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BcTynuTe /IbHbIA TECT 3 uroJia

1+i

1. BeinonHute neneHue i

2. Hapucyiite MuoxkectBo: 1 < |z — 3i| < 2.

3. Haiinure dyukmuio f(x), eciu 2f(x) + f(—x) = x — 2.

4. Pemnte ypaBHeHue: 2X° + 5x° —x— 1 =0,

5. CymecTByeT U B3aUMHO OJHO3HAYHOE COOTBETCTBHE MEXKIY MHOXKECTBOM
HATYpaJbHBIX YUCEJI U MHOKECTBOM HEUETHBIX OTpHUIATENIbHBIX. OTBET 00OCHYMTE.

6. Haiimgure sin 75°.

7. Kakoe npeoOpa3oBanue nepeBoauT TpeyrodbHuKk ABC B TpeyroasHuK 00pa3oBaHHbIN
cepeIrHaMH CTOPOH.

8. Useectro, uto X + x*® + 1 = f(X)(x — 3) + a, rae f(X) — MHOrOWIEH U a — YHCIIO.
Haitgure a.

9. Ilycts | — neHTp BmMcaHHOW OKpykHOCTH TpeyronbHuka ABC, a M — cepenuna
nyru BC onucanHol okpykHOoCcTH TpeyronbHuka ABC. YkaxkuTte Bce paBHBIE OTPE3KU
C KOHIIaMU B YKa3aHHBIX TOYKAX.

10. Onummmre I'MT  1EHTPOB  OKPYKHOCTEM  OPTOTOHAJIBHBIX  JIBYM  JJAHHBIM
HEKOHIIEHTPUYECKUM OKPY>KHOCTSIM.

BcrynuTtesibHas oJiuMnuaja 4 u10J14

11. HaligyTcs i Takue 4eThIpe pa3IMYHbIX HATYPAIbHBIX YHCIIA, YTO CyMMa JIFOOBIX JIBYX
U3 HUX SIBJISIETCA CTEMIEHbIO TPOUKU?

12. Yucna p u  mensie. M3BeCTHO, YTO HEPABEHCTBO X2 + pX + Q<0 HEe uMeeT HEbIX
pemieHnid. JlokaxknuTte, 4TO y HETO HET U ACMCTBUTENBHBIX PELIEHUMN.

13. TlocnenoBatenbHOCTh a0, al, a2,... TAKOBA, YTO amsn + am-n = (Aom + a2n)/2 IS THOOBIX
uesbix m >N > 0. Kpome Toro, a; = 1. Haliogure ajggo.

14. Cunenbs Kapycenu pacKpaiieHbl B N I[BETOB TaK, YTO IS KaXIABIX JABYX Pa3IMYHBIX
[[BETOB YHCIIO TAp COCEIHUX CHACHUN STHUX IIBETOB OAHO U TO e. [Ipm kakom
HAaUMEHBIIIEM YHCIIe CUACHUN 3TO BO3MOXKHO?

15. Ha Boicote BH octpoyronsnoro tpeyronsauka ABC BoiOpana Touka M. Touku P u Q
nexar Ha cropoHax AB u BC cootBerctBenHo, mpuuem 2PMC = 2QMA =90°.
Hoxaxwure, uro PQ nu AC napasienbHbl.

16. B 3amucu TowyHOro KBajpaTta Oosiee mMuuioHa 1udp. CKOIbKO, caMOe MEHbIIIee,
cpenu 3TUX HUQp MOKET ObITH YETHHIX ?

BcrynuresibHOE 3aHATHE 4 ur0J14

3apava. Haiitu nocnegoBaTelbHOCTh HAMOOMBIIEH UIMHBI TaKyl0, YTO CyMMa JIFOOBIX P

1.

TIOCJICZIOBATEIIbHBIX €€ WICHOB MOJOKHUTENbHA, a CyMMa JIFOOBIX (] MOCIe0BaTEIbHBIX
— OTpHIIATEIIbHA.
Paccmotpure (p,q) =(2,3), (2,7), (3,5).
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3.
4.

[Tycts p > Q. JokaxkuTe, 4TO €Clid CYHIECTBYET MOCIENO0BATEIbHOCTh JJIMHBI S AJiA
mapel  (P,q), TO  CYHIECTBYET  IIOCIENOBATEIbHOCTh  IJIUHBI  S—( A

(P-0.0).

UTto oKa)keTcsi B KOHIIE MPUMEHEHHUS TaKUX ONEPALIiA.
JoxaxuTte, uTo nocuegoparenbHocTed anunbl p+q—HO/(p,q) He cymiecTByeT.

[TonpoOyem noctpouts npumep anunsl p+q—HO(p,q)—1.
5. Ilycte Takoii nmpumep anst p u q umeetcs. [loctpoiite Torna mpumep anst pd u qd.

Hanee Oyaem cuuTaTh p ¥ ( B3aUMHO IPOCTHIMHU.

ConpsixkeHue 5 uioia

Onpeoenenue. PaccMoTpuM umcia Buga Z =a+ by p , TIle @ ¥ b - paroHanbHpIe YuCa,

a p - paMoHaIbHOE, HE KBaapaT. HazoBeMm ux, Hanmpumep, xopouwumu.

1. I[OKa)KI/ITe, YTO pa3jIMYHBIM IIapaM a u b COOTBCTCTBYIOT PA3JIMYHBIC XOPOIIKUC YHUCIIA

2.

(Ipu OJTHOM U TOM XKe ).
[Tokaxkute, UTO YMCHA Z3 + Zp, Z1 - Zp, Z3 X Zp ¥ Z3/Z, TaKXKe SIBIISIFOTCS. XOPOIIIMMH.

Onpedenenue. HazoseM umcno a-b,/p compsxkennsiM kx umermy a+b,/p . O6o3HaunM

10.

11.

a—b\/E:a+b\/_.
JlokaxxuTe, 4To
a) z, + 2, _z +22,

0) m =72,%x7,;

B) 2/ =27, |

zlz,=2/z

Jlokaxcute, uTo eciy a+b./p - KOPeHb MHOTOUIEHA C HeNEIMH KO3(Q(HIUEHTAMH, TO
a—b,/p Takxe ABIAETCS KOPHEM 3TOrO MHOTOUJICHA.

JlokakuTe, 4YTO ypaBHEHHE (X+Yv/5)* +(z+t/5)*=2++5 He uMeeT pelleHHH B
palMOHAJIBHBIX YMCIAX X, Y, Z, L.

JlokakuTe, YTO HH JUII KaKHX HAaTypalbHBIX uncedl K W N paBEHCTBO
(3+5\/§)k = (5+3\/§)“ HE MOKET BBIIIOJIHATHCS.

JloKakxuTe, 4YTO HH JUII KaKMX HAaTypalbHBIX uYncedl K W N paBEHCTBO
(3+7\/§)k = (7+3\/§)“ HE MOXET BBIIOJIHATHCS.

Onpenenute uudpsl B paspsgax ACCATBIX M COTHIX B JIECSITUYHOM 3alUCH 4uCIia

(5+2/6)2°%,

Jlokaxkute, uTo (5++/17)" +(5—+/17)" nenurcs Ha 2", Ho He menurcs Ha 2" !

na camocmoamenvhozo pewienus.
Onpenenute nepBble AecATh LUGp TOCHe 3amsITod B JECATUYHOM 3aluCH 4ucia

(V3++/2)2.
Onpenenure mepBble CcTO IM(p TOCHE 3amaTod B JSCATHYHOM 3allMCH  YHCIIA

(7 + \/%)2009.
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12. IycTh (1++/2)" =a+by/2. JlokaxkuTe, 4To a’—2b? = (-1)".

Teopema YeBbl 5 v

1.

(Tpuconomempuueckas meopema Yeswt) Ha croponax AB, BC u CA tpeyroiabHHKa
ABC B3satel Touku C;, A; u B; coorBercTBenno. [okaxute, uto AA;, BB, u CC,
sin ABB, sin BCC, sin CAA 1
sin B,BC sinC,CA sin A AB
Buytpu tpeyronbanka ABC BriOpana Touka P. Jlokaxurte, 9To cymiecTByeT Touka Q
takas uyto ayun AP u AQ, BP u BQ, CP u CQ cuMMeTpuyHbl OTHOCHUTEIHLHO
ouccektpuc yrioB A, B u C cooTBeTCTBEHHO.

Jlyd pmemut yrois1 Ha aBa yria ¢ rpagyCHOM Mepou « U . Jlokaxure, 4TO 3TOT JIyd
MOKHO BOCCTAHOBHTS 10 BEJIMUHMHE S |

sin B
BryTtpu paBHo6enpenHoro tpeyroapanka ABC ¢ ocHoBanuem AB B3sThl Touku M u N
tak, uto Z CAM = ZABN u £ CBM = ZBAN. Jlokaxwure, uto Touku C, N u M mexar
Ha OJTHOM MPSIMOM.
Ha croponax tpeyrompHuka ABC BO BHEHIHIOIO CTOPOHY IMOCTPOCHBI MPaBUIHHBIC
tpeyroasuuku A;BC, AB;C u ABC;. [okaxwute, uro mpsmeie AA;, BB; u CC,
KOHKYPEHTHBI.
Yepes Toukm A u D, nexamume Ha OKPYXKHOCTH, TPOBEACHBI KacaTelbHEIC,
nepecekaromuecss B S. Ha nyre AD Bzstel Touku B u C. Ilpsmeie AC u BD
nepecekarorcs B Touke P, a AB u CD - B touke Q. Jlokaxwurte, uto Touku S, P u Q
JIe’)KaT HA OJTHOM MPSIMOM.

KOHKYPCHTHBLI TOT'JIa U TOJIBKO TOI'’Id, KOT'Zld BBIITOJHACTCA

B tpeyronmsauke ABC BoiOpana Touka X. Ilpsimas AX mepecekaeT OINHUCaHHYIO
okpyxHOCTh ABC B Touke A;. OKpy>KHOCTh KacaeTcsi u3HyTpu ayru BC B Touke A; u
ctoponbl BC B Touke A,. AHaoruddo omnpeaenstorcs Touku B, u C,. Jlokaxute, 4To
AA,, BB, n CC, KOHKYpPEHTHBI.

Jna camocmoamenvsnozo pewienus
B Bemyknom mectuyronsauke ABCDEF « BAC = « EAF, « DCE = « BCA, «
AEF = /DEC. Jloxaxwure, uro nipsimbie AD, BE, CF KOHKYpEHTHBI.
XA, XB - kacartenbHbIe K OKPYXKHOCTH U3 TO4kd X. C - TOuka Ha OKPYXHOCTH.
sin AXC _ AC?

JlokaxxuTe, 4To — =—.
sinCXB CB

10.Buucannas okpyxHOCTh Kacaercs ctopon AB, BC, CA tpeyromsauka ABC B Toukax

Ci, A1, B; cootBerctBenHo. Ha ayrax A;C;, C;B;, B;A; BeiOpanbl Touku B,, Ay, C,
cooTBeTcTBeHHO. Jlokaxkute, uto mpsimbie AA;, BB,, CC, koHKypeHTHBI TOrja u
TOJILKO TOT/1a, Koraa npsiMbie AjA;, B1B,, C;C, KOHKYpEeHTHBI.
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I'oMmoTeTusa 6 g

Onpeoenenue. [omomemuen C uentpoM O u xoddpdunmentom k0 HaspBaeTcs
npeodpazoBaHne MIOCKOCTH, KOTOPOE KKIYI0 TOUKY X OTOOpa)xkaeT B TaKyl TOUKY

X', uto OX' =kOX . TomoTeTHio 0603Haua0T H.

Ceoiicmea zomomemuu.

a) [Ipu roMoTeTHH BCe paccTosTHUS n3MeHstoTcs B |K| pas.

0) T'omoTeTnss mepeBOAUT MNPSMYI0 B MapalICAbHYIO €M NpAMYIO, OKPYXHOCTb B
OKPY>KHOCTb.

B) 'oMoTeTHs cCoXpaHseT HalpaBJICHHbIE YTJIbI.

r) ['oMoTeTHs1 MEeT €NMHCTBEHHYIO HETIO/IBI)KHYIO TOUKY.

Ynpasicnenun

1. Kakum npeoOpa3zoBaHueM sBIsIeTCs ToMOTeTHS ¢ Kodddurmentom k=1, —17?

2. JIoKaXWTe, 9TO KOMITO3HITUS IBYX TOMOTETHI ¢ OOIIMM IIEHTPOM U Kod(uimeHTamu
ki m Ky ssBIIsIeTCSI rOMOTETHECH ¢ TeM ke IEeHTPoM U KodddurmenTom KiK,.

3. a) ecTh 2 mapajuIeTbHBIX HEPaBHBIX OoTpe3ka. Haiinute Bce roMoTeTHH, IEPEBOIAIIIE
OJIVH B APYIOM.

0) ecTb 2 HepaBHbIE HEKOHLUEHTPUYECKUE OKPYXKHOCTH. Bompoc TOT ke, 4To U B

MYHKTE a).

3adauu

4. HexoTopoe IMpeobpa30BaHKe IIOCKOCTH 000 BEKTOP a TMEPEBOIUT B BEKTOP Ka IIpH
¢dukcupoBanaoM K. Jfokaxkute, 9to eciu K#1, TO 3TO TOMOTETHS.

k k
5. Ilycte O; u O, — nBe Touku. Jokaxwurte, 9To mpu KiK7#l KOMIO3HIIHS Hoz o Hoﬁ -

roMOTeTHs, Hailaute ee ueHTp u Kosdduiment. Kakoe npeobpaszoBanue OyAeT mnpu
klkzzl?

6. Hekoropoe mpeoOpa3oBaHHE IUIOCKOCTH HM3MEHSET BCE paccTosHus B K pas, T.e.
A:B;=KAB st mo6bix 1ByX Touek 4 u B (Aiu By — ux o0pasbl). JlokakuTe, 4TO 3TO
npeoOpa3oBaHue SABISAETCS KOMIO3UIMENH HEKOTOPOTO JBUKEHUS U TOMOTETHH.

7. Teopema o mpex konnakax. Ha TJIOCKOCTM JaHbl TpU HENEpeCcEeKarIUecs
OKPYKHOCTH Pa3HbIX PaJuycoB, HU OJIHA U3 KOTOPBIX HE JIGKUT BHYTpU Apyrou. Jis
KaXIOW Mapbl OKPYKHOCTEH OTMETHJIM TOYKY MEepecedeHHs] MX OOLIUX BHEIIHUX
KacaTelIbHbIX. JIOKaXXHWTE, YTO TPU MOJYYECHHBIE TOYKHM JIEKAT HAa OJHOM MPSIMOM.
MOXHO JI1 3aMEHUTh HEKOTOPBIE MAapbl BHEIIIHUX KACATEIbHbIX HA BHYTPEHHUE?

8. Hana tpaneuust ABCD c ocnoBanusimu AB u CD. IIpousBosibHast TOUKa
P npsmoii BC, otnnunas ot touek B u C, coequnena ¢ Bepmnnoit D u
c cepenunoit M ocnoBanusi AB. Ilycte X — Touka nepeceyenust AB u Q
PD, Q — Ttouka nepeceuenus AC u PM, Y — touka nepeceuenuss ABu A Y
DQ. lokaxute, uto M — cepenuna XY.

9. Tpu OKPYKHOCTHM OAMHAKOBBIX PAJWyCOB BOHcaHbl B yribl A, B, C
TpeyroiibHuka ABC. YeTBEépTas OKPYKHOCTh KacaeTCsd BHEIIHUM
0o0pa3oM BceX 3THX TPEX OKpYKHOCTeW. JlokazaTh, 4TO €€ LEHTP JICKUT Ha MPSIMOH,
MIPOXOAAIIEN Yepe3 LEHTPbl BIIMCAHHOW M ONMCAHHOW OKPYXKHOCTEM TPEYrOJIbHHUKA
ABC.

