Marematuxa. Marepunaasr 9 knacca. O6bIYHBIE TDYIIITEL 1

IlecTragmaTas JeTHAs MHOronpeAMeTHas nikoaa Kupobckon obaacTu
Bumkwas. 3-27.VIL.2000 r.

9 kaacc.

4 wroas. 1 genp 1 9eThIpEX THEBKH.
BokPyr TEOPEMbBI BHUETA.

1. O BellleCTBEHHBIX 9HCIAX £, Y U 2 W3BeCTHO, 9TO (x + y + 2)(2y + yz + xz) = xyz. JlokaxknTe, 9T0 cymMma
KaKHX-TO ABYX M3 HIX paBHa HYJIIO.
Kakoil 3Hak uMeeT cymma (xy + yz + 22)7

2. Teopema BueTa mas kKBagpaTHOTO W KyOMIECKOI'O MHOTOYJIEHA.
3. Pemmmts zagady 1, moawsysach Teopemon Buera.

4. AaropuT™m fefeHUs MHOTOUYIEHA ¢ OCTATKOM (CTOIOHKOM).
Onpeaenenne. CreneHb MHOTOWIeHA f(2) obosHadaeTcsa deg f(x).

Onpegenenune. [[Ba MHOTOWIEHA PasHbl GA2ebpaudecku, €Cal PaBHBI BCe WX KO3(PUIUEHTH DU COOTBET-
CTBYIOUINX CTEMEHAX.

Onpegenenue. /IBa MHOTOWIEHA PasHbl PYHKYUOHAALHO, €CAN TIPH PABHBIX 3HAYEHUAX apryMeHTa OHHU TPH-
HUMAaIOT paBHBIC 3HAYEHUA.

5. /lokaXuTe, 9TO NBAa MHOTOWIeHA PABHHI aATebpandeckKn TOTAa W TOIBKO TOT' A, KOT' 4 OHN PaBHBI GYyHKIIN-
OHAJIBHO.

6. P(x), f(z) u g(x) — muOrOunenel. Ecan P(xz)f(x) = P(x)g(x), To f(x) = g(x).
7. Ecam MHOrowWIeH pack/iaIbIBacTCA Ha JHHEHHbIE MHOXKHTEIN, TO TaKoe pa3/okKeHne ¢THHCTBEHHO.

8. HpI/I JeJEHNN C OCTATKOM HEIIOJHOE YacTHOE M OCTAaTOK OIpeneJeHbl OTHO3HATHO.

Teopema (Besy). Fcau a — kopenv muozouaena P(x), mo P(x) = (x Sa)g(x).

9. Pemmts 3agady 1, moabaysach TeopeMmon Besy.
(YkazaHme: paccCMOTPHTE NaHHOE BEIpaKeHNe KaK MHOT'OWIEH OT Z.)

10. (O6obwennas meopema Buema)

Ay —
Z Ti  Ljy v Ly, = (C}l)kn—k

L . a
11<22<... <1k "

U3 ckoXBKE claraeMbIX CKaIaIbiBacTCA KoadduiuenT npu z~?

n . .
11. (Bunom Hvwomona) Jlns mo6oro HATYPaIbHOT'O n BEPHO TOXgecTBO: (a + )" = 2:0 (7) a7 tht.
1=

4 wroas. 1 genp 1 9eThIpEX THEBKH.
BCTYIUTEALHAA OJUMIIIATA.

12. B Tabaume 10 x 20 paccraBaensr 200 pazauvabix gncea. [leTs o6Bea KpacHOU pyYKOW 1O ABa HANGOABIIHX
qmcaa B KaXJOU cTpoke, a Bacsg — cuHell pyvKou mo aBa HambOJBIIMX Yucaa B KaxaoMm cToabie. [lokaxnTe,
9TO HAUAYTCA TPHU 9ucia, 0OBeqeHHBIe O6ONMHI IIBETAMM.

13. Y 3omoTon Peibky B 3anMcHON KHIKKE 3alUCaHBl BCe ee 3HAKOMBIE, 3 KOTOPBIX MOJOBHHA — IITYKH, TPETh
— OKYHH, a BCe 3HAKOMBIE IO HOMEpaMH, AeJANINMICA Ha deThipe, — Kapachn. CKOTbKO 3HAKOMBIX Y S0J0TOR
Pricku?

14. B 4eTBIpexyroabHUKE M3 KaXJOH BEPIIMHLI MPOBEJEHO TI0 YeTHIpe BEKTOpa — C KOHIAMHU B CepejunHax
KaXKou m3 cTopoH. /lokaxmTe, 9TO CyMMa BCeX BEKTOPOB paBHa HYJIIO.
15. CTOpOHBI TpeyToMbHIKa paBHH a, b 1 c. loxaxute, aTo a’ + b* + ¢ < 2(ab + be + ac).
16. IIpo mexoropyio dyukumio f masectno, aro f(1) = 2, f(zy) = f(z)f(y) ©f(z + y) + 1. [lokaxuTe, 9T0O
flx) =2+ 1, ecim

a) ¥ — 1eN0e;

b) # — paunonaabHoe.

17. JokaXuTe, 9TO CyIecTBYyeT GECKOHETHO MHOT'O PellleHII B HATypalbHEIX UHCIaX ypaBHEHHA 2 4 y° = 2°.

18. [lan npasuiapHbill Tpeyroabhank ABC' na croponax AC u BC' BasTh cooTBeTcTBeHHO TOYKu M u P Tax,
gro M P||AB. Touka E — cepeguna orpeska AP, Touxka D — uenTp Tpeyroapuuka M PC. Haligure yrawr
Tpeyroabuuka DBE.

5 mroada. 2 geHb 1 9eTHIpeXTHEeBKH.
MHOTrOYJIEHEI. AJTroPUTM EBKJNIA.

19. BemecTBenHble Umcaa &, Yy W 2 TaKOBBL, 9To £ + Yy + 2 > 0, 2y + yz 4+ z2 > 0, xyz > 0. [lokaxkuTe, 9TO
T, Y,z > 0
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20. BemecTBeHHbIe 9HCAA X1, .. ., L, TAKOBBL, 4TO A Kaxaoro 1 < k < n BepHO HEpaBEHCTBO!

Z l‘i1~...~l‘ik>0.

1 11<..<ip n

NokaxwnTe, 9T0 BCe z; > 0.

21. Muorounen f(x) maeT octaTok b mpu fereHnn Ha (2 <2) u ocraTok | mpm gedennu Ha (¢ <3). Kakoi
octaTok naetr f(x) mpu neaennm Ha (z S2)(x <3)7
22. Ocratok npu jgejennn MHOrowieHa P(z) Ha (2 <a) paBen P(a):

P(z) = (x ©a)g(x) + P(a).
23. Ilpu kakux a MHOrOwIeH 2" <raz" ! + ar &1 geaurea na (x <1)?, ecan n > 37
24. Ilpm KakKux @ MHOTOYJIEHBI 4+ ax? + 1 u 2% 4 ax + 1 umeroT o6umit KOPEHD !
25. FEcam muorownensl f(x) u g(x) meaarcsa Ha MHOTOUIeH d(2), To aad M06GHX MHOToWIeHOB u(x) w v(x)
anHeHag kombunamma f(z)u(z) + g(x)v(x) geanres Ha d(z).
26. Aaropurm Epkanmga moumcka HOJl nByx MHOTOIEHOB.
27. (Jdunedinoe npedcmasaenue HOJ deyr muozouaenos) Ecim HOJ muorownenos f(x) u g(x) pasen d(z), To
CYHIECTBYIOT Takne MHOrO4UIeHE () u v(x), aro f(z)u(x) + g(x)v(x) = d(z).
28. Muorowaent f(z) n g(x) ¢ ueapiMm KodpPUUNEHTAME TAKOBBEI, YTO OJHH W3 HUX JEANTCA Ha APYTOH.
O6sazaTeabHo an 9acTHOE 6y 16T MHOTOYIEHOM C HeALIMH KoahduinuenTaMu’?

5 mrosd. 2 geHb 1 9eTHIpeXTHeBKH.
SA,I[A‘H/I HA ABU?KEHUWA IIJIOCKOCTN.

29. Buytpm yraa gana touxka A. I[locTpoliTe oTpe3ok ¢ KOHIAME Ha CTOPOHAX NAHHOTO YIJa Tak, ITOOLI
Todka A 6blIa ero cepeuHo.

30. Buyrpu yraa gana Touka A. I[locTpolTe TpeyroJbHUK HAMMEHBIIErO HepUMeTpa Tak, YTOOLI JBe M3 ero
BEpIINH JeKall Ha CTOPOHAX yIiia, a TPeThA — B faHHOW Touke A.

31. Touxku A mw B mexat mo oguy ctopony ot upsmon {. [locTpoure tomanyio AC' DB HamMeHBIIEN AINHBI
Tak, 9To6b oTpezok C'1) mexan Ha npamon [ n qinHa ero Oblia paBHA d.

32. Ha croponax mapaJieforpaMMa BHEITHUM 06pa3zoM MOCTPOEHBl TPpaBUIbHBIe Tpeyroabiukn. [lokaxunre,
9TO WX BEPIIHHBI TOXKE 06PasyioT MapaieforPaMM.

33. Ha cTopoHax MpaBUALHOTO MATHYTOJALHUKA BHEITHIM 06pa3oM MOCTPoeHbl KBaapaThl. /lokaxure, 970 Ux
MEHTPB 06Pa3yioT MPABUALHBIN TATHYTOJbHUK.

34. TlocTponite mapamtesorpamm ABC'D ¢ 3aTaHHBIME BepITUHAMI
a) A, B,
b) A,C,
Tax, 9TO6LI Be APYTHe BEpIINHLI MPHHA IIeKall 3aJaHHON OKPYKHOCTH.
35. IlocTpoliTe KBagpaT, gBe IPOTHBONOIOKHEIE BEPIINHE KOTOPOI'O JeXKaT Ha JaHHON IPAMOI, a ABe Apyriue
— Ha JBYX 3aJaHHLIX OKPYKHOCTHX.

36. IlocTponTe MpaBUABHBIN TPEYTOJBLHUK, ONHA BEPIINHA KOTOPOTO HAXOAWTCA B 3aMaHHOU TOYKe, a [BE
OpyTme — Ha CTOPOHAX JaHHOTO yTJa.

37. Tpeyroapuuku ABC u C'ED — upaBuabhbie. Touka N — cepenmua orpeska BD, M — cepenuna AFE.
Nlokaxmure, wT0o Tpeyroapuuk C'M N mpaBUIBHBIN.

38. Tumorenysy BC' npsamoyroabraoro tpeyrogbhanka ABC oTpasman oTHocuTeabHo 6uccekTpucklt AL yria
A. JlokaxmuTe, 9T0 mogayuusmmniics orpezok B'C’ nepnenankyaapen memmane AM Tpeyroapamka ABC.

39. B okpyXHOCTH BhOmCaHBl 1Ba TpaBUIbHBIX Tpeyroabuauka A1 B1C7 n A3 ByCy. Touxku A, B, C' — Toukn
mepecedeHns COOTBETCTBEHHO cTopoH A1 B n Ay By, B1Cy u BoCy, C1 Ay m Cy As. [lokaxuTe, ITO TPEYT OMBHIK
ABC npaBUIbHBIN.

T 5 - B
40. Tlpo weThipexyroaenukn ABCD n A’ B'C'D’ mspectno, uro AA" = , = . Jokaxwure, 910
9eTHIPEXYTOMLHIKN PAaBHOBEINKH.

6 mroaA. 3 qeHb 1 9eThIpexJHEBKH.
MuoOTO4YMEHBI. [IEJOYNCIEHHOCTHL. YETHOCTS.

41. Haitn Takne MHorowaeHsl ¢(x) n f(x), aTo

a) (x4 1)g(x) + (22 + 1) f(z) = 1; b) (#3422 + x4+ 1)g(z) + (2? ©a) f(z) = 1.
42. TIpo uenouncaennbie MHOTOWIeHB P(2) n Q(x) mssectHo, uto (P(2), Q(x)) = 1. Joxkaxure, 9To HaiTeTcsa
Takoe gncao M, naa koroporo (P(n), Q(n)) < M upu aobomM uejoMm n.
43. P(x) — MHOTOMWIEH ¢ TeJIBIMH KOdhdUIneHTaMu, qucaa a u b ueasie. Jlokaxnre, aro P(a) << P(b) gemmres
Ha a <b

44. P(x) — MHOTOUJEH ¢ UeabiMu KoddduumenTamu, npudeM P(2) neaurcd Ha b, a P(5) geantca Ha 2. Toka-
xuTe, uTo Torga P(7) neanrca Ha 10.



Marematuxa. Marepunaasr 9 knacca. O6bIYHBIE TDYIIITEL 3

45. Muoro4ien ¢ medbMu KodGOUINEHTAMU MPUHAMAaeT 3HaMeHne § B MATH HeJbIX TouKaX. /loka3aTh, 9TO OH
HE MMeeT TeJbIX KOPHEN.

46. HaiiTu Bce meible 3HaYeHHA &, b, ¢ Takne, 9o (# <a)(z <10) + 1= (z + b)(z + o).

Onpegenenus.
Muorowaen P(z) HaspiBaeTcs wemnblu, ecan P(<e) = P(x) aaa moboro .
Muorouaen P(z) naspiBaeTcs neuemuwim, ecan P(se) = SP(x) aas moboro .

47. [okaxwnuTe, 9TO J000N MHOTOWIEH MPEJICTABAM B BHJE YETHOTO W HEYETHOrO, MPHUYEM eIUHCTBEHHBIM
obpazoM.

