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

BaksrounresbHbiil dran 2022 /23 yuebuoro roga st 10 kiacca

3agaya 1.

{\/45—\/@— \/ 45 + V2023 ,

rje [t] — 9ro mesas acth yncaa t (T.e. HAKOOJIBIIIEE TIEJI0e YHICII0, He MPEBOCXO/IdIee t.)
OrBerT: -10
Pemenne. O6osnaunm

B-1 Boruucanre

t:¢45_m_¢45+m.

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




Mocxosckuil 2ocydapcmeentnits yrusepcumem umenu M. B. Jlomonocosa
OJ'II/IMHI/Ia.,Z[a INIKOJILHUKOB «JIOMOHOCOB» IO MaTeMaTUKe
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3agaya 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

Otrser: —0,9

Pentenne. Tak kak cHHYC M KOCHHYC IO MOJYJIIO He TipeBocxomdaT 1, a 1234 4+ 789 = 2023,
pelenneM ypaBHEHUS MOXKET OBbITh TOJILKO TAKOW X, IMPU KOTOPOM BXOJIAIINAE B YPAaBHEHUE CUHYC
U KOCHHYC DaBHBI cooTBeTcTBeHHO +1 (mpm Bo3Bemennu B 20-10 cremnedb gact 1) u —1 (Takum ke
OCTAaHEeTCs TPU BO3BEJIEHUN B 23-10 cTerneHb). OTCro/ia HAXOATCsI TOC/IeI0BATEIbHOCTH BO3MOKHBIX
SHAYEeHU Jist & U Jisd o (oM. TabJImIly HUKe JIJIs Pa3IMIHbIX BADUAHTOB).

OTU 3HAYEHHS BKJIIOYAIOT B ceOs MeJIOUNC/IeHHBIE TapaMeTphl kK U N, IpUIeM yeaoBue —7m < T <
T IPUBOJUT K OTPAHUYEHHMIO HA BO3MOXKHBIE IieJible 3HAUYeHUd IapameTpa k. [y Bcex BapmaHTOB
OKa3bIBaETCsI, UTO kK MOKeT ObITh paBHbIM Jinb60 —1, jibo 0.

Yro0bI TOJIydeHHBIE JUIA r U & 3HAYEHUS MOIVIM JIOCTHTAThCA MPU OJIHOM U TOM Ke T, HaJo,
4TOOBI UX OTHOIIIEHHE COBIAAN0 ¢ . Takum obOpa3oM, Hallle ypaBHEHUE UMEET pelleHne Ha OTPe3Ke
[—7; 7], Koryia (v peJIcTaBUMO B BUjie Jpobu u3 TabJiuiibl, B KoTopoil k pasao —1 uim 0, a n — Jiro6oe
11eJI0e 9IHUCJIO.

sin?’ cos?3 x azx « min || pu o = . ..
s s o ST 15 + 24n -9
B | (o= 2) [ (o= T) | k| P | B2 [0
)\ e T T T Ty 12k 10

Yro0bI HallTH TaKyio JIpOOb ¢ HAUMEHBIIUM MOJIYJIEM, BbIOEPEM 1, MUHUMUBUPYIOIIEE MOJIY/Ib THC-
saresist, (JiJig IPUBEJIEHHBIX ducauTeseit 3ro 0 uau —1), a TakxKe JIOIMyCTUMOE K, MAKCUMU3UPYIOIIEe
MOJLY/Ib 3HaAMEHAaTe/Id.
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3agada 3.

B-1 B rtpeyrosibauke ABC pjunbt ctopon AB = 84, AC = 98. Touka O — neHTp OKPY2KHOCTH,
omcanHol okojto Tpeyronbanka ABC. [lpsavas BD, nepuengukyaspHas mnpsmoit AQ, nepecekaer
cropony AC' B Touke D. Haiture C'D.

OTtBer: 26

Pemnienne.
O6oznaunm: guna AB = ¢, gyuaa AC = b.

T AE AB
A =—=A FA: —— =""o AE - AF = .
/ABE 2:> BFE nonoben B 1B AF<:> E c
T AE  AC AE - AF &
2 2 2
CD:AC—AD:b—%:b bc

b2—02

OrtBer: .
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3agaya 4.

B-1 Ilnogern perm neperibliTh peky. CHadasia OH B3s1JI HAIIPaBIeHNIEe EPIIEHIUKY/ISIPHO T€IeHNTO
— 1 TeYeHMe CHecJI0 ero Ha 12 meTrpoB. OTTYIa OH eI BEPHYThCA TYAa, OTKY/Ia Hadaal — OH B3I
HallpaBJieHWe Ha TOYKY, 13 KOTOPOil HadaJ0Ch IJIaBaHNe, U Telepb TedeHne cHecsio ero Ha 20 MeTpoB
oT KeJjlaeMoil Touku. Haiture mmpuay peku.

OtBer: 9

Pentenne. Ilycts h — mupuna peku, a a = 12 u b = 20 — 3a7aHHBIE B YCJIOBUU OTHOCHI.

[Ipu epBoM 3alLibiBe BEKTOP abCOJIIOTHON CKOPOCTH ILJIOBIA ObLI PaBEeH CyMMe IIPOJIOJIBHOI COo-
CTABJISAIONIEH (CKOPOCTH TeYeHMsI) U HOEPETHON COCTABIAIONIE, MOLYJIb KOTOPOIl paBeH cOOCTBEHHOI
CKOPOCTH ILJIOBIIA B cTOsAYell Bojle. Tak Kak 3a BpeMs, 3a KOTOPOe TIJIOBEIL MEePEILIbI PEKY, OH Iepe-
MeCTUJICd Ha h B IOIepedHOM HAIIPaBJICHUU W Ha a B IPOJOJIHLHOM, OTHOIIEHHE €ro COOCTBEHHOMN
CKOPOCTH K CKOPOCTH TedeHUs paBHO h/a.

Bo Bpems BTOpOro 3aijibiBa BEKTOpP aOCOJIIOTHOI CKOpOCTU ObLI paBeH CyMMe BCE TOM Ke IIpo-
JIOJTBHOM COCTABJIATOIIEN (CKopOCTH TequI/IH) W HAKJIOHHOW COCTABIAIONIEHA, HAITPABJIEHHON OT TOYKHN
BTOPOTI'O CTapTa K KeJIaeMoil ToOUKe (pUHUIIA W PABHOI 110 MOJYJ/IIO COOCTBEHHON CKOPOCTH ILIOBIIA.
YMHOXKasg BEKTOPHI CKOPOCTU Ha BPEMsi BTOPOI'O 3all/IbIBa, ITOJIYIUM JIBa BEKTOPA MEePEMEIIEHN: JKe-
naeMblit (ymHoit v/ a? + h?) u croc punoi b. OTHOIIEHNE UX JIJINH PABHO BCE TOMY K€ OTHOIICHUIO

CKOPOCTEM, OTKYJIa
h  va?+ h?

a b

Permtag s3To YpaBHenue OTHOCHUTE/ILHO h, IIOJIY9IUM OTBET:
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3agada 5.
B-1 Haiijure ntoma b m10ckoii (hUrypbl, rpaHUIlbl KOTOPOI OIMMCBHIBAIOTCS YPaBHEHUEM

MM+HM—3W*ﬂ:l

OtBert: 46

Peutenue.

Bynewm nocrenenHo packpbiBaTh MOJLYJIH.

1. ITyctb y > 0. Torga BbIpazkeHne mMeeT BU]L

|z + [y =3[ =3 = 1.
1.1. Ilycrs y > 3, Torga BbIpazkeHUE UMEET BU]T
|| +y — 6] = 1.

1.1.1 Tak kak B pyHKIIMH OepeTcsd MOIY/Ib OT &, TO 9TO O3HAYAET, YTO MOKHO HAYEPTUTH I'pa-
duk B obsractu x > 0 u ¢iaenaTs cumMmeTpuio, oTHocuTebHO ocu Oy. Torma paccMOTpUM BhIparKeHHe:

|z +y—6]=1.

