TlociiecaoBue

He MoeT 6bITh COMHEHHI B TOM, YTO YUalllKecs [IPH u3yIeHUH MaTeMaTH-
KM JOJOKHBI He TOJIbKO 060raIarh CBOK MaMATh 0G0CHOBaHHBIM CHIPABOYHBIM
MaTepHarnoM, HO U TaKke JOJDKHBI YCTIEMHO NPHOOPETaTh ONBIT NPAMEHEHMA
YCBOEHHBIX 3HAHMH K PEILIEHHIO 3a7a4. }

3HAHMS, TBOPYECKH YCBOCHHBIE C aKLIEHTOM NPAKTHYECKON MX HalIPaBIICH-
HOCTH, OyJeM Ha3bIBATh AKTUBHBIMM 3HAHUSMH. AKTHBHBIC 3HAHUA Hanbosee
Pe3yNBTaTMBHO NPUOGPETAIOTCS YIAIMMHUCS TONBKO B XO11€ NPUMEHEHHA yH-
TefleM aKTUBHBIX METOJ0B npenogaBanud. OJHMM U3 TaKUX METONOB ABJSETCH
BOTPOCHO-OTBETHast Gecesa ¢ aeMeHTamMu NpoOIeMaTHKH U KPATKUMA HCCTIe-
JI0BATENBCKAMH IKCKYPCaMH.

Meroauueckoe kpeao «becempl» (Tak Oyzem Kparko Ha3bIBaTh ITOT METON)
— npuiiTH K ¢ GeKTUBHOMY PACKPBITHIO TEMBI ypOKa Ha OCHOBE YAaIHBIX OTBE-
TOB HA BOIPOCH! YUHTEI, TPeOyIOMHUX NPOSBICHUS KaK PeNPOLYKTHBHOM, TaK
¥ TBOPYECKOM aKTHBHOCTH ydamuxcs. CHcTeMarnieckoe NPUMEHEHHE MeTola
«Becenpl» BesieT K yrIyOJeHHOMY YCBOSHHUIO MAaTEMAaTHYECKHUX 3aKOHOMEPHOC-
Teif, YTO OTKPHIBAET BO3MOXKHOCTH YHHUTEIO MOCTENCHHO Npeiararb A pe-
wenus 6osee TPyAHbIE, HECTAHAAPTHLIE 3a/a4d. B moms3y 3TOro MeToza CBH-
JIETENbCTBYET MCTOPHUECKH 1OCTOBEPHBI (akT: ¢ MOMOLIBIO OKMBIICHHOH [H-
AJTOTHYECKOH CHCTEMBI «HABOAAIIMX BOIPOCOBY, TO €CTh «becesp», e¢ OCHO-
BOMNOJIOKHUK AaHTHYHBIH Myapery COKpaT BOCIMTAN LENYO eIy APKHX MbIC-
JIUTENEH, B TOM ACIIE ¥ aBTOPA SHAMEHUTOH «ATIAHTH/IB H3BECTHOIO (PUIIOCO-
¢a apeHocTH ILnaToHa.

VYpOK, MOCBSALIEHHbIH PELICHHIO HECTAHAAPTHOM 3a/1adH, HECKONBKO CMa-
XMBaeT Ha TeNeBU3HOHHYI0 nepenady «Uro? ['ne? Korma?». B camom aene, rpyr-
112 MHTEJUICKTYaI0B (KOMaH/1a 3HATOKOB), TIONyYHB 3a/iaHue, ObeTCa Hajl paciy-
THIBAHHEM [PHYUHHO-CIEICTBEHHBIX CBA3EH, H3NOKEHHBIX B 9ToM 3aanuy. [Ipn
3TOM IOYTH BCE WieHb! KOMAaHIBl BCIyX, mepeGuBas Apyr Apyra (IOArOHsET
BpeMs — | MUH.), BBICKA3bIBAKOT CBOM BEPCHH (JOTAIKH) H OQHOBPEMEHHO CIIy-
[LAKOT, 4TO FOBOPAT APYTHe WICHB! KoMaHbl. CTOMT THXHH IIyM — 3TO BIOIHE
npuemnemas, pabodas arMocdepa.

VuuTeNnb BMECTE C KIACCOM, OTHICKHMBAs pEIIEHHEe TPYAHOH MaTeMaTHyec-
KoM 3a]a4y, He MOXET MO3BOJUTH YHAlUMCS CIIOHTAHHO BBICKA3bIBATH CBOH
c00GpaXKeH!s 10 IOBOAY pelleHus 3aaadn. OH nocTynaeT 60iee UMBHIM30BaH-
HO (METOAMYECKH 11eNecooGpasHo): CIpalIuBaeT TeX, KTo NOAHUMAeT pyky. OT-
BET yUeHHKa KOMMEHTHPYeT. 3a1aBast BTOpOH BOMPOC, IOCTYNAET aHAIOTUYHO K
T.1I., TOCTETIEHHO LIAT 3 LIAroM NPUOIHKAACH K HAee PEIICHUS HITH K [IOJIHOMY
pelenuo 3ana4i. UTo POJHHUT yHaIuXCs ¥ HHTEIUIEKTYaJIoB B 9TOM npouecce?
HIX pOIHHUT HANPSUKEHHBIH TBOPYECKHH MOMCK, X POJHHUT NIPEAENLHOE yMCTBEH-
Hoe HanpskeHue kaxaoro. M 9ToT npouecc BAeTcs yBIeKaTeIbHbIM VIS y4a-
IIHUXCS U HHTEIUIEKTYalloB.
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B «MeTtoan4eckoM nocobum» (Tak Kparko OyaeM Ha3bIBaTh JaHHYIO KHHIY )
JaHa [ICHXOJI0ro-IHIaKTHIeCKas TapagurMa IpuMeHeHus «becebl« K pelIeHHI0
[OCTaBJIEHHBIX 3324 Ha IPUMEPaX PACKPBITHS HEKOTOPHIX TEM ILKOJIBHOIO Kyp-
ca MaTeMaTUKH. Beero ocBeiieHo Y€ THPHAAIATE BOIPOCOB. 3TOr0 BIOJHE J10C-
T4TOYHO, YTOGEI YCBOUTH CyTh MeToa. TBOpYECKH ¢ eJIbI0 ONTHMANbHOM 0T~
un pedopMupya Meton «becensl», 04eBHIHO, MOXHO IPAKTHKOBATL €r0 U B
KJIACCaX ¢ HEBBICOKMM MAaTeMAaTHYEeCKUM pa3BUTUEM, U B KJIacCax ¢ AUCIUILIH-
HOJ1 He cOBCeM GnaronpusTHOM 11 n3ydenus MareMaTuku. OcobeHHo 3TOT Me-
Ton1 5 eXTHBEH B KJIACCAX, B KOTOPHIX YHCIIO HEIEMBHEIX Y4COB MATEMATHKH He
TPEBHILLIAET YETHIPEX JaCOB, B TAK HA3bIBAEMBIX HENPOPHIIBHBIX KIaccax.

JloMamnue 3a7aHus B JaHHOH paboTe COCTABIEHHI C YI€TOM TpeOOoBaHHM
HHHOBALMOHHOro 00y4enns. Ha nx BEIMOMHEHHE, €CTECTBEHHO, TpebyeTrcs 60b-
1€ BpeMeHH, YeM pekoMeHyeTcs MeTonukoi. IloaroMy ciaBare y4uTeNo TeT-
paau ¢ JOMaIlHAM 3aJaHHEM MOXKHO HE BCEM Cpa3y, a MOCTENEHHO, B TEICHUE
HeJenu.

Hukro KpoMe y4uuTels He MOXET pe3yJIsTaTUBHO IIOMOYL YUEHUKY YCBO-
HTh METOILI PELICHUs HECTAHJAPTHBIX 3aa4: HH POAUTENH, HU PEIECTHTODSI,
HH Mo0OoM ApYyroi 4en0BeK ¢ aITOPUTMUYECKUMH 3HaHUAMU. Tak Kak Aj1a 310-
ro, BO-IIEPBHIX, HEOOXOAMMO 3HAYUTEILHOE BPEMs, BO-BTOPHIX, HEOOXOAUM
BBLICOKHH YPOBEHb MOATOTOBKH «ITOMOIIHMKaK. HayunTs nnu xots 6b1 nokasars,
KaK OTBICKMBATh PEleHHs CIOXKHBIX 3aJ1a4, MOXET TOJIBKO YUMTENb B KIIAcCe,
U3 ypOKa B YPOK, OCTENEHHO, Pa3BHBAas OJHOBPEMEHHO PENPOAYKTHBHYHO U
TBOPYECKYIO aKTHBHOCTb yYalllUXCs, BhIpaOarThiBas y HUX aKTHBHbBIE 3HAHHUA.
OTO OMAAKTHYECKas JOoTMa. YIuTenb, yOeaUB ydallluxcs NpOABIATE YMCTBEH-
HBIE YCWIHA [IPH PEIICHHH KOHKPETHEIX HECTAHAAPTHHIX 3a/1a4 M YIIPaXXHEHUM,
paccMarpuBaTh MHOTOBapHAaHTHEBIE IYTH NOHCKA NMPAaBUJIBHOTO HX PELICHMS,
JOIDKEH [IOCTABUTE IIEPE] KAX/IBIM 3a1a4y — BEIpab0TaTh CBOH «ITOYEPK» B MBIC-
JMTEIEHOM IPOLECCE OTHICKAHHS CIOCO00B PEIIeHU MaTeMaTHIECKOH 3a1a4u
Ha OCHOBE crielMPUIeCKUX 0COOEHHOCTEN CKIafia CBOErO yMa.

