BAPUAHT 3 MATEMATHKA-2022 11 xnacc

Pemenne BapuanTa Ne3 (MaTtemaTuka - 11 kiacc)

1 . . .
1. dpo6w ;5 3alncaHa B BHJC OCCKOHEYHOU JBOMYHOM ApOoOHM (B JBOMYHON CHCTEME CUUCIICHUS).

CkonpKko enuHuUI] cpeau nepBbix 2022 mudp mociie 3amiaToil COAep)UTCS B Takoi (opMe 3amucu?
(12 6ammoB)

Pemenne. Hanmenbiimm urciiom Buaa 2™ — 1, nensmumes Ha 9, Oyaet uucio 64. Toraa

9 63 64—1 26—1 64 1—26

L_ ’ ’ ’ ! (l+l+l>(1+2‘6+2‘12+2‘18+---)=
16 32 64

(27 +2542%(1+276+27128 4 2718 4+ ...) = 0,000111000111000111 ... = 0, (000111)

B JIBOMYHOM cucteme cumcienus. [Tockonbky 2022 = 6 - 337, To cpenu nepBbix 2022 mudp mocie

3ansTout Oyaer 1011 exuawMIL.

Orteet: 1011.

2. Nmeercs kyO, 3aMKCHpOBAHHBIM HAa HOXKAX, W IMIECTh PA3IMYHBIX Kpacok. CKOIBKUMHU
crioco6aMu MO’KHO TIOKPACUTh BCe TpaHU Ky0a (KaXKIyro B OJMH IIBET, BCE KPACKU HCIOJIb30BATh HE
00s13aTeIbHO) TaK, 4TOOBI coceqHue TpaHu (umeromue obmiee pedpo) ObutM pa3HOro IBera?
(16 6amnoB)

Pemenne. Paccmorpum 4 BapuaHnTa packpacku Kyoa.

1) BepxHsis 1 HUXKHSISI TPAaHU OJIHOTO 1IBETA, JIEBas U IpaBas IPaHU OJHOrO 1BeTa. BeiOupaem npet
BEpXHEHW M HWKHEH TpaHel 6 crocobamu, 3aTeM IBET JICBOW M MPaBOM 5 crocobamu, 3aTeM LBET
nepeaneit 4 cnocodamu U 1BeT 3aaHei 4 cnocobamu. Utoro, 6 -5 -4 -4 = 480 crioco6os.

2) BepxHsisi M HUOKHSS TPaHH OJHOTO I[BETA, JICBas U TpaBas IPaHK Pa3HOTO I[BeTa. BriOupaem mnBet
BEepXHEW U HIDKHEW rpaHeil 6 cmocobaMu, 3aTeM IIBET JIeBOi 5 crmocobaMu, TOTOM IBET MpaBoit 4
criocobamMu, 3aTeM IBET Mepeaneii 3 cnoco0amMu | 1BET 3a/iHel 3 crnocobamu.

Hroro, 6-5-4-3-3 = 1080 crioco6oB.

3) BepxHsis u HUOKHSSI TPaHU Pa3HOTO LIBETA, JIEBas U IIpaBasi TPaHU OJIHOTO 1BeTa. BriOupaem et
JIEBOM W TIpaBOM rpaHeit 6 criocobamm, 3aTeM IIBET BEpXHEH 5 crocobaMu, MOTOM IBET HUXKHEH 4
criocobamu, 3aTeM IIBET MepeaHeil 3 crocodamMu U 1BET 3a/iHel 3 criocodamu.

Hroro, 6-5-4-3-3 = 1080 crioco6oB.

4) BepxHsd M HIKHSASI TPaHU Pa3HOIo 1IBETa, JIeBask W IMpaBas IPaHU pa3HOro 1sera. BoiOupaem
LBET BEpXHEW rpanu 6 crmoco0amu, 3aTeM LIBET HUXKHEH I'paHu 5 crocobaMmu, MOTOM LIBET JIEBOMN
rpanu 4 cnocobamu, 3aTeM IBET MpaBoil 3 cnocobamu, aajee BET MepeaHel TpaHu 2 crnocobamu
U 3a1HEN 2 criocobamu.

