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

BaksrounresbHbiil dran 2021 /22 yuebuoro roga st 10 kiacca

Samaua 1. Haiiure HamMenblliee HATypaJbHOE YHUCTIO, O0JIaJAIONIee CJACTYIONIUM CBOMCTBOM:
OCTATOK OT €ero Jiejiennd Ha 20 Ha eJIUHUILy MEHbIIIe OCTaTKa OT ero JiejieHud Ha 21, a ocTaToK OT ero
JleqeHnsd Ha 22 paBeH 2.

OrBet: 838.

Pemenne. Vckomoe uncio pasuo 20k+a =21l+a+1=22m+2, tne 0 < a <19 ul,k,m > 0.
I3 epBoro paBeHcTBa U cpaBHEHUs 110 MOy 0 20 mosydaem, uto [+ 1 = 0 (mod 20). Tax kak wurem
HauMeHbIIIee YnCcJIo, TO nonpodyem [ = 19, eciin 910 | He 110101 1€T, TO pacemorpuM [ = 19 + 20 = 39
u Tak jajee. Nimem nckomoe unciio B Bujie 21 - 19 4+ a + 1 = 22m + 2, cpaBHUBaEM 110 MOJIYJIIO 22:
3+a+1=2 (mod 22), crenoBarensro, a = 20 (mod 22), uro HeBo3MOKHO. Terepnb uieM HCKOMoe
qucsio B Buzie 21 -39 4+ a + 1 = 22m + 2, 3naqut, 5+ a + 1 = 2 (mod 22), 1o ecth a = 18 (mod 22).
Yucio 21 -39 + 18 + 1 = 838 yioB/IeTBOPLET YCJIOBHUIO U HAUMEHBIIEE 110 TTOCTPOEHUIO.

Bapaua 2. Tpeyroabhas nupamujka, Bce péopa KOTOPOH UMEIOT JInHy 6 CM, CTOUT HA ILJIOCKOM
croste. [ImpaMuKy mepekaTbIBaIOT IO CTOJIy 4Yepe3 pédopa 6 pa3 TakuM o0pasoM, UTO OJHA U3 eé
BEPIIMH BCE BPEMsi OCTAETCs HEIOBUKHOM, TTPU 9TOM JIBa pas3a MOJIPsJ] Yepe3 OJIHO U TO Ke pedpo
UpaMUJIKy He IepeKaTbiBaioT. Haiiiure JimHy TpaeKTopuu, 0 KOTOPOIi 38 BPeMs 9THX HepeKaTbl-
BaHUIl TlepeMeIaeTcs MOJBUKHAs BePIIUHA TUPAMU/IbI.

Orser: (m — arccosy) - 124/3 cu.

Pemntenune. O6osnaunm nupamuiky ABCD. Ilycrs A — HenonBuzKHasT BEPIIUHA, a BepinHa [
B HaYaJIbHBII MOMEHT He KacaeTcs MOBEPXHOCTHU cToja. [IycTh mepBoe nepekarbiBaHue OCyIecTBIIsd-
ercs gepe3 pebpo AB. Beprmmaa D 1ipym 9TOM IepeKaTbIBAaHUU TePEMeIaeTcs 1Mo JIyre OKPYKHOCTH
¢ menTpoM B cepeanne H pebpa AB u pagmycoM, paBHBIM arnodeMe MAPAMEIKH, TO €CTb 3v/3 CM.
[To Teopeme xocumycos u3 Tpeyroiabunka C'DH mnaxomum, aro cos ZCHD = %, [IO9TOMY Ha JIyTy

OKPY2KHOCTH, IIO KOTOpOfI ABU2KETCA TOIKa D, OIIpaeTCcd HeHTpaﬂbeIﬁ yroJ BEJIMYUHON T — arccos %

3HauuT, JUIMHA 9TO 1yrn paHa (7 — arccos 1) - 3v/3 o

[Ipu BrOpoM nepekarbiBanuu (depe3 pe6po AD) mouka D ocraercst HEIOJBUZKHON, IIPH TPeTbheM
(uepe3 pébpo AB) HpOXOIUT 1O JIyre TaKOil »Ke JIJIMHBI, KAK TP II€PBOM IE€PEKAThIBAHUH, a CJIe-
Ayromue Tpu IepeKaTbiBaHUA ITPOUCXOJAT aHaJIOTMIHO IIE€PBBIM TpéM, 1 B pe3yJibTaTe IIHpaMuIKa
BO3BpAIIAETCsl B UCXOJIHOE TOJIozKeHre. [Ipu 9ToM Touka D epemernaercs o TPaeKTOPUU JIMHOL
4 - (m — arccos 1) - 3v/3 cu.

Bamaua 3. Haitnure tpu nocienane nudps! uncia 102922 — 92022,

Orser: 119.

Pemenne. Tax kak A = 102022 — (10 — 1)*°** = 102022 - 10222 420221022 — C2,,,- 1022+ . .+
C3rop - 10% — C210y - 10% + Clyny - 10— 1, 1o A (mod 1000) = — 59, - 100 + Clypy - 10 — 1(mod 1000) =
— 20222021100 1 20220 — 1(mod 1000) = —100 + 220 — 1 = 119.

Bamaua 4. [lo okpyxuoctu Bbincanbl 2022 eaunuiipl. JIBa Urpoka XOoggT 10 odepen: 3a OJUH
XOJI UTPOK CTHPAET J[BA COCEHUX UUC/Ia M3 HAIMCAHHBIX U MUIIET BMECTO HUX UX CyMMYy (OJIUH pas3).
BoiurpeiBaer ToT, KTO mosiyauT qucio 4. Eciaum B KOHIle UTPBI OCTAETCs OJHO HUHUCJIO, HE paBHOE 4,
UI'pa OKAHYMBAETCd BHUYBIO. MOXKET JIm KTO-TO M3 UI'POKOB 00ECHEYUTh cede Mmobdery, U ecJii j1a, TO
KaKuM 0o0pas3om?

