JIukGes: 1) 4TO Takoe CTEMEHHOR DS, PAALYC CXOLUMOCTH, IPOM3BONIMIIAL (QYHKIUSI, ITPOU3BOASINAS
dyHKIUs cTeneHedn npouku, uucesnn Pubonauum, mpomsBopsamias GYHKIWA I ducel KaTamana, EHTAro-
HanbHas TeopeMa (cMm. 3MO)

2) 4TO Takoe JIMHEHHOE IPOCTPAHCTBO, INHEHHAS 3aBUCHMOCTD U HE3aBUCHMOCTD, GA3HCHI, CKAJSIPHBIE
[IPOM3BENEeHNs, INHENHblEe QYHKIMOHANLL, TEOPEMa O PAaHTe (I'M, MOXeT OBITh, H€3 HOKa3aTelbCTBA )

3) wro Takoe cymMMa 10 MUHKOBCKOMY, HepaBeHCTBO MUHKOBCKOTO Ha INIOCKOCTH IO KOHCIIEKTY, B III060R
pasmepHocTHE 110 Byparo

4) TeopeMBl 0 MHOTOTPAHHUKAX, BUAUMO, C YIPaXHEHUIMH, IYCTh 5TUM JUMKa 3aHIMAETCS

5) rpader: Teopema Pamces

6) ycpenuenus

7) HHAUKATPUCA IMUPUH (HOXKAIYH, JOCTATOTHO HATh ONpeIeleHre, HO IOTOM BeAb pasbupaTs). B onHom
13 pa3bopoB paccKkasTh Ipo TpuaHryinanuu Hemone (MoxeT, monpocuTs IyxuHa mpuciaTs oTdeT AnToHA?).
Teopema Bamra, Toxe B ogHOM 13 pa3bopos.

8) Teopema BanllepBapaena 06 apudMeTHIeCKUX IPOTPECCHAX

Ilopsanmox 2-6-1-3-4-5-8-7

Cepus 1. Teopema Xesin.

1. Hoxaxwure meopemy Padona: nwobbie n + 2 Touku B " MOXHO pa3buUTh HA ABE TPYNILI, BLITYKJIIbIE
060II0UKI KOTOPBIX MEPECEKAIOTCA.

2. Teopema Xennu.

a) Moxaxwure, aTo ecinu m00be 7 + 1 U3 7 + 2 BLIMYKIBIX MHXECTB B " UMEIOT OOIIYIO TOUKY, TO U BCE
7 + 2 MHOXeCTBa UMEIT OOIIYI0 TOUKY.

6) HokaxuTe, 4TO ecim miobble 7 + 1 m3 N BBIIYKIIBIX MHOXKECTB B ” MMeIOT OOIIyI0 TOUKY, TO X Bce N
MHOX€ECTB UMEIOT OOLIYIO TOUKY.

B) Bepuo nm, uTo ecnm miobeie 1 + 1 U3 GECKOHEUHOTO KOMUYIECTBA BHINYKIILIX MHOXECTB B
oO0IIIy10 TOUKY, TO U BCE OHKM UMEIOT OOIIyIo TOUKy?

r) A ecnu B IpenbIoyIneM MyHKTe HOTPeGOBATH, YTOOLI BCe MHOXECTBA OBIIM KOMIAKTHBIMUY!

3. B " mano N Touek, mpuueM mio6ble 7 + 1 MOXHO HaKpLITEL mapoM panmyca 1. IHokaxmTe, 4To U Bce
TOUYKHN MOXHO HAaKPBITH IIapoM paguyca 1.

" uMerT

4. HokaxuTte, uTo noboe MHOXECTBO B " muaMeTpa 1 MOXHO MOKPBITH mapoM HOwxza pamuyca , [ s——

2(n+1)
OIS CIIytas

a)n=2

6)n=3

B) IPOU3BOJIBLHOTO 7.

Jlanmpiile B 3TOR cepum Bce, KaK IPABUIIO, IBYMEDHO.

5. okaxmTe, 4TO B II0OYIO BLIIYKIYIO QUTYPY HA INIOCKOCTHU MIUPUHLI 1 MOXHO BINCATDL KPYT PaINyca
% (xpye Bagwxe).

6. a) Ha nmockoctu mano n Touek. IloKaXUTe, ITO CyeCTBYET Takas Touka (), 4TO 1o 06y CTOPOHY
oT 6ol npsiMon, npoxopsaiiein depes O snexutT He Goiee 2?" 5TUX TOUEK (TOUKH, JeXKallne Ha IPIMOi, He
YUUTBIBAIOTCS ).

6) Ha miockocTn mama (Bo3MoOxXHO HecBsisHas) kpusas K mmmubl L. JlokaxwuTe, ITO HafeTCS Takasd
Touka (), UTO IO KAXAYI0 CTOPOHY OT JI060H IapMoil, mpoxonsiei depes (J, HeXUT 9acTb KpuBoll K IiIuHbI
He bounee %

B) Ha mnockoctu nana (Bo3sMOXHO HecBs3Has) guurypa F mnomanu S. okaxuTe, UTO HARAETCS Takasl
Touka (), YTO MO KAXAYIO CTOPOHY OT J06OH NpSIMOW, IpOXomsinedl depes (), nexuT 4acTb Qurypsl F
mmomanu He 6osee %

7. IlokaxuTe, UTO BHYTPH KAaXION OTDAHNTIEHHOW BBHINYKIOW GUTYphHl F' Ha IIOCKOCTH CYIIECTBYeT
TOUKa TaKas, ITO J00as XOpAa, NPOXONIIIWI Yepe3 STy TOUKY, HEIUTCS 3TOH TOYKOW B OTHOIUECHUH A :
1/2< A <2,

8. Hoxaxute meopemy Kpacroceabcrozo: ecnu Ois M0O6BIX TPeX TOUEK IPOU3BOILHOTO MHOTOYTOILHUKA
F' cymecTByeT Touka BEHyTpu F, u3 KOTOpDOH BUOHLI BCe TPH, TO MHOTOYTOJILHUK F' NOIHOCTLIO BUIEH U3
OIHOW U3 CBOMX BHYTPEHHUX TOUEK (TO €CTb SBISIETCS 36€30HbIM).

9. okaxmuTe, ITO B II060M BBLIIYKJIIOM CEMUYTOILHUKE HAUMETCA TOUKA, He IPUHAIIIEKAIITAL HI ONHOMY

13 YeTBhIPDEXYTOJIbHUKOB, O6pa,3OBa,HHBIX YETBEPKAMHU €I'0 IIOCJIEAOBATEJIBHBIX BEPDIIINH.



10. Ha mmockocTm maHO KOHEUHOE UKCIO MapaJlIelbHLIX OTDE3KOB, JIIOObIe TPH M3 KOTOPBHIX MOXKHO
nepeceun onHoi npsiMon. okaxure meopemy Canmano: Bce NX MOXKHO Iepecedb OOHOU IPSIMOM.

Cepus 2. YcpenHenue.

1. a) HokaxuTe, ITO €CIU ONUH U3 OBYX BBIIYKIBIX MHOTOYTONLHUKOB JIEXUT B IPYTOM, TO IEPUMETD
BHYTPEHHETO MHOTOYTOJILHUKA He GOJIbllle epUMeTpPAa BHELIHETO.

6) HokaxuTe, UTO €CNM ONUH BBINYKIBIE MHOTOTDAHHWK DACIONOXKEH BHYTDPH APYTOro, TO INIOUIALb
[IOBEPXHOCTH BHYTPEHHEr0 He 6OIbIIe IUIOMIALN IOBEPXHOCTH BHEIIHETO.

2. B necy pacTyT IepeBbs, BbicoTa Kaxnoro He 6ombime 100 M. Paccrosume mexny miobbiMm OBYMS
IEPEBLSIMU He IPEBOCXOOUT PA3HOCTU UX BblcOT. IokKaxurTe, 4TO Jec MOXHO 0oOHecTH 3a60pOM IJIMHBI HE
6omee 200 M.

3. Brimykmble MHOTOYTONMBLHUKY ¢ mepuMeTpaMu Py, Ps, ..., P, pacmonoxensl Ha IJIOCKOCTH TaK, ITO He
CYLIECTBYET NPAMOM, PA3HENSIONINX 5T MHOTOYTONBHUKY (TO €CThb IJIs NI000H IPSMOi [, He mepecekarolnei
5UX MHOTOYTONIBLHUKOB, BCE OHU JleXaT 10 ORHY CTOpOHy oT !). IlokaxuTe, 9YTO BCe 5TH MHOTOYTONBLHUKY
MOXHO MOMECTHUTh B MHOTOYTOIbHUK HepuMmeTpa P1 + Ps+ ...+ P,.

4. a) NoxaxwuTe, YTO HEPUMETD BBIIYKIIOTO MHOTOYTOILHUKA AUaMeTpa 1 MeHbIIe 7.

6) MoxaxwuTe, 1TO NEPUMETP BBLIIYKIIOTO MHOTOYTOILHUKA IMMUPUHLL 1 Godblue 7.

5. a) Ha mmockocTn maHO HECKOIBKO BEKTOPOB, CYMMa IIIMH KOTODBIX paBHa 7. JlOKaXuTe, UTO U3 HAX
MOXHO BHIGPATDH HECKOJIBKO, IJINHA CYMMa KOTOPBIX He MeHbIme 1.

6) B mpocTpaHCTBe HaHO HECKOIBKO BEKTOPOB, CyMMa [NINH KOTODHIX paBHa 4. JlokaxuTe, ITO M3 HUX
MOXHO BHIGPATDH HECKOJIBKO, IJINHA CYMMa KOTOPBIX He MeHbIme 1.

6. Hoxaxure, uTo amns m0b6bix Touek A, B, C, D, E miIocKOCTH BBINOJHIETCS HEPABEHCTBO

AB+CD+DE+EC<ACH+AD+ AE4+ BC +BD + BE.
7. Ha mmococTu mamel BeKTOPHL a, b, ¢, d, cymma koTopsix paBua 0. Iokaxurte, 4To
la| + b+ |c|+ |d| > |la+d|+ |b+d]|+ [c+d]

8. Ha mmockocTm maHBI 7 KPACHBIX M 1 CHHUX TodeK. JlokaxwuTe, YTO CyMMa IONAPHBIX DPACCTOSHUHN
MeXIy TOUYKAMU ONHOTO IBETA HE IPEBOCXOOUT CyMMBI PACCTOSIEHUI MEXAY TOUKAME PA3HBIX LIBETOB.

9. Hycrs d — cyMMa ONIUH OUATOHAJEH, a P — MEPUMET]D INIOCKOTO BBINYKIIOLO N—yTONBHEKA (1 > 3).
HoxaxuTe, 9TO

-2

2d o2

3=
n <p< 5

10. MuororpaHHUK C M BepIINHAMU PACIOJIOXeH BHYTPH MHOTOTDAHHUKA C 7 BepmwuHaMmu. Ioxaxm-
Te, YTO OTHOIIEHWE CYMMBbl IIONAPHBIX DACCTOSHUHM MEXAY BepPIIMHAMM BHYTDEHHEIO K CYMMe€ IONapHBIX
2

2
m-—1
) IIPA HCYECTHOM

) m
PaCCTOAHUN MEX]JY BEPIINHAMN BHEITHCI'O HE IIPEBOCXOOUT i(n—1) IIpH 9€THOM 1M K a(n—

m.