C 3TO# LENBI0 Y4UTENb IpEIaraeT yieHHKaM PEIUTh B TCUEHHE HEIEIH
He MEHee CEMHM 3aJad U3 olpeleneHHoro Habopa 3afanuil. Yyaiuecs MOryT
C/1aBaTh Ha MPOBEPKY CBOM PELICHHs paHblle, HO HE [MO3Ke YCTaHOBICHHOIO
cpoka. KpoMe crenyansHO NoqoOpaHHBIX YUHMTENEM 3a7a4, Pa3sBUTHIO TBOP-
YEeCKHX CIIOcOGHOCTEH yJaumxca criocoOCTBYET pellleHHe MCHXO0NOTHYECKHX
TecToB, onybnukoBanusix B kuure I. 10. Aiizenxa «IIpoBeps cBou cnocobHo-
ctu« (u3n. «Mup», Mocksa, 1972 r.). Pemenue 3ananuii TeCT0OB coco6CTBY-
€T Pa3sBUTHIO YHHBEPCATIbHBIX BO3MOKHOCTEH HHTEIIEKTA BLINOJHATE CAMBIE
pasHble, He CBA3aHHBIE OJJHOH HIeeH, 3a]aHus1, YTO TAKKE OPUEHTUPYET 3a/1aT-
KH yMa Ha [pOSBJICHHE TBOPYECTRA, T.€. KOCBEHHO BJIMAET Ha Pa3BUTHE Mare-
MaTHYECKOro MEIIeHUA. [[05TOMy y4uTenb MOXKET IOCOBETOBATh Y4alluMCs
B KAYECTBE aKTHBHOrO OTABIXA Ha KaHUKYJIaX 3aHAThCs TecTaMu [L10O. Alizenka
4TOOBI «HE pa3y4UThCs JyMaThy.
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EcTb, KoHeUHO, YUEHHKH C BHIAIOIIMMHUCSA MaTeMaTHYeCKHMH CIOCOBHOC-
TAMH 110 MHOTOUHCIIEHHBIM «PELLIEOHHKAM», KOTOPBIE CAMOCTOSTENBHO LUTYPMY-
0T MaTeMaTH4ecKue 6aCTHOHEBI LIKONbHON MaTeMaTykH. TeM He MeHee, B cuty
MH(OPMALHOHHOM HAChIMIEHHOCTH COBPEMEHHOM XXN3HU OOBIYHbIIA POCCHACKUI
LUKO/IBHUK IOCTATO4YHO Pa3BUT, TpeGOBATENEH H YyTKO PEArupyeT Ha BCE HIOAHCHI
nenaroruyeckoro npouecca. [loaromy ans apdexruHON opranusaumy npouec-
¢a 06y4eH s yUHTENIO MATEMATHKU HEOGXOMMO IIPUMEHSTE TEXHHUYECKME cpen-
CTBa: KOAOCKOII, KHHONPOEKTOP M AP. A 3T0 TpebyeT NpenonaaBaHus MaTeMaTUKU
B CHELHAILHOM MAaTeMaTHYeCKOM KaOHHETE, y/10BIETBOPAIOLIEM TpeGOBaHMAM
COBPEMEHHOH METOAMKH, AUOAKTHKY, JyXy HAYKH MaTEMaTHKH U, KOHEYHO Xe,
3CTETHKHU.

CaMo co6o# pasyMmeercs, 4TO XO35MH TAKOro kabuHera o6s3aH JEPKaTh B
CBOEHi ro/ioBe HEKOTOPbIE 3aMeUaTeNbHbIC MaTeMaTHIeCKue GOpMYIIb], 3aMeya-
TE/ILHBIC PABCHCTBA, HEPABEHCTBA U3 PA3/IE/IOB MAaTEMaTHKHM, IPaHHYAlINX CO
IIKOJILHOM NpOrpaMMoi, Hanpumep:

) - -, /-9./¢ P _g_/ql P,
1. Ecm x +px+q~0,Tox—/ 2+/4+27+/ > T+2_7’
2.,/Ai/ﬁ:/AJf/é*’-Bi/A"/zAZ‘B;

3. G =G+ ooy Gy = ) {(l +2/§)"_(1 —2/3)"};

n

r_(_1_.1_1

6 4._1 R
7 e=2+2i!+~31—,+...,
et =—1;

9. e% = cos@ + ising;

<Va a.a < ‘I'—HL:'"—M", rae a>0( = 1,2,..n).

10.

n
1 1+...+

1 1
a + [42] 23

Haxomcs oA NOCTOAHHBIM «MAaTEMATHYECKNMK TNPUALICTIOM NECATKOB mobo-
NBITHBIX, O30PHBIX, HEYCHAYNBBIX LIKOJIBHUKOB, YUYHTENDb JOJIKEH 6bITh B Kypce

BCex COOBITHI U HE TOJILKO MaTeMaTH4YeCKUX, HO H BooOIle HAY4YHBIX, HCITO/B30-
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BaTh B nporecce o0y4eHus aCTPOHOMHYECKHE U GH3NUECKHE 3HAHHUA, TOMHUTh
KBaApaThl ABY3HAYHbIX uHcen, XoTsd Ob1 1o 30, BnageTs NpMeMaMH COKpalleH-
HbIX YCTHBIX BBIMHCIIEHUH, 3HATh aNTOPHTM H3BJIEUEHUS KBAJAPATHOTO KOPHS U3
JICHCTBUTENBHBIX HUCEN, U, BOOOIIIE, 0JKEH 3HATh, 3HATH, ..., YMETh, YMETh,...

B yue6Ho#t u MeToaMYECKOM JINTEpaType HEAOCTATOHHO YAEIEHO BHUMaHHE
YHCIOBLIM HEPaBEHCTBaM (HX 0G0CHOBaHHIO), M0 TPEHUPOBOHHBIX YIIPaXHE-
Ui, ocoGeHHO, Ha HEpaBEeHCTBA C OOBIKHOBEHHBIMH JPOOAMH.

Hiuxe MpUBOMTCS PacKphITHE 3TOrO OyTUMOro npobena meTonoM «be-
cenbI».

HepaBencrBa 00bIKHOBEHHBIX Apobeid

IpoGu — 310 uKcna, HO3TOMY CBOMCTBA YHCIIOBEIX HEPABEHCTB SIBIIAIOTCA
cBoificTBaMu JpOOHBIX HepaBeHCTB. TeM He MeHee, MMEIOTCS HEKOTOphle CIie-
unduyeckre 0cobEHHOCTH pelieHHs NPUMEPOB Ha HEPABEHCTBA, KOTOPkIE TIPH-
cyurd OOBIKHOBEHHBIM ApOOsM.

1.IIponedeemuka

OnpeneneHye HepaBeHCTBA.

Omeem. OTHOLIEHHE, CBA3LIBAIONLEE JIBA BRIpaXeHHs (UK YHUC/A) C TOMO-
111bI0 OJHOTO M3 3HAKOB: <, <, >, 2, #. .

VTouHHUTE 3HAYSHHE CHUMBONA KHE PABHO» (#) .

Omeem. Ecnu a # b, To 310 MOXeT ObITh a < b unu a > b.

Y HepaBeHCTBA Yallle BCero J1Be 4acTy: eBas yacts — JIY 1 npasas 4acTs —
Y.

EcTh 1n HepaBeHCTRa, Y KOTOPBIX TPU 4acTH?

Omeem. Jla, ectb. Taxue HepaBeHCTBA HA3bIBAIOT JBOMHLIMM, HAaNlpUMeEp,

a<c<b/asc<gb.

Kak uuraercs rocieqHee HEpaBeHCTBO?

Omeem. HepaBeHCTBO a < ¢ < b 4MTaeTCA TaK: «¢ HEe MEHblIE g, HO He
6onbuie by.

OnpeneneHus «paBHOY», «GONbILE», KMEHBLIEN.

