lpuposaa roBopUT si3bIKOM MaTeMaTuku: 6yKBbl 3TOro 5i3bika — Kpyru,
TPEYroJ/ibHUK1U U UHble MaTeMaTndeckue urypei.
IELE

[1poeKkT BbinonHANa: baxBanoBa EneHa
yyeHuua 10 «6» knacca, MOY COLL N927.
PykoBoguTtenu:

yuntenb Matematmkn MOY COLL N9 34.
baxBanoBa Hatanna HukonaeBHa



Ha ypokax reoMeTpum Mbl NPOXOANM MHOIO MHTEpeCHOro. MeHd 3anHTepecoBar
BOMpOC: «BO3MOXHO N1 3HAHWUS MO FrEOMETPUN NPUMEHUTL Ha NPAKTUKE,

Mep AN U3MepeHUs BbICOThbl AepeBa, CToN6a, 6allHun...?» S BbIACHUNA,
YTO CaMbli NTEFKMK U CaMbll APEBHMIA COCO6, TOT KOTOPbLIM FPeYecknii MyapeL
danec, 3a WecTb BEKOB A0 Hallen 3pbl, onpeaenvn B Ermnte BbICOTY NMpamMuabl.
OH BOCNonb30Basncs e€ TeHbto. Xpeupbl U hapaoH, cCobpaBLLUMCE Y MOAHOXbS
BbICOYaMLLIEN NMMPaAMUAbI, 03aAa4E€HHO CMOTPENN Ha CEBEPHOrO NMpULLIENbLa,
OTragblBaBLUEr0 MO TEHWN BbICOTY OFPOMHOI0 Coopy»eHus. danec,- rosopuT
npeaaHue,- n3bpan AeHb 1 Yac, Koraa AsiMHa CObCTBEHHOM €ro TeHW paBHSIach
ero pocCTy; B 3TOT MOMEHT BbICOTa NMPaMnabl AO/HKHA TaKXXe paBHATLCA A/IHE
oTbpacbiBaeMou eto TeHn. (KOHeYHO, ANMHY TEHWN HaAo ObINo cYnTaTh OT
CPeIHEN TOUYKM KBaZAPAaTHOrO OCHOBAHUS NMUPaMUbl; LMPUHY STOrO OCHOBAaHMUSA
danec Mor n3mMepuTb HenocpeacTBeHHo).Ho, cnocob daneca NpUMEHUM He
BCeraa T.K. COSIHLUE Y HAC HU3KO CTOUT Haf FOPU30OHTOM, U TEHW ObIBAIOT paBHbI
BbICOTE OTOpACbIBaOLWMX UX NPEAMETOB NLLb B OKOMIONONYAEHHbIE Yachl IETHUX
MecCsILEB.



Ho, 3TOT cnocob MOXHO M3MEHUTb, YTODObI B COMMHEYHbIN AE€Hb MOXHO ObI0
NONb30BaTbCA I0O0N TEHBLIO Kakown 6bl OHa He 6bina. I3MepuB, KpoMe TOro, 1 CBOIO

TeHb WM TeHb KaKoro-HMbyap LWecTa, BblYMCISIOT MCKOMYIO BbICOTY M3 NPOnopummn
AB : aB = BC: BC, T.e. BbiCOTa AepEBA BO CTOMbKO Xe pa3 60sbliue Hallen
Cco6CTBEHHOW BbICOTbI, BO CKOJIbKO pa3 TeHb AepeBa AJ/IMHHEE BALLEN TEHMU.

Mo cnocoby XXrona BepHa
Taxe BeCbMa HECNOXHbIN- CNOCO6 M3MEepPEHMS BbICOKMX NMPeAMETOB KAapPTUHHO OMNUCaH Y
Xtons BepHa B nM3BECTHOM pOMaHe «TaMHCTBEHHbIN OCTPOB».
-CerogHs Ha HaZlo U3MepuTb BbICOTY nowaakm [anbHero Buaa, ckasan MHXeHep.

-BaM nNoHapobutbca Anst 3TOro MHCTPYMEHT? - cnpocun MFenbbepr.
_HeTt, He noHanobuTbea. Mbl 6yaemM AencTBoBaTb HECKOMIbKO MHaYe, 06paTMBLLMUCH K HE

MEHEee NPOCTOMY W TOYHOMY Crocoby.

tOHoLa, cTapasicb HAYYMTbCS BO3MOXHO 60MbLLEMY, MOCNEA0BAN 33 UHXXEHEPOM,
KOTOPbIA CMYCTUCS C FPAHUTHOWN CTEHbI 0 OKpauHbI 6epera.