48. Kakue (pyHKINHI OTHOBPEMEHHO ABIAIOTCA H 9€THLIMI, I HeIeTHEIMEI?

49. JlokaxmuTe, 9T0 MHOTOWIeH P(z) deTen Tora n Toabko Tora, korga P(z) = Y agz?*.

50. [loxaxuTe, 9T0 MHOTOWIH P(z) HedeTeH Torja M TOAbKO Torga, Korga P(z) = > apz? 1.
51. Moxaxute, uro muorowien (22 <x + 1)2990 4+ (22 4+ 2 + 1)290 geren.

52. Yemy paBHa cyMMa Ko3(pOUIHEHTOB TP
a) YeTHBIX; b) HeweTHEIX

crenenax ¥ MHorodnena (r? &wr + 1)20097

6 mroaA. 3 qeHb 1 9eThIpexJHEBKH.
IIPEACTABJIEHUE ,I[BI/I}KEHI/H/UI KOMITO3NInAMUI CUMMETPUIL.

53. JlokaxuTe, 970 KOMIO3UINA [BYX OCEBHIX CHMMETPHHN C MAPANIETEHBIMI OCAMHI €CTh MapaIeJbHBIN Tepe-
HOC Ha BEKTOP MEPHEH TMKYIAPHBIN OCAM CHMMETPHN, MOAYJIb KOTOPOTO PABEH Y IBOEHHOMY PACCTOSHIIO MEXK Iy
OCAMU.

54. IlpeacraBbTe mapaielbHBIN TEPEHOC B BUde KOMIIO3UIINN ABYX OCEBBIX cuMMeTpuil. OTHOZHAYHO JH 3TO
npecTaBaeHme”?

55. [lokaxuTe, 9TO KOMIIOZUINSA TBYX OCEBBIX CHMMETPHUU C TE€PECEKAIONINMUCA OCAMHU €CTh TOBOPOT BOKPYT
TOYKHN WX MepecedeHns Ha YoM, B ABa pa3a GOJBIINH, TeM YT Ol MEXIY OCSMHU.

56. IlpemcraBbTe MOBOPOT B BH/Ie KOMIIO3UIINN IBYX OCEBHIX cuMMeTpuit. OTHOZHAYMHO JU 3TO NMpeAcTaBIeHe?
57. Yem sBasieTCS KOMIO3UINA OCEBON CUMMETPHUH W TOBOPOTA, MEHTP KOTOPOTO JEXKNT HA OCH CHMMETPHN !

58. [anwr npsamad [ u BexTop d||l. JoxaxmuTe, 9T0 pe3yabTaT MOCIENOBATENBLHOTO BHIIOJIHEHHA CHIMMETDHI
OTHOCUTEIBHO | U TapaIelbHOro mepeHoca Ha d He 3aBUCAT OT MOPAJKA, B KOTOPOM 3TH TpeoGpazoBaHusa
IPOU3BOAATCA.

Onpegenenume. KoMnoauiimsa oceBoll CHMMETPHN 1 MAPALIEIbHOTO TIEPEHOCAa HA BEKTOD, MapajuIeJbHBIN OCH,
Ha3BIBACTCA CKOAb3AWEN cummempued.

59. IlpencTaBbTe CKOMB3SANIYIO CAMMETPHIO B BHIe KOMIO3UIINHA OCEBLIX CHMMETPHH.

60. Yewm sBaseTCS KOMIO3UINA CHMMETPHE W TaPALIeIbHOTO MEPEHOCA HA TTPOM3BOIBHBIN BEKTOD?
61. Yem sBasieTCs KOMIIO3WINA NEHTPAJBHON CHMMETPUN W CHMMETPHH OTHOCHTETBHO TPAMON !
62. Yem sBasieTCs KOMIIO3WNNA MOBOPOTA M OCEBOW CHMMETPHH !

63. Yem sBasieTCs KOMIO3WINA ABYX TOBOPOTOB?

7 mroada. 4 geHn 1 9eTHIpEXTHEBK.
SAJTAYN HA KOMIIO3UIWUIO ABUXKEHNII.

64. JlokaxunTe, 97O KOMIO3NUINA IBYX MOBOPOTOB HA YIJBI ¢ M § COOTBETCTBEHHO €CTH JUOO MOBOPOT HA YT'OJ
a + 3, aubo mapajiaeabHBIN mepeHoc. [lpm xakmx ycaoBusax 9To? YKaxkuTe cnocod IMONCKA COOTBETCTBEHHO
LIeHTpa MOBOPOTAa U BEKTOPA MepeHOoCa.

65. Ha miockocTn 6B HAPHCOBAH HEKOTOPHIA MATHYTOJBHUK, HA CTOPOHAX KOTOPOTO HAPYXKY OBLIN HOCTPO-
eHbl MpaBWIbHBIE Tpeyroabauku. OnHako xyanrad Bacsi cTep mouTH Bech 9epTexk, OCTABUB JUIIb BEPIITHHEBI
TPeyTOJBHIKOB, He MPUHA [IEXKAINe TATHYyroabHuKy. CMoxeT au [leTd BoccTaHOBUTE depTex”

66. CymiecTByeT a1 Ha MJIOCKOCTH OTpaHUYMeHHas PUTYPa C MBYMS Pa3IMTHBIMI

napaJiieJbHBIMI OCAMHI CUMMETPHUN; [MEHTPAMU CAMMETPHUH !
67. (3adaua Hanoaeora) Jlas TpoN3BONBHEIN TpeyroabHNK. Ha ero cTopoHax HapyXKy MOCTPOEHBI MPABIIBHEIE
TpeyroabHuKn. /[JoKaxuTe, 9TO UX HMEHTPHI ABAAIOTCA BEPIINHAMHE MPABUILHOTO TPEeyT OMLHUKA.
68. Jlaubl 2n TPSAMBIX, TPOXOAAMNX depe3 HekoTopyioo Touky O. Ilpsmeie mponymepoBanbl. Baoxa, HadmHnas
¢ HekoTopoll Touku M # O, NoCHeJOBATENLHO TIEPENPEITHBAET Yepes BCe NPAMBIE (CHMMeTpYHO). B pesyas-
TaTe TOCJAe 21 MPHIKKOB OHAa CHOBa oKazafdach B Touke M. [lokaxkmuTe, 4To ecam OB oHA Hadaga MPHITATDH C
MPOU3KOABHON TOYKEN K| TO U TOTja B pe3yabTaTe MPUILIa OBl B TY XKe To4Ky /.

69. Ha nuockoctu nasel 2n npamuix. [locTopoliTe 2n — yroabHUK, GUCCEKTPUCHT KOTOPOTo 6bLIH GBI MapaJ-
JEABHBl JAHHBIM TPAMBIM.

70. [Jan BumcaHHBIN 2n — yroapHuk. [Jlokaxwnre, 9T0 ecan f;, (i = 1...,2n) COOTBETCTBEHHO €r'0 YIIbI IIPH

BepIINHAX, TO Y fai—1 = y_ fai.

Bepro au o6paTHoe?
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71. [lokaxmuTe, 9TO €CJAU Yy MHOTOYTOJbHUKA €CTh HECKOIBKO OCENl CHMMETPHH, TO OHH TEPECEKAIOTCS B OHON
TOYKE.

7 mroada. 4 gerr 1 9eTHIpEXTHEBK.
MATBOIL.

72. Yucaa a, b u ¢ BemectBennbie. MasecTHo, 9To |ax? + bx + ¢| < 1 gaa moboro x € [0,1]. JokaxuTe, 9T0
la| + [b] + |c] < 17.
73. WsBectHo, uro cymma #1 + o+ ...+ 2, =0, u m < #; < M aas Beex 1 < ¢ < k. Jlokaxure, 4T0 Toraa
BEPHO HEPABEHCTBO:

el ai4 .+l < emMk.

74. Jlaubl TBa 9eTHIPEXYTOJLHNKA ¢ COOTBETCTBEHHO PAaBHBIMU cTopoHaMmu. M3BecTHO, YTO ¥ OMHOTO W3 HUX
AUaTOHAN TIePIeH ANKYAAPHLI. /[[oKaXuTe, 9TO TOTa U Y BTOPOTO YeTHIPEXYT OMbHUKA AT OHAJN MePIeH I1-
KYJIAPHBL.

75. aa mo0bIX HeOTpUIATEIbHBIX @ U b JOKa)XHUTe HepaBeHCTBO:
2va + 3Vb > 5Vab.

76. Janwr 100 HaTypadbHBIX YNCEN, KAk I0€e N3 KOTOPHIX He TPEBOCXOANT cTa. M3BecTHO, 9TO WX CyMMa paBHA
200. JlokaxuTe, ITO U3 HUX MOXKHO BHIOPATH HECKOABKO |ucen ¢ cymmon 100.

77. [lna mMo6LIX HATYpalbHEIX n I k JokaxmuTe, uTo |147 <115 > 3.

78. PemuTk B meawlx unciax ypasaenme 4F 4 35 = 5%,

79. IlocTpoeHb WeTHIpe HelMepeceKAaIMmecs OKPYKHOCTH ¢ MeHTpaMi B BepiuinHax npaMoyrogabanka ABCD.
WzBecTHO, 9TO pajUychl 3THX OKPYKHOCTEN YAOBIETBOPAIOT cooTHomernio Ky + Re = Rp + Rp. K mape

OKPYIKHOCTEN Wy W W U Tape OKPYXKHOCTEN wp U wp MPOBEJEHB 00IIne BHEITHNE KacaTeldbHbEe. [lokaxnTe,
9TO 4eTHIPEXYTOMBHUK, 06Pa30BAHHBIN PH UX TI€PECEMEHNN, ABIACTCA ONUCAHHBIM.

9 mroqa. 1 geHp 2 9eThIpexJHEBKH.
I/IHTEPHOJIHHI/IH MHOI'OYJIEHOB.

80. HaliTu Takol MHOrowaeH deTBepTol cremenn P(z), uro P(1) = P(al) = <11, P(2) = P(&2) = 13,
P(0) = <7
81. 3HAYEHNAME B CKOJBKHX TOYKaX MHOTOYICH 3aJacTCA OJHO3HATHO?

82. JloxaxuTe, 9T0 MHOrodUMeH P(z) cTemeHn 2n €WeTeH, ecaW 1A HEHYJAEBBIX &; C TOMAPHO DA3MMTHBIME
mogyaamm, Tae (1 < i < n), nspectHo, aro P(z;) = P(&r;).

83. a) HaiiTu MHOTrO'/IEH HYJIEBOW CTENEeHH, KOTOPLI B TOYKe o NPUHIMAET 3HATEHUE Yy .

b) HailTm MHOTO®IEH epBOW CTeNmeHn, KOTOPHIH B TOYKe &y NPUHAMAET 3HAYEHWE Yo, & B APYTOH TOUKE &1
OPUHEMAET 3HAYCHHE ¥y .

c) HaliTh MHOTO/IEH BTOPOU CTeIeHN, KOTOPHI B TOYKAX Tg, £1 U T2 TPUHAMAET COOTBETCTBEHHO 3HATEHUS
Yo, Y1 1 Ya.

84. TlocTpoenne Takoro MHOTowWIeHa P(x) cremenu n, 910 P(x;) = y;, rae 0 < i < n.

TlepBhiil croco6 (o WHAYKINH):

yr S Pu_1(zg)

Pi(x) = Pp—i(2) + (xr Sxo)(2r S21) - (28 STR-1)

(z Sro)(x ©wy) - (2 SwK_1).

85. Ilpeacrasuth 2 B Buje CyMMEL ¢g + 12 + c2x(x 1) + csz(z ©1)(z &2).

86. a) [oxkaxmure, 9TO eclu &, b, ¢, d pa3AN9HEL, TO A JOGOTO &

(z ©a)(z <b)(zce) (rSa)(r Sb)(x <d)

(d<a)(d <b)(d <o) + (c =a)(c ob)(c =d) 4. =1.

b) Hoxaxwure, 4T0 ecam Bee x; paszanduel (0 < ¢ < n), To Mg aA0GOTO *

- T =% _
ZH (l‘k <:>l‘l) =1

k=1izk

87. Haiitu muorouneH P(x) cremenn n, ecan
a) P(zg) =1, P(e;) =0, rae 1 < i < my
d) Pleg) =1, P(z;) =0, rne 0 < i< n, i £ k;
c) P(xg) =3, P(x1) =50, P(z;) =0, e 2 < i < n;

d) BEIBemTE BTOPON coco6 MocTpoeHus MHOro4YIeHa P(2) (cM. 3anaqdy 84).



Marematuxa. Marepunaasr 9 knacca. O6bIYHBIE TDYIIITEL 5

88. a) [lokaxmuTe, 9TO €ClW YHCAA &, b, ¢, d Pa3IndHbBI, TO

abe abd

deadonied T tedeaean T T ol

b) Hoxaxwure, 4To ecanm Bee x; pasanduel (0 < ¢ < n), To

9 mroqa. 1 geHp 2 9eThIpexJHEBKH.
KoMOosnnmst ABUKEHII.

89. Ha cToponax TpeyroJbHUKa BO BHEITHIOW CTOPOHY TOCTPOEHHI TPaBUALHBIE TPeyToAbHUKN. Kakoe mpe-
obpazoBanie 6yIeT PE3YIHTATOM MOCAE[OBATEMLHOTO IPIMEHEHA TPEX MOBOPOTOB Ha YTkl 60° 0o THOCHTENABHO
BEPINIH TOCTPOEHHBIX TPEYT OMBbHUKOB, He ABJAAIONINKCA BEPIIMHAME UCXOTHOTO?