Omesem. a Ha3bIBaeTCA PaBHBIM b, T.6. @ = b, ecu a — b = 0. Y, HaoGopor,
ccrma—b=0,Toa=>b.

a Ha3pIBaeTcq 6onblIMM b, T.e. @ > b, ecin a— b > (. M, HaobopoT, eciu
a-b>0,T0a>b.

a Ha3kIBaeTCA MEHbLIKMM b, T.e. a < b, ecnu @ — b < 0. Y, HaoGopoT, ecnn
a-b<0,toa<b

DTH OnpeAeeHNs YaCTO PUMEHSAIOTCS NPH A0Ka3aTe/IbCTBE K PEILCHHH He-
PaBEHCTB.
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g.)" -a
bl = b
<+

dro PABECHCTBO NPUMEHACTCA KaK «CJIEBa — HanpaBo», TaK U «CllpaBa —
HAJIEBO».

Haiite GOpMYTUpPOBKY 3TOMY PaBEHCTBY.

Omeem. Crenedb 4acTHOrO JBYX YHCEJ paBHAa YaCTHOMY crene’en genu-
MOTI'0 U ACNNUTENA. O6paTHO: YaCTHOC OOIUHAKOBBIX creneHen ABYyX YUCEJI paBHO
TOMN e CTENEHU YaCTHOro 3THX YHCeJl.

PaccMoTpuM paBeHCTBO: (

AHanornudo asns paseHcTBa: (abc)" = a"b"c”

+—>

ByneM uMeTh: creneHb NpoU3BeJeHUs HECKOJIBKUX YHCEN PaBHA IPOU3Be-
JCHUIO CTENEHEH ITUX YHUCEN C TEM XKe [TOKa3aTeNeM.

O6patHo: Npou3BeieHHe CTeNeHel HECKOMBKUX YHCEN ¢ ONHUM H TEM Ke
IOKa3aTeJIEM PABHO CTCIIEHU MPOHU3BCACHUA 3TUX KE YHUCEII C TEM XKE [10Ka3are-
nem.

OcHoBHOE CBOICTBO ApOGH.

Omeem. BennunHa ApoOH He U3MEHHUTCA, €CJTN €€ YNUCIUTENb U 3HaMeHa-
TeJlb YMHOXHTD MJM Pa3esiUTh Ha ONHO M TO K€ YUCIIO, HE paBHOE HYIIIO.

CoopmMynupyiite cBOICTBO YHMCIIOBOTO HEPaBEHCTBA, €CIIH MaTeMaTUYECKas

3aMUCh ITOrO CBOMCTBA TaKOBa, ecu a > bu m > 0, T0 am > bm n ;% > ;%

Omeem. OGe uacTu HEpaBCHCTBA MOXHO YMHOXHTbh HJIKX pasAC/IUTh
Ha MOJIOXKUTE/IbBHOEC YHUCO, NPU 3TOM 3HAK HCXOOHOIO HEPABCHCTBA CO-
Xpansercs.

ITouck peumeHuii NpuMepoB Ha HePaBeHCTBA 00LIKHOBEHHBIX ApoGeii

—

YCTaHOBHTE 3HAK HEpaBCHCTBA 1—2 # %—5

Omeem. Hafio KOMIIOHEHTE! NIepBOii Ipo6y yMHOXHUTE Ha 5, a BTopol Ha 4,

, OTKyZa CJIeRyeT g(S) < —g—g— . T.k. Ipu paBeHCTBE

yyucnurenei ta 11p06b MCHBLUIC, 3SHAMECHATEC]Ib KOTOpOPl GOJII:IIIC TO %2- %

TOTAA ITOTYYUM: @ # @

‘YcraHOBHTE 3HAK HCpaBCHCTBa #

Omeem. Haio KOMIOHEHTHI 1epBOii ApoOH YMHOXUTE Ha 2, a BTOpo# Ha 3,

_6;& 87 86 87

TOrAa MNMoONny4yuM: , OTKyJda 90 90 ° T.€. IPH PaBCHCTBEC 3HAMEHATE-
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43 29
neft Ta 1po6b MEHbLIE, YUCIIUTEb KOTOPOH MEHBILIE, CNIEI0BATENBHO 7 <

Kakas xpo6s Gonbiue: Zg WK :lg ? KakoBa 0COGEHHOCTH 3THX Apobei?

Omeem. Y1BOEHHBIE YHCIUTENN 3TUX ApoOeil Ha eAMHMIly pasHATCA CO
CBOMMH 3HAMEHATENIAMH.

Kak 6yaem nocTymnarhb B CBA3H C 3TUM?

Omeem. Hano JI4 u ITH nepaseHcTBa ig # % YMHOXHUTb Ha 2, a IOTOM

CPaBHUTH C eMHHULIEN KaXayIO NOTy4eHHY1o Apo6s. bynem UMeTh: 45 # 37 ,

46 36 46 46 36
45> bgg<l,umyz>1>35 37 ,OTKyJIa 10 CBOMCTBY TPaH3UTHBHOCTH 4z > 37,
s 1.

CpasHuTte Apobu (ﬁ)z # (—1-7T)1

Y10 MOXKHO CKa3aTh O pa3HBIX CTENEHAX OAHON U TOMH e NpaBUJIbHOMN 1o-
NOXHTENBHOM Jpobn?
Omeem. V3 1Byx creneneil OXHOM U TOI 5ke MPaBUIILHOMN MOJNIOKUTENBHON

2 3
npobu Ta Gonslile, NOKa3aTenb KOTOPO MEHbBUIE, 3HAYHUT: (%) > (%) .
Hano o6ocHOBaTH. 71"
Omeem. PaccMotpum dyHkimo f(x) = (ﬁ) . Ota QyHKIMA MOHOTOHHO

y6bIBalOIIAs: MEHBLIEMY 3HAYEHHIO aPTYMEHTAa (TI0Ka3aTeNlb CTENEHH) COOTBET-
7 2 7 3
cTByeT Gonbiiee 3HaYeHUE DYHKIMH, II0ITOMY (—ﬁ) > (ﬁ) .

4 3
HmeeM HepaBeHCTBO (%) # (%) . KoHkpeTusupoBath 3HaK «#» (He paBHO).

Omeem. V3 1ByX cTeneHell OIHOTO 1 TOTO XK€ YNCIa, GOJBIIEro eANHULIBL, Ta
5 4
creneHs 6onblile, Y KOTOpO nokasaTens cTeneHy 6onblle, T.€. (3) # (3-) )]

ITouemy? 5\F
Omgem. Oynaxia f(x) = (3) - MOHOTOHHO BO3pacTarolas. IT0 03Ha4aeT,

yTO 6ONIbLIEMY 3HAYEHHIO apIyMeHTa (TI0Ka3aTeNb CTENECHU) COOTBETCTBYET U 6o1b-
wee 3HaueHue GyHKLUHK, no3ToMy (1) ABAAETCS OTBETOM,

K10 moxaxer, 4to f(x) = (%) — MOHOTOHHO BO3pacTatolas GpyHKUMA?
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Omeem. 51 Mory [0Ka3aTh TOJIBKO C TIOMOLIBIO MPOU3BOAHO.
3y = (3} . p3 i)x
f'(x)—((3))—(3) ln3>0,'r.x.(3 >0

npu Mmo6oM AEHCTBUTENBHOM X, ln%

2
Hrak, f(x) > 0 , 3Ha4nT f(X) — MOHOTOHHO Bo3pacTarolias (QyHKIMs, rpa-

>0,T.K.%>l.

UK f(x) = (%) — IVafKas KpUBasi, O/HMMAIOIIAACS BBEPX C POCTOM 3HA4EHUH X.

31 2249
Kakas u3 npobeil MeHb11E 36 WM 57 7
Omeem. DTOT NpUMEP HETPYAHBIA.
8 93 22 31
05 * 108 ™ 108 <108 ~ 27 <36 -
Kro npeanoxut apyro# cnoco6?
22 31 5 5 22 31
Omesem. [lpoGb 55 nanbuie oT 1, yem 36 » TK. %7 > 36, 1OITOMY 55 <3¢

KTo npesio)UT TpeTuii croco6?
Omeem. Hago o6e yacTh HepaBeHCTBa yMHOXHUTh Ha 108, Torxa nonyyaem

.22 31

108 - 53 # 108 3¢, 88 # 93, 88<93. M
22 31

VYMmHOxHM 06e vacty (1) Ha 108 , ONYunM 55 < 3z

Ko npennoxut eile oanH cnocob pemieHus?
Omeem. YcraHoBuUM 3Hak pazHoctd Mexay JIY u IT4:

31 _22_93-88_ 5 ¢ .. 31 31

22 22
3627~ 108 -—108 0 TK35 727 0T°3_6>27

1-115 ” 13-23

YCTaHOBHUTH 3HAK HEpaBeHCTBa 56163 32 64"

KTO npeasio)uT aaropuTM pelieHus 3Toro npumepa?