@]
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10.

11.

12,

Jlna camocmoamenvnozo peuieHus

Bnucannas okpykHocTh TpeyroiabHuka ABC xacaercsa ctoponsl AC B Touke D, DM —
ee nuametp. [Ipsmas BM nepecekaet cropony AC B Touke K. Jlokaxure, uto AK=DC.
Tpanenuun ABCD u APDQ umeror obmiee ocHoBanue AD, mpuueM JJIUHBI BCEX HX
OCHOBAHUM TOMapHO pa3inuyHbl. Jlokaxkurte, 4yTo Touku nepeceueHus AB u CD, AQ u
DP, BQ u CP nexar Ha 0qHOM MPSMOH.

B xaxnpiii yron tpeyronbauka ABC Bmucana OKpyKHOCTb, Kacaromlascs OMUCAHHON
OKPYXXHOCTH BHYTpeHHUM oOpa3zoMm. Ilycte A;, B;, C; — TOoukm KacaHUs 3THX
OKPYXHOCTE C ONHUCAaHHOM OKPYXHOCThIO. Jlokaxute, uto mpsamsele AA4;, BB;, CCy
IIEPECEKAIOTCS B OTHOU TOYKE.

KoMIlJiIeKCHbIe YucJ1a 6 U10J14

Onpeoenenue. KoMIiekcHble uYMclIa — 3TO 4YHMciaa Bupa a+Dbi, rme a uw b —

ICHCTBUTEIBHBIC YHCIA, @ YUCIO | TakoBO, 4To i°=—1. IIpH 9TOM & Ha3bIBACTCS
JICHCTBUTEIILHOM YacThio uMcia Z=a+ bi (obo3HauaeTcs Rez), a b — mHUMOI
(o603Hauaetcs Im z).

JlokaxuTe, 4YTO KOMIUIEKCHBIE YHCJA Z; U Z; PaBHBI TOTJIa M TOJIBKO TOTJa, KOT/a
PaBHBI UX JIEUCTBUTEIHHBIE 1 MHUMBIC YaCTH.

Yb6enutrech, YTO KOMIUICKCHBIE YHCIA 3aMKHYTBI OTHOCHTEIBHO  CJIOKCHUS,
BBEIYMTAHMS, YMHOKCHUS U JIeTIieHUs (HE Ha HYJIb).

Onpeéeﬂenue. I[Ba KOMIUICKCHBIX 4YHCJIa HA3bIBAIOTCA COIPSIKCHHBIMH, CCJIM OHHU

3.

OTJINYAIOTCS TOJBKO 3HAKOM MHUMOW yacTu. OOO3HAUEHUE CONPSDKEHUS BaM YKe
3HAKOMO.
Beruucnure:

a) (3+5i)—(1-2i); 6) (1+2i)(3-4i); B) 2+|3I ;1) m 1) (\/E —|)(\/_ 2 +i");

4.

\./\-/

NI NI
||

2+ 3
1 \/§ 2010

e) | —=+—i
) 2 2

Y6CI[I/ITGCI>, YTO BBIIOJIHAIOTCA CIACAYIOIIHNC CBOMCTBA KOMILIECKCHO COIIPAKCHHBIX
YHCCII:

+2, 77 — I[CI/ICTBI/ITCJIBHI)IG qucia,

B) (zlJ_rzZ)zzlJ_rzz;
r) (z,2,) =7,Z,; n) z" =

e)l/z—l/z x) (2,/2,)=1/1,.

5.
6.

Haiinure Bce Takue yncia Z,ytoa) 2= 2;06)z= —Z,

JlokaxxuTe, 4TO €CJIM Z — KOMIUIEKCHBIA KOPEHb MHOTOYJICHA C JEHCTBUTEIbHBIMHU
kKod(pdunreHTamMu, To Z — TOXKe €ro KOpeHb.

Haiinure MHOrO4ieH HaMMEHBIEH CTENEeHU C JACHCTBUTEIBHBIMU KO3 UIIMeHTamMu,
KOpPHEM KOTOpOro siBisercs a + bi.
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Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.

8. CymiecTByeT 1 MHOTOYJIEH MSATON CTENEHU C JMEeUCTBUTEILHBIMU KOd(dHuIlMeHTaMHU,
Cpeau KOpHEH KOTOporo ecTh uncia 2 — 1, 2, 1 + 2i?

Onpeoenenue. KopaeM N-oil cTeNeHU U3 KOMIUIEKCHOT'O YHCIIa Z HA3bIBACTCS KOMIUICKCHOE
qucio W takoe, uto W' = Z.

9. Bspmiuuciaure Vv 3-4i .

10. Permmte B KOMILICKCHBIX YHCIaX ypaBHCHHE:
2 _ . 4 2 . :
aA)x =i;0)x =1;6)x—(2+i)x+2i=0.

KoMIieKCHaA NMJIOCKOCTh 6 U10J14

[TocTaBEM B COOTBETCTBHE KXKIOMY KOMIUIEKCHOMY 4YHCIy X +Yi Touky (X,y) Ha
KOOPJWHATHOM TIOCKOCTH.

1. H306pa3ute Ha KOMIUIEKCHOH mmockocth: a) Re(z) = Im(z); 6) Re(z) < 1; B) Re(z?) = 0.

[To xkakoMy IpaBUITY CKJIQJBIBAIOTCA KOMIUIEKCHBIC YMCIIAa HA KOMIUIEKCHOU MJIOCKOCTH?

Moaynaem KOMIUIEKCHOTO 4yucia Z = X + Yi (0003Havyaercs |Z|) Ha3pIBaeTCs JIMHA BEKTOpa

OZ , BeaucasgeMas 1o gopmyie [z| = /x> +y° .

Hokaxure: |z, + 2,|<|z,| +]|z,|.

JIOKaXHTE, UTO |21 — Zp| — ITO paccTOSHUE MKy TOUKAMH Z3 U Zp.
Hoxkaxure: |z[°=2-1Z.

Hoxaxure: |z, ||z, |z, -z, |.

Hoxaxure: [1/7|=1/|z|.

Onpedenenue. APryMEHTOM HEHYJIEBOTO KOMILIEKCHOTO 4mcia Z (oOo3HauaeTcs argz)
HA3bIBACTCSI OPUCHTUPOBAHHBIA YTOJd MEXKAY TOJIOKHUTEIbHBIM HAMpaBIeHUEM
neificTBUTENbHON OcH M BekTopoM OZ . Jlng umcia Z =0 apryMeHT He ONpeselieH.
3HadeHMs apryMeHTa JAaHHOTO KOMIUIEKCHOTO YHMCJIa ONPEAeIeTCsl HEOJHO3HAYHO, HO
BCE OHM OTJIMYArOTCs Ha ciaraemoe 2nk, k e Z.

7. H3o00pasure Ha KOMIUIEKCHOMH IIOCKOCTH uncia 1, i, i2, 1+, (%—@i)i. Haiinure nx
MOJYJIN ¥ apTyMEHTHI.

8. Monynp KoOMIIEKCHOrO uwucina paBeH 2, a apryment -930°. Haiinure ero
JEHCTBUTETHLHYIO U MHUMYIO YacTH.

9. Kakoe npeoOpa3zoBaHue KOMIUIEKCHOM IIIOCKOCTH 3anaeTcst popmysion f(z) = 2 ?

10. Kakoe mpeoOpa3oBaHHe KOMIUIEKCHOHN IIOCKOCTH 3amaercs dopmynon f(z) =z + zo,
rIe Zo — KOHCTaHTa?

11. Kakoe mpeoOpa3oBaHKe KOMILICKCHOW IMJIOCKOCTH 3amaercs (opmymnoit f(z) = az, rue
a — JIENUCTBUTEILHOE?

12. Kakoe npeobpa3oBanie KOMILIEKCHOM TIOCKOCTH 3amaercs hopmyoii f(z) = 1/z.

o ko

13. M300pa3uTe Ha KOMIUIEKCHOM MIOCKOCTH MHOXKECTBA!
a)lZl=1; 6)zz 7 =2; B)|zZl=Rez; nargz-2)=n, 1) |[z-5>2 ;
e) 1 <|z—-1+1|<3; x)|z—i|=|z-2i+ 3|
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Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.

Jlna camocmoamensnozo pewienus
-\2010 .
1. Buluuciure: a) (§+%|) ;0)V=2+2i.

2. Ha xoMImIeKCHOM TII0OCKOCTH HAWTH MHOXKECTBO TOYEK, yIOBIECTBOPSIIONINX YCIOBHIO:

a) Im(z°) = 0; 6) Im(z°) = Im(z); B) Re(Z’) = Im(2); 1) |m1<_1; ) z-1 <1 e)z_—l <2
z 2 z+1 z+1
. Rez>1
X) |2 —1| > |z+1]; 3) ‘2_2‘<3?

TpuroHomerpuyeckasa ¢opma KOMILUIEKCHBIX YUcCeJl 7 UIOJIA

Onpeoenenue. 3ammch |Z|(COS ¢ + 1SIN @) HA3BIBACTCA MPULOHOMEMPUUECKOU GOpMOLL
3anucu KOMIUIEKCHOTO YHcha Z.

J6a HeHynesvix KOMMIEKCHBIX YUCIA PABHbI M020ad U MOIbKO mo2od, Ko20d ux mMooyiu
PABHbl, A apeyMeHmMbl OMAUYAIOMCA HA Y201, KPAMHbLU 2T

1. 3anummrTe KOMIUIEKCHBIE YHCIIA B TPUTOHOMETPHYECKOU (popme:

a) V5cos(/5 )-iBsin(z/+/5); 6) —3(cosz/4 +isin 7/4); B) cospr1SNg.

cosp—ising

2. Tlyctb z1 = |z4)(COS @1 + 1 SiN @1), Zo = |25|(COS @ + 1 SIN ¢,). Haligute npousBeneHUe u
YaCTHOE ITUX KOMIUIEKCHBIX yrceln. CaenanTe BBIBOJ.

3. Besenure Gopmyny ms Beraucienus Z . (Ona HaswiBaeTcs ghopmynoi Myaspa.)

@-iy (V3 +i)°

@+i)y*

5. 3anummre B TPUTOHOMETPUYECKOW (opMe Kakoe-HUOYIb YHCIIO Z # 1, sBistoieecs
kopHeM 2009-o1 crenenu u3 1.

6. BeiBegute Gopmyiy, KOTOpas MO3BOJSCT BBIYMCIUTH BCE KOPHH N-Oi CTENECHU W3
JTAaHHOTO YHclia Z.

7. Jloxaxkurte, 4TO BCE KOPHH N-OW CTENCHH W3 KOMIUIGKCHOTO 4HCIa Z SIBIISTFOTCS

4. Beluucnure , UCTIOJIb3YSl TPUTOHOMETPUYECKYIO (popMy .

BEpPIIMHAMU MPABUIILHOTO N-YrOJIbHUKA, BIIMCAHHOTO B OKPYXHOCTh paauyca 4/|z| ¢
LIEHTPOM B Ha4aJie KOOPAUHAT.

8. Haiinure Bce 3HAUCHUS KOPHEH: a) V=i 6) 4/~1:B) 1.

9. Yemy paBHa cymMMa Bcex KOpHeEH a) 6-oif crenenu u3 1; 6) 3-eii crerenu u3 1; B) N-oif
cTeneHu u3 1?

10. Kakoe npeoOpazoBaHre TUIOCKOCTH 33/1a€T YMHOKCHHE Ha KOMIUIEKCHOE YHCIIO Zg?

11. 3anummTe GpopmyIry MOBOpOTa Ha YroJl 0. BOKPYT TOUKH Zg.

Jna camocmoamenvhozo peuwienus
12. Beraucnure: a) §+% 1 6) 4/-i.
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Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.

13. Tlpu kakux 3HAYEHUSAX a CPEAM KOMIUIEKCHBIX YHCENl Z TaKHX, 4YTO ‘Z—Z—Zi‘s a,

HalIETCs POBHO OJHO Takoe, uto Z° € R?

14. MHOXecTBO M COIEpKUT BCe KOMIUICKCHBIE YHCIIa BUAA Z =COS@+i-Sing , rae

- 1-3i
0<@<rx . N300pa3ure MHOXECTBO | KOMIUIEKCHBIX YHCEN @, TAE @ = Z-ﬁ,
+ 21

npudéM Z mpoderaeT MHOXKECTBO M.

Teopema YeBsbI 2 7 U10J14

1.

2.

B kBaapate ABCD BriOpana Touka P, Tak uto TpeyronbsHuk ABP — paBHOOeApEeHHBIN ¢
yraom npu BepiuHe 150°. Hatiqute « CPD.

Jlokaxxute, 4TO B MPABWILHOM MHOTOYTOJIBHUKE AjA;... Ay, muaroHanu AjAnso, Aoy 1Az
u Ay As IepecekaroTcsi B OJIHOM TOUKe.

B paBHoGenpennom tpeyronpHuke ABC ¢ ocroBanmmem BC yronm mpu BeprmHe A
paBen 100°. Buytpu tpeyronpauka ABC B3ara touka M tak, yto Z« MBC =20° u £
MCB = 10°. Haitnute Bennuuny yriia BAM.

B tpeyronsuuke ABC yrawl npu Bepmmnaax B u C paBubl 40°. BD — OuccekTpuca yria

B. dokaxwure, uro BD + DA = BC.
V4 1 1
[Iycth o = =. Jlokaxure, 4T0 —— = — + — .
7 sina  sin2a  sin3a
B tpeyronbarke ABC Touka E - cepenuna ctoponst BC, Touka D nexut Ha cTropoHe
AC, AC=1, «BAC=60°, ZABC =100°, ZACB =20° u « DEC = 80°. Yemy paBHa
cymMma moniaau tpeyroibauka ABC u ynBoeHHo# miomaau tpeyronbHuka CDE.
B paBuoGenpennom tpeyroiaprauke ABC ¢ ocHoBanmem AC yronm mpu BepuiuHe B

paBen 20°. Ha ctoponax BC u AB B3sThl Touku D u E cooTBercTBeHHO Tak, 4TO /
DAC = 60°u «ECA = 50°. Haitnute yron ADE.

Jna camocmoamensnozo pewienus
B paBHoOGenpennom tpeyroinpauke ABC ¢ ocnoBanmmem BC yronm mpu BeprmHe A
paBen 80°. Buyrpu tpeyromsauka ABC B3sita Touka M Ttak, utro « MBC =30° u /
MCB = 10°. Haitnute Benmmuuny yria AMC.

B tpeyronsuuke ABC ~ ABC = 30°, ZACB = 20°. Ha ctopone BC BriOupaercs Touka
D rtak, yto £ ADC = 80°. Ha cropone AC otmeuaercss Touka E tak yto BD = CE.
Haiinnre ~ EBC.

KoMIL/IeKCHBbIe YyMc/Iia " reoMmeTpusd 9 1019

1.

[lycts 73, Z, — KOMIUIEKCHBIE 4ucia. [[aiiTe reoMeTprudecKoe ONMMCAHHE MHOYKECTB

74 _0.6)arg2=L 0.

z2-1, Z

BCCX YMCCII Z, YAOBJICTBOPAIOIIUX COOTHOIICHUAM: a) arg
2
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Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.

Z,— %,
Omnpenenenne. Kowmnaexcnoe uucio V(z,,2,,2,)=——= Ha3vleaemcs NPOCHILIM
-7

OmHoOuieHuemM mpex moiueK (mpex KOMNJIEKCHbIX lmcer) Z,,2,2,.

1 0

2. Kpwurepuii KOJJIMHEAPHOCTH TpeX To4ekK. Jokaxxurte, 4To TpU TOUKU Z,,Z,,Z, JEKaT
Ha OJIHOM MpsIMO Torna u Tojbko Toraa, koraa V(z,,z,,z,) — BELIECTBEHHOE YHUCIIO,

z,-1, Z,-1,
HJIH, 4TO TO K€ CaMoe, =22,
-2, 7, -1,

1 0
3. V6emurtech, 4To ypaBHEHHE OO0 MPAMOM MOKHO 3amucarth B Buge Bz—Bz+C =0,
rae C— uymcro maumoe, u B Buge BZ+BZ+C'=0, rne C'— nelcTBUTEILHOE.

