UmeeTcsa HapE>KHOE AT IPUMEHEHUS IIPABUAO:
KOT'AQ MaTEMATUK UAU PUAOCOPCTBYIOMINY aBTOP
IIUIIET C TYMaHHON YTOHYEHHOCTHIO,
OH I'OBOPUT OECCMBICAUILY.

Anvgpped Hopm Yatimzxeo.

«Marepuansn 3aasTuit Kuposckoi AMIILI-2014. 7 xaacc [TPO-
®U.» — cero He3aTEUAMBOIO MMEHOBAHUS YAOCTOMAACH XPOHUKA
HEYKPOTHUMOM BOMHEI C 3apa49aMy, KOTOPYIO BEAU IUTOMIIBEI IIPOdu-
rpynnsel mapaaneau 7 Kaacca Kuposcko#t AMIII B AeTo 2014 ropa
Anno Domini, B MecsIl MIOAD, 3aII€YaTAUBIIUNACS B IISIMSITA MECTHBIX
BUIIKUABCKUX IIOCEASH HEAOPOAOM OT'YPIIOB M TOMATOB Ha AIOOOBHO
BO3AEABIBAEMEIX UMU OI'OPOAAX, BBUAY HECPABHUMO Honee XAAAHOTI'O
AETa, HESKeAU OOBIKHOBEHHO.

A0 HEAEIIOCTV HEYMECTHBIM IIPEACTABASIETCS HaM OIIMCBIBATH
BBIAABAEMBIE YICHUKAM HETOPOIIAUBO U OOCTOSTEABHO B3AEAESTHHBIE
AMCTKHK C 33Ad¥aMM KaK «MaTe€pPHAABLl 3aHSITUNY — HET COMHEHUH,
YTO TAaKOBOE PEYEHVE MOT U3MBLICAUTDH TOABKO YUY KABIA CTe3€e MaTe-
MaTHUYIECKOTO 0Opa30BaHUs TAYIIEIL.

Hamuoro BepHee ObIAO OBl MMEHOBATL CUE «PacIABIBYATHIM
OTPa’KEHMEM IIPOUCTEKABIIETO Ha 3aHSITUSIX EAVHEHUS CBEAYIIVX B
HayKaX HACTAaBHUKOB UM B3LICKYIOIIUX UCTUHY VUEHUKOBY, HO TPaAU-
IIVY ¥ BPeMS BBIKTAM CO CTPAHUI] TPUALATUAEeTHEN ucTopuu JAMILI
Hboaee yMECTHOE 3aT'AaBUE, a IIOTOMY HaM IIPUIIIAOCH OE3POIIOTHO IIOA-
YUHUTHCSI YCTOSIBIIEMYCSI OOBIKHOBEHUIO.

[creaytomue 20 cTpamuIl mpeACAOBUS BBIpE3aHbI B TUIOrpacdui]

B ToM ¥ 3puM MBI TAABHYIO HOAB3Y ¥ AYYIIXAHA IIAOA 3HAKOM-
CTBa C AMCTKAMH{ HAIIWX 3aHSITHUN, YTO BHAUIIL TYT BCSIKOT'O POAA
IIOYYUTEABHBIE IIPUMEPHI B OOpaMAEeHbE BEANYECTBEHHOT'O ITEAOTO;
3MECH U AASI CebsI, M AASI APYTUX THI HAMAEIIb, YEMY IIOAPA’kaTh, U
3M\ECh K€ — Yero M30erars.

Aemopbl



04 wiona 3aunknusarvne-1

1. Ha pocke HammcaHo 94ucAo 76. KaXkAyio MUHYTY YMCAO CTHPAIOT C AOCKH U Ha
€ro MEeCTO 3aMCHIBAIOT IIPOM3BEAEHUE €T0 IUdpP, YBEANUeHHOe Ha 12. Kakoe 4mcao
OKa’XKeTCsT Ha AOCKE depe3 dac (TO eCTh 4eMy paBHO 61-e 4uca0)?

2. OpuH IpenoapaBaTeAb OCTABUAA Ha ABEPSIX BCEX KOMHAT 3aIIUCKU CAEAYIOIIETO
COAEPIKAHUS: «51 B KOMHATE HOMED . ..» U UCUe3 B HEM3BECTHOM HAIIpaBAEHUU (3a-
IIUCKY Ha Pa3HBIX ABEPSIX MOTYT COODIIATH pasHyio mH@opManuo). HacroiunBeii
ITKOABHUK HadYaA IIOUCKU IIPENIOAABATEAS, PYKOBOACTBYSICH ITUMM YKa3aHUSIMIU.
A OKa>kuTe, 9TO C HEKOTOPOI'O MOMEHTa OH HaYHET ABUTATHCS IO ITUKAY.

3. Kaxxpoe CAEAYIOINIEE YUCAO B IIOCAEAOBATEABHOCTH IIEALIX UKMCEA IIOAYUIAETCS
13 IIPEALIAYIIETO TAK: YMCAO BOBBOAUTCS B KBAAPAT, X U3 HET'O BEIYEPKUBAIOTCS BCE
IINPPEI, KPOME IOCAEAHNX YETHIPEX. J\OKa*KUTE, YTO IIOCAEAOBATEALHOCTD IIEPUO-
AM4YecKasi, U AAMHA mepuopa He 6oabire 10000.

4. Haitpure coTyio 1udpy Iocae 3amsiToit uucaa 4/135.

MpocToii npuHumn 3aumnknueavusa. Ecau cucmema moorcem HAToOUMBCA 8 KO-
HEUHOM “UCAE COCMOAHUU, U Kadxcloe caedyroulee COCmosHue 00HO3HAYHO
onpedensemcs no npedvidyu,emy, Mo CUCMEME C HEKOMOPO20 MOMEHMA 3a-
YUKAUMCA.

5. Ilocaepn0BaTEABHOCTh HATYPAABHBIX YMCEA CTPOUTCS TaK: IIEPBBIE ABa UAE€HA
IIPOU3BOABHEL, & KaXXKAO€ CAEAYIOIIEEe YUCAO PABHO IIOCAEAHEN MG PE CYMMEL KBaA-
PATOB ABYX IPEABIAYIIINX YAECHOB. AOKAKUTE, ITO 3TA IOCAEAOBATEABHOCTE BCETAA
3aIIUKAUBAETCSI.

6. ’Kureau crpans! [lyn Mupa o4eHb TOPASITCS TEM, UTO Y HUX IPE3UAECHTCKAS
dopMa IIpaBAEHUSA: Ka’KAble 4 Topa IPe3UAeHTOM u3bupaeTcs: Aubo pecrmybauKa-
Hell, Ambo AemokpaT. [IymMwupoBCKME IOAUTOAOTH OOHAPY>KUAM CTPOTUM 3aKOH,
II0 KOTOPOMY OIIPEAEASIETCA IAPTUWHOCTE OYEPEAHOTI'O IIPE3UAEHTA. XOTS 3TOT 3a-
KOH 3aCEeKpedYeH «AKTOM O AEMOKPATHUH», B II€YATh IPOCOUYUAUCHL CBEACHUS, UTO
IMaPTUAHOCTE OYEPEAHOI'0 IPE3UAEHTA IIOAHOCTBIO OIIPEAEASIETCS HAPTUAHOCTHIO
IPEABIAYIIUX AECATH. AOKa)KUTE, YTO IOCAEAOBATEABHOCTD IIAPTUAHOCTEN IPE3U-
AEHTOB 3aIIUKAUTCS, ¥ OIEHNUTE KaK-HUOYAD AAMHY IIEPHUOAA.

CocTaBHOM NPUHUMN 3aUMKANBAHUA. ECAU CUCTIEMA MOHCEM HATOOUMDBCA 8 KO-
HEYHOM HUCAE COCMOAHUU, U Kad+cloe caedyrouee CoCcCmosHue 00HO3HAYHO
onpedensaemcs no GuUKCUPOS8AHHOMY HUCAY NPEOBLOYULUT, MO CUCMEMA C HEKO-
MOP020 MOMEHMA 3AUUKAUMNCA.



7. BoT y>Xe MUAAKAPA AET IIOTOAA B Buinkuae B AaHHBIR A€Hb IIOAHOCTBIO OIIpe-
AENSIETCS IIPEABIAYIIIEH AeKaAol. Kak m3BECTHO, CYIIIECTBYET BOCEMbBb THUIIOB IIOTOARI.
Bo Bce pHu mocaepHel HepeAU TIOoroAa ObLaa pasHasi. AOKa’KuTe, YTO ellle KOTAa-
HUOYAL BCTPETUTCS HEAEASI C TOYHO TAKOM K€ IIOTOAOM.

[ns camocTosiTeNbHOro pelleHuns

8. AokaxkuTe, 4TO B 3apade 3 pAAmHA mepropa He 6oabire (a) 5000; (b) 2500.

9. Bacs Hamucaa IporpaMMy AAsI CBOETO KOMIIBIOTEPA, KOTOpPasi AOAXKHA IIeda-
TaTh Ha IPUHTEpe NUpPHI ACCITHYHON 3ammcy ducaa /2. AokakuTe, 9To y Bacu
HUYETO HE IMOAYYUAOCH: ET'0 IPOorpaMMa PaHO MAU MO3AHO HAIEYATAET HEIPABUAD-

HY0 1EdpY.

4 niong BcTtynutenoHas onumnuaaa.

1. B u3bymke >xuByT Tpm MeABeps: Muxaua VBanosuwy, Hacraces IlerpoBHa
7 ux cblH MumyTtka. Muxaua VBaHOBrMY HaAUA B TapeAKy 5 IIOBapellek Cyla, a
Hacracbsa IlerpoBrHa — 2 moBapemku. Muxaun VBaHOBMY ChepaeT CBOIO IIOPIIUIO
3a 6 MmuHyT, a HacTtaces [lerpoBHa — 3a 4 MuHyTHL. Ecau MumryTka 6yaeT ecTh CyI
BMECTE C IIalloil, TO ITalMHa IOopIus OYAEeT chbepeHa 3a b MUHYT. 3a KaKOe BPEMS
byaeT cbepeHa MaMuHA Nopius, ecanm MunryTka 6yAeT ecTh BMECTe C MaMOM?

2. Taus crouT Ha bepery peuxku. Y HEE €CTb ABa IIYCTHIX KYBIIMHA: OAMH — Ha
5 AUTpOB, a IIpo BTOPO¥ TaHs MOMHUT AWIIL TO, YTO OH BMEITAET TO AU 3, TO AN
4 autpa. ITomorure TaHe OnpeAeAUTs EMKOCTh BTOPOI'O KYBUIMHA. (3arAsiABIBAs B
KYBILKH, HEAb3SI IIOHSITH, CKOABKO B HEM BOAFEL.)

3. Toast u ['puita >xuByT B Aybae B BLICOTHOM AOME C OAHUM IIOABE3AOM, B KOTO-
poM Ha KakpoM 3Taxke 10 kBapTup. Homep sTaka Toam paBeH HOMEPY KBapTHPBI
['pumu. MoxeT A cCyMMa HOMEPOB X KBapTUP paBHATHCA 20147

4. MO>XXHO AY IIOKPACUTb KAETKY Tabaumel 8 X 8 B 16 1BeToB (KaXkpast KAeTKA
KPAaCUTCSI B OAUH LIBET) TaK, YTOOBI AAST ATOOBIX PA3AMYHEIX ABYX IIBETOB HAIIAUCH
KAETKY, KOTOPbIE IIOKPAIIEHEI 3TUMHU IIBETAMY X UMEIOT ODIIYIO CTOPOHY?

5. B Tpanenuuz ABCD c ocuoBarnusmuz AB u CD oTmedena Touka E — cepepuna
BC. Oxazanocs, uto /BAE + ZEDC = 90°, AB =7,CD = 10. HatiauTe AD.

6. B orpsiae 101 6oer. Ka>xablil Beduep Tpoe M3 HUX BBIXOAAT B A030p. llpm
3TOM AloDasi mapa COAAAT He MOXKET XOAUTH B A030p BMecTe boaee Tpex pa3. Kakoe
MaKCUMaAbHOE KOAMYECTBO BEYEPOB OTPSIA MOXKET OTIIPABASITH B A030pP O0iII0B?
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05 nions CpaBHeHusi no moaynio.

1. AoKa>kuTe, YTO MPU HEYETHHIX M X N 9UCAO0 1M+ 2"+ .- -+ (m—1)" peAnTcs
Ha M.

2. MNokaxure, uTo 363° + 4141 aeauTcs ma 77.

3. zBecTHO, uTo a+2c m b+3d peassTcs Ha 7. AokaxuTe, 4To ab—6cd peanTcs
Ha 7.

4. NOKaskKUTe, 9TO AAST AToboro n wmcao 52 4 302201 reapres ma 19.

5. Tlo xpyry crost 6 peBoUeK, ¥ KoTopwix 10,20, ..., 60 KOHGET COOTBETCTBEHHO.
Bpems oT BpeMeHU caydaliHasi A€BOYKa pa3paeT IO OAHOU KOH(ETe BCEM OCTaAb-
HBIM A€BOYKaM (€CAM y HEE XBaTaeT AASL 9TOr'0 KOH(ET). AOKa>kKUTe, YTO TaKUMU
OIIEPAIIUSIMY HEAB3SI AODUTHCST TOT0, YTOOLL ¥ BCEX AEBOUYEK CTAAO IIOPOBHY KOH(ET.

— 2100 reamrcs ma 2'0 + 519,

6. Aokaxkure, uTo 5'%
7. Nokaxkute, uro (3™ + 1)™ — 2 aeamTcs Ha 3™ — 2.

8. p1,...,Pn — IEPBBIE N IPOCTHIX YKUCEA. AOKa*KUTe, YTO YUCAO P ...Pn + 1 HE
SIBASIETCSI KBaAPATOM.

9. PemmTe B HaTypaAbHBIX YHUCAAX ypaBHeHHe 3" + 7 = 2™,

10. TTocAeAOBaTEABHOCTD A, TAaKOBA, UTO A1 = 3, Any1 = a% — 2. AOKaXXuTe, 9TO
AIOOBIE ABa PA3AMYHBIX YAEHA 3TOM IOCAEAOBATEABHOCTH B3aXMHO IIPOCTEHI.

11. p — mpocroe, 2P 4 3P = a". AokaxkuTe, 4uTo n = 1.

[ns camocTosiTeNbHOro pelleHuns

12. CyuecTByeT AM CTEIEHb ABOMKY, U3 KOTOPO mmepecTaHoBKOM nudp (0 cra-
BUTH Ha IIEPBOE MECTO HEAb3sI) MOXKHO IIOAYYUTH APYTYIO CTEIEHDH ABOMKU?

13. Yucaa ay,...,a, AAOT BCe OCTAaTKM IIpKM AeA€HWM Ha n. Yumcaa bi,..., b,
TOKE AQIOT BCE OCTATKU IIPK AEAEHUHX Ha N. [Ipy KaKUX N MOXKET IOAYUUTHCS TaK,
YTO YmcAa aj + by,..., d, + b, AQIOT BCE OCTATKU IIPU AEAEHUX Ha N7

14. Ectb 11 meanix ymcen. AOKa’KUTe, YTO MOXKHO TaKUM CIIOCOOOM AOMHOYKUTH
Ka>XA0€ 13 HuX Ha Koadpdunuent 0, —1 mam +1 ¥ CAOKUTE, ITOOBI CyMMa A€AUAACH
6u1 Ha 2014 (mpu 3TOM XOTsI OBI OAMH KO3(DPUIUEHT AOAXKET OBITH OTAUYEH OT
HYASI).



05 nions AuckpeTHas HenpepbIBHOCTb.

EcAu HEKOTOpast IIEAOYUCAEHHAST BEAUYNHA BPEMS OT BPEMEHU MeHsieTCsi (yBe-
AVUYUBAETCS UAU YMEHBIIAETCsI) He boaee, YeM Ha 1, TO OHa NPUHUMAET BCE 3HAYE-
HUS MeXAY HaYaAbHBIM M KOHEUHBIM. OJTa BEAMUYMHA Ha3bIBAETCSI JuckpemHou, a
IIPEABIAYINEE YTBEPKACHNE — IPUHIIUIIOM OUuCKpemHol HENnpepueHoCmU.

1. ANeorup Muxa#inoBr4Y Hadaa MKUCATh ANEKCE0 AHATOABLEBUYY COODIIEHUS IIO
noBopy 3amstuit B AMIII. Hakowner, mocae 100-ro coobmienust Aaekceir Axarto-
ABEBUY CIOAOOMACS OTBETUTH J\eOHUAY MuUXaAOBUYUY, M MEKAY HUMU 3aBsSI3aAaCh
O’KUBAEHHASI IIEPENUCKa. B KaKOh-TO AEHB IIocAe 3Toro Aeonua MuxaiinoBud OBIA
HACTOABKO 3aHSAT, 9YTO ANeKCel0 AHATOABEBHYY IIPHUIIAOCH OTHPAaBUTH 50 mumceM,
IIPEXXAE YEM AOCTYYATBCS AO HEro. AOKa>XUTe, YTO HAWAETCS OTPE30OK BPEMEHU, B
TeYeHNEe KOTOPOT'O OHM OTIPABUAU APYT APYTY PoBHO mo 30 muceM.

