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

BaksrounTesbhbiii dran 2022 /2023 yuebnoro roja g 11 kiacca

3agaya 1.

{V@—W— \/ 45 + V2023 ,

rje [t] — 910 mesas acth uncaa t (T.e. HAMOOJIBIIIEE TIEJI0e THCII0, He MPEBOCXOJIsIIee t).
Orsert: -10
Pemenune. O6o3naumm

B-1 Boruucanre

t:¢45_m_¢45+m.

Tak kak t2 = 90 — 2v/452 — 2023 = 90 — 24/2025 — 2023 = 90 — 2v/2, u upu 3tom ¢t < 0, 3HAYUT
t = —v/90 — 2¢/2. ockombky 81 < 90 — 2¢/2 < 100, To —10 < t < —9, u [t] = —10.

{\/45+\/20_2—\/45—\/207 :

rje [t] — 9ro mesas actb uncaa t (T.e. HAMOOJIBIIIeE TIEJI0e THCII0, HE MPEBOCXOJIsIIee t).

OTBeT: 9
[\/ 45 + v2023 — £/ 45 — /2023 ]| ,

rje [t] — 910 mesas yactb "ncaa t (T.e. HAaMOOJIBIIIEe TIEJI0e THCII0, He MPEBOCXOJIsIIee t).

OrBer: 9
{\/45 — V2022 — /45 4+ v2022] ,

rje [t| — 9ro mesas yactb ncaa t (T.e. HAaMOOJIbIIIEe TIEJI0e TKCII0, HE MPEBOCXOJIsIIee t).
Otser: -10

B-2 Bruiuucanre

B-3 Bruruucanre

B-4 Boruncanre
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3agaga 2.
B-1 IIpu kakoM HamMeHBIIIEM 110 MOJIYJ/II0 3HAUEHUH IapaMeTpa « ypaBHEHUe

1234 sin?° <a: — %) — 789 cos? <0z:r — Z) = 2023

HMeeT pellleHne Ha OTpeske [—m; 7|7

OtrBet: —0,9

Pentenne. Tak kak CHHYC M KOCHHYC 110 MOJYJIIO He TpeBocxomdaT 1, a 1234 + 789 = 2023,
pelenneM ypaBHEHHS MOXKET OBITh TOJBKO TAKON X, IMPW KOTOPOM BXOJIAINNE B YpaBHEHUE CUHYC
U KOCHHYC DaBHBI cooTBeTcTBeHHO +1 (mpm Bo3Bemennu B 20-10 cremnenb gact 1) u —1 (TakuMm ke
OCTAaHEeTCs TPU BO3BEJIEHUN B 23-10 cTereHb). OTCro/ia HAXOATCsI TOC/IeI0BATEIBHOCTH BO3MOKHBIX
SHAYEHUN Jyist & U Jisd o (oM. TabJImIly HUKe JJIs PA3IMIHbIX BADUAHTOB).

OTH 3HAYEHHS BKJIIOYAIOT B ceOs MeJI0UNC/IEHHBIE TapaMeTphl kK U N, IpUIeM yCaoBue —7m < T <
T IPUBOJUT K OTPAHUYEHHMIO HA BO3MOXKHBIE IleJIble 3HAUYeHHd IapameTpa k. [y Bcex BapmaHTOB
OKa3bIBAETCsI, UTO kK MOKeT ObITh paBHbIM Jinb60 —1, jibo 0.

Yro0bI TOJIyIeHHBIE JUIA r U & 3HAYEHUS MOIVIM JIOCTHIaThCA MPU OJIHOM U TOM Ke T, HaJo,
9TOOBI UX OTHOIIIEHHE COBIAIANIO ¢ . Takum obpa3om, Hallle YpaBHEHUE UMEEeT PellieHne Ha OTPe3Ke
[—7; ], KOoryia (v peIcTaBUMO B BUjie Jpobu U3 TabJuiibl, B KoTopoil k pasro —1 wim 0, a n — Jiro6oe
11eJIOe YHUCJIO.

sin?’ cos? x azx « min || mpu o = . ..
T T 5 5% 15+ 24n -9
| ) o) o | o
o)\ ) | e T T T Ty 1ok o - %Y
T T 27 T 7+ 12n -5
B-2 (——) ( ——) Tk | L pop, | L2220 L
o)\ ) || 3 TR AT ek 1
s T 27 44+ 12n 4
o 49 [0 [ [ | 20
Sl\rtg) | leetg) | grrk |52 5 5= 08
T T T 3T 94 24n 9
b (o4 7) | (s D) | Dot | PTnen | 2220,
vhg) | \wr )| gt e e 8 g

Yro06b! HallTH TaKyIo JIpOOb C HAUMEHDLIIIUM MO/JIyJIEM, BBIOEDEM 71, MUHUMU3UPYIOIIEe MOJIY/Ib YUC-
JaTes, (JJIs NPUBEIeHHBIX JucuTesei 910 0w —1), a Takke jomycTumoe k, MAaKCUMU3UPYOIIee
MOJIYJIb 3HaAMEHATEJ .

B-2 [Ipu kakoM HauMeHBIIIEM 110 MOJIYJ/II0 3HAUEHUH IapaMeTpa « ypaBHEHUe
s s
1234 sin® (w — E) — 789 cos? <ax — E) = 2023

UMeeT pellleHne Ha oTpeske [—m; )7
OtBeTt: —1,25

B-3 Ilpu kakoM HaumMeHbBIIEM 110 MOJYJIIO 3HAYCHUU IIapaMeTpa (@ ypaBHEHUe
.20 ™ 23 ™
1234 sin <x n g) — 789 cos (ax n g) — 9023

UMeeT pellleHne Ha oTpeske [—m; )7



OtBet: —0,8

B-4 HpI/I KaKOM HauMeEHbIIIEM IIO l\lO,ILyJIIO SHa4YCeHU HapaMeTpa (@] ypaBHeHI/Ie
.20 ™ 23 ™
1234 sin (x i g) _ 789 cos (ax n Z> — 2023

UMeeT DellleHne Ha oTpeske [—m; )7
OtBet: —1,125
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Samada 3.
B-1 Pemure ypasuenue

logy(|2? — 2 + 1) + V423 — 322 + 5 = v/22* 1 ba? — 3.