11. IokaxXuTe, 9TO CyMMa HOMAPHBIX YIJIOB MEXY 27 JIyYaMH B IPOCTPAHCTBE HE IPEBOCXOMUT N>,

Cepus 3. Ilpouspoasainue pyuknuu. KomMOGunHaTOpHBIE TOXKOECTBA.
Bcerony B aToit cepun p(n) o6osHATAET KOIMTIECTBO Pa3OHEHNN LEIOTO HEOTPUIATENLHOTO THUCIA 7 B
CYMMY HATYPAIbHBIX CJIAaraeMbIX 0e3 yueTa MOPSIOKA.
1. Hokaxure, 9TO KOIUIECTBO CIOCOGOB Pa3bUTh HATYPAIbHOE YUCIO B CYMMY HEUeTHBIX CJIACaeMBbIX
PaBHO KOJINYIECTBY CHOCOGOB pasbUTh ero Xe B CYMMY PAa3IMYHBIX CJIATA€MBIX.

2. HokaxwuTe, 4TO
n

p(n) = =Y o(k)p(n — k),

k=1

rze o(k) — cymMa menmTenell HATYDAJBHOTO YUCIA k.
3. Hattu cymmy Y CPiF3.
i€



4. I[OKa,}KI/ITe, YTO YNCIIO OEJIOUUCIJICHHBIX HEOTPDUIIATEJIBHBIX peH_IeHI/H?I ,E[HO(pa,HTOBa, YPaBHCHUA

r4+2y+3z=n

o (n+3)2
ecThb Oimxauiee K BT IIeJI0OC YHMCJIIO.

5. ABToOycHbIfl 6uieT cocToMT m3 ItecTd Hudp. BumeT HasbIBaeTCS CYACTIMBBLIM, €CIM CYMMa TPEX

IePBLIX [UbD paBHA CyMMe Tpex nocnenHux (Hampumep, 020101). TokaxuTe, ITO KOIXIECTBO CIACTINBBIX
6usieTOB paBHO

|

1/1 sin 109\ °
- ) de.
Tz sin ¢

6. IlokaxuTe, 9TO CyMMa KBaApPATOB KO3DOUIINEHTOB MHOTOUWIEHA

n+m

Plz)=(z—1)"(z4+1)" = Z a;z’

2n)!(2m)!
pbasua n!(m!zn(—l— 77)7,)'

7. INamwl yauTapHble MEOTOWIeHE P m (). IokaxwuTe, 9TO CyMMa KBaIpaTOB KO3hDUIMEHTOB MHOTO-
wnena P(z)Q(z) He MeHbIe CyMMBI KBaIpaTOB CBOGORHBIX uneHoB P u Q).
8. IloxaxuTe TOXOECTBO

- (-DkCcE  naln!
~n+k+1 (2n+1)V

k

9. HokaxuTe, 4TO Ans m060r0 HaTypamsHOro umcia N u moboro meiicTBuTensHOrO wuciaa p € (0,1),
Ha@geTCs HATypalIbHOe ducio n < N Takoe, 4TO

- 20
SO o1 s 1
(N+1)

10. IHoxaxwuTe, 4TO

[%]

> o(-1)Fczk
k=0

ACJINTCA Ha P.

11. HokaxuTe TOXICCTBO
n

[Wal) n—i __
S (—1)iCh, 4" = 2+ L.
=0
12. HyCTB P — HEYETHOE IIPDOCTOE€ YMCIIO. Ha.ﬁI[HTe KOJIMYECTBO P—3JIEMEHTHBIX IIOAMHOXECTB A MHO-
xectBa {1, 2,... 2p} Takux, 4TO CyMMa BCeX NIeMeHTOB A menwTcs Ha P.

13. I[OKa,}KI/ITe, YTO €CJIN BEPINUHBI IIPABUJIBHOI'O MHOT'OYTOJIBHUKA pa,36I/ITBI B NU3BIOHKTHOEC O6’Be,E[PIHe—
HI€ IIPAaBUWIBHBIX MHOTOYTI'OJIBHIKOB, TO KaKHe-TO ABa M3 HUX NMEIOT PaBHOE YHCJIO CTOPOH.

14. IoxaxwuTe, UTO €CIU HATYDPAIbHLIN PO IPENCTABIEH B BHIEe 00LeOUHEHNS apuDMeTUIECKUX IPO-
TPeccuil, TO KaKme-TO ABE U3 HUX MMEIOT DaBHYIO Pa3HOCTD.

15. Ilnsg Bcex HATYPANBLHLIX N JOKAXITE PABEHCTBO

¥ =t

n
H pk! . kpk
i=1
rae CYMMHPDOBaHNE IPOU3IBOAUTCS IIO0 BCEM IIO BCEM HaﬁopaM LEJIBIX HEOTPUIATEIIBHBIX YHUCEII P = {p]_, D2, <y Pn }I

n
Takmx, 9To » . kpp = n.
k=1



k .
16. HOnsg saTypanbHbIX 1 1 k, n > k, 0603HAINM P¥) xommaectso pa3bueHNN UncIa N Ha k HATYPabIHBIX
cnaraembix. IlokaxuTe, uTo musa n > 2k

k— k
p® = p b p®)

n n

17. KomnmaecTBO pasIMIHLIX YMCENI B HEKOTOPOM Pa3bieHny HATypPaIbLHOTO TUCIA 7. HA30BEM pa3opocom
sToro pasbuenus. Iokaxwure, 1To cyMMa ¢(n) pasbpocos Beex pasbuenuit n passa p(0)+p(1)+...+p(n—1).

18. Iycts pu(k) — UImMCIO mEpCeTAaHOBOK MHOXKECTBA U3 7, IEMEHTOB (n > 1), mMeommux poBHO k
HETOOBUXHBEIX ToueK. IoKaxXmuTe, ITO:

a) kzr_tjok -pn (k) = n!

6) 3 (k — 1)2p, (k) = nl.

19. INoxaxute meopemy Kaau:

n n n n—2

degv;
D IA == ) (=)

T =1 i=1 i=1

rle CyMMupoBaHue GepeTcs Mo BCeM IepeBbsiM ' ¢ MOMeUeHHBIMEU duciaMu 1, 2, ..., 7 BePIIMHAMHE CTeleHeR
V1, V2, ..., Uy COOTBETCTBEHHO.

20. Ha3zoBeM KOHEUHYIO IOCIENOBATENILHOCTD (1, G2, ..., 0, D-YDABHOBEIIEHHOHN, €CIIN BCe CYMMBI BHIA
ag+apyp+... (k=1,2,...,p) paBub Mexay coboit. HokaxuTe, 1To ecin 50-uIeHHas TOCIENOBATENLHOCTD
P—YPaBHOBeIleHHa O p = 2, 3, 5, 7, 11, 13, 17, To Bce ee WneHLI paBHLI HYIIIO.

Cepus 4, BeKTOpHO-Mapa3sMaTudyecKas.
Bce pasbuenus mogpasyMeBalOTCs B TEOPETUKO-MHOXECTBEHHOM CMBICIIE.
1. HoxaxuTe, 9TO
YeTHIPEXYTOIBLHUK
TPEYTOIBLHUK
TPEYTOILHUK Ge3 TOUKH

I) IIOCKOCTD

MOXHO Pa30UTh HA OTPE3KH.

2. HokaxuTe, 4TO HUKAKOU BBIIYKIIBIA KOMIAKT Ha IIOCKOCTH HeNb3sl Pa3bUTh Ha [Ba PABHLIX IOAMHO-
XKEeCTBa.

3. Haitnmre BCe

a) KOHeUHBIe

6) KOMIAKTHBIE

MHOXecTBa M Ha IUIOCKOCTH TakKue, UTO CEPEAMHHBIN IEPIECHAUKYIAD K JI060MY OTDPE3Ky, COeOUHSIO-
ueMy nBe Touku M saBiseTcs ockio cummerpun M.

4. a) IIaTb OTPE3KOB TAKOBBI, UTO M3 JIOOLIX TPEX MOXHO COCTABUTH TPEYTONBHUK. JlOKaXuUTe, ITO
OIUH M3 3TUX NECITHU TPEYTOILHUKOB OCTPOYTOIBHLIN.

6) HeBsTb OTPE3KOB TAKOBBI, UTO U3 JIOOLIX TPEX MOXHO COCTABUTL TPEYroiabHUK. IlokaxmTe, 9To He
MeHee 12 U3 HUX — OCTPOYTOJIbHBIE.

5. Touku Py, Ps, ..., Pio7 TeXaT Ha eAUHNIHON OKPYXKHOCTH IO OLHY CTOPOHY OT HEKOTOPOT'O AUAMETDA.
HoxaxuTe, 9TO

|OPy +OP;+...4+OP,| > 1.

6. Toukm Ay, As,..., A, HA eQUHUYHON OKPYKHOCTH TAKOBBL, UTO
OA; +0As+...+ 04, = 0.
HokaxuTe, 9To Ass J060 TOUKHA TIIOCKOCTA M BBINOIHAECTCS HEPABEHCTBO
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7. IamHO BOCEMBb BeleCTBEHHBIX YHCEN G, b, ¢, d, e, f, g, h. IokaxwuTe, YTO ONHO W3 ILIECTH UUCEI
ac + bd, ae + bf, ag + bh, ce + df, cg + dh, eg + fh HeoTpuIaTENBLHO.

8. Ilycrws a;,as,...,a, — BEKTODPHI, MJINHLI KOTOPHIX He mpeBocxomsT 1. IokaxwuTe, 94TO B CyMMe
¢ =ta; +as+ ...+ a, MoXHO BLIOPATD 3HAKK TakK, 4TO |c| < \/5

9. HokaxuTe, YTO CyMMa KBAAPATOB MONAPHLIX PACCTOSHUN MEXIY 7. TOUKAMU Ha eQUHUYHOR cdepe He
IPeBOCXORUT n>.

10. 2n-yrompuux A; As ... As, BIUCAH B OKPYXHOCTSL ¢ IeHTpoM O m pamuycom 1. Hokaxure, 94TO

a)|A1A2 + M +ooo+ Anp 1Ay | <2

6)

| A4 + A3 Ay + -+ Agy_1 A, | < 2Sin(%(A1/O\A2 o Azn 110 42,)) -

11. Ha mnockocTu HaHO HECKOJIBKO BEKTOPOB, CyMMa IJINH KOTOpLIX paBHa 1. IloKaxuTe, 4TO HX MOXHO

pasbuTh Ha TPU TPYNNBI (BO3SMOXHO, IyCThHIe) TaK, ITO CyMMa [IIHH CyMM BEKTODOB B 5TUX Ipynnax GymeT

Gomwe 34/3/27.