90. Kakoe mpeo6pazoBamue GyjgeT pe3yJIbTaTOM TMOCAENOBATEILHOTO TPUMEHEHNA TPEX OCEBBIX CHMMETPHH
OTHOCHTEJILHO CEPENMHHBIX TEPIEHANKYAAPOB K CTOpoHaM Tpeyroabuunka ABC?T

91. Kakoe mpeo6pazoBamue GyjgeT pe3yJIbTaTOM TMOCAENOBATEILHOTO TPUMEHEHNA TPEX OCEBBIX CHMMETPHH
OTHOCHTEJIBHO OuccekTpuc Tpeyroabunka ABC?T

92. Ha croponax AB mw B(C' mpom3BOJBHOTO TPEYTOJBHUKA BO BHEIIHIOK CTOPOHY MOCTPOEHHBI KBaJAPaTHI
AMPB u BTNC. D — cepequra M N. [lokaxure, 910 Tpeyroabunk ADC paBHOGeAPEHHBIN N TPAMOYT OIhb-
Heii. (/IBa cmoco6a: 1) MOBOPOT BEKTOPOB; 2) KOMIO3NINA ABYX MOBOPOTOB Ha yrabl 90°).

93. /lana OKpPYXKHOCTDH W MATH MPAMBIX. B OKPYXKHOCTDH BMHUCATH MATHYTOJLHUK, CTOPOHBI KOTOPOT'O MapaJ-
JEABHBl JAHHBIM TPAMBIM.

94. Ha cTopoHax TpOU3BOIHLHOTO TPEYTOJLHIKA BO BHEIIHIOI CTOPOHY OBLIN TOCTPOEHLI PaBHOGeNpEeHHBIE
TPeYTOABHUKN C YIJaMu «, [3, v Ipu BepmmHax. Xyauran Pexs crep BCo KapTHHKY, KPOMe BEDIINH paBHOOGe-
OPEHHBIX TPEeYrOIbHIKOB. KaKkoMy yCJIOBUIO TOMKHEL Y IOBIETBOPSATE YTV <, [3, 7, ITOOH HCXOMHYIO KAP THHKY
MOXHO GBLIO BOCCTAHOBUTD,  KaK 3TO CIETATH?

10 nurosra. 2 geHb 2 9eTHIpeX.IHEBKH.
KJIACCI/ICDI/IKAHI/IH ,I[BI/I}KEHI/H/UI.

95. JlokaxuTe, 9TO MO60W TPEYTOJbHUK MOXKHO TIEPEBECTH B PABHBIN €My KOMIO3UIIUAMHI MOBOPOTOB, MapaJ-
JEJbHBIX TIEPEHOCOB W OCEBHIX CHMMETPUH.

96. [loxaxuTe, 9TO ABMKEHNE, TIEPEBOAIICE HEKOTOPHIA TPEYTOMABHIK B PABHBIN €My, €[HHCTBEHHO.

97. [lokaxmuTe, 9TO BCe Paz3JdUYHBIE BAABI IBUXKEHUH NCYEPIBIBAIOTCA IOBOPOTAMIE, MAPALIETHLHBIMI TEPEHO-
caMM M CKOJB3AMINMU CHMMETPUAMU.

98. Ecam npu ABWKEHWN €CTh POBHO OJHA HEMOJABWIKHAA TOYKA, TO 3TO ABUKEHWE — TTOBOPOT.
99. Ecau npu ABUKEeHWN eCTh POBHO OTHA TIpAMAaA HEMOABUKHBIX TOYeK, TO ITO ABUKEHNE — OCeBasd CHMMEeTPHA.
100. Ecaw npu ABMAKEHWN eCTh POBHO ONHA HEMOABUKHAA TPAMad, TO 3TO ABUKEHNE — CKOAB3AIAA CHMMETPHA.

101. Ecan opn ABUXEHNHN HET HENOABMXKHBIX TOYEK, HO €CThb HECKOJBKO HENOABUXKHBIX IIPAMBIX, TO 3TO
ABU2KEHUE — HapaJIJIeJIbeIﬁ nepEHoC.

102. Ecau npu mBuXKeHWH €CTh TPHU HENMOABIIKHBIE TOYKH, HE JeXKAIIe HA OJHON MPAMOI, TO 3TO JBUKEHIE —
TOXK JeCTBEHHOE MpeoOpa3oBaHIueE.

10 nurosra. 2 geHb 2 9eTHIpeX.IHEBKH.
PA3HOBOI.

103. B rpynme 18 wemoBex. Kaxgomy HpaBaATcsa m 4deioBeK w3 Tpymnbl. [Ipnm KakoM HaWMeHBIIEM 772 MOYXKHO
YTBEPK AT, ITO HANIYTCA ABA YeMOBEKA, HPABAIMIMECS MPYT APYTy?

104. M3 xBazapaTa 29 x 29 nmo KaeTouKaM BbhIpe3ano 99 kBaapaTukoB 2 X 2. JloxaxuTe, 9TO U3 HETO MOXKHO
BBIDE3aTh €Ille OfUH TAaKOH KBAaPaTHK.

105. MoxHo au B paBHOOENDEHHBIN TPEYTOJBHUK MOMECTUTH APYTOW paBHOGEMDEHHBIN TPEYTOJBHUK TakK,
4T00B GOKOBas CTOPOHA BHYTPEHHETO TPEYTOMbHUKA GbLIa 60ablre 60KOBOHW CTOPOHBI COMEPKAIIETO €r0 TPe-
yroabHuka?

106. P(z) — MHOrO4NeH ¢ medbiMn KoddduumenTamu, B Todkax <1, 0, 1 mpuHEMAOIINE 3HAUEHHE HYIIb.
HoxaxuTe, 9T0 1A MTEOGOTO TEJIOTO N 3HadeHne P(n) KpaTHO TpeM.

107. JoxaxuTe, 9To MHOTOWIH 42190 + 3 He mpegcTapadeTca B BUIe CyMMEI KBA IPATOB TPEX MHOTOWICHOB C
neJabiMu KO3 punneHTaMu.

108. TIpo muorounen P(x) usBecTHo, uTo ypapHeHne P(x) = & He uMeeT pelterni. Jlokax)nTe, 9T0 ypaBHEHNE
P(P(x)) = # Taxxe He WMeeT PelIeHHUII.
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109. [aun tpeyroapuuk ABC. HananTe reoMeTpmdeckoe MeCTO TOYMEK TAKUX, YTO TOYKH, CHMMETPUYHBIE M
OTHOCHTEJILHO CEPENH CTOPOH TPEYTOIBHUKA, JeKAT Ha ONUCAHHOW BOKPYT Tpeyroabhunka ABC' okpyxHOCTH.

110. Yepez TOUKY TepecedeHUs MBYX OKDPYXKHOCTEH MPOBEINTE MPAMYIO TakK, 9TOOH €€ YacTh, 3aKIOMEHHAA
BHYTPH OKDPYKHOCTEN, 6bLIa HANOOIBIIEN.

111. ("Mopexoii 60t”)

B xBaapaTe 10 x 10 xJ1eTOK HyKHO paccTaBUThL oAWH Kopabab 1 x4, nBa 1 x 3, Tpu 1 X 2 m deTwipe 1 X 1. Kopaban
He MO/UKHBEI HMETH OOIIHX TO4eK (JaXe BEPIINH), HO MOT'YT NPUMBIKATh K CTOPOHAM KBajpara. [lokaxuTe,
9TO

a) ec/H PAacCTaBIATH MX KyjJa YUOJHO B YKa3aHHOM MOpAjgKe (HadHHAdA C GOMBIINX), TO KaXJOMY KOPab/Iio
HaIeTCA MECTO;

6) ec/m PAcCTABAATH HX B 0OGPATHOM TODPAAKe (HAMHHAA ¢ MEHBIINX), TO MOXKET BO3HUKHYTEH CHTYAIHA, KOT 1a
odepeqHON KOPabab MOCTABUTHL HEKYIA.

112. Nmeetca 10 kapTodek, Ha KOTOPBIX HAMUCAHBI YucaAa oT 1 10 5, MpwdeM KakKoe YUCAO BCTpedaeTcA MBa
paza. MoXHO n¥ BHIIOKHTE UX B PAJ TaK, YTOOH MeXK Y KapTOYKaMU ¢ ducAaMu 1 jJexana omHa KapTOovKa,
MeX Iy KapTOYKaMI ¢ YUCAaMi 2 — ABe KAPTOYKH, C YUCJAAMU 3 — TPHA U T.1.7

11 mrosra. 3 geHb 2 9eTHIpeXJHEBKH.
KOMIOJEKCHBIE YHCJIA.
Onpegenenne. KoMniekcHoe 4ucao — TUCAO BUAA ¢ + bi, Tie a 1 b — neficTBUTeIBHBIC YHCHA, a 12 = <.

113. BoimoamnnTe meicTBUA:

a) (142) &2+40); b) 1+l ei); o 2+30)% d) L e L=i p) 22

114. MoxmHo Ju cpaBHHBATH KOMILIEKCHEBIE THCIA !

Onpegenenus.

Ecau z = a 4 bi, To Rez = a — deticmsumeavnas wacme z, Imz = b — mnuman wacmp z.

JlBa KOMIIIEKCHBIX YHCIA Pa6Hbl TOTJAA M TOJBKO TOTa, KOTJa COOTBETCTBEHHO PAaBHBI X JeHCTBHTEIbLHBIE T
MHUMBIE TaCTH.

KommiexcHoe 9ucio HA3BIBAETCA “UCTO MHUMbLM, ECTU €0 TeHCTBUTENbHAS YaCTh PaBHA HYIIO.
Conpancennoe uucao Z K 9UCIAy z = a + bt paBHO a <>bi.

115. [lano wnciao z = a + bi. Hangure %

116. Hanigure Bce Takme €dnucaa z, 9TO

a) z =7%; b) z = &7;
117. Jlokaxwure, 4TO

a) 21+ 22 = 21 + 72; b) 21 -2 = 21 - 72 c) (%):%
118. Pemure B KOMILIEKCHBIX YHCIAX YPABHEHUA:

a) 22 &2+ 2 = 0; b) z? = i; o)zt =1, d) 244+ 1=0;

e) 2? (24 i)+ 20 =0; f) 23+ 322 +25=0.
119. Hangure:
a) V3 &44; b) V5 &124; c) Va + bi.
120. Tan muoro4teH P(z) ¢ BelecTBeHHEIME KoddduumenTamu, npudeM P(z) = 0. Jlokaxure, ato P(Z) = 0.

121. WMsBecTHO, 9TO MHOTOUIeH P(%) ¢ BellleCTBEHHBIMI KO3 UIIHERTAMI CTENeHn N UMeeT n KopHed. [o-
KaXuTe, 9TO er0 MOXKHO Pa3/JOXWTh Ha MHOXMTEIN C BellleCTBEHHBIMH KO3(pPUIMECHTAMHI CTENeHN He BBIIIC

2.

11 mrosra. 3 geHb 2 9eTHIpeXJHEBKH.
HEHTP MACC 11 IPEOBPA30OBAHNIS, EI'O COXPAHAIOIINE.

Omnpegeneune. Touka 7 HazLIBacTCA YEHMPOM MACC CUCTEMBI TodeK mi Ay, maAsq, ..., myA, (TaK 9TO B
Touke A; moMereHa Macca mi), ecan My %12 + mﬁz? + ...+ m, ﬁn? =
122. /lokaxwuTe, 4TO MEHTP MACC CHCTEMBI TOYEK €NHCTBEHEH.

123. (Teopema o epynnuposke) Ilycth nana cuctema Todek my Ay, maAs, ..., my Ay, nnycts C' — eHTD Macce
nepebix k Todek. Torma cucrema (my + ma + ...+ my)C, mpy1Ak41, ..., Mp Ay IMeeT TOT XKe UEHTD Macc,
YTO U HePBOHAYAJLHAA CUCTEMA.

124. B xaxAyio BepIInHY NTPaBUILHOTO N-YTOMALHUKA TOMECTUIN €IUHUIHYIO Maccy. ['me HaxoamTca MeHTP
MAaccC MOMYIUBIIERCHT CHCTEMBI TOYEK?

125. CropoHbl TpeyroJbHUKA paBHBL @, b 1 ¢. Kaxme Macchl HEOOXOQMMO TIOMECTUTH B €0 BEPIINHBI, 9TOOHI
[EHTP MacC OKA3aJjCsi B TOYKe TepeceveHnss OUCCEKTPUC?

126. Kaxwue Macchl HyX)HO HOMECTHTH B TPHU BEPIINHBI MapajieforpaMMa, 9To0h UX MEeHTP MACC OKa3aicsa B
9eTBEPTON BEPIINHE?

127. OTHollleHWe AJWH OCHOBAHWMU TpAaNelnn PaBHO ¢. Kaxme Macchl HYKHO MOMECTHTH B TPH BEPIINHBI
Tpamennu, ITOOH UX MEHTP MacC OKA3aJjcs B Y€TBEPTOU BEPIIHHE?
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128. Ha miockoctu gan Tpeyroabink ABC uw Ttouxa M. WzsecTHbl miomann TpeyroabaoB ABM, BCM u
CAM. Kakune mMaccel HyX)HO oMecTuTh B To9kn A, B n C'| 9T00H UX IEeHTP Macc okazajcsa B Touke M7

Onpegenenune. ['oBopAT, 9T0 npeobpazoBaHiie MIOCKOCTH COXPAHAET MEHTP MAcC, eClAHu Ui JIOOOU CHCTEMEI
MaTepHalbHLIX TodeK m1 Ay, maAs, ..., mpyA, o6paz 7’ nx menTpa Macc 7 ABIACTCA HEHTPOM MAaCC CHCTEMBI
Todek my Ay, mo Ay, ... m, Al

129. /lokaxuTe, 4TO ABHKEHUSA M MOJOOUA COXPAHAOT IIEHTP MAacc.

