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CJ10BO y4YUTEJII0 — PYKOBOJAUTEJII0 MPOEKTA

KoHeuHBbIM pe3ynbTaTOM MOEH MeIarorndeckoi eaTeIbHOCTH B 00yUeHUN
JOJKHA ~ CTaThb OOpa3oBaHHAs M ACTETUYECKU pa3BUTasl JUYHOCTh. A Jr00as
JUYHOCTh JOJDKHA YMETh CBOOOTHO MBICIUTh W NPUHUMATh CaMOCTOSTEIHHBIC
pemenus. K aTroMy cTpemimtoch s, Kak HACTaBHHUK, U MOW ydeHHKH. [loatomy
pa3BUTHE TBOPYECKUX CIOCOOHOCTEH SIBISIETCS HEOThEMJIEMOM YacTbIO HAIIETO
COBMECTHOTO B3anMojaeicTBUs. [IpOeKTHO-HCCIIeNOBATENbCKAS EATEIBHOCTD, C
TOYKA 3pEHUS] Yy4YalMXCs, — OTO BO3MOXHOCTb CAMOCTOSITEIBHO CO3/aTh
WHTEIJUIEKTYaJIbHBIA TPOIYKT, MAKCUMAJIBHO MCIIOJb3Yysl CBOM BO3MOXHOCTH; 3TO -
JeSATEIbHOCTh, TO3BOJISIIONIASl MPOSIBUTH ce0s, monpoOOBaTb CBOM  CHUJIBI,
NPUJIOKUTh CBOM 3HAHUS, MPUHECTU MOJb3Y M MyOJWYHO TOKa3aTh PE3yibTarT,
CaMOYTBEPAUTHCS.

[ToaToMy pa3paboTka HaHHOTO MPOEKTa - 3TO MyTh K CaMOPa3BUTHIO
JUYHOCTU MOUX IIKOJIBHUKOB Y€pe3 OCO3HAHHE COOCTBEHHBIX NOTPEOHOCTEM,
yepe3 camMopeali3alii0 B MPEeIMETHOW jaesTenbHOCTH. [loMumo paboThl ¢
KOHKPETHOM  TEMOW  IpeIaraercss  IMUPOKUA  CIEKTP  JMYHOCTHBIX
KOMMYHUKATHUBHBIX CBSI3€W C peOATaMH B IpyIIle, ¢ OJHOKIACCHUKAMH, CO MHOU
YUHTEIIEM — THIOTOPOM.

JInst MeHsI CO3JaHHBIM MPOEKT IIEHEH TEM, YTO B XOJI€ €r0 BBHITIOJIHEHUS,
pebsita  yYWUIIUCh CAMOCTOSITEIbHO MPUOOpEeTaTh 3HAHUS, MOJy4aTh OMBIT
MO3HABaTeNIbHOM M y4eOHOM pesTenbHOCTH. BMmecte ¢ Tem, MHe caMmoi
MPUXOAWIOCH NIyOOKO BHUKATH B TEMbI, HAJl KOTOPHIMU pabOTaM MOM YUCHUKH.
DTO OKymaeTcs CHOJIHA U TEM, YTO PACTET MOE IMEJaroruiyeckoe MacTEpPCTBO U
YBEIMYMBAIOTCA COOCTBEHHBIE 3HAHUS B MpeaMere, HO U BUKY 4
pagoOCTHBIM OrOHEK B TJIa3aX CBOMX YUYEHHKOB. XO4yy TOXEJIaThb BCEM
BbIlTycKkHUKaMm 2014 roga ycnexoB Ha UTOTOBOM TECTUPOBAHUMU.



C/10BO yueHHMKaM — aBTOpaM IIPOEKTa

PabGota Haj mpoekToM cTasia JJi1 HAaC HE3aMEHUMBIM ONBITOM B pPELICHUU
3ama4y EI'D mo maremaruke. I1o mepe co3panusi, Mbl pa3BUBAJIA HE TOJBKO HABBIKU
MPOEKTHOM AESITENbHOCTH, HAJHMUME KOTOPBIX, 0€3yCIIOBHO, BAXKHO UII OYmyIIMX
CTYACHTOB, HO Takke Mbl OOydYaquch HOBOMY METOJy  pEILICHUS
CTEPEOMETPUYECKUX 3a1ay.

Ham mpoekr — 3TO BO3MOYKHOCTH MOJEJIUTHCS HAKOIUICHHBIM OIIBITOM,
MOJyYeHHbIMU 3HaHUsIMH. [IpoBens Ha cebe Takoro poja MaTeMaTUYeCKUi
HKCIEPUMEHT, Mbl MOKEM TNIPEACKa3aTh BO3MOXHBIE OIIMOKUA IIKOJIbHUKOB,
JIOITyCKaeMbI€ B PELICHUH, U ITPEIOTBPATUTD UX MOSBICHHUE.

[IpoeKT yHHKaJIEH TEM, YTO B HEM MPECTABICHbI IPUMEPHI PELICHUS 3a/1ad,
COCTABJICHHbIE HAaMU CaMHUMH — OHHM MOAPOOHO pAaCHUCaHbl, UX MOHUMAaHUE
JNOCTYIHO. VICIIBITBIBATh TPYIHOCTH B MEPEXOJE OT OJHOIO JAEUCTBUS K IPYrOMY B
XO0JIe peuIeHUs] CBOJUTCA K MUHMMYMY, TaK KaK Mbl MOCTapajuch O0Jiee TECHO
CBA3aTh BCE IIAard BbINOJHEHUA 3agaud. OnHaKo, yriayosssch B TEOPHIO,
pacCUMTHIBATh NMPUXOJIUTCA HA 3HAHHE (POPMYJT U YMETh HAWTH HEOOXOAMMBIN
CIIPaBOYHBIN MaTEpHal.