Omeem. Hajio yCTaHOBUTB 3HaK HepaBeHCTBa y Apobeit 56 o B %ég # 55

3aTeM MEePEMHOXHUTE (MOWIEHHO) Apo6H OXMHAKOBOIO CMBICHA C NONIOXKHUTENb-
HbIMU vyacTaMU. UTak,

54

11 13 55 65 115 , 23 115 , 115

56 * 64 567 64 163 7 32 163 7 160°
115 115

55 65 . 55 gg us s

56 <64 TK 356 < <1l,—=>1,T1e. 163 160

65 55 I

e >1> Sg TOrAa Mo CBOMCTBY TPaH3UTHBHOCTH 115,23 3

65 55 11 13 163 =32 @

KTO BBINOMHMT 3aKIH4M T¢I IbHOE PABHOCHIbHOE Ipeobpa3oBaHue?
Omeem. HepaedcTsa (2) ¥ (3) O1MHAKOBOTO CMBICHIA C MTOIOKHUTELHEIMH
YACTAMH, IOITOMY UX MOXHO MOYIEHHO NMEPEMHOXHTD, NOJy4Y1M HEPABCHCTBO

T 11-115 _13-23
TOTO Xe CMBICNA, T.6. Z¢ {63 <37.64 * 11OH TpeGoBanoch yCTAaHOBUTE.

2 k)
YCTaHOBUTE 3HAK HEPABEHCTBA (%) # (%) :

KTO BBINOJIHMT MaTeMAaTHYECKOE HCCeAOBaHHE CTPYKTYPhbl 3TOrO MpH-
mepa?

Omeem. ViMeeM [IBe CTENIEHN Pa3HbIX NPABAIIbHBIX MOJIOXKHUTEIBHBIX 1pO-
6eit. [TokasaTenu cTeneHed pa3Hpie Uucna.

Hmeem Takxe:

95
)< ®

U3 (4) u (5) cnenyert, uro JIY 3TuX HepaBeHCTB HE NOAJAIOTCSA CPABHEHHIO.
Ha/io McKaTh HOBBIE yTH CPABHEHUSA NMPEUIOKEHHBIX CTENEHeH IByX NpaBuiib-
HbIx npobeit.

KTO pe3ynbTaTUBHO OCYLIECTBUT 3TOT MOHUCK?

Omeem. MoxnO MHE?

[Noxanyicra. 732

Pazmenum ofe 4acTH MCXOJIHOrO HEpaBeHCTBA Ha (ﬁ) , MONy4UM

s 11y, (7)) (55\* . (7) (55 55 .1 (§§(l)

(3-4) # (&) (35) # &) (E) > 1,33 > Ly} < 1, norowy 5>\
2

YMHO)KI/IM 066 4yacTHu HOH}"[CHHOFO HCpaBCHCTBa Ha (‘17—1) , ﬂOHy‘lMM

s AP B
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JlomamHee 3anaHue:

[Moprorosurecs K «O030py» CBOHCTB YHCIOBEIX HEPABEHCTB!

1) hopMynupoBKa CBOHCTB YHCIIOBBIX HEPABEHCTB «CJICBA HALIPABOK U «CIPaBa
HaAJIEBO», HX MaTeMaTH4eCKas 3alliCh;

2) 10Ka3aTeNnbCTBO HEOOPATUMOCTH, TPAH3UTHBHOCTH M MOHOTOHHOCTH;

3) HepaBEHCTBa, COAEPKALUE MOAYIE;

4) HepaBeHCTBO (IBOWHOE) O CpPETHUX BENHYHHAX.

KaxxioMy y4eHHKY BBIAAETCA KapTO4Ka C 3allMCAMHU CBOMCTB YHCIOBBIX HEpa-
BeHCTB. [10 3THM KapTOYKaM KaXIbIf YUCHHK TIIATCILHO MOTOBUTCA A0MA,

3aBepiuaercs yu4eGHBII roj, COITACHO H/ee HHHOBALHOHHOI0 00yy4eHUs U I1CH-
XOJIOTO-IIe/IaTOTHYESCKHM YCTaHOBKaM, Ha «BBICOKOH yueOHOH HOTe». A HMEHHO, IIOCTIE
[IOBTOPEHK:A MPOrPAMMHOTO MaTepuaia U KOHTPonbHOH pabotsl B 1yxe EI'D yua-
LIUMCA PEKOMEHAYeTCA IPUHATH y4acTHe B « KOHKypce MaTeMaTH4ECKOH 3Py UMLK
u cmekankn». Kaprouku ¢ 3anadamu «KoHkypca» pasMHOXaroTcs Ha kcepokce. Ilo
HHM yYaIpecs roToBsITcs JoMa. Pemienis u oTBeTH 0OpMISIOT MUCEMEHHO Ha pa3-
BEPHYTOM JHCTE MKONBHOH TeTpany. Ha cienyiomuit aAeHs, 0Cie MoayYeHus 3aaa-
HHS, CIAI0T YIHUTEIIO.

Ha 3aHsaTHH, OCBAILIEHHOM OKOHYaHHIO y4eOHOro roja, y4ureib NOOMmpHeT
OTIMYHUKOB [10 MaTeMaTHke U npu3epoB «KoHkypca». Pesynsratel « KoHKypcay» BbI-
BELIMBAIOTCA B KabHHeTe MaremaTuku. [IpuMepHas xapTodka ¢ Bornpocamu «Kon-
Kypca» IpHIaraeTca K TekcTy JanHoro «I[locobusa«. IIpuinararoTes Takke TEKCThI IPU-
MepHbIX «O0630p0BY», a TAKKE YKa3aHUA M OTBETHI K HUM.

O030p CBOWCTB YHCJI0BLIX HEPABEHCTB.
3ameuaTebHbIC HEPaBEHCTBA

lLa=bea-b=0;

2.a>bea-b>0;

J.a<bea-b<0;

4, HeoGpatumocTs HepaBeHCTBa @ > b < b <a;

5. TpaH3WTHBHOCTH HEpaBeHCTBA d > b >c = a>¢;

6. MOHOTOHHOCTB HEPABEHCTBA a > b U m — 1060 AEHCTBUTETIEHOE YHCAO,
Tormaa + m> b +m;

7.a> b+ m, u m— moboe NelCTBUTEILHOE YHCIIO, TOTNa a —m > b;
8.a>buc>d,ormaa+c>b+d,
9.a>buc<d,tormaa-c>b-d,

10.a>b,um>0, Tormaa-m>b- m,
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1l.a>bum<0,torHIa @ - M < b - m;

-d

a>b>0,
2. = a-c>b
c>d>0.
13.a>b>0, un € N, torga a™ b" n’i/a>”/5;
1 1,
l4,a>b>0‘=>'a<y,

15.1a + bl < lal+ |bk
16.la — bl = lal-1b};
17021 c > —c<x =

c,

x =
18132 ¢ = [FZ6,

<Va a.a

1 1
a a T O

ct+.. + 0
- n

,rge @a>0( = 1,2,.

).
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IHpunoocenue

Ipusonum kparkue PCLICHNA 3312y, 3aJJaHHEIX HA OM.

Tema «Cymma yrmos TPEYTOJILHUKAY.

Crencrus us Teopemsi o CYMMe YITIOB TpEyTO/IbHHKA.

Cneocmeue 1. ThoGol BremHuii YTOJl TPEYroNbHHKA PaBEH CyMMe RBYX
BHYTPEHHHX YIJIOB, HE CMEXHBIX C HUM.

Hoxazamenvcmeo:
£4+£3=180°(cymma JBYX CMeX- 2
HBIX YIJIOR).

L1+2£2+4£3=180° ,

T4 5THx pasencTs pasusl,

103TOMY paBHBI 1 JIY: 1 3\ 4

LA+L3=L1+£2+ 43,

LA4=L1+L2, 4Ty,

Cneocmsue 2. B TPEYTOIBHUKE MOXET OBITh TONBKO OQMH NpsIMON yroJ.
Ecnun ponycrurs, yro B TPEYTONEHHKE MOTYT GbITh 1Ba U Gonee MpAMbIX yria,
Torna cyMma BCex yriioB TpeyronbHuKa Gyaer 6oblie 180°, uTo HeBoO3MOXHO.
Tlporueopeune.

Cnedcmeue 3. B Tpeyronnuuke Moxer GBITh TONIBKO OIMH TyNO# yron, Ho-
Ka3bIBACTCS ITO C/IECTBHE TAKKE KaK M ClIEACTBUE 2.

Teopema. Cymma BHewmnmx YIIIOB TpeyrojibHuKa paBHa 360°, Hossli crio-
co6 nokasarenscTpa.