130. [okaxuTe, 9TO Mpeobpa3oBaHme, COXpaHAOIIee MEHTP MAacc, MPAMBIE TTEPEBOIUT B MPAMBIE, MPUIEM
napaJiieJbHble — B NapaJicdbHble, TOYKN MepecedeHnsa — B TOYKM IepecedcHN.

Onpegenenune. Crucamuem K npsamoit | ¢ Koa%%_)ﬂuﬂeHTOM k # 0 HasbBaeTCA TpeobpasoBaHie, COMOCTABIAIO-

el 1
mee Kax ol Touke M Takyio Touxy M’, 9To =k ~ﬁﬁ, rie O — ocCHOBaHWe NEPIEHINKYIAPa, OMyIIEHHOT O

u3 M ua l.
131. [okaxuTe, 4TO CKaThE K HPAMON COXpaHAeT HEHTP Macc.

132. [okaxuTe, 9TO MpeobpazoBaHme, COXpPaHATONIee MEHTP MAacc, COXpaHAeT OTHOIIEHNE MAPAIIeIbHBIX OT-
PE3KOB.

133. Bepno am, uTo nmpeobpazoBanue, COXPaHSIOIIee MEHTP MACC, COXPAHAET YIIBl MEX Y MPAMBIMHA?

134. [loxaxuTe, 9TO ABUXKEHHS, MOAOOUSA M C:KATUA 0O6paTUMBI, IpuYieM 06paTHbIe K HUM TaKXe ABIAIOTCS
peo6pa3oBaAHUAME, COXPAHAIOIINMA MEHTP MAaccC.

135. Jlokaxure, 9T0 A060H TPEYTOJLHAK HEKOTOPHIM Tpeo6pa3oBaHieM, COXPAHAIONIAM eHTDP MacC, MOXKHO
nepeBecTH B
a) IPAMOYTOJBHBIN PAaBHOGEAPEHHBIN CO CTOPOHOT 1; b) mpaBHABHBIN cO cTOpPOHOIM 1.

136. [lokaxwnuTe, 9T0 JIO60H TPEYTOJALHIK MOXKHO MePEBECTH B AI0G0U IPYyTol HEKOTOPLIM Mpeobpa3oBaHUEM,
COXPAHAIONINM IEeHTP MAacc.

137. [loxaxuTe, 4TO TaKoe MpeobpazoBaHne eTNHCTBEHHO.

12 wroaa. 4 genp 2 9eTHIpEX THEBKH.
PEIMEHUE 3A0AY C UCIHOJbL30BAHUEM HPEOBPASOBAHI/HU/I, COXPAHAIOIMUWX HEHTP MACC.

138. [JokaxwuTe, ITO CEPEUHBI OCHOBAHIH, TOYKH TIepECeTeHI AUaroHalel U TPOJOMKEHIT GOKOBBIX CTOPOH
TPON3BOJALHON TpAMelnn JeKaT Ha OJHOU HIPAMOIL.

139. B rpaneunun ABCD nposegenel npsavble BN||C'D uw CM||BA. 97Tu npamMble mepeceKaioT AHarOHAIN
Tpalelnn COOTBETCTBEHHO B Todkax P u ). Mokaxute, uro PQ||AD.

140. Kaxgaad cTopoHa TpeyTOAbHUKA pa3/eleHa Ha TPHU paBHBIE YacTu. Kaxmad ToUKa JeJeHUA COelWHEHA
¢ TPOTHUBOMOJOKHON BEPIIMHON TPeyroabHuKa. J[loKaxunTe, 9TO B MEPECEYEHNN 3THUX NPAMBIX TOJY9aeTCs
[MIECTUYT OJbHUK, MPUYEM €r0 JUATOHANN, COEMHSAIONINE TPOTHBOMOJOKHBIE BEPIINHEI, TIEPECEKAIOTCA B OTHON
TOYKE.

141. Touxu M, N uw K genst cropousi AB, BC, CA tpeyroabauka ABC' B oHOM U TOM XK€ OTHOIICHUH.
JlokaxuTe, 9T0 TOYKHN Tepecedennd Meanan TpeyroabankoB ABC, M N K u TpeyroabHUKa, MOMY9afOMIET OCT
npu nepecedennn npameix CM, AN nu BK, copnajgaior.

142. Touka M — cepenuna ocuoBanus AB Tpanenun ABCD. Yepes Touky P nepecevenns npambix DM u AC
MpOBe/leHa TpsAMast, TapalielbHasd OCHOBAHUAM, KOTOpas MepecekaeT nuaroHadb BD B Touxke K. [lokaxmnTe,
aro Toukn P u K genar orpesok npamon PK, oTcekaeMBIl GOKOBBIMI CTOPOHAMHI TPAIEINi, Ha TPH paBHLIE
qaCTH.

143. Ilpu mpeobpazoBaHnum, COXpAasAIOIIeM IEeHTP Macc, TpeyroabHuk ABC' mepemea B Tpeyroabaux BC'A.
Haiignre Bce HemoABUAKHBIE TOYKH 3TOT'O TPeobPazOBAHNS.

144. TlapamreroauHeika — WHCTPYMEHT, KOTOPBIM MOXKHO MPOBECTH ABe TapaJjielbHble THHIH Ha PACCTOSHUN
IPYT OT Apyra, OpHdeM OHY W3 HUX depe3 JBe 3adaHHble TOYKN. [locTpoliTe ¢ MOMOIILIO MapalIelIOdTHeNKN
a) CepenHy JaHHOT'O OTPe3Ka,;
b) mo gamuOMy oTpesky AB orpesok AC =n - AB;
¢) mo gamHOMY OoTpe3ky AB oTpesok AC = %AB.
145. [lan orpesok AB co cBoel cepennuoil. C MOMOIIBIO OGBIMHON INHENKH O3 MeJeHni depe3 TaHHYI TOYKY
M mpoBeauTe TpAMYIO, Mapalieabiyio AB.

12 wroaa. 4 genp 2 9eTHIpEX THEBKH.
KOMIOJIEKCHASA MJIOCKOCTD.

Kax oe KoMIIeKCHOE 9UCI0 0 THOZHAYHO 3aJaeTCA TTApOT BEMIECTBEHHBIX MHCE] — CBOEH AeHCTBUTEALHON U MHH-
MOU dacThio. ByjeM m306pax)aTh KOMILIEKCHOE YHCAO Ha JEKAPTOBOU IMOCKOCTH TOYKON, abCIucca KOTOPOR
paBHa JEeHCTBUTEIHLHON YaCTH, a OpAWHATA — MHUMOIL.

146. [lokaxuTe, 9TO PaJUyC-BEKTOP TOYUKN, M306paXKaloIlel CyMMY UHCENT, PaBEH CYMMe paluyC-BeKTOPOB
TOYeK, W306PaKAOIINX ClAaraeMble.

Bygem mcmoabzoBaTh Kak B3amMo3aMeHAeMble MOHATHA “KOMILIEKCHOE YHCA0”, “Todka, m306pajkaioliad >To
9ucao” U “paguyc-BeKTOP 3TOH TOUKH .

Ounpegenenne. Modyaem KOMILIEKCHOI O ducia z = a + bi HasbiBaeTcs wucao |z| = va? + b2
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147. Nzo6pasnTe HA KOMILIEKCHON TIOCKOCTH CJEAYIONINE MHOXECTBA TOYEK:

A l:=1; b { |Zf§22| 24 O34 zel d)|zedil= |t

e) ||z 2 <2 > 1; ) Im(z?) = 0; g) Im(z?) = Im(z); h)y z4+z2=4; i)z -z2=2.
148. 3ananTe, He ncroabsys Re m Im

a) CErMEHT KpyTa; b) cexTop kpyra.

Jlro6oe kKoMILtekcHOe qucio z # 0 mpegcTaBuMo B Buje |z|(cos ¢ + isin @), r'iie ¢ — HAIPaBIEHHBIN YT OJX MEXIY
MOMOKNTENbHBIM HAPABJICHNEM JI€ACTBUTEABHON OCH U PAANYC-BEKTOPOM HUHCIA Z.

Onpegenenue. Takaa ¢hopMa 3alnc KOMILIEKCHOI'O YHCAa HA3bIBACTCH MPUZOHOMEMPUUECKOTL.
Onpegenenne. YToll ¢ HA3BIBACTCA ap2yMeHMOM Gucaa 2 (0603HATAETCH arg z).

Onpeaenenne. ApryMmeHT u3 npoMexyTka [0, 27) HA3BIBAECTCA 24a6HblM apeymenmon (obozHaTaeTCa Arg z).
149. Tlyctb 21 = |z1|(cos ¢y + isin ), 22 = |z2|(cos w2 + isin ¢2).

HokaxuTe, 970 TorAa 21 - 22 = |z1] - |22](cos(p1 + @2) + isin(p1 + ¢2)).

150. Tlycmb 21 = |z1|(cos ¢y + isin ), 22 = |z2|(cos a2 + isin ¢2).

21— |Zl|

Noxaxnre, aro Torga 2 =1 (cos(p1 &2) + isin(pr Sp2)).

151. (Popmyaa Myaspa) Joxkaxure, 9T0 AId JIOGOTO MEAOTO N BEPHO PABEHCTBO:

z" = |z]" (cos ng + isin nep).

152. BeramcanTsb: 100 17
a) ( 5+ 1% : b) (%5 + 3 :
153. UszBecTHO, 9TO cos @ = ¢, sin a = 5. BelpasuTe 4Yepes ¢ n s 3HaYeHNA
a) cos3a;  b) sin3a; c) cosba;  d) sinba.
154. HafiTu Bce KOMILIEKCTHBIE 9HCIa 2, yI0BIeTBOpAme yeiaosmo z = /1. Haignre ux cymmy. Jokaxure,
9TO IEHTP Macc MPaBUJILHOT O N-yTOJLHIKA COBIAAAET C MEHTPOM ONMCAHHON BOKPYT HErO OKPYXKHOCTH.

155. Haiianre kopHu MHOTOWIeHa 27 + 2”7~ 4+ ... 4+ 2 + 1.

14 mrosra. 1 geHb 3 9eTHIpeXJHEBKH.
IIPUMEHEHUE KOMIJIEKCHBIX YIICEJ.

156. Hangure:

DX M W EErD QOO OO
157. Hafl;[_HTe )

() + (3) + (8) +

(1) + (5) + (6) +

() + () + () +
() + () + )+

(YKaazaHHe WIINTE BCE YeThIpe CyMMBI O HOBPEMEHHO. )

158. /l1a faHHOTO HATYpalbHOTO k HallWTe B 3aBHCHMOCTH OT N:
(0) + (o) + () +---
(Tf) + (1ik) + (1-;121«) +

n n n
(o2 1) + (eyan) + (s o) + -
159. Jlokaxure, 94TO A JIOOBIX MBYX KOMILIEKCHBIX YHCed zq U 3 BEPHO, 9TO |21 + 29| < |21] + |22].
160. Haiianre MakcHMalbHOE I MUHIMAJIbHOE 3HadeHne |z|, ecan |z + L1 = 1.

161. /lanbl Tpu KOMILIEKCHBIX 9HCIA 21, 22 U z3. HalgnTe Bce Takme Yucaa z4, 9TOOHI MOMY IUBITHECH Y€ THIPE
TOYKHN OBLIN BEPIIMHAMH TTapaJiiejor paMMa.

162. Borancanre:

a) (1+1)% b)) B8 ) (cosToisinD)*;  d) (L+itg10)2% o) (tg17° + )20
163. IlepeBeauTe B TPUTOHOMETPUHECKYIO HOPMY:

x e e
&3(cos § + isin §); (sin % 4+ icos §).

164. /lano xoMmmIexcHoe 4mcio z. IlocTpoiiTe Takoll MHOIOWIEH ¢ NeHCTBHTEILHEIME KodpUuInenTaMu, 11

KOTOPOT'O 2 ABIAIOCH OB KOPHEM.

165. JoxaxuTe, 9TO CyMeCTBYeT Takol MHOTO4UIeH P () ¢ ueabivMn xkoddduumenTamu, 910 P(cos o) = cos na.

166. l2BecTHO, 9TO @ — yroi, PaBHHIN [eJOMY HHCIY Ipagyco, mpudeM (a,30) = 1. JlokaxmnTe, 9T0 cos o —
HPPAIHOHAIBHOE THUCIO.

167. BrramcanTe:  co —|— cos X —|— cos 47”
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14 mrosra. 1 geHb 3 9eTHIpeXJHEBKH.
IL1oma g n IIPEOBPA30BAHNISA, COXPAHAIOININE DEHTP MACC.

168. Ilpu Bcex Buax ABUKEHHN, TOMOTETHH U MONO6HN COXPAHAETCS OTHOIIEHNE TIOMA el PUryp.

169. /lokaxuTe, 9TO NPH CKATHA K TIPAMON ¢ KobpuIneRToM k TIoma g
a) TpeyroJbHHKa, OMHA CTOPOHA KOTOPOTO MapalelbHa MPAMON CKATHA & APYTasd TMepleH TUKYIAPHA;
b) TpeyroapHUKa, OHA W3 CTOPOH KOTOPOTO MAPAJNICAbHA TPAMON CHKATHA;
C) MPOM3BOALHOTO TPEYTONBHUKA;
d) mo6oro MHOTOYT OTbHIKA
usMmenseTcs B |k| pas.

170. [lokaxmuTe, 9TO U3 MeNaH MPON3BOJBHOIO TPEYTOJBHUKA MOXKHO MOCTPOUTH TPEYTOAbHUK. BbIpasuTe
€ro IUIOIAIE MePe3 IO Ib NCXOTHOTO TPEYT OJbHIUKA.

171. B mnapaanerorpamme ABC'D upsamas, napamieabias AB, nepecekaer cropony BC' um gmaromass AC
cooTBeTcTBeHHO B Todkax N m K. [lokaxnte, aTo Tpeyroabunku ADK nw ABN paBHOBEIUKH.