Otser: +v/2

Pentenne. /[l cymecTBoBanms penienns HeOOXOIMMO, ITOOBI BBITOJIHIIOCH HEPABEHCTBO
4ot — 32 +5 < 20" + 522 — 3 & (27 —2)2 <0,

1. e. 22 = 2. [IpoBepKa MOKA3BIBAET, UTO & = +1/2 — pelrenue.

B-2 Pemure ypaBuenue

logs (|2 — 3> + 1) + VAt — 522 + 11 = V24 + 722 — 7.

Orser: +v/3

Pentenne. /[l cymecTBoBanus penienns He0OOXOUMO, ITOObI BBITOJIHAIOCH HEPABEHCTBO
ot =5t + 11 <20 + T2* -7 (27 - 3)2 <0,

1. e. 22 = 3. [IpoBepKa MOKAa3bIBAET, UTO & = +1/3 — pelrenue.

B-3
Pemure ypaBnenue

logs (|22 — 5° + 1) + V3zt — 722 + 19 = /22! + 322 — 6.

Orser: +/5

PeIJ_IeHI/Ie. ,B;JIH CyIIeCTBOBaHUA peHIeHUA HeO6XO,ILI/IMO, ‘{TO6I>I BBITIOJIHAJIOCH HEPABEHCTBO
3zt — Tt +19< 20" + 322 — 6 & (22 - 5)? <0,

1. e. 22 = 5. [IpoBepka MOKa3bIBaET, 4TO T = +1/5 — pelrenue.

B-4 Pemure ypaBuenue

log- (|22 — 7)> + 1) + V32t — 922 + 31 = V221 + ba? — 18.

Orser: +/7

Pemienne. ,D;Jlﬂ CyHaieCTBOBaHW A PpEIICHUA HeO6XO,ZLI/IMO, 4TOOBI BBIIIOJIHAIOCH HEPABEHCTBO
3t —92® + 31 < 22" + 52* — 18 & (2* — 7)? <0,

1. e. 22 = 7. TIpoBepKa TOKa3bIBAET, 9TO T = ++/7 — pernente.
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Samada 4.

B-1

JIBe CTOPOHBI BBIMYKJIOIO YETHIPEXYTOJbHUKA UMEIOT JTHHY 6, emmé ojHa — JIHHY 1, a ero mio-
A/ Ib — HaAMOOJIbINAsST BO3MOXKHAS MPU TaKWX yCJOBUAX. KakoBa JjiMHA 9eTBEPTON CTOPOHBI YEThI-
pPexyroJibHUKa!

OrtBer: 9

Pemntenne.

[Iycth u3BecTHBIE JJTMHBI CTOPOH YETHIPEXYTOJIHLHIKA PABHBI b, b U c.

B yciioBum He ykazaH HOPSJIOK PACIOIOXKEHHSA ITUX CTO-
pou: b, b, c wmm b, ¢, b. Ho Bmecto yerwsipexyronbanka ABC' D, B
KoTOpOM, ckazkeM AB = C'D = b, BC' = ¢, pacCMOTPHUM Y€ThI- B B’
pexyronbauk AB'C'D, B kotopom, B'C' = CD = b, AB' = c.
B HeMm TOT ke HAGOP M3BECTHBIX JJIMH CTOPOH (HO B JIPYTOM
HOPsIJIKE), & IO/ STUX YeThIPEXYIOJIbHIUKOB DABHBI, TaK
kak 910 cymmbr S(ABC) + S(ACD) u S(AB'C) 4+ S(ACD,),
npuuem NABC = AAB'C.

[Tostomy moxkuO cuntarh, uto AB = CD =b, BC = c.

SameTum, 4TO JBUTAad TOUKY D 10 Jyre OKPYKHOCTU pa- D
jnuyca b ¢ eaTpoM B Touke C, MBI Oy/IeM MOIydaTh YeThIPeX-
YTOJIBHUK C TEM K€ HaDOPOM HM3BECTHBIX JIJINH CTOPOH, C TOW
ke dactbio ABC, a wiomap yactu AC'D Gyuner naubosibiieii rorma, korga CD | AC (unade 1ipu
ToMm ke ocHoBannu AC' BbicoTa u3 Touku D Oyjer Kopode, uem b). /Ipuras aHAJOrHIHO TOUKY A
BOKPYT TOYKH 3, TIOJIyInM, 9TO M3 CBOWCTBA MAKCHUMAJBHOW IO deThipexyroiabanka ABC D
BoiTekaer AB | BD.

Wrak, mmeroTcs JiBa MPsAMOYTOJBHBIX TpeyroibHuka ABD un

AC'D c obieit rutiorenysoit AD u paBubivu kKatetamu AB u C'D.

BHaYnT, TPEYrOJBHUKNA PABHbI, KAK U WX BBICOTHI Ha I'UIIOTEHY3Y, B c

1. e. ABC'D — paBHOOeipeHHasT Tpalennsi ¢ TyIbIMI yryiamu B

nC. A b
IIycrs d = AB' = C'D, rne B’ u C' — npoeknuu touek B u C' B C

na AD. Torna u3 cBoiicTBa BBICOTLI HPAMOYTOJLHOIO TPEYTO/Ib-
Huka noaydaeM AB' - B'D = B'B? 1. e. d(c+d) = b? — d* wm
2d% + c¢d — b* = 0, oTKyna, ¢ yderoMm Toro, ato d > 0,

—c+ V% + 8b? a—AD—c+2d—C+VC2+862

4 2 ’

d:

Broraucaenns mo BapHuaHTaM:

| (b c]|VE+BR] a
B-1]6 17 9
B2 (3] 7 11 9
B34 14 18 |16
B4[6|14] 22 |18

B-2

JIBe CTOPOHBI BBIMYKJIOIO YETHIPEXYTOJIbHUKA UMEIOT JTHHY 3, eIlé ofHa — JJIUHY 7, & €ro ILIO-
ma/ib — HamOOJIbINAast BOSMOXKHAs IPU TaKUX YCJIOBUSAX. KakoBa JIMHA 9eTBEPTON CTOPOHBI YeThI-
pexyrobHuKa?



