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I'eomerpus

Jluctok 1. CymMma yIJioB TpeyTroJbHUKA

Teopema. Cymma enympennux yaaoe mpeyzosvrura pasha 180°.
B HauaJjie 3aHgTUs HpearaeTcs CeaaTh CJeayolee.

1. ChopmynmpoBaTh 1 JI0Ka3aTh TECOPEMY O CYMMe BHYTPEHHIX yTJIOB TPEYTOJbHIKA.
(st mokazaTesibeTBa Yepe3 BepInHy TPeyroJbHIKa IIPOBOUTCS MPsIMast, TTapai-
JleJIbHAas MPOTUBOIIOJIOZKHOI CTOPOHE, U UCIOJIB3YETCd PABEHCTBO HAKPECT JierKa-
HIAX YIJIOB IIPU JIBYX HapaJlIeJbHbIX IPAMbBIX, CEKYIIUMUA K KOTOPBIM BBICTYIIAIOT
OOKOBBIE CTOPOHBI TPEYTOJIHHIKA. )

2. BeiBecTn u3 910i TEopeMbl CBOMCTBO BHEIIHETO yIJia TPEYrobHUKa (IpejaBapu-
TeJILHO HAIIOMHUB €r0 OIIPE/Ie/ICHNE).

3. Pazobparh jiuis npumepa Takyio 3a/1ady:

e B Ttpeyronmbauke DEF nposenena mequnana DK . Haiigure yribl TpeyroabHUKa
DEF, eciu ZKDE =70°, ZDKF = 140°.

Pewenue. ZEKD = 180° — ZDKF = 40° 1o cBoiicTBY cMeKHBIX yIyioB. [lo cBoii-
ctBy BHernero yrina ZDKF = /FE + ZEDK, orkyna /E = 70°. Torna ADEK —
pasuobejpentbiii (DK = EK) 1o npusHaky paBHOOEIPEHHOIO TpEyroJbHUKa (yr-

abl ipu ctopore DE pasubl o 70°). A mockoibky FK = KF 1o onpejejieHuo
veanannl, DK = FK = KF, to ectb ADKF — Toxe paHoOeapennblii. Torma
LF=/FDK = (180° — ZDKF) : 2 = 20°. O]

Touxku M u N nexar na cropone AC tpeyronbuuka ABC. U3Becrno, uto ZABM =
LACBu ZCBN = ZBAC. Hoxkaxure, ato Tpeyroabank BM N — paBHOOeIpEHHDII.

Pewenue. 1o Teopeme 0 BHENIHEM yTJie TPEYTOJIHHUKA
{BMN = /ABM + /BAC = ZACB + ZCBN = ZBNM.
U npumensiem 1npusHak paBHOOEJPEHHOIO TPEYTOJIbHUKA. O

o [lkoNMpHUK HEe 3HaeT, YTO IejaTh.

— Kaxue ecmv npusnaru pasrobedpennozo mpeyzosvnura? Ymo mooicro ckazamv npo
yeavt ZBMN uw ZBNM?

Tpeyronbuunk ABC — pasuobeapennsiii (AB = BC'). Orpesok AM nenut ero na
JIBa, paBHOOEIPEHHBIX TpeyrojbHuKa ¢ ocHoBanusymu AB u MC'. Haitaure yron B.

Pewenue. Oboznaunm £B = «. Torna ZBAM = o, ZAMC = /B + ZBAM = 2a,
/BAC = ZBCA = 2a (moyib3yeMcsi CBOICTBOM PABHOOEIPEHHBIX TPEYTOJILHUKOB).
Uz ypasuenus a + 2a + 2a = 180° naxomum, 9Tto av = 36°. []
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o [IKONIBPHUK He 3HAEeT, 4YTO mejaTh.
— Ymo 6w 3Haeme o pasnobedpennovir mpeyzosvhukar? Yemy pasen yeor LAMC?

Menunana Tpeyro/ibHUKa paBHa MOJIOBIHE CTOPOHBI, K KOTOPOI oHa NpoBejieHa. Jlo-
KazKUTe, YTO TPEYTOJbHUK MPAMOYTOJIbHBIIA.

Pewenue. Ilycrs CM — mejunana tpeyrosibiuka ABC. Torna no ycnosuio CM =
AB :2= AM = BM. Ilostomy tpeyrosibiauku CM B nu AMC' — paBHobejipeHHbIE, a
3HAYUT, YIJIbI IPU UX OcHOBaHUK pasHbl. [lycrs /A = ZACM = o, /B =/BCM =

B. Tlo Teopeme o cymme yriio tpeyrosbanka ABC mmeem 2o + 28 = 180°, oTkyma
LACB = a+ g =90°. O

o llKOJIBPHUK He 3HAET, YTO LejaTh.
— Croavko 3dectv pasHobedpernvr mpeyzorvrukos? Kak svpasums y2on, ud Komopo-
20 nposedena meduana, “epes J8a OCMAALHOLIT Y2 ?

B tpeyrosbauke ABC uposejena Ouccekrpuca BK. Wseectho, uro ZAKB
/CKB =4:5. Haityinre LA — ZC.

Pewenue. Ilycrs ZAK B = 4a, rorna ZCK B = ba. Ilycrs Ttakxke ZABK = /CBK =
B. Torma o Teopeme o cymme yrioB Tpeyrojbaunka aists AABK n ABCK umeem

4o+ B+ LA = 180° = ba +  + ZC, orkyna LA — ZC = a. Ho nockosibKy yr-
aet AKB u CKB — cmexubie, nonydaem ZAKB + ZAKB = 9a = 180°, orkyia
a = 20°. []

o [lkoNpHUK HEe 3HaeT, YTO IejlaTh.

— Mootceme au 6wt natimu yeav, LZAKB u ZBKC? Bonuwume cymmy yaa06 mpe-
yeonrvrnuros AKB u BKC.

B upsamoyrosibaom Tpeyrosbauke ABC na runorenyse AB B3saTbhl Touku K u M,
npuuém AK = AC u BM = BC. Haiijure yron MCK.

Pewenue. Ilycrs LA = o, ZB = . Tpeyronpauku AKC n BMC — paBnobeapen-
uble, nosromy LZACK = ZAKC = (180°—«) : 2, /ZBCM = ZBMC = (180°—p) : 2.
Toraa o Teopeme o cymme yriioB jjist Tpeyronbauka C' K M nmeem

(180° — ) : 2 + (180° — B) : 2 + ZMCK = 180°.

Orciona ¢ yuérom paserctsa o + = 90° (cymMMa OCTPBIX YIVIOB B IIPSIMOYTOJIEHOM
Tpeyrosibhrke) Haxojum /MCOK = 45°. []

o llKoIBPHUK He 3HAET, YTO LeJaTh.
— Yemy pasua cymma yenos npu 2unomenyse? Kax wepes mux supazumbv uckomwii
yeon?



@ Ha mrnockoctn ormerman msth Touek A, B, C, D, E, Hukaknue Tpu 13 KOTOPBIX He
JIexkaT Ha ofHoil npsmoil. Ux coemmaman orpeskamu: AC, CE, EB, BD, DA. B
pe3yJibTaTe MoJydniach IITUKOHeUHas 3Be3/a. Jlokaxkure, 14To

LA+ LB+ ZC+ 4D + ZE = 180°.

Pewenue. Obozaaaum BD N CE = Ay, AD N CE = Bj. Ilo cBoiicTBY BHeIIHEro
yria LDA1By = /B+/F, ZDB1Ay = LA+ ZC (nockobky £ DAy By — BHenHuit
st AAIBE, a /DB1A; — sremnnit st AABC). Tlo Teopeme o cymme yriioB
tpeyroabanka AA By D nvmeem LD+ /DA B+ /4DBAy = 4D+ /B+/E+/ZA+
/ZC = 180°. O]

o [lKonbHUK He 3HAeT, YTO LeNaTh.
— [Tocmompume na 0dun u3 KoHY08 36301 (Manenvkull mpeyeorvhuk). Moocno au
CYMMY Y2006 36€30bl CEECTU K CYMME Y2A08 IM020 MPEY20NbHUKA?

B tpeyronbunke ABC /B = 20°, ZC' = 40°. Buccexkrpuca AD pasHa 2. Haiinnre
pasnocth jjuH cropon BC' u AB.

Pewenue. Ha cropone BC' ornoxxkum orpesok BM, pasubiit AB. B paBHobGeipeHHOM
tpeyrosbanke ABM yriwr npn ocHoBanun AM pasubl 110 80°, mostomy LZCAM =
LAMD — ZACB = 80° — 40° = 40° = LZACM. Kpome Toro, ZADM = ZABC +
/BAD = 20° + 60° = 80° = LZAM D. 3naunt, Tpeyroibauku AMC u AM D pasho-
oenpennbie. Crepoarenbio, BC'— AB = BC — BM =CM = AM = AD =2. [

o [KOIBbHUK He 3HaeT, YTO [OejaTh.

— Ilonpobyiime cdeaamv donoanumervroe nocmpoenue ompedka BM = AB wa cmo-
pore BC' u nposecmu ompesox AM . Kakxue pasnobedpertvie mpeyzorvHUKY 6bl MO-
orceme watimu?

Bapon Mronxraysen yTBep:KjaeT, 9TO MyCTHI IIap oT O0pTa OMIbsAPIHOINO CTOJIA,
nMeroiero (popMy MpaBIILHOIO TPEYTOJbHUKA, TaK, 9TO TOT, OTparkasiChb 0T OOPTOB,
HPOIIEN Yepe3 HEKOTOPYIO TOUKY TPU pas3a B TPEX PA3IMIHBIX HAIIPABJIEHUSIX U Bep-
HYJICS. B ICXOJHYIO TOUKY. Morto jin 910 ObITh mpasoii?! (Orparkenue mapa or bopra
IIPOUCXO/TAT TI0 3aKOHY «yTOJI MAJEHIs PABEH YTy OTPAKEHUS ).

Pewenue. Morio. lckomasi TpaeKTOpusi MOZKeT OBITH ITOJIy4YeHa Tak. Paszjie/mM cro-
POHY IPaBUJILHOIO TPEYIOJbHUKA Ha TPU PaBHbIE YacTH. BBIIYCTUM Iap U3 OJIHOI
13 TOYEK, JACAIINX CTOPOHY Ha 3TU YaCTH, BAOJBL IPAMOIl, mapaJiebHOl OIHONI 13
JIBYX JIpyrux ctopoH. HeTpysiHo yoeuThbest, 9To map OyJeT JBUraThCsd 110 3aMKHYTOM
TPaeKTOPUU, KOTOpas TPU pasa MPOHJIET Yepe3 MeHTp OUIbAP/HOINO CTOJIa B PA3JINd-
HBIX HAIPABJIEHUsIX (MapaJiie/lbHbIX CTOPOHAM CTOJIA), & 3aTeM BEPHETCsI B UCXOIHYTO
TOYKY. ]



o [[KonbHUK He 3HAeT, YTO OeNaTh.
— Ionpobytiime pasdesumsv cmopony wa mpu pasuvie wacmu. A menepv nposedume
NPAMYIO, NAPAANEALHYIO A1000TL U3 CMOPOH YEPES A100Y10 MOUKY.



JInctok 2. HepaBeHCTBO TpeyTroJibHUKA

Las mobvix mpéx movex A, B, C' Ha naockocmu 6bnosneno Hepasercmeo
AB+ BC > AC,

KOMOopoe 00pauLaemcs 6 pasercmeo mozda u moavko moezda, kozda mouka B aescum
na ompeske AC.

B HauaJie 3aHsaTH Ipe1jIaraeTcs TOJIbKO HAIIOMHUTH (DOPMYJIMPOBKY HEPaBEHCTBA Tpe-
yroJibHuKa. /loKa3blBaTh €ro Mmpu 9TOM, Ha HAIIl B3IJISL, HEOOSI3aTEIbHO: TO JIeIaeTCs
Ha YpOKax reoMeTpuu B 7 KJiacce.

B Tpeyroabauke AIUHBI IBYX CTOPOH paBHbI 3,14 m 0,67. Haitqure gauny Tperneit
CTOPOHBI, €CJI U3BECTHO, YTO OHA BbIPAYKAETCSI IEJIbIM THCJIOM.

Pewenue. Ilycrs gauna Tperbeit croponsl paBHa x. C OJ{HON CTOPOHBI, JOJIZKHO OBITH
x < 3,14+ 0,67. C npyroit cropoHbl, 101:KHO ObITH  + 0,67 > 3,14. V13 sTux ycaoBuii
1 YCJIOBUSA MEJOYNC/TEHHOCTH T MOJIYINM T = 3. O

o [[KombHUK He 3HAeT, YTO OEeNaTh.
— ITycms mpemwvsa cmopora pasha x. [lonpobytime Hanucamy HEPABEHCNBA MPEY20.4b-
HUKQ.

Cy1ecTBYIOT JIM TPEYTOJILHUKN ¢ TAKUME JTMHAMEI CTOPOH:
a) 1, 2M,3M;6)3M 4 M 5 B) 33 M, 33 M, 339 ;1) 220 M, 228w, 222 7

Pewenue. a) Her; 6) ma; B) ma (paBHOOeIPEHHBIT TPEYTOIBHIUK, Y KOTOPOTO JTHHA

OCHOBAHUSI MEHbIIIE YJIBOEHHOIT JIJTMHBI OOKOBOI CTOPOHBI, CYIIECTBYET BCEr/a); T') HET
(220 + 2?1 <« 2.221 = 222). ]

o llkonbHUK He 3HaeT, 4YTO IejaTh.
— Ilonpobytime Hanucams pazsudHvle HEPABEHCMEa MmpeyzorvHuka. Beeeda au onu
BUINOAHANMNCA?

Jlokazkure, 9T0: &) JUIHHA JIIOOOH CTOPOHBI TPEYTOIbHIKA GOJIbINE PAZHOCTH JJIMH
JIBYX JIDYTUX €ro CTOPOH; 6) B TPeYroJibHUKe JIJIMHA JI000i CTOPOHbI He MPEBOCXO/ AT
[OJIYIIEPUMETPA; B) B TPEYIOJIbHUKE CyMMa JIJIMH MejuaH GOJIbIle MOJIYIePUMETPA;
I') y BBINYKJIOTO YeTBIPEXYTOJBHIKA CyMMAa JIJIHH JHaroHajeii 6oJIbIie moJIyepiuMeT-
pa U MeHbIIe TTlepuMeTpa. M) BepHbI i yTBEPXKJICHUST MyHKTA T') JiJIsI HEBBITYKJIOTO
JeThIPEXYTOJIbHIKA ?

Pewenue. a) Ectma+b>c¢,toa>b—c.6) Ecma+b>c, o P=a+b+c>
¢+ ¢, orkyna P/2 > ¢. B) my, +a/2 > b, my +b/2 > ¢, m. + ¢/2 > a. Orciona
Mma+mp+me+(a+b+c)/2 > a+b+c, orkyna mg+my+m. > (a+b+c)/2 = P/2.



