Onumnuada wkonsHukob “llaz b dydyuiee”

[Tpodwib: KOMIBIOTEpHOE MOJICTUPOBAHNE U TpaduKa; Typ 10 MaTEMaTHKE U
WHXXEHEPHOU rpaduke
BapwuanT: 3 Kiacc: 11

3apaua 1 (10  danws). IlocnenoBaTenbHOCTh  JEUCTBUTEIBHBIX — YHUCEI
ai, dy,as, ...,190 YAOBJICTBOPSICT HEPAaBCHCTBAM a, —2022a,4+, + 2021a,,, =0 1pHu
n=1,23,..,98, H gy — 2022a,0o + 2021a; = 0, a;oo — 2022a; + 2021a, > 0. Haiinute a,,,
eciu aqg = 10.

3apaua 2 (10 dasnos). Haillnute BEpOSTHOCTH TOTO, YTO CIy4ailHO BBIOpaHHOE
HaTypaJbHOE MATU3HAYHOE YUCIIO C HEMOBTOPSIOIIMMUCS LU(ppamMH, COCTaBIEHHOE U3
uudp 1, 2, 3,4, 5, 6,7, 8, nenurcs Ha § 6€3 ocTaTka.

3apaua 3 (12 danrn0s). Halinure Bce 3HayeHUs mapamerpa a, HPU KOTOPBIX
ypaBHEHUE

|cost — 0,5] + |sint| — a

V3sint — cost
UMeeT XOTs Obl 0JHO pemicHue Ha oTtpeske [0; m/2]. VkakuTe KOIUIECTBO pa3IHYHBIX

pelieHuii 3TOro ypaBHeHust Ha otpeske [0; m/2] mnpu KaxaoM HallIcHHOM 3HAYCHHU
napamerpa a.
3apaua 4a (10 dari06). CM. THCT 2.

0

3apaua 46 (8 danrws). Haiimure yron mexnay muockoctsmu BCD u AFE (cwm.

yCJI0BUE 3a/1auu 4a).
3aaaua 5 (20 bar06). Cm. anct 3.



3adava4a.

lansl dBe npoekyuu mpeyzosHuka ABC u 2opu3oHmaibHa s Npoekyus
mpeyzosHuka DEF. [Inockocms mpeyeosbHuka DEF napassnesnsHa naockocmu
mpeyeo/bHuka ABC u Bbiwe ee Ha Ha 40 mm.

Tpedyemcs.

1) nocmpoumsb ¢ppoHmMaibHYw U 20pU30HMAIbHYK npoekyuu d6yx nupamud ABCD u
DEFA ¢ cod/wdeHuem npoekyuoHHou cBs3u;

2) nocmpoums NPOeKyUU @ueypsl, 00w eu dns 00eux Nupamud,

3) onpedesums Hamypa ibHYw BeAU4UHY UCKOMOU @ueypbl C NOMOWbH
epaguyeckux nocmpoeHud,

4) odo3Ha4ums Budumocmes pedep nupamud,

5) opopmums Bce uzodpaxerus no [OCT 2.303-306;

6) 0003HaYUMb U COXPAHUMb HAQ Yepmexe AUHUU NOCMPOEHUS Hamypa ibHoU
BenuyuHsl pueypsl, 00w eu daa odeux nupamud.
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lpogunb: KomnbrwmepHoe ModeiupoBaHue u epaduka;

myp No MameMamuke U UHXeHepHoU epapuke.

Bapua+m: 3 kaacc. 9-11
3ada4a5 (15 0asno8). Aarsl dbe npoekyuu npusmsl. Tpedyemcs.
1) donosrHums 3adaHHyw demas Bcmabkamu no npubBszkam 8 moykax A uB, 8 coomBemcmbBuu ¢
opueHmayueu no koopduHamHsIM OCAM,
2) BbinonHumb dnsa noayveHHol demaau mpu Buda 6 npoekyuoHHoU cBs3u;
3) Ha mecme coomBemcmbByrwwezo ocHoBHozo Buda ogopmMums U300paXEHUE KAK COeGUHEHUE
nosnobBunel Buda u nonobuHa pa3pesa A-A
4) enabreit Bud ogpopMums GpoHMA IbHLIM Pa3PE30OM,
5) Bce uzodpaxerHus ogpopmums no [OCT 2.305-2008;
6) peweHue ogpopmums AuHUsMU no [OCT 2.303-68;
7) wmpuxobky BsinonHums no [OCT 2.306-68;
8) Ha Budax coxpaHums AuHUU HeBudumozo koHmMYpa, Ha paspesax AUHUU HeBudumozo koHmypa He
uzodpaxames.