OTser: 9

B-3
JIBe CTOpPOHBI BBLIMTYKJIOIO YeTBIPEXYTOJbHIKA UMEIOT Juny 4, emé ojana — JymHay 14,a ero 1mio-
ma/ b — HArOOJIbINAsg BO3MOXKHAs IPU TAaKUX YCJI0BUAX. KakoBa JIMHA YETBEPTON CTOPOHBI YeThI-

pexyrobHuKa?
OrtBer: 16

B-4
JIBe CTOPOHBI BBIIYKJ/IONO YETHIPEXYTOJbHUKA MMEIOT JUIMHY 6, emé ojHa — Jauny 14, a ero
IJIONIAIb — HarOOJIbIasg BO3MOXKHAs IIPU TaKUX yCJIOBHAX. KakoBa Ji/InHa UeTBEPTON CTOPOHBI Ue-

TBIPEXyTOJbHIKA,?
OTser: 18




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

BaksrounTesbhbiii dran 2022 /2023 yuebnoro roja g 11 kiacca

3agaga 5.
B-1 O6osnaunm depes $(n) qucsio nudp B JECATUIHON 3aIICH HATYPAJIBHOrO 1ucsa n. Haiiaure
cyMMy 5(22023) 4 5(52023)
OtBet: 2024
Pentenne. 3amernm, 9T0

5(2292%) = 1g(22°%) + @ = 20231g 2 + a, rie 0 <a<l1.
Awnasoruuno,
5(520%) = 1g(5%°%%) + b = 20231g 5 + b, re 0<b<1.

Torma
$(279%) + 5(57%%) = 2023(1g2 +1g5) + a + b = 2023 + (a + b).

Buaunt, a + b nemoe, mpuaem 0 < a +b < 2, tak Kak 0 < a < 1,0 < b < 1. Orciona a+b =1, a
oTBeT paBeH 2024.
B obmiem ciyaae — s(2") 4+ s(5") = n + 1.

B-2 O6o03naunm depes s(n) aucio mudp B JIeCATHIHON 3alUc HATYpaJIbHOrO Jucia n. Haitaure
CyMMY 5(22022) + 5(52022)
OTset: 2023

B-3 O6o3naunm yepes s(n) uuc/io mudp B JIeCATUYHON 3aluc HATypaJbHOrO Yucia n. Haitaure
cymmy s(22021) 4 5(52021)
OTBeT: 2022

B-4 O6osnaunm depes s(n) qucsio nudp B JIECATUIHON 3aIICH HATYPAJIBHOTO 1ucsa n. Haiiaure
cymmy s(220%0) 4 5(52020)
Otset: 2021
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3amgada 6.

B-1 Jlana nocieioBarebHOCT {a,}, B KOTOpoil a; = 19, a OTHOIIEHNE KarXKJIOr0 CJIE/IYIONIEero
3JIeMeHTa K MPeJIbIYIIEMY TIPU BCEX TEJIBIX 1 2> 2 PaBHO

an (n*+1)-n
a1  (n—1)2+1
Haitiiure oraomenne 2023-1o 4jieHa 1mocjae0BaTEIbHOCTH K CyMMe €€ 1iepBbix 2022 4jIeHoB.

. 1
OTBer: 202457

Pemtenne. Haiinem a,/a;, IepeMHOXKUB yKa3aHHOE B YCJIOBUU OTHOIIEHHUE JJI PA3JINIHBIX 7

an Gy Gy az  (RP4+1Dn (n—12+1)(n—1) (2241)2  (n*+1)n!
ay  Gpo1 Gnp  a;  (n—1)24+1 (n—2)2+1 1+1 2 ’
IIpeacraBuMm ero B BHUJIe PA3HOCTH:
a, (n*+1)n! 1 nn+1)! (n—1)n!
o W)W _ 2 1) — (n—1))n! = - = b, — by_1,
LI St 1) (- 1t = P . 1
rie
- n(n+1)!
n — 2 N
Torpa oTHOIIEHNE CyMMBI IEPBBIX 1 9JIEHOB K (; PABHO
S, ar+a+...+a, n(n+1)!
cn T2 :(b1—bo)+(b2—bl)+...+(bn—bn_1):bn—bozg.
ap ax 2
CraJio ObITh, OTBET PaBeH
. . 24! n2+1 n—142 9 1
an an/a :(n+)n:n+ _n + 14 _ 904 ‘
Sp—1 Sp—1/ar (n—1)n! n—1 n—1 n—1 1011

B-2 Jlana mocsenoBarebHOCTD {a,}, B KOTOpoit a; = 17, a OTHOIIEHNE KarXKIOr0 CJIEYIONEro
3JIEeMEeHTa K TPEIBIIYIIEMY TIPU BCEX TEJIBIX N > 2 PABHO
an  (*+1)-n
ano1  (n—12+1°
Haitmure ornomenne 2023-ro 4jena mocae0BaTeIbHOCTH K cyMMe e€ mepBhiX 2022 4jeHoB.

. 1
OTBer: 202410T

B-3 Jlana mocsenoBarebHOCT {a,}, B KOTOpOit a; = 13, a OTHOIIEHNE KaXKIOr0 CJIE/YIONIEro
3JIeMeHTa K IPEeJIbIAYIEeMY TIPU BCeX TEJIBIX N 2> 2 paBHO
a,  (n*+1)-n
ano1  (n—12+1
Haiiiure oraomenne 2022-ro 4jeHa Mmocjae0BaTEIbHOCTH K cyMMe eé nepBbix 2021 4jeHos.

