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1.

Bapuanrt 1

JIBDKHUK CITyCKAeTCsl C BEPLIMHBI TOpbl K €€ MOoAHOXHI0 32 10 MUHYT, a CHOyOOpAUCT —
3a 5 MuHyT. CllyCTUBIINCH, OHU TYT K€ MMOAHUMAIOTCS BBEPX Ha MOJABEMHUKE, a 3aTEM
cpasy ke cnyckarorcs BHOBb. B 12:00 oHM OZHOBpEMEHHO Ha4alld CIIyCK C BEPIIUHBI.
Bnepsbie onu Berperwnuck 'y noaHoxus B 14:10. Onpenenure Bpemsi nmoabéMa OT
MOJTHOXKHSI 10 BEPIIUHBL.
Pemenne:
O0603HaunM BpeMs MOJbEMa OT MOJHOXKHS J0 BEPUIMHBI FOphl uepe3 x. U3 ycioBuii
3aJla4M CJIEIYET, YTO BIIEPBHIE y MOJHOXKHUS FOPbl OHU BCTPETUINCH Yepe3 130 MuHYT.
3HAUUT BIEPBBIE HA BEPIIMHE IOpbl OHU BCTpeTArcs yepe3 130 + x muHyT. B Takom
ClIy4ae X — 3TO TAKO€ MUHUMAJIbHOE HATYPAIbHOE YHCIIO, YTO
(5+ x) - nenmurens (130 + x) u (10+ x) - gemurens (130 + x).
[TepebopoMm ycTaHaBiuBaem, 4yTo x = 20.
Otser: 20.

Pemmre ypaBHEHHE (x2 +3x—16)(x2 +7x—6) =41.

Pemenne: [lepemMHOX)aeMble TPEXWICHBI UMEIOT OJUHAKOBBIC NUCKPUMUHAHTHI. 3HAYUT
MOJIyJIb PA3HOCTH KOPHEH MEepPBOTO TpeXdeHa paBeH MOAYJIIO Pa3HOCTH KOPHEH BTOPOTO.
DTO MO3BOJISET € YCIEXOM MPUMEHHUTh ONPEAECICHHYIO "IIEHTPUPYIOIIYIO" 3aMEHY:

((x+1,5)° =18,25)((x +3,5)° —18,25) = 41. 3amena x = y—2,5. Torna
(=1 =18,25)((y+1)* =18,25) =41 ((» ~17,25) -2y )((»* ~17,25) + 2y ) =41
(17 -17,25) —4y* =41.

[TonyuuBuieecs OMKBapaTHOE YpaBHEHHE PEIIACTCS 3aTEM CTaHIaPTHBIM 00pa3oMm.

5477 +4114  —5+477-44114

OTBeT: ,
2 2

Haiinute HarypaigpHOe uncio n, Ommkaiimee k 1022, cymma Bcex aenuTeneil KOTOpOro
(Bxirouas 1 1 caMo 3To 4ncio0) paBHa 2n-1.

Pemenne: Cymma nenureneii uncna 7 =2" papaa 1+2+2° +...+2 =2""-1=2n-1.

) k o
Bimkaiimee ncio Buga 17 =2" k 1022 sro 1024. Ocraércst mpoBepuTh, uto st 1023
COOTBETCTBYIOII[EE PABEHCTBO HE BBITTOTHACTCS.
Otset: 1024.

B nynkrax A u B Haxoautcst mo aBromoOmiio. Kaxayro MUHYTY 3TH

JIBa aBTOMOOWJIZ O0O0HOB8peMeHHO TIePee3KalT B KaKOH-ITHOO0
A




COCeIHUI ITYHKT (HYHKTI)I, COCJIMHEHHBIC OTPC3KAMHU, HA3bIBAKOT COC@I[HI/IMI/I). I[OKa)KI/ITC,
YTO aBTOMOOMIN HHUKOrJa HC OKaXXyTCsd OTHOBPEMCHHO B OJTHOM ITYHKTC.

Pemenue: BrimenuM HEkoTOphIe BepmIMHBI Tpada, oOBens ux B
Kpy)Xodek. VI3HauaibHO, OAWH W3 aBTOMOOWJICH HAaXOAMTCS B

3/

BBIJICJIEHHOW BEPUIMHE, a BTOPOM HET. M3 BBIAEICHHON BEPIIMHBI

MOXHO TOMAacTb TOJBKO B HEBBIACICHHYIO U  HA00OOpOT a

(mBynmompHBIA Tpad). [lodToMy B OAHONW BepIIMHE aBTOMOOHIH
OKa3aThCsl HE MOTYT.

HalinnTe HanMeHbIIIee OTIIMYHOE OT ITOJTHOTO KBajpaTa HaTypaIbHOE YHCIo N TaKoe, 9To
necsTuyHas 3anuch uyucna N umeer Bux: A,00aaq,...a, ..., rie A — uenas 4acThb

yucna N, a,,a,,...,a,,...— dpe ot 0 10 9.

