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JImunaga osmmmmmaaa. KOHnopsl.

1. Jlanvl wemovipe nosoACUmesvHuT 6EULLCMBEHHBLT YUCAG A, b, ¢, d. Beauvunor a—c, b—d, c+d asasomes
CMOPOHAMU HEBBIPOIHCIENH020 Mmpey2oivHuKa. Jokascume, wmo ab # 2cd.

Pemntenmne. JleiicrByem ot nporusHoro. Torma u3 a — ¢ > 0 monydaem a > ¢, a 3Ha4uT u3 ab = 2cd
nostydaeM, 9ro b < 2d. Anasorumuano a < 2c¢. CkianapiBasi, umeeM a + b < 2(c + d). C npyroii cropoHsl, u3
HepaBeHCTBa Tpeyroibauka (a — ¢) + (b — d) > ¢+ d, otkyna a + b > 2(c + d), nporusopeuue.

2. Bruympu napanrenozpamma ABC D evibpana mouxa P. IIpamas BP nepecexaem cmopony AD 6 mou-
ke E, a npamas DP nepecexaem cmopony AB 6 mouke F. Oxasanroco, wumo BE = DF. Onucannoie
okpyotcnocmu mpeyeoronuxos DPE u BPF nepecexaromes ¢ mouke ) enympu mpeyeosvruka BCD.
Loxaotcume, wmo mouxa Q) seorcum na npamoti CP.

Pemenune. 3amerum, uro LZQDF = ZQEB u ZQFD = ZQBFE, nostomy tpeyroibuuku QBE u QF D
paBHBI 110 cTopoHe n aByM yriaMm. Torma QF = QD. Ilycrs npamas D(Q) nepecekaer ctopony BC' B Touke
X, a npsmasg B(@) mepecekaer cropony C'D B touke Y. Torma ZQXD = ZQDFE = ZQPB, nosromy
roukn B, X, (), P, F nexar Ha ojHOI oOKpy:KHOCTH. AHajorn4dno Touku P, ), Y, D, E nexat Ha OIHOI
okpyxkHoctu u ZDXC = ZBYC, rorna Touku B, X, Y, D Toxe Jjie;kaT Ha OJHON OKPYZKHOCTH, CJIEI0-
BaTe/IbHO, TOUKa C' — paJIMKaJbHBIN IEHTP 3TUX TPEX OKPYKHOCTEH, TOT/Ia OHA JIEKUT Ha PaINKAIbHOI
OCHU OIUCAHHBIX OKPYKHOCTel TpeyrojbaukoB PED u PF B, T. e. na upsmoit P(Q).

3. IIycmv n — namypaavroe wucao, u nyemv S = {1,2,... ,n}. Jocka pazmepa 3 X n Ha3veaemcs Kpacu-
801l, ECAU OHA MOHCEM OBIMB 3ANOAHEHA YUCAAMU U3 MHOHCECNEA S MAKUM 00PA30M, YO BLINOAHAIOMCA
cAEQYULUE YCAOBUA:

® g KaocAol CMPoKe KadHcIoe YUCAO U3 MHOHCECTNEG S NOABAACMCA POSHO 00U PaA3,

® 6 KadHCAOM CMOAOUE CYMMA NONAPHBIT NPOUSBEIEHUL YUCEA 8 IMOM CMoAbue Kpamua n (mo ecmp,
ecat 8 CmMoabue 3anucanb, YWucaa a,b, c, mo ab + be + ca dossrcno Gvimo Kpammo n ).

JIasa KaKuT 3navenuts HamypaabHo20 YUCAaL N CYWECMEYIOM KPacusvle madauyb?

OrBer: Ilpu vHedernoix n. Pemenne. [lycrs n gerno. CyMma MOnapHbIX ITPOU3BEAECHNN TPEX UNCET
YeTHA, €CJIU IETHBI XOTs OblI JBa U3 3TUX TPEX uucesi. Cre0BaTe/IbHO, B KAXKJIOM CTOJIOIE JTOKHO OBbIThH
XOTs OBI JIBa YETHBIX YUCIA. TOr/1a BCEro 9eTHbIX TUCeT JIOJKHO ObITh He MeHee 2n, a ux 3%. lIporuBopeune.

