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TeMbl nrpbl

-

 «MICTOpUA TPUrOHOMETPUU KAK HayKMU

«[IpSAMOYroJibHbIN TPEYroJsibHUK

.yrnbl‘u X U3MepeHue

«BbluyncneHus

PacckaXxu MHe, pacCKkaXxu +
.d>opMynb| :

-ccnepoBaHue TPUrOHOMETpPUUECKNX byHKLMMN
«[1polye npocroro

.« |€PMMUHDI

S TETS Y YPaBHEHMSA U HepaBeHCTBa
«HYucnosas Opr)KHOCTb
NfipenaHbsa crapuHbl rNy60Ko



TeMbl

Hctopus TpuroHoMeTpuu
[1pSAMOYrO/1bHbIN
TpeyronbHUK

Yrnbl n UX usMepeHue

BbluncrneHuns

CTOMMOCTb BOMpoca




McTtopua TpuroHomeTpun-20

MIMeHHO K 3TOMY nepuoagy
MCTOPUN OTHOCUTCS 3apOXKAEHNE /\

TpMFOHO7

iTpmm




OT1BeT

3apOXXAeHWe TpUroHoMeTpumn
OTHOCUTCS K rNyBOKON APEBHOCTU | /\

i




[locTeneHHO B reoMeTpumn U aCTpOHOMUMK
YCTAQHOBW/IN 3TU NOHATUA. 10 CyLLeCcTBY,
MU onepupoBan eLle ApeEBHNE
MaTEMATUKKU, pacCMaTpuBas OTHOLLEHME
OTPE3KOB B TPEeYroJibH1UKax u
OKPY>KHOCTAX






OTOT ApEeBHErpeyecknit aCTpoHOM, XXUBLLUM
BO II Beke A0 HalLen 3pbl, CYUTAETCH
OlHUM M3 OCHOBOIMOTOXXHWKOB
TpUroHoMeTpumn. OH Ke SBASIETCHA aBTOPOM
NnepBbIX TPUTOHOMETPUYECKNX Tabnuu,.



OT1BeT




Ba)kHbIW BK/1a4 B pa3BUTUE TPUTOHOMETPUU Bbinu
BHECEHbl MaTEMATMKAMM 3TOUN CTPaHbl B NEPUOA
V-XII B.B. H.3. IM 6bIn1 13BECTHbI COOTHOLLEHUS,
KOTOpble B COBPEMEHHbIX 0603HaYEHUSAX MULLYTCH
TaK:

- D 2
siIn” o +cos” =1

cosa =sin(90° —a)



OT1BeT




NcTopusa TpuroHomeTpun-100

B Poccumn nepBeble TpUroHoMeTpuyeckune
Tabnuupbl 66111 u3aaHbl B 1703 roay npw

yyacTum MMGHH7<I‘OFO YYEHOr0 / \

>




OT1BeT




[TpaMoyronbHbIN TpeyronbHUK - 20







[TpaMoyronbHbIN TPeyronbHUK - 40







[TpAMOYronbHbIN TpeyronbHUK - 60




[E€T, TaK KaKk CUHYC — €CTb OTHOLUEHNE —
YMCNO OTB/IEYEHHOE, a He MMeHQBaHHoe :

-




[TpAMOyronbHbIN TpeyronbHUK - 80

KaK NOCTPOUTb OTPE30K a2 2 Zp‘f

//\ 7 /:\

=

N7 V




DopMynav a” + DBbIpaxaer runoteHysy
MPsIMOYrONIHOTO TPEYroNbHIKa, Y KOTOPOro -

KaTeTbl @ U b. . i | /




OaOWH U3 YyrnoB NpsiMOYrosibHOro
TpeyrosibH1Ka paBeH cpeaHeMy
apuPMeETNYECKOMY ABYX APYrnX ero
Yr10B. HanamTe ero KaTeTbl, ecnu
r’MNOTEeHYy3a paBHa C.







