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Bonpoc

UHdo

YBaxaembin y4yacTHuK Onumnunagbl!

Ha BbinonHeHne Tecta 3akntoynTensHoro atana oresogmtca 230 MUHYT NAoC 15 MUHYT Ha COXpaHeHne U
npukpenneHve peweHui. Pabota asTomatudeckn otnpasutcs B 14:05 no MockosckoMy BpemeHn. OKHO Tarmepa
Bbl yBuanTe B BepxHen Yyactu pabo4dero akpaHa.

BOI'IpOCbI TEXHNYECKOIo Xapakrtepa Bbl MmOXeTe 3agaTb HabnogaTento B YaTte (OKOLLIKO BHN3Y B ﬂpaBOVI 4yacTtu

9KpaHa). Ecnn Bam notpebyeTca BbITM B TyaneTHY0 KOMHaTy, OCTaBbTe B YaTe C NPOKTOPOM COOOLLEeHNS O
BPEMEHM BbIXO4a U BpeMEHW BO3BpaLLeHna (Hanpumep, "12:04 -sbiwen"). OTBET OT NPOKTOpa AaTb Npy 3TOM He

HY>KHO.
BapuaHT 3akniouYnTenbLHOro atana coctTout n3 5 sapgad. PeweHne kaxgon 3agayum Bel moxeTe

a) NONHOCTLIO 3anucaTb B nose oTeeTa (Mpy HEOH6XOANMOCTN MOXHO NPUKPENNTL MOSACHAIOLLNIA PUCYHOK),

6) nonHOCTLIO HabpaTb B TEKCTOBOM pefakTope ¢ peaaktopom dopmyn, npeobpasosaTts B doopmaT pdf n
nNpuKpenuTb nonyunslumMnca gann. Ecnu y Bac HeT BO3MOXHOCTU NnpeobpasoBaTh peweHune B pdf, Bol moxeTe
cAenaTtb CKPUHLLOT 3KpaHa (kHorka PrtScn Ha knaBuaType unm BCTPOEHHbIN cepBuc "HOXHULUBI") N NpUKpennTb ero.

O6paTute BHUMaHME, K KaXgon 3aavye MOXHO NMPUKPENUTb TONbKO oauH dhann, Ha3BaHMe KOToporo dhopmMmpyeTcs
no npasuny ol22***** N, rae ol22***** - Baw noruH, N - Homep 3agayn.

B TekcTax pelueHui, npukpenneHHbIX n3obpaxeHusx u annax He JOMKHO OblTb HUKAKOW NePCOHaNbHOM
nHdopmauum!

Bo BpeMs BbINOMHEHNSA BapnaHTa Ha KOMMbIOTEPE MOXHO MOSb30BaTbCS TONbKO TEKCTOBLIM PeaKTOPOM U
BCTPOEHHbBIM CEPBMCOM CO3AaHNs U300paxeHnn. YepHOBOE peLLeHne MOXHO BbINONHATEL Ha Bymare,
pacrnonoXXeHHOW B rnone BUAUMOCTU BeD-Kamepbl.




Bonpoc 1
BbinonHeH
Bannos: 20
n3 20

HEL KapTI’IHKe I'I&DHCOB&HO HECKOJILKO KPY}KO‘IKOB* COCTHHCHHLIX OTPBBK&I\'H/I. Cama BBI6I’Ip8JeT II&T_Y-
pPAJLHOE YHCIIO N U PACCTABASIET B KPYIKOUKAX PA3IHYHLIC HATYPAJbHLIE YHCIA TaK, 9TOOLI I/ BCEX
TUX YUCEJI BBIIOJIHIIOCH CBOUCTBO:

ecan wucaa a u b ve coedunennv ompesrom, mo cymma a + b doascna 6vms 83aumMHO npocma ¢ n, a
ecat coedumensvl, mo wucaa a + b un doasichv, umemsv 06UWUTL HAMYPALILUBLL deaumens, boarvwud 1.
IIpu KaKOM HaMMEHBIEM 7 CYMIECTBYET TaKas pacCTaHOBKa’