2
Pemrenne: Ilo yclOBHIO CyLIECTBYET HATypalbHOe 7 Takoe, 4to n° <N <(n+1) .

CreoBaTeIbHO, CYIECTBYET HATypaibHOE @ Takoe, uto N =n’+a, a €(0;2n+1). [anee,

n’ <nz+a<(n+1)2 on? <n+a< (n+1)2 <0< +a-n<l. CrnenoBaTenbpHO,

npoOHas wacth uuciaa N paBHa ~n’+a-—n. Ocmaemcs Haumu MUHUMAIbHOE

HamypdajibHoeE n, 01 Komopoco cyuiecmeyem HamypalbHoe a (O, 2n+ 1) makoe, umo

\/nz+a—n<L

100
1 1
Otcrona Vn’ +a < ﬁ-i- n<sa< W+ % MuHuManbHOE 7 paBHO, O4€BUIHO, 50, U ToTIa
a =1. CnenoBarenbHo, N =n’ +a=2501.
OtBert: 2501.

3anuuieM nojApsl BCe HATYpalbHbIE YNACIIA, KPATHBIE JCBATH:

9, 18,27, 36, 45, 54, 63, 72, 81, 90, 99, 108, ...
VY kaxaoro M3 3THX 4YHCeNl MoAcuMTaeM cymmy uudp. B pesynbrate, nomydum
IIOCJIEI0BATEIBHOCTD:

9,9,9,9,9,9,9,9,9,9, 18,9, ...

Haiinure cymmy nepBbix 400 4ieHOB 3TOM MOCIEA0BATEIBHOCTH.

Pemienne: Y HartypanbHBIX 4yuCeN, KpaTHbIX AeBATH, OT 9 o 3600 Hamo moacyuTaTh
CyMMBI LU(p, a 3aTe€M 3TU CYMMBbI CI0XHUTb. [lycTb ¢, — KOJINYECTBO 4YUCENT B ITOM

JMamna3oHe, y KOTOPbIX cymMMa nudp paBHa 9, ¢;— KOJIMYECTBO YHUCEN C CyMMOH mudp
18, ¢,,— KonMuecTBO Yucesa ¢ CyMMol nugp 27.

Bbuucium  ¢,. bynemM Bce umMcna  TpakTOBaTh  KAaK  YEThIPEX3HAUHBIE:
9=0009, 18=0018, ... PaccmoTpum cHavana yuciaa Buga Om,m,m,, T.€. T€, Y KOTOPBIX

InepBas umbpa HOJIb. BBIICHMM CKOJIBKMMHM CIOCOOAMH 4YHCIO 9 MOXeT OBITh
npeaAcTaBjJICcHO B  BUAC CYMMbI TpPCX  HCIBIX HCOTPULATCIBHBIX  ClIAaraCMbIX:



9=m, +m,+m,. IlpubaBum k o0eum wyactam uuciao 3: 12=(m, +1)+(m, +1)+(m, +1).
[Tommydaercs, 9TO HAJIO HAWTH KOJIMYECTBO CIOCOOOB MPEICTaBUTHh YHCIO 12 B BHIE
CYMMBI TPEX HAMYPANbHbIX CIAraeMbIX. DTO KOJIUYECTBO paBHO C..(JleHCTBUTEIBLHO,
npeAcTaBUM cebe Ha 4YnciIoBOM mpsmou yucia 1,2,...,12. Mexay Humu umeetcs 11
MPOMEXYTKOB. BpiOpaB aBa mnpoMexxkyTka, Mbl pa3o0beM 12 Ha TpU HEHYJIEBBIX
claraeMblX.) AHaIOruyHo, umeercst C;, ducena ¢ cymmoi uudp 9 Buma lmm,m;, C,
qpcen 2mm,m, W, HakoHen, C; wumucen 3mm,m,. (3aMETHM, YTO MpPH IIOACYETE
KOJINYECTBA YUCENl BUAA 37, m,m, BBIIOIHAECTCA PABEHCTBO 6=m, +m,+m,, MOITOMY
paccMaTpuBaeMble uucia 3mym,m, OyAyT aBTOMarudecku He Oonbme, deM 3600.)
B wurore, ¢, =C},+C, +C; +C; =164.

3aTeM HENOCPEACTBEHHBIM IIOJCYETOM HAXOIUM cC,, =10, U, CIEI0BATEIbHO,
¢,y =226. JIns momy4deHus OTBETa OCTACTCs BBIYUCINUTD 9¢, +18¢; +27¢,,.
OTtBeT: 5814. B

B OKpyXHOCTH BIHCaH PaBHOCTOPOHHMI TpeyronbHukKk ABC, K
M — cepenuna cropoHsr AB, N — cepenuna croponsl BC. ‘

JlokaxkuTe, dYro mIsA 000 Toukm K, Jexalied Ha
OKPYXKHOCTH, BesinunHa yriaa MKN He npeBocxoaut 60°.

A ¢
Pemenne: OnuiiemM OKpy>KHOCTb BOKPYT TpeyroiabHuka BMN. v

Ona kacaeTcsi BHYTPEHHHUM 00pa3oM B TOYKe B OmHCaHHOU

0KO0JIO TpeyroibHuka ABC OKpYKHOCTH, MOCKOJBbKY TOYKAa B U LIEHTPbI OKPY>KHOCTEH
nexar Ha ofgHoM mpsimoil. IlycTh cHayana Toyka K J€XKUT BbIIIE TOPU3OHTAIBHOMN
npssmoii MN. Ilycte L — Touka nepeceueHus: orpe3ka KN U MEHbIIEH OKPYKHOCTH. YTOJ
MLN pasen 60° u, cnenosatensHo, yron KLM pasen 120°. 3naumr, yron MKN He
npesocxoauT 60°. 3aMeTHM, 4TO B IPUBEIEHHOM PACCY/KIACHUU HE UTPAET HUKAKOU POIIH
TO OOCTOSITENBCTBO, YTO Touyka K JIEKHUT Ha OKPYKHOCTH. BakHO numib, 4TO OHA
HaxXOJWUTCs BbIlIE NpsiMOMl MN M BHE OKpPYKHOCTH, OIMMCAaHHOM OKOJIO TPEYrOJbHHKA
BMN.