Ms1 yBepeHbl, 4TO pa3pabOTaHHBIE HaMU NOPOEKT OyJIeT NOoJIe3eH IS
yuamumxcs 10-11-x knaccoB, rotoBsmuxcsa k EI'D mo matemarnke, Tak Kak OH yKe
OBLIT MTPOTECTUPOBAH HAMU HA HAC CaMUX.
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BBeaenmue

Aneebpa - He umo uHoe, KaKk 3anucanHas
8 CUMBONAX 2e0MeMPUs,

a eeomempus - 3mMo npocmo aneeopa,
BONNOWEHHAS 68 PUcypax.

Cogpuii Kepmen
(1776-1831)

[IpumeHeHnne anreOpsl K H3YyYEHUIO CBOWMCTB TIE€OMETPHUYECKUX (QUryp
BBIPA3UJIOCh B METOJI€ KOOPAMHAT (KOOPJIUHATHO — BEKTOPHBIA METOJ) — BEChMa
3(p(GEKTUBHBIM M YHUBEPCAIBHBIM CIOCOOE HAXOXACHUS JIOOBIX YIJIOB WU
pPAcCTOSTHUN MEXIy CTEpPEOMETPUYECKUMU OOBEKTaMu B MpOCTpaHCTBE. [laHHBIM
METOJI PEIICHUsI 3aKII0YaeTCsl BO BBEACHUM (IIPUBSA3KE K UCCIEAYEMbIM (Urypam)
JEKapTOBOM CHCTEMbl KOOpPAMHAT, a 3aTeéM — MCUUCICHUH O0O0pa3yroumxcs
BEKTOPOB (MX JUIMH U YTIIOB MEXKITY HUMH).

JIOCTOMHCTBO METOJAa KOOPAMHAT COCTOMT B TOM, 4YTO €r0 IPUMEHEHUE
n30aBiIA€T OT HEOOXOAMMOCTH TMpUOErarb K HAISIAHOMY IIPEICTaBICHUIO
CIIOXHBIX TPOCTPAHCTBEHHBIX KOH(urypamuii. KoopauHaTHbIE MeTOJ HMeEET
NPEUMYIIECTBO TMEped JAPYTMMH CIOcOO0aMu TeM, 4TO TpeOyeT MeHbIIe
CTEPEOMETPUUECKUX COOOpaKEHUIl U BUIECHUS, & OCHOBBIBAECTCS HA MPUMEHEHHUH
bopMyJl, y KOTOPBIX MHOIO IJIAHUMETPUUYECKUX U anreOpanyeckux aHaJlOTuH,
0o0Jee MPUBBIYHBIX I YHAILIUXCS.

Ecnu y BBITYCKHHMKA CTapUI€il IIKOJIbI MMEIOTCS CEPhE3HbIE MPOOJIEMBI C
MIOHMMAHUEM  ONPENCIICHUM, C UYTEHHWEM WM TMOCTPOEHHEM  CIIOKHOIO
CTEPEOMETPUYECKOTO PHUCYHKA, €CJIM €My HHUKAaK He yAaeTrcs M[noaooparh
HEO0OXOAUMBbIE JOMOIHUTENbHbIE TOCTPOEHUS, 3HAUUT CTOUT 3aHATHCA U3YyUEHUEM
KOOPAMHATHO-BEKTOPHOIO METO/A, €r0 MPUMEHEHUEM K PELICHHIO 3a7a4, KOTOPbIE
nMerorea B KMMax no EI'D. Oto 3apaun C2.

B nannoit Oporirope npeacTaBieHbl BCE OCHOBHBIC THIIBI 33/1a4, PEIIaeMbIX
KOOPJIMHATHO —BEKTOPHBIM METOJIOM: PACCTOSIHUE MEX]y IBYMsI TOUKAMH;
PAcCTOSIHUE OT TOYKHU 0 MPSIMOM U 0 IIOCKOCTH; PACCTOSTHUE MEXKITY
CKPELIMBAIOIINMHUCS NPSMBIMHU; YTOJI MEXKY IBYMsI PSMBIMHU; YTOJ MEXITY
IPSIMOM M INTOCKOCTBIO; YTOJ MEXY IUIOCKOCTAMU. K KakjoMy TUIy TaHbI
(bopMyIIbI ¢ TOMOLIBIO0 KOTOPBIX MOYKHO OTBETHTH Ha OCTABJIEHHBINA BOMPOC
3aJlauy ¥ KpaTKue TeopeTndyeckue nouatus. [IpuBenén npumep 3a1auu 1 NOKa3aHo
nopoOHOE e€ pellleHre, CocOOCTBYIOIIEE CAMOCTOSITEIbHOMY pa3dopy Beex
11aroB U 1eucTBuil. JlJisi IEpBUYHOM IIPOBEPKU CBOMX 3HAHUN BBIITYCKHUKAM
IpeUIaraeTcs 3ajaada ¢ HEIMOJHBIM PEIICHUEM, HO C BBICTPOCHHBIM XOJIOM
JEUCTBUM U NIPEACTABICHBI ITOSICHEHUS Ui CAMOCTOSTEIBHBIX YMO3AKIIOUECHUH.