) VYV BBIIYKJIOIO YeThIPEXYTOJbHIKA CyMMa JITHH JUAroHaJIel GOJIbINe T0JIyepIMeT-
pa u Menbie nepuMerpa. Obosnadanm derbipéxyroabink ABCD n ABNCD = E.
Torna AEF+ BE > AB,BE+CFE > BC,CE+DE > CD,DE+ AE > DA. Ckia-
JbIBasi 9T HepaBeHcTsa, notydnm 2 - (AE + CE + BE + DE) =2 - (AC + BD) >
AB+ BC+CD+ DA = P, u, cienoarensio, AC+ BD > P/2. C apyroii cTOpOHBI,
AB+ BC > AC,BC+CD > BD,CD+ DA > AC, DA+ AB > BD. CknaJibiBas
9Tu HepaBeHcTBa, nojuyanm 2- (AB+ BC+CD+ DA) = 2P > 2-(AC+ BD), orkya
P > AC+BD. n) IlepBoe Het, Bropoe jia. /oka3aTe/ibcTBO BTOPOTO YTBEPK IeHsI
HIKAK He HCIIOJIb30BAJIO BBIIYKJIOCTh YeTHIPEXYTOJbHIKA 1 TOUYKY IIepecedeHms Ira-
roHaJieii, Tak 9TO OHO T'OJIUTCS ¥ JJIsl HEBBLIIYKJIOIO YeThIPEXYTIOIbHIKA. A BOT IepBoe
yTBep:KIeHne HeBepHo. Hampumep, HapucyeM Ha KOOPAMHATHON ILJIOCKOCTH YeThIPEX-
yrosibHuK ¢ Bepmmuamu B Toukax (0, 1), (4,0), (0, —1), (5,0). OueBuano, B HéEM cyMMa
JUTMH JIHaroHajeil HAaMHOIO MEeHbIIEe MOJIyIIepuMeTpa. O

o [lKonbHUK He 3HAeT, YTO HeNaTh.

— Ilonpobytime suinucwl6amsb HEPABEHCMEA Mmpeyzorvruka. B cayvae ¢ meduaramu
nonpooytime 8uinuUCAMsb HEPABEHCMEA OAA MEHLWUL MPEY20ALHUKOS, 00PA306aAHHBIT
meduanamu. B cayuae vemupéry2oivrura nonpodyime 6unucams HEPABEHCMEA Mpe-
Y20AbHUKA ONA MPEY20ALHUKOS, 00PA30BAMHBIT €20 QUAZOHAAAMU U CTNOPOHAMU.

[Terst kynmn «KouerpykTop», B KoTopom 06110 &) 4 masouk; 6) 100 mamodek pas-
HOIT JunHBL. B nHCTpYyKINN K « KOHCTPYKTOPY» HAIIMCAHO, 9TO U3 JIIOOBIX TPEX HMAJI0UeK
MOXKHO COCTaBUTb TPEYroJibHUK. IleTst pemi npoBepuThb 9TO YTBEP:KJIEHHE, COCTaB-
Jissl U3 IaJloueK TpeyroJbHuKHU. [lajioukn JieskaT B KOHCTPYKTOPE 110 BO3PACTaHUIO
JumrH. Kakoro HaMMeHbIIEro 4mcjio HPOBEPOK TOYHO XBaTuT Ilere, 4TobbI J10Ka3aTh
I OIIPOBEPTHYTH yTBEpKIeHne?

Pewenue. B 0boux ciayvasxX XBaTUT OJHON mMpoBepKH. Bo3bMmEM jBe caMble KO-
POTKHE MAJOUKY (JUIHH @ U b) 1 camyto JUIMHHYO (JUIHHBL ¢). Ecm u3 Hux TpeyroibHIK
CJIOKUTCsT (TO €CTh a + b > ¢), TO CJIOXKATCST U BCe OCTaJbHBIE. Bejb j1ist JTI0ObIX JIpy-
rux Tpéx najouek mH d, e, f u3 Habopa moayaum d +e > a + b > ¢ > f, Tak 410
HEPABEHCTBO TPEYTOJbHUKA He HapymuTced. Hy a ecin He CJIOXKHUTCA yKe U3 HUX, TO
BCE IIJIOXO, U B MHCTPYKIUU OOMaH. O

o [[KombHUK He 3HAeT, YTO HeJaTh.
— Ilonpobytime cdesamv amo 3a 00wy nposepky. Bosvmume narourxu max, 4mobdov. oHu
OVILAU CAMBIMU OAUHHBLMU U KOPOMKUMU.

Paccrosnune ot noma Bacu j0 marazuna 200 M, or marasuna J1o (pyTOOJIBHOTO TOJIs
300 M, o dyTbosbHOrO oI 10 KOIE H00 M, a OT JoMa J0 mKOoJbl 1 KM. A Kakoe
paccrosinne ot jioMa Bacu 10 ¢dyTbobHOrO 11001517



Pewenue. Tak kak 200 m + 300 m + 500 m = 1 KM, Bce nepevyucaeHHble 00bEKThI
JIeYKaT Ha OJHON HMpPsIMOii. SHAUYUT, pACCTOSTHUE OT JoMa J10 (PyTOOIHLHOTO TOJIsT PABHO
CYMMe pacCTOSHHUII OT joMa JI0 Mara3wHa ¥ OT MarasuHa JI0 GpyTOOJIHLHOIO MOJISA, TO
ectb 200 + 300 = 500 M. O

o l[KonbHUK HE 3HAET, 4YTO IeJjaTh.
- Honpo6y1’1me Hapucoeamdv 3Mmo. A menepsv svblnNUUWUIME HEPAGEHCINEO TMPEY20ADHUKA.

@ Haiiyiure BHYyTpH BBIIYKJIOTO YeTBIPEXYTOJbHIKA TOUKY, CYMMa PACCTOSHUI OT KO-
TOPOit /10 BepIn# Oblta 661 HanMeHbIedi. (HeTbIpéxyroJbHIK HA3BIBACTCS BBITYKJIBIM,
ecJIl ero JINAroHaJjIl MepeceKatoTesi BHYTPU HEro. )

Pewenue. 1o TOUKa mepeceveHus amaroHaseii. O003HaYNM YeTbIPEXYTOJIbHIK
ABCD n AC N BD = E. PaccmorpuM 1ipousBosibHyto Touky F' Buytpu ABCD.
Torna AF + CF > AE + CE, BF + DF > BE + DE. Kpome Toro, 04eBuHO,
YTO 9TU HEPABEHCTBA OJHOBPEMEHHO OOpAINAIOTCS B PABEHCTBO TOTJIa U TOJILKO TOT/IA,
kormna F' = F. H

o IKOMBLHUK He 3HaeT, YTO IejaTh.

— Paccmompume mouky nepecevenus duazonanrct. Bozvmume 00110 dpyeyio mouky.
Kax mootcro evinucams HEPAGEHCMBO MPEY20AbHUKG MAK, 4MOobbL MaM YUaACME06aN
obe smux mowku?

Bepno s, uTo cpean JiioObX 10 0Tpe3KoB HaflyTcsd TpH, U3 KOTOPHIX MOXKHO CO-
CTaBUTDb TPEYTOJHHUK?

Pewenuve. Hepepao. Hanpumep, pacemorpum orpeskn amH 2,22, 23 .. 219 Brige-
peM J00bie Tpu n3 HuxX. CaMblil O0JIBIION 13 3TUX TPEX OyaeT KakK MUHIMYM BIIBOE
JUIMHHee CJIEIYIONIero 110 JJINHE U KaK MUHUMYM BUETBEPO JIJIMHHEE CAMOI'0 KOPOTKOIO,
TaK ITO HEPABEHCTBO TPEYTOJbHIUKA IJIsT HUX OyIeT HapyIIeHO. O

o [[KoMbHUK He 3HaeT, YTO OEeNaTh.
— Benommume 3adawy 12). Honpobytime nocmpoums noxoscut npumep oas 10 om-
Pe3K08.

meercss 10 oTpeskoB, IpUUEéM M3BECTHO, YTO JJIMHA KaXKJIOTO M3 HUX — IIEJI0€
YUCJIO CAHTUMETPOB. /IBa caMbIX KOPOTKUX OTpe3Ka — M0 1 ¢M, caMblil JIUHABINT — 50
cM. JlokaxknuTe, 9TO cpean 3TUX OTPE3KOB HAMyTCsd TPW TaKUX, U3 KOTOPBHIX MOYKHO
OyJIeT COCTaBUTb TPEYrOJIbHUK.

Pewenue. IIpeanono:kuM NpoTUBHOE, TO €CTh YTO HU U3 KAKUX TPEX OTPE3KOB HeJIb3sl
COCTaBUTh TPEYTrOJIbHUK. PaccMOTpUM JIJIMHBI OTPE3KOB B CAHTHUMETpPaxX 110 BO3pacTa-
Huio: [ = lp =1 < I3 < Iy < ... < ljp = 50. Tak Kak u3 TPEX caMbIX KOPOTKUX
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OTPE3KOB HEJIb3sI COCTABUTL TPEYTOJIbHUK, TO I3 = 1 + [y = 1 4+ 1 = 2. Ananorudno,
ly 2 l+Il3>1+2=3 Hanee, [5 >224+3=5,l623+5=8,1; >25+8 =13,
ls > 8+ 13 =21,1g > 13+ 21 = 33, 19 = 21 + 33 = 55 (910 uucia PuboHauqM).
IIporuBopeune ¢ ycioBueMm g = 50 j0Ka3bIBaeT yTBEPkK/IECHUE. ]

o [lkoNIbHUK He 3HaeT, 4YTO [OeJIlaThb.

— Ilonpobyidime om npomusrozo. Buimb Mmodtcem, NOAYMUMCA 02PAHUNUMD KAK-TO
OAUNDL BCET OMPE3KOBT
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JInctok 3. IlocTpoenusi mupyJsieM u JUHENHKOI

JI1s1 TocTpoeHnii MOXKHO TMOJIb30BAThCs JIMHEHKOM 0e3 JIeJIeHIil 1 UPKYJIEM.
B nagaJie 3aHATHA HAJ0 HMOACHUTH, YTO TAKOE ITOCTPOECHHE C IIOMOIIBIO IUPKYJ/IsS H
JINHEKH. A MMEeHHO:

® C MOMOIIBI0 MATEMATHICCKON JIMHEHKN (6e3 JeIeHnit U ¢ HempsiMbIMI yTJIAM)
MOXKHO TOJIBKO IIPOBECTH HPAMYIO depes JBe oTMedeHHble ToukH. O eé moMombio
HeJIL3sl U3MEePUTDh JUIMHY OTPe3Ka, IIPOBECTU HEePHEHUKYJIAD K IPSIMOl NN IIPs-
MY10, IapaJlIeIbHyI0 JaHHOII,

® C IIOMOIIBIO IUPKYJIsl MOXKHO IIPOBECTU OKPYZKHOCTD C JIJAaHHBIM IIEHTPOM U paJiuy-
COM U OTJIOXKUTh OTPE30K, PaBHbII JJAHHOMY.

[Tosie3HO HAIIOMHUTH OIpejiesieHe OKpPyKHOCTH. JlaJiblie pa3dupaeM HECKOJIBKO MPH-
MEPOB:

® KAaK IIOCTPOUTH CEPEJIMHHBIN IePIeH/UKYJ/IsAp K OTPEe3KY U OIyCTUTH IePIEHIUKY-
JIP Ha MPSIMYIO U3 JTAHHON TOUKH (C TTOMOIIBIO CBONCTBA CEPEIMHHOIO TIEPIIEH I~
KyJIsipa K OTPe3KY, KOTOPOe 3a0/HO CTOUT HAIIOMHUTH U JOKA3ATH);

® KaK MOCTPOUTH MPSIMYIO, MAPAJIIEbHYIO JIAHHON (JBa pasa MOCTPOUB MepPIeH 1~
KYJIAPBI ) ;

® KaK IIOCTPOUTH YIOJI, PaBHBII JJAaHHOMY;

® KaK [IOCTPOUTH TPEYTOJBHUK I10 TPEM CTOPOHAM (TYT 0OpaTHTe BHUMAHWE MITKOJIb-
HIKOB Ha TO, YTO 9Ta 3aJlada He BCErjia MMeeT PeleHne: BaKHO HEPABEeHCTBO Tpe-
yroJbHIKA! ).

[Tocsie 9TOr0 MOXKHO yrKe KazKJblii pa3 He 3aCTaBjIsITh MIKOJbHUKOB OObSICHATE, KAk
OHU JIeJIAf0T 9TH TocTpoeHnst. OT CHJIBHBIX MIKOJIBHIUKOB MOXKHO TpebOBaTh aHAJIM3a
3aJladi: BCEria JIM 3a/1ada NMeeT pellleHne; BCerja Jii OHO eJIMHCTBEHHO; eCJil He BCe-
rJ1a, TO MPU KAKUX YCJIOBUSX !

Ob6parute enié BHUMAHKE IMKOJHHUKOB HA CBs3b MEXKIY 3aJladaMi Ha [IOCTPOEHUE U
MPU3HAKAME PABEHCTBa TPEYroJbHIKOB. Hampumep, TpeTuii mpu3Hak paBeHCTBaA Tpe-
YPOJIbHUKOB MOBOPUT, Y4TO TPEYIOJbHUK OJHO3HATHO 3aJIaéTCs JITMHAME TPEX CTOPOH,
a MO9TOMY C TIOMOIIBIO UPKYJIsI U JINHEHKN PeraeTcst 3a/4a4a O MOCTPOEHUE TPeyTro.Th-
HUKA 110 TPEM CTOpOHAM. AHAJIOTMIHO OOCTOUT JIEJIO U C JIByMsl APYTHME TIPH3HAKAMU
paBeHCTBa TPEYTOJBHIUKOB (CM. 3ajadn HuzKe). 3ajada 16, B 9aCTHOCTH, [OKA3bIBAET,
4TO MPU3HAK PABEHCTBA TPEYTOJBHUKOB 110 JIByM cropoHaM u yriy HE mexty Humu
HeBepeH 0e3 JIOMOJIHUTEIbHBIX OTOBOPOK (HAIPUMED, 9TO JaHHBIN Yo — HAOO/IBIIIi
B TPEYTOJIbHUKE).

[TocTpoiiTe TPeyroJbHUK: ) MO JBYM CTOPOHAM U YTUIy MEXKJy HUMHU; 6) M0 JBYM
CTOPOHAM U YIJIy, JIEZKAIIEMY [POTHB OJiHOH 13 3Tux ¢TopoH. CKOJIBKO Pas/iIHbIX
TPEYTOJIbHUKOB MOZKET MOJIY IUThCs?
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Pewenue. a) CTponM 3ajaHHbBIil yroJl U OT BepPIINHBI OTKJIAIbIBAEM CTOPOHBL 6) B
poIiecce TOCTPOEHUST CTAHOBUTCS BUJIHO, UTO PEIICHWI Jallle BCEro JiBa: KOTJia YTOoJI
Me>KJIy U3BECTHBIMU CTOPOHAMMU JINOO OCTPHIi, b0 Tymoit. [Ipu yjaadunom credeHnn
HAYAJBHBIX YCJIOBUI 9TOT YTI'OJI MOZKET OKA3aThCsl IIPSIMBIM, TOT 14 peIlleHe OyIeT eJI1H-
cTBeHHBIM. [Ipy HEeyIauHoOM MX CTEYEHUHN PEIIeHUs MOXKET U He OBbITh. O

o [lKoONIBHUK He 3HAeT, 4YTO mejaTh.

— Benomnume nepewili npusnak pasencmea mpey20avHukos. Benommume, Kak omkaa-
dvl8aMb Y2Abl U ompesku, pasHvie dannvim. dmo bydem, ecau dannvil yzon ocmpoitd?
A ecau mynoti?