Cepus 5, Ipo MUPUHLI 1 AEaMeTPHI.
1. a) HaiimuTe BBIIYKIYIO QUIYPY MAKCHMAILHOTO EPUMETDA HAHHOTO NHAMETDA.

6) Hafimure GUrypy MakCUMAalbHON INIOMAIN JAHHOTO OHAMETDA.

™

%-

3. HokaxwuTe, 9TO y BBRIIYKJION GUType INIONIAAN § CYIIECTBYeT XOpAa UIMHBEL > 1, memdmas mionanb

IIOIIOJIaM.

2. I[OKa,}KI/ITe, YTO IMIUPHUHA BBIIIYKJIOT'O N —YTOJIBHIKA ANaMETDa 1 me IIPEBOCXOOUT COS

4. BrInykiIyo GUTypy MOXHO MOKPHITH OOBLeAUHEHEM ABYX IIOJIOC, ONHA W3 KOTODLIX UMeeT IINPHUHY d,
a gpyras — mmpuHy b. IlokaxXuTe, UTO ee MOXHO MOKPBLITEH OMHON TOJIOCON IMIMPUHEL a + b.

5. Ilycts P — mepumeTp (cyMMa onuH peGep), a D — AnameTp BBIIYKIOro MHOTOTpaHHUKA. JokaxuTe,
yto P > 3D.

6. HokaxmuTe, YTO KOIMIECTBO AMAMETPOB N-TOUEIHOTO MHOXECTBA

a) Ha INIOCKOCTH

6) B IPOCTPAHCTBE

He bombIle
a) n
6) 2n — 2.

7. Ha mpamolt maHo n-ToueueHoe MHOXecTBO nuameTpa 1. KaxoBo Haubomnbiee KOIUIECTBO Iap TOUEK
B 5TOM MHOXECTBE, DACCTOSHIE MeXIy KOTOPLIMU DABHO (GukcupoBaHoMy uuciy o € [0,1]7
8. a) IokaxmuTe, YTO BCIKYIO JIOMAHYIO [UIMHBI 1 B IPOCTPAHCTBE MOXHO IOMECTHTH B LIap OUAMETDA

6) HokaxmTe, 9TO BCAKYI 3aMKHYTYIO JOMAHYIO MIMHEl 1 B IPOCTPAHCTBE MOXHO IOMECTHTDH B IIAp
muameTpa 1/2.

9. a) IokaxuTe, ITO MHOXKECTBO Ha INIOCKOCTH OUAMETPa 1 MOXHO IOMECTUTDL B IPABMILHEII IIECTH-
YTOIIBHUK CO CTOPOHOM \/ig

6) HokaxwTe, 9T0 mM060€ MHOXECTBO Ha IIOCKOCTH AXAMETPa 1 MOXHO pa3s0UTh Ha TPH YaCTH MEHBIIETO
LOUaMeTDa.

B) HokaxuTe, 9TO KPYT HeNb3d Pa3OUTh HA [Be YaCTH MEHBLIIETO THAMETDA.

10. HoxaxuTe, ITO OTHOLICHNE HAMGOIBINETO U3 PACCTOSHUN MEXAY 7 TOUKAME Ha INIOCKOCTH K HAW-
MeHBIIEMY He MeHbIIE

a) ‘/52_1

n—1
6)v/3¥et,
11. HasoBeM afiunrbim duamempom BLIIYKIIOTO Tejla B " XOPAY, Yepe3 KOHIILI KOTOPOR MOXHO IIPOBECTH
IIapaJiJIeJIbHBIC OIIOPHBIC T'AIICPIINIOCKOCTH. I[OKa,}KI/ITe, 9YTO CyLIeCTBYET

a) adGbUHHBIN OUAMETD, HapallIelbHbIA JAHHON IPIMOi
6) addUHHBIE OMAMETD, IPOXONSINNH Uepes NaHHYIO TOUKY BHYTDH Tella
B) adbUHHLIA OMAMETD, IPOXONSINNH Uepe3 HaHHYIO TOUKY BHE TeNA.
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12. B BLIIYKIOM MHOTOYTOJBbHUKE HET IAPAJNIEbHBIX CTOPOH. Jlng KaXOOH CTOPOHBI PACCMOTDHM
yroJl, ox KOTOPLIM OHA BHIHA W3 Hambolsee yoaJleHHON OT IPSIMOH, COIepXAallled 3Ty CTOPOHY, BEepPIINHY.
JlokaxuTe, 9TO CyMMa 3TUX YIJIOB PaBHA T.

13. Ha miockocTu naH BHIOYKIBIA n—yroiabHuK. IIycTs a; — muuHa ero k—ol cTOpPOHEL, a dj, — IJINHA
€ro IPOEKINN Ha NIPIMYIO, COIEPKAIIYIO 5Ty CTOpoHY. IloKaxXmuTe HEDABEHCTBO

a1 a9 Uy
2< =+ 4.0+
<d1—|—d2+ +dn

< 4.

14. ITokaxmuTe, YTO Ha IOBEPXHOCTHU BBIMYKJIIOTO TeJla HAMAYTCSI TaKue UeTHIPe TOUKHU, ITO TeJO JIeXUT
IO OHY CTOPOHY OT KaXJOW M3 YeThIpeX IIIOCKOCTEeN, IPOXOAAIINX YePe3 ONHY U3 3TUX TOYeK U TapaliIeIbHOR
INIOCKOCTH, COllepXalllell ApyTrue TPH.

15. IMoxaxwuTe, YTO 2n—yTOILHUK MUHUMAILHOTO OMAMETPA JAHHOW INIOMIANN UMeeT [Be NePIeHINKY-
JIApHBbIEe OUATOHAJIM.

Cepus 6, npocras TexHmueckas.

Ecnn ue oroBopeHo npoTUBHOE, TO G, b, ¢ — CTOPOHEL, &, (3, ¥ — YTIIBL, Mg, My, M, — MEOUAHBL, Iy, lp, I,
— 6uccekrpucsl, hy, hy, he — BBICOTHI, S — mWIOIWIAnb, P — OOIynepuMeTp, R, 7, rq, Ty, Tc — PaOUYCHI
ONKCAHHOM, BIIMCAHHON ¥ TPEX BHEBIUCAHHBIX OKpyxHOcTed, O, I, I, I, I, — IeHTPEBI TeX Xe OKPYKHOCTEH,
H — oprouentp, M — uentp Taxectu Tpeyroibuuka ABC.

1. HoxaxuTe HepaBEHCTBA:
) m2 +m? +m? < 27TR?/4
) la+ 141 <V3p
Jes Sty iSEs
) . + T + . >3
) sina 4 sin B + siny < 3v/3/2
) a? + 0% + ¢ > 4/38

%) a4+ b2+ c?—(a—b)2?—(b—c)? —(c—a)®>4/38

2. HoxaxuTe HepaBEHCTBA IS OTPOYTOJILHOTO Tpeyroibuuka ABC:

a) tga +tg B+ tgy > 33

6) cos? a + cos? 3 + cos? y + cos acos B + cos B cosy + cosycosa < 3/2

B) G+ G e <14

3. HokaxwuTe, YTO €CIU B OCTPOYTOILHOM TPEYTOIbHUKE hy = [ = 1M, TO 5TOT TPEYTOJILHUK PABHO-
CTOPOHHUM.

4. HokaxuTe HEPABEHCTBO

IR

o N

b b
T osatbitey 7
3~ a+b4+c — 2
5. Iycrs A1As A3 Ay — Terpasnp, G — ero mentp macc, A}, Ab, AL, mw A}, — Touku nepecedenus

onucanuoit chepnl ¢ nygamu A1G, A>G, A3G u A4G coorBeTcTBeHHO. OKaXUTE HEDABEHCTBA

GAy-GAs-GAs - GAy < GA, - GAL-GA, - G4

1+1+1+1<1+1+1+1

6. IIycte ABC — ocTpoyrombuslil TpeyronbHuk, AQ nepecekaeT OMMCAHHYIO OKPYXHOCTb TPEYTOIbLHU-
ka BOC sropou pas B Touke A’, BO nepecekaeT OICHAHHYIO OKPYXHOCTL Tpeyronabunka C'O A BTOpoil pas B
Touke B’, C' mepecekaeT ONMCAHHYIO OKPYXHCOTH Tpeyronbauka AQB BTopoi pas B Touke C’. IokaxuTe
HEPABEHCTBO

OA'-0B'-0C" > 8R>.

Cepus 7, mpomoJsikarollias IpegbIayInyio, HO IIOXuTpee.
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1. Ilycte ABC D — BumcauHbI# UeTHIpeXyroiabHuK. HoKaxure, 1To
|AB — CD|+ |BC — DA| > 2|AC — BD|.

2. Touka M mexut BHyTpu Tpeyronbuuka ABC. O6osznauum paccrosuus or M no Bepuiun A, B, C'
U OpSMBIX, cogepxkarnux cropousl BC, C A, AB coorsercTBenHO uepes Ry, Ry, R, u dg, dy, d.. Hokaxure
HEPABEHCTBA!

a) RgRy R, > 8d,dyd,

6) Ry + Ry + Re > 2(dg + dp + d¢) (mepaBencTso Opdewa-Mopdeana)

) 20k + ) <+

r) Hokaxnre, uTo ecnu Ry, Ry, Re, Rq — PaccTOSHUA OT TOUKYM BHYTDH TeTPasOpa IO €r0 BEPIINH, a
da, dy, d¢y dg — mo mmockocTedt rpateit, To Ry Ry R.Rq > 81dgdpd.dq.

3. BuyTpu npasmisaoro Tpeyronbuuka ABC B3sTa Touka O Tak, utro OA+ OB < 3-0C. Hokaxure,
uTO

3v3(ctg(BOC/2) + ctg(AOC/2)) + ctg(AOC/2) ctg(BOC/2) > 5.
4. HNokaxwuTe, 4TO ecnu &1, J1, Y1 — YILIBL HEKOTOPOTO TPEYTOILHUKA, TO

cosay  cosfl;  cosvy

- n - < ctga +ctg B+ ctgy.
sin o sin 3 siny —

5. a) lokaxXuTe HEPABEHCTBO
(2a + 2b — ¢)(2b+ 2¢ — a)(2¢ + 2a — b) > 25abe.

6) U3 MemmaH OCTPOYTONBHOTO TPEYTOILHUKA COCTABIEH ADPYLOM TPeyrodabHuUK. Ilycts R um R, —
pPANUYCHl UX OMUCAHHBIX OKpyXHocTell. Iokaxwure, uto R, > 5/6R.