OtrBer: Briurpaer BTopoii.

Pentenne. Bomrpeisaer Bropoit. CTparerusi: OBTOPATH XOJIbl IIEPBOI'O0 UT'POKA CUMMETPHUIHO
OTHOCHUTEJILHO IEHTPa OKPYZKHOCTH J0 TeX IIOP, ITOKa IIOCJIe X0/1a IIEPBOro NTPOKa He BOSHUKHYT JIN0OO
JIBE COCEJICTBYIOIINE JIBOIKM, JIMOO TPOIiKa, COCeCTBYIOIIas ¢ eaunuieil. B stux ciydasx BTOpOi
UT'POK TIEePEXBATHIBACT UHUITUATUBY U MOOEXKIAET.



[Touemy Takme cuTyamumu HEIIPEMEHHO IOJIXKHBI BOSHUKHYTH! [loueMy Mrpy HeIb3s CBECTH K HU-
ubeit? /laBaiiTe mpejcTaBuM, 9TO Ha IOJIE MOKa €IIE HeT duces OoJiblle AByX. Ecam urpa magr, To
PaHO MJIM TTO3/THO JIOJIZKHBI TOABUTHCA IUCIa, OOJIbIINe ABYX. Kak 310 npousoiiaér? 13 euHult u a8o-
€K MOKHO CJIOXKHUTD JIN0O TPOIKY, 1100 4eTBEPKY. UeTBEpKa CKJIaIbIBACTCS U3 ABYX COCEJICTBYIOIIIX
JIBOEK 1 IPUHOCUT 1100e 1y. Ecin mociie Xo1a mepBoro urpoka Ha 1oJie HeT 2 2, TO U IOCJIe 3epPKaJIbHOro
X0/1a BTOPOTO 2 2 Ha I0Jie He TMOogBUTCA. Kcm nepBbIil 1omycTn 2 2, To BTOPOii MOOeXK 1aeT.

SHaYUT, pacCMOTPUM TPOTKY. YT0OBI TPOiiKa He ITpUBea BTOPOTo K 1mobejie, Hy»KHO, ITOOBI ¢ Heit
He COCeCTBOBAJIA €IUHUIA, TO €CTh Ha IoJie Hy»KHO codeTanne 2 3 2. A Kak MOIJIO BBIIVIAJIETH 9TO
noste xoi Hazaa? 2 (2 1) 2, onsdTh moJiydaeM JBOMKH 110 COCEJICTBY.

[TosToMy 1OsiBIIEHUST TLJIOXOM It cebsi KOMOMHAIIMN TIEPBBIii UTPOK U30e:KaTh HE MOXKET.

Bagada 5. Yuciao a takoBo, uTo ypasHenue t° + 4t + 4t + a = 0 mMeeT TPH JICHCTBATEIBHBIX
KopHs < y < z. Onpenenure, KaKnue 9UCJIOBbIE 3HATEHUsT MOYKET TPUHUMATEH BBIPAXKEHIE

A=a®—4y* —42° — 4y — 42 + 32,

OrBer: (14%; 16) .

Pemenne. Ilycrs P(t) =3+ 4t +4t+a=(t —z)(t —y)(t —2). Torma z +y+2 = —4, 2y +
yz + xz = 4,xyz = —a (310 NOJIyUaeTCcst WM 1o TeopeMe Buera, WM MpsiMbIM CDABHEHUEM JIEBOH U
npagoit uactu). Janee A = 23 —4y? —422 —4y—42+32 = (—4a? — 4z — a) —4y* — 422 —dy—42+32 =
A2+ P+ ) A+ y+2)—at32=—4(x+y+2)°+8(xy +yz+22)—4 (z +y+ 2)—a+32 =
—4- (—4)2 +8-4—4-(—4) —a+32 = 16 —a. OcTasoch BBISICHUTD, IIPU KAKAX 3HAYCHUSIX & JTAHHOE KY-
GIraeckoe ypasBHEHIe IMeeT TPH Pa3/IMIHbIX KOPHs. 3alniineM ypaBHeHne B Buje a = —t° —4t2 — 4t =
—t(t+ 2)2 U HaiijieM S5KcTpeMyMbl (DYHKIMK B TIPaBoil YacTu (HampuMep, ¢ TOMOIIBIO TPOU3BOJIHOI,
XOTsI MOXKHO 0boiiTuchk u 6e3 Heé). [lomyaaercs, aro sra yHKINS UMeeT JIOKaIbHbIH MuanMyM 0 B

32

TOYKe { = —2 U JIOKAJIbHbIl MaKCUMyM 5= B TOUKe [ = —2 1o 03HAYAET, YTO 3 PABIMIHBIX KOP-

He y ypaBHEHUd OyJIeT 1P a € (0; ;—3) . 3naunt, A = 16—a € (16 — %; 16) = (143—3; 16) = (%; 16) :

Bapauva 6. Haiijiure KoOp/MHATHI BCEX TOYEK ILJIOCKOCTH, KaKJas M3 KOTOPBIX PaBHOY/IAJIEHA
OT BCEX TOYEK IlepecevdeHus Mapadosi, 3aJaHHBIX B JEKapPTOBOIl CHCTeMe KOOD/IMHAT Ha IJIOCKOCTH
ypasrenuamu y = 222 — 1 u x = 4y* — 2.

OrtBer: (%;}l).

Pemenune. 1306pa3uB napadosbl ¢ JAHHBIME yPABHEHUSMH, JIETKO 3aMETHTb, YTO OHU HMEIOT
4 obrue TOYKU. 3HAYUT, PABHOYIAJIEHHAS OT HUX TOYKa MOYKeT ObITh MakcuMyM ojHa. lepernuriem

2_ 1 1_ 2 _ 1 1 _
ypaBHEHUd napabon B Bujie r° — 5y — 5 =0n y* — ;0 — 5 = 0 u cinoxum. Ilonyanm ypasuenue

11 1\2 1\? 69
2 2

Cr—y—1=0<= (z—= o) =2
Ay vy rog) T 1 64

DT0 ypaBHEHHE OKPYZKHOCTH C IIEHTPOM (%; %) paauyca —fg, U eMy yJAOBJIETBOPAIOT KOOPJAUHATHI BCEX

TOYEK IepecevdeHus 1apadoJ, a IMeHTP OKPYKHOCTHA PABHOY/JIAJIEH OT STUX TOUYEK IIepPecevdeHms.

