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

BaksrounresbHbiil dran 2023 /24 yaebuoro roga st 11 kiacca

3agaga 1

B-1 Bosnenbmuku 10/ KHBI BEIOpATH 6 JIyUIINX XOKKEUCTOB YeMITMOHATA: OJHOTO BparTaps, JIBYX
BAIITHUKOB 1 Tpex Hamaaomux. Cpen MpeTeHIeHToB: 3 BpaTtaps, b 3alUTHUKOB, 6 HAIaIA0IIIX
U 3 «yHUBepcayiay. «YHUBEPCAJT» — HI'POK, XOPOIIMII B PAa3HBIX POJIAX, KOTOPBII IMO3TOMY MOXKET
ObITH BEIOpAH KAk B KauecTBe 3alllUTHUKA, TaK B KadecTBe Halasaonero (Ho e Bpartaps). CKOJIBKO
CYIIECTBYET CIIOCOOOB BBIOPATH 3Ty miecTepky! Tpedyercs moyduTsh YUCI0BOE 3HAUEHUE.

OtBet: 5355

Pemenne. C BoibopoM BpaTapst npobsem ner: Ci = 3 criocoba. I[Ipu BbiGope 3aluTHUKA €CTh
3 BO3MOXKHOCTH: a) 00a 3alliuTHUKA BhIOMpaioTed w3 H-tu samuraukos: C2 = (5 - 4)/2 = 10; Torga
npu BbIOOpe HAAIANNX ecTh 6 + 3 = 9 mpereHeHTOB; 6) OJMH 3aIIUTHUK BLIOMPAETCS U3 5-TH
BAIIUTHUKOB, a BTOPOHl U3 3-X «YHUBEPCAJIOBY; TOTJIA IIPU BHIOOpE HANAIAIONINX ecTh 6 + 2 = 8 mpe-
TEHJIEHTOB; B) 00a 3aIlUTHUKA BHIOUPAIOTCS U3 3-X «YHUBEPCAJIOB»; TOTJA IIPU BIOOPE HAIAATOIIIX
ectb 6 + 1 = 7 nperenyienToB. Takum obpazoM, olIree KOIUIECTBO BAPUAHTOB PABHO:

C3(C2-Co+C5-C3-C3+C3-C2) =
-4 . 8. .7 .9 .6 -
:3'((5 ) (987 L. (876, (3-2) (765))2

2 (2-3) 23 2 @23
—3-7-5-(3-848-343)=105-(24+ 24+ 3) = 5355.

B-2 Bosnenbiukn 10/KHBI BLIOpATH 6 JIYUIINX XOKKEUCTOB YEeMITMOHATA: OJIHOTO BpaTaps, JIBYX
BalllUTHUKOB U TpeX Hamajafomux. Cpeau mpeTeHIeHToB: 3 BpaTapsi, 4 3alllUTHUKA, 7 HaIla afoIInX
n 3 «yHHBepcajas. «YHUBeEpcal» — UTPOK, XOPOIIN B PA3HBIX POJIAX, KOTOPBI MOITOMY MOZKET
6bITb BbI6paH KaK B Ka4deCTBe 3alllUTHHKa, TaK B Ka4deCTBe Halla/JalolIero (HO HE BpaTapH). CKOJIBKO
CYIIECTBYET CIOCODOB BBIOPATH 3Ty miecTepKy?! Tpedyercs moydnTh YUCI0BOE 3HATEHUE.

OtBet: 5688

B-3 Bosenbmukn J0/KHBI BEIOpATh 6 JIyUININX XOKKEUCTOB YeMITMOHATA: OJTHOTO BpaTaps, JIBYX
BAIUTHUKOB U TpeX Hamaaonux. Cpelu NpeTeHJIeHTOB: 2 Bparaps, 5 3alllUTHUKOB, 6 HaIla afoInX
n 3 «yHHUBepcajay. «YHHUBepcal» — HUI'POK, XOPOIINl B Pa3HbIX POJIAX, KOTOPBIH MOTOMY MOXKET
ObITH BEIOpAH KaK B KadecTBe 3alllUTHUKA, TaK B KadecTBe HalaaoIero (Ho ve Bpartaps). CKOIBKO
CYIIECTBYET CIIOCODOB BBIOpPATH 3Ty miecTepky?! Tpedyercs moydanTh IUCI0BOE 3HATEHNE.

Orser: 3570

B-4 Bonenbmukn 10/ KHBI BEIOpATh 6 JIyUIINX XOKKEUCTOB YeMITMOHATA: OJTHOTO BpaTaps, JIBYX
3aIIUTHUKOB ¥ Tpex Hamnajatonmx. Cpean IpeTeHIeHToB: 2 Bparaps, 4 3allUTHUKA, 7 HAIaIaroIInx
n 3 «yHUBepcajiay. «YHUBEPCAJTI» — WIPOK, XOPOIIHWi B Pa3HBIX POJIAX, KOTOPBIA MO3TOMY MOZKET
ObITH BHIOpAH KaK B KaueCcTBe 3alUTHUKA, TAK B KauecTBe Hamajarmomero (Ho e Bparaps). CKOJIBKO
CYIIECTBYET CIIOCOOOB BHIOpaTh 3Ty IrecTepKy? Tpedyercs MoaydnTh UIUC/JI0BOE 3HAUEHHE.