Haxkowner, B Oporirope mogoopansl 3a1a4u 151 CAMOCTOATEIBHOTO PEIICHUS U
OTBETHI K HUM Ha MPOBEPKY CBOMX YMEHUN MPUMEHSATH KOOPJIMHATHO — BEKTOPHBIN
METOJ1 B TOM WM MHOM Turie 3aj1ay C2. Ko BceM 3aj1aqam npe/icTaBIeHbl PUCYHKHU
¢ ¢purypamu, NOMEIIEHHBIMU B IPSIMOYTOJIbHYIO CUCTEMY KOOPJIMHAT
TPEXMEPHOTO MPOCTPAHCTBA C HEOOXOAUMBIMU IJIEMEHTAMH U3 YCIOBUA 3a/1ad. U
1o BUaM 3aja4.

C nmoMomipl0 JaHHOrO MOCOOMS MOXHO MONPOOOBATh MOYYUTHCS PEIIAThH
3aJaud Ha BBIYMCIICHHE YIJIOB W PACCTOSHUH B CTEPEOMETPHUH C MOMOIIBIO
KOOPAMHATHO-BEKTOPHOTO METO/IA.



COOpHUK 110 TUINTOJIOTUH 3aJ4a4

1. PaccTosiHHe MexKIy IBYMS TOUKAMH
Hcnonb3yrores popmyIisr:
Paccrostane mexay Toukamu A i B MOKHO BBIYMCIIUTS:
1) nuny otpeska AB 20e, A(xy; V4, Z4), B(xs, Vs, Zg), moeoa

|AB|_J(XB_X.4) (}B_J' ) (23_2_4)2

2) Kak JJIMHY BEKTOpa AB VX2 +y2 422 e AB {x y; 2}

3aiada ¢ moAPOOHBIM PEIICHUEM
( pa3bepuTe CaMOCTOSATEILHO BCE MPEICTABICHHBIC IIATH U JICUCTBUS PEIICHUS )
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3ajaya ¢ HENOJIHBIM PEIIEHUEM
(tomuIIMTE HENOCTAIOUINE JEHCTBUS, ¥ TPOBEPTU CBOU 3HAHMS)

B npasunvnoui mpeyeonvuou npusme, éce pébpa xomopoti pasuvl 1, Halioume
paccmosiHue medxicoy npsamoimu AA; u BCy

z
A ,LO; 0;1) C4(0;1;1) Haro:A...Cy npas. mpeyeorbHan
il npusMa.
T AB=..CGC=l.

By, ¥ Haiimu: p (AA, uBC,)
oM Yy
S aBer——)  Pewenue:
C (0;1;0) Ymoobw! natimu paccmoarue Mexcdy CKPeuus Aoy uMuca
o ; npauvimu A Ay u BC,, Heobxo0umo Hatimu paccmosxue
B (—;5; 0) Mmexncoy K u M- cepedunavu 3mux ompesxos, nNomamy ¥mo
AKBC-... u KM-...
1) 3anuwem xoopouramsl moyexA,Ay,C,Cy...;
2) daa naxosxcoerua abcyuccol moyxu B, natioem BH
gvicomy AABC u3 ABAH- npamoy2oneHo20
BH=.. =>B(.);
3)Hatioem koopounamvl m. K-cepedunvl A Ay no
5 dopmyram ... => K (...), anarozuynom. M cepedura
B (7)) BCy=>M(...);
4) Haxoou m paccmosrue m/0v mouxavu KuMno
> dopmyre ...

3ajadu Ut CaMOCTOSTENBHOTO PELICHUS
1. B npaBuibHOM TpeyroibHO# npusme ABCA;B,Ci, Bce péOpa KOTOPOW paBHbI

. 3
1, HaiinuTe paccTostHue Mexay npsmbiMu AA i BCi, OTBeT: (%)

2. Jlana mpaBuiibHast TpeyroibHas mnpusma ABCA1B1Cipce pebpa OCHOBaHUS
KoTOpoi paBHBI 2.CeueHune, mpoxosiiee yepe3 00koBoe pedpo AA i cepe-
nuny Mpebpa B1CapnseTcs kBagparom. Haiiaure paccTosHre MEKIy Tpsi-

6
MbIMU A1Bu AM. OTBeT: (%)

3. ana npaBunbHas yeTbipéxyronpHas nupamuna MABCD, pébpa ocHoBaHus

KOTOpOit paBHbI 5. TaHreHc yria Mexay npsmeiva DM i AL pasen 3L —
cepeauHa pedbpa MB. Haiinute BoicoTy nanHou nupamuasl. Oteet: 10

10



2. PaccTosiHue OT TOYKH 10 MPSAMOM M 10 MJIOCKOCTH.

Paccmosinue om mouku 0o npsamoti, He coAepKaliei 3Ty TOUKY, €CTh AJIMHA OTPE3-
Ka NEPHEHANKYISPa, IPOBEACHHOTO U3 3TOW TOYKH Ha MPSIMYIO.

Paccmosinue meswcdy 08ymsa napannienbHulMu NpamMblMy PaBHO JUTMHE OTpe3Ka X
Paccmosinue om mouku 0o niaockocmu, He COJIEpXKallleld 3Ty TOUYKY, €CTh JIMHA
OTpEe3Ka NEPIEHANKYIISPA, OMYIIEHHOTO U3 3TOM TOUYKHU Ha MJIOCKOCTb.
Paccmosinue mesrcoy npsamou u napannenvHot ei niocKoOCHvio PaBHO IJIMHE UX
0O0IIIeTo MePIEeHANKYIISPA.