Bamaua 7. Ectb HEKOTOpOE KOJIHMYIECTBO OJMHAKOBBIX IEII0(DAHOBBIX IAKETOB, KOTOPhIE MOXKHO
BKJIQJIBIBATD JIPYT B Jpyra. Kciam BHYyTpHM OJHOTO M3 MAKETOB OKA3aJUCh BCE OCTAJIbHbBIE TAKETHI,
Ha30BEM TaKYIO CUTYAINIO «IIaKEeTOM ITakeToB». [locunTaiiTe, CKOJIBKUMHU CIIOCOOAME MOYKHO CJIOYKUTH
«ITaKeT MmaxeToB» u3 10 makeTos.

Iosacnenue. O603HaUUM CKODOYWKAMU NAKEM.

Ecau y nac 6vun 00un naxem, mo cnocod caoscums «nakem naxemoss ecezo odu: ().

Jlsa naxema mosice modtcno caodrcums ecezo odnum cnocobom: (()).

Tpu naxema mootcro caoorcumsv dsymsa pasnvimu cnocobamu: (()()) uw ((())), u m.o.

Iopadox naxemos enympu naxema wesasrcen. Hanpumep, sapuanm ((())()) ne omauuaemcs om

(0C0))-
OTBer: 719.



Pemenne. Eciu II,, obo3Havaer 9uc/io criocoOOB Jijisd n MAKETOB, TO:
H1 - 1,H2 - 1,H3 - 2,1_[4 - 4,1_[5 == 97H6 = 20,H7 - 4871_[8 = 115,1_[9 = 286,

HlO - 719

Pemraercsa 3amada nmepebopom BapuanToB. Hanpumep, eciin BosbMmém Il :

Il = Py + P3s + P, + Py, tiie P, — 49ucio criocob0B, COOTBETCTBYIONINX CJIyYalo, KOT/la B KOPHEBOM
HaKeTe HAXOJMUTCs k MaKeTOB.

P, =1, cioco6 Beero omua: (()()()())-

P =1, cnoco6 Toxe omut: ((())()())-

P, = 3, ciocoboB pazouTs 4 makera Ha 2 Kydku aBa: 3 u 1, 2 u 2. [lepomy cnioco0y cooTBeTCTBYeT
(IT3()) — mBa Bapumanta, Bropomy crocoby — oaun Bapuast, ((())(())).

P, = Tl4 crioco6os: (I1y).

B cymme momygaercs 14-14(2+1)+4=9.

C pocToM n BO3HUKHYT CJIydan, KOTJa HAJI0 BHUMATE/IbHO OTHOCUTHCS K KoMOmMHATOpuKe. CKaxKeM,
8 makeroB MOxkHO pasmectuth Tak: (II3 I3 I1;), a moxknuo Tak: (II3 Iy IIp). Bo Bropom ciyuae 510
oyner Ilg -1l - Iy = 2-1-1 = 2 criocoba, a B ieppom — He I3 - [I3 -1y =221 =4, a na camom
JIeJie BCEro TPH, MMOTOMY YTO MOPSIIOK PACIIOJIOKEHUS TPOHHBIX TAKETOB HE BAXKEH.



Mocxoeckutl 20cydapcmeentvill ynusepcumem umeny M. B. Jlomonocosa
O.TII/IMHI/Ia,Z[a. MIKOJBHUKOB «JIoMOHOCOB» IO MaTeMaTukKe

Baksounresnbubiit aran 2021 /22 y4uebnoro roja s 9 Kiacca

3amaua 1. Ha rpansgx mecTurpanHoro urpajbHOro Kyouka paccrapjienbl uucia 1, 2, 3, 4, 5 u 6.
Kybuk 6pocatot,  oH majiaet Ha cTo. [locse 3TOro BUAHBI Ymcia Ha BceX IPAHAX, KpoMe oHOi. Huc-
Jla Ha TATH BHAMMBIX IPaHAX MepeMHOXkaTcsd. Haliiure BepoSTHOCTb TOTO, UTO 3TO MPOU3BEJCHUE
nesmTcs Ha 16.

OtBeT: 0,5.

Pemeramne. Eciu Ha HeBUANMON I'paHU HEYETHOE UHUCJIO, TO B MPOU3BEICHUN MATH OCTABIIIXCS
quce/1 mpucyTcTByIoT 2, 4 u 6, u ono aenurcd na 16. Kcan na meBuamMoil rpanu 4€éTHOE YHUCJIO, TO
MIPOU3BEJIEHHE OCTATbHBIX MATH TGP HA 16 He JeJIUTCA — B €70 PA3JIOYKEHUN HA TTPOCThIE MHOKHUTETN
He OyJeT JeThIPEX JIBOEK.

3amaua 2. Haiiure KoM4ecTBO HATYpaJbHBIX 4Yuces, He npepbinraommux 2022 u He BXOAAIINX
HU B apudMeTHYecKyIo mnporpeccuio 1,3,5, ..., o1 B apudMeTHIeCcKyIo mporpeccuio 1,4,7, ...

OTBer: 674.
Penternue. DTu jBe mporpeccuu 3a1al0T 9ucaa BuAa 1 + 2n u 1 + 3n. 910 03HAYAET, YTO UCKO-
Mble YHCJIa ecTh Yucaa Buga 6n u 6n — 4, n € N. Tak kak 2022 xkparno 6, To yucesa Bujga 6n oyiaer

% = 337, u uncesn Buga 6n — 4 OymeT cTONIBKO Ke. SHAUUT, Bcero uncena 337 - 2 = 674.