Pacemorpum, B obmmiem, rpaduk dyuknun |kz + y — a| = b. PackpbiBas MOJysib, Mbl HOJIyYUM
cJeyonee:

1. Ecim kz +y —a > 0,10 kxz +y — (a + b) = 0. I'padbuk — npsimast, mpoxofsIias depes3 TOIKA

b
0.a+1), (2.0
2. Ecmm kx +y —a <0, torna —kxr —y + a — b = 0. ['padbuk — nupsamast, mpoxosdiinas depe3 TOUKN
a—2b
0,a—10), | —,0
( ) a )7 ]{: )

Takum obpazom B obsractu x = 0, y = 3 MBI UMeeM Hapy MapaslIeTbHBIX TPAMBIX, TPOXOISIINX
gepes Toukn (0,7) — (4,3) u (0,5) — (2,3).
1.2. IIycrs 0 < y < 3, Tor/1a BBIpaXKeHNe NMEET BUJT

lz] =yl = 1.
Tenepb OmsITh MPUMEHUM CBOCTBO MOJLYJIs || 1 OyieM UCC/IeI0BATH BbIPAXKEHUE
|z =yl =1.
PaCKpoeM MO/YJ/Ib, IIOJIyYHMM FpaCbI/IK — /JB€ IlapaJijieJIbHbIE IIPAMBIC, IIPDOXO/IAIINE Y€PE3 TOYKU
(273> o (Oa 1) u (473) o (170)

B obnactu, rie y < 0 takke BOCHOIb3yeMcda CBOMCTBOM Mojysd. ['pacduk B sroit obractu cum-
MeTputier oTHocuTe bHO ocu Ox. Takum 06pa3oM, moayydaeM Ciieyiontyo hurypy



Teneps nocunTaem mioria/ib. Tak Kak gpurypa cuMMeTpudHa OTHOCUTEIHHO ocu O, T0CTaATOTHO
IOCYNTATD TIJIOIIA,/ b BEPXHEH [OJIOBHHbL. YI00Hee BCEro yBHIETh, YTO 9TO KBAaJIPAT CO CTOPOHOI 44/2
113 KOTOPOT'O «BBIPE3A/IN» MEHBINI KBAIPAT CO CTOPOHOI 21/2 I «OTpe3asm» yroa — paBHOGEIPEH-
HBIIl TPSIMOYTOJIBHBINl TPEYTOJIbHUK, BBICOTAa KOTOPOrO K T'UIIOTEHy3€e paBHA 1, a rMIIOTEeHy3a paBHA
2.

Takum obpazom 1JI0IA/ b paBHA:

2. ((4@)2— (2\/5)2—%-1-2) — 46.
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3agada 6.

B-1 Jlna yknajku mosia B KBaJpATHONW KOMHATE KYIUJIN OJIMHAKOBBIE KBAJIPATHBIE ILIMTKU. 15
IJINTOK OKa3a/nuch paszdouTbiMu. OCTaBIIUMUCS TIMTKAMU BBIJIOYKUJIN TI0JT B JIPYTON KOMHATE TIPSIMO-
YyTOJIBHON (DOPMBI, B JTMHY KOTOPOH yKJaibiBaeTcd na 11 murok Oosibiie, dem B mmpuny. CKOJIBKO
IUINTOK OBLJIO KYILJIEHO?

OrtBet: 225

Pemenne. Ilycrs xynwim 22 IUINTOK, B MMPUHY IIPAMOYTOJIBHOH KOMHATBI YK/IAJLIBACTCS Y
mmToK. Torjga BepHO PaBEHCTBO

y(y +11) = 2* — 15.

JIMCKpUMIHAHT KBaJ[paTHOro ypasHenns y? + 11y — 22 + 15 = 0 ornocuTennno y pasen D =
121 + 42% — 60 = 61 + 422, Yrobbl ypaBHeHHe UMeJIo eIoe pemenne, 9ucio 61 + 422 101xKHO ObITH
HEYETHBIM KBaJIPaTOM, T.€.

61 + 42% = 22,

otkyaa (z —2x)(z +2x) = 61. T.x. 61 — npocroe 1aucio, 10 z —2x = 1 n 2+ 2x = 61, orkyga z = 31,
x = 15.
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3agaya 7.
B-1 Ha nojseriennom B Boz ryxe Kyouke PyOuka, Ha o1HOM 13 ero 54 KBaIPATUKOB, CHJIUT YKy YOK.
B kaxoii-To MOMEHT OH HAYMHAET JIBUKEHHE T10 TOBEPXHOCTHU Ky0a, ITepeIBUTasiCh 3a KaXKIYI0 CEKYH LY
HA COCEJHUI KBaJIDATHK, T. €. HAa KBaJPATHUK, UMEIOMNHil obIyio cropony ¢ rTekyimM. Cocennunit
KBa/IPATUK JIJI IEPBOT'O TIepeMeleHns ObL BEIOPAH MMPOU3BOJILHO, & 3aTeM KYUOK CJIEJIOBAJ TAKUM
IIpaBUJIAM:

1) mpu 2-M, 4-M ¥ JPYIUX YETHBIX MEPEMEINEHUAX YKY9IOK He MEHsiT HAIPABJIEHUs] CBOETO JIBHIKE-
HU, T. €. TOKWaJ KBaJIPATUK Yepe3 CTOPOHY, ITPOTUBOIIOJIOXKHYIO TOH, depe3 KOTOPYIO OH Ha 3TOT
KBa/I[PATUK IIOIAJT;

2) mpu 3-M, 5-M ¥ JPYIUX HEYETHBIX II€PEMEIIECHNSX YKYIOK [T0BOpAdUBas HAIIPABO (OTHOCHTEJHHO
CBOETO JIBUKEHNS ).

Yepes 2023 ¢ mocse nHavasa JBUXKEHUs KYIOK 00paTUJI BHUIMAHUE HA TO, YTO yKe ObLI HA 9TOM Ke
KBaJIpaTHKe 5 ¢ Ha3a/l. depe3 Kakoe HAaMMeHbIIIee YUCJI0 CeKyH/I rtocyie 2023-1i XKy 40K OISTh OKaXKeTCsd
HA 9TOM KBaJipaTuke’

OtgerT: 19

Pemenue. [l oTcinekuBaHUs JIBUKEHUs YKydKa Oy/leM HCIOJb30BaTh YaCTUIHYIO Pa3BepT-
Ky Ky0a, MOKpPBIBAIONLYIO 3 rpanu. KaxKiplii KBaJpaTuk OyjeM 0003HAYATH JBY3HAYHBIM YUCJIOM,
1-1 u 2-g nudpbl KOTOPOro SIBJISAIOTCSA COOTBETCTBYIONIMMHU KOODJUHATAMU IEHTPA KBaJpaTHKa Ha
pasBepTKe (eJMHUIA — IMUPUHA KBaJIPATHKA):

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/jieisieTcsl ero HadaIbHbIM IIOJIO?KEHIEM U HaIIpaBJIEHUEM €ro IepPBOTro Iie-
peMertienns. XOTs BCEr0 TaKuUX BapuaHTOB 54 X 4, mxX Bce MOXKHO pa3duTh HA 9 NPUHIUINAATILHO
Pa3/IMYHBIX TPYIIL:

1) KydoK cTapTyeT ¢ IeHTPAILHOIO KBaJpaTrhKa JIOOOH IpaHn 110 HAIIPABJIEHUIO K JIIOO0MY pebpy;

2-3) crapT ¢ yIJI0BOro KBaJpaTHKa JIOOH I'paHu, a IepBoe MepeMelleHre B Ipejeax TOH yKe IpaHu
BI0JIb pebpa, HIAYIIEero COOTBETCTBEHHO CIIpaBa WU CJIeBa OT »KYUKa;

4-5) crapT ¢ yrJioBoro KBaJpaTHKa JII0O0N TPaHM, & IPU IIEPBOM ME€PEMEIEHUH YKYIOK [IEPeroI3aeT
Ha COCEJIHIOI0 I'DaHb, NPUYEM TPeTbs NMPUMBIKAIONAsA I'PaHb OCTAE€TCS COOTBETCTBEHHO CIIpaBa WJIN
cjeBa OT Hero;

6) crapt ¢ npupebepHOro KBaJpaTrKa J00i I'PaHU [0 HAIPABICHHUIO K IEHTPY;

7) crapT ¢ npupebepHOro KBaJIpaTuka JI000il I'paHn ¢ Mepexo[oM Ha COCETHIOI IPaHb IIPU HEPBOM
IepeMeNIeHNH;

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



SarmoiHnM TabJIAILY, B KOTOPOI JIJTsT KarK 01 IPYIIITGI IPUBEJIEM IIPUMED MapIIpyTa B TeUeHHe TOro
BPEMEHH, KOT/la OOHAPYKMBAETCsl €ro MEePUOINYHOCTD, T. €. KOrJa Ha KaKoh-Iub0 YeTHOI ceKyHJe
JKYyYOK OKAa3bIBaeTCd Ha HAYaJbHOM KBaJpaTHKe, a elle depe3 1 ¢ — Ha KBaJlpaTuKe, IJe OH ObLI
4gepe3 1 ¢ mocjie HAYAsIA JIBUKEHUSI.