37 c
A 2"

ITosepHeM AB Ha £ 1 no X0y 4aCOBOIi CTpenku okoo (*)B.

Torna 4B 3aiiMer nonoxenue BC. 3arem, BC = 4B okono touku C IoBep-
HeM Ha £ 2. Torna BC = AB 3aiimet nofoxenue CA.

Haxoneu, C4 = BC = 4B TTOBEPHEM OKOJIO BEpIIMHEI 4 Ha / 3. Torma AB
3aliMeT CBOe NepBOHAYANBHOE MONOXKEHHe, Cymma yrios Bpamenus (noBopo-
TOB), PaBHAss CyMMe BHELIHHX YIJIOB TpeyronbHuKa, pasua 360°, T.k. npsmas
AB coBepiuuna nonHwii 060poT Ha yron, paBHsIii CYMMe€ BCEX €ro BHEIUHHUX
YIIOB, 4.T.1.
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TpaauumoHHsil ciocob.

LA + £3 = 180
+{4B + Z1 = 180°;
LC + £2 = 180°%

(LA + 4B + Z0) + (LY + £2 + £3) = 540
180° + £1 + £2 + /3 = 540°%;
41 + 42 + /3 = 360° yT1p.

Ne 231. (c1p. 68, «'eomeTpus 7-9», Aranacsn JI. C. u ap.).
Mennana AM AABC pasua % BC. loxaxxute uto A4BC ~ npsMOyronsHbiit.

B
M
1
A C
T.x. AM = MB = MC, 1o Tpeyronstuku AMB u AMC — paBHOOEpEHHBIE.
Ll = /G
T2 = ¢

L1+L2=LB+LC=180°~LA;L1+L2= 180°-ZA4,n0 £ 1+
+L2=LA,totna LA+ £ A=180°, 2Z£A4=180° £ A =90°, u.t.n.

Ipumeuanue penaxropa k 3anaue Ne 23 1. MoxHo 110Ka3ath 1 Tak. Touxyu A BC
PaBHOYMANICHbI OT TOYKH M, ClleI0BAaTeNBHO, JIEKAT HA OKPYKHOCTH C LEHTPOM B
To4Ke M 1 paguycom AM. £ A — BnucanubIii yrom, onmuparomuics Ha guamerp BC
OKPYXHOCTH. [ToatoMy £ 4 = 90°.

Ne 233.

Hokaxurte, 4To GUCCEKTPUCA BHEWIHErO YIvia TNIpY BeplunHe paBHOOeApeH-
HOro TpEYronkHMKa, Napaie/ibHa OCHOBAHMIO 3TOT'O TPEYTONbLHUKA, T.e. BZ||AC.

D
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LDBC=LA+LC=2/C,1x. £LC= L A.
1
£ ZBC =2— £ DBC, BZ — 6uccexrpuca £ DBC.

Ho £ ZBC = £ C, xax HaKpecCT Jiexallne yrsl, nostomy BZ(AC, u.t.x.

K 3agpaue Ne 1,

1. BricoTa TpeyronsHoi nupamuzsL, Y KOTOpO#f [I0CKKME YIIIBI PH BepIIU-
HE IIPAMBIC, TPOEKTUPYETCS B OPTOLIEHTP OCHOBaHHs. JlokaxHTe JBYMS CIIOCO-
GamMu: TPaIMIIMOHHEBIM H METOI0M BEKTOPOB.

Jano:

SABC - tpeyronbuas nupamuna, Y KOTO-
poit £ ASC = £ ASB = £ BSC = 90°;
SO L (4BC)

Hoxasats, uto (*)O— oproueHntp AABC.

Hoxazamenscmeo:
IIpoBonum npamyio AE uepes Touky Q.
Tk. AS L SBu AS 1 SC, 10 AS L (BSC), Torna BC L AS u BC 1 SO,

3Hauut BC L (ASE), Ho AE = ASE, torna BC L AE, cnenorarensHo, AE —
BeicoTa AABC.

AHanoru4Ho jokaxem, 4to CZ — TOXeE BbICOTA AABC, Touxa O — ocHOBa-

HHE BBICOTLI TMPAMUUIBI JIEXUT Ha ABYX N€peceKatolyxcs Bbicotax A4BC, 3Ha-
9uT (*)O COBNAAET C TOUKOM MX fepeceueHus, 4. . .

J10Ka3aTeNECTBO € NOMOLIBIO BEKTOPOB.
Tlyers S4 = ¢: SC =a; SB=5, torna AC=a—c.

Haxomum AC-SB=(a—c)-b=a-b—b.-c=0-0=0 , Torna AC L SB
cnenosareinsHo, BF 1 AC no TeopeMe o Tpex NepreHauKynspax.

AHanoruyHo nokassiBaeM, 4to CZ — Toxe BBICOTA U T.A., 4.T.1.

2. Jlokaxute, 4To m0G0e HaTypatbHOE YUCIO

n=—Inln?¢. e

n
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Joxazamenscmso:
~Inin¢ E/T/E =— lnlnerl—" =— ln(% ‘ lne) =— ln(% : 1) =—{(Inl - Ine") =Ine" =n,u.1.1
LA —

n
3. ITapaGonuueckuit cerMeHT — Qurypa, OrpaHuUeHHas npsMof#i, nepecexa-
tomelt napaGony u napabonuyeckoil Ayroi, orpaHiyeHHOH TOUKaMU fepeceyve-
HHA NIpsAMoOit ¥ mapabonsl.
Bospmem npocreftiiumit cnyqait: y = x; y = x2

A
0 Y

y=x

VN

Swe = fol(x — x¥dx = (—%x’ - %x’)

Omeem: % KB. €].

K 3apaue No 2.

1. Pemunte B HaTypabHBIX YUC/IAX CUCTEMY YPABHEHMIA:
x+yz=19,
{x+y+z= 14, rmey<z

Pemenne

x+y+z=14,
{x=19—yz=>19—yz+y+z=14=o~yz+y+z=~5<=
= yz—-y—z=5=y@-1)-z+1=6;
Ye-D=-(z-1D)=6e=-DOG-1)=6=16=2-3 =

y—-1=1 y=2
z—1=6, \ =1,
= y—1=2,=' y=3
z—1=3. z = 4.
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I/IMeeM:x+y+z=14;x+2+7=14;x+3+4=14,xl=5,x2=7.

Omeem. {(5:2:7),(7;3; 4)}.

2. B Tpeyro/ibHiKe NpoBesieHs! TPH MeanaHbl. O6pa3oBanock WeCTh paBHO-
BEJIMKUX TPEYTOJIbHUKOB.

Joxaxure,

SAOE| = %‘SAOC = %‘(%‘SABC) = %SABC.

T.x. nnomanas TpeyronsHNKa, B3ATOrO HAyraJl, 0Kazanach %Suc , TO IO~
INa/b KaXIOro M3 OCTABLIMXCSA TPEYTOJILHMKOB paBHa %Suc , T.e. BCE LIECTh

TPEYroJIbHHKOB PABHOBECJIMKH, 4.T.1.

3. Pewnte cucTeMy ypaBHeHMIA:

(x+3=x+3, lx+3|=x+3,‘= x4320 _ [x2-3_ . _.,
(x—3*=3-x Ix—3|=3-x x-3<0 x<3 =
Omsem: [-3; 3].

4. Haiity max(ab), ecru a +2b=1 (1), rnea# b # 0.
YmuoxuB obe yactu (1) Ha b # 0, nonyuum: ab +2b*=b, Tx. b # 0.

1 1 11 1 1
=22 +b=2(? —=b) ==2(h* =2e—bt ———) = 2((b~—)} ~—) =
ab=-2b*+b b 2) ® TLARY3 16) (« 4) 16)
1, 1
==2(h-=)"+-.
( 4) 2

Tk. -2(/7-%)2 <0, to max (ab) =é )

Omeem. max(ab) = 1

(e 2}
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5. Tpaneuus paszeneHa AMaroHaIAMH Ha YETHIPE TPEYTONbHHUKA.
Yemy paBHa NoLLaAb TPaANELMH, ECIH UIOLUAAH TPEYTO/IEHUKOB, IPUIIEKa-
IIMX K ee OCHOBAHUAM paBHbl 4 U 9.

Pemenne

S, DO?
S BO*° Q)
2
5. _A0 (2)
s, CO?
T.x. ABOC < AAOD, To Q=f—0- 3)
BO CoO
H3 (1) n (2) ¢ yuetom (3) umeem:
=i 81=5,8, 5. =5, 75,5 5, =5,
c b

S =S, +5,+S.+5,=85,+5,+2S.-5, = (/5. +/5, ).
Omeem. (w/§+ﬁ)z =(3+2) =25 (xs. en.).

K 3agaye Ne3.

