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BCTYHI/ITeJleaH oJimMIInaJlda. 4 nroJis.

Bpems pabomuvr 150 munym. Pewamv moorcho 6 aobom nopadke. 3adavu
3ANUCHIBAEM HA AUCTNOYKAT, HG KAHCOOM AUCTE NUULEM Pamusuo U </lucm
1 us 7, Jluem 4 us 15 u npouees. Kasrcdas nosan zadavwa doasrcra Ovimo
wemrxo omaesena om npedvidyuets, HCeAGMEALHO € HOB0T CMPAHULDL, EULE
orcenamenvree na omaesvHom sucme!

1. CtaJ0 MOJIOAHAKA COCTOUT 13 OBIYKOB U TeJIOUeK. Testouek B crase 5H%
OT ero obOIIell YuCIeHHOCTH, a uX obmumit Bec cocrasisier 45% obiero seca
crajia. Bo ckosibKo pas cpejauil Bec Obuka 60JIbINE CPEJIHEro Beca TeJI0UKN !

2. BemecrBennble ancia a, b, ¢ TakoBsl, 4T0 1 < a < b+c<a+1ub < c.
Hokaxkure, 9to b < a.

3. Ilycts ABC'D — paBHobGeipennast Tpanernus ¢ ocHoBanusmMu AD u BC'
Ha npogoskennn npsimoit DA 3a Touky A orioxKmim oTpe3ok AE Takoii,
uyro AE = BC. B kakom otHottennn ouccekrpuca yria DBE jgenut orpe-
30Kk DE?

4. Ha crose sexknt kyda uz n (n > 1) 6eiijpkeit. Hunouka n Taneduka
1o ouepe/ i (HaunHaeT TaHedka) pazbuBaroT JIOOYIO U3 UMEIOIINXCST Kyd Ha
2 wm 3 Menbimux. llpourpeiBaeT He MMeromas xoja. KTo BbIUTpaeT IPH
npaBmibHOf urpe? (OTBET MOXKET 3aBUCETH OT N).

5. B Tpeyrosibauk Brimcana oOKpy»KHOCTb. depe3 TOUKN KacaHus CO CTOPO-
HAMW TIPOBEJICHBI MPsiMble, Mapaslie/bHble OUCCEKTPHCcaM MPOTUBOIOIOMK-
HBIX yIJIOB. JloKaKuTe, 9TO 9TH MpsSMbIE NIEPECEKAIOTC B OJIHOM TOUKeE.

6. Moxxno ymm pazouth uucsia or 1 jgo 1000 Ha Tpu rpymnnbl TakKuM oOpa-
30M, 4TOOBI B IEepBOil rpyie cymma unces jenuniack Ha 1002, Bo BTOpOIt
rpymie — Ha 2003, a B Tperbeit rpymme — xa 30047

7. IlpsgMOyTroJIbHUK pas3OuT Ha mn MPsSIMOYTOJIBHUKOB m — 1 BepTHKAIb-
HBIM pa3pe3oM U N — 1 TOpu3oHTaIbHBIM paspe3oM. [Ipo KazkIblil MaJieHb-
KUl TPSIMOYTOJIBHUK (M3 9TUX MN) MOXKHO CIIPOCUTH €ro ILIONa/ib. 3a Ka-
KO€ HalMeHbIIIee YNCI0 BOIIPOCOB MOXKHO FapaHTUPOBAHHO Y3HATD ILIOIIA/IH
OOJTBITIONO MTPSAMOYTOJILHIKA,?

Ilomobmue. 4 uroid.

Onpenenenne. [Ise purypbl Ha3BIBAIOTCS N0J0OHBIMU, €CTH CYLIECTBY-
10T Takue 4ucio k > 0 1 cooTBETCTBUE MEXKJIy TOUKAMU STUX (PUIYD, UTO
JUIs JIIOOBIX JIBYX TOYEK I1epBoil (pUrypbl paccTossHue Mexkly HuUMu B k pas
MEHbIIIe PACCTOSTHUSA MEXKIY COOTBETCTBYIOIIMMU UM TOUYKAMII.

Hanomunanue. Tpeyronsuuku ABC u A'B'C’ nojgobub! eciu
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(1) ZABC = ZA'B'C' u AB/A'B' = BC/B'C",
(2) LZABC = LA'B'C' u ZACB = LA'C'B',
(3) ABJA'B' = AC/A'C' = BC/B'C".

YT1BepKaeHne. MHOroyroJbHIUKI TO00HBI TOI/Ia U TOJIBKO TOTIJIa, KOTIa,
X CTOPOHBI COOTBETCTBEHHO ITPOIOPIMOHAJIBHBI, a YIJIbI COOTBETCTBEHHO
PaBHBI.

1. a) [lokaxkuTe, 9TO BBICOTA HPSIMOYTOJBHOIO TPEYTOJBHUKA, TPOBE/IEH-
Hasd K TUIIOTEHY3e, JICJIUT €ro Ha JiBa TPEYroJbHUKA, OJJ0O0OHBIX HCXOIHOMY.
b) Jlokaxkute, 9T0 CymMMa KBaJIpaToB KO3(hMUIMEHTOB M01001sT paBHa 1.

2. Bacg 13 n 0JMHAKOBBIX KBaJIpaTOB COCTABUJI IIPAMOYTOJILHUK 1 [leTs n3
N OJMHAKOBBIX KBaJIPATOB COCTABUJI IPSIMOYTOJbHUK. [Ipn Kakux n MOXKHO
yTBEP:K/IaTh, UTO IpsiMoyroibuukn Bacu u [letu 1mogodHbI?

3. Haiipure mromanbk kpyra pajgmyca 10, ecm M3BECTHO, UTO ILIOIIAH
Kpyra pajuyca 1 paBHa 7.

4. Ilnoma/p MOBEPXHOCTH HEKOTOPOro Imapa pasHa 3. Haitaure miomain
MOBEPXHOCTH I1apa BJIBOE OOJIBIIETO PAJIIYCA.

5. JlokazkuTe, 9TO CyIIECTBYET IIap, IJIOMA/ (b TOBEPXHOCTH KOTOPOT'O, BbI-
pazkeHHasl B KBaJIPATHBIX CAHTHMETPaxX, paBHa ero 00beMy, BbIPpaKeHHOMY
B KyOM1IecKux CaHTUMETpax.

6. Buyrpu napasenorpamma ABCD BbiOpana Takast Touka P, 4TO
/PBC = /ZPDC. Hokaxure, uro ZPAD = ZPCD.

7. Touka M — cepennna cTopoHbl AB BBIIYKIOIO 4YeTHIPEXYTOJbHUIKA
ABCD. Hunaronamn AC' u BD nepecekator orpesku DM u C'M B TOY-
kax P u () coorBercrBenno. Okaszanoch, uro LPAM = ZMDA, a Touka

nepeceuenusi orpe3koB AQ) u B P pasnoyjajena ot touek A nu B. JlokaxKu-
Te, uto LZQBA = /Z/MCB.

TpancaepaBeHCTBO. 5 MIOJISI.

0. Ectb Tpu Kyuku MoHeT: 10 2, 1o 5 u 1o 10 pyOJeit. Pa3zperaercs: BbI-
Oparh 7 MOHET M3 OJHOIl Ky4YKH, b MOHET U3 JPyroil u 2 — U3 TpeThbeil Ha
BbIOOD. Kak HabpaTh HAMOOJIBIINYIO, & KaK HAMMEHBIIIYIO CyMMY JleHer?

1. Ilycreb ay > as, by > by. Uro Oosbite: a1by + asbs mwan a1by + asby?

2. Ha nocke a) 2 X 2 b) n X n paccraBjeHbl He ObIOIINE JIPYT JIpyTa JIaJibu
1 B KaxKJOi KJETKe BINCAHO IPOU3BEJCHIE ee KoopAuHaT. KakoBa MOXKeT
OBbITh MaKCHUMaJIbHAsT CyMMa IHCET TI0J1 JIabsIMU !

3. TpancHepaBeHCTBO. /laHb! jiBa HAOOpA IO N YUCET A1 = A9 = ... = Ay
nuby = by > ... 2 b,. I1u ancia pazduBarTCg HA N AP TaK, YTO B KarKI0it
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rape OJ[HO YHCJIO U3 TIepBOro Habopa, a JApyroe — n3 BTOPOro: aj u b, as
u b, ..., a, n b; . 3areM 4Yncaa B Iapax MNE€PEMHOKAIOT, U IOJIydIeHHbIE
IIPOM3BE/ICHN CKIabIBAIOT: V = a1b;, + agb;, + ... + a,b;,

OxkasbiBaeTcs, 4To HanbosIbIIee 3Hadenue V paBHo a1b;+asbo+. . .+ay,b,,,
a HauMeHblllee paBHO aib, + asb,_1 + ...+ a,b1. HJokaxkure sro.

4. Crenyronme MHOXKECTBA, INCET PACIOJJIOKHUTh TaK, YTOOBI MOy IeHHbIE
HaOOPBI OBLII PACIIONOKEHBL: 1) OIMHAKOBO; 2) TIPOTHBOIOJIOZKHO ¢ HADOPOM
(a,b,c) (a>=b>=c>0).

) (LD D) @) o) () d) (@0 )
e) (5 i w)-

5. JIJ1s1 TIOJIOXKUTEJILHBIX @, b U ¢ JOKaXKUTe ¢ IOMOIIbIO TPpaHCHePaBeHCTBA,
ITO % + IE’ + g > 3.

6. Jokaxure, uto a®+ b3+ +d® > a?b+b*c+cd+d%a, npua,b,c,d > 0

7. Hokazkure, uto 2(a® 4+ b* + ¢*) > ab(a +b) + be(b + ¢) + ac(a + ¢), upn
a,b,c > 0.

8. JIj1s1 TI0JIOXKUTEJIbHBIX YUCeI T, Y U Z JOKAXKUTe, UTO

cEEUR A > R A
y+z x+z a:+y r+y y+z z+=x

9. Jlokaxkure, 4TO *+ —|— —|— > a+b+c, upu a,b,c> 0.

10. HepaBeHCTBo tIe61>1111eBa. Ilyctb a1 = ao >
by = by > ... > b,. doxkaxure, 9410

n(aby + -+ anby) = (ag 4+ -4 ay)(by 4 - - - 4+ by).

WV
S
3
=

3adayu 0Af CaMOCTNOAMENOHO20 DEULEHUA.

11. Jlokaxure, 4ro 7 + a—+c + 5 = 3, upu a,b,c > 0.

12. JTokaxkuTe, 9TO JJis HATYPAJLHBIX YUCEN a, b 1 ¢ BBITOJHIETCS Hepa-
BEHCTBO

a-2°+b-24+¢-2°>a-2"4+0b-2°4¢-2%
13. Ilyctb a, b 1 ¢ — JUIMHBI CTOPOH TPEYTOJbHUKA; (v, U Y — BEJIMYUHbI
ITPOTUBOITOJIOXKHBIX YTJIOB. Jlokaxkure, 1TO

a-a+b-f+c-v=21/2b-a+c-B+a-vy+c-a+a-F+b-7).
14. JIjig1 NpOU3BBOJILHBIX BEIECTBEHHBIX YHCE/T JOKAsKUTEe HEPABEHCTBO

a%+a%+...+ai> <a1+a2+...+an>2

n n

15. 15t 1oJI02KUTE/IbHBIX a, b 1 ¢ JJoKayKuTe, 4To
2+ +c 11 1 1
b+ ( ) |

B+B+c3 " 3\a b c
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Tpuronomerpus. 5 uioJd.

Paccmorpum nipsimoyrosibiblii Tpeyronbaunk ABC ¢ npstmbim yriiom C'.
[Tycts yron A = a.

Omnpepesienne. Kocunycom yria o (€os ) Ha3bIBAETCsl OTHOIIEHUE JIJTHH
IPOTUBOJIEZKAIIEIO €My KaTeTa U I'MIIOTEHY3bI.

Omnpepesienne. CunycoMm yria « (Sina) Ha3bBaeTCsi OTHOIIEHUE JIJTHH
[PUIEZKAIIEro K HEMY KaTeTa U TUIOTEHY3bI.

Onpegnenenne. Tanrencom yria « (tg«) Ha3bIBa€TCsl OTHOIIECHWE JTUH
PUJIEZKAIIEro K HEMY KaTeTa U IPOTHBOJIEXKAIIErO eMy.

1. Jlokaxkure, 9TO 3HAUYEHMsI COS(v; SN U tg He 3aBUCAT OT BHIOOpPA
IPSMOYTOJILHOTO TPEYTOJIbHUKA.

2. Bripasure tg o uepes sin o u cos «.

3. JIoKazKuTe 0CHOBHOE MPUZOHOMEMPUUECKOE MONHCIECTNEO:

2 2

sin” « + cos” o = 1.

4. Jlokazkure, 4TO NPOU3BEJIEHNE JIJIUH TPOEKIIH KATETOB MPSIMOYIOJILHO-
IO TPEeyroJibHUKa Ha MHIOTEHY3y PABHO KBAJPATY BBICOTBI 9TOTO TPEYIOJIb-
HUKA, OIYIEHHON Ha TUIOTEHY3Y.

5. Beramcsmre cos «, sina n tg o auist a) o = 30°; b) a = 60°; ¢) o = 45°.

6. doxaxure, uro a) cos(90° — ) = sina; b) sin(90° — a) = cos .

7. Boipasure cieyrorine BeJIMTUUHbBL Yepe3 Sin v /1 cos & a) cos(m—a);
b) sin(m —a). ¢) cos(m+a); d)sin(mr+a); e)cos(z+a); f)sin(F+a);
g) sin(a + 27 - k), ecn k € Z.

8. JlokazkuTe, 4TO IJIOIMA/H TPEYTOJbHIKA PABHA MOJOBUHE [IPON3BE/ICHIST

JIBYX CTOPOH Ha CHHYC yTJIa MEXKJIy HIMH.
3a0ayu 0Af CAMOCTNOAMENDHO20 DEULEHUA.

9. B tpeyronbaunke ABC' pnnnbl cropon BC' u AC' paBHBI COOTBETCTBEHHO
anb,a ZACB = «. Haiinure mimny croporst AB.

10. B paBHobeipenHoit Tpanernun JjmHa jguaronajan pasaa 10, u 9ra gua-
roHaJib 0Opas3yeT ¢ HUKHUM OCHOBaHUEM YTOJI ?i—g. Haiture mioma s 3Toit
Tpamenu u JJIMHY ee CpeIHell JIIMHIH.

11. B rtpeyromsunke ABC AB = 42, BC = 7, AC = 5. Haiinu-
te ZABC.

12. U3 Bepmmubl B yria ZABC < 180° BHyTpsh yruta npoejien jiyd BD.
Oboznaunm ZABD = o u ZDBC = (. Jlokaxkute, 9TO 3Has OTHOIIIE-
HUEe CUHYCOB YKa3aHHBIX YIJIOB MOXKHO OJIHO3HAYHO YCTAHOBHUTDH I1OJIOYKEHUE

ayda BD.
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13. /lokaknuTe, 9TO B OCTPOYTOJHHOM TPEYTOJBHIKE OTHOIIEHNS CTOPOH K
CHHYCAM ITPOTUBOJIEZKAIIUX UM YTJIOB PaBHBI.

14. B a) BbIyK/I0M; b) HEBBITYK/IOM YeTHIPEXYTOJBHUKE YTOJ MEYKLY JIHa-
rOHaJISIMI paBeH (v, a JuaroHaJim paBHbI dy 1 do. Haitjure riomaips 4erThbl-
PEXYTOJbHUKA.

15. IIaruyrosbHas 3Be3/1a 00pa3oBaHa IMPOJIOIXKEHISIMI CTOPOH BBIITYKJI0-
ro MATUYTOJbHUKA. /lecaTh OTPe3KOB, COCTABJSIONINX KOHTYP 3BE3JIbI T10-
KpallleHbl Yepe3 OJINH B KOPaJIJIOBbIN 1 (puCcTaIlKOBBII 1iBeTa. Jlokaxkure,
YTO IIPOU3BEJIeHNE JIJINH TISATH KOPAJIJIOBLIX OTPE3KOB PABHO ITPOU3BEIEHUIO
JIUIMH TISITH (DUCTAIIKOBBIX OTPE3KOB.

MmuoxkecTBa. 6 Ur0J4.

Onpegenenne. TepMuH MHOMHCECMB0 B MaTeMaTHKe O3HAYAET COBOKYII-
HOCTB (cOOpaHe, KOJJIEKII0) HEKOTOPBIX O0BEKTOB, HA3BIBAEMBIX AAEMEH-
mamu JaHHOIO MHOYKECTBA.

O0bIYHO, 3ajiaBas MHOXKECTBO, €ro 3JeMeHThl OTOMpAalOT U3 3JIeMEHTOB
HEKOTOPOT'0 OOJIBIIIEr0 YHUBEPCAJIBHOIO MHOXKECTBa. Kakoe MHOXKECTBO CUN-
TaeTCs YHUBEPCAJIbHBIM, OOBIYHO SICHO M3 KOHTEKcTa. FKciam MHOXKecTBO X
MPUHATO 38 YHUBEPCAJILHOE, TO MHOXKECTBO BCeX ero jemenToB M, obsa-
nafomux cpoiictsoMm C', 3alICHIBAIOT TAK:

{M € X | M obnanaer coiictBom C'}.

1. YKaKnTe MOJIXOIsIIe YHUBEPCATbHBIE MHOKECTBA I XapaAKTEePUCTHIe-
cKme cBoficTBa jid: a) orpeska [—1; 1]; b) muoxkecrsa {1,3,5,...}; ¢) cepe-
JIMHHOTO MEPIeHNKY/IApa K 0Tpe3Ky AB; d) IByX NPSMBIX, TapasiebHbIX
JTAHHON U OTCTOSAIINX OT Hee Ha 1.

Onpenenenne. Ecin Kazkablii 971eMeHT MHOKeCTBA A SABJISETCS B TO XKe
BPEMsI 1 9JICMEHTOM MHOYKECTBa B, TOBOPST, 4TO MHOXKeCTBO A Ha3bIBACTCS
OJIMHOXKeCTBOM MHOKecTBa B. (A C B).

2. [lycrp A — MHOXKECTBO OMHO3HATHBIX HATYPAIBHBIX THCET. 3ajaiTe
yKa3aHIeM XapaKTepUCTHIeCKOTO CBOICTBA ero moMHozxkecTBo {2, 4,6, 8}.

3. Jlokazknre, 9T0 MHOKECTBO A TOr/IA I TOJBKO TOT/IA SIBJISIETCS TIOIMHO-
JKECTBOM MHOKECTBa B, Korja KasK/blil 91eMeHT, He npuHajyexkammii B,
He IpUHALIEKUT A.

Onpenenenne. MHOXKeECTBO HA3BIBACTCS ITYCTBIM, €CJIH OHO HE COJEPIKHUT
HII OJIHOTO 9JIEMEHTA.

4. Bommmnre Bee nopmuoxKecTsa Muoxkectsa {0, 1, 2}

5. B muoxkectBe 1 s/emenToB. CKOJIBKO Y HErO PA3INTIHBIX HOMHOXKECTB?



XXX Jlerusist muOronpeaverHast mkoJja KupoBckoit obiactu 6

Onpegenenne. /Ipa muoxkecrsa A nu B cuntaioTcss paBHBIMU, €CJIH OHI
COCTOSIT U3 OJIHUX M TEX JKe 9JIEMEHTOB (TO eCThb JII00O0iT 9JIeMEeHT MHOKECTBA
A npuHAIEKUT U MHOXKECTBY B, 1 Hao00poT).

Omnpenenenune. [lepecevenuem MHOXKeCTB A 1 B Ha3bIBAETCsT MHOYKECTBO
TeX 9JEMEHTOB, KOTOpbIe NPUHAJJIeKAT I MHOXKeCTBY A, m MHOXKecTBY B.
Obo3HaueHne i1 mepecedernst Maoxkects: A N B.

Omnpenenenue. Obsedunenuem MHOKecTB A 1 B Ha3bIBaeTCs MHOYKECTBO
TeX 3JIEMEHTOB, KOTOpbIE IIPUHA/IIEYKAT XOTsI Obl OJHOMY U3 MHOXKeCTB A 1
B. Obos3nauenue juist oobenHenns MuoxkecTs: A U B.

6. ITycts A — MHOXKeCTBO HATYpaJIbHBIX dnces, He npesocxoaanux 1000 u
Jesanumxcs Ha 4, B — MHOXKeCTBO HATyPaJIbHBIX UNCe/I, He IPEBOCXOISIIIX
1000 u gesstuxest Ha 5. a) CKoJbKO 971eMeHTOB B MHOXKecTBe A7 b) AN B?
c) AU B?

7. Hoxaxxkure, 4T0 Jijisd JIOObIX Tpex MHO)KecTB A, B u C' BBINOJIHSIIOTCS

paBeHCTBa:
)MmBMﬂ? AN(BNC);
b) (AUB)UC =AU (BUC);
c) (ANB)UC =(AUuC)N(BUCQC).

d) (AuUB)NC=(AnC)u(BNC).

Onpegenenne. Pasnocmovio MHOXKecTBa, A 1 B Ha3bIBaeTCss MHOXKECTBO
A\B={x € Al|z ¢ B}.

Omnpenenenune. 3adhukcnpyeM yHHUBepcabHoe MHOXKecTBO X. Jlonoame-
Huem MHozkecTBa A 10 MHOXKecTBa X HA3BIBAETCS MHOYKECTBO
A=X\A={recX|zgA}
8. Hokazkute, 94T0 /151 JIFOOBIX MHOKECTB A 11 B BBIIOJIHAIOTCSI PABEHCTBA:
a) A=A,
b) A\ B=ANB.
¢c) AUB=ANB.
d) ANB=AUB.
9. B 3oonapke Bce 00JIbINTIE, HO HE 3e/IeHble YKUBOTHBIE — OereMoThl. Mozk-
HO JIN W3 9TOTO CJEJIaTh BBIBOJ, UTO:
a) ecm KUBOTHOE OOJIBINOE U 3eJIeHOe, TO 9TO He HGereMor?
b) ecim KuUBOTHOE GOJIBINIOE, HO HE ODEIEMOT, TO OHO 3eJIeHOe”
C) BCe YepHbIe KPOKOJMIBI — HeOOJIbIIe?!
d) Bce GosbIe KPOKOMIBI — 3eJIeHbIe !
e) Bce 3eJIeHble KPOKOIHIbI — OOJIbIITIe?
f) Bce GeremoTbr — GoJibIIIE?
g) Bce 3eJieHble 6ereMoThl — HEOOJIbIIIe?
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BekTopsbl. 6 utoJisd.

Omnpenenenne. BekTopoMm Ha3bIBaeTCsI KJIACC HAIIPABJIEHHBIX OTPE3KOB.