Yrnbl U nx namepeHue - 20

BeNIMYNHA YrNa o Bblpa)eHa B rpaﬂyca>—'l
Bbipa3uTe ee B _panmaHax a

azs;}/*\ \ /\




OT1BeT




Yrnbl U nx namepeHue - 40

'V‘II.: .' gara :A. ' -"'

e

oTOT Yyron - 830° - //A\
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OT1BeT




Yrnbl  nx namepeHune - 60




OT1BeT

aK KaK pa3BepHyTbIN yron cop,ep>|<MT 3C
WX 7T pagnaH, To 1° =~ paauaH.. =

~ 180 A //\
MosTomy 150° —150><Zjﬂ\ —pa aH.

180

U




Yrnbl  nx namepenme - 80

DblPdoaVIM b Iviiviiay Y a ()} bl PdUY a' :

w 1
ecnm :4_7T paauaH. |

3




OT1BeT

aK KaK pasBepHYTBIl Yron COACPXUT 7T pajnaH,
A

~
N\

mnn 18

Ooh TO 1 paduan = L& //
HOBT%K

dr ..., 4m 180°

—— dadeqal = —




Yrnbl  ux namepenune - 100

Touka C genut ayry AB
eIMHNYHOW OKPY>KHOCTU Ha B .
[IB€ pPaBHble YacCTW, @ TOYKM gl
M u N genat gyry AB Ha Tpu o
paBHble yactn. OnpegenuTte // \ /

/ A
|

>

BE/INYMHY yrna: /
AOC B rpaagycax / \\ ] -
AON B pagmaHax




OT1BeT




BbiyucneHung - 20

arcsin —




OT1BeT




BbiyucneHunda - 40

arccos 3







BbiyucneHmnga - 60

ObIUNCIUTDL COSOL ,eCNNU
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BbiyucneHmnga - 80

: S ' : I‘. '
¢ = : R | \
3cos(7r—a)—2/17>xs(72r—a) /

ecnun tg o, =4




OT1BeT

—2cosa +3sino
C = p— T.
—3cosa —2sma
Tak Kak tgg=4, 10 cos o #0. Pazgenum yncnutenb
1 3HaMeHaTesb Apodbn Ha COSy:

)

—2+3tgaa —2+3x4 10
—3-2tgo0  —-3-2x4 11

n=




BoivuncneHusa -100

| ~
N

arccos(ﬁ\n 0,6m)

I




OT1BeT

[lpeobpazyem sin0,6 .
sin0,6z =sin(0,57+0,17)=cos0,1x .

N\

Tak kak 0,1z€ [0; =], TO
arccos(sin0,6 n)=arcco%/cxgso, 17)=0,17~




TeMbl CToMMOCTb BOMpoca

Pacckaxu, MHE
paCCKaxXu

ccnepoBaHue
TPUTOHOMETPUUYECKNX

DYHKLNN
dopmynbl

[1poLle npocToro




Pacckaxun MmHe, pacckaxu - 50

Kak pacnonaratoTcs rpadmkm dyHKLMM
"
OTHOCUTENIbHO rpaduka yHKLNN



OT1BeT

[padunK PYHKUMN
nony4yaeTcs u3 rpauka @yHKUNn
nyTeM ero pactarmeaHusa B 2 pasa Baosb ocu Oy.

[padunK PYHKUMM
nony4yaeTcs u3 rpauka QyHKUNK
nyTeM ero okatug B 2 pa3a BAosb ocu OX.



Pacckaxun mHe, pacckaxu - 100
[[pa®nKOM YyHKL MK

ABJIAETCA






Pacckaxun MHe, pacckaxu - 150

PacckaXknte Kak NoCTpouTb rpaduk
PYHKUNU



OT1BeT

Hy>KHO NPUMEHUTb TOXAECTBO L KOTEDOE
CrpaBeA/IMBO B €CTECTBEHHON 06/1aCcTK OnpeaeneHus.

padmKoM PyHKLMM
ABNSAETCS OTPE30K NPSIMOM, 3aaHHbIM YPAaBHEHMEM Y=X,

npu




Pacckaxun mHe, pacckaxu - 200
[[pad®nKOM PYHKL NN

CNYXXUT



OT1BeT

OTpe3oK NpsiMow ;