OtBerT: 3792
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3amaya 2
B-1

zKuBormcer, 3aKpacuji aKBapesblo MOJIyMecsIl Ha Kjerdaroir Oymare. Kontyp (0:1)
HOJIyMECSIa COCTOUT U3 JBYX JyT — OfiHa 0T oKpyzKHOCTH ¢ 1enTpoM B (0;0), mpo- ’
xomgmieit gepes (0;1), apyras — ot okpyzxuocTu ¢ nearpoM B (1;0), mpoxosieit
qepes (0;1).

K yTpy Kpacka pacibLiach Tak, 9TO KazKasd TOUKa MOJIyMeCAIla IPeBPaTUIach
B Kpyr paauyca 0.5. Haiiaure miomaspb mosyansineiicss purypbl.

OTBer: \/_
3T w2
12 2V

+ 4 + 4

Pentenwne. [lycth pucyHok pacibuicd Ha pajuyc r. K IIomam mojiyMecdna mpudaBaTca «I0-
Jisi», KOTOPbIE MOYKHO pa30UTh Ha JIeBOe, IIPaBoe U JIBa 3aKPyIJICHUs Ha KOHIAX POrOB.

(O,

(0;0) (1;0)

(0;0) (1;0)

L/

[Lnoma e mosrymecdria paBHa MOJIOBUHE ILIOMAIN KPyTa paJinyca | MUHYC CETMEHT KpyTra pajuyca

V2.

T 2m—4
- — =1.
2 4
[Lnomaap J1eBoro mosid — MOJIOBUHA OT ILIOMIA M KOJIbITa ¢ pajguycamu 1 u 1+ 7.
T(1+r)?—mx
5 .

HJ’IOLLL&,ZLI) IIPpaBOI'o IIOJIAd — YE€TBEPTDH OT ILJIOIa/JW KOJIbIla C paJuyCaMn \/5 n \/i —T.

r(v2)? = 7(VE = r)?
i |

3akpyrJieHnsl Ha KOHI[AX POrOB BMECTE COCTABJISAIOT TPU UETBEPTU OKPYZKHOCTU PAJINyCa, T
3_ o

—TTr.

4

Bwmecre nosrygaercs:

rl+r)P -7 (V2P -n(v2-1)? 3 ,

1 Sar? =
* 2 * 1 e
2 3 2
:1+7rr+gr2+7rT\/_r—£r2+zﬂr2:l+<1+\/7_> mr + mr?




zKuBormcery, 3aKkpacuyi aKBapesblo TMOJIyMecsIl Ha KjeTdaroir Oymare. Kontyp
HOJIyMeCsIIla COCTOUT U3 JBYX JIyT — OJjiHa 0T OKpyzKHOCTH ¢ neHTpoM B (0;0), mpo-
xomgmieit gepes (0;1), apyrasg — ot okpyzxuoctu ¢ nearpoM B (1;0), mpoxosieit

gepes (0;1). (0;0) (1;0)
K yTpy Kpacka paciibLiach Tak, 9TO KazKjasd TOUKa MOJIyMecdlla IPeBpaTuIach
B KpyT pagmyca 0.25. Haitiaure niomans momydusIneiics (Gurypsl.
OrtBeT:
14 oM n ™2
16 8
B-3
ZKusonmcer 3aKkpacuyl akBapesbio MoJyMecsIl Ha Kjierdaroii Oymare. Konryp (0;1)
HOJTyMeCSIa COCTOUT U3 JBYX JIyT — OJiHa OT OKpyzKHOCTH ¢ renTpoM B (0;0), mpo- :
xopgreit gepes (0; 1), apyrast — or okpykHOCTH ¢ 1ieHTpoM B (1;0), mpoxossimeit
gepes (0;1).
K yTpy Kpacka pacIibLIach Tak, 9TO KazKas TOYKa MOJIyMeCAIa IPeBPaTUIaCh (0; 0} (1;0)
B Kpyr pajuyca 1/3. Haiigure miomaap moryausiieicst Gurypo.
OrtBer: Y
4w w2
L
9 6
B-4
ZKuBomnncer 3aKkpacujl akBapeablo IOJyMecsdll Ha Kjerdaroii oymare. Koartyp (0;1)
HOJTyMeCsIIIa COCTOUT W3 JBYX JIyT — OJiHa OT OKpyzKHOCTH ¢ 1eHTpoM B (0;0), mpo- :
xozsmeii gepes (0; 1), apyras — or okpyxHoctu ¢ nearpoM B (1;0), npoxossrieii
gepes (0;1). o (1.
K yTpy Kpacka pacibliach Tak, 9TO KarxKJjasd TOUKa [OJIyMecdlla IPeBpaTuIiach (0,0} (1;0)
B KpyT pajmyca v/2/2. Haitare momain oy nsImeiics purypor.