JlokaxkeMm, YTO TIPU HEYETHBIX 7 MOYKHO TaK PacCTaBUTh 4dmcjia. [locraBuM B MEPBBIX JBYX CTPOKAX
qucsia oT 1 10 n ciaeBa HampaBo. Torja B é-blit CTOJIOEI] MbI JIOJIZKHBI ITOCTABUTH €IIE TAKOE YUCIO L, UTO
xi+xi +1i% i n, (22 4+ 1) : n. Bosbmem x = —i/2 (mod n). Ouesujino, Bee Takue T GyIyT Pa3IMIHBIMU
JJIS PA3HBIX %.

4. B 00nokpyz080M mypHupe npuHumMano ywacmue n komand. Huuvur 6 myprupe ne 6win0. Jlis xarxozo
HAUMEHDUE20 T MONHCHO 2GPAHMUPOBAHHO YMEEPHCIAGMDB, 4MO HATIEMCA KOMAHIA, KOMOPAA BblU2PaAd
xomas 6w 100 mamuets u npouzpana xoms bv, 100 mamueti?

Oter: 399. IIpumep TypHupa Ha 398 KOMaH]I, B KOTOpOM TpebyeMast KOMaH/ [a He HaliiéTcd. BeicTponm
Bce KOMaHJIbI B 2 Kpyra 1o 199 komang. Ilycrs kaxkiaas xkomanga mobeaut 99 ciieayromnmx 1Mo 4acoBoOit
CTpeJIKEe KOMaH/I B €€ KPYyTI'y, a TaK»Ke Bce KOMaH/Ibl U3 IIEPBOI0 Kpyra OOBII'PAIOT BCE KOMAH/IbI U3 BTOPOI'O
Kpyra. Herpyano BujeTh, 9TO KaxKjaas KOMaHIa B IIEPBOM Kpyry Ipourpaer 99 mardeil, a BO BTOPOM
kpyry — Bbiurpaer 99 mardeit. Takum obpazom, Tpebyemasi komana He Haijiéresa. Quenka. [lokaxkewm,
qro n = 399 nojaxoaut. HazoséMm KoMaHIy cuavhol, eciu oHa mpourpaJsa Menbine 100 maryeit, u caabot,
ecam nobeimna menbie 100 maTyeii. [pemonoxkum, 9To TpedyeMast KOMaH Ia He HAlJIETCs, TOT/Ia KaxK1as
KOMaH/1a siBJIsieTcs JIn0O0 cuibHOI, b0 ciaboit. Torma Oymer aubo xoTst Ob1 200 CHIBHBIX KOMAHJI, JTUOO
xots Ob1 200 ciabbix. He ymanasa obmrnoctn, myctsb cuiibHbIX k& > 200. Torma cymMMapHO OHU ITpOUTPAJIU He
6osiee 99k marueii. C apyroit CTOPOHBI, TOJHLKO MEXKTY COOO OHU ChIIpaJIn k(kT_l) > 19 ~ 99k marueit, n

2
B KaXKJIOM MaTd4e Kakag-HuOyIb M3 KOMaH] JI0J:KHa OblLia mpourparh. IIporuBopedne.

5. Jlaa nosootcumenvhoir wucen a, b, ¢, d, menvwux eduruybl, doKaHCUME HEPABEHCTME0

1 n 1 n 1 n 1 S 2 n 2
I1—ab 1—-b 1—c6 1—-d2~ 1—(abc)> 1— abcd

Pemenue. CyMmmy 1mepBbIX TpeX CjaraeMbIX OIEHUM CHU3Y 10 HEPABEHCTBY O CPeJHEeM apudMeTute-

3
CKOM 1 CpeJHEM I'apMOHUYIECKOM KaK 9TO HE MEHbIIE m 110 HEPABEHCTBY O CpeIHUuX JIJId

9
3—(ab+b6+4-c0)”



6 16 .6 1 1 2 X
a®,b°, c®. Ocraercst J0Ka3aTh HEPABEHCTBO (b2 T 1= 2 -, KOTOpOe JIOKa3bIBAeTC s TaK Ke: CHavaJIa

10 HEPABEHCTBY O CPEJIHEM apU(PMETHIECKOM W CPEJHEM TapMOHMIECKOM OIEHUBAEM JIEBYIO 9acTh CHU3Y
4 2 72
KaK 5—(ropozyazys & 34TEM 10 HEDABCHCTBY O CPEIHUX JUTs (abc)* u d* nomydaem Tpebyemoe.