[locmpoeHus BeinonHumb Ha 08pamHoU CMOPOHe AuCMa. [Ta3 ckBo3Hou
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BAPUAHT 3 KOMIIBIOTEPHOE MOJIEJIMPOBAHUE U I'PAD®UKA -2022 11 xmacc

Pemenue Bapuanta Ne3 (Marematnka - 11 kiacc)

1. [MocnenoBaTenbHOCTh JEHCTBUTENBHBIX YHCET A4, Ay, A3, ..., Q109 YAOBJICTBOPSET HEPABEHCTBAM
a, —2022a,,4 +2021a,,, =20 10pu n=1,2,3,..98, u  agy— 2022a,9 + 2021a, =0,
A100 — 2022a, + 2021a, = 0. Haiiaute a,,, eciu a,o = 10. (10 6amioB)

Pewmenue.

O6o3nauum b = a; + a, + a3 + -+ a9, by = a, — 2022a,41 + 2021a,,,,n=1,2,3,...,98,
bgg = ag9 — 2022a4¢¢ + 2021a4, b1 = aq90 — 2022a4 + 2021a,.Ilo ycnoButo b, = 0,npun =
1,2,3,..,100. Umeem by + by + by + -+ bygo = b — 2022b + 2021b = 0.  CrnenoBaTenbHO,
b, =0,npun=1,2,3,..,100. Orcroga mnomyuaeM (a, —ans+1) +2021(aps2 —any1) =0,n =
1,2,3,..,98, agg — a190 + 2021(a; — a190) = 0, (@190 — @1) +2021(a, —ay) = 0.

a—az _ a1—a a;—az a,—az

HUmeem a, — a; = a; — a, = eery Ogg — @ =— Qg0 — A1 = . C yuerom
2 3 2021 3 47 02127 1 799 100 ™ 5pp198” 7100 17 202199 y
a1—a
aBeHCTBA Qqg9 — @ = 2021(a; — a,) umeem ——= = 2021(a; — a,). Orcrona noay4aeMm a,, = a
100 1 1 2 202199 1 2 n 1

s Beex n = 1, 2, 3, ...,100. CnenoBarenbHo, d,, = a9 = 10.

Otser: 10.

2. Haiimute BEpOSTHOCTH TOTO, YTO CIIy4allHO BBIOPAHHOE HATYPaJbHOE ISITU3HAYHOE YHUCIO C
HENoBTOpSIOMMMICS udpamu, coctariennoe u3 mudp 1, 2, 3,4, 5, 6, 7, 8, nenurcs Ha 8 6e3 ocTaTKa.
(10 6ammoB)

Pemenne. HarypanbHoe uuciio N genutcs Ha § 0e3 ocTaTka, €ClM YUCIIO, COCTABICHHOE M3 Tpex
nociaeaHuX mudp B 3amUcH yucia N (B HOpsAKe UX cienoBaHus), nenutcd Ha 8. Ecau ke uwmcio,
COCTaBJIEHHOE M3 TPeX MOCJIeAHUX Iudp, He neauTces Ha 8, TO U YuCiIo N He AETUTCs Ha 8.