Bapaya 3. Haitnure Tpu nociennme nudper uncaa 102922 — 92022,

Orser: 119.

Pemernnme. Tax kak A = 10222 — (10 — 1)** = 102022 102022 +2022-10%%' — C3,,,- 1022 .. +
C3rpy - 10% — C210y - 10% + Cliny - 10 — 1, 10 A (mod 1000) = — O35y, - 100 + Clypy - 10 — 1(mod 1000) =
— 20222021100 4 2220 — 1(mod 1000) = —100 + 220 — 1 = 119.

3amaua 4. CemeiictBo lypcreit ckpoiBaer ['appu IloTTepa Ha ocTpoBe, KOTOPBIH HAXOAUTCS HA
paccroguuu 9 KM ot Oepera. Beper npsmosuneiinbiit. Ha Gepery, B 15 kujaomerpax oT TOH TOYKH
Oepera, KoTOpas OJIMzKe BCEr0 K OCTPOBY, HAXOUTCH Xarpu/i Ha BOJIIEOHOM MOTOIUKJIE, U OH XOYeT
nobparbes 10 lappu Kak MOKHO GeicTpee. [1o mobepeskbio MOTOIUKIT €IeT CO CKOPOCThIO 50 KM/ gac,
a HAJ MOPeM JIeTUT co cKopocThbio 40 kM /wac. [lnan y Xarpuga takoii: cHadasa npoexatb X KHIO-
MEeTPOB O MOOEPEXKbIO, & TIOTOM B3Th KYyPC HAIPIMUK Ha ocTpoB. Kakoe 3Hadenne X HaWIydIIIM
00pa30oM MOAXOMUT /s Heseil Xarpuaa?!

OrBet: 3.

Pemenne. Ilycts A — touka, orkyaa eger Xarpua, B — octpos, a C' — ToUKa, re MOTOIUKJIT
MOBepHYJI B MOpe. Bpems moe3iku t = % + Z—OC = pAC +¢BC = q(%AC + BC), tae p = %, q= ﬁ.
3HauuT, MBI CTPEMUMCH MUHUMHU3UPOBATH §AC’ + BC. Ormerum na 6epery mpoU3BOJIBHYIO TOUYKY
D, moctpoum Ha AD Kak Ha JuaMeTpe OKPYKHOCTh pajmyca ¢ - s : 2 (s mpousBosbHOe). Hapucyem
OKPYZKHOCTB € IEHTPOM B D ¥ PAJTUYCOM p - S, IYCTh 9TA OKPYKHOCTH TEPeceKaeT MepByIo Ha CYIIIe B
touke F. Ha npamyio AE omycrtum nepuenaukyasip BF, u on Oyaer nepecekarb OeperoByio JIMHUIO
B Hamyumeil Touake C'.

Jlokazkem, 910 §AC + BC vmanmasipao. 13 nogobus tpeyronpaukos AFC' uw AE D cienyer, 9To
CF/AC = DE/AD = §> CF = %AC’, TO €CThb §AC + BC = BF. Eciu B3a1b Ha mobepezkbe JH00yIo
JIpPYTyIo TOYKY M ¥ ONEHHTH §AM + BM, TO NOJIyUYUTCS CJeIyIoIee. §AM +BM = KM + MB,
rne KM — nepnenaukynsap u3 K na AE. A B cBoio ouepens KM + MB > BK > BF.

[Tycte L — Gmkaiinmas k octpoBy Touka Oepera. Tpeyrombuukun BC'L u AC'F nonobubI, OTKy12

CL= %. Cnenosarenbuo, CL =12 u AC = X = 3.

3amaua 5. Haiijure Bce 3HadeHus T, MPU KaxKJIOM U3 KOTOPBIX CpeJ/iHee U3 TPEX Yuces

a=2%—100z, b=2a"—16, c=x+20— 2>



HOJIOKHUTENBHO (cpednum W3 TPEX JAHHBIX YUCeN a,b, c Ha3bIBAeTCs YUCIO U B TPOike u < v < w,
[OJIy4aeMOii B pe3yJibTare yIopsaI0UYeHHsl JAHHBIX YUCe] TI0 HECTPOIOMY BO3PACTAHUIO).

OtBeT: —10<2<0,2<2x<5,z>10.

Pemternne. Cpegnee u3 Tpéx 4uCesI MOJOKUATEIHHO TOT/IA U TOJIBKO TOIJIA, KO MTOJTOXKHTE/THHBI
X0Tsl OBl IBa W3 TPEX dmces. Pelrast cOOTBETCTBYIOIIYIO COBOKYIHOCTD U3 CHCTEM JBYX HEPAaBEHCTB,
1IOJIy4YuM OTBECT.

Samaua 6. Touka A Ha ILIOCKOCTH HAXOIUTCS Ha OJIMHAKOBOM PACCTOSHHM OT BCEX TOUEK Iepe-
ceveHus JByX napaboJi, 3aJJaHHbIX B JIEKAPTOBON cucTeMe KOOPJMHAT Ha ILJIOCKOCTH YPaBHEHUSIMU

y = —32%4+2m x = —4y? + 2. Haiinure 310 paccrosnme.
Orser: Y007,

24
Pemenune. 11300pa3uB mapabosibl ¢ JJAHHBIME YPABHEHUSIMU, JIETKO 3aMETUTh, YTO OHU MMEIOT

4 obmue TOYKH. 3HAYUT, pABHOYIAIEHHAS OT HUX TOYKA MOYKET OBbITh MaKCUMYM ojHa. [lepenurem
ypaBHeHHd HapaboJ1 B BHJe 12 + %y — % =0uy?+ }Lx — % = 0 u cnoxkuMm. [lomyanm ypaBHeHHE

SIS S +12+ +12 697
YrgtT3v g é 8 Y75 576

1._1 V697

9TO ypaBHEHHE OKPYKHOCTH € HMEHTPOM (—57 _6) pajguyca *2=, U eMy YAOBJIETBOPSIIOT KOOPINHA-
Thl BCEX TOYEK Iepecedenus 1mapaboj, a HeHTP OKPYZKHOCTH YJIAJEH OT 3TUX TOYEK lepecedeHus Ha
paccTogHUe, paBHOE PAINYCYy OKPYZKHOCTH.