6. B nepasrobedperrom ocmpoyzosvrhom mpeyzoronure ABC wepes opmouenmp H nposedena npamas,
nepnenduryrapran obuccekmpuce yeaa A, nepecexarowas cmoponvt AB u AC 6 moukaxr D u E coom-
semcmeenno. [lycmsv X — emopas mouka nepecederus oOnucaHHvx oxpyscHocmeti mpeyzosvrurxos BDH
u HEC'. Jloxaoscume, umo onucannas oxpystcnocms mpeyzosvnuka AHX wacaemes 6uccekmpucol yeaa
BAC.

Pemmenune. Ilycte O — nentp omnmcannoii okpyzkuHoctu tpeyrosbiuke ADE. Torma /DOFE = 2/A,
/ODE = /0ED =90° — /A= /DBH = ZECH. Cnenoparenbio, OD — kacarejibHasd K OKPY?KHOCTH
(HDB) u OF — xacatenbHas K okpyxkuoctu (HEC). Tak kak OD = OF, 1o O j1eKUT Ha PaJocu 9THX
IBYX OKpyskHOCTeil, To ecth Ha npamoit HX. Torna OD? = OH - OX = OA2% Crenosarensno, OA —
kacaresnbHas K (AH X)), aro u TpeboBasoCh.

7. Bepro au, wmo
HOJ((2k — 1)1 4 (2k + 1) (26 — 1) 4+ (2% + 1)271) = 442

npu 6CET HAMYPANLHOIT k¢

OtrBer: wnHer. Pemtenume. MununmasbHbIl KOHTpIpUMep obHapyzkuBaercs nupu k = 14. Hecsoxuo
yOeIUTLCS HeOCPEACTBEHHBIM BLIMICICHIEM, 9T0 00a unca 2727 42920 u 2729 +2927 xparust 17. [Togcam,
KakK HalTh Takol IIpuMep.

Breném obosnauenune n = 2k. Yroosr HOJI u3 yeaosus 6but orimden orT 4k%, HaM Hy»KHO HalTH He
BXOJIsIIlee B 1 1IpocToe p, Jyisa Kortoporo (n — 1)" ' = —(n + 1)"" (mod p) u (n — 1) = —(n 4 1)"!
(mod p). Iogenus oxHO cpaBHEHME Ha Jpyroe (MOTOMY 9TO, OueBHIHO, n Z +1 (mod p)), MBI HOITydnM
(n—1)* (n+1)> =1 (mod p), orkyga n? = 2 (mod p). C oHOI CTOPOHBI, 3TO O3HAYAET, ITO P JIOJIAKHO
OBITH Jle/ITeIeM Yucaa Buja n? —2 (To ecTh, CKazKeM 10 CeKpeTy, UMeTh Bujl 8t £ 1), Ho, uTo Gostee BazKHO,
ecin Beé ke n? = 2 (mod p), HAM JIOCTATOYHO JIOOGUTHCS BBIIOJHEHHST TOJBKO OJHOTO U3 JIBYX MCXOJIHBIX
CpaBHECHUI.

1o cpasuenue, (n — 1)"! = —(n + 1)"* (mod p), renepn, Korga Mot 3naem, uro n + 1 = (n — 1)7!
(mod p), npusourcs K Bugy (n—1)""' = —(n—1)"""! (mod p), umm, uro To ke camoe, (n —1)** = —1
(mod p). Takoe, Kak MBI 3HaE€M, BO3MOXKHO JHIIb mpr p = 1 (mod 4), 3210 B 9TOM CJIydae JOCTATOIHO
B3aTh N = £ (mod p — 1).

Hammenbiee mpocroe p, yJI0BIeTBOPSIONIee HalIEHHBIM HAMU YCI0BUAM, paBHo 17. Pernasg cpaBaenne
n? =2 (mod 17), maxoqum n = +6 (mod 17). B coderanun co cpasuennem n = +4 (mod 16) 310 nosso-
JIFIeT HAlTH cpa3y HeCKOJIbKO pernennii, B koropbix Hamt HOJI kparen 17. Beibop n =6 (mod 17) un = 4
(mod 16) maér Hesierko mpoBepsieMblii Bpy4dHYIO tpuMep n = 244, a Beioop n = —6 (mod 17) u n = —4
(mod 16) — mpe/rbsiBIEHHBIN B HawYase OTBET N = 28.