6. IokaxuTe HepaBeHCTBO ab > 4rR.

7. llycts AABC — paBHOCTOPOHHUIT TPeyTOIbHUK, P — Touka BHyTpHu Hero. llycts nyun AP, BP,
C' P nepecekaror cropoust BC', CA, AB B Toukax Ay, By, Cy coorBercTBenno. HokaxuTe, 4TO

AlBl . BlCl . ClAl Z AlB . BlC . ClA

8. Ilycte ABCDEF — BLIOYKIBIA IIECTUYTONBLHUWK, MMEIOIIAN TPH Naphl NAPAJUIEbHLIX CTOPOH.
Iycre Rs, Re, Rp — panuychl omuCAHBIX OKpyXHOCTel TpeyronsHukoB FAB, BCD, DEF coorser-
CTBEHHO, a P — mepumetp mecTuyronbuuka. JokaxuTe HEPABEHCTBO

P
RA+RC+REZE-

9. B rpeyronbuunke ABC ua cropomax AB, BC C'A Buibpanwr Touku M, K, L coorBercTBenno. Ha
cToponax Tpeyronbuuka M K L Boibpausl Touku R, F, N (R — na cropoue MK, F — wa KL, N — Ha
M L. unomanu tpeyrompuukos AM R, CRK, BNM, CNL, BKF, AFL, ABC 0603Ha4iM COOTBETCTBEHHO
uepes S1, Sz, S3, S4, S5, Ss, S. Hokaxwure, aTO

6 1/6 .
i < =S
(IIs) <5s

10. IIycrs Touka O BHyTpE Tpeyrombaunka ABC Takosa, uro OK + OL 4+ OM = 0, toe K, LM — oc-
HOBAHUS IEPIEHINKYIIAPOB, OnyIlneHHbIX u3 Touku (O Ha cropousl AB, BC C' A coorBercTBenno. okaxure,
uTO

OK + OL +OM 1
AB+ BC+CA ~ 23

11. Ha nmocKoCcTH MMEIOTCS CeMb OKPYXHOCTEH w, Wi, Wa,...,ws panuycoB R, Ry, Rs,..., Rg cooT-
BETCTBEHHO. IIpM HTOMY OKDPYXHOCTb W KACAETCSI BCEX OCTAIIBHBLIX BHEIIHUM 06pPA30M, TOUKN KACAHUS €€ C
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OKPDYXHOCTAMHE W1, W3,...,We PACIOIOXEHBl IIDOTUB YaCOBON CTDEIIKM; a Iaphl Wi U W3, Wy U W3, ..., We 1
w1 KacalioTcs OPYT Opyra BHemHUM obpasoMm. IfoxaxmTe HepaBEeHCTBO

6 e
F <R< > R,
= i=1
i=1 R
12. AB — HaumMeHbIlas CTOPOHA ocTpoyrosbHoro tpeyronbrHuka ABC. Ha cropomoax BC u AC

BuIOpanbl Touku X u Y cooTBeTCcTBeHHO. JokaxmuTe, uTo mirHa joManod AXY B He MeHBIE yIBOCHHON
nnuusl AB.

Cepus 8, 6ojsiee KoMGuHaTOpHAa.

1. Hau Tpeyronsuuk ABC co croponamu 2, 3, 4. Umerowmuiics Tpeyrompuuk PR pasperraercs 3ame-
HUTH Ha TpeyroabHuk PiQR, eciiu Touku Py, P, () nexar ma oguon npsmoir 1 RP = RP;. Ilokaxure, 94TO
Iy TeM TAKUX OLEPAIUN Heb3sl MOIYUYUTh TPEYTOIbHUK IIOMALN GOIbIIel, deM 165—‘/‘;’.

2. BuyTpu kxyba co cTopoHOU 1 HAXOOUTCSA HECKOILKO TPEYTOMLHUKOB CyMMapHOR mimomanbio 13. IToka-
KUTe, ITO HAWNETCS NpIMasi, IEPECEKAIOIAas He MeHee [ISTH TPEYTOILHUKOB.

3. BHYTDH eOIUHWYHOTO KBAaAPATAa PACIONOXKEH BBLIIYKIILIM n—yroibHUK. IlokaxwuTe, ITO KaKme-TO TPU
€r0 BepPIINHLL 06pa3yoT TPEeyroJbHUK IUIOMIALK He 6OIbIe

a) n8—2
6) Lor.

B) BuyTpu enuumuHOrO Ky6a pacnonoXeH BBILYKIBIA 7-BepIINHHUK. JlOKaXUTe, UTO KAKHE-TO UeTHIPE

ero BepIINHLI 00pa3yoT TeTpasap obbeMa < %.

4. Hoxkaxmure, 9TO B J1100OH BBILYKJIBIA MHOTOYTOJIBHUK ILIOMIAABI0 | MOXHO MOMECTUTH TPEYTOJIbHUK
momansio 3/8, onHa U3 CTOPOH KOTOPOTO TOPU3OHTAIILHA.

5. MoxHO U B eIMHUYHOM KBAApaTe OTMETHUTDH 7 TOUEK TAaK, UTO BCe TPEYTOILHUKHU C BEPIIMHAME B
9TUX TOUKaX OyLyT MMETH IUIOIAnb > Tlrﬂ?

6. okaxmTe, ITO IIOMIAOL BLIIYKJIOTO N—YTOILHUKA, BCE BEPIINHLI KOTOPOLO JIEXAT B IEJILIX TOUKAX,
He MeHbIIle #;0.

7. CywecTByeT JU B IPOCTPAHCTBE MHOXECTBO TOUEK TAKOE, UTO KaXIas INIOCKOCTD IIEPECEKAET €ro IO
HENYCTOMY KOHEUHOMY MHOXECTBY TOUEK?!

8. MuoxecTBO M COCTOUT U3 N TOUEK IITIOCKOCTH, HUKAKKE TPH U3 KOTOPLIX He JIEXKAT Ha OLHOW IPIMOI.
s xaxmoro TpeyrosbHUKA ¢ BepiuuHaMmu u3 M nopcumranu kosnwdecTBo Touek M BHyTpu Hero. IokaxuTe,
9TO cpenHee apudMeTHUECKOe BCeX HAIEHHBIX YUCEl He IPEeBOCXOmUT 7/4.

9. 21 peBouka m 21 Manbumk pemanu 3agauu. HwkTo He pemmn Hosee 6 3amad, HO OIS KaxXIOTO
MaJIbUMKa M KaXAOW MeBOYKM HAWmeTCs 3ahada, KOTOPYw oHu oba permminu. IokaXuTe, UTO HEKOTOPYIO
3a1a9y PELIMIK He MeHee TPeX MaJIbUMKOB U He MeHee TPeX AeBOUEK.

10. 999 memepecekalommXCs OTPE3KOB € KOHIIAMHU B BepIINHAX IpaBuibHOro 1998-yrompuuka pas3busa-
0T 5TU BePIIMHBI Ha mapbl. JlokaXwmTe, UTO HA OTPE3KAX MOXKHO TaK PACCTABUTH CTPEIKH, UYTO CYMMa
[IOJIYUE€HHLIX BEKTOPOB OyIeT paBHA HYJIO.

11. YacTb DOAMHOXECTB KOHEUHOTO MHOXECTBA BhLAeJeHA. KaXIoe BBLIEIEHHOE IOAMHOXECTBO COCTOUT
B TouHocTH u3 2k (k — dukcupoBaHHOE HATypanbHOe IUCI0). W3BECTHO, ITO B KaXIOM IOAMHOXECTBE,
cocTosmeM He Gosee, dem u3 (k + 1)? smeMenToB, 6O He CONEPKUTCS BLIIETEHHBIX TOAMHOXECTB, 60 Bee
COIEPXKAIINMECS B HEM BBLIEIEHHLIE TOAMHOXECTBA UMEIOT o01mui sieMenT. JlokaXuTe, UTO BCe BBLOEIIEHHEIE
IOAMHOXKECTBA UMEIOT OGN HIIEMEHT.

Cepus 9, eire 6ojiee KoMGUHaTOpHAa.
1. HoxaxuTe, 94TO cyimecTByeT HaTypaibHoe K Takoe, uTo u3 mobeix K TOYEK Ha ILIIOCKOCTH, HUKA-
KHe TPH W3 KOTODLIX He JIeXaT Ha OTHOW IpIMOM, MOXHO BbIOpaTb 100 Touek, ABIAIONINXCSI BepPIINHAMU
BuInykyoro 100-yrompuuka.
2. JToKaxmuTe, UTO Ha IFIOCKOCTH MOXKHO TaX PACIOIOKUTH 27! Touek Tax, UTO HUKAKIeE TPH He OYOYT
KOJUIMHEADHLI, 1 HUKaKWe 21 He OYOyT BEPIUMHAMHE BBINYKJIIOTO 27-YLOJIbHUKA.
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3. CymecTByIOT JIM Ha INTOCKOCTH IBa HEIEPECEKAIONMXCs OeCKOHEUHLIX MHOXecTBa A m B Takwme, 9To
BEITIOJTHAIOTCS [IBA YCIIOBHS:

(1) Hukakue Tpu Toukun M := AU B He mexaT Ha ONHON IPAMOM, & PACCTOSHIE MEXIY NOOLIMI OBYMS
Toukamu M He MeHbIe 1.

(4) JTr060# TPEyroIbHUK ¢ BepInnHAME U3 A CONEPXKUT TOUKY U3 B, a m060i TpeyronbHUK ¢ BepIINHAME
u3 B comepxuT Touky u3 A7

4. a) IIpIMOYTONBHYK C LENBIMI CTOPOHAME MOXHO pa3pesaTh Ha MONOCKH 1 X n. JlokaxuTe, 4TO OgHA
U3 €r0 CTOPOH HEIUTCS Ha 7.

6) IIpaMOyTOIBHUK MOXKHO pa3pes3aTh Ha MONOCKY, OfHA U3 CTOPOH KaXIOH M3 KOTODHIX paBHa 1. Ioka-
XKUTe, 9TO ONHA W3 CTOPOH MPSIMOYTOILHUKA UMEET LYo IIIAHY.

5. MoxXHo KpacuTb Ha GeJIoll TOCKe T X T KIeTKH B KPACHBLIM IBET 110 OMHOMY W3 CIIEAYIONUINX TPABUIL:

1°. Tlokpacuts Gensle knetku (4,5) u (i + 1,5+ 1)

2°. TlokpacuTb Genble kneTKH (4,7) u (2,7 + 2)

3°. TlokpacuTs Genble kmeTkKH (4,7) u (1 + 2, )

4°. Tlokpacuts 6emnsle kneTku (4,5), (4 +1,7) m (4,5 + 1).

IIpw xaxmx m MOXHO 3aKPacCUTh BCIO JOCKY !

6. Ha Gecxomeunod B 06e CTOPOHEI MOJIOCE M3 KJETOK, TPOHYMEPOBAHHBLIX IEJILIMU UUCIAMHE, JIEXKHT
HECKOJIIbKO KaMHell (BO3MOXKHO, [0 HECKOIBKY B ONHOR KieTKe). PaspemraeTcs BBINOMHATD CIELYIOLINE NeH-
CTBUS:

1°. CHATDH MO OMHOMY KaMHIO C KJIETOK 7 — 1 W 7. U MOJIOXKWTH OMUH KaMeHb B KJIeTKy 7 + 1.