[TycTte Tenepp Touka K pacrnosioxeHa Hike npsiMoit MN (3TOT ciiydail Ha pUCYHKE
He oTpaxeH). PaccMoTpum Touky Ki, CUMMETpUYHYIO TOYKe K OTHOCUTEIHHO MPSMOMN
MN. Yraet MKIN u MKN, oueBuaHo, paBHbl. Touka K jexuT Beiie npsimout MN u BHe
MeHbIIeH okpyxkHocTH. Ilo gnokasanHomy, yron MKN ne mpesocxomur 60°.
VYTBepKaeHne 10Ka3aHO MOJHOCTHIO.

Haiinute Tpn Kakux-HUOYAb HATYpaJbHBIX YUCHA @, b, ¢, YAOBICTBOPSIOMIUX PABEHCTBY
a3 + 2016 _ 5

Pemenne: M3BectHo, yro 2" +2" =2"". Ilosromy uucna a, b, ¢ OyneM UCKAaThb B BHIE
a=2",b=2" c=2". Ocraercs nmomobpaTh Leble HEOTPULATENbHbIE MOKa3aTenu k, [, m

TaK, YTOOBI BBIIOJHSUIMCh COOTHOIICHUS 3k = 2016/ =5m—1.

Oteer: Hanpumep, a=2"" b=2* ¢=2'""
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Bapuanrt 1

1. JIBDKHHMK CITyCKAaeTCsl C BEPIIUHBI TOPHI K €€ MOAHOXKUIO 3a 9 MUHYT, & CHOyOOpIUCT —
3a 7 MuHyT. CllyCTUBIINCH, OHU TYT K€ MOJHUMAIOTCA BBEpPX Ha MOABbEMHHKE, a
3aTeM cpa3y ke CIycKaroTcs BHOBb. B 12:00 oHM OJHOBpPEMEHHO Hadalu CIYCK C
BepIIMHBI. BrniepBele OHM BCTpeTWINCh y mMofgHOXkus B 17:45. Onpenenute Bpems
obEMA OT MTOJAHOXKUS 10 BEPIIHHBI.

Pemienue:

OO603HaunM BpeMs MOJbEMa OT MOJHOXHUS 0 BEpUIMHBI ropbl uepe3 x. W3 ycnoBuit
3aJla4M CIEAYET, YTO BIEPBBIC y MOJHOXKMS TOPbl OHU BCTPETWINCH yepe3 345 MUHYTBHI.
3HA4YMUT BIEPBBIC HA BEPIIMHE TOPbBI OHU BCTpeTATCS 4epe3 345 + x muHyT. B Takom
ClIydae X — 3TO TAKO€ MUHUMAJIbHOE HATYpPaJIbHOE YHCIIO, YTO

(7+ x) - nenurens (345 + x) u (9+ x) - nenutens (345+ x).
[TepebopoM ycTaHaBiuBaeMm, 4yTo x = 19.

OTtBert: 19.

2. Pewmre ypaBHEHHE (x2 +3x+ 6)(x2 +7x+ 16) =41.

Pemelme: HepGMHO)KaeMBIC TpGX'—IJ’ICHH UMCHKOT OAMHAKOBBLIC I[I/ICKpI/IMI/IHaHTBI. 3H3,'-II/IT
MOAYJb PAa3HOCTH KOPHEH IMEpBOro TpexwieHa (XOTS OHU M MHHUMBIE) PaBEH MOJYJIIO
Pa3HOCTH KOpPHEH BTOPOro. DTO TMO3BOJISIET € YCHEXOM IPUMEHUTHh OMNPEACICHHYIO
"LEHTPUPYIOUIYIO" 3aMEHY:

(Ge+1,5)° +3,75)((x+3,5)* +3,75) = 41. 3amena x = y - 2,5. Torza

(=1 +3,75)((y+1)? +3,75) :41<:>((y2 +4,75)—2y)((y2 +4,75)+2y) —4le
(1 +4,75) —4)° =41,

[TonmyunBiieecs OMKBaApaTHOE YpaBHEHHE PELIACTCS 3aT€M CTaHJAPTHBIM 00pa3oM.

_5++/-11+4+/26

2

OTtBerT:

3. Haiinute HaTypanbHOe ymcio n, Omkaimee k 1022, cymma Bcex AenuTeneil KoToporo
(Bxirouas 1 1 caMo 3To 4ncio0) paBHa 2n-1.

Pemenue: Cymma nenureneit yucia 1 = 2¢ paBHa 1+ 2+ 224 428 =2 1=2n-1.

v k .
Brmwkaiimee uncno Buga #=2" k 1022 sto 1024. Ocraércs npoBepuTh, uro 1t 1023
COOTBETCTBYIOIIEE PABEHCTBO HE BBITIOIHAETCS.

OTtBer. 512.



4.