Omnpenenenue. I1306pa3um 1Ba BEKTOpa HAIIPABIEHHBIMI OTPE3KAMIT TaK,
9TOOBI KOHEII IIEPBOr0 OTPE3Ka COBIAJ ¢ HAYaJIOM BTOPOIo OTpe3Ka. BexTop
13 Havaja I[IePBOr0 OTpe3Ka B KOHEI[ BTOPOIO OTPE3Ka €CTh CYyMMa JIBYX
HCXOJIHBIX BEKTOPOB.

1. IlpaBmyio napasesorpamma. [lan napasienorpamm ABCD. [To-
kaxure, uto AB + AD = AC.

2. B tpeyrosbanke (Bo3aMoxKHO, BeIpozKIeHHOM ) A BC' nipoBejieHa Meinana,
AM . Boipazure m yepes 1@ u B :

3. B tpeyronpunke ABC menanbt nepecekaiorest B rouke M. Jlokazkure,
9TO MA—I—MB—I—MC':B}.

4. Ha croponax maruyronbanka AB, BC, CD n DE nstuyrojbHuKa
ABCDE orvmerunu cepequnbl K, L, M n N coorBerctBenno. P u () —
cepeunbl orpeskoB KM u LN. [lokaxure, aro PQ || AE u naiigure o1-
HOIIEHUE JIUINH 9TUX OTPE3KOB.

5. I[lyctro ABCD u AB1C1D; — 1Ba napaJiie/lorpaMma ¢ oomel Bepiy-

Hoil. /lokarkure, 4TO OJUH U3 BEKTOPOB BB{, CC; n DD{ KOJLJIMHeapEeH
CYMMe JIBYX JAPYTHX.

6. Ha mmockocTn gaHO HECKOJIBKO TOYEK, HEKOTOpbIE M3 HUX COE/IMHEHBI
BeKTOpaMi. B KaxK/Iyi0 TOUKY BXOIHUT CTOJIBKO YK€ BEKTOPOB, CKOJIBKO BbI-
xomuT u3 Hee. JlokaykuTe, 9TO CyMMa BCEX BEKTOPOB pPaBHA HYJIIO.

7. Ha croponax 2015-yro/ibHIKa MOCTaBJAEHBI CTPEJIKN TaK, 9TO CyMMa, BCEX
HOJIy IUBIIIIXCsT BEKTOPOB, HAIIPABJIEHHBIX 110 YaCOBOI CTPeJIKe, paBHA HYJIIO.
JokaxknTe, 9TO CyMMa BCEX OCTaJbHBIX BEKTOPOB TOXKE paBHA HYJIIO.

8. Ilycts O — nenTp npasmiabaoro 2015-yrompauka A As . .. Aggrs. doka-
JKUTE, 4TO OA; +0OAs + ...+ OAsp1s = 6>

9. Ha cropone AD mnapauienorpamma ABCD o0T/02KeH OTPE30K
AK = %AD, a na juaronaju AC — orpesok AL = %AC’. Hokazkure,
yTo Touku B, L m K jexar Ha OJIHO MTPsIMOI.

10. Ilycrs H — opTonenTp npousgo/ibioro tpeyroabinka ABC, a O —

IeHTD OlNCAHHOH OoKpyzkHocTH. Jlokaxute, uto OH = OA+ OB + OC.
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Abaka. 7 uroJid.

KombuHnaTopuka

10. CKOMBKO eCcTh TPEX3HAYHBIX YNCEN, Y KOTOPBIX CyMMa JABYX KpPallHUX
1 p BABOE OOJIbINe cpegHeit udpbl?

20. Ouyenn ywmuble Iletss m Bacs BBINMNUCHIBAIOT YeTHIPEX3HAUHBIE HNCTA.
IleTst BBIIMCHIBAET Takue YHCIa, Y KOTOPBIX IepBas Idpa paBHA CyMMe
TPEX JpyTux, a Bacs Takme, y KOTOPBIX TOCJe/IHsS udpa paBHA CyMMe
Tpéx Apyrux. Kro BoinuimeT 0oJIbIe YicesT U Ha CKOJILKO?

30. UBan Miapny Kynmia 4eTbipe UIPYIIKI: CAMOJIET, KOPaOJIb, TPY30BUK 1
HOBLEMHBIN KpaH, YTOObI OJIApUTh X TPEM cBouM BHyKaM: [lere, Murre u
Kouie. On xo4er pazjiarh Bce YeTbIpe UIPYIIKN U He XOUeT, YTOObI KTO-TO 13
BHYKOB OCTaJICs 0€3 UrpymKn. KakmM 9ucjioM crocoboB OH MOXKET pas3/iaTh
UIPYIIKHI?

40. Kakoe HanmenblIiee 91ciio (bulleK HaJ0 HOCTABUTh Ha 10JIs KIeTdaToi
Jockn 9 X 9 Tak, 4TOOBI Ha KarKJ0! BepTUKAJM, TOPU3OHTAIN WU JJTAroHa-
i (JIaroHasIbIo CANTaeTCs JTI00ast IIpsiMast, apaJuiesibHast JI00i 60JIbIIOl
JMAaroHaJ ) CTOsLIa XOTsd Obl oj1Ha (buiKa’

50. CKOJBbKIMU Pa3JInIHBIMU CIIOCOOAME MOZKHO U3 KJIeT9aToil JocKu 6 X 6
BBIPE3aTh J[Ba HEllePeCceKaIONNXCs TPEXKIETOTHBIX <yTOIKa> !

60. MuozkectBo A cocTonT M3 HATYPAJIBHBIX YHCEN, IIPUYEM €r0 HanMeHb-
it sjementT pasen 1, a nanbosbimit — 100. JToboit smement A (kpome 1)
paBeH CyMMe JIByX (BO3MOXKHO, PaBHBIX) YHCEJI, SBJISIONIIXCS DJIEMEHTAMU
A. Haiijiure, Kakoe HanmMeHbIIee BO3MOXKHOE YUCJIO 3JIEMEHTOB B A.

I'eomeTpus

10. U3 Kycka TPOBOJIOKH COTHYJIU MPAMOYTOJBLHUK, Y KOTOPOI'O JIJIMHA
B/IBOe OOJIbllle IMUPHHBI. 3aTeM Pa30THYJIN IIPOBOJIOKY U COIHYJIU U3 Hee
JIPYToil IPAMOYTOILHUK ¢ juinHoit Ha 10% 6osibire, yem panbiire. Ha ckoib-
KO IIPOIIEHTOB YMEHbIIIIACh €ro MHupuHa?

20. Ha kseruaroit Oymare oTMedeHbI YeTbIpe y3Jia CETKH, 00pa3yloline
kBajpatT 4 X 4. Baca oTMeTn1 emé JiBa y3j1a 1 COeUHATE UX 3aMKHYTOI JI0-
MAaHOM TaK, 4TOOBI MOJIYIIIIC MECTHYTONbHIK (He 00s13aTe/TbHO BBITYKJIbI )
HaMMeHbIIell BO3MOXKHOI ILJIOIIa I, deMy paBHA 3Ta ILJIOIIA/Ib !

30. B tpeyrospamke, yribl KOTOPOro OTHOCATCS Kak 1 : 2 : 4, mpoBesn Bce
onccekTpuchl. CKOJIBKO PaBHOOEIPEHHBIX TPEYTOJbHIKOB MOXKHO BBIJICIUTH
Ha ITOJIyYUBIIEMCs depTrexKke?

40. B Tpeyronbanke ABC' na cropone B(C' BoiOpana Touka K Tak, 9TO
yron BAK = 24°. Ha orpeske AK BboiOpana Touka M Tak, 9TO yroJ
ABM =90°, AM = 2BK. Haiijure Besinuuny yria B.
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50. B npamoyrosbaoM Tpeyrosbanke ABC yron C' = 90°, yron B = 40°.
Ha croponax AB n BC' BweiOpanb! Takue To9ku D 1 E cOOTBETCTBEHHO, 9TO
LEAD =5°u ZECD = 10°. Haiiiure yron EDC.

60. Yepes Kaxk/yio U3 TPEX TOUYEK Ha ILJIOCKOCTU IMPOXOAUT 10 10 mps-
MbIX. Ha kakoe HamboJiblliee 9McjI0 4acTeil MOryT pas3OUTh ILJIOCKOCTH 3TH
psiMble?!

Sagaun Ha ABUXKEHHE

10. Paccrosinne Mexkjiy JIBYMsI MalllUHAMK, JIBHKYIIUMUCS I10 IIIOCCE,
100 kM. Cropoctn marmun 80 KM/ u 60 kM/4. Hemy MoxkKeT OBITH PaBHO
pacCTOsHIE MEYKJIy HUMH depe3 dac?

20. Ioes mpoxoauT depe3 MocT JAauHoit 450 MeTpoB 3a 45 CeKyH/I, a MUMO
Boouku — 3a 15 cexynj. OnpeieuTh JJIMHY U CKOPOCTDH 110e3/1a.,

30. Jlopora Mexk1y AByMsI TOpHBIMI cejlamMu A u B ujer 1o B ropy, TO 101
ropy. ABT0OOYC, KOTODBIHi pa3BUBAET CPEIHIOI CKOPOCTh 30 KM/ B TOpy 1
60 kM /1 o1 Topy, poexas u3 A B B u obparro. Kakosa Oblia ero cpeiHssi
CKOPOCTb Ha, BCEM IIyTH?!

40. ITo nbIzKHE KOJIBIEBOTO MapIIpyTa O€ryT ¢ MOCTOSHHBIMU CKOPOCTIMI
Yebdypammka n Kpokoaui I'ena B ognom namnpapiennn, a Crapyxa [Ilarmo-
KJIgK — B NpOTUBONOJIOKHOM. [Tlanmokisgak BcTpedaercs ¢ [eHoil KaxKible
JIBe MIUHYTHI, a ¢ de0ypanrkoit — KakJble 3 MUHYTBI. depe3 CKOJTbKO MIHYT
Kpoxommr ['ena obrousier Yebypamky?

50. CropTcMeHbl 6eryT KOJIOHHOH co cKopocThio 8 KM /4. HaBcrpeuy Ge-
JKHUT TPEHEp CO CKOPOCThIo 4 KM/ 4. KaxK/Iblil CliopTCMeH, TOPABHSIBIIICEH C
TpeHepoM, HEXKUT Ha3aJl CO CKOPOCTBIO 6 KM /4. Bo CKOJIBKO pa3 nu3MeHuTCs
JIUINHA KOJIOHHBI, KOTJIa BCE CIIOPTCMEHbI Pa3BEPHYTCSI !

60. Bunnu-Ilyx u [Isradok cejin 3a ¢TOJI HEMHOI'O TIOJIKPEIUTHLCS U HAYAJIH
OJIHOBPEMEHHO €CTh MeJi 13 ojHoro ropmka. Kciam ool Bunnu-IIyx en co
ckopocThio [Igrauka, To mporecc ejbl Jiiics Obl Ha 4 MUHYTBI JIOJIbIIE, &
ecau Ob1, Haobopor, llaradok e co ckopocth Bunnu-Ilyxa, To cokparmics
Obl Ha OJIHY MUHYTY. 3a KaKoe BpeMsi MeJl ObLI MOJTHOCTbIO CheeH?!

Asrebpa
10. UsBectHo, uto a + b+ ¢ = 100, a a%b + ﬁ Cfa = 0, 1. Haitoure,

b

cta’
20. M3BectHO, uto a’ + b> = 3ab u a > b > 0. Boruncsure ;‘—J_“lb’

30. Haitjiure HanboJibiiee HATyPaJJbHOE YUCJIO C HEIIOBTOPSIIONINMECS 1Iud-
paMmu, Jessiieecsd Ha 99.

C a
4eMy MOXKeT OBbIThb PaBHO — + 3= +

40. Haiture Bce Tpex3HaYHbIE YUCTIa, PABHBIE CyMMe (DAKTOPUAJIOB CBOUX
udp.
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50. HaiimuTe Bce HaTypaabHbIe N, JJId KOTOPBIX CYIIECTBYIOT JIBa MTOAPSIT
UJIYyIIUX HATYPaJbHBIX YHCJIa, CYMMBbI ITUPP KOTOPBIX JEIATC Ha N.

60. Kakoe namMmeHnblliee HATYPAJIbHOE YUCJIO MOXKHO MPEJICTABUTH B BUJE
56" — 5™ riae n mw m — HaTypaJbHble Jucia’

I'padbr
10. Kommanus n3 HECKOJILKUX JIpy3eil Beja Mepenncky Tak, 9TO KayKji0e
MUCHMO TIOJTydasn Bce, KpoMe OTHpaBuTesd. KaxKiaplit nanmcaa ogHO W TO
JKe KOJTMIECTBO IMICEM, B pe3yJibTaTe Yero BceMn BMecTe ObLIo nosryueno 440
nuceM. CKOJIBKO 9eJI0BEK MOTJIO ObITh B 9TOi KOMIIAHUN?

20. 20 TenedoHOB COEIMHEHBI IIPOBOJAMHI TaK, YTO KarKJbIil IIPOBOJ CO-
eJinHsieT JiBa TesedoHa, KaxkKiaas mnapa TejedOHOB coeJuHeHa He Dojiee dem
OJIHIM IIPOBOJIOM 1 OT KaxKJ0ro TejiepoHa OTXOAUT He HoJiee JIBYX IIPOBOJIOB.
Hy»xm0 3akpacuTs mpoBoia (Ka}K,ZLbH'Z IIPOBO/T IEJIUKOM OJTHOI KpaCKoﬁ) TaK,
YTOOBI OT KaxKJ0ro TejedoHa OTXOMAUIN IIPOBOJIA Pa3HBIX I[BETOB. Kakoro
HAMMEHBIIIEr0 YKC/Ia KPACoK JO0CTATOYHO JIJIsI TaKO 3aKpacKu?!

30. Ha smmcre Oymaru nposejieHo 11 ropusoHTa/ibHbIX U 11 BepTHKa/b-
HBIX MPAMBIX, TOUKN TepecedeHns KOTOPHIX Ha3bIBAIOTCI <y3JaMI>, <3Be-
HOM> MBbI OyJIeM Ha3bIBATb OTPE30K IPSIMOIl, COeJMHSIONINI JIBa COCEIHNUX
y3J1a OJTHOI TpsiMoii. Kakoe HamMeHblIee 91CI0 3BEeHbEB HAJI0 CTEPETh, YTO-
OBbI 1I0CJIe 9TOI0 B KaXKJIOM y3JIe CXOJIMJIOCh He DoJiee TPEX 3BeHbeB?

40. CeTb METPO UMeET Ha KaykJIOi JIUHUM He MeHee 4 cTaHIUil, U3 HUX He
boJiee TPEX mepecajouHbIX. Hu Ha Kakoii mepecaiouHoil CTaHIUN He IIepece-
KatoTca OoJiee ABYX JimHU. Kakoe HanboJibiee 9nuc/I0 JIMHII MOYKET UMeTh
Takasi CeTh, €CJIU C KaxKJOW CTAHIUU Ha JIIOOYIO JIPYIYI0 MOXKHO IIOIACTh,
cjiesiaB He OOJIbINIE JIBYX IIEPECcaioK !

50. B kmacce yauresa 15 massankoB n 15 geBouek. B nenns 8 MapTa HekoTo-
pble MaJIBINKI ITO3BOHIIN HEKOTOPBIM JIeBOYKAM I IO3IPABUIA UX C Ipa3/l-
HUKOM (HMKaKoﬁ MaJIbYK He 3BOHMUJI OJHON M TON »Ke JeBOYKE ,ILB&)K,ZLBI).
OkasaJjioch, 4To jieTeil MOXKHO €JIMHCTBEHHBIM 00pa3oM pa3buTh Ha 15 map
TakK, 9TOObI B KaxkKJIOil Iape OKa3a/iCh MAJLINK C JeBOYKOIl, KOTOPOil OH
3poHII. Kakoe HanboJIbIee 4rncjio 3B0HKOB MOLJIO OBITH CIeJIaHo?

60. ['u1pbl COCTOAT U3 TOJIOB 1 THel (KaKiasl iest CoeJIMHsIeT POBHO JIBE TO-
70BBI). OJIHUM yJIapOM Meda MOYKHO CHECTH BCe ITIeH, BBIXOJISIINeE U3 KaKOi-
TO 10J10BbI A Tuapel. Ho mpu sToM u3 rosioBol A MI'HOBEHHO BBIPACTAET
110 OJIHOII Illee BO BCe TOJIOBBI, ¢ KOTOpbiMEI A He ObLia coejaunHeHa. ['epaxi
1oOeK1aeT TUJIPY, €CIl eMy yjacTcs pa3pyOouTh ee Ha JiB€ HeCBA3aHHBIE
mesimu Jactu. Hafinnre samMvenbiree N, mpu KoTopoMm l'epakii cMOXKeT I1o-
O6eITh JIIOYIO CTOIICIO0 THPY, HaHecs He OoJiee, yeM N yJIapoB.
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Bokpyr ntaxmaTtHOiT JOCKHT

10. KakuM HaUMEHBIINM YUCIOM IPSIMBIX MOYKHO pa3pe3arhb BCe KJIETKH
[maxMarTHoil jJockn 3 X 37

20. CKOJIBKUMH CIIOCODAMM MOXKHO paccTaBuUTbhb 12 Oesibix u 12 depHBIX
IIalIeK Ha YEePHBIX IOJIAX MaXMaTHONW JTOCKH?

30. Kakoe HamMeHbIIIee KOJTMIECTBO KJIETOK HY>KHO OTMETUTh Ha, IaXMaT-
HOIl J0CKe, YTOObI
1) cpe/it OTMEUYEHHBIX KJIETOK HE OBLIO COCETHUX (MMEROIIX OOIIYI0 CTOPO-
HY W/ OOIIY0 BEPINHHY ),

2) pobaBjieHne K 9TUM KJIeTKaM J000i OJ{HO KJIETKH HApYIIaao MyHKT 17

40. CkoibKUME c1iocobaMu Ha JIOCKe H X & MOYKHO PACIOJIOKUTDH D dep3eii,
qT00bI OHEM He Oman japyr japyra? CrocoObl, OTINYAIONIIECs] TOBOPOTAMI I
CUMMEeTpHUeil CIYNTAIOTCS Pa3/IMIHBIMU.

50. [IMaxmaTHyIO JIOCKY I10 T'PAHUIAM KJIETOK pa3pe3aju Ha pas3/ndHbIe
PSIMOYTOJIbHIKHI. Kakoe HanOoJIbIlee YUCI0 TPAMOYTOJbHIKOB MOTJIO TI0-
JnyanThbesi? [IpsiMOyroIbHUKN CIUTAIOTCS OJIMHAKOBBIMI, €CJIH X MOZKHO Ha-
JIOZKUTH JPYT Ha JIPyTa TakK, 9TO0BI COBIAJIN 1IBETa HAKJIAIHIBAEMbBIX KJIETOK.

60. CkoJibKO JiaJieil MOYKEeT CTOSITh Ha IMaxMaTHOM JIOCKe, eC/d KarKJasd
OBLET OJIMHAKOBOE UNC/IO JiaJeil? YKaKIuTe Bce BapUAHTHI.

OrBernl K abake MOXKHO HaiiTu Ha crpanuie H0.

Dopmysia BKIAIOYEHUN-UCKIIIOUEHUA. 7 UIOJIs.

1. ®opmyJia BKIIOYEHUN-UCKITIOYeHnit. B s1oit 3a1aue gepes | X| 06o-
3HAYAETCsT KOJIMIeCTBO 3jieMeHToB MHOXkectBa X. Ilyets A, B, C' — ko-
HETHbIE MHOXKECTBA (TO €CTh MHOXKECTBA, COCTOSIIIIE N3 KOHEYHOTO YhC/Ia
ssieMeHToB). Jlokazkure, 9T0

a) [AUB| = [A] +|B| - |AN B|;

b) [AUBUC| = |A|+|B|+|C|—|ANB|—|ANC|—|BNC|+]|ANBNC.

¢) Ucnonb3yst pe3ysbTaThl JBYX MPEIBIIYIINX TYHKTOB, MPHIyMaiTe
AHAJIOTUIHYTO (DOPMYITY JIJIsT 9eThIPEX MHOYKECTB.

d) Hokaxkure 0011y10 HOpMYyITy BKIIOUEHU - ICKTIOTEHII:

Al =Y 14l =Y 1Ain A+ Y AN Ay N Al-
1=1

1 1<j <j<k

A (=D)AL N N A

2. BuyTpu dpurypsr miora/m 6 pacioiozKeHo TP MHOIOYTOJIbHIKA TLI0IIA~
I He MeHee 3 KayKiblil. JIokaxKuTe, 4TO CyIIecTBYeT JiBa MHOIOYTOJILHIKA,
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IJIOIAIh TIepecevdeHnst KOTOPLIX He MeHee 1.

3. Ky6 ¢ pedbpom jymubl 20 pazout #Ha 8000 enMHUIHBIX KyOMKOB, W B
KazKJIOM KyOuKe 3ammcano 4nc/io. M3BecTHo, 9TO B KaxKI0M cToi0nKe 13 20
KyOHKOB, TapaJsiieibHOM pebpy Kyba, cymma dmces paBHa 1 (paccMarpu-
BAIOTCsI CTOJIOMKN BCeX TPEX Halpasennii). B #HekoropoM Kybuke 3ammcano
qncyo 10. Hepes sTor Kyouk mpoxoanT Tpu cyiosd 1 x 20 X 20, napaJiiesbHbIX
rpangaM Kyba. Haiijure cymmy Bcex dmces BHE 9TUX CJIOEB.

4. B rpynne u3 50 pebaT HEKOTOpPhIE 3HAIOT BCe OYKBBI, KPOME <P>, KO-
TOPYIO MPOCTO IPOIYCKAIOT IIPH IMHICbME, a OCTaJbHbIe 3HAIOT BCe OYKBBHI,
KpPOMe <K>, KOTOPYIO TOKe IporyckatoT. OgHazk/ bl yuuTe/ib mnomnpocuit 10
YUEHUKOB HallUCaTh CJI0BO <KOT>, 18 JIPYyruX YYEHUKOB — CJIOBO <pPOT>, &
OCTaJIbHBIX — CJIOBO <KPOT>. [Ipu 9TOM CJI10Ba <KOT> 1 <POT> OKa3aJIlCh Ha-
nucanubiMi 110 15 pas3. CKoJIbKO pedsT Halca i CBOé ¢ioBo BepHo! OTBer
obocHyliTe.

5. Kaxasi cropona B Tpeyrosibuuke ABC pasjeneHa Ha 8 paBHBIX OT-
pe3koB. CKOJIBKO CYIIECTBYET Pa3IUIHbIX TPEYTOJbHIKOB C BEPIINHAME B
Toukax jiesiernst (toukun A, B, C' He MOTyT GbITb BEpIIHHAMEI TPEYrOJIbHU-
KOB), Yy KOTOPBIX HHU OJ[HA CTOPOHA HE MapaJsiiejbHa HI OJHON U3 CTOPOH
TpeyrosbauKa ABC?