1. Cronsko Hyne#t B xoHule uncna 100!

B paseepHyToM ¢akTopuane uucna: 100! = 1«2 3« ., « 99 « 100;
KaXJ0€e BTOPOE AEJMTCA Ha 2, a Kaxjoe HATOe AejiTCA Ha 5. Konnuectso
YHCeN, AeNAIMXCA Ha 5 onpeaesnsioT Yucno Hynel B koHue uucnaa 100!, T.x.

IATCPOK MCHBLIE, YEM IBOCK, a UX MPOU3BCACHHUE JA€T HOJIb, TO HAJ10 COCYM-
TaTh YHUCJIO MATEPOK.

i[lfvo]=[m]+[@]+[%]+...= 20+4+0+...= 24,

o 5 5?
Omeaem. 24.
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2. Boigenum u3 HP (HaTypanbHstii psia) MHOXKECTBO k MOC/E0BAaTENbHbIX
yucen. Jlokaxem, 4TO OIHO U3 ITUX YUCEJT AENIHTCA Ha k.

Mycts M= {n+ 1,n+2,..,n+k}, n— moboe HaTypaJibHOE THCIIO.

Uncna U3 M npu fenenuu Ha k natoT pasuele octatku: 0, 1, 2, .., k-1.
JelicTBUTENbHO, eciy, HanpuMmep, 1 S i <j<k 6buo Obl 1 +i= kit +z u
n+j=kt,+z, 10j—i=k(¢,~1) Te j—I IENUTCA HA k, yero GbITH HE MOXET.
Tak xaK KOJMYECTBO YMcesl B M M KOJIMYECTBO BO3MOXKHEIX OCTATKOB COBNaza-
IOT, TO KaKO€e-TO U3 M naet npu AeJIeHnH Ha k octarok 0.

3. BuccekTpuca NIpsaMoro yrja TpeyrojlbHUKa JETUT NPOTHBOJIEKAIIYIO CTO-
pOHy B OTHOIIeHHH 1:3. B KakoM OTHOLIEHWH JEJIUT e BLICOTa TPEYroibHMUKA,
npoBefieHHas U3 BEPIUMHBI IPAMOro yrna?

L | || SR,
O

AD _ 1
CD — 6uccexrpuca £ C, Torna DB = 3 HO

SIS
NS

, IOITOMY % = %

4, Pemiute HepaBEHCTRO:

|[1131x — 1471 + 1571 1671+ 77| < 93,

“H31x— 147/ +1571-1671 < 16, Tk §|I31x - 1471+ 1571- 167/ 2 0 7750,

~16 <||31x — 147| + 157| — 167 < 16, 151 <|[31x — 147]+ 157| < 183,

151 < |31x — 147| + 157 < 183, —6 <|31x — 147| < 26,
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[31x — 147] < 26, —26 < 31x — 147 < 26,

121 < 31x < 173, 1—211st1—71§;
28 . <518
351 Sx =57

28,18
Omegem. x € [3ﬁ,531 )

1
5. Pemnte ypaBHeHHE X 3 (log,, 9+1log,, 49)=0

Pemenne:
x—%(log“ 9+log, 49)=0, x—(log, 3+log,7)=0,

x—log,, 3-7)=0,
x~-1=0,
x=1.

x—log,, 21=0,

Omeem. 1.

K 3apnaue Ne 4,

1. Ha crene sucut moprper. Cnipocru N: «Heit noprper?». N oteeti: «Oten
BUCSILIETO €CTh SAMHCTBEHHBIN ChIH OTLIa roBopsinero». Oreu BUCAIIEro 1 CbiH
FOBOPSILIETO — OJHO M TOXKE JINLIO.

Omeem. CelH N.

2. HoBoroznnsuit rych Ha 25% Tskenee yTku. Ha CKONbKO MPOUEHTOB yTKa
nerve rycs?

HUmeem: x = y+iy , T1e X — BeC T'ycs; y — BEC YTKH.

x =%y , OTKya y = f;-x =80%- x, T.e. BeC yTku cocTasnser Toapko 80% Beca

rycs.
Omeem. Ha 20%.

3. BpiuuciuTs mnnolaas GUrypsl, 3alaHHOW HEPaBEeHCTBOM:
lx—2l+]y-1] <6
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______ SN
8 Xx

D

Crpoum ¢urypy. Ilonaraem [y — 1] =0, Torna y = 1.

y =1 —aro npsMas, napaensHas ocH OX.

Ecm|y—1/=0,To|[x —2|<6,0TKyma 6 <x—-2<6=>-4<x<8
Hrak, ecrmy = 1, To -4 <x < 8.

Teneps, nycTs |x — 2| = 0, x = 2 — 310 NpsAMasg, napamiensHas ocu OY.

[y-1/26=-6<y-1<6=-5<y<T7

Hrax, ecim x = 2, To — 5 £ y £ 7. D10 kBagpart. Ero ruioniaaes pasHa

Suo=2AC-BD =1 12221144 =72 (k8. en)

1
2

Omaem: 72 KkB. eql.

0630p cnocoboB pemennii cuCTEM YpaBHeHH cTelleHH
BbIIIE NEPBOI

x+y=5, 4 2x~y=10,
xy =4. ) xy—12

4

x+y=2, y 3

5. y x 15

xy =~15. 2 24

xt+y? =34,

3. +xy=2, 6. X% +xy =6,

y=3x=17. Xt —xy=4.
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16.

{x +y’ =35, 17. {x2‘5y2=—1»

x+y=3. Ixy+Ty° =
- —3xy+yt=—1
g |¥ = 18. 10T
xt+y? =41, 3x’ —xy+3y° =13
0 5x% —6xy+5y? =29, l+l=%,
" 7x? -8y + 7y =43, 19. {* 7
1,13
1. {x3y+xy3=300, X2 p 4
2 2 _
xy+x-+y =37, x’—y3=218,
12 {( x+y N 8-x)=10, 20. XX +xy+yr =109
(x+y X5-y)=2 =2,
x> =5y* —3x—y+22=0, 21, jrz=6
13. x -3 X y-2)=y'-3y+2. xz=3.
22, [Vr+dy=s.
o +yt =41, : _
4.1 o xy =6
> : Vx+ y =3,
ﬁ_\P:é 2. 9 .,
15. y x 6’ xy =
x-y=5
OTBernl M yKa3aHHs K 3aJaHASM 0 TeMe
«0G630p cnoco6oB pemeHHil cHCTEM ypaBHEHHIA
CTeleHH Bbllle NEPBOii»
1.{(4;:1),(1;4)}. 5. {(x5 = 3),(x3; £ 5)}.
2. {(=3:5.(5: - 3)}. 6( 5+-_)
{- } 73
3{(573) -2}, 7.0
4.{(s; 2) (- 1; - 12)}. 8. {(3:2).(:3)}.
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9. {(/3%£/7),(-/35, £ /7)}.

10. {(3;2),(=3; - 2).(-2; - 3),(2;3)}.

11. Vkaszauue
x%y + xy* = 300, -
xy + x>+ y? = 37
=2 —=37t+300=0, t = xy.

16. Vkazauue
4yt =32,
2 2 At
x“+y°=8.
¥ +2x7y% + vt - 2xyt =32,
2 2 A

64 =32+2x%y?, {16= x*y?,
(=

BC=10,4c=32,| 1L
s " Z MAC =45°,
MB=MC Ha#itn yrmer poM6a, eciii ero AMaroHaIu
. aBHBl 2+/3 ® 2.
¢ Haittu S, . p V3
A 32
A
6. B c 12.

' ABCD, AD =8,
AB=CD,
AB=9,4C=11,
ZBCA=/CAD
Haiitu BC.

TTocTpoHTs TPEYTONBHHUK IO CEpeUHaM ero
CTOpOH.