Bepno u o6patHoe npu B = 0 = B'.

_—

4. JloxaxxnTe, 4TO HAIpPABICHHBIM Yrol MexAy Bektopamu Z,Z, u Z,Z, paBeH

072

aprymenry otHouenus V(z,,2,,2,).

5. JlokaxuTe, 4TO ypaBHEHHME KacaTelbHOM, MPOXOJALIEH depe3 TOUKY P LEHTpaIbHON
OKPYKHOCTH, UMEET BUI PZ +ZP=2pPp.

6. [lokaxxuTe, YTO KacaTelbHBIC, MPOXOJAIIAE 4Yepe3 TOYKM a W D I[eHTpaibHOI

2ab

a+b’

7. Teopema HploToHa. Jlokaxure, 4YTO B ONHUCAHHOM OKOJIO OKPYKHOCTH
YETHIPEXYTOJIBHUKE CEPEANHBI AUArOHAJIEW KOJUIMHEAPHBI C LIEHTPOM OKPYKHOCTH.

OKPYXHOCTH, IICPECEKAIOTCI B TOUKE Z =

na camocmoamenvnozo peuwienun
8. Ilpsmas Diinepa. Llentp macc M TpeyrojapbHHKa JEKUT MEXKAY OPTOLEHTpoM H u
nentpom O onmcanHOW oOkpyxkHOocTH, TpuueM 20M = MH. (Bo3epmure xoporiyio
OKPY)KHOCTh, BCIIOMHHTE IEHTP Macc, MOWMHUTE KaKUM JIOJKCH OBITh OPTOICHTP H
JOKQKUTE, YTO OH TAaKOH U €CTh.)
9. JlokaxuTe, YTO MpsIMbIC, MPOXOMAAIINE uYepe3 TOYKM a U D, C m d ueHTpanbHOI
OKPY)KHOCTH, NapajuienbHbl npu ab = c¢d u nepnenaukynspusl npu ab + cd = 0.

KoMiieKCHbIe YK c/ia U Npeoopa30oBaHUA MJIOCKOCTHU
O u10J14

1. Kakue mnpeoOpa3oBaHusi KOMIUIEKCHOW IIJIOCKOCTH 3adaroT GyHKuMu: a)z' = Z
0)z'=z+12zy; B)Z'=¢g,Z, rTme uepe3 g, =cCOSa+isina; T1)Z'=rz, rme r—
JNEUCTBUTEIBLHOE YUCIIO; 1) Z' = ZoZ, TJ€ Zg — KOMIUJIEKCHOE YHCIIO?

2. Kak ¢ moMoInIpr0 KOMIUIEKCHBIX YHCEIT 3a/1aTh
a) MOBOPOT Ha yTOJI 0L BOKPYT MPOU3BOJIBLHON TOYKHU Zy KOMIUJIEKCHOM TJIOCKOCTH;

0) TIOBOPOTHYIO TOMOTETHIO C IICHTPOM Zo, YIJIOM o U K03 duumentom K (k > 0)?

3. JIoKaXWTe ¢ TTOMOIILI0 KOMIIEKCHBIX YUCEN, YTO a) KOMITO3HIIMS JIBYX IIEHTPATbHBIX
CUMMETPHUI €CTh TapaJlICbHBIA TIEPEHOC; 0) KOMIO3WIMS JBYX IOBOPOTOB €CTh
MOBOPOT, €CJIM CyMMa yrioB MOBOPOTOB He KpaTtHa 360°, u mepeHoc, eciiu KpaTHa; B)
KOMITO3HIIHSI IBYX TOMOTETHI €CTh TOMOTETHSI HJIM TTapaJUIeIbHBINA MEPEHOC.
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Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.

4. JlokaxuTe, 4TO MpeoOpa3zoBaHNE KOMIUICKCHOHN TUIOCKOCTH SIBJISIETCS MMOJA00MEM TOTIa,
U TOJNBKO TOTJA, KOIJIa OHO 3amaercs Qopmyinoi z'=az+b (coxpanstoriee
opueHTanuio) wid 2z =aZ+b (mensiomee opwenrtanmioo), rome a0 uw b—
KOMIUIEKCHBIE YHCTIA.

5. Kakue B mpenpiaymieM MyHKTE MOTY4YalOTCs MPeoOpa3oBaHus B 3aBUCUMOCTH OT @ U
b? Beipa3ute nx mapameTpsl uepes a u b.

6. Korma mogoOue nmeer HenoABIKHBIC Touku? Halaure nx.

Jlna camocmoamenvnozo pewienus

7. JloxaxuTe, 9TO KOMITO3UIUS IBYX TTOBOPOTHBIX TOMOTETHI €CTh JMOO0 MapaieIbHbIN
MIEPEHOC, TUOO TTOBOPOTHAS TOMOTETHSI.

DOyHKIMOHA/IbHbIE YPAaBHEHUS 9 urJid

Bo Bcex 3ajauax, eclM ABHO He ykasaHo, TpeOyercs Haiith Bce dymkmmu f iR 5> R,

s W

© oo N O

10.

11.

12,
13.

YAOBJICTBOPAIOMIMC 3aJJaHHBIM YCJIOBHAM IIpHU JIFOOBIX I[GﬁCTBHT@J'IBHBIX 3HAa4YCHUAX
IICPCMCHHBIX.

[pu xakux 3HaueHusx a, b, ¢ ¢ymxmus f(X)=ax® +bx+C ynosneropser
yemouro T (X+Yy)=f(X)+ f(y)+xy.
f(x+y)= f(x)cosy— f(y)sin x.
f((x+y))=f(x*)+ f(y*)+2xy.
xf(y)+yf () =(x+y) T (x) f(y).

xf(x)+f(—%):2, X %0,

Haiinure nse ¢pyukiuu ynosierBopstomue f(f(x)) = f(x) + x.

fOX)<x, f(x+y)<f(X)+ f(y).

f(x+2)< f(X) < f(X+3). Tokaxwure, uro f(X) — mepuoamdeckas GpyHKIHS.
Gynkius  f  TakoBa, YTO A JIIOOBIX  TOJOXHMTEIBHBIX X, Y  BBIIOJHICTCS

1
f = f f(y). Haii f fl —|=1
(xy) = f(X)+ f(y). Haiimgure f(2010), ecu (2010)
P(x +y) = £(x) + F(y).

na camocmoamenvno2o peuienus
IIpu Bcex a,b € R, kpome ciayuas a=b = 1, naiigure Bce Qpynkuuu f, 114 KOTOPHIX

f(xy) = f(x)ay + f(y)bx.
2f(x)+ f(1—x) =X,

JIJ1s KakuX y CYIIEeCTBYET HeHyeBas pyHKius Takas, uyto f(p(x +y)) = f(x) + f(y).
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Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.

KoMI/ieKCHbIe YMc/Ia " IIPpAaBHJIbBHbIE€ MHOTOYI'OJIbHUKH

10.

11.

12,

10 uronsa

Hokaxure: ecmu O — T1eHTp mnOpaBuiIbHOrOo N-yrompHuka AjA;...A,, TO
ﬁl +6A2 + ...+(7°1n :6 .

JlokaxuTe, 4TO cCyMMa KBaJpaToOB pPacCTOSHUN OT MPOU3BOJIBHOW TOYKHM P mmockocTu
M0 BCEX BEPIIMH NpaBHIBHOTO N-yrompHuka pasHa N(R®+d%), rae R — pamnyc
OIMCAaHHOW OKPYXKHOCTH, a d — paccTosHUe OT TOYKH P 110 ee 1ieHTpa.

CnenctBue 1. Cymma KBaJpaToB PacCTOSIHUM OT MPOM3BOJILHOM TOUKM P ommcanHOU
OKPY’KHOCTH IPABHJIBHOTO N-YTONBHHKA 10 BCEX €ro BepuinH paBHa 2NR% rae R —
pagnyc OKpy>KHOCTH.

Cnenctue 2. Cymma KBaJpaTOB JUIMH BCEX CTOPOH U BCEX JAWAroHajeil MpaBUILHOTO
N-yrosbHuKa paBHa N°R%, rie R — pajnyc omicaHHOI OKPY/KHOCTH.

B wmuoroyronbauke Z;Z;...Z, KaXIyl BEPIIMHY Zy OTPA3WIM OTHOCHUTEIBHO Zy:1,
noiyyass mnpu OSToM Ay (MHIEKCHl CYUTaeM 3alUKICHHbIMH). [lomydeHHBIN
MHOTOYroJibHUK AjA;...A, oOKazalics npaBUIbHBIM. JlOKaXHUTE, YTO HCXOIHBIM
MHOTOYTOJIBHUK TOKE OBLT MTPaBUIIHHBIM.

KoMmiieKcHbIe YHCJ/Ia U ajreopa 10 urona

13.

Yepes cos ¢ u SiN ¢ BRIpa3UTE KAXKI0E U3 YHCEN COS 1¢) U Sin ng.

B clIeayromux 3agadax BbIYUCIINTC CYMMBI.

14,

15.

16.
17,

18.

19.

20.

2 (5)-(2)+(3)-+ o [1)-(3)+(5)-
5)5(5)+5(5)-

a) COS ¢ +...+ COS Ng; 0) sin ¢ +...+ sin ne.

a) CoS” X +C0S° 2X+...+C0s’ nx ; 6) sin® X +sin’ 2x+...+sin’nx.

na camocmoamenvnozo peuienusn
JlokaxuTe, 4TO JJIMHA CTOPOHBI MPABUIIBHOTO JEBATUYTOJIbHUKA PaBHA PA3HOCTH JIJTMH
€ro HauOOoJIbIIEH ¥ HAUMEHBIIIEH JUarOHaJIeH.

s.=(5)+(8 ] +(4) - s, =(3)+(3)+(f)+

a) cosO+Gj003(p+...+(2jcosn(p; 0) sin O+G)sin (p+...+(2)sin ne.
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Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.

IloBopoTHast roMOTEeTHSA 10 uroa

1. Jlokaxwure, 4TO UEHTP NOBOPOTHOM rOMOTETHH, ITepeBOAIIEH TOUKY A B A;, a TOUKy B
B B, COBIaJaeT ¢ LIEHTPOM IOBOPOTHOM IOMOTETHHM, NEPEBOAsAIIEH TOUKY A B B, a
TOYKY A1 B Bj.

2. OxpyxHocTu S; U S, mepecekatorcss B Toukax A u B. Uepe3 Ttouky A mpoBeneHa
npsMasi, IepeceKkarolmas OKPYKHOCTM B Toukax P; um P, [lokaxurte, 4ro mnpu
MOBOPOTHOM rOMOTETHH BOKPYT TOUKH B, mepeBossieit S; B Sy, Touka P; mepexoaut B
P.

3. a) Ilyctb P — Touka mepeceueHus: npsameix AA; u BB;. [loka3ate, 4To ecnu cpeau

Touek A, B, A;, By u P HeT COBNajalIMNX, TO BTOpas OO0IIas TOYKAa OMHUCAHHBIX
OKpY)KHOCTeW TpeyroibHUKOB PAB u PA;B; dBisieTcs UEHTPOM IOBOPOTHOM
rOMOTETHUH, TIEpEBOSIICH TOUKY A B A;, a TOUKY B B Bj, IpudeM Takas TOBOPOTHAs
TOMOTETHS €IMHCTBCHHA.

0) Jlokaxxute, 4TO IEHTPOM MOBOPOTHON TOMOTETHH, IEPEBOIAIIEH TOUKY A B B, a TOUKy

10.

B B C, aBnsercd TOYKa MEPECEUEHUs] OKPYKHOCTH, NMPOXOAIIEH depe3 TOUKY A U
Kacaromeiics npsasmod BC B Touke B, U OKPYKHOCTH, HNpoxonsmieil yepe3 Touky C u
Kacarouiencs npsiMoit AB B Touke B.

Jlanbpl 71Ba NpaBWIBHBIX NATUYTOJbHUKA C OOIIEW BepIIMHON. BepmmHbl Ka)xaoro
MATUYTOJIBHUKA HYMEpPYIOTCA HH@ppamMu oT 1 10 5 Mo 4acoBOM CTpeNKe, IPUYEM B
oOmei BepunHe cTraBUTCS 1. BepmmHbl ¢ OJAMHAKOBBIMM HOMEpPAaMHU COEIMHEHBI
npsAMBIMH. /[0Ka3aTh, YTO MOJyYEHHBIE YETHIPE MIPSAMBIE ITIEPECEKAIOTCS B OAHOM TOUKE.
Touxka Mukena. Jlannl 4 nipsimble 00111eTO TIOJI0KEHUS. JloKaxkuTe, 4To 4 ONMMCaHHbIE
OKPYHOCTH BOKPYT TPE€YTrOJbHUKOB, 00pa30BaHHBIX 3TUMU MPSIMBIMHU, UMEIOT OOLIYIO
TOYKY.

bokossie croponst AD u BC tpaneruu ABCD mnoBepHyThI OKOJIO CBOMX CEpEIIMH Ha
yroan 90°, mocie dero oHu 3aHuMarT mnonoxkenwe A;D; m B;C;. Jlokaxure, 4dto
A]_Bl = C]_D]_.

Touku M u N nexar Ha croponax AB u BC kBagpara ABCD, npuuem MB = BN. Touka
H — ocHoBaHme BBICOTHI, OmMymeHHOW n3 Touku B Ha orpe3sok MC. Jlokaxure, 4To
Z NHD =90°.

Jlna camocmoamenvHozo pewieHus
[Toctpouts kBagapar ABCD Ttak, uToObl BepmmHa A HaxoJujach B JaHHOW TOYKE, a
BepiuHbl B 1 C mpuHaayiexan 1aHHONH OKPYKHOCTH.
JIBe OKpy»KHOCTHU mepecekaroTcsi B Toukax 4 u B, a xopaslt AM u AN kacaroTcs 3Tux
okpyxnocteil. Tpeyronsank MAN noctpoen no mapamnenorpamma MANC. Ilycts P —
cepenuHa otpeska BN, aQ-— cepeauna ortpeska MC. JlokaxuTe, YTO
Z APQ = Z ANC.
OxpyxkHOCTH Sy, Sp,..., S mpoxomsar uepe3 Touky O. Kysneunk wu3 Ttouku KX
OKPYXXHOCTH Sj TPBITa€T B TOYKY Xj+1 OKPYKHOCTH Sji; Tak, uTo mpsMas XiXji1
MPOXOJIUT YePe3 TOUKY MEePECEUCHUS] OKPYKHOCTEH Sj U Sji1, OTIHUHYIO OT Touku O.
Jlokasatb, 4TO Mmociie N MPBIKKOB (C OKPYKHOCTH S; Ha Sy, € Sp Ha S,..., ¢ S, Ha Sy)
KY3HEUHK BEPHETCS B UICXOAHYIO TOUKY.
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Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.

l'ayccoBbl ynca 11 urona
Omnpenenenusi. PaccMoTprM KOMIUIEKCHBIC Yncia X+iy, e X u Y — 1einbie uncia. Takue

W

0o~ O

YHCITa Ha3bIBAIOTCS 2ayccosvimu. Hopmoti N(Z) rayccoBa Ynciia Z Ha3bIBa€TCs KBAAPaT
ero moxayns. Jis rayccoBbix umcen @ u b # 0 roBopsrt, uto @ deaumcs Ha b, ecnu
a=bc pmns HekoToporo rayccoBa umciaaC. [ayccoBO YHCIO [P Ha3bIBaeTCs
obpamumeim, eciad 1/p sBIAeTCS raycCOBBIM. J[Ba rayCCOBBIX YHCIa Ha3bIBAIOTCS
ACCOYUUPOBAHHBIMU, €CITH OHU OTJIMYAIOTCS OOPAaTUMBIM MHOXHTENIEM. ['ayccoBO
YHCIIO HA3bIBACTCSA MPOCMbIM, €CIIA Yy HEro POBHO JIBA JCIHTENS C TOYHOCTBHIO 0
acCcONMUPOBaHHOCTH. HeoOpaTHMble M HE MPOCTHIE TayCCOBBI YHCIIA HA3bIBAIOTCS
cocmasnbimu. JIBa TayccoBa Yucia Ha3bIBAIOTCS 63AUMHO NPOCMbIMIU, €CIIH Y HUX HET
OOIIHUX JEIUTEINCH, KpoMe 00paTUMBIX.