6. Poma 1mpoBé1 conmasibHbII ONMPOC 1 BBISICHIII ITPO YKUTEJIei CBOEr0 1M0JIb-
e3j1a, 4TO: 25 M3 HUX uUrpaioT B maxmarbl, 30 ObLin B ApxaHrejbcke, 28
jgetaysn Ha camojiere. Cpenn JjieTaBIInx Ha camoJiere 18 urpaior B mmaxma-
Thl U 17 ObIn B ApxaHresibeke. 16 »KuTeseil urparmoT B IIaxXMaThl 1 ObLIN B
ApxanreJibcke, TPUTOM cpeJin HUX 15 erre u jietasn Ha camosiere. OT yrpas-
JnoMa Poma y3HaJ I, 4TO Bcero B mojbesjie »KupBeT 45 desioBek. He Bper Jn
yIpaBiaoM?

7. O6oznaaum T'(n) = 1+2+...+n. [lycrs a, b, ¢ — Takue HATYpabHbIE
qucsa, UYTO KaykJ[0e U3 HUX He MPEBOCXOJIUT N, & UX CyMMa He MeHbIIe 2M.
He ncnonbays asuyio dopmyrty mias T'(n), goxkasats, ato T'(n) = T(a) +
Th)+T(c)—T(a+b—n)—T(b+c—n)—T(a+c—n)+T(a+b+c—2n).

8. Ckoustbko unces or 1 1o 1000000 He SIBJIAIOTCS HE TOYHBIM KBaJIPATOM,
HU TOYHBIM KyOOM, HU TOYHOIl YeTBEPTOil CTEIeHbIO?!

9. /It HaTypasbHBIX @, b 1 ¢ JJOKayKUTe PABECHCTBO

a-b-c-(a,b,c)
(a,b) - (b,c) - (a,c)

10. B knacce 30 yuenuxkoB. CKOJTBKUME CIIOCOOaAMU OHM MOT'YT IE€PECECThb
TakK, 9T0ObI HU OJUH He CeJl Ha CBOe MeCTO!

la, b, c] =
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3a0au 0AA CAMOCTNOAMENDHO20 DEULEHUA.

11. Anron, Aprem u Bepa pemmuiun Bmecre 100 3aja4 110 MaTeMaTHKe.
Kazxnprit n3 nux pemmt 60 3amad. Hazopem 3agaay TpymaHoii, ecim ee pe-
ITUJT TOJILKO OJIMH YeJIOBEK, 1 JIETKOIl, ecyin ee pemuin Bce Tpoe. Hacko/ibko
OTJINYAETCS KOJIMYECTBO TPY/IHBIX 3a/1a4 OT KOJIMYECTBA JICTKIX !

12. HaitguTe KOJMMIECTBO YNCE]T MEHBIINX W B3aUMHO MPOCTBIX C UHCIOM
n = p]fl -pSQ <o pbmrre {p;} — mpoctrie wncra.

13. Ha kopabJie ciyzxut k matpocos. [locse yBobHUTEIHHON OHI BO3BPa-
MAIOTCd HaBece/le U 3aHUMAIOT KOHKM Kak IpujieTcd. Haiitm BepodaTHocTh
TOTO, YTO HAYTPO HU OJUH U3 HUX HEe IIPOCHETCA B CBOEH KOIKe.

14. Buyrpu puryps! miomaau 4 pacrogoyKeHbl 7 MHOIOYTOJbHUKOB TLJI0-
maJibio He MeHee 1. /lokaxkuTe, 4TO CymIecTBYeT JiBa MHOTOYTOJILHUKA, TLI0-
Ma/Ib [epecedeHnsi KOTOpbIX He Menee 1/7.

15. CkoJIbKIMU CIIocoDaMi MOYKHO pacce/iuThb 15 rocreil B 4eThbIpex KOM-
HaTax, ecjau TpedyeTcs, YToObl HU OJIHa U3 KOMHAT HE OCTajach IyCTOMH?

ITapanaenbHbIil IepeHOC W OceBasi CUMMETPHA.
7 UIOJId.

Onpenenenune. [lapaniesvnvim NEPEHOCOM Ha, BEKTOP VU HasbIBAETCS
1peoOpa3oBaHne IIJIOCKOCTH, IIPH KOTOPOM KayKjasl TOYKa A 1epexoanT B
Taxyio Touky A’, uro AA' = V.

1. Ilo pasHbIe CTOPOHBI OT HapaJslIe/bHLIX OEPEeroB PEKN PaCIOIOKEHBI
Toukn A n B. B xakom mecre ciemyer nocrpouth MocT C'D, neprneHnKy-
JISIpHBII Oeperam Tak, 9To0bl jyinHa nytn AC'D B Oblia HanMeHbIei !

2. Jlan upamoyronpank ABCD u touka M BayTpu Hero. /lokazaTb, 910
CYIIIECTBYET BBITYKJIBII 9eThIPEXYTOJIbHIUK C ITePIIeHTUKY/IAPHBIMEI JTHaroHa-
JISIMH, CTOPOHBI KoToporo pasubl M A, M B, MC, MD.

3. Jlanwr ;1Be mapaJiiesbHble NMpsaMble U TOYKa Mexk 1y HuMu. [locTponTh
OKPY2KHOCTH, KacaloIlyiocs JTAHHBIX TPAMBIX U ITPOXOIAIILYIO Yepe3 JTaHHyI0
TOUKY.

4. B paHHYIO0 OKPY?KHOCTb BIUIIATE IPSIMOYIOJbHIK, TaK UTOOBI JBE €ro
CTOPOHBI OBLIN PaBHBI U IapaJliebHbl JAHHOMY OTPE3KY.

5. Han npamoyronbank ABC D, n BO BHEIIHIOIO CTOPOHY IIOCTPOEH Tpe-
yroapank AABE. Jlokaxkure, 9T0 TOUYKa, IepecedeHnsl MepIeHnKYIsPOB,
OIyIIEHHBbIX cooTBeTcTBeHHO 13 Touek C'u D na AE n BE nexxut Ha 1psi-

MOii, cojiepzKalneit BbicoTy Tpeyroibunka AABE, ONyIIEeHHYIO 13 BEPII-
ool F.
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Onpenenenne. Ocesotli cummempueti OTHOCUTETBHO MPsIMOil £ Ha3bIBaeT-
cs1 mpeobpasoBaHme IIOCKOCTH, TP KOTOPOM Kazkiast TO9Ka A 1mepexoanT B
takyio Touky A, aro AA" L ¢ u orpesok AA’ nenures upstmoit £ momosiam.

6. Kakoe kostmaecTBO oceii CUMMETPUN MOXKET ObITh Y TpeyroJibHIKa !

7. YeTblpexyroJibHUK UMeeT OCb cuMMeTpun. Jlokaxkure, 4To oH J1OO IIpsi-
MOYTOJIBHUK, JTUOO paBHOOEIpEeHHAsT TPAIlelyst, JI0O0 IeJIbTOMII.

8. Jlokazkure, 9T0 KOMIIO3UIINAS JIBYX OCEBBIX CUMMETPUIl ¢ Iapa/lie/IbHMI
OCSIMU SBJISIETCS TAPAJIICTbHBIM TIEPEHOCOM.

9. Yepes touky M ocuoBanuss AB pasHoOeapennoro Tpeyroiabunka ABC
IpOBeJIeHa TpsiMast, Tepecekaotiast ero 6okosbie croporbl CA u CB (umm
UX [POJIOJIZKeHNst) B Toukax Ay u By. Jlokaxure, 910 ;14111\/} = gfﬁ.

10. Jlana npsimas ¢ u Touku A u B, jiexkainyge oT Hee 110 OJIHY CTOPOHY.
[Toctpoiite Ha mpsimoit £ Takyio Touky X, autodb AX + BX = a, rjue a —

¢uKcupoBaHHas BeJIMYNHA.

11. JTan tpeyroasauk AABC. Ha 6uccekrpuce BHelHero yria B BoiOpaHa
touka M ormmanast or B. Hoxkaxkure, atro AM + MC > AB + BC.

12. /lokarkure, 4TO ecjin IJIocKast (DUrypa MMeeT JBe OCH CHMMETPUM, TO
OHU HEPIEHIUKYJ/ISTPHBI.

13. /lan HeBBIIYKJBII 9eTHIPpEXYTOJbHUK TepuMerpa P. /lokaxkute, 9TO
HaJIETCS BBIYKJIBI YeTBHIPEXYTOJIBHUK TOTO K€ MepuMerpa, HO OOoJIbIei
TLJTOTIATH.

14. Ha npsmoyrobHOM OMIBSIPIHOM cTOJIe JexKUT 1map. [locTpoiite Tpa-
eKTOPHIO, IIPH JIBUKEHNUN 110 KOTOPOIi MIap, OTPA3UBIINICH OT KayK/10i1 CTeHKH
110 OJIHOMY pa3y, BEPHETCSI Ha MCXOIHOE MECTO.

KommniekcHbie ducia. 9 mroJis.

Omnpenesienne. KoMIJIEKCHBIM YHCJIOM Ha3bIBAETCs Mapa BeleCTBEHHBIX
quces (a,b) ¢ omepanusaMu CJIOKEHUS U yMHOXKEHHsI, OIPEICIAINIMICS
TaK:

(a,0) + (¢,d) = (a +¢,b+d);
(a,b) - (¢,d) = (ac — bd, ad + bc).
CBoiicTBa KOMILJIEKCHBIX YNCET

1. CymecTByeT HEATpaJIBHBIH 3/1eMeHT, obo3Hadatouiica 0, Takoit 9To /11
JI0OOTO KOMILJIEKCHOTO Z BBITIOJTHAETCS paBeHcTBO 2 + 0 =04 2z = 2.

2. KommyTaTuBHOCTD CokKeHUs: 2 + w = w + 2.

3. AcconmaruBHOCTD CloxkeHust: 21 + (22 + 23) = (21 + 22) + 23.

4. Jlng moboro uncia z cymecTByeT 0OpaTHBII 3JIEMEHT 110 CJI0KEHUI0 —2
Taxoii, 1ro z + (—z) = 0.
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5. CytiecTByeT HERTPATBLHBIN 9JIEMEHT OTHOCUTETHLHO YMHOXKEHUS 1, TaKoit
yro z -1 =1-2 = 2.

6. KomMyTaTnBHOCTH YMHOXKEHU: 2 - W = W - 2.

7. AcconmaTuBHOCTD YMHOXKeHUS 21(2223) = (2129)23.

8. st iroboro uncia z # 0 cymiecTByeT oOpaTHBII 9JIEMEHT 110 YMHOZKE-
HIIO 2~ Takoi, 4rto 2 - 27+ = 1.

9. JductpubyTuBHOCTD: 21(22 + 23) = 2122 + 2123.
3adanu 0Af8 CAMOCMOAMENOHO20 PEULCHUSA.

10. ITposepbre, aTo uncia Bujga (a,0) MOXKHO pacCMaTPUBATL KAk BEIEe-
CTBEHHbIE YUCJIA.

B nasbHeiiniem komiuiekcHoe qucio (a,0) Mbl Oyaem 0003HAYATE TPOCTO
a.

11. Pemnure B KOMIIGKCHBIX ducIax ypashenne z2 = (—1,0).

Kowmrtekcroe quciio (0, 1) obo3HauaeTcst ¢ 1 Ha3bIBAETCS MHUMON €/ T1HI-
neit. CooTBeTCTBEHHO, JII0O0E KOMILIEKCHOE YHCI0 2z = (a,b) MOXKHO mpe/-
CcTaBUTb B BUje a + bi, rae a u b BemecTBeHHbIe. UNC/IO @ Ha3LIBAETCsI Be-
IECTBEHHOM JacThio z 1 obosHauaercs Re(z). Hucso b (a BoBce He bi, Kak
MHOT/[a, HAMBHO JIyMAIOT HEKOTOPBIE) HA3BIBAETCSI MHUMOI 9aCThio 2 U 000-
sHadaercst Im(z). 3aMeTuM, 9T0 JiBa KOMILJIEKCHBIX YHCJIA DABHBI TOTJA U
TOJIBKO TOIJIA, KOTJIa Y HUX PaBHbLI BEIECTBEHHbIE U MHUMbIC YacT. Kom-
IJIEKCHOE YNCJI0 Z = a — bi Ha3bIBaeTCs CONMPSIKEHHBIM K YUCTY 2 = a + bi.

12. TIposepbre, ur0 8) 2 + W =Z+W; b)Z-w=Z-W, c¢)Zz = 2.

13. Boruucsure a) (14 1) b) iiﬂ:_;;; ) (1+32)(;+;11)+4+@'

14. Pemmmre ypasmenne: a) z? = —1; b) 22 + z + 1 = 0;
c)r*=a,a€R;, d)2>?=3—-4i; e)a’=a+bi.

15. Jloxazxute, uro Re(ab) = Re(ab).

16. Joxaxure, uto a) 2> + 22 € R; b) 2"+ 7" € R.

17. JJokazkKure, 9TO €CIM KOMILIEKCHOE YNCTIO Z SIBJISIETCS KOPHEM MHOIO-
wieHa f(x) ¢ BelmecTBeHHBIME KO3(hDMUIUEHTAMT, TO YNCI0 Z TAKYKe SIBJIsI-

€TCsdA €0 KOpHEM.

18. Boraucianre
a)CO—I—C’l +...+C%
b) C L4+ (=D)"C
¢) naifigure (1 + 2)100
d) CY+ C? + C} +
e) CY + Cf + C4n N O
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OTobpazkeHnss MHOXKeCTB. 9 MIOJIS.

Onpenenenue. Omobpasicenuem [ n3 mHoxkecTBa X B MHOXKECTBO Y
HA3bIBACTCS IMPABUJIO, 10 KOTOPOMY KarKJIOMYy SJIEMEHTY X MHOXKecTBa X
CTABUTCsT B COOTBETCTBHUE €IMHCTBEHHBII ssieMeHT f () MHOXKecTBa Y. [lpn
sroM eciiu f(x) = y, TO JEMEHT Yy Ha3bIBaeTCsi 0OPA30M JJIeMEHTa T [pU
oToOparkeHnu [, a SJeMEHT X Ha3bIBAeTCs IIPOOOPA30OM 3JIeMEHTa ¥ IpPU
orobpazkennu f. Obosnavenus: f: X — Y — orobpakenue, X — obaacmo
onpedesenus, a Y — obaacmsd 3HAUEHUT.

1. CKOJIBKO BCETroO CyIIECTBYEeT OTOOPaKEHWI N3 MHOXKECTBA C 1M IJIEMEH-
TaMHU B MHOXKECTBO C 1. dJIEMEHTaMU !

2. Kakne 13 cieayoImx IpaBul 3a1a10T oTodpazkenus ! KakoBbl o0acTu
ompejie/IeHIsT U 3HAYEHNI 9THX 0ToOpaykeHuii? a) abCrymeca TOUKN ¢ 3a/IaH-
HBIMI KOODJMHATAMH; b) cymMMa 1 p IHCIa; ¢) OCTATOK OT jiesieHnst Ha k;
d) nenas gacth, ApobHAas YaCTh; €) XapaKTepUCTHIecKasi (DYHKITHST MOMHO-
JKecTBa.

Omnpenesienue. Ilycts 3aganbr otobpakenus f: A — Bug: B — C.
Onpenesnium komnosuyuto h = go f dopmynoit h(a) = g(f(a)).

3. Hokaxure, uro a) foid =ido f = f; b) (hog)o f=ho(go f), rue
id — ToxIecTBeHHOE OTOOparKeHne (MEePEeBOUT KayKJIblil 1eMeHT B cebst).

Omnpenenenune. Orodbpazkenne g: B — A HazbiBaeTcsa obpammvim K 0T0O-
paxkennio f: A — B, ecim go f = fog=id.

4. Haiinure obpaTHble K CJIEIYIOMNM OTOOpayKeHUsIM: a) y = 3x + 2;
b)y=(x+1)/(x+2).

Omnpenenenue. Orobpaxkenne f: X — Y HasblBaeTCs ClOpsexmueHviM,
ecJIN JIJIsT KaxKJIoro y € Y cyliecTByeT X0oTs Obl OJIH 3jieMeHT * € X TaKoi,
aro y = f(x).

Omnpenenenue. Orodopazkerune f: X — Y HasbIBaeTCs UHBEKMUBHDIM,
ecJm I KaxkKJjoro y € Y cymiecTByeT He Oojiee OJIHOTO 3jeMeHTa T € X
Takoro, uto y = f(x).

Onpenenenne. Orobpaxkenue f: X — Y HazbBaeTcs OUEKMUBSHbHIM, €C-
JIN OHO CIOPBHEKTHUBHO M NHBHEKTHUBHO.

5. Hokaxkute, uro ecian f: X — Y OMEKTUBHO, TO JIJIs HErO CyIIECTBYET
obpaTtHoe oTobpazkerne f1:Y — X.

6. Bepno jn, uto a) ecou f u g OuekTuBHLL, TO g © f GuekTUBHO; b) ecin
g o f buektuBHO, TO f M g OMEKTUBHBI; C) ecjil g O f UHBEKTUBHO, TO f
UHDBEKTHBHO; d) ecyin g o f CIOPBEKTUBHO, TO ¢ CIOPBEKTUBHO?!

7. YcraHoBuTe OMEKIIMIO MEXK/ Ty MHOXKECTBAMU HATYPAJbHBIX U 1EJIbIX TH-
cest.
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8. Hekoropoe uncio penntcs vHa 2, HO He genuTcs Ha 4. Jlokaxkure, 910
KOJTMIECTBO YETHBIX JAEJNUTENel 9TOro Yncjia paBHO YNCIY HEYETHBIX JIe/IN-
TeJIeil 3TOr0 YNCa.

3a0au 0Af CAMOCTNOAMENDHO20 DEULEHUA.

9. CyacT/iuBbIM OIJIETOM Ha3bIBAETCSI OMJIET C IECTU3HAYHBIM HOMEPOM, Y
KOTOPOI'0 CyMMa IIePBBbIX TPEX Hudp paBHa CyMMe IOCJIEIHIX TPEX Hudp.
Kaknx cuactmBbix 6uieroB 6oJbie: a) ¢ cymMMoil mudp B KaxK/0i dacTn
15 wm ¢ cymmoii 127 b) ¢ cymmoit 9 wiu ¢ cymmoii 107

10. YcranoBuTe OHEKTHBHOE COOTBETCTBUE MEXKJY: &) TOUYKAMHU OTPE3KOB
JUHBL 4 1 JymHbL 5; b) ToYKaMu MOJyOKPYKHOCTH 0e3 KpaifHuX TOueK u
IUCJIOBOI TIPSIMOIT; ¢) TOYKAMI HHTEPBAJIA U TOIKAME OTPE3KA.

11. YeranoBuTe OHEKINIO MEK Ty KJI€TKaMI OECKOHETHOTT (BO BCE CTOPOHBI)
IaxXMaTHOM JIOCKM U HATYPaJJIbHBIM PSIJIOM.

12. JlokakuTe, 4TO YNCI0 UMeEET HeIeTHOE KOJIMYECTBO JeJuTeseil Tora
1 TOJIbKO TOIJIA, KOTJIa 3TO YNCJIO ABJISIETCS TOJIHBIM KBAJIPATOM.

13. Jdokaxkure, aro cpean auces, meabmux 10 000, gucesn ¢ cymmoit mudp
15 u ¢ cymmoit mudp 21 nmoposHy.

14. a) YeTHO win HEYETHO IUCTIO CIacTINBBIX OmtetoB? b) Jlokaxkure, 9To
CYACTJIMBBIX OMJIETOB CTOJIBKO K€, CKOJIbKO OUJIETOB ¢ cyMMoil nudp 27.

15. Ilycrs |A| = m, |B| = n. Ckoibko cpenn orobpaxkenuit uz A B B
a) BJIOXKEHUiT; b) B3anMHO-OIHO3HATHBIX COOTBETCTBIHI?

Metoa xoopamaar. 10 mrojid.

Paccrognne MEXKJ1y TOYKaMU A(xl; yl) u B (332; y2)
AB? = (z1 — 22)? + (y1 — 2)*.
YpaBHeHIe OKPYZKHOCTH ¢ TleHTpoM B Touke O(xg; o) u pajuyca R
(x —20)* + (y —0)* = R”.
Koopunarsr cepeunnt M orpeska AB, tiae A(xy;y1) n B(xo; yo)

T1+ T2 Y1+ Y2

M :
2 2

YpaBHeHUEe IPsMOil, TPOXOAIeil depe3 TOUKU A(xl;yl), B(SIJ’Q; y2)7 He
JIeZKaIUX Ha MPAMOIl, napaJiieIbHON OCH KOOPJAUHAT,
r—rn Y- un
To — 1 Y2 — U1
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Bce 3amaqu iucTovuka Hy2KHO pernaTh MeTOA0M KOOP/IWHAT.

1. B mpeyronbauke ABC usBectno, uro /A = 45° u Beicota BH penut
cropony AC' na orpeskn 4 u 6, cauras ot Bepinabl A. Haiinure meaunany
AM.

2. Slpnserca mm orpesox AB, rue A(—1;+/5), B(=5; —v/5), anmamerpom
okpyzHoctn 2 + 6 + y* = 07

3. Jlokazkure, 4TO B paBHOOE/IPEHHOI Tpallelnn KBapaT JInaroHaj i paBeH
KBa/[paTy OOKOBOIl CTOPOHBI, CJIOKEHHOMY C IIPOU3BE/ICHIEM OCHOBAHMIA.

4. Jlan Tpeyroimsuuk ABC', B koropom AB =1, BC =2, ZABC = 120°.
Hokazkure, uro meanana BM neprennnkyigpHa cropore AB.

5. Ilyctrb ABC'D — npsimoyrosbuuk. Jlokaxkure, 9T0 st 000 TOUKN
M somosmserca pasenctso MA? + MC? = M B? + M D?.

6. Jlan xkBagpar ABCD co croponoii a. Haiigure pajumyc oKpyKHOCTH,
POXO/IdAIIeil depe3 cepeuny ctoponbl AB, nentp kBajpara n Bepimnay C.

7. Yron ABC — upsmoii, AB = 4, BC' = 3. Haiigure paccrosinue ot
Toukn B 10 Toukn K, jgexkarneii Ha OucceKTpuce mpaMoro yria, eCJii TOIKa
K pasnoynasena or Touexk A u C'.

8. Ksajgpar n npssMOyroJibHUK OJMHAKOBOI'O I€pUMeTPa UMEIT OOl
yroJi. Jlokaxkure, 9T0 TOUKa [epecedeHns IuaroHaJieil npsMoyrobHIKa, Jie-
JKIT Ha JInaroHaJii KBajpara.

9. Hokaxkxure, yro I'MT, cymma kKBaapaToB paccTOSHUN OT KOTOPBIX IO
JIBYX JIAHHBIX TOYEK, VAaJEeHHBIX JPYT OT Jpyra Ha paccrosnue 20, paBHa
2a?, ecTb OKpyKHOCTD (@ > b).