OTBer:
™2

1 V=
+m+ 9
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3amaya 3
B-1 Pemute cucremy ypaBHenuii

{ (ry =3+ 3r—y)ly — 2 9] = (v — 4)[zy — 3+ 3z —yl,

Vi—2 i 0=y 4.

Ortser: (1,8),(—59,13).

Pemnenne.

W3 Broporo ypasuenus ciejyer, 9to y > 4, Tak KaK KOPeHb HEOTPUIATEICH.

[Iycrb mepBoe ypaBHEHHE BBIOIHIETCA n3-3a TOro, 910 (xy—3+3x—y) = 0. YcsoBre paBHOCHIBLHO
(x —1)(y + 3) = 0. Permenne y = —3 ue nogxonut. Ilpn o = 1 nosmy4uaem

. y >4, B
Vy+8=y 4<:>{y2—9y+8:0. Sy=28

ITycte Teneps (xy —3+3x—y) # 0,10 (r—4) =0, u (y—2—9) = 0. Torma « = 4, y = 13, no Taxoit
BADHAHT He HOJXOANUT 0] BTOpoe ypasHeHue. [Ipi oCTalbHbIX T, Y HCXOHAS CHCTEMA PABHOCHIIbLHA

cucreme
(z = 1)(y +3)(x —4) >0, (= 1)y +3)(z—4) >0,
y—x—9==x(zx—4), S y=13wmy =2x+5,

Vy—zT0=y—4 Vy—zT0=y—4

[Ipu y = 13 pemenunem Oyner x = —5H9, ipu y = 2z + 5 HoJIlyIuM ypaBHEHUE

\/x+14:2m+1<:>{x2_0’5’ <:>x:_3+— V21T

174+ /217
422 +3x — 13 = 0. ) :

, OTKylda Y = 1

[Mocenngs mapa He yjosaersopsier yeiaosuto (z — 1)(y + 3)(x — 4) > 0.

B-2 Pemute cucremy ypaBHeHUI

Vy—x+10=y —4.
Orser: (2,8), (—58,13).

{ (xy + 32 — 2y — 6)|ly — x — 8| = (v — b)|zy + 3= — 2y — 6,

B-3 Pemute cucremy ypaBHeHuit

{ (zy+4z —y—4)|y —z —8| = (x — 4)|zy + 42 —y — 4],

Vy—z+10=y - 3.
Otser: (1,7), (=59, 12).

B-4 Pemmre cucremy ypaBHeHUi

(xy+2x —y—2)|ly —x — 10| = (z — 4)|zy + 22 —y — 2|,
Vy—z+8=y-—5.

Orser: (1,9), (—59, 14).
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3agaya 4
B-1

ABTOIPOM COCTOUT U3 TpPeX MOMAPHO KACAIOIMINXCs KOJBIEBBIX TPACC (CM.
PHUCYHOK ). ABTOMOGIIIB B JII060I TOUKe KaCaHUs MOYKET IPOJIOJIZKATD JIBUKEHUE
110 JII0OOI M3 JIBYX BO3MOXKHBIX TPACcC, HO HUIJE He MOXKET Pa3BOPaYMBATbCS
Ha 180°. ITo KazKk 1011 U3 Tpex Tpacc aBTOMOOUIb €JIeT CO CBOEl CKOPOCThIO, TaK
qTo 00y u3 ayr AB jgymHOR 15 KM OH mpoes:kaeT 3a 7 MHHYT, JIFOOYIO U3
ayr BC' munoit 25 kv — 3a 11 munyT, a aobyio u3 ayr AC' — 3a 17 MuHyT.
BoerexaB u3 Toukn A, aBroMobmsib Yepe3 1 gac 25 MUHYT OKa3aJics B Heil Ke.
CKOJIBKO KUJIOMETPOB IIpoexasl aBTOMOOUIIE?

OtBeT: 190

Pentenne. PaccvorpuM BapraHTBI, KOTOPBIMI HAXOIAIINNCS B TOYKe A aBTOMOOWIbL MOXKET B
CJIeJTYIONNIT Pa3 BIIEPBBIE CHOBA OKa3aThCs B ITOM TOUKE.

Bo-miepBbIix, MOXKHO cJIeaTh 3TO, He Mpoxos depe3 Touky C, T. e. myTem ABA.

Bo-Bropbix, MoxkHO oHNM U3 JABYX criocoboB (AC wim ABC') nobpatbest o Touku C, cienarh
HeCKOJIbKO KpyroB C'BC' («HECKOJIBKO» MOXKET ObITh M HYJIEM) U BEPHYTHCSI OJTHUM U3 JIBYX CIIOCOOOB
(CA wim CBA) B T0uKy A.