["ayccoBBI YKciIa 3aMKHYTBI OTHOCHUTEIBHO CIIOKEHHSI U YMHOKEHHUSI.

HaiiTu Bce Takue rayccoBsl unciia a takue, uro a) N(a) = 0, 6) N(a) = 1, B) N(a) = 3.
JlokaxkuTe s JTF0OBIX rayccoBbIx @ U b cootHomenue N(ab) = N(a)N(b).

JIoKa)XHTe, YTO MPOM3BEACHUE ABYX HATypalbHBIX YHCEJ, MPEACTABHMBIX B BHJIEC
CYMMBI KBaIpaTOB JIBYX II€JBIX YUCEI, IPEACTABUMO TAKHM e 00pa3oM.

HaiiTu Bce 0OpaTuMble rayccoBbI YUCIA.

JIOKa)XHTe, 9TO COCTABHOE HATYPAIBHOE YMCIIO HE SBJSIETCS IMPOCTHIM rayCCOBBIM.
Jlokasath, 4TO rayCCOBO YHMCIIO, COMPSHKEHHOE K IPOCTOMY, CAMO SIBIIIETCS IPOCTHIM.
Kakue u3 CleAyIonmx rayCCoBbIX YMCE SBIISIOTCS MPOCTHIMHU, & KAKHE COCTABHBIMU:

a) 2+4i,06) 1+, B) 1+71 ?

9. JlokazaTh, 4TO JUIsl JIFOOBIX TayCCOBBIX umcen a u b # 0 HaiayTcst raycCoBel P U (
takue, uto a = bp + g u N(q) < N(b).

10. (Aneopumm Esxnuoa) Jloka3zaTh, 4TO Ui B3aMMHO MPOCTBIX TayCCOBBIX & W D
HalayTCs U U V Takue, 9to au + bv = 1. BepHo u oOpaTHoe.

11. Ecnu ab nenwres Ha p, T7ie P — mpocToe, TO XOTs Obl OHO U3 a U D Jenutcs Ha p.

12. (Ocnosnas meopema apugmemuxu). JIFo0Oe TayCcCOBO YHCIIO PACKIAIbIBACTCS B
IPOU3BENIEHUE MPOCTHIX, MPUYEM EIAUHCTBEHHBIM 00pa3oM, € TOYHOCTBIO [0
aCCOLMUPOBAHHOCTH.

Jlna camocmoamenvhozo peuienus

13. Jlokaxkute, 4TO JBa rayCCOBBIX YHCJIA KpaTHBI JIPYr NIPYry TOrJa U TOJBKO TOT/A,
KOTI'Jla OHU aCCOLIMUPOBAHHBI.

14. JloxaxxuTe, 4TO MpOoCThIe unciia Buaa 4K + 3 SBISFOTCS POCTHIMH T'ayCCOBBIMH.

15. Paznoxwute unciio 1001 Ha mpocThie rayCCOBHIE.

MHoxKecTBa 11 urosa

1. Kakux HaTypanbHbIX yucen, He npeBocxoasammx 1000000, 6oabiie: ¢ cymmon nudp

31 unu ¢ cymmoit uudp 23?

Onpeodenenue. Mnooicecmea A u B nazviearomcs pasHomouwyHvblMu, eciu mexicoy ux

dJlEMEHMAMU MOIHCHO YCNMAHOBUNb 83AUMHO-00HO3HAYHOE COOMBEMCmaBUe.
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2.

JlokaxuTe, 4TO CIIEAYIOIINEe MHOXKECTBA PABHOMOIIIHBI:
a) MoOkIe JIBa OTpe3Ka Ha IMIIOCKOCTH;
0) rpaHMIla KBaJapaTa U OKPY>KHOCTb.

Onpeodenenue. Mnooxcecmso Hazol8aemcs CHEMHBIM, eClid OHO PABHOMOUWHO MHONCECTBY

HamypaibHblX YUCEIL.

3. JlokaxuTe, 4TO CISAYIONINE MHOKECTBA CUETHBI:
a) MHOYKECTBO BCEX IICJIBIX HEOTPHUIIATESIIBHBIX YHCEIT
0) MHOKECTBO BCEX YETHBIX YUCET;
B) MHO>XECTBO BCEX IIEIIBIX YHCEIT;
r) 0ECKOHEYHOE TTOJIMHOKECTBO CYETHOTO MHOKECTBA,
) OECKOHEYHOE MHOXKECTBO HEIEePECEKAIINXCS OTPE3KOB MPSIMOW JJIMHBI HE
Mensblte 1,5.

4, JlokaxxuTe, 4TO J1000e OECKOHEUYHOE MHOYKECTBO COAEPIKUT CUETHOE MOIMHOKECTBO.

5. JlokaxkuTe, 4YTO MHOXKECTBO OECKOHEYHO TOTJla M TOJBKO TOTJa, KOrJa OHO
PABHOMOIIIHO HEKOTOPOMY CBOEMY COOCTBEHHOMY MOJMHOKECTBY.

6. Mosxxer 1M KOpoJib OOONTH OECKOHEUHYIO IIaXMaTHYIO JIOCKY, MOOBIBaB B KaxIOH
KJIETKE POBHO OJIUH pa3?

7. JlokaxkuTe, 4TO MPOU3BEICHUE CUETHBIX MHOXKECTB CUETHO. (ITPOU3BE/IEHNE MHOYKECTB
A u B — 310 MHOXecTBO Beex map (a; b)rnea € A, b € B.)

8. O0OBeguHeHne He 00JIee YeEM CUETHOTO YUCIIA CUETHBIX MHOYKECTB CUETHOE.

9. JlokaxwTe, 94TO CIEAYIOIINE MHOKECTBA CUETHBI
a) N* (k — natypaisHo);

0) Q (Bcex parmoOHATBHBIX YHCEN);

B) Psin(N) — Bcex KOHEUHBIX MOAMHOMXKECTB B N

I') MHOKECTBO BCEX KOHEUHBIX MOCJIEI0BATEILHOCTEH IEeNIbIX YUCE.
Jlna camocmoamenvHozo pewieHus

10. lokazaTh, 4T0 0OBEIMHEHHE OCCKOHEYHOTO MHOXKECTBA ¢ HE 0oJjiee 4eM CUYETHBIM
PaBHOMOIIIHO TIEPBOMY U3 MHOECTB.

11. Jlokaxxute, 9TO MHOXKECTBO BCEX alireOpandecKux yucen cu€THo. (AnreOpandecKuMu
HA3bIBAIOTCS  YHCJIA,  SIBIISIOIIMECS  KOPHSMH  MHOTOWIEHOB C  IEJBIMHU
koadpurreHTamu. )

12. B mpocTpaHCTBE NaHO HEKOTOpPOE KOJMYECTBO IMIApoB. M3BECTHO, YTO Ka)xablil u3
mapoB nepecekaerca He O0osee yem ¢ 2010 npyrumu. Jlokaxxkure, 4TO UX KOJIMYECTBO
He 0oJiee YeM CUETHO.

lF'ayccoBbl yucaa - 2 12 urouisa

VYnpaxuenue. [lycts Z— npocTtoe rayccoBo. JlokaxXurte, 4TO OHO SBIISIETCS I€TUTEIEM
a) HATYypaJIbHOTO YHCIIa;

0) MPOCTOTr0 HATYPAILHOTO;

B) €IMHCTBEHHOT'O MMPOCTOT0 HATYPAIBHOTO P

1.

I[OKa)KI/ITe, qTO CCJIM IIPOCTOC HATYPAJIbHOC pB CYMMY ABYX KBaJApPaTOB LCJIBIX YHUCCII

a) HE Pa3JI0KNUMO, TO OHO SIBJISIETCS MPOCTHIM I'ayCCOBBIM;
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6) Pa3ia0KuUMO, TO OHO pPAaBHO IIPOU3BCACHUIO ABYX COIIPSAIKCHHBIX ITPOCTBIX I'ayCCOBBIX.

2.

3.

4.

[Ipu »TOM pa3znoxeHue B CYMMY KBaJpaTOB €AMHCTBEHHO C TOYHOCTBHIO JI0
nepectaHoBku. Korya nomyyaromasics 3/1€Ch napa COnps>KeHHbBIX acCOIMUpoBaHa?
Eciu a° + b® menures Ha ImpocToe HaTypalbHOE N, HE MPEACTABHMOE B BHIE CyMMBbL
JIBYX KBaJIpaToB, TO & U b menstes Ha N,

JIOKaXkuTe, 9TO eCiH P — MpocToe HaTypambHoe Buaa 4K + 1, to ((2k))* + 1 memurcs
Ha p. (BcnomuuTe Teopemy Bunbcona.)

[Tpocroe HatypanpHOe umciio Bupa 4K + 1 mpencraBumMo cymMMmoil ABYX KBaJIpaToOB
IEJIBIX YHCEIT.

Takum 00pa3oM, MPOCThIE TAyCCOBBI YHMCIA — 3TO YHCIO | + i, mpocTeie HaTypalbHbIE

Buga 4K+3 w mapel CONpPSHKCHHBIX, Ha KOTOPBIC PACKIAIbIBAIOTCA IPOCTHIS
HarypaybHble Buaa 4K + 1.

ﬂﬂﬂ CaAMOCmMOAmME/IbHO20 peutenusn

1. Jlokaxkute, 4TO HATypaJlbHOE YHCJIO MOXKHO IMPEJICTaBUTh B BHUJAE CYMMBI JABYX
KBaJIPaTOB IIE€JIbIX YKCEJ TOr/la U TOJBKO TOT/Ia, KOT/Ia B Pa3JIOKEHHE €ro Ha MPOCThIe
MHOYHUTEJIH BCE POCThIC yKciia Buaa 4K + 3 BXOIST B YETHBIX CTCIICHSIX.

2. Jlokaxwute, yTo 15 HE MpeCTaBUMO CYMMOMW KBaJPaTOB JBYX PAllMOHAIBHBIX YHUCEI.

3. Ilycth n? + 1 gemurcs Ha m? -1 JUT HeneiXx N M. Kakum MosxeT ObITh M?

AbGaka 12 urosis

DyHKUUU

1. Jlaubl TpW HEOTPUIIATENBHBIX 4YHCJIA, HE MPEBOCXOAAMMX 1, cymma Bcex TpEX
MOTAPHBIX MPOU3BENCHUI KOTOpbIX paBHa 1. Kakoe HambOombinee 3HAYCHHUE MOXKET
IPUHUMATH UX CyMMa KBaJpaToB?

X+3, X<3 .
2. Jlana ¢yskmus f(x) = CKOJIBKO pElIeHH HMEET ypaBHEHHE
10—-x, x>3.
f(2+x|)=67

3. Haiigute cymMy HauMEHBIIIETO U HAaUOOJBIIETO 3HAUeHUM QYHKIIUN Y=3COSX—3C0S2X—
2.

4. VI3BecTHO, YTO KOpHSIMH KBajapatHoro tpexwieHa f(X)=ax”+bx+c sBusOTCS
X, _c-a-b, X, _a-b-C yyaxure MHOKECTBO W3 IBYX JIEHCTBUTENBHBIX YHCEIL,

2a 2a
CpeIr KOTOPBIX XOTS OBl OJTHO SBJISETCS KOPHEM ITOTO TPEXUJICHA.
5. IlocnemoBarenbHOCTh {@,} 3amaHa ycnoBuamu ;=1,a 6 =a + opu BCeEX
a,]+10
HaTypaJbHBIX N>1, e [X] — menast yacTh uncia X. Haiinure asggg.
) 2 2
6. Haiinure Hanmenbiree 3naucHue uipaxerus |X| +|y|+(x+4) +(y—5) . Yaxure

Bce mapsbl (X;Y), TPy KOTOPBIX OHO JJOCTUTAETCHI.

JIMLL - 2010 | MaTemaTnka — 9 | O6bIUYHbIe rpynnbl

-17 -



Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.

I'eomerpus

1.

2.

Ha miockoctu HapucoBaHO Tpu npsiMoyrojbHuka. Ha kakoe HauOosblliee YUCIO
4acTeil Mpo 3TOM MOIJIa pa30UThCS IIIOCKOCTh?

AH u CP — Beicotel paBHOOeapenHoro (AB=BC) tpeyronbuuka ABC. Haiinure
BENMYMHY yTia B, ecnu uzBectHo, yto AC=2HP.

Ha ocnoanuu AD pasHoOeapennoi Tpaneruu ABCD otmedena Touka N Takas, 4To
yeTbipéxyronbHuk NBCD sBnsercs napamienorpammom. unaronanu tpaneuun ABCD
nepecekatorcsi B Touke E. Okazanoch, uto Touku A, B, E, N nexar Ha omHol
okpyxxHocTH. Bripazute AB uepes BC.

P — touka mepeceueHusi ouccektpucel BD TpeyronmpbHuka ABC u OmmkHeH K
ctopoHe CA tpucektpucel CE. Oxkazanocs, yto DE = DC = CP. Haiinure yrisi
Tpeyroybarka ABC.

B npsMoyroibHOM TpeyrojabHHKE BBICOTA, OIYIEHHAs HAa TUIIOTEHY3Yy, AENIUT €€ Ha
OTPE3KH, Ppa3HOCTh KOTOPHIX paBHAa MeEHblIeMy KareTy. Haiinure oTHoleHue
OO0JIBILIEr0 KaTeTa K MEHbBILIEMY.

Ha nponomkenun runorenyssl 48 npsaMoyroiasHoro tpeyronbHuka ABC 3a Touky B
orMmedeHa Touka D Takas, uto DC=2BC. [Iycts H — OCHOBaHHE BBICOTHI, TPOBEAEHHON
u3 BepmmHbl C npsamoro yria. Haiiaure yron BDC (B rpagycax), eciu U3BECTHO, YTO
paccrosiuue ot /1 1o karera BC paBHO JuIMHE OTpe3Ka [HA.

™™

[Ipyn kakoM HauMeEHBIIEM HAaTypaJibHOM K BO3MOXKHO paBeHCTBO K -OJUH = MHOI'O
(omuHaKoBbIE OYKBBI — OJIMHAKOBBIC IU(PHI, pa3Hble OYKBbI — paszHble IUGPHI)?
[IpuBenuTe OTBET U BCE pELICHUS MOJIyqaroIierocs pedyca.

Haiinute HanMmeHblllee YETHOE HATypPaJIbHOE UYMCIIO, KOTOPOE HEJb3sl MPEACTaBUTH B
BHUJIE CYMMBbl JABYX HATypaJbHBIX CIAara€MbIX, KaXJ0€ M3 KOTOPBIX COCTOUT U3
HEYETHBIX UGP.

HaTypaibHble uncia M ¥ N TAakoBbI, 9T0 M>+Nn°+m gemurtest Ha mn. Onummre Bee
Takue M.

Moxuo i u3 Bcex 10 nudp cocraButh 2 MATU3HAYHBIX YUCIA TaK, YTOOBI OJHO
JIETIIOCh Ha Apyroe?