2°. CHATL OBa KaMHS C KIIETKH 7 ¥ TOJIOXUTL [0 OMHOMY KaMHIO B KIeTKu 7 + 1, n — 2.

HokaxuTe, 9T0 MpH JIIO60M MOCIENOBATEILHOCTH NENCTBHAN MBI JOCTATHEM CHTYAIINN, KOTa YKa3aHHLIE
LefICTBU BBINONHATEL GOIBINE HENMb3s, W 5Ta CUTYallWs HE 3aBHCAT OT HOCIENOBATENBLHOCTH ACHCTBHR (a
3aBUCUT TOJIBKO OT HAUAILHON PACKIAIKY KaMHEN IO KIEeTKaM).

7. ®ynxkmus f : 2 — Taxoa, 9TO AN JM060OTO TPABMILHOTO N—yTrodbHUKA A1 A, ... A, BLIIOIHIETCS

PaBEHCTBO
> F4i) =0.
i=1

Hokaxure, uto f = 0.

8. HasoBeMm nocuaedosamevrocmvio muna Pubornavuu peKypPEHTHYIO TOCIEAOBATEILHOCTD, 3aJaHHYIO
COOTHOLIEHUEM Gy 11 = Gp + Gyp—1,7 > 1 1 HAYAILHBIME WICHAMHE G0, ¢1. MOXHO nu pasbuTh HATYDAILHBIT
Pal B OOLeAWHEHNE

a) KOHETHOTO

6) GeCKOHETHOro

qKcia HocilemoBaTelbHocTel Tuna ®ubonaaun?

Cepus 10. I'eomerpus Tua umcesi.

1. HoxaxuTte meopemy Munroeckozo: BLIIYKIIOE EHTPAILHO-CIMMETPUTIHOE MHOXKECTBO B " ¢ IEHTPOM
B HyJe obbeMa, 6omblrero 2", CONEpXUT LEIYI0 TOUYKY, OTIUIHYIO OT HyJIs.

2. HokaxuTe ciemyiomme meopembt Baukgeavda:

a) ecnu 06BEM MHOXECTBA B k¥ Gombirte n, TO ero MOXKHO MAPALIENLHO TIEPEHECTH TAK, ITO OHO HOKPOET
x0Ts ObI 1 + 1 1enyio TOuKy.

6) ecnu 06bEM MHOXKECTBA B
CcoOepXKAaTh HU ONHOU IEJION TOYKU.

k MEHBIIIE 1, TO €I'0 MOXHO IIapaJlJIEJIbHO IIEDEHECTU TaK, 4YTO OHO HE 6y,ueT

3. Heckonbko Touek Ha MIOCKOCTH PacCIIOJIOXECHEBL TaK, 9YTO PACCTOSHNEC MEXIY II00LIME ABYMS M3 HUX
Gosplite 2. I[OKa,}KI/ITe, qTO JTI060€ MHOXKECTBO IIJIOMIa AN MEHBIIIEC 7T MOXHO IIaPAJIJICJIBHO IIEPDEHECTHU Ha BEKTOD
AJIMHBI MCHBIIIE 1 TakK, 1TOOBI OHO HE COECPXKAJIO HUI O,E[HOI7I U3 TOYEK.

4. B IOEJIBIX TOYKaX HalllCaHBbl BEII€CTBECHHBIC YMCIIA. I[a.HO OEHTPAJIBHO-CHMMETPDHIYHOE OTHOCUTEJIBHO
Ha4vaJla KOODONHAT KOHCYHOE MHOXECTBO IIE€JIBIX TOYEK A, 0 ¢ A. I[OKa,}KI/ITe, YTO CyIIeCTBYeET IeJlad TOYKA
X TaKasd, 9TO B MHOXECTBE A + O—X XOTs OBl TIOJIOBUHA YUCEN He MEHBIIE quciia, HAIIUCAHHOT'O B X.

5. B OEJIBIX TOYKaX HaIllMCaHBblI BEIIIECTBCHHBIC YMCIIA. I[a.HO ABa KOHEYEHBIX MHOXECTBa IEJIBIX TOYEK.
I/I3BeCTHO, q9TO IIpH moboMm IapaJijieJIbHOM II€PEHOCE II€PBOTO MHOXECTBa CYMMa YMCEJI B HEM OKa3bIBa€TCAa
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TIOJIOXK U TETHLHON. I[OKa,}KI/ITe, YTO B HEKOTOPOM IIapPaJlJIEJIBHOM IIEPDECHOCE BTOPOT'O MHOXECTBA CYMMa YHUCEII
TaKXe IIOJIOXKHNTEIIbHA.

6. I[OKa,}KI/ITe, qTOo CyMMa Muukosckoro ABYX BBIIIYKJIBIX MHOTOYT'OJIBHUKOB, UMCIOIITUX 1M U 7 CTOPOH
COOTBETCTBEHHO UMeeT He Homee m +n CTOPOH.

7. HasoBeMm mnozoyzosvnuxom Hviomowna muorounena P(z,y) = >, arpz®y! BRIMyKIyIO 060TOUKY
0<k,I<N

rouex {(k,l) € % : ag; # 0}. HokaxuTe, 1TO MHOTOYTONbHUK HBIOTOHA POU3BENEHUS [BYX MHOTOWIEHOB —
570 cyMMa MUHKOBCKOTO MHOTOYTOILHUKOB HBIOTOHA cCaMUX MHOTOUIIEHOB.

8. O — Touka BHyTpU BBIIYKJIOro deTblpexyroinbuuka ABCD unomanu S. K, L, M, u N — BHyT-
peunne Touku cropoH AB, BC, CD u DA coorBercrenno. Hxaxure, uro ecniu OKBL u OMDN —
IApPAILIENIOrPAMMSEL, TO /S > /81 ++/Ss, roe Sy u So — mnomany geTsrpexyrombaukos ONAK u OLCM
COOTBETCTBEHHO.

9. Ha mocke mammcamsl umcia 0, 1,v/2. Paspemaercs x mo6oMy 3 5THX 9HCes IPHGABISLTEH PA3HOCTD
IBYX OPYTHUX, YMHOXEHHYIO Ha IPOU3BOJIBHOE DAIMOHAILHOE YHCIIO. MOXHO M TaKUMU ONEPALUSIME IIOILY-
anThb uncia 0, 2, v/27

10. Hano N Touek B ", He jmexaIux B OfHOU runepiiockocTu. Ilpu kaxom nHaubonbireM N BO3MOXKHO,
YTO Uepes JIo0ble [Be U3 HUX NPOXOLLT IapalliIelIbHbIE OIOPHBIE FUIEPIIOCKOCTH K BBIIYKIION 060JI0UKe S TUX
TOUeK?

11. Ha nucTe kieTuaToll GyMaru HaAPHCOBAHA HECAMOIEDECEKAMOIIASCS 3aMKHYTasl JIOMAaHasl, He IIPOXO-
OAIIas Yepe3 y3ibl ceTKH. B obiracTu, orpaHnvueHHOR JoMaHoi, texut He MeHee 91 yana. Iokaxwure, uTo
JIOMaHas [epeceKaeT JINHUN CeTKHU 1o KparHedn Mepe B 40 Toukax.

12. Ha mucte kmeTuaTol OyMaru puCyiOT BBIOYKILIYA 50-yTOILHUK ¢ BepIIMHAME B y31ax ceTku. Kakoe
HauboIbIIee YUCIO AUATOHAJIEN 5>Toro H(-yTOIbHIKA MOXKET MATH O JIMHUAM CETKH?!

Cepus 11, nuneniHO-MeTpUUYEcCKad.

1. Cxkomnbko 6a3ucoB B npocrpaunctse F", roe F — mose us p siremenTOB?

2. a) Hano n + 1 TpexsimeMeHTHOE HOOMHOXECTBO MHOXKECTBA U3 7 5IeMeHTOB. JoKaxXuTe, ITO mepece-
YeHNe KAKWX-TO NBYX U3 HUX COCTOMT M3 ONHOTO HJIEMEHTA.

6) Hamo n + 1 mOAMHOXKECTBO MHOXECTBA M3 7 HIIEMEHTOB, KaX0€ U3 KOTOPHIX COCTOUT U3 HEUETHOTO
qucia 3IeMeHToB. Jlokax)uTe, UTO IepeceveHle HEKOTOPBIX JBYX U3 HUX TAK¥XKE COCTOUT U3 HEUETHOI'O YICIIA
3JIEMEHTOB.

3. a) Bo Bcex KileTKax IIaXMaTHOM JOCKE pasMepoM 8 X 8 croaT sHakm “+” mnm “—". Paspemaercs,
BBLIENUB HAa OOCKe JI00O KBagpaT pasMepoM 3 X 3 mnm 4 X 4, MOMEHATH 3HAKK BO BCEX KJIETKAX 3TOrO
kBagpaTa. MBI XOTUM IIpU TIOMOIIK HOAOOHBIX Omepaluil JOGUTHCS TOTO, YTOGBL BCe CTOMIINE HA NOCKE 3HAKI
cTaau 3HakaMu ~ + 7; BCer[a JIU TO BOIMOXKHO?

6) Bo Bcex kmeTkax (OOBIKHOBEHHON) IIAXMATHOM NOCKH CTOAT HATYDAJbHBIE UUCIA; PA3PEIIAETCS yBe-
JINYVBATEL HA €QWHUIYY BCE YKMCIA, CTOSINNE B KJeTKaxX J060ro “mManioro” xBaapaTa M3 UeTBIPEX COCEIHUX
KIIETOK JOCKH, WM BCE UUCHA, CTOSIINE B (I00BIX) OBYX COCEOHUX CTPOKAX NOCKMU, MIM, HAKOHEL, BCE THCIA,
cTosAmue B OBYX (7M100BIX) COCEMHUX CTONOMAX HOCKU. Beerma in mOMOOHBIME ONEPAIMSIME MOXHO JOOUTHCS
TOrO0, 4TOOBL BCe UMCIiIa NOCKH Aenuiauck Ha 107

4. 24 crymenta pemanu 25 3amad. Y IpenomaBaTels ecTh Tabmuua 24 X 25, B KOTOPOH 3alKMCAHO, KTO
kakue 3amaqn perrmi. QKasaioch, 4TO KaXAYIO 3aa4y pelnm XoTs Ol ogus cTyneHT. HokaxuTe, 1To

a) MOXHO OTMETHTH HEKOTODBIE 3a[aUl “Tajoukoil” Tak, UTO KaXObIH N3 CTYNEHTOB PELINN TeTHOE
IuCIIo (B YaCTHOCTH, OBITH MOXKET, HYNb) U3 OTMEUEHHBIX 3a0a1;

6) MOXHO OTMETUTH HEKOTODHIE U3 3a7a4 3HAKOM “+”, a HEKOTOpBIE U3 OCTAILHBIX - 3HAKOM“-” 1 mpu-
IUCATH KaXIOU 3afatue HEKOTOPOe IeJIoe IMOJOXKUTEILHOE YNCIO GAIoB TaK, YTO KaXIBIA CTYyIeHT HabpaJl
OPOBHY 6aJIITOB 3a 3a0aduM, OTMEUEHHbIe 3HaKaMu “+” um -7,

5. YuacTHEUKAM TeCTOBOH ONUMIHAALI OLLIO IPEMIIOKEHO 7 BOIPOCOB. 2KIODHU OMpENeNnseT CIOXHOCTh
KaXJJOTO U3 BOIPOCOB: IEJIOe YKUCIO GAINIOB, HMOIYyYaeMbIX yYaCTHHKAMY 34 NPABWIBHBLIA OTBET Ha BOIIPOC.
3a HenpaBuwIbHEBIA 0TBeT HaunciaseTcs () 6aimoB, Bce HabpaHHble yyacTHHKaMU 6aJIbl cyMMupyooTes. Korna
BCE YYACTHUKY CHAJIU JIUCTKY CO CBOUMY OTBETAMI, OKA3AJI0Ch, UTO XKIOPH MOXET TaK OLIPENEISITh CII0XKHOCTh
BOIIPOCOB, YTOGBI MECTA MEXAY YIACTHUKAME PACIPENENIIIACE JII00BIM Halepeld 3aQaHHBIM 00pa3oM.