[TocTpoiiTe IPSMOYTOJIbHBIN TPEYTOJIBHUK: &) 10 JIByM KATeTaM;
6) 10 KaTeTy U UIOTEHY3e; B) 10 KATETy U IPUJIEZKAIIEMY OCTPOMY YIUIY;
') [0 KATeTy U MPOTUBOJIEYKAIIEMY OCTPOMY YIJIY.

Pewenrue. a) CTpouM mpsiMoii yroJi i OT BEPIIHHBI OTKJIa/IbIBaeM KareThbl. 6) CTpornm
HPSIMOI yTOJI, OT BEPIIUHBI OTKJ/IA/IbIBAEM KATET. 3aTeM U3 JPYTroro KOHIa KareTa Mpo-
BOJIMM OKPYZKHOCTb PaJInyCOM B JIJIMHY THUIIOTEHY3bI; TOUYKa €€ IepecedeHnst ¢ JIPyroi
CTOPOHOI IIPSAMOr0 yIJia OyJeT TpeTheil BEPIINHON TPEyTro/IbHUKA. B) CTpouM MpsiMoit
yIOJI, OT BEPIHIMHBI OTKJAJIbIBAeM KaTeT. 3aTeM U3 JPYroro KOHIA KaTeTa IPOBOJUM
IPAMYIO TI0JT 33/JaHHBIM YIJIOM K KATETy; TOYKa €€ IepecedyeHud ¢ JPYroil CTOPOHOM
HPSIMOT'O YTJIa OYJIEeT TpeTheil BEePIIMHON TPEeyroJIbHIKA. r) Haxomum nmpurexkarmmit oct-
PbIit yTOJI, 3HAIO, YTO OCTPhIE YTIJIbI TPAMOYTOJILHOI'O TPEYTOJbHIKA B cyMMe JlaioT 90°,
1 CBOJIUM 33J1a49y K IYHKTY B). BO Beex IyHKTax pellieHue CyIecTByeT U e [MHCTBEHHO
(ecsm TOJILKO KATET HE JUIMHHEE THIOTEHY3bI). [

o [[KoMbHUK He 3HaeT, YTO OEeNaTh.

— Bepno au, wmo nynkm a) 6 wém-mo noxostc na npedvdyuyro 3adauy? Kaxot emo-
POTL NPUHAK PABEHCNBA MPEY20AbHUKOG? A Kak nocmpoumsv mpey2oivhuk no 06ym
yenam? A xax nocmpoumsv npamots yeor?

[TocTpoiiTe TpeyroJbHUK:

a) 10 JIBYM CTOPOHAM M MeJilaHe, MPOBEJAEHHOI K MEPBOIi CTOPOHE;
6) 10 JByM CTOPOHAM U BBICOTE, OIYIIEHHON HA TPETHIO CTOPOHY;
B) [0 CTOPOHE U OIYIIEHHBIM Ha HeE BBICOTE U MeJaHe.

Pewenue. a) Crpoum mepByio CTOpoHY U eé cepeanny. [IpoBoIuM OKpYKHOCTH: 13
OJITHOI'O KOHIIa CTOPOHBI — C PaJIMyCOM, PaBHBIM JJINHE JIPYTOii CTOPOHBI, U3 CEpPen-
HBI — C PaJIMYCOM, PABHBIM JIINHe Meuanbl. Toduka repecedeHns 3TuX OKPYKHOCTENl —
TPEThbsl BEPIIUHA TPEYroJibHIKa. e/ perienne cymecTByer (a CyIecTByeT OHO Mpu
BBIMIOJIHEHIN TTOHATHO KAKOT'O HEPABEHCTBA TPEYTOJIbHUKA), TO OHO eJIMHCTBEHHO C TOU-
HOCTBIO 710 cuMMeTpun. 6) CTponM IpsMYIO I BOCCTAHABINBACM K HEfl TIEPIICHTUKYJISID

13



B 1100011 Touke. Ha HéM OTKJIabIBaeM OTPE30K, paBHbIN BhIcoTe. 13 KomHIla BBICOTHI
IIPOBOJIMM OKPY>KHOCTHU C PAJINYCaMU, PABHBIMU U3BECTHBIM JJIMHAM CTOPOH. TouKn 11e-
pecedenns 9TUX OKPYXKHOCTEl ¢ TIEPBOi MPsIMOit — BEPIINHBI TPeYToJIbHIKA. Perenne
¢JIMHCTBEHHO B CJIyYae, €CJIM OJJHA U3 CTOPOH 110 JIJIMHE PaBHA BBICOTE UJIN €CJIN CTOPOHBI
PaBHBI TI0 JIJTUHE MEYKTY cO00i 1 OOJIBITIE BBICOTDI, U HE CYIIECTBYET, €CJU XOTh OJTHA U3
CTOPOH KOPOY€e BBICOTHI MJIM €CJIN 00€ CTOPOHBI paBHBI BHLICOTE; B OCTAJbLHBIX CJIyUadX
periennii Ba. B) CTponM MpsIMYIO 1 BOCCTAHAB/IMBAEM K HEll TIePIIeH/IUKYJISIP B JIFO0OT
Touke. Ha HEM OTKIa/IbIBAEM OTPE30K, PaBHBIN BbIcOTe. V13 KOHIIA BBICOTHI ITPOBOINM
OKPY2KHOCTB C PaJITyCOM, PABHBIM MejaHe. Todka nepecedeHust 3Toil OKPYKHOCTH C
IepBOil TpAMOil — cepej/inHa U3BECTHON CTOPOHBI TPEYTOJIbHUKA. Tereph oT Heé B 0Oe
CTOPOHBI OTKJIAJbIBAEM 110 OTPE3KY, PABHOMY IIOJIOBUHE U3BECTHOI CTOPOHBI; NX KOHIIbI
Oy/IyT BepInHaMu TPEYTOJTbHUKA. []

o llkoNIbHMK He 3HaeT, 4YTO IeJaTh.
— Ilonpobyiime nocmpoums cHAYAAG MPEY20ALHUK NO MPEM CMOPOHAM. A MOXHCEM
AU ML 30eCb IMO NPUMEHUMD ¢

a) [Haubl jgBe Toukn A u B u npsimasi a, He IpoxXojsiiias depe3 3tu Touku. Ha
IpsIMOfl @ TOCTpOiTe TOUKY, paBHOyAaaéHHYI0 oT ToueK A m B. Bceerja sin Takas
TOYKA CYIIECTBYET?!

6) ITocTpoiiTe TOUKY, JT€XKAILYIO HA JAHHOI OKPYKHOCTH U PABHOY/IAJIEHHYO OT KOHIIOB
JAHHOTO 0Tpe3Ka. CKOJMBKO Pa3JIMIHBIX TOUEK MOXKET MOJTYUNTHCA !

Iodckaska: ucnoavayime ceoticmao cepedurnmnozo NEPnenourysapa K ompesxy.

Pewenue. a) IlpoBoaum cepeuHHbI MepHeHANKY/ISD K 0Tpe3ky AB n umem ero me-
pecedenune ¢ mpAMoil a. Ecim oHn napaJuiesibHbl U He COBIAJIAIOT, TO IlepecevueHns He
OyzeT, ecjiu IapaJiie/ibHbl U COBIIAJIAIOT, PElleHni OECKOHEYHO MHOI0, €C/IN He IapaJi-
JIeJTbHBI, perenne equacTBeHno. 6) Ta ke uest, 910 B MyHKTE a. 3a/1a1ua MOKET UMETh
oT 0 10 2 peleHuii. ]

o [l[KONbHUK He 3HAET, YTO LEeNaTh.
— Kaxue mouxu 6oobue pasroydaserv, om movwek A u B ? Buimb moorcem, amo kaxas-
mo npamas?

[TocTpoiiTe TpeyroJbHUK TO CTOPOHE, TMPUJIEXKAIIEMY YTJIY W CyMMe JIJINH JIBYX
JIPYTUX CTOPOH.

Pewenue. CTpouM u3BEeCTHYIO CTOPOHY ¥ OTKJIaJbIBAEM OT HeE U3BecTHBIN yroji. Ha
€ro BTOPOIT CTOpOHe OTKJIAbIBAEM CYMMY JIBYX CTOPOH TpeyroyibHuKa. [loryunBinytocs
IIPA 9TOM TOYKY COeIUHIEM OTPE3KOM C KOHIIOM HU3BECTHOII CTOPOHLI TPEYrOJbHUKA U
ITPOBOJINM CEPEINHHBIN MEePIeHINKYJ/ISP K 9TOMY OTpe3Ky. Todka ero nepecevdeHus co
CTOPOHOIL (HOHHTHO, KaKOI1 1/13) yruia OyJieT TpeTheil BEpIINHON TPeyroJbHUKA. []
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o [IKONIBPHUK He 3HAEeT, 4YTO mejaTh.

— Ionpobytime cravaia nOCMPOUMb MPEY20ALHUK N0 OSYM CIMOPOHAM U Y2AY MEHCIY
HUMU, CHUMAA CYMMY COPOH ewé 00noti cmoponoti. A menepv npumenume npedvi-
dywyro 3adawy.

@ a) IlocrpoiiTe OKpPYKHOCTH, TPOXOJSIIYIO Ye€pe3 TPU JaHHbIE TOUKH. Bceerya Jjin
Takasi OKPYKHOCTB cytiectByer? 6) [locTpoiiTe TpeyroJbHUK MO JIBYM CTOPOHAM I
paJInyCy OMUCAHHOM OKPYKHOCTH. ( ONUcaAHHaA OKPYHCHOCTD — ITO OKPYKHOCTD, ITPO-
XOJISIIIAST Uepe3 BCe BEPIINHBI TPEYTOJIbHIKA. )

Pewenue. a) Bepém cepeuHHbIE TEPIEHIUKYISIPbI K JIBYM W3 OTPE3KOB, COEIHSI-
POIMUX TOYKN. VIX TOUKa mepecedeHmsi — MEHTP UCKOMOI OKpyzkHOCTH. 6) CTrponm
OJIHY M3 CTOPOH U CEepPEJIMHHBIN IepHIeH uKYJIAp K Heil. 3 KoHIla ¢TOPOHBI IIPOBOJIMM
OKPY?KHOCTH PaJInycOM KaK PaJuyc OIICAHHONI OKPY2KHOCTHU. ToUuKa mepecedenns 3Toi
OKPYZKHOCTH C CEePEeIMHHBIM HePHeHIUKYJIIPOM — IEHTP ONUCAHHONi OKPYKHOCTH. Te-
[Iepb CTPOUM ITY OKPYZKHOCTbH, & U3 OJIHOI U3 YZKe IOCTPOCHHBIX BEPIINH TPEYyrOJbHUKA
[IPOBOJIUM OKPYZKHOCTH paJinyca, PaBHOIO BTOPOIl CTOPOHE; IepecedeHne 3TO OKPY K-
HOCTHU C OIIMCAHHON OKPY2KHOCTBIO OYJIET TpeTheil BepIIMHONI TPeyrobHIKA. ]

o [[KoMbHUK He 3HaeT, YTO HeNaTh.

— Ymo s3navum, 4wmo okpyscHocms nporodum wepes mpu mouku? 4mo moocHo cra-
3amuv npo eé uenmp? Kax mootcno nocmpoumnv yeHmp onucanHoti OKpYHCHOCTIU, 3HAA
dee cmopoHbL MPEY20NLHUKA Y

a) Jlokaxkure, 9TO TUMOTEHY3a MPSIMOYTOJHHOIO TPEYTOIbHUKA SIBJISIETCS JTTaMeT-
POM OMNUCAHHOI OKOJIO Hero OKpyzkHocTu. [lodckaska: docmpotime mpeyzosvrur do
NPAMOY2ONLHUKG AUO0 80cnoab3ylimecy 3adavet 20.6 a).

[TocTpoiiTe MPsIMOYTOJIBLHBIH TPEYTOJBHIUK: §) O MHIOTEHY3e 1 OCTPOMY YIJIY; B) IO
TUIIOTEHY3€e U BbICOTE, OIYIIEeHHO! Ha Hee.

Pewenue. a) JlocTpouM TPEYroOJbHUK J0 MPSIMOYTOJBHUKA U YBUIUM, 9TO CEPENHA
TUAIIOTEHY3bl — TOYKA IIepecedeHns JuaronaJeii, a 3Ha4nuT, paBHOYAAJICHa OT BEPIINH.
B nyHkrax 6) u B) CTPOMM MHIIOTEHY3Y U OMUCAHHYIO OKPYZKHOCTD, & 3aTeM [POBOJIIM,
COOTBETCTBEHHO, JIyY 10/l HY?KHbIM YIJIOM K I'MIIOTEHY3€ WJIN [PAMYIO, HapaJlie/IbHYIO
TUIOTEHY3€, Ha PACCTOSTHUN OT He€, PAaBHOM BbIcOTe. ToUKa nepecevdeHns: OKPYKHOCTH
C JIy4YOM WJIU MPSIMOIT COOTBETCTBEHHO — TPEeThsl BEPIINHA TPEYTOJIbHUKA. []

o llKkonbHUK He 3HAeT, YTO LEeJaTh.
— Bocnoavsytimecs nynkmom a) amot 3adaqu.

[TocTpoiiTe TPAMOYTOIBHBIN TPEYTOJLHUK 110 TUIIOTEHY3€ U CyMMe JIByX KaTeTOB.
CKOJTBKO Pa3/INYIHbIX TPEYTOJTHLHUKOB MOXKET MOTYUNTHCS !
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Pewenue. Ilycrs moctpoen nckombiit AABC' ¢ gauraMu ctopoH a, b, ¢, ZC' = 90°. Ha
npojoskennn AC 3a touky C orioxkum orpe3ok C'D = a. Torna ZBDC = 45°, a
BC — Boicota 8 AABD, B koropom AB = ¢, AD = a+b. Tem cambiM ncxoanast 3a1a4da
CBeJIaCh K IMOCTPOEHUIO TPEYroJIbHUKA ¢ YIJIOM B 45°, jlesKalliuM IPOTUB CTOPOHBI C 1
IPUJIEZKAIIM K CTOpOHE @ + b (970 MbI yMeeM 13 3ajadu 1 6) 1 3aTeM MOCTPOCHUTO
BBICOTBHI 9TOTO TPEYTOJbHIKA. 3a/1a1da B 00IIeM CJIydae UMeeT JBa PEHIeHIs, HO MOYKET
IMETDb OJIHO PelleHre W HU OJHOIO. O

o [[KoMbHUK He 3HaeT, YTO OeNaTh.
— Ilonpobytime nposecmu anasud 3adauu, NPeOnosOAHCUME, YMO MPEY20ALHUK YIiCe
nocmpoen. I[lonpobytime ceemu e€ x 00Hot u3 npedvidywux 3ada.
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JIncTok 4. Cpenuss JUHUS TPEyTroJbHIKA

Omnpenenenue. Cpednan AUHUA MPEY20ALHUKA — STO OTPE3OK, COEIUHSIIOIIII cepe-
JIMHBI JIBYX €0 CTOPOH.

Teopema (cBoiicTBa cpejiHeil JIMHUE TPEYroJibHUKA). Cpednsas AUHUA MPEY20ALHUKG
NApastesvia 00Hotl U3 €20 CMOPOH U PAGHA NOAOBUHE IMOT CMOPOHDL.