2. Bacst BEIIKUCHIBAET HATYpPaAbHBIE YCAQ, IIEPBOE M3 KOTOPHIX paBHO 1. Kaxxaoe
CAEAYIOIIEe YUCAO MAY Ha 1 OOABINE IPEABIAYIIETO, UAU SIBASIETCS COOCTBEHHBIM
peauTeneM npepbiayinero. Ilocaeanee paBHo 1000. Aoka>kuTe, 9YTO B CTPOKE HaM-
MAETCsI YMCAO0 123.

3. B psa cupsT 15 MaABIMKOB U 15 A€BOYEK.

(a) AorarkuTe, 94TO MOXXHO BBIOpaTh 10 ITKOABHUKOB IIOAPSIA, YTOOEI CPEAM
HUX MaABYMKOB U AEBOYEK OBLIAO IIOPOBHY.

(b) Bcerpa A u3 HuX MOXXHO BEIOpaTh 20 IITKOABHUKOB IOAPSIA, CPEAU KOTO-
PBEIX MaABYMKOB U AEBOYEK IIOPOBHY !

4. Ilo xpyry cupaTr 15 ManBIMKOB U 15 peBOUeEK.

(a) AokaxkuTe, 4TO MOKHO BBIOpaTh 20 IIKOABHUKOB IOAPSIA, YTODBEI CpEAU
HUX MaABYMKOB U AEBOYEK OBLIAO IIOPOBHY.

(b) Aokaxkure, uTO AAS KaXkporo 2n = 2,4,...,30 mMoxHO BBIOpaThH 2n
IITKOABHUKOB TIOAPSIA, YTOOBI CpEAV HUX MAABIMKOB U A€BOYEK OBIAO IIOPOBHY.

5. (a) Ha mrockocTu ecTb 2n Todek. AOKa>kMATe, YTO MOXKHO IIPOBECTH IIPSIMYIO
TaK, YTO C Ka*XAO¥ CTOPOHEI OT Hee OYyAET HaXOAUTHCS Tl TOUEK.

(b) Ha maockocTu ecTs 2n—+1 TOYKA, HUKAKKAE TPX HE AeKAT Ha OAHOM IIPSIMOMA.
A oKa>kuTe, 4TO Yepe3 AIOOYIO U3 HUX MOYKHO IIPOBECTU IIPSIMYIO TaK, YTO C KasKAOHN
CTOPOHEI OT Hee OYAET HaXOAUTHCS N TOUYEK.

[ns camocTosiTeNbHOro pelleHuns

6. B mocaep0BaTEABHOCTY HATYPAABHBIX YHCEA KAXKAOE CAEAYIOIIEE YUCAO IIOAY-
JaeTcs IpubaBAeHUEM K IIPEABIAYIIEMY OAHOM U3 €70 HEHYAEBBIX ITUMP. N\ OKa KUTE,
YTO B 9TOY IIOCAEAOBATEABHOCTU BCTPETUTCS UETHOE TUCAO.

5



6 wionsa OcHoBHble hopmysibl KOMOUHATOPUKMN.

Y10 Mbl 3Haem? [IpaBUAO CYMMBI, IPABUAO IPOU3BEAECHUS, YUCAO PA3MEIIEHUN
AX u dopmyay anst mero, wucao cogeranmit CX u dpopMyay aAs Hero.

1. SMbaema cocTOMT U3 6 IIOAOCOK, KaXXKAAsT MOXKET OBITH 5 IIBeTOB. [Ipm 3TOoM
AIODBIE ABE COCEAHME TTOAOCKHU AOAXKHBI OBITHL pa3HOro 1BeTa. CKOABKO BO3MOXKHO
aMbaeM?

2. (a) CroabrumMu criocobamu Mo>xHO u3 10 roHOmIeH u 15 A€BYIIEK COCTaBUTH
KOMaHAY U3 TPeX IOHOIIEeH U TPex AEBYIIEK?

(b) CroapkuMu cmocobamu MO>XHO m3 10 foHomre# u 15 AEBYIIEK COCTABUTD
TPH Napkl (IIapa COCTOUT U3 IOHOIIY U AEBYIIKH)?

3. OTMeYeHbl BEPIIUHEL X CEPEAUHEL CTOPOH IIPABUABHOTO ACCITUYTOABHUKA (TO
ecTb Bcero orMedeHo 20 Touek). CKOABKO CYLIIECTBYET TPEYI'OABHUKOB C BEPIIWHA-
MM B OTMEYEHHBIX TOYKAX?!

4. (a) CroabkUME CIIOCODAMY MOXKHO IIepeCcTaBUTE OYKBEI B cAoBe [IOBTOPPP?

(b) CronbkuMEu criocobaMu MOXKHO II€pPeCTaBUTL OYKBBEI B croBe BAPABAH-
BEAPABAH?

(c) EcTb a7 opAMHAKOBBIX IpPeAMeTOB 1 Tuma, a; — 2 TUMA, ..., g — S-TO THUIA.
CKOABKEMHU CIIOCOOaMU MOYKHO BBIAOKUTD 3TU IPEAMETHI B PSIA?

5. CKOABKEME CIIOCODaMU MOYXKHO PACCTAaBUTD HA YE€PHEIE IIOAS IIAIIIEYHON AOCKHA
12 yepHbIX 1 12 OeABIX IIAIIEK?

6. CroABKEME CITOCODAMU MOJKHO II€EPeCTaBUTEL 6ykBEI B croBe BAPABAH Tax,
4TOOBI Tpu OYKBEL A HE IIAK IIOAPSIA?

7. (a) Vmeercss 10 Geanix 1mapoB u 4 depHBIX Imapa. CKOABKEUMHK CIiOocobaMu
MO’KHO BCE INIaphbl BBIAOKUATHL B PsiA TaK, YTOOBI HMKAKHWE ABa UEPHBIX IIapa HE
AEXKAAYT PSIAOM?

(b) 3apaua Ta >xe, HO IIAPHLI AEXKAT II0 OKPYIKHOCTHU (¥ €CAK CIOCODBI OTAU-
YaroTCs APYT OT APyra IIOBOPOTOM, TO TO — Pa3HBIE CIIOCOBEI).

8. (a) [IpssMOYTOABPHUK BEpPTUKAABHBEIMU AUHUASIME pa3pe3aH Ha 20 IpsSIMOyTOAb-
HUKOB. CKOABKO IIPSIMOYTOABHIKOB €CTh Ha IIOAYYEHHOW KapTUHKE?

(b) CroABKO €CTb MPSIMOYTOABHUKOB M3 KAETOK HA IaXMAaTHOM AOCKE?

9. Ha ycTHO# oAMMIMaAe Ka’KABIA M3 N IMKOABHEUKOB chpaa oT 0 po 5 3apay,
npryeM obIree KOAMYECTBO CAAHHBIX 3aAa4 KPATHO TPEM. Pe3yAbTaThI OAUMIKAABI
IIOABOASITCSI TI0 KOAMYECTBY PEIIEHHBIX 33apad. CKOABKO BO3MOXKHO PE3YALTATOB?
(Pe3yAbTaT — 9TO UTOrOBEIY IPOTOKOA, TAE YKA3aHO, CKOABKO 33Aa4 CAAA KA KABIM
ITKOABHUK. )



[Ona camocTosiTensHOro pelueHus

10. Aa# npaBuABHEBIE 99-yrOABHUK. CKOABKEMU CIIOCOOaMU MO>KHO BhIOpPATh TPHU
€r0 BEPIIMHBI TaK, YTOOBI OHU SIBASIAUCH BEPIIMHAMY PaBHOOEAPEHHOTO TPEYTOAB-
HUKa?

11. CronpkuMu ciocobamMy U3 N-3AEMEHTHOT'O MHOKeCTBa MOXKHO BBEIOpaTh
(a) moaMHEOXRECTBO;
(b) memepecekaromuecst mopMHOXeCTBa A 1 B;
(c) mopmuORecTBa A u B Takme, uTo A copepkuTcs B B?
(

d) ABa IOAMHOXXECTBA, IIEPECEKAOIINECS POBHO II0 TPEM SAEMEH-

Tam (n > 3)7?
12. Aoctyn K ceiipy mmeror 11 4aeHOB KOMUCCUM. KaKuM HAWMEHBINAM HUC-
JAOM 3aMKOB MOXXHO CHabAUTE Cefih AASL TOro, YTOOHI IPU OIPEAEAEHHOM Habope

KAIO4Yel AI0OBIe IIIeCTEPO, COOPABIINCHL BMECTE, MOT'AY €TI0 OTKPHITD, a AIOOBIX IISTH
OBIAO OBI HEAOCTATOYHO?

06 unons Mnowanp.

0npe,u,eneHV|e—Teopema. Kax,a,omy MHOI'OYT'OABHHUKY Ha IIAOCKOCTH MOJXHO IIDH-
IInCaThb HEOTPHUIIATEABHOE BEIIECTBEHHOE YMCAO TakK, YTOORI:

(a) PaBHBIM MHOI'OYI'OABHHKAM OBIAK IIPUIIMCAaHblI PaBHBIE YHCAAQ,

(b) ecam MHOroyronbHMK M paspesaH Ha MHOTOYTOABHMKE My,..., My, To

YUCAO, IpUIKcanoe M, 6BIA0 PABHO CyMME YUCEA, IPUIKXCAHHBEIX MHOIOYI'OADHU-
KaM My, ..., My;

(C) IPAMOYTOABHUKY CO CTOPOHAMM d ¥ b OBIAO IIPUINCAHO YUCAO ab.
Boaee Toro, 3To MOXXHO CAeAATH POBHO OAHUM criocobowM. Ilpunucanmoe TakuM
06pasoM MHOT'OYTOABHUKY YMCAO MBI M Ha30BEM €TI0 N.A0ULA0DTO.

1. AP — ueBmaHa B TpeyroabHuke ABC. Aokaxxure, uro S(ABP)/S(ACP) =
BP/CP.

2. Ha npoponxernusx cropor AB, BC u CA Tpeyroabruka ABC B3siAu TOUKHU
Ci1, Ay m By coorBercTBenHO Tak, uyro AB = BCy, BC = CA;, CA = AB,. Haiiaute
S(A]B]C]), €CAn S(ABC) =1.

3. Ha croporax AB u AC TpeyroanbHmkKa ormetuau Touku B; m C; cooTBer-
crBerHo. U3BecTHo, utro AB = 5, BBy = 2, AC = 7, CC; = 3. Haiipure
S(ABC)/S(AB;Cy).



4. Nanu yernipéxyroabHuUK ABCD. [lapaanenoepammom BapuHboHa YETHIPEX-

yroabHuKa ABCD Ha3bIBaeTCs Y4eTHIPEXYTOABHUK C BEPIIUHAMU B CEPEAMHAX CTO-
por AB, BC, CD uz DA.

(a) AokarkuTe, 9YTO mapasreAorpaMM BapuHbOHA — IapaAAEAOrPAMM.

(b) Aoka)kuTe, YTO €ro MAOIMAAL PaBHA ITOAOBWHE IIAOIIAAYM YETHIPEXYTOAD-
HUKA.

5. Amaronaau deTeipeéxyroabHrKa ABCD nepecekarorcst B Touke O. AOKa’>KuUTe,
gro S(ABO) = S(CDO) Torpa u Toabko Toraa, koraa BC || DA.

6. CpepHSIST AMHUS AEAUT IIAOIIAAL YETBIPEXYTOABHMKA IIOIOAAM. JAOKa >KHUTE,
YTO B HEM €CTb ABE IIapaAAEABHBIE CTOPOHEL.

[Ona camocTosiTenLHOro peleHus

7. Ha mnockocTy HapumCOBaAM ABa YETBIPEXYTOABHUKA TaK, YTO CEPEAUHEBI UX
CTOPOH COOTBETCTBEHHO COBIAAM. N\OKa>XWUTe, UTO UX IIAOIIAAY PaBHEL.

8. Tpeyroabuurku AB;C; u AB,C, umetor obmuit yron A. AOKa>XKuUTe, YTO

S(AB1Cy)  AB;-AC
S(AB,C;) AB,-AC,’

9. Uepes cepepuny E amaromasu AC gernipéxyroabHuka ABCD mpoBeau mpsi-
MYI0, Tapaanreabryio praroHasu BD. Ona nepecekaa cropory BC B Touke K. Ao-
KaxxuTe, 4To DK AEAUT IAOIIaAD YeTHIPEXYTOABHUKA IIOIIOAAM.

6 nong Pa3nobon-1.

1. B Tabaune paszmepom 10 x 10 paccTaBAEHBEI IPOM3BOABHEIE YUCAA. Pasperre-
HO OAHOBPEMEHHO M3MEHSITH 3HAK Yy BCEX YUCEA KAKOI'O-TO OAHOI'O CTOADIA MAU ¥
BCEX YMCEA KaKON-TO OAHON CTPOKU. A\OKa’KUTE, TAKUMU OII€PAIIUSIMU MOKHO IIO-
AYYUTH TaOAHUITY, ¥ KOTOPO! CYMMBI YMCEA B KaXXAOM CTPOKE U B Ka’XKAOM CTOADIE
HEOTPUIATENDHDI.

2. A\OKa’xuTe, 4YTO AASI Afoboro weTHOro N ymcao 20™ + 16™ — 3™ — 1 peamTcs Ha
323(=17-19).

3. Ha pocke HammcaHO 4MCAO «2». VrparoT ABoe. 3a OAWH XOA, Pa3pelaeTcsi K
YK€ HMEIOIEMYCST YUCAY AOOaBUTBH AIODOON €ro AeAUTEAb, OTAWYHBIA OT CaMOT'O
yucaa. ToT, KTO IEPBEIM IIOAYYHMT 4ucAo, 6oabmee 2014201% (a) srmrpoisaer; (b)
IIPOUTPEIBAET. KTO BLIUT'PLIBAET IIPU MIPABUABHOMN Urpe?

4. Benka npsiTara opexu. VI3BECTHO, YTO OT Ka>XAOI'0 TalHMKA K CAEAYIOIIEMY
oHa mpoberana He H6oabmre 3 M. OKa3an0Ch, YTO PACCTOSIHUE OT IIEPBOTO TalHUKA
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DO 1mocaepHero paBHO 100 M. AoOKa’kuTe, 4YTO HaWAYTCS ABa TallHWKA, PACCTOSTHUE
MEKAY KOTOPLIMU HE MeHbIle 22 METPOB U He boabIne 25 METPOB.

(a) Beaka mpeiraer Ha IPSIMOM.
(b) Beaka mphIraeT Ha IIAOCKOCTH.

5. Ha maxmaTHO# A0cke paccTaBaeHO 10 xopoaeit. Ilocae HECKOABKEX XOAOB
0Ka3aA0Ch, YTO Ka’KABIZ KOPOAD ITOOBIBaA Ha BCEX IIOASIX POBHO IIO Pa3y ¥ BEPHYACS
Ha KUCXOAHOEe IIOAe. NOKa’kKUTe, YTO OBLIA MOMEHT, KOTAQ HU OAWH U3 KOPOAER HeE
CTOSIA Ha CBOEM HCXOAHOM IIOAE.

7 niona BuHom HbloToHa.

Kk _ k=1 Kk
1. Aoxaxkmre Toxxaectso C; = Co; + Cr ;.

Onpepenenne. Brimucama 6eckomedHast B 0be CTOPOHBI IIOCAEAOBATEABHOCTD,
€AVHCTBEHHBI HEHYAEBOU 3AeMeHT KoTopo#l paBeH 1. [lop Ka*kKABIMU ABYMS CO-
CEAHUMU YUCAAMU IIUIIETCS UX CYMMa, X IIOAYYIAETCSI CAEAYIOIAsl IIOCAEAOBATEAD-
HOCTb; IIOTOM C HEW IIPOAEABIBAIOT Ty K€ OIlepaluio, U TakK panee. Hemynesrwie
qKuCcAa 0bpa3yrT mpeyzoavHuk Ilackana, €ero psSABL Ha3bIBAIOTCI CMPOYKAMU X
IIOCAEAOBATEABHO HYMEPYIOTCsI, HauuHas ¢ 0.

2. BrinumuTe mepBhie 6 CTPOYEK TPEYTOAbHUKA [Jackans. A\OKa>XuTe, 9YTO B N-0i
CTpouKe TpeyroabHuKa [lackaas crosT wucaa C2, Cl ..., CI.

3. CKOABKO CAaraeMbIX OYAET nocae PaCKPBITUAS CKODOK, HO 00 IPUBEAEHUS TIO-
MODHBIX B

(@ (a+b+c+d+e)k+l+mt+o+p+r+s+t)(x+y+2z);
(b) (x +y)*?

(c) Croabko pas B BeIpaxkenuu (x + Y)?° nocre packpriTust CKO60K, HO 00
IPUBEAEHHUS TOAOOHEIX BCTPETUTCS cAaraemoe x>y'/?

(d) Aokaxxure dpopmyry bumoma HeioToHa (3TO TO, 4TO B paMOUKE).
4. Noxaxxure, aTo wmcao v'30((1 + v/30)% — (1 — /30)*°) — neace. Herso oxo

UAU HET?