B cityuae rpymnmbsr 1 BeiOGepeM Jjist cTapTa KBaJIpaTHK 22 ¢ IepBbIM IepeMernienneMm 22 — 23 u
[POCJIEJMM BECh MAapPIIPYT, [TOKa He 0OHAPYKUM, 4TO ero mnepuoj| paseH 24 ¢ (1-g KoJIoHKa TaOIUIBI
HocJie JIBOWHO BEPTHKAJIBHOI YepThHI).

3aMeTnM, 4YTO Yepe3 2 ¢ TOcje Havdaja JBHXKEHUs YKYyYOK OKaryKeTCs B HAYAJIHHOM COCTOSTHUT
rpynist 8. [losromy j71g Hee MapIiipyT Takke OyJIeT UMETH epruoj 24 ¢ U ero MOXKHO TOJIYUUTH U3
MapuIpyTa Ipynnst 1 ¢JiBUrom Ha 2 c.

Erre uepes 2 ¢ )Ky40K OKaxKeTcs B Ha4aIbHOM cocTossnuu rpyniibst 4. [Tosromy u g nee mapipyt
OyJIeT ¢ epuoJioM 24 ¢ U ero MOXKHO IOJIyYUTh U3 MapIipyTa Ipyninsl 1 casurom Ha 4 c.

Eme gepes 2 ¢ umeeM HavaIbHOE COCTOSTHUE TPYIIBI 7 U TOJIYyYaeM ee MapIipyT ¢ IeprojoMm 24 ¢
u3 MaprpyTa rpymnms! 1 casurom Ha 6 c.

JL71st OCTAJIBHBIX TPYIIIL MOJTyYaI0TCs KOJIbIIEBbIE MAaPIIPYTHI C IIEPUOJIOM 8 C, IPUYEeM 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 wa 24 pasen 7) u 2023 = 7 mod 8
(ocrarok or genenust 2023 Ha 8 pasen 7), To depes 2023 ¢ mocie HaYAIA JBUKEHUsT XKYIOK OKAZKEeTCs
HA TOM K€ KBaJIpaTHKe, 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 COBIIAJIEHIE NUMEET MEeCTO TOJBKO Jijid rpymmbl 1 (KBajpaTtuk 24).
Tak Kak 3T0T KBaJPATUK BCTPEYAeTCs Ha MapIIpyTe TOJIbKO JIBayKIbl B TedeHue nepuoja (2 ¢ u 7 ¢),
cJIeJlyIolnee Molajianne Ha Hero npousoiiger yepes 2 4+ 24 — 7 =19 (c).
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Samgada 8.

Ecrb nBa psiia — BepxHUiT 1 HUKHUIA, KaxKbplil n3 6 Tovuek (cM. pucynok). [IpoBomgar orpeskn c
KOHITAMHU B TIPOTHBOIIOJIOKHBIX PsIJIaX TaK, ITOOBI U3 KaXKJ0H TOYKHM BBIXOINI POBHO OJIUH OTPE30K.
CKOJIBKO CYIIECTBYET CIIOCODOB IPOBECTH OTPE3KHU, YTOOBI CPEJIN BCEX Iap OTPE3KOB OBLIO POBHO 7
ap IepeceKaroIXcsa 0OTPE3KOB?

Ortset: 101
Pemnenne. [lycrs B kaxk10M psiay 1o n touek. Criocod coequHUTb TOYKHI MOYKHO 331aTh IepecTa-
HOBKOI n qwuces, {iy, iy, ...,i,}: IepBasg TOYKa BEPXHETO Psijia COEIMHSIETCSI ¢ TOUKOI IOl HOMEPOM

11, BTOpasg — C i, U TaK Jlajee. SHAYUT, BCEI'O BO3MOXKHBIX PUCYHKOB Oyer n!.

Tenepp Gepém mapy orpe3koB. 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 KOJNIeCcTBO MepecevdeHril OTPe3KOB paBHO KOJIMYECTBY CJIYIaeB,
KOIJIa B TIEPECTAHOBKE DOJIbITIEe THUCIIO CTOUT PAHbIIIEe MEHbIIEro (He 06s3aTesIbHO 1Mo coceIcTBY ). Kak
cKaz3aJ/Iu ObI cTapIue TOBAPUIIY, YUC/IO0 IIepecedeHuil paBHO YUC/y WHBEPCUi B IiepecTaHoBke. Tak u
Oy/1IeM TOBOPHUTD JIaJIbIIIe.

Hanpuwmep, 12345 — ner uaBepcuii u Her nepeceuenuii, 21345 — ojua unsepcus (2 u 1), 43152
— 6 muBepenit (4u3,4ul,4u2 3ul,3u2 5un2). Hanbosbiee KosmaecTBo nHBEpCHii OyerT,
€CJIM HAITMCATh YUC/Ia 33J10M Hanepéa: 4321, kakue jBa ducja He BbIOepu — O0Jibliiee Oy/IeT CTOATD
panbine. To ectb unBepcuii B noceaneM npumepe 10, a B obmem ciaydae — C2.

Kak mocunrarh 9nc/io mepecTaHoBOK € 3aJaHHBIM KoJimdecTBoM mHBepcuii?! Ilomoiiiém K 3amade
UHAYKTUBHO. B GuUrypHbIX cKOOKax OyaeM yKa3blBaTh pa3jddHble IEePECTAHOBKH, a B KBaJIPaTHBIX
[IePEYUC/IUM KOJIMUECTBA MePecTaHoBOK, nMeromux coorsercrsenno 0, 1, ... C? unsepcuii.

Nrak, e uHCTBEHHBIN 3/IEMEHT MOYKHO PaCIOJIOKHUThH €JNHCTBEHHBIM 00Pa30M, U Y HAC €CTh OJTHA
[epecTaHOBKa C HYJIEBBIM YUCJIOM HHBEPCHIA.

{1} [1]

Hobasiisiem BOMKY — €€ MOXKHO JI06ABUTH B HAYAJIO U B KOHell nmMerorreiics nepecranosku {1}. Ona
U3 TOJIYYEHHBIX [TepeCTaHOBOK Oy/ieT 0e3 WHBEPCHUi, JIpyrasd — C OJIHON MHBEpCHEii.

{12} , {21} ; [L,1]
—~ =~

0 maBepcuit 1 nHBepCcus

JlobaBJisieM TPONKY — €€ MbI MOYKEM IIOCTABUTH B JII000E MECTO KarKJI0# 13 UMEIOIINXCS I€PEeCTaHOBOK.
Tpoiika 60JIbIIIe BCeX MMEBIIUXCSA PaHee UUCcesI, IIO9TOMY €CJIU MOCTABUThH €€ Ha IOC/IeHee MeCTO —
HOBBIX MHBEpPCHii He J00ABUTCsI, €CJIN IOCTABUTEL Ha MPEJIoc/ieinee (Ha BTOpoe) — JI00aBUTCS OJHA
MHBEPCHUs, a €C/Id Ha IepBoe — OymeT mroc ape napepun. OJiHa mmepecTaHOBKA ¢ HYJIEM WHBEPCHIA,
JIBE TIEPECTAHOBKH C OJIHOM, JIBE ITePECTaHOBKU C JBYMd, OJTHA MIEPECTAHOBKA ¢ TpeMd. 10 eCThb:

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

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

Tax 2ke OyJ1eT TPOUCXOIUTH JT0OABJIEHIE HOBOI'O YHCIa 1 B OOIIEM CJIydae: YUCI0 N MOXKHO ITOCTABUTD
Ha JII000e MEeCTO, U B 3aBUCHMOCTH OT MecTa K uHBepcusim jpobasurcst +0, +1,42, ..., +(n—1) mryk.
To ecTh HA HOBOM INIare MepecTaHOBKA ¢ | MHBEPCHAMU IIpeBpaIaeTcs B n mnepectaHoBok ¢ [+ 0,1 +
1,0+ 2,...,0+ (n—1) uEBEpCUIMU COOTBETCTBEHHO.



[TocmoTpuM, Kakue 1ncia MoIydaanch B KBapaTHBIX ckoOKax. Harmuiem 3Tu 1moc/ieioBaTe/ibHO-
CTU OJHY IIOJ, JAPYTO:

11
1221

3tech B n-it crpoke (HyMepalins HaunHaercs ¢ 1) npusoastes uncia PP sk = 0.1, . ... C*. paBuble
n ) ) ) n’
KOJIMYECTBY IEPECTAHOBOK M3 7 YHCEJ C k MHBEPCHUSIMI.
Benomunas, kak mponcxoanT o6aBIeHne HOBOTO 71, TIOJTY IUM

n

Pt=pt 4 Pl pi2g 4 pEond
—~— —~— = ——
+0 unB. +1 wuns. +2 uHB. +(n—1) uus.