OrBer: 202320%

B-4 lana nocsenoBarenbrocts {a,}, B KoTopoit a; = 11, a oTHOIIEHHE KaXKJIOTO CJIELyIONIEro
3JIEMEHTa K TPEJIBIIYIIEMY IIPU BCEX TEJIBIX 1 2> 2 PABHO
a,  (n*4+1)-n
an1  (n—124+1
Haiiiure oraomenne 2022-1o 4jieHa Mmocjae0BaTEIbHOCTH K cyMMe eé niepBbix 2021 4jeHos.

OTBer: 202320%
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3agaya 7.
B-1 Ha nojisermiennom B Boz ryxe Kyouke PyOuka, Ha ofHOM 13 ero 54 KBaIpaTUKOB, CHJIUT YKy YOK.
B kaxoii-To MOMEHT OH HAYMHAET JIBUKEHHE T10 TOBEPXHOCTHU Ky0a, ITepe/IBUTasICh 3a KaXKIYI0 CEKYHLY
HA COCEJHUI KBaJIDATHK, T. €. HAa KBaJIPATHUK, UMEIOMHil obIyo cropony ¢ rtekymmM. Cocemnuit
KBa/IPATUK JIJIsI IEPBOT'O TIepeMeleHns ObLT BEIOPAH MMPOU3BOJILHO, & 3aTeM KYUOK CJIEJIOBAJ TAKUM
IIpaBUJIAM:

1) mpu 2-M, 4-M ¥ JPYIMX YETHBIX MEPEMEINEHUAX YKY9IOK He MEHsiT HAIPABJIEHUs] CBOETO JIBHIKE-
HU, T. €. TOKWIaJ KBaJIpATUK Yepe3 CTOPOHY, ITPOTUBOIIOJIOXKHYIO TOH, Yepe3 KOTOPYIO OH Ha 3TOT
KBa/IPATUK TIOIAJT;

2) mpu 3-M, 5-M ¥ JPYIUX HEYETHBIX II€PEMEIIECHNSX YKYIOK [T0BOpAdUBAs HAIIPABO (OTHOCHTEJHHO
CBOETO JIBUKEHUSI).

Yepes 2023 ¢ nocsie nHavasa JBUKEHUs KYIOK 00paTUJI BHUMAHUE HA TO, YTO yKe ObLI HA 9TOM Ke
KBa/IpaTHKe 5 ¢ Ha3a/l. depe3 Kakoe HaMMeHbIIIee YUC/I0 CeKyH/I rtocyie 2023-1i XKy 40K OISTh OKaXKeTCsd
HA 9TOM KBaJipaTuke’

OtserT: 19

Pemenune. [l oTcineXuBaHUs JIBUKEHUs YKydKa Oy/leM HCIOJb30BaTh YaCTUIHYIO Pa3BepT-
Ky Ky0a, MOKPBIBAIONLYIO 3 rpanu. KaxKplii KBaJpaTuk OyjeM 0003HAYATH JBY3HAYHBIM YUCJIOM,
1- u 2-g udpbl KOTOPOro SBJISAIOTCA COOTBETCTBYIONIUMHU KOODJUHATAMU IEHTPA KBaJpaThKa Ha
pasBepTKe (eMHUIA — IMUPUHA KBAJIPATUKA):

15 |25 | 35

14 | 24 | 34

13 |23 [ 33 |43 |53 | 63

12 |22 | 32 |42 | 52 | 62

11 (21 | 31 [ 41 |51 | 61

MapmpyT KydKa OIpe/ie/isieTcsl ero HadaJIbHbIM TIOJIO?KEHIEM U HaIlpaBJIEHUEM €ro IepBOTro Iie-
peMerrenns. XOTs BCErO TaKuX BapuaHTOB H4 X 4, UX Bce MOXKHO Pa3dbuTh Ha 9 NPUHIUIIHAATIHLHO
Pa3IUIHBIX T'PYIIIL:

1) KydoK cTapTyeT ¢ IEeHTPAILHOIO KBapaTrKa, JIIOOOI IpaHu 110 HAIIPABJIEHUIO K JII000MY peopy;

2-3) crapT ¢ yIJI0BOro KBaJpaTHKa JIIOOON I'paHu, a IepBoe MepeMelleHre B Ipejieax TOi yKe IPaHi
BI0JIb pebpa, HIAYIIEero COOTBETCTBEHHO CIIpaBa WJIN CJIeBa OT »KYUKa;

4-5) crapT ¢ yrJIoBOro KBaJpaTHKa JII0O0N TPaHu, & IPU IIEPBOM ME€PEMEIEHUN YKYIOK [IEPeroI3aeT
Ha COCEJIHIOI0 I'DaHb, NPUYEM TPeTbs NMPUMbBIKAIONAsA I'PaHb OCTAe€TCS COOTBETCTBEHHO CIIpaBa WJIN
cjieBa OT Hero;

6) crapt ¢ npupebepHOro KBaJpaTuka J00i I'PaHU [0 HAIPABIEHHUIO K IEHTPY;

7) crapT ¢ npupebepHOro KBaJIpaTuka JI000il IpaHn ¢ MepexogoM Ha COCETHIOI IPaHb IIPU HEPBOM
IepeMeNIeHIH;

8-9) crapr ¢ mpupebepHOro KBaJpaTuKa J000 TpaHH, a MepBoe MepeMeleHre B Ipejeiax Toil ke
rpaHu BJIOJIb pedpa, UJIYIIEro COOTBETCTBEHHO CIIPABa MJIM CJIEBA OT XKYUKa.



SarmoyiHnM TabJIAILy, B KOTOPOI JIJTsT KarK 01 I'PYIIITBI IPUBEIEM IIPUMED MAPIIPyTa B TEUIEHNE TOTO
BPEMEHH, KOT/la OOHApYKUBAETCsl €ro MEePUOINYHOCTD, T. €. KOrJa Ha KaKoh-Iub0 YeTHOI ceKyHJe
JKYyYOK OKa3bIBaeTCd Ha HAYaJbHOM KBaJpaTHKe, a elle depe3 1 ¢ — Ha KBaJpaTuKe, I'Je OH ObLI
4gepe3 1 ¢ mocjie HAYasIa JIBUKEHUS.