COOTBETCTBYIOLLMA 3HAYEHUAM




PacckaXxun MmHe, pacckaxu - 250

CyLecTBYOT OYHKLUMKN, rpaduK KOTOPbIX
n306pa3nTb HEBO3MOXHO. Takow,
HanpuMep, ABNSETCS



OT1BeT

OyHKUMa dupuxne, onpeaeneHHas
cnenyrowmm obpasom




VlccnegoBaHne TPUFOHOMETPUYECKMX
doyHKuUnn - 50

MIMEHHO ANns 3TUX AEUCTBUTESbHbBIX YMCEN
onpeaeneHa MyHKUUS



OT1BeT

[nsa Bcex AENCTBUTENBHbIX
KpoMe




VlccnegoBaHne TPUFOHOMETPUYECKMX
doyHKumn - 100

Hanaute MHOXECTBO 3HaYeHUU PYHKLNK






VlccnegoBaHue TPUTOHOMETPUYECKUX
doyHKuUMn - 150

Ecnn rpadpuk @yHKLUUK ,,

3a[lJaHHOW Ha NPOMEXYTKE, .€CTb HEMpepbiBHAS
JINHUS, NOJSTyYeHHas HernpepbIiBHbIM ABMXEHUEM
KapaHaalla 6e3 oTpbiBa ero octpus oT bymary,

TO 3TY (PYHKLUMIO HA3bIBAIOT



OT1BeT

HenpepbiBHOW Ha 3TOM NPOMEXYTKE




VlccnegoBaHne TPUFOHOMETPUYECKMX
doyHKumn - 200

C NOMOLLbIO 3TUX OCHOBHbIX 3/1eMEHTAPHbIX
OYHKLMN Y
3a/laHa C/oXHas PYHKLUS



OT1BeT

fe)=vx

g(x) = cos x ’ /A\




VlccnegoBaHne TPUFOHOMETPUYECKMX
doyHKuUMn - 250

HanMeHbLLMN MONOXUTENbHBIN Nepunoa
PYHKLMUMK DaBaH



OT1BeT




dopmyrnebl - 50

3HayeHue Bblpa)KeHUS

PABHO






®opmynel -100

3HayeHne Bblpa)KeHUS

PABHO






dopmynbl - 150

Hanante 3HauyeHne BblipaXkeHust



OT1BeT




®opmynel - 200

Hanante 3HauyeHne BbipaXkeHus



OT1BeT




dopmynebl - 250

3HayeHue Bblpa)KeHUS

PABHO






[1poLie npoctoro - 50

[pacpmK Kakon pyHKLUUM Y

n3obpaxkeH Ha
DUCYHKE /\

O




OT1BeT




[1poLwie npoctoro - 100

padmK Kakow yHKLMU Y|

M306pakeH Ha A
PUCYHKE

B




OT1BeT




[1poLwie npocTtoro - 150

YKaXUTe MHOXECTBO 3HAUYeHNN (DYHKLUK






[1poLwie npoctoro - 200

YKaXUTe MHOXECTBO 3HAUYEHNN (DYHKLUM






[1poLle npocTtoro - 250

pachuk KakoW yHKLMK X

n306pa>keH Ha /\ A .
B i S i v




OT1BeT




TeMbl

IIpenanbsa craprHbI
TTyOOKOM

YucnoBas OKPY>XHOCTb

TepMUHbI

PelwlaeM ypaBHEHUS
N HEpaBEHCTBA

CTOMMOCTb BOMpoca




[lpenaHbsa ctapuHbl rnyookon - 100

B opeBHeM Ermnre 3aMeTunun, 4to €Ccnin Ha
BepeBKe 3aBA3aThb Y3eKW Ha PpaBHOM
PACCTOSAHMM ApYr OT ApYyra, U HAaTAHYTb
BepeBKY TakK, YTObbl rOBOpSA COBPEMEHHbIM
A3bIKOM, MOJTyYanCca TPeyrosibHUK CO
CTopoHamu 3; 4 u 5, To yron nexxatiumnu
NPOTUB HanboNbLUEN CTOPOHbI OKAXKETCS]
npamMbiM. C Tex Nop UMEHHO TaK
Ha3blBae€TCA TPeyrojibHMK CO CTOPOHaMu 3;
4135



OT1BeT

Erunetckumn




[lpenaHba ctapuHbl rnybokon - 200

BeHLOM pa3BUTUA aCTPOHOMUU U
TpUroHomMeTpumn B ApeBHen Mpeunn
cuntaeTcs paboTta «bosnbLioe
MaTeMaTnyeckoe nocTtpoeHne aCTpoHOMUU B
13 kHurax» (AnbMarecT) 3TOro 3HaMeHUTOro
ACTPOHOMa.