Hroro, 6+:5-4-3-2+-2 = 1440 cnoco0oB.

OxonuarenpHo nMeeM 480 + 1080 + 1080 + 1440 = 4080.

Otser: 4080.
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3. Touka M mpunamnexut karery AC npsMoyronbHoro TpeyroyibHuka ABC ¢ npsimeiM yriaom C,
npuueM AM = 2, MC = 16. Otpe3ok MH — Bbicota TpeyrosibHuka AMB. Touka D pacnoiioxeHa
Ha npsimoit MH Tak, uto yronm ADB pasen 90°, u Touku C u D nexaT 1o oJiHy CTOPOHY OT IPSAMOi
AB. Haiigure mmmny otpeska BL, ecnmu L — Ttouka nepeceuenuss BD u AC, a tanrenc yrima ACH
paBen 1/18. (16 Gamios)

Pemenue. 1. Okono uerbipexyroiapauka ABCD moxHO
omucaTh OKpykHOCTb ¢ agumeTpoMm AB (yriiert ADB u ACB
npsmblie). Torna £ABD = £ACD,

<HAD =90° — 2£ABD,2ADH = £+ABD = £ACD.
Tpeyronmeauku ACD u ADM monoOHbI, u i—?:i—g:
%, AD? = AC-AM =2-18 = 36, AD = 6.

2. Okono uyetsipexyronbHuka CBHM wmoxHO ommcath
okpyxHOCTh ¢ aumerpoM MB (yrmer MHB u MCB

IpsIMbIE).
£MCH = £MBH = a,tga = 1/18.

O6osnauum BH = x,BC = y,MH = z. Torna %: =

x = 18z. Tpeyronsauku AMH u ABC mongoGusl. Torma
AM _ AH _ MH — 2 _ \Yy?+324-18z _ z —
AB ~ AC ~ BC' Jy?+324 18 Ty

36 = y? + 324 — 182./y? + 324,
{ Y Y — 36 = y? + 324 — 36y, y2 — 36y + 288 = 0,

2y = z,/y? + 324,

yl = 12,y2 = 24
2

Vi3’
AD AL _ LD AD _ AL
3. Tpeyronpauku ADL u BCL nogo6upl, — = — = —, — = —
BC BL LC’ BC BL

Paccmotpum TpeyronsHuk ABD. Iimeem B mepBom cayuae: AB = 6v13,AD =6, BD =

V36-13 — 36 = 12v/3. Torm 1;‘2 =2= 121£;”, u=2v,18 — v = 243 — 4v,v = 83 — 6,
BL = 163 — 12.
meeM Bo BTOpom ciayuae: AB = 30,AD = 6,BD =+/900 — 36 = 12v6. Torna L 5 =

24

, u=4v,18 — v = 48v6 — 16v, 15v = 48V6 — 18, AL = 16f_6, BL = —4(16f_6).

1) BC=y=12,z=—,AB=6V13, 2)BC =y =24,z=2,4B = 30.

= %. [Mycts u = BL,v = AL.

12v/6-u
18—v

Otser: 161/3 — 12 unu

4(16V6-6)

4. Haiiaute Bce 3HaYeHUS MapaMeTpa a, pH KOTOPhIX CUCTEMa

{(altg3y| + a|ctg3x | — 8)(ctgbx + tg®y — 3a?) =0,

V(ctgox)(tgfy) = a
uMeeT He OoJiee IBEHAAIATH pa3nyHbIX perenuidi ipu x € (0; ) uy € (—n/2; n/2).
Pemenne. Crenaem 3ameny nepemenssix: ctg3x = u, tgy = v. Ilepemennsie U u V MOTyT
[PUHUMATH JTFO0bIe 3HAUCHUSI, X M Y HAXOMATCS 0JHO3HauHO. OT™MeTnM, uTo nipr a = 0 cucrema
uMeeT enHcTBeHHoE pemenue. [lycts a > 0. Toraa moaydum
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{IvI+IuI =8/a,