Ha miockoctn u3o0paxEH KBagpar nxn KIETOK. BeplnmuHbl KiIeTOK OyaeM Ha3bIBaTh
y3namu. Tpedyercst B 3TOM KBajpaTe yI0XUTh TpyOy (“T€mibiii mos”) Tak, 4ToObl BXOJ
ObLT B JIEBOM HUYKHEM YTIIy, @ BBIXOJ] — B COCEJTHEM Y3Jie, U MPHU 3TOM TpyOa mpouuia Obl
POBHO OJMH pa3 4yepe3 Kaxabld y3en. TpyOy paspemiaercsi yKJIAaabIBaTh TOJIBKO IO
rpanuiamM kietok. Ha pucynke n3o00pak€H mpumep YKJIaIKu TpyObl B KBajapare 3x3.
Jlokaxkute, 4TO YJIOXKUTh TPyOy BO3MOXKHO MpH JIOOOM HEYETHOM 3HAYEHUH H U
HEBO3MOKHO HU MPU KAKOM YETHOM 1.

Pemenue: Ecaiu n — Heu€THOe, TO, Hampumep, BO3MOXXHA YKIaJKa ‘3MEMKOW” Mo
AQHAJIOTMM C PUCYHKOM B yCIIOBUM 3a1a4yu. Eciiu n — 4€THOE, TO KOJIMYECTBO y3JI0B PAaBHO
(n+1)x(n+1) — nHeuétHoe ymcno. PackpacuM y31bl B 4epHBIM OENbIH IBET Tak, YTOOBI
COCEJHME Yy3JIbl UMEJIN pa3Hble LBETa. Toraa MaplupyT HAUMHAETCS y3JI0M OHOTO IIBETA, a
3aKaHYMBAETCs Y3JIOM JApyroro nsera. Ho torma takoi MapmipyT UMeET YETHYIO AJIMHY
(konmuuecTBO  MpOWAEHHBIX  y310B). (ClienoBaTenbHO, HEBO3MOXHO IMOCTPOUTH
COOTBETCTBYIOIINNA MAPLIPYT.

Haiigure HauMeHbIIee OTIMYHOE OT IMOJIHOTO KBaJIpaTa HaTypaJIbHOC YUCIIO NTaKOG, qTo

necsiTuyHas 3anuck uucna N umeer Bum: A4,00aa,...a, ..., rne A — uenas 4acthb

n

yucna JN, a,,a,,...,a,,...— 1apps ot 0 10 9.
2 2
Pemrenne: [lo ycnoBHIO CyIIECTBYET HATYypaubHOE 7 Takoe, 4to n° <N <(n+1)".

a , =n"+a,ac(0;2n+1).
CnenoBaTenbHO, CYIIECTBYET HATYpalIbHOE @ Takoe, 4To N =n’ + 0;2n+1 ajee,

n* <n2+a<(n+1)2 o <Jnt+a< (n+1)2 <0<’ +a-n<l. CrnenoBaTenpHO,

apobHas uacth umcna N paBHa ~n’+a-n. Ocmaemca Haumu MUHUMALbHOE

HamypaibHoe n, 0Jisl KOmopo20 cyulecmeyem HamypaibHoe a (0; 2n+ 1) makoe, ymo

\/n2+a—n<L

100
1 1
Otcroga Vn’ +a < 00 +n<sa< o + 5% MuHuMaNBHOE 1 paBHO, O4€BUIHO, 50, 1 TorAa
a =1. CnenoBarensHo, N =n’ +a =2501.
OTtBer: 2501.

Jlokaxkute, 4To i JII0OOTr0 MPSIMOYTOJIBHOTO TPEYTOJIbHUKA C JUIMHAMHU KaTeTOB a, b,

TMIIOTEHY30M ¢ U yriaamu «, £ (o HanpOTUB CTOPOHBI @, [} — HANPOTHUB D)

BBINOJIHSAETCS PaBEHCTBO a” —2ac cos(60° + ) = b* —2bccos(60° + ).

Pemenne: IIpeoOpazyem KOCHHYC CYMMBI IBYX YTJIOB:

a* —ac(cosﬁ—\/gsinﬂ) =b? —bc(cosa— 3 sina).



Cnaraemsie «3acsin S 1 \3bcsina paBHbl gpyr apyry (T.K. 06a paBHBI YIBOCHHOIL
IUIOMAM TPEYrONbHUKA, YMHOXCHHOH Ha /3 ) H, CIICIOBATEIBHO, COKPAIIAIOTCL.
Ocraercs qoKasaTh, 4TO

a* —accos B =b*—bccosa.

[TocnenHee 0YEBUIAHO, TIOCKONBKY €COS f=a U ccosa =b. PaBeHCTBO J0Ka3aHO.

3anuiieM NoJApsl BCe HaTypalbHbIE YHCIIA, KPATHBIE JEBATH:
9,18, 27, 36, 45, 54, 63, 72, 81, 90, 99, 108, ...
VY KaxIoro W3 HTHX 4YHUCeNn TNoJcuuTaeM cymmy mudp. B pesynbrate mnomyuum
IIOCJIEI0BATEIIBHOCTD:
9,9,9,9,9,9,9,9,9,9, 18,9, ...
Haitaute cymmy nepBbix 550 4ieHOB 3TOM MOCIE0BATEILHOCTH.