OT1BeT

Knasauu Nrtonomen
(IT B H.3.)




[lpenaHbsa ctapuHbl rnyookon - 300

B [lpeBHeM EruvnTe cylliecTtsoBanu noau
cneumnanbHoOu npodeccnmn, KOTopbiX
Ha3biBanu TAPTTEOOHAINTDI. C HuX
HauyMHanocb nboe CTpPoUTENLCTBO.

Ha3oBuTe npeaMeT, 6e3 KOToOporo 3T
NIIOAN He BbIXOAWN Ha paboTy.




OT1BeT

[[APIEOOHAITbBI — HaTaruBaTenn BepeBKu.

C noMoLLbl0 BepeBKW POBHO B JIMHUIO
BbIK/1aAblBaIN KMPNnYn nnu KamHu. Ewe
BEPEBKA HY>XHa AN TOro, Ytobbl
NONy4YnTb NPSAMOU Yron.



[lpenaHbsa ctapuHbl rnyookon - 400

Brniepsble oHW ObiN BBeAEHbI B X B.
nepcuackmm MatemaTukoM Aby-nb-Bedon
B CBS131 C pelleHneM 3aaa4um o6
onpeaeneHnn AanHbl TeHU. A MOTOM
3aHOBO OTKpbITbl B XIV B. CHayana
aHMIMUCKMM yyeHbiM T. bpaaBapanHoOM, a
Nno3aHee HeEMEeLKMM MaTeMAaTUKOM,
aCTPOHOMOM PernmoMoHTaHoM (1467r.)



OT1BeT

TaHreHchl




[lpenaHbsa ctapuHbl rnyobokon - 500

JlereHaa rnacuT, 4To Panec (punocod U
MaTeMaTUK) NpuBen B N3yMJsieHne
ermneTckoro uapsa Amasuca, U3amMepmBs
BbICOTY OAHOW U3 nMpamMui no BeNnYmHe
OTOpacbiBaeMou eto TeHN. B uem
3aKJitodanacb aoragka Paneca?



OT1BeT

[oraaka ®aneca 3akao4vanacb B TOM, YTO B
TeyeHnn aHSA 6bIBaeT MOMEHT, Koraa
OIMHA TEHU KaXXaoro npeaMeTa paBHa
BbICOTE CaMOro sToro npeameta. OH
[0XAa/ica MOMeHTa, Koraa AJSIMHa ero
TEHW CTaNla paBHa ero pocTy, 1 Toraa,
M3MepuB TeHb NMpamMuabl, BbIYNCIN ee

BbICOTY.



Uncnoeasa okpyxHocTb - 100

Bce yrnbl , NS KOTOPbIX
COCTaBJIAIOT CEPUIO YII0B



OT1BeT

Bce Takme yrnbl COCTaBNAKOT CEPUIO YI/IOB




Uncnoasa okpy>kHoOCTb - 200

PewnTb ypaBHeHUE



OT1BeT

YuyTeM, yTO - OpAMHaTa To4Ykn M(t)

YNCTOBOW OKPY>KHOCTU. 3HAYUT, HYXXHO HAaUTU Ha
YNCITOBOMN OKPY>XXHOCTWN TOYKM C OpAMHATOU

1 3anmcaTb, KakuM 4ynucnam t oHM COOTBETCTBYIOT.