3amada 7. Ecrb HEKOTOpPOE KOJUYECTBO OJMHAKOBBIX MME/JI0MAHOBBIX IAKETOB, KOTOPHIE MOXKHO
BKJIQJIbIBATH JAPYT B Jpyra. Kciam BHYTpPHM OJHOIO M3 TAKETOB OKa3aJ/IMCh BCE OCTAJbHBIE MaKeThl,
HA30BEM TAKYIO CHTYAIUIO «IIaKeTOM MakeToB». [locunTaiiTe, CKOILKIMHU CIIOCOOAME MOYKHO CJOYKUTD
«ITaKeT makeToBy m3 10 makeTos.

IHoacnenue. Ob603HawUM CKOOOUKAMU NaAKEM.
Ecau y nac 6via 0dun naxem, mo cnocob cAoscums «naxem nakemoss» ecezo 0du: ().
Jlsa naxema mostce MOHCHO CA0AHCUMD 6ce20 0dHuM cnocobom: (()).
Tpu naxema moscHo caoscums dsymsa pashuimy cnocobamu: (()()) v ((())), v m.d.
ITopsadok naxemos enympu naxema wesaxcen. Hanpumep, eapuanm ((())()) He omauvaemes om
(0€0))-
Otset: 719.
Pemienne. FEciau 11, obo3na4daer 4uc/io criocobOB Jijisi N MAKeTOB, TO:

M =1,1l, = 1,113 = 2,11, = 4, IT; = 9, TI = 20, IT; = 48, IIy = 115, [Ty = 286,

IT,y = 719.

Pemaerca 3amaua nepebopom BapuanTos. Hanpumep, eciu Bo3bMém ;5 :

IIy = Py + P3 + P, + P, tne P, — 4duciio cnocoboB, COOTBETCTBYIONIUX CAyYal0, KOTJla B KOPHEBOM
MaKeTe HAXOAUTCA Kk TAaKeTOB.

P, =1, cioco6 Beero ogun: (()()()()).

P3 =1, cioco6 Toxe ommu: ((())()()).

P, = 3, ctiocobos pa3duTh 4 nakera Ha 2 Kyuku ABa: 3 u 1, 2 u 2. [lepBomy crocoby cooTBeTCTBYET
(II3()) — nBa BapmanTa, Bropomy crnocoby — oxnn Bapuant, ((())(()))-

P, =11, criocobos: (I1y).

B cymme noayuaercs 1+1+4(241)+4=9.

C pocToM n BO3HWKHYT CJIydYaH, KOTJA HAJ0 BHEMATEJIHHO OTHOCUTHCS K KoMOmHaTopuke. CKaxKeM,
8 makeroB MoxkHO pazmectuTh Tak: (II3 I3 I1;), a moxnuo Tak: (II3 Iy IIp). Bo Bropom caygae sto
oyner Ilg -1l - Il = 2-1-1 = 2 crocoba, a B mepom — ue 13 - I3 -1y =2-2-1 =4, a na camom
JleJie BCEro TpH, MOTOMY YTO HMOPSI0K PACIOIOKEeHHd TPOITHBIX NAKEeTOB He BarKeH.
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Mocxoeckutl 20cydapcmeentvili ynusepcumem umeny M. B. Jlomonocosa
O.TII/IMHI/Ia,Z[a. MIKOJBHUKOB «JIoMOHOCOB» IO MaTeMaTuke

BaksoanTesapubiii oran 2021 /22 y4uebHoro roja Jyuisi 7-8 Kjiaccos

Banauya 1. Tpu apyra-mranrucra A, b u B npuexanu Ha copeBHoBaHus. OHH BCe COPEBHOBAJIUCH
B OJIHO¥ BecOBO#l KaTeropuu, ¥ OJMH M3 HUX CTaJ mobeauteneM. Eciau Bec, HOTHATBHIN MITAHIUCTOM
A, c0XKUTH ¢ BECOM, MOIHATHIM IITAHTUCTOM B, momyuntes 220 Kr, ec/iu CJIOXKHTH Beca, MOTHATHIE
mraaructamu A u B, 1o monyunresa 240 Kr, a ecam CJI0XKHUTH Beca, MOAHATHIe mTanrucramMu b u B,
o moayunTces 250 kr. Kakoit Bec momasan mobeauTe/ib COpEBHOBAHMIA !

OtrBeT: 135.
Permenune. Cymmva Tpex BecoB pasaa (220 + 240 + 250)/2 = 355. [Tosromy B nomasa 355 — 220
= 135, b mognsr 355 — 240 = 115, A mogusan 355 — 250 = 105. [Tobequn B = 135.

3amaua 2. CKOJbKO pellleHHil B IeJIbIX YHC/IaX UMeeT ypaBHEHUE

OtBeT: H3.
Pemenne. l36aBisisichb or 3HamMeHaTeseil, HoJaydnM ypaBHEHHE

(z — 2022)(y — 2022) = 20222

[Tockoabky 20222 = 22-32.3372, To unciao x — 2022 Moxker nMeTh MHOKATETHL 20, 21 22 — Beero Tpu
BapuaHTa. AHAJOTHYIHO ¢ OCTAJIbHBIMU MHOXKHUTEIIMU. ¥ unciaa r — 2022 moxydaerca 3 -3 -3 = 27
BO3MOYKHBIX HATYPaJIbHBIX 3HAUEHUN, TO ecTh 54 1eJsblX 3HaYeHud. 1lpasia, oHOMY U3 HUX COOTBeT-
crByer z = (0, KOTOPBIii HCXOTHOMY ypaBHEHHIO He yaoBiaeTBopsietT. CirenoBarebHo, Kopreii 53 (mpu

2
KaXKJIOM TTOJIXOIAIIEM 3HAUEHUN T UMeeM Y = x2_022§22 + 2022 — 1es0€e YUCI0).

3anadva 3. MoxKHO 11 Ha JIOCKOCTH PACTIOJIOKUTH YeThIpe OIMHAKOBBIX MPSIMOYTOJbHUKA, YTOOBI
HU OJIHA BepilnHa He Obliia 001Iel JIj1g BCeX IPAMOYIOJbHUKOB, HO Y JIIOOBbIX JIBYX IIPAMOYI'OJIbHUKOB
6b1s1a poBHO OftHa 00mias BeputuHa? ([IpsMOyTOJBHEKE MOTYT HAKIAaJAbIBATHCS JAPYT Ha APYyTa. )

OtgerT: /la.