10. Ha mrockocTn j1anbl psiMasi U He Jiexkallasi Ha Heit Touka. Haitaure
['MT, paBHOyIaJIeHHBIX OT JIAHHON HPAMON U JIaHHONW TOYKH.

11. Pemmure cucreMy ypaBHEHUI

3x + 4y = 26,
Va2 +y? —da+ 2y + 5+ /22 +y2 — 20z — 10y + 125 = 10.

3adayu 0Af CaMOCTNOAMENDHO20 PEULEHUA.

12. B kBagpar ABC' D Brmcana OKpyzKHOCTb eIMHIIHOrO pajuyca. Jloka-
JKUTE, 9TO I JiI000it Toukn M 3Toit OKpPY?KHOCTH BBIIIOJIHEHO PABEHCTBO
MA? + MC?*+ MB?* + MD?* = 12.

13. BokoBble cTOPOHLI Tpamenuy IepIeHInKyIapHbL. JJokaxKuTe, 9T0 CyM-
Ma KBaJIpaToB JMaroHaJiell Tpalel paBHa CyMMe KBaJIPaToOB OCHOBAHMIA.

14. JInamerper AB u C'D oKpy»KHOCTH IepHeHINKY/IsIpHbl. Xopaa KA
nepecekaer guamerp C'D B Touke K, xopja FC' nepecekaer jguamerp AB
B Touke L. U3sectno, uro CK = 2K D. JHokaxkute, uro AL = 3LB.
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15. Ha runorenyze AB npsimoyrosbHoro tpeyrojibauka ABC' mocTpoen
kBagpar ABDFE tak, uro Bepmuna C' HaxoanTcst BHe KBajapata. Haiianre
noma b Tpeyroisunka ABC, ecin AB = /13, a paccrosinue oT 1eHTpa
KBaJjpara s10 BepimHbl C' paBHO 3.

16. B rpanemuu ABC'D ocnoBannsg AB n C'D uMmeoT cOOTBETCTBEHHO
nnHbl b 1 3. BokoBas cropona AD mneprnenauKy/sipHa ocHoBaHmMiO. Ha oc-
Hopauuu C'D, Kak Ha JuaMeTpe, IIOCTPOEHA OKPYKHOCTH, KOTOpas Iepece-
kaer guaronann AC nm BD B toukax ' u E. U3Becrno, ato F/ — cepeuna
orpe3ka BD. Ornpejennre, B KAKOM OTHOIIEHUN TOYKa F' JIEJIUT OTPE30K
AC.

17. Touka B € AC, npuuem AB = 14 cm, BC' = 28 cm. Ha orpeskax
AB, BC, AC kax Ha numameTrpax, IOCTPOEHBI B OJIHOI ITOJIYILJIOCKOCTH C IPa-
nuteit AC nosyokpykuoctu. Haitjure pajinyc oKpyKHOCTH, Kacatomeiics
BCEX TPeX MOJIyOKPYZKHOCTEI.

Meton IItypma. 10 uroJis.

0. a) ¥V npsiMOYTOJIBHOTO TPEYroJbHIKA TUoTeHy3a paBHa 1. Kakoe Han-
OoJIbINIee 3HAYEHIE MOXKET MPUHUMATDH ero Ionaas! b) Kak mpeacraButhb
JIAHHOE TTOJIOYKUTEIbHOE UNCI0 B BUJIE CyMMBbI TPEX IOJI0KUTEIbHBIX CJiara-
eMbIX TaK, 9TOObI UX IIPOU3BEJCHIE OBbLIO HANOOIBIITIM !

1. a) Kak m3Mmensiercst nmponsBejieHne JBYX 9HCEJT ¢ MOCTOSTHHON CyMMOit
pu ux coymkeHnn?

b) Kak m3meHnsiercst cymma JBYX 9UCET € HOCTOSTHHBIM MTPOM3BEICHIEM
pu ux coymkeHnn?

c¢) Kak m3mensiercst cymma KBaJIpaToOB JBYX YHCEIT € TTOCTOSTHHO CyMMOi
IpU UX COMKEHUN !

d) Kak m3menstercst cymMmma 00pATHBIX BEJIMYUH JIBYX THCEJT C TOCTOSTHHBIM
[IPOU3BEIEHNEM IIPU UX COJIMKEHUN !

OcuoBnas ugaes merona Illtypma. Hamenenams dee nepemernvie (u3-
3a 2moz0 memod ILImypma ynpousaem muo2ue HEPABEHCMBA U3 HECKONLKUL
NePEMEHHBIT) Mak, 4Mobvl U3 00HOT YACMU HEPABEHCTNEA NOAYHUAACH OPY-
2aA U 6000a60K K IMOMY 6CE200 USMEHAECMAA HACTD USMEHANACL 6 00MY,
HYHCHYIO HAM, CMOPOHY (UAU YEEAUNUBAAAC, U YMEHLULANAACD ). OObIuHO
amoeo ydaemcs Jdocmuyd udMeHAS 084 YUCAA ¢ NOCMOAHHOT CYMMOT UAU
NPoOU36EICHUEM.

2. Jlokaxkure, dUTO €CJU IPOU3BEJIEHUE IOJOKUTEJIbHBIX  YHCE]I
i, Lo, ..., Ty paBHO 1, TO 1 + 22 + ... + T, = N.



XXX Jlerusist muOronpeaverHast mkoJja KupoBckoit obiactu 20

3. Hokazkure, 4TO ecjiu CyMMa HOJOKUTEJbHBIX YUCe T1, L2, . .., Ty DaB-
2 | .2 2 5 1
Ha 1, 70 27 + a5+ ...+, = o
4. a) Korya nmponssesienne n HEOTPHIATEIBHBIX THCEJT C TTOCTOSHHON CyM-
MOM jtocTHraer HamboJbiero 3muadennsa? b) gs  neorpuaTesbHbIX
T1, Ta, ..., Ty JOKAXKUTE, YTO

T+ Ty +...T Ty
n

2\"/.%’1.%‘21‘7}

5. Jlyig neorpunaTe/ibubIX L1, L9, ..., Ly JOKAXKUTE, 9TO

561+I’2—f—...—|—1’n<\/33%+:U%—|—...—|—:U%

x
n n
6. ﬂﬂﬂ HeorpugaTeJbHbIX X1, L2, ..., Typ AOKAXKUTE, 9YTO
n
{L/a:ya:g-...'xn}

1 1 1
x1+w2+"'+mn
7. NzBectno, uyrto 0 < = < 1. [Ipy kKakoM 3HaYeHNN T 3HAUEHIE BhIPAXKCHUS

z(1 — )2 makenmaibo?
8. N3Becrno, urto a + b+ ¢+ d = 1. Hokaxkute, 910

Vitda+vV1I+4b+V1+4c+V1+4d<4-V2.

3adaru 0Af CAMOCTNOAMENDHO20 DEULEHUA.

9. a) Boisicuure, Kax Beger cebs cymma (a+ 1/a)? + (b+1/b)? npu coin-
JKEHUH TOJIOKUTEeNIbHBIX duces a u b. b) [lokaxkure, 4ro eciu cymma n
MOJIOYKUTENBHBIX YUCEeT T1, To, ..., Ty PaBHA 1, TO

1)? 1)? 1)? 12
rnn+— | +|lrv2+— | +...F+ |y +— ) Zn|n+—| .
I I Tn n

10. st HOJIOXKUTEIbHBIX YUCEeT X1, L9, ..., Ty JOKAYKHATE, UTO

I+z)(T+ae) o (Tt+an) = 1+ Yoy 2. x)"
11. Cymma II0yKUTENIBHBIX Ynces T, y U 2 paHa 1. Jlokaxkure, 910
0<xy+yz+ze—2xyz < 7/27.

12. CymMmma HOJIOXKUTEbHBIX 4YHCe]l T1, X2, ..., T, paBHa 1. okaxkure,
ITO

(I1+x21)24x9) ... - (n+x,) <2nl

13. [lokarkure, 9TO U3 BCEX BBINYKJIBIX N-YIOJbHUKOB, BIMCAHHBIX B JIaH-
HYIO OKPY?KHOCTB, TPABUIBHbII N-YIOJBHUK UMEET a) HaubOJIBIIYIO ILI0-
11a/1b; b) HAKOOJIBIIII TepuMeTp.
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IlepecTtanoBku. 11 mrojd.

Onpenenenne. [lepecmaroskoti Ha HEKOTOPOM KOHEYHOM MHOxKecTBe M
OyzeM Ha3blBaTh HEKOTOPBI CII0CO0 IOMEHATH 9JIEMEHTHI 9TOI0 MHOYKECTBa
MeCTaM#, TO €CTh B3aUMHO OJIHO3Ha4YHOe oToOpaxkenue m: M — M mHOXKe-
crBa M Ha cebst. Tootcdecmeernas nepecmanosra — Ta, KOTopasi HUIero He

IepecTaBJseT.
Mugr Oyjiem paccMmarpuBaTh TOJBKO cUTyaluio, korjga M cocTouT u3 Ha-
TypaJbHBIX 4nces 1,2,...,n. MHOXKeCTBO BcexX NepecTaHOBOK MHOYKECTBa

M 6ynem obozHadaTh depes S,. [lepecranoBke m € S,, Mbl COIOCTaBUM Tab-

JINUKY
1 2 ... n

m(1) w(2) ... 7w(n)
Omnpenesnienue. [Ipoussederuem epecTaHOBOK a U b HA3BIBAETCS X KOM-
MO3UTNS KaK OToOpakKeHnii n obosnadaercd Kak a - b = a o b.
[TpousBeienne nepecTaHOBOK BBITTOJTHSAETCS, KaK U KOMITO3UIISA OTOOpa-
JKeHuii, cripaBa HaJIeBO

12345 1 2345 12345
13245 34125/ \24135

Yr1BepKaeHune. B S, ecTb e IUHNIHBIA 3/IeMEHT € CO CBOHCTBOM: € - & =
x-e = x g jroboro x € Sy; s joboro x € S, ectb y € .S,, 9TO

T-yY=1Y- T = e, U ouepanus YMHOKCHUS aCCOLMATUBHA.
123 123

312) \231)
b)1234_1234.0)12345_12345
13921) \2143) 294531/ \35124

2. 3anummre Bce MepecTaHOBKN Ha MHOYKECTBE U3 TpeX 3j1eMeHTOB. CKOIhb-

1. Haiiure mpousseiennst a)

KO CYIIIECTBYeT II€peCTaHOBOK Ha MHOYKECTBE U3 7, 9JIEMEHTOB?

3. [lj1s1 1pon3BOJIbHOI IIepecTaHOBKH BBIIUIIIITE 00PATHYIO K Heil B sSIBHOM
BUJIC.

4. /IokazaTb, 4TO IpU N > 2 MHOXKECTBO S, HEKOMMYTATHBHO, TO €CTb
HAWTH J[Be TaKue MepecTaHoBKU a u b, 910 a - b # b - a.

Onpeaenenne. [TepecTanoBka Ha3bIBAETCA UUKAUYECKOU
(mIm TPOCTO TIMKJIOM ), €CJTM OHA CIBUTAET HEKOTOPBIE 3JIEMEHTHI [0 KPYTY,
a OCTaJIbHbIE OCTaBJIAET HEMOJBUKHBIMU. JIBa MUK/Ta Ha3bIBAIOTCA HE3G6U-
CUMDIMU, €CJTN HUKAKOI 3JIEMEHT He CABUTACTCA U IEPBOil, U BTOPOI IIe-
pecTaHoBKOI ojHOBpeMeHHO. LUK ¢ Jijid KpaTKOCTH NPUHATO 0003HAYATH
CTPOKOit ¢ = (i1iy . ..1%,), e io = c(i1), i3 = c(ia),. .., i1 = c(i,). Yucmo r
HasblBaeTCHd JAUHOT LUKJIA.
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5. Jlokaxkure, 4To JitoOas HeeIMHUYHAS [1ePEeCTaHOBKA OJIHOBHAYHO C TOY-
HOCTBIO JIO IE€PEeCTAaHOBKN MHOXKUTEJE pa3/iaracTcs B IIPOU3BEJICHIE He3a-
BUCHUMBIX IIUKJIOB.

6. JlokarkuTe, 94TO JIIOOON IMUKJI SBJISIETCS IPOU3BEIEHUEM ITUKJIOB JIJINHBI
JIBA.

Onpenenenne. [{uKbl JIUHBI ABa HA3bIBAIOTCA MPAHCNO3UUUAMU.

7. HokaxkuTe, UTO KaxKJas IepecTaHOBKa MOXKeT ObITh ITpejCcTaBjicHA B
BIJI€ IIPOM3BEIECHNS TPAHCIO3UNNii. EIuHCTBEeHHO Jin Takoe pasjioKeHne?!
Bepno Ji, uTo J1ro0ast epecTaHoBKa IIPEJICTAB/ISIETCS B BIJIE IIPOU3BEICHIMSI
HE3aBUCUMBbIX TPAHCIIO3UIINIT?

Onpenesenne. TpaHcio3ulusl HA3bIBACTCS AAEMEHMAPHOU, €CJU OHA Me-
HdAEeT MecTaMM JIBa dJeMeHTa, KOTOpble CTOAT Ha COCEeIHUX MecTax.

1234

8. Pazjioxkure nepecTaHoBKY 9 4 1 3

B IIPOU3BE/IEHNE dJIEMEHTAPHBIX

TPAHCIIO3UITUAIA.
9. /lokaxkuTe, 9TO JIIOOYIO ITePECTAHOBKY MOYKHO Pa3JIOyKUTh B ITPOU3BE/IC-
HUE 3JIEeMEHTAPHBIX TPAHCIIO3UIIUIA.

3adayu 0Af CaMOCTNOAMENDHO20 DEULEHUA.

10. /Iagmarh mroabHUKOB pemann 20 3amad. V3BecTHO, 9TO KazKIyio U3
3aJa4d pPermuaIn 2 IIKOJbHUKA U KarKJbIi IMKOJbHUK PEII 0 JIBe 3a]a-
qn. JlokazaTb, YTO MOXKHO TaK OpPraHM30BaTh pas3d0Op 3ajiad, UTO KarKIblil
IIKOJIbHUK PaCCKaXKeT 110 OJHOI 3aja4ue U KazKas 3aj1ada OyJIeT paccKa3aHa
POBHO OJINH Pas.

11. Ozt HaNMCca A Ha KAPTOYKaX YKCJa OT 1 JI0 1 U pa3J/IoyKuia KapTOIKH
B HeKOTOpOM mopsake. OHa yMeeT MEHATb MeCTaMU JIBe caMble JIeBble Kap-
TOUKH, & TaKxKe IMePecTaB/IsaTh caMylo IPaByl0 KapTOUKYy B JIEBBINT KOHEII.
Bcerna jin oHa ¢MOXKET BBICTABUTH KapTOUYKU B ITOPSIIKE BO3PACTAHUA !

12. B orpsje BocbMOTO KJjacca pas3pelieHbl TOJIbKO IapHble 0OMEeHbI 3a-
JladaMi, U KaxK/blil YUeHNK MOYKET COBEPIIUTH TOJIHKO OJIMH OOMEH B JICHb.
Jokazkure, 910 110001 CJIOYKHBIIT 0OMEH (HpI/I KOTOPOM KazK/Iblil YYeHUK OT-
JaeT OJIHY 3aJ1ady ¥ MOJIyIaeT OJHY 3aJ1ady) MOKHO COBEPIIHUTD 34 JBa, JIHSI.

13. Ilycts f — nepecranoBka u3 n 3jieMeHToB. [lycTth k — HammMenbIee
qucsio Takoe, 9t0 f o fo...o f (k pa3) — ToxJecTBeHHOE 0TOOparKeHHe.
Hokaxure, aro a) n!; b) [1,2,...,n] gemurcs na k.

IToBopoT. 11 uroJis.

Onpegnesnenne. [Tooporom Bokpyr Touku O (Ha3BIBAEMOIl IEHTPOM 10~
BOpOTa) HAa YTOJI (v HA3BIBACTCST IIPpeobpa30oBaHue MIOCKOCTH, KOTOPOe KazK-
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nyio Touky M orobpaxkaeT Ha Takyio Touky Mi, ato OM = OM;, n
ZMODM; = «, npudeM BpallleHne ITPOUCXOIUT MPOTHB YaCOBOI CTPEJIKU.

1. Jlokaxkute, 9TO KOMIIO3UIIUS JIBYX OCEBBIX CUMMETPHIl siBJIIeTCsT JINOO
IIOBOPOTOM, JINOO TapaJlieIbHBIM IIePEHOCOM.

2. JlokaxknTe, 9TO TIPHU MOBOPOTE HA YTOJI (v OJIUH U3 YTJIOB MEXKTLY MPAMOit
1 ee 0Opa3oM paBeH yIJIy (.

3. Ilyctrb M nu K — cepejunbl cropon CD u DE 1npaBujibHONO MIECTH-
yrosbauka ABCDEF .

a) Haitgure yron mex ity npsambeiva AM u BK.
b) Ilycte AM nepecekaercst ¢ BK B Touke N. Jlokaykure, 9T0 MI0IIAHT
tpeyroybanka AN B un derbipexyroibiuka M DK N paBHBI.

4. Ha croponax AB n BC tpeyroabunka ABC' mocTpoeHbl COOTBETCTBEH-
Ho kBajipaTel ABPQ nu BCM N, npudem xkBajapar ABP() n TpeyroabHuK
ABC' naxonsTcs B pasHBIX MHOJIYILIOCKOCTSAX oT upsiMoit AB, a KBajpar
BCMN — B 0Ol TOJIYIIJIOCKOCTH C 3TUM TPEYTOJLHIKOM OTHOCUTE/IHHO
upsamoit BC'. Jlokaxkure, aro orpeskun PN n AC paBHBI 1 TePIEHIIKYISIP-
HBI.

5. /IBe paBHbIe OKpY:KHOCTH IiepecekatorTcss B Toukax A u B. Jlokazarsb,
YTO MpsiMast, COeJIMHATONIAST TPON3BOILHYIO TOUKY OJIHOM OKPY?KHOCTHU C ee
00pa30M IIpH MOBOPOTE OKOJIO TOUKH A, 0TOOparkarolieM 3Ty OKPY>KHOCTh
Ha JIPYTYIO, IPOXOIUT Yepe3 TOuKy B.

6. B OoKpy»KHOCTb BIIHMCAHBI JIBa PaBHOCTOPOHHUX TpeyrojbHuka ABC u
DEF, ctopoHBI KOTOPBIX IepeceKatoTcs: B mectn Toukax: I, L, M, N, P
n R tak, aro Toukn M un K nexar na orpeske AB, toukn N n L — Ha
orpeske BC', a Toukn P n R — na orpeske C'A, npudeMm MMEHHO B TAKOM
nopstke. lokaxkure, uro Tpeyrojapiaukun MNP u K L R paBHOCTOpOHHHE.

7. Touka B nexur mexkjay A u C. llpaBuibabie Tpeyroabuuku ABM
u BC'P noctpoenbl B ojHOI ToJytiockoct ot npamoit AB. Toukn K u
E — cepeaunnr orpeskoB AP nu MC'. Jlokazarh, 9to Tpeyroibiunk BKE
[IPABUJILHDIIL.

8. IlocTpoiiTe paBHOCTOPOHHUIT TPEYTOJLHUK C BEPIIUHON B JAHHON TOUKE
TaK, 9TOOBI BTOpas BepIINHa MPUHAJIEXKATa JAHHON MPAMOi, & TPeThs —
JAHHOII OKPYZKHOCTH.

9. Ha croponax AB u AC' tpeyrosbanka ABC BHe ero mocTpoeHbl KBaJl-
parel ABDE n ACPQ). Hoxkaxure, uro mennana AK Tpeyronpanka ABC
neprenukyaspia QF n 2AK = QF.

3adayu 0Af CaMOCTNOAMENOHO20 DEULEHUA.

10. Ilectuyronpank ABC DEF upasunbhbiii, K u M — cepeiuHbl OT-
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peskoB BD u EF. Jokaxure, aro TpeyrogbHuk AM K mpaBuIbHBIIL.

11. Ha croponax C'B u C'D kBagpata ABCD B3sarer Toukun M n K Tak,
gro nepumerp Tpeyronabanka C'M K paBeH yIBOGHHOII CTOpOHE KBaJpara.
Haitmure Beamauny yroa MAK.

12. Ha cropone C'D = 1 xBajgpara ABC'D BO BHEIIHIOI CTOPOHY ITOCTPOEH
pasHocToponunii TpeyroibHuk C'N D, a Ha nuaronamn AC — paBHOCTOPOH-
uuit Tpeyrosbauk AMC' Tax, aro Touka D jexkut BHyTpu Hero. Haiianre
MN.

13. Bayrpu kBajgpara ABC D B3sita npousBoJibHast Touka P. Yepes Bep-
mael A, B, C', D npoBejieHbl epieHnkyrapbl K npsmoim PB, PC, PD,
PA coorBercTBenno. /lokakure, 9TO 3TH HEPHEHIUKY/ISIPHI IIEPECeKAI0TCsT
B OJTHOII TOYKE.

14. Ha croponax AB u BC tpeyrosibiuka ABC' BHe ero 1ocTpoeHbl KBaJI-
parel ABMN n BCPQ). JlokazaTh, 9TO IEHTPbI 9TUX KBa/IPATOB U CEpe-
qunbl orpe3koB AC u M () siBJisiioTcsi BepIIMHAMI KBa/IpaTa.

MatbOoii. 12 uroJjd.

1. /lanbl JiBe OKpPYKHOCTH, KaxKJasd M3 KOTOPBIX ITPOXOJIUT Hepe3 MEeHTP
npyroit. Yepe3 Touky repecevenns OKpYKHOCTell poBejieHa MpsMas, Te-
pecekalomasg nX Bropudno B Toukax M u N. JlokaxKuTe, 4TO yroa MEXKy
KacaTeJbHbIMI K OKpYKHOCTsIM B Toukax M u N pasen 60°.

2. Kakoe nHanmenblIiiee Ync/I0 KOpoJeii MOXKHO pacCTaBUThL Ha OEJIbIX TOJISTX
IIaXMATHOM JTIOCKK 8 X 8 TaKUM 00pPa30M, YTOObI OHU ITOOM/IN BCE CBOOOTHBIC
1oJist?

3. Ha rerpagmbrit et miaomaau 1 Poma mocTaBuI mATh KIIAKC, TIOMIATH
KasKJIOi U3 KOTOPHIX HE MEHbIITe % Jokaxkure, 9TO HallyTCA TBE KJISAKCHI,

3

ILJIOIIAIb 00IIell YacTh KOTOPBIX HEe MEHbIIIEe 25+

4. Qg 3aMeHsier 3BE309YKHN B BbIpazKE€HUU

* * * *
§+?+§+"‘+2n—1 +2_n
qucaamu 1, 2, ..., n, UCIOJIb3Ys KarK10e POBHO ojuH pa3. Kakoe HamboIb-

1ree 1e/10e IIC/I0 OHa MOYKET TP 9TOM MOJIYIUTh?!