Jeiicteurensro, P¥ | — kommdecTBo mepectaHoBok u3 (n — 1) 4mces, B KOTOPHIX yKe ecTb k
uHBepCHil. B HUX MBI BBIHYZK/IEHBI TOCTABUTH HOBOE N Ha ToceaHee Mecto (+0 nuBepcnii). Pas mbl
CTaBUM 1 HA €JUHCTBEHHO BO3MOYKHOE MECTO, KOJUYIECTBO I1ePECTAaHOBOK HE M3MEHHUTCS.

Hanee, P*~! — komraecrso nepecranoBox ¢ (k—1) unepcueit, u, 4To6b! J06ABUTE HEJIOCTAIONLYIO,
MbI BBIHYZKJIEHBI CTABUTDH 7. HA IIpeJIocieHee Mecto (+1 uaBepcus).

[IpomokaeM Tak BILIOTH JI0 Pff:{”l, OTOMY 9TO J00aBUTH Oosibie (n — 1) WHBEPCHN HEJIb3I.
Bcero nostygaerca n ciaraembix. M3 ipyrux mepecTaHOBOK MPEJIbIIYINEH CTPOKUA Mbl HUYEr0 HOBOI'O
MOJIyYUTH HE CMOYKEM.

Bamerum, uto P, * = 0, Tak Kak He ObIBaeT IePeCTaHOBOK C OTPHUIATEIbHBIM YMCIOM HHBEPCHIl,
KAaK U He MOZKET OBITH EPECTAHOBOK CO CJMIIKOM GoJtbimmM (Gostbime yem C'?) KOJIMUECTBOM HHBEPCHIi.

Nrak, numeem cjieiyrorniuii criocod MoCTPOeHUs KOJLJIEKITT Pr’f.

[lepBasg crpouka:

...000, 0001000000 ...

—
[To cTpouke mo3éT «oKHO» MmMpuUHOH 2. [lomaBime B «0OKHO» 4YHC/Ia CKJIAIBIBAIOTCA W BBITUACHI-
BAIOTCSL B CJIEIYIONLYTO (2-10) CTPOKY:

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

Bropas crpoka:
...00000011000000 ...

—

[To meit Oymer nmo3Tu okHO UpuHON 3. CjIoyKeHue TOMABIINX B OKHO YUCEJI JACT TPEThIO CTPOKY:

...00000122100000 ...
~——

—

[To meit MOMOM3ET OKHO MIMPHUHON 4, U Tak Jajiee, 9TOOBI MOJYUUTDb N-I0 CTPOKY, Hy?KHO CKJIaJIbIBAThH
7. CTOSIIITUX TIOJPSIJT, IUCET TTPEbLIYIIEN CTPOKH.
Boimummem (6e3 mysieit) mepeblie 6 CTPOK Halleli KOJUIEKIME U BBIOEpEM B Hell HysKHoe Ham Py :
1
11
1221
1356531
149152022201594 1
151429497190 101 10190 714929145 1

Bamerum, 9To cymMMa Yuces B Kaxkoi cTpoke paBHa n! (0bIee YUCI0 epecTaHOBOK ).




JIOMOHOCOB - 2022-23. MATEMATHUKA.
Kpurepun nposepku. 10 kiaace

3apauya Ne 1 (15 6a/u10B) baJs
[TpubnmxeHHoe peleHre Ipyu BEpHOM OTBETE (B T. Y. C UCIIOJIb30BAaHUEM 3HaKa ‘=) uau 10
OKpYIJICHUE HE B TY CTOPOHY Ha MOCJIeIHEM IIare penieHus
3apaua Ne 2 (15 6a/u10B) baJsa
Apudmernueckas omrOka B KOHIIE pelIeHus (TIPH 3TOM BEPHBI OTBET HE MOJyYeH HU B KakoM | 10
BUJIC) Wiy B IPOIIECCE PELICHHUs YITyIeHa TOYKa
YKa3aHo, 4TO pelIeHHsI BO3MOKHBI TOJBKO MPU IKCTPEMAIIbHBIX 3HAYCHHUIX CUHYCa, KOCHHYCa 5
3agaua Ne 3 (15 6ass10B) baan
Apudmernueckas omnbKa w1y ykazanbl 00€ Hy)KHbIE Mapbl 0I00HBIX TPEYTOJIbHUKOB 10
VYkazaHa ofiHa Hy»Hasl [1apa NoJOOHBIX TPEYTOJbHUKOB 5
3agaua Ne 4 (15 6a/10B) bas
Apudmernueckas omnOka 10
BepHO cocTaBiieHO ypaBHEHUE 5
3apaua Ne 5 (15 6a/u10B) baJs
Yeprek BEpHBIN TP HEBEPHOM OTBETE 10
YepTek HEBEPHBIH BCIEICTBUE OMMOKH MPH PACKPHITUH MOIYJIS 5
3apaua Ne 6 (15 6a/10B) baJsa
Apudmernueckas omnOka 10
YpaBHEHHE COCTaBJICHO, HO HE PEIICHO 5
3agaua Ne 7 (15 6as10B) ban
ITepeGop ¢ BEpHBIM OTBETOM 15
[TepeGop 6e3 BEepHOTO OTBETA 5
3apauya Ne 8 (15 6a/u10B) baJsa
[TpuBeneno cooOpaxkeHne 00 HHBEPCHSX U MEPEeCceUCHUsIX (MHbIE CYIIECTBEHHBIEC IPOABHKCHHS 5

COTJIACOBBIBAIOTCS)

[Ipu nonyyenun cymmsl 6auioB, 6ombieit 100, yaactHuky craButcs ouenka 100.




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

BaksrounTesbhbiii dran 2022 /2023 yuebuoro roja s 11 kiacca

3agaya 1.

{V@—W— \/ 45 + V2023 ,

rje [t] — 910 mesas yacth uncaa t (T.e. HAMOOJIBIIIEe TIEJI0e THCII0, HE MPEBOCXOJIsIIee t).
Orser: -10
Pemenne. O6o3naumm

B-1 Boruucanre

t:¢45_m_¢45+m.

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

{\/45+\/20_2—\/45—\/207 :

re [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 uncaa t (T.e. HAMOOJIBIIIEe TIEJI0e TKCII0, HE MPEBOCXOJIsIIee t).

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

rje [t] — 9ro mesas yactb uncaa t (T.e. HAaMOOJIbIIIEe TIEJI0e TKCII0, HE MPEBOCXOJIsIIee t).
Orser: -10

B-2 Bruiuucanre

B-3 Bruruucanre

B-4 Boruncanre
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3agaya 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

Otrser: —0,9

Pentenne. Tak kak cHHYC M KOCHHYC IO MOJYJIIO He TipeBocxomdaT 1, a 1234 4+ 789 = 2023,
pelenneM ypaBHEHUS MOXKET OBbITh TOJILKO TAKOW X, IMPU KOTOPOM BXOJIAIINAE B YPAaBHEHUE CUHYC
U KOCHHYC DaBHBI cooTBeTcTBeHHO +1 (mpm Bo3Bemennu B 20-10 cremnedb gact 1) u —1 (Takum ke
OCTAaHEeTCs TPU BO3BEJIEHUN B 23-10 cTerneHb). OTCro/ia HAXOATCsI TOC/IeI0BATEIbHOCTH BO3MOKHBIX
SHAYEeHU Jist & U Jisd o (oM. TabJImIly HUKe JIJIs Pa3IMIHbIX BADUAHTOB).

OTU 3HAYEHHS BKJIIOYAIOT B ceOs MeJIOUNC/IeHHBIE TapaMeTphl kK U N, IpUIeM yeaoBue —7m < T <
T IPUBOJUT K OTPAHUYEHHMIO HA BO3MOXKHBIE IieJible 3HAUYeHUd IapameTpa k. [y Bcex BapmaHTOB
OKa3bIBaETCsI, UTO kK MOKeT ObITh paBHbIM Jinb60 —1, jibo 0.