Pemenne. Cwm. gepréx.

Bo3MOXKHBI 1 IpyTHE NPUMEDPDHI.

3amaua 4. /lyisg GecKOHEYHO 10C/1e10BaTe/IbHOCTU YUCE] L1, To, T3, ... IPH BCEX HATYPAJIbHBIX
n > 4 BBINIOJHSETCSA COOTHOIIEHUE T,, = Ty_1 - Lpn_3. I3BECTHO, uTO T1 = 1,29 = 1, 3 = —1. Haiiure

L2022-



OTtBeT: 1.
Peinenne. Bcee wieHbl HOCTI€I0BATEIBHOCTH IO MOMY/II0 paBHBI 1. OTMETHM MOJIOXKHTEIbLHBIE
ILTIOCOM, & OTPUIIATeIbHBIE — MHHYCOM. BBIIAIIEM HAYAJI0 TOCJIEI0BATEIbHOCTH:

++ ==+t +———F+—++...

Buamo, 9T0 TpH CTOSNIUX MOAPSAL WIEHA MOJHOCTBIO OIIPEIe/sSIOT TO, KaK IMOCIeI0BaTeIbHOCTD OYIET
BBITJISAIETD JaJblie. SHAYUT, €CJIM Mbl CHOBA YBUIUM + + —, KaK B HadaJje, TO MOCAe0BATEIbHOCTD

HAYHET MOBTOPATHCA. [losrydaercs, 9To nepuo paBen ceMu, 3ua4uT Ha 2022 Mecte CTOUT TO ¥Ke, Y4TO
u Ha mecroM (2022 = 6 (mod 7)) .

3amaua 5. U3 mudp a,b,c,d, e coctaBieno narusnadnoe aucyiao abede. 1lpo nBy3Hadnble ducia
ab, be, cd, de, cocraBiiennble U3 TeX Ke MU@PP, U3BECTHO, 9TO

(ab + be)(be + cd)(cd + de) = 157605.

Haiiaure aucio abede. Muoroznadnbie 4ucjia He MOTYT HAYUHATHCH C HYJIS.

OTBer: 12345 nim 21436.

Pemternne. 3amerum, uro 157605 = 3-5-7-19-79. JIng navasa Hy?KHO HOHATH, KAKAE COYCTAHUS
IPOCTHIX MHOKUTEJIEH COOTBETCTBYIOT CYMMaM JABY3HA4YHBIX umces. CyMMa JIBY3HAYHBIX YHCET HE
MOKeT OBITH Oosiee 99-+99=198, a yxe 79 - 3 Goabire 200, mo3TOMy KaKas-TO U3 CKOOOK paBHa 79.
Kaxk moryT 6bITh pacnpe/iesensl ocrasiinecs MEOzkuTesn? 79(19-5)(3-7); 79(19-7)(3-5); 79(3-19)(5-7);
79(19)(3 -5+ 7). JIpyrux caydaes HeT, TOTOMY YTO B HUX MOJIy9aeTcss MHOKUTEb Oosbire 198.

Tak mosywaem tpoiiku guces (79;95;21), (79;133;15), (79;57;35), (79;19;105). Tenepsb 3amerum
Botr 4t0: (T§ + yz) = 10z + y + 10y + z = 10(z + y) + (y + 2), upu 310oM cymMMbl UdP HE MOLYT
obrTh Gosbite 9-+9=18. To ectnb, Hampumep, eciu (Ty + yz) = 79, TO 9TO 3HAYMT, 9TO T + Yy = 7,
y+2=9. Ecom (Ty +7yz) = 133, To iubo z +y = 13, y + 2 = 3, ubo v +y = 12, y + z = 13. Eciu
(Ty+7yz) = 15, To mbo x4y = 1, y+2z = 5, 60 x+y = 0, y+ 2z = 15. Ckazkem, Mbl OCTAHOBHMCSI Ha
na6ope aucest (7,9), (12,13), (1,5), rie uncia 03HAYAIOT BO3MOMKHBIE CyMMbI cocenux mudp abede.

Ho npu sroM, eciau B3aTh unciao abede, T0 y Hero 6yiaer Bcero 4 BO3MOZKHBIE HAapbl COCEIHHX
nudp, MO3TOMY B Habope MoxKeT OBITH He 6osiee 4-X pasJTuIHbIX 3HaUeHnit. TeM caMbIM MBI OTMeTaeM
BBIOpAHHBIH HAOOP, KAK U BCE OCTAJIbHBIE — KPOME OJHOr0, KOTopbiM Oyier (79;57;35), ¢ unciaamu
(7,9), (5,7), (3,5). ¥ Hero Bcero 4 paznnunbix 3uadenus: 9,7,5,3. Bosaee Toro, smu mapel duces HyXK-
HO Pa3MECTUTh TaK, YTOObI 3HAUEHHUS «COCTBIKOBAINCHY, TO ecTh Tak: (3,5),(5,7),(7,9). To ecrs mus
abede Gyner BeprO ciegymomee: a +b =3, b+c =5 c+d =7, d+e = 9. Y takoit cucremsl
BCcero 4 pelreHus, COOTBETCTBYIONIHE D-3HAYHBIM TocaegoBaTebHOCTAM 12345, 21436, 30527, 03254,
HOC/IE/IHSAST U3 KOTOPBIX HE IMOJXO/UT, TAK KAK HAYMHAETCS C HYJIsl, & IPEANOCAEHAST — TaK KaK JIJIsi
510il mocseoBaresbHocTH be = 05.