B3sB npsiMoit wwecT, pyToB 12 ANMHHOW, UHXXEHEP M3MEPUN Er0 BO3MOXHO TOUHEE,
CpaBHMBasi CO CBOMM POCTOM, KOTOPbIA Bbi1 eMy XOpOLIO M3BECTEH. [enbbepT xe
HEC 32 HWUM OTBEC, BPYUYEHHbIN EMY MHXXEHEPOM: MPOCTO KaMeHb, NPUBS3aHHbIN K

KOHLY BEPEBKMW.
He noxoasa ¢ytoB 500 4O rpaHUTHOWM CTEHbI, MPpAHMMABLUENCS OTBECHO, MHXXEHEP

BOTKHY/ LWeCT pyTa Ha ABa B NMECOK U , MPOYHO YKPENMB €ro, MoCTaBuI

BEPTMKANbHO C MNOMOLLLIO OTBECaA.
3aTeM OH OTOLWEN OT LecTa Ha Takoe paccTosiHue, YTobbl , 1éxXa Ha Necke, MOXKHO
6b1710 Ha OAHON NPSMON NNHUM BUAETb U KOHEL, LLECTA, U Kpan rpebHs. DTy TOUKY

OH TLWATesIbHO NOMETU KOMbIWKOM (pucyHok N21).



Tebe 3HaKOMbl HAYaTKN reOMETPUM ?-cnpocun oH repbepTa, NOAHUMANACH C 3EMJIN.
-Dlal
-MoMHMLWb CBOMCTBA NOAOOHbIX TPEYrosibHUKOB?
-VIx cxoacTBeHHbIe CTOPOHbI NPOMOPLMOHASbHbI.
«-MpaBnnbHO. Tak BOT: cenyac S NOCTPOLO ABa NOA0OHbIX NPSAMOYrObHbIX

JTIbHWKA. Y MEHbLLEro OAHNUM KaTeTOM OyaeT OTBECHbIN LLECT, APYrMM —pacCTOSiHUE
OT KOMbILWKa A0 OCHOBAHMS LLECTa; MMNOTEHY3a Xe - MOW Nyd 3peHns. Y Apyroro
TpeyrosibHMKa KateTamu byayT: OTBECHAs CTEHA, BbICOTY KOTOPOM Mbl XOTUM
onpeaennTb, N PacCTosiHME OT KOJIblLLKa 10 OCHOBaHMS 3TON CTEHbI; TMNOTEHY3a Xe —
MOW JIyd 3pEHUS, COBMNaAatoLLMIM C HanpaBEHNEM MMMNOTEHY3bl MEPBOr0 TPEYroNbHMKA.
«-[MoHAN!- BOCKNIMKHY tOHOLLA. PaccTosiHMe OT KOJbllKa A0 LecCTa Tak OTHOCUTBLCH K
PACCTOSIHMIO OT KOJIbIlKa 4O OCHOBaHWMS CTEHbl, KaK BbICOTa LUECTa K BbICOTE CTEHHbI.
«-[a. I cnepoBaTtenbHO, €Ciiv Mbl U3MEpPUM [Ba MepBbIX PacCTOsIHWUS, TO, 3Hasi BbICOTY
LLIeCTa, CMOXEM BbIYUCIUTb YETBEPTbIN, HEU3BECTHbIN YSIEH NPOMOPLINK, T.€. BbICOTY
CTeHbl. Mbl 0bonaémcs, Takum obpa3oM, 63 HenocpeaCTBEHHONO N3MEPEHNS STON
BbICOTblI.
«0ba ropunsoHTanbHbIX PACCTOSAHUS ObIIN M3MEPEHbLI: MeHbLUEE PaBHANOCb 15 dyTaM,
6onbliee-500 dpyTam.»o0 OKOHYAHUN N3MEPEHNIN UHIKEHEP COCTABU CNEAYIOLLYIO
3annchb:
158500=10:x,
500*10=5000,
5000:15=333,3
3HauunT, BbICOTA FPAaHUTHOM CTEHbI paBHsANacb 333 gyTam»



Kak noCcTynun cep)<aHT.

HekoTopble M3 TONbKO OMMCaHHbIX CNOCOB0B M3MEPEHUS BbICOTbI HEYA0OHbI TEM,
YTO BbI3bIBAOT HEOOXOAMMOCTb NOXUTLCA Ha 3eMt0. MOXHO, pa3yMeeTcs, u3bexaTb
Takoro HeyaobcCTBaa.