Paccmosinue medcoy npsamotl u napannenvHou el niocKOCHbio PaBHO PACCTOSHUIO
OT J000¥ TOYKK 3TOM MPSAMOM A0 MIOCKOCTH.

Paccmosinue mexncoy o0eymsa napannenvmuvivu NIOCKOCMAMU PABHO JUIMHE HUX
0O0IIeTro MePIeHANKYIISPA.

Paccmosinue medsrcdy 08ymsa napainiebHulMu NI0CKOCMAMU PABHO PACCTOSHUIO
MEXy TOYKOM OJHOU U3 3TUX IUIOCKOCTEN U APYTOU MIIOCKOCTHIO.

Vcnons3yroTres GopMyJIsl:
|AB| = J(‘TB - x.i}z * (J"B - 3"‘.-1]2 + (‘?3 - z.-j]z .

T. KOCHMHYCOB IJII HAXOXIACHUA YyIJla U CTOPOH TPCYIrOJIbHHKA, CHHYC, KOCUHYC U

TAHT'CHC OCTPOro yria IIpsaMOyroJbHOIO TPCYIroJIbHHUKA.
* Kk

|AX, + By, +Cz, + D
pM,a) =
VA2 4+ B24C2 20e— M(%,,Y,,2,) @: AX+By+Cz+D=0

***k

Koopaunartsl X, y, Z TOUku M, KOTOpast IEIAT OTPE3OK MM,

TOYKaMH

, OTPAaHUYEHHBIN

M x z M, x z
1(M1, 0 Ay a2 Y2 %) g orHomennn 4 | ompenensiercs o hopmymam

xle+£l'.?r2 y=y1+.ly2 2=21+.Fl'.z2
1+4 1+4 1+4

Ecnu Touka M — cepennna oTpeska, To

+ + +
P yzl"'l Yr  _E1T
2 2 p
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3asava ¢ moIpOOHBIM PEIICHHEM
( pa3bepuTe CaMOCTOSITEIHLHO BCE MPECTABIICHHBIC 1Iark U JCHCTBUS PEIICHUS )
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33,[[3.‘1& C HCIIOJIHBIM PCHICHUCM
(I[OHI/IHII/ITC HCOOCTAaromuc HeﬁCTBHﬂ, H IIPOBEPTHU CBOU 3H3.HPI$I)

Han xy0 A....D .Jlnuna pebpa paBHa 1.Haiitu pacctosnue ot cepenunsl BC 1o
1 1

miockoctd AB D .
11

J1aHo:

A....D, - enMHHYHEII Ky0
A K-cepennna BC,
Hafitn:d(K; AB,D,;)
Pemenue:

/ 1)HaiineM xkoopauHaTsl Todek A...Dy;
A 1 2)Haiinem koopauHarhl To9kH K — cepemiHbl oTpeska BC;:

K
D — ——— ¢ XK: %:05

Yy= o=

2
et

B ZKZ 2 =...

3)CocTtaBuM ypaBHeHHE UTockocTH AB D, Iie

A(DB(CL)D ().

x—0y-0z-1
1-0 .. 0—-1
w1-01-1

== X~ y+z-1=0 =)

4)d (K AB,D) =... =2,

\3
OTBET: 5

3analm I CAMOCTOATEC/IBHOI'0O PCILICHUA

1. OcHoBanueM mpsiMoii mpuaMbl ABCA|BIC gpnisercss paBHOOSAPEHHBIH Tpe-

yrompauk ABC.GokoBas cToOpoHa KOToporo pasHa ©V3:a yrom ACBpasen 120°.
HaiinuTe paccrosiHue oT Touku Ao npsimoi BiCi.ecim u3BecTHO, YTO OOKO-
BOE peOpo JaHHOM MPU3MBI paBHO 12.

Ortser: 15.

2. Imuaer pebep BC, BBlI u BA mpsMoyroibHOro mnapauieienumneaa
ABCDAIBICIDI paBubl cooTBeTcTBeHHO 8, 12 m 9. Halinute paccrosaHue
ot BepmmHbl D1 1o npsimont A1C.

120
Otser: 17
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3. B npaBuibHO# 1iecTuyronbHoi npusme ABCDEFA,B\C\D\E\F cTopoHbI oc-

HOBaHUs KOTOPOM paBHBI 3, a O0KOBBIE pedpa paBHbI 4, HAWIUTE PACCTOSHUE
—
V91

ot Touku C fo npsamoii DiE;. Oteer: 2

4. B mpaBWIBHOM ImeCTHyroibHON mnpusme ABCDEFA,B,C\D\EFipce péOpa
paBHbl 1. HaiinuTe paccrosiaue ot Touku Bro minockoctu DEA;,
V3
Otser: 2.
5. Jlana mnpaBuibHas dYeThIpexyroibHas nupamuga SABCD.BokoBoe pedpo

SA = VI.S‘CTOpOHa OCHOBaHuA paBHa 2. Hangure paccTosHue OT TOYKH B0
iockocTu ADM.rne M— cepenuna pedpa SC.
Otser: 1.
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3. Paccrosinue MeKay CKpelIMBAIIIUMHUCS MPAMBIMHA

Paccmosinue mesrcdy 08yms CKpewu8arowuMucs npsmsimMu paBHO IJIMHE OTpE3Ka
uX 00IIero neprneHuKyspa.