Haiinem konn4uecTBO TpeX3HAUHBIX HATYPAIbHBIX YHUCENT, COCTABICHHBIX U3 HEMOBTOPstonuXcst nudp 1,
2,3,4,5,6,7,8, n nensmmxcs Ha 8. DTH yncia Takoke AensTcs U Ha 4. Haiinem cHauana Bce [By3HaYHBIE
qrclia, COCTaBJICHHBIC U3 HemoBTopstomuxes nuudp 1, 2, 3, 4, 5, 6, 7, 8, koropsie aensarcs Ha 4. D10
gucna: 12, 16, 24, 28, 32, 36, 48, 52, 56, 64, 68, 72, 76, 84. Cpenu HUX 7 ducen, KOTOpBIC ACTATCS Ha 8.
Tpex3HauHOE YUCIIO C TOCIECIHUMH JBYMS HHU(PpaMH, 00pa3yroIIMMHU YHCIIO, AeTsieecs Ha 8, OyaeT
JeTUThCS Ha 8, eci TiepBast u¢)pa dTOTO YUCIIA SBISETCS YETHBIM uncioM. JlefictBurensHo, 100n +
8k = 8m,25n = 2(m — k),m,n, k € N,= n € {2, 4, 6, 8}. Takum 06pa3om, ¢ IIOMOIIBIO IBY3HAYHBIX
qHCce, ASTAIMNXCS Ha 8 ¢ YKa3aHHBIMHU YCIOBHSIMU, MOXKHO TOJIYYUTh 18 Tpex3HAUHBIX, JCIIAIIMXCS Ha
8. OcraBmmecst 7 yucen aensrcs Ha 4, HO HE JeNATCS Ha 8, T.. UX MOXKHO TPEJICTaBUTHh B BHJC
42k +1),k=1,3,4,6,8,9,10. Torma 100n+4(2k+1)=8m,25n+2k+1=2m,m,nk €
N,= n € {1,3,5,7}. Takum o6pa3om, moiay4aem emie 24 Tpex3HAUHBIX YUCEN, JeNAmuXcs Ha 8. B
CyMME UMeeM BCero 42 Tpex3HauHbIX HATYPalbHBIX YHCEIT, COCTABJICHHBIX U3 HEMIOBTOPSIIOIIUXCS (P
1,2,3,4,5,6, 7,8, u genauuxcs Ha 8.

IlepBbie ABe UGPHI MATU3HAYHOTO YMCIIa MOXXHO BBIOMpaTh JtoObiMu 13 1udp 1, 2, 3,4, 5,6, 7, 8 ¢
YUETOM MX pa3IMyMs U pa3inyusi ¢ BBIOPAaHHBIMU TpeMs MOCIETHUMHU [udpamu, T.e. OyaeM UMeTs 5 - 4
coco6oB. KommyecTBO Bcex cmocoOOB  BBIOpaTh HATypalbHOE TMATU3HAYHOE YHUCIO C

HEeTOBTOpsIIOIMMUCA Iupamu, coctaBinernHoe u3 nudp 1, 2, 3,4, 5, 6, 7, 8, paBHO A3=8-7-6-5-4.
42'5-4
8:7-6:5-4

1 1
Hckomast BepoATHOCTB paBHaA P = =3 OTser: p



BAPUAHT 3 KOMITBIOTEPHOE MO/JIEJINPOBAHUE U I'PAD®UKA -2022 11 xmacc

3. HaiiguTe Bce 3HaueHUs mapameTpa a, Ipu KOTOPBIX ypaBHECHUE

|cost — 0,5] + [sint| —a
V3sint — cost

uMeeT XOoTs Obl OJHO perienue Ha otpeske [0; m/2].
VKaKXUT€ KOJIMYECTBO PAa3IMYHBIX PEIICHHH 3TOr0
ypaBHeHusi Ha otpeske [0; /2] OpU  KaKIOM
HalJIeCHHOM 3HaueHuHu napamerpa a. (12 6annon)
Pemenne. [Tycts x = cost, y = sint, x2 +y% =1,
x € [0;1], y € [0; 1]. Torga ypaBHeHHE OyAET UMETh
BUJI

0

V3y —x

0,

lx = 05|+ |y| —a=0,vV3y —x # 0.
B utore nmeem cucremy:
lx —0,5] + |y| = a,
\/§y —x # 0, OtMeTHM, 4TO
x2+y?=1,x €[0;1],y € [0;1].
a > 0. Touka nepeceueHus OKPYKHOCTH

pe

x2 +y% =1,x € [0; 1],y € [0; 1], c mpsmoii V3y —
x = 0 uMeeT KOOpAMHATHI (\/§ /2;1/ 2).

Haiinem 3HadeHue mapamerpa a, nmpu KotopoM kBazpart |x — 0,5| 4+ |y| = a npoxoaut vepe3 TouKy
(1;0). meem a = 0,5. Ilpu a < 0,5 pemennii Her. Haiimem 3HadeHue mapamerpa @, MpH KOTOPOM
kBazapar |x — 0,5| + |y| = a nmpoxoaut depes TouKy (1/2;\/5/2). Nmeem a = v/3/2. ITpu s1oM a
KBaJIpaT, OKPYXKHOCTb U TIpsMast V3y — x = 0 mepecekaroTcs B TOUKE (\/§ /2;1/2),u cuctema umeer
emuHCTBeHHOE pemrenne. CremoBatensho, mpu 0,5 < a <+/3/2 cucreMa HMeeT eIMHCTBEHHOE
pelieHue.

Haiinem 3HaueHne mapamerpa @, Ipd KOTOPOM CTOPOHA KBajpaTa, Jexanias Ha IpsaMoil x +y = a +

0,5 Kacaercst OKpy»KHOCTH. Touka KacaHWs JISKHT Ha TpaMoil y = —x, u a + 0,5 = v/2. Torna npu
V3/2 <a <+2-0,5 cucrema Gyner umers Tpu pemenus. Ilpu a = V2 — 0,5 cucrema numeer 1Ba
pereHus.

Haiinem 3HaveHue mapameTpa @, mpu KoTopoM kBajapat |x — 0,5| + |y| = a npoxoaut uepe3 Touky
(0;1). Umeem a = 1,5.TIpu v/2 — 0,5 < a < 1,5 cucTeMa HMeeT eMHCTBEHHOE PEIlICHHE.

ITpu a > 1,5 cucrema pemeHuii He UMeeT.

OTBeT: ypaBHEHHE UMEET XOTs ObI 01HO pemrenne pu  a € [0,5;1,5],

npu a € [0,5; V3/2] U (/2 — 0,5; 1,5] ypaBHenue umeer 1 pemenue,

npu a € (vV/3/2; V2 — 0,5) ypaBHeHue umeet 3 peleHus,

npu a = V2 — 0,5 ypaBHEHHE UMeeT 2 PelIeHus.
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46. Haitnure yron mexay miockoctsmu BCD u AFE (cm. yenosue 3amauu 4a). (8 6aios)

Pemenmne.
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BBemeM cucremy kKoopauHar, Kak mokaszaHo Ha pucynke. Torma A = (0;0;0),B = (0;40;0),E =
(40; 10; 40), F = (80; 40; 40), C = (40; 30; 0), D = (80; 0; 40). Umeem BD = {80; —40; 40}, BC =
{40; —10;0}, AE = {40; 10;40}, AF = {80; 40;40}. Iycrs # L BC, A LBD, m LAE, m L
AF 7 = {a; b; c}, m = {d; e; f}. Torna umeem ABE CHCTEMBI JTUHENHBIX aNreOpanveckuX ypaBHEHUIA:

40a —10b =0, 40d + 10e + 40f =0, b = 4a,
{80a —40b + 40c = 0, {80d + 40e + 40f = 0. c = 2a,
KayecTBe BekTopa HopMasu K miockoctu BCD MokHO BBIOpaTh BekTOp 7 = {1;4;2}. /[las

e = 2f,

d=-3f/2,
MOYHO BBIOpaTh BEKTOP 11 = {—3; 4; 2}. Vo Mexk 1y IIIOCKOCTSMHU PABEH YTIIy MEXKLY HOPMAISIMH
K 5TUM II0cKocTAM. Clle0BaTenbHO, KOCHHYC MCKOMOI'O yIJla (@ MOKHO HaiTh 1o GpopmyJie

|7 - ) 17 174/609
cosa = = = .

7] - |m| 2129 609

[l mepBOM CUCTEMBI MMeeM { U B

BTOPOH CHUCTEMbI MMeeM { M B KayecTBe BeKTOpa HopMaiu K miockoctd AFE

17609
OTBeT: arccos 200 "