lMpoHymepyem yucna ot 1 0o 7, Ha4MHasi ¢ Kakoro-HMbyap No YacoBOW cTpenke. 3ameTuM, YTO N He MOXeT OblTb NPOCTbIM, T.K. TOrga
COefUWHEHHbIe YMCna He B3anMHOMNPOCTbI C N TOMbKO TOrAaa, Koraa B Cymme OensTCs Ha Hero, 3Ha4mT ecnv y NepBoro Yucna octaTok X npu
AereHun Ha n, TO y CrieaytoLero no YacoBow N - X, Y CNeAyLEero X, ..., Y YACa, CTOSALWEro psgoM € NepBbiM X, HO €Crnv 2X AennTCs Ha n,
TO TPEeTbe YMCIO MI0C ceabmoe ByayT AaBaTb OCTATOK 2X NPY AeNIeHUN Ha N, @ OHW He CoedVHeHbl. Takke, ecrnv n AenuTcs Ha 2, To cpeau
CeMu Yncen ectb XoTs Obl 4 OOHOWM YETHOCTU, HO OHU BCE OYEBUAHO HE MOryT ObiTb cOeAnHEeHbI. T.0. N 3TO NPOMU3BEAEHME CKONBbKUX-TO
HeYeTHbIX MPOCTbIX Yncern.

Ecnu 13 nepBbix 35 HaTypanbHbIX Y1CEN BbIKUHYTL BCE YeTHbIE U NPOCTble, TO ocTaHyTca 9, 15, 21, 25, 27, 33, 35.

Yucna 9 n 27 nmetoT NpocTbiM AeNUTENeM TONbKo 3, 3Ha4YMUT BO BCex napax cymma byaeTt genuTbes Ha 3, a Tak He paboTaeT, 3HauuT
BbIKMObIBAEM UX, aHANOrM4Ho ¢ 25.

Yucna 15, 21, 33 genatca Ha 3. [Nonmem noyemy oHU He noaxoaat. Ecnv cpegm cemn umcen 6onblue ABYX AeNSLUXCS Ha 3, TO Kakne-To
OBa M3 HUX He CoeaMHEHbl APYr C APYroM, HO B cyMMe aenatca Ha 3 => (?1). Torga y Hac He 6onblue ABYX AENALMXCA Ha TPU, U OHU
coeavHeHbl. V13 ocTaBlumxcsa 5 BCe AOMMKHbI AaBaTb OAMH OCTATOK NpU AeNeHun Ha 3, MHaye ecTb OCTaTokK, KOTOPOro xoTd 6bl 3, 1 He Bce n3
3TUX 3 COeQUHEHbI C HEKOTOPbLIM APYTMM YMCIIOM, JAKOLUM OPYrO OCTATOK, HO B CYMME C HUM AensTcs Ha 3... [MonyyaeTca ecTb 5 uucen ¢
OAVHAaKOBbIM OCTATKOM MpW AeNneHnn Ha 3, UX CyMMbl He OenaTcs Ha 3, 3HauuT AensiTcs Ha BTopoe npoctoe (5, 7, 11) Toraa no
pacCy>XAeHM0 U3 CamMoro Havarna, ocTaTKv No BTOPOMY NPOCTOMY YEePeAyTCs, U Torga nepBoe U3 aTuxX NATU B CYMME C YETBEPTLIM
aenutca (?1)

Ocrtanocb Tonbko 35, ons Hero cywecteyeT npumep: 1, 4, 10, 5, 2, 8, 34. OHM CTOAT MO Kpyry, He TPYAHO y6eauTbecs YTO COCeaHME UMEIDT

o6t genutens ¢ 35, a He coceHue - He UMEIOT.

KommeHTapun:




Bonpoc 2

BbinonHeH Ipu z,y, 2z € (0, 2] HaiiguTe MakKCHMAILHOE 3HAYCHHE BBIPAYKEHHS
Bannos: 15

13 20 (;173 _ 6) 3T + 6 -+ (,l/3 —6) 3/—!/ 6+ (23 —6) Y2+ 6

A= : : ;
P2 + P + 2

PaccmoTtpum (x*3-6)*(x+6)*1/3. 3ameTuM, uto (x+6)*1/3<=2, Tak kak x<=2. AHanorm4Ho (y+6)*1/3<=2 un (z+6)*1/3<=2.PaccmoTtpum 2*(x"3-
6). 3ameTum,uTo x"3<=(x"2)/2+6, Tak Kak x*2<=4, To 3*(x"2)/4<=3, x"2<=(x"2)/4+3. Torga 2*x"3<=x"2+12, Torga 2*(x"3-6)<=x"2.
AHanormyHo 2*(y*3-6)<=y"2 n 2*(z"3-6)<=z"2..3Hauunt A<=(x"2+y"2+z"2)/(x"2+y"2+z*2) = 1. [locTuraetcs npun x=y=z=2.

KommeHTapui:
HenoHATHbI NPUYMHHO-CNEACTBEHHbBIE CBA3M B PACCYXAEHUN.