5. Ha croABKO HyAelt okamumBaercs umcao 1011000 — 17

[na camocTosiTeNnLHOro pelleHus

6. Aokaxkure, gTro 1.000000001 B HekoTOpoO#t cTenenu 6yaeT 6oabire 100000.

7. Nokaxkure, uTo ecam X" +y™ = z" (x,Y, z, N — HATYPaAbHEIE), TO X, Y > M.
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07 wiona MNnowapb-2.

1. AL — 6uccektpuca Tpeyroabauka ABC. Aokaxxure, uro BL/CL = AB/AC.

2. MNaubl TpeyroabEuku ABC; u ABC,. Ilycth npsamast C;C, mepecekaeT IpsaMyio
AB B Touke K. Aoxaxxure, uro S(ABC;)/S(ABC;) = C;K/C;K (xoTst 651 B 0pHOR
KOH(UTYPaIum).

3. B BemykaoMm deTsipéxyroabHuke ABCD ayum AB m DC mepecekatoTcs B
Touke K. Ha 6uccekTpuce yraa AKD Hamnack Touka P Takas, uTo npsimble BP u
CP aensT monoaaMm orpe3ku AC u BD coorBeTcTBerHO. AoKarkute, uro AB = CD.

4. Toura E — cepepuna croporbl CD uernipéxyroabauka ABCD. VM3BecTHO, 9TO
nAoINaAb TpeyroabHUKa ABE coctaBasieT moaoBury maoiaaym ABCD. Aokaxkure,
YTO KaKWUE-TO ABE CTOPOHBI YETHIPEXYTOABHUKA TapPaAAEADHEI.

— _Pp2 P1
5. Ha xapTtunaKe pora>kute, 4To B1B), = p1+p2A1A2 + e CC.

6. Ha xapTutke poka>xute, uro S(ABP) = mpszzS(ABC‘) + E%S(ABCZ)-

C

\ib-lp\ZBl
%'1\ < b2
P P C

Cy B, Ay A B

7. Toukn K m L — cepepunnr cropor AB m CD uernipéxyroabaumra ABCD,
orpe3ku DK um AL mepecekarorcs B Touke P, a orpesku CK m BL — B Touke Q.
Aoraxxure, 4TO cyMMa maommapey TpeyroabHuKoB APD m BQC pasra maomaau
geTsIpeéxyroabHuKa PKQL.

[na camocTosiTeNnLHOro pelleHus

8. AmaroHanu BBITYKAOTO YeTHIPEXyroAbHUKA ABCD paBHBI 1 IIepeceKaroTcs B
rouke O. Touka P BHyTpu Tpeyroaprmka AOD Takosa, uro CD || BP u AB || CP.
DAoxkaxxure, 9To TouKa P AexxuT Ha buccekTpuce yraa AOD.

9. Ha cropore AB uerwipéxyroabuanka ABCD Bbeibpans! Touku K # L Tak, uTo
AK = KL = LB. Ha cropore CD Bribpansl Touku M u N Tak, atro CM = MN =
ND. Aokaxute, uTo S(KLNM) = %S(ABCD).
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1 nionga Pa3nobon-2.

1. AoxasxuTe, 9TO YuCAO O™ — | HE MOKET AEAMTHCS Ha YUCAO Ha 4™ — 1.

2. Or KAeT9aTOR AOCKE M X M (M > 2, n > 2) ocTaaach TOABKO PaMKa IIUPU-
HBI 1. 3a OAVH XOA MOXXHO BBIIUAUTL OAHY UAUW HECKOABKO KAETOK, 0Opa3yroIux
IPSIMOYTOABHUK, AWIIE OBl IIPK 3TOM OCTaBIIAs YacTh HE pacllaaach Ha ABa KYCKa.
Kto He MoOXeT caenaTh XOA — IPOUTPHIBAeT. KTO BBIMTPBIBAET IIPY IIPABUABHOU
urpe?

3. Kaxxarpiit u3 102 genoBeK uMeeT He MeHee 68 3HAKOMEIX. J\OKa’>XUTE, YTO Hali-
AYTCsI 4YETBEPO, UMEIOIINE OAMHAKOBOE YUCAO 3HAKOMBIX.

4. B ropoae >XKUBYT TPE3BEHHUKM ¥ AAKOTOAMKU. KaXkKABI# AeHb HEKOTOPBIZ de-
AOBEK, V KOTOPOro Honee IIOAOBMHBI 3HAKOMBIX BEAYT 0Opa3 >XKWU3HUW, OTAWYHBIN
OoT ero obpasa >KU3HU, MEHSIET CBOU B3TASABI. A\OKa’KUTE, YTO PAHO MAM IIO3AHO
M3MEHEHMST B3TASIAOB IIPEKPATSITCH.

5. 3a KPYT'ABIM CTOAOM CHAUT YETHOE YUCAO AIOAER. KOAMYECTBO AEHET § AIOOBIX
ABYX COCeAel oTAnYaeTcs He boaee, ueM Ha 100 pyb. AoOKa’kuTe, YTO HAMAYTCSA ABa
YeAOBEKA, CUASIINAX HAIIPOTUB APYT APYra, ¥ KOTOPBIX KOAWYECTBO AEHET TaK ’Ke
oTAKMYaeTcsa He bonee, gem Ha 100 pyb.

6. B Mockse 7 BricOTOK. T'yprUCT-MaTeMaTUK XOUET HANUTHM TAaKyIO TOUYKY, U3 KO-
TOpPO# STU BLICOTKZ BUAHBI B 3aAaHHOM Iopsipke (Hauwmuas ¢ MI'Y, mo wacosoit
cTpeake). Bceraa Au eMy yAACTBCS 3TO CAEAATH?

08 nions JInk6e3 no teopeme Paneca n nogobuto.

1. (Teopema ®aneca) Ha opHO#l u3 CTOPOH yraa ¢ BepumHO# O OTMeYeHHI TOY-
ku Aj, By, Cy, a Ha pApyro#t — Touku A;, By, C, Takume, aro AA; || B1B, || CCs.
A oOKa>xuTe, 94TO

(a) €eCAL A]B] = B]C], TO Asz = BzCz;

AiBr ABy _ m.

(b) ecam §ict = T, rae m,n € N, ro 522 =1
(C) A]B] Asz A B
B]C] o BzC B C1

2. Ha ctopornax AB u AC Tpeyroaprura ABC ormeuensr Touku By m C; coot-

BETCTBEHHO, Takue, 4To B;C; || BC. Aokakute, 9TO AB) _ AC _ BiG

AB AC BC °
Onpepenenne. Tpeyroavauku ABC m A1B;C; HaswBaioTCsI Nn0006HBIMU, ECAT
_ _ _ AB _ BC _ _AC __ _AB
LA = LAy, LB = /By, LC = ZCy 1 AB = B = A dHCao K = S5

Ha3bIBAETCSI K0IPPUUUEHMOM NO000OUA.
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Tpw npusHaku nogobus. Tpeyroapauku ABC u A;B;C; nopobHEBI, ECAM BBHITIOAHE-
HO OAHO U3 CAEAVIOIINX YCAOBHUM.

(a) ZA = /A, u AL = AC

A1By T A1Cye
(b) ZA =ZA; u /B = /B;.
AB __ BC __ AC
(C) A1Br — B1C; T ACye
3. Tpeyroavruru ABC z A1B;C; nopobuE! ¢ KosddunzerToMm k (T. €. A/:\& = k).
S(ABC) 1.2
TOI‘Aa S(A,B1Cy) k-.
9 uions Npachbi-1

1. Mo>xHO AM Bce pebpa U AMaroHaAX IPABUABHOTO 55-yrOABHUKA PACKPACUTh B
54 11BeTa Tak, 4TOOLI pebpa, BEIXOASIINE U3 OAHOM BEPIIMHEI, OBIAY PAa3HOI'O IIBETA?

2. Pébpa rpada noxpareHs! B 3 I[BETA TaKXM 06pa3oM, ITO U3 Ka*KAON BEPIIUHEL
HCXOASIT PEbpPa Ka>kAOro IiBeTa. AOKa>kKUTe, UYTO B I'pade eCThb IIMKA, COAEP KA
pebpa Ka>kA0ro IIBeTa.

3. B xyue aexxar 10 xamuel. E€ AeAsIT Ha ABe YacTH, 3aTEM OAHY M3 HaCTel
OIISITH AEASIT HQABOE U T.A., AO T€X IIOP, IIOKa He moaydaT 10 OTAEABHO AEKAIIUX
KaMHe#. [Ipu Ka>XxA0M AeA€HUM OAHOM U3 Ky4 Ha ABE YaCTH Ha AOCKY 3aIlIMCHIBAETCSI
IIPOM3BEAEHNE KOAWYIECTB KAMHEN B 3TUX YaCTSIX. deMy OyAeT paBHA CyMMa BCEX
YmceA Ha AOCKE B KOHIIE?

4. B cBsa3uoM rpade ¢ 1000 BepmImHaMu CTEIEHD Ka>KAOW BEPIIUHEI He boaee 3.
N OKa>kuTe, 9TO B HEM HARAETCS CAMOHEIIEPECEKAIOITNICS IIyTh U3 9 pebdep.

5. Cpeauy ATODOBIX YeTBEIPEX YeNOBeEK OTpsaa M7 HaltAETCS YeAOBEK, KOTOPBIR APY-
JKUT C OCTAABHBIMU TpeMs. AOKa>XUTe, UYTO HAUAETCS YEAOBEK, KOTOPHIM APY KUT
CO BCEMU AeTbMU OTpsipa MT.

6. B cTpaHe ecTh CTOAMIIA ¥ OCTAABHBEIE TOPOAQ, MEXKAY HEKOTOPBHIMU IIPOBEAEHEL
poporu. OT CTOAHMIIBI MAYT IpsiMbIE AOPOrE PoBHO B 100 ropoaOB, OT OCTAABHBIX
ropopoB — B 10. I3BecTHO, YTO IO AOpPOraM MOXKHO AOEXATh OT AIODOOTO ropopa A0
Af0boro Apyroro. AOKa’kKUTe, YTO MO’KHO TakK 3aKPBITb D0 AOPOT, MCXOASIIIUX U3
CTOAMIIBI, YTOOBI 3TO CBOMCTBO COXPAHUAOC.

7. Ha naametre 1000 ropop0B, CpEAM KOTOPHIX €CTh CTOAHMIILI I'OCyAapcTB. Heko-
TOpPBIE TOPOAA CBSI3aHBI AOPOTAaMM TaK, YTO Al0Dasi A0Opora COEAMHSIET POBHO ABa
ropoAad, ¥ OT AI060ro ropoapa A0 AOOTO APYIOTO MOXXHO AOOPATBCS IO AOpPOTraM.
[Ipu 3TOM, 4TOOBI IIOIIACTH U3 OAHOM CTOAMIIEL B APYIYIO, HY>KHO IIPOEXATh HE MEHEE
21 poporu. AoOKa>kuTe, 4TO Ha IIAaHeTe He boabire 90 cToamir.
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[Ona camocTosiTensHOro pelueHus

8. B cBsasHOM rpade 90 BepmImH, IPUUEM CTEleHb KakKAoi He MeHbIne 10. Ao-
Ka’KUTE, YTO Ka’KAYIO BEPIIMHY MOXKHO AOIOAHUTBL A0 4 BEPIIMH TaK, YTOOBI B
mmoaprpadpe Ha 3TuX 4 BepIIMHAX CTENEHDb KaXXAO# ObIina ObI He MeHee 2.

9. B mamewMm apcenane ectb 20 6ycurok 10 11BeTOB, 110 2 6YCUHKHU Ka>XKAOT'0 IIBETA.

(a) Ux packuparu B 10 Kopobok 1mo 2 6ycuHKHU. J\OKa>KUTE, YTO MOXKHO BBI-
6paTh IO OAHOM OyCHMHKE M3 KOPOOKM Tak, YTOOLI BCe IIBeTa OBIAM IIPEACTABAEHEI.

(b) AOK&?KI/ITG, YTO KOAMIECTBO CIIOCOOOB CAEAAQTDH 9TO PABHO CTECIICHHU ABOfIKI/I.

(c) Bycunku packupanu mo Kopobkam Kak momano. OKasanoch, 4TO BCE paB-
HO MOJKHO BBEIHYTb IO OAHOM OycuHKe M3 KOPoOKM TakK, 4TOOBI BCe IBeTa OBIAM
IIPEACTABAEHEI. \OKA’KUTE, YTO KOAXYECTBO CIIOCODOB CAENAATH 3TO PABHO CTEIIEHU
ABOMKI.

10. B xaxxp0it 3 Tpéx mroA yuuTcs no 100 gearoBek. OKazanoCh, YTO y Ka’KAOT'O
y4eHrKa A060# u3 mrkoA poBHO 101 3HAKOMEI# CPEAU VIEHUKOB APYIUX ABYX IITKOA.
A OKa>KuTe, YTO HAa¥AYTCS TPU YIEHWKA PA3HBIX IIIKOA, KOTOPEIE 3HAIOT APYT APYTa.

9 nionsa Mopobue.

1. B paBHOGeaperrOoM Tpeyroabauke ABC (AB = AC) Ha cTopore AB Bribpana
Touka D, a Ha mpopoarkenuu Ayda AC 3a Touky C BRIOpaHa Touka E Tak, 4To
BD = CE. Otpesku DE u BC nepecekarorcsa B Touke G. Aokaxkute, utro DG = GE.

2. N\OKa>kuTe, UYTO CEPEAUHBI OCHOBAHMM, TOUKA IIEPECEUEHUST AMATOHAAEN U TOY-
Ka IIepecedeHus: H0KOBBIX CTOPOH TPAaIlelInM AEKAT Ha OAHOMN IIPSIMOM.

3. Tourku K, L Ha croporax BC, AC coorBecTBeHHO TpeyroabHuKa ABC TakoBHI,
gyro BK: KC=1:3, AL: LC =2:5. Orpe3ru BL u AK nepecekatorcs B Toure O.
Ha#ianTe AQO : OK.

4. AA; u BB; — BeicoTHI (a) ocTpoyroabuoro; (b) TymoyroabHOro TpPeyroAbHU-
Ka ABC. Aokaxkure, uro TpeyroabHUK ABC nopoben Tpeyroabuuky AiB;C.

5. Toukm M uz N aexxaT Ha cTOpoHax cooTBeTcTBeHHO AB m AD mapaaneno-
rpamMma ABCD, npuuéem AM : MB =1:2, AN:ND =3:2. Orpesku DM u CN
niepecekatorca B Touke K. Haiiaure DK : KM.

6. Aar Tpeyroarruk ABC Taxoit, uto /A = 2/B. MNokaxnure, uTo a’ = b? + bc.
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[Ona camocTosiTensHOro pelueHus

7. Kasxkpass CTOpOHa BEIIYKAOTO YETBHIPEXYTOABHUKA Pa3AeAeHa Ha TPU PaBHLBIE
vacTu. COOTBETCTBYIOIIVE TOYKY AEAEHUS Ha IIPOTUBOIOAOKHBIX CTOPOHAX COEAU-
HEHBI OTpe3KaMu. AOKa’KUTe, YTO 3TU OTPE3KU AEAST APYT Apyra Ha TPU pPaBHEIE
JaCTHU.

8. Tourku D, E u F — cepepunsn! cropor BC, CA u AB Tpeyroaraura ABC coot-
BETCTBEHHO. AOKa)kuTe, 4To ecau AD = @BC, o /ZDAC = ZEFC.

9 niona Pa3noboii—3.

1. (a) B psp aexxar 20 opAMHAKOBEIX MOHET. CKOABKMMY CIIOCODAMU UX MOYKHO
pa3buTh Ha 5 (pasAWYHBIX) HEIIYCTBHIX TPYIII IOADSIA MAYIIUX MOHET?

(b) B psip aexxar 20 opmHAKOBEIX MOHET. CKOABKUME CIIOCODAMU MX MOXKHO
pa3buTh Ha 5 (pasAWYHBIX) IPYNI (BO3SMOKHO, IIYCTHIX) IOADPSIA UAYIIAX MOHET?

2. Tlo xpyry aexxat 100 MOHET, IPUYEM CTOPOHEBI, KOTOPLIMU OHU ObpaIleHbI
BBEPX, ¥ HUX YepeAyIoTcsa. MOXXKHO OAHOBPEMEHHO IIEPEBOPAYNBATE HECKOABKO IIOA-
Psip, MAYIIUX MOHET. 3a KaKOoe HaWMEHBIIee YKUCAO Olepalluil MOYKHO IIEPEBEPHYTH
BCE MOHETEI Ha OAHY CTOPOHY?

3. ABOe UT'DOKOB II0 OYEPEAM BBINMCHEIBAIOT HATYpPaAbHBIE YMCAAd. IlepBoe dmc-
AO AOAJKHO OBITH OAHO3HAYHBIM, Ka>KA0€ CAEAYIOIIEE IIOAYIAETCS U3 IPEABIAYIIIETO
YMHOXEHIEM Ha HEKOTOPYIO Iudpy, 6boabmyio 1. [IpourpsiBaeT TOT, KTO IIEPBBIM
HAIIUIIIET YKUCAO, boAbITee TpUAAKOHA. KTO U3 UTPOKOB BEIUTPLIBAET IIPY IPABUAD-
HOM urpe?