HT.AO.
12. {[7%;4%)(—2;3)}. X +yt= *+y*=8.
17.{+ : ( l-+l)}
13. VYkasanue (2 £ 1) 3231
{x2—5y2—3x—y+22=0, o 18. {(£2; £ 1),(£1; £ 2)}.
=3 X y-2)=y*-3y+2. 19. {(1;2),(2; 1)}.
xt~5y* —3x—y+22=0,
HT.N. {7 5),(=5; — )t
o 20. {(7:5).(-5: - 7)
21, {(x1; £ 2; £ 3)}.
14, {(£5; £ 4),(x£4; £ 5)}.
{ M )} 22.{(9:4).(4,9)}.
O630p cnocoGoB pemiennsi H3GPaHHDBIX 3324 JIAHAMETPHH
1. pos . b=3,4B=5a=4
"1 BD - 6uccextpHuca. Haiitn b, a , h.
| i Jlokaxwure, 4T0
| AD _ AB
. y . DC ~ BC A B
c
2. a " 4.
D ¢ ABCD - Tpaneuus,
ACIDB; £ DAB=9(°,
MA —xacatensHas, AB=6. 4D =4.
MCB — cexymas. Haiitu DC.
JoxaxuTe, 4yTo
MA?=MB « MC.
A B

68

A D
7. B 13.
N
¢ [lokasats, 4TO TpeyromeHuk, y xotoporo P = 18 cM,
M AB+CD= HENUTCA MEQHaHOM Ha ABa TPEYTOIBHHKA
p =AD+BC. cP =l4cmuP,=16cm.
Boraucmuts 1nHy MeuaHsL
A Q °
8. 14.
B
7 v € 4BCD - pomo, © ABCD- KBaZIpaT co
£ DAB = 60° CTOpOHOH 1.
P =24 ' 1 Beracnuts
A Hf;fﬁn S TUIOIAAE BCEX
45D, JIETIECTKOB PO3ETKH.
A ° A ]
9. 3} 15 &
AB=BC,DE =38,
AC=18 AB=BC,BK= 12,
o e DElAcC, DFlac. A N
@ Haittu 7. Boryuenuts P, .
AN CAJA
A TF [+ - A
10. ABCD — napanne- 16.
8 F ¢ JIorpamM, B AB= 8,11(3)151{ 5,
AF —6uccextprca £ 4, Spsu= >
BE—6uccextprica £B. AM = MC,
Jlokasars, yro AB>AM.
A" 3 b ZAOB=90° A c Boruucnuts AC.
’ M
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B4, =AC,

AB =B, BM=MC, AM=18,

S,0.= T KB.CE. MK =8,BK=10.
Brraucoute AC.

Brraucmurs S  BC.

20.
AB=BC,AB=4, Bricorst AH n BK' AABC nepecekarotes
BO = OD B (*) M, Haxoznsmeics BHyTpH Tpey-
MN||4B, BD LAC. ToneHUKAa. ZAMB = 105°. Beruvcnuts
Brrascants MN. ZABO, e (*) O — neHTp OKPYKHOCTH,

ONHCAHHOH OKOJIO 3TOr0 TPEYTOJIbHHKA.

OTBeTBI H YKa3aHus K 3aqavyam «06301)3» o IVIAaHUMETPHH

1. Crpoum CE|BD, ucnions3yem teopemy daieca.

2. AMAC — amap, M4 _MB
MC  MA
3. B*=4B-b,; 9=5-b; bc=2; H T.1. li;3l;23.
5 57573

4. ADFC = AAFB,u3 ADAB Haxogum DF u BF, DC=2§.

5.21 ks.en.
VYkazanue. Us AAMC 1o Teopeme KOCHHYCOB BRIYHCIIEM AM, 3aTeM HaxoxuM S, , Toraa
Sisc =2"Siuc-
6. Io TeopeMe KOCHHYCOB BLIMUCIHM ZCAD . BC =485
7. Micnone30BaTh CBOMCTBO KacaTENbHBIX, IPOBEAECHHBIX K3 OJHON TOUKH.

8. SABCD=_;"AB'AD'S1'YI6OO=9‘\/§, 9‘/5:%‘13,4300"" r=%\/§.

9.AF=5,4D=13,DF =12, r=6.
10. £BAD + ZABC =2d, %ABAD+%AABC=d HT. O
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1. 60°120°.

12. Mcrionb30BaTh CPefHIOK JIMHHUIO TPEYTONBHHKA.

13.6 cm.
14,222
2
15. P, =45. Ykazanue. CK — GuccekTpuca, mo3ToMy %_: % HT. A

16. Halitu £4BM o dopmyne S ,,,, =%-AB~BM~Sin¢ uT. A AC=14.

17. Ioctpouts TpeThio Meauany. O6pa3zoBaIOCh IECTh TPEYTONBLHUKOB, OHH

PaBHOBC/HMKH. S,,. =21 KB.€x. ;

8. MO:%AB, 0N=%DF, MN=MO+1=3.

19. 15.
Vxazanue. AM - MK = BM?, AAMC < ABMK 1o IByM yriam u T. 1.
20. 15°.

Yxazanue. BnyicaHHBIH YTON M LIEHTPAIEHBIH OTHPAIOTCS HA YTy = 150°.

O0630p cioco0oB pelieHust H30pPaHHBIX 3224 CTEPEOMETPHH

1.™ ABCD — Tpaneuus, 3. ‘.:\‘~ D.
’ BCl|4D. NN
H AR A
: (MAB) L(4BC), 8, AN f:%ﬁpo xy6a paBHO
g" o %CCTI}),)(;(: g}f!o‘ry ,’I E ,‘*\F ) . Hajitn paccrosnune
E nupamusl. Yrto Gyner ,’, ,(’:L‘::X-_'_: t==70 ot C no (BC.D).
'“:;"'-"B s BBICOTOW mupamMuisl? s VeI LN A

2. [ D,

' Han ky6, pebpo B kxoHyc BmucaH miap,

iy A KOTOpOro paBHoO 1. ZSAB = 60°,
! Brraucnonte
! it .V
: Kparyainiee Hajita 2+ .
T | --Jp pacctosHue MexOy Ve

. A u C,| mo nosepx-
8 A HOCTH Ky6a




5. c N o B uwmnap snucan

11. Kaxnoe 6oxoroe peGpo
' NHPaMHIBI PaBHO «[lt’:p

AB = 1, DOL(4BC),

AC=2.

(*)O — ueHTp ommcaH-

HOH OKPYXHOCTH,

ZBAC = 60°.

Beruncnute V.

17.

IMnomann Tpex rpaHci NPAMOYTOJNBLHOIO
napajuiesenuneaa paBHel COOTBETCTBEHHO 6,
6 u 9 xB.ex. Haiith ero obmem.

19.

Inomans 0ceBOro ceYeHUA PaBHOCTOPOH-
Hero UMIHHApa paBHa 36 xB.ex. Haiitu ero
obseMm.

mIap.
Haiitn Zﬂ .
Wy
B A

6.

B unnunnp snucan map (cMm. puc. B 1.5).

Haiitu S_m .

Sy

Jlana mpaBuIbHAs

YEeTRIPpEXYroiabHas

NHpaMHUa,

ABCD — xBappar,

. LMNO = 60°,
MOWACD),

MO =24/3.

Briyuenuts S, .

Uepes cepelMHBI Kax-
nIBIX Tpex pebep kyOa,

BHIXOJAINMX W3 OAHOM
BCpPHUINHEI, TIPOBEACHEL
cevyenns. Hailtn o6nem

(I, l--; o6pasosasimerocs
4 MHOTOrpaHHMKaA, €CIH
pebpo ky6a paBHO 1.

18.

20.

IIpaBuneHas TpeyronbHas npusma ABCA B.C,
BmHcaHa B chepy paauyca R =0,5Jl_1 .
Mpsamas BA, ¢ (BCC)) obpasyer yrom 45°.
Boiunciuts V.

ABCD — npaBunsHsI#
¢ retpasmp, allAD, of BC,
MQ — cpenuss nuHuA.

JokaxwuTte, 4ro
MNPQ — xBagpar.

13. H3 opHolt TOukM
cdephl IPoOBEaCHE!
TPH TNONAPHO
NEepHEHAMKY IAPHEIE
xopasl a, b, c.

Haditu paguyc
chepti.

V) R, Y — uncno sepmuH, peGep u rpaHei
yceueHHoH nupamuasl. R = 33,
Haiitu V+ R+ Y.

14.

Juaroname xy6a pasHa 6 cMm.
Hafinute niomane NOJHOM NMOBEPXHOCTH
Kyb6a.

Oxono KoHyca
onucaHa chepa,
MO = NP,

S, =2,4.
Haiitu nomans
coepsl.

15. BricoTa HaKJIOHHOM MPU3IMBI,
OCHOBaHHEM KOTOPOH CHyXKHT
IIPaBHIBHBIH TPEYTONBLHUK,

\ paBHa /3 ,

5 “pasHyc OKpPYKHOCTH,

\’\\__ \onucax—moﬁ O0KOIO

e OCHOBAHH, PaBeH 4.
Beryucnurs ¥V

npuzmbt

\
N
\
S
s 4

B abcTpakTHOM MHpe FEOMETPHH CYLIECTBY-
KT TOJBKO NATh BHAOB IIPABHIILHBIX MHOIO-
[PaHHUKOB: TETPadJip, IeKca’Ap, OKTasap,
JOAEKayp M HKocasap. Jokaxure.

B ocHoBarumn
TIPaBUIILHON NHPaMHIBI
JICKHT KBaJpar co
croponoit 2/3 . B
MHpaMHy BIMCaHa
¢ cdepa, MOBEPXHOCTH

KOTOpOH paBHa 47,
Bruuciuts Vm‘p

am.
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OTtBeThl, YKa3aHHuA K 3aga4aM «O030pa 1o cTepeoMeTPHID

1. CBOIiCTBO THHUM NEPECEUEHHUA IBYX MIIOCKOCTEH, IIEPIIEHAMKYIISAPHBIX K

TpeThEH.