B mobom citydae Mbl TuO0O YETHOE YUCIO pa3 Mpoe3zKaeM IO 7-MUHYTHON JIyre, YeTHOe YUC/IO
pa3 1mo 11-MuHYTHO# U YeTHOe Yucj0 pas3 mo 17-MuHyTHOM, MO0 HA0OOPOT, HEYeTHOE YUCTIO Pa3 Io
KasKJIOMy U3 TPeX THUIIOB JIyT.

To ke caMoe MOXKHO CKa3aTh IIPO HEOJHOKPATHOE BO3BPAIIEHUE B TOUKY A.

«YeTHblit» caydail HaM He MOIXOIUT, TaK KaK I10 YCJIOBHIO Ha KaXKIYIO YTy YXOIUT IEI0€ IUCIIO
MUHYT, & 00Illee BpeMs BhIPaykaeTcss B MUHYTaX HEYETHBIM UHCJIOM.

Samernm, 9TO Jitobasi TPOWKA HEYETHBIX IMOJIOKUTETBLHBIX YNCeT MOXKET OBITh peam30BaHa B
KadecTBe 4ucjia IpoxojoB (B joboMm Hanpasienuu) ayr 1) AB, 2) BC, 3) AC. [leiicrBuresbHo,
BbIeXaB M3 TOYKH A M clejaB 3aJaHHOe HeYeTHOe YMCI0 IPoxogoB AB, Mbl OKaxKeMcs B TOYKe B,
mocjie 9ero, CIejaaB 3aJaHHOe HedeTHoe 4ncsio mpoxoaoB BC, Mbl okaxkeMcst B Touke (', a mocie
3aJaHHOI'0 HEYETHOrO |mcja mpoxoaoB AC' — cHOBa B ToOUuke A.

Nrak, monpobyeM HaliTH TPU TAKUX HEUYETHBIX IOJOXKUATEIBHBIX INCIA 1, j, k, ITO

74115 + 17k = 60 + 25 = 85.

Jlns k BO3MOXKHBI 3 BapuanTa: o, 3, 1.

[lepBorit cay4dait orOpacbiBaeM, Tak Kak i Hero noaydaeM ¢ = j = 0.

Bo BropoMm ciyuae nmeem 7i + 115 = 34. Ecom j > 3, to @ < 1. I[Ipn j = 1 yncmo 34 — 11 -1 = 23
He HeJINTCA Ha 7.

Hakomnern, mpu £k = 1 umeem 72 + 115 = 68. dna j = 5,3,1 noayuaum 7¢ = 13,35,57, oTKkyna
j =3,i=35:7=05, anpoiiennslii myrh pasen 15-5+25-3+40-1 = 190 (km). 3xecy 40=15+25 —
nymna xyru AC, koropyio naxogum reomerpudecku. (AC = 7R = w(ri+ry) = wri+nry = AB+ BC,
rjae R, 7y, ro — Pauychbl.)

B-2

ABTOIPOM COCTOMT M3 TpeX MOMAPHO KACAIOIIMXCS KOJIBIEBBIX TPACC (CM.
PHCYHOK ). ABTOMOGHIIB B JII060I TOUKE KACaHUsT MOKET IPOJIOJIZKATD JIBUKEHUE
110 J1I000# M3 JIBYX BO3MOYKHBIX TPACC, HO HUTJE HE MOXKET Pa3BOPAUNBATHCS
na 180°. [To Kaxk10#t U3 Tpex Tpacc aBTOMOOUIIBL €JIeT CO CBOEH CKOPOCTBHIO, TaK
qro Jiodyo u3 ayr AB amuHoit 15 KM OH mpoeszkaer 3a 5 MUHYT, JIIOOYIO U3



nyr BC' jymnoit 25 kv — 3a 13 munyT, a 00yio u3 gyr AC' — 3a 19 munyT.
BriexaB u3 Touku A, aromobmib depe3 1 gac 35 MUHYT OKa3aJjcs B Heil Ke.
CKOJIBKO KUJIOMETPOB IIpoexaJsl aBTOMOOUITH?

OtBet: 220

B-3

ABTOIPOM COCTOMT M3 TpeX MOMAPHO KACAIOINIMXCS KOJIBIEBBIX TPACC (CM.
PHUCYHOK ). ABTOMOOU/IB B JTE000# TOUKE KACAHWS MOYKET [IPOJIOJIZKATE JIBUKEHUE
110 J1Io0O0# M3 JIBYX BO3MOYKHBIX TPACC, HO HUTJE HE MOXKET Pa3BOPAUNBATHCSI
na 180°. [To Kaxk10# U3 Tpex Tpacc aBTOMOOUIIBL €JIeT CO CBOEH CKOPOCTBIO, TaK
qT0 JI00yI0 U3 jiyr AB jajmHOo# 13 KM OH mpoe3KaeT 3a 7 MUHYT, JIIOOYI0 U3
nyr BC mmnoit 21 kv — 3a 11 munyT, a a00yio u3 gyr AC' — 3a 17 MuHYT.
BriexaB n3 Touku A, aBromoOmib depe3 1 gac 25 MUHYT oKas3aJjics B Heil kKe.
CKOJTbKO KUJIOMETPOB IIPOEXaJl aBTOMOOUTE?