4. NOKa>XuUTe, YTO IIPOM3BEAECHUE T IIOCAEAOBATEABHBIX IEABIX UUCEA AEAUTCH
Ha n!.

5. Aau cBssubIl rpad G ¢ k pebpamu. AoKa>kuTe, YTO MOKHO 3aHYMeEPOBAaTh
pebpa BceMu uymcaamu 1,2,...,k Tak, 9TOOBI AAST KA’KAOW BEPIIUHBLI CTEIEHUW HE
MeHbIIel ABYX, HabOp YuUCeEA, KOTOPBIMU IIOMEYEHBI PEOPA U3 ITOY BEPIIUHEI, UMEA
HOA, paBumI# 1.
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10 uions Anroputm EBknnpa n nuxeinHoe pasnoxenne HO/L.

Onpegenenne. Hauboavwum obujum deaumenem (HOA ) aucen a u b HasbIBa-
eTCsI HamboAbIllee HaTypaabHOE YUCAO d Takoe, ITO a ¥ b paeasitcs Ha d. Obo3Ha-
venue: d = (a,b).

VYnpl. Aokaxkure, uro (a) (a,b) = (a—b, b); (b) ecrm a = bgq+r, 10 (@, b) = (b, 1)
(anzopumm Eexauda).

13n+849

VYnp2. Ha Kakue HaTypaAbHEE YUCAQ MOXKET OBITH COKpaTHMa APODb o =1

Vnp3. Aokaxkure, uro (ac,bc) =c - (a,b).
VYnp4. Haitaure (a) (99! 4+ 100!, 101!); (b) (J7...1,11...1).
51 81

antd pHy HEKOTOPOM N COKPATHMa Ha UHCAO

cn+d

Vnpb. Aoka>kuTe, YTO eCAM APODODL
x, To x | ad — bc.
Vnp6. Aoka>kuTe, 4TO AI0DOM OO AeAUTEAD ABYX dumcen AeAuT mx HOA.

Teopema o nuxeiiHom pasnoxenHun HOL. Anst AFOOBIX ITEABIX A ¥ b HAWAYTCH X U
Y TakKue, 4TO

ax + by = (a, b)

Vnp7. Ha npsMmoit cuaut 6ao0xa, KOTOpass MOXXKeT IpbiraTh Arbo Ha 15 caHTH-
METPOB BNeBo, Aubo Ha 21 caHTHMETP BNPaBO0. B Kakmx TOYKaxX IPSIMOM OHA MOYKET
TOOBIBATE 7

2014 u 23

1. HYuchaa x — pamnuoHaAbHEL. AOKa’kKUTeE, YTO YUCAO X TOXKE PAIOHAAD-

HO.

X

2. Nokaxkmre, aro (a™ —1,a™ — 1) = am™ — 1.
3. Ha pocke HammcaHBl HaTypaabHBIE YUCAd djf,...,ax, HOA(a,...,a) = 1.

Pa3peLuaeTc5{ B34ATH ABa YMCAA I U3 OOABIIIErO BEIYECTH MEHBIIIEE. A‘OKa}KI/ITe, qTo
TaKHMHI OII€EPAIIMAMU MOXXKHO IIOAYYIUTH 9YUCAO 1.

ﬂ,ﬂ?l CaAMOCTOATENIbHOIO peLeHnaA

4. TInemss Mymbo-FOMb0 pemmao BHIIYCTUATL B obpaleHne AeHEeXXKHBIE KYIIIOPHL
AOCTOMHCTBOM a MyM60B m b mym60B, (a,b) = 1.

(a) Aoxa>kuTe, YTO STUMU KYIIOPAMK MOXXHO 3aIIAATUTh AIOOYIO CYMMY AEHET
(BO3MOXKHO, CO cpadeit).

(b) AoxaxxuTe, uTo ab — a — b MyM60B HEAB3SI 3aIAATUTEL H€3 CAAYM.

(c) AokaxkuTe, 4TO AOOYIO CyMMy, BOABIIYyIO ab — a — b MyM60B, MOXKHO
3aIIAaTUTh 6€3 CAAYM.
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10 uions NHaykunoHHble paccyxaeHus.

1. N-yroAbHUK pPa3buAM HEIEPECEKAIOIIUMUCST AMATOHAASIME Ha TPEYTOABHUKHU.
DA OKa>XuTe, YTO IIPOBEAEHO N — 3 AMATOHAAER U IIOAYYIUAOCH N — 2 TPEYTOABHUKA.

2. BEIDYKABLA N-YTOABHUK Pa3bUAK HETTEPECEKAIOMIUMUCS AVATOHAASIMY Ha Tpe-
VTOABHUKU. 3a OAMH XOA MOJKHO B3SATH ABa TPEYTOABHUMKA C OOIIE#l CTOPOHOH, U
CMEHUTL AVATOHAAB IIOAYYUBIIETOCS YETBIPEXYTOABHUKA Ha APYTLYIO. N\OKa KUTe,
YTO TaKMMU OIIEPALUSIMYU MOXKHO IOAYUUTH AIOOYIO APYIYIO TPUAHTYASIIUIO.

3. AoKa)KuTe, UTO IPSIMOYTOABHHUK T X T PEXKETCS HA YIOAKK K3 3 KAETOK
YETHBIM YUCAOM CIIOCODOB.

4. Noxa>kuTe, 4TO AI0DOe HaTypaAbHOE YUCAO OT 1 A0 M! MOXXHO IIPEACTaBUTH B
BUAE CYMMEI He bonee yeM M AeAuTenelt uucaa nl.

5. [IpsiMOYTOABHUK PasbuUT Ha AOMUHOIIKU. AOKa>XUTE, YTO €r0 KAETKU MOXK-
HO PaCKpPacCuUThb B ABa IIBETA TaK, YTOOBI Af0Dasi AOMUHOINKA B AQHHOM pPa3bueHuu
CcoAepsKana KAETKHM PAa3sHBIX IIBETOB, HO B AIOOOM APYroM pas3bmeHWM STOTO IIps-
MOYTOABHVKA Ha AOMUHOIIKYK HAIIAACh OBI AOMMHOIIKA, COAEPIKAIasi ABE KAETKH
OAHOT'O IIBETA.

6. kK ¥ N — HaTypaabHBIE YUCAQ, boabmue 1. B rpynme u3 kn 94enoBeK KaXKABIi
3HaKOM boaee, yeM ¢ (K—1)n 3 OCTaABHEIX. /\OKa>XUTE, YTO MOXXHO BEIOPATEH K+ 1
YeAOBEKA TaK, YTO BCE OHU 3HAKOMEI APYT C APYTOM.

,D,J'IFI CAMOCTOATENIbHOIO peLeHnd

7. B n 0pAVHAKOBEIX MEH3YPOK HAAUTEI L PA3HBIX XUAKOCTeH, KpoMe TOro, UMe-
€TCsI OAHA IIyCTas MeH3ypKa. AOKa’XKUTE, YTO MOYKHO COCTAaBUTHL PAaBHOMEPHBIE CMe-
CH B Ka>KAON MeH3ypKe (TO €CThb CAEAATh TaK, YTOOBI B Ka>KAON MEH3YpKe OBIAO
POBHO 1/M OT HaYAaABHOTO KOAUYECTBA KAXKAOHM KUAKOCTH ), X IIPX STOM OAHA MEH-
3ypKa 6bIra OB mycTo#t. OTMEPSITE MOXKHO AI060# 0OBEM >KUAKOCTH (B IpeAeAax
0b6bEMa MEH3YPKH).

8. Ha beckoHeYHO! KAETYATON AOCKE SBOAIOIMOHUPYET «>KU3Hb». BHaduane Bce
KAETKY OBbIAY OeABIMY, a IOTOM N U3 HUX CTaAUM BAPYT YePHBIMU. KakAyi0 MUHYTY
KAETKa KPACUTCS B TOT IIBET, KOTOPOTO OOABIIE CPEAM TPEX KAETOB: ee CaMoi,
cocepa CIIpaBa X COCEAA CBePXY. AOKa’kKUTe, YTO

(a) pasO MAM IO3AHO BCE YEPHBIE KAETKU UCUEIHYT;

(b) aT0 cAyumTCst He Boaee, UEM YEPE3 N MUHYT.
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10 wionsa Pa3zHoboin—4.

1. HaTypaabHEIE YMCAQ X,y TaKOBHI, 4TO x?y + 1:xy — 1. HaitauTe Bce Tarme
mape (x,\y).

2. A\Ba KOTa AEAST OrPOMHYIO 1enouky m3 100 cocumkok ¢ MuImaTwHO# m 200
COCHCOK C KpbICATHHON. OHU XOTAT pPa3speAUTh ee TaK, YTOOBI Ka*XAOMY AOCTaAOCh
POBHO IIO IIOAOBHHE COCMCOK Ka’kKAOI'0 BuAA. Kakoe MMHIMAABHOE YHUCAO Pa3pPe30B
HAAO CAEAATH AAS 9TOrO?

3. ABoe urpokoB urpaioT B urpy. OHu mo oyepeau 6epyT U3 KydIKU U3 N KaMHEN
1, 2 uarm 3 KaMHsI, IpUYEM HEAB3S IIOBTOPSTH IIOCAEAHUM XOA, collepHUKa. KTo He
MOXXET CAEAATH XOA — Ipourpan. AAsS Ka*kKAOTO T OIPEAEAUTE, KTO BLIUT'DPHEIBAET
IIPY IPaBUABHOK HIPE.

4. Hasipure nepBble 100 3HAKOB IIOCAE 3aISITOX B AECATUYHON 3allUCK UMCAA
(V26 +5)1°%.

5. ECTb BEIIYKABIA N-YTOABHUK. J\OKa’KUTE, YTO MOYKHO BBIOpPATH TPU €0 CTO-
POHBI TaK, YTO CPEAM HUX HET ITaPaAAEABHBIX, U MHOT'OYI'OABHUK AEXKUT BHYTPHU
TPEYTOABHYKA, OOPa30BaHHOTO 3TUMYU TPEMSI IIPSIMBIMU.

11 vions JInneiHble gnodaHTOBLI YPaBHEHUS.

Teopema. Ilycts a u b — B3auMHO IIpOCTHIE YMCAQ. TOTAQ

(a) YpPaBHEHUE aX + by = c uMeeT 6EeCKOHEYHO MHOT'O IOTENOYTUCACHHEBIX PEIIIE-

X = Xo + bt,
(b) Bce peleHusT UMEIOT BHA, y—yo—at’ rae t — IPOM3BOABHOE IIEAOE
=Yoo —
IUCAO, A (X0,Yo) — OAHO U3 pelLIeHu ypaBHEHUS ax + by = c.

Anst  Toro, dUTOOBI PEIUTHL B IEABIX YHWCAAX AWHEHHOE ypaBHEHUE
ax+by =c (a,b #0), HeobxoAUMO AEUCTBOBATL B COOTBETCTBUU CO CAEAYIO-
IITIM aJIFTOPUTMOM:

1. Haxopum d = HOA(q, b).

2. TIpoBepsieM, peanTcsi Au ¢ Ha d. Ecam HeT, To ypaBHEHUE He UMEET PEIEHUI;
eCAM AQ, TO AeAuM obe wacTu Ha d, IEPEXOASI K PABHOCUABHOMY YPaBHEHUIO
a’x +by = ¢’ co BzaumHO mpocThIME a' = 3, m b’ = % U IIPaBO# YaCTBIO

/ C

C:a.
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3. Haxopum gacTHOe pemrenme (Xo,Yo) ypaBHeHusS a'x + b’y = ¢’ (ecam monyua-
eTCsi — MOADOPOM, €CAY HET — C IIOMOINBIO AATOPUTMA EBKAMAQ).

x =%x9+ bt
4. 3ammceIBaeM pellleHWe ypaBHeHEUsS a’x + b’y = ¢/ B Bupae { Y yo i a’t,
p— O -

te Z.

1. Baoxa mpeiraer mo mpsimoit, Ambo Ha 37 cM BAeBO, AmbOO Ha 47 CM BIpPaBo.
3a KakKoe HauMEHBIIee YMCAO IIPBI’KKOB OHAa MOJKET OKa3aTbCs Ha 2 CM IIpaBee
ACXOAHOM TOYKU?

2. A\Be pa3sMeTOYHbIE MAIIMHBI IIO€XAAH IO AOPOTe B OAHOM HampaBAeHuu. OapHA
CTaBUT CUHME IIOMETKU Yepe3 KakAble 229 MeTpOB, a Apyrasi — KpacHBIE 4epes
KasxkAable 11111 meTpoB. AoOKa>kuTe, YTO HaUAYTCS ABE IIOMETKU Ha PACCTOSTHUM 1
METp, ¥ IPX 3TOM UAET (a) cHavana KpacHast, moToM cuHss; (b) Haobopor.

3. CeTa 3apyMana HaTypaabHOE YMCAO, YMHOXXHUAA €ro Ha 54321, 3aTeM mope-
AKAQ ¢ ocTaTkoM Ha 2014 u moayumaa B ocTaTke 73. MOTrAO AU TaKOe IIPOU3OUATH?

[na camocTosiTeNnLHOro pelleHus

4. B xaeTuaTOM IPSIMOYTOABHUKE TN X N IPOBEAU AVArOHaAb. CKOABKO KAETOK
oHa mepecekaa (a) ecau (m,n) =1; (b) B obiem caygae?

11 vions [epesbs.

Onpl. [Juxaom HaA3BIBAaeTCA 3aMKHYTEBIX IYThb II0 pebpam rpada. [Ipocmovim
YUUKAOM HA3BIBAETCSI 3aMKHYTBIZ IYyTh 110 pebpaMm rpada 6e3 moBTOPSIIOIINXCST pe-
bep.

Onp2. Aepesom Ha3BIBAETCS CBSI3HBLN rpad 6€3 (IPOCTHIX) IIXKAOB.

Onp3. Bucavaa sepwura rpada — 9TO BEPIIMHA CTEIEHU 1.

1. B nepeBe Kakable ABe BEPIIMHBI COEAMHEHBI POBHO OAHWM IIyTeM. BepHO u
obpaTHoOe: ecAr B I'pade Ka>kAble ABE BEPIIMHBLI COEAVHEHBI POBHO OAHOM IIYTEM,
TO 3TO AEPEBO.

Jlemma o Bucsaden BepwmnHe. B pepeBe, YMCAO BEPIIWH KOTOporo Hboable 1, Hali-
AETCsT BACSTIas BeplInHa (I Aa’Ke ABE).

Teopema. (a) B aepeBe ¢ n Bepumaamu n — 1 pebpo.
(b) Afoboe pebpo AepeBa SIBASIETCS MOCTOM.

Onp4. Ocmosom (ocmosHwvim Oepesom, ckeanemom) rpacda HA3BIBAETCS IIOA-
rpad, COAEPIKAIIUYA BCe BEPIIMHEI rpada U SIBASIIOIIUNACS AEPEBOM.
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2. (a) B xa>xpoM cBsI3HOM r'pade eCTh OCTOBHOE AEPEBO.

(b) Anst KaXRAOH BEPIIMHEI HAMAETCSI TAKOE OCTOBHOE AEPEBO, B KOTOPOM E€CTh
BCce pebpa U3 3TOH BEIIUHEL.

3. AaH cBsi3HBIE rpad ¢ N BepmrHaMU. AOKA>KUTE, UTO
(a) B Hem He MmeHee weM N — 1 pebpo;
(b) ecam pebep n — 1, TO 3TO — AEpEBO.
4. N\OKa>kuTe, YTO B IIPOU3BOABLHOM CBSI3HOM CETHM METPO MOYKHO 3aKPBITH OAHY

CTAHIIMIO BMECTE CO BCEMU BBIXOASIIIMMU K3 HEe AMHUSMU, YTODOLI CETH OCTAAACh
CBSI3HOI.

5. MoxxHO AM packpacuTh pebpa Kyba B ABa I[BETA TaK, YTOOBI IO pebpaM Kark-
AOTO ITBETA MOKHO OBIAO ITPOATH U3 AI0OO# BEPIIUHEI B AIOOYIO APYTYIO?

6. Xpomast Aaabst 0boIIAA BCE KAETKH IITaXMAaTHON AOCKK POBHO IO pasy. AoKa-
JKUTE, YTO HEKOTOPLIE TPY TOAPSIA MAYIIINX XOAA OBIAM B TPEX PA3HBIX HAIIpPaBAeE-
HUSIX.

7. B HeroropoMm moceake 1000 >xuTeneit. EokepAHEBHO Ka>KABIA U3 HUX AEAUTCS
Y3HAHHBIMY BEYEPOM CAYXaMU CO BCEMU CBOMMMU 3HAKOMEIMU. VI3BECTHO, 9TO At06OM
CAYX CTQHOBUTCSI M3BECTHBIM BCEM JKUTEASIM. N\OKA>XUTE, UYTO MOKHO BBIOpaTh 90
YeAOBEK TaK, YTO €CAU COODIIUTL UM HEKOTOPHIM CAYX, TO Yepe3 10 AHEW OH cTaHET
M3BECTEH BCEM KUTEASIM.