2. +/5. PaccmoTpers pa3BepTKy Kyba.

3.1

AC,CO, B XoTOpoM CF 1C,0 u CF 1 (BC,D), Tk. CF1C,0 u CF1BD —

JB€ IepeceKaroIuecs npsamele, nexamue B (BCD).

1

4.2 .
2
5.3‘
6. 2
"3

7. Pemenne. MNPQ — pom6, BD 1 AC , MQ|BC,MN |AD , Torma

ZOMN =90° , I.T.A.
8. 2.

Yucno 6oxoBeIx pebep — 33:3=11 n 7.

9. 15.

10. PaccMoTpeTs ynauHoe ceyeHne KomOuHanuu tei. MF =2R (R —paauyc

ctepor) MP? =2R - MO u T.11.
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1. 1.

Ykazanue. Ilo popmyne § = % HaxonuMm R=CQO, 3arem naxoaum DO.
12. Ségx_ = 32 kB.eq.

1 2 2 2
13. ?/a +b° +¢*. JlocTpouTs 10 NpSIMOYTrONBHOIO Napasuleseltnesa.

14. 72 xB.en.
15. Vkasanue. a, =R3 u 1A
16. 12 ky6.en.

17. 18 xy6.en. Vkaszanue. Usamepenus: x; y; z. Coctasutsb CHCTEMY.
5
18. = kyG.en.
6 yo-en
Ykaszanue. Bcero 8 Mmanenskux nupamuzn. O6veM onmHoi paBeH
M1y
3l222f2 7 A
19. 54m xy6.en. Ykaszauue. OceBoe ceuenue - KBagpar.
20. 4,5 kyb6.en.

Vrasanue. IlenTp chepsl paBHOyAaNeH OT BCEX LIECTH BEPIIUH MPH3MEL
OH coBnaaer ¢ cepeuHOi OTPE3Ka, COEIUHAIOIIErO IEHTPBl OCHOBAHME IIPH-
3MBI.

Konxypc «MaremMaTH4yecKasi JpyIUIMs H CMEKAIKA

1. HazoBuTe Tpex BBIRAIOLIMXCS PYCCKMX MATEMATHKOB.

2. Kro ckazan: «ApudMeTHka — cCHpeub HayKa YHCITHTEbHAS»?

3. Kro ckazan: «UTo6bI 4en0Be4eCcTBO H362BHTh OT HEBEXKECTBA AOCTATOTHO
AByx mudp: 0 u 1»?

4. KTo 13 BeNMKUX YYEHBIX CKasal: «YpaBHEHHE YMHEE HAcH?

5. Jlaypear (I MecTO) MeXAyHApOJHOIO MATEMAaTHYECKOTO KoHkypca [la-
PHXCKOH AKafeMHH HayK.

6. Paciudpyiite cnoso GPAITNTO.

7. Yto Takoe CEMEPHK?

8. ABTOp 3aHUMATeIbHOI anre6paL.

9. ABrop yuebHuKa, 1o KoTopomy JIomorocoB M.B. camocTosTebHO n3y-
YHJ MAaTEMATHKY.
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10. 33,(33) - 3 = 100. Jokaxwure.

11.51-01 =7 ;

12. x* + 1 = z. Pemnte B mpocThIX guciaax. MoxHO mogdopoM.

13. ®ynkuus AHTse.

14. AX* = BAX, tne A, b, X — nudpsr.

15. ITonoBuHa Tperhe ero. Kakoe aTo yncno?

16. ITonTuHy pa3nenuTe Ha IOJOBHHY. .

17. Yto MOXHO CKa3aTh O BEKTOpaX AB =K -AC?

18. OproueHTp TpeyronbHHUKa COBIIAAET C BepIUUHOM yrna. Kakoii 31o Tpe-
YrOJIbHHUK?

19. Yroa Mexay OUCCEKTPUCAMH CMEXKHBIX YIJIOB.

20. Benorypuct npoexan = TyTH 4 elle 20 xM. KaxoB nyTh Benorypucra?

21. HoBoroauuii ryce Tsxenee yTku Ha 25%. Hackonbko % yTka serde
rycs?

22. BpocaroT Ba UrpajibHbIX KyOuka. Kakas cymma 1udp Ha BepxHUX rpa-
HAX OYIeT HOABIATHCA Hame?

23. ®opmyna pou3BOTHOM CIOKHOH GyHKIMH.

24. C noMoIIbI0 OHOM JTUHEHKH IOCTPOUTE CyMMY JIBYX YTJIOB TPEYTOJIb-
HUKa.

25. loxaxurte 5

26. Kakas nocneaHss uudpa npou3BeeHU BCeX HEYETHBIX YHCeNn?

27. |a|-a="

logy15 __ 1510g35

29. UsroToBeTe, cobmogas pa3Mepsl, YaCTH COOTBETCTBYIOIIMX MoJeneH
($uryp U3 ynakoBo4HOro KapToHa. BeIonHHTe TpeOOBaHHU, O KOTOPLIX TOBOPHT-
i B IIyHKTaX a) — X).
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a) IlpeBpaTuTe MO/IeNb IPABHIIBHOTO TPEYTONLHHKA, COCTOAIIETO H3 YEThI-
pex HacreH, B xaoc. O6beIMHUB YaCTH, IIONyYHTE PABHOBEIUKHUL H paBHoOCOC-
TaBJICHHBIM KBaapat. Kaxoil naee Bul crnenyere?

6) IIpeBpaTuTe MOAEb KBAPATa, COCTOAIIETO U3 YeTBIpEX JacTei, B Xaoc.
O6beuHMB YacTH C HOMOLIBIO PYKOBOJIAIIEH HieH, [IOJIyYHTE NPaBUAbHEIH Tpe-
YTONBHHK, COCTOALIMI U3 3THX YETHIPEX YACTEH.

B) AHANOTHYHOE 3aaHue [ GUrypHl, HIUTIOCTPUpYIONe TeopeMy ITuda-
ropa.

r) Bonmmure B KBaapar psix Apyrux KBaApaToB TaK, KaK MOKa3aHO Ha 4yepTe-
xe. [locTapaiitech HaliTH CyneppalOHATBHEIH CIOCO6 BHIYHCIICHI JJIUH CTO-
POH KBaJIpaToB, BIMCAHHBIX OLAHH B APYrOH, IPUHIB 32 | CTOPOHY HCXOOHOTO.
Konkperusupyiire dopmyny a,=a,¢"" .

) OTBeTETE 9KCIPOMTOM Ha BOMPOC: «UTO NPEACTABISIOT MOC/IEI0BATE b-
HBIC 4ICHBI ApUPMETUHECKOH IPOrPECCHH NPEACTABICHHOM HATISTHBIM pHUCYyH-
koM? CKOJBKO BCEro TpeyronsHuukos? JaiiTe MOIHUEHOCHEIH OTBET.

OTBeTbI Ha BONPOCHI KOHKYpCa
«MareMaTHYecKasi SPYIHIHS H CMEKAJIKA»

HJ\;.‘;’I OTser Bammst
1. |ILJIL. Yebbiures, A.H. Konmoropos, C.B. KoBanesckas, 2
2. | JleonTnii Maruuuxuii 3
3. | Fordpnn Jeinbuun )
4. | Mcaak Hrloron 2
5. | Codba KoBanesckas 5
6. | ITudarop 1
7. | HpeBHepycckas cucteMa cumcieHns (CUET ceMepKaMH) 5
8. | .M. Iepenbman 2
9. | JleorTnit Maruunxuit 3
10, | 33:(33)-3=99,(9)=99+0,(0)=99+1=100 5
11. | 3+0'=1-2-3-4-5-1=120 4
2. | (229) 4
13. | S&)=x 2
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14. | 25* =625 5
1
15. |15 4
16. | Cro rpomeii (monkomneek) 5
17. | BEKTOPEI KOMTHHEAPHEL, HMEIOT 06Imee HavaIIO, JIEXKAT Ha OfHOH 4
' | npsamoii
18. | IIpaMoyrosnpHbIi 4
19. | 90° 3
20. |70xm 5
71. |Ha20% 8
2. |7 5
2. | (Flek)) =F(glx))-&'(x) 4
24. | llocTpoHTh Kako#-1u6o BHEIIHUI Yroil TpEyrolILHHKa 4
25 5!0g315 = (3 . 5)log35 = 15]0g35 ) 7
26. | 2
27. | 0umn -2a 5
1
28. |5 5
1 n—1
29.(r) | % =(_2) 5
29.(m) | 30 5
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