IIpr xakoM HAEGOIBLIEM YHCIE YUACTHUKOB 3TO MOTJIO OBITH?
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6. Ilycto n = 2k — 1, k > 6 — nemoe aucno. PaccMoTpuM MHOXeCTBO T BCEBO3MOXHBIX ITOCIENOBATENIb-
HOCTEH INUHLI 7 W3 Hylel ¥ eOUHUN. I OBYX TaKHX HOCIENOBATENBLHOCTER & = (Z1,...,%,) U Y =
(Y15 -+, Yn) OBoOsHAUNM Uepe3 d(x, Y) KOTMIECTBO HENBIX MUCEN j, LIS KOTOPBIX & # y;. Ilpenmonoxum, 410
cymecTByeT mommuoxkecTBo S C T u3 2F mocmemoBaTenbHOCTEH Taxoe, UTO s JTI060H TOCTIEIOBATEILHOCTH
z € T cymecTByeT eAMHCTBEHHAs OCIENOBATEILHOCTD i € S, YAOBIETBOPAIONIAs COOTHOEHIO d (2, y) < 3.
HokaxuTe, uTo n = 23.

7. HokaxuTe, 4TO CyIIeCTBYyeT He Goiee nz—_:l [OCIIEAOBATENBHOCTER IJINHEL 71 U3 HyJIel ¥ eUHUIT, J00be
IBE U3 KOTOPBIX OTIIMIAIOTCS [0 KPalHER Mepe B TPEX Pa3psigax.

8. IlocTpomTb mpmMmep MeTpHUYECKOrO HpocTpancTBa M m AByX ero Touek z,y € M Takux, 9TO
B(z,3)B(y,2), rae uepes B(z,7),z € M,r € 1 0603HAUEH 3aMKHyTHIH 1D C IEHTPOM B z PAILYCa T.

9. HokxaxuTe, 1TO BCe HOPMBI B KOHEUHOMEDHOM NPOCTPAHCTBE YKBUBAJIEHTHEL.

10. HoxkaxwuTe, YTO NBe HOPMBI SKBUBAJEHTHBL TOT'IA ¥ TOIBKO TOTAA, KOTA OHU 3aJal0T ONHY TOIOJO-
THIO.

Cepus 12. Eimte reoMeTpuuecKkue HepaBeHCTBA.
(k" =) (k" =k).. (k" =k""Y)

n!

0. HoxaxwmTe, 9TO AJIs BCEX HATYPAJILHBIX Kk, 7. OTHOIIEHUE SBIIAETCS TEITBIM
UUCITOM.

1. a) IokaxuTe, YTO MEPUMETD OCTPOYTONLHOTO TPEYTOALHUKA HE MEHBIIE YABOCHHOIO OUAMETDA OLU-
CAHHOUN OKPYXHOCTH.

6) HokaxwuTe, ITO CyMMa AIUH pebep TeTPasApa, CONEPKAIIETO HEHTDP CBOEH OMUCAHHOM cdepsl, He
MeHBIIE YTPOEHHOTO AUAMETPA OMUCAHHON CepHhI.

2. HokaxuTe, 9TO IJA TETPAdAPA BBIIOIHIETCA HEPABEHCTBO

a) R>3r

6) R > 9r% + 0,02,

rne R r — pamuycel, a 01 u Oz — UEHTPHI ONUCAHHON M BINCAHHON cep COOTBETCTBEHHO.

3. IlokaxwTe, 9TO 0JI1 TOUKM BHYyTPH €JUHUIHOTO KPYTa BBIIOJITHETCI HePABeHCTBO | |, ZA; < 2, roe
AiAs... A, — BUUCAHHBIN B 5TOT KPYT IPABMWIbHLIA N-yTOIbLHUK.

4. HokaxwuTe, uTo mis n0bbix Touek A, B C' D mpocTpaHCTBa BLITIOIHIETCI Hepagencmeo Ilmoaemes
AB.-CD+ AD-BC > AC - BD.

5. BuyTpu Tpeyronsuuka ABC B3aTa Touka M. IlokaxuTe HEPABEHCTBO:

BM><CM_|_CM><AM_|_AM><BM>
BAx CA CB x AB AC x BC —
6. Iambl nBe KOHIIEHTpUUECKUE OKDYXKHOCTH panuycoB R; u R cooTBeTcTBeHHO, R > R. B MenbIIyIO

Boucan 4deTolpexyroiabuauk ABC D, B Gonbiurywo — A3 B1C1 Dy, npuuem A; nexur Ha nyue AB, By — Ha
ayue BC, €7 — ma ayue C'D, D; — ua nyue DA. Hokaxure, 1TO

S(AlBlchl) > R_%
S(ABCD) -~ R?’

rme aepes S(F) obosHATAETCA INIOMIALD T€THIPEXYTOIbHUKS F.

7. Ha nnockoctu nana Touka O U MHOTOYTONBHUK (He 00sg3aTeNnbHO BHIOYKALIR). IIycTs P oGo3HauaeT
nepumeTp , D — cymmy paccrosuui oT Touky O mo BepuuH , a H — cymmy paccTosuu ot O [0 OPSIMBIX,
comepxamux cToponsl . HokaxuTe, uro D? — H? > P2/4.

8. Cpenu Bcex n-yroJIbHUKOB, BIMCAHHLIX B JAHHYI0 OKPYXHOCTb HAWAUTE 7-yTOIBLHUK

a) MaKCHMAJbHOR IIOMIALY

6) MaKCHMAaJILHOTO IEPUMETPA

9. Cpenu Bcex n-yroJIbHUKOB, ONUCAHHBIX BOKDYT JAHHOW OKPYXHOCTY HAWAUTE 7-yTOIBLHUK

a) MUHUMAILHOMN IIIOMIANN

6) MUHEMAIILHOTO IIEPHUMETDA.

10. Hoxaxwute, uro ass Touku M BHyTpm TpeyronbHuka ABC BBINOIHSIETCS HEPABEHCTBO

min(MA, MB, MC)+ MA+ MB + MC < AB+ BC + AC
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11. HokaxwuTe, 9TO U3 BCEX BBIMYKIIBIX Y€THIPEXYTOJIBHAKOB ¢ NJAHHLIMU AJIUHAME OUATOHAJEHR U YIIIOM
MeXIy HUME HANMEHBIINN IePUMETD UMEET IapajlIeorPaM.
12. Mycts ABCD - Terpasap, B KOTOPOM CyMMa JO0BIX [ABYX IPOTUBONOJIOXKHBIX pebep pasa 1.
HoxaxuTe, 9TO
V3

r1+7ry+r3trs < ER

rae r1, T2, T3, T4 — PAIUYCHI OKPYXKHOCTEHN, BINCAHHLIX B I'DAHN TeTPa’npa.

Cepus 13. To xe, rpadsi.
1. HoxaxuTe, 9TO cpenu JIIOOLIX YeTHIPEX BELIECTBEHHBLIX YHUCE]I HANAYTCS ABA TAKUX YUCIA L, Y, ITO
Ty
AR
2. HoxaxuTe, 4T0 Ajis JIOOBIX MOIOXUTEILHBIX YKUCEN G, b ¢ CIPABIIINBO HEPABEHCTBO

Va? —ab+ b2 + /b2 — be + ¢2 > Va? + ac + c2.

3. a) Ha croponax AB u AC npasunbHoro Tpeyronsuuka ABC B3saTol Toukyu P u () COOTBETCTBEHHO.
HokaxwuTe, uro us orpeskoB PQ, C'P, B() MOXHO COCTABATH TPEYTOILHUK.

6) Ha rpauax ABC u ABD Terpasapa ABCD soibpansl Toukn P u () cooTBeTcTBeHHO. JloKaxuTe,
uTo 3 oTpeskoB C'Q), QP PD MOXHO COCTABATDH TPEYTOJILHUK.

4. INokaxwuTe, 4TO B i1I060M TeTPa’Ape BBLIIOIHAECTCSI HEPABEHCTBO

< ab
"S 2t by

re ¢ U b — QuuHBL CKpeuBaoomWnxcs pebep, r — Pamryc BIUCAHHOTO IIADA.
5. Ha cropomax AB u BC Tpeyrombuuka ABC Boibpamel Touku X u Y COOTBETCTBEHHO TaK, YTO
LAXY =2/ACB, /CYX = 2/BAC. lokaxuTe HEPABEHCTBO

S(AXYC) _ AX*+ XY?4YC?
S(ABC) = AC?

(S(F) — mmomanb MHOTOYTONbHUKA F).
6. Huaronamnu BeInykioro deroipexyroiabauka ABCD mnepecekatorcs B Touke M. P u () — ueHTph
OLUCAHHBIX OKPYXHOCTeH TpeyronbHukoB AM B u C M D coorBeTcrBenno. Hokaxute, utro AB4+CD < 4PQ.
7. Hus miobbix Tpex Touek P, (), R minockocTu obosmatuMm depes m(PQR) HANMEHBIIYIO BLICOTY Tpe-
yronsumka PQR (ecium P, ) R nexat Ha omHoil mpsmoil, To m(PQR) = 0). Iokaxure, ITO LI JTIOOBIX
Touek A, B, C'; X umeeT MecTO HEDABEHCTBO

m(ABC) < m(ABX) + m(BCX) + m(CAX).

8. BuyTpu mpaBmILHOrO 27-yroiibHUKA C HeHTPOM () PACIONOXEH NPABWILHBLIN 27-YTOJBHUK C BABOE
MeHbINe# cTpoHOH. IoKaXnuTe, ITO MEHBIINY 21-YTOILHUK IOKPLIBAET IIEHTD OOIbIIero.

9. IlBe mupaMuObLl IMEIOT 0Dlllee OCHOBAHUE, SBIIIONIEECS BLIIYKIILIM MHOTOYTOILHUKOM, IPUUEM OLHA
JIeXUT BHYTPH Opyron. IlokaxwuTe, ITO CyMMAa INIOCKUX YIJIOB IIDU BePIIUHE BHEUTHEW NUPAMUILI MeHBIIE,
UeM NIPU BepINuHe BHYTPEHHEH.