[ns camocTosiTeNbHOro pelleHuns

8. BepIuHE! AepeBa OKpAIIEHBl B CHHUHE ¥ KPACHBIY IIPaBUABHEIM 06pa3oM (TO
€CTb OAHOIIBETHBIE BEPIIWHEI HE CMEXKHEIL), IPAYEM KPACHLIX BEPIINH He MEHBIIE,
YyeM CHHUX. \OKa>kKUTe, YTO B 9TOM AEPEBE MMEETCSI BACSYAsI KpacHasl BEPIIUHA.

9. AokarkuTe, uTO Ha pebpax (a) aAepesa; (b) mpousBoabHOrO rpada MOXKHO Tak
PaCCTaBUTDL CTPEAKHM, YTOOBI AASI KaXKAOW BEPIIMHBI PA3HOCTH MEXKAY YHUCAOM BXO-
ASIIIAX ¥ BBIXOASIIIIX CTPEAOK bbina 6nI He HGoaee 1.

11 nions HepaBeHcTBO TpeyronbHuKa.

1. ABCD — BBIDYKABLX 4eTHIPEXYTOABHUK. AokaxkuTe, uro AB4+CD < AC+BD.

2. BayTpu tpeyroanbrauka ABC Bribpara Touka O. Aokakute, utro AB + BC >
AO + OC.

3. Cropory AB TpeyroanbHuka ABC pazbmaum Toukamu D m E Ha Tpu paBHBIE
vactu. Aokaxkure, uro AC +BC > CD + CE.
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4. B BrinykAOM deThIpexyroabHuKe ABCD yrabl npu cropore BC pasubl. Oka-
3aA0Ch, uTo /A > /D. Aokaxkure, uro AB < CD.

5. AOKa’kKuTe, YTO B BBIIYKAOM IISITUYTOABHUKE HAWAYTCS TPU AUATOHAAM, U3
KOTOPBIX MOXKHO COCTaBUTH TPEYTOABHUK.

6. AoKa>kuTe, 9YTO B IapasAEAOTPAMMe IIPOTUB OOABIIIETO YTAA AEKUAT OOABIIAST
AVaroOHaAb.

7. Ha croponax TpeyroabuHuka ABC BHemHuM obpa3oM IIOCTPOUAM IIapanie-
aorpammel ABKL, BCMN uz CAPQ. Aokaxxure, uro u3 orpe3koB KN, MQ u PL
MO>KHO COCTAaBUTH TPEYTOABHUK.

[na camocTosiTeNnLHOro pelleHnus

8. Imeercst 10 OTPe3KOB, IPUIEM U3BECTHO, YTO AAMHA KA*KAOTO — IIEAOE YUCAO
CAaHTUMETPOB. A Ba CaMbIX KOPOTKUX OTPE3KA — II0 CAHTUMETPY, CAaMbI AAUHHBIA —
50 cMm. AOKa>XuTe, YTO CPEAU OTPE3KOB HAUAYTCS TPU, U3 KOTOPBLIX MOKHO COCTa-
BUTH TPEYTOABHUK.

9. Ha xpyraom crone aexaT 2010 IpaBUABHO HMAYIINX MEXAHUIECKUX TACOB.
JAOKa>kuTe, 9TO B KaKOU-TO MOMEHT BPEMEHU CyMMa PaCCTOSHUU OT IIeHTpa CTOAAd
AO KOHIIOB MUHYTHBIX CTPEAOK OyaeT OOABINE, YeM CyMMa PacCTOSIHUY OT IeHTpa
CTOAA AO IIEHTPOB YaCOB.

10. Orpesku AB u CD aaumnsr 1 mepecekatorcst B Touke O, mpuaém ZAOC = 60°.
Aokaxxute, yro AC + BD > 1.

12 wionsa TMT.

1. Haitaure I'MT, u3 KOTOPEIX AQHHEBIN OTPE30K AB BUAEH IIOA IPSIMBIM YTAOM.
2. Haiiaure 'MT, paBHOYAQAEHHBIX OT TPEX IPSIMBIX.

3. Nau xBaapatr. HafiauTe Bce TOUKHM Takme, ITO CyMMa PACCTOSIHUM OT Ka’KA0i
U3 HUX AO ABYX IIPOTHBOIIOAOKHBIX CTOPOH KBaApaTa pPaBHA CyMMe PacCTOSHUR AO
ABYX ADPYTHX CTOPOH (IIOA PACCTOSIHEEM OT TOYKU AO CTOPOHBI KBajpaTa B 3TOM
33Aa4e IIOHUMAETCSI PACCTOSIHUE AO IIPSIMOM, COAEP>KAIlel CTOPOHY ).

4. B ugerprpéxyroanrauke ABCD BC = AD. M — cepepuna AD, N — cepepuna
BC. Cepepunnble nepuneHAUKYASIPEl K AB u CD nepecekarorcst B Touke P. Aoka-
SKUTE, 9TO P A€XXUT Ha CEPEAVMHHOM IIEPHEHAUKYASIPE K oTpe3Ky MN.

5. Bce yraer natuyroabauka ABCDE paBuBI. AOKa’kuTe, 9YTO CEPEAMHHEIE IIEP-
IeHAUKYASIPEL K cTopoHaM AB u CD nepecekatoTcst Ha buccekTpuce yraa E.
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6. I3 Touek A u B, AeXXammx Ha pa3sHBIX CTOPOHAX YIAAd, BOCCTABAEHEHI IIED-
IIEHAUKYASIPEL K CTOPOHAM, Iepecekaromue bmccekTpucy yraa B Toukax C m D.
Aoxraxxure, 9TO cepepuHa orpeska CD paBHOypaneHa oT Toduek A u B.

7. AD u BE — buccextpucsl Tpeyroabauka ABC. Okazanock, uro DE — 6uc-
cekTpuca yraa ADC. Haiipute yroa A.

8. B IpssMOyroAbHOM KYCKe ChIpa MHOTO KPYTABIX OTBEPCTHUH PAaBHOTO PAAMYycCa.
A OKa>kuTe, YTO CBIP MOXXHO Pa3pe3aTh Ha BHIIYKAblE MHOI'OYTOAbHBIE KYCKU TaK,
9TOOBI B Ka’KAOM KyCKe ObIAaa POBHO OAHA ABLIPKA.

12 nions MaTtb6oii-mexaycobon.

1. ,A‘OKa}KI/ITe, 9TO B BLBIIIYKAOM N-YI'OABHNKE HEAB3SA BbI6paTb H6OABIIIE N AHaro-
HaNel TakK, 9YTODOBI AIOOBIE ABE 3 HUX NIMEAN O6]'.T.'I;YIO TOYKY.

2. BEcTb moKoaapka B QOpMe PAaBHOCTOPOHHETO TPEYTOABHMKA CO CTOPOHOM m,
pa3peneHHass 6opo3pKaMy Ha PaBHOCTOPOHHUE TPEYTOABHUKU CO CTOpoHO# 1. Ur-
PaIoT ABOe. 3a XOA MOXXHO OTAOMAaTb OT IIOKOAAAKU TPEYTOABHBI KYCOK BAOAB
H6opo3AKM, CHECTH €r'0, a OCTATOK IIEPEAATH IIPOTUBHUKY. TOT, KTO IIOAYYIUT IIO-
CAEAHUHN KYCOK — TPEYTOABHUK CO CTOPOHOH 1, — mobepuTenb. TOT, KTO HE MOXKET
CAEAATDh XOA, AOCPOYHO IIPOUIPEIBAeT. KTO BLIUI'PBIBAET IIPK IIPABUABHONR urpe?

3. MoxxeT A cyMMa IIOIApHEIX PACCTOSTHUN MEXXAY BEPIIXHAMY 25-BepIInH-
HOTO AepeBa OBITH paBHA 1225 (paccTosiHEE — KOAMYECTBO PeBEP B MYTH MEXKAY
BepIIUHAMY )7

4. Moxxuo Am pasbuts umcaa 1, 2, 3, ..., 100 Ha Tpu rPynOsl Tak, YTOOBI B

IIEPBOI IPyIIIE CyMMa Yucea AeAamaachk Ha 102, Bo BTopoit — Ha 203, a B TpeThelt —
Ha 3047

5. Ha cropore AB Tpeyroanbruka ABC ormeuensl Touku D u E Tak, gwro AD =
EB. Aokaxkure, uro AC + BC > CD + CE.

6. ITo oxpy>xHOCTE Kak yropuo ctosat 2014 aeBymek u 2014 ronome#t. FOmomm
IIPOU3BOABHEIM 00pa3oM HYMEPYIOTCS, a AEBYIIKM BOOPY KalOTCI BecraMu. llep-
BRI IOHOINA IIOAKATBIBAET K OAMIKAMINEH 110 YacOBOM CTPEAKE AEBYIIKE U AUIIAET
ee BeCAQ; 3aTeM BTOPOU IOHOINA IIOAKATBIBAET K OAM>KAMINell IO YacoOBOM CTPeEAKE
AEBYIIIKE C BECAOM, MCTOPUS IIOBTOPSIETCSA U T.A. NOKa’KUTe, 9YTO CyMMa IIPOMAEH-
HBIX IOHOIIIAMM PacCCTOSIHUY He 3aBUCUT OT UX HyMepaluu.

7. IIpo HaTypaAbHEIE TUCAA @, b 1 ¢ m3BecTHO, ¥To a’: b, b3 : ¢, ¢3: a. Aoraxure,
gro (a+ b +c)'3:abc.

8. ¥V mpaBuabuOro 1981-yroabHuKa oTMeYeHbl 64 BEPITUHEBI. J\OKa>KUTE, ITO CY-
IITECTBYET TPAIENNSI C BEPIINHAMY B OTMEYEHHBIX TOYKAX.
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14 vions Mpumenenne OTA.

[IpocTele uYmcAa HE HYXHO CKAAABIBaTL. [IpocTeie
YKUCAd HYKHO YMHOXXATh.

AeB AaBupoBud JNampay

: /16
1. )\oKa’kuTe HppalzoHaAbHOCTE ducaa (a) v/2; (b) ¢ 5

2. BriBepuTe GHOPMYAY AASL KOAWYECTBA HATYPaAbHBIX AEAUTEAEN dYHCAA
N k
n=p;...ps.
3. HaitauTe Bce Takye HaTypaAbHBIE N, AAS KOTOPHIX N2 — | — CTEIeHs IPOCTOro
qUCAaQa.

4. PemuTe B IEeABIX YMCAAX ypaBHeHHE X + x> = 5y°.

5. AOK&)KI/ITG, qTo Haﬁ:,AyTCH TaKHNE€ BOCEMDb HATYyPAABHBIX YHUCEA, 9TO HM OAHO M3
HUX HE ACAUTCA HUM Ha KaKO€ APYIO€, HO KBappaT AIODOOTO U3 3TUX YMCEA AENANTCA

Ha Ka>XA0€ N3 OCTAaNBHBIX.

6. a, b, c — HaTypaAbHBIE YUCAQ, (a,b,c) =1u aa—fb = ¢. \oraXxuTe, 4To Aa—b —

TOYHBIA KBaAparT.

7. HarypaabHbIE UUCAA X, TaKOBHI, ITO 0ba dmcAa x> + Y u y° + X AeASTCS Ha
x* +y%. (a) Aokaxkure, uTo X,y B3aumMuo mpocThl. (b) HaitauTe Bce Takme mapsl
TUCEA.

8. HaiiauTe Bce HaTypanbHBIE X U Y, AAS KOTOPBIX XY = y*.

[nsa camocTosTENbHOrO pelleHuns
9. HaiiamTe BCe HaTypaAbHEIE d, AAS KOTOPEIX a° + 1 — CTeIeHb TPOMKH.
10. Aokaxkure, uTo ecau umcaa ab, cd u ac + bd aeasiTcsa Ha kK, TO

11. Ha#ipure 2014 HaTypaAbHBIX YHUCEA, YTOOBI CYMMa HUKAKUX HECKOADKUX U3
HUX He ObIAa OBl CTEEHBI0 HATYPAABHOT'O YMCAA.

12. Imeercs 2014 HaTypaAbHBIX YKCEA. Y HUX B COBOKYIIHOCTY PoBHO 2013 pas-
AWYHBIX IIPOCTBIX A€AUTENEN. N\OKa>XUTe, UTO IPOU3BEAEHNE HECKOABKUX U3 3TUX
YMCEA SIBASIETCS TOYHBIM KBaAPaTOM.

14 vions YeTBEPTLIN NPU3HAK PABEHCTBA TPEYrOJIbHUKOB.

Bonpoc. PaBHEL AM TPEYTOABHUKY IIO0 ABYM CTOPOHAM U YTAY He MEXAY HUMU?

YeTBEpThbIit NPM3HAK paBeHCTBA TPEYronbHUKoB. ITycTs Tpeyroabunku ABC u A'B'C’
rakoBwl, 4T0 AB = A’B’, BC = B'C' u Z/BAC = ZB’A’C’. Torpa ambo /BCA =
/B'C'A’ (z Tpeyroaprury pasuer), Aubo /BCA + /B'C'A’ = 180°.
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1. BuccexkTpucet AA; u BB Tpeyroabuuka ABC mepecekaiorcs B Touke . Oxka-
3aA0Chk, uTo 1By = [A;. AokaxkuTe, uTo Aumbo CB = CA, aubo LACB = 60°.

2. Ha ocuoBaruu AC paBHObepperHOrO TpeyroabHuka ABC B3sTa Takas Touka
P, uto AP = AB. Ha ctopore AB B3sra Takas Touka Q, aro PQ = PB. Aokaxure,
ayro AQ = CP.

3. NaH paBHobepapenurbi TpeyroabHuKk ABC (AB = AC). Haiiaure I'MT M, u3
KOTOPBIX O0Tpe3Ku AB u AC BUAHEI IIOA PAaBHBIMU YTAAMIA.

ﬂ,ﬂﬂ CAMOCTOATENIbHOIO peeHnd

4. BuccexkTpuchkl BHemHUX yrAoB A um B Tpeyroabruka ABC mepecekaloTcs B
Touke E. Oxazanocw, uro EA = EB. Aokaxkure, uro TpeyroabHuk ABC — paBHO-
H6eApPEeHHBIH.

5. Ha 6uccextpuce BD tpeyroanrauka ABC B3sara Touka P Takas, urto 2/PCB =
3/PCA. Ilpsmass PC mepecekaer croporny AB B Touke E. Oxraszanoch, uro PC =
CD = DE. Ha#ipute yran Tpeyroabauka ABC.

15 nions KombuHaTtopHble foKa3aTenbCTBa.

Onpepenenne. KombuHaTOPHOE TOXKAECTBO — PABEHCTBO BUAA A = b.

A oKazaTh TOKAECTBO anzebpauvecky, — IPOCTO AOKA3ATh ITO YUCAEHHOE PaBeH-
crBo. OpHaKO, 3a49acTyio 3a OykBaMM a ¥ b eCTeCTBEHHBEIM 0OpPa30M CKPBLIBAIOTCS
MHO>XeCcTBa A U B, B KOTOPEIX KaK pa3 a X b 3AeMEHTOB.

AokazaTh TOXAECTBO KOMOUHAMOPHO — IOCTPOUTH B3aUMHO-OAHO3HAYHOE CO-
OTBETCTBUE MeXAYy MHOKecTBaMu A u B. [Ipu 3ToM odeHBb wacTo MHOXKeCTBa A 1
B paBHBI, a MBI CIUTAEM YUCAO IAEMEHTOB B A = B 08yma pasHwuimu cnocobamu,

IIOAYYasi IIPK OAHOM crocobe IIOACHETA 9UCAO A4, a IIPK APYT'OM IIOACYETa — YMCAO
b.

1. Aoka>kuTe, YTO KOAMIECTBO CIIOCOOOB BHIOPATEH YETHOE YUCAO AIOAEH U3 N Ue-
AOBEK PaBHO KOAMYECTBY CIIOCOOOB BLIOPATH HEYETHOE UMCAO AIOAEH U3 N YENOBEK.

2. N\OKa>kuTe, YTO KOAUYECTBO 6-3HAUHBIX CYACTAUBBEIX 6uaeToB (or 000000 a0
999999) paBHO KOAUYIECTBY BUAETOB C cyMMoit 27.

3. [IpuBepuTE M KOMOMHATOPHOE, X aATeOparIecKoe AOKA3aTEABCTBO:

(a)
(b) n-Ciy =k Cy;

(o)p| C'g AT Aroboro mpoctoro p u 1 < k < p.
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4. JKyx xopuT 1o TpeyroabHUKY Ilackars. OH HaumHaeT B C8 ¥ MOJXXET XOAUTDH
BHU3-BAEBO UAU BHU3-BIPaBo. CKOABKMMIE criocobaMu OH MOXKeT pAobpaThbest a0 CK?

5. Aokaxkure, aro CO + C) , +CA,+...+Ck, =CKk .
6. Hattaure CO — C! + C2 —C3 +...+ (—1)"C™.

[ns camocTosiTeNbHOro pelleHuns

7. B BBIIYKAOM N-yTOABHIUKE HUKAKKE TPU AMATOHAAU HE IIEPECEKAIOTCSI B OAHOM
TO4YKe. A\OKaKUTe, YTO B HEM Cfl TO4YEK IIEPeCedYeHUsI AUarOHAAEH.

8. Aoxaxure, aro (C2)? + (C1)2+ (C2)2+ ...+ (CMH)2=ChL..

n

k __ n—1I

9. Aokaxkure, uro y k-Cf=mn-2""".
k=0

15 nonsa P>B-—1.