Yro0bI TOJIydeHHBIE JUIA r U & 3HAYEHUS MOIVIM JIOCTHTAThCA MPU OJIHOM U TOM Ke T, HaJo,
4TOOBI UX OTHOIIIEHHE COBIAAN0 ¢ . Takum obOpa3oM, Hallle ypaBHEHUE UMEET pelleHne Ha OTPe3Ke
[—7; 7], Koryia (v peJIcTaBUMO B BUjie Jpobu u3 TabJiuiibl, B KoTopoil k pasao —1 uim 0, a n — Jiro6oe
11eJI0e 9IHUCJIO.

sin?’ cos?3 x azx « min || pu o = . ..
T T 5 5% 15+ 24n -9
| ) o) o | o
o)\ ) | e T T T oy 1ok o - %Y
T T 27 T 7+ 12n -5
B-2 (——) ( ——) Tk | L pop | L2220 L
o)\ || 3 TR T ek 1
s T 27 44+ 12n 4
o 09 [0 [ [ | 20
Sl\rtg) | leetg) | grrk |52 5 5= 08
T T T 3T 94 24n 9
b (o4 7) | (s D) | Dot | PTnmn | 2229,
vhg) | \wr )| gt e e 8 g

Y1006 HallTH TaKyIO JIpOOb C HAUMEHDLIIIUM MO/JIyJIEM, BBIOEPEM 71, MUHUMHU3UPYIOIIEe MOJIYJIb YUC-
JTes, (JJIs IPUBEIeHHBIX JucauTesei 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|7
OtBeTt: —1,25

B-3 Ilpu kakoM HaumMeHbBIEM II0 MOJLYJIIO 3HAYCHUU IIapaMeTpa (@ ypaBHEHUE
.20 ™ 23 ™
1234 sin <x n g) — 789 cos (ax n g) — 9023

UMeeT pellleHne Ha oTpeske [—m; )7



Otget: —0,8

B-4 HpI/I KaKOM HauMeEHbIIIEM IIO l\lO,ILyJIIO SHa4YCEHU U HapaMeTpa (@] ypaBHeHI/Ie
.20 T 23 ™
1234 sin (x i g) _ 789 cos (ax n Z> — 2023

UMeeT DeIlleHne Ha OTpeske [—m; )7
OtBet: —1,125
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Samada 3.
B-1 Pemure ypaBuenue

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

Otser: +v/2

Pentenne. /[l cymecTBoBanms pernienns 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 peniennss He0OOXOIUMO, 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 ypaBuenue

logs (|22 — 5° + 1) + V3zt — 722 + 19 = /224 + 322 — 6.

Orser: +/5

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

1. e. 22 = 5. [IpoBepka MOKa3bIBaET, 4T0 T = +1/5 — pelremnue.

B-4 Pemure ypaBuenue

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

Orser: +/7

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

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

B-1

JIBe CTOPOHBI BBIMYKJIOIO YeTHIPEXYTOJIbHUKA UMEIOT JTHHY 6, emmé ojHa — JJIHHY 1, a ero mio-
A/ Ib — HAMOOJIBINAST BO3MOXKHAS MPU TaKUX yCJIOBUAX. KakoBa JjiMHA 9eTBEPTON CTOPOHBI YEThI-
PexyroJibHUKa !

OrtBer: 9

Pemtenwne.

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

B yciioBum He ykazaH HOPSJIOK PACIIOIOKEHHUA ITUX CTO-
pou: b, b, c wm b, ¢, b. Ho Bmecto yerwipexyronbanka ABC' D, B
KoTopoM, ckaxkeM AB = C'D = b, BC' = ¢, pacCMOTPUM Y€TbI- B B’
pexyronbauk AB'C'D, B xotopom, B'C' = CD = b, AB' = c.
B HeMm TOT ke HAGOP M3BECTHBIX JJINH CTOPOH (HO B JIPYTOM
HOPsIJIKE), & IJIONAJM STUX YeThIPEXYIOJIbHUKOB 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.

BameTum, 4TO JABUTAasd TOUKY D 10 Jyre OKPYKHOCTU pa- D
nuyca b ¢ eaTpoM B Touke C, MBI Oy/IeM MOJIydaTh YeThIPeX-
YTOJIBHUK C TEM K€ HaDOPOM HM3BECTHBIX JIJINH CTOPOH, C TOW
xke dactbio ABC, a wiomap yactu AC'D Gyuner naubosibieii 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 TLIOMA N deThipexyroiabanka ABC D
BoiTekaer AB | BD.

Wrak, mmeroTcs JiBa MPsSMOYTOJIBHBIX TpeyroibHuka ABD un

AC'D c obieit rutiorenysoit AD u paubivu katetramu AB u C'D.

BHaYnT, TPEYrOJBHUKKA 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, rune B’ u C' — npoekuuu touek B u C' B’ C

na AD. Torjga u3 cBoicTBa BBICOTHI IPSIMOYTOJBHOTO TPEYTOJIb-
Huka noaydaeM AB' - B'D = B'B? 1. e. d(c+d) = b? — d* wm
2d% + c¢d — b? = 0, oTKyna, ¢ yderoM Toro, uato d > 0,

—c+ V% + 8b? a—AD—c+2d—C+VC2+862

4 2 ’

d:

Broraucnennsa mo BapuaHTaM:

| (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 YETHIPEXYTOJbHUKA UMEIOT JTHHY 3, eIlé ofHa — JJIUHY 7, & €ro ILIO-
ma/ib — HamOOJIbINAast BOSMOXKHAs MPU TaKUX YCJIOBHUSAX. KakoBa JJIMHA 9eTBEPTON CTOPOHBI YEThI-
pexyrobHuKa?



OTser: 9

B-3
JIBe CTOPOHBI BBLIMTYKJIOIO YeTBIPEXYTOJbHIKA UMEIOT JIuny 4, emgé ojana — JumHy 14,a ero 1mio-
ma/ b — HarOOJ/IbINAasg BO3MOXKHAs PU TAKUX YCJI0BUAX. KakoBa JIMHA YETBEPTON CTOPOHBI YeThI-

pexyrobHuKa?
OrtBer: 16

B-4
JIBe CTOPOHBI BBIIMYKJIONO 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
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3agada 5.
B-1 O6osnaunm gepes $(n) qucsio nudp B JIECATUIHON 3aIICH HATYPAJIBHOTO 1ucsa n. Haiiaure
cyMMy 5(22023) 4 5(52023)
OteT: 2024
Pentenme. 3amernm, 9T0

5(2292%) = 1g(22°%) + 0 = 20231g2 + a, rie 0 <a<l1.
Awnasoruuno,
5(520%) = 1g(5%%%) + b = 20231g 5 + b, rre 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 kKak 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) quciio mudp B JIeCATUIHON 3alUc HATYpaJIbHOrO Jucia n. Haiiaure
CyMMY 5(22022) + 5(52022)
OTset: 2023

B-3 O6o03naunm depes s(n) uuc/io mudp B JIeCATUIHON 3aluc HATypaJbHOrO ducia n. Haitaure
cymmy s(22021) 4 5(52021)
OTBeT: 2022

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

B-1 Jlana nocseioBarebHOCT {a,}, B KOTOpoil a; = 19, a OTHOIIEHNE KaXKJIOr0 CJIE/YIONIEero
3JIeMeHTa K MPEJIbIYIIEMY TIPU BCEX TEJIBIX N 2> 2 PaBHO

an (n*+1)-n
a1  (n—1)2+1
Haitiiure oraomenne 2023-1o 4jieHa Mocjae0BATEIBLHOCTH K CyMMe €€ 1epBbix 2022 4jIeHOB.

. 1
OTBer: 2024557

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

an Gy Gy az  (RP4+1Dn (n—12+1)(n—1) (224+1)2  (n*+1)n!
ay  Gpo1 Gnp  a;  (n—1)2+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,
L St 1) (- 1t = . 1
rie
- n(n+1)!
n - 2 N
Torga oTHOIIEHNE CyMMBI IEPBBIX 1 9JIEHOB K (; PABHO
S, ar+a+...+a, n(n+1)!
crn A 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 _ 9004 ‘
Sp—1 Sp—1/ar  (n—1)n! n—1 n—1 n—1 1011

B-2 Jlana mocsenoBarebHOCT {a,}, B KOTOpOi a; = 17, a OTHOIIEHNE KaXKIOTr0 CJIEJYIONEro
3JIEeMEHTa K TPEIBIIYIIEMY TIPU BCEX TEJIBIX N > 2 PABHO
a,  (W*+1)-n
ano1  (n—12+1°
Haitmure ornomenne 2023-ro 4jiena mocae0BaTeIbHOCTH K cyMMe e€ mepBhiX 2022 4jeHoB.

. 1
OTBer: 202410T

B-3 lana mocsenoBarebHOCTD {a,}, B KOTOpOit a; = 13, a OTHOIIEHNE KaXKJIOr0 CJIE/YIONIEro
3JIeMeHTa K IMPEJIbIYIEMY TIPU BCeX TEJIBIX N 2> 2 paBHO
a,  (n*+1)-n
ano1  (n—12+1
Haiiiure ornomenne 2022-ro 4jeHa Mmocjae0BaTEILHOCTH K cyMMe eé nepBbix 2021 4jeHos.