BoT ogHa)abl 661710 Ha 0AHOM K3 (hPOHTOB Benukon OTeyecTBEHHOW BOWMHBI.
Dﬂf,pameneHmo nevTeHaHTa MBaHIoK 6b110 NpMKa3aHO NMOCTPOUTb MOCT YepE3 FOpPHYIO
peky. Ha npotuBonono)Hom 6epery 3acenun gawmncrtbl. [na pa3Beakm MECTa NOCTPOMKM
MOCTa NIENTEHAHT BbIAENNN pa3BeAaTeNbHYO FPYnMny BO rMlaBe CO CTapLUMM CEPXXaHTOM
MonoBbIM...B 6mkalluemM NeCHOM MacCMBE OHWM M3MEPWIU AMAMETP U BbICOTY Hamnbonee
TUNWYHBIX AEPEBLEB M MOACYUTANN KONIMYECTBO AEPEBLEB, KOTOPbIE MOXHO 6bI/10
MCMONb30BaTh A1 MOCTPOMKN. BbICOTY AepeBbEB ONPeAenIM NPy NOMOLLN LLECTA.

3T0T Crocob 3aK/o4aeTcs B C/IE4yIOLLEM:

3anacmncb LWeCTOM Bblllie CBOEro pocTa, BOTKHUTE ero B 3eéMJ1t0 OTBECHO Ha
HEKOTOPOM PacCTOSAHMM OT n3MepsieMoro aepesa. (pucyHok N22)

OTtonauTe OT WeCTa Ha3aa , No npoaomkeHnto Dd Ao Toro mecta A, € KOTOporo, rnsaas
Ha BEpPLUMHY AEPEBa, Bbl YBUAUTE Ha OJHOW JIMHUKN C HEN BEPXHIOIO TOYKY b WiecTa.
3aTeM, He MEHSIS MOJIOXKEHMS TOSTIOBbI, CMOTPUTE MO HamnpaB/IEHUIO FOPU30HTAIbHOM
npsamon aC, 3ameyast Touku € n C, B KOTOPbIX JTy4 3pEHNS BCTPEYAET LLECT U CTBO.
[NonpocuTe NOMOLLHMKA CcAenaTb B 3TUX MeCTax NMoMeTKM, U HabnioaeHne OKOHYEHO.
OcTaéTcs TONbKO Ha OCHOBaHUM nNoaobus TpeyronbHUKoB abc u aBC Bbluncnntb BC 13
nponopunn BC:bc=aC:ac

Bc=bc*aC/ac.



PacctosHue bc, aC n ac nerko n3mMepuTb HeNocpeACcTBEHHO. K nofyyYeHHON
BenuymHe BC Hy>HO npmnbasuTb pacctosiHue C (KoTopoe Takxke uaMepsieTcs
HenoCcpeaACTBEHHO), YTObbI Y3HAaTb MCKOMYIO BbICOTY AepeBa.

AN ONpeaAeneHns KONMMYECTBa AEPEBLEB CTapLUMA CEPXXaHT NPUKa3an conaatam

N3MepUTb MNJOoLLaAb JIECHOro MaccMBa. 3aTeM OH MOACUUTAN KOMMYECTBO AEepPEBbLEB HA

eb0/1bLOoM yyacTke pa3mepoM 50x50 KB. M M NPON3BEN COOTBETCTBYHOLLMNE
‘:rmlox(el-me.

Ha ocHoBaHWK Bcex AaHHbIX, CObpaHHbIX pa3BeaynMKamMn, KoMaHaup
NoApa3AeneHns yCTaHOBWUI, A€ N KaKOM MOCT HY>KHO CTpOUTb. MOCT NoCTpounu K
CpoOKy, 6oeBoe 3aaHne 6b110 BhIMO/IHEHO YCMELLHO.

NMpy noMoOLLUM 3aNUCHON KHWKKMU.