1. I3 cnmyuek choKeHa IMaxMaTHAsI AOCKA, Ka*KAAsli CTOPOHA KAETKH — CIIUY-
Ka. 7KyKa IIOCapUAM B HEKOTOPYIO KAETKY. Hepe3 CIMYKY OH He IIoA3aeT. Kakoe
HaVMEHbIIee YMCAO CIMYEK HapO0 ybpaTh, YTOOBI JKYK MOT' IIPOIIOA3TH OT AIOOOH
KAETKH A0 AI0OO# Apyroi?

2. B cBsasHOM rpade 7 BepIInH, U €ro pebpa mokpalneHbl B 3 1Bera. OKasza-
AOCB, YTO €CAY YAAAUTH pEbpa Ar0bOTo 1IBETa, TO I'pad OCTAHETCS CBI3HBIM. Kakoe
MUHIMaABHOE KOAUYIECTBO PEOEP BCEX TPEX IIBETOB MOXKET OBITH B r'pade?

3. B oTpsine xuMuKoB (0T caoBa «XuMUsty) 50 AeTell IOIApHO Pa3sAWYHOTO Be-
ca. OIBITHBEIA MEAUK YMEET TOYHO OIPEAEASITH BeC PeOEHKA Ha I'AA30K, X IIO3TOMY
MOYKET OIIPEAEAUTH caMoro MsicucToro peberka. Oanaxko xomuccuss COC He BepUT
€My Ha CAOBO, M OH AOAKEH ODOCHOBATH CBOIO TOYKY 3PEHUS, IIOAL3YSICh CTAIIMO-
HapPHBIMU ABYXYaIlleYHBIMY BECAMU ¥ B3BEIINBAsI OAHOBPEMEHHO TOABKO OAHY IIapy

AeTelt. 3a KaKoe HauMeHbIIIee YUCAO B3BEIINBAHUY MY YAACTCS YOEAUTH KOMUCCHIO
CaC?

4. TeTpaaAHBIN AUCT PAaCKPaCUAM B 23 1IBeTa II0 KAeTKaM. [lapa pa3AUYHBIX IIBeE-
TOB HAa3BbIBAETCSI Topowel, ECAU CYILIECTBYET ABE COCEAHVE KAETKY, 3aKpAIlIeHHLIE
3TUMHU IIBETaMU. KaKOBO MUHMMAABHO BO3MOXKHOE YHCAO XOPOIIUX IIap?

5. Cragana b6pina OecKOHeuHasi KAeTdUaTasi AOCKa, U Oblra oHa benoit. [loTom
BCe KAETKM, KPOME KAETOK KBaApaTa / X 7/, IOKPAaCUAM B KpacHBIN 11BeT. Aanee 3a
OAHY OIlEpalli0 MO’KHO IIOKPAaCUTh B KPAaCHBIN IIBET AIOOYIO HEAYI0 KAETKY, KOTO-
pasi UMeeT POBHO OAHOT'O COCEAA IIO CTOPOHE KpPacHOro IBeTa. Kakoe HamboabIee
KOAMYECTBO OIlepalyif MOXXHO COBEPIIUTE !

24



[Ona camocTosiTensHOro pelueHus

6. Aamer 10 4mcena ap, az,..., a1 € R. /I3BecTHO, YTO CpeAM IIOIAPHBIX CYMM
ai + q (1 < j) xak MuHEMYM 37 meABIX. AOKaXkuTe, 4TO 241, 2dy,...,2a1 € Z.

7. Ha maxMmaTHO# AOCKE, II€pBOHAYAABHO IIYCTOM, PACCTABASIIOTCS (DUINKHU IIO
CAEAYIOIIUM IIPaBUAAM. 3a XOA BBIOMPAIOTCSI AIOOBIE YETHIPE IYCTHIE KAETKH, II€H-
TPBI KOTOPHIX SIBASIFOTCSI BEPITUHAMY IPSIMOYTOABHUKA CO CTOPOHAMHY, IapaAAEAb-
HBIMM CTOPOHAM AOCKHM, IIOCAE UEro Ha OAHY M3 9TUX KAETOK CTABUTCA (PUIIKA.
Kakoe mHamboabIllee YUCAO PHUIIEK MOXXHO PACCTABUTL Ha AOCKE IIO 3THUM IIPABU-
Aam?

15 niong Pa3nobon-5.

1. BuccekTpuce yraoB A u C geTbipexyroabHuKa ABCD mepecekaroTcss Ha Ana-
roHaau BD. AokaxxuTe, uTo bucceKTpuchl yrAaoB B m D mepecekaioTcs Ha Auaro-
Haau AC.

2. (a) CROABKO CYINECTBYET CEMU3HAYHBIX UKWCEA, B KOTOPBIX IXA(PPHEI UAYT B
IIOPSIAKE BO3PACTAHUS?

(b) CrOABKO CyIeCTByeT CEMWU3HAYHEIX YKMCEA, B KOTOPBIX IUMPPEL UAYT B
IIOPsIAKE HEYOLIBAHUS !

3. AOKa’KuTe, YTO HU IIPKX KAaKOM HATypaAbHOM M 4ucao 1978™ — 1 He peAmTcst
Ha gucao 1000™ — 1.

4. Ha xBappatHOM 1mmoae 10 X 10 aeBaTh KAeTOK 1 X 1 mopocau 6ypbssHoM. [Tocae
3TOro OYpbSIH MOJKET PACIPOCTPAHUTHCS HA KAETKY, ¥ KOTOPOW He MEHEe ABYX
COCEAHUX II0 CTOPOHE KAETOK Y’Ke€ IIOPOCAM OypbaHOM. AoKa>kuTe, YTO OYpPbsSH HE
CMO>KET PACIPOCTPAHUTHCS Ha BCE KAETKHU.

16 vions Kutaiickas Teopema 00 octaTkax.

1. (a) Yucro paspearman ¢ octakoMm Ha 7 u Ha 17. CKOABKO MOTAO IOAYYUTHCS
ITap OCTAaTKOB?

(b) CroAbKO €CTb HATYpPaABHEIX YuceA OT 1 a0 7 - 177

(c) ABa uumcnra A; u A; AAIOT OAMHAKOBBLIE OCTATKY IIPU ASAEHUY Ha 7 ¥ HA
17. NOKa>kuTe, YTO UX PA3HOCTb AEAUTCH Ha 7 - 17.

(d) Aokaxxure KTO anst n = 2.

(e) Aoraskure KTO AAST IPOM3BOABHOTO M.
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2. HaitauTe ocTaTok mpu pesermu 367 Ha 37 - 5.

Kutaiickas Teopema 06 octatkax. IIycTs my, my,..., M, — IOMAPHO B3aUMHO IIPO-
CTBIE YMCAQ, (1 — HEKOTOPLIA HabOP IIeABIX YuceA. TOrAa CYIIeCTBYET TaKOE YUCAO
A, 4TO

A=aq; (modmy), ..., A=a, (modm,),

IIpUYEM AIOOBIE ABa TaKUX 9YUCAA CPABHUMEI IIO MOAYAIO 1ML = My ... M.

3amevaHune. OTo — Oo4eHBb IIAOXOe AoKazaTeAbcTBO KTO, mbo oHO He paeT an-
TOPUTMAa HAXOXKAEHUSI PEIIeHUs. Bamm ImpermoapaBaTeAM PACCKa’kKyT CETOAHsI Bam
XOpOoIllee AOKA3aTEABCTBO.

3. l'emepan XO4eT MOCTPOUTDL AASI TAPaAA CBOMX COAAAT B OAMHAKOBLIE KBAAPAT-
Hble Kape (pasMepa n X n, n > 1), HO OH He 3HaeT CKOABKO coapar (oT 1 ao 4)
HaXOAUTCSI B Aa3apeTe. N\OKaKUTE, YTO V reHepaAa MOXKET OBITh TaKOe KOANYECTBO
COAMAT, YTO OH, HE3aBUCKUMO OT 3aIIOAHEHWS Aa3apeTa, CyMEET BEIIOAHUTHL CBOE
HaMepeHNe.

4. Yucno HA3BIBAETCsI C800600HBIM oM KYb08, ECAU OHO HE AEAUTCS Ha KyO Ha-
TYPaABHOI'O YUCAQ, boabmmero 1. Aoka>kuTe, 4TO AASL AIOOOTO M HABAETCS N IIO-
CAEAOBATEABHBIX YKCEA, HEe CBOODOAHBIX OT KyOOB.

5. AOK&?KI/ITG, 9YTO ANA Afoboro HATYPAABHOI'O M CYIIECTBYIOT T IIOCAEAOBATENAD-
HBIX HATYPAABHBIX YMCEA, HUKAKOE€ N3 KOTOPEIX HE ABASCTCA CTEIIEHBIO HATYPaAAb-
HOI'O 9HCAa.

6. Ber mpepnaraete KoMy-HEOYAD 33aAyMaTh ABY3HAYHOE YUCAO ¥ CKAa3aTb Bam
OCTaTKU OT AEAEHUSI 3TOro 4yucaa Ha 3, b m 7. Kak IIo 3TMM AQHHBEIM AETKO U
HEIPUHYKAEHHO OTTaAaTh 3aAyMaHHOE YUCAO?

7. CKOABKO Pa3sAMYHBIX OCTATKOB AQIOT KBAAPATHI IIEABIX YMCEA IIPU AEAECHUU
Ha 3 X 5 x 87

[ns camocTosiTeNbHOro peLleHuns

8. A\aHO KOHEYHOE MHOYKECTBO HATYPAABHBIX duceA A. NOKa>kKuUTe, UTO CYIIle-
CTBYET TaKOe HATypaAbHOE b, UYTO AAST Ka’KAOTO a € A 4ucao ab 6yaeT cTemeHbIO
HATYPaABHOT'O YKCAQ.

16 nions IBynonbHbie rpadbi.

Onpepenenve. ['pad HazwvIiBaeTcs 08Y0oabHbIM, ECAYL €TO BEPIIMHEI MOXXHO pac-
KPaCUTh B ABa IIBETA TaK, 4TO He OyaeT pebep ¢ KOHIIAMK OAMHAKOBOTO IIBETA.

Bugum aynonbHbiii rpad.

26



1. Ha mpsiMOyTOABHOI AOCKE HAPKUCOBaHBI HECKOABKO HEITEPEKPLIBAIOIINXCS PaB-
HOCTOPOHHUX TPEYTOABHUKOB. Y Ka’KAOT'O €CTh CTOPOHA, ITapaAAeAbHAS HUKHEMY
Kpaio AOCKU. A\OKa’>kuTe, YTO TPEYIOABHUKY MOXXHO IIOKPacuUTb B ABa IIBeTa Tak,
YTODOBI TPEYTOABHUKY OAWHAKOBOTO IIBETA HE COIPMKACAAUCH IO OTPE3KY.

Mpu aBuxeHnn no nyTn no AByA0AbHOMY rpadyy LBeTa BEpLUNH YepeayoTcs.

2. SaMOK B popMe TPEYroOAbHUKA CO cTOpoHO# 50 MeTpoB pazbut Ha 100 Tpe-
VTOABHBEIX 3aA0B CO CTOPOHaMu 5 M. B Ka>kp0 CTeHKe MEXXAY 3aAaMU €CTh ABEPD.
Kakoe HaumboAblllee IUCAO 3aA0B CMOXKET ODONTU TYPHCT, HE 3aXOAS HU B KaKOM
3a/A ABAXKABIL?

3. Ha mpsimoii CUASIT Tpu Ky3HEeYMKa. Ka’kKAyI0 MUHYTY OAMH U3 KY3HEUUKOB
IIePENIPLITYBAET POBHO YEPE3 OAHOT'O APYTOTO (B OAHON TOYKe ABA Ky3HEUWKA OKa-
3aTbCsI He MOTYT). MOIyT AZ BCe KY3HEUYMKM OKAa3aThbCS HAa CBOMX MECTaX POBHO
gepe3 777 IPBIKKOB?

Cymmbl cTeneHeli BEPLINH B JONSIX PaBHbI.

4. Ha maxmaTHOM! AOCKE CTOUT HECKOABKO KOHe#. KaskAbIt KOHb Ha benoM moae
bneT 3 KOHSI, a Ka’KABIY KOHb Ha YEPHOM IIOAe ObeT 4 KoHs. AOKa>kuTe, 4TO obIree
YMCAO KOHEV KPaTHO CEMU.

Teopema (kputepwii aBygonbHocTu rpada). 'padp — ABYAOABHBIN <—> B HEM HET
ITUKAOB HEYETHON ANAWHEL.

[ns camocTosiTeNbHOro pelleHuns

5. B cBsisHOM ABYAOABHOM I'pade CTEIEHN BCEX BEPIIMH PaBHEI k > 1. AoKaxu-
Te, YTO IIPX YAAAEHUHU AI0OOro pebpa rpad Io-Ipe’XHEMY OCTAHETCS CBSI3HBIM.

6. 10 aAKOTOAMKOB 06pa3oBaAy KOMIIAHUIO AASI COBMECTHOTO BPEMSIIIPEIIPOBOXK-
peHmsi. B xoMmmanwmu Bcerpa He MeHee 3-X 4eAOBeK. Ka>kAbIf Beuep B KOMIIAHUIO
D0DaBASIETCS OAUH YEAOBEK, AUOO M3 Hee MCKAIOYAETCS OAUH denoBeK. MoxxHO Au
6yaeT mepebpaTh BCe AOIIYCTUMBIE COCTABLEI KOMIIAHUHA POBHO IO OAHOMY Pasy?

7. B cTrpoky Boimmcaro 11 meabIx gmcen. AAsT AIODOOH IPYIIEBI IIOAPSIA HAYIIIUX
YUCEA IOACYUTAHA ee CyMMa (I'PYIIIBLI U3 OAHOTO YUCAA TOXKE YUUTHIBAAUCE). Kakoe
HaubOABIIIEE KOAWIECTBO CYMM MOI'AO OKA3aTbCSI HEYETHBIMU !

8. (a) Ha maxMaTHOM AOCKE CTOSIT ABE OAMHAKOBBIX (DUINKY. 32 OAUH XOA MOXKHO
CABUHYTH OAHY U3 (PUIIIEK Ha COCEAHEE IIOAE II0 BEPTUKAAU UAYM TOpU30HTaAU. Mo-
YT AU QUIIKY IEPENTH B CUMMETPUIHYIO OTHOCUTEABHO CPEAHEN NMHUY IO3UIIAIO
poBHO 3a 1111 xop0B?

(b) Ha mraxMaTHO# AOCKe CTOSIT IISITh OAMHAKOBBIX (PUINEK. 32 OAMH XOA MOXK-
HO CABUHYTH OAHY M3 (PUIIEK HA COCEAHEE IIONAE IO BEPTUKAAU UAV TOPU3OHTAAMN.
MoryT Au QUIIKY IEPENTH B IIEHTPAABHO CUMMETPUAYHYIO IIO3UIIAIO POBHO 3a 1111
XOMOB?
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9. [loanmTrdecKass KapTa KOHTHHEHTa Tpey coctouT m3 101 cTpaHBl B dpopme
IIPaBUABHOI'O TPEYTOABHUKA. MOXKET AY ¥ BCEX CTPaH OBITH IIOPOBHY cocepeit? ABe
CTPaHEl COCEAHUE, ECAY OHM MMEIOT XOTsI ObI ABe OOIIEe TOYKH.

10. B npsimoyroabHO# TabawWIle HEKOTOPHIE KAETKY OTMEYEHEI 3BE3A0UKOM. V3-
BECTHO, YTO AAS AIODOM OTMEUYEHHON KAETKM YUCAO 3BE3A0UEK B €€ CTOADIIE paBHO
YUCAY 3BE3A0YEK B €€ CTPOKe. J\OKa’KUTE, UTO YUCAO CTOADIIOB, B KOTOPHIX €CThb
XOTs1 OB OAHA 3BE3A0YKA, PABHO YUCAY CTPOK, B KOTOPHLIX €CThb XOTsI OBl OAHA 3BE3-
AOYKa.

16 wionsa Pa3nobon—o6.

1. Mama peAuT MEXAY YETHIPBMS AeTbMU 15 ss6h0K m 20 rpym. Kaxxaomy pe-
OEHKY AOAYKHO AOCTAThCA XOTS OBI IO ABa PPYKTa Ka*kAOro BUAA. CKOABKUMU
crocobamMu MaMa CMOJKET 3TO CAEAATH?

2. Noxaxkure, uro 2009!! + 2010!! aeamrces Ha 2011 (!l =n(n—2)(n—4)...).

3. AokaxkuTe, 9TO y ypaBHeHus X +y? = 3(u?+Vv?) B IEABIX YICAAX ECTH TOABLKO
HYA€BOE PeIleHIE.

4. Ha mAOCKOCTM €CTh N CHHHX X N KPaCHBIX TOYEK. N\OKA’KUTE, YTO MOXKHO

COEAVHUTD N HEIIEPECEKAIOIINMICS OTPE3KAMK TaK, YTOOBI KOHITEI Ka’KAOT'0 OTPE3KaA
OBIAY OBI PA3HOIIBETHBIMU.