Ucnionb3yrores Gopmybr:

Koo JAUHATBI X Z TOUuku M, koTopas JEJIAT OTPE30K ““17°2 | orpaHUYEHHbIN
2 b 2
TOYKaMH

M,ox z M, x z
1(*1, 2 Fyy #a(f2 Y2 %2 orHomennn 4, onpegensiercs mo Gopmyiam

x=x1+h3 y:y1+iyg Z:zl+.z'l'.z2
1+4 +4 1+4

Ecin Touka M — cepeanna oTpeska, TO

x:x1+x2 y:J"l"'J"z Zzzl"'zz
2 2 2
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3amada ¢ moapoOHBIM peneHneM( pa30epuTe CaMOCTOSTEHHO BCE
NPE/ICTABJICHHBIC [IATU U JCHCTBHUS PEIICHN)
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3ajaya ¢ HENOJIHBIM PEIIEHUEM
(tomuIIMTE HENOCTAIOUINE JEHCTBUS, H TPOBEPTU CBOU 3HAHUS)

B edunuunom kybe A...D, naumu paccmosiue medxcoy BD u AB,.

JlaHo:
A A...D, —enuHHYHEI Ky0
Hatitu: d(BD,; AB,).
Permenne:

1)3anmieM KoOpaHHATE Touek A, D,.B,, B.
DIlycte KM — obmiumit 1 -sap npsameix, T.e. KM | AB;, KM 1 BD,.
3)Haitinem koopauHarsl Touek K u M. Ke AB,=>

_XA+AXB.1 _ A
K 144 144
S
Y= =...
K 113
Zo—mte
K 1;3
==K (—.. ...
(1+A’ )

2 .
Iycts T P-Torna K(p;...:--2)

Xg+HxXp 1
4) Me BD1:> X_\-I: Tﬂi :'m
R

M T

et

M T

ol

=M i)

Myets -=q => p=q+ pq=> p- uq=q => p(1-q)=q => ... => M(1-
TGq:9)-

S)KM {1-q-p:q:q-p} m AB;{1;0;1}.BD, {-1;1;1}
6)LK. KM 1 El__lfi KM 1 E)’l, TO
| KM +4B=0 | (1-q-p)*1+q*0+(q-p)*1=0
" |KM «BD,=0 | (1-g-p)*(-1)+q*1+(q-p)*1=0

_ o = [ R S
- 1-2p=0 == ‘ P=; )‘ 2
2A=1+A— L .
_ _1 w _1 ' _q-
}~1+3q—0 q 3 1tn 3 1;
— 3u=1+pu
- - 2u=1
1
=
1 1 1 1
7)Toroa X=3: V. =0; ZRL2:>K(E ; 0; 5)
_r _2
M1 3
2
Yo, =——"— .
M 20 )
— (2 _ 12 2 2 — Ve
IKM| = (5—5} +(.. )%+ () =..=
OTBeTZ?
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3amauu 1M CaMOCTOSITEJIbHOTO PellleHus :

1. B npaBwiibHOM TpeyroiapHOU nipusMe ABCAB,C), Bce péOpa KOTOPOit paBHBI
1, HaliIUTE paccTOSTHUE MEXKIY NpsiMbiMu Adu BC,

2. Jlana npaBuibHas TpeyronsHas npusmMa ABCA1BICI, Bee p&dpa ocHoBa-

> 2v7.
HUSI KOTOPOM PaBHBI Ceuenue, npoxojsinee yepe3 0okoBoe pedpo AA1
u cepequny M pebpa B1Cl, sBnsercs kBaaparom. Haitgute pacctosinue
Mexay npsmeivu A1B u AM.
L
VO

OtBeT: 2

3. Jlana nmpaBWJIbHAs TpeyrojbHas npusma ABCA B C\.pce peOpa oCHOBaHUS
KoTopoi paBHbI 2.CeueHue, mpoxosiee yepe3 6okoBoe pedpo Adiu cepe-
nuHy Mpebpa BiCispnsercs kBanparom. Haitnure pacctosiHre MeXITy Tpsi-
MbiMu A1 By AM.

ra
V6

—
Otsert: 2v'7
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4. ¥Yroa Mexkay AByMs NPSIMbIMH

Yenom medxncoy osymsa nepecekarowumucs npsmulyMy Ha3bIBA€TCd HAMMEHBIINN U3
YTJIOB, O6pa30BaHHLIX IIpu NMCPCCCUYCHUU IIPAMBIX.

Yenom meoxcoy cxkpewusarowumuca npsamulMy  Ha3bIBAGTCA  YIOJd  MEXAY
MEPCCCKAOIMMUMUCH IMPpAMBIMH, COOTBCTCTBCHHO ImapaJiyiIiCJIbHbBIMHA JAHHBIM
CKPCIIMBAIOIINMCH.

JIBe mpsiMble HA3BIBAIOTCS NEPNEeHOUKYAAPHbIMU, €CIU YToJl MEXAY HUMHU PaBEH
90° .

Yeon medxncoy napannenvrviMu npsamviMu CYUTACTCS PABHBIM HYIIIO.