B cityuae rpymnmbsr 1 BeiOGepeM st cTapTa KBaJIpaTHK 22 ¢ IepBLIM IepeMerienneMm 22 — 23 u
IPOC/IE/IUM BECH MapIIPYT, MOKa He OOHAPYIKUM, U4TO ero mnepuoj] paser 24 ¢ (1-s KojioHKa Tab/IuIbl
HocJie JIBOWHOM BEPTHKAJIBHON YepThHI).

3aMeTnM, 4YTO Yepe3 2 ¢ TOcje Havdasa JBUXKEHUs YKYyYOK OKarKeTcsl B HAYAJILHOM COCTOSTHUU
rpynist 8. [losroMy j1g Hee MapIiipyT Takke OyJeT UMETH epruoj 24 ¢ U ero MOXKHO TOJIYUUTH U3
MapuIpyTa Ipynnst 1 ¢jiBUroMm Ha 2 c.

Erre uepes 2 ¢ )Ky40K OKaxKeTcs B Ha4aIbHOM cocTossHuu rpyniist 4. [Tosromy u g nee mapmipyt
OyJIeT ¢ epuoJioM 24 ¢ U ero MOXKHO IOJIyYUTh U3 MapIpyTa Irpynnsl 1 casurom Ha 4 c.

Eme gyepes 2 ¢ umeeM HavabHOE COCTOSTHUE TPYIIBI 7 U TOJIYyYaeM ee MapIipyT ¢ IeprojoMm 24 ¢
nu3 MaprpyTa rpymnms! 1 casurom Ha 6 c.

715t OCTaIBHBIX TPYIIIL MMOJTYYaI0TCs KOJIbIIEBbIE MaPIIPYTHI C IIEPUOJIOM 8 C, TPUYeM B TeUeHUe
OJTHOT'O TIepMO/Ia YKYyUOK HU Ha OJIHOM KBaJIpaTUKE HE OKA3bIBAETCS JIBAK]IBI.

T,c|Ip.1|Ip.2|1Ip.3|Ip.4|Ip.5|Ip.6|Ip.7|Ip.8|Ip.9
0 22 31 31 43 13 21 23 24 12
1 23 32 21 33 14 22 24 34 13
2 24 33 11 23 15 23 25 43 14
3 34 43 12 24 25 33 35 33 24
4 43 23 13 25 35 43 23 23 34
) 33 52 23 35 34 42 43 24 33
6 23 51 33 53 33 41 33 25 32
7 24 41 32 43 23 31 34 35 22
8 25 31 31 33 13 21 35 53 12
9 35 32 21 34 14 22 53 43 13

10 53 35 52 33
11 43 53 42 34
12 33 52 32 35
13 34 42 33 53
14 35 32 34 52
15 53 33 43 42
16 52 34 42 32
17 42 43 32 33
18 32 42 22 34
19 33 32 23 43
20 34 22 24 42
21 43 23 34 32
22 42 24 43 22
23 32 34 33 23
24 22 43 23 24
25 23 33 24 34

Tak kak 2023 = 7 mod 24 (ocrarok or genenns 2023 ma 24 pasen 7) u 2023 = 7 mod 8
(ocrarok or genenusi 2023 Ha 8 pasen 7), To depes 2023 ¢ nocJie HavYAIA JBUKEHUsT XKYIOK OKAXKEeTCs
HA TOM K€ KBaJIpaTUKe, Ha KOTOPOM OH ObLT Yepe3 7 C Iocje Hadasia, a 3a 5 ¢ JI0 9TOro — Ha TOM
JKe KBaJI[paTuKe, Ha KOTOPOM OH OBLT 4Yepe3 2 ¢ IMocje HavdaJIa.

Kaxk BuIHO U3 TabJIUIbI, TaKOE COBIAJIEHIE NUMEET MEeCTO TOJBKO /i rpymmbl 1 (KBajpaTtuk 24).
Tak Kak 3T0T KBaJPATUK BCTPEYALTCS Ha MapIIPyTe TOJIbKO JIBasKJIbl B TedeHue epuoja (2 ¢ u 7 ¢),
cJIeJlyIolnee Molajanne Ha Hero nmpousoiiger yepes 2 4+ 24 — 7 =19 (c).




B-2 Ha nojiseriernom B Boz tyxe Kyounke PyOuka, Ha ofHOM u3 ero 54 KBaIpaTUKOB, CUJIUT YKy YOK.
B kakoii-To MOMEHT OH HAUMHAET JBUZKEHNE 110 TIOBEPXHOCTHU Ky0a, Iepe/IBUTasiCh 38 KayKIyI0 CEKYHTY
Ha COCeJTHWI KBaJpaTWK, T. €. HAa KBaJIPATUK, MMEIOIINil OOILyl0 cTopoHy ¢ TekymuMm. CocemgHuii
KBa/IPATUK JIJIsT IEPBOT'O TepeMelieHns ObLT BEIOPAH MMPOU3BOJIHLHO, & 3aTeM 2KYUOK CJIEJIOBAJ TAKUM
IIpaBUJIAM:

].) upu 2—M, 4-M 1 APYIrux 4YeTHBIX IIepeMeElICHUAX 2KYYOK HE€ MEH A HallpaBJICHUA CBOEr'o JIBUXKE-
HUA, T. €. IIOKUJaJI KBaJpaTUK 9€epe3 CTOPOHY, IIPOTUBOIIOJIO2KHYIO TOI7I7 qgepe3 KOTOPYIO OH Ha 9TOT
KBa/JIpaTHUK IIOIIaJI;

2) mpu 3-M, 5-M ¥ JPYIUX HEYETHBIX IIEPEMEIIECHNSX YKYUOK [TOBOpAdUBAs HAIIPABO (OTHOCHTEJHHO
CBOETO JIBUKEHNS ).

