN3YUaeMBbIX
TeJl — BasKHeHNIIeMy OOINeKyJbTYPHOMY HOHSATHUIO.

9ieMeHThl MJIAHUMETPUU B YIJIYOJeHHOM Kypce TeoMeTpuu
pacmpeziesieHbl PAaBHOMEPHO II0 BCEMY YUYEOHUKY ¥ BKJIOUEHBI
B OJMUM3KMe II0 TeMaTWKe pasmeibl crepeomerpuu. Tak caenamo,
uyTOOBI MIJIAHMMETPUUYECKUIT MaTepuas He OTOABUTra] HA BTOPOM
IJIaH TJIAaBHYIO 3aJauy Kypca TeOMeTPHUM B CTApINUX KJaccax —
u3yueHUWe CTepeoMeTpuu. ITO IMO3BOJSET Ha BBHICOKOM YypPOBHE
COXPAHATH IJIAHUMETPUUECKYIO ITOATOTOBKY CTAPIIEKJIACCHUKOB.

Copep)xaHue Nporpammbl

1. OcHOBaHUSA CTepeOMeTpPHUH.
Axcuomsl crepeomerpun. PaBeHcTBo ¢duryp. I'eomerpuss Tpe-
yroabuuKa. CoocoObl 3aaHUA MPAMBIX M IJIOCKOCTEH B IIPO-
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cTpaHcTBe. BauMHOe pacmojiosKeHue ABYX IPAMBIX B ITPOCTPaH-
crBe. IlapaienbHOe U YeHMPALbHOE TTPOEKTUPOBAHUA. Y maepic-
deHus cywecmeog8anus u edurHcmeennocmu. Ilocmpoenus Ha
naockocmu u 8 npocmpancmae. Memod zeomempuieckux mecm
u memodvl npeobpasoganuii. IlocTpoeHne TUpPaMUL U IPU3M.

2. BzaumMHoe pacioJoxkeHue MPAMBIX M ILIOCKOCTEH B IPO-
cTpaHCTBe.

IleprieHAUKYIAPHOCTL IPAMOI U IJIOCKOCTH. [IpmsHar mep-
MeHAUKYJISIPHOCTA MPAMOUN U II0ocKocTU. CBSA3HL MEKIy MepreH-
IUKYJIAPHOCTHIO MMPAMOM ¥ IJIOCKOCTH W HapaJIeIbHOCTHIO TIPS-
MbIX. OCHOBHBIE TEOPEeMBI O TMEPIEeHANKYISIPHOCTH IMIPAMON u
IIJIOCKOCTH. YTOJ MEMKAY IJIOCKOCTAMU. [leplneHAuKYITPHOCTD
mirockocreii. IlapanmnenbHocTh maockocteii. IlapasenbHOCTH
mpaMoi u miaockocTu. OpToroHasbHOEe MpoeKTHupoBanme. Teope-
Ma O Tpex MepHeHIuKyJadpax. PaccrodHue Me:xny (QUTypamu.
Paccroanue mexay purypamMu u mapajienbHocTb. CoHampaBieH-
HOCTBL JyUel. YTOJ MeXOy JydaMu. YTOJ MeXKAY HPSIMBIMH.
Yroa mMexOay NpAMONl U TJIOCKOCTBIO.

3. ®urypsl BpamieHus.

Cdepa u mrap. Bsaumuoe pacmosio:kenue cepbl U IIJIOCKOCTH.
Kacarenbunas mimockocTh chepbl. Cummerpus chepbl u Iapa.
HMunmunp. Komyc. Vceuewnni Koumyc. KoHmueckue ceueHud.
Teomempus oxkpy’cHOCMU.

4. MHOTOTpaHHUKH.

ITpusma xax yacTHBIN caydail muiamHapa. IIlpaBuiabHas mpu-
3ma. Ilapannenenunesn. IlupaMuma Kak YacTHBINA cJaydail KOHycA.
IIpaBunpuass mupamuzga. Tena m Ux MoBepxHOCTH. MHOTOrpaH-
HUKU. MHOTOTpanHas MOBepPXHOCTHL. MHoTOTpanHblie yribl. Teo-
pema Oiinepa. IIpaBunbHble MHOTOTrpaHHUKU. I[locTpoeHue mpa-
BUJIBHBIX MHOTOTPAHHUKOB. 30/10moe ceyernue. IIpeobpasoBanusa
cumMmerpuu ¢uryp. IloBopor. dimemeHTsl cummerpuu. Cumme-
TPUSA MPABUJIBHBIX MHOTOTPAHHUKOB, MPABUJIbHBIX MPU3M U IIpa-
BUJBHBIX TUpamMui. I1oaynpasuivHvle MHO20ZPAHHUKU.

5. O0beMBI TeJ M ILUIOIIAAM UX IIOBEPXHOCTEIl.

O0BeMBbI TPOCTHIX TeJ. 3aBUCUMOCTh 00beMa TeJia OT IIJIOoIa-
meit ero ceuennii. O0beMbl IIUIMHAPA (IIPU3MEI), KOHyca (IIupa-
MUuAbl), mapa. Ilmoimans BBIMTYKJON moBepxXHOocTu. Iliaomanb
chepsl, WIOMIAAb MOBEPXHOCTH ITMJIUHAPA, ILJIOIAAb MOBEPXHO-
cTU KOHYyca.

6. KoopauHaThl U BEeKTOPBHI.

JexapToBbI KOOPAUHATEI B ITPOCTPaHCTBE. MeTo KOOpAUHAT.
Dopmysa OIS PACCTOAHUA MEXKIY TOUKAMHU. ¥ paBHeHUe chepsl.
ITonatue BexTopa. Ciio:KeHUME BEKTOPOB. ¥ MHOKEHUE BeKTOpa
Ha uwncjo. PasjgokeHune BeKTopa mo 06asucy. BeKTOpHBINT MeTOJ.
ITapannensubiit mepeHoc. Koopauuate! BekTOpa. [eiicTBuA ¢ BeK-
TopaMu ¥ JeiicTBuUA ¢ KoopauHaramu. CKaJlspHOe YMHOKeHUe
BEKTOPOB. ¥YpaBHeHUe IIJIOCKOoCcTH. DPopMyaa PACCTOAHUSA OT TOU-
KM 10 IIJIOCKOCTH.
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