10. B cBa3uOM GeckoneuHoM rpade CTeNeHN BCeX BepIIWH KoHeuHBI. JlokaxXwuTe, ITO HaWmeTCST

a) CKONb yTOMHO JIWHHBLIA Iy Thb

6) GeCKOHeUHBIN Ny Th.

11. Bce rpanm BLIIYKIIOrO MHOTOTDAHHUKA — TPEYronbHUKH. lokaxuTe, ITO ero pebpa MOXKHO IOKDPa-
CUTHb B CUHUHA M TojiyOOW IIBET TakK, YTO MeXOY OBYMs JIIOOBIMU BepInuHAME OymeT KakK IyTb, IPOXOMIIINT
TOJILKO II0 CHHEM pebpaM, Tax I NYThb, IPOXOMAIINAY TOILKO [0 TolIyOBIM pebpaM.

12. HokaxwuTe, YTO B M060H KOMIAHUN, COCTOALIEN U3 UeTHOTO TUCIA JIIOAEH, HARAYTCS IBA UeJIOBEKA,
V KOTODBIX B »TOU KOMIAHUK T€THOE UUCIIO OOIUX 3HAKOMBIX.
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Cepus 14, BpI3BaHHAaid CJIOKUBIIENCS M€OMOJINTUYECKON 06CTaHOBKOI.

1. Ha mmockocTu AaH BBINYKJIBIA 7-YTOJIbHWK P, OrpaHMYMBAOIIUY miomanb Menbime 1. s xax-
moit Touku X Ha INIOCKOCTH ompefenseTcs Benuuuaa F(X), paBras mnomann o0beINHEHNS BCEBO3MOXKHEIX
OTPE3KOB, COCNUHSIONNX X ¢ TOUKAMU MHOTOYTONBHUKA (IIOIMALb 6uinykaot obosoury). Iokaxmure, ITO
MHOXeCTBO Touek X, mis kotopeix F(X) = 1, aBnseTcs BBHIIYKILIM MHOTOYTOILHUKOM C He Gomee aeM 27
CTOpPOHAMU.

2. HuameTpsl ABYX BBILYKJIILIX MHOTOYTOIILHUKOB HE IIPEBOCXOASIT 1, a paccTosHue OT JIr00OH BEPIINHEL
mepBOro M0 0G0l BepITUHBI BTOPOTo Gombine 1/4/2. IokaxuTe, 9TO MHOTOYTOMBHUKE HE HMEIOT OGIIHX
BHYTPEHHUX TOUEK.

3.JJaHBl MHOTOYTOIBHIUK, IpsiMasd | 1 Touka P Ha mpsmoit [ B o0mmeM monoxeHuu (TO €CTh BCe IpAMBLE,
COLEPKAIIIE CTOPOHBI MHOTOYTOILHUKA, IEPECEKAIOT | B PA3IMYHBLIX TOUKAX, OTIAMIHLIX 0T P). OTMeTum
Te BEPIINHLI MHOTOYLOJBbHUKA, IS KAXIOW U3 KOTODPBIX [POMNOJINKEHWS BBIXONAIINX U3 Hee CTOPOH MHO-
TOYTOJIbHUKA IepeceKaioT | mo pasHble cTOPOHBI OoT Toukum P. IokaxwuTe, 4TO TOuka P JIeXWUT BHyTpHU
MHOTOYTOJILHHUKA TOTAA U TOJIBKO TOTA, KOTAA [0 KAXAYI0 CTOPOHY OT [ OTMEUEHO HEUeTHOE UICIIO BEPIIUH.

4. B rerpasap ABC D, nnuunl Bcex pebep xoToporo He Gosee 100, MOXHO OMECTUTE ABe HEllEPeceKa-
rouecs chepsl nuamerpa 1. Ifokaxmre, 4TO B HErO MOXHO IOMECTUTH OfHY chepy nmamerpa 1,01.

5.J]aH BBIMYKIILIA N-YyTONBHUK (1 > 3), HUKaK@e UeThIpe BEPIINHLI KOTOPOTO He JIEXAT Ha ONHON OKPYX-
HocTH. OKpPYyXHOCTH, NPOXOASINYIO Uepe3 TPU BEPIIWHBI MHOTOYIOJIBHUKA W CONEPXKAIIYI0 BHYTpH cebs
OCTAaJIbHBIE €70 BEPIINHLL, Ha30BeM OnucAHHON. OQIICAHHYIO OKPYXHOCTD HA30BEM DAHUTHOM, €CJIN OHA IPO-
XOOUT Yepe3 TPHU HOCIeNOBATENbHbIE BEPIIWHBI MHOTOYTOIBHUKA, OINCAHHYI0 OKPYXHOCTDL HA30BEM BHY TDEH-
HeW, eCIIM OHA IIPOXONUT Uepe3 TPU BEPIINHLI, HUKAKNE ABE N3 KOTOPLIX He SBILIIOTCS cocenHuMu. JlokaxuTe,
YTO FPAHUYHBIX OKPYXHOCTEHR Ha ABe OOJbIe, YeM BHYTDEHHUX.

6. a) BoInyK/bIi MHOTOYTOIBLHUK MEPEXONUT B cebs mpu moBopoTe Ha 7/2. JlokaxuTe, 9TO OTHOIIEHNE
PALMLYCOB €ro OMMCAHHOTO M BIMCAHHOTO KPYTOB He IIPEBOCXOMUT v/2.

6) BLImyKIBI MHOTOYTOMBHUK HepeXonuT B ce6s npu moBopoTe Ha yron a0 < a < 7). Iokaxure, 4TO
OTHOILEHNE PAJUYCOB €r0 OMUCAHHOIO ¥ BINCAHHOTO KPYTOB HE IPEBOCXOLUT 2.

7. IokaxwuTe, YTO TPHU BHIIYKJIBIX MHOTOYTOJBLHUKA HEJIb3s [IE€PECEeUb ONHOW IPSIMOW TOrAa U TOILKO
TOTZa, KOT[a KaXObl MHOTOYTONBHMK MOXHO OTHEINTDH OT ABYX APYTHUX HPAMOH (TO €CTh CYINECTBYET
IpsiMas Takas, ITO TOT MHOTOYTOIBHUK U OBa APYTHUX JIEXAT IO PA3HBIE € CTODOHEI).

8. Ha miockocTm HAPHCOBAHO HEKOTODOE CEMENCTBO S MPABUIIBLHBIX TPEYTOIBLHUKOB, IIOIIYYAOIINXCS
IpYT U3 Opyra NapajulelbHLIMUI [IEPEHOCAME TakK, UTO JII00bIE [Ba TPEYTOILHUKA IepecekatoTcs. JlokaxuTe,
YTO HAWAYTCS TPU TOUKY TAaKWe, UTO JII0OOH TPEYrOJbHUK CeMeNCTBa S COmEPXUT XOTs Obl ONHY U3 HUX.

9. Ha niockocTu OaHBI ABA TAKUX KOHEUHBIX HAGOpa BLIMYKJIBIX MHOTOYTOJILHUKOB Py u Ps, uTo miobbie
IBa MHOTOYTOJIBLHUWKA W3 PasHbIX HaGOpOB mMeloT o0INyi0 TOUKY, M B KaXIOM W3 ABYX Habopos P m P
€CTBb Iapa HeNePeCeKAIUXC sl MHOTOYTOIBLHUKOB. JlOKaXuTe, UTO CYLIECTBYET IPsAMas, EPECEKAIOIIAs BCE
MHOTOYTOJILHUKY 060ux HabOpOB.

10. ABC — ocTpOyrosbHbBIl TPeyroibHuK, () — LEHTDP €ro OMUCAHHOW OKPYXHOCTH, P — ocHOBaHue
BBICOTHI U3 Bepumusl A. Ilokaxure, uro ecnu LBCA > LABC + 7 /6, To LCAB+ LCOP < /2.

11. I — uentrp BumcauHol okpyxHocTH Tpeyroimbuuka ABC, K, L, M — Hukakue He aBHAJIMHUY, &
TOUKY KACAHUS BINCAHHON OKpyx)HOCTU co cToponamu BC, C A, AB coorercTeenno. IIpsaMas, npoxomsiuas
uepes B napamutensuo M K nepecekaer npsimble LM u LK B Toukax R u S coorBercrBenno. Iokaxure,
uto /RIS ocTpbIil.

12. Ha nmockocTu pacnosmoxeno 2n + 1 npsambix. IlokaxuTe, 4TO CyIecTByeT He Gonee

n(n 4+ 1)(2n 4+ 1)/6 pasnuuHBIX OCTPOYTONLHBIX TPEYTONBLHUKOB, CTOPOHBI KOTODBIX JI€XAaT HA ITHUX
IPSIMBIX.

13. Ha6op reomeTpuueckux GUryp COCTOUT U3 KPACHBIX IPABWIBHLIX TPEYTOJILHUKOB U CHHUX YeThIPEX-
YTOIBHUKOB, BCe yIilbl KOTOphIX Gosbite 80°, mo menbine 100°. U3 duryp sToro Habopa CIIOXKUIN BBILYKIIBIT
MHOTOYTOJILHIUK, BCE YTIIBL KOTOporo Gonbite 60°. JokaxuTe, 4TO 4ncio (IMeIMKOM) KPACHBIX CTOPOH 3TOTO
MHOTOYTOJBHUKA OeJIUTCI Ha 3.

14. BuInyxiblii MHOTOYTOIBHUK Pa3OUT HA MapajulelorpaMMbl. BepliuHy MHOTOYTOIBHUKA, IPUHALITE-
KAIMYI0 TOIBLKO OOHOMY NapajUIeIOrpaMMYy, Ha30BeM Xopolred. JlokaxuTe, 4TO XOPOIIKWX BEPIIUH He MeHee
TPeX.

Cepus 15. I'padsi.
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1. Hokaxwute meopemy Kenuza: ecnum NpsIMOyrosibHas MATPHUIA COCTABIEHA U3 HyJEH M e€QUHUI], TO
MUHEMAJIbHOE UHCIO JIUHUE (CTPOK ¥ CTONOIOB), KOTOPBIE CONEPKAT BCE €NUHUIEI, DABHO MAKCHMAIBLHOMY
YUCIIY €QWHUI], KOTOPBble MOI'YT GBITH BLIODAHBI TaK, YTOOLI HUKAKWE ABE M3 HUX He JIEXKAJIW HA OTHOM M TOH
XKe JITMHUH.

2. MmuoxectBo X pa3buTo Ha DONAPHO HENEPECEKAIIHecs HOAMHOXecTBa Ajp, As, ..., A,, a Takxke
pasbuTo Ha IOIAaPHO HellepeceKaIoInecs MoagMHoXecTBa By, Bs, ..., By,. UsBecTHo, uTO 06BenuHeH e THOOBIX
OBYX HellepeceKalouxcs mogMHoxecTB A;, Bj (1 < 4,7 < n) comepXuT He MeHee 7 5JIeMeHTOB. J[oKaxuTe,
TO YWCIIO BIIEMEHTOB MHOXecTBa X He MeHbIe n2 /2.