OrBert: 162

B-4

ABTOIPOM COCTOUT U3 TpeX MOMAPHO KACAIOIMINXCs KOJBIEBBIX TPACC (CM.
PHUCYHOK ). ABTOMOGIIIB B JII060I TOUKE KaCaHUsS MOYKET IPOJIOJIZKATD JIBUKEHUE
110 J1000# M3 JABYX BO3MOXKHBIX TPACC, HO HUTJE HE MOXKET Pa3sBOPAINBATHCS
na 180°. [To Kaxk10it U3 Tpex Tpacc aBTOMOOUIIBL €JIeT CO CBOEH CKOPOCTBHIO, TaK
qTo J00yI0 u3 ayr AB mmHOR 13 KM OH Ipoes:kaeT 3a 5 MHUHYT, JIFOOYIO U3
nyr BC' mmnoit 27 kv — 3a 13 munyT, a 00y u3 gyr AC' — 3a 19 MunyT.
BrerexaB u3 Toukn A, aBToM0oOmsIb Yepe3 1 gac 35 MUHYT OKa3aJics B Heil Ke.
CKOJIBKO KUJIOMETPOB IIpoexasl aBTOMOOUIIH?

OtBerT: 212
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3ama4da 5

1 1
B-1 Oyukuusa y = f(r) Takosa, uro f (x—i— 1) = 71 Haitiure Tanrenc yria HakJIoOHA
T — r —

KacaTeJIbHOH K rpaduky GyHKINN

B Touke x = 0.

OTrsBer:

1024 +1 t+1 2
Pemenne. Cuenaem 3aMeHy nepeMeHHbIX [ = x—l Torma x = 1 =zr—1= =1 = f(t)=

‘I‘ R _— _—
t—1
2
To ecth, Ham nana dyukus f(z) = v . Torma 6ynem umeTh
z—1
-1 z-3
_ 2 _
Hagee, moyaum
31 g7
FUf(f(2)) == =

W Tak majee

-1 x-15

FUU@) = 5= =

_x—2"+1
= o )

Tounoe obocHOBaHME JIETKO HOJIYIUTH METOIOM MaTeMaTUIECKOW WHLYyKITHU

_9k _
x22+1_2k1 $_2k+1_|_1

JUC- (@) = —

—_— 9k 2k+1
k+1
1 1
YIJI0BOI KO3 PUITUEHT HAKJIOHA TPAMOIl paBeH on snaauT 1pu n = 10 Oyaem umernb 1094
T — 2 2
B-2 Oyukmus y = f(x) rakoma, uro f = — . Haiimure Tanrenc yrira Hak/oHA
x+2 T+ 2
KacaTeJIbHOM K rpaduky yHKIuN
g@) = f(f(... f(2)))
N—_———
11
B Touke x = (),
OrtBer:
2048
r—1 1
B-3 Oyukmus y = f(x) rakosa, aro f = — . Haiiyure tanreHc yriia HakJIOHa
r+1 r+1

KacaTeIbHOM K rpaduky GyHKINn



B Touke x = ().

OTBer: R

T+ 2 2
B-4 Oynkmusa y = f(z) takoBa, uro f ( 2) = 5 Haiinure TanreHnc yria HakJIOHA
x —_—

KacaTebHOM K rpaduky QyHKINN

B Touke x = (.

(@) :
TBET 1096
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3amaya 6

B-1 Crapunsslii 11013eMHBII X0/ MMeeT ¢BOJ Hapabomdeckoil (popMbl (TO €CTh B MOHEPETHOM
CeYeHNM TYHHE/Ib OpaHUYeH 1ojoM — ocbio Ox 1 rpadbUKoM HEKOTOpoii mapabosbl y = a — bx?).
Mupuna TyHHe s (M3MepsieTcst 1Mo 1MoJLy) paBHa 24, BeIcOTa TYHHess paBHa 18. Xoj yKpemwim pac-
nmopkamu — Ha napabosie ormerwn Toukn A, B, C, D u coeiuHIIN UX MeXK Ty coboii basikamu. Bagku
AB u C'D napaJutensubl oy, AD nepecekaercs ¢ BC, u ipu stom LZACB = ZADB = 90° Haiiure
paccrosinne Mexkay oaskamu AB u C'D.

OtBer: 8

Pemtenne. [lonyctum, mupuna TOHHEs paBHa 2[, a BbicoTa paBHa h. I3 sTux mapamerpos
OJIHO3HAYHO BBIBOJISITCS TIapaMeTphl napabosibl: @ npuHajieskur orpesky [—1, 1], a y(I) = y(—1) =0,
TaK 9TO

ha?

TeHepb 3adadM KOOPpAWHATBI TOYEK TakK:

(b1 2)) 0 (n (- 3)) o (- 2)) o (0 (- 5)

Tax kak AB u C'D mnapaJ/iiesbHbl MOy, MOHATHO, UTO OpJAuHATBEI A u B OJUHAKOBBI, 3HAYNT,
a0CIMCChI OTIMYAIOTC TOABKO 3HaKoM. Anajorudno juig C' u D.