Pemenue: Y HaTypalbHBIX YHMCEN, KpaTHBIX AEBIATH, OT 9 mo 4950 Hamo moacyuTaTh
CyMMBbI IU(p, a 3aTeM 3TH CYMMBbI CIOXHTb. IIycTh ¢, — KOIMYECTBO YHUCEN B 3TOM

JMamna3oHe, y KOTOpbIX cymMMa nudp paBHa 9, ¢,— KOJIMYECTBO YHUCEN C CyMMOH mudp
18, ¢,,— konuuecTBO uncen ¢ cyMmoi udp 27.

BeruncnuMm ¢, Bymem  Bce  uMcina  TpPAaKTOBaTh  KaK — YETBIPEX3HAYHBIE:
9=0009, 18=0018, ... PaccmoTpum cHauana uucia Buga Om,m,m,, T.€. T€, Y KOTOPBIX

nepBas 1udpa HONIb. BBISICHUM CKOJBKUMHU CIIOCOOAMH 4YHUCIO 9 MOXET OBbITh
NPEICTAaBICHO B BHUAC CYMMBI TpEX IEIBbIX HEOTPHUIATCIBHBIX  CIIaracMbIX:
9=m, +m,+m,. IlpubaBum k oOeum wyactaM uuciao 3: 12=(m, +1)+(m, +1)+(m, +1).

[TomyyaeTcs, 4To HaAO HAWTH KOJMYECTBO CIOCOOOB NMpEACTAaBUTH YMCIO 12 B BUIE
CYMMBI TPEX HAMYPAIbHbIX CIAaraeMbX. DTO KOJIMYECTBO paBHO C;.(/lefcTBUTENBHO,

npencTaBuM cebe Ha uyuciaoBod mpsmor umcna 1,2,...,12. Mexny numu umeercs: 11
NPOMEXYTKOB. BpIOpaB 1Ba mpomexyTka, Mbl pa3o0beM 12 Ha TpU HEHYJEBBIX
claraeMbiX.) AHaJIOruuHo, umeercst C;, uucen ¢ cymmoid uudp 9 Buma lmm,m;, C;

aucen 2mm,m,, C; 4ucen 3mm,m,, U, HakoHem, C. yucen Buia 4m m,m,. B wurore,
— (2 2 2 2 2 _
c, =C/,+Cj,+Cy +C; +C; =185.
3areM HETPYAHO HAUTH, YTO c,, =30, U, CIENOBATEIBHO, ¢, =335. i1 nonydeHus

OTBETA OCTAETCS BRIYUCIUTE ¢, +18¢c, +27¢,,.
Otser: 8505.

Haiigute Tpu kakux-HUOYAb HATYpaJbHBIX YHCIA @, b, ¢, yIOBIETBOPSIOIIUX PABEHCTBY
a® + 2016 _ 5

Pemenne: M3BectHo, yro 2" +2" =2"". Ilosromy uucna a, b, ¢ OyneM UCKAaThb B BHIE
a=2",b=2" c=2". Ocraercs nmomobpaTh LeJble HEOTPUIIATENbHbIE MOKa3aTenu k, [, m

TaK, YTOOBI BBIIOJHSJINCH COOTHOIICHHS 3k =2016/ =5m—1.

Oteer: Hanpumep, a =2 b=2* c=2""
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Bapuanr 1

1. Haiimute Kakoe-HHOYIb HATypaJlbHOE YHCJIO, CyMMa BCEX JEIHTENCH KOTOPOTO
(Bxirouast 1 1 camo 310 uncio) paBua 2016.

o k __k, k
Pemenne: Cymma fienuTeneii uucina 1= p,' p, ... P, paBHa

(1+pl +p! +...pl’“)-(1+p2 + p; +...pf)-...-(1+ps +p’ +...pf), TAe p,- TIPOCTHIE
upncia. Pasnoxum yrciio 2016 Ha nmpoctbie MHOKUTENH: 2016 =2"-3%-7. Toraa
npoussenenne uncen 2-3° =18, 2-7=14u 2’ =8 pasuo 2016 u npu >TOM 3TH YuCIa
MOTYT OBbITh peAcTaBieHbl: 18=1+17, 14=1+13u 8§=1+7.

Oteet: 17-13- 7=1547 (ouH U3 BO3MOXHBIX OTBETOB).

2. Pewmnre ypaBHEHHE (x2 +3x+6)(x2 +7x+16) =41.

Pemenne: [lepemHOKaeMble TPEXWIEHbI UMEIOT OAMHAKOBBIE NUCKPUMHMHAHTBHI. 3HAYUT
MOJyJIb Pa3HOCTH KOpHEH MepBOro TpexwieHa (XOTs OHM U MHHMMBIC) paBeH MOJYJIIO
Pa3HOCTH KOPHEW BTOPOro. OTO TO3BOJSAET € YCIIEXOM IPUMEHHUTH OIPEICICHHYIO

"LEHTPUPYIOLIYIO" 3aMEHY:
(Ge+1,5)° +3,75)((x+3,5)” +3,75) =41. 3amena x = y - 2,5. Torza

(=1 +3,75)((y+1)? +3,75) :41<:>((y2 +4,75)—2y)((y2 +4,75)+2y) —4le
(1 +4,75) —4)° =41,

[TomyunBiieecss OMKBaApaTHOE YpaBHEHHUE PELIAETCS 3aT€M CTAaHJAPTHBIM 00pa3oM.