B mauaje 3angaTug maiiTe onpejesenne cpegHeil TMHIN TPEYTOJbHIKA U JOKaXKATe e
cBoiicTBa. OCTOPOYXKHO: MHOI'ME BOCBMUKJIACCHUKH €IE HUYEro HE 3HAIOT IIPO 110j1001e
TPeyroJIbHUKOB, IT09TOMY JIOKa3bIBaeM TaK:

Joxaszamensvcmeo. Ilycrs B AABC Touka M — cepejiuna cropoubl AB, a Touka N
wa cropore BC' Beibpana Tak, aro M N||AC. Hokaxem, uto BN = NC, 1o ectb 410
orpe3ok M N cosnamaer co cpeaneii maneir AABC.

st sToro nposenem depes Touky N mpsmyio NK||AB,NK N AC = K. Ilo mno-
crpoennto AM N K — napaJsuienorpamm, a suadnt, BM = AM = NK u MN = AK.
HNanee, ABMN = ANKC o sropomy npushaky (BM = NK, /B = ZKNC u
/MNB = ZC Kak COOTBETCTBEHHBIE IIPU IOHSITHO KAKUX IAPAJIICJbHBIX MPSIMbIX
u cekymux), orkyia BN = NC u AK = MN = KC, u3 4dero cieiyer Hy»KHOE
yTBepzKJIeHUE. []

Pazbepure /151 mpuMepa 3a/1aqu:

e Jlan uernipéxyronbauk ABCD. Toukn K, L, M, N — cepenunnl ero cropon AB, BC,
CD, DA coorsercrenno. Haiinnre nepumerp yersipéxyrosibauka K LM N, ecin AC+
BD = 18.

Pewenue. Croponbs! yeTblpéxyroabuuka K LM N SBISI0OTCS CPEJIHUME JIMTHIAMEI TPe-
yronpankoB ABC, BCD,CDA, DAB coorsercrBenno. [lostomy KL = MN = %AC
n NK = LM = %BD, orkyia Pxryn = KL+ LM + MN + NK = AC + BD =
18. O]

e Jlokaxkure, uro B AABC' orpe3ok, coeaunsioniuii cepeannnl cropod AB u AC, u
MeaHa, IPOBeJeHHas] U3 BePIINHLL A, JeIaT IpyT APYyra MOMOJIaM.

Pewenue. Ilycrs AM — mennana tpeyronbanka ABC, toukun K n L — cepennHbl ¢TO-
por AB u AC' coorBerctienno. I1o Teopeme o cpejneit tunnu rpeyroibunka LM ||AB
u K M||AC, nosromy npoTrBoJjiesKalue CTOpOHbI 4eThipéxyroibanka AK M L nonap-
HO mapaJiiebibl. 3HadnT, AK M L — napasuienorpavm, u ero jguaronagn AM n KL
JIEJIATCS TOUKON TIepecedenus MOoJIaM. O

B Tpeyroabauke mpoBein TpU CpeHUE JTUHUM.

a) Jlokaxkure, 9T0 OHN Pa3OUBAIOT €rO Ha YETHIPE PABHBIX TPEYTOJIbLHUKA.

6) Haiigure mepumerp KaxkKJIoro U3 HEUX, €CIH MEPUMETP HCXOJHONO TPeyroJbHUKA
paBeH 28.
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Pewenue. a) Cieayer u3 cBOiicTBa CpejiHell JINHUN U TPETHEro MpPU3HAKA PABEHCTBA,
TPEYTroJIbHIKOB. 6) Pas kaxkast cropoHa MoJy IuBIINXCsT TPEYTOJBHIKOB BJIBOE MEHbB-
IIe COOTBETCTBYIONIEH CTOPOHBI NCXOHOTO TPEYTOJbHIKA, TO U IIEPUMETP OYJIeT BIIBOE
MeHbllle, TO ecTh 14. []

o [lKOJIBPHUK He 3HAET, YTO LejaTh.
— Benommnume ceoticmea cpedneti aunuu. A Kakue ecmbv NPU3HaAKU PAGENCMEA Mmpe-
Y20N0HUKOG ¢

JITMHBI IBYX CTOPOH TPEYyroJibHUKa paBHbI a 1 b. Hepes cepeauny Tperhbeil cTopo-
HBI TIPOBEJIEHDI NIpAMBbIe, MapaJiiebuble JIBYM JApyTruM cTopoHam. Haitaure rnepumerp
00pa30BaBIIErocsd MPU STOM YETHIPEXYTOJTHLHUKA.

Pewenue. OTpe3kn MpoBeIeHHBIX MTPSAMbBIX, 3aKJII0UEHHbIC BHYTPH UCXO/IHOTO TPEYTOTh-
HUKA, ABJAIOTCA €TI0 CPEJIHUMU JIMHUAMHA, [I09TOMY UX JIJIMHBI PaBHBI, COOTBETCTBEHHO,
a

b " .
5 1 5. [omyunsnmiicst 4eTHIPEXYTONLHAK — HMapaJjiIeJJorpaMM 10 MOCTPOCHUIO, a 3Ha-

YUT, €ro lepuMeTp paBeH 2 (% + g) =a+b. []

o llkoMbHMK He 3HAEeT, YTO JeJaTh.
— Ymo 3a ompesku 06pa3osasucs, K020a Mol NPOBEAU NPAMBLE?

Cpennss nunus, napaJjienbHas cropone AC Tpeyronbanka ABC, paBHa 10JI0BIHE
cropoubl AB. Jlokaxkute, aro Tpeyroabank ABC paBHOOeIPEHHBII.

Pewenue. Hazosem cpenmioro jimanio MN (AM = MB,BN = NC). ABMN —
paBHOOeIpeH bl 110 yesoButo, noaromy /B = /BN M. Tlockonbky M N||AC, ZC =
/BNM = /B, a suauur, AABC — pasuobejpennsiii (AB = AC). O

o [[KoMbHUK He 3HaeT, YTO LeNaTh.
— Kaxue pasnobedperrvie mpeyeosvruku 6v, sudume? 4mo 6v, 3naeme npo napan-
AENDHBLE NPAMDBIE U Y20l ¢

C 1OMOIIBIO TUPKYJ/IST U JIMHEHKN HOCTPONTE TPEYroJbHUK, €CJIN JaHbl CePeIMHbI
TPEX €ro CTOPOH.

Pewenue. Yepes Kaxkyio BepIINHY TPEyroJibHIKa, 00pa30BAHHOIO CEPENHAMEI CTO-
POH, IIPOBEJIEM IIPAMYIO ITapaslJIeIbHO CTOPOHE 3TOTO TPEYTOJBLHUKA, JIezKalllell IpoTuB
9Toft Bepinne. Tpu nmocTpoeHHbIe MpsiMble OYJIyT COJIEPKATH CTOPOHBI UCKOMOI'O TPe-
YTOJIHUKA, & TOUKHN UX IMepecevdeHns OyIyT ero BepITnHaMI. []

o [lkoNMbPHUK HEe 3HaeT, YTO IelaTh.
— Feau mw nocmpoum MmpeyzonpbHUrx ¢ 6EPUWUHAMU 6 daHHvLT movkaxr, mpeysorobvHukr
U3 Karuxr ompe3xos Mbai TLOJLy%UM.Q Ymo Mol mootcem crxa3amo npo ez2o GGpWUH’bL?
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Toukn M u N pacmoJioKeHbl COOTBETCTBeHHO Ha, cTopoHax AB n AC' TpeyroibHuKa
ABC, upuaém BM = 3AM u CN = 3AN. a) Hokaxure, auro M N||BC. 6) Haiigure
MN, ecin BC' = 12.

Pewenue. Ilycrs K u L — cepenunnt cropor AB u AC' coorsercrsento. Torna K L||BC
n KL= %BC = 6 1o cBolicTBY cpenneit sunnn. Kpome toro, MN — cpenasas TuHAsA
AAKL. llostomy MN||KL||BC nu KL =1MN = 3. O

o [KOIBbHUK He 3HAeT, YTO [ejaTh.
— Ilocmpotime cpednroro aunuro K L mpeyzorvnura ABC. Umo moocro ckazamov npo
cpednroto aunuto mpeyeosvrhuka AK LY

@ a) Jlokaxkure, 9TO CepeIMHbI CTOPOH JIEOOOTO YeTHIPEXYTOJBHUKA SIBJISIFOTCS BEp-
IMIHAME TTapaJsuiesiorpaMma. 6) Jlokaykure, 9T0 cepejnHbl JBYX ITPOTHBOMOIOKHBIX
CTOPOH JIIOOOT'O YETBIPEXYTOJILHUKA U CEPEJIMHBI €ro JInaroHaJsieil ssBJIgr0TCs BepPIINHA-
MU TIapaJiiesijorpamMmMa.

Pewenue. a) CTOPOHBI YeTHIPEXYTOJIbHIKA C BEPIINHAMUI B CEPEJINHAX CTOPOH UCXOJI-
HOI'O YeTBIPEXYTOJIbHUKA TapaJ/IeJIbHbI JJUArOHAIAM NCXOHOTO YeTBhIPEXYTOJbHUKA 110
CBOWCTBY cpejiHell JIMHUU. A 3HAYUT, ITPOTUBOIOJIOXKHBIE CTOPOHBI TOCTPOCHHOI'O |e-
TBIPEXYTOJBHUKA MOMAPHO TApAJLIe/IbHBI, TO €CTh ITO HapaJuiesorpamm. 6) Jlse u3
CTOPOH MOCTPOEHHOT'O YETBIPEXYTOJbHUKA TapaJlleJIbHbl OJIHOM U TOI 2Ke CTOPOHE HUC-
XOJIHOTO YeTBIPEXYTOJIbHIKA U PABHBI €€ TOJIOBUHE 10 CBOMCTBY cpejHeil jimHum. A
3HAYUT, IIPOTUBOIIOJIOXKHbBIE CTOPOHBI IOCTPOEHHOT'O YEThIPEXYTOJIbHUKA PaBHbI U T1a-
paJuIeIbHBI, [I09TOMY 3TO MapaJlIeJIorpaMM 10 IIPU3HAKY IapaJliejorpaMMa. []

o [IKONbHUK He 3HaeT, YTO HeNaTh.

— Cpednumu SUHUAMU KAKUT MPEY20AbHUKOS ABAANOMCA OMPE3KU, COCOUHAIOULUE CE-
peduHbBL COCEIRUL CTOPOH A100020 wembipéxyzosvhuka? A ompesku, coedunsousue ce-
pedurvl cmopor ¢ cepeduramu duazoraneti?

OTpGBKI/I, coeqnHAromumne CeEpeantbl IIPOTUBOIIOJIOZKHBIX CTOPOH qupréX}/FOJIbHI/IKa,
PaBHLI. ,ZLOKa}KI/ITe, 4qToO €ro guaroHaJiv IeplueHnKyJIsapPHDbI.

Pewenue. TlocTponm 4eTBIPEXYTOTBHUK C BEPIIMHAME B CepeiMHAX CTOPOH MCXOTHO-
ro deTbipéxyrosbanka. 1o 3agade 6 a) 910 napaJsuiesorpamMmM. YIHOMSAHYTHIE B YCJIO-
BUU OTPE3KU — €ro JuaroHaJji, a pa3d OHU PaBHbI, TO 3TO IPAMOYIOJILHUK, TO €CTh
€ro CMEYKHbIE CTOPOHBI TEPIEHINKYIAPHBI. A TOCKOJIBKY €ro CTOPOHBI HapaJlie/IbHbI
COOTBETCTBYIOIINM JIMArOHAJIAM MCXOJHOIO YEeTBIPEXYTOJbHUKA 110 CBOMCTBY CpeJIHEl
JIMHUM, TO 9THU JUAaroHaJN TOZXKE IePIeHNKY/IAPHBI. []

o [[KoMIBbHUK He 3HAeT, YTO JejaTh.
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— Ilocmpotime wemvipéry2oivhuk ¢ 8EPUIUHAMU 6 cepeduraxr cmopon. dmo mootcHo
CKA3GMb NPO YEMBPETY20ADHUK € PABHLMU Juazonasamu? A menepsy nocmompum Ha
npedvidywyro 3adayy.

a) OjHa U3 CTOPOH TpeyroJbHUKA paBHa a. Haifiure mHY OTpesKa, cOelnHs-
FOIIEr0 CepeJINHbl MeJIMaH, MPOBEIEHHBIX K JIBYM JpyruM croponam. 6) Jlokaxure,
YTO OTPE30K, COEJIMHAIONINI cepeJIMHbl JIMaroHaJieil Tpamneinu, paBeH [MOJIYPa3HOCTH
eé ocHoBaHmii. B) Jlokaykure, UTO CpejiHsisl JIMHUS Tpalenuu (TO eCTbh OTPe30K, CO-
eJIMHSIIONIIN cepeInHbl € HOKOBBIX CTOPOH) TapaJ/ijiebHa €6 OCHOBAHUSAM U paBHA UX
1I0JIyCyMMe.

Pewenue. a) Ilycre K u L — cepemunnl meuan BM u C'N tpeyroibauka ABC' co
croponoit BC = a. Eciu F' — cepequna M C| o F'L — cpejinsst TUHUS TPEYTOJIbHITKA,
MCN, a FK — cpeanss qunns Tpeyroasanka BMC, nostomy FL||MN||BC||FK.
Buaunt, roukn K, L u F nexkar na oxnoii npssmoii. Cienosarensno, KL = KF—FL =
%BC— %MN = %a— ia = ia.

6) Touno Tak ke, Kak B IIYHKTE a).

B) Ilycts ené E — cepenuna croporsl BN tpanenun BN MC' (B 0603HaMeHNSIX Ty HK-

ta a). Torga FF — cpenusst iuaust tpamerun. [lo coiictBy cpenneit mann 8 ABM N
EK = %MN u EK||MN. 3uauur, toukn F, K, L, F' nexar ua ojnoil npsimoii. [lo-
sromy BEF = EK + KF = %MN + %BC, 4TO U TPedOBAJIOCH. ]

o llKoNIbHUK He 3HAeT, 4YTO mejaTh.

— Ionpobytime na 00noti us cmopor mpeyzosvruka, He cosnadatowet ¢ a, pa3bumo
NOAOBUHY CMOPOHDL, OAUNMCATUWYI0 K A, ewé pasd nonoaam. Kaxue cpedrnue aunui mootc-
HO yeudemv?

@ C IIOMOIIIbIO ITMPKYJIA 1 JIMHENKNI HOCTpOfITe [IATUYTI'OJIBHUK, €CJIN JaHbl CEpeIHBbI
BCEX €TI0 CTOPOH.

IHodckaska: Bocoap3yiiTech 3aaadeit 6.

Pewenue. IIpeanonoxum, uro 3ajia4da pemiena. [lyers My, My, Ms, My, M5 — cepejin-
HBI I0CJIEIOBATEILHBIX CTOPOH A1Ao, AsAs, AsAy, AyAs, A1 A5 MCKOMOrO IATHYTOJIb-
nuka. Ecim K — cepeanna mumaronanan AszAs, To derwipéxyronbauk My MoK My —
nmapaJiiesiorpamm 1o 3ajade 6 a). [locrpoenne: Haxoaum ToUKy K'; CTPOUM TPEyToJib-
nuk AsA4As o cepeaunam ero cropon — Ms, My n K; nocTpoeHHBIII TpeyroJibHUK
JIOCTpauBaeM J0 UCKOMOI'O ISATUYTOJIbHUKA. O

o [IKoNbHUK HEe 3HaeT, 4YTO [OeJIlaThb.