Hepes 2023 ¢ noc/ie Havda a JBUKEHAS KY9IOK 0OPATHI BHIMAHHUE HA TO, YTO yzKe OBLI Ha 9TOM
JKe KBaJIpaTwKe 7 ¢ Ha3aJ. depe3 Kakoe HamMeHbIee YUCI0 CeKyHj mocye 2023-if XKy4OoK OIdaTb
OKayKeTcst Ha 3TOM KBaJIpaTUKe?!

Orset: 10

Pemenne. Pemenue o ke, uro u s B-1, HO nocse/Hee yeaoBre 3a/1a41 BBIIOJHACTC TOJIBKO
quts rpymet 4 (kBagpatuk 43 wepes 0 ¢, 7 ¢ u 17 ¢). [Tosromy nomyuaercs orser 17 — 7 = 10 (c).

B-3 Ha nosiBeniennom B Bo3yxe Kyouke PyOuka, Ha oHOM u3 ero 54 KBaJIpATUKOB, CUIUT YKy IOK.
B kaxoii-To MOMEHT OH HaYMHAET JBUKEHIE 10 IOBEPXHOCTHU KyOa, ITepe/IBUTAsICh 3a KaXKIYI0 CEKYH/ LY
Ha COCeHUIl KBaJpaTwK, T. €. HA KBaJPATUK, MMEIOINil OOy cTOpoHy ¢ TekymuM. CocemHuit
KBa/IPATUK /I IEPBOTO TepeMeleHns ObI BEIOpAH ITPOM3BOJIBHO, & 3aTeM KYUOK CJIeJI0BAJI TAKIM
[IpaBuIaM:

1) mpu 2-M, 4-M ¥ JPYIMX YETHBIX MEPEMEINEHUAX YKY9IOK He MEHsiT HAIPABJIEHUs] CBOETO JIBHIKE-
HUs, T. €. TOKKaJ KBaJIpATUK Yepe3 CTOPOHY, ITPOTUBOIIOJIOXKHYIO TOH, Yepe3 KOTOPYIO OH Ha 3TOT
KBa/IPATUK TIOIAJT;

2) mpu 3-M, 5-M U JIDYIMX HEYETHBIX IIE€PEMEIIEHUX YKYyUOK [OBOpAYUBAJ HAIPABO (OTHOCHTEHLHO
CBOEI'O JIBUYKEHUSI ).

Yepes 2023 ¢ nocsie Havyaa JBUKEHUSA KYJIOK 0OpaTH/ BHUMAHKUE Ha TO, YTO y2Ke OBLT HA ITOM
ke kBajpatuke 10 ¢ Hazaj. Yepe3 kakoe HamMeHbIlee YUCI0 CeKyHJ mocye 2023-if XKyJOoK OIATb
OKazKeTcsl Ha 9TOM KBaJIpaTHKe?!

OtBerT: 7

Pentenne. Pemenue To ke, uro u jyis B-1, Ho noc/ie/iHee yc/ioBre 3a/1a91 BBITIOJIHACTCA TOJTHKO
Jutst rpynnbl 7 (kBagapartuk 34 gdepe3 7 ¢, 14 ¢ u 21 ¢) BBUy Toro, uro 2023 — 10 = 21 mod 24.
[Tosromy nosyuaercst orser 14 —7 =17 (c).

B-4 Ha nojiBermierrom B Bo3tyxe Kyouke PyOuka, Ha oHOM 13 ero 54 KBaIPaTUKOB, CHJIUT YKy IO0K.
B kaxoii-To MOMEHT OH HaUWHAET JBUKEHHE 110 IIOBEPXHOCTHU Ky0a, ITepeIBUrasiCh 3a KaxK Y0 CeKyHLY
Ha COCEIHHIl KBaJpaTHK, T. €. Ha KBaJIpaTHUK, UMMM OOILyi0 CTOpoHy ¢ TekyimuMm. CoceaHnii
KBaJpaTHUK JIJIsl IePBOI0 IepeMelieHus ObLI BEIOpaH IIPOU3BOJIBHO, a 3aTeM >KYUOK CJIe0BaJ TaKUM
IpaBUJIaM:

1) mpu 2-M, 4-M ¥ JPYIUX YETHBIX [EPEMEINEHUAX YKY9IOK He MEHsJI HAIPABJIECHUS CBOETO JIBHIZKE-
HUs, T. €. IOKKaJ KBaJIpaTUK Yepe3 CTOPOHY, IIPOTUBOIOJJIOXKHYIO TOH, Yepe3 KOTOPYIO OH Ha 3TOT
KBa/IpaTHUK IIOIAJI;

2) mpu 3-M, 5-M U JAPYIEX HEYETHBIX IIEPEMEINCHUAX KYIOK ITOBOPATMBA HAIPABO (OTHOCHTEIHHO
CBOErO JIBUKEHUS ).

Yepes 2023 ¢ nocsie HavYaa JIBUKEHUSA KYIOK 00paTH/ BHUMAHKUE HA TO, YTO y2Ke OBbLT HA ITOM
ke KBajipatuke 19 ¢ nazaj. Yepes Kakoe HamMeHbIee YUCIO0 CeKyHI mocje 2023-if Ky4JoK OIdThb
OKazKeTcsl Ha 9TOM KBaJIpaTUKe?!



OtBert: 5

Pemntenne. Pemenue To ke, uro u jys B-1, HO noc/ie/iHee ye/ioBre 3a/1a91 BBITIOJIHACTCA TOJIBKO
Jutst rpytel 8 (KBajgpartuk 35 wepes3 7 ¢ u 12 ¢) BBugy Toro, uro 2023 — 19 = 12 mod 24. TTosromy
nostydaercs otser 12 —7 =5 (c).




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

BaksrounTesbhbiii dran 2022 /2023 yuebnoro roja g 11 kiacca

Samgada 8.