172. BuyTpu mapajiejorpaMma B3sgTa MpON3BOAbHAsS To4uka M U coelnHeHa CO BCEMU BEPIIMHAME MAPAJLIETO-
rpamma. Ilpm 5ToM 06pazoBagoCh 9eTHIpe TpeyTroabHuKa. [loKaX)nTe, ITO CYMMBI TIIOMIAEH TTPOTHBOIOIOXK-
HBIX TPEYTOJIBHUKOB DaBHHI.

173. Hacroponax AB, BC u C A Tpeyroabanka ABC' Bri6panbl cooTBeTcTBeHHO TOUKE M, N | P 1 mOCTpOeHBI
cuMMeTpuanble uM Todkn M, N/ m P’ oTHOCHTENLHO cepefiH 5THX CTOPOH cOOTBeTCTBeHHO. /lokaxuTe, 9TO
Tpeyroapuankn MNP u M'N'P’ paBHOBenKn.

174. [Man Tpeyroavank ABC. Haianre reomerpudeckoe MecTo ToYeK M Takmx, ITO IIOIIA [T TPEYT OJBHIKOB

ABM, CBM u ACM paBHEL.

14 mrosra. 1 geHb 3 9eTHIpeXJHEBKH.
ADDUHHBIE IPEOBPA3OBAHNA.

Onpegenenne. [IpeobpazoBanne IOCKOCTH Ha3bIBaeTCs afPurnvia, ecan nis qiobeix Tpex Tovek A, B u C

JeXalnX Ha OJHOU MPAMOI, OHO COXPaHAET CBOMCTBO “JeXKaTh MEXAY U OTHOIIECHHE OTPE3KOB %.

175. JokaxwuTe, 9T0 Mpeobpa3zoBaHud, COXPAHAIONINE MEHTP MACC, ABAAIOTCA apOUHHBIMIE.

176. Jokaxwure, 9To aduHHBE TPpeobpa3OBaHNUA COXPAHAIOT IEHTD MacC.

177. Hanmw Tpeyroabaukun ABC n A’ B'C’. Tlycth Touka M TakoBa, 9TO a8 + bIC = T PaccmoTpum

npeobpazoBaHie, COXpaHAIOIee EHTp Macc, KOTopoe nepeBoanT Tpeyrogbink ABC B Tpeyroabauk A’ B'C’.
1 1 1

Tokaxure, uTo ana obpasa M’ Touku M copaBefiuBo, 4TO a +bA'C" =AM’

178. Nlanbt Tpeyroavuukn ABC uw A’B'C’. PaccMoTpum Hpeo6ga30BaHHe, COTIOCTABJAIIEE KAXK O TOTKe

M Taxoi, 4To aﬁ + b% = ﬁ, Takyto Touky M’ uro a

npeobpa3oBaHue COXpaHAeT IEHTP Macc.

1 1 1
+ bA = A'M’". oxaxwuTe, 9TO TaKoe

15 nrosta. 2 geHb 3 9eTHIPpEXTHEBKH.
FEOMETPUYECKUN PA3HOBOI.

179. B tpeyroabuuke ABC' npoBeaensr BoicoTel AM uw C'N. JlokaxuTe, ITO CepeIMHHBIN TEPIEHIUKYIAD K
otpesky M N peaut cropony AC' momomam.

180. Ha croponax AB u AC npaBmabsuoro Tpeyroabanka ABC B3sTel Toukn F u F Tak, uto BE = AF.
[ycte O — Touka nepecevennss BF u C'E. Haiaure Beanwnny yriaa FOF.

181. Ha maocxoctu ganer Tpeyroaunk ABC u Takme Touku D u E, ato LZADB = ZBEC = 90°. [lokaxure,
9TO JaamHa oTpe3ka DE He mpeBocxoanT moaylepuMeTpa Tpeyroabhnka ABC'.

182. OxpyxuocTnu pagmycoB 1, 2 n 3 kacaloTcs Apyr Apyra BHemHuM o6pazoM. Halanre pagnyc oKpyKHOCTH,
MPOXOIAIIEN Yepe3 UX TOUYKU KACAHUS.

183. /maroHaauw pazbuBaioT BBIMYKJALIH YeTBIPEXYTOJIBHUK Ha YeTHIpE TPEyTOAbHUKA PABHOT'O MEPUMeTpA.
[lokaxuTe, 9T0 3TOT YETHPEXYTOILHIK — POMO.

184. I3 TpeyroabHUKOB C JaHHBIM yTJOM  Npu Bepuimde A m naHHOU aiwHOU cTopolbl BC' BEIGpPaTh Tpe-
YTOMBHUK ¢ HAUOOMBIITAM PaJUyCOM BIUCAHHOW OKPYKHOCTH.

185. J[lokaxure, 9TO TOYKN, CHMMETPUIHBIE TIEHTDPY ONUCAHHOTO OKOJO TPEYTOJbHUKA KPYyTa OTHOCHTEALHO
cepeuH ero MefuaH, JeKaT Ha BBICOTaX TPEYroJbHUKA.

186. Otrpesku AB u C'D — gmameTph ogaou oKpyxHOCTH. W3 Toukm M 3Toll OKPYXKHOCTH OMYyIIEHBI MEPIIEH-
nukyaspel M P u M Q) na npsavele AB uw C'D. JlokaxunTe, 9T0 ganHa oTpeska P() He 3aBUCHT OT MOJOKEHUA
Toukm M.

15 nrosta. 2 geHb 3 9eTHIPpEXTHEBKH.
I'EOMETPUYECKIUE NMPUJIOYKEHIA KOMIJEKCHBIX YIICEJ.

187. Ha miockocTn gaH MpaBUABHBEIA N-YTOMBHIUK C BepiinHaMu A1, . . ., A, , BONCAHHBIN B OKPYKHOCTb panyca
n

1. Haiianre npousBegenue [] |41 A;].
1=2
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188. Ha miockoctu mambl Touka M u TpaBUABHBIA n-YUOJBHUK ¢ BepinmHamu Aj, ..., A,, BIONCAHHBIN B

n
OKpyX)HOCTE pammyca 1. Haiiaure npoussenenne [ |M A;].

i=1
189. Kak BRINIAANT 3amuch Mpeobpa3oBaHia KOMILIEKCHON TIJIOCKOCTH, 3aJafolIero Tapalle bHEIN TTepeHoc Ha
BEKTOP, COOTBETCTBYIOIINI THCIY 2o

190. Kak BBRITIAAUAT 3alMWCh TOBOPOTA HA YTOI ¢ BOKPYT
a) Hyad; b) mponsBoABHON TOYKH zy?

191. Kak BBITVISIANT 3alUCh OCEBOW CHMMETPHU OTHOCUTENBHO
a) BEIIECTBEHHON OCH; b) mpomsBoabHON ocu?

192. [Tokaxure, 9To 060 ABUNKEHUE KOMILIEKCHON IIOCKOCTH 3ajaeTca OJHON M3 ABYX (hyHKITHI
a) f(z) = 212+ z0; b) f(2) = 217 + 0.
Kakue ycroBusa Heo6x0JUMO HAJIOXKUTEL Ha IHapaMeTphl 2o U z1, YTOOLI yKazaHHble (PYHKIUN 3a]aBall
a) TIPOM3BOJBHOE NBHKEHNE; b) mapasnenbHbIN TEpeHoc; c) moBopoT;
d) oceByro cumMmeTpHIO; €) CKOMB3AUYIO CHMMETPHIO?
BrlpasuTe 4epes zg U zq JJA COOTBETCTBYIONMX JABUKCHUNA BEKTOp IIepeHoca, yroJ IoBopoTa, HeHTp IoBOpOTa,
0Ch CUMMETPHU.

193. Korga Touxn 21, 22 U z3 ABAAIOTCA BEPIINHAME MPABIIBHOTO TPEYT OMIBHIKAT
194. Korga TouKnm 21, 22, 23 U Z4 ABIAAIOTCA BEPIINHAMN KBaapaTa’

Or[pe,quIeHIzIe. Hpocmbm omHoweruem Tpex To49eK, 3aJaHHbIX Ha KOMILTEKCHOHI IJIOCKOCTH YHCAAMU 21, %2 1

23, HA3BIBAETCA THCTO (21, 29, 23) = 22222,
27— <3

195. TokaxuTe, 9TO TOUKH z1, 22 W Z3 JeKAT HA OJHON IPAMOH TOTJa I TOJIBKO TOT Aa, Koraa (21, 22, 23) € K.
196. [an mpsaMoyroJbHBIN paBHOGenpeHHBIN TpeyroabHuk ABC' ¢ mpsMbiM yraom npu Bepmmbe (', mputdeM
AB = 2. Touka D TakoBa, uto C'D = 1 u C mexut BHyTpu Tpeyroabauka ABD. Towyka K Takoa, 49TO
KC 1L AD uw KC = AD. Touka M Taxosa, wto MC 1L BD u MC = BD. [lokaxwute, wro Touku K, D u M
JeXaT Ha OJHOW MPAMOM.

197. /TokaxXuTe, 9TO YeThIpe TOIKH 21, 22, 23 U Z4 JeXKaT Ha ONHON OKPYKHOCTH HJIN Ha ONHOH IPAMON TOr 1a
U TOMBKO TOT 14, Koraa (21, 22, 23) © (21, 72, 24) € R.

16 nurosra. 3 geHb 3 YeTHIPpEXTHEBKH.
OTHOWEHNA U DKBUBAJEHTHOCTD.

Onpegenenume. Omuouienue MeX Ty TBYMs OOBEKTAMI — 3TO HEKOTOPOE CBOUCTBO, KOTOPHIM 3Ta mapa 06b-
€KTOB MOXKeT GLIThH CBA3aHA.

3ameqdanmne. I[Ipumepsvt omuowenuti. “cmya cmoum 3a napmoi”, “dea ueaosexa — podcmeennuru”, “odno
qucAo menvue dpyzoeo”, “dea yuenura yuamcsa 6 odnom waacce”. . .

198. B ropoje HekoTOpbIE JIOAN ApyXKaT Mex Ay coboil. Ilpu »ToM m3BecTHO, 9TO A JIOOHIX Jiogen A, B u
C

a) A cam ceGe apyr;

b) ecam A npyxut ¢ B, To B apyxut ¢ A;

c) ecim A gpyxut ¢ B, u B apyxut ¢ C', 7o A apyxut ¢ C.
JlokaxuTe, 9TO BCe JIOJN B TOPO/Ie pa3buBalTCs HAa KOMIIAHWN, TPUYeM JO0BIe MBa HeJOBeKa M3 OJHOU KOM-
MaHWN APYXKAT MeX Ay cobol, a HUKaKWe IOl W3 PAa3HbIX KOMIIAHUU He MpyXkKaT.

Onpegenenune. [lycTh Ha HEKOTOPOM MHOKECTBE 3aaHO OTHOIIEHNE ~ , TIPUYeM s JI00EIX daemenTos A, B, C'
5TOr'0 MHOXKECTBA, BEPHO!

a) A~ A;

b) ecint A ~ B, To B ~ A;

c)ecim A~ B,uB~C,10A~C.
Takoe OTHOIICHHE HA3LIBACTCA OMHOUEHUCM DKEUCAACHMHOCTU.
199. [lokaxuTe, 9TO eCIM Ha MHOXKECTBE 3a1aHO OTHOLICHHE SKBHBAJCHTHOCTH, TO 3TO MHOXECTBO pa3buBa-
eTcA Ha HellepeceKalompect KIacChl SKBHBAJCHTHBIX MKy cOGOM 3JeMEeHTOB.

200. PaccMOTpHM MHOXeCTBO map Hedbix wmcend (a,b), rge b # 0, u BBeeM Ha HeM TaKoe OTHOIIECHHE:
(a,b) ~ (¢,d) < ad = be. TlokaxuTe, 9T0 5TO OTHOIIEHHE SKBHBATCHTHOCTH.

Kax npiil 3 KiaccoB 5KBUBAJCHTHOCTH, Ha KOTOPbIe pazbuBaeTCA MHOKECTBO Hap, COOTBETCTBYET HEKOTOPOMY
pAlMOHATBHOMY YHCTY.

16 nurosra. 3 geHb 3 YeTHIPpEXTHEBKH.
KJACCBI BLIYETOB 110 MOIYJIIO OEJBIX YUCEJI.

201. IlycTh n — puKCHpOBaHHOE HATYpAIbHOE YHCIO. PacCMOTPHM Ha MHOXKECTBE MEAbIX YHCeT TaKoe OTHO-
wenne: ¢ ~ b < (a <b) * n. JlokaxnTe, 9T0 5TO OTHOIIEHHE SKBHBAJCHTHOCTI.

Onpegenenue. MHOXKeCTBO TeJbIX WHCEN, DKBUBAJEHTHHIX B CMBICTE BBeAeHHOTO B 3amate 201 oTHOIIeHNs,
HA3bIBACTCA KAACCOM WU 8bIUNEMOM TIO MOIYJIIO 7.

202. BordeThl MOXHO YMHOXKATE U CKJAATHIBATE. JIerKo MOHATH, KaK UX BEIYATATL. A 9T0 O3HAYaeT “pa3feinTh
OJUH KJacc Ha apyron” ?



Marematuxa. Marepunaasr 9 knacca. O6bIYHBIE TDYIIITEL 11

Beerjga an paspemmmo cpasHerne ax = b (mod n) oTHOCHTENBHO X7

3amedanue. Bce onepayuu Had KAACCAMU CE00AMCA K COOMEEMCMEYIOUWUM ONEPAYUAM HAD nNpedcmasu-
MEAAMU U NOUCKOM Kaacca pesyavmama. Ilpu smom pesyavmam om ewvlbopa npedcmasumedcti He 3a6ucum
(nouemy?).