17 wions 3auuknusanune-2.

anIHLI,I/II'I 3auunkKnnBaHusa. Ecam cucrema moxkeT HaXOAUTBECSA B KOHEYHOM YHCAE
COCTOHHPIfI, I Ka’XKAO€ CAEAYIOIIEE COCTOAHUE OAHO3HAYHO OIIPEAEASIETCA IIO (bI/IK—
CHPOBaHHOMY YUCAY IIPEABIAYIIINX, TO CUCTEMA C HEKOTOPOI'O MOMEHTA 3alTUKANTCHA.

MpuHuun 3aumknueanmnsa 6e3 npegnepuopa. Ecau BA0OGABOK Ka>*kA0€ IPEABIAYIIIEE
COCTOSIHME OAHO3HAYHO BOCCTAHABAMBAETCSI IIO0 (PUKCUPOBAHHOMY YUCAY IIOCAEAY-
IOIX, TO CUCTEMA 3aIIMKAWBAETCSI O€3 IIPEATIEPHOAA.

1. Kybuk Pybuka BLIBEAECH M3 IIEPBOHAYAABHOI'O COCTOSIHUSI HEKOTOPOU KOMOU-
Halyel MoBOPOTOB. J\OKa’XUTeE, UTO BCETAA MOKHO BEPHYTDH €0 B IIEPBOHAYANABHOE
COCTOSTHIE, BBITIOAHUB 3Ty KOMOWHAIIMIO €Ile HECKOABKO Pas.

2. B TpuaecsiToM KOPOAEBCTBE ¥ KAa>XKAOTO 3aMKa M Ka’*KAOM Pa3BUAKU CXOASITCSI
Tpu Aoporu. Primapb, Amwbsmuit Pasmoobpaswue, BblEXaa K3 CBOErO 3aMKa M IIO
OYEpEAU IIOBOPAYMBAET TO HAIIPABO, TO HAAEBO. AOKAXKUTE, YTO PAHO UAU IIO3AHO
OH CHOBa BEPHETCS B CBOI 3aMOK.
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3. B nmocaepoBaTenabrocTm 20147 ... Karkpasi nudpa, HAYWHAS C ISITOM, paBHA
IIoCAeAHEeN 1udpe CyMMBI YeTHIPEX IIPEANIECTBYIOMIX IU@P. AOKa’KUTE, YTO B
9TOH IIOCAEAOBATEABHOCTH CHOBa BCTPeTUTCH YeTBepka 2014.

4. Nora>xuTe, 94TO B psiny PuboHAUYM HAKAETCS YMCAO, AeAsiieecs Ha 2014.

[ns camocTosiTeNbHOro pelleHuns

5. VI3 3amra Kopoast Belexaau 100 phInapeif, y Ka’XA0ro CBOi 63mK (TO ecThb
Ka>KABIZ ITOBOPAYMBAET HANAEBO MAM HAIIPABO IIO CBOEH COOCTBEHHON 3allMKAEHHOM
IIporpamMme, Haupumep, 1:HaaeBo, 2:HaA€BO, 3:HAIPaBo, 4:HaAeBo, 5:goto 1). Aoka-
SKUTE, UYTO PAHO MAM IIO3AHO BCE PBIIIAPU CHOBA COOEPYTCS B 3aMKE KOPOAS.

6. [To Xpyry CTOUT HECKOABKO KOpobouek. B KaXkA0# U3 HUX MOKET OBITH IIyCTO,
OAVH UAYM HECKOABKO ITapMKOB. XOA: U3 KaKON-TO KOPoboduky HepyTcsi BCe LIapu-
KU ¥ PaCKAAABIBAIOTCSI IIO0 OAHOMY IIO YacOBOM CTPEAKe, HAauMHAS CO CAEAYIOIIER
Kopobouru. Ha caepyromeM XoAy pacKAaABIBAIOT IIapUKY U3 TOM KOpobOdUKY, B
KOTOPYIO IIOIaA IIOCAEAHUM ITapUK Ha IPEABIAYIIEM XOAY, X T.A. AOKa>XUTe, UTO
B KAKOH-TO MOMEHT IIOBTOPHUTCS HAaYaAbHOE PACIOAOKEHUE IIIAPUKOB.

19 nions Manas teopema ®Pepma.

Manas teopema ®Pepma, cdopmynuposka 1. Aast mpocToro p m HaTypPaAbHOI'O M
BBITIOAHEHO NP —n: p (To >xe camoe, NP =n (mod p)).

Manas Teopema ®epma, chopmynuposka 2. AAst IPOCTOTO P ¥ HATYPAABHOTO d, HE
KpaTHOro P, BeImoAHeHo aP~' = 1 (mod p).

1. AoKa>xuTe PaBHOCUABHOCTH ABYX QOPMYAUPOBOK MT®.

2. (a) Aoxaxkure, uTo (a + b)P = aP + bP (mod p) (BO3BOAUM B CTENIEHL P IIO
MOAYAIO P KaK TYIIBIE).

(b) Aokaxkure MT® B mepBoil POPMYAUPOBKE.

3. (a) AoxaxxuTe, uTO AAST ATOBOrO a ¢ ycaoBueM (a,p) = 1 (p — mpocToe) ducaa

1a,2a,...,(p —1)a patoT pa3Hble OCTATKU IO MOAYAIO P.
(b) Ilepemuoxwus 1q,2a,...,(p —1)a, porkasxure MT® Bo BTOpOIH PopMyAU-
POBKe.

4. PemnTe CAEAYIONUINE YIPAKHEHMUSI.
(a) Aoxaxxute, uro 303 — 1 aeauTcs ma 1001.
(b) HaiiauTe Bce Takue mpoCTEIE YKUCAA P, 4TO 5P + 1 KpaTHO Pp.

5. NOKaykuTe, 9TO HU IpK KakoM meaoM k umcao k? + k + 1 me peanrcs Ha 101.
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6. (a) Aora>xuTe, 9TO AIO6OH mpocTOil peauTeAb q uucaa 2P — 1 (p — Heu€THOE
IIpOCTOe) MMeeT BuA q = 2pk + 1.
(b) AokakuTe, YTO AASI KQXKAOT'O HEYETHOTO IIPOCTOTO P CYIIECTBYET XOTSI OB
OAHO IIPOCTOE YUCAO BEAA 2pk + 1.
7. NoKa>kuTe, YTO AAST Ka>XAOI'O IIPOCTOTO P CYIIECTBYET XOTsI OBl OAHO YKUCAO
Bupa 2014™ —n, pensmmeecs Ha P.

[Onsa camocToATeNnbHOro pelexmns

8. NokasxuTe, uTo uucao 3027 + 2393° — cocrasHoe.

9. AoKa>kuTe, YTO AASI COCTAaBHOTO 4mcCAa 561 CIpaBepAMB aHAAOT MaAO# Teo-
pemer ®epma: ecan (a,561) = 1, To BrImoanseTca cpaBHerue a°® = 1 (mod 561).
Yucaa, obaraparolye STUM CBORCTBOM, HA3bIBAIOTCS Yucaamu Kapmaiikraa. B 1994
ropry OBIAO AOKasaHO, 4TO yucen Kapmarkaa 6€CKOHEYHO MHOTO.

10. Aoxa>kuTe, 4TO HM AAS KAaKOTO HATYpPaAbHOIO N 4mcao 2" — 1 He AeAUTCS
Ha M.

19 nions ®opmyna lMuka.

Teopema (copmyna lNuka). BepminHEI MHOTOYTOABHMKA PACIOAOXKEHBI B y3AaX
KAETYATON PENIETKYA C KAETKaM# pa3Mepa | X 1. BHyTpu HEro AeXUT N y3A0B,
a Ha TPaHMUIE M y3A0B. Toraa ImAOMIAAL STOTO MHOTOYTOABHUMKA paBHa N + 5 — 1.

1. Aoka>xure popMmyAy [Iuka Ans
(a) IpPsIMOYroABHMKA CO CTOPOHAMY, UAYIIVMIY II0 AMHUSIM CETKH,
(b) IPsIMOYTOABHOIO TPEYTOABHUKA C KATETaMU, UAYIIUMHY 10 AMHUSIM CETKHU.

(c) IIycTb MHOTOYyroABHEHK M paspe3aH AOMAHOW C BEPIIMHAMY B Y3AaX Pe-
IMETKY Ha ABa MHOroyroabHmKa M; m M,. AokakuTe, uTo ecam dpomyaa [luka
BepHa AAST M m M, To oHa BepHa 1 Anst M. Aokaskute, uTo ecau popMmyAaa [Iuka
BepHa AT M m M, To oHa BepHa u AAST My;

(d) Aoraxxute dpopmyay Iluka AAST IPOU3BOABHOTO TPEYTOABHUKA.

(e) (Jlemma o guaroHanu.) AOKa>XuTe, YTO BO BCSIKOM MHOIOYTOABHUKE €CThb
AMArOHAAb, KOTOPAs AEKUT BHYTPH HETO.

(f) 3aBepmuTe AOKa3aTEABCTBO POPMYAEL [TuKa.

2. Mo>xxuo Am kBaapaT 50 X 50 pa3butsh Ha 15 paBHBEIX MHOTOYTOABHUKOB C BEP-
IMTHAME B y3AaX CETKU?

3. IleTst HapmCcoBaA TPEYTOABHUK C BEPIIMHAMU B Y3AAX LIEAOYNCAEHHON PEIIET-
Ki. Bce ero cTopoHBI OKazaAuCh pAnHHEe 5. KakoBa ero HauMeHbIIasi BO3MOYKHAS
IIAOIIAAL 7
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[Ona camocTosiTensHOro pelueHus

4. Tpu Ky3HeUYVKa B HaYaAbHBI MOMEHT BPEMEHY CUAST B TPEX BEPIIUHAX OAHOR
KAETKY OECKOHEYHON KAETYaTON PEIIeTKY, a 3aTeM HaUNHAIOT «UI'PATh B YeXaPAY»:
Ka’KABIZ MOXKET IIPBITHYTh YEPE3 OAHOI'O U3 ABYX APYTHX, IIOCAE UE€T0 OKA3bIBAETCS
B CUMMETPUYHON OTHOCUTEABHO HETO TOUYKe. MOXKET AU CAYYUTHCA TaK, YTO UEPE3
HECKOABKO IIPBI’KKOB CTPOI'0 BHYTPHU TPEYIOABHUKA, 0Opa30BaHHOI'O Ky3HEUNKAMY,
b6yAeT AeKaTh IIeNOUYUCAEHHAST TOYKaA?

5. AokaskuTe, 4TO Ha¥AETCA IIpPsSMasi, IPOXOASAINAs Yepe3 ABa y3Aad KAETUATOR
byMaru, u He Ae>KaIlui Ha 3TOMN IIPSIMOM Y3€A, TaKOR, YTO PACCTOSTHUE MEXKAY HUMU

menbre 0.0000000001.

19 nions Pa3xobon—7.

1. CroabKoO cymecTByeT 10-3HAYHBIX YmceA ¢ cymmoit 1udp (a) 4; (b) 97

2. M\okaxxuTe, ITO ypaBHeHWE X* + Y’ + z> = 2XYz He UMeeT pelleHuit B HATY-
PaNbHBIX YUCAAX.

3. Ilycte f(n) =n'® 4+ 3n” —4n? — 3. Nokaxxkute, ato meaoe gucao f(f(19) + 19)
AEAUTCS Ha Itenoe gumcao f(19).

4. Ha maockoctu ecTb 100 curmx u 100 KpacHBIX TOYEK, HUKAKWE TPU HE AEXKAT
Ha OAHOM IpsiMoii. AOKa>kKUTe, YTO MOXKHO IIPOBECTU IPSMYIO TaK, YTO C KasKAOH
cTopoHEI OT Hee byaeT 1o 50 cuHUX 1 110 50 KpacHBIX TOYEK.

20 nions Korpa —1 aBnsierca kBagpatom?

Mapssarna: «IlycTs p — mpocToe 4ucao.

Toraa Teopema BuabcoHa yTBEPKAAET,

gro (p — 1)! 4+ 1 peauTcs Ha p.»

BoBouxka: «5 y>xe pokazana! Hapo Bcero ammib
PackpeITh CKOOKM: (p— 1)+ 1 =p!—114+1=pl
OwueBupHO, p! A€AUTCS HA P.»

DOABKAOD.
1. NokaxkuTe, 4TO 4MCAO X% + 1 He MMeeT IPOCTHIX AeAuTeAed Buaa 4k + 3.

2. (Teopema Kupapa). Yucao x* + y? AeAUTCS Ha IpocToe dmcAo p = 4k + 3.
DOKa>kUTE, 9TO X U Y AEASITCS Ha P.

3. NOKasKuTe, 94TO 4ucA0 x> + 1 He uMeeT peauTeneit Bupa 4k + 3.
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4. \OKa>kWTe, YTO HE CYIIECTBYeT TaKUX HaTyPAABLHEIX M 1 1, 970 N2 +1:m?—1.

5. PemuTe B IMeABIX WuCAAaX ypaBHeHHE x*y? = x? +y? + 22,

6. AokarkuTe, uTO mpocThIX uuceA (a) Bupa 4k + 3; (b) Bupa 4k + 1 beckoHeuHO
MHOTO.

1. (Teopema Buavcora). Hucnro p > 1 siBasiercst mpocTeM & (p— 1)+ 1:p.

8. AokakuTe, 4TO AAS Aoboro mpocToro p Buaa 4k + 1 Haltp€Tcss Takoe HaTy-
paAbHOE X, 9To X% + 1:p.

[ns camocTosiTeNnbHOro pelleHus

9. Bacs manmcan B CTPOYKY Ha AOCKE BCE BBHIUETHI II0 MOAYAIO P, Ka>KABIE POBHO
II0 OAHOMY pasy, B IPOU3BOABHOM HOpsipKe. [leTs caenan TO >Xe camoe, HO CTPOY-
KO# HuXe (M, €CTECTBEHHO, HAlXCaA BEIYETHI B ADYTOM IOpsiAKe). ['puima He cmor
OTAMYUTBLCSI CBOEY paHTa3meR, X IPOAENAA TY Ke IIPOIEAYPY Ha TPETheR CTPOUKE.
Morao Am OKa3aTbCs TaK, YTO KaXXKAOE YUCAO B TPETHER CTPOUKE STBASETCS IIPOU3-
BEAEHUEM COOTBETCTBYIOIINX ABYX YKCEA B IEPBEIX ABYX CTPOYKAX?!

10. Yucao a’ + ab + b? aeamrcs Ha mpocToe umcao p = 3k 4 2. AOKaskuTe, ITO
a b peasTcs Ha p.

11. AokaxkuTe, 9TO ypaBHeHUE 4xy — X — Y = z° (a) He MMeeT pelreHuit B HaTy-
PaAbHBIX 4uCAaX, (b) HO mMeeT HECKOHEUHO MHOIO PELIEHUN B LEABIX YUCAAX.

20 vions Teopema Yesbi.

1. (a) B Tpeyroapuuke ABC Touka M mpuraprexuT cropore AB, Touka K —
orpe3ky CM, npuuém AM : MB = n : m. Ha#iaute Sack : Spck.
(b) B tpeyroabauke ABC Touka M mpuHasaexuT cropoHe AB, Touka K —
cropore AC. Otpesku CM u BK mepecekaiorcss B Touke P, BM : MA = 5 : 3,
AK :KC =7:10. HaiauTe, B KakoM oTHoIeHuu AyY AP aeauT cropory BC.

Teopema Yesbl. Ecau Ha cropormax AB, BC u CA Tpeyroanbruka ABC B3sTEI

coorBeTcTBeHHO Touku C;, Aj, By u orpesku AA;, BBy u CC; mepecekaroTcs B
AB] . CA] . BC] _ 1
B:C AyB C/A

2. Noka>kuTe ObpaTHYIO TEOPEMY EBEHI.

OAHOM TOYKE, TO

3. Vcnoab3yss TeopeMy YUeBBEI AOKA’KUTE, YTO B IIPOM3BOABHOM TPEYTOALHUKE
IIEPECEKAIOTCSI B OAHOM TOYKE:

(a) mepmaHEr;

(b) buccekTpuCHI,
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(C) oTpesku, coeAMHSIIOIIE BEPINUHEL TPEYTOABHUKA C TOYKAMU KaCaHUs BIIN-
CaHHOM OKPYXXHOCTU (mouka XKepzoHa).

4. Ha mepmane A A B3siTa mpous3BoAbHas Touka M. Ilpameie BM, CM nepece-
kaior CA, CB B By, C; coorBeTcTBenHO. Aokaxkute, uTo BCB{C; — Tpanemnus.

5. (a) Ilourpaemcs ¢ xapruukoii. Ha Heit ecTb 6 uucea. XoTuM Ha#TH, B KaKOM
oTHomenny Touka O pAeauT ueBraHy AA ;. CHagana depes 6 yucen, a IOTOM — YePE3
b1, by, c1, ¢2. [loayuennas dpopMyara HaswiBaeTcss meopemot Ban Obens.

(b) Ha mepmame BD tpeyroabamrka ABC oTrmeuena Touka M Tak, uro BM :
MD = m : n. [Ipsmass AM nepecekaeT cropory BC B Touke K. HaiauTe oTHOIIIE-
Hue BK : KC.