5. llycte My, Ms, ..., Mg — cepenunnl ctopon AjAs, AsAs, ..., AgAy
BBIIIYKJIOTO TiecTuyroibHuka A1 A, . .. Ag. JlokaxknuTe, 9T0O CymecTByeT Tpe-
YTOJIBHUK, CTOPOHBI KOTOPOTO paBHbl oTpe3kaM My My, MoMs n Mg M.

6. Pemmure B HaTypasibHBIX Yncax ypasHenue (n + 1)" = 2nF + 3n + 1.

7. CeBepyc CHelir penimi 1mepecTaBuTh M0-HOBOMY CBOH 26 CKJISIHOK, CTO-
SIIUX B KPYIVIOM T10/13eMesibe Xorsaprca. OJIHAKO OH X0deT, YT0ObI 3a O/INH
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pa3 MEHSJINCh MeCTaMU TOJIBKO JIB€ CKJISHKH, CTOSIIUE PSJIOM, IPUIEM ITO
He JIOJIZKHBI ObITH CKJIAHKN, HAJIUCH Ha KOTOPBIX HAUYMHAIOTCA Ha COCEM-
Hre OyKBbI asiapura. (CKIAHKN TOIIICAHBI CJIOBAMHI, HATUHAIONIMUCST HA
pasmdHble OYKBBI JJATHHCKOTO asipasuTa.) Kpome Toro, emy BazKHO JIUIIb
B3aMHOE PACIIOJIO}KEHUE CKJISTHOK, U JiBa PACIIOJIOKEHUs, OTINYaloInecs
MIOBOPOTOM KpPyTa, OH CUUTAET OJMHAKOBBIMU. /lokKazarh, 4To Kak Obl cHa-
JaJia HU CTOSIN CKJISTHKHU, TTPOEeccop MOYKET TI0 STUM MPaBUIAM JTOOUTHCS
JIIOOOTO HOBOTO UX PACIIOJIOZKEHUS.

8. Yepes Touky A okpyzkHOCTH ¢ pajuycoMm 10 mpoBejeHbl JBe B3aUMHO
nepreHnKyasspabie xopasl AB u AC. Bbrauciaure pajuyc OKpyzKHOCTH,
Kacaromeiics JJAaHHON OKPYKHOCTH U IIOCTPOEHHBIX Xop/1, ecin AB = 16.

IlepectanoBku-2. 14 uioJis.

1. Ha xHM>KHOII 110JIKE B OMO/IMOTEKE CTOUT COOPAHNE COUMHEHUI, COCTOsI-
mee n3 2014 TomoB. B 6ubimoreke padboraer Komuccusi. Ecim ona obHapy-
JKIBAET MMapy TOMOB Ha ITOJIKE, PACIOJIOKEHHYIO TaK, YTO TOM C MEHbIINM
HOMEpPOM U3 9TOH Mapbl CTOUT IpaBee TOMa C OOJILIIUM HOMEpPOM, TO 3a
KasKJIyI0 TaKylo mapy OubJIMoTeKaph MoJIydaeT BhITOBOP.

a) CKOJIbKO BBITOBOPOB MOJIyYUT OHOJMOTEKADD, €CJIn BCe TOMa OY/IyT
PACIIOJIOKEHBI B 00PATHOM TOPSIIKE?

b) Ilpu HEKOTOPOI paccTaHOBKE KHUT OMOJHOTEKAPH MOJIYIHI HEKOTO-
poe KOJIMIECTBO BHITOBOPOB. MOYKHO JI TaK I1€PEeCTaBUTDH JIBE KHUTU, YTOOBI
JICJI0 BBITOBOPOB yBesn4amioch xHa 1007

¢) Bubsimorexkapio yaa10ch pacCTaBUTh JBa 9K3EMILISIPA ITOTO COOPaHUST
COUMHEHUI B MPaBUJILHOM TOpsJiKe. B 6nO/1moTeKy 3a0paJiich IBa Xy/IuraHa.
Kaxkiplit n3 HIX KazKJIyI0 CEKYH]y IepecTaB/isieT KakKne-HiuOy/Ib JIBe KHUT'U
Ha cBoeil osike. MoxkeT Ji oKa3aThest TakK, 9To y IepBoro u3 Hux depe3 100
CEeKYHJ KHUTU OyJIyT paccTaB/IeHbl TOYHO TakK Ke, KaK y BTOporo uepes 99
CeKyH/1?

d) Jokaxkure, 9TO KHUI'H MOXKHO PACCTABUTHL TaK, ITO OMOJIMOTEKADD
MOJIYIUT POBHO MUJLJIMOH BBITOBOPOB.

Omnpeneaenue. ['oBopuM, 9TO B TIepecTaHOBKE IMapa YncesT 2, j odpasyer
uHeepcuo, ecam DOJIbINee UX ITUX UNCETT BCTPEIAeTCsI PaHbllle MEHBIIIEro BO
BTOPOIl CTpPOUKe TepecTaHOBKU. llepecTtanoBKa Ha3bIBaeTCS 4E€MHOT, €CIIN
YUCJIO UHBEPCUIT B HEll YETHO, U HeuemHol B IPOTUBHOM CJIydae.

2. [lycthb a u b — nukm9eckune mepecTaHoBKN u3 4 seMeHToB, a = (1234),
b = (143). Kaxue u3 c/jeyionux mepecTaHoBOK I6THBI, & KAKNEe HETETHDI:

a)a; b)b, c)b®=b-b; d)*=b-b-b; e)ab; f)ba?
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3. /lokaxkuTe, 9TO yMHOXKEHHWE Ha TPAHCIO3UINIO MEHSeT YETHOCTH Iepe-
cranoBku. CoxpaHsieTcsl WU MeHsIeTCsI Y6THOCTh YHUCJIa MWHBEPCHil B Iiepe-
CTaHOBKe IIpM YMHOXKEHUN Ha He€ NUKJIa JJIMHBI 3; IUKJIa JJIUHBI 4; 1K/Ia
JUINHEBL N7

Onpenesenne. [lepecranoBKa HA3BIBACTCST YEMHOT, €CJII €€ MOYKHO IIPE/I-
CTaBUTH B BUJI€ TIPOU3BEJIEHUs YETHOT'O YUCJIa TPAHCIO3UIUI, U Heuemmoil,
ecJi e€ MOXKHO IIPeJICTaBUTh B BUJIE IPOU3BEIEHNST HEUETHOI'O YHUC/Ia TPaHC-
[HO3UIINIA.

4. JlokaxkuTe, 4TO BTOPOE OIpejiesieHne Y6THOCTH KOPPEKTHO U IKBUBA-
JIEHTHO I1€PBOMY.

5. JlokaxkuTe, 4TO KOMITO3UIUS TTEPECTAHOBOK OJINHAKOBON UETHOCTU €CTh
YETHag IlepecTaHOBKA, a KOMIIO3UIIUS II€PEeCTAHOBOK Pa3HON YETHOCTU —
HEYETHA.

6. Pasperraercs npeirath OyKBOIT Yepe3 JiBe COCeJIHNE BIIPaBO MJIM BJIEBO
(manpumep, n3 UKC cuenars KCU). MoxKHO i ¢ TTOMOITBIO TAKHX OIepa-
il IpeBpaTuThH

a) 'OPB B I'POB;
b) ABTOP B OTBAP;
c) AIIEJIbCUH s CITAHUEJIB?

3adanu 048 CAMOCNMOAMENOHO20 PEULCHUS.

7. Kakux mepecTaHOBOK U3 1 9JIeMEHTOB O0JIbIIe: YETHBIX M HEIETHDIX !

8. 123 mamuabl cTapTOBaJd U3 Pa3HbIX TOYEK U HEJbIil JeHb €3NI 110
Kpyry. BeuepoM Kaxkjias okazajgach Ha TOM Ke MecTe, OTKY/la cTapToBaJia.
JlokazkuTe, 9TO OBLIO COBEPIIEHO YETHOE YUCIO OOT'OHOB.

9. Urpa <15>. B kBajipar 4 X 4 kyajiyT 15 dpuliek, Ha KOTOPHIX HAIINCAHBI
qucsa ot 1 10 15. OiHa KjeTka nmpu 3ToM octaérest mycroit. MoykHO 1BUraTh
Ha IyCTYIO KJETKY COCEJIHIOI 10 cTopoHe ¢duIky. Jlokaxkure, 4To TaKuM
o0pa30M U3 IepBoii KOHMUIYPAIIUN HUKAK HeJIb3sl I0JIYIUTh BTOPYIO.

112134 112]3 |4
o |6 8 56|78
9 1101112 9 (101112
1311514 13114115

10. Jokaxkure, 4TO U3 JIFOOOIO PACIOJNIOKEHUsT (DUIITEK MOXKHO, COOJII0/Ias]
IpaBuJia UIPhI, MOJYIUTH JIMOO MEPBYIO, JTUOO BTOPYIO KOHMUIYPAIUIO U3
IIPEJIbIYINCH 3a/1a491.
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CxkaJjigpHOe mpomn3BeJjieHne BEKTOPOB. 14 WIoJis.

_>
Onpenenenue. Crkarapnvim npoudsedernuem JBYX BEKTOPOB du b Ha

3bIBACTCST IPOM3BE/ICHIE [INHBI OJIHOTO BEKTOPA Ha TPOEKIINIO JAPYTOrO BEK-
TOpa Ha MPSMYIO, TapAJUIEJIBHYIO IEPBOMY BEKTODPY (Hy/IeBOi BeKTOp cint-
TAeTCs MApAJLIEIbHBIM 000 npsMoil) 1 GosHauaercs @ - b wm (@, T ).
VrBepxaenue 1. CkajigpHoe Mpon3Be/ieHie JIBYX HEHYJEBbIX BEKTOPOB
PABHO MTPOM3BEJICHIIO UX JUIMH HA KOCHHYC yruia Mexkay Humu. CkaasgpHoe
POM3BE/ICHNE BEKTOPA Ha HYJIEBOHl BEKTOP PABHO HYJIIO.
YrBepxkaenue 2. CBoiicTBa CKAJIAPHOTO MPOU3BEICHHUS

(1)@ @ =[af

276 =10 7

3) (@) T =A-(T-T)

@ (T+b)T=T- 2+ 2

(5)7-?20, e |7\,|7\#OTOF;LaHTOJIbKOToma, KomaﬁLE).

Ompenenenne. Jlobast mapa (e_f, e_2>) HEKOJLINHeAPHbIX BEKTOPOB Ha, ILJI0C-
KOCTH Ha3bIBaCTCS 0A3UCOM.

Onpenenenne. Ecin e L €5, 10 6a31C HASBIBACTCS 0PMO2OHANLHBIM.

Onpenenenne. Eciu ef L € u |ef| = |e3| = 1, to Gasuc nasbisaercs
OPMOHOPMUPOSAHHBLM.

Yreepxkaenue 3. Ecin na miockocTu 3a1an 6asuc (e?, e_2>), TO BCAKMUI
BEKTOP U MOYKET OBITh PA3JIOKEH [0 9TOMY GA3UCY €JIMHCTBEHHBIM CIIOCO-
6om. To ecTb, 115t 1106010 U CyIEeCTBYET Aapa BEIECTBeHHBIX 1nced (U] Ug)
TaKast, UT0 U = vy €] + U9 €3, IpHUeM TaKast [apa eJIHHCTBEHHA.

Onpenenenne. Koshbuiments B pasiokeHnn BeKTopa 110 6asucy (ef, €3 )
HA3BIBAIOTCA K0OPIUHAMAMU BEKTOpa B basnce (e—f, 6—2>)

1. JJokazknre, 4TO €C B OPTOHOPMUPOBAHHOI CUCTEMe KOOPIMHAT JAHbI
JIBa BEKTOPA 7(u1; Ug) U 7(1}1; V), TO UV = Uy + Usvs.

2. BoipazuTe KoopimHaTEl BEKTOPA 7 B opTOHopMI/IpOBaHHOM basznce (e_f, e_2>)
uepes CKaIApHbIC IPOU3BeICHIA e el n 7 es.

3. Brranciure AD - AC’—l—Alj C’E-i—DB AB’ ecim |A
%

4. Jlanbl BEKTOPHI u b Jlokaxkute, 9TO BEKTOD
JIIpeH BeKTopy E) — b Toma 1 TOJIbKO TOT/Ia, KOTJIA |
5. Iycrs @ + 7 +2=7. Bripasute | @ |2 gepes

TeopeMy Kocunycos ¢ = a? 4 b? — 2ab cos 7.
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6. [dokaxkure 910 oS (z — y) = cosx - cosy + sinx - siny.
7. Jokaxkure cjejytonme (popMyJibl
a) cos(r +y) =cosx-cosy —sinx - siny;
b) sin (x 4+ y) = sinx - cosy + cos x - sin y;
¢) sin(r —y) =sinx - cosy — cosx - sin y.
8. OjuH u3 yrioB mnapaJuiesiorpamMa pasen 45°. /lokaxkure, 9TO cymMMa,
JeTBEPTBIX CTENEeHe IBYX €ro COCeTHIUX CTOPOH paBHA MTPOM3BEIEHIIO KBA/I-
paToB JInaroHaJIei.

9. Haiijiure yrojg Mexkjy HEHYJEBbIMU BEKTOpaMU  d U ?,
eciu | @] =2| b | u BekTop 2@ + b mEpHEHANKYIAPEH BEKTOPY @ — 3% .
10. BekTopnl E; b ud VJIOBJIETBOPSIOT YCJIOBUIO T+ b +7 = 6)
Boiunciure @ - b+?-?+7~7,ecm& @ | = 3, ‘7|:4I/I|?>‘ 5.

3adaru 0Af CaMOCTNOAMENDHO20 DEULEHUA.

11. B tpeyronbnuxe ABC nposegennl mejuanbl AK, BE n CM. JToxa-
xure, uto AB-CM + BC - AK + CA- BE = 0.

12. B tpeyrompanke ABC somomneno AC? + BC? = 5AB?. Jlokaxure,
yro Meaunanbl AK n BM neprneH nKyaspHb.

13. JlokaxkuTe, 4TO B YETBHIPEXYTOJbHUKE JIUATOHAIN TEPIEHINKYITPHBI
TOTJIa U TOJILKO TOrJIa, KOIJIa PaBHbI CYMMbI KBaJIPaTOB €ro IIPOTUBOIIOJIOZK-
HBIX CTOPOH.

14. a) [Jokaxkure, 410 2151 oOBIX 4eThIPEX Touek mtockoctn A, B, €, H
MeeT MeCTO PaBEeHCTBO AB CH + BC’ AH B C’A BH = 0.

b) Jlokazkure, 9T0 BBICOTBI B TPEYTOJILHIKE [IEPECEKAIOTCs B OJJHON TOU-

Ke.

15. [oxaxkure, 9To jj1si Besakoro Tpeyrosibianka ABC cripaBeyinBo Hepa-
BEHCTBO

cos LA+ cos LB 4+ cos ZC <

l\DICJJ

Tpuronomerpuniyeckasi (popMa KOMILJIEKCHBIX dmces. 15
WUIOJIA.

IToCKoAbLKY KOMNACKCHOE YUCAO NPEICTNAGAAEM U3 CCOA NAPY GEULECCTNEEH-
HOLT YUCEN, EMY MONHCHO B3AUMHO 00HOZHAYHO CONOCMAGUMD MOYKY Ha Oc-
Kapmosot naockocmu ¢ Koopdunamamu (Rez;Imz). Paccmoanue om mou-
Ku z do navasa Koopduram obosnauaemca |z| u nazweaemea modyaem z.
0. Jlokaxkure, 9to z = |z|(CoS p+isin ), T7e ¢ — yroJ Mex/ Iy OTPE3KOM,
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COEJINHSIONINM HavyaJI0 KOOPJIMHAT C TOYKONU 2 U TOJOXKUTEJbHBIM HallpaB-
JlenneM ocu Rez.
Takast bopma 3ammcu KOMIJIEKCHOTO YUCJIa Ha3bIBACTCS MPU20HOMENM -
puyeckoti popmoti 3anucu.
1. Jokaxutre, uto a) |2|> = z-Z = (Rez)? + (Imz)?% b) [Z| = |2|;
c) |z - |w[ =z wl; d) [z +w[ < |z] +[w].
2. JlokazkuTe, 9TO €cju JBa HATYPAJbHBIX YUCTIa MIPEICTABIAIOTCS B BUIE

CYMMBI IBYX KBa/JIPpaTOB, TO UX ITPOU3BCACHUEC TaK2KE IIPECACTABJIAETCA B BUJIE
CYMMBI JIBYX KBa/IpaTOB.

3. IIpejicraBbre B TPUIOHOMETPUIECKOT hopMe cliejlytoline KOMILJIEKCHbIE
. . . 3 1., 3 cos p+isin
ancna: a) i3 b) 1+4; ) =2 4+ 3i; d) V3+i; e) ZeHEe

cos p—ising’
4. JlokazknTe, YTO TPU MPOU3BEJIEHNN KOMILJIEKCHBIX YHCET MOJYJIN Iepe-
MHOXKAIOTCS, & apI'yYMEHTbI CKJIa/IbIBAIOTCS <110 MOJIYJIIO 27!

Ecmn 2z = a(cos ¢ + ising), w = b(cosw + isinw), To

zw = ab(cos(p + w) + isin(p + w)).

5. Haiture mpeicrapienne 27 1B TPUIOHOMETPHUYECKOIT popMe.

6. ®opmyna Myaspa. /lokaxkure, 4To Jijisi JJHOOOIO 1IEJIOr0 7
2" =r"(cosnp + isinngp).

7. Boramcmre a) (1 — +/3i)207; b) (\% + \/Lii)mo; ) (\/7§ + iy,

3adanu 0Af CAMOCTNOAMENDHO20 DEULEHUA.
8. PemuTe B KOMILIEKCHBIX Yncaax ypaBHenune 2" = 1.
9. Ilyctb €1, €9, ..., € — Bce KOpHU crenenn k u3 exuauibl. Haiianure
el +ey+ ... +ep.

10. Berauciaure

a) (1 +cosp +isinp)™;

b) cosa + cos2ac + cos3a + ... + cos (n — 1)a.
11. /Joxakure, 9TO

a) CY—C2+Ct — ... =22 cos

b) C} —C2+Ch— Cl + ... = V2"sin(m).
12. Beruucinre

a) Clop — Cloo + Clog — - - - + Clgo's

b) Clg — Ciy + Coy — ... — Cgy.

CBoiicTBa JIBU>KeHUIA. 15 mioJid.

Onpenenenne. /[suoicenuem ILJIOCKOCTU Ha3bIBaeTCst IpeoOpa3oBaHue
IIJIOCKOCTH, COXPAHLIONIEe PACCTOSAHME.
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0. JlokazkuTe, 9TO BCAKOE OTOOparKeHne IJI0OCKOCTH, COXPAHSIIOIIEe PacCTO-
SIHIE SBJISIETCS JIBUZKEHUEM.

1. JTokaxkute, 910 a) KOMIO3UIIUS JIBYX JBUKEeHU — JBIzKeHue; b) orob-
pakenue, oOpaTHOE K JIBUXKEHUIO — TOXKe JIBUZKEHIE.

2. Haifyinme KOMIOBUINIO: &) JBYX MapaJlie/IbHBIX [IEPEHOCOB; b) ABYX 10~
BOPOTOB BOKDYT ODOIIEro MEeHTpa; ¢) JBYX [EHTPaJIbHBIX CHMMETPHIi.

3. Jokaxkure, 9TO KOMIIOSUIMSI TPEX CHMMETPHUIl OTHOCUTEJIHLHO IapaJi-
JIEJIbHBIX HPAMBIX £, f9 1 {3 €CTh 0ceBasi CUMMETPHSI.

4. Jlokaxknure, 970 KOMIIO3UINA CHIMMETPUN OTHOCUTEIBHO 71 Mapaslie/ib-
HBIX TPAMBIX {1, l2, ..., ¢, €CTh: a) HapaJuIe/IbHBIN [IEPEeHOC, eI N YETHO;
b) oceBast ciMMeTpUSsI, €CJin 1 HEIETHO.

5. Jlokaxkure, 94T0 KOMIIO3UIIUSI ABYX IIOBOPOTOB Ha, YIJIbI B CyMMe He KpaT-
uble 360° gBiisieTcd MOBOPOTOM. B Kakoil ToOUKe HAaXOIUTCsS €ro IEeHTp U Je-
My paBeH yroJi 3Toro mosopora’ Paccmorpure ciydaii, Korga cymMMma yIjioB
kpaTHa 360°.

Omnpenenenune. Hazosem Tpeyronbuunk ABC' noaoostcumenvro opuermu-
POBAHHBIM (OMPUUAMEALHO OPUEHMUPOSAHHBLM,), €CITH TIEPEMEIIEHIE TI0 10
koutypy A — B — C — A npoucxoauT NpoTHB 4acoBoil cTpekn (1o Ja-
COBOII CTpEJIKE).

6. CoxpaHsIoT NN MEHSIOT OPUEHTAIIIO TPEYTOJbHIKA IIEPEHOC, TIOBOPOT,
oceBast CHMMETPHSsI, KOMIIO3HUIUS IBYX OCEBBIX CUMMETPHIl, KOMIIO3UIINS OCE-
BOIl CUMMeTpHUN U Iieperoca’

MozKHO IOKa3aTh, 9TO BCSIKOE JBHKEHHe JIN00 COXpaHsieT HallpaBJIeHUe
OpHEHTAIN BCEX TPEYTroJILHUKOB, JINOO MeHsieT ero. B mepBom ciiydae ro-
BOPSIT, 9YTO OHO COXPaHsIeT OPUEHTAINIO ILJIOCKOCTH, BO BTOPOM — YTO OHO
MeHsIeT OPUEHTAINIO ILJIOCKOCTH.

7. Jlokaxkure, 9T0 KOMIIO3UIINS YETHOIO UNC/IA OCEBBIX CUMMETPHil He MO-
JKeT PABHATHCSI KOMIIO3UINN HEIETHOIO UMCJIa OCEBBIX CUMMETPHI.

Onpegenenne. Ecin 1BuzkeHne peacTaB/sieTcsl B BUI€ KOMIIOBUIIAN JeT-
HOrO (HEYETHOr0) UHC/IA OCEBBIX CUMMETPHIl, OHO HA3BIBAETCS UEMHBLM
(Hewemmoim).

8. O0bsicHUTe, [TOYEeMY OIpejie/ieHIe KOPPEKTHO.

9. JokarkuTe, 9TO JBUKEHIE COXPaHseT OPUEHTAIINIO ILJIOCKOCTU TOI/a U
TOJIBKO TOI'Ja, KOI'Ja OHO YeTHOe, U MEHseT OPUEHTAINIO IJIOCKOCTH TOIJa
I TOJIbKO TOIJIA, KOT/Ia, OHO HEUeTHOE.