—5+4/-11+4426
> .

OTtBerT;

3. JlokaxwuTe, 4TO AJis JIOOOTO TPEYroJibHUKA C JJIMHAMHU CTOPOH a, b, ¢ U yriamu «, f,
y (o HampoOTUB CTOPOHHI a, [f — HAIPOTUB b, ¥y — HATIPOTHUB C) BBITIOJHSIIOTCS PAaBEHCTBA
a’ +b>—2abcos(60° + y) =b* +c? —2bccos(60° +a) = a® +c* —2ab cos(60° + f).

Pemenue: J[okaxxeM IepBoe PaBEHCTBO
a’ +b* —2abcos(60° +y) =b? +c* —2bccos(60° + ).
[IpeoGpazyem KOCUHYC CyMMBbI
a’+b* —ab(cosy/—\/gsin;/) =b*+c? —bc(cosa— 3 sina).
Cnaraemsie ~/3absiny 1 \3bcsina paBHbI mpyr Apyry (T.K. 00a paBHBI YIBOCHHON

IUIONIAIM TPEYrOJbHUKA, YMHOXEHHOW Ha NE) ) W, CIIIOBATEIIbHO, COKPAIIArOTCs.
Ocraercs 10Ka3aTh, YTO
a’—abcosy =c*—bccosa.

[Tocnennee OYCBUIHO, ITOCKOJIBKY, I10 TCOPEME KOCHHYCOB,



2abcosy=a’+b’ -c’ u 2bccosa=c’ +b* -a’.

HepBoe PaBCHCTBO OA0OKA3aHO. BTOpOC JOKa3bIBACTCA aHAJIOTMYHO.

JIBe yacThIBl HaxomATCS B BEpIIMHAX INpaBwIbHOro 2016-yronbHuka. B HavaibHBINA
MOMEHT I€pBasi YaCTUIA HaXOJUTCSI Ha PACCTOSIHUU 45 CTOPOH IO YaCOBOW CTPEJIKE OT
BTOpOH. 3aTeM OJHOBPEMEHHO OHM HAaYMHAIOT COBEPIIATh NPBDKKU: BTOpas — MPOTHUB
yacoBoi cTpesiku yepe3 100 cTopoH, a mepBas — Mo 4aCOBOM CTpeJike uepe3 83 CTOPOHBI.
[lonagyr 7M1 OHM OJHOBPEMEHHO B OJHY BEpUIMHY M €CIU Ja, TO 4Yepe3 CKOJIbKO
HPBIKKOB?

Pemenue: Ilycth mepBas yacTHila MPBITaET YEPE3 § CTOPOH IO YACOBOM CTPEIKE, BTOpas
— 4epe3 ¢ CTOPOH MPOTUB YacOBOU cTpenku. [lepBoHayanpHO NepBasi YacTUIA HAXOIUTCS
Ha PacCTOSHUU d CTOPOH IO YaCOBOM CTpesike OT BTOpoi. [lepeiinem B cuctemy orcuera,
CBSI3aHHYIO CO BTOpOM 4actuued. To ecTb, BTOpas 4YacTULa HENMOABH)KHA, a IMepBas
COBEpIIacT MPBDKKKA depe3 s+f pedep Mo 4acoBOHM CTpEIKH. 3aMETHM, YTO PACCTOSHUE
MEXJy 4YacTHUIlaMU, OTCUMUTHIBAEMOE I10 YaCOBOM CTpEJIKE OT MEPBOM KO BTOPOH,
coctaBisieT 2016-d ctopoH. 3aHyMepyeM BEpPIIMHBI MHOTOYTOJIbHUKA LETBIMU YUCIaMHU
or 0 mo 2015 Takum oOpa3oM, YTO IEpPBOHAYAILHO TeEpBas YacTHIIA HAXOIUTCS B
BepinHe ¢ HoMepoMm 0, a Bropas — B BepunHe ¢ HomepoM 2016-d. Ilycte n — uckomoe
KOJIMYECTBO MPBDKKOB. Torjga, 4yroObl mepBas yacTuila mnomnaiga B BepmwmHy 2016-d,
JIOJI’KHO BBITIOJIHSATHCS COOTHOIIICHUE

n(s+t)=2016—d (mod2016) < 3k € N:n(s+t)+d =2016k. ~ Hrax, Hazo HaWTH

HaTypaJbHOE 7, JJI KOTOPOIrO CYIIECTBYET

HaTypaJIbHOE k TaKoe, 4TO

n:2016k—d:2016k—45. Uueno 2016 naer 2016-d
S+t 183

ocTaTok 3 mnpu  genenun  Ha  183.

Bropas yactuna (Henoasu;xHa)

l'[cpsaﬂ HacTHLa

CnenoBarenpbHO, 4YTOOBI YHCIUTEIbL JaBall
OCTaTOK HONb 0pH JeleHud Ha 183, 1 s+t
JIOCTATOYHO B3iTh k=15. Torma n=165.

OTtBert: 165.