203. [lokaxmuTe, 9TO ypaBHEHHE ¢ - ¥ = | MMeeT pellleHHe B KJaccaX II0 MOIYJIO 1 TOTAa H TOJBLKO TOLJA,
Korga (a,n) = 1.

204. [loxkaxkuTe, 9TO €CIH ABa HEHYJAEBLIX KJIacca II0 MOIYJIO N B IPOM3BEICHHH JalOT HYJeBOH KaIacc, TO
KaxKJbI1 M3 HIX HEOOpaTHM.

205. JlokaxuTe, 9TO eCau y KJacca CYyIIeCTBYeT OOPATHBIN, TO OH €INHCTBEHEH.
206. Kakmne kaacchl MO IPOCTOMY MOIYJIIO ABAAIOTCA OOPATHBEIMI caMu cebe?
207. (Teopema Buavcora) Joxaxure, 9T0 ecim p — npoctoe, To (p<1)! = <l (mod p).

208. Tlycts (n,m) =1, a u b pukcuposanbl. Kak yeTpoeHO MHOXKECTBO HHCE] & Takux, 9To # = a (mod n) n
omHOBpeMeHHO & = b (mod m)? JlokaxkuTe, 9T0 XOTA Gbl OTHO TAKOE HHCIO CYIIECTBYET.

209. (Kumadckas meopema 06 ocmamkazr) Ilycrs HaTypanbHele dncaa n; (1 < ¢ < k) momapHo B3amMHO
npocthl. [lokaxuTe, 9TO CHCTeMa CpaBHEHUH

z=a; (mod nq)
z = as (mod ns)

IMeeT eJMHCTBEHHOEe PEeIleHne 110 MOAYIIO NNy . . . 7Ny,
3ameuanue. [lepeceuenue KAACCOE NO 63AUMHO NPOCMBIM MOOYAAM AGAAEMCA KAACCOM NO MOOYA NPOUIEE-
denua.

16 nurosra. 3 geHb 3 YeTHIPpEXTHEBKH.
NHBEPCHUA 1 EE CBOICTBA.

210. Kaxjgas uz 9eTBHIpeX OKPYXKHOCTEHR KacaeTcsi BHEITHIM 06pa3zoM AByX Apyrux. [lokaxmTe, 9TO 3TH TOYKH
KacaHUs JeXaT Ha OJHOW OKPYKHOCTH.

Onpepgenenune. Husepcus c meHTpoM B Touke O n pagumycoM R — 3To mpeoGpa3oBaHme TIOCKOCTH, TEHCTBYIO-
mee Mo cieAylmeMy MpaBuay: 9ToOb HalTu obpas A’ Toukm A, mposejgem ayd OA um oTIOXKUM Ha HEM OTPE3OK

_ R?
oA =E.

211. IlycTh mpm muBepcum ¢ meHTpoM B Todke (O Todka A mepexoauT B Touky A’) a Touka B — B Touky B’'.
HoxkaxnTe, aTro AOAB ~ AOB'A’.
212. HaianTe HemoABMKHBIE TOYKH MPEOOGPa3OBaHUA MHBEPCH.
213. [loxkaxwnTe, 9TO pa3aAndHble TOYKW WHBEPCHA TEPEBOMUT B Pa3JuvHBIE.
214. Hangure o6pas npu WHBEPCHR
a) IpAMOIl, mpoxoduiell depes uenTp O;
6) mpAMOIl, He Tpoxoasiel depes 1neHTp O]
B) OKPYXKHOCTH, TTpOXOAdIel depe3 mneHTp O;
') OKPYXKHOCTH, He IPOXOAAlIel depes neHTp O
215. BepHo Jam, 9TO IpU WHBEPCHH HMEHTP OKPYAKHOCTH MEPEXOJAUT B IMEeHTP ee oGpasza’
216. IlocTponTe o6pas Npu WHBEPCHH TPABUILHOTO TPEyTOAbHIKA,
a) BIWCAHHOTO B OKPYJKHOCTE MHBEPCHT;
b) ommcaHHOT O OKOTIO OKPYKHOCTH WHBEPCH.

217. [loxkaxwnuTe, 9TO PN WHBEPCUN KAcCAIOMINeCA TMPAMBIE W OKPYAKHOCTH MEPEXONAT B Kacalolnecsd MpAMbBIe 1
OKPY2KHOCTH.

218. PemmTe 3amady 210 ¢ moMOMIBIO WHBEPCHUH.

17 urosra. 4 geHb 3 9eTHIPpEX.THEBKH.
KJACCHI BLIYETOB O MOAYJIO MHOTOYWIEHOB.

219. Ilycrs f(z) — pUKCHPOBAHHBI MHOTOWIEH. PaccMOTpIM Ha MHOXKECTBE MHOTOYJICHOB OT NMEPEMEHHON &
Takoe oTHOIeHNE: a(x) ~ b(x) & (a(z) <b(x)) * f(x). JokaxuTe, 9T0 5TO OTHOIIEHHE SKBUBATCHTHOCTH.

Omnpegenenne. MHOXKECTBO MHOTOWIEHOB, SKBUBAJEHTHLIX B CMBICIE BBeJIeHHOTO B 3anade 219 oTHoIIeHUA,
HA3BIBAETCA KAACCOM WIH 8LMEMOM TIO MOgy 0 f(2).
220. Kak ycTpoeHBI KJaacChl MO MOJAYJAI0 MHOTOYJIEHA
a) 23, b) " &1; c) #? +x+17
221. HafinuTe o6paTHBI K KIaccy & + 2 B KIAcCax MO MOIYJIIO MHOTOWIeHA 22 + & + 1.

222. CymecTByeT JH o6paTHLI K KIaccy 2 + x + 1 B KIaccax IO MOZYIIO MHOTOWICHA L° <> 1.

3amedanme. Paboma ¢ MHOZOUAEHAMU 60 MHOZOM NOTONCA HA PABOMY € YEABIMU YUCAAMU: U Mme, u dpyaue
MOJCHO CRAAIBIBAMb, YMHONCAMb, deaumb ¢ ocmamkon; aszopumm Bexauda noucka HOJ dasa uucea u das
MHO20UACHOE aBCOAOMHO OJUHAKOS.
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Anaaozuuno, 6ce onepayuu Had KAACCAMU CEO0AMCA K COOMEEMCMBYIOUUM ONEPAYUAM HAD NPEIcMasumesanu
U nouckoMm Kaacca pezyavmama. Ilpu smom pesyavmam om sewvibopa npedemasumedeti He zasucum (novemy?).
Odnako, 6 cumyayuu ¢ Yeabtm YUCAAMU NOAYUAEMCA KOHEUHOE YUCAO GBINEMNOE, d OAf MHOZOUAEHOE MO HE
mak.

223. JlokaxuTe, 9TO B M0O0OM KJIacce MO MOAYJIIO MHOTOWIEHA CYIIECTBYET MHOTOY/IEH HAMMEHBIIEH CTEIeHN,
MpUYeM eJUHCTBEHHBIN. 1TO 3TO 3a MHOTO4IEH?

Omnpegenerne. MuoOTowIeH HAZBIBACTCA HENPUEOJUMbLM, €CIH OH He PACKJIAJBIBACTCA B IPOU3BEJEHIE MHOTO-
“JIEHOB MEHBIINX CTETEHEN.

Sameuanume. Henpusodumvie MHO20UACHBL AGAAIOMCA AHAAO2AMU NPOCTIBIT YUCEA.

224. JlokaxuTe, 9TO B KJIaccaxX MO MOYJK HETPHUBOJUMOTO MHOT OIeHa JIO60N HEHYIEBON KJIAcC OOPaTHM.

225. Tlycrs (f(z),9(x)) = 1, a(x) n b(x) dukcupopanbl. Kak ycTpoeHO MHOXKECTBO MHOTOUIeHOB P () Taknx,
gro P(z) = a(x) (mod f(x)) u ogHoBpemento P(x) = b(x) (mod g(x))? HokaxuTe, 9To X0TA OBl OJNH TAKOH
MHOTOYJIEH CYIeCTBYET.

226. (Kumatickas meopema 06 ocmamrazr) Ilycts Mmuorounensl fi(z) (1 <@ < k) momapHo B3aHMHO IPOCTHL.
JlokaknuTe, 9TO CHCTEeMa, CpaBHEHHIT

e
=
[

= ay(z) (mod fi(z))
= as(z) (mod fa(x))

P(z) = ap(x) (mod fx(z))

HMeeT eJNHCTBEHHOE pellieHne 1o Moayao fi(x)fa(x) ... fx(x).

227. PaccMOTpHM K.IaccHl IO MOTYIIO MHOTOWIeHa 22 4 1. JlokaxXnTe, 9T0 3TO MHOXKECTBO YCTPOeHa TakK Ke,
KaK KOMILTEKCHBIE 9rc/a (B CMbICHe ONepannil Haj SJIeMeHTaMH).

17 urosra. 4 geHb 3 9eTHIPpEX.THEBKH.
MATBOIL.

228. Yucaa 1, 2, 3, ..., 101 pacnonoxkeHbl B pAJ B KaKOM-TO TopAake. /lokaxnTe, 9TO W3 3TOTO PAJa BCeraa
MOXKHO BHIYEPKHYTH 90 dmMcesn Tak, YTO OCTABIINECA PACMOJOXKEHBHI B MOPSAIKE BO3PACTAHWA WIHW B TOPSTKE
yOBIBaHNIA.

229. [okaxuTe, 9TO MIAXMATHYIO TOCKY pasMepoM 4 X n (IpH NPOM3BOIBLHOM 1) Helb3sg OGOHTH XOJ0M
IaXMaTHOT O KOHA, MO6BIBaB Ha KaXJOM IOoJe POBHO OJNH pa3 M BePHYBIINCHh HA MCXOTHYIO KICTKY.

230. B rataune N X N, 3al0JHEHHON 9HCIaMI, BCe CTPOKN PA3IUIHBL (1Be CTPOKN HAZBIBAIOTCA Da3IHIHBIMIA,
eCan OHM OTINYAIOTCA XOTA OBl B OJHOM dieMeHTe). JloKaknTe, 9TO U3 TabAHIBEl MOXKHO BEIYE€DKHYTH OJHH
cToabel Tak, ITO B OCTABIIENCS TabanIle OMATE BCe CTPOKN OYAYT Pa3IM<IHH.

231. Ha xakoe KoJum¥ecTBO HYyJell MOXKeT OKaHUMBAThbCA dncio Buga 1" + 27 4+ 3™ 4+ 4" npu HaTypadbHBIX 17
(HafiguTe BCe BOBMOXKHBIE OTBETHI).

232. 3HadeHme TpexwieHa ar’ + bx + ¢ IPU BCeX IENHIX & ABIAETCA UeTBEPTOH CTENeHBLIO MeJOro UHCIA.
llokaxmuTe, wTo Torga ¢ = b = 0.

233. Ha rope 1001 crynenbka, Ha HEKOTOPHIX W3 HUX JEXHAT 10 ofHOMY Kamuio. Cusud GepeT ;10001 KaMeHb
I TEPEHOCHT €0 Ha GIIKANIIYIO CBEPXY CBOGOTHYIO CTYIEHBKY (€CiH clefyoas cTyneHbKa cBOGOHa, TO Ha
Hee, a eclN OHAa 3aHATA, TO Ha HECKOMBKO CTYIIEHEK BBEPX M0 MepBoll cBoGogHOM). [Tocae sToro Anjg ckareiBaeT
Ha OJHY CTYIEHBKY BHHU2 JIOOOU KaMeHb, CTYIeHbKa Mo KOTOphiM cBobonaa. Kamuenn 500 u mepBoHadaabHO
onm JexaT Ha HUKHNX H00 crymenbkax. Cuzud u Aug gericTByioT no odepenn, HadunnaeT Cuznd. Heas Cuzuda
MOMOKNTH KAMEHb Ha BEPXHIOK CTyneHbKY. MoxeT au Amg momemaTrs eMy?

234. B ocTpoyroabHoM Tpeyroabanke ABC yrox A paserm 60°. [JoxazaTh, 9TO 6HCCEKTpICA OJHOTO M3
yIJI0B, 06pazoBaHHOT'O BHICOTAMN, TPOBEAeHHBIME u3 BepmmH B u (', mpoxoauT depes meHTp () OMHCAHHON
OKPYKHOCTH TPEYTOJBHIKA.

235. Ha maockocTn gaH HEKOTOPBIN mapadaeaorpamm, Todka M u mpsmas | C moMombio oJHOU JTHHENKH
mpoBecTH ¥Yepe3 TOUKy M IpAMYI0, TapalIelbHy 0 TPAMOi /.

19 mrosra. 1 geHb 4 9eTHIpeXTHEBKH.
DYHKIUA DUJIEPA.

236. IlycTh n — HaTypaJdbHOEe YHUCIO, @ — OOPATUMBIN KJaacc Mo MOy n. JlokaxnTe, 9TO CYIIECTBYET TaKOe
HaTypaabHOe dncao [, ato @ = T.

237. Ilycts 0, 1,..., n <1 — MHOXKeCTBO BceX KJaaccoB mo Moayaio n. [lokaxwnTe, ¥To Habop kaaccos ( - @,
1-@,...,n&1-acoBnagaeT ¢ UCXOTHBIM.

238. IlycThb ¢4, C3,..., €5 — MHOKECTBO BCEX PA3JUYIHBIX 0OPATUMBIX KJIACCOB TTO MOAyAo n. [lokaxkuTe, 9TO
nabop KJaccoB €1 - @, €2 - d, ..., Cs - & COBTAMAET C MCXOTHBIM.