Bonpoc 3
BbinonHeH
Bannos: 20
n3 20

JInaronasmm BnmcanHoro detbipexyroiabunka A BC' D nepecekaiorcsa B Touke (). BHyTpu TpeyroibHUKa
AOB spibpana Takaa touka K, uyro mpavas KO gasngercs omccekrpucoii yrma CKD. Jlyau DK
BTOPHYHO MEPECEKACT OMUCAHHYIO OKPYKHOCTL Tpeyroasanka COK B Touke L, a nya C'K BTOpHYHO

nepeceKaeT OMMCAHHYI0 OKPY’KHOCTL Tpeyroabanka DOK B touke M. Haiiaure oTHOIIEHHE 1110 1eH
tpeyronsaukos ALO n BMO.

n3 ycnosusi LCOK - BnuncaHHbIn => yron CLO = yrny OKC

n3 ycnosust KODM-BnncaHHbIi=> yron OKD = yrny DMO

HO Takke 13 ycnoBust Mbl 3HaeM 4YTo KO 6uccektpuca CKD 1o ectb yron CKO = yrny OKD
=> yrnbl CLO, OKC, OKD, DMO paBHbl

u3 snucaHHocTn LCOK n KODM: yron OKD = yrny LCO u yron CKO = yrny ODM

Takum obpasom yrnel OLC, LCO, OKC, DKO, ODM, DMO pagHsi (!)

Torga u3 (!) yrnel MOD 1 LOC Toxe paBHbl, HO Toraa pasHbl U yribl MOA 1 LOB (1.k. yrnbl AOD n BOC paBHbI kak BepTUKarnbHbIe)
Tarke u3 (1) MO=0D n LO=0C

3anvwem nnowaam TpeyronbHukos ALO n BMO

S ALO= LO*OA*1/2*sin yrna LOA = OC*OA*1/2*sin yrna LOA

S BMO= BO*OM*1/2*sin yrna BOM = BO*OD*1/2*sin yrna BOM

3ameTtum 4yto OC*OA=BO*OD (kak OTpesku nepecekarLLmMxcsa xopa)

n yron LOA = BOM (T.k. oHu cocToAT 13 obuero yrna LOM n 13 paBHeix yrinos MOA n LOB)
Takum obpasom sin LOA = sin BOM

1/2=1/2

cnepoBaTernbHO Nnowaan TPeyronbHWKOB paBHbI

OTBeT: 1:1

KommeHTapun:
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BLinonten Harypaabnoe yncyio B cucreme C‘{HCJI(‘.Hliﬂ c ocoBanueMm 7 (1 < 36) umeer Buj ppqq, npudem 2q = 5p.
Bannos: 10 Oxa3zanoch, 9TO r-HYHAA 3aIHCh YUCIA T° TPEACTaBAgeT coO0i CeMU3HAYHDLIN MATHHIPOM € HYJIeBOil
us 20 cpesneil upoii. (IMaauaapoMoM HasbIBaeTCs YHCIO, KOTOPOE YHTaeTCs OJUHAKOBO CJIeBa HATPABO W

cnpasa naneso). Haiigure cymmy r-munpix mudp uncaa 2.

q = 2,5 p, 3HauuT p KpaTHO 2, p He BGonblie 14, q He 6onblie 35. B r-nyHon cucteme cumcneHus x = -pp(2,5p)(2,5p)- = p*rr3 +
p*ri2+2.5p*r+2.5p, xA2 = pA2*ri6+2p 2 rr5+6p 2*rt4+10pA2*rr3+11.25p"2*r"2+12.5p*2r+6.25p*2 = -abcOcba- =
a*r*6+b*rr*5+c*r*4+0+c*r*2+b*r+a. Cymma umdp umcna x*2 pasHa 2(a+b+c). otctoga a = 6,25p*2 (mod r). p*2<r (NOTOMY 4YTO YMCrO
CEMMU3HAYHOE, a He BOCbMM3HAYHOE), 3HaUYNT p MOXET paBHATLCA TOMbKO 2 1 4 (0 ObITb He MOXeT). PaccMoTpmm o6a crniyyas. IMpu p = 4:
16r*6+32r"5+96r*4+160r*3+180r*2+200r+100. MNMepebpa BCe BO3MOXHble BapuaHTbl Ansl p=4, cTarno siCHO, YTO PELUEHU,
yOOBMETBOPSAIOLLMX YCNOBUIO 3agaun, Npu p=4 n r<=36, HeT.