Oka3bIBaeTCs, B KayecTBe npnbopa npmbnmanTenbHOM OLEHKN HEAOCTYMHOM
BbICOTbl MOXXHO UCMO/Ib30BaTh U CBOKD KapMaHHYIO 3aMUCHYIO KHUXKY, €CNu OHa
CHabXXeHa KapaHAaloM, BCYHYTbIM B NeTesibKy npu KHmKKe. OHa NoMoXeT
NOCTPOUTb B MPOCTPaAHCTBE Te ABa NOAODOHbLIX TPeYrosibHMUKa, U3 KOTOPbIX NOoy4YaeTcs
MCKOMas BbliCOTa. KHMXKKY Hafo AepxaTb Bo3ne rna3. OHa A0/MKHA HaxoauMThCs B
OTBECHOW MNIOCKOCTU, @ KapaHaalll BblABUIaeTCsa Hag BEPXHUM 0O6pe30M KHUKKM
HaCTO/IbKO, YTObbI, rNAAa U3 TOYKKU a, BUAETb BEpLUMHY B aepeBa NOKpbITOM
KOHYMKOM B KapaHAaawa. M3 nonobus TpeyronsHnkoB abc n aBC BbicoTy BC Hanaem
n3 nponopumn BC:bc=aC:ac.



PacctosiHus bc, ac, aC n3mepsatoTcs HeNocpeacTBeHHO. K nony4YeHHOM BEpLUMHE
BC Hago npunbasutb ewé anmHy CD, T. €. — Ha pOBHOM MecCTe — BbICOTY fia3a Haj,
MOYBOM.

TaK Kak LUMPUHA ac KHMXXKU HEM3MEpUMA, TO €C/IM Mbl BY1IEM CTAHOBUTHLCS HA OAHOM
M TOM XK€ PacCTOsiHUM OT u3MepsieMoro aAepesa (Hanpumep , B 10 M), BbicOTa AepeBa
6y1eT 3aBUCETb TONIbKO OT BbIABMHYTOM YacTu BC KapaHaalua. Mo3ToMy Mbl MOXEM
3apaHee BblYMC/IUTb, KaKasl BbICOTA COOTBETCTBYET TOMY W/IM MHOMY BbIZIBUXEHWIO, U
waE»ecm 3TV YMCNa Ha KapaHaalw. Ncnonb3ys HEGOMbLLME XUTPOCTU 3anmnCHAs KHMKKA
npeBpaTUIach B YNPOLLEHHbI BbICOTOMETP, TakK Kak MOXHO Npu eé NoMoLLm
OrpeaenuTb BbICOTbI Cpasy, 6€3 BblUNCIEHWN.

NMpu noMoLM 3epKana

BOT ellUé o4eHb MHTEPECHbBIM CNOCob onpeaeneHns BbiCOTbl AEPEBA NPWY NMOMOLLI
3epkana. Ha HEKOTOPOM pacCTOSIHMM OT U3MEPSIEMOro AepPEeBa, Ha POBHOM 3eMie B
Touke C KnagyT ropu3oHTaNbHO 3epKasnbLe U OTXOAAT OT HEro Hasad B TaKyko TO4Ky D,
CTOS B KOTOpOW HabnogaTens BUAUT B 3epkasie BepXyLKy A aepeBa. Toraa AepeBo
(AB) BO CcTONbKO pa3 Bbilwe pocta HabntoaaTens (ED), BO ckonbko pa3 pacctosiHne BC
OT 3epkana ao aepesa bonblie pacctosHua C OT 3epkana Ao Habntogatens. S pewwna
BbISICHUTb Mo4YeMy?

PelueHune:

30€eCb MHE MpULLIOCh MO3HAaKOMUTLCS C 3aKOHAaMU (U3UKN, KOTOPble Mbl ELLE He
MNPOXOAWAN, 3TO OTPaXKeHUE CBeTa. BeplmnHa A oTpaxaeTtcs B Touke A: Tak, UTO
AB=A:B. 13 nogobus TpeyronbHukoB BCA: u CED cnepnyeT, 4To

A:B:ED=BC:CD. B sTon nponopumn oCTaéTcs nuilb 3aMeHnTb A:B paBHbIM eMy AB ,
4yTO6bl 060CHOBATL YKa3aHHOE COOTHOLLEHME

3T0 yAOOHbIM M HEXIOMOT/IMBLIN CNOCO6 MOXHO NPUMEHATH BO BCSAKYIO MOroay,
HO HE B NYCTOM HaCa)XAeHWM, @ K OANHOKO CTOSILLIEM [IEPEBY.



N3MepeHue LLMPUHDbI PEeKM.

He nepennbiBas pekun, N3MepuTb €€ LLIMPUHY — TaK e NpocTo NS
3HaloLLEro reoOMeTpUIO, Kak onpeaenuTb BbICOTY AepeBa, HE B3bMpasch Ha
BEPLUMHY. N3 MHOrMX CNocob0B pelLleHnst 3TON 3aaun g npeanarato
pPacCMOTPETb CaMblA, Ha MOW B3rNsA, UHTEPECHBIN.