239. [lokaxure, 9To ecan (a,n) = 1, a § — KOAUIECTBO B3aHMHO IPOCTHIX ¢ 1 KaaccoB, To ¢® = 1 (mod n).

Onpeaenenne. KomutiecTBo 4uces, B3aHMHO IPOCTHIX ¢ 7 I MEHBIINX €ro, 0603HadaeTcA ¢(n). DTa QyHKINA
HaspiBaeTcss Pyrkyuet Iaepa.
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240. Haitaure:
a) 9(2); D) o) Jel);  d) @)
rje p — IpocToe, a k — HATypaJbHOE.
241. [JoxaxwuTe, 9TO ecad N U k B3aWMHO MPOCTHI, d — KJIacC MO MOIYJII0 N, To Habop a, a—i——k, a+ 2k, ...
a + (n <1)k ncdaepnbiBaeT MHOXKECTBO BCEX KIACCOB MO MOYIIIO .

242. JlokaXuTe, 9T0 €CIN M W 1 B3aHMHO TPOCTHL, TO ¢(nm) = ¢(n) - ¢(m).

k

s — pas3jJoxkeHnne Iuciaa n Ha mpoCThble MHOXKUTEIN. BpraBI/ITe 3Ha4YeHUe QD(TL) qepes

k
243. Ilyctb n = 101110112€2 ..
nup;.
244. (Dopmyasa sxarouenut u uckawouenutd) Pacemorpum N HeKOTOpHIX 00bekToB. IlycTh ecTh Kakme-To k
CBOHCTB Qf, . . ., O, KOTOPBLIMI MOTYT 06/1a1aTh HIH He 061aJaTh paccMaTpuBaeMble 00bekTE. OGo3HAYNM 3a
N(ag, oo @y, - Q) (tae 1< iy <k, s # 4 mpu s # ) KoamdecTBo 06beKTOB, 0614 JalOIIIX CBOICTBAaMM
@iy, ..., Q) U HE O6IaJAIOMMX CBOHCTBAMI vy, - . -, Oy, -

k
Hoxaxure, aTo N (a7 ... @) = N &5 N(ai) + o N(ag i)+ ...+ (S)FN(ay ... ag).
=1 1 i1<iz k

1=

245. Toabaysch HopMyaoll BKIOUEHHN W HCKIIOYeHNH (cM. 3amady 244), HaliinTe Ipyroe pellleHHe 3ajadn

243.

19 mrosra. 1 geHb 4 9eTHIpeXTHEBKH.
TPAHCIIO3UIINN.

246. B psag xak momado crouT poTa coagar. WUm TpebyeTcs BRICTpONTHCA Mo pocTy. CMOTYT JaM OHH 3TO
cllefaTh, eCAU TMPANOPIIHK PaspeliaeT 3a OJUH Pa3 MEHATHCA MeCTaAMU TOJBKO KaKUM-HUGY AL TBYM COCETHUM
colgaTam?
247. Yucaa ot 1 go 25 BBINUCAHBI B PAJ cileBa HAPAaBO. 3a KaKoe HAaNMEHBIIEE KOMMYECTBO MEPECTAHOBOK
COCETHUX THCET MOXKHO HepecTaBUTh WX B 06pATHOM MOpPsIKe?
Onpeaenenne. HazoseM 6Gecnopadkom pacloNoXKeHHe ABYX dncesl (He 06A3aTelbHO CTOAUMKX DAJOM), NPH
KOTOPOM JIeBO€ MEHBIIe TTPaBOTO.
Onpepaenenne. Tpancnosuyueti HA3EIBACTCA TEPECTAHOBKA JBYX (He 00GA3ATENBHO CTOAIINX PANOM) BJIEMEH-
TOB.
248. [loxkaxkuTe, 9TO TPAHCIO3UINA COCEJHUX DIEMEHTOB MEHAET YeTHOCTL KOAMYeCTBa GeCIOPAIKOB.
249. Hwucaa ot 1 go 30 BeIMUCAHBI B PAJ CjAeBa HanpaBo. MOXKHO a1 WX MepecTaBATH B 06pATHOM TOPSAIKE,
ecad 3a OJIWH 1Al paspelraeTcs TMOCTABUTHL B 06PATHOM TOPS IKe

a) J0Ble TPH HHCIA; b) mro6bie deTEIpe dncaa?
250. [loxaxuTe, 9TO TPAHCIO3UIHA JIOOHIX DJIEMEHTOB MEHAET Y€THOCTH KOAMIECTBa GECOPS IKOB.
251. Puspyk BuicTpoma pebaAT B pag. Xyaurany Bace Bce HUKakK He HPABUTCA CBOE MECTO, MOITOMY KaikK ble
NATH CEKYHJ OH MEHAETCA MeCTaMU ¢ KaKUM-IU60 MKOJBHIKOM, HO TOJABKO ecu MeXAy HuM u Bacell cTonT
YeTHOE YHUCAO APYTUX AeTel. Moro au depes HEKOTOPOe BPeMs CIYIUTHCA Tak, 9TO Bee pebATa CTOAT Ha TexX
JKe MecTax, 9TO W HepBOHAavYaldbHO, a ABa BacWHBIX cocela OKa3aldnCh MepecTaBIeHbl MECTaMU !

19 mrosra. 1 geHb 4 9eTHIpeXTHEBKH.
SA,I[A‘H/I HA NHBEPCHIO.

252. TlocTpouTh OKPYKHOCTD, KACAIOMIYIOCS TPeX NaHHBIX OKPYKHOCTEN, MMEOIINX OOy TOYKY .

253. IlocTponThb OKpPYXKHOCTH, KACAIIYIOCA ABYX JAaHHBIX OKPYXKHOCTEH, IPUYeM OJHOW W3 HHUX B 3aMaHHOU
TOYKE.

254. IlocTpouTh OKPYXKHOCTH, MPOXOMSIIYIO Mepe3 MaHHYI0 TOYKY W KACAMIIYIOCH JAHHOW OKDPYXKHOCTH U
JAHHOW MPAMOM.

255. [locTpouTh OKPYIKHOCTD, TPOXOMAIIYIO 9€Pe3 MTaHHYIO TOYKY I KaCAIOUIYIOCHd [BYX TAHHBIX OKPYKHOCTEH.
256. (3adaua Anoatonus) TIocTPOUTE OKPYKHOCTD, KACAIOIIYIOCA TPEX NAHHBIX HEMEPECEKAIONINXCA OKPY K-
HOCTEH.

257. Ilycte AB — gyra okpyxkuocTu, u Touka C' — cepeamHa AONOJHUTENbHON Ayru. OKPYyXKHOCTH wi U Wo
BIIMCAHHI B IBYXYTOJBHIK, 0OpasoBanubil fyrou AB u xopaon AB, u kacaroTca BHemtHUM obpazom. [IpoBenem
qepes TOYKY KacaHWsa OKPYKHOCTEN wi M wo UX OOIIYI0 KacaTelbHyI0 a. [loKaxuTe, 9T0 mpgMas ¢ TPOXOJUT
qepes Touky C'.

Onpegenenune. Toukn A u B Ha3BBAlOTCA CHMMETPHYHBIME OTHOCHTETBEHO OKPYKHOCTH ¢ HeHTpoM O panu-
ycom R, ecam npu mHBepcuu ¢ neaTpoMm O pagmycom R Towuka A mepexoauT B TOUKy B.

258. IlycTe Touka A cuMmMeTpmdaHa Touke A’ oTHOoCHTeNbHO OKpyX)HOCTH w M Touka C' € w. /lokaxmTe, 9TO
orHouenne C'A/C A’ He 3aBucut oT npousposa Buidopa Touku C'.

259. Ilycte A’ m B’ — o6pasul Tovek A m B npwm muBepcuu ¢ nerrpom O u pagumycom R. HapecTro, 9TO
AO =a, BO=bu AB = c. Hairtu A’B’.

260. (Teopema [Imoaemes) JokazaTh, 9TO B 4eTHIPEXYT OMBHIKE, BINCAHHOM B OKPYKHOCTE, CyMMa TIPON3Be-
OEHWH TTPOTHBOOMIOKHBIX CTOPOH paBHA MPON3BEIEHNIO €r0 [Har OHAEN.
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(Ykaszauue: IIpuMeHnTe WHBEPCHIO C EHTPOM B OHOI M3 BEPIINH Y€ TEHIPEXYTOMBHIKA H IPEIBI IYIIYIO 32 13y . )

20 mronA. 2 geHp 4 4eThIpexJHEBKH.
NuBEPCHUA: YI'JIbl, KOMJIEKCHASI MHTEPIIPETALNSA.

Onpegenenune. O606ueHHotl OKPYHHOCTDI HAZBIBAETCA OKPYKHOCTD WM MPAMasd.

Onpegenenune. Ilyctes A — Touka mepecedenns ABYX OOOOIMIEHHBIX OKPYKHOCTEN Wi W Wg. Y240M MEXKTY
0606IIEHHBIME OKPYXKHOCTAME W1 U Wy B ToUKe A HA3LIBaeTCHA Yyroa MeXTY KacaTelbHBIME TPSMBIMI, TTPOBe-
NEHHBIME K W1 U Wy B ToUKe A.

261. Ilycts Touku A 1 B cuMMeTPUYHBI OTHOCHTEIBEHO 0600IIEHHON OKPYKHOCTH w1 . IIpoBemeM wepes ToUKn
A un B 0606IIeHHYI0 OKPYXKHOCTD Wo. [okaxnuTe, 9To wi L ws.

262. OGoOleHHas OKPYKHOCTh wo MEPEXOMuT B cebd TPH HHBEPCUU OTHOCHUTENBHO OKPYKHOCTH Wi TOTA U
TOJbLKO TOT A, KOTJa w1 L ws.

263. IlocTpoliTe OKPYKHOCTH, IEPIEHANKYIAAPHYIO TBYM TaHHBIM OKPYKHOCTAM U MMPOXOISAIIYIO Mepe3 TaHHYIO
TOYKY.

/ / hd
264. IlycTs w] n w5 — 06pa3el 0600MIEHHBIX OKPYKHOCTEN W) U Wy IPH HTHBEPCHN OTHOCHTENBHO OKPYKHOCTH
w. Jlokaxure, 4To yrod MEKIY wi U ws PABEH YNy MeX1y w] U wh. Pazbepure Bce BAPHAHTHI B3AUMHOIO
PACTIONOKEHNA W, Wi T W3.

265. Ilyctb Toukm A m B cHMMETPHYIHEI OTHOCHTEALHO O600MIEHHHON OKpYXHOCTH w. CnemaeM HHBEPCHIO
u obozmaumM "epes A’, B’ m w’' cooTBeTcTBennO obpast A, B um w. Jokaxnte, aro A’ mw B’ cumMeTpHIHBI
OTHOCHTEIBHO W' .

266. Ha nimockocTu faHBl YeTbIpe OKPYXKHOCTHU Wi, .. .,W4, OpU9eM wi o L w3 4. IlycTh OKpyKHOCTH Wi 1 W
nepecekatoTcsa B Touke (. HangnTe obpaz xapTUHKE NpHW WHBEPCHN OTHOCHTETBHO (.

267. (Hopusm Hmetinepa) Iycts w' 1 w” — nBe HellepeceKaoIIMecAs OKPYKHOCTH 1 W' MeXKUT BHYTPH KPYTa,

06pazoBaHONO OKpPYKHOCTHIO w’'. HapncyeM OKpyKHOCTE wi, Kacamomyocd w' u w' (w' — BHyTpeHHHM, a

W' — BHemmnM obpazom). Bynem namee cTpONTH OKPYKHOCTH B HAIDABJICHNN IO YaCOBOW CTpeaKe OT Wi
Tak. IlycTh wy KacaeTcd okpyxHOCTER W', w' n wy. Jlerko Bugers (gokaxuTe!), 970 Takad OKPYKHOCTH Wa
eIUHCTBeHHa. AHaJOIMYHO, IyCTh OKPYKHOCTD w3 KacaeTcd w', w'' 1 ws, OKpyKHOCTD wy KacaeTcd w', w' m ws
u T.1. JOImycTHM, 9TO OKPYXHOCTb Wy KacaeTcad wi. JOKaKHTe, 9T0 TOTJa IIPH JI060M BEIGOPE OKPYKHOCTH

W] OKPYKHOCTB Wy, BCerja OyaeT KacaTbCd wy.
268. IlpeoGpazoBaHune WHBEPCHN MOXKHO PAacCMaTPUBATh Kak (PYHKINK f Ha KOMILUEKCHOW maockocTu. Haii-
aure f(z) paa mHBepCHR

a) ¢ meaTpoM B 0 pagmycom 1;

6) ¢ uentpoM B 0 paguycom R;

B) C HEHTPOM B Zzy pajguycom R.
269. [loxaxunTe, 9TO KOMIO3UINA ABYX WHBEPCHUI C COBIAMAIONINMHI IEHTPAMI ABJASETCA TOMOTETHEN.
270. JoxaxuTe, YTO KOMIO3WINA [BYX HHBEDCHH C HECOBIATAMOIINMHI [EHTPAME SBISETCS KOMIO3MIIHEN
HHBEPCHH W MOJ0GHA BTOPOro pofa (MEeHAIIET0 OPHEHTATINIO).

20 mronA. 2 geHp 4 4eThIpexJHEBKH.
ITEPMO AMYHOCTD.

o o o 3
271. Hautm coTyto mupy nocse 3alATON B IeCATHIHON 3aTUCH APOOH 7.

Onpegenenus.

[MocaegoBaTEABHOCTD a1, G2, . . . HA3BIBACTCA nNEpuoduueckoli, el CyIecTBYET Takoe HaTypadabHoe T’ 910 s
Bcex 1 > N BEPHO PABEHCTBO: Gp4+T = Up.