{(alvl + alu| — 8)(u? + v — 3a?) =0, luv| = a, a >0,

|luv| = a,a > 0, {u2+v2=3a2,
luv| =a, a>0.

| {Ivl + [ul = 8/a,
"(luv| =a, a>0.
1) Cucrema nMeeT 4 pa3IMyHBIX PEIICHUS, €CITH

8
—=2/a, a=232.

a
2) CucreMa uMeeT 8 pas3IHYHBIX PEIICHHUH, ECITU

8
a>2\/5, 0<a<?2V2

u? + v? = 3a?,
1.
luv| =a, a>0.

1) Cucrema umMeeT 4 pa3aMdHbIX PEIICHUS, €CITH
V3a=+v2a, a=2/3.
2) CucreMa uMeeT 8 pa3InYHBIX PEIICHHUH, €CITU
vV3a >+2a, a>2/3.
Bosmoxnbie coBnagenus pemienuii B | u |l cnyuasx:
lv| + |u|l =8/a,
u? + v? = 3a?,
luv| =a, a > 0.

U3 COO6pa)KeHI/I}I CUMMCETPUU MOKHO paCCMOTPETh TOJIBKO

ciyyai, korna u > 0,v > 0. Torga

v+u=8/a, v+u=8/a,
u? +v? =3a?% © {(u+v)? =3a%+ 2aq,
uv=a, a>0. uv=a, a>0.

Umeem 64/a? = 3a? + 2a, 3a* + 2a® — 64 =0,
a =2,3a*+2a® — 64 = (a —2)(3a® + 8a? + 16a + 32).
Muorounen 3a® + 8a? + 16a + 32 nonoxuTenbHBIX KOpHEH He umeeT. [Ipu a = 2 pemenus | u

Il cimydaeB coBmagaooT, 1 cuctemMa OyieT UMETh 8 peLIeHUH.

0
|4 pemuy
—
I / 3 pew \l a
i 0 i 1 ESE & pems
v
| W )
e _,/j -
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Otser: a € [0; 2/3] U {2} U [2V/2; +).

5. BHyTpu npaBuiIbHOM YeThIpexyroibHor mupamuabl SABCD ¢ ocHoBannem ABCD pacnosiokeHa
npaBwibHasg 4yerbipexyronbHas npusmMa KLMNK;LiM,N;, ocHoBauue KLMN KOTOpOW JEKUT B
mnockocth ABC. ILlentp ocHoBanusi KLMN tipusmel pacrnionoxxeH Ha otpe3ke AC, KL || AC, KN ||
BD (touyku K v B niexat 1no ofHy CTOpoHy oT AC), CTOpOHAa OCHOBaHHs TIPH3MBI paBHA 2,
O6okoBoe peOpo KK; mpusmbel paBHO 3. Bepmmubl L; u M; BEpXHEro OCHOBAHUS MPU3MBI
KLMNK;,L{M;N; npunamnexar OokoBbiIM rpaHsM SBC wu SCD nupamuaer SABCD
cooTBeTCTBEHHO. InockocTs Y mpoxoaut yepes npsmyto BD u Touky L. Haiinure o0bembl yacten,

Ha KOTOpbIe AeauT nupamuny SABCD IOCKOCTb Y, €CIH CTOPOHA MUpaMHabl paBHA 8v/2, a eé
BbicoTa paBHa 12. (20 6amioB)

Pemenne. ITo ycnoBuio nmeem AB = a = 8v/2,
SO=h=12, KL=b=2,KK; = hy = 3.

PR || AC | KL,RF || SO, RF = hy,.