— Ionpobytime pewams 3adavy ¢ Konya, m.e. nycmsv ona pewena. [lonpobytime cha-
YaAa NOCMPoumd MPey2osbHUK.
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JIuctok 5. IlocTpoenune orpe3koB

JL1s1 periennst 3a/1a4 CETOJHSIITHETO 3aHATHS BaM MOT'YT IIPUTOJINTHCS CJieiytomne (gpak-
THI.

1. Teopema Panéca. Ilycrb Toukn Aq, Ag, ..., A, jexar Ha UpPsIMON @, & TOUKH
By, By, ..., B, — na upsmoii b, npuuém Ay By||AsBs||AsBsl| ... ||A.By, u AjAs =
AQAg =...= An—lAn' TOI‘,ZL& BlBQ = Bng =...= Bn_an.

2. Teopema IIudaropa. B npgaMoyroibHOM TPEyroJbHUKE C KaTeTaMu a U b |
TUIOTEHy30i1 ¢ IMeeT MecTo pasencTso a’ + b = 2.

3. Ecim B npssMOyTOJIbHOM TPEyTroJIbHIKE OCHOBAHUE BLICOTHI A, OIYIIEHHON U3 Bep-
IMUHBI TIPAMOTO yIVIa, JEJUT THIOTeHy3Y Ha OTPE3KH a. 1 b., To h? = a, - b,.

BaHsITHe OCBAIIEHO ITOCTPOEHUIO OTPE3KOB 3a/IaHHOM JJINHBI C IIOMOIIBIO HUPKYJ/IS 1
JuHelikn. B nagasie 3aHATHS HAIIOMHUTE JETIM, 9TO C TOMOIIBIO INPKYJIA U JIMHEHKN
MOZKHO:

® [[POBOJUTH IPAMYIO Yepes JABe JaHHble TOYKU;
® OTKJIQ/bIBATL OTPE30K, PABHLIN JTAaHHOMY, Ha JAHHOI IIPAMOII;
® CTPOUTH OKPYZKHOCTH JIAHHOI'O PaJINyca;

® CTPOUTDH CePEeMHHBIN IePICHINKYIAP K OTPE3KY;

® OIIyCKAaTh Ha IPAMYIO HEePIeHIUKYJIAD U3 JaHHOI TOYKM U BOCCTAHAB/IMBATDL Iep-
IIeHIUKYJIAP K IIPSIMON B JIAHHOI TOYKE,;

® [IPOBOJUTDL IPAMYIO, apaJUIeJbHYIO JaHHO, Yyepe3 JaHHYIO TOUKY.

B npunnumne MoXKHO IMOJAPOOHO HE pacCcKasbIBaTh, KaK MMEHHO BCE 3TO JEJIAeTCsd, a
IIPOCTO HAIIOMHUTH, YTO 3TO MOXKHO, U CUNTATH, YTO U3BECTHO, KaK.

Hamomuure dopmyunposky Teopembl Dajieca (JI0Ka3aTEIBCTBO PACCKA3BIBATH HE
00s13aTeNIbHO, a BOT Y4epTEXK Ha JOCKe Hajo n300pasnTh). [lokaxkure, Kak ¢ eé moMo-
MBIO JIJTUTH OTPE30K Ha TPHU paBHbIe dacTu. [lenaercst 9mo Tak: 1) mpoBoanM [epes
OJINH U3 KOHIOB OTPEe3Ka MPsIMYyI0, He MPOXOJISIIYI0 depe3 BTOPOil KOHell; 2) Ha 9Tl
MPSMOIT OTKJIaIBIBAEM OT KOHI[A MCXOTHOIO OTPe3Ka TPHU PABHBIX OTPE3Ka COBEPIIEHHO
JIF000# JITMHBL; 3) KOHEI[ TPEThEro M3 9THX OTPE3KOB COEJMHSEM TPSMON CO BTOPBIM
KOHIIOM TOTO OTPe3Ka, KOTOPbIii XOTUM JIeJIUTh Ha TPU 4YacTH; 4) depe3 oba KOHIA
BTOPOT'O U3 OTJIOYKEHHBIX OTPE3KOB ITPOBOJINM IPsAMbBIE MapaJLIeTbHO MIPAMO, TOCTPO-
eHHoit B myHKTe 3; 5) mo Teopeme Dajieca TH NapaJuiesibHbIEe TPSMble OTCEKYT Ha
HaIlleM OTpe3Ke TPU PaBHLIX OTPe3Ka.

Hamomuute Teopemy Iludaropa m mokazkure, Kak ¢ €€ MOMOIIBIO, UMesi OTPE30K
JUIHHBL 1, OCTPONTH, HapuMep, orpe3ok ummHoi v/10. st 9Toro Hajgo HOCTPOHTD
HPSIMOYTOJIbHBIN TPEyroJIbHUK ¢ KaTeraMu 1 u 3, ero runorenysa 1o Teopeme I[Inda-
ropa — HUCKOMBIIl OTPE30K.
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Han orpesok jqymabl 1. C TOMOIIBIO IUPKYJIS U JITHEHKI TOCTPONTE OTPe3KH JIJTHHBL:
ey l.ooylon)y 4 )y Loy m
a) 5;6) 7;B) £ T) 5 4) -5 €) = (m,n — HaTypaJbHbLIE YHCTA).

Ilosickaska: Bocnosib3dyiiTech Teopemoit Dasteca.

Pewenue. a) Jlequm oTpe3oK MOMOJIAM, CTPOsi CePeJNHHBIN EePIeH IUKYIIsIp K HEMY;
6) moOBTOpSIEM JIefiCTBIE ITYHKTA a JBazK/bl; B) JEIIM OTPE30K Ha b dacTeil aHAJIOrnIHO
TOMY, KaK JICJINJIN HA 3 9aCTH; T) MOJIy9daeM Kak MOOOYHBINH 9()hEKT MOCTpoCHHs B
IyHKTE B; ) JIEJINM OTPE30K Ha 7 Jacreil aHaJOMUMIHO TOMY, KaK JIeIUIH Ha 3 YaCTH;
€) m pa3 OTKJIaJIbiBaeM OTPE30K, [IOCTPOEHHbIH B IyHKTE JI. ]

o IKoNbHUK He 3HaeT, 4YTO OeJlaThb.

— FEcau nocmpoums cepedunnvili nepnendukyaip, Ha CKoAvko “acmell pa3iesumcs
ompesox? A ecau menepv nocmpoumsv cepeduHHvtl NEPNEHOUKYAAD K NOAYHUSUETCA
wacmu? Benommum meopemy Daneca. Ecau l pas omaoorcums ompesox dauriv, k, om-
PE3OK KAKOT OAUHBL ML NOAYHUM ?

Han orpe3ok JinHbL 1. C IOMOIIBIO HUPKYJIsI 1 JITHEIKH [IOCTPONRTEe OTPE3KU JJINHBL:

a) v2;6) Vb; B) V8;r) V13; ;m) V17

Tlonckaska: Bocmosib3yiitech Teopemoii [Tudaropa.

Pewenue. Vcnonssyem Teopemy Iudaropa: a) v2 = 12 + 12, 6) /5 = V12 + 22;
B) V8 =1+/22422;1) V13 =22 + 32, 1) V17 = V12 + 42, O

o llkonbHUK He 3HAEeT, YTO OEeJaTh.

— Benommnume meopemy ITugazopa u 3adavy npo nocmpoenue ompeska daunss v/ 10.
Kax ona pewanracv? A xarxumu oaxncho, 66imsd OAUHDL KGMEMO8 NPAMOY20AbHO20 Mpe-
Y20A0HUKG, 4MOODL 2UNOMENY3A NOAYYUAACH HYHCHOT HAM OAUHDL?

Han orpesox jumabl 1. C IIOMOIIBIO IUPKYJId, JINHEHKN 1 Pe3yJILTATOB IIPe/IbLLyIeil
3a/1a41 TIOCTPOIiTe OTPE3KH JIHHEL &) v/3; 6) v/6; B) V/7; 1) V14.

Pewenue. Ucnonbzyem Teopemy [udaropa u pesynbrars! mpeabliyiieil 3a1adm: a) V3

/ 2 / 2 / 2 2
12+\/§;6)\/6: 22—1—\/5;3)\/7: 22—|—\/§;r)\/ﬂ: 124+413°. O
o [IKONbHUK HEe 3HAeT, YTO IeNaTh.
— Ymo 6ydem, ecau Mot NOCMPOUM NPAMOY20A6HBIT MPEYLONDHUK CO CIOPOHAMU 1 U

V2?2 Yemy 6ydem pasha zunomenysa? Honpobyime o6owums Ha 0cmaibrbie nyHk-
maot.

a) Jlanbl orpeskn jiuHbL 1 0 vk (k — marypasbaoe 9ucio). C MOMOIIBIO MHPKYJIs
1 JTUHEHKN TOCTpoiiTe OTPe30K JINHBI v/ k + 1.

6) [lokaxkure, 910, NMesT OTPE30K JJIMHBI 1, MOYKHO C TOMOIIBIO MUPKYJIsST U JTMHEHKN
[IOCTPOUTEH OTPE30K JUIMHBI /T JJIsi JIEOOOI0 HATYPaJILHOTO 1.
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Pewenue. a) Ucnonbzyem Teopemy [udaropa, kax B npeabiiyieit 3amade: vk + 1 =

/ 2
12+ VE . 6) BbIBoguM ¢ MOMOIIBIO MyHKTA & 110 WHTYKITHH. O]

o IKoNbHUK He 3HaeT, 4YTO [OeJlaThb.

— Ilonpobytime ewvipaszums vk + 1 wepes kopenv us cymmol keadpamos. A menepo
npumeHume UHIYKUUO.

Han orpezok jymmHbl 1 U HaTypajbHble ducjia m u n. C HOMOIIBIO IUPKYJIS 1

m
JIMHEHIKN [IOCTPONTE OTPE30K JIJINHBI 4 [ —.
n
Ilonckaska: Bocmosb3yiTech 3agadamu 1 u 4.
Pewenue. Tloctpoum cHadasia 0Tpe30K JIMHBI v/mn, Kak B 3ajade 4. [lorom 3amer-

pin, 4To /% = Y i1 pocnosb3yeMest 3a/iadeil 1. O

o [[KoMbHUK He 3HaeT, YTO LeNaTh.
— Ionpobyiime nocmpoumsv ompe3ox OAUHDL \/MN U NPUMeHUMb 3adavy 1.

@ a) IlocTpoiiTe MpsIMOYTOJTBHBIN TPEYTOJIBHUK O TUIIOTEHY3€ U BBICOTE, OIYIIEHHO
Ha T'UIIOTEHY3Y. (Iosickaska: B OPSMOYTOJNIBHOM TPeyTOJIbHUKE MeJMaHa, MPOBEJSHHAs K TUIOTEHy3e, PaBHA
[IOJIOBUHE THIIOTEHY3HI. ) 6) ﬂaHbl OTpE3KU AJINHBI a4 1 b. C IIOMOIIIbIO TUPKYJIA U JNHEeNKN
[IOCTPONTE OTPE30K JJINHDBI \/%

Pewenue. a) CTpouM runoTeHysy, 3aTeM napaJiie/ibHO eif TIPOBOJINM TIPSIMYIO Ha pac-
CTOSIHUU, paBHOI JanHoil BbicoTe. [ToMHSI, YTO B MIPSIMOYTOJTEHOM TPEYTOJILHIKE M€ I1-
aHa, TPoBeJIEHHasl K THIIOTEeHy3€e, PaBHa MOJOBUHE MMIIOTEHY3bl, CTPOUM OKPYKHOCTD
C IEHTPOM B CepejiiiHe THIIOTEHY3bl U PaIINyCOM, PABHBIM ITOJIOBIHE THIIOTeHY3bI. Tou-
Ka [epecevdeHtst 9TOil OKPY?KHOCTH € TIOCTPOEHHOI JI0 9TOro MpsiMoii (ecim OHa ecTb)
OyJieT BepIIHOIN MPSIMOro yTjia KCKOMOTO TpeyrojbHuka. 6) Bocmosbsyemes tem, 9To
eCcJIM B TIPSIMOYTOJTBHOM TPEYTOJIbHUKE OCHOBAHNE BBICOTHI /i, OTYIIEHHOI U3 BEPITUHBI
IPAMOTO YIVIa, JEJINT THIOTEHY3Y Ha OTPE3KH G, 1 b., To h? = a, - b,. OTioxuM Ha
OJIHOI TpsAMOIT OTpe3Ku JInH a 1 b ¢ obmum KoHroM. [locTponm Ha mosTyvdnuBIIeMcs
OTpe3Ke JUIMHBI a + b KaK Ha JuaMeTpe OKPYKHOCTh. B obiieM KoHIe OTPE3KOB a 1 b
BOCCTAHOBHM II€PIIEH/INKYJISID K 9TOMY OTpe3Ky. Touka mepecedenust mepreHInKyisipa
C OKPY>KHOCTBIO OyJIeT BEPIINHOI MPSMOro yrjia TPEeyroJbHIKA ¢ TUIOTEHY30i a + b u
MPOEKIINSAMI KATETOB Ha THUIOTEHY3Y, paBHbIMU @ 1 b. CorjacHo yrmoMsiHyTomy (haxTy,
BBICOTA TOTO TPEYIOJIbHIKA OYIeT HMeTDh JIHHy v ab. O

o [[kombHUK HE 3HaeT, 4YTO JeJaTh.

- BC’I?,OJ\/LHume, Ymo cunomerysa A6AAECTNCA duamempo./w ONUCAGHHOT ORPYHCHOCTNU
nNPpAMOY204bH020 MPEYL0NDHUKA. Kaxue nodobrwie mpeyzonbHuUKU 6bl MOMNCEME YKa-
3amdv, €CAU 6 NPAMOY0NBHOM TMPEYSO0NDHUKE npoee@é’me 6blCoMmYy K eunomeHy%?
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Han orpe3ok jumHbl 1. C MOMOIIBI0 HUPKYJIsS, JUHEHKN U Pe3y/IbTaTOB IIPeIbl Ly el

3a/1a4H TIOCTPOIiTe OTPE3KH JIHHLL a) v/6; 6) \/g.

Pewenue. Bocnombayemest mpeibliyieii 3a1a4ueii 1 TeM, 4To: a) \/6 =23 6) \/% =

/1.1 1.1
5 3- A OTPE3KHU JIJIMHBL 5 U 3 Mbl CTPOUTH YMEEM (em. 3amaay 1). []

o [lkonpPHUK HEe 3HaAeT, YTO IelaTh.

— Bocnoavaytimeco npedvidyuieti 3adaved.

Hanbl oTpe3ku JIuHbL a, b, c. C MoMOIIbIO UPKYJIsd 1 JTUHEHKI TOCTPOHTE OTPE30K

ab
JJIMHBI — . Iloackaska: BOCHOIB3YHTECh HOJOOHBIMU TPEYTOIbLHUKAMH.