J



Uncnosasga okpyXHoCTb - 300

B Tpyaax aToro BenMKkoro yyeHoro, YyneHa Poccmnckon
aKkaJeEMUN HayK, TPUrOHOMETPUS NOY4YMIIa
coBpeMeHHbI B1A. OH Hayan paccMaTpmBaThb 3HAYEHUS
TPUFOHOMETPUYECKNX DYHKLIMN KaK YnCna-Be/IMYNHDI
TPUFOHOMETPUYECKUX NIMHUN B KPYre, paanyc KOTOporo
NPUHAT 3a eanHuuy. OH Aan OKOHYaTENbHOE PELLEHNE O
3HaKax TPUrOHOMETPUYECKNX DYHKLIMA B Pa3HbIX
YEeTBEPTHAX, BbIBE/T BCE TPUTOHOMETPUYECKNE (POPMYIIbI
13 OCHOBHbIX. IMEHHO B €ro Tpyaax BrnepBble
BCTPEYAOTCS 3anuncu



OT1BeT

JleoHapa 2unnep
(1707-1783)




UncnoBaga okpyXHoCTb - 400

PewnTb HepaBeHCTBO



OT1BeT

YyTeM, UTC - 3TO opAMHaTa To4Kkn M(t)
YNCNOBOW OKPY>XXHOCTWU. 3HAYUT, HYXXHO HaUTU
Ha YNC/TIOBOU OKPY>KHOCTU TOYKM

C OpAVHATOM 1 3anNncaTb, KakUM
YANCNlaM  OHW COOTBETCTBYIOT




UncnoBasa okpy>kHOCTb - 500

PelinTb HEpPaABEHCTBO



OT1BeT

—arccos 0,3+ 27k <t < arccos 0,3+ 27k , k e/f




Pelwmaem ypaBHeHUa n HepaseHcTBa - 100

Pelinte yCTHO ypaBHeHue



OT1BeT




Pelwaem ypaBHeHus n HepaseHcTBa - 200

PewnTb ypaBHeHUE



OT1BeT

x = arctg(—1,5) + nk , kjE_‘Z /]\\




Pelwlaem ypaBHeHUa n HepaseHcTBa - 300

[1pn peLueHnmn 3Toro
HEpPaBEHCTBA

MCMOJIb3YETCS



OT1BeT

BBegeHne BcnoMoraTesnibHOro yr/a




Pelwlaem ypaBHeHUA n HepaseHcTBa - 400

YpaBHeHue VECT0
peLlaTb rMpu NOMOLLIN 3aMeHbI



OT1BeT

SINX+COSXx ="




Pelwuaem ypaBHeHUa n HepaseHcTBa - 500

Ha3oBUTE YeTbipe TUNa YpaBHEHUN,
coaepxalme-obpaTHble
TPUrOHOMETPUYECKNE QYHKLUM




OT1BeT

npocTtenwue;

CBOAUMbBIE K anrebpanyeckmm;
PELLaeMble C UCMOJIb30BAaHNEM CBOUCTB
(PYHKUNK;

YPaBHEHUS, peLlEHNE KOTOPbIX OCHOBAHO
Ha nepexoae K cneacrsuio (NpuMeHeHue

OJHOW 1 TOWU € TPUrOHOMETPUYECKON

DOYHKLMK K 06EeNM YacTsaM YpaBHEHUS)




TepmunHbl - 100

OTOT TepMUH ByKBa/IbHO O3HA4YaEeT
«TETUBA JIyKa», «KCTPYHa»






TepmuHbl - 200

JTOT TEPMUH O3HAYAET «HATAHYTad»



OT1BeT

[ MNOoTEeHy3a




TepmuHbl - 300

DTOT TEPMUH COCTOUT U3 ABYX FPEYECKUX
C/OB:

«TPUFOHOM>», YTO O3HAYAET «TPEYrONIbHUK>
"

«METPENH>», YTO O3HAYAET «U3MEPATb>



OT1BeT

TpuroHomMeTpus




TepmuHbl - 400

MIMEHHO 3TO O3HAYaeT APEBHUM
TEPMUH «KaTeT»



OT1BeT

OTBecC




TepmuHbl - 500

9TO Ha3BaHMe nosisuaocb B 1583r.
[lepeBOANTCA C NATUHCKOr0, Kak
«Kacarowmnmcsa»



OT1BeT

TaHreHc




DunHan

Onpenenntb BCE  , MPU KaXKAOM U3 KOTOPbIX
HEepPaBEHCTBO

nMeeT XoTs 6bl 04HO peLleHne