Ecrb nBa psiia — BepxHUiT 1 HUKHUIA, KaxKblil n3 6 Tovuek (cM. pucynok). [IpoBomgar orpeskn c
KOHITAMHU B TIPOTHBOIIOJIOKHBIX PsIJIaX TaK, YTOOBI U3 KaXKOH TOYKHM BBIXOINI POBHO OJIUH OTPE30K.
CKOJIBKO CYIIECTBYET CIIOCODOB IPOBECTH OTPE3KHU, YTOOBI CPEJIN BCEX Iap OTPE3KOB OBLIO POBHO 7
ap MepeceKaroIXcsa 0OTPE3KOB?

Ortset: 101
Pemnenne. [lycrs B Kaxk10M psiay 1o n touek. Criocod coequHUTh TOYKH MOYKHO 331aTh IIepecTa-
HOBKOI n qwuces, {iy, i, ...,i,}: TepBasg TOYKa BEPXHETO Psijia COEIMHSIETCS] ¢ TOUKO MO HOMEPOM

11, BTOpasg — C i, M TaK Jlajee. SHAYUT, BCEI'O BO3MOKHBIX PUCYHKOB Oyer n!.

Tenepp Gepém mapy orpeskoB. IlycTb 3TO0 oTpesku ¢ KoHIaMu a,i, u b, i, cautaem a < b. B
KaKoOM CJIydae OHHU Iepecekaercsa! B Tom, korma ¢, > 4. Y4UUTbIBasi, 9TO a,b MOryT OBITH JIIOOOI
apoii, 3aMedaeM CJIeIyIomee: ooIee KOJUIeCTBO MepecevdeHril OTPE3KOB PaBHO KOJIMYECTBY CJIYIaEB,
KOIJIa B TIEPECTAHOBKE DOJIbITIEe THCIIO CTOMT PAHbIIIe MEHbIEro (He 06s3aTesIbHO 1Mo coceIcTBY ). Kak
cKaz3aJju ObI cTapIiue TOBAPUIIH, YUC/IO IIepecedeHuil paBHO YUC/y WHBEPCUi B IiepecTaHoBke. Tak u
Oy/1IeM TOBOPHUTD JIaJIbIIIe.

Hanpuwmep, 12345 — mer unBepcuii u Her nepeceuenuii, 21345 — ojua unsepcus (2 u 1), 43152
— 6 muBepenit (Au3,4ul,4u2 3ul,3u2 5un2). Hanbosnbiee KosmaecTBo HHBEpCHii OyieT,
€CJIN HAITMCATh YUCTIa 33J10M Hanepéa: 4321, kakue jBa ducja He BbIOepu — O0Jibiiiee Oy/IeT CTOATD
panbine. To ecTb unBepcuii B noceaneM npumepe 10, a B obmem ciaydae — C2.

Kak mocunrarh 4nc/io mepecTaHoBOK € 3aJaHHBIM KoJimdecTBoM mHBepcuii! Ilomoiiiém K 3amade
UHAYKTUBHO. B duUrypHbIX cKOOKax OyaeM yKa3blBaTh pa3jddHble IEePECTAHOBKH, a B KBaJIPaTHBIX
[IePEvUC/IUM KOJIMUECTBA [ePecTaHoBOK, nMeromux coorsercrsenno 0, 1, ..., C? unsepcuii.

WNrak, e uHCTBEHHBIN 9/IEMEHT MOXKHO PaCIOJIOKHUThH €JNHCTBEHHBIM 00Pa30M, 1 Y HAC €CTh OJTHA
[epecTaHOBKa C HYJIEBBIM YUCJIOM HHBEPCHIA.

{1} [1]

Hobasiisiem BOMKY — €€ MOXKHO JI06ABUTH B HAYAJIO U B KOHeIl nMerorreiics nepecranosku {1}. Ona
U3 TOJIYYEHHBIX [TepEeCTaHOBOK Oy/ieT 0e3 WHBEPCHU, JIpyras — C OJIHON MHBEpCHEii.

{12} , {21} ; [L,1]
—~ =~

0 maBepcuit 1 nHBEpCUs

JlobaBJisieM TPONKY — €€ MbI MOYKEM IIOCTABUTD B JII0O0E MECTO KarKJI0i 13 UMEIOIIIXCS 11€PEeCTaHOBOK.
Tpoiika 60JIbIlIe BCeX MMEBIIUXCSA PaHee UUcesI, IIO9TOMY €CJIU MOCTAaBUTh €€ Ha IOCIeHee MeCTO —
HOBBIX MHBEpPCHii He J00ABUTCsI, €CJIU IOCTABUTEL Ha MPEJIIoc/ie/inee (Ha BTOpoe) — J100aBUTCs OJHA
MHBEPCHs, a e€C/Id Ha IepBoe — OyneT mrroc ae napepun. OJiHa mmepecTaHOBKA ¢ HYJIEM WHBEPCHIA,
JIBE TIEPECTAHOBKH C OJIHOM, JIBE ITePECTaHOBKU C JBYMd, OJTHA MIEPECTAHOBKA ¢ TpeMsd. To ecThb:

{123}, {213}, {132}, {231}, {312}, {321}; [1,2,2,1]
—— = Y~ Y~

0+0 140 0+1 1+1 0+2 142

Tax 2ke OyJ1eT MPOUCXOIUTH JT0OABJIEHIE HOBOI'O YHC/Ia N B OOIIEM CJIydae: YUCI0 N MOXKHO ITOCTABUTD
Ha JII000e MEeCTO, U B 3aBUCHMOCTH OT MecTa K uHBepcusim jpobasurest +0, +1,42, ..., +(n—1) mryk.
To ecTh HA HOBOM IIare MepecTaHOBKA ¢ | MHBEPCHUAMU IIpeBpaIaeTcsd B N mnepecTaHoBok ¢ [+ 0,1 +
1,0+ 2,...,0+ (n—1) uHBEpCUSIMU COOTBETCTBEHHO.