Pewenue. BospMéMm Kakoil-HuOy b mpsiMoii yros ¢ epmmuoit . Ha ojanoit u3 ero
cropoH ormeTruM Touky A, a 3arem ormerum Touky C' Ha orpeske OA Tak, 4TOOBI
OC = ¢, OA = a. Ha npyroii cropone yria ormeruM Touky B Tak, arobsr OB = b.
[TpoBenem depes Touky A npsimyio, napasienbnyio BC. Ecin M — Todka ee mepece-
gerust ¢ aydom OB, 1o orpe3ok BM — UCKOMBIi (9T0 cjieyeT u3 mogobust Tpeyroib-

wukoB AOM u COB). O

o [IKONbHWK He 3HAEeT, YTO LeNaTh.
— Ilonpobyiime na cmoporax Npamoz0 yaia OMAOHCUMDL JaHHBIE 8 YCAOBUU OMPEIKI.
Bocnoavaytimecv nodobuem.

CaMBbIM CUWJIBHBIM IIKOJIBHUKAaM MOXKHO JIaTh CJIEAYIOINLyIO 3ajady (mocie
peIleHnsI BCEro JINCTKA):

9] (*) Jlanbl OTPE3KH C UIMHAMI G, Gg, . . . , Gy U PAIMOHAJBHBIC THCIA (1, (2, - - - ; n
(HEKOTOPDIE U3 HUX MOIYT ObITH OTpHIATe bHBIME). C MOMOIIBIO IUPKYJIsT 1 JITHEHKHI
MOCTPO#iTe OTPE3OK JUHBI \/|q1a? + q2a3 + . . . + ¢,a2].

Pewenue. TTomensas, ecim Hajio, 3HaKN y BCEX ¢;, MOYKHO CUATATH, YTO JIJTMHA UCKOMO-
o OTpe3Ka paBHa \/ qla% + q2a% + ...+ qna%. [TepenymepoBaB, ecin HaJI0, 3aJJaHHbIE
qUC/IA, MOKHO CUUTATD, UTO q1, - - -, Gk = 0, Grat, - - -, ¢n < 0. Obo3Hauum b; = +/|¢;|-a;,

TOIJIa JIJINHA, MCKOMOT'O OTpe3Ka OyJ/ieT paBHA \/ b% + ...+ b% — bz IR b2. Turo-

TeHy3a TpeyroJbHIKa ¢ KaTeTaMu by, by paHa 4/b? + b3; TUIOTEHy3a TPEYTONBHIKA C

karetamu /b + b3, by pasua /b7 + b3 + b3, u T. J1.; TAKUM CIIOCOGOM MOCTPOMM OT-
PE3KH C JIJIMHAMU \/ b+ ...+ bz 1 \/ b% 11+ ..+ b2 Tenepb cTPONM IIPAMOYTOILHBII

TPEYTOJILHIK ¢ THIIOTeHy30i /0% + ... + b? u KareToM \/ bi., + ...+ b2; o Teopeme

[Tucdaropa ero Bropoii kKareT u OyIeT UCKOMBIM OTPE3KOM. ]
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o llkoNbHUK He 3HAEeT, YTO HOeNaTh.
—Ilodymatime nad credyrowumu 60NPOCAMU:

o Kax packpumv modyasv?
o Kax nocmpoumv ompesox daunos \/|q;| - a;?

e Ecau danwl ompesku daun a > b, xax nocmpoums ompe3or oaunvt v/ a? — b2?
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JImcTok 6. IIudaropoBbl TpeyroabHUKN

Onpenenenne. [IpsgaMoyrobHbI TPEYTOJIBHNUK, JIJIMHBI BCEX CTOPOH KOTOPOI'O BhIPa-
YKAIOTCsl TEJIBIMEI YHUC/IaMU, HA3bIBACTCS NUuPa2oposvim mpey2osbHUuKoM.

Onpenenenune. Habop narypasibubix ducen (a, b, ¢) HaszbBaeTcs nudazoposoti mpoti-
K01, ecJll OH yJOBJIeTBOpseT paseHcTBy a’ + b* = ¢, Ipyrumu ciosamu, mugaroposa
Tpoitka — 3T0 HAOOP JIIMH CTOPOH HEKOTOPOTO MIMAropoBa TPEyroJbHUKA.

B nauaJie 3aHsITHS HAIIOMHUTE IIKOJbHUKAM IIPO apudMETHKY OCTATKOB: €CJIU a4 =
arm +rq, b =bym + ry, T0 a + b genuTesa Ha M ¢ TAKUM 2Ke OCTaTKOM, Kak Ty + 7p, a
ab — ¢ TaKuM »Ke OCTATKOM, KaK 'yTp.

[ToJie3H0 TaKzKe HAIIOMHNTD, KAK PEIIaTh B IIEJIBIX YHCIaX YPABHEHN THIa 12 —1y° =
15 (pack/ajbiBaeM JIeBYIO W MPABYI0 YaCTh HA JiBa IEJOTUCICHHBIX MHOXKHUTES U
IPUPABHUBAEM BCEBO3ZMOYKHBIMI CIIOCOOAMM).

Tenepb MOXKHO JIATH Olpe/ieieHne mudaropoBa TpeyroJbHUKa 1 udaropoBoil Tpoii-
KU, a TakyKe TPUBECTH caMble u3BecTHbIe npuMepsl: (3, 4, 5), (5, 12, 13), (7, 24, 25),
(8, 15, 17), (9, 40, 41).

SHasl JUIMHBI JBYX CTOPOH IndaropoBa TpPeyroJibHUKa, HaljuTe JJIMHY TpeThbeil
CTOPOHBI U BBISICHUTE, KaKasl U3 CTOPOH SBJIAETCA TUIIOTEHY30ii:

a)3ub;6)24u258)8uldr)suld; a)9udl.

Pewenue. Bepém JBa JTAHHBIX 9HCTa U TPOBEPSEM, SIBJIACTCS JIM CyMMa, I PA3HOCTD
MX KBaJPATOB KBaJPATOM IEJIOr0 YHCJa. I SB/IsieTcss cyMMa — 9T0 OBLIN J[INHBI
KATETOB, €C/IM PA3HOCTh — 9TO OBLIN MUIIOTEHY3a U KATET.

Orsersl: a) 4 (runorenysa 5); 6) 7 (runorenysa 25); B) 17 (oHa Ke U TUIOTEHY34);
r) 12 (runorenysa 13); r) 40 (runorenysa 41). O

o [lKonbHUK He 3HAeT, YTO OeNaTh.
— Ilpumerume meopemy I[upazopa. Yumume, umo danmwvie wucaa mo2ym Ovimv He
moavko kamemamu. Bydym au nosyuertvie wucsa K6adpamamu Ueavlx wucen?

[Tpueure npumep mudaropoBa TpeyroJbHUKa ¢ 3aaHHOIN JJINHOM IUIIOTeHY3bI:
a) 15; 6) 39; B) 100; r) 289.

Pewenue. Nnes: bepeM MOIXOASIIII MTPAMOYTOJIBHBIN TPEYTOJBHUK U3 MPEIbl Ly et
3a/1a41 U yJIMHHZAEM BCe CTOPOHBI B OJIHO U TO ZKe 11eJI0e YUCJIO Pa3.

Oreeter: a) 9, 12, 15; 6) 15, 36, 39; B) 60, 80, 100; r) 136, 255, 289. O

o llKOJIBPHUK He 3HAET, YTO LeJaTh.
— Ilonpobytime 63amv NPAMOY20A4bHIT MPEY20ALHUK U3 NPEIvdyuLets 3a0ayu U YMHO-
2ACUMD 6CE CMOPOHDBL HG 00HO U MO JHCE UYEAOE YUCAO.

,ZLOK&}KI/ITG, qTO HI/ICbaFOpOBbIX TPOEK OeCcKOHEYHO MHOIO.
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Pewenue. Bepem J1100yto niudaropoBy TpoiKy u yMHO:KaeM Ha 2, 3, 4 1 T. 1. ]

o llKkonbHUK He 3HAEeT, YTO HesaTh.

— Ilonpobyiime 63amuv A001y10 nupazoposy mpotiky. Ilonpobyime ymmootcums ece eé
KOMNOHEHMBL Ha A1000€ yeaoe wucaoe. Bydem au noayuernas mpotixa wucen nudazo-
P060T 7

a) CymiecTBytoT Jin paBHOOEIPEHHBIE TTH(ATOPOBBI TPEYTOJbHUKI !
6) CymiecTBytoT Jint 1iaropoBbl TPEYTOJIBHUKN ¢ OCTPBIM yTjioM 30°7

Pewenue. a) Her: eciu karer pasen a € N, 1o runorenysa pasua av/2 ¢ N.
6) Her: eciin karer nporus yriia B 30° paser a € N, 10 1o reopeme [Tudaropa Bropoii

karer av/3 ¢ N. O

o llkoMbHUK He 3HAEeT, YTO NejaTh.
— Ilonpobyiime npednososicumsv, wmo CyuLecmsyom nudazoposv,. Mpey2oibHUKY ¢
darmnvimu yerosuamu. Ilyems 2unomenysda pasha a, mozda “wemy pasHbL KaMemovl?

MozkeT Jin nindaropopa TpoilKa COCTOSIThH U3 TPEX HEUETHBIX UHCEJI!

Pewenue. Het: eciin 0b6a KaTeTa HEIETHBI, TO 110 Teopeme [Tudaropa rurnorenysa 4éT-
Ha. []

o [lKonbHUK He 3HAeT, YTO LEeNaTh.
— IIpednonoocume, wmo xamemor Hewémmo,. Imo MoocHo ckadamv npo 2unomenysy ?

(6] a) Kaxue ocrarku or jesienus Ha 4 MOTYT J1aBaTh KBaJPaThl HE/IBIX uCe?

6) MoryT Jjin 0ba karera mudaropoBa TPEYroJbHUKa UMETh HEYETHBIE JIJIHHBL!

B) Jlokaxkure, uro moma/is nudaropoBa TpeyroJbHIKa BCEr/a BbIPAZKAETCS TEJIbIM
YUCJIOM.

Pewenue. a) 0 (nas kBagpara 9érHoro yncsa) i 1 (/s KBajpara HEIETHOTO YnC-
a).

a) Her, unade kBajpar rumnorenyssl Oy/IeT JaBaTh OCTATOK 2 MPU JieJieHnn Ha 4, 910
IPOTUBOPEYNT MYHKTY a).

a) Ilinomaab npsgMoyroIbHOrO TPeyroibHUKA PaBHA MOJIOBUHE TIPOU3BEJIEHUs ero Ka-
TETOB, a U3 MYHKTa 0) CJIeJyer, 9To 9TO OyJIeT 1ejI0e IUCIIO. ]

o [[KoMbHUK He 3HaeT, YTO LeNaTh.

— Ymo maxoe ocmamox om deaenua? Ymo npoucrodum ¢ ocmamrom npu 6036edeHul
wucaa 6 xeadpam? Ilocmompume na ocmamxu npu deseruy Ha 4 2unomenydv. demy
PABHA NAOWADD NPAMOY20ALHO20 MPEY2OALHUKA?
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B HekoTropoMm mudgaropoBoM TpeyroJibHUKE JJIMHbI CTOPOH — B3aMMHO IIPOCTHIE
qucsta (Takoit mudaropoB TPEyroJbHIK HA3BIBACTCS NPUMUMUEHbIM). JlokazkuTe, 910
JIJINHA TUIIOTEeHY3bl HEYETHA, a JIJIMHBI KATETOB — pa3HOoil YETHOCTH.

Pewenue. PoBHO JiBe 4éTHBIE CTOPOHBI y MUQAaropoBa TPEyroJbHUKa ObITH HE MOXKET
(Torga u Tperbst cropoHa Oblia Obl UETHOI), a 06a KaTeTa HeYETHBIMU OBITH HE MOTYT
110 TIpeJIbLyIeil 3a/aue. 3HAYUT, KaTeThl Pa3HOil YETHOCTH, a I'MIIOTEeHY3a, CJIeI0Ba~
TeJIbHO, HEYETHA. []

o [lkonpHUK He 3HaeT, YTO IelaTh.
— Mootcem au 6vimv posho dee wémmvie cmoponw. y Iugpazoposa mpeyeorvnura? A
oba xamema wewémuumu? 4mo omcroda caedyem?

CKOJIbKO CyTIECTBYeT MIGaropoBbIX TPEYTOJBHIKOB, B KOTOPBIX OJUH N3 KATETOB
paser: a) 7;6) 15; B) 1; 1) 4; 1) 67

HO,HCKaBKaZ COCTaBbTE U DEINUTE YpaBHEHNE B IIEJIbIX YUCJIaX C IIOMOIBIO TE€OPEMbI Hn(baropa.

Pewenue. BocnobayiiTech MoJICKAa3KOM 1 aKKYypaTHO PEIINTe yPaBHEHUE B IE/IBIX TUC-
Jax. ]

o [lkoNIbHUK He 3HaeT, 4YTO [OeJIlaThb.

— Ilonpobytime cocmasums ypasHenus 6 yeaws wuciar. Hanpumep, % + 72 = 4.

@ Jlokaxkure, 9TO I JIIOOONO HEUETHOrO 4McJia, KpoMe 1, cyiiecTByeT mudaropon
TPEeyroJIbHUK, B KOTOPOM JITMHA OJHOTO U3 KaTeTOB paBHa 3TOMy qunciay. Kaxkme us
TUX TPEYTOJBHUKOB 3aBEJIOMO HE TOJI0OOHBI JIPYT JPYTy?

Pewenue. CocrapiisieM ypaBHEHUE B LIeJIbIX UNC/IaX, KaK B Ipeablayiieil 3amade. st
IIPOCTOT'O YMCJIa B IIPABOil YacTu OHO BCerJla UMeeT pellleHue. []

o [[KonbHUK He 3HAeT, YTO LeJaTh.
— Ilonpobyime, onamo owce, kakx u 6 npedudyweld 3adave, cOCMABUMDb YPABHEHUE 6
ueavx wucaax. Ionpobyiime cdeaamsv 2unomenysy NpPoCcmMvim YUCAOM.

JlokazKkure, 9TO CYIIEeCTBYyeT OECKOHEUHO MHOI'O III(ParopoBbIX TPEYTOJIbHIKOB, HE
0JIOOHBIX JIPYT JIPYTY.

Pewenue. Bepém TpeyroabHUKN, Y KOTOPBIX JJIMHBI OJHOTO M3 KATETOB BBIPAYKAIOT-
¢ MOIAPHO PA3/IMIHBIMU IIPOCTBIMU YHCIaMU. B cuity mpejblayineil 3aj1aul OHU He
1I0JIOOHBL JIPYT JPYTY. O

o llkoMbHMK He 3HAEeT, YTO JeJyaTh.
— Ilonpobyiime 63amb MPEY20ALHUKYU, Y KOMOPO2O OAUMHD, 00H020 U3 KAMEMOE 6bi-
PAACAIOMCA NONAPHO PABAUYHBLMU NPOCNBIMU Yucsamu. [lonpobyime npumenumo
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npedvdyuyro 3adany).

Jokazkure, 9T0 B 1MuaropoBOM TPeyroJbHUKe: a) JJIMHA OJHOTO U3 KATETOB
neuTest Ha 3; 6) JTHA OJIHOI 13 TPEX CTOPOH JIEIUTCsI Ha 5; B) MPOU3BEIEHUE JIJINH
KaTeToB JleJInTcd Ha 12.

Pewenue. a) Ksajgpar HaTypaJbHOTO 4ucia gaeT octatok (0 mwiw 1 mpu jgejieHnn Ha

3. Eciu oba karera He jessTcd Ha 3, TO KBaJpaT I'MIOTEHY3bl JaeT OCTATOK 2 IIpU

JleJIeHUY Ha 3, 4ero ObITh He JIOJIZKHO.