3amaua 6. B kBajparTHOil KOMHATE HA KayK/I0f CTEHE €CTh JIAMIIOYKA, KOTOPas MOYKET ropeTb
OJTHAM W3 CeMU IBETOB pajyru. B KoMHaTe HeT JaMIoveK, KOTOpble Topesu Obl OJTHUM IIBETOM.
3a OWH XOJ YeJIOBeK MOYKET TMOMEHSTHh I[BET OJHOM W3 JaMIOveK, Ha TOT, KOTOPBIM He TOPUT HU
OJHAa JJAMIIOYKa B KOMHATE HA MOMEHT COBEPIICHUS X0/Ia, IPA 3TOM OH TOXKE U3MEHHT IBeTa Ha JBa
OCTABIINXCs He UCTOAb30BanHbIX 1BeTa. ([Tocae 9Toro B KOMHaTE MO-TPesKHEeMY HeT JIBYX JAMIIOYeK
¢ OJIMHAKOBBIMH TBeTamn ). Kakoe HanMeHbIIee 9MCI0 XOM0B HYKHO COBEPIITHT, YTOOBI B Pe3yIbTaTe
KazK/1as JJAMIIOYKa MOropesa KaXKJIbIM U3 CeMH IIBeTOB”

OTBer: 8 x0J10B.
Pemenune. Jlammouka Ha KaK/I0il CcTeHe KOMHATHI JOJKHA IMECTh Pa3 MOMEHSTH IIBET, BCETO
CTEHBI YeTBhIPE, MOITOMY CyMMAapHOE Y4UCJI0 H3MeHeHuil 1iBeToB He MeHbie 24. C n1pyroii cTOpoHbI, 3a
OJIMH XOJ] MEHsIeTCs TIBET ¥ TPEX JaMIIOYeK, MOATOMY 9YHCI0 XOM0B He MeHblne 8. MoxHO nmpuBecTn
npuMep Jist 8 XOJI0B (CM. PHCYHOK).
® ® ® ® ® ®
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Mocxosckuil 2ocydapcmeentnits yrusepcumem umenu M. B. Jlomonocosa
OJ'II/IMHI/Ia.,Z[a INIKOJILHUKOB «JIOMOHOCOB» IO MaTeMaTUKe

BakJrrounTesbabiii sran 2021/22 yuebuoro roja s 5-6 K1accos

Bamada 1. Haiigure Hanbosibiree eThIPEX3HAYHOE YUC/IO, B 3aIlUCA KOTOPOI'O BCe HMUMPHI pas3-
JIMYHBI, TIPUIEM HUKAKWEe JIBe M3 HUX HeJIb3s IMOMEHATh MeCTaMU TaK, YTOObI MOJIYINIOCh MEHBIIIEe
YUCJIO.

OtrBeTt: 7089.

Pemenne. Eciu ne ucnosbzosars mudpy 0, To mudpbl B KaXKJI0M TAKOM YHUCJIE JIOJKHBI CTOSATH
110 BO3paCTaHUIO, a caMoe OOJIbIoe U3 TaKuxX duces paBHo 6789. [TockobKy 9uC/IO HE MOXKET Hadu-
HaTBhCI € HYJAd, TO, HCHOab3ysd (), MOXKHO TIOTyINTD €IIe TOJIXOIATINe Yncaa, riae () cTouT B paspsje
COTEeH, a ocTajbHbIe INGPHI WIYT B MOpsaKe BozpacTanusd. Camoe OOJIBIIOE U3 TaKUX UNCET PABHO

7089.

Bamaua 2. [lets BbIipe3as m3 KjaeTdaToro Kpajpara 8 X 8 Tpu KBajpaTa 2 X 2, KakK ITOKa3aHO
Ha pucynke. Ouist X04er BbIpe3aTh (110 JIMHUSM CETKU) U3 OCTABINEHCS JacTH KBaJpaTa KaK MOXKHO
60.)'[le€ IpAMOYI'OJIBHUKOB 1 x 3 KaKOG HaI/I6OJH)IHee YHUCJIO TaKUX IIPAMOYT'OJIbBHUKOB OHa CMOXKET
BBIpE3ATH?

OTBer: 16.

Pentenne. OrMernMm 4épHBIM KPECTHKOM KJIETKH KazKJIOI TpeTheil [uaronan B KBajpare 8 X 8,
KaK I0Ka3aHO Ha pucyHke Huke. [lociie Bbipe3anus Tpéx KBaApaToB 2 X 2 octaHeTcsd 16 0TMEIeHHBIX
KJIETOK. B KaxKJ1oM npsiMmoyroJibHuKe 1 X 3 OyjeT pOBHO OJIUH YEPHBINA KPECTUK (HE3ABUCUMO OT €ro
PACIOJIOKEHNsT ), TI0ITOMY GoJIbIle 16 TaKUX HMPSMOYTOJBHUKOB BhIpe3aTh He yaactcs. KpacHbIM Ha
PUCYHKE TOKa3aHbI JUHAN Pa3pesa JJIs OJHOIO U3 BO3MOYKHBIX IIPUMEPOB BhIPE3aHNsA POBHO 16 mpsi-
MOYTOJIbHUKOB (KPACHBIMU KPECTUKAME OTMEYEHbI KJIETKH, He BOIIE/IINe Hi B OJ[MH U3 BbIPE3aeMbIX
[PSIMOYTOJILHUKOB).
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3amaua 3. Ha jocke 3ammcanbl Bce Takue HaTypaJsbHbIE YUCIA OT 3 J10 223 BKIIOYUTEIBHO, KO-
Topble nenaTcd Ha 4 ¢ octatkoM 3. Kakayio MuayTy Bops cTupaeT Kakme-TO JiBa U3 HAIMCAHHBIX
4qrcesl 1 BMECTO HUX 3allUChIBAE€T UX CYMMY, YMEHBIIEHHYIO Ha 2. B KOHIle KOHITOB Ha JTOCKE OCTaeTCs
ofHO umrcyI0. KakuMm OHO MOXKET OBITH!