Yeon mesncoy npsameimu 3TO YyroJa MEKYy UX HAPABISIOIMIMMU BEKTOPAMHU

Hcnonw3yetcs hopmyna:

e

SHE g s + + = Z
COS({I, b): 1y Ty 153

2 2 2 2 2 T+
"fxl +y t5; lfrxz +¥, +2,
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3anaya ¢ moaApoOHBIM perieHneM( pa30epuTe caMOCTOSATENbHO BCE
NIPE/ICTABJICHHBIE IIAaTH U ACHUCTBUS PEIICHNUS)
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3ajaya ¢ HENOJIHBIM PEIIEHUEM
(tomuIIMTE HENOCTAIOUINE JEHCTBUS, ¥ TPOBEPTU CBOU 3HAHMS)

B npasunvrnom mempasope DABC ece pébpa pasnwi 1. Hatimu yeon medxcoy
svicomou mempaszopa DH u meouanoti BM 6okosou epanu CBD.

4 Jano: DABC - npaBuibHBI TeTpasp,

AB=_..CD=1, DH-ericota,BM-Menuara rpasu BCD

Haiitu: DH*BM

Pemenue:

1)IToMecTHM TeTpasap B KOOPAMHATHYIO IIOCKOCTh TaK, YTOORI

IIB¢ €TO BEPIIMHEI OCHOBAHUA T. A M B nexamu Ha ocH,

uanpumep OV, torna T. C BepmmEaa 0cHOBAHHS OyIeT JIEKATh B
g [UIOCKoCTH XOV. BepmuHa TeTpa3npa OpoelupyeTcsa B LIeHTP
A M A ABC.

H y 2)3amumem koopauHartel Touek A(...) mB(...)

/ 3)dnsa onpenenenus koopauaar T.C, HaiinéM saicoTy CK e A ABC

, verombays T. [Tudaropa: CK =...
X C 4)]Ina onpenenenns koopmuuar TH v mna abermcenr 1.1 mafiném
A R omnucanno# okono npaeuneHOor0o AABC OKpY:KHOCTH,

ucrons3yst Gopmyny: a3 = RyV3 => R==... == TH(...)
3y 5)nsa onpenenenus anmirkare! T. J| ncmomssyeM T. [Tudaropa B
(Ti X 0) naxoxaenun JIH us mpam. A JICH, e JH =... == [I(...)=>]1H
(...)

C
| 6)Hatiném koopmunatel TM — cepemumn oTpeska J[C no
K

XC+
l:]}opM}UIaM KOOpOMHAT CEPENHHBI OTPe3Ka: X, = zx,ﬂ; Yu™ :7u

y
A (0;0;0) D =.=M(..)=>BM{.)}

7)]1n9 HAXOMKIEHHS YT BOCIONMB3yeMcs hOpMyIoi KoCHHyca
yoma M/my Bektopamu: cos (J[H; BM) =...=> < (JIH; BM) =

V2
arccos—- (Mcmone3yeM MOHATHE yIila M/IY ABYMS [IPSMEIMH)

H wi C Oteer: < (JOH; BM) = arccos?

3agaum VI CAMOCTOSATEIBHOIO PelIeHN:

1. B npaBunbHOM mectuyroiasHoi mupamuie SABCDEF croponbsl ocHOBaHMS
KOTOpPOH paBHBI 1, a 00KOBbIE peOpa paBHbBI 2, HAMIUTE YTOd MEXKY NPSIMbI-
mu SB 1 CD. Orser: 60°

2. JlnuHbl Bcex pedep MpaBUIBbHON YETHIPEXyroibHON mupamMuasl PABCDpaBHEI
MeKIy coOoi. Haiigure yron mexay mnpsmeiMa PHu BM.ecimu orpesok

PH — BpICcOTa TaHHOUM TTUpaMuIbl, Touka M — cepennHa ee 00KOBOTO pedpa

/B
SBMN = arccos %

AF. OtBer:
3. lana npaswibHas TpeyronbHas nupamuaa DABC ¢ Bepmmnoit D. Ctopona

ocHOBaHMs mupaMus pasaa v, Beicora pasua VY. Haiinure paccrosiHue ot
cepeaunnl 6okoBoro pedpa BD no nmpsmoit MT, rae Touku M u T — cepeuHbI

pebep AC u AB cootsercrBenno. OTBet: 24/2
22



5. Yroa Mexay npsaMoii 4 JI0CKOCTbHIO

Yanom meorcoy niockocmoio u He nepneHOUKYIAPHOU ell NPSAMOU Ha3bIBACTCS YroJl
MEXK1y 3TOU NPSIMOM U €€ POEKIMEN HA JaHHYIO TJIOCKOCTb.

Veon mercoy 83aumHo nepneHOUKyIApHbIMU npamoti u niockocmoio pasen 90° .
Ecnu npsimas napannenvua naockocmu (i nexcum 6 Heit), mo y2oa mMexicoy HumMu
cuumaemes pasnoin 0° .

Yeon meowcoy npsamou u niockocmvlo - 3TO Yroil paBHbIM paszHoctu 90°—yron
MEXy WX HAMPAaBJISIONIAM BEKTOPOM H HOPMAJIhIO

Ucnons3yetcs dhopmyna:
|ax, +by, +cz, |

sina =

Ja? +b?+c? - X2 +y2 + 27

X5 Y, Z; - KOOpAMHATHI HAMPABIIAIOIIETO BEKTOPa NpsAAMOH, a,b,C - KoopAnHATE HOPMAIBEHOTO

BCKTOpa IJIOCKOCTH.

3agaya ¢ moApoOHBIM pelieHreM( pa3depuTe CaMOCTOSTENILHO BCE
MIPE/ICTABIICHHBIC TIIaTH U ACHCTBUS PEIICHMS )
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3ajaya ¢ HENOJIHBIM PEIIEHUEM
(tomuIIMTE HENOCTAIOUINE JEHCTBUS, ¥ TPOBEPTU CBOU 3HAHMS)

OcHoBaHuEM TPSIMOM MPU3MBI A...C; SBISETCSA MPAMOYTOIbHBIN TPEYTOJIbHUK

ABC c runorenysoit AB=5 u karerom BC=V/5. BoicoTa npusmbl pasra /3 Haii-
JIATE YroJl Mexay npsiMmoit BC; u mockoctehio ABB,

z
T [ano:A...C; npamas mpeyzonenas npusma.
AABC- npamoyeonvuoiii, BC = \TS AB=35,

4 4,=V3

C1(0,0,V3) .
1(0:0:3) 4, Hasimu: BC,"ABB,
JE Pewenue: Yai1om Mexcoy npamotl U N10CKOCMbH0
By( V3 AG1AEMCA Y20l MeAHCOY IMOU NPAMOU U

. HOPMATbHBIM BEKINOPOM OAHHOU NIOCKOCU.
A(0; /5,0 P P

' Jaoaya ceo0UMbCA K HAXOHCOCHUIO
y n{..}- HopmaneHozo eekmopa ABB;

1) Haiioem xamem AC uz AABC nom.
ITugpazopa AC=...

2)3anuwem koopounamvi movex 4, B,B;,Cy ...,

3) Hatioem koopounamei C;B {...}

4) Cocmagum ypaererue niockocmu ABB;,

npoxodaugetl yepes moyku A,B u By no popmyne

x—0 y- 25 z-0
=0=>..xt.y-..=0-

ypaeHerue niockocmu =>n{...}

5) Haiidem uckoMuiil y201 ¢ HOMOUbIO (hopMyTbl
..... 0

3analm I CAMOCTOATEC/IBHOI'0O PCILICHUA

1. B npaBunbHO# TpeyroiabHoU mupamue SABCc ocHoBanueM ABCH3BECTHBI

pe6pa AB =7V 3.5C=25Hajinure yron, o6pa30oBaHHBIH MIOCKOCTIO OCHO-

BaHMS U NMPSIMOM, NPOXOIsLIEH Yepe3 cepeaunbl pedep ASu BC.
12
arclg—.
OtBer: 7
2. JInuHbl Bcex pedep mpaBuiIbHOM yeThipéxyronbHou nupamuasl PABCD c
BepirHoi P paBHbI Mexay coOoit. Haitaute yron mexay npsmoit BM u

mockocThio BDP, ecniu Touka M — cepenuna 60koBoro pedpa nupaMu/ibl
AP.
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/6
/MBN = arcsin —.
OtBerT:

3. B mpasunbnoi# mectuyronsubiil npuzme ABCDEFA'B'C'D'E'F' Bce pebpa

paBHbl 1. Haiigute yron mexay npsamoit AC' n mockoctbro ACD'.
1

arcsin ——
OtBer: 2y2

4. B npaBuibHOW TpeyrosibHOW nupamuae SABCc ocHoBaHueM ABCHU3BECTHBI

pe6pa AB=7v3.5C=25Hajinure yromn, oGpa3oBaHHEI IIIOCKOCTBIO OCHO-

BaHUS M TPSIMOM, Mpoxoismierl depe3 cepenuubl pedep ASu BC. OtBer:
12

arclg—-.
5. OcHoBanueMm mnpsimoit nipusmbl ABCA,B|Cigpnsiercss paBHOOCAPSHHBINA Tpe-
yroapHuk ABC.AB=AC =5. BC = 8.BpicoTa npu3Mbl paBHa 3. Haiinure yron

. . arctg —.
Mexy npsmoit A1Bu mmockocthio BCC.- OTBer: :

6. YroJs Mexay miocCKoCTAMU

Heyepannwiii yeon, 06pazo8anHblil NOJAYNIOCKOCHAMU USMEPSAEMCS GeIUYUHOU €20
JIUHEUHO020 Yeld, NoAYy4aemMo20 npu nepeceyeHul 08yePaHHo20 yeid nioCKOCMbIo,
NnepneHOuUKyIsapHoll e2o peopy.
0 0
Benuuuna ogyzpannozo yzna npunaonexcum npomescymxy (0°, 180°) .
Benuuuna yena mesxcdy nepecexkaowyumuca RnaoCKOCMAMU NPUHAOTIEHCUM
0 o
npomesxcymky (0°, 907] .
0
Yeon medxcoy 08ymsa napannenbHuiMu NIOCKOCMAMY CUATAETCS paBHBIM O .