6) Paccyxgaem ¢ octarkamMu Ha 5 aHAJOTUIHO MPEIBIAYIIEMY TyHKTY.

B) JlimHa onHOTO U3 KATETOB JeuTest Ha 3 (110 MyHKTY a). Ec/ti Bece cTOpOHBI 96THBI, TO

IPOM3BE/ICHIE KATETOB, OUeBNHO, JleanTcd Ha 4. Eciau oqun karer 4éTHbI, a J1pyroii

HEUYETHBI, TO 13 PACCMOTPEHUST OCTATKOB OT JICJIeHUd KBaJpaTa Ha 4 BCE U BLITEKAET.
]

o [lkoNIbHUK He 3HaeT, 4YTO eJIlaThb.

— Ilocmompume 1a ocmamxu om desenus na 3. dmo npousdotidém, ecau oba xamema
ne deaames na 3¢ Ananoeuvwno ¢ ocmamramu om deaenus na 5. B nocaedném nynrme
NPUMEHUME NYHKM @) U NOCMOMPUME HA DASAUHHBIE CAYUAU YEMHOCTIU KAMEMOS.

B KoHIIe 3aHATHST MOXKHO COOBIIUTD TMKOJbHIKAM (0€3 J0KA3aTeIbCTBA) CJIe YOIl

daxkr.

Teopema. Bce nugazoposv, mpotixu zadaromes popmyaamu Eexauda:
a=k(m?*—n?), b=k(2mn), c = k(m? +n?),

ede m, n, k — namypaavuvie wucaa, m > n, wucao m—n neuémmuo u HOJA(m,n) = 1.
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JIncTtok 7. PaBHbIe 1miomaan

B Hauasie 3aHATHS HAOMHHUTE IKOJbHUKAM MOHATHE TLiomiagn. MoxkHo He gaBaTh
CTPOrOro OMpeJIeJIeHNsT; TJIABHOE — CKA3aTh, YTO a) PaBHbIE (DUI'YPHI UMEIOT PaBHbIE
wioma/ i u 6) WIoma/ b 00beUHeHNsI IBYX HellepeceKamnxcst (GUryp paBHa CyMMe
ux 1romaedi. [losiesHo BemoMHUTE (hOPMYJIBI IO TPEYTOJIbHIKA, MapaJlIeso-
rpamMMa 1 TPallel[ii U HAIIOMHUTD UJIEI0 UX JIOKA3aTeTbCTBA.

Pasbepure takue 3aja4n (0OpaTnTe BHUMAHUE MIKOJIBHUKOB, YTO PE3YJIBTAThI ITHX
3aJ1a9 MOTYT ObITH MOJIE3HBI TIPH PEIIeHNH 33189 JIICTOYKA, MOITOMY UX CTOUT 3alli-
CBIBATB):

e Jlokaxkure, 4TO MeJUAaHA JIEJUT TPEYTOJbHUK HA JIBA PABHBIX 110 ILIOMAH TPEe-
YTOJIbHUKA.

Pewenue. Y 9TuX TPEyroJbHUKOB 00Iasi BbIcOTa (OIMyIeHHAsT 13 TOI Ke BepIIUHbI,
9TO MeJIaHa MCXOIHOTO TPEYTOJbHIKA) W paBHBIE OCHOBAHUS (MO ONPEJEJeHUI0 Me-
JMaHbl). 3HAIUT, 13 (GOPMYJIBI IIOMAIN TPEYTOJIbHUKA CJICIYeT, ITO IIOMAIN STHX
TPEYrOJIbHUKOB PaBHBI. n

e [Iycrs K — Touka Ha ctopore AB Tpeyronbaunka ABC, npuuém AK : KB =m : n.
Hoxaxure, aro S(ACAK) : S(ACBK) =m : n.

Pewenue. Pemraercs anajgorndaio mpeablayieii 3agade. H

e /lan tpeyronbauk ABC. Toukn M u N nexar va aydax AB n AC cooTBeTCTBEHHO,
upuaém AM : AB=m :n, AN : AC = p: q. Jlokaxxure, 910

S(AAMN) m p

S(AABC) n q

Pewenue. Ilyctb m < n, p < ¢ (ocTajbHbIE Cydal PACCMATPUBAIOTCS aHAJOTUIHO).
Torma touka M mexxut Ha orpeske AB, a touka N — Ha orpeske AC. Pacemorpum
tpeyroabank AMC. B cuny npeapiaymeit 3aa4dm

S(AAMC) m S(AAMN) p

S(AABC) ~ n S(AAMC) ¢
[lepemuozkas 3Tn aBa paBEeHCTBA, MOJTYINM TpedyeMoe. []

B Tpanernuu ¢ ocnosanusivMu BC' u AD nnaronasn nepecekaiorcs B Touke O. Jlo-

kaxknte, 1to: a) S(AABC) = S(ABCD); 6) S(AAOB) = S(ACOD,).

Pewenue. a) Y 3THX TPeyroJibHUKOB PaBHbIe BBICOTHI (OHH PABHBI BBICOTE TPAIIEIINH )
n obmee ocnopamme. 6) S(AAOB) = S(AABC) — S(ABOC) = S(ABCD) —
S(ABOC) = S(ACOD). O
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o llkonbHMK He 3HAEeT, YTO IeJaTh.
— Yemy pasra naiou,adv mpeyzosvHura? 3a6ucum AU oHa OH Mo20, KaKY0 8blCOMY U
ocHoBaHue Mol svibepem s nodcuéma?

B tpeyronbauka ABC nposesnena ouccekTpuca BL.

a) Hoxaxwure, uro S(AABL): S(ABCL)= AL :CL = AB : BC.
6) Haiture AB, ectu BC =9, AL =175, CL =45.

B) Haiinure LC, eciu AB = 30, AL = 20, BC = 16.

Pewenue. a) Creyer u3 3aj1ad JABYX HOCIEIHAX 33,1, pa3dNPaeMbIX B HATAJIE 3aHsI-
Trst. C TOMOIIBIO IyHKTA &) PeIaloTcs myHKTol 0) 1 B): 6) AB = AL-BC : CL = 15.
B) LC = BC - AL : AB = 103. O

o [lKombHUK He 3HAeT, YTO LeJaTh.
— Ilonpobyime npumenums 3adayu, KOMOPvE PA3dUPAAUCH 6 HAYAAE 3AHAMUA. 3a-
mem nonpodytime NPUMeHUMb NYHKM a).

BuyTtpn mapasienorpamma ABC' D ormedena Touka O. [lokaxkure, 110

S(AAOB) + S(ACOD) = %S(ABCD) — S(ABOC) + S(AAOD).

Pewenue. B tpeyrosnbaunkax AOB u COD uvmeem AB = CD 10 cBoiicTBy mnapaJi-
JejgorpaMma (1 BOOOIIE 9TU TPEyrOJbHUKH PABHBI, KAK HETPYJIHO JOKA3aTh), a X
BBICOTHI, OIyIeHHbIEe U3 BepinHbl (0, Tak:Ke paBHBI U BMeCTe 00pa3yloT BBICOTY Ia-
paJsiesiorpaMMa. Mermomb3yst (hopMyJIbl TIOMAIN mapaJjiieiorpaMmMa 1 TpeyroabHIKa,
HOJIy9M [IEPBOE PABEHCTBO, AHAJOIMIHO JIOKA3bIBAETCsS I BTOPOE. O

o [lkonpHUK HEe 3HaeT, YTO IelaTh.
— Ymo mootcno ckazams npo mpeyeosvhukuy AOB u COD? Yemy pasnor naowadu
NAPAANENOPAMMA U MPEY2OALHUKA?

a) Bepiuabr ofiHOrO KBapaTa pacioioKeHbl Ha CTOPOHAX JIPYTOTO U JIEJISIT STH
CTOPOHBI B OTHOIIeHun 1 : 2, caurasl 110 4acoBoil crpeske. Haiigure oTHOIIEHUE ILIO-
a/jieil KBaJpaTos.

6) CropoHbl TpeyroJbHUKa IIIOMan 1 pasjesenbl B OTHOIEHNN 3 @ 1 10 4acoBoii
crpeske. Haftinre mioma b TpeyroJbHuKa ¢ BEPIIMHAMI B TOYKAX JEJIeHN.

Pewenue. YcnoBue CTOUT MOSICHUTH, HAPUCOBAB YepTEXK Ha JOCKE — BOIIPOCHI HaBep-
HsKa OYIYT.

a) IlycTsb BepuIMHBl MEHBINEr0 KBAJpaTa JeJsIT CTOPOHbBI DOJIBINEro KBaJjpaTa Ha OT-
PE3KM JUIMHBI T U 22, TOT/Ia CTOPOHA DOJIBIIEro KBajpaTa paBHa 3. BosbIoil KBaipaT
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JIeINTCS Ha O YacTell: MaJIeHbKUiT KBaJIpaT U YeThIpe PaBHbIX JAPYT JAPYTY NPAMOYTOIb-
HBIX TPEYTOJIbHUKA. 11I0IMa /b KazKI0ro I3 9TUX TPEYIOJBHIKOB PaBHA T2, & IJIOMAb
GosbIoro KBajpara pasHa 9z2. I[losToMy B CHIy aIITUBHOCTH ILIOMIAIN ILIOMAIb
MaJIeHbKOT'O KBaJipaTa pasHa 922 — 422 = 522, To ecTb OTHOIIEHNE IIJIOMaIeil KBaIpa-
TOB paBHO 9 : 5. 3aj1a1y MOXKHO peliaTh 1 ¢ TOMOIIbIo TeopeMbl [Indaropa (Brpouem,
OHa JIOKA3BIBAETCsT KAK Pa3 € MOMOIIBIO TAKOTO Ke PACCY 7K JICHNUST ).

6) ILioma/ib KazkIoro U3 TpeyroJbHUKOB C JIByMsl BEPITHHAMEI B OTMEUYEHHBIX TOYKAX
U TpETheil BePIINHOII B BEPIINHE MCXOJHOTO TPEYTOJIbHUKA paBHA 1%. (a0 coreyer u3
sajaqu 20.0). 3HAUUT, IO CBOWCTBY aJIATHBHOCTH TLJIOMAJIEH ILIONIA/IH TPEYTOIbHIKA

¢ TpeMms BepIIMHAMU B OTMEYEHHbIX TOYKax paBHa 1 — 3 - 1% = 1—76. []

o [lkonpHUK HEe 3HaeT, YTO IejaTh.

— Umo mootcno ckazamov npo naowadu wacmed, Ha xomopwie pazbum borvwull Keao-
pam? A npo naowadu mpey2oivHukos, Ha Komopwil pa3ddbum 60AbwWUT MPEY20AbHUK
U ¢ BEPUWIUHOT 8 BEPULUHE UCTOOH020 MPEY20NOHUKG?

Ha croponax mpsiMOyTOJIBHOTO TPEYTOJbHUKA ITTOCTPOEHbI
KBaIpaThl («mudaropoBbl MmTaHb» ). VX BepIIHHBI COEIMHEHDI

Tak, Kak MokKa3zaHo Ha puc. 1. /lokaxknTe paBeHCTBO ILIOMIAIei
CEPBIX TPEYTOJILHUKOB.

Puc. 1.

Pewenue. Ha croponax camMoro 00JIBIIIONO W3 TPEX KBaJIpaTOB KakK Ha THIIOTEHY3ax
MOZKHO IIOCTPOUTD 4 TPEYTOJIbHUKA, PaBHbBIX 3aKPallleHHOMY, TakK, tITO6I:>I OHU BCE OKa-
3aJIMCb BHYTPH KBa/paTa KW HE II€peceKaJllChb (BCHOMHI/ITG O6quHOe JOKa3aTeJILCTBO
teopembl [Tudaropal). BosbImoit kBagpar mpu 95ToM pazodbeTcst Ha 9eThIpe TAKUX Tpe-
yroJbHUKa U ellé MajeHbKuil kKBajparuk. Hy BoT, a Temepb, Korja Bce 9TO HAPUCO-
BaHO, CTaAaHOBUTCA OY€BHAHO, YTO IIOIIaAb KazKIO0I'O U3 CEPLIX TPEYI'OJILHUKOB paBHa
IJiomaaln 9€pHOI'o TpeyroJIbHHKa: Yy HUX €CTb PaBHbLIC OCHOBaHHN:A U PaBHbLIE BbICOTDLI,
OIIYIIEHHbIE Ha 9T OCHOBaHUA.

Pazymeercs:, MOXKHO NIpUIyMaTh U MHOTO JAPYTHX pPeIIeHnil 9TOM 3a/1a49m. []

o [lkonbPHUK HEe 3HaeT, YTO IelaTh.

— Kax doxaswvisaemes meopema Iupazopa? Ionpobyiime 6 camom 6oavuiom xeadpame
NOCMPOUMD 4 MPEY20ADHUKG KAK HA 2UNOMEHYZAX.
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6] a) Touku K, L, M, N — cepejiuHbl CTOPOH TapaJLIeJ0orPaM-
mMa ABCD. llpsmble DK, BM,AL,CN orpanmdmBaioT Ma-
JICHbKUIT napaJiiesorpamM. Haiianre oTHOIIEHE TLIOIIa 1€l T1a-
paJiiesiorpaMMoB. 6) B BBITYK/IOM 4eThIPEXYTOJIbHUKE OTMETH-

JI CepeMHbl CTOPOH M COEJUMHUIN UX C BepUIMHAMU TaK, Kak
nmoKa3aHo Ha puc. 2. /lokaxkure, 9TO MIOMAL IEPHOTO HETHI-
PEXYTOJIbHUKA PaBHA CyMMe ILIOIIA el cepbIX TPEYyrOJIbHUKOB. Puc. 2.

Pewenue. a) Ilycrs npsimast BM nepecekaer orpesku AL u C'N cOOTBETCTBEHHO B
toukax B u F, a npsimast DK — coorBercrBento B Toukax G u H. Torna FFHG — na-
pasienorpavMm, BE = EF = GH = DH = 2FM (nanpumep, 110 CBOICTBY cpe/jiHeil
munnn). Kpome mapasuiesiorpamMma, 0o0pasyeTcst enié 9eThbipe TPeyroJbHUKA U UeThi-
pe Tpanenuu. [losb3ysdach dpopMynaMu IO TPeyroJabHUKa, MMapaJjiejgorpaMMa
Tpalennu, MOXKHO BbIBECTH, UTO ILJIONIA/IN TPaIlelnil paBHBI 110 %S (EFGH), mioma/m
TpeyrosibHukos — 10 1S(EFGH). Otcrona noyuny, uro S(ABCD) = 5S(EFGH),
a 3HA4YUT, ICKOMOe OTHOIIIeHue I1jIoma/ieit paBHo 1 : 5.

6) Beexem oGosnauenns ananornuno nyrkry a). S(KBC) = 3S(ABC), S(LCD) =
1S(BCD), S(AMD) = 1S(ACD), S(ABN) = 1S(ABD) B cuny 3ajaun, pasobpan-

HOIl B Haudasie 3audaTusd. Orcrona

S(KBC) + S(BCD) + S(LCD) + S(ABN) =

_ %(S(ABC) 1+ S(ACD) + S(ACD) + S(ABD)) = S(ABCD).