[Tpu 3anucu 1udp 4eTHIPEX3HAYHOTO YKCJIa B OOPATHOM MOPSAJIKE MOTydaeTcs JIPyroe
YEThIPEX3HAYHOE YMCIIO, TMPOU3BEJACHHUE KOTOPOro ¢ HMCXOoaHbIM nenutcs Ha 1000.
Haiingure Bce Takne 4eThIpEX3HAYHBIC YHCIIA.

Ckounbko periennii B nudpax umeer ypasHenne HOK(a,b)+HO/I(a,b)=a+b?

KoHcTpyKTHBBI

1.

Kakoe HanbopIiee 9ucio Jiajieid MOKHO pacCTaBUTh HA ITaXMaTHOM JOcKe 8x& Tak,
yTOOBI KaXJas JiaJibsl HaXOoAWIach 1moj; 0oeM He Oosiee ABYX Jaaei? (/ee naovu Oviom
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opyz opyaa, eciu OHU CMOSIm 8 OOHOM BEPMUKAILHOM UIU 2OPUSOHMATLHOM DAY U
MedHcoy HUMU Hem mpemuvell 1a0bl.)

2. B xynerku Tabmauipl 5x5 1Mo OAHOMY CTaBAT pa3iMyHbIe HaTypajbHbIe uncia oT 1 10
25, npuyéM Henb3sl, YTOOBl B KaKOM-HUOYIb CTPOKE WM B KaKOM-HHOYAb CTOJOIE
CyMMa 4Hcell JaBajia octaTok | mpu nenenuu Ha 3. Kakoe Hambosbliee KOJIMYECTBO
YHUCE MOYKHO IMOCTaBUTH?

3. Haiinure HanbomblIee HaTypaIbHOE YUCIO U3 PA3NUYHBIX TUQP, Y KOTOPOTo Jrodast
rpynna noapsan UAymux uudp Aaét 4ucio, Aeislieecs Ha KOJIMYECTBO LU(p B 3TOM
rpymnIe.

4. Kakoe HauMeHbIlIee KOJINYECTBO KJIETOK KBajapaTa 5x5 MOXKHO 3aKpacUTh TakK, YTOObI
B JIIOOOM YETBHIPEXKIETOYHOM MHOTOYTOJbHHKE Oblla XOTsI OBl OJHA 3aKpallleHHas
xietka? [IpuBenure nmpumep.

5. M3 xakoro HamOONBIIET0 KOJMYECTBA PA3IWYHBIX LHU(PP MOXKHO COCTaBUTH
HATypaJIbHOE YHWCJIO W €ro KBajpar, B 3alldCH KOTOPBIX BMECTE Kaxknaas uudpa
ucnosas3yercst poBHo 1 pa3? [IpuBenure oTBET, MpUMEp YKCIA U €r0 KBaapaTa.

6. W3 mabopa rups maccoit 1, 2, 3, 4, ..., 25, 26 BeIOpaTh 6 TUPh TaK, YTOOBI M3 HUX
HeJb3d OBLIO BBIACIUTH JBa pPa3HbIX HA0Opa, CyMMapHbIE MAacChl KOTOPBIX pPaBHBHI.
(IIpu smom 6 smux 08yx HAbOPAx MO2ym UCHONBL30BAMbBCSL He 8ce 6 2Upb.)

MHOTro4/eHbl 14 nrwoaa

Ilonem Oynem Ha3blBaThb HEKOTOPOE YMCIOBOE MHOYKECTBO, B KOTOPOM MOXHO
CKJIaJbIBaTh, BBIUWTATh, YMHOXaTb M JAeduTh (He Ha (), W cHOpaBeIIMBBI BCE
IIPUBBIYHBIE HAM CBOKCTBA JTHX OIEpaldii. ITO HE TOUYHOE omnpenesieHue. [Ipumepsr

nonen: Q,R,C,Z .

Onpenenenue. Mmnozounenom Haa 1noneM K  Ha3bIBaeTCsd BBIPAXXCHHE BHJA
A(x)zanxn +...+aX+a,, TOE a,,a,,...,a, — IIEMEHTbI HeKOTOporo nojs K.

Cmenenvrio MHoOTOUsieHa A(x) (oOo3HauaeTcss degA(X) ) Ha3bIBaeTCs HaHWOOIBITHI
1oKa3aTeslb HEHYJEBOro OJHOWIEHA, KO3((GUIMEHT NPU 3TOM OJHOYJICHE Ha3bIBAETCS
cmapuium. CTENIEHb HYJIEBOIO MHOTOWIEHA 10J1araeTcs paBHOM — 0.

JIBa MHOro4ji€eHa CUYUTAIOTCS PAGHbIMU TOTAA W TOJBKO TOTJA, KOrJa y HUX PaBHBI
COOTBETCTBYIOIINE KOI(PPUIIUEHTHI.

CymMa, pa3HOCTh M MPOU3BENECHUE MHOTOYJICHOB ONPEAEIISIIOTCS CIEAYIOIUM 00pa3oM:

C(x)=A(x)£B(x)=¢c, =a,*h,

C(x)=A(X)xB(x)=c, = D a,-b,’

m+n=k

1. YTo npoucxoauT CO CTENEHIMH MHOTOUYJICHOB MPU UX CII0OKEHUH U YMHOKEHUU?

3adukcupyemM 0 KOHLa 3aHATUS HekoTopoe mojie K u OyneM paccMaTpuBaTh TOJBKO
MHoOrowieHbl Hax K.

2. Kaxkue MHOTOWIEHBI OYAyT 00paTUMBIMU, ACCOITUMPOBAHHBIMU ?
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3.

Teopema o oenenuu ¢ ocmamkom. Jlns moObix MHOrowrteHoB A(x) u B(x)#0
CYIICCTBYIOT  €AMHCTBeHHble  MHorowieHsl C(X) w R(X) Takwme, drO

A(x) = B(x)C(x) + R(X) n deg B(x) >deg R(X) .

Ecmu R(X) = 0, To roBopsit, uro A(X) nemutcs Ha B(X).
MHoTro4JIeHbl Ha3bIBAIOTCS 83AUMHO NPOCMBIMU, €CITH BCE UX O0IIKE JEIUTEN 00paTUMBI.
4. Aneopumm Eexnuoa onsn muozounenos. J{jisi B3aMMHO MPOCTHIX MHOIOUWIEHOB A(x) 1

B(x) naitmyrcs muorowiersl U(X) u V(X) takue, uro A(X)U(X) + B(X)V(X) = 1. Bepno u
obOpatHoe.

Onpenesenue. MHOrOWIEH HA3bIBACTCA HENPUGOOUMBIM, €CIU y HEr0 POBHO JIBa

5.

6.

JEIATENS ¢ TOYHOCTHIO JI0 00OPATUMBIX MHOKHUTEIICH.

Ecim npoussenenue A(x)B(x) MHOTOWICHOB JEIHUTCS Ha HEIPUBOIAMMBIA MHOTOWICH
C(x), To X0Ts1 OBI OJTUH W3 MHOXHUTeIEH gemuTcs Ha C(x).

Ocnoenasa meopema apugmemuku 011 MHO2041eH068. J[I0O0M MHOTOWICH
packiaJbIBacTCs B MMPOU3BEICHNE HEITPUBOIUMBIX, IIPHUEM SIMHCTBECHHBIM 00pa3oM ¢
TOYHOCTBIO JIO MIEPECTAHOBKH U MOCTOSTHHBIX MHOXKHUTEIICH.

Onpenenenue. Haubonvuwium obwum oOenumesiem MHOTOUJICHOB Ha3bIBACTCS OOITUI

JIeUTElb, KpaTHBINA JII0OoMy obmiemy aenutento. Haumenvuwium odugum Kpamuoim
MHOTOYWICHOB Ha3bIBaeTCs O0IIIee KpaTHOE, JAelsieecs Ha J0oe obIee KpaTHOE.

7. Hoxaxwute cymectBoBanne HOJI m HOK, uX eAMHCTBEHHOCTh € TOYHOCTBIO
MOCTOSTHHOT'O MHOHUTEJIS.
8. Haitru HOJ(X — 1, x" — 1),
9. Haitnure cymmy ko durmento MEorounena (X + 2x — 2)*%,
10. Haiiaure Bce menmble X, MPU KOTOPBIX YHCIO X' +3X° +2Xx* +3X—1 JEIUTCS HAa YHUCIIO
x> +1.
Jna camocmoamenvnozo peuieHus.
11. Hatigute cymmy KOd(PQUIIMEHTOB TIPU  HEYETHBIX CTEMEHSX  MHOTrodJieHa
15
(x“ —3x3—x+2) :
12. Jlokaxure, 4to 4yt moboro N muorowtes (X + 1)°™* + x™? nemmrest va X% + X + 1.
13. MHuorowren P(X) qaet octaTok 5 npu jeneHun Ha (X — 2) 1 ocTaTtok 7 + | mpu JAeIeHUH
Ha (X — 3). Kakoii octatok MHOrowieH P(X) 1aet npu aesieHnu Ha X — 5X + 672
MHoxecTBa — 2 14 vrosa
13. JlokaxkuTe, 94TO CIASAYIOIINE MHOKECTBA PABHOMOIIIHBI MEXTy COOOi:
a) OTPE30K;
0) uHTEpBAT;
B) MpsiMasi;

') OKPYHOCTb.

Onpeoenenue. Mnoocecmso, pasnomownoe ompesky [0,1] nasvieaemces konmumnyanvHoim.

14,

15.

JlokakuTe, 4TO MHOKECTBO BCEX OECKOHEUHBIX MOCIEI0BATEIIbHOCTEH, COCTOSIINUX U3
0 1 | KOHTUHYAJIBHO.
Jlokaxkute, 4TO 11000€ KOHTUHYaIbHOE MHOKECTBO HECUETHO.
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16.

17.
18.

19.

20.

21,

22,
23.

YcraHoBUTE B3aMMHO OJIHO3HAYHOE COOTBETCTBHE MEXKIY MHOMXKECTBOM BCEX
MOJIMHOXKECTB HATYpaAJIbHOTO psifia 1 OECKOHEUHBIX MMOCIEI0BATEILHOCTEM, COCTOSIIMX
m0wul.

JlokaxuTe, 4TO MHOKECTBO BCEX HEANreOpandecKux Ynuces KOHTUHYaIbHO.

AJlekceil yTBEpXkKIaeT, 4YTO MHOXECTBO To4eK oTpe3ka [0,1] ¥ MHOXKECTBO TOUYEK
kBagpata [0,1] x [0,1] mepaBHOMOIIHBI. Pycnan CepreeBud yTBEpKIaeT OOpaTHOE.
KT0 13 Hux npan?

BepHo 1M, YTO MHOXECTBO TOYEK MPSIMOM U MHOMXKECTBO TOYEK IUIOCKOCTH
PABHOMOIIIHBI?

JlokaxkuTe, 4TO MHOKECTBO BCEX MPAMBIX Ha MJIOCKOCTU KOHTUHYAJIBHO.

Jlna camocmoamenbHozo peuteHus
Ha mmockoctu ecTh cueTHOE 4Mciio KoOMapoB (HyseBoro pasmepa). FOHas 3amuTHUIa
npupo bl An€Ha HaxoauTcs B (PMKCUPOBAHHOM TOYKE, M Y HEE €CTh JIa3epHOE PYXKbe.
Jokaxure, uTo Aj€Ha MOXKET BBICTPEIUTH TaK, YTOOBI HE YOUTh HU OJHOTO KOMapa.
Hoxaxwure, uto R x N paBHOMOIIHO R.
JlokaxuTe, YTO MHOXKECTBO BCEX KOHEUYHBIX IOCJICAOBATEIBHOCTEH ACHCTBUTEIIBHBIX
quce KOHTHHYaIbHO.

HuBepcusa 15 urwa

Onpeodenenue. Ilycth 1ana okpy>kHOCTh @ ¢ nieHTpoM O u pagmycom R. MHBepcus — 310

npeoOpa3oBaHue IUIOCKOCTH C BBIKOJIOTONH TOouko O, KOTOpoe MepeBOAMT KaXKAYIO

1 1 ] 2 1
Touky A B Touky A' Takyto, uto A' nexxut Ha ayde OA u OAXOA' =R”. Touku A u A
HA3bIBAIOTCS CHMMETPUYHBIMU WJIA WHBEPCHBIMU OTHOCUTEIHHO (.

Ynpasicnenusn
a) s xaxIol TOUKHM MIOCKOCTH, KpoMme LeHTpa O, CyIIECTBYET €AMHCTBEHHAs TOYKA,

CUMMETPUYHAS €U

0) st nentpa O CUMMETPUYHON TOYKHU HE CYIIECTBYET

B) Ecnu Touka A, cumMmMeTpruyuHa TOUKe A1, TO U TOUKA 43 CAMMETPUYHA TOUKE A,

r) Kaxxnas Touka, sexarast Ha OKpY»XKHOCTH @, CAMMETPUYHA cama cebe

n) Ecniu A; u A, paznuyHble CUMMETPUYHbBIE TOYKH, TO OJHA U3 HUX JICKUT BHYTPU
OKPYKHOCTH (0, a Ipyrasi — CHapyXu

e) [Ipsmas npoxoasimas yepes O nepexoauT B ceOsl.

3aoauu
1. [lycth TOYKa A JEXKHUT CHAPYKH OKPYKHOCTU @ ¢ 1eHTpoM O, AM wu AN —

KacareybHbIe K OKpYKHOCTH ; npsmble O4 u MN nepecekatorcst B Touke B. Torna
TOYKUA A ¥ B CHMMETPUYHBI OTHOCUTEIBHO OKPYKHOCTH (.

2. llycty Ay, A» m By, B, mapel pa3auyHbIX TOYEK, CHUMMETPUYHBIX OTHOCHTEIBHO

OKPY’KHOCTH . Torza Bce 3TH YeThIPE TOUKH JIEKAT HA OTHOW OKPYKHOCTH.

3. [Ipsimasi, He mpoxomasmias dYepe3 IEeHTP WHBEPCUU, TEPEXOJUT B OKPYKHOCTH,

MPOXOISIIYIO Yepe3 IeHTp uaBepcun. Y HaoboporT.
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4. [lycTb OKpPYXHOCTh 0 SIBISETCA OOpa3oM MpsSMON @ NpPU HHBEPCUU OTHOCUTEIBHO
OKPYXHOCTH , a TOYKa 4 JIEKUT Ha NpsiMoU a. Torna kacareiapHble, IPOBEJICHHBIE K
OKPY>KHOCTSIM . U 0 U3 TOUKU A paBHbI MEXAY COOOI.

5. OKpyKHOCTb, HE MPOXOJslIasl Yepe3 UEHTP MHBEPCUU, NMEPEXOAUT B OKPYKHOCTb, HE
IIPOXOJSIIYIO YEPE3 LIEHTP UHBEPCHUH.

Onpeoenenue. YrioM MexAy ABYMs OKPYKHOCTSIMH HAa3bIBAa€TCS YIOJl MEXAY HX
KAaCcaTeJIbHBIMU B TOYKE MX INEpPECEUYCHHs. AHAJOTMYHO OMPEIEISAETCS YroJl MEXIy
IIPSAMON U OKPY>KHOCTBIO.

6. a) Jokaxwure, 4to npsaMas (OKpYyKHOCTb, KpOME CIIydasi HHBEPCHOM) COXpaHseTCs MpH
WHBEPCUU TOTJa U TOJIBKO TOI'/Ia, KOTJa OHa OPTOTrOHAJIbHA MHBEPCHOW OKPY’KHOCTH.

0) ¥V okpyxHoctu npoBeacHbsl quamerp AB u xopaa CD, nmepnenaukymaspHas 3TOMY
nuameTpy. MeHblias okpykHOCTh Kacaercs otpeska CD u gyru CBD. Jlokaxure, uto
KacartelibHas K Hel, mpoBeJieHHas U3 Touku A, paBHa 1o jyne AC.