OrBer: 202320%

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

OrBer: 202320%




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

BaksrounTesbhbiii dran 2022 /2023 yuebuoro roja s 11 kiacca

3agaya 7.
B-1 Ha nojseriennom B Boz ryxe Kyouke PyOuka, Ha o1HOM 13 ero 54 KBaIPATUKOB, CHJIUT YKy YOK.
B kaxoii-To MOMEHT OH HAYMHAET JIBUKEHHE T10 TOBEPXHOCTHU Ky0a, ITepeIBUTasiCh 3a KaXKIYI0 CEKYH LY
HA COCEJHUI KBaJIDATHK, T. €. HAa KBaJPATHUK, UMEIOMNHil obIyio cropony ¢ rTekyimM. Cocennunit
KBa/IPATUK JIJI IEPBOT'O TIepeMeleHns ObL BEIOPAH MMPOU3BOJILHO, & 3aTeM KYUOK CJIEJIOBAJ TAKUM
IIpaBUJIAM:

1) mpu 2-M, 4-M ¥ JPYIUX YETHBIX MEPEMEINEHUAX YKY9IOK He MEHsiT HAIPABJIEHUs] CBOETO JIBHIKE-
HU, T. €. TOKWaJ KBaJIPATUK Yepe3 CTOPOHY, ITPOTUBOIIOJIOXKHYIO TOH, depe3 KOTOPYIO OH Ha 3TOT
KBa/I[PATUK IIOIAJT;

2) mpu 3-M, 5-M ¥ JPYIUX HEYETHBIX II€PEMEIIECHNSX YKYIOK [T0BOpAdUBas HAIIPABO (OTHOCHTEJHHO
CBOETO JIBUKEHNS ).

Yepes 2023 ¢ mocse nHavasa JBUXKEHUs KYIOK 00paTUJI BHUIMAHUE HA TO, YTO yKe ObLI HA 9TOM Ke
KBaJIpaTHKe 5 ¢ Ha3a/l. depe3 Kakoe HAaMMeHbIIIee YUCJI0 CeKyH/I rtocyie 2023-1i XKy 40K OISTh OKaXKeTCsd
HA 9TOM KBaJipaTuke’

OtgerT: 19

Pemenue. [l oTcinekuBaHUs JIBUKEHUs YKydKa Oy/leM HCIOJb30BaTh YaCTUIHYIO Pa3BepT-
Ky Ky0a, MOKpPBIBAIONLYIO 3 rpanu. KaxKiplii KBaJpaTuk OyjeM 0003HAYATH JBY3HAYHBIM YUCJIOM,
1-1 u 2-g nudpbl KOTOPOro SIBJISAIOTCSA COOTBETCTBYIONIMMHU KOODJUHATAMU IEHTPA KBaJpaTHKa Ha
pasBepTKe (eJMHUIA — IMUPUHA KBaJIPATHKA):

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/jieisieTcsl ero HadaIbHbIM IIOJIO?KEHIEM U HaIIpaBJIEHUEM €ro IepPBOTro Iie-
peMertienns. XOTs BCEr0 TaKuUX BapuaHTOB 54 X 4, mxX Bce MOXKHO pa3duTh HA 9 NPUHIUINAATILHO
Pa3/IMYHBIX TPYIIL:

1) KydoK cTapTyeT ¢ IeHTPAILHOIO KBaJpaTrKa JII00OI IpaHu 110 HAIIPABJIEHUIO K JII000MY pebpy;

2-3) crapT ¢ yIJI0BOro KBaJpaTHKa JIIOOOH I'paHu, a IMepBoe MepeMelleHre B Ipejeaax TOi yKe IpaHu
BI0JIb pebpa, HIAYIIEero COOTBETCTBEHHO CIIpaBa WU CJIeBa OT »KYUKa;

4-5) crapT ¢ yrJioBoro KBaJpaTuKa Ji0O0i TPaHU, & IPU IIEPBOM MEPEMEINEHUN KYIOK [eperoi3aeT
Ha COCEJIHIOI0 I'DaHb, NPUYEM TPeTbs NMPUMBIKAIONAsA I'PaHb OCTAE€TCS COOTBETCTBEHHO CIIpaBa WJIN
cjeBa OT Hero;

6) crapt ¢ npupebepHOro KBaJpaTuka J000i I'PAHH 0 HAPABICHUIO K IEHTPY;

7) crapT ¢ npupebepHOro KBaJIpaTuka Jo00il rpaHn ¢ Mepexo[oM Ha COCEHIOI I'PaHb IIPU HEPBOM
IepeMeNIeHNH;

8-9) crapr ¢ nmpupebepHOro KBaJpaTuKa J000i TpaHH, a MepBoe MepeMeleHre B Ipejieiax Toil ke
rpaHu BJIOJIb pedpa, MJIYIIEro COOTBETCTBEHHO CIIPABa MJIM CJIEBA OT XKYUKa.



SarmoiHnM TabJIAILY, B KOTOPOI JIJTsT KarK 01 IPYIIITGI IPUBEJIEM IIPUMED MapIIpyTa B TeUeHHe TOro
BPEMEHH, KOT/la OOHAPYKMBAETCsl €ro MEePUOINYHOCTD, T. €. KOrJa Ha KaKoh-Iub0 YeTHOI ceKyHJe
JKYyYOK OKAa3bIBaeTCd Ha HAYaJbHOM KBaJpaTHKe, a elle depe3 1 ¢ — Ha KBaJlpaTuKe, IJe OH ObLI
4gepe3 1 ¢ mocjie HAYAsIA JIBUKEHUSI.

B cityuae rpymnmbsr 1 BeiOGepeM Jjist cTapTa KBaJIpaTHK 22 ¢ IepBbIM IepeMernienneMm 22 — 23 u
[POCJIEJMM BECh MAapPIIPYT, [TOKa He 0OHAPYKUM, 4TO ero mnepuoj| paseH 24 ¢ (1-g KoJIoHKa TaOIUIBI
HocJie JIBOWHO BEPTHKAJIBHOI YepThHI).

3aMeTnM, 4YTO Yepe3 2 ¢ TOcje Havdaja JBHXKEHUs YKYyYOK OKaryKeTCs B HAYAJIHHOM COCTOSTHUT
rpynist 8. [losromy j71g Hee MapIiipyT Takke OyJIeT UMETH epruoj 24 ¢ U ero MOXKHO TOJIYUUTH U3
MapuIpyTa Ipynnst 1 ¢JiBUrom Ha 2 c.

Erre uepes 2 ¢ )Ky40K OKaxKeTcs B Ha4aIbHOM cocTossnuu rpyniibst 4. [Tosromy u g nee mapipyt
OyJIeT ¢ epuoJioM 24 ¢ U ero MOXKHO IOJIyYUTh U3 MapIipyTa Ipyninsl 1 casurom Ha 4 c.

Eme gepes 2 ¢ umeeM HavaIbHOE COCTOSTHUE TPYIIBI 7 U TOJIYyYaeM ee MapIipyT ¢ IeprojoMm 24 ¢
u3 MaprpyTa rpymnms! 1 casurom Ha 6 c.

JL71st OCTAJIBHBIX TPYIIIL MOJTyYaI0TCs KOJIbIIEBbIE MAaPIIPYTHI C IIEPUOJIOM 8 C, IPUYEeM 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 wa 24 pasen 7) u 2023 = 7 mod 8
(ocrarok or genenust 2023 Ha 8 pasen 7), To depes 2023 ¢ mocie HaYAIA JBUKEHUsT XKYIOK OKAZKEeTCs
HA TOM K€ KBaJIpaTHKe, 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 COBIIAJIEHIE NUMEET MEeCTO TOJBKO Jijid rpymmbl 1 (KBajpaTtuk 24).
Tak Kak 3T0T KBaJPATUK BCTPEYAeTCs Ha MapIIpyTe TOJIbKO JIBayKIbl B TedeHue nepuoja (2 ¢ u 7 ¢),
cJIeJlyIolnee Molajianne Ha Hero npousoiiger yepes 2 4+ 24 — 7 =19 (c).