C npyroit cTopoHbl, 110 POpMYJIe BKIIOUEHUH-ICKII0UeHN

S(ABCD) = S(KBC) + S(LCD) + S(AMD) + S(ABN)—

— S(cepbix TpeyrobHUKOB) + S(UEPHOrO YeThIPEXYTOIbHIKA ),

oTKy/1a —S(cepbiX TpeyroJabHUKOB) + S (4€pHoro 4eTeipéxyroibauka) = 0, 9To 1 Tpe-
60BaJIOCh. ]

o [[KoMIBPHUK HE 3HAeT, YTO JejaTh.

— Ilonpobyiime 6vivucaumsd NAOWGOU MPEY20ALHUKOS U MPa-
neyuti, Ha Komopwie pazoum ucroonvili NaPasLeA02PAMM.

Yepes TouKy BHYTpU KBaJipaTa MPOBEJIEHbI IPAMbIE, TTapaJ-

JIeJIbHBIE €0 CTOPOHAM U JnaroHassM (cm. puc. 3). Jokaxkure,

YTO CyMMa ILIoIajaeil Oe/IbIX dyacTeil paBHA CyMMe ILIOIIa/Iei
CepbIX YacTeil. Puc. 3.

Pewenue. TIpomno/kuM mpsiMble, apaJiebHbIe AUaroHaIsIM KBaJpara, J0 Imepecede-
HUsI C TIPOJIOJIZKEHUSIMI €ro cTOPOH. [ToryanTcst MHOTO paBHOOEIPEHHBIX MTPSIMOYTOJIb-
HBIX TPEyroJIbHUKOB, KOTOPbIE IONAPHO paBHBI. [loKpacum J10CTpoeHHBIE YaCTU ITUX
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TPEYTOJLHIKOB TaK, YTOOBI KayKJble JBa PaBHBIX TPEYTOJbLHUKA OBLIM pa3HBbIX IBe-
ToB. Terepb 04YEBU/IHO, YTO CyMMa ILJIOIIa el OesIbIX JacTell paBHa CyMMe ILIOIIa el
cepbIxX 4acreil. A JIOCTpOEHHBIE TPEYTOJbHIUYKE (UX YeThipe) TOXKe pasOUBAIOTCS HA
JIBe TTapbl PaBHBIX, MPUYEM B KarKJI0il TTape TPeyTroJbHUYIKN pa3HonBeTHBIE. [loaTomy
cyMMa IO el OesTbIX JacTeil paBHa CyMMe ILIOMaeil cepblX YacTeil 1 B UCXOHOM
paszouennn. MoyKHO pemaTh 3a3/1a9y U aHAJIUTUIECKH — C TOMOIIBIO MPIMOYTOJILHOM
CUCTEMBI KOODJIMHAT. ]

o [[KoMbHUK He 3HaeT, YTO OeNaTh.
— Ilonpobyiime npodossicumsd cmoporsl, napasiesvrvie duazoranim xeadpama. Karxue

pasrobedpenvie mpey2oavhuky 6ol sudume? 4mo moosiceme ckazams Npo UT NAOU-
ou?
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KomMmbunaTopuka
JImctok 8. Ci102KUTh MJIN YMHOXKUTH !

B nauaJie 3ansaTus pasdoepure cjeayIomme 3a/aumn:

e Ha prinke mpogaiorcss g0J0KM TATH COPTOB, TPYIIN TPEX COPTOB U CJWBBI JIBYX
coptoB. CKOJIBKO CIIOCOOOB KYIUTH: &) sIOJOKH U TPyIu; ©) siOJIOKM, TPy 1
CJIUBBI, B) (DPYKTHI JBYX BUJIOB, ecjil GPYKTHI KazKJ0r0 BUJA TOKYIAITCS JIUIIh
OJIHOrO copTa’

Pewenue. a) Y HAC eCTb IATH COPTOB SIOJIOK, U JIJIsST KazKJ0TO U3 HUX Mbl MOYKEM
BBIOpATD JII00OIT 13 TPEX COPTOB I'PYII (TYT CJIEyeT HAPUCOBATH COOTBETCTBYIO-
nyto cxemy ). Takum obpasom, mosrydaem 5-3 = 15 crioco6os. 6) CriocoboB BEIGpATH
si0JIOKM ¥ TPYIIN, KaK HaM y2Ke m3BecTHO, 15. K sroboit komOuHamm «sa0J10K +
I'PYIIN» MOYKHO JIOOABUTD JIIOOOH 13 2 COPTOB CJIMB, COOTBETCTBEHHO BCETO CIIOCO-
oo 15 - 2 = 30. B) [lj1s1 Hauasa onpeieuMest, Kakiue IMeHHO (DPYKThI Mbl Oy/1eM
HOKYIIaTh: SIOJIOKM U I'PYIIN, PPYLIN U CJUBBI WK CJIUBBI U s10710K1. BoIOpaTh s10-
JIOKU U TPYIIN MOYKHO 15 criocobamu, TPYIN U CJIUBHI 3-2 = 6 criocobamu, CJIUBBI 1
stosiokn 2-5 = 10 cnocobamu. CoorBercTBerHo, Bcero 15+6-+10 = 31 crnocod. [

e a) CKOJIbKO CyIIECTBYET MATH3HATHBIX dncesi! 6) A CKOIBKO MATH3HATHBIX THCET,

KOTOpBIE OJINHAKOBO YUTAIOTCSI CJIEBA HAIIPABO U CIIpaBa HaJeBO (Kak, HAIIPUMED,
12321 u 25852)7

Pewenue. a) Yro Takoe nNgTu3HATHOE IUCJI0? DTO MOCJIEIO0BATEIBHOCTD U3 5 1,
nepBas u3 Koropblx He (), a ocTaJibHbIE JI00OBIe. 1O ecTh Ha TEePBOM MeCTe MOYKET
ObITH J1I0Das u3 9 mudp, Ha BTOPOM, BHE 3aBUCUMOCTU OT TOTO, YTO Ha IEPBOM
MectTe, — Jirobast u3 10, Ha TpeTrbeM, YeTBEPTOM U IIITOM — TOxKe Jitobasi u3 10.
Taxkum odpazom moaygaem 9 - 10 - 10 - 10 - 10 = 90000 naTu3HaIHBIX THCET.

Pazobpas 31y 3aj1a1y, cripocuTe y MIKOJbHUKOB JIjII ITPOBEPKHU, CKOJILKO CYIIECTBY-
eT TPEX3HAYHBIX WM YeThIPEX3HAYHbIX unces. 0) Ecau duesio cieBa Hampaso
U clipaBa HaJIeBO YUTAETCs OJWMHAKOBO, TO IMepBas Indpa — Takasd Ke, Kak Io-
CJIeJIHSS, a BTOpas — TakKasd ke Kak Ipejnocieadss. [Ipu stom neppas mudpa
Kakasd yrojaHo, kpome 0, a Bropas U TpeThsd nudpa MOryT ObITh JI0ObIMEI. 10 ecTh
TAKMX YHUCEJ CTOJBKO K€, CKOJBKO M OOBIUYHBIX TPEX3HAYHBIX YHCEI, & WMEHHO
9-10-10 = 900. Crupocute y MIKOJBHUKOB, CKOJILKO CYIIECTBYeT aHAJOTUIHBIX
MECTU3HAYHBIX THCes (X CTOJIBKO 7Ke). O]

[Tocste sTOro chopmynupyiite caeayromue 2 TpaBuia;
IIpasuno cymmuot. Ecin o0bekT A MOXKHO BBIOpATH M criocodbaMit, a 00bLeKT B MOXKHO
BBIOpaTH N criocobamu, To BIOOP «A uin B» MOXKHO OCYIIECTBUTH M + 1 CIIOCOOAMI.
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IIpasunao npoussedenus. Ecium o0bekT A MOXKHO BBIOpaTh m CIIOCOOAMHI U IIPU
KayKJIOM TaKOM BbIOOpe 00beKT B MOXKHO BbIOpaTh n criocobamiu, TO BeIOOpP «A u B»
MOKHO OCYIIECTBUTD 1M - 1 CIIOCODAMHU.

Harnpumep, B perennu 3aja4qu npo (HppyKThl (MIYHKT B) MbI JOJIZKHBI ObLIN BBIOPATH
(stbstoKM w TpyIH) wAw (PPYIIH U CJUBBI) UAW (CJIUBBI U SIOJIOKH ), OTCIO/A TOJTy TaeM
5-3+3-242-5.

Yrobbl joexaTh U3 JOMa Ha 3aBoj, TOKapb lleTpoBud ejer cHavaJa Ha MAPIIPyTKe
OT JIOMa JI0 MEeTPO, MOTOM Ha MeTpo (C mepecajikaMi), a IIOTOM Ha TpaMBae OT MEeTpPO
710 3aBojia. OT jIoMa J10 METPO XOJIST MITh PA3HBIX MAPIIPYTOK, OT METPO JI0 3aBOJIa —
TpU TpaMmBasg, a Ha METPO MOXKHO exaTh 110 KOJbI min depe3 1meHTp. CKOJIbKO pas-
HBIX MapIIpyTOB Ha PabOTy U 00paTHO MOXKET HpUAyMarh [leTpoBud, 4T00BI HEMHOTO
Pa3HOOOPA3UTH CBOIO YKI3HD!

Pewenue. O 1oMa 10 METPO 5 CII0COOOB JI0eXaTh, JIJIs JIFOOOTO U3 HIX MOYKEM BbIOPATH
2 BapuUaHTa I0E€3/IKN Ha MeTPO U I JIF0OO KOMOMHAIIMHU II0€3JI0K MOXKEM BbIOPATD
JII000I1 13 TPEX TpaMBaeB, TaKUM oOpasoM moJydaeM d - 2 - 3 = 60. To ectb [lerpoBuu
nMeer 60 crocoboB JloexaTh OT JIoMa JI0 3aBOja M CTOJIBKO 2Ke obparHo. Bceero ke
MapipyToB 60 - 60 = 3600, Tak Kak s Jrodoro u3z 60 rmyreit Ha pabOTy MOXKHO
BBIOpATH J11000# 13 60 myTeit oOpaTHO. ]

o [IKONBHUK TOBOPUT, 4YTO oTBeT 60.

— 100 mapwpymom norumaemcs 6eco nymov myda u 00PAMHO.

o llkonpHUK ckiampBaeT 60 u 60, BMecTo TOro, 4YTOOH yMHOXATh.

— Ilemposuny nyostcno exams om doma do 3a60da uau obpamno? A moocem, 6cé e
u myda, u obpammno? Ymo moada HyscHo desamv co2aacHo NPasuay?

a) Tokaps IlerpoBrd paboTaer Ha cTaHKe, Ha KOTOPOM €CTh YeThIPE JIBYXITO3UINOH-
HbIX TIepek/irodaresist. CKOJIbKO BCEro peskKUMOB paboThl y 91oro cranka? 6) [lerposuu
He TEPBbIil Ioj1 MeuTaeT 0 H60Jiee COBPEMEHHOM CTaHKE, Y KOTOPOI'O0 TOMUMO YeTBIPEX
JIBYXTIO3UIIMOHHBIX TepeKodaTe el ObIo Obl eMié Tpru TPEXTO3UINOHHBIX. CKOJIHKO
pPeKUMOB pabOThI y cTaHKa MedThl [lerposuya?

Pewenue. a) Kaxpiit u3 mepekodaresieii MOyKeT ObITh B OJIHOM U3 JIBYX PEXKUMOB, TO
ecTb JIJIst JTI0O0T0 U3 JIBYX PEKUMOB IIEPBOI'O MOYKHO BBIOPATD JIIOOOI U3 JBYX BTOPOTO,
n T. .. B urore nosmyqaem 2 -2 -2 -2 = 16. 6) Anasornuno 2-2-2-2-3-3-3 =
16 - 27 = 432. O

o lIKONIBPHUK HE IOHUMAeT, YTO TaKOe IBYXIO3ULUOHHHN ¥ TPEXNO3ULUOHHIA
IePEKIINIATENb .

~B kauecmee npumepa 08YTNo3UYUOHHOZ0 NEPERAOUAMENA NOOTOOUM NPUSHIUHDIT
BCEM BOIKAIONANEND CEEMA: Y He20 064 NOAOHCENUA (6KA. /6bikA. ). A Y MPETNO3ULUOH-

36



H020 NEPERAOUAMENA NOLOHCEHUT MPU (HANPUMED, MAKOT NEPEKAIOUAMEND MOHCEM,
YNPABAAND CKOPOCTBI0 SBPAUCHUSA BEHMUAANOPG,).

o llIKoTbHUK TOBOPUT, UTO OTBET B NIYHKTe a) Takoi: 2-4 =8§.

—[lovemy mui pewun NePemMHoHcUMb IMU YUCAG? 4 — IMO KOAUMECTNBO NEPEKAIOUA-
meneti, Mol svioupaem uxr? A Kaxue 006eEKMBL Mol 6VOUPAEM U CKOADKUMU CNOCOOAMU
MOIHCHO UL 8BOPamB ?

a) CKOJIbKO CyIIeCTBYeT IMIeCTH3HATHBIX dnces, fesdmuxcs #Ha 57 6) CKOIbKO
cyliecTByeT HaTypaJabHbIX dnces oT 0 g0 999999, B necaruynoit 3ammcn KOTOPbIX HET
JIBYX CTOSIINX PSIIOM OJMHAKOBBIX IU(P?

Pewenue. a) Hucna, mensimecss Ha 5, — 9T0 4ucja, okaHdnBatomunecs: Ha 0 win 5.
OcraJjibablie U@PHI MOTYT OBITH JIIOOBIMU. TakuM 0Opa3oM, Ha IEPBOM MECTE MOYKET
OBITH BcE, Kpome 0, To ecTb 9 BapHMaHTOB, Ha, BTOPOM, TPETHEM, YETBEPTOM U IISITOM —
mobas mudpa, To ecth 10 BapuaHTOB, Ha mocjaegHéM mecte — (0 mwim 5, TO ecTb 2
BapuanTa. Beero momydaem 9-10-10-10-10 -2 = 180000 BapuanTos. 6) [Tocuuraem,
CKOJIBKO TaKHX IMIECTU3HAYHBIX YHCE/I: Ha [IEPBOM MeCTe MOKeT ObITh Jirobast nudpa,
kpome 0, To ecTb 9 BapuaHTOB, HA BTOPOM MecTe — Jiiobast, KpoMe TepBoii (Kakoii Obl
HU ObLIa 9Ta 1epBast), TO eCTh TOXKe 9 BAPHAHTOB, HA TPEThEM MecTe — JI0bast, KpoMe
BTOPOIT, 1 T. 11. [Tomyaaem 9-9-9-9-9-9 yucesn, anagoruano naTu3HadHbIX: 9-9-9-9.9,
qeThIpéx3HadHbiX 9 -9 -9 -9 u 1. 1. OpnosHaunbix uncen 10 (Brioudast 0). 3uaqwr,
Bcero nostyuntest 96 + 9% + 9% + 93 192 4 10 = 597871 unces. MoKHO He 3aCTaBIISATh
IIIKOJIbHUKOB BBIYHC/ISITH 9TOT OKOHYATEJ bHbI 0TBeT. CHJIBHBIX IIKOJHHUKOB MOXKHO
IIPOCUTH OIEHUTDb: TAKUX YUCEJ OOJIBbIIE IOJOBUHBI OT BCEX PacCMaTPUBAEMbIX WJIN
MeHbIre? ]

o [lkonmbHUK He 3HaeT, YTO IelaTh.

—a) Kaxos npusnax deