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agaga 1
B-1 Pemure ypasuenue

VA2 =120+ 9+ Va? =6+ 9+ ( :p—2> — /31 VB /3-8

Otsert: z € [1.5,2]
Pemenne. Ilocie npeoGpazosanuit ipu yciosun @ < 2

VCr =32+ (x =32 -2 +2=1/(1+V2)2—1/(1-V2)?

20— 3|+ |z —3|—z+2=1+V2-(V2-1)
|22 — 3| + |z — 3| = x.

To ecrnb, ¢ yuérom O3, mosyuaem, uro & € [%, 2.

B-2 Pemure ypaBuenue

\/4x2~|—12x+9~|—\/a:2+6x+9+( a:+2> \/4+¢_—\/4

OtBer: z € [—2,—1.5]

B-3 Pemure ypasuenne

\/4x2—12x+9+\/9x2—12:v+4—< x—l) \/6+\/_O—\/6

Orser: z € [1,1.5]

B-4 Pemure ypaBuenue

\/4x2+12x+9+\/9x2+12x+4—( x—i—l) \T+V24—\/T— V24

Otsert: z € [—1.5, —1]
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3amaya 2
B-1 Vkaxkute HamMeHbIIIee MOJIOXKUTEIbHOE 3HaYEHNE a, P KOTOPOM HEPaBEHCTBO

_1 .
2°7% > a +sin2®

He UMeeT HU OJTHOTO pertenusd x > 0.
OrtBer: 33
Pentenne. Oyuxius

upu x > 0 yJI0BJIeTBOPSAET HEPABEHCTBY
f(z) < 2°+1=33.

Suauut, npu x > 0 QyHKIUS HE IPUHUMAET 3HaUYeHuit a > 33, a jiid JI000ro a < 33 IPU HEKOTOPBIX
JIOCTaTOYHO 60sIbIMX © > () IpUHUMAaeT 3HAYEHNe, He MeHbIee a, TaK Kak npu 0 < x — 400 nuMeeM:
1
1) 2°7= — crporo Bospacraomas K 2°~0 dbynkius;
2) 2% — HeorpaHWYEHHO BO3pAcTaomast (DYHKIHsI, a 3HAUUT, IPU CKOJIb YTOJHO OOJIBIINX T Pery-
JISPHO BBIITOJIHAETCS PaBEHCTBO sin 2% = —1.

B-2 Vkaxknute HamMeHbIIIee OJIOXKUTEIbHOE 3HaYeHe (4, P KOTOPOM HePaBEHCTBO
51 : T
3°"z > a+sin4

He UMeeT HH OJHOro perreHus: x > 0.
OTBert: 244

B-3 Vkakute HauMeHbIIee MMOJOXKUTE/THHOE 3HAYCHHE ¢, IIPU KOTOPOM HEPABEHCTBO

532 > q + sin 3°

He UMeeT HH OJHOro perreHus: r > 0.
OTrBer: 126

B-4 Vkakute HauMeHbIIee MMOJOXKHUTE/IHHOE 3HAYCHHE ¢, IIPU KOTOPOM HEPABEHCTBO

4573 > a4 sin2°

He UMeeT HH OJHOro perrerus: r > 0.
Orser: 1025
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3amaya 3

B-1 B okpykHOCTb pajimyca 3 BIUCAH YeTHIPEXYTOJIBHUK, TPU CTOPOHBI KOTOPOT'O PABHBI 3, 3, 3v/2.
Haiimure MakcuMaibHO BO3MOYKHYIO TLIOIIA/Ib TAKOTO IeThIPEXYTOHHIKA.

OrtBer: % + %ﬁ

Pemntenue. Perum 3aaqy B obmem ciydae. Obozuaadanm detbipexyroibauk ABCD. [lycts AB =
BC = R;CD = R+/?2. B raxoii kouduryparun yron mexiay croponamu AB u BC pasen 120°.
Vron ZADC = 60°, kak nporusosexkamuii. duaronans AC = Ryv/3. I3 TeopeMbl CUHYCOB st
tpeyroibanka AC'D cienyer, aro yron ZCAD pasen 45° (yron ZC'AD ocrpsiii, T.K. unade ZCAD =
135°, u cymma yruos Tpeyrosbanka ADC' 6yer 6osbite 60°+135° > 180). 3uaunt, yron AC'D pasen
75°. Tlnomaap S 9eThIpexyroJbHIKa MOYKHO BBIYUCIUTD, KAK CYMMY ILIOMa el Tpeyroibankos A BC
u ADC. Sppc = RQ\/g;SADC = %E -cos 15° = %(1 + \/§) =

4
R*V/3 R*V3

3R R%/3
+V3) ="+ V3,

5 4 2

Bosmorkna npyras koudurypamnus: AB = CD = R; BC = Rv/2. B stom ciydae deTbpex-
YTOJBbHUK — PAaBHOOOYHAsT Tparerus ¢ yrioMm rpu ocHoBaruu 75°. Torma Beicota CH = Rsin75°%, u
ILJIOIIA b TPAIICIIUN PABHA

3R?  R*/3

1
S = 5(AD +BC)CH = —~ + —

.. 2 2. /7
Oba BapmaHTa OIMHAKOBBIE, B OTBET UJIET % + %3.