B-2 Ha nojiseriernom B Boz tyxe Kyounke PyOuka, Ha ofHOM 13 ero 54 KBaIpaTUKOB, CUJIUT YKy YOK.
B kakoii-To MOMEHT OH HAUMHAET JBUZKEHNE 110 TIOBEPXHOCTHU Ky0a, Iepe/IBUTasiCh 38 KayKIyI0 CEKYHITY
Ha COCeJTHUI KBaJpaTWK, T. €. HAa KBaJIPATUK, MMEIOIIHil oOILy0 cTopoHy ¢ TekymuMm. CocemxHuii
KBa/IPATUK JIJIsT IEPBOT'O TiepeMenieHns ObLT BEIOPAH MMPOU3BOJIHLHO, & 3aTeM KYUOK CJIEJIOBAJ TAKUM
IIpaBUJIAM:

].) upu 2—M, 4-M 1 APYIrux 4YeTHBIX IIepeMeEHICHUAX 2KYYOK HE€ MEHAJ HallpaBJICHUA CBOEr'o JIBUXKE-
HUA, T. €. IIOKUJaJI KBaJpaTUK 9€epe3 CTOPOHY, IIPOTUBOIIOJIOZKHYIO TOI71, gepe3 KOTOPYIO OH Ha 9TOT
KBa/JIpaTUK IIOIIaJI;

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

Hepes 2023 ¢ noc/e Havda a JBUKEHAS KY9IOK 00OPATHI BHUMAHIE HA TO, YTO yzKe OBLI Ha 9TOM
JKe KBaJIpaTwKe 7 ¢ Ha3a. depe3 Kakoe HamMeHbIee YUCI0 CeKyHj mocye 2023-if )Ky4OoK OIldaTb
OKayKeTcsT Ha 3TOM KBaJIpaTUKe?!

Orset: 10

Pemenne. Pemenue 1o ke, uro u s B-1, HO nocse/Hee yeaoBre 3a/1a91 BBIIOJHACTCH TOJIBKO
quts rpymet 4 (kBagpatuk 43 wepes 0 ¢, 7 ¢ u 17 ¢). [Tosromy nosyuaercs 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 HaUMHAET JBUKEHIE T10 IIOBEPXHOCTHU KyOa, ITepeIBUTAsICH 3a KaXKTYI0 CEKYH LY
Ha COCeJHUIl KBaJpaTwK, T. €. HAa KBaJIPATUK, MMEIOINil o0y cTOpoHy ¢ TekymuM. CocemHuit
KBa/IPATUK /I TIEPBOTO TepeMeleHns ObLT BEIOpAaH MIPOM3BOJIBHO, & 3aTeM KYUIOK CJIeJIOBAJ TAKIM
[IpaBuIaM:

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

2) mpu 3-M, 5-M U JIDYIMX HEYETHBIX [IE€PEMEIIEHUsX YKYUOK [OBOPAYMBAJ HAIPABO (OTHOCHTEHLHO
CBOEIO JIBUYKEHUSI ).

Yepes 2023 ¢ mocsie Havyaa JIBUKEHUSA »KYIOK 0OpaTH/I BHUMAHKUE Ha TO, YTO y2Ke OBLT HA 9TOM
ke kBajpatuke 10 ¢ Hazaj. Yepe3 kakoe HamMeHbIlee YUCI0 CeKyHJ mocye 2023-if XKyJOoK OIATb
OKazkKeTcsl Ha 9TOM KBaJIpaThKe?!

OtBeT: 7

Pentenne. Pemenue To ke, uro u jyis B-1, Ho noc/ie/iHee ycioBre 3a/1a91 BBITIOIHACTCHA TOJTHKO
Jutst rpynsl 7 (kBagapatuk 34 uwepe3 7 ¢, 14 ¢ u 21 ¢) BBumy Toro, uro 2023 — 10 = 21 mod 24.
[Tosromy nosyuaercst orser 14 —7 =17 (c).

B-4 Ha nosiBermieroMm 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 COCEIHHUIl KBaJpaTHK, T. €. Ha KBaJIpaTHUK, UMEIOMN OOILyi0 CTOpoHy ¢ TekyimuMm. CoceaHnii
KBaJpaTHUK JJIsl IePBOIO IepeMelieHns ObLI BBIOpaH IIPOU3BOJIBHO, & 3aTeM >KYUOK CJIe0BAJ TaKUM
IpaBUJIaM:

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

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

Yepes 2023 ¢ nocsie HavYaa JIBUKEHUSA KYIOK 0OpaTH/ BHUMAHKUE HA TO, YTO yKe OBbLT HA ITOM
ke KBajipatuke 19 ¢ Hazaj. Yepes Kakoe HamMeHbIee YUCIO0 CeKyHI mocje 2023-if KydJoK OIsaThb
OKazKeTcsl Ha 9TOM KBaJIpaTUKe?!



OtBerT: 5

Pentenne. Pemenue To ke, uro u jjis B-1, HO noc/ie/iHee yeioBre 3a/1a91 BBITIOJIHACTCA TOJIBKO
Jutst rpytel 8 (KBajgpartuk 35 yepes3 7 ¢ u 12 ¢) BBujy roro, 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 yuebuoro roja s 11 kiacca

Samgada 8.

Ecrb nBa psiia — BepxHUiT 1 HUKHUIA, KaxKbplil n3 6 Tovuek (cM. pucynok). [IpoBomgar orpeskn c
KOHITAMHU B TIPOTHBOIIOJIOKHBIX PsIJIaX TaK, ITOOBI U3 KaXKJ0H TOYKHM BBIXOINI POBHO OJIUH OTPE30K.
CKOJIBKO CYIIECTBYET CIIOCODOB IPOBECTH OTPE3KHU, YTOOBI CPEJIN BCEX Iap OTPE3KOB OBLIO POBHO 7
ap IepeceKaroIXcsa 0OTPE3KOB?

Ortset: 101
Pemnenne. [lycrs B kaxk10M psiay 1o n touek. Criocod coequHUTb TOYKHI MOYKHO 331aTh IepecTa-
HOBKOI n qwuces, {iy, iy, ...,i,}: IepBasg TOYKa BEPXHETO Psijia COEIMHSIETCSI ¢ TOUKOI IOl HOMEPOM

11, BTOpasg — C i, U TaK Jlajee. SHAYUT, BCEI'O BO3MOXKHBIX PUCYHKOB Oyer n!.

Tenepp Gepém mapy orpe3koB. 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 KOJNIeCcTBO MepecevdeHril OTPe3KOB paBHO KOJIMYECTBY CJIYIaeB,
KOIJIa B TIEPECTAHOBKE DOJIbITIEe THUCIIO CTOUT PAHbIIIEe MEHbIIEro (He 06s3aTesIbHO 1Mo coceIcTBY ). Kak
cKaz3aJ/Iu ObI cTapIue TOBAPUIIY, YUC/IO0 IIepecedeHuil paBHO YUC/y WHBEPCUi B IiepecTaHoBke. Tak u
Oy/1IeM TOBOPHUTD JIaJIbIIIe.

Hanpuwmep, 12345 — ner uaBepcuii u Her nepeceuenuii, 21345 — ojua unsepcus (2 u 1), 43152
— 6 muBepenit (4u3,4ul,4u2 3ul,3u2 5un2). Hanbosbiee KosmaecTBo nHBEpCHii OyerT,
€CJIM HAITMCATh YUC/Ia 33J10M Hanepéa: 4321, kakue jBa ducja He BbIOepu — O0Jibliiee Oy/IeT CTOATD
panbine. To ectb unBepcuii B noceaneM npumepe 10, a B obmem ciaydae — C2.

Kak mocunrarh 9nc/io mepecTaHoBOK € 3aJaHHBIM KoJimdecTBoM mHBepcuii?! Ilomoiiiém K 3amade
UHAYKTUBHO. B GuUrypHbIX cKOOKax OyaeM yKa3blBaTh pa3jddHble IEePECTAHOBKH, a B KBaJIPaTHBIX
[IePEYUC/IUM KOJIMUECTBA MePecTaHoBOK, nMeromux coorsercrsenno 0, 1, ... C? unsepcuii.

Nrak, e uHCTBEHHBIN 3/IEMEHT MOYKHO PaCIOJIOKHUThH €JNHCTBEHHBIM 00Pa30M, U Y HAC €CTh OJTHA
[epecTaHOBKa C HYJIEBBIM YUCJIOM HHBEPCHIA.

{1} [1]

Hobasiisiem BOMKY — €€ MOXKHO JI06ABUTH B HAYAJIO U B KOHell nmMerorreiics nepecranosku {1}. Ona
U3 TOJIYYEHHBIX [TepeCTaHOBOK Oy/ieT 0e3 WHBEPCHUi, JIpyrasd — C OJIHON MHBEpCHEii.