Ha nuockoctu m300paxEéH KBajgpar nxn KIETOK. BepluumHbl KiIeTOK OyneM Ha3biBaTh
y3namu. TpeOyeTcss B 3TOM KBajapaTe YJIOKUTh TpyOy (“TEmislii mox’) Tak, 4ToOBI BXO/T
ObUI B JIEBOM HM)KHEM YTITy, a BBIXOJ] — B COCE/IHEM Y3JI€, U PU 3TOM TpyOa mpora Ob
POBHO OJIWH pa3 dYepe3 Kaxawpld y3en. TpyOy paspemraercss yKJIaaplBaTh TOJIBKO IO
rpanunaMm kietok. Ha pucyHke m300pak€H mpuMep YKIaaKu TpyObl B

kBaapare 3x3. Jlokaxure, 4TO YIOXHUTh TPYOy BO3MOXKHO TIPH JTHOOOM

HEYETHOM 3HAYEHUU 7 M HEBO3MOXKHO HU IIPU KAKOM YETHOM A. —_
Pemienmne: Ecim n — Heuyé€rHoe, TO, HampuUMEpP, BO3MOXKHA YKIIAJKa
“3MEeWKON” MO aHAJIOTMM C PHUCYHKOM B YCIOBMM 3anaud. Ecnm n — uérHoe, TO

KOJIMYECTBO Y3JIOB paBHO (n+1)x(n+1) — Heu€THoe uncno. PackpacuMm y3ibl B YepHBIN
Oenblii 1BET TakK, 4YTOOBI COCEAHHE Y3JIbl MMENIU pa3Hble IBeTa. Torga mapuipyt
HA4YMHAETCA Y3JIOM OHOTO LIBETA, a 3aKaHYMBAETCS y3JIoM Apyroro nsera. Ho torna takoit

2015



MapuIpyT MMeeT YETHYIO [JIMHY (KOJMYECTBO NPOHACHHBIX Y3i10B). ClenoBaTeNbHO,
HEBO3MO>KHO IOCTPOUTH COOTBETCTBYIOIIMIA MAPIIPYT.

[lepBBlii CIOPTCMEH HA4YMHAET [BWKEHHE W3 INyHKTa A B NYyHKT B, aepxka B pyke
scTadeTHyro najiouky. OJHOBPEMEHHO C HUM M3 MyHKTa B crapTyer BTOpOil criopTcMeH
Y COBEpILAET YEIHOYHBIHN Oer Mexny myHkramMu A u B co ckopocthio, B 10 pa3 Oosnbliei,
YeM CKOpPOCTh NEPBOro croprcMmeHa (T.e., Ao0exaB A0 A, BTOpPOM CHOPTCMEH TYT K€
pa3BopaunBaerca M Oexur B B, orryma cHoBa B A u T.a.). Ilpm kaxnoil BcTpeue
CHOPTCMEH, BIAJEIOUIMM 3cTapeTHON Nanoukoil, mepenaer €€ JIPyroMy CIOPTCMEHY.
Haiitu nyTh, KoTOpHIN OyAeT mpojenaH 3cTadeTHON MaJouKol K TOMy MOMEHTY, Korja
NIEPBBIA CIIOPTCMEH OKAXETCs B IyHKTE B, ecim paccrosiHue Mexay IyHKTaMu A u B
paBHO S.

Pemenne: HapucyeM rpaduk 3aBUCMMOCTH OT BpPEMEHHM KOOPAHMHAT CIOPTCMEHOB
OTHOCHUTEJIBHO MYHKTA A, 3aT€M BBIIEIMM T€ YacCTH NPSIMBIX, KOTJa COOTBETCTBYIOIUM
CIIOPTCMEH Bjaaen AscrtapeTHoW mnanmoukod. I[lpsmyro ans mepBoro crnopTcMeHa
0003HauuUM Kak L, y4aCTKH MPSAMBIX JUIsl BTOPOrO CIHOPTCMEHA — Kak L, ..., L,,. Toukn

nepenayn dctadeTHOM TMajgoykd (OHU K€ TOYKH TIEPECEUEHUs] COOTBETCTBYIOIIMX
IpsIMBIX) 0003HAUYUM KakK A,..., 4,. Torna uckomas BeIU4uHA S, NPEICTaBISET COOOI

CYMMY HpoeKHI/Iﬁ BBIJICJICHHBIX @parMeHTOB Ha OChb opAauHar, a HNMCHHO.
So=y(A)+y(4)+y(4)+[y(4)-y(4) |+ y(4)+

+y(A4)+[y(A5)—y(A4)]+...+y(A9)+y(A10):

=2[y(4)+y(4)+y(45)+y(4,)+y(4)]+S

. S
VYpaBHeHHE NpAMONA L MMEET BUIL y = RE

. 108 .
VYpaBHeHHE MpsAMON L, UMeEeT BUJA y:—Tx+S (ero MOXHO HalTH, Hampumep,

IIOJICTaBUB B YPaBHEHUE NPSMOU y = kx +b KOOPAMHATHI JBYX KPaWHUX TOYEK OTpe3Ka U

pEIINB CUCTEMY OTHOCHUTENIBHO k U b).

CocTaBuB cUCTEMY U3 YPaBHEHUH M NPSIMBIX L W L, HAIEM OpJUHATY TOUKHU A, :

3S
AHAJIOTUYHO MOJIy4aeM y(Al):ﬁ' HerpynHo yBuAeTh, 4TO Uil BCEX MHTEPECYIOLIUX

2n+1)8§
HAC TOYEK y(Aan):%. [TosTomy S, :2-%(1+3+5+7+9)+S:%S



7.