Ucnonszyercs hopmyina:
|a“1'az +bl'bz +C -G |

\/af+bf+c12 -\/a22+b22+c22

COSx =

(a, bl, C,) (a,, b2 ,C, ) —KOOPJIMHATHI HOPMAJIbHBIX BEKTOPOB JaHHBIX IIJIOCKOCTEM.
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3amada ¢ moaApoOHBIM perieHneM( pa3depuTe CaMOCTOSATEINBHO BCE

IIpC,I[CTaBJICHHBIC 1ary v AeMCTBUS PEIICHHUS])
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J—x+f¢ 2-4 = 0_7/0{ff Jf
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3ajaya ¢ HENOJIHBIM PEIICHUEM
(monmummTe HETOCTAIOIIME AEHCTBUSA, U IPOBEPTU CBOU 3HAHUSA)

OcHoBaHME NPSIMOI YETHIPEXYTOJIbHOM MpU3MbI A...D — npsmoyronsHuk ABCD,
1

B KoTopoM AB=12,AD=5.Haliiute yroyi Mexay miI0CKOCTbIO OCHOBAHUS ITPU3MBbI
U TUTOCKOCTBIO, TTPOXOJIAIIEH Yepe3 cepennny pedpa AD neprneHIukyaspHo npsi-
Moit BD ,ecnu paccrosinue mexay npsimeimd AC u B D pasno 13.

1

1 1

JlaHo:
A..Dy - npamas 4-yrompHas IpH3Ma
AB=12

Ay AD=5

04 / d (ACuB; Dy)=13
K-cep. AD

13 KEABC

A 5 D .

Haiitu: 1,1,

Pemerue:
TIycTs:
7~ HopManh wiockocTH ABC
1, ~HOpManb TockocTH 1BD;
1) 3amumem koopmunarel Todek B(), D(), Dy().
2) Haiinem xoopausatst i,=BD ={...;...;...}.
3) HaiineM KOODOHHATEI 11 U3 YPAaBHEHHA ILIOCKOCTH ,

npoxonsmeit yepes Toukn B.D.A (XOY)==...- ypapHeHue
IUIOCKOCTH=>T1{... }.

4) Haitnem cos(ny'n,)= =5 A0S 5=

OtgeT: ...

3anatm AJId CAMOCTOATEC/IBbHOIO PCIICHUA

1. B kyoe ABCDA,B,C\DiHaiimuTe KOCHHYC yIia Mexay miockoctsamu BACin

Bﬂ]ﬂ].

2

OrtBerT: V3

. B mpaBunbeHOM TpeyronpHOU nupamuae SABCc ocHoBaHnem ABCTouka M —

cepenrHa pedpa SA.touka K — cepenuna pedpa SB.HaiiauTe yroa Mexmay
mrockocTsaMu CMKy ABC ecin SC = 8,BC = 6.
24/39
arctg

OTBeT: 15

29



3. B npaBuibHO# 4eThIpEXyronbHoi npusme ABCDA,B,C,DicTOpOHBI OCHOBA-

HUs paBHBI 2, a O0KkoBbIe pEOpa paBHbI 3. Ha pebpe AAioTmedena Touka £

tak, uro AL : EA; =1:2 Haiinure yroi Mexay miockoctsmMu ABCu BED,,

V5

arctg —
OtgerT: <.
. B mpaBunbsHo# yeThipexyroibHoi mupamuae SABCD, Bce pedpa koTopoii
paBHBI 1, HAWIUTE CUHYC yTJIa MEXTY MIIOCKOCThIO SAD 1 MI0CKOCTHIO,
MIPOXOJAIICH Yepe3 TOUKy A mepreHANKYIIpHO Tpsimoii BD.

>

OrtBer: : V3

. B npaBunbHO#t yeThipéxyronbroii npuzme ABCDA B, €D cTopoHbl 0OCHOBA-

HUS paBHHI |, a 00KOoBBIE pedpa paBHbI 5. Ha pedpe AdioTmMedena Touka ETak,

yro AE: EA, =213, Haiimute yron Mexay miockoctsmu ABCu BED,,

arctg /13

OrtBeT: :
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JluTepaTypa u HHTEpHET —pecypchl

1. CasenkoB A.1 Coaepkanue U OpraHU3aIys UCCIEI0BaTEIbCKOTO 00yUCHUS
mKoJpbHUKOB. M.,2003. C.10-1

2. CaBenkoB A.M. MHccnemoBarenbckoe 00ydeHHE U MPOCKTHUPOBAHHE B
coBpeMeHHOM oOpa3zoBanuu // llkonbHbie TexHomoruu. M.,2004. Ned. C.
83-84.

3. Benuneera H.A. Pa3Butme HaydHO-MCCIEAOBATEIBLCKOW JCATEIHHOCTH

YUUTEIIS M yJalerocs: B mKkoJbHON npakTuke // OpenOypr, 2004. Ne3. C.6-

1.

CyxomnuHckuit B.A TlaBneiickas cpennss mkona. M., 1979. c. 106.

Paitxmuct P.b. «3agaun mo MmareMaTuke.

Cryneneukas B.H. «['otoBumcsa k EI'D mo matemaTuke.

boromonos H.B. «IIpakTnyeckne 3aHATHSA 10 MATEMATHKE.

[Tucemennsbi [I.T. «I'0oTOBUMCA K 3K3aMEHY 110 MATEMAaTUKEY.

O~ Oh

Ccbliku Ha UHTEpHET-pecypcsbl

e www.znannya.org - KopsHoB A.l'., IIpokopreB A.A. MHOrorpaHHHKHU:
BUJIBI 33719 1 MeToAbI uxX pemenus. 18.02.2011

o www.alexlarin.narod.ru - A. I'. Mankosa. Iloaroroeka k EI'D mo
MaTeMaTHKe.

e Marepuassl caiita EGE-Study.ru

e BekTopsl B IPOCTPAHCTBE U METOJ KOOpAUHAT. 3agada C2

e http://reshuege.ru OTkpbIThIi OaHK 331a4 (00yvaromas cucrema /1. ['yiimHa)
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