10. [Jokazkure, 9TO a) €CJIN JiBa JIBUZKEHUS COBITQJIAIOT B ToYKax A u B, To
OHI COBNAJIAIOT B KaxkJ0il Touke mpsimoit AB; b) eci jiBa IBUXKEHUST COB-
1aJIaI0T B TPEX TOUYKAX, He JIeXKAIIX Ha OJIHOI MPSIMOIi, TO OHI COBIIAIAIOT
BO BCEX TOYKAX IIJIOCKOCTH.
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3a0au 0AA CAMOCTNOAMENDHO20 DEULEHUA.

11. Janer upamas £ u Touka O Ha Heil. JokaykuTe, 9TO KOMIIO3UIIHS 110-
BOpoTa BOKPYT' Touku () Ha yroy 2a U CUMMETPUU OTHOCUTEJIBHO IPsIMOit
¢ ecTb CUMMETPUS OTHOCUTEJILHO IPsIMO, Hpoxojsieil yepe3 Touky O u
COCTABJISAIONIECH ¢ psiMoit £ yrou «.

12. JlokaxkuTe, 9TO HEe CYIIECTBYEeT TaKoro JABwmxkeHus [, uro Do D —
oceBasi CUMMETPHSI.

13. CymiectByer Jjin purypa, He IMEIOIas H 0Celi CUMMETPUN, HU IIEHTPOB
CUMMETPHUHU, HO IIepexo/isdiias B ceds IPpU HEKOTOPOM IIOBOPOTE?

14. CymectByer i purypa, uMeromniast POBHO JIB€ OCH CUMMETPUN, HO He
nMerolnasi eHTpa CUMMeTPUn?

15. CymiectBytoT (urypbl, uMmeromnne 6eCKOHETHOEe MHOXKECTBO IEHTPOB
cuMMeTpHH (HAIPUMED, TO0JI0Ca MEKIY JBYMST MapaJIeIbHBIMU PSIMbBIMHT).
Mozker yn dpurypa numersb 60J1€€ 0JHOTO, HO KOHETHOE YNC/I0 IIEHTPOB CUM-
MeTpun?

Hepasencrso Komm—Bynskosckoro—-IlIsapiia.
16 wuroud.

Ilycts aq, ao, ..., ay, b1, ba, ..., b, — BemecrBenHble yncia. Tormaa
(@ +a3+...+a?) (B2 +03+...+b2) = (arby + asby + ...+ auby)’.

a) Hokaxure, uro (a? + a3) (b3 +b3) > (a1bs + asbsy)’.
b) PackpbiB CKOOKHI 1 BOCIIOTH30BABIIICEH IIYHKTOM a), qokaxkute KBIII.
2. a) Jlokaxkure, 910

(BT +...+0) P+ 2(artb + ...+ anb,)t+ (a] + ...+ a2) > 0.

b) Beisenure u3 mynkra a) KBIII.
3. Jlokaxkure, 4TO

11 1 )
(@ 4+as+...4+a,) |- += +...4+— | =>n~.
ail a2 an

4. JlokazkuTe, 9T0 ecan a + 2b + 3¢ > 14, To a® + b* + 2 > 14.

5. Hoxazkure, uto eciu |a| < 1u [b] < 1, o ab+ /(1 — a?) (1 — %) <
6. Jljis1 Heorpunareabubix by, by, ..., b, IOKaxKuTe, 4TO

2 2 2 2
a a a a+az+...+a
—1+—2+...+—’1>(12 n)
by by b, by +by+...+0,
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7. Jokaxknure, 9TO

=

a%—l—a%—i—...—l—afl> <a1+a2+..,+an>2

n n

8. JIJ1s OJIOKUTEIBHBIX @, b U ¢ JJOKasKUTe, YTO
a n b n c S 3
b+c a+c a+b” 2

3adanu 0Af CAMOCTNOAMENOHO20 DEULEHUA.

9. Hokaxkure, aro ecin a,b > ¢ > 0, To vVab > \/c(b— ¢) + /c(a — ¢).

10. st nos1oKuTeabHbIX a, b, ¢ u d jJoKaxKuTe, 94To

a N b N c N d S 9
b+c c¢c+d d+a a+b” 7
11. JInig HOJOKUTENbHBIX T1, X2, - - -, Tn, Y1, Y2, - - -5 Yn JOKAZKHUTE, YTO

L Ln )
1 n

12. JTokaxkure, 4to eciu as + a3 + ...+ a2 =1, 10
aias + asas + ...+ ap—1a, + apar = —1.

13. /loxkaxkure, 9TO

(@ +ad+...+a2)’ > (ldd]| + a3 + ...+ |d3])°.

Teopust unces. 16 uroJis.

0. Hokaxkure, aro uucyio (3" — 1)" — 4 gemures Ha 3" — 4 npu JiroboM
HATYPAJILHOM 7.
1. IIyctb p — mpoctoe umcio. Jlokaxkure, 9TO
a) C]’f nemures Ha p upu k= 1,2,...,p— 1;
b) (a +b)P = a? + b (mod p) nyrst MOOBIX TENBIX dnces a u b;
¢) 27 =2 (mod p);
d) a? = a jjis 1106010 HATYPAJTBHOTO A;
e) Masasi Teopema ®@epma. a’ ! = 1 (mod p) s j06oro nejaoro
quCIa @, He JeJISIIerocs Ha p.
2. Haitanre ocrarxku ot gesenns 1008, 1002t u 100 na 19.
3. Ussectno, 4To a2+ b2 4 c'2 +d2? 4+ e'? 4 12 nemmres na 13. JlokazkuTe,
arto abedef nenmrea ma 139,
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33090 _ 1 nesnmres na 1001.

5. Ilycts p 1 ¢ — paznuunabie mpocThle uncia. /lokaxknre, 910

4. Jloxaxkure, 9TO

p'+¢ =p+q (mod pg).

6. Jloxaxxure, uro uncio 3029 4+ 23930 — cocrasnoe.
7. Jlokaxkure, 9TO €cau p — MPOCTOE TUCTO, P > 2, TO

a) B kaxk 101t cTpoke Tab/IHIbl YMHOYKEHUST OCTATKOB 110 MOJIYJIIO P BCTPe-
yaeTcs POBHO OJIHA €JIMHUIIA.

b) Equnnna MozxkeT cTOsATh Ha AUATOHAJH TOJIBKO B IEPBOI U MOCIeIHel
CTPOKAX.

c) Yuena 2, 3,4, ..., p— 3, p — 2 MOXKHO Pa3bUTh Ha Hapbl TakK, 4TO
POM3BE/ICHIE YUCE/I B KayKJI0ii 1mape Oy1eT CpaBHUMO C ¢IUHUIICH 110 MOJLY-
JIEO .

d) Teopema Buabcona. (p — 1)! =p —1 (mod p).

e) Hokaxure, aro eciu (n—1)!+1 gesmrest Ha n, TO N — MPOCTOE TUCIIO.

8. Haiiure ocrarok uncia (2p—1)! ot genenus Ha p?, rje 4uc/io p mpocroe.

9. Brisegure u3 Masioii Teopembl Depma, 4TO HpU HATYPAILHOM G 9HCJIO
a? + 1 e uMeer a) pocThIX; b) HATYpAIBHBIX JeauTeneil suga 4k + 3.

10. Teopema 2Kupapa. dokaxure, 4ro ecan 4ucio a® + b? (a, b —
TeJIble) JIEJIUTC Ha TPpoCcToe dncyio Buja 4k + 3, 1o a u b Takke JeasTCs Ha
9TO IIPOCTOE YHCJIO.

3adavu 0AfL CAMOCMOAMENOHO20 PEULCHUA.

11. Ilycre p — mpocroe uucio, dosbiiee 5. okaxkure, uro 11111...11
(p — 1 equuuna) geaurcs Ha p.

12. JlokaxkuTe, 9TO IMPOCTHIX unces Buja 4k + 1 O€CKOHEUHO MHOIO.

13. /lokazkute, 4TO CyHIECTBYeT OECKOHEYHO MHOI'O HAaTypaJbHBIX YUCE,
He MpeJICTABUMBIX B BHJIE CYMMbI TPEX &) KBaJpaTos; b) KyOoB.

14. Teopema Kiemenra. [lokaxkute, 4TO 4Yncaa p U p + 2 ABJIAIOTCS
IPOCTBIMI YKCJIaMU-OJTU3HEIIAMI TOTJIa 1 TOJIBKO TOI'JIa, KOIJa

4p—1N+1D)+p=0 (mod p*+ 2p).

Matboit 7 — 8 Kjaaccel. 17 urojid.

1. B xBajsipare co cTopoHoii 1 jexkaT IaTh HellepeceKalommnxces KBaJIpaToB
CO CTOPOHAMU, MapaJlIeJbHBIMI CTOPOHaM OOJIbIIOTO KBaJipara. JJokaxkure,
YTO CyMMa UX IePUMETPOB He mpeBocxouT 10,

2. B mexkoropom kiiybe coctont 100 J2KEHT/ILMEHOB, Y KayKJIOrO U3 KO-
TOPBIX He OoJjiee TPEX 3HAKOMBIX B 3ToM KJjybe. Cpejin JH0OBIX YETBIPEX



XXX Jlerusist muOronpeaverHast mkoJja KupoBckoit obiactu 34

JIZKEHTJIbMEHOB KaK1e-To JIBOe He3HaKOMBI. JlokarkuTe, 4T0o U3 Kiryda MOXK-
HO UCKJIIOYUTH 33 JIXKEHT/IbMEHa TaKUM 00pa3oM, YTOObI U3 JIIOOBIX TPOUX
OCTAaBINNXCS B KJIy0Oe JZKeHTIIbMEHOB KaKHe-TO JIBOe He ObLIN 3HAKOMBI.

3. B Dpadun Bousires Jlazypuoie, Kpucrammnueckue, Pxxasoie n Cxkazou-
Hble JipakoHbl. M3BecTHo, uro Jlazypubiit cuibnee Kpucramiaeckoro, Kpu-
craumndeckuit — Prkaporo, a Pxxasoiit — Ckasounoro. /IBa repost nabpaJin
cebe 1o 100 apakoHOB KaxKbIil. Kciu rmepBbIit OyieT cocTaB/IdATh aphl Cpa-
JKAIOIINXCsT JIPAKOHOB, TO CMOYKET TapaHTHpoBaTh cede n 1modes. CTOIbKO e
1o0eJT CMOYKET TapaHTHPOBaThH cebe BTOPOI T'epoii, eci COCTaBJIATH Iapbl
oyner on. Haiiure Hanbosbiiiee 3Ha4eHue n.

4. JTokakuTe, 4TO CyIIEeCTBYeT OECKOHETHO MHOI'O HATYPaJIbHBIX YUCEI, HE
peJICTABUMBIX B Bujie p(q — T), TJe p, ¢, T — IPOCThIe YUCIIA.

5. Useecrro, uro a, b u (a + b)/(a — b) — nesble uncia, a apobb a/b
Hecokparuma. Jokazkure, uro jmbo ab+ 1, mubdo 4ab+ 1 — KBagpaT 11€/1010
quca.

6. Kierkn tabsminsr 100 X 100 mokparliieHbl B KpacHbIil 1 cuHuil mset. 13-
BECTHO, UTO €CJM B CTPOKE €CThb XOTd Obl OJiHa CHHSAA KJeTKa, TO POBHO
MOJIOBUHA KJIETOK 9TON CTPOKU — KPACHBIE, a €CJIN B CTOJIONE €CTh XOTs OBl
OJIHA KpacHasl KJeTKa, TO POBHO MTOJIOBUHA KJIETOK 9TOTO CTOJIOIA — CUHUE.
HokaxknTe, 9T0 KOJUIECTBO CHHUX KJIETOK B TabJIMIE PABHO KOJMYECTBY
KPaCHBIX.

7. Korga B octpoyrosbaoMm Tpeyrosibanke ABC' nposen Boicotbl AD n
BE, okazanoch, 4t0 Sppr < Spra < Spa < Sapp. Hoxaxkure, 9rTo
tpeyroibHuK ABC — paBHOOEIPEHHBI.

8. Cyl1ecTByeT Jin 4eThIPEXYTOJbHUK Y KOTOPOTO MOYKHO HU3MEHHUTDH I10-
JIOzKeHue JTI000# BEPIIMHBI, OCTABUB TPHU JPYIHUe Ha MECTe, TaK, ITOObI 110~
JIYIUBIINECsS YeThIPe TOUYKH CJIYXKIJIM Obl BEePIUHAMU YeThIPEXYTOJIbHUKA,
PABHOI'O UCXOJIHOMY !

Matboit 8 — 9 kjaccel. 17 uroJid.

1. B maxmaraom TypHupe 30 UIPOKOB UI'PAIOT B OJUH KPYT. ¥ KaKOro Hau-
OO0JIBIIIEr0 YHUCIa MIAXMATUCTOB 1I0CIe OKOHYAHUS TYPHUPA MOLJIO OKA3aThCsl
posro 5 oukos? (ITobega — 1 ouko, Huubs — 0,5 ouka, nopaxenne — (.)

2. JlokazkuTe HepaBeHCTBO a’ + b% 4 ¢ 4 2abc < 2; ecint a, b, ¢ — CTOPOHBI
TPEyroJbHIKA C IIEPUMETPOM 2.

3. B kuerkax Tabsunbl 100 X 100 paccraBiieHbl HEHYJIEBbIE TIEJIbIe JUCIIA.
Ecin B Kakyo-HUOY/Ib KJIETKY JIOCKH ITOCTABUTH JIaJIbl0, TO CyMMa YHUCe,
CTOSIIIUX B KJIETKaX, KOTOPbIEe OHa ObeT, B k pa3 0oJIbIle 9ic/ia, Ha KOTOPOM
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naabd croutT. [Ipm sroM k mpuHMMaeT OJHO W TO Ke 3HAUEHUE I BCEX
KJICTOK Tabsnilbl. Haitnnre Bce BO3MOXKHDBIC 3HAYeHU k.

4. Nmetorcs narypasbibie dncia o 1 g0 1000. Cko/bKO Yucesr u3 3To-
ro Habopa MOTYT OBITH IIPeJCTaBJIEHbl B BUJIE PA3HOCTU KBaJPATOB JIBYX
HATYPaJbHbBIX qHCes1?

5. B Tpeyrosbauke ABC' yron B pasen 60°. Buccektpucet AK u CE
nepecekarorcs B Touke O. Jlokaxkure, uto OK = OF.

6. Uzsectro, uro (a,b,c) =1 u 1/a —1/b = 1/c. Jlokaxure, aro abc —
TOYHDBIN KBaJIpAaT.

7. Ilers n Bacsa urpator va rpade B Takyio urpy. Ilersa Bcraér B ojgny ns
BEPIINH, 11ocie 4ero Bacst BCTaéT B KaKyio-HUOYIb JApYTryio Bepinuny. [Tocie
9TOTO OHU PACIIPEIEISIIOT MEXKIY co00i OCTaJIbHbIe BEPIINHbBI 110 ITPABIIIY:
BEPIINHY 3a0UpaeT TOT, KOMY HYKHO HPOITH MeHbIIIee KOJUIECTBO pedbep
rpada, 9ToObl OKasaTbCst B Heil. Ecjm 9Tu KojimdecTBa paBHbBI, TO BEPIIIH-
Ha He jocTaérces Hukomy. CyriecTByer Jjin rpad, urpasi Ha koropom, Bacs
MOZKET IapaHTUPOBAHHO IOJIYYUTh B KOHIIE UI'PhI 00JIee TTOJIOBUHBI BEPIIIH
rpada?

8. B Tpeyronbanke ABC' ma npogoskenun croporbl C'B 3a Touky B oT-
jgoxuaun Touky D rtakyto, uto AB = BD. Ilycrs M — cepejiHa CTOPOHBI
AC'. Buccexrpuca yrina ABC' nepecekaercst ¢ npsimoit DM B Touke P. [o-
kaxkute, 9to yroa BAP pasen yriy ACB.

Hanpasiiennabie yriibl. 17 uroJis.

Omnpenenienue. Hanpasierrvim yeaom MEXKIY NPIMBIME @ U b HA3bIBAET-
¢ yTOJI, TIPU TIOBOPOTE Ha KOTOPBIi B TTOJIOYKUTETHHOM HAITPABJICHUH ITPSAMAast
a TIePEXO/IUT B IPSAMYIO, HapaJsieabuyio b nin copnajatoriyio ¢ b. Hampas-
JIEHHBIH yTOJI MKy IpsiMbiMi @ 1 b obosnadaercst Z(a,b). OH onpejesen
€ TOYHOCTBIO JI0 KpaTHoro 180°.

CsoiicTBa HAIIPaBJIEHHBIX YTJIOB.

1. s yiio6oii nipsimoii a Boimostaero Z(a, a) = 0.

2. Jlyist jirobbIx nipsambix a, b u ¢ yenosust (Z(a,b) = Z(a,c) u b || ¢
PaBHOCUJILHBL.
3. st mobbix mpsiMbix @ u b Beinosineno Z(a,b) = —Z(b, a).

4. st m00bIX IPAMBIX @, b u ¢ Beimosneno Z(a,b) + £(b, ¢) = Z(a, c).

Teopema.
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1. Touxku A, B, C, D nexkat Ha OZHOI IIPsIMOii JInOO Ha OTHON OKPYKHOCTIH

Tora 1 ToJbKO Torma, korma Z(AB, BC) = Z(AD, DC);

2. Ilpsmas £, mpoxojsiiast uepe3 ToUKy A, siBjisiercst KacaTeIbHO K OIH-
CaHHOI OKpy2KHOCTH TpeyroybHuKa ABC Torna n TOJIbKO TOraa, KOra

Z/(AB,BC) = (¢, AC) = Z(AA, AC).

0. TpeyroybHUKI ABC u A1 BCY TaKOBBI, qTO
A(AB, BC) = 4(A1B1, BlCl) n Z(BC, CA) = A(BlCl, ClAl). Toma OHH
I10JIOOHBL.

0. Eciiut AB = BC, 10 Z(BA, AC) = Z(AC,CB) 1 naobopor.

1. Touka O — 1eHTp onncanHoii oKpyzkHocTH Tpeyroabanka ABC. Jloka-
xure, aro Z(AB, BC) + Z(CA, AO) = 90°.

2. Ha cropone AB pauobejipentoro tpeyroibinka ABC (AB = BC)
BbIOpana Touka . Yepes Touky [ mpoBe/n KacaTeJabHYIO K OIMUCAHHOI
okpyzkHoctu Tpeyrojbanka ADC. Ona nepecek/ia ONNCAHHYIO OKPYZKHOCTD
tpeyrosibirika BDC B Touke M. Jokaxkure, auro BM || AC.

3. Ha croponax AB, BC' u AC tpeyronbauka ABC ormedennst Toukn Cf,
Aq n By coorBercTBenHo. OnucanHble OKPYKHOCTH TpeyroyibHuKoB AB1Ch
u BC1 A Bropuuno nepecekatorest B Touke P. Jlokaxkure, uro Touku C, Ay,
By n P nexat Ha 0JIHOI OKPYKHOCTH.

4. JIBe okpyzkHocTH repecekatoTcst B Toukax M n K. Hepez M u K tipose-
nenbl psambie AB 1 C'D cooTBETCTBEHHO, IIepeCceKalolne IepByi0 OKPY K-
HocTh B Toukax A u C, Bropyio B Toukax B u D. JlokaykuTe, 9TO IpsiMast
AC napaJutenibia npsamoit BD.

5. /IBe okpyzxuocTu ¢ riearpamun O u Oy niepecekatorces B Toukax A n B.
[Tpsimast O1 A BropudHo 1epecekaeT BTOPYIO OKPYKHOCTE B Touke P. Jloka-
»kure, uro Toukn O1, Oy, B u P jexKaT Ha OJHONH OKPYKHOCTH.

6. IIpsamas Cumcona. [dannr Tpeyrosbauk ABC un touka P. [Iycts Aq,
By u Cy — ocHoBaHus 1eprieH IMKY/ISIPOB, OIYIICHbIX 13 TOYKN P Ha 1psi-
mble BC, AC' u AB coorsercrBenno. Jlokazkure, aro Toukn Ay, By n C)
JIe’KaT Ha OJIHO MPsIMOii, TOrjIa 1 TOJBKO TOIja, KOTjaa To4uka P jiexkuT Ha
OINCAHHON OKpYy2KHOCTH Tpeyrojibiuka ABC.

7. a) Touka Mukens. Ha miockoctn ganbl 4 mpsiMbie OOIIETO MOJIOZKe-
Hust. Jlokaxkure, 9T0 OMMCAHHBIE OKPYKHOCTH YeThIpeX 00pa30BAHHBIX UMU
TPEYTOJILHUKOB UMEIOT OOIIYIO TOUKY.

b) Touku A, B,C, D nexat Ha ojnoil okpyzkHOCTH. [Ipsimbie AB u C'D
nepecekatorTcs B Touke F, a npambie BC' n1 DA — B Ttouke F. [lokaxkure,
gro Touka Mukens npambeix AB, BC, CD u DA nexur na npsimoit KF.
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Teopema Ilajs. 19 uroJis.

1. JTokaxkure, 9T0 a) ecjiu JiBa JBUKEHUS COBIAJAIOT B ToUKax A u B, 1o
OHI COBIAJIAIOT B KaxKJ0il Touke mpsimoit AB; b) ecn jiBa IBUXKEHUST COB-
[a/Ial0T B TpexX TOYKaxX, He JieXKallluX Ha OJHOI HpsMOii, TO OHU COBIIa Ial0T
BO BCEX TOYKaX IIJIOCKOCTH.

2. JlokaxkuTe, 9TO &) BCAKHI TPEYTOJBHUK MOYKHO HEPEBECTH BO BCSIKHUIA
PaBHBII eMy KOMITO3UIIKEl He OoJiee, UeM TPEX OCEBBIX CUMMETPHIL; b) BCAKOE
JIBUZKEHNE TJIOCKOCTH ABJISIETCS KOMITO3UIEl He 0oJiee, YeM TPeX OCEBBIX
CUMMeTpHil.

3. JdokaxkuTe, 94TO KOMIIOZHIUA OCEBOIl CUMMETPUHU ¢ OChlo £ U mepeHoca
Ha BekTop P L ¢, siBisiercst oceBoi cuvmerpueii ¢ ocbio m || L.

4. JlokaxknuTe, 9TO BCAKOE JIBUKEHNE, COXPAHIIONIEe OPUEHTAINIO TIJIOCKO-
CTH, SABJIIETCS KOMIIO3UIUEN JIBYX OCEBBIX CUMMETPHUIl U, CJeJloBaTe/bHO,
IIePEHOCOM MJIM TTOBOPOTOM.