{12} , {21} ; [L,1]
—~ =~

0 maBepcuit 1 nHBepCcus

JlobaBJisieM TPONKY — €€ MbI MOYKEM IIOCTABUTH B JII000E MECTO KarKJI0# 13 UMEIOIINXCS I€PEeCTaHOBOK.
Tpoiika 60JIbIIIe BCeX MMEBIIUXCSA PaHee UUCcesI, IIO9TOMY €CJIU MOCTABUThH €€ Ha IOC/IeHee MeCTO —
HOBBIX MHBEpPCHii He J00ABUTCsI, €CJIN IOCTABUTEL Ha MPEJIoc/ieinee (Ha BTOpoe) — JI00aBUTCS OJHA
MHBEPCHUs, a €C/Id Ha IepBoe — OymeT mroc ape napepun. OJiHa mmepecTaHOBKA ¢ HYJIEM WHBEPCHIA,
JIBE TIEPECTAHOBKH C OJIHOM, JIBE ITePECTaHOBKU C JBYMd, OJTHA MIEPECTAHOBKA ¢ TpeMd. 10 eCThb:

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

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

Tax 2ke OyJ1eT TPOUCXOIUTH JT0OABJIEHIE HOBOI'O YHCIa 1 B OOIIEM CJIydae: YUCI0 N MOXKHO ITOCTABUTD
Ha JII000e MEeCTO, U B 3aBUCHMOCTH OT MecTa K uHBepcusim jpobasurcst +0, +1,42, ..., +(n—1) mryk.
To ecTh HA HOBOM INIare MepecTaHOBKA ¢ | MHBEPCHAMU IIpeBpaIaeTcs B n mnepectaHoBok ¢ [+ 0,1 +
1,0+ 2,...,0+ (n—1) uEBEpCUIMU COOTBETCTBEHHO.



[TocmoTpuM, Kakue 1ncia MoIydaanch B KBapaTHBIX ckoOKax. Harmuiem 3Tu 1moc/ieioBaTe/ibHO-
CTU OJHY IIOJ, JAPYTO:

11
1221

Bech B n-if cTpoke (HyMmepamus HaumHaeTcd ¢ 1) mpusoaarces uncna PX ana k = 0,1,...,Ck pasubie
KOJINYECTBY MIEPECTAHOBOK U3 N YUCEN ¢ Kk UHBEPCHUSIMH.
Benomunast, Kak TpOUCXOUT J100aBIEHNE HOBOTO N, TIOJIYIUM

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

JlelicTBUTEIBHO, Pff_l — KOJIMYECTBO MEPECTAHOBOK M3 (n — 1) wmces1, B KOTOPBIX ykKe ecTh k
UHBepCHil. B HUX MBI BBIHYZK/IEHBI TOCTABUTH HOBOE N Ha ToceaHee Mecto (+0 naBepcnii). Pas mbl
CTAaBUM 1 Ha €JIMHCTBEHHO BO3MOYKHOE MECTO, KOJIMIECTBO MEPECTAHOBOK HE M3MEHUTCSI.

Hamee, Pf:ll — KOJIMYECTBO MepecTaHoBoK ¢ (k—1) uaBepcueii, u, 4T06bl 106aBUTH HEJIOCTAOILYTO,
MBI BBIHY?KJIEHBI CTABUTDH 1. HA MpeJnocieanee Mecto (+1 uaBepcus).

IIponoikaem Tax BiIoTh 10 PP noromy uro moGasuts Gosbmre (n — 1) MHBEPCHE HEIb3sL.
Bcero nontyuaercst n ciaraembix. I3 apyrux mepecTaHOBOK PeIbIIYINEl CTPOKU Mbl HUYErO HOBOTO
MOJIYIUTH HE CMOYKEM.

Bamernn, uto P;* = 0, Tak kKaKx He GbIBaeT IEPECTAHOBOK C OTPUIATETBHBIM HCIOM HHBEPCHIl,
KaK 1 He MOYKET OBbITh ePeCTaHOBOK CO CUIIKOM 60/1bimM (6osbine yem C?) KoJMIecTBOM NHBEPCHIL.

Urak, nMeeM cJie/Iyomuil criocob mocTpoenust Kojiekuu Pr.

[IepBag crpouka:

.0 00 0001000000 ...
—~

—

ITo cTpouKe 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:
...000000110000060 ...

—

[To meit Gymer mo3Tu okHO TpuHON 3. CjI0KeHne MOMaBIIX B OKHO YHCEJT JACT TPEThIO CTPOKY:

...00000122100000 ...

—

[To meit MOMOM3ET OKHO MIMPUHON 4, U TaK Jlajiee, 9TOObI MOJYIUTDb N-10 CTPOKY, Hy?KHO CKJIa/IbIBATh
7. CTOSIIITUX TIOJPSIJT, IUCET TTPEIbLIYIEN CTPOKH.
Boimumem (6e3 mysieit) nepeble 6 CTPOK Halleli KOJUIEKIME U BBIOEpEM B Hell HyskHoe nam Py :

1

11

1221

1356531

1491520222015941
151429497190 101 10190 7149291451



Bamernm, 9T0 CyMMa Yuces B KaxKJoi cTpoke paBHa n! (0bInee YHCIO0 HepecTaHOBOK ).

B-2

Ecrb nBa psiia — BepxXHUiT 1 HUKHUIA, KaxKIblil n3 6 Tovuek (cM. pucynok). [IpoBomsar orpeskn c
KOHIIAMU B TIPOTHBOIIOJIOYKHBIX PSIaX TaK, YTOOBI U3 KaxK/JO0NH TOYKH BBIXONJ POBHO OJUH OTPE3OK.

CKOJIBKO CYIIECTBYET CIIOCODOB IPOBECTU OTPE3KHU, YTOOBI CPEJId BCEX IAap OTPE3KOB OBLIO POBHO 8
ap MepeceKaroIXcs OTPE3KOB?

OTser: 101
B-3

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

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

B-4

Ecrb nBa psijia — BepXHUIT M HUKHUIA, KaxKblil u3 6 Toyek (cM. pucynok). [TpoBomgar orpesku c
KOHIIAMH B IIPOTUBOIIOJIOKHBIX PsJIaX Tak, YTOOBI U3 KaXKJI0W TOUYKH BBIXOJIU POBHO OJMH OTPE30K.

CKOJIBKO CYIIECTBYET CIIOCOOOB IIPOBECTH OTPE3KHU, YTOOBI CPEIN BCEX Iap OTPE3KOB OBLIO POBHO 6
ap IepeceKaronuxcsi OTPE3KOB?

OTset: 90



JIOMOHOCOB - 2022-23. MATEMATHUKA.
Kpurtepun nposepku. 11 kiaace

3apauya Ne 1 (15 6a/u10B) baJs
[TpubnmxeHHoe peleHre Ipyu BEpHOM OTBETE (B T. Y. C UCIIOJIb30BAaHUEM 3HaKa ‘=) uau 10
OKpYIJICHUE HE B TY CTOPOHY Ha MOCJIeIHEM IIare penieHus

3apaua Ne 2 (15 6a/u10B) baJsa
Apudmernueckas omrOka B KOHIIE pelIeHus (TIPH 3TOM BEPHBI OTBET HE MOJyYeH HU B KakoM | 10
BUJIC) Wiy B IPOIIECCE PELICHHUs YITyIeHa TOYKa
YKa3aHo, 4TO pelIeHHsI BO3MOKHBI TOJBKO MPU IKCTPEMAIIbHBIX 3HAYCHHUIX CUHYCa, KOCHHYCa 5

3agaua Ne 3 (15 6ass10B) baan
Het nposepku, cesizanHoi ¢ OJ13 10
BepHblii oTBET yragan 5

3agaua Ne 4 (15 6a/10B) bas
OnuH ciyyail mocne10BaTeIbHOCTH JUIMH CTOPOH PACCMOTPEH MOJTHOCTHIO, IPYTOil YIOMSHYT 15
OnuH cimyyail mocne10BaTeIbHOCTH JUIMH CTOPOH PACCMOTPEH MOTHOCTHIO, IPYTOil HE YIIOMs- 10
HYT (la)ke Ipy HAJIMYUU apu(pMETHYECKON OLTHMOKH)

3agaua Ne 5 (15 6ass10B) baan
[TpaBUJIBHBII OTBET IPU HEIOCTATOYHOM OOOCHOBAHUH (B T. 4. CIOJIH30BAHUE 3HAKA ‘=) 10

3agaua Ne 6 (15 6as1;10B) baan
HaiineHno 0J1HO 13 IBYX KJIKOUYEBBIX COOTHOIIEHUN 10

3agaua Ne 7 (15 6as10B) ban
[TepeGop ¢ BEpHBIM OTBETOM 15
ITepeGop 6e3 BepHOTO OTBETA 5

3agaua Ne 8 (15 6ass10B) baan
[TpuBeneno coodpaxkeHne 00 MHBEPCHSX U MEPECEUCHUSIX (MHbIE CYIIECTBEHHBIC IPOABIKCHHS 5

OLICHUBAIOTCA I/IHIII/IBI/I,Z[yaJIBHO)

[Ipu nonyyenun cymmsl 6amuioB, 6ombiueit 100, yaactHuky cTaButcs onenka 100.