Torna nepnenaukyaspaocts AC' u CB, AD n D B M0:XHO BBIPa3uTh, HAIIPUMED, Uepe3 paBEHCTBO
HYJIIO CKaJIAPHBIX IIpou3Be/ieHnii. /JloctaTrodHo paccMOTpeTh OJIHY Iapy, Tak Kak PUCYHOK CUMMETPH-
YEH.

h h
o, 242 2 2 o, 242
AC-CB = —(x9 — x1) (22 + 1) — l—4(:1:2 xy)* = —(x5 — x7) l—4(x2 x1)°=0

BreinocnMm MHOXKHTEIb:

h?
2 2 2 2
— (302 — xl) <Z—4(x2 —z7)+1)=0
To ecTn OO (IE% - x%) =0 (Ho OaJIKi He COBIIAJIAIOT, II0O9TOMY TaKOI BapuaHT He HOIZ,ZLéT), 00

(3 -ty =1
2 1) — h2‘

A paccrosinne Mex Iy OajIKaMu — 3TO

WIH, TIOCJIE TI0/ICTAHOBKU,

B-2 Crapunsblii mog3eMHbIi X0 nMeeT ¢BOj, napabomdeckoil GOpMbl (TO €CTh B TONEPETHOM
CeYeHNM TYHHe/b OrpaHudeH 1ojoM — ocbio Oz U rpadbuKoM HEKOTOpoii mapabosbl y = a — bx?).
[Mupuna TyHHesa (M3Mepsiercs 1o 1OJy) paBHa 16, BeIcOTa TyHHeNs paBHA 8. X0 YKDPEIWIN Pac-
nopKamu — Ha napaboste ormerwn Touku A, B, C, D u coe JuHIIN UX MeXK 1y coboii bajikaMu. bajiku



AB u C'D napamnensusl oy, AD nepecekaercs ¢ BC, u npu stom LZACB = ZADB = 90° Haitaure
paccrosaue Mexk 1y bankamu AB u C'D.
OrtBer: 8

B-3 Crapunsblii mogzeMHbIil X0 nMeeT ¢BoOj, mapabomdeckoil GOpMbl (TO €CTh B TONEPETHOM
CeYeHMU TyHHEJb OrpaHudeH MoJoM — ocbio Ox 1 rpaduKoM HEeKOTopoil mapabossl y = a — br?).
[upuna TyHHens (u3mepsiercs 1o moJty) pasaa 20, BeicoTa TyHHe s pasHa 10. Xoj ykpenuin pac-
nopkamu — Ha napabosie ormeruin Touku A, B, C; D u coeuHnin ux Mexk 1y coboit baskamu. bajikn
AB u C'D napamnensusl oy, AD nepecekaercs ¢ BC, u npu stom LZACB = ZADB = 90° Haitaure
paccrostaue Mexky baskamu AB u CD.

OtBer: 10

B-4 Crapunsblii mogzeMHbIil X0 nMeeT ¢BoJ, mapabomdeckoil GOpMbl (TO €CTh B TOMEPETHOM
CeUeHMU TyHHEJb OrpaHudeH MoJoM — ocbio Ox 1 rpaduKoM HEeKOTOpoil mapabossl y = a — br?).
[Mupuna TyrHe s (M3Mepsiercs 1o 1oJLy) paBHa 18, BeicoTa TyHHe s paBHa 9. X0/ YKPEIWIN pac-
nopkaMu — Ha mapaboste ormerusn Touku A, B, C; D u coeuHIIM UX MexK 1y coboit 6aikamu. baaku
AB u C'D napamnensusl oy, AD nepecekaercs ¢ BC, u npu stom LZACB = ZADB = 90° Haitaure
paccrosiaue Mexk iy baskamu AB u CD.

OrtBer: 9




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

BaksrounresbHbiil dran 2023 /24 yaebuoro roga st 11 kiacca

Sagaga 7

B-1 Ilycts S(n) osnagaer cymmy 1udp zHarypaabHoro yncia n. Haditn nanbosbiiee 100-3nauH0e
HATYpaJIbHOE UHCIIO N, YIAOBJIETBOPSIOIIEe YCJIOBUIO: JIUIs BCeX HATypasibHbIXx m (1 < m < n) cupa-
BeJUIMBBL pasencTsa S(mn) = S(n).

Orset: n = 1010 — 1,

Pemenne. Haiinem Bce HaTypasibHbIe YUCIa N ¢ TAKUM CBOHCTBOM. Cpejid OJTHO3HAYHDBIX YHUCEJT
TaKUM CBOMCTBOM, OYEBHJIHO, 0OJIaJlaeT 1 = 1, M HECJOKHO IPOBEPUTH, 9TO N = 9 Takke 00Ja/1aeT
TaKUM CBOMCTBOM.