5. JlokazKkure, 9TO BCAKUIT TTEPEHOC MOYKHO MPEJICTABUTD B BHJIC KOMITO3H-
IIIF JIBYX OCEBBIX CHMMETDHUil C MapAICTbHBIMI OCSIMHU, TTEPICHINKYIISP-
HBIMI HAIIPABJICHHUIO [EPEHOCA, a BCAKHUI MOBOPOT — B BHJIE KOMIIO3UIAN
JIBYX OCEBBIX CHMMETDHIl ¢ OCSMHU, MePeCceKatoNMICs B IIEHTPe MOBOPOTA,
IIPITIEM B KAUeCTBE MEPBOi OCH MOKHO B3STh ITPON3BOJIBHYIO IPSIMYIO, T1ep-
IEH IUKYJISPHYIO0 BEKTOPY MepeHoca (IIPOXOISIILYIO depe3 [EeHTD MOBOPoTa),
a BTOpas IpsAMas IMOJTydaeTCs N3 Hee MEPEHOCOM Ha MOJOBUHHBIH BEKTOD
(ITOBOPOTOM Ha MOJIOBUHHBII yTOJI).

6. JlokaxkuTe, YTO KOMIIO3UINS OCEBOI CUMMETPUN U IIepeHoca Ha, HEHY-
JIEBOIl BEKTOD, ITapaJlJIeJIbHLIN OCU CUMMETPHUN, HE ABJIACTCA HU IIEPEHOCOM,
HU ITOBOPOTOM, HI OCEBOIl CUMMETPHUEIl.

Onpenenenne. /Ipuzkenue, onucanHoe B 3ajade 6, HA3BIBACTCH CKOAbL3A-
wetl cummempuet.

7. JlokaxknuTe, 9T0 KOMITO3UIIASA OCEBOII CUMMETPUN 1 TIepeHoca Ha BEKTOP,
He MEePHEeHUKYJISPHBIT OCH, €CTh CKOJAb34Iasd CAMMETPUS.

8. JlokaxkuTe, 9TO KOMITO3UIAS OCEBOI CUMMETPUN 1 TOBOPOTa €CTh OCEBast
WU CKOJIB341asl CUMMETPHUSI.

9. JlokaxkuTe, 9TO BCAKOE JIBUKEHNE, MEHSIONee OPUEHTAINIO TIJIOCKOCTH,
€CTh OCeBas UJIN CKOJIb34Iasd CUMMETPUS.

10. Teopema ITlang. Bee jBukeHust mI0CKOCTH — 3TO IIEPEHOCHI, ITOBO-
POTBI, OCEBBIE U CKOJIB3SIIIINIE CHMMETPII.
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MynabTuniankatuBuble pyHkImn. 19 uiosid.

Onpepesienne. Oynkius 6(a), onpejiesieHHast st BCEX HATYPAJIBHBIX YH-
ceJt a 1 He 0OPAIIAIOIIAACS B HYJIb XOTsI OBI IPH OJIHOM TAKOM @, HA3BIBACTCS
MYALMUNAUKAMUEHOT, eCTTA JIJI JTIOOBIX B3ANMHO MPOCTHIX @, b > 1 mMeer
mecto pasercTBo 0(ab) = 0(a)d(b).

0. Hokaxkure, uro 6(1) = 1.

— 1,02 (o
I[Iycts a = p'ps? ... pL" — KAHOHHYECKOE PA3JIOKEHHE YHCla @ Ha IIPO-
CThIe MHOXKUTEJIH.

1. a) Hdokaxkure, uto dbyukims d(a) (qucsio meautesneil 9ucia a) sBiIsgeTcs

MYJIBTUILTHKATUBHOI .
b) Hokaxkure, ato d(a) = (o + 1)(ag + 1) - ... - (g + 1).
2. Ilycrs O(a) — mynbrumaukarnsaast GyHKus. Jokaxnre, 910

D 0(d) = (1+0(p)+...+0(p5) .. (L+0(pk) + ...+ 0(p"))
dla

rjle CyMMUPOBAHNE B JIEBOI YACTH PACIHPOCTPAaHSETCS Ha BCe JenTen d
qucjia a.
3. st Besikoit MysibTHILTMKATHBHOT (byHKIMN 0(a) onpegennm hyHKIHIO

O(a) =) 6(d).

dla

a) lokaxkure, aro dbyukius ©(a) HETPUBHAJIBbHA, TO €CTh He 0OpAaIaeTcsl B

HYJIb XOTs1 OBl [IPU OJIHOM

b) mosb3ysics 3aadeit 2, Beraucaure O(mn), ©(m), O(n), rue (m,n) = 1;

¢) JoKaxknTe, 910 (byHKINA O(a) TakKe ABIACTC MYyJIbTUILIIKATHBHOI.
[Tonarast #(a) = a®, vie s — NPOU3BOJILHBII TAPAMETD, MOJTyIaeM TOXK-

JIECTBO

ou(a) =Y &= (L+pi+pi oo+ 0" (L ph i ).
dla

4. [Togobpas noaxosIue S, BEIBEIUTE JIJIst ducja a GpOPMYILy JIJIst

a) dncia ero gesmreneit d(a);
b) cymmbr ero pesnmnreneit o(a).
Hokazkure, 4T0 3T QYHKIUNA MYJILTUILINKATUBHLL.

Onpepesienne. Oyukimst Diiepa p(a) onpepessiercs it KazxkKJI0ro Ha-
TYPaJbHOTO @ KakK KojumdecTBO umces psja 0, 1, 2, ..., a — 1, B3aumHo
IPOCTBIX C d.

5. a) Haitnnre ¢(p), riae p — npocroe;

b) maitaure ¢(p®), rae a = 2;
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¢) JMoKaxKuTe, 9T0 PYHKIMsT Diiaepa My TbTHILTHKATHBHA;
d) JoKazKuTe, YTO UMEET MeCTO (POPMYyJIa

o) =a (1= ) (1o ) = = O )

b1 Pk

Yupaxkuenue. Boraucinre ¢(625), d(72), 0(100).
3adaru 0As CaMOCTNOAMENDHO20 PEULEHUA.

6. Permnre ypasuenus: a) ¢(5%) = 100; b) ¢(3*5Y) = 600.
7. [t Kakux n BO3MOXKHBI paBEHCTBA!
a) p(n) =n—1;
b) ©(2n) = 2p(n);
c) p(n*) =n*"p(n).
8. st mobbx m u n jpokazkure, ato p((m,n))p([m,n]) = o(m)p(n).
9. [yt mobwix m n n gokazkure, aro @(mn)p((m,n)) = p(m)e(n)(m,n).
10. HarypaabHoe 9ncIo Ha3bIBAIOT COBEPIIEHHBIM, €CJIM OHO PABHO CyMMe
CBOUX JleIuTesIell, KpoMe caMoro 9Toro 4dmucjia. Hampmmep, ancio 28 — co-
Bepmennoe: 28 = 1+ 2 4+ 4 + 7 + 14. /lokaxknuTe, 9TO COBEPIIEHHOE TNCJIO
HE MOYKET OBITH MOJTHBIM KBaIPATOM.
11. Tokaskure, uro ecsim 28 —1 = p — HeKoTOpOE IIpOCTOE UnCI0 MepcenHa,
to n = 2¥1(2F — 1) — cosepmennoe uncio.
12. Boinuiem B psij1 Bce TpaBUJIbHBIE JIPOOU ¢ 3HAMETEJIEM 1. U CJIe/IaeM BCe

BO3MOKHBIe cokpatennsi. Hampumep, st n = 12 mOJIydnTCst CJIe Ly oIt
0.1.1.1.1.5.1.7.2.3.5. 1
10120 6 40 37 120 27 120 37 47 6 12°

a) CKOJIbKO moJIyauTcst Jipobeit co 3uameresieM d, ecin d — HEKOTODBbIil
JIEJTUTENb Yucaa n'’?

Pl YUCeT:

b) ToxxaectBo Taycca. [lokaxure paBerctso »  ¢(d) = a.
dla

Komniekcubie uncia B reomerpun. 20 mioJis.

1. [TocTpoiiTe Bce TOUKHU, yTOBIECTBOPSIONINE KPUTEPHIO:

z
a) |z|=2; b)arg(z)=%; ¢) —— €R.
1Al =2 b)arg(x) =% ) 5
2. Jlokaxkure, 9TO YeThIpe TOUKN @, b, ¢ U d SBJISIOTCST BEPITTHAMUI HAPaJI-

JleJiorpaMMa TOrJIa 1 TOJIbKO Torjia, Korjua a + ¢ = b+ d.

3. okaknre, 4TO TpHU TOUKU Z9, 21 U 2 JIeXKaT Ha OJIHOM TIPAMOIL TOTJIa U
Z2 — 20 22 — 20

TOJILKO TOTJIa, KOTJIa _—
21 — R0 21 — 20
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4. Jlokaxkure, 910 a) JJIsi TOUeK a, b, ¢, n d, JeXKAIMUX Ha OKPYKHOCTH
2Z = 1, nupsimble, MPOXOISIINe Yepe3 TOUKN a U b, ¢ u d, mapaJuie/bHbl Ipn
ab = cd; b) amu npsimble nepreHAUKYIsipHbL ipn ab + cd = 0.

5. Hanumnre ypaBHeHue KacaTeJbHOI K OKPYKHOCTH 2Z = 1 B TOUKe p,
JiezKalleil Ha 9TOil OKPY?KHOCTH.

6. J/lokaknure, 9TO Kacare/bHbIE K OKPYKHOCTH 2Z = 1 B TOoYKax a u b
[IePECceKaloTCs B TOUKE %

7. JlokaxKuTe ¢ TOMOIIBIO KOMILIEKCHBIX "HCe, 110 ec/n O — ueHTp 1pa-
BIJIBHOTO n-yrosibauKa A1 As ... Ay, 10 OA1 + OAs+ ...+ OA, = 0.

8. Jlokaxkure ¢ IMOMOINBIO KOMILJIEKCHBIX YHCE, 9TO CyMMa KBaJIpaTOB
JUINH BCEX CTOPOH M BCeX JiMaroHaJeil MpaBUJIbHONO N—YTrOoJbHUKA pPaBHA
n?R?, rie R — pajnyc onmcannoii OKpyKHOCTH.

9. /lokarkure, 9TO JJIMHA CTOPOHBI IPABUIBHOIO JAEBITUYTOJLHIKA PaBHA,

Pa3HOCTHU JIJIMH ero HaumOOoJIbIel 1 HauMeHbIIel JIrnaroHaJeil.

BBesienue B Teopuio rpyiii. 20 uioJid.

Omnpenenenne. [Iycts M — HekoTOpOe MHOXKECTBO. Ec/n KaK 101t yropsi-
JIOUEHHOII TTape 3j1eMeHToB a u b MHoxKecTBa M 1OCTaBJIEH B COOTBETCTBUE
OTIPeIEIEHHBII 9JIEMEHT € 9TOTO Ke MHOYKECTBA, TO TOBOPST, YTO Ha MHOKe-
crBe M 3amana ounapras onepauus x (axb = c).

1. MuoxxectBo M cocTouT u3 onepalnii <mepeojieBaHnsi HOCKa:s:

— OCTaBUTb BCE KaK €CTh;
— CHUMU W HaJIeHb Ha JPYT'yIO HOTY;
— CHUMU, BBIBEPHU U HaJIeHb Ha TY YK€ HOI'Y;
— CHUMHU, BBIBEPHU W Ha/IeHb Ha JPYTYIO HOTY.

3Hava/ibHO HOCOK HaJleT Ha OJHY HOTY, a HOr JiBe. /lokazkure, 9To oIe-
paliisl KOMIO3UINE (T.€. TI0CIe0BATEILHOTO BBIOJIHEH s JefiCTBIT) sTBIIsI-
eTcst OMHAPHOIT orepalneil Ha MHOXKecTBe M.

Omnpenenenne. [lycts Ha MHOXKecTBe M 3ajaHa OUHApHAsT OIEPAIUS *.
MmuoxkectBo M OTHOCHUTEILHO JAHHON OIEpallii * Ha3bIBAETCS 2pynnot,
€CJIN BBITIOJTHSAIOTCS CJIEJTYIONNE YCIOBUS:

G1. Ornepalusi * accoupaTiBHA, TO €CTh JIJIs ITPOU3BOJILHBIX 9JIEMEHTOB @,
b u ¢ u3 muoxkecrsa M Bepro paBenctBo @ * (bx ¢) = (axb) x c.

G2. Ha muoxkectBe M cyriecTByeT HeTpabHbBIN 3JIEMEHT €, OTHOCUTE b
HO OIEPAIU *, TO €CTh JIJIs IPOU3BOJILHOTO 3JIeMeHTa a U3 MHOoykKecTBa M
BEPHBI PABEHCTBA A x € = a4 U € % 4 = Q.

G3. Onepamnust x obparuma Ha MHOKecTBe M, TO eCTh JiJIsl KaXKJ0ro dJie-
MeHTa a u3 MHOxKecTBa M Haiijgércs sjaeMeHT b u3 muoxKectBa M Takoii,
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YTO BePHBI paBeHCTBa axb =eun bxa = e.

2. Onpejiesiure, Kakue U3 JIAHHBIX MHOYKECTB SBJISIIOTCS IPYyIIIAMUA OTHO-

CUTEJILHO JIAHHOI OIepaIiiu:

a) MHOXKECTBO TEJIbIX YUCe]T C Oleparueii CI0KeHUs;

b) MHOXKECTBO HEYETHBIX YHCEJI C Ollepalueii CJI0KeHUS;

¢) muHO)KecTBO orobpaskernit f: N — N ¢ oneparueil Kommosunuu 0To6-
parKeHuii;

d) muoxecto {0,1,...,n — 1} ¢ onepanueil cJI0KeHUs 10 MOJLYJIIO 11

e) muoxkectBo {0,1,...,n — 1} ¢ onepanueil yMHOKEHUST IO MOJYJIIO 72;

f) mHaTypasbHbIe Uncia ¢ onepanueit a x b = ab;

g) MHOXKECTBO HATYPAJIbHBIX YHCEJT, MEHBIINX 1 W B3AUMHO MPOCTHIX C
HUM, C ollepaliueil YMHOXKEHUsI 110 MOJLYJIIO N

h) MHOYKECTBO OCEBBIX CHMMETDHi 1 MOBOPOTOB Ha ILJIOCKOCTH C Olepa-
et KOMIO3UINN;

1) epecTaHOBKU U3 M 3JIEMETOB;

j) JIBMZKEHUS HA TJIOCKOCTH.

3. Jlokaxkure, 9TO B JI0OOI I'PyIIIE CYIIECTBYET €JIMHCTBEHHbIN HefiTpa/ib-
HbIil 3JIEMEHT.

4. JTokazkuTte, 4TO JIJis1 JTFOOOTO 9/IEMEHTA @ IPYIIIBLI CYIIEeCTBYET € IMHCTBEH-
Bl 0OpaTHBIil 3/eMenT (obo3HavaeTcs @™ 1).

5. Jlokazarh, uTo B 1pousBosibHOi rpymie (ab) ™! = b~ ta 7.

Omnpenenenne. [lycts M — rpynna ¢ ouaapHoit onepanueit . [Tomxmuo-
»kectBo K muoxkectBa M HazbiBaeTcss nodepynnoti rpynibl M, eciauw oHO
CaMO sIBJISIETCsl TPYIIION OTHOCUTEILHO TOM YKe Olepaliiiu.

6. Bepno s, uro: a) ecim H — noprpynma G, To e npusajiexur H;
b) obbepnHeHe JBYX TOArPYII — MOATPYIINIA; €) Mepecederne JAByX Mo/I-
I'PYIIT — MOATrpyIa’

7. Byzner Jin OJIMHOZKECTBO KOMILJICKCHBIX YMCET ¢ MOJTyJIEM, PaBHBIM 1,
OTHOCUTEJILHO OTePaIlii YMHOXKEHUS, MOJPYIION TPYIIbl KOMILJIEKCHBIX
YUCes, OTJUIHBIX OT HYJISA !

8. [lepeunciure Bce MOAPYIIIBI TPYIIIBI EJIBIX YUCE OTHOCUTEIBLHO OTIe-
palnn CJI0YKEHIHS.

Teopema Jlarpanxka. 21 uroJis.

Omnpenenenue. [lopadkom snemenTa a rpyiibl G HA3bIBAIOT HAUMEHBIIIEE
HATYypaJIbHOE YUCJIO N Takoe, 4To a” = e. Ecjim Takoro n He CyIecTByeT, TO
TOBOPST, YTO MOPSJIOK @ PABEH HYJIIO.

1. Haiijiure 1mopsi/iku Bcex 3/IEeMEHTOB B I'PYIIIIE
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a) Tesible Ync/ia ¢ orneparneil CJIoyKeHNs;
b){0,1,...,p—1} c onepanueii cji0KeHUS 110 MOJLYJIIO P, TJIe P — IPOCTOE.

2. JlokazknuTe, YTO B KOHEYHOI IpyIIe y 0000 3JeMeHTa €CTh MOPSIOK,
HEe paBHBIN HYJIIO.

3. Ilycrb smement a umeer nopsipok n. Jlokaxkure, uro a™ = e roriga n
TOJILKO TOI'JIa, KOIJIa 11 JIeJINTCS Ha N.

Onpeaenenne. C kaxk0it noarpyiimoit A rpyiisl G MOXKHO CBSI3aTh MHO-
xkectBa aH = {ah | h € H}, rie a € G, KOTOpbIE HA3LIBAIOTCS AEBHLMU
CMENCHBMU Kaaccamu Tpynsl G o moarpymmne H.

4. Breimimre Bce JieBble CMeXKHbIe KJIacchl Ipyinbl GG 110 noarpyiie H:

a) G — 1eJible YNC/Ia 110 CJIOKEHNI0, H — JeTHbIe 9nc/ia 1Mo CJAOXKEHUIO;
b) G — nenbie uncna no caoxennio, H = {0}.

5. PaccmoTpuM JieBble cMerKHBIE Kjacchl Ipyiibl G o nojarpynie H. J1o-

KayKITe, UTO

a) Jr00oit ajeMenT a u3 rpymnsl G ecThb B Kiacce aH.

b) Ecnu seBbie cmexubie Kiaccel ayH u asH mepecekarorcesi, T0 OHH
COBITAIAIOT.

c¢) Hokaxkure, uro |H| = |aH| st jir0b6oro snementa a u3 rpymist G.

6. Teopema Jlarpanxxka. Jlokaxkute, ato eciim H — moarpymnma KoHEIHO
rpymiel G, to |G| nenures na |H|.

7. JlokarkuTe, 9TO IOPsIJIOK JIH0OOI0 JIeMEHTa KOHEUHOI I'pymibl H jgennt

Omnpenesierue. [loxazamenem 1EJIOr0 IUCIA ¢ MO MOJLYJIIO HATYPAIHHOIO
qucsia n (IpU YCJIOBUM, 9TO ¢ U 1 B3AUMHO IIPOCTHI) HA3BIBAETCS HANMEHbB-
mee HaTypasbHOe t Takoe, uto a' =1 (mod n).

8. a) Jlokaxute, uro a? = 1 (mod n) Torma u TonbKo Torma, Korma d  t.
b) dokaxure, uto a’ = a® (mod n) Toraa u ToibKo Torma, Korna d —s  t.
c¢) Hoxaxxure, uto p(n) mneaurcs Ha t.

d) Teopema Ditnepa. Jokaxure, uro a?™ =1 (mod n).

BBegenne B Teopuio BepossiTHOCTH. 21 mIoJId.

1. KakoBa BeposiTHOCTH TOT'O, UTO HOJOPOIIEHHbIE BBEPX JIBE IIPaBUJILHBIE
MOHETBI YIIJIyT Ha OJHY U TY YKe CTOPOHY !
2. bpocunn 2 urpajbHbBIX KocTu. KakoBa BEpOgTHOCTH TOTO, YTO CyMMa,
BBIIIABIINX OYKOB paBHa b7
3. Kososty n3 36 KapT XOpOIIIo ePeTAcoBaIN U BLIHY/IN U3 Hee OJTHY KapTy.
Haiiiure BepodTHOCTH CJIeIyIONINX COOBITUI
a) A = {BBITAHYIN KPACHYIO MACTh };
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b) B = {BbiTstHy/ M TTHKY };

¢) C' = {BBITAHYIN KPACHYIO MHUKY };
d) D = {Berrsanyiu namy};

¢) £ = {BoITsHynn jgaMmy muk}.

4. Haynaay BeIOpaHo JBy3HadHOE Yncyo. Haliinre BEpOSITHOCTH TOTO, YTO
OHO OKA3aJI0Ch a) MPOCTHIM; b) COCTABHBIM; C) KPATHBIM IATH; d) B3aMMHO
npocteiM ¢ dnciaom 100. (97 — 25-e mpocroe ¥ncio. )

Onpenenenune. Cymmoti coobituit A u B HasbiBaeTcsa codbitne A + B,
HACTYIIEHIE KOTOPOrO 03HAYAET HACTYILICHIE XOTs OBl OJIHOTO U3 COOLITHIT
An B.

Onpepnenenne. /IBa cOOBITHS HA3BIBAIOTCH COBMECTHbLMAU, €CJIT OHI MO-
IyT HPOM30{TH OJHOBPEMEHHO 1PN [IPOBEJIEHUH OIIbITA. B IPOTHBHOM CJIy-
qae COOBITHs HA3BIBAIOT HECOBMECTHDBIMII.

5. Cobbitust A u B necosmectnnl. Jlokaxkure, aro p(A+B) = p(A)+p(B).

Onpepesienne. [Ipomusonoroschvim K coObITHIO A HA3BIBAETCS TAKOE CO-
ObITHE, HACTYIUIEHHE KOTOPOIO O3HAYAET, 4TO COObITHE A He HPOU3OIILIO.
I[Iporusonosoxkuoe K A cobbitue o6o3Hauaercs A.

6. JToxaxmure, uto p(A) = 1 — p(A).

7. lonopaceBatorcss N urpaJibHbIX Kocreit. Haiiinre BeposTHOCTD COOBI-
st A, rie A = {xors ObI Ha OHOI N3 KOCTEH BBIIAJIA €JNHNIA}.

Onpegenenne. IIpoussedenuem AB cobbituii A n B Ha3blBaeTcsl TaKoe
coObITHE, KOTOPOE HACTYIIAET TOI/IA U TOJILKO TOIVIA, KOT/I IPOUCXO/IUT Kazk-
jtoe u3 cooniTuit A n B.

8. Teopema o cymme BeposiTHOcTei. /ljs1 yo0bix cobbiTuit A u B
BhITOsIHsIeTCsT paBeHcTBO p(A + B) = p(A) + p(B) — p(AB).

Onpenenenne. Cobbituss A u B Ha3LIBAIOTCI  HE3ABUCUMDBIMU,
ccn p(AB) = p(A)p(B).

9. U3 kosozipl HAyTaT BRITAHYIH oy Kapty. Ilycts A = {BbITanyT Ty3},
a B = {BoiTanyra kapra 0yOHOBOI MacTu}. fBisioTes m 9TH JBa COOBITHA
HE3aBUCHMBIMMI !

10. PaccmorpuM 6pocariie IBYX NTPAJbHBIX KOCTEl I TaKne TPU COOBITHS:
A = {Bwimasa xors 6 oniHa nATepka}l, B = {cymwma oukoB paBHa 11},
C' = {cymma oukos pasua 10}. fBistiorcs jm He3aBHCHMBIME COOBITHS &) A

uB;b) AuC;c) BuC.
3adaru 0Af CaMOCTNOAMENOHO20 DEULEHUA.