OtBet: 6218.

Pentenne. IlepBonavya/bHO KOJIMYECTBO BCEX HAIIMCAHHBIX 4dncesl paBHO 224 : 4 = 56, a ux cym-
Ma paBHa (3 4 223) - 56 : 2 = 6328. Kaxk1yro MUHYTY KOJMYECTBO HAIMCAHHBIX THCEJT YMEHBIIACTCS
Ha 1, a UX cymMMma — Ha 2. 3HAYUT, OJHO IUCJIO OCTAHETCS Ha JOCKe depe3 55 MuHYT u Oy/1eT paBHO

6328 — 55 - 2 = 6218.

Bamaua 4. ¥ Maimm ectb ceMb pa3HbIX KYKOJI, KOTOPBIX OHA PACCAXKUBAET I10 IIECTU pPa3HbIM
KYKOJIbHBIM JIOMHUKAM TaK, 9TOObI B KaxKJIOM JOMHUKE OKa3aJach XOTs Obl ofHa KyKja. CKOJIbKUMU
criocobamu Marira MoxKeT 3T0 ¢aeaTh? BaxkHo, Kakast KyKJja B KAKOM JIOMUKe oKaxKeTcsd. Kak nMeHHo
CnadT KyKJIbl B TOM JOMHKE, I'/le UX JIB€, HEBa2KHO.

Orser: 15120.

Pemenne. Ilpu kaxkaoM TakoMm criocobe paccajiki B KAKOM-TO OJHOM JIOMUKeE OyJIeT JABe KyKJIbI,
a B OCTaJIBHBIX JIOMUKaxX — 110 ojHoi. CHadasa BeIOEpeM, KaKue JiBe KYKJIbl OYIyT CHJIETh B OTHOM
nomuke. Caenarb 910 ecth 7 -6 : 2 = 21 crnocob. 3areM BbIOEpeM, B KaKOi JOMHUK IOCAIUTH ITUX
nByX Kykos. Crenarsb 910 ecth 6 criocoboB. Hakonerr, BbibepeM, KaK paccaJluTh OCTAJIbHBIX D KYKOJI
o ocrasimmmcd b gomukaMm. Cuenarb 310 ectb 5! = 5-4-3 -2 -1 = 120 cocoboB. 3Ha4uT, 4KUCIIO
criocoboB paccajku pasao 21 -6 - 120 = 15120.

Bamaua 5. Komeit Becemeprhbrit mogapun Babe-fre snekrpoctyny. Ha mpubopHoii manen jiex-
TPOCTYTIbI €CTh JIUCIUIE, KOTOpBIH TOKasbiBaeT Bpems B dopmare HH:MM (mampumep, 13:56) u
3apsJI CTYTIBI 10 CTOOAIbHOI MmiKaJte (B 1mesbix ducaax or 1 10 100). Cryma pacxo/yer 3apsiji paBHO-
MEPHO ¥ TOJIHOCTBIO pa3pszkaeTcs 3a 10 wacos. ucmieit B kauecTBe HAMOOJIBIIEr0 3HAUEHUS 3apAa
nokasbiBaeT 100, a BMecTO TOro, 4To0bI 1Moka3arh (), cTya OIycKaeTcs Ha 3eMJII0 U3-3a HEJIOCTATKA
suepruu. B 00:00 Baba-fra ormpasuiachk B MOJET HA TTOJTHOCTBIO 3apPAKEHHOM CTYyIIe, U Ha MPOTIZKe-
HUU BCErO BPEMEHU JI0 NTPU3EM/IEHUsI CTyIIa He ToJIyvaia MuTaHus. B Kakoe BpeMst B TeUeHHe T0/1ETa
3HAYEHUS 3apsi/ia CTYIIBI U IUCJI0 MUHYT Ha JIUCILICE COBIIAIAI0T?

OrBer: 04:52, 05:43, 06:35, 07:26, 09:09.



Pemrenne. 3a 10 gacos (= 600 MuHYyT) 3aps/| pACXOLYETCs OJHOCTHIO, TIO9TOMY, €CJIA 3HAUCHHE
3aps/ia YMEHBIMJIOCh, TO POBHO Yepe3 6 MIHYT 3HaUYeHNe 3aps/ia CHOBa yMeHbIuTcd Ha 1. [lepsore 4
Jaca 3HadeHue 3apsja > 60, mo3ToMy B 3TO BpeMsl 3HaUeHUe 3apsijia 1 MUHYTHI TOYHO HE COBIIAIAIOT.
Hasee cocraBum Tabsmiry (CM. PUCYHOK), B KOTOpoil orMernM 60 MUHYT, pa3dbuTbie HA IPYIIIBI O
1ecTh, U 3HaveHud 3apsgjaa. CTpoka, KoTopas HadYMHAeTCd cO 3HadeHus 3apgagua 60, cooTBeTCTBYET
ngroMy dacy (Bpemst Ha guciutee 04:**)) crpoka, KOTopasi HAUMHAETCs €O 3HaUeHus 3apsiia b0 — 1e-
croMy 4acy u Tak gajee. OcTajgoch HaifiTu 3HAYEHUS 3apsia, KOTOPBIE JIEYKAT B HY?KHBIX BPEMEHHBIX
OTpe3KaxX, M BOCCTAHOBUTHL BpeMsd. 3aMeTUM, UTO Ha JIEBATOM 4Yacy COBIAJEHWI He Oymer: aucrei
cMeHuT nokazanus [8:17 18] ma [8:18 17|, u MUHYTBI He COBIAJLYT CO 3HAUYEHUEM 3apsijia.
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