[Iycts n — k-paspaanoe wncio (k > 2). Torma 1071 < n < 10* — 1. Ouesnzno, 9TO UHCIO BUIA
10~ me obmamaer atum csoiicrBoM. Pacemorpum n > 10571 + 1. Torma nma m = 101 +1 < n
JIOJI?KHO BBITIOJTHATHCS PABEHCTBO

S(mn) = S((10*7! + 1)n) = S(n).
[Iycts a — craprras nudpa duciaa n (a = [lok%} ). Torma
S((10" +1)n) = S(n+a) +Sn) —a

u pasenctso S((10°71+1)n) = S(n) Bozmoxuo Tosbko eciu S(n+a) = a. Tax kak y n uudpa a yxe
CTOUT B CTapIIeM pa3psilie, 3TO BOZMOYKHO TOILKO €CJIN YUCTIO N+ ¢ MEPEXOAUT B CJIELYIONHIl pas3ps,
T.e. mmeer By 108 — b (1 < b < 9). Tak kax S(2n) = S(n), To S(2n) u S(n) umeOT OJMHAKOBLI{
OCTATOK TIpW JIeJIeHnH Ha 9, a 3HaYUT n JeJuTcsd Ha 9.

Hecsoxkno nposeputhb, uro st n = 10F — 1 gemosmeno S(mn) = S(n) = 9k.

B-2 IIycrs S(n) o3nauaer cymmy nudp HaTypaabHOro yucsia n. Haiitu HaubosibIiiee 75-3HauHOe
HATYPAJbHOE YUCJIO 7, YJIOBJIETBOPSIONIEE YCIOBHIO: JJisi BeeX HATypaJabHbix m (1 < m < n) cupa-
Be BB paBeHcTBa S(mn) = S(n).

Orset: n = 107 — 1.

B-3 Ilycrs S(n) osnagaer cymmy nudp HaTypaabHOro qucia n. Hajitu HanbosibIiee 85-3HadHOE
HATypaJIbHOE UHCIIO N, YIOBJIETBOPSIOIIee YCJIOBUIO: JIUIs BCeX HaTypasibHbix m (1 < m < n) cupa-
BeJUIUBBI paBeHcTBa S(mn) = S(n).

Otset: n = 10%° — 1.

B-4 Ilycrs S(n) osnavaer cymmy mudp HarypasbHoro uuciaa n. Hajitn vanbosbiiee 90-3uaqn0e
HATYPaJIbHOE THCIIO N, YIAOBJIETBOPSIONIEE YCJIOBUIO: IS BCeX HATypasibHbIX m (1 < m < n) cupa-
BeJUIUBBI paBeHcTBa S(mn) = S(n).

Orser: n = 10 — 1.




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

BaksrounresbHbiil dran 2023 /24 yaebuoro roga st 11 kiacca

3amaua 8

B-1 CkoJibKO TOYEK IIPOCTPAHCTBA C IEJOYNCAEHHBIMU KOOPAMHATAMU IPUHAIEKAT TPEYIro/Ib-
HUKY ¢ BeprmHamu (3,4,5),(11,10,6), (5,8,9)7 Touku Ha BepHIMHAX U CTOPOHAX TOXKE CUUTAIOTCH.

OtBer: 8

Pentenmne. [lepenecém TpeyrojibHUK OJHOI BEPIIUHON B Hava/l0 KoopJuHaT. Torja ero MOKHO
npejicTaisaTh kKak Touky (0,0,0), u3 KoTopoii BeIxogaT BeKTOpa u = (8,6,1) u v = (2,4, 4) (anayo-
IUYHbIE BEKTOPA BO BCEX BapUAHTAX, OTJIMIAIOTCS [IEPECTAHOBKOI KOODJIMHAT).

Torja BHYTPEHHOCTH TPEYTOJIbHUKA MOXKHO TIPEJCTABUTE KakK AU+ (v, TIe A, (i — JIefCTBUTEIbHbBIE
qucaa, A, i > 0, u A+ p < 1. Boripoc 0 mesbix ToukKax Ha TPEYroJbHUKE, MOJIydaeTcs, CTOUT Tak:
IIPU KaKUX IEJbIX 1, m, k cucrema

8A+ 21 = n,
6+ 4pu = m,
A+4p = k.

UMeeT PEIleHus A, [i, YKIaIbIBAIONINeCs B TPeOOBAHUS BbIIIE.

MBI BBIAEIUIM BHYTPEHHOCTD, IOTOMY YTO CTOPOHBI JIerde pacCMOTPETh OTIeIbHO. T pu memounc-
JIEHHBIE BEPIIMHBI JIEXKAT B TPEYTOJIbLHUKE 10 OIpejeneHuio. Ha cropoHax TOYKHU HMOJACUYUTATH TOXKE
IPOCTO — CTOPOHBI 3TO BekTopa u = (8,6,1), v = (2,4,4), u Tperbs cropona (6,2, —3). [loxyuaurs
LEJI0YUCICHHYIO TOUKY MOXKHO TOJBLKO Ha CepeIuHe BEKTOpPa U, a y OCTAJLHBIX CTOPOH HEeT OOIIUX
JleuTe el KOOpAMHAT, U Yepe3 IeJible TOYKKM OHU He MPOXOJAT. SHAYUT, Ha IIepuMerpe jexkar 3+ 1
= 4 TouKH.