[ns camocTosiTeNbHOro pelleHuns

6. merorcst weBmanbl AA7, BBy, CC;. Ilpsimeie A1B7 mw A;C; mepecekaioT mpsi-
MYIO, IIPOXOASAITYIO depe3d BepmmHy A mapaanreabrHo BC, B Toukax C, u B, coot-
BeTCTBeHHO. AoKaxkute, uro AB, = AC,.

7. Nmerorcs uweBmansl AA 1, BBy, CCy. AokaXkuTe, 9TO IpsIMEIE, IIPOXOASIITE de-
pe3 CEpeAVHBI COOTBETCTBYIOMINX CTOPOH IIapaAAEAbHO YeBMAHAM, TOXKE IIepeceKa-
IOTCSI B OAHOM TOYKE.

20 nons Pa3nobon-8.

1. (a) Bycsl mpeacTaBasitoT u3 cebst p bycumHOK (p — mpocToe umcao). Kaxxaas
OycuHKa KpacuTCs B OAMH U3 d IIBETOB. /\ABE PacKpacKu OyC CUMTAIOTCS OAMHAKO-
BBIMU, ECAM OHU IIOAYYAIOTCS APYT U3 APyra HEKOTOPBIM IoBopoToM 6yc. Haitau-
Te KOANYECTBO PA3AMYHBIX PACKPACOK (MOXKHO CUMTATh OTAEABHO OAHOLIBETHBIE U
HEOAHOIIBETHEIE PACKPACKH).

(b) BriBepuTe oTCIOAA AOKa3aTeAbCTBO MT®.

2. BepImuHEI TPEYTOABHIKA PACIOAOXKEHEI B y3AaX KAETUYATON OyMaru, mpuieM
Ha €r'o CTOPOHAaX APYTHUX V3AO0B HET, a BHYTPU €CTb POBHO opMH y3eA O. AoKa’kuTe,
yTo O — TOYKa IEpeceveHrnsI MEAAH TPEYTOAbHUKA.
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21 vions Cyactnusbie bunersl.

Onpepenenne. Buaetr ¢ Homepom oT 000000 A0 999999 HA3BEIBAETCSA CHACMAUBDIM,
€CAUM CyMMa €ro IIEPBBIX TPeX IudP paBHA CyMME IIOCAEAHUX TPeX Iudp.

1. He cunras KCB, aoka>kute, 4TO:
(a) KCB =e 6oaee 100000;

(b) cymMmMma HOMEPOB BCeX CYACTAUBEIX ODUAETOB ACAUTCS Ha HECUACTAUBOE IUC-
A0 13, a Tak>Xe Ha CYACTAMBOE YUCAO 7.
O603HauyeHne. a, — KOAMYECTBO TPEX3HAYHBEIX HOMEPOB C CyMMo# mudp K.
2. N\OKa>XKuUTe, ITO:
(a) KCB c cymumotit mudp 2k pasHO af;
(b) ax = az7—;
2 2 2
(c) KCB paBmo 2(aj+ aj+ - -+ aj;).
3. HaitpuTe ao,..., ds.

Onpepenenune. PaccMoTpuM Bce TPONKY HEOTPUIIATEABHEIX IIEABIX YHUCEA, YAOBAE-
TBOPSIIOIIVX yPaBHEHUIO X + Y + z = k. Hasosem Hapyweruem cuTyamuro, Koraa
X, Y uAu z 6oabme 9. HazoBeM TpoiKy zopowel, eCAu B HeY HeT HapyIIeHUU U
NA0Z0U B IPOTUBHOM CAyYae.

4. (a) HaipuTe KOAMYECTBO NAOXUX TPoeK aast k =10 k = 11.
(b) HafIAPITe ao, ..., 9.

5. IlocunTaiiTe BepOSATHOCTL IIOAYYUTEL B aBTOOyCe CUACTAUBEBIN OHAET.

6. AokaykuTe, uTo KCB paBHO KOAMYECTBY 6-3HAYHBIX HOMEPOB C CYMMO# TudpP
217.

Onpepeneine. AHAAOTHMYHO OMPEAEASIEM HAPYUWLEHUE AAST PEIIEHUNA YpPaBHEHUS
X1+ X2 + X3+ X4 + X5 + Xg = 27.
7. (a) Aokaxkure, ato KCB < C3,;

(b) YeMy paBHO KOAMYECTBO IIAOXUX IIIECTEPOK C HAPYIIEHMEM Ha (PUKCHUPO-
BaHHOM MecTe?

(c) YeMy paBHO KOAMYECTBO IIAOXUX IIIECTEPOK C HAPYIIEHWEM Ha ABYX (PUK-
CUPOBAHHBIX MECTaX?!

8. Eme pa3 nmocuuTaiiTe BEPOSITHOCTD IIOAYYUTE B aBTODYCE CHACTAMBLIZA OHAET.
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21 niong Mopenn.

1. B psia BBIAOXKEHBI 5 KapTodueK. Ha Ka>ka0li HaMCaHO HEHYAEBOE YKUCAO. [Ipo
AIOOBIE ABE KAPTOYKK MOXXHO y3HaThb (a) cymmy; (b) mpoumsBepeHume ymcen Ha HUX.
MO>XHO AM OIPEAEANTH, KaKME YMCAA HAIKMCAHBEI HA KAPTOYKAX !

2. B raxxp0#l KAeTKe TAOAMIBEL 5 X 5 HaIKMCAaHO BEIIECTBEHHOE YKMCAO. 3a XOA
MO>XHO y3HATh CYMMY YHUCEA B AI0D0# AOMUHOIIIKE.

(a) AOK&?KI/ITG, YTO M3HAYAABHO YKMCAA MOTAM OBITH PacCTaBACHEI TaK, 9TO IIO
IIOAYYEHHBIM OTBETAM HEAB3A Y3HATH CYMMY BCEX YHMCEAN B Ta6AI/IT_Ie.

(b) Aoka>kuTe, 9TO MO MOAYYEHHBEIM OTBETAM HUKOTAA HE YAACTCS BBISCHUTD
CyMMY 4uCeA B Tabauile.

3. Ha ctone crost 2014 xopobodek, B Ka’KAO! U3 KOTOPBIX AEKUT OEABIH UAK
YEPHBIY ITapUK, IPUUEM OEABIX IITAPUKOB — YETHOE YUCAO. Pa3pelnaeTcss yKa3aTb
BEAYIIIEMY Ha AIOOLIE ABE€ KOPODOYKM M CIIPOCUTH, €CTb AX B HUX XOTS OBI OAMH
BeABIH ITAPUK.

(a) Aokarxkure, uro 3a 2013 BOIPOCOB MOXXHO IAPAaHTUPOBAHHO OINPEAEAUTH
KaKyIOo-HUOYAL KOPOOOUKY, B KOTOPOR NEXXUT OEABI ITapUK.

(b) AoxaxkuTe, uro 3a 2012 BOIPOCOB HEAB3SI FAPAHTUPOBAHHO ONPEAEAUTH
HY OAHY KOPOBOYKY, B KOTOPOU AEXKUT GEABIN ITapuK.

4. 3a KpPYT'ABIM CTOAOM CUAUT KOMIIQHUS U3 5 pblnape#t m 4 xurpenoB. Bcex
CHASIIUX crpamuBaioT: «KTo Bamr cocep crpaBa — prlllapb WAM XUTPeI?y B or-
BET PHIIAPb T'OBOPUT IIPABAY, a XUTPEIl MOKET CKa3aThb KaK IIPaBAY, TaK U AOXKb.
A OKa>kuTe, 9TO 3HAS 3TU OTBETHI, HEAb3S MapaHTUPOBAHHO yKa3aThb HU Ha OAHOTO
pPHIIAPS B 3TOM KOMIIQHUM.

5. V mymmamara 'pumu ects 100 MOHET, pOBHO OAHA M3 KOTOPBIX (PAABIIXBAS.
Bce HacTosIIIE MOHETEL UMEIOT OAMHAKOBEIHM BeC, a QaAbIINBAsI OTAXYAETCS OT HUX
110 Becy. ['puita croMan AByXdalllewHbIE BECHL TaK, YTO Tellepb OHU BCETAA IIOKA3bI-
BalOT HENPAaBUABHEBIA PE3YABTAT B3BemuBaHus. (Ha KaXkKAyIO 9aIllKy BECOB MOXKHO
KAACThb He boaee 0pAHOM MOHETHI. [Ipu B3BEIIUBAHUY ABYX MOHET OAMHAKOBOI'O BeCa
OAHA U3 HUX OYAET IepeBelyMBaTh APYIYIO, a IIPY B3BEIIMBAHUY ABYX MOHET pas-
HOI'O BECA 3T BeChl UAU OYAYT HaXOAUTHCS B PABHOBECUM, UAY MOHETA C MEHBIIUM
BECOM OYAET IIEPEBELINBATL MOHETY C OOABIIUM BECOM).

(a) Aorarkure, uTo ['puIlla ¢ IOMOIIBIO TAKUX BECOB MOXKET HABEPHSIKA OIIPE-
AEAUTH XOTsI ObI OAHY HACTOSIIVIO MOHETY.

(b) AokaxkuTe, uro ['pumina He MOXKET HABEPHSIKA ONPEAEAUTH (PAABIIUBYIO
MOHETY.

(c) Kakoe HauboAbIIIEE KOAUYIECTBO HACTOSIIIAX MOHET ['pHIa MOYKET yKa3aTh
HaBEPHSIKA”
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21 wiona Pa3no0oi—9.

1. (a) Onpenenenne. ITycTs M — HATypaABHOE YUCAO, A — (PUKCUPOBAHHEIN OCTa-
TOK II0 MOAYAIO M. ByaeMm m306pa’kaTh BCE OCTATKHU IO MOAYAIO T BEPIIUHAMU
rpadpa, ¥ U3 KaXKAOM BEPIIUHLI, COOTBETCTBYIOLIEN OCTATKY X, IPOBOAWTEH OPUEH-
TUPOBAHHOE PEOPO B TOUYKY, COOTBETCTBYIOINYIO OCTAaTKy Xd. [loAy4YeHHBIX rpad
HA3LIBAETCSI FPAachoM YMHOXKEHUS HA 4 NO MOAYIO 1.

(b) HapucyiiTe Bce rpadbl yMHOMKEHUH II0 MOAYAIO 5 1 110 MOAYAIO 6 AAST BCEX
BBEIYETOB d.

(c) AoxkarkuTe, 4TO rpad YMHOXKEHUS HA HEHYAEBOW OCTATOK IO IIPOCTOMY
MOAYAIO P PaclapaeTcss Ha IUKABL U YTO BCE TaKWe IIMKABI, KPOMe OAHOTO, UMEIOT
OAVHAKOBYIO AAUHY.

(d) BriBepuTe u3 sToro MT®.

2. A\OKa’>KUTe, YTO €CAU UUCAO X + J—C — IIEAO€, TO YUCAO X" + ):—n TOXKE IIENOE.

22 vions Teopema Menenas.

1. (Teopema Menenan.) Ha npsmerx AB, BC u CA Bribpansl Toukz Aj, By u C;
COOTBETCTBEHHO. AOKa>kuTe, 4To Touky Aj, By u C; npu AOAKHOM PaCIOAOKEHUT

A€KaT Ha OAHOM IIPSIMOM TOTAA U TOABKO TOT'AQ, KOTAA /é]cé . }B\/]\(‘j . ];B}‘\ =1.

2. Bzar Tpeyroapauk ABC. Touka D cuMMmeTpmyHa TOuKe A OTHOCUTEABHO B.
Ha ayuge BC 3a Toukoit C oTaoxxen orpe3ok CE, B ABa pasza boapmmit BC. [Ipsamas
AC nepecekaer npsimyto DE B Touke F. Haiiaure (a) £5; (b) B

3. ANoka>xuTe, 4TO ODUCCEKTPUCH] ABYX BHYTPEHHUX YTAOB TPEYTOABHUKA U OmC-
CEKTPHCa BHEITHETO yIAd, HE CMEXXHOT'O C HIMHU, IIEPECEKAIOT IIPSIMEIE, COAEPIKAIIINE
IIPOTUBOIIOAOKHEIE CTOPOHEI TPEYTOABHIAKA B TPEX KOAAMHEAPHBIX TOYKAX.

4. B BrinykaoM deThipexyroabHuKe ABCD Touku E u F — cepeapunt: ctopor AD
z BC. Orpesku CE u DF nepecekatorcss B Touke O. AOKa’KUTE, UYTO €CAU IPIMbBIE
AQO u BO aeasT cropory CD Ha Tpu paBuble yacTu, To ABCD — mapaanresorpamu.

5. B tpanernuu ABCD Ha npopoa>xernum puaroHaar AC 3a Touky C B3siTa TOYKa
P. X,Y — cepepunnl ocHoBaruit AB u CD. PX u DY nepecekaroT croporsl AD u
BC B Toukax M z N. Aokaxkure, uTro MN || AB.
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22 vions Bonpocbl Ans noArotoBku K 3a4ery.

Teopus uucen.

1. Aarroputm EBkumpa. Haxoxaerme HOA npm momomu aaropumrMma EBKAmAA.
Teopema o amHelHOM pasaoxenuu HOA.

2. Pemenve AMHERHOTO AMO(AHTOBA YPaBHEHUSI.

3. OcuoBHas Teopema apudMeTUKU. He 3KBUBAAEHTHOCTL YTBEPKAEHUIO O Ae-
AVMOCTY IIPOM3BEAEHUSI Ha IpocToe Yucao. AokasareabcTBo OTA (¢ momomibio
anropurMa EBramaa).

4. Csa3p mexxpy HOA u HOK. ©opMmynra AAST KOAMYECTBA AEAUTEAEH.
5. CpaBHeEHUS IO MOAYAIO U uX CBOXCTBa. CokpalleHre CpaBHEHUH.

6. Kuraiickast Teopema o6 ocraTrkax. ABa AOKa3aTEALCTBA.

7. NokazaTeabcTBo MT'® uyepe3z Bunom HrioToHa.

8. AokazareabcTBO MT® yepes nmepeMHOKEHUE OCTATKOB.

9. KombuHaTopHOE A0KazaTeAbcTBO MTP.

10. AoxasareabctBo MT® wepes rpad yMHOKEHUIA.

11. Teopema Buabcona. Korpa —1 sSBASIETCST KBAAPATOM IO MOAYAIO IIPOCTOTO
YUCAQ.

12. BecKOHEYHOCTh MHO>KECTBA IPOCTHIX umcen Bupa 4k + 1 u 4k + 3. CymecTBo-
BaHUE IIPOCTOT'O 4mcAa BuAa 2pk + 1.

KombuHatopuka.
13. TIpuHIND 3aIIMKAMBAHUS X IIPUHIIAN 3alUKANBAHUS 6€3 IPeATIEPUOAA.

14. TTpuHIIUT AMCKPETHON HEMPEPLIBHOCTU. 3aAada O Pa3dbMeHnN CHMHUX U KPac-
HBIX TOYEK OAHOM IIPSIMOM Ha ABE YacTH.

15. PopMmynra BRKAIOYUEHUN X UCKAIOUEHUH.

16. BuroMuanbEbIE KOIDDUIIMEHTEL X UX CBORCTBA. T'peyroabHuK [lackans. ABa
AOKazaTeabcTBa buHOMa Hriorona. HepaBencTBo Bepryarn.

17. KombuHaTOpHBIE AOKa3aTEABCTBa TOXAECTB ¢ CK.

18. Popmyna mapoB ¥ IEPETOPOAOK (ABE IITYKH).

19. CuacTAruBBIE OUAETEI, IOACUET UX KOAWYECTBA ABYMSI CIIoCOb6aMu.
pacbl.

20. ITopBemuBanue rpada.

21. AepeBbsi. DKBUBAAEHTHOCTb HECKOABKUX OIPEAEACHUN AepeBa.
22. Cy1miecTBOBaHME OCTOBHOTO A€PEBa B CBSI3HOM I'pade.

23. AByAOABHBIE TPAdEl, KPUTEPUA ABYAOABHOCTH.
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leomeTpus.

24. TTnomiaab. [Tnomaas TpeyroabHUKA, TPAIEXK, IIAPAAAEAOTPAMMA. 30A0TOE
CBOMCTBO OUCCEKTPHUCHI.

25. \MHENHOCTD IIAOIIAAN.

26. ObobiienHast TeopeMma Paneca.

27. Tpu npusHaKa mop0bus.

28. Nemma o pmaroHaau. Popmyaa [Tuka.

29. \oKa3aTeABCTBO TOTO, YTO MEAMAHBI TPEYIOABHUKA IIEPECEKAIOTCSI B OAHOM
TOYKE, C IIOMOIIBIO IIAOIIAAEM.

30. YeTBepTHIll IPpU3HAK PaBEHCTBA TPeyroabHUKOB. Onmcanme I'MT, u3 xoro-
PBEIX BOKOBBIE CTOPOHBLI PABHODEAPEHHOI'O TPEYTOALHUKA BUAHBI IIOA PABHBIMU YT-
AaMU.

31. Teopema Yesrl. Touka >Keprouua.
32. Teopema Bar Obens.

33. Teopema Menenass. OcHOBaHUS BHEIIHUX ¥ BHYTPEHHUX OMCCEKTPHC AEKAT
Ha OAHOM IIPSMOIA.
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