Hawago mocie1oBaTeIbHOCTH d1, dg, . .., AN HA3BIBAETCA npednepuodom.

Yucao T HazuiBaeTCA nepuodom MOCTETOBATETLHOCTH.

272. [laubl gBe nepuojguteckue nociaeaoBareibnocTu: {a;t u {b;}. dokaxure, 4TO MOCAENOBATEIBLHOCTE
{a; + b;} Takxke nepuoauaHa.

273. Mlabl JBe IepuoauHecKre MocaefoBaTeabHocT: {a; t u {b;} ¢ nepuogamu 4 u 12 coorercraenno. Kakum
MOXKeT OBbIThH Mepuoj mociaenoBareabioct {a; + b; }7

274. lana nociefoBaTelbHOCTE {a; }. UsBecTHo, uTo T} u Th — ee mepuoanl. Jlokaxnre, ato (11, Ts) — Takxe

ee Tepuo.

o o m
Bynem paccmaTpuBaTh MOCTIENOBATENEHOCTD UG TOCHe 3aTATON B JeCATHIHON 3aMUCH Jpodm .

275. JlokaxmTe, 9TO 5Ta MOCIEJOBATENLHOCTD TIEPHONIHA.
276. UssecrHo, uTo (n,10) = 1. Joxkaxure, 94T0
a) p(n) — mepHOI 3TOH MOCHeJOBATETLHOCTH;
b) mpeamepnog orcyTeTByeT;
) HAMMEHBIINH Mepro AeanT o(n).
277. Jokaxure, uto ecin n = 285, rge (n1,10) = 1, To aaHHA TpeATIEPHOJa PACCMATPHBAEMOI TTOCIE0BA-
TenabHOCTH paBHa max(k,!).

o o k
278. HaiTu MHHY IEepHOJA NOCACNOBATEILHOCTH, 3aJaHHOU APOOBIO ==.
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279. NlokazaTh, 9To Apobn 0, 123456789101112131415161718 ... Henmepuo uvHA.
280. [loxaxuTte, 9T0 B psagy PubConauyn HaligeTcsa ducio, geqsmeecs Ha 2000.
281. B TpugecsToM mapcTBe y KaxkI0T0 3AMKa M Ka¥KOU Pa3BUIKN CXOAUTCSA IO TPH JOPOTH. PHIaph BHIEXAT

3 CBOETO 3aMKa W IO OYepen MOBOPAYMBAET TO HAIPABO, TO HadeBo. JloKaxuTe, 9TO PaHO WIN TIO3THO OH
MpHeIeT K CBOEMY 3AMKY.

21 mronA. 3 geHb 4 9eThIpexJHEBKH.
CUMMETPUYECKUE MHOTOYJEHBI.

282. CocTaBbTe KBaJApaTHOE YpaBHEHNE, KOPHAMI KOTOPOT'O ABIAIOTCA KyObI KOPHEN KBaJPATHOTO ypaBHEHNA
2?2 +6x4+10=0.
283. PemmnTh cumcTreMy ypaBHeHHH

2) 348 3 b) B4y = 8 ) B +ys = 33

r+y = 5 224y = 4 7 r+y = 3

284. /lan rpadguk Kybudeckoll mapaboibl U ABe MPAMBIE, TapallelbHble 0CH abCIice, mepeceKalolme rpapuk
B Tpex Toukax Kaxjgad. IlycTh abciumcchkl 5Tux Todek x1 < ¢9 < 3 < ¥4 < x5 < xg. J[Hokaxwure, 4TO
Lo <X + e S5 = T4 T3.

285. /lokasaTh, YTO eCIl 1 I £y KOPHH KBAIPATHOTO yPaBHEHNA &2 4 px 4+ ¢ = 0 ¢ MeIsMu Ko>dQUIImeHTaMI
p U ¢, To IpH JTI060M HaTypaJbHOM N 9HCIO £} + x ABAAETCA IEIBIM.

286. Buipazure 2" 4+ y" wepes x 4+ y u xy.

Omnpegenenne. MHOTOWIEH OT &, Yy HA3BIBAETCA CUMMEMPUNECKUM, €CIT OH He M3MeHAeTCA NPHU 3aMeHe & HA
Y, ay Ha .

Or[pe,quIeHIzIe. CI/IMMeTpI/I‘IeCKI/Ie MHOTOYJEHBl 07 = X + Y, 09 = TY HA3BIBAIOTCA 2ACMEHMAPHHIMU CUMME-
mpuuecKumMuU MROSOUACHAMU OT T 1 Y.

287. (ocHosHGA MEOPEMA O CUMMEMPUNECKUT MHO20dAeHaT) JIFOGOH CHMMETPUYECKHH MHOTOWIEH OT & U Y
MOXKHO IPeACTaBUTh B BHUe MHOTOHJICHA OT 01, 0a.

288. [lokaxuTe, YTO KaXKAYIO CTEMEHHYIO CYMMY o+ yk + 2F moxmO IpeJCcTaBUTL B BUje MHOrOYIeHA OT
r+y+z,xy+rz+yznzryz.

Omnpegenenne. HazoBeM MHOTOJIEH f(a:, Y, z) OT TpeX MepPeMEHHBIX CUMMEMPUNECKUM, ECAN TIPHU JI0O0H Tie-
pecTaHOBKe >THX HepEeMEHHBIX OH OCTaeTCA HeU3MEHHLIM.

289. Kakne MHOTOWIEHBI 6y YT DIeMEHTAPHBIMI CHUMMETPIYECKITMI MHOT OXJIEHAME OT TPEX MePEMEHHBIX !

Or[pe,quIeHIzIe. CI/IMMCTpI/I‘ICCKI/If/i MHOI'OYJ/JIEH C HAMUMEHBIINM 9HUC/JAOM YJA€HOB, OTHUM M3 CjJaracMBbIX KOTOPOI'O
ABJAECTCA OJHOYJIEH xkylzm Ha3bIBaeTCA cummempuuecnod 06040UKOT DTOTO OTHOYJICHA.

290. [lokaxwnTe, 9TO CHMMeTpHUIecKada 060J09YKa JI060T0 O THOUIEHA BHIPAKAETCA Yepes 01, 0a U 03.
291. [lokaXnTe OCHOBHYIO T€OPEMY O CHMMETPUYECKNX MHOT'OUIeHAX OT TpeX MepeMeHHBIX.

292. PaaIoXnTh Ha MHOXHTeIH MHorowreH 62t <1123y <182%y? < 1lxy® + 6y

293. PemmThb wppaluoHaibHoe ypaBHenue /97 <x + Vx = b.

21 mronA. 3 geHb 4 9eThIpexJHEBKH.
IIocTPOEHUA OHUM INPKYJEM.

B pamkax 5Tol cepun 3ajad Bce MOCTPOEHUA TpebyeTcs TPOBOANTE OJHUM IHPKYJIEM.

[Mpsamas camTaeTca 3a aHHON, €CAU 3aaHbl TBE €€ TOYKIH.

294. Jlau orpesok AB. IlocTpouts Touky (' Tak, 9To6b TO4UKa B OblLia ObI cepennnoll oTpeska AC'.
295. Nlam orpesok AB. Ilocpouth oTpesok n - AB.

296. /lanbt Toukun A, B u C. Toctponth Touky C’, cummeTpuanyto Touke C' oTHOCHTENBHO mpAMon AB.

297. [lama okpyX)HOCTH w ¢ nenTpoM O, Touka A m ee obpaz A’ mpm mHBepcum oTHOocHTEeabHO w. Touka Ap
aexutT #Ha ayde OA, npudaem OA; = %OA. HoctponTs 06paz Touku Aj.

298. Jlana oKpY:KHOCTH w ¢ meaTpoM O u Todka A
a) BHe w;
b) BHYTDH w.
HocTpouts 06paz Todkn A mpu WHBEPCHE OTHOCUTEABHO OKPYXKHOCTH W.
299. Pa3zgeinTh 0Tpe3oK Ha N paBHBIX TacTell.
300. Ha mpsimon, 3aganron ToukaMu A u B mocTponTh HECKOJIBKO TOYEK.
301. U3 gaHHOW TOYKH ONYCTHUTH IMEPIEHIUKYIAD HA MPAMYIO, 3aMaHHYIO IBYMSI TOYKAMM.

302. [lana okpy:KHOCTH w ¢ meHTpoM O u npsamas, 3agantnad Toukamu A u B. [loctponTs o6paz npsmon AB
NIpU MHBEPCUHN OTHOCUTENHO OKPYKHOCTH W.

303. Janwi Touku A, B u (. TlocTponTh OKpPYXKHOCTH, OMIHCAHHYIO OKOJO TpeyroabHuka ABC'.

304. [lana OKpPYXKHOCTH w ¢ MeHTpoM O U OKPYKHOCTH wi ¢ meHTpoM (1. [locTponTsh 06pas oKpyXKHOCTH wi
NIpU MHBEPCUHN OTHOCUTENHO OKPYKHOCTH W.

305. Haiitu Todkm mepecevenns JaHHON OKPYXKHOCTH W MPAMOMW, 3aaHHON JBYMS TOYKAMHE.
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306. Haiitu Todky TmepecedeHns ABYX NPAMBIX, KayXKas 03 KOTOPHIX 3aJaHa Mapol TOYeK.

Teopema (Mop—Mackepormn). Jwboe nocmpoenue Ha NAOCKOCMU, GbINOAHUMOE € NOMOUBI0 YUPKYAL U AU-
HetikU, 8bINOAHUMO ¢ NOMOUBIO OOHO20 AUUD YUPKYAA.

22 uroasa. 4 geHn 4 4eTbIpeX JHEBKH.
SAKJIOYATEJIbHASA OJIUMIINA A . OCHOBHBIE 3ATAYN.

307. B xomuaTax 3-8 xopmyca N7 KuBYT meBATHUKJIACCHUKHN. HekoTophle M3 HWX WHOT A MPOMYCKAIOT 3a-
PAIKY. B KOHIle CMeHBI 0KazajioCh, YTO B COCEIHNX KOMHATAX CyMMapHOe KOJUYIECTBO HEBBIXOMOB HA 3aPAIKY
otamvaeTcs Ha 1. MoxeT Ju oKazaThbCs, 9TO JAeBATHKIACCHUKHN M3 CEIBMOIO KOPIIyCa MPOTYIAIN CyMMapHO
100 zapsamgox?

308. B kuacce yuatca 6 aktuBuctoB. Ouu obpazopadn 30 KoMuTeTOB, MpuydeM JOOBIE IBA KOMUTETA OTJIH-
YarTCA MO COCTABY, HO MMEIOT obnx 4ieHoB. [lokax)nTe, 1TO MOKHO 06pa30oBaTh ellle | KOMHTET C TEM XKe
CBOMCTBOM.

309. ABCDEF — Buucauubiil mectuyroabuuk. loxaxute, uro aumaronaan AD; BE u C'F nepecekaioTcs B
OJTHOU TOYKe TOrAa W TOJAbKO ToTma, Korga AB-CD - -EF = BC -DE - FA.

310. PemmTe B HATYpadbHBIX YHUCIaX ypaBHEHUE:
5° &5+ 5" =m”.

311. [Janwo npsamvad [, Touka A Ha Hell u Touka B BHe [. Yepes Touku A u B mpoBejieHa OKPYKHOCTD € TEHTPOM
B Touke (. IlycTh 5Ta OKPYXKHOCTH MOBTOPHO TNepecekaeT npsamyo [ B Touke (. Haligure reomeTputeckoe
MecTO cepenuu oTpesko OC.

312. Ilycrb x1,...,&5 — AeHCTBUTEJIbHBIE 4dncaa. [oKaxunTe, 9TO HAWAYTCA Takne AeUCTBUTETbHBIE UHUCIA

Y, Y5, ITO T; Y; €Z 1|
Z (yi<:>yj)2<4.
1i<j 5

SAKJIOUYUTEJBHAA OJUMINALA. SAJAYM HA BBIBO/I

313. [leBaTh BepmmH mpaBuabHOro 20-yrodbHHKA TMOKpallieHbl B Geablll nBeT. [loKaxunTe, ITO CYIIECTBYET
paBHOGEIPEHHBIN TPEYTOJbHIK C BEPIIHNHAME B MOKPAIEHHBIX TOYKAX.

314. Ilycte K — Todka TepecedeHusi OHCCEKTPUC BHYTPeHHero yria B u BHemHero yriaa C' TpeyroabHUKA
ABC; L — Touka mepecedenusi 6mccekTpuc BHyTpeHHero yraa (' uw BHemHero yraa B. [okaxwnTe, 9T0
cepeauta oTpeska K L 1eXUT Ha OKPYXKHOCTH, OMMMCAHHON BOKPYT Tpeyroabhuuka ABC'.

315. Ha nmockocTm mexkaT HECKOTLKO KBaPATHBIX caddeTOK OJMHAKOBOTO pa3Mepa CO CTOPOHAMM, TTapaIlelb-
HBIMU OCAM KoOpAWHAT. /[oKaXkWTe, 9TO MOXKHO BOTKHYTH HECKOIBKO 6YJIaBOK TaK, YTOOH KaXKIYIO caadeTKy
NPOTKHYJIa POBHO OaHA OylaBKa.

316. Pyuxuus f ompejeneHa Ha MHOXKECTBE HATYPAJbHBIX YHCET W yIOBJIETBOPAET CASTYIONINM YCIOBUAM:
F() =1, f(3) =3, [(2n) = [(n),
FAn+1) = 2f(2n +1) &£(n), f(4n +3) = 37 (2n + 1) ©2f(n).

Haifignre dmcao Bcex TaKWxX 3HAUeHUN n, Aad KoTopeix f(n) = n, 1 < n < 2000.