B) B cermMeHT BNUCHIBAIOTCS BCEBO3MOXHBIE Mapbl KacalONIUXCS OKPYXHOCTEH.
Hatigute I'MT nx Touek kacaHus

r) B cermMeHT BHNUCHIBAIOTCS BCEBO3MOKHBIE TMaphl MEPECEKAIONINXCA OKPY>KHOCTEH.
PaccMOTprM MHOXKECTBO TMPSAMBIX, MPOXOJSIIMX YEpe3 KX TOUKH TEePEeCceUeHUsI.
JlokaxuTe, 9TO BCE TAKUE MPSAMBIC TIPOXOIAT Yepe3 OJHY TOUKY.

Jna camocmoamenvHozo pewieHus

7. Ilycte K, M, N— mnpou3BOJIbHbIE TOYKHM Ha OKPYXHOCTH @, p — CEpPEANHHBIN
nepneHaukyysap k otpesky MN. Torma npsimeie KM u KN nepecekaror npsimyro p B
TOYKaX A U B, CHMMETPHUYHBIX OTHOCUTEIFHO OKPYKHOCTHU (.

8. Uepe3 Touky A mpoBenH MpsIMyI0, TEPECeKarolIyl0 OKpYXHOCTh S ¢ mertpom O B
toukax N u M u ne npoxoasuryto uepe3 O. Ilycts M' u N' — Touku cumMMmeTpuyHBIE
toukaM M u N otHocutensrHO AO. Ilycts MN' u NM' mepecekarorcsi B Touke A'.
JHoxaxute, uTo A' — o0Opa3 A ipu UHBEPCUU, COXPAHSIOINIEH S.

9. Ilycte nan tpeyronbauk ABC. A; u B; — cepeaunnt ctopon BC u AC cooTBETCTBEHHO.
Oxpyxnoctu, npoxoxasmue depe3 AB;,C u A;BC, nepecekatorcs B Touke X. Ilpsimas
CX BTOpHYHO TiepeceKaeT OMMCAaHHYI0 OKPYXKHOCTh TpeyroirHuka ABC B Touke Y.
Haiinure CX/CY.

MHoOro4jeHsbl — 2 15 uroda

1. MuorowieH P(X) = X — a HEIPUBOIUM HaJT JTFOOBIM TI0JIEM, COICPIKAIIUM a.

2. Teopema bezy. P(X) = Q(X)(x — a) + P(a) mis mo6six a u3 moyis K u P(X) u3 K[x].

Onpeoenenue. Takoe a, uto P(a) = 0, Ha3pIBaeTCs KopHem MHOTOWIeHA. KopeHb nmeeT

kpamuocm K, eciu P(X) nenures Ha (X — @) u He neutes Ha (X — )<

JIro0o¥ MHOTOUJIEH CTETIEHU N HaJl JIFOOBIM MMOJIeM UMEET He OoJiee N KOpHEH.

4. Ecau 1Ba MHOTOYJICHA CTEIICHH HE BBIIIE N COBMAAAiOT B N + 1 pa3IMYHBIX TOYKAX, TO
9TH MHOTOYICHBI PABHBI.

5. Ecnu nBa MHOro4ieHa HaJl OCCKOHEYHBIM IMOJIEM PaBHBI KakK (DYHKIMH, TO OHH PaBHBI

KaK MHOTOWICHBI. AHAJIOTHYHOE YTBEPXKICHHE HEBEPHO B Zy[X].

w
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6. Jlro6oi mHorowieH u3z C[X] cTerneHu 2 NpuBOIUM.

7. Teopema o cymecmeosanuu kopus (6e3 doxazamenbcmea).

Kax b1t HenocTostHHBINM MHOTOWIEH 13 C[X] MMeeT KOMIUIEKCHBIH KOPEHb.

8. Bceskuit mHorowreH u3 C[X] cremenu N>0 mmeeT pOBHO N KOpHEW C Yy4eTOM
KpPaTHOCTH.

9. B R[X] BcsAkMii MHOTOWIEH pAaCKJIaIbIBACTCI B IPOU3BEICHUE HEIPUBOIMMBIX
MHOTOWICHOB CTENEHU He BhIme 2. (YKa3zaHuEe: pacCMOTPUTE KOMILIEKCHBIE KOPHU
ATOr0 MHOT'OYJICHA.)

10. Pa3noxwure Ha HenpuBoauMele B R[X] muorounen X" — 1.

11. MHorouJieH HEUEeTHOM CTEeTeHU HaJl R uMeeT IeiCcTBUTENbHBIN KOPEHb.

12. lan muorounen P(X) Takoii, uto muorounen P(X") menmtcs Ha X — 1. JlokaxuTe, 4To
mHorouwieH P(X) Takke genurcs Ha X — 1.

Jlna camocmoamenvhozo peuieHus

13. JJokaxmwure, uTo eciau MHorowieH P(X) memutcs Ha muorouwieH Q(X), To BCIKUI KOPCHb
Q(X) xkpatHocTH K siBisieTcst KopHeM P(X) KpaTHOCTH HE MEHbIICH K.

14. Tokaxute, 4To i jroboro mHorowieHa P(X)#X muorowren P(P(...P(X)...))—x
nemures Ha P(X) — X,

15. Pa3noxute Ha HenpuBOoAUMbIe B R[X] MHOTOWIECH X%+ 1.

MHoxecTBa — 3 16 uro1sa

Onpenenenue. MowHnocmoio ‘A‘ MHOXeCTBa A Ha3bIBa€TCS KJIACC BCEX MHOXECTB,

PaBHOMOIIHBIX EMY.

Onpenenenue. OToOpaxkeHne MHOXKeECTBa A B MHOXECTBO B Ha3zbIBaeTcsi enooiceHuem

(WU uHwvexyuell), €CIU pa3HbIe AIEMEHTHI IEPEXOAAT B pa3HBIE.

OnpeneieHue. ‘A‘ < ‘B‘ < A Bioxumo B B.

16.

17.

18.

19.

Yupaxxaenue. [IpoBepbTe, UTO OTHOIIEHUE CPABHEHHUS MOIIHOCTEW HE 3aBUCHUT OT
MPEICTABUTENIEN KIACCOB.

Ynpaxnenue. [lokaxure pedieKCUBHOCTh M TPAH3UTUBHOCTH OTHOIIICHHSI CPAaBHECHHS
MOIIIHOCTEM.

Teopema Kanropa—bepumreiina. Eciu MmHOkecTBO A Biiokumo B B, a B Biio)kumMo B
A, To MmHOXecTBa A 1 B — paBHOMOIIIHBL.

Joxaxure, 4To Bce (DUTYphl HA TUIOCKOCTH, COAEPKAIME XOTs Obl KyCOUEK MPSIMOM
WJTU KPUBOW — KOHTUHYAJIbHBI.

Teopema (6e3 dokazamenvcmea). JIroOble 1BE MOIIHOCTH CPABHUMBI.
X
Onpenenenue. /[ q000oro MHOXKecTBa X uepes 2 OyaeM 0003Ha4aTh MHOKECTBO BCEX

20.

IIOJIMHOKECTB MHOKECTBa X.

B HekotopoMm 1apcTBe 1t000€ MHOKECTBO MOJIIAaHHBIX 00pa3yeT TailHOe OOIIECTBO, U
KOKIBIA TOJJaHHBIA JOHOCHT POBHO Ha OJHO TaiHOe oOmiecTBo. Hazosem
MOJIAHHOTO IIOPSAOYHBIM, €CIIM OH HE JIOHOCHT Ha OOIIECTBO, B KOTOPOM cCam
cocTouT. Jlokakute, 4TO Ha OOIIECTBO BCEX MOPSIOYHBIX IOJAAHHBIX HHUKTO HE
JIOHOCHT.
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21. Teopema Kantopa. MoImHoOCTb 2% Gonpime MommEocTH X.

22. CyIecTBYIOT CKOJIb YTOJHO OOJIBIIINE MOIITHOCTH.

Konrunyym-rumore3a. He cymiecTByeT MOIIHOCTH, MMPOMEKYTOUYHONH MEKIY CUETHOU M
KOHTHHYYMOM.

Jlna camocmoamenbHozo peuieHus
JlokaxuTe, 9TO MAPUK U OyOJIUK PAaBHOMOIIIHEI.
2. SIBASIFOTCS M KOHTHHYAJIBHBIMU CJIEIYIONTHE MHOYKECTBA!
a) MHOXecTBO GyHKImiA n3 Q B Q.
0) MmHOecTBO PpyHKIMii 3 R B N
3. KBagpar pa3dutr Ha nBa MHOXeCTBa. JlOKaXuTe, YTO XOTA OBl OJHO W3 HHUX
PaBHOMOIITHO CaMOMy KBaJpary.

=

OyHKIMOHA/IbHbIE YPAaBHEHUS — 2 16 urouisa

1. 3f(—x)+ f(§j+ f(x)=x, x=0.

f(L}fo(EJ =2, x=01.
Xx-1 X

. f(f(x) +y) =f(x +y) + f(0), e f(X) — MoHOTOHHASI.
f:QoR, D=2 fXxy)=F1X)f(y)-f(x+y)+1l

3
4
5. T(x)=max(xy—f(y).

6. f:N*—> N, f(xx)=x, fxy)=f(yx), (X+yf(xy)=yfxx+y).
7

8

9

no

. f:Zz2—2Z, f(f(n))=n, f(f(ln+2)+2)=n, f(0)=1.
. f(x+ K)(1 —1f(x)) = 1 + f(x) nnst puxcuposannoro K. Jfokaxute, uro f nmepuoanveckas.

f(x=1(y)=1-x-y.
ﬂJl}l camocmosameslbHO20 peutenusn
10. f: NO — NO, f(f(n)) + f(n) =2n + 3.
11. f(x +y) + f(y + 2) + f(x + z) > 3f(x + 2y + 32)

Xf(x)+2f (X—_lj =1, x=#-101

12. X+1

MaTt6ou 8 -9 17 nroaa

1. Ilensie umcna a, b, ¢, d yaosneTBopsoT ycinousm be + ad = ac + 2bd = 1. Jlokaxwure,
qToO 8.2 +02 :2b2 +2d2

2. Bce TOYKM OKPYKHOCTH pacKpaileHbl B OeJblii U Toay0ol I[BETa Tak, 4TO y KaKJI0TO
BIIMCAHHOT'O B OKPY>KHOCTh PaBHOCTOPOHHETO TPEYroJbHUKA HE MEHEE JIBYX OeJbIX
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BCPIINH. ﬂOKa}KHTe, 4TO B OKPYXHOCTb MOJKHO BIIMCAThb KBaJpdaT, Y KOTOPOI'O HC
MCHCC TPCX OCIBIX BCPIIIHUH.

BepHo 51, 9TO 7151 KaK0TO PUBEICHHOTO KBaJApaTHOTO TpexuwieHa f(X) cymiecTByer
X Takoe, 1t kotoporo uncia f(x), f(f(x)) u f(f(f(x))) - cropons! Tpeyrosbauka?

B crpane 2010 ropomoB u 3015 mopor Mexmay HUMH, NMpUYEM U3 JIOOOT0 MOKHO
noOpatbes B M000W Apyroi. Jlokaxkute, 94T0 MOXKHO 3aKpPbITh 2 JIOPOTH, BEAYIIHE U3
OJTHOTO TOpOJia TaK, 9TOOBI MO-TIPEKHEMY U3 JIFOOOTO TOPOJIa MOKHO OBLIO J0OpaThCs
710 TI000TO APYTOTO.

JInst KakuX AEMCTBUTENBHBIX A CYIIECTBYIOT LEJTOYNCIECHHBIN MHOrouiIeH P(X) Bble
NEPBOM CTENEHM M HATypaJIbHOE M TAaKWe, YTO MJs JII0OOro X BBINOIHIETCS
Am + X <P(X) <A+ xm?

Ha nocke HammcaHo BBIpaKEHUE *HFIFI XL JIBa urpoka mo ouepenu
3aMEHAIOT 3B€3J0YKHM 3HAKaMM + U -, @ KOTJla BCE 3HAKU PACCTaBIICHBI, IOJICYUTHIBAIOT
pe3ynbTar. Eciu pe3ynbTaT HE AENUTCS HAa 7, BBIMTPHIBAECT NMEPBBIA UIPOK, a €CIU
JenuTcs, To BTopoil. KTo BeIMIpaeT npu npaBuiibHOM Urpe?

Kupa I'puropreBHa HapucoBaina tpeyrojdbHuK ABC u otmeruna takyro Touky D Ha
ctopone BC, uto oproueHtp TpeyronbHuka ACD Jie)KUT Ha ONHUCAHHOW OKPY>KHOCTH
TpeyroiapHuka ABD, a neHTp BIIUCAHHOUW OKpPYKHOCTH TpeyrojibHuka ABD nexut Ha
ONMCaHHOM OKpyxkHOCTH TpeyroapHuka ACD. Ilomornte Mapuanne CepreeBHe
BbIOpaTh Bce Takue Touku Ha BC, o0naaaroniye 1aHHBIM CBOMCTBOM.

43 yroiapHUK BIUCaH B OKPYKHOCTbH S. /[ mr0OBIX Tpex moaps] UAYLUIUMX BEPILIUH
OTMEYAIOT LIEHTP BIIMCAHHOM OKPY>KHOCTH 3TOTO TpeyroyibHUKa. OKa3amoch, 4TO BCE
OTMEYEHHBIE TOYKH PAaBHOYZAJIEHBI OT LIEHTpa S. [[okaxkure, 4TO nepBOHAYAIbHBIN 43
YTOJIbHUK ITPABUJIbHBIN.

MHoro4,jieHol — 3 17 nwoaa

1.

Onpeoenenue. I1ycTb qaHbl pa3aHyYHbIC YUCTA X, ..., X (V37161) ¥ TPOU3BOJIbHBIC

Yo, -.-, Yn (3Hauenus 6 yznax). Ilocrpoenne muorouncHa P(X) HaUMEHBIIIEH CTEICHH
takoro, 4to P(Xy) = Yk ipu Bcex K oT 0 10 N, Ha3bIBaeTCS unmepnosyuetl, a
MOJy4a€MbId MHOTOYJIEH — UHMEPNOAAYUOHHBIM.

VYpaxuenue. Kak BBITTIAIAT POU3BOJIBHBIM HEHYJIEBOW MHOTOWIEH, IPUHUMAFOIINI
HYJICBBIC 3HAUCHUS B TOUKAX X1, ..., Xp? Kakas y Hero Moxet ObITh CTENEHb?
[TocTpoiiTe MHOTOUJIEH CTENEHN N, TPUHUMAIOLINN HYJIEBBIE 3HAYEHUS B TOUKAX

X1, ..., Xn, @ B TOUKE Xo — 3HadeHHe 1.

[TocTpoiiTe HHTEPIOISAITMOHHBIN MHOTOUYICH JIMHEHHON KOMOMHAITMEH MHOTOYJICHOB
MPEIBIAYIIETO BUA.

MHoOroueHbl OJTy4Y€HHOTO BU/a HA3BIBAIOTCS UHMEPNONAYUOHHBIMU MHOSOUIEHAMU
Jlacpanorca.
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Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.

®akr. Jl11g N + 1 y3710B Cpeii MHOTOUWICHOB CTEIIEHU HE BBIIIE N CYIIECTBYET
€IMHCTBEHHBIN MHTEPIOJISIIIMOHHBIN MHOTOWIEeH. DakT BepeH i JI000ro 6a30BOT0 MOJIs,
COJIepKaIlero BCe y3Jbl U 3HAYEHUS B HUX.