Jpyroit crtocob pemernsi. CoeIMHNM BEPITNHBI 9€THIPEXYTOIBHUKA € MEHTPOM OKpyzKHOCTH. [To-

JIydaeTCd, 9TO YeTbIPpEXYTI'OJIbHUK COCTaBJIEH U3 JIBYX IIPaBUJIbBHBIX TPEYIrOJILHUKOB CO CTOpOHOfI 3

(HJIOH.{&,ZH:; KazKJI0I'0 U3 KOTOPLIX paBHa %5 O/THOT'O IIPAMOYT'OJIbHOI'O TPEYI'OJIbHUKa C KaT€TaMK 3, 3

I THIOTEHy30it 3v/2 (rutora b paBHA g) U OJIHOTO PaBHOOEIPEHHOIO TPEYTOJHLHUKA CO CTOPOHAMU 3

u 3 u yriaom Mex iy Humu 360° — 60° — 60° — 90° = 150° (mioma/p paBHa % -3-3-sin150° = % Cywm-

3R%2 | R%V3
+ 2

MapHagd IIJIOIa /b paBHa 4 , BHE 3aBUCUMOCTHU OT TOI'O, B KaKOM IIOPAJIKE OHN PACIIOJIOZKEHDBI.

B-2 B 0Kpy’KHOCTB pajayca 4 BIHCAH YeTBIPEXYTOIBHIK, TP CTOPOHBI KOTOPOTO paBHbI 4, 4, 41/2.

Haiiinre MakcuMabHO BOBMOXKHYIO ILIONIAIb TAKOTO YeThIPEXYTOJIbHUKA.
Orser: 12 + 83

B-3 B okpykHOCTb pajimyca b BIUCAH Y€ThIPEXYTOJIBHUK, TPU CTOPOHBI KOTOPOT'O PABHBI D, 5, 5v/2.
Haitmnre MakcmMaabHO BOZMOXKHYIO ILIOIIA/Ib TAKOTO YETHIPEXYTOTLHUKA.

OTBer: % + %ﬁ

B-4 B okpy:kHOCTB pajinyca 6 BiucaH YeThIPEXYTOJIBHUK, TPU CTOPOHBI KOTOPOT'O paBHHI 6, 6, 6v/2.
Haiimure MaxcuMaabHO BO3MOXKHYIO ILJIOIIA/Ib TAKOTO YETHIPEXYTOTbHUKA.

Otser: 27 + 183
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3agaua 4
B-1 Haiijure BCe perennsd ypaBHEHUS

cos®(mz) + cos® (2mx) — cos®(dma) = (cos(mz) + cos(2mx) — cos(4nz))?

npunaexkaime orpesky [0.3;1.6].
Orser: 1, 3,5,5:5:5: 55
Pemtenne. (/g Bapuanra 1) Tak kak

(a+b+c)®—(a®+ b+ ) = 3a’b+ 3a’c + 3b%a + 3b°c + 3c®a + 3c¢*b + 6abe = 3(a+ b)(b+ c)(a +¢),

T0 J1160 cos(mx) 4 cos(2mx) = 0, aubo cos(2mx) — cos(drz) = 0, mu60 cos(mz) — cos(dmz) = 0.
B nepsom ciayuae cos(2mx) = cos(m — mx) < 2rx = — nx + 27k wm 27w = 7x — 7 + 27k,
k:EZ,ToeCTb:E:%+%,x:—1+2k,k62.

Bo Bropowm ciayuae cos(2mx) = cos(4nx) < dnx = 2w + 27k win drx = —27x + 2wk, k € Z, 10
eCTbiC:k,.%:%,kGZ.
B tpernem ciayuae cos(mz) = cos(dnx) < dnx = mx + 2nk win drx = —wx + 27k, k € Z, 10 ecTb

_2n _2n
ZL'—?PT—?,]{?EZ

B ykazanublii TpOMEKYTOK MOTAIal0T KOPHU

B CyMMe€ KOTOpDBI€ JIAIOT 7%

B-2 Haiiiure Bce pertienus ypaBHEHUS
sin® (mz) + sin® (27x) — sin®(4nz) = (sin(nz) + sin(27z) — sin(47z))®

npunaexarume orpesky [0.3;1.8].

. 132437957
OrTser: 17575’3757575757876

B-3 Haiijiure Bce perieHus ypaBHEHUS
cos®(mx) — cos®(2mx) + cos®(4mz) = (cos(mz) — cos(2mx) + cos(dnz))?

npunaexaiume orpesky [0.3;1.8].

. 1 2 45 379
OTBer: 1,5,5,3,5,575,5

B-4 Haiigure Bce perenust ypaBHEHUs
sin® (mz) — sin®(2rx) + sin®(4nz) = (sin(nz) — sin(2r2) + sin(47z))?

npunaiexkaime orpesky [0.3; 1.6].

. 1 31 2 4 6 8 5 7
Orser: 1,5,5.5.5:5:5:5: 66
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Samada 5
B-1 /lanbr Tpu pyHKIAMA
fi(@) = (z + a1)(2® + bz + 6),
(

f2(x) = (z + az)(2? + bax + 8),
f3(z) = (z + a3)(2® + bsx + 12)

(3mech ay, by, ag, b, ag, by — MOTOKUTETBHBIEC TUCTIA).
JI71s1 KazK10ro IeficTBUTENIBHONO & BBINOHAeTC yeaoBue fi(z) = fa(x) = f3(x).
Haiiyiure 3navenune cymmbl a; + by + as + by + as + bs.

OrtBet: 27
Pemenne. Tak kak f| = fy = f3, 10 ypaBuenne fi(z) = 0 uMeer oTpurnarTe/ibHble KOPHU T =
—a1,Ty = —Q9,T3 = —ag, U 3TO TPU PA3HBIX KOPHS, TaK KaK €C/Au Obl JIMTHEHHbIE MHOXKUTEIN B

JIByX TOXKJIECTBEHHO PABHBIX (DYHKIIUAX ObLIN Obl OJMHAKOBBIMU, TO COBIJIAIN Obl 1 KBaJIpATUIHBIC
MHOXKUTEJH, & N0 YCJAOBUIO 3aJIa9M 3TO HE TaK.
[TosTomy u3 Teopembr Buera ciemnyer:

$2'ZE3:6,ZL’1'I‘3:8,I1'$2:12.