3. Ha xaxmoM mosie TabIuibl pasMepoM n X n(n > 2) cTouT HekoTopas Oyksa. WsBecTHO, 4TO Bce
cTpoku Tabmuusl pasnuaasl. Jokaxure, 4To B Tabiuue ecTh cTON6EL, TOCIIE YAAJIEHHUS KOTOPOTO BCe CTPOKH
OCTAHYTCS MONAPHO PA3IMUHBIMIE.

4. B xaxmoil kieTke IMIAXMATHON NOCKYM HAIUCAHO MOIOXUTEILHOE UUCIO TaK, YTO B KAXIOW [OPU30H-
Tanu cyMMma uncell pasHa 1. W3BecTHo, uTo npw mo60it paccTaHOBKe BOCBMHE He OBIOIIMX APYT APYTa Jamei
Ha I0CKe MPOM3BeIeHNE UKUCEN [0 HUMHU He GOJIbIe IPON3BENeHNS NCel Ha MIABHOW quaroHaiau. JokaxuTe,
YTO CyMMa UHCeJl Ha [NIABHOW AUATOHAJM He MeHbIue 1.

5. Hamwbr k mambumkos u 2k — 1 xoudera. IokaxuTe, YTO MOXHO HATHh KaXIOMy MAJIbLUYUKy IO KOH-
tdeTe Tax, YTOOBl MAJILUKMKY, KOTOPDOMY HE HPABUTCS €ro KOH(pETa, He HPABWINCH M KOH(PETH OCTAILHBIX
MAaJILUYUMKOB.

6. KieTKu maxMaTHOl TOCKH N X . PacCKpaIeHsl n? /2 KpackaMm TaK, UTO KaXI0l KPACKOM TOKPAIIIEHO
poBHO aBe KiteTku. JlokaXwuTe, YTO MOXKHO TaK PACCTABUTD HA HOCKE 7 He OLIOIIKUX APYT APYyra Jiagei, 4Tobbl
OHU CTOSUIM Ha KJIETKAX 7 PA3JINYHLIX [[BETOB M He OWJIM ADPYT ApPYyra.

7. a) B ropone HesnakoMmcke XuBYT 3n UenoBek, IpuueM Hi00ble OBOE MMEIOT 0bIIero 3HaxoMoro. Io-
KaXWUTe, YTO MOXKHO YKAa3aTb 7 UeJIOBEK TakuM o0pa3oM, UTOOLI KaXABIA U3 OCTAJLHBIX OBLI 3HAKOM XOTS
OBl C OMHUM UYEJIOBEKOM K3 DTUX 7.

6) B ropone HesnaxoMcKe MUIINTHOH XUTeNEH, IpUtieM 005 [BOE UMEIOT 001Iero sHaxoMoro. Joxaxu-
Te, ITO MOXHO yKa3aThb 5000 uemoBek TaxuMm o6pa3oM, ITOOLI KaXIOLIA M3 OCTAILHLIX OLITT 3HAKOM XOTs ObI
¢ oguHuM 4emoBekoM u3 >Tux 5000.

8. B mpsamoyromnnuOn Tabnuie cTpox Oomble, TeM CTONOIOB, a B HEKOTOPBIX KIETKAX CTOST 3BE3IOUKHU.
HokaxuTe, 4TO eCTb 3BE300UKA, B CTPOKE KOTOPOR CTOMT MEHBIIE 3BE3IOUEK, UeM B ee CTONIOIE.

9. Ha 6any BcTpeTHNUCH IOHOUIKM U OEBYIIKH, NpUUYeM KX ObLIO HOpoBHY. KaXOnlll I0HOIIA 3HAKOM C 7
meByIrkaMu. V3BeCTHO, YTO OHM MOTYT TAHLIEBATD BAJILC TAK, UTO TAHIYIOLIKE B ape OYAYT 3HAKOMBI MEXIY
cobot. IokaxwnuTe, IYTO OHM MOTYT TaKIM o6pa3oM pa3buBaThcsa Ha mapbl He MeHee, ueM 5000 cmocobamu.

10. B crpane 2000 roponos, kaxable ABa U3 KOTOPLIX COEQUHEHBI NOpOTroi. CTpPOUTELHBIE OPraHN3ANY
[IpeATABIIN BCe BO3MOXHBIE IPOEKTHI BBEIEHUSI ONHOCTOPOHHETO JBUXKEHUS Ha BCeX Hoporax. MurmcTepcTBO
TPAHCIIOPTA OTBEPLJIO BCE IPOEKTH, He 00eCIeunBaBIINe BO3MOXHOCTH AOOPATHCS 13 0600 roposa B 0601
npyroi. HokaxuTe, YTO Bce XKe OCTAIOCH GoJlee MOIOBUHLL IPOEKTOB.

11. B ctpame 1998 ropomoB m m3 KaXOOTO OCYINECTBIAIOTCI OeclIOCaNOUHLIE IepeIeTHl B TPU APYTUX
ropoma. WsBecTHo, uTo u3 m060ro ropona, CHENaB HECKOIBLKO MEPECANOK, MOXHO NElleTeTh o Jiroboro npy-
roro. MunuctepcTBo BesonacmocTu xoueT 065aBUTSH 3akpLITHIME 200 TOPOIOB, HUKAaKMe IBA M3 KOTOPLIX He
coenuHeHbl aBuasivauer. JlokaxuTe, 4TO 5TO MOXHO CAEIATDL Tak, YTOOLI MOXHO OBLIO HOJETETH U3 J60ro
HE3aKPLITOTO ropofa B JI060H OpYrod, He Aeiasi MEPeCANoK B 3aKPBLITHIX FOPOLAX.

Cepus 16. Pa3suoe.

1. MoxHO 1 OTMETHUTD HA IJIOCKOCTH 39 IPIMBIX U 35 TOUEK TaK, ITODOLI Uepe3 KaXAYI0 OTMEIEHHYIO
TOUKY IIPOXOLUIIO POBHO UeThIDe OTMeUeHHbIe NPJIMbBle, a Ha KAXIOW OTMEUEeHHOW NIPAMOHR JIeXKAJIO POBHO
YeThIpE OTMEUYEHHBIX TOUKH?

2. B crpane 21 ropon. ABmannonsaoe coobIleHre MEXAY HUMU OCYIIECTBIIAIOT HECKOIBKO ABUAKOMIIAHU,
Kaxmas U3 KOTOpLIX obcnyxuBaeT 10 HecrrocamouHbIX aBUAIWHUY, CBA3LIBAIOMINX IOIAPHO HEKOTODLIE IATh
ropofioB (IpH 9TOM MeXIY ABYMs COPOLAMU MOTYT JIETATh CAMONIETHI HECKOIBKNX KoMIaHuit). Kaxnsle nsa
TOPOIla CBI3aHBI IO KPalHel Mepe OfHOM Gecmocaqounol aBuaarHuen. [Ipn KaKoM HAUMeEHBIIEM KOJIMIECTBE
aBHAKOMIIAHUA 5TO BO3MOXHO?

3. Hano muOoxecTBO u3 102 snemenToB. MoxHo nu B HeM BbI6paTh 102 17-37€MeHTHBIX IOOIMHOXECTBA
TakK, 4TO0Bl Iepecevenne JIO0BIX ABYX IOAMHOXECTB COLEPKAIO He 6osee 3 »eMeHTOB?
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4. a) MoxaxwuTe, 9TO B N-BePIINHHOM rpade 6e3 4-1uknoB He Homee %n(% +4/n— %) pebep.

6) HoxaxwuTe, 4TO M1 6ECKOHETHO MHOTHX CYLIECTBYIOT 1 —BePIIMHHLIE Ipadbl 6€3 4-1IUKI0B, B KOTOPBIX
e menee n/2/2 pebep.

5. Haioure nHamMeHbIlee BO3MOXHOE KOJIUYeCTBO pebep B n—BepIIMHHOM rpade, He COOEpPKAIIEM
pebepHO-IycThIX k—BepIINHHLIX TOArpadoB.

6. Ha nnockoctu pacnomoxeno 100 Touex Tak, ITO PACCTOAHME MeXOY JIOOLIME OBYMS W3 3TUX TOUEK
He mpeBocxonuT 1. JI:06b1 ABe U3 9TUX TOUEK, YOAJIEHHLIE APYT OT APyra 6osee ueM Ha COENUHAIOTCS
oTpeskoM. HokaxuTe, ITO UKUCIO NPOBENEHHLIX OTPE3KOB He IpeBocxonuT 3750.

7. ®yukinus f oupenesieHa HA MHOXECTBE HATYPAIBHLIX YKCEN U YAOBIETBOPSIET CIEAYIOMINM YCIOBUSIM:

(1) fF(1) =15

(i1) £(3) = 3:

(ifi) (2n) = F(n);

(iv) F4n +1) = 2f(2n + 1) — f(n);

(v) f(An+3) =3f(2n+1) —2f(n).

HafinuTe KOMM1IeCTBO BCEX TAKUX 3HAUEHHH 7, Ansd KoTopwix f(n) =nu 1 <n < 1988.

8. B xBagpaTe 70 x 70 pasmemiens! 6e3 HamoxeHWH IaTh duryp: kBaapaT 30 X 30, IpIMOyTrombHUKY f—s
z 20 x 10 # gBa Xpyra pamuycaMu 5.

a) IokaxwuTe, 9TO HARDETCS MeCTO, UTOOBI, He CABUrasi UMEIOIINEcs GUCYPHI, PA3MECTUTDH €llle ONUH
KDPYT pamuycoM b

0) HafouTe MHANKATPUCY LMIMPUHY OTpe3Ka

1
2 cos 36°°

ot

B) HalAUTe MHAMKATPUCY LIMPUH IPIMOYTONbLHUKA

) HOKaXWUTe, ITO OTKPBITHIA NPAMOYTONBHUK 25 X 35 moKpbIBaeT He 6oilee UeTHIPEX Y3II0B KBAIPATHON
peliteTku co cToponon 20

II) [OKaXWTe, ITO OTKPHITHIA kBagpaT 40 X 40 mokpuiBaeT He Gomee 5 y3i0B KBAAPATHOM DEIIETKH CO
cToponon 20

€) MOKaXWTe, ITO B YCIOBUIAX IIYHKTA a) HARNETCS MECTO HaXe MU ABYX KPYTOB paamyca b.

9. Ha nnockoctu pacnomoxensl 100 Touek. IokaxmTe, 9TO UX MOXKHO IOKDLITHL CUCTEMON KPDYTOB TakK,
UTO CyMMa OMAaMeTPOB KPYroB cucTeMbl 6ymeT MeHbIne 100, a paccTosHme MeXOy HIOOBIMI OBYyMS TOUKAMHU
Pa3HBIX KPYTOB CHCTeMBI OymeT 6ombiue 1.
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