6. [ paznmuusbix a, b, ¢, d ynpoctute BeipaxkeHue

(x—a)(x-b)(x-c)  (x-a)x-b)(x-d) (x-a)x-c)(x—-d) (x-b)(x-c)(x—d)
(d-a)(d-b)d-c) (c—a)c—b)c—-d) (b-a)b—c)b-d) (a—-h)(a—c)a-d)
7. TlycTts mocnenoBaTeIbHOCTS, MHOTOWICHOB Py, Py, P», ... u3 K[X] TakoBa, uto

deg Py = k s Bcex k e N, . Torna Besikuit MuorowteH u3 K[X] nmpencraBum
(KOHEYHO) JIMHEHHON KOMOWHAIMEH ATUX MHOTOWICHOB ¢ Ko dunnentamu u3 K,
IpUYeM eIMHCTBEHHBIM 00pa3oM. MHOXECTBO MHOTOUJICHOB, YIOBJICTBOPSFOIINX
MOCJICIHEMY YCJIOBHIO, Ha3bIBaeTcs Haszucom koibia K[X].

OnpedeﬂeHue. MHoro4jeH Ha3bIBaCTCs yeno3navnovim, €CJIN B ICJIbIX TOYKAX OH
IMPUHUMACT OCJILIC 3HAYCHUS.

K|~ OCJIO3HAYHBI. Takue

8. I[OKa)KI/ITe, 9YTO MHOT'OYJICHBI BHa ( Kl

xj_ X(x=1)...(x=k +1)

MHOTOYWIEHBI HA3BIBAIOTCI OUHOMUAIbHBIMU.
9. Vmnpaxnenue. B kakux 1eJbIX TOUYKaX OMHOMUAIBHBIA MHOTOWICH paBeH 0, =17
10. Besikuit 1ieino3HauyHbIii MHOTOUYJIEH CTETICHH N MPEICTABIISICTCS TUHEHHON

. X\ (X X
KOMOMHAIMEN MHOTOYWIECHOB (Oj’ ( 1), ey (nj C 1eIBIMU KO3 hHULIMeHTaMU.

11. JIns mro60To 11e710T0 M BCAKHM 1EI03HAYHBIN MHOTOUYJICH CTEIEHH N MIPECTaBIISICTCS

. o . X—m X—m X—m
JIMHEWHON KOMOMHAIIEH MHOTOWIEHOB o '\l q ]| g | CUeanIMA

koddpureHTamu.

12. MHoOTOWIEH CTeTeH: N, MPUHUMAOIIHIN TeJIble 3HaYeHHS B N + 1 mociie0BaTeIbHbIX
IEJIBIX TOYKAX, IIeJI03HAYCH.

13. Eciau maorowrten P(X) cTenenu N meno3HaueH, To N'P(X) umeeT membie
KO3 PULTUEHTHI.

Jlna camocmoamenvnozo pewienus
14. JlokaxxwuTe, 4TO JJIs pa3IMIHBIX Yucen a, b, ¢, d

abc N abd N acd N bcd B
(d—a)(d-b)(d—-c) (c—a)(c-b)(c—d) (b-a)b-c)(b-d) (a-b)a—c)a-d)

Z”: (D" (Ej n!

15. Jlokaxute TOXKIECTBO =0 X+k X(x+1)...(x+n)
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Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.
2

16. Ecnu MHOTOUJIEH CTETeHU N MpUHUMAET I1ejible 3HaueHus B Toukax 0, 1,4, ..., N°, 1o
OH MPUHUMAET 1IeJIbIC 3HaUCHHSI BO BCEX KBaJpaTaxX HaTypaabHbIX YHUCEIL.

FapMOHMYeCKMH YeThIpexXyroJbHUK 19 urouisa

Onpedeﬂeﬂue. Bnucanubrit YCTBIPCXYI'OJIbHUK HA3bIBACTCS cAPMOHUHUECKUM, CCIIA
IMPOU3BCACHHA CTO IIPOTHUBOIIOJIOKHBIX CTOPOH PABHLI.

Ynpaxunenue. JJoka)XuTe, 4TO raApMOHUYECKUN YETHIPEXYTOJIbHUK OJTHO3HAYHO 33a€TCS
10 TPEM MOJAPS] UAYIINM BEPIINHAM.

1. Jokaxwure, 4to yeTbipexyroabHuk ABCD (¢ meHTpoM omrcanHO# okpykHOCTH B O)
TapMOHUYECKHH TOT/Ia U TOJIBKO TOT/Ia, KOT/1a:
a) KacaTeJabHbIC K OMMCcaHHOM OKpyKHOCTH B A 11 C 1 mpsimasi BD KoHKYpeHTHBI;
0) B, D, O u cepenuna AC nexxat Ha OTHON OKPY>KHOCTH HIIH TIPSIMO¥;
B) ctopoHsl AB u AD BuaHbI U3 cepeaunbl quaronanu AC 1moj; o JuHaKOBBIMU yTIIaMU;

I') yroJi, moj KoTopbiM BuaHa U3 cepeaunbl AC nyra BAD, BaBoe Goubiire yria C;
1) nuaronanb AC — cumenunana tpeyroiabHuka BCD,;
€) OMCCEKTPUCHI MPOTUBOIOJIOKHBIX YIJIOB IIEPECEKAIOTCS HA AUArOHaJu.

na camocmoamenvhozo peuienus
2. Yetsipexyronbauk ABCD Brmcan B OKpy»XHOCTb, IPUYEM KacaTelbHbIE B TOUKax B u

D nepecekatotcs B Touke K, nexarnieii Ha npsamoit AC. IIpsimas, mapamnensHas KB,
nepecekaet npsmbie BA, BD, BC B Troukax P, Q, R. Jlokaxwure, uto PQ = QR.

3. Ilycts PT u PB — nBe kacatenbHble kK OKpykHOCTH, AB — ee nuamerp, u TH —
NEePHeHANKYIIApP, OMyIeHHbIN u3 Touku T Ha AB. JlokaxuTe, uyto npsimast AP genut
normoJiaM oTpe3ok TH.

4. B okpyxHOCTH S IpoBeieHbI 1B apasuienabHbie Xopabl AB u CD. Ilpsamas,
nposenenHas uepe3 C u cepequny AB, BTopnuHo nepecekaeT S B Touke E. Touka K —
cepenuna otpeska DE. Jlokaxure, uyto yron AKE pasen yriy BKE.

5. Ilycts PA u PB — xacarenbHbie K OKpy>KHOCTH, CD — ceky1asi, mpoxo/sias
yepe3 P. M — cepenuna AB. K — BTopast Touka nepecedeHus ¢ OKpy>KHOCTBIO
npsmoit CK. Jokaxute, uto PM, AD u BK - mepecekaroTcst B 0JTHOI TOUKE UITU
napaijieIbHbI.
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Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu

BuwkKune. 3-28.VI1.2010 a.

CuMMeTpHUYEeCKHUe MHOTOYJ/ICHBI 19 urouisa
1. Teopema Buera
Eciu X1, X, ..., Xn — KOPHHM (C y4eToM KpaTHocTeii) MHorounena A(X) = X" + a;x"
4. +a, 10

X+ X+ X, =—q
XX, + X Xg + ... X, X =2,

XX,...X, =(-1)"a, *)
(Kpatkas 3amuce: Y x; ...x, =(-1)“a mpu k =1,...,n.)
Ji<o.<lJk
2. OopartHas Teopema Buera. Eciiu Habop umcen Xy, Xy, ..., X, YAOBIECTBOPSIET
cucteme (*), To X1, X, ..., Xy — KOPHH (C Y4ETOM KpAaTHOCTEH ) MHOTOUJIEHA
A(X) = X"+ a X" +.. .+ an.
3. CaencrBue. Cucrema Buaa (*) OTHOCUTEILHO MIEPEMEHHBIX X1, X2, ..., Xy AMEET B

J1000M moJie He 60s1ee 0JHOTO pelieHus (C TOYHOCTBIO J0 MEPECTaHOBKU MHIEKCOB)
NIPY JaHHBIX 3JIECMEHTaX 8y, 8y, ..., 8n ATOTO TOJIL.

o 1 1 1
4. TIlpo meiicTBUTEIbHBIC YKCia @, b 1 C M3BecTHO, uTO abc=1u a+b+c==+ b +=.
a c

Jokaxkute, 4To XOTs ObI OJIHO U3 HUX PaBHO 1.

Onpeoenenue. MHOTOWIEH OT N IEPEMEHHBIX P(X,,X,,..., X,) Ha3bIBACTCS

CUMMEmMPUYECKUM, €CIIA OH HE U3MEHSETCS IIPU BCEX NEPECTAHOBKAX BXOIAIINX B HETO
IIEPEMEHHBIX.

Baxxnpie npumepsl:
DJIEMEHTAPHBIE CUMMETPUYECKUE T, (X,..., X,) = th D SRS i (S S k<n;

<<k

—_— j jﬂ
MOHOMHAJIEHBIE CHMMETPHYUECKHE M, (X;,...,X,) = > XYy ... X} .

oeS,

5. OcHoBHasi TeopeMa 0 CUMMETPUYECKHUX MHOTOWIeHaX. J[r000i1 cuMMeTpruuecKuit
MHOTOYJIEH MOXET ObITh €AMHCTBEHHBIM 00Pa30M MPEICTABIIEH B BUJIE MHOTOWIEHA OT
AJIIEMEHTAPHBIX CHMMETPUYECKHX MHOTOUYJICHOB.

6. Jlokasarp, 4TO eciu X; U X, — KOPHH KBaJIPATHOTO ypaBHEHUS x> +px+q=0c
HENBIMU KO3(pPUIIMEHTaMH, TO IPU JF0OOM HAaTYpaJIbHOM N YUCIIO X' +X) SBISETCS
LEJIBIM.

7. YTouHeHue Teopembl. Eciii Bce K03(pPUIUEHTH CUMMETPUYECKOTO MHOTOUJIEHA
1eJbIe, TO €ro MPEICTaBICHUE TOXKE UMEET 1eJible KOA(DPUIIUCHTHI.

8. Pemmmre ypaBHEeHUE V1+x =2-31-Vx
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BuwkKune. 3-28.VI1.2010 a.

X+y+z=a
9. Pemmure cuctemy ypaBHEHUH < x° +y* +z° =a’.

x*+y*+2°=a’
10. UsBectHo, uto MuOrowieH P(X) = X' — 4x° + 3X — 1 umeet 4 fefiCTBUTEIBHBIX KOpHSI.

Haiinure cymmy MX KBaJIpaToB.
Jlna camocmoamenvHozo peuwieHus
. X2 +y*=13

11. Pemnre cucreMy ypaBHeHH <, 7, .

X*+y =35

12. Pemmre ypapHenue ¥97 —X+ Yx=5

13. HaitauTte miomaas TpeyroiabHUKa, JJIMHBI CTOPOH KOTOPOT'O €CTh KOPHU YpaBHEHUS
x> —10x> +31x - 29 =0.

UHBepcusa 2 20 urosis

1. Kacarenphubie B BepmuHax A u C BrimcanHoro yetbipexyroibauka ABCD
nepecekaroTcs B Touke P, He nexaiueid Ha npssmoit BD. Oxka3anocs, uto
PA? = PB x PD. Jlokakute, 4T0 eciid mpsivasi PB mpoXoauT depe3 eHTp OMMCaHHOM
OKpyXHOCTH TpeyroapHuka ADP, To mpsimast PD mepnenaukynspaa otpesky BC.

2. a)Ilycte O - Touka mepeceueHuss 00KoBbIX cTopoH Tparnenuu ABCD. [Ipuaymaiite
KaKyl0-HUOY/Ib KOMIIO3HUILIMIO HHBEPCUHU M OCEBOI CUMMETPUH MEHSIOIIYIO TOUKU A U
C,BubD.

0) bokossie croponsl AB u CD tpanenun ABCD nepecekatorcs B Touke K,
a nuaroHanu — B Touke P. Onucannbie okpyxHOCTH TpeyroibHuKoB AKC u BKD
nepecekaroTcs B Touke Q. Jlokaxute, utro £ PKA = ZQKD.

3. a) [lycts Touka A JIeXUT BHYTPU OKPYKHOCTH S (OTIIMYHO OT 1eHTpa). [Ipumymaiite
KOMTO3UIINIO MHBEPCUH U IIEHTPAIbHON CUMMETPHH C IIeHTpaMu B A Tak, 4TOOBI S
OCTaJjlach Ha MECTe
0) JlokaxxuTe, YTO B OMMCAHHOM YEThIPEXYTOJIbHUKE OTPE3KHU COEIUHSIOIINE
IPOTUBOIOJIOKHbIE BEPIIMHBI U TPOTUBOMNOJIOKHBIE TOUKH KaCaHUsI BIMCAHHOM
OKPYHOCTH IEPECEKAOTCS B OJTHON TOUKE.

4. a) [lycth Touka A J€KUT BHYTPU OKPY>KHOCTH S (OTIAMYHO OT 1eHTpa). [Ipumymaiite
KOMIIO3UIINIO MHBEPCUU U OCEBOM CUMMETPHH, TaK YTOOBI S OCTanach Ha MECTE
0) Bnimcannas okpy»xHocTh yetbipexyroinbHuka ABCD nepecekaer nuaronans AC B
toukax P u Q. lokaxure, uyto ecnmu M — cepeauna orpeska PQ, to L BMA = ZDMA.

5. a) Jlokaxxute, 4TO HHBEPCUS C IICHTPOM B BepiinHe A paBHOOEPEHHOTO
tpeyronbanka (AB = AC) u paguycom AB nepeBonut ocHoBanue BC TpeyronbHuka B
nyry BC onurcaHHON OKpY>KHOCTH.

0) A KOMITO3MIIMIO UHBEPCUU C IIEHTPOM B A C UEM HAJIO B3SITh B Cllydae

JIMLL - 2010 | MaTemaTnka — 9 | O6bIUYHbIe rpynnbl

-29.-



Aeadyame wecmasn J/lemHaa mHoz2onpeomemHas wkosaa Kupoeckoli o6nacmu
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HEepaBHOOEIPEHHOTO TPEYTOJIbHUKA, YTOOBI cTopoHa BC nepenuia B nyry BC
OMKMCAHHOW OKPY>KHOCTHU?

B) (daxrt) IlycTh | 1 |5 — IEHTp BIMCAHHOW U BHEBMMMCAHHON OKPY>KHOCTH
tpeyroasHuka ABC. Bripasute Benmuuuny Al X Al uepe3 cTOpoHBI TpeyroJbHUKA
r) OKpYXKHOCTb KacaeTcs BHYTPEHHUM 00pa3oM OKPYKHOCTH, OITMCAHHON OKOJIO
tpeyroapHuka ABC, a Takxke ero cropon AB u AC B Toukax P u Q cooTBeTcTBEHHO.
JlokakuTe, 4TO LIEHTpP BINHUCAHHOM B TpeyrodbHUK ABC OKpYKHOCTH JIEKUT HA
orpeske PQ.

Jna camocmoamenvrnozo peuwienus
6. Ilpo BeimykJIbIH YeThipexyrodbHUK ABCD u3BeCTHO, YTO OKPYKHOCTH C JUAMETPOM

AB kacaetcs npsmoit CD. Jlokaxkurte, 4To OKPY>KHOCTh ¢ nuameTpoM CD kacaetcs
npsimoit AB Torna u Tonbko Toraa, koraa npsimeie AD u BC napanienbHsl.

7. boxossie croponsl AB u CD tpaneunn ABCD nepecekarotcs B Touke K, a
auaroHanu - B Touke P. Onmcannsie okpykHOCTH TpeyroasHukoB APB u CPD
nepecekarorcs B Touke Q. Jlokaxkure, uto yrisl APQ u BPK paBHEL.

F'eomeTpus B ajireope 20 urouisa
1. Pemmute cuctemy ypaBHEHUM

3X+4y =26
2.

J(x=10Y +(y=5)" +(x-2)' +(y+1)’ =10
\/x2+(y—4)2 +%|x—2y—2|=2x/§;

3. 3x-4y=10
X>2.