[lepexo/inm K BHYTpEHHEH YacTu TpeyrojbHuka. BoobIie, KoHedHo, HeT rapaHTHil, 4To TaM OyJieT
XOTsd Obl OJHA IEJOYUCIEHHAs TOYKA — HO €CJIU TaKasd €CThb, TO €€ IPOEKINUU Ha KOOPIUHATHBIE
IJIOCKOCTU TOXKe OyIyT IesiouncjeHnbie. [osromy naBaiiTe paccMOTPUM IPOEKIUIO TPEYTOILHUKA,
Ha 1I0cKocTh Oxy, 1 0TOepEM Ha Hell OTEHIUATBHO MOAXO/AIINE Hapbl (1, M), a Mocje BIKIHEM
JINIIHAE.

Boob1iie nmpoenupoBaTh TPEYroJbHIK MOYKHO Ha, Pa3HbIE ILJIOCKOCTH, W HAIl BHIOOD OIPEIeIseTC st
TeM, Ha KaKoil U3 HUX TOYEK OyJIeT MeHbIIE.

[Ipoerupyem Tpeyroabauk Ha Oy — MOJIydaeTcst TPeyroJabHIK Ha 1tockoctu ¢ BeprimHamu (0,0),
(8,6), (2,4). Buyrps Hero touku momamayT takue: (1,1), (2,2), (2,3), (3,3), (3,4), (4,4), (5,4), (6,5).

PemaemM cucreMy, COCTOAILYIO U3 JIBYX IEPBLIX yPaBHEHWI:

8A+2u = n,
6\ 4+ 4p = m.
OtBer Oyjier Takoii:
)\_Zn—m _ —3n+4m
I T R T R

[Tonryuennble 3HaUEHU A, (4 TOJICTABILIOTCA B TpeThe ypaBHeHue A\+44 = k, u eciu k oKa3bIBaeTCA
IeJIbIM — TOYKa HaiimeHa. [lociie mogcTaHOBKY MOJTyYaeTcsl BHIPAXKEHIe

3
n -+ 2m =k,
TO €CTh M JOJKHA OBbITh 4€THOM. 13 8 KaHAMIaTOB MMOI0HIYyT TOJIBKO 4:
(2,2) = k=1,
(3,4) = k =3,
(4,4) = k =2,
(5,4) = k=1.

[Lnroc 4 Tovyku, U BCEro TOYEK Ha TpeyroJbHuke 4 + 4 = 8.



B-2 CkoJIbKO TOUEK MPOCTPAHCTBA ¢ NEIOYUCACHHBIMI KOOPAMHATAMU MPUHAJICXKAT TPEYTOJIb-
Huky ¢ Beprmaamu (—7,4,3),(1,5,9),(—=5,8,7)? Touku Ha BepUIMHAX U CTOPOHAX TOXKE CUUTAIOTCH.
Orser: 8

B-3 CkoJIbKO TOYEK IPOCTPAHCTBA C IEJOYNCAEHHBIMU KOOPAMHATAMU IPUHAIEKAT TPEYIro/Ib-
Huky ¢ BeprmHamu (—5, —5, —5), (1,3, —4),(—1,—3,—1)7 Toukn Ha BepUIMHAX W CTOPOHAX TOXKE
CUMTAIOTCH.

OtBer: 8

B-4 CkoJIbKO TOUYEK NPOCTPAHCTBA € NEJIOYUCACHHBIME KOOPAMHATAMU HPUHAJJIEXKAT TPEYTOJIb-
HuKy ¢ BeprumHamu (1,1, 3),(7,2,11), (5,5,5)? Toukn Ha BepIIMHAX ¥ CTOPOHAX TOXKE CIUTAIOTCS.
OtBer: 8




OnuMnuana MKOJIbHUKOB «JIOMOHOCOBY», MaTeMaTHKA
3akmounTenbHblii 3Tan 2023/2024 yyedHoro roaa
baJiibl 32 BepHbIe peleHus 3a]aHui

Howmep 3ananus | 5-6 kiaaccwr™ | 7-8 kiaccnr® 9 kiaacc* 10 kiIacc** 11 kimacc**
1 18 15 15 12 12
2 18 15 15 12 12
3 18 15 15 12 12
4 18 15 15 12 12
5 18 15 15 12 12
6 18 15 15 12 12
7 — 15 15 12 12
8 — - - 12 12

*) Eciiu cymma OansioB 1o 3amauam 3a padboty npesbimaet 100, BeictaBisiercs ouenka 100.

**) Ecu cymma 6aJutoB 1o 3a1a4aM 3a paboTy paBHa 96, BeicTaBnsieTcs ouenka 100.