Orciona (r12213)% = (6 - 4)%, u x129w3 = —24. Tosromy z; = —4, 1o = =3, 13 = —2. Jlanee,
a1 = 4,a9 = 3,a3 = 2. CoorBercTBeHHO, b1 =3 4+2 =5, by =4+2=06mu b3 =4+ 3 = 7. [lostomy
a1+bl+a2+b2+a3+b3:4+5+3+6+2+7:27

BaMeTrnM, 9T0 MOXKHO OBLIO IIPOCTO PACKPBITH CKOOKM B KazKJI0i 13 TpeX PYHKINIA 1 IPUPABHATH
KO3 DUIUEHTHI IPU COOTBETCTBYIONUX cTeneHsx X. OJiHaKO BO3HUKAIOIIAs MOCJIE€ 9TOI0 CUCTEMA
IIEeCTU YPaBHEHUN PelraeTcs JOCTATOYHO TPYIOEMKO.

B-2 Jlanbr Tpu yHKImnn
fl(l') = (.T + CL1)<.T2 + blx + 6),

fo(z) = (z + az)(2® + box + 14),
f3(z) = (z + a3)(2® + bsx + 21)

(3mech aq, by, as, be, az, b3 — MOJIOKUTEIIHHBIE YHUCIIA).
s kazk10ro AeficTBUTEILHOTO T BBINOJHSAETCs yeaoue fi(x) = fo(z) = f3(x).
Haiiyiure 3navuenue cymmbl a; + by + as + by + az + bs.
OTBeT: 36

B-3 /laubr Tpu pyHKIMHA
fi(z) = (z + a)(2® + bz + 12),
fg(l’) = (fL’ + CLQ) ZE2 + bgl‘ + 18),
f3(37> = (x + (13)(.%2 + bg.f + 24)
371ech ai, by, as, by, as, b3 — momoKUTENILHBIE YNCTIA).
( 7 ? 3 7
s kaxk0ro geficTBUTeILHOTO T BBINOJIHSAETCs yeaosue fi(x) = fo(z) = f3(z).

Haiijiure 3navenune cymmbl a; + by + as + by + az + bs.
OrBeT: 39

B-4 Jlanbr Tpu yHKIIANT
fi(z) = (z + a)(2® + bz + 12),

fo(z) = (z + az)(2® + bz + 15),
f3(z) = (z + a3)(2? + bsx + 20)



(3mech ay, by, ag, by, ag, by — MOJOKUTEIBHBIE THCTIA).
s kaxk10ro geficTBUTEILHOTO T BhINOJIHSAETCs yeaosue fi(x) = fo(z) = f3(z).
Haiijiure 3navenune cymmbl a; + by + as + by + az + bs.
OTBer: 36
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3amaya 6

B-1 Ta30HHAs TOJIMBAJIKA PABHOMEPHO Pa3OpLI3IIBAET BOKPYT cebst BOLY B Kpyre pamyca 4 — 2v/2.
Ha rpanurie 5T0r0 Kpyra pacrojioyKeHa Japyras Takas yKe IMOJUBajIKa. A POBHO TOCEPeTHHe MKy
JIBYMsI TIOJIMBAJIKAMU HAXOIUTCSA BXO/ B HOPY. MBIIIb, X035iKa HOPBI, XOUeT BEPHYTHCS JIOMOI, HO He
XOYET CUJIHLHO BBIMOKHYTb.

Haiture pyumay myTu, Ha KOTOPOM MBIITb HAMOKHET MEHBIIIE BCETrO.

MpbImmb MOXKET MEeHSATHL HallpaBjeHue Oera, HO €€ CKOPOCTb IMOCTOSHHA, W IO JIyIIeM JIBYX ITOJIU-
BaJIOK MBIITb MOKHET BJIBOE ObICTpee.

Orsert: 4 — 2v/2

Pemnenne.

[Iycts pagumyc monmBa paBeH R. B Toukax A m B pacrosoKeHbl MOJTUBAJIKE, HOpa HaxoguTcesa B O.
[Tomensiem HampaBJieHHEe — IIYCTh MBIIIb BhIOEraeT W3 HOPBI M CTPEMUTCA Ha Ccyxyio 3emJio. [IyThb
MBI MOXKeT ObITh KaKOil yrojiiHo (bOpMbI, HO, TaK WU HHAYE, eii MPUJETCH MOKUHYTH 00/IacTb
JIBOMOTO TIOJIMBA — IIyCTh 9TO Mpou30iiIeT B Touke H. Torjga — onTuMalibHbIN yTh /10 TOYKH H 3TO
orpe3ok OH, a ontumasbHbIl yTh 0T H 10 cyxoit 3emyin — 310 H L, e H nexkut Ha pajuyce BL.
BHaunT, KaHMIATHl Ha ONTHMAJBHBIN yTh — JoManble Buga OH L (KpacHBI MyTh Ha YepTexke) u
OTIPEJIEJISIIOTCA OHU OJJHUM ITapaMeTpOM — IIOJIOXKeHHeM TodIKu H.

Mpiiib MOKHET OT KaXKJION TOJIUBAJIKU, TTOSTOMY HYKHO MUHUMH3UPOBATL CYMMY DPaCCTOSHUI,
IPOIIEHHBIX IO KaxKI0i monBaJikoil. [1yTh moa nmommBaJikoit A paBeH |OH \, Iy Th IOJ IIOJIMBAJIKOMN
B pasen |OH| + |HL|, mosToMy HY:KHO HaiiTu MHHUMAJbHO Bo3MoxkHOe 3Hauenue |OH| + (|JOH| +
|HL|) = 2|OH| + |HL|.