ARCF~ASCO, L =BE-to_1,p=L
co SO h 4 4

[Tnockocts PQR mapanmiensaa ABC.

GR L M;L,,GR =2 =1.KE 1 BD,

LE=C0-CF-GR=>2-2=6-1=5.

O003HaUNM qepe3 a yYroJ HakJIOHa IIJIOCKOCTH Y K
3
5

IJIOCKOCTHU OCHOBaHuA ABC. Torpatg a = T

[Tycth Touka H — Touka mepecevdeHust MIOCKOCTH Y U
peopa SC. Torma <«£HOC =a. Ecm HU -
MePIeHIUKYIISIp, OMyIIeHHbIN Ha minockocts ABC, To

HU o= 3
v BA=%
HU _ CU HU _ CO-OU HU _

AHCU~ASCO, = = )
so co’n co h
COSMY MY _ 25U 7y — 24, Hy = 2
co 12 24 7
O6wvem mupamunsl HBCD: V; = é-BDZ'OC CHU = 212

O6bem nupamuasl SABCD: V = %azh = 5%

. 512 512 _ 2048
Obnem BTOpOi YacTh V; = —= —— = ——.

. 512 2048

OtBeT: —, ——.
7’ 21
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6. CoBpeMEeHHYI0 U3Hb HEBO3MOKHO MPEJCTABUTh O€3 CITYyTHUKOBOW CBsI3W M HaBuranuu. B 2021
TOAY TOJBKO TPEMsI BEAYIIMMHU KOCMUYECKHMH JIEpKaBaMU MPOU3BEACHO 126 yCHEIHbIX 3aIyCKOB
cmyTHHKOB. [1o manubM npukinagHoro norpedutensckoro nenrpa IJIOHACC B HacTosiiiee Bpemst
B coctaBe cuctembl [ JIOHACC 3aneiictBoBano 25 ciyTHUKOB, B cuctemax GPS - 32, TAJIMJIEO —
26, BEUJIOY — 49 ciytaukos. Bosnukaer npo6iema 6e3011aCHOCTH HX MOJIETOB.

a) Cumras 3emiro mapom paamyca R, ompenenute, kakoe HamOONbIIee KOJIHMYECTBO CITyTHUKOB
MOKET OJJHOBPEMEHHO HAXOJUTHCA Ha OPOMTAaX BOKPYT 3eMJIM HA OJHOW U TOM ke BbicoTe H OT ee

MOBEPXHOCTH TaK, YTOOBI PACCTOSIHHE MEXKY armaparaMy OblJI0 HE MEHbIIEe J2 (R+H).

0) Jlnst HaliIeHHOTO MaKCUMAaJIbHOTO KOJIMYECTBA CIIYTHUKOB YKa3aTh KOOPAWHATHI BO3MOXKHOTO UX
PacrojoKeHusl B CUCTEME KOOPJIMHAT ¢ HaYaJIoM B IIEHTpe 3eMJIM U OChI0 abCLUCC, HAIIPaBJIEHHOM
BJI0JIb BEKTOPA, COEIUHSIOLIETO LEHTP 3€MJIM C OJIHUM U3 CITyTHUKOB.

Pemenne. Ilo ycrnoBuio B JaHHBI MOMEHT BPEMEHH BCE CITyTHUKHU JIOJDKHBI HaXOAMUTCS Ha cdepe
pamuyca R+H. O6o3naunm O tieHTp chepsl, a ee paanyc Rh=R+H. CiyTHrKH 0003HAYMM TOYKaMH
Ci, i=1,...,n. Hago onpenenuTh MaKCHMaIbHOE 3HAYCHHUE N.

a) Haiinem paccrosnue CiCj, ucnonb3ys TeopeMy KocuHycos [yt TpeyroiabHuka OCiCj.
GC; =0C? +0C? —20C, -OC; -cos(£OC; ,0C;) = 2R, — 2R}, -cosa = 2R, (1-cos @) > 2R},

3naunt, 1-coOsax>1 = cosa<0. [lokaxem, 4TO MIECTh CITyTHUKOB,
YJIOBJIETBOPSIIONIMX TaKOMY YCJIOBHUIO, PAcIONIOXHTh Ha OpOMTaX MOXKHO.