[TocmoTpuM, Kakue duc/ia MoJIyvdanch B KBaIPaTHbIX cKoOKax. Hamuiem 3t nocseoBaTeibHO-
CTU OJHY IO, JAPYTOi:

11
1221

Bech B n-if cTpoke (HyMmepanus HaumHaeTcs ¢ 1) mpusogarca wucaa PX ana k = 0,1,...,C* pasnbie
KOJINYECTBY MEPECTAHOBOK U3 N YUCEN ¢ Kk UHBEPCHUSIMH.
Benomunast, Kak TpOUCXOUT J100aBIEHNE HOBOTO N, TIOJIYYUM

Pt = Pr 4 Pl PR 4 4 Pt
—~— —~— = ——
+0 unB. +1 wuns. +2 uHB. +(n—1) uus.

JlelicTBUTEIBHO, Pff_l — KOJIMYECTBO MEPECTAHOBOK M3 (n — 1) wmces1, B KOTOPBIX ykKe ecTb k
UHBEpCHil. B HUX MBI BBIHYZK/IEHBI TOCTABUTH HOBOE N Ha Tocseaaee Mecto (+0 naBepcnit). Pas mbl
CTAaBUM 1 Ha €JIMHCTBEHHO BO3MOYKHOE MECTO, KOJIMIECTBO MEPECTAHOBOK HEe M3MEHUTCSI.

Hamee, Pf:ll — KOJIMYECTBO MepecTaHoBoK ¢ (k—1) uaBepcueil, u, 4To6bl 106aBUTH HEJIOCTAIOILYTO,
MBI BBIHY?KJIEHBI CTABUTDH 1. HA Mpenocieanee Mecto (+1 uaBepcus).

IIponoikaem Tax BiIoTh 10 PP noromy uro moGasuts Gosbme (n — 1) MHBEPCHE HEIb3sL.
Bcero nontyuaercst n craraembix. I3 apyrux nepecTaHOBOK MPEbIIYINEHl CTPOKU Mbl HUYErO HOBOTO
MTOJIYIUTH HE CMOZKEM.

Bamernn, uto P, * = 0, Tax kKaKx He GbIBaeT IEPECTAHOBOK C OTPUIATETBHBIM YHCIOM HHBEPCHIl,
KaK 1 He MOYKeT OBbITh IEPECTAHOBOK CO CIUIIKOM 60/bimM (Gosbire gem C'?) KoJM4ecTBOM HHBEPCHil.

Urak, nMeeM cJie/Iyomuil criocob mocTpoenust Kojiekuu Pr.

[IepBag crpouka:

.0 00 0001000000 ...
—~—

—

ITo cTpouKke MOM3ET «OKHO» mMUpHUHOH 2. [TomaBmme B «OKHO» 9HCIIa CKIAIBIBAIOTCA W BBITHCHI-
BAIOTCSL B CJIEJYIONLYTO (2-10) CTPOKY:

0(00)1000... ...00(01)000... ...000(10)00... ...0001(00)0...
=0 =1 =1 =0

Bropas crpoka:
...00000011000000 ...

—

[To meit Gymer mo3Tu okHO IpuHON 3. CjI0KeHne MOMaBINX B OKHO YHUCEJT JACT TPEThIO CTPOKY:

...00000122100000 ...

—

[To meit MoOMOM3ET OKHO MIMPUHON 4, U TaK jlajiee, 9TOObI MOJYUUTDb N-10 CTPOKY, Hy?KHO CKJIa/IbIBATDH
7. CTOSIIITUX TIOJPSIJT, IUCET TTPEIbLIYIEN CTPOKH.
Boimumem (6e3 mysieit) nepeblie 6 CTPOK Halleli KOJUIEKIME U BBIOEpEM B Hell HyskHoe Ham Py :

1

11

1221

1356531

1491520222015941
151429497190 101 10190 7149291451



Bamernm, 9T0 CyMMa YuCces B KaxKJoil cTpoke paBHa n! (0bInee YHCIO MepecTaHOBOK ).

B-2

Ecrb nBa psiia — BepxXHUiT 1 HUKHUIA, KaxKplil n3 6 Tovuek (cm. pucynok). [IpoBomsar orpeskn c
KOHIIAMU B TIPOTHBOIIOJIOYKHBIX PsIaX TaK, YTOOBI U3 KaxK/JOH TOYKH BBIXOJNJ POBHO OJUH OTPE3OK.

CKOJIBKO CYIIECTBYET CIIOCOOOB IPOBECTU OTPE3KHU, YTOOBI CPEJId BCEX AP OTPE3KOB OBLIO POBHO 8
ap MepeceKaroIXcsa OTPE3KOB?

OTser: 101
B-3

Ectb jBa psijia — BepxHUiT ¥ HIZKHEN, KaXKIblii 13 6 Touek (cM. pucyHoK). IIpoBojsiT oTpesku ¢
KOHIIAMH B ITPOTUBOIIOJIOKHBIX PAJIAX TaK, YTOOBI U3 KAXKJOW TOYKH BBIXOUJ POBHO OJIMH OTPE3OK.

CKOJIBKO CYIIIECTBYET CIIOCOOOB IPOBECTH OTPE3KHU, YTOOBI CPEIN BCEX Hap OTPE3KOB OBLIO POBHO 9
ap MepeceKaroImXcs OTPE3KOB?
OtseT: 90

B-4

Ecrb nBa psijia — BepXHUiT M HUKHUIA, KaxKblil n3 6 Toyek (cM. pucynok). [TpoBomgar orpesku c
KOHIIAMH B IIPOTUBOIIOJIOKHBIX PsIaX TakK, YTOOBI U3 KaXKI0W TOUYKHM BBIXOJIU POBHO OJMH OTPE30K.

CKOJIBKO CYIIECTBYET CIIOCODOB IMPOBECTH OTPE3KHU, YTOOBI CPEIN BCEX Iap OTPE3KOB OBLIO POBHO 6
1ap IepeceKaroInuxcsi OTPE3KOB?

OTset: 90