Ommmmem nostoxkenne H wepes yron ZHAB = «, tae a € [0,60°]. Torna: |[AH| = R,|OA| =
|OH| naxonum 10 Teopeme KOCUHYCOB:

R
2

2
|OH| = \/R2+RZ—R2COSOJ.

Hanee, |HL| = R — |BH|, a | BH| naiiiétm Kak OCHOBaHIe PaBHOOEIPEHHOIO TPEYTOJbHIKA ¢ OOKO-
BbIMH CTOPOHaMM R 1 N3BECTHBLIM YIVIOM MEXKJ1Y HUMM:

\HL| = R—2R-sin%.

3HAUNT:

/5
210H|+ |HL| = f(a) = R | 2 Z—L—cosoz+1—2sin% , Fﬂeae[oag]

Hy»#uo Hajitu munuMym dyrknun f(), KoTopas XapakTepu3yer CTelleHb HaMOKaHUs — OepéM IIpo-
U3BOJHYIO:



sin « Rcos g

5
f'(a)=R —cos 2+ = 2 /2 —cosa+ 2sin >

2 5 5 4 2
\/1 — cosa \/7 — cosa

Hyuto MoKeT paBHATHCS TOJTBKO CKOOKa (yToJl (v MEHsIeTCsI B TAKUX TPEJIesIax, ITo COs § B HOJIb
He obparaercs). Pemaem ypaBHenune

9 i «Q 5
Sin — =4/— —cosa
2 4 ’
4sin2g:——cosa
2
2 -2 = - —
COS & 1 CoSs &
cosa—3
=

_ 3 s |
Bnaunr, skerpeMyM f pasen (ecim cosa = 3, = sin§ = Wi>

V2

fla)=R- 1+ 5

Ha Besikuit cirydaii mpoBepuM, TOYHO JIM 9TO TOYKa MUHUMYMa. e 661 MBIIIb B3sijia KypPC POBHO
HaBepx (CM. pUcyHOK), To f(«) npunsiia 661 3HaueHne 2R - %g = R\/3, aro Gombie, qem R- <1 + ‘/7§>

(mpaBa, pasuuia Hebosbiast ). Ecmu 661 mobexkasa vanpaBo — f(a) paBusiioch 061 2R. Tak 9410 MbI
JIERCTBUTE/THHO HAILTH MUHUMY M.
Jmmua myTu npn stom pasaa |OH| + |HL|, To ectb oTBer pasen

5
|OH|+ |HL| =R Z—l—cosomtl—ZSin% —R 41— | =R

B-2 lNazonnas nmosmBajika paBHOMEPHO pa30pbI3rUBAET BOKPYT ceOs BOY B Kpyre pajnyca ﬁi
Ha rpanuiie 57010 Kpyra pacroJioyKeHa JApyras Takas Ke IOJBajKa. A POBHO IOCEpeInHe MEXKILY
JIByMsI TTOJIMBAJIKAMU HAXOJUTCA BXOJ B HOPY. MBbIIb, X03s1iika HOPBI, X0O9eT BEPHYThCA JOMOI, HO He
X04€T CUJIbHO BBIMOKHYTbD.

Haiiiure aumy myTr, Ha KOTOPOM MBI HAMOKHET MEHBIIIE BCETo.

MpbIb MOXKET MEHSATHL HallpaBjeHue Oera, HO €€ CKOPOCTDb IOCTOSHHA, W TIOJ] JIyIIeM JIBYX ITOJIU-
BaJIOK MBIIIbL MOKHET BJBOE OBbICTpee.

L1
OTBer: 3573

B-3 lNazonnas mosmmBaJjika paBHOMEPHO pa30pbI3rUBaeT BOKPYT ceOst BOJY B Kpyre pajnyca 2_5‘/5.

Ha rpamnurie sToro kpyra pacroJiozkeHna Jpyrasi Takas Ke IOJUBaJIKa. A POBHO TOCEPEIUHE MEXK LY
JIByMsI TTOJIMBAJIKAMU HAXOJIUTCA BXOJ B HOPY. MBI, X034iiKa HOPBI, XO4eT BEPHYTHCS JIOMOIi, HO He
XOYET CUJIbHO BHIMOKHYTb.

Haiture nawmay myTH, Ha KOTOPOM MBIITb HAMOKHET MEHBIIE BCETO.

MpImb MOYKET MEHATL HallpaBjeHue Oera, HO €€ CKOPOCTb MOCTOSHHA, U TOJT JIyIIeM JIBYX IOJIH-

BaJIOK MBIIITL MOKHET BJBOe OhIcTpee.
OTsBer: %é

B-4 T'azonnas mo/imBaJjika paBHOMEPHO pa30pbI3ruBaeT BOKPYT ceOst BO/LY B KpyTe pajiyca 2+3 75

Ha rpanurie sToro Kpyra pacroJioyKeHa Japyrasi Takas Ke IMOJUBaJIKa. A POBHO TOCEPEIHHE MEXKITY
JIByMsI TTOJIMBAJIKAMU HAXOJIUTCA BXOJ B HOPY. MBI, X034iika HOPBI, XO4eT BEPHYTHCS JTOMOIi, HO He
XO4eT CHUJIBHO BBIMOKHYTb.




Haiiiure pmuny myTH, Ha KOTOPOM MBIIIL HAMOKHET MEHBIIIE BCEro.
MpImib MOYKeT MEHATH HaIlpaBJIeHNe Oera, HO €€ CKOPOCTDb MOCTOSHHA, U MO/ JIyIIeM JIBYX ITOJIH-
BaJIOK MBIITb MOKHET BJ[BOE OBICTDeEE.