Mpu p = 2: 4r*6+8r*5+24r*4+40r*3+45r72+50r+25. Torga npu r = 22, (undppsl ot 0 oo 21) y Hac nony4yaeTcs, 4Yto x 2 =
4rr6+9r75+5r74+0+5r22+9r+4 = -4950594-, n cymma umdp B AECATUHHOM CUCTEME CUMCIIEHUs cocTaBnsieT 4+4+5+5+9+9=36.

(ropun3oHTanbHbIE NIMHUM BOKPYT Yncra "-a-" paBHOCUINbHBI YepTe Had YMCNOM a. ITO aHanor gaHHoOro ob6o3HaveHus )

OTBeT: cyMMa r-myHbIX Undp umcna x"2 B 4eCATUYHOM CUCTEME CUMUCTIEHUs paBHa 4+9+5+0+5+9+4 = 36.

KommeHTapui:
PelleHne HenonHoe, paBeHCTBO r=22 HEBEPHO.



Bonpoc 5
BbinonHeH
bannos: 15
n3 20

[Tpu KaKKUX N KAETIATYIO JJOCKY 72X 12 MOXKHO Pa3bUTh MO KJAETOUYKAM Ha OIUH KBapaT 2 X 2 # HEKOTOPOe
KOJIITIeCTBO MOJIOCOK U3 MATH KJIETOK TaK, ITO KBAJAPAT OyIeT MPHMBIKATL K CTOPOHE JTOCKH'

3ameTnm, 4TO NroLwaap kBagparta paBHa n*2=4+5t, 3Haunt n=5k+2 ( NOHATHO ,4TO €CTb NPUMEpP Ha TO, Koraa 2*2 HaxoauTcs B yrne, BAONb
nayT NpsAMoyronbHUkK 5*1 1 1*5 Ha

[1Ba YPOBHS B BbICOTY M B LUMPUHY. [larniee y Hac ocTaHeTCs TONbKO KBadpaT ,CTOPOHbLI KOTOPOro KpaTHbl 5,a 3HAYMT 3aMOLLEHNE BO3MOXHO.)
Cnyyait, korga n=5k+3 ,04eBUOHO, HE BO3MOXEH. UT06 3TO AoKasaTb, NpuayMaeM NMosiCHSOLLIYI0 packpacky.

Coenaem ogHy AnaroHanbHyl packpacky ans 8*8(ons octanbHblx OyAeT aHanorMyHo) COOTBETCTBEHHO Tak OT JIEBOro BepxHero kpasi - (1,
22, 333, 4444, 55555, 111111, 2222222, 33333333, 4444444, 555555, 11111, 2222, 333, 44, 5) v BTOpOW cny4an (T.e BTOPY packpacky)
packpacky CMOTpPUM B NeBbIN HWxXHMIA yron ( 1, 22, 333, 4444, 55555, 111111, 2222222, 33333333, 4444444, 555555, 11111, 2222, 333,
44, 5) .Y Hac 12 eguHuy n naTepok, 14 Tpoek ,a octanbHbIX No 13. N B nepBoM BapuaHTe pacKkpacku 1 Bo BTopoM 1*5 1 51 3aHnmatoT Bce
yucna oT 1 oo 5, N03aToMy ANs YpaBHUBaAHMSA Ymicen keagpaT

OOIMKEH 3aHMMaTb KNeTku ¢ yncnamu 2,3,3,4. [1ns nepBow packpacku OTMETUM , rAe OHU(KBagpaThbl 2¥2) MOryT CTOATb M AN BTOPON
cAenaem aHanorm4yHoe AencTeme(BMOHO HA packpacke ,kak oTMevaTtb). 3aMeTum, 4To OHU ByayT nepecekaTbcsi(CoBnagathb) TOMNBKO MO
ueHTpy(nepeceyeHve (coBnageHune) KBagpaToB AOMKHO ObITb, MHAYe Ha KaKOM-TO packpacke kBagpaT 2*2 He ByaeT nokpbiBaTh 2334),
3HAYUT TOSbKO LieHTpanbHas knetka dyget 2*2. A 3HauuT Haw kBagpaT 2*2 He ByaeT npuneratb K ctopoHe! YUTo n TpeboBanock JokasaTh.

OTBeT: N=5k+2.

KommeHTapui:
ANropuTM packpacku HeYeTKO OMUCaH, a PacCyKAeHUs HeJoCcTaTouHO 060CHOBaHbI.

NOPEALIAYWMNA AKT. QNEMEHT

« BapwuaHt 13

CINEAYIOWWMNWA AKT. SNEMEHT
BapuaHt 21

»