4, HaiguTe HaMMEHBILEE 3HAYECHUE BBIPAKEHHS «/(X —~ 5)2 +9+x°+ )7+ «/4 +(y- 4)2
72

5
5. Pemmure ypasenue \ X2 —5xa/2 + 25+ X2 —12x/2 +144 =13.

o _ _ Cae(N2 o, N2 602
ypasrenue 13—12C0SX ++/7—4+/3sinx =2+/3 mpu 0 < x < 90°.
21-/21 .
7. x=arccos - VMmeer 1 pelieHre B MOI0KHUTEIBHBIX YHCIaX CHCTEMA YPaBHEHUI
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X +xy+y> =4
8. {X*+xz+12°=9,
y’ +yz+2° =367

9. \/xz Fxy+ Y XXz > \/yz + yz + z° JIOKaXKUTe HEPABEHCTBO:
250077 —100 < +/1-199 ++/2-198 +...+ /99 -101 < 25007 .

Jx2 —¢? +\/y2—c2 =

10. Pemute cuctemy ypaBHEHUM \j y>—a’ + \/ 7°—a’ =

N2 -2 +X2-b% =y

11. Tokaxwute, uto aB +bC +cA<k?,ecim a+ A=b+B=c+C =Kk, rae
a, A, b,B, ¢, C-nonoxurensuble yucia.

na camocmoamenvbHozo peuienus.
12. ITpu kakOM HaWMEHBIIIEM 3HAYCHUH d YPABHCHHE

JXo+y +\/(X 2 +(y- 2) \/(X—a)2+(y—a)2:2a MMEET pelleHue?

13. Yucna X, Y, Z yIOBIETBOPSIIOT CUCTEME

3x? +3xy + y? =75,
y? +3z° =48,
2 +x2+x° =9,

X,Y,Z>0.

Haitogure Xy +2yz +3Xz.

Teopema Mwopxeaa 21 uroisa

Onpeoenenue. HepaBeHCTBO HA3bIBACTCS CUMMEMPUYECKUM, €CITU OHO (OPMAJIbHO HE
MEHSETCS MPH JTIF000M MePEeCTaHOBKE MEPEMEHHBIX.

Onpeoenenue. TlocaenoBaTeIbHOCTD YucCel a = (ay,do,...,dy), TAC 81 > 8, >...> a8, >0
Ha30BEM HAOOPOM noxazamenell.

Onpeoenenue. Opbumoti ¢ HAOOPOM ToKa3aTenen a = (ay,dy,...,ay) Ha3bIBaeTCsS QYHKINS

Ta(xv Xpyees X Zxr(l) r(2) * r(n)

7€S,

Onpeoenenue. Bynem roBoputh, 4to T, >T,, €ClIM JaHHOE HEPABEHCTBO CIPABEIMBO MPHU

JFOOBIX HCOTPHULATCIIbHBIX 3HAYCHUAX IICPCMCHHBIX.
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pra}KHeHI/IG. DTO OTHOIICHUE CpaBHCHHA Op6I/IT ABJECTCA OTHOIICHUCM ITOpAIKA.

1. a)Ilycrts f u g — npuBeIeHHBIC IEHCTBUTEILHBIC MHOTOWICHBI OJTHOM TIEpEMEHHON 1
deg f > deg g. Jokaxwure, 4To HaimeTcs Takoe Xg, uTo f(Xo) > g(Xo).
0) [Tycte a = (3,...) ub = (5,...). Jlokaxwure, uto T, 2T, .
B) [Iyctb a = (5,2,...) ub = (4,4,...). Jokaxure, 9to T, #T, .
r) [Iycte a = (15,1,1,1...) u b = (6,5,5,3...). Jlokaxute, uto T, 27T, .
n) IMycts @; +...+ @, > by +...+ by,. Jokaxure, uto T, 27T, .

Onpeoenenue. ] 1ByX HaOOpOB mokazatenei a = (ay,ay,...,an) u b = (01,0,,...,0;,)

a, b,
a+a,>b +b,,

df
ONpEIEeIUM OTHOLIEHUE MAXCOPpUposanus:. a b <

a+...+a,,=2b+...+b
a+...+a,=b+...+b,.

>
2. JloxaxwuTe, 4TO T2T, =a>b

3. Hoxaxute a>b=T,>T, A1 AByX NE€pPEMEHHbIX.
Jlokaxkute a>=b =T, >T, A TpeX MEPEMCHHBIX B CIIy4ac COBIAJICHUS & U D B iepBoii

TTO3HIINH.
5. JlokaxkuTte, 4TO OTHOILICHUE MAXOPUPOBAHUS SIBJISIETCS TOPSIAKOM JIsl HAOOPOB Jt000M
JUTMHEL.
Hokaxure a=b=T, >T, 1 TPEX MEPEMEHHBIX.

[TycTh y Hac N mepeMeHHBIX U HAOOPhI & M D OTIIMYAIOTCS JIUIID IBYMS YMCIaMH
(Ha3zoBeM Takue HaOOpbI Ouzkumu). Jlokaxkure, 94To Toraa a=b=T, >T, .

8. Ilycts y Hac N mepeMeHHbBIX U a - b. JlokaxxuTe, 94TO CyIIECTBYET IIeNoYKa
a=a ~a,...~a, =b, rae coceaHre HaOOPHI OIM3KHU U K < N.

>
9. Jlokaxwure, 4to 27 b=T, 2T,

10. Teopema Miopxena. 2P =T =T,

11. JlokaxkuTe HEpaBEHCTBA CPEHUX C MOMOIIIBIO TeopeMbl Miopxena. CKoJIbKO
NepexoI0B Ha/lo Oy/IeT A0Ka3aTh, €CIIH JeNaTh 3TO pyykaMu MeToJIoM Mropxena?
Jna camocmoamenvHozo peuwtenus
12. Jloxaxkute, HepaBeHcTBO Kormmm i1t Tpex nmepeMeHHbIX MeTo1oM Miopxena.
13. Ilpu kako¥ HaUMEHBIIIEH CyMMe MoKa3aTeseil CyIeCTBYIOT Ba HE MaXOPUPYIOIIHNX
JpYT Apyra UeJ0YMCICHHBIX Ha0opa JJIMHBI 3 ¢ TaKOW CyMMOM MoKa3aTenei?

Xryi+z® 1 1 1
=% ——>>=+=+> JUId HEOTPULIATE/IbHBIX NIEPEMEHHBIX.

14. JToxaxxute HEpaBEHCTBO
x’y’z X y z
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HuBepcusa 3 22 urJiAa

1.

UeTbipe OKPYKHOCTH PACIIOIOKEHBI TaK, YTO MEPBasi KACAETCSl BTOPOM B TOUKe A,
BTOpasi TpPEThe - B Touke B, TpeThs ueTBEPTOI - B Touke C, a 4eTBEpTAs MEpBOH - B
touke D. Bce kacanus BHemnue. Jlokaxure, uro Touku A, B, C u D nexar Ha oJtHOM
OKPY>KHOCTH.

[Tycts A' 1 B' Touku, nuBepcHbie ToukaM A U B 0THOCUTENBHO OKpYKHOCTH paauyca R
c uentpoMm B Touke O. Bripazure A'B' uepes cropons! Tpeyronbauka ABO u R.
(Teopema I[Imonemes) Jlokazatb, 4TO B YCTHIPEXYTOJIbHUKE, BIMCAHHOM B OKPY)KHOCTh
CyMMa MPOU3BEACHUIN MPOTUBOMOIOKHBIX CTOPOH PaBHA MPOU3BEJICHUIO €T0
UaroHalieu.

a) Jlokaxkute, 4TO MPU UHBEPCUU OTHOCUTEJIBHO BIIMCAHHOW OKPYKHOCTHU HEKOTOPOTO
TPEYTOJIbHUKA €0 CTOPOHBI U OMKUCAHHASL OKOJIO HETO OKPYKHOCTh MEPEXOISIT B
YEThIPE PABHBIX OKPYKHOCTH.

0) JokaxuTe, 4TO €ciu I' - paAnyCc BOUCAHHOU OKPYXHOCTH HEKOTOPOTO
TPEYyroJibHUKa, R - pagnyc ero onMcanHOM OKPY)KHOCTH, a O - pacCTOSIHUE MEXTY HX
nentpamu, To r/(R-d) + /(R +d) = r

B) (Teopema Diinepa) Jlokaxkurte, 4To €Ciu I - pauyc BIUCAHHOW OKPY>KHOCTH
HEKOTOPOTO TPEYTrOJbHHKA, R - paguyc ero onucanHoi OKPYKHOCTH, a d - paccTosHUE
MEKIy BX neHTpam, To R” - d° = 2Rr.

a) [lycts B Tpeyronsuuke ABC Touka A; cepenuna croponsl BC. Paccmorpum
WHBEPCHIO ¢ LIEHTpoM B A;. [Ipu kakoM paanyce HHBEpCUU BIIUCAHHAS OKPY>KHOCTh
nepeier B ce0s? A BHeBNUCaHHAs HANPOTUB yria A?

0) [lokaxkure, 4TO OKPYKHOCTH DMJiepa MPU UHBEPCUU TIepeiIeT B psMyto. Onumimre
BCE MPSIMbIC KACAIOIIUECA BIIMCAHHOM W OJTHOM BHEBITMCAHHOM OKPY>KHOCTH.

B) (Teopema Detiepbaxa) JlokaxxuTte, 4TO B TIOOOM TPEYTOJILHUKE OKPYKHOCTh
Dilyiepa KacaeTcsi BMMCAHHOW U BCEX BHEBMUCAHHBIX OKPY>KHOCTEH TPEyroJibHUKA.

Jna camocmoamenvrozo peuieHus
BreBnucannas oKpy>KHOCTh kacaetcst ctoponbl BC tpeyronsanka ABC. Jlpyras

OKPYXHOCTh KacaeTcsl U3BHE BITMCAHHOHN B TpeyroJbHUK ABC oKpyXHOCTH H
YKa3aHHOM BHEBIUCAHHOM. JIOKaXKUTE, UYTO TOUKU KAaCaHUS OKPYKHOCTEM JIEkKaT HA
PSMOI, MPOXOSAIICH uepe3 BepiinHy A.

Kaxnasd m3 4eTbIpéX OKPYKHOCTEW NepecekaeT aBe apyrue. Ecim yeTbipe TOuku
[IEpECEUYECHNUs], B3ATBIC 110 OJHOW M3 KaXKIOW Iapbl TOYEK NEPECEUECHUS JIBYX

OKPYKHOCTEM, JIe)KAT Ha OJHOM OKPYKHOCTH WM IMpsAMON, TO U 4YETbIpE U3
OCTaBILMUXCS TOYEK NIEPECEUCHUS JIEKAT HA OJTHON OKPYKHOCTH WIU IIPSMOU.
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KBaapaTHbI Tpex4yieH 22 uwJjd
YnpaxHeHue.

A) PaccMaTpuBaroTCs KBamgpaTHUHbIC GYHKIHMHE Y = X° + PX + |, [T KOTOPBIX

b)

B)

10.

p +q =2010. Haitaute TOUKy, B KOTOpOH TMepeceKaroTcs Bce rpad)uKy TaKuX
byHKIUH.

Ecimma +b + ¢ =0, to b? > 4ac. Jlokaxmure.
Jlokaxcure, uto eciu c(a + b + ¢) < 0, To ypaBHerne ax’ + bx + ¢ = 0 uMeeT KOpeHb.

. 2
KBanpatubiii TpexwieH ax” + bX + ¢ umeer kopeHb. CieayeT 1 U3 3TOro, 4TO

ypasrenue a x> + b'%

X + ¢ = 0 Toxe umeer KOpPEHB?

Haiinure Bce Tpoiiku (@, b, C) ACHCTBUTEIBHBIX YHCEIN, ISl KOTOPBIX pa3InYHbIC
napabonbl Yy = ax’ + bx + ¢ u y = bx? + cX + a UMeroT 06O BEPIIUHY.

JlaHbl TpU KBaJIpaTHBIX TPEXWIECHA, HUKAKKE JBA U3 KOTOPBIX HE UMEIOT OOLINX
KOpHe#. M3BeCTHO, UTO KaXKIblid U3 3TUX TPEXWICHOB UMEET OOIINNA KOPEHb C CYMMOM
JBYX OCTaBIIUXCS. JJoKaKuTe, 4TO CyMMa 3TUX TPEXWICHOB paBHA HYIIIO.

Iycts ax® + 2bx + ¢, bx® + 2cx + a, cx* + 2ax + b — KBagpaTHBIE TPEXUICHBI C
MOJIOKUTENIbHBIMU KO3 (PUITMEHTaMu, IpUYEM JIFOObIE JIBa U3 HUX UMEIOT OOIIUA

KopeHb. Jlokaxkute, uro a = b = C.
K mapa6omam Yy = X* +2,5 u y =—x* +2X—1 npoBeicHbI 0011I1E KacaTeIbHbIE.

JlokaxuTe, 9TO TOYKU KacaHMS ABJISIOTCS BEPIIMHAMH TapajuiejorpaMMma.

MoXHO JI pa3MeCTUTh Ha TNIOCKOCTH KOHEYHOE YHUCIIO Mapadost (JTro0bIxX
HaIpaBJIeHUi) TaK, YTOOBI UX BHYTPEHHUE 00JIACTH TTOKPHLIU BCIO MJIOCKOCTH?
CymiecTBYIOT JIU YEThIPE TAKUX KBAJAPATHBIX TPEXUJIeHA, YTO, 3alMCaB UX B JIIOOOM
MOPSIJIKE, MBI CMOYKEM HAWTH YUCIIO, TIPH MOJCTAHOBKE KOTOPOTO B 3TU TPEXUJICHBI
MOJIyYeHHBIC 3HAUCHUS OyAyT 3alliCaHbl B CTPOTO BO3PACTAIOIIEM MOPsAKE?

Ha xoopaunatHo# tuiockoctr X0y mocTpoeHa mapadosa y = x°. 3aTeM HagalIo
KOOPJIMHAT U ocH cTépiu. Kak WX BOCCTAHOBUTH C IIOMOIIIBIO ITUPKYJIS U TUHEHKH
(ucnosib3yst UMeEroITytoCcs mapabdomy)?

,Zl]l}l CaAMOCmMOoOAmMe/IbHO20 peutenusn
OI[I/IH N3 IBYX IPUBCACHHBIX KBA/IPATHLIX TPCXYJICHOB UMCCT JIBa KOPHA MCHBIINX

TBICSTYH, IPYTON — JIBa KOPHS OOJIBIIUX THICAYU. MOKET I CyMMa 3TUX TPEXWICHOB
UMETh OJINH KOPEHb MEHBIIIUN THICSYH, & APYTONA — OOJIBIINAN THICSYH?

Tpu xoadduimenra a, b, ¢ u aBa KOpHS X1, X, KBaAPATHOro TpEXUICHA ax? + bx + C,
BBITIUCAHHBIE B HEKOTOPOM MOPSJIKE, 00pa3yroT psi U3 5 MOCIEA0BATEIbHBIX LEIbIX
yucen. Haigure Bce Takue TpEXUIIEHBL.
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11. Ha 1oCKe HammcaH KBajpaTHBIH TpéxwieH x° + 9X + 47. Muxamn Muxaitnoua (1o
CBOEMY YCMOTPEHUIO) YBETMUMBAET WM YMEHbIIAeT Ha 1 K03 dULIUEHT NpH X, MTOCIIe
yero AnéHa yBENMYMBAET WM YMEHbIIAET Ha (PUKCUPOBAHHOE YUCIO M CBOOOAHBIN
YJieH, a Jajee 3TU JACHCTBUSA MOBTOpsAIOTCS. Kak TOJNBKO HaNMCaHHBIA Ha JIOCKE
MHOTOYIEH MMEET IENbId KOpeHb, AJIEHA MOIydaeT OueHKy “5”. MoeT Ju OHa

obecrieunTh cede MATEPKY MpH JIOOBIX AeicTBUAX Muxanina MuxaitioBuya, eciu a)
m=2;6)m=3?
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