11. BuatioHuCT JO/ZKEeH MOPasuTh TPU MUIIEHH TSITHIO BBICTPEIAMI. &)
[TycTh BepoSITHOCTD TOMAJaHNs BBICTPE/IA B IeJIh PaBHA % KakoBa BeposiT-
HOCTb TOTI0, 9TO ODMATIOHUCT He T0o0eKuUT mrpadubie Kpyru! b) Orsersre
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Ha TOT »Ke BOIIPOC, €CJI BEPOsITHOCTH IO IaHUsl BBICTpEJIa B IlejIb PaBHA
k419

2k -

12. B xropu u3 Tpex 4esoBeK JBa 4jieHa HE3aBUCUMO JIPYT OT JIPyTa IpHU-

HUMAIOT IIPABUJILHOE PEIIeHIE ¢ BEPOATHOCTBIO P, & TPETUil JI/isi BbIHECEHUSI
perieHus OpocaeT MOHETKY. Perienne npunumaercs: 60JIbITMTHCTBOM I'OJIOCOB.
ZKropu u3 ojiHOro dYejioBeKa MPUHUMAET BEPHOE PellleHre ¢ BEPOSITHOCTHIO
p. Kakoe n3 JIByX »KIOpU BBIHOCUT CIIPABEIMBOE PEIieHne ¢ 00Jibliei Bepo-
SITHOCTBIO?!

13. /IBe ypHBI cojiepKaT OJIHO U TO K€ YUC/IO MAPOB, HECKOJBKO YEPHBIX
1 HECKOJIbKO GesibIx Kazkjast. VI3 Hux ussjekaercst 110 n (n > 3) mapos ¢
BO3BpAIICHIEM (TO €CTh MOC/Ie BRITACKIBAHUS IIapa OH CHOBA BO3BPAIIACTCS
B ypHy). Haiijure uncio n u cojep:kumoe 0benx ypH, €C/i BepOsTHOCTh
TOT'O, YTO U3 MEPBOIl yPHBI ObLIM U3BJEYEHBI TOJLKO Oesible Iaphl, paBHa
BEPOATHOCTU TOTO, YTO BCE IIAPDI, M3BJIEUEHHbIE 3 BTOPOIl yPHBI — OJIHOTO
IBETA.

Kommnekcubie dncia B reoMeTpun-2. 22 MIOJsl.

1. a) JlokaxkuTe, 9T0 BEKTOPBI, COOTBETCTBYIOIINE KOMILIEKCHBIM YHCIAM
a 1 b OPTOrOHAJILHBL TOIIA I TOJIBKO TOra, Korua ab 4+ ab = 0.

b) Jlokazkure, 9TO CKaJsIpHOE MPOU3BEJEHIE BEKTOPOB, COOTBETCTBYIO-
IIITX KOMILICKCHBIM 9HCIaM a 1 b, pasno (ab + ab) /2.

2. a) Mokaxkure, 9T0 TOUKH @, b, 0 JjiekaT Ha OJHON TpsMOi TOrIa U
TOJIBKO Torza, Korna ab — ab = 0. b) ILmomaap Tpeyrosbanka ab) paBHa
+(ab — @b)/(44).

3. Touku M u N — cepeaunnl quaronaseit AC' u BD deTbIpéxyrojibHIKa,
(BOBMOZKHO, CaMOIIEPECEKAIOTIErOCs ) ABCD. okazaTs, 4TO
AB? 4+ BC? + CD? + AD?> = AC? + BD? + 4AM N?.

4. Ha croponax AB u BC tpeyrobanka ABC noctpoenbl (HapyKy) JiBa
KBaJIpaTa. binmkaiiimme K Touke B BepIIMHBI 9THX KBaJIPATOB, HE COBIIA-
JlaloIre ¢ BepIInHAMU TPeyroJbHuKa, obo3HadnM 3a X n Y. Jlokaxkure ¢
MOMOIIBIO KOMILJIEKCHBIX YUCENT, YTO OTPe30K X Y MeprenanKy/aspeH Me/u-
ane BM u B 1Ba pasa JJIMHHEE ee.

5. IlporuBomnosoxkusie croporbl AB u DC' uersipéxyronbanka ABC D
pazgenensl ToukaMu M u N B oTHOmeHun A, cunrtas or BepmuH A n D.
Hoxkazkute, 910 0Tpe3ok M N 1eqnuT cpeaHion JIMHUIO YeThIPEXYTOJIbLHIKA
B TOM >K€ OTHOIIEHNUN A\, U CaM JIeJIUTCSI CPeJIHel JIMHIeH ITOImoJIaM.

6. a) Jlokaxkure, 4TO TOUKA MIepecedeHnst MeInaH TPEYroJbHIKa abc nMeeT
KOMILJICKCHYIO KOOP/IMHATY %b“
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b) Hokaxkure, 910 ecnt a, b u ¢ — pa3InIHble TOUKN eJINHUTHON OKPY K-
HOCTH, TO IIPsAMas, IPOXO/IsIas Yepe3 TOUKN a+b+c u a, nepueHuKyJispHa
HIPSIMOIA, IIPOXO/IsIIIell Yepes TOUYKu b 1 c.

¢) Jlokaxkure, 9T0 €C/TH HAIATIO KOOPJAMHAT ITOMEITCHO B IIEHTP ONUCAHHOI
OKPY?KHOCTH TPEyrojibHuKa abc, TO ero opTolneHTp OyAeT NMeTh KOMILIEKC-
HYIO0 KoopauHatTy a + b + c.

d) IIpamas Ditsepa. B sro60oM TpeyrosbHIKe TOUKA MepecevdeHms Me-
mmnan M, OPTOLEHTP H un nenTp onucanHoit okpykuoctu O Jie;KaT Ha OHOI
upsimoit u 20M = ]\ﬁ

7. a) Jlokaxkure, 9T0 e€cJiM TOYKN @, b U ¢ JieXKaT Ha OKPY’KHOCTH C IeH-
TpoM B (), TO KOMILJIEKCHAsI KOOP/MHATA OCHOBAHUSI IEPIEHIUKYJIApa U3 C
Ha MPIMYIO a, b MOKeT ObITh BbIUHC/IEHA 10 (bopMyJIe % (a +b+4+c— %b)

b) Ipsamas Cumcona. OpToroHajbHbe TPOEKINH TOUKH, JIeyKaIeil Ha
OIMCAHHON OKOJIO TPEYTOJbHIKA OKPYZKHOCTH, Ha IIPSIMbIE, COJIepKAIIIe ero
CTOPOHDI, JiezKaT Ha OJIHON IIPAMOIA.

8. a) Jlokaxkure, 9T0 KOMILIEKCHAs KOOPIMHATA TOUKH TI€PECceueHns Kaca-
TeJIbHBIX K OKPY2KHOCTH € IIeHTpoM B 0 B ToOUKax a 1 b MOyKeT ObITh HalijeHa
110 popmyJie 2;‘—&.

b) Teopema Hprotona. B omnmcanHoM OKOJIO OKPYZKHOCTH YeTHIPEX-
YIOJIbHUKE CepeINHbl InaroHaJeil U MeHTD BIUCAHHON OKPYKHOCTU JIeyKaT

Ha OJITHON HPSAMOIL.

YcjioBHas BEPOSITHOCTb. 22 MIOJISI.

1. B [lenb Dparocdena Bojoit obsmBamchk 41 n3 50 mkoJbHUKOB 1 4 u3 9
npenogapareseil. Kakopa BeposITHOCTH TOro, 4TO: a) CJIy4aiiHO BbIOPaAHHBI
JeI0BeK 13 Beex 59 obsmBasicst BoJIoit; b) cirydaiiHo BEIOpAHHBII TeI0BeK 13
Bcex 59 oKayKeTcs TperojiaBaTesieM; ¢) CaydaiiHo BBIOpaHHBIN IMTperojiaBa-
TeJib 00JBaJICsT BOJIOI; d) cirydaiiHo BRIOpAHHBINH YeJI0BEK OKAXKETCsT 00/IH-
BaBIIINMCA BOJION MIPEToaBaTesieM; e) CJIy9aiiHO BHIOPAHHBII 0OJIMBABIINICS
BOJION Y€JIOBEK OKAYKETCs MTKOJIbHIKOM !

Omnpenenenne. Ilyerb A wuw B —  ciaydaiiable  cOOBITHS,
npudeMm p(B) # 0. Besmauny p(A|B) = % Oy/ileM Ha3bIBATH YCAOEHOT
BEPOAMHOCMBIO COObITHsST A TIpn rumnore3e B. Dra BeJmdnHa XapaKTepl-
3yeT BEPOSITHOCTL HACTYILIeHUsI coObITUst A 1pu ycsoBun, 9To cobbitue B
HACTYTIUJIO.

2. I[Iposepbre, uT0O cOObITUST A M B HE3aBUCHMBI B TOM U TOJIBKO B TOM
caydae, ecIi HaCTyIIeHne coObIThst B He MeHsIeT BepOATHOCTH COOBITHS A,
To ectb ecan p(A|B) = p(A).
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3. B nepsoil ypHe HaxomdTcd 3 OesIbIX U 2 YepHBIX IIapa, a BO BTOPOl —
3 6estbix 1 12 yepHbIX 11apoB. 13 HayTra | BHIOPAHHOI YPHBI BLIOUPAETCS CJTY-
yafiupiM ~ oOpa3oMm  ojuH  Imap. KakoBa  BEpPOSITHOCTb  COOBITHUSI
A = {sror map GeJbrii}?

4. ®opmyia 1osHOI BeposiTHOCTHU. [lycth cobbitust Hqy, Hsy, ..., H,
00pa3yIoT MOJHYIO CUCTEMY IIOIapHO HECOBMECTHBIX cOObITHIl. [l mpons-
BOJILHOTO COOBITHsST A JOKazKuTe CIeyiomiee PaBeHCTBO

p(A) = p(A|lH1)p(H1) + p(A|H2)p(Hs) + ... + p(A|Hy)p(Hy).

5. Hekuit KopoJib Bejies1 CBOeMy IPUIBOPHOMY MYJIPeIy pa3ie/iuTh 110 JIBYyM
ypHaM 6 mapos: 3 depHbIX u 3 OeJIbIX (HU OJiHA YDHA HE JIOJIKHA OKA3aThCsT
nycroit). [Tamaa Hayra | Bbioeper ojiHy U3 YPH 1 BBITAIIUT U3 Hee CJTy JaiiHbiM
obpa3oM oJiMH Imap. Eciam 3ToT map okarKeTcs YepHbIM, MyJIpela Kas3HIT,
NHaUe COXPaHST eMy »KU3Hb. Kak Mypely Hy»KHO pa3AeuTh Iaphbl, 9TOObI
obecIreunTh cebe MaKCUMAaIbHYIO BEPOSTHOCTL YIEIETh !

6. ®opmyna Baiieca. [lycrs coowbitust Hy, Ho, ..., H, 00pa3yIoT IOJIHYIO
CUCTEMY TIOIaPHO HECOBMECTHBIX COObITHil. JIJIs1 MpOn3BOJILHOIO COOBITHS
A nokarkure, 9TO BEPOSITHOCTH COObITHsT H; mpu ycaoBuu, 9to cobbiTne A
IIPOM3OIILIO, OIPEJIEISIeTCs 10 POpMYJIe

p(A|H;)p(H;)
(A[H1)p(Hy) + p(A|Ho)p(Hz) + ... + p(A|Hy)p(H,)

p(Hi|A) = .

(B s3namenamene cmoum noanas 6epoAMHOCL cobumus A, a 6 wucaume-
A€ — 00HO U3 CAA2AEMDIT. )

7. B 8wm kmacce JIMII yuarca 18 neBouek n 33 mampunk. [lecartn me-
BOYKAM M TPUJANATH MaJIBIMKaAM JOCTAJNCh OMJIeThl Ha JUCKOTEKY. KakoBa
BEPOSITHOCTb TOI'0, UTO IOTEPAHHBIH KeM-TO M3 HUX OmjerT ObLI MOTepsiH
MaJIBIIKOM !

8. Bamm ToBapuiny MOryT ¢ paBHOII BEPOSITHOCTHIO UI'PATh JINOO B UIPY C
OJIHOI UIpajIbHOIl KOCTBIO, JIUOO B UIPY C JABYMsl UIPAJIbHBIMU KOCTSIMU. B
00enx Urpax CUMTaeTCsl KOJMYECTBO BBINABIINX OYKOB. B Kakoii-To MOMEHT
UI'PBI BbI YCJIBIIIAJIN, YTO Y HUX BhIIAJIO 2 04YKa. KakoBa BEpOsiITHOCTH TOTO,
YTO OHU UI'PAIOT B UTPY C OJHON KOCTHIO?

9. Ans, Benna u Bapst nperenayior Ha Hekuit npu3. s Toro, 9T0o0bI BBI-
SICHUTB, KOMY OH JIOCTaHETCsI, OHH JIOTOBOPHIJINCH OPOCATh MOHETKHU U OT/IATh
IIPU3 TOMY, Ubs MOHETa BBINIAJAET HE TOIl CTOPOHOIT, 9TO y JBYX Jpyrux. Ecin
’Ke BCe TPHU MOHETBI BBINAJIYT OJMHAKOBO, TO JIEBOUKU ITOBTOPAT OpocaHue.
KakoBa BeposiTHOCTb TOI'O, YTO PO3BIIPHIIIT NPHU3a 3aKOHUUTCA HE I103]IHee
TpeThbero Opocamusi, a npu3 jJocranercs Ane?
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3a0au 0AA CAMOCTNOAMENDHO20 DEULEHUA.

10. IIxonbauK 3HaeT OTBETHI Ha 15 m3 20 BompocoB 3adeTa. B Kaxkgom
buteTe COIEpKNUTCS OJIUH BOTIPOC, O€3 MPaBUJILHOTO OTBETA Ha, KOTOPLIH 1M0-
JIYIUTDH 3a9eT HEBO3MOXKHO. B KakoM cirydae MKOJbHUK NMeeT OOJIbIIe TTaH-
COB TIOJIYIUTDH 3a4€T — €CJIN OH TSHET OUJIET IMePBBIM UJIN €CJIU TsHeT OnJIeT
BTOPBIM

11. B Typuupe, MpoBOINMOM I10 OJTUMITHICKOI cucTeMe, UTPaIoT 8 UT'POKOB
paBHoil cusbl. Cpejin HEX JBe JeBOUYKH 1 6 MajabankoB. Homepa urpokos
OIIpEJIENISIIOTCS YKepeObeBKoil. KakoBa BEpOATHOCTb TOTO, UTO JIBE JEBOUKN
CBITPAIOT B TYPHUPE JAPYT C JIPYrom?

12. IIpencraBum cebe UTrpaibHYI0 KOCTH B (hopMe TPEYToJIbHONM MHUpaMu-
JIbl, Ha TPeX I'PaHsX KOTOPOIl HAIlMCAHO 110 OJIHOMY U3 duces 1, 2 u 3, a Ha
YeTBEPTOil — BCe TPU ITUX THUCJIA.

[Iycte A = {BbInajia rpatb Ha KOTOPOIl ecth uncio 1}, B u C' — anajorny-
Hble Jist qnces 2 u 3 coorsercrBenno. Jlokaxure, uro p(AB) = p(A)p(B),

no p(ABC) # p(A)p(B)p(C).

3aKJIro4YnTe/IbHad OoJIMMIINAJ1A.

1. B xny6e Berperunch 20 jkeHTIbMeHOB. HekoTopbie ObLN B muidmnax,
a HEKOTOpble — HeT. BpeMsi oT BpeMeHn OJInH U3 JIXKeHTJIbMEHOB CHUMAJT C
celsT MY U HaJIeBaJl €€ Ha OJIHOIO U3 TeX, Y KOI'o B 9TOT MOMEHT IILJISIIbI
He ObL10. B Konne 10 JzKeHTIbMEHOB TOJCYUTAJIN, YTO KAXK/IbIi U3 HUX OT-
JABAJI TILIAIY 0oJibIlle pa3, yeM rmojydast. CKOJIBKO JIZKEHTIbMEHOB TTPHIILIH
B ILJIsIIaX !

2. 2013 HaTypaJbHBIX YHCET PacCcTaBUIN 10 Kpyry. OKazaaoch, 4TO KayK-
noe uncyio geiasercs aubo HOJlom, moo HOKom cBoux cocepeit. Kakoe
HarOOJIbIIIee KOJUYIECTBO IIOMAPHO Pa3JIMUYHBIX UHCEJ MOXKET OBbITb Cpejn
stux 20137

3. 40 unenos xtopu BeiOparoT u3 30 3aga4 ogHy. OHU JOrOBOPU/INCH BhI-
OpaTh 3aj1a1y, KOTOPYIO YMEIOT pellaTh He MeHee MOJIOBUHbBI YJIeHOB KIOPH,
HO He Bce. Kayk/iplii U3 4JIeHOB KIOPU PeIIn PoBHO 26 3ajad, IpPUIeM JIo-
Oble JIBa YJIeHa »KIOPHU PeIIIn pasHble HaDOphI 3aja4. JJokaxkuTe, 9T0 OHI
CMOTYT HAWTH IOJXOISIIYIO 3a/1a9y.

4. Ha cropone AC' tpeyronbanka ABC' ormedensr Touku D un E, a Ha
orpeske BE touka F'. Oxkasasnoch, aro AC' = BD u 2/ACF = ZADB,
2/CAF = ZCDB. Hoxkaxure, ato AD = CE.

5. JlecaTnuHas 3alch KBaJipaTa HATYPaJbLHOTO YMCJIa COCTOUT U3 OJIHOM
npoiiku u k — 1 expuaunsl. Jokakure, aro k He jesmurcest Ha 11.
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BoiBomnas ayauTopust

6. B Dpmuraxke B rajepee repoes BoitHbl 1812 1. BHCHT 5 psgoB 1o 19
MOPTPETOB TepoeB. Kakblit mopTpeT MOXKeT BUCETL JIUIOM K CTeHe WJIN
K TmoceTutessaMm. JI[Boe cMoTpuTeseil UrpaioT B UTPY. 3a OJWH XOJ MOYKHO
nepeBepHyTh JoObIe 4 mopTpeTa. [IponrpbeBaeT TOT CMOTPUTED, TIOC/IE XO/Ia
KOTOPOTO MOy IUTCS PACIIOIOKEHIE TIOPTPETOB, YrKe BCTPEUABITIEeCs B X0J1e
Urpbl (BO3BMOYKHO, B MCXOJIHBIII MOMEHT). KTo BBIMTpaeT mpu MpaBUILHOM
Urpe — HaYUHAIOIINI Win ero napraep?

7. Ha cropone AC tpeyrosbanka ABC ormedena Touka D. IIponssoJib-
HBIiT J1yd £, BRIXOIsIIIII 13 BepiiuHbl B, nepecekaer orpe3ok AC' B Touke K,
a OIMCAHHYIO OKPY2KHOCTH Tpeyrojbinka ABC — B Touke L. /lokaxkure,
YTO ONHUCAHHas OKPYXKHOCTH TpeyrojibHuka DK L npoxoanT depe3 puKcu-
POBAHHYIO TOYKY, OTJIMIHYIO OT ) U He 3aBUCSIIYI0 OT BbIOOpa Jjy4a L.

8. B cBasnom rpade n > 3 Bepmun. Ilpu ypasenun Bcex pebdep J1r000-
ro IUKJa rpad CTaHOBUTCS HECBSI3HBIM. Kakoe MakcuMajibHOE KOJIMIeCTBO
pebep MoxkeT ObITH B TaKOM Tpade?

CIINCOK BOIIPOCOB K 3AYRETY

Areodpa

1. Tpuronomerpus. Ornpenenennsi. OCHOBHOE TPUTOHOMETPUIECKOE TOXK-
JectBo. DOpMYyJIbI TIPUBEJICHUSI.

2. Tpuronomerpusi. DopMyJibl CIOKEHUsT apIyMEHTOB.

3. Bekropnr. Oupenenenne. CpoiicTBa.

4. Meto koopHaT. Y paBHEHHUE MPIMOii. YpaBHEHNE OKPYKHOCTH.

5. CkaJsisipHoe npousBejieHre BeKTopoB. CBoiicTBa CKaJSIPHOIO IIPOU3BE/Ie-
HIIST.

6. Borunciienne ckaJispHOrO NMPOU3BEJIEHNSA B KOOp/INHATAX.
7. Komiuiekcuble gucia. Ajredpandeckasi (hopma.

8. Kommtekcuble uncia. Tpuronomerpudeckast popma. Popmysna Myaspa.
9. Kommiekcnbre yncia B reoMeTpun. J[BmKeHWs B KOMIIJIEKCHBIX YUCTIAX.
Teopusa uucen

1. Teopema Bunbcona.

2. JlokazarenbeTBO MaJjoit Teopembl Pepma depes bunom HbioToHa.
3. Teopema 7Kupapa.

4. MynbTuninkaTuBHble (OYHKITIH.

5. Oyukiug Jitepa. MyabrummmkaTusHocTh. Dopmyia.

6. I'pynnbl. Oupenenenne. I[Ipumepsr.

7. I'pymmbl. [oarpymms.

8. Cmexknble Kiacchl. TeopeMma Jlarpan:ka.
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9. Teopema Diiyepa.

HepasencTBa
1. TpancuepapencTso. Hepasercrso Hebniéna.
2. Meron IItypma.

3. Hepagencrso Komu-bynakosckoro-IlIBapiia.

KombunHaTopuka
1. MuoxectBa. Oupejenenne. [Ipumepsr.
2. Orobparkenust mHOzKecTB. Ornpenesienne. [Ipumepsi.
3. Unbexmus. Cropbexiusi. buekimsi.
4. @opmysia BKJIIOYEHNH-NCKIIIOUEHUI.
5. [lepecranosku. Ornpejienienne. Pazjioxkenne B IpousBejieHne IUKJIOB.

6. Tpancnosuruu. Pazjioxkenne nmepecTanoBKY B ITPOU3BEIEHUE dIeMEHTAD-
HBIX TPaHCIIO3UIINIL.

7. YeTHble iepecTaHOBKH.
8. KoMbunaropHasi BEPOSITHOCTb.
9. ®opmysta MOJHON BEPOITHOCTH.

10. ®opmyna baiteca.
I'eomeTpus

1. JIsmxenust. Onpenenenne. OOpas3bl MPsIMOil 1 OKPYZKHOCTHU TIPU JBUKE-
HUU.

2. TTapannenbHbIil TepeHoc U oceBast CUMMETPHS.

3. Ilosopor.

4. Ilpencrapiienne IBUKeHNS KaK KOMITO3UIUN CUMMETPUIA.
5. Kiraccudukarms TBUKEHHI.

6. Hanpagyennnie yribl. Onpejnesenne. CpoiicTsa.
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