NMpu noMoLwyU KO3bipbKa

Cnocob 3ToT cocToUT B cneaytoleM. Haao BCTaTh IMLIOM K peke U
HABUHYTb (hyparkKy Ha rnasa Tak, YTobbl HUXHUI 06pes3 KOo3blpbKa TOYHO
CoBMaAaan C IMHUEN NPOTMBOMONOXHOro 6epera. Ko3bIpék MOXKHO 3aMEHUTb
NafoHbIO PYKU MAOTHO NPUIOXEHHOW pebpoM Ko Nnby. 3aTeM, HE U3MEHSIS
MOJSIOXXEHWE IrOSI0BbI, HAZ0 MOBEPHYTHLCSA HAMPABO WKW Ha NIEBO, UKW AaXe
Ha3aA(B Ty CTOPOHY, FAe NOPOBHEN Nnowaaka, AOCTynHas ANs U3MEPEHUS
PACCTOSIHUS) U 3aMEHUTb CaMyto AasbHIOK TOYKY, BUAUMYIO U3-NMOJ KO3bIpbKa
WKW NafoHU. PaccTosiHue 10 3TOM TOUYKM U ByAEeT NPUMEPHO PaBHO LUMPUHE
PEKM.

MNonpobyto gaTb reoMeTpuyeckoe 06bsICHEHNE 3TOMY Crocoby.
Peluenue:

Jlyy 3peHus, kacatoLmmca obpesa ko3bipbka (NaioHK), NepBOHaYanbHO
HanpasJ/ieH Ha NMHMIO NPOTUBOMNONOXHOIO 6epera. Koraa venosek
NOBOPAYMBAETCS, TO JIyd 3peHnst, NOAOOHO HOXKE LUMPKYs, Kak bbl
OMUCbIBAET OKPYXKHOCTb, U Toraa AC=AB Kak paanycbl 0IHOW OKPY>XHOCTU



KaxkeTcq, oauH 13 repoes XXiong BepHa noacymTbiBas, Kakasd YacTb ero tena
npoLuna 6onee ANMMHHBIA NYTb 3a BPEMS €r0 KPYrOCBETHbIX CTPAHCTBMIM — rOJI0Ba MK
CTYMHW HOr.

[JaBaviTe BoobpasnM, YTO Mbl 060LLIM 3EMHOW AP MO 3KBaTOpy. W BbISCHUM
HACKOJIbKO MpW 3TOM BepXYyLlUKa MOEN ronoBbl Npowsia 6onee ANNHHBLIA NyTb, YEM

KOHYMK HOrm?
PellieHne:

Horwv npownv nyteb 2nR, R — pagnyc 3eMHOro wapa. Bepxyluka e rososebl
npotuna npyv 3tom 2n(R +1,7), rae 1,7M —pocT YennoBeka. Pa3HocTb ryten paBHa 2r(R
+1,7) - 2nR = 2n*1,7=10,7m.

Utak, ronosa npotusna nyte Ha 10,7 M 60/1bLUE, YEM HOIM.

Camoe ntobonbITHOE, YTO B OKOHYATENbHbIA OTBET HE BXOAUT BENMUYNHA paaunyca
3eMHOro wapa. No3ToMy pe3ynbTaT Noy4YUTbCS OAMHAKOBLIN U Ha 3eMNe, N Ha
tOnuTepe, 1 Ha CaMoOW ManeHbKOM M1aHETe.

N ewé, pa3HOCTb A/IMH ABYX KOHLIEHTPUYECKNX OKPY)KHOCTEN HE 3aBUCUT OT
panycoB, @ 3aBUCUT TOJIbKO OT PACCTOSHUSA MeXay HUMU. BOT OKa3blBaeTCsl Kakoe
yyno! MNMpubaBka 0AHOr0 CAaHTUMETPA K paanycy 3eMHOM opbuThl yBenmumuna bbl eé
OJIMHY POBHO HACTOMbKO, HACKONbKO YAJIMHUTBLCS OT Takou e npubaBkn pagnyca
OKPY>XHOCTb MsTaka.



[MpounTaB O4YEeHb MHOIo KHUI, 9 caenana ans cebs BbIBOA: YTO OT MeHS
OKa3adJICb CKPbITbIMU MHOINE NpUBJIEKATESIbHbIE CTOPOHbI MAaTEMATUKMU.



PucyHok N21. Kak namepwunm BbiCOTY ckanbl repoun Xiong BepHa.




PucyHok N92. M3mepeHune BbICOThI AepeBa Npu NOMOLLM LecTa