OTBerT: ﬂS.
11

T 37 T t
10 10
ITycTh x — pelcTBUTENBHOE YKciI0. OGO3HAYMM CHMBOJIOM ||x|| pacCTOsHUE Ha YUCIOBOMA

3,7|=0,3.) dokaxute, 4ro

HaWETCS HAaTypaJIbHOE YUCIIO k Takoe, uTo 1) £ <999 u 2) Hk\/z H < 1

1000

npsiMoit oT x 1o Onwkaiimiero nenoro yucia. (Hampumep,

Pemenne: Pazo6bem otpesok ot 0 10 1 Ha 1000 0gMHAKOBBIX MOJAOTPE3KOB U OTMETUM
Ha HEM TOYKH X, :{1-«/5}, X, :{2-\/5}, {999-\/5}. 3nech ¢urypHsie cKoOku { }

0003Ha4AI0T APOOHYI0 4acTh YMCIA. B CHIy TOro, 4TO 4HMCIO +/2 MPpALMOHANBHO, HH
OJJHa TOYKA X, HE MOXKET COBIACTb C KOHILIOM IIOJOTPE3Ka. SICHO TakXke, YTO €ClId XOTb

OJIHA M3 3TUX TOYEK IoIaja Ha MOJ0TPE30K, OTMEUYEHHBIN CEPbIM, TO HAIlIE YTBEPKICHUE
nokazano. [loaToMy npeanonokum, 4To HU OJIHAa TOYKA Ha 3TU KpailHUe MOJOTPE3KH He
nonana. Torma moisywdaercs, 4Tto Hamu 999 TOuYeKk NOKHBI pa3MecTuTbess Ha 998
OCTaBUIMXCS MONOTpe3Kax. 3HAUUT, CYIIECTBYET XOTsSI Obl OJMH MOJOTPE30K, BHYTPb

KOTOpOro MomagyT IO KpalHeW Mepe naBe 1 2 999
000 1000 7000
TOYKH X, UX,,m>n. Torna 1 1 1 = = = 2 1
| | ! J 1

H(m —n)- 2 H < ﬁ YTBepxKIeHUE JOKA3aHO.

Haiigute Bce mapbl HaTypajJbHBIX YHCE (X, V), YAOBJIETBOPSIOUIMX PABEHCTBY:

X%+ =100000.

Pemenne: Papencto x>+ y* =100000 nepenumenm B Buzie

2 2
(2w
z z
rae z=100. O6o3HauuB eme p=x/z, g =y/z,MOIy4UM YpaBHCHHE
p2+q2=10, p,q €Q. (D)

33,[[&‘-13 CBCACHA, TAKUM 06pa30M, K NOUCKY TOYCK C IMOJIOKHUTCIIbHBIMH pallnOHAJIbHBIMHA

koopauHaTtamu (co 3HameHarenem 100) Ha okpyxHOCTH pamuyca ~/10,C IEHTpOM B



Hauyajle KOOpAMHAT. YpaBHeHUIO (1) yIoOBIETBOpAIOT, Hampumep, uucia p,=3,q,=1.
OcranbHbIE pallMOHATBHBIE TOYKH OyJeM HCKaTh CIEAYIOIMNUM O0pa3oM: 4epe3 TOUYKY C
KOOpAMHATaMH p, =3, ¢, =1 OyJeM NPOBOAUTH BCEBO3MOKHBIE IIPSIMBIE
P =k(q=q,)+ py; )

a koa(duimeHT k moadupaTh Tak, YTOOBI TOUKA MEepeceUEHUs MPSIMOH (2) U OKPYKHOCTH
(1) (ornmmunas or p,=3,q,=1) umena paunoHanbHble KoopauHatel. IloxcraBus (2) B
(1), momyanm

(k(g-1)+3) +¢* =10k* (¢-1) +6k(g—1)+¢* ~1=0

&> (coxpamaem Ha g — 1) < k* (g —1)+6k+g+1=0&
k* —6k—1

1+k*>

[ToncraBnsis moy4eHHOE BbIpakeHue s g B (2), HaliieM

3k -2k +3

1+
ITockoneKy p,,q, PALlMOHANBHEL, a B TOYKE MEPECEUCHUS PALIIOHATBHBIMH TOJDKHBI OBITH
eme u p,q, TO, Kak cieayer u3 (2), kodpdunueHT k Takke panuoHaneH. [lomaras
k=m/n, m,n € Z, BBIpOXEHUS UTSl p U ¢ TICPEIIHIIEM B BHJIC

3(n2—m2)—2mn _m*—6mn—n’

9

p:

n’ +m* n* +m*

Takum 00pa3oM, MCKOMBIE YHCIIA PABHBI
x:3(n2—m2)—2mn, y=m2—6mn—n2,rz[e m*+n* =100.
[Tocnennee ypaBHeHHE pelaeTcs nepedopom:

(I = 10.[n| = 0), (jm[ = 0.Jn| =10) (J =8.Jn| = 6). (

TaKXKe C Y4eTOM OTMEYEHHOIO paHee pelleHus p, =3,q,=1) Hoiaydaem cIeayrouye

m|:0,

m| =8, m| =6, n|:8). Jlns HaiineHHBIX m, n (a

napbl HaTypaJIbHbIX yucen (x, y):

Oteer: (12, 316), (100, 300), (180, 260), (260, 180), (300, 100), (316, 12).