- B OHu Moryr pacnonaraTbCsi Ha TpeX B3aUMHO NEPIEHIUKYJISIPHBIX
o nuamerpax cepsl. [Ipennonoxum, 4To CIyTHUKOB MOXET OBbITh OoJiblIe 6.
o [TockonbKy MO MPEINOJOKEHHUIO CIIyTHUKOB Ooiiblie 6, ciel0oBaTelbHO,
MOYKHO BbIOpaTh 3 CIlyTHMKa, HE JIEXKAlUX B OJHOM IJIOCKOCTH C TOYKOM

O, U paccMOTPETh CHCTEMY KOOpIMHAT ¢ LeHTpoM B Touke O. Ock

abcrucc HampaBuM BJOJb NpsiMoit OC1, 3a €MHUILY IPUMEM pacCTOSIHHE

OC1. OproroHanbHyI0 OCb OpAMHAT HANpaBUM Tak, yToObl Touka (2
o uMerna KoopauHaThl (X,, Y,,0), n opruHaTa OblIa nonoxurensHa Y, >0, a

o TPEThIO OCh HANPaBHM B CTOpOHY, Ommkaimyro Kk C,(X;, Vs, Z;), YTOOBI
. amuiMKata  Obula  TONIOXKHUTENbHAaZ, >0. PaccMoTpum  cKaysipHBIE

MMPOU3BCACHUS BEKTOPOB, YUUTBIBAsA, YTO BCEC OHU HCIIOJIOXKUTCIILHBIC.

TQ'TQ:xi’ i=2,_n, OCZ'@=x2xi+y2yi1i:ﬂ’ @'£=x3xi+y3yi+z3zi’i=ﬂ'
<0,

Tx. €os(£0OC;,0C;)<0, cnenosarensHo, X i=2,n, 3Haunt, Bce Y, <0, i =3,n,

XX + V.Y, +2,2 <0, i=4,n . 3uaunr, uro u Bce 2z <0, i=4,n. Takum 06pasoM, y Bcex

BCKTOPOB, HAYMHAA C 0C4 , BCC KOOpAUHATBI HCIIOJIOXKUTCIILHBIC. A CJICOOBATCIILHO, BCC ITOIMMAPHBIC

cKkasspHble npousseneHusa Bekropos OC,, OC;, OC,,OC, 6ynyt HeoTpuuaTenbHbiMU. [Tockonbky

B IPOCTPAHCTBE MOXKCET ObITh HEe Oosice 3 B3aMMHO OPTOIrOHAJIBHBIX BCKTOPOB, XOTHA OBl OJHO M3
9TUX CKaJIApHBIX HpOPI3BCI[CHHI>i CTpOro IOJIOXKHUTECIIBHO. HOJ’Iy‘-II/IJ'II/I IMPOTHUBOPCUHC.
CHCI[OB&TCJ'IBHO, MPCAIIOJIOKCHUEC O HAJIMUNU Ooiee 6 CITYTHHUKOB, YIOBJICTBOPAIOMIUX TpeGyeMLIM
YCJI0BUSAM, HEBECPHO. OrtBer: 6 CITYTHHKOB.
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0) Pasmemienre 6 CIyTHHKOB BO3MOXKHO, Hampumep, B Toukax ¢ koopauHaramu (1,0,0), (0,1,0),
(0,0,1), (-1,0,0), (0,-1,0), (0,0,-1). N, ecau otoiitu ot ycnoBHbx eaunuil, To (RH,0,0), (0, Ru,0),
(0,0, Rn), (-Rn,0,0), (0,-RH,0), (0,0,-Rn)