.3
OTBer: o




Mocxosckuil 2ocydapcmeentnits yrusepcumem umenu M. B. Jlomonocosa
OJ'II/IMHI/Ia.,Z[a INIKOJILHUKOB «JIOMOHOCOB» IO MaTeMaTUKe

BaksrounresbHbiil sran 2024 /25 yaebuoro roga st 11 kiracca

Sagaga 7

B-1 IlepBooTkpbiBaTe/b JeTe/l HaJl JIZKYHIJIIMA HA BEPTOJIETE W 3aMeTUI 3a0bIThII Xpam WH-
KOB. XpaM BBICTPOEH B (popMe NMPaBUILHON YCeUEHHON MTUPaMUJIbl ¢ KBAJIPATHBIMUA OCHOBAHUSIME —
CTOpOHA HUKHEro ocHoBaHWsi paBHa 2048 wu.e., cropoHa BepxHeil miomaaku pasHa 486 u.e. (n.e. —
MHKCKWE eJIMHUIBI JTTHBL). BbIcoTy Xpama Iy TelniecTBeHHUK U3MEePUTh He CyMeJl, TO3TOMY HOCA I
BEPTOJIET Ha BEpXHEN ILJIOMA/IKe U HAadaJ I CIIYCKAThCs 110 OOKOBOI MOBEPXHOCTH IUPAMUJIbI, HATHHA
ot yrya. CiycKaJjicss OH HE HAIPSIMYIO — CKJIOH JIJIsI 9TOTO CJIUIIKOM KPYT — & HAUCKOCOK, 110 JIMHUH,
yIroJl HaKJIOHa KOTOPOil K moBepxHocTH 3eMyn paeH 45°. Kora on jobupaJics 10 60KoBoro peodpa,
OH TIEPEXOIUJI depe3 peOpo ! MIEN 0 CJIEYIONEel TpaHu, MOl TAKUM Ke YIJIOM 45° K IMOBEePXHOCTH
3EMJIH.

OH 3aKOHYHJI CIIyCK POBHO Y BEPINIMHBLI HUXKHETO OCHOBAHUS ITUPAMUIbI, HACIUTAB 110 IIYTU H CTO-
POH (MHBIMU CJIOBAMHU, €I'0 Iy Th BBIMJISIUT KaK JIOMaHas, ¥ B 9TON JIOMAHON 110JIyYUI0Ch 5 OTPE3KOB).
Kaxoit BbIcOTEI (B m.¢.) 6bLT Xpam?

OTseT: 39051/2

Pentenwne. [Iycrs cTopona HUKHErO OCHOBaHUA MUPAMUJIbI paBHa ., CTOPOHA BEPXHETO paBHAa b,
yIOJI CIIyCKa PaBeH (v, a IUCJI0 MPOHJIEHHBIX I'PaHeil paBHO M.

Bynem cunrars, uro on Ha camoM jiesie nogaumaics. O6o3HaunM (11oka HaM HEU3BECTHBIE) BEJIU-
YUHBI — BBICOTY ITOCTPOWKM 1uepe3 H, yros Hak/joHa OOKOBOI CTOPOHBI MUPAMUJIBI K 3eMJie depes [3.
[TonsTHO, UTO

2H a—2b
t - H:
g PN 5

JlaBaiiTe B3rJIgHEM Ha IMUPAMUY B ITPOECKIIUU CBEPXY:

tg 3.

BaMeTHM, 9TO PUCYHKN Ha TPaHAX MOJOOHDI JIPYT JIPYTY — HEPexosl Mo cJie rylomnieil Tpanu Gyuer
paBeH HEKOTOPOMY ¢ YMHOKHUTB Ha, JUIHHY TIePexoIa 110 IPebLLyIeil. MbI MOMKeM 3aMETHTDb TPAIICIIH
— ¢ OCHOBaHUSMIU a U ¢a, qa U g*a, ¢°a u ¢>a, 1 Tak gajee. Y HOCJeIHEIl TPaIlCINy BEPITHHA PABHA,
b. CrenoBaresbHO,

b=q"a, qg= 1 9
a

Janee, BBeiéM Besmauny h, Ha KOTOPYIO OH HOJHSAJICS, IPEOJI0JIeB MePBBIi OTPE3OK 1yTH (caMblii
bt ) Toraa us mog06ms pUCyHKa CJIe/IyeT, 9To 3a BTOPOil epexo o J06aBUT K BhicoTe gh, 3a
tpetuit — ¢*h, u Tax nasee. Ciie0BaTEIBHO,

l—¢" 1-2 hla—b
H=h+qgh+qh*+...+¢" 'h="h q —h a _ (a )
l—q 1-q a(l—q)

Bce Benmmannbl uzBecTHbI, KpoMme h.
Obo3HaunM Ha MUpaMujie HEKOTOpble TOUKU. Pedpo ocHOBaHus, ¢ KOTOPOro HAYAT MOIBHEM — ITO
AB, nyts nauat u3 A. [lepsorit orpe3ok mytu coepunasier A u Touky P na 60koBoM pebpe. 3 Touxn



P nposeném B miockoctu AB P upsimyto, napajuiesibao AB, n oHa mepecedér npyroe 6OKoBoe pedbpo
B P;. llonyanrcsa Tpanenus ABPP; ¢ ochoBanussmu AB = a, PP, = qa. Touky P oproronajbHO
[IpoenupyeM Ha HUKHee OCHOBaHHWe, B Touky R — m jgnuna PR Oymer kak pas h. Ot Ttoukn R B
ILJIOCKOCTH OCHOBaHUSsI IIPOBEIEM IIEPIEHIUKYIAP K cTopoHe AB, u oH nepeceuér AB B Touke L.
Torma: yro1 RBA paen 45°, Tak Kak R majaer Ha auaronasib kBajapara. RL = LB, a LR = &.

Cropona AR = % Cropona AL = a — tgL,B' Tpeyronmbauk AL R npsMOyTOJIBHBIN, U TTOITOMY

h\? ho\? h\?
(@) :(tg_ﬁ) *(‘L‘tg—a)

Bripaxkenue mact HaM KBaJIpaTHOE YpPaBHEHUE OTHOCUTEIHLHO h, KOTOPOE, OJIHAKO, yiobHee ogop-

MUTHb KaK YpaBHEHUE OTHOCUTEJIbHO %

1\°> 2a 1 2te? o — tg?
2(2) - = R g20z 2%5 0
h tg8 h tg® ftg® a

[TosmoxkuTeE/IBHOE pellieHne TAKOro ypaBHeHus OyIeT paBHO

1 1 1
— (1+ \/tg2ﬁ—tg2a) .
tg o

ho atg B

C npyroit cTOPOHBI, 110 CBOMCTBAM TPAIICIINN

1 a(l —q) 1 2
LB =—-(AB - PP 1—¢q)=2ctgph h=—7-+4t —_—=
LAB— PP, 10 cemn a1 — q) = 2etg b, A

1 .
IIpupasuuBaeM pasHble BbIPAXKEHU JJIA ;. DTO MPUBEJIET K YDABHEHUIO
2

1
—— =1+ —/tg?f —tg?a.
1—gq tg o

ypaBHeHI/Ie MOZKHO PEHIMTH OTHOCHUTEJIHbHO HEU3BECTHOI'O tg B, IIOJIy4duTCd

+ ¢?)

2(1
(1—q)?

[TomcraBum tg 8 B BeIpaKeHUe JjIsl BBICOTHI, M B UTOTE ITOJTY THM

V2 1+ ¢? \/3
H=Y2(—-b) L ¢ — /2

tg b =tga

B-2 IlepBooTKpbIBaTe/ b JieTesl HaJI JKYHIVIAMA HA BEPTOJIETE M 3aMETHU/I 3a0bITHIIl XpaM MHKOB.
Xpam BbICTpOEH B (hopMe MPABUIBHON YCEUEHHON TUPaMUJIbl ¢ KBAIPATHBIMI OCHOBAHUSIMU — CTO-
POHA HUZKHEr0 OCHOBaHMsI paBHA 256 u.e., CTOpOHA BepXHeil IIOMA KN paBHa 8 u.e. (h.e. — HHKCKIE
eJIMHUIIBI JUIHHBI). BBICOTY XpaMa MyTeliecTBeHHUK M3MEDPHUTh He CyMeJs, TTO9TOMY MOCAIII BEPTO-
JIET Ha BepPXHEN TJIOMAJKe W HadaJ CIyCKAThCT MO OOKOBOI MOBEPXHOCTU MHPAMU/IBI, HAYUHAS OT
yrta. CryckaJicsd OH He HAIPAMYIO — CKJIOH JIJIs 9TOTO CJUIIKOM KPYT — & HAMCKOCOK, 10 JIMHUH,
yIoJI HAKJIOHA KOTOpOil K moBepxHocTH 3eMiin pasen 45°. Korma on pobupascs ;10 60KoBOro pebpa,
OH IIePexXo/InI Yepe3 pebpo | IMIET 10 CJIeyIoNeil rpaHu, Mo TaKUM »Ke YIJIoM 45° K HOBEPXHOCTH
3EeMJIN.

OH 3aKOHYUJI CITYCK POBHO y BEPIIUHBI HU?KHETO OCHOBAHUS TUPAMU/IbI, HACIUTAB I10 IIyTH H CTO-
poH (MHBIMU CJIOBAMH, €0 IIYTh BBIJISIAT KAK JOMaHasl, U B 9TOI JJOMAHOMN MOJIYIHJIOCH 5 OTPE3KOB).
Kaxoit BbicoTBI (B H.€.) 6BLT Xpam?

OTrset: 1244/10




B-3 IlepBooTKkphiBaTesb JjieTes HaJl JXKYHIJIAMA Ha BEPTOJIETE U 3aMETHUJI 3a0bIThHINl XpaM MHKOB.
XpaM BBICTpOEH B (pOpMe MPABUIbHON YCEIEHHON MIPAMUIbI ¢ KBAIPATHBIMI OCHOBAHUSAMU — CTO-
pOHA HUYKHEro ocHoBaHusi pasHa 6144 w.e., cropoHa BepxHeii 1Ioma KU pasHa 1458 u.e. (n.e. —
MHKCKHUE eJINHUIIBI JJINHBI). BBICOTY XpaMma MmyTelecTBeHHIK U3MEPUTh He CyMeJI, TI09TOMY HOCa I
BEPTOJIET HA BEPXHEN TIJIOMIAJIKE U HAYAJ CIIYCKATHCs 110 OOKOBOW TTOBEPXHOCTH MUPAMUILI, HATNHAS
ot yria. CIycKaJicst OH He HAIPSIMYIO0 — CKJIOH JIJIsT 9TOTO CJIUIIKOM KPYT — & HAUCKOCOK, 110 JIMHUH,
yroJI HaKJIOHA KOTOPOil K moBepxHocTH 3eMiin paBeH 30°. Korma on jgobupaJcs 10 O0KOBOTO pedbpa,
OH TIEPEXOIU/I depe3 peOpo ! MIEN IO CIeYIOmell TpaHu, Mol TaKuM ke yriioM 30° K IMOBEepXHOCTU
3EMJIH.

OH 3aKOHYUJI CIIYCK POBHO Y BEPINUHBI HUZKHEIO OCHOBAHUS MUPAMUJIbI, HACIUTAB 110 IIyTU 5 CTO-
poH (MHBIMH CJIOBAMH, €T0 IIYTh BBIIVISIAT KaK JOMaHAsl, U B 9TOI JJOMAHON MOJIYIHJIOCH 5 OTPE3KOB).
Kakoit BbIcOTBI (B m.¢.) 6blT Xpam?

Orsert: 39056

B-4 IlepBooTKpbIiBaTe/Ib JIeTesl HAJI JKYHIVIIMEA HA BEPTOJIETE M 3aMETHU/I 3a0bIThI XpaM MHKOB.
XpaM BBICTpOEH B (hOpMe IMPABUILHONU YCEUEHHON MMPaMUIbI C KBAIPATHBIMI OCHOBAHUAMU — CTO-
POHA HUZKHEro OCHOBaHWsI paBHa 384 u.e., CTOpOHA BepXHeil IIOMAIKN paBHa 3 U.e. (U.e. — HHKCKIE
eJIMHUIIBI JUIHHBI). BBICOTY XpaMa IMyTellecTBeHHUK W3MEPHUTh He CyMeJs, MO9TOMY MOCAIII BEPTO-
JIET Ha BepxXHel ILIOMAJIKe U Hadasl CIIyCKAaThCs 110 OOKOBOW MOBEPXHOCTH IMHMPAMUIbI, HAUUHAS OT
yrta. CryckaJicss OH He HAIPIMYIO — CKJIOH JIJIst 9TOTO CJUIIKOM KPYT — & HAUCKOCOK, 110 JIMHUH,
yIroJl HaKJIOHa KOTOpOil K moBepxHocTH 3eMyn paeH 60°. Korma on jobupaJics 10 60KoBoro pedbpa,
OH IIePexXoInI Yepe3 pebpo | IMIET 10 Caeayolieil rpaHu, Mo TaKuM »Ke yryioMm 60° K HOBEPXHOCTH
3EeMJIN.

OH 3aKOHYHJI CIIyCK POBHO y BEPINWHBI HUYKHETO OCHOBAHUS ITUPAMU/IbI, HACIUTAB 110 IIyTU 7 CTO-
POH (UHBIME CJIOBaMI/I €ro Iy Thb BBIMVISIUT KAK JIOMaHasl, U B 9TOi JIOMAHOI MOJIYIUIIOCH 7 OTPE3KOB).
Kakoii BeicoThl (B 1.€.) 6611 Xpam?

OrBer: 3811 /5




Mocxosckuil 2ocydapcmeentnits yrusepcumem umenu M. B. Jlomonocosa
OJ'II/IMHI/Ia.,Z[a INIKOJILHUKOB «JIOMOHOCOB» IO MaTeMaTUKe

BaksrounresbHbiil sran 2024 /25 yaebuoro roga st 11 kiracca

Samaua 8

B-1 Yepes Tpu croponbl mpaBuibHOrO 30-yroabHUKA MPOBOJAT MpsiMble. CTOPOHBI BLIOMPAIOT
TaK, YTO NPIMbIE ITEPECEKAIOTCS JIPYT C JAPYTOM, M MCXOJIHBII MHOTOYTOJIbHUK JIEZKUT BHYTPHU IOJTY-
YEHHOI'O TPEYTOJILHUKA.

CKOTbKO TIOMTapHO HEPABHBIX TPEYTOJBHUKOB MOXKET MOJIYINThCA! PaBHBIMEU CIUTAIOTCSA Tpe-
YTOJIbHUKH, KOTOPbIE MOYKHO COBMECTUTDH ITOBOPOTOM HJIM OTPAXKEHUEM.

OrtBer: 19

Pemtenwne. [Iycts n — uncio cropon muoroyrosbuuka. [lycts n aérnoe.

e Bcero crmocoboB BbIOpaTh TPOiiKy cropoH (a,b,c) w3 umeromuxcs n oyger n(n — 1)(n — 2).
[IpaBra, He Kak/as TPOiiKa MOPOXK/ACT TPEYTOJbHUK, U Pa3Hble TPOHKH MOIYT HMOPOXKJIATH
oJuHaKoBbIe 10 (popme durypsl. /s npaBuIbHOrO IMOJACYETa HaAM ITOHAJ0OUTCS pas3indaTh
PaBHOCTOPOHHIE, PABHOOEIPEHHBIE W OCTAJIbHBIE TPEYTOJIBHUKH, TaK KAK y HUX PA3HOe KOJIH-
9YeCTBO CUMMETPHUI.

e JlagaiiTe cuurarh, 4To (@, b, C) PACIIOIOKEHBI IPOTUB YacoBoil crpesku. [lepsyio cropony Tpe-
YIOJIbHUKA @ MOYKHO BBIOpaTh n criocodbamu. [lomermm mapaJiiebHyI0 ¢ CTOPOHY KPACHBIM.
it BBIOOPaA BTOPOIT CTOPOHBI b oTcunThiBaeM k cTOpoH oT a, riue k = 0,1,2,... ”T’Q — 1. Ilo-
MevaeM MapasuieIbHyo b cTopony cuHUM. /[i1s1 BBIOOpa ¢ OCTAIOTCH TOJBKO CTOPOHBI MEXKITY
KPAaCHOIl 1 cuHeil cTOpoHaMU — U BapHaHTOB BBIOOpa OyIeT POBHO k.

3HaAYNT, BCEro TPEYrOIBHUKOB OyIeT N - (0 +14+2+...+ ("7_2 — 1)) % (ymHO)KaeM Ha 2, 9TOOBI
y9ecTb TPOUKH, IJe @, b, c PacloozKeHbl 110 9acoBoil, n JeanM Ha 6 Jj1d y4éra BcexX IepecTa-
HOBOK @, b, ¢ Mexty coboit). Ucmomp3yem GopMyIy cyMMBI IPOIDECCHH, TIOJIYUIAEM, 9TO BCErO
TPEYTOJILHUKOB OyJ1eT

n(n —2)(n —4)

5= 24

e CkoJIbKO OyJieT paBHOGEIPEHHBIX (HO HE PABHOCTOPOHHUX ) TPEYTOIHHUKOB? OCHOBAHIE MOXKHO
BBIOpATHL N criocobamMu, MpaByio OOKOBYIO CTOPOHY BbIOMpaEM TaK, 9TOOBI OHA IIEPeceKasach C
OCHOBaHMEM 1101 OCTPbIM yryioM (Ho He 60°). JleBas GoKOBasi CTOpOHA OYJET JIOCTPOEHA OJHO-

3ua4Ho. /151 BhIOOpa OOKOBOII CTOPOHBI €CTh ”T"l BapuaHTOB (ecyau n jesutcs Ha 4), u n=2

4
B MHOM CJIydae, W eIlé HY»KHO OTHATH OJHY CTOPOHY mojl yriaom 60°, KoTopas OyJeT, ecau n

Jesutes Ha 3. PaBHOGEIPEHHBIX TPEYTOJbHUKOB Oyer (m, g — 1eJible)

—4 —2
Sy = % ecJi n:4m7n7é3q7 Sy = % e n#4man7é 3¢,

n(n —8) n(n —6)

%2 == 1

ecau n = 4m,n = 3q, Sy = ecau n # 4dm,n = 3q.



e PaBHOCTOPOHHMIT TPEYTOJBHUK MOYKHO BBIOPATH, €CJIU N JIeJUTCA Ha 3. TaKuX TpeyrojbHUKOB
Oyner 3 mryK. Ecim n na 3 we gemures, To ux ne OyJet.

Sy = g, ecan n = 3q, S3 =0 ecit n # 3q.

3uaguT, y HAC ecTb 51 = S — S5 — 53 HepaBHOOEIPEHHBIX, S PABHOOEIPEHHBIX HEPABHOCTOPOHHUX
u S3 paBHOCTOPOHHUX TPEYTOJIbHUKOB.

Temepsb y4ITéM MOBOPOTHI M OTpakKeHWs. PaBHOCTOPOHHUIT TPEYrOJIbHUK HA CaMOM JIejie €JTiH-
crBernbiil. Kaxk b1t paBHOGeipeH bl (HO He pABHOCTOPOHHU{T) TPEYTOJbHIUK MMeeT 1 paBHBIX cebe,
[OJTy9eHHbIX TToBopoTaMu. HepaBHoOeIpeHHbIil TPeyroJIbHUK MOXKHO MOBOPAYMBATEL N CIIOCOOAMU W
oTpaXKaTh, 9TO JIAET 21 PABHBIX €MY.

Buauut, orBeT (B 00IIEM Cirydae IpU IETHOM N) PABEH

S—S—S; S 39
S5 S 393

2n n n

Jlist pasHBIX BapHaHTOB:

o n =30, 5 =910, S; =720, S = 180, S5 = 10, orBer paBen 12+ 6+ 1 = 19.

e n =232, 5=1120, S; =896, Sy, = 224, S3 = 0, orBer pasen 14 + 7+ 0 = 21.

e n=236,5=1632, 5] = 1368, Sy = 252, S3 =12, orBer paBen 19+ 7+ 1 = 27.
o n =40, S =2280, S; = 1920, Sy = 360, S3 = 0, orBer pasen 24 + 9 + 0 = 33.

B-2 Yepe3s Tpu cTOpOHBI IPaBUILHOIO 32-yTOJBHUKA MIPOBOAAT HpsiMbie. CTOPOHBI BHIOMpAIOT
TaK, ITO MPSIMBbIE TIEPECeKAIOTCST APYT C JAPYTOM, U UCXOHBI MHOTOYTOJBHUK JIE?KUT BHYTPHU TOJIY-
YEeHHOTO TPEyTroJIbHUKA.

CKOJIBKO TIOTIApHO HEPABHBIX TPEYTOJBHUKOB MOXKET IOJIYIUThCA! PaBHbBIMU CUMTAIOTCA Tpe-
YTOJIbHUKH, KOTOPBIE MOYKHO COBMECTUTH ITOBOPOTOM WJIH OTPAKEHUEM.

OTBer: 21

B-3 Yepe3 Tpu cTOpOHBI IPaBUILHOIO 36-yTOJbHUKA MPOBOAAT IpsiMbie. CTOPOHBI BHIOMpAOT
Tak, UTO IPsIMbIE IIEPECEKAIOTCSI JIPYT ¢ APYTOM, M HCXOIHBI MHOTOYTOJBHUK JIEXKUT BHYTPHU ITOJIY-
YEeHHOI'0 TPEYrOJIbHUKA.

CKOJIBKO TIOMTapHO HEPABHBIX TPEYTOJBHUKOB MOXKET IMOJYINTHCA! PaBHBIMEU CIAUTAIOTCA Tpe-
YTOJBHUKH, KOTOPBIE MOYKHO COBMECTHUTDH ITOBOPOTOM HJIM OTPAYKEHUEM.

OTBeT: 27

B-4 Yepes Tpu croponbl mpaBmibHOr0 40-yroabHUKa MPOBOJAT MpsiMble. CTOPOHBI BHIOMPAIOT
TaK, 4TO IIpAMBIE IIepPECEKaIOTCs JIPYT C APYTOM, U MCXOJHBII MHOIOYT'OJIbHUK JIC?KAT BHYTPH IIOJLY-
YEeHHOI'0 TPEYI'OJbHUKA.

CKOJIbKO TIOIApPHO HEPABHBIX TPEYTOJBHUKOB MOXKET MOJIYUNThCA! PaBHBIMU CYUTAIOTCSA Tpe-
YI'OJIbBHUKH, KOTOPbIE MOYKHO COBMECTUTH ITIOBOPOTOM HWJIM OTPaKEHUEM.

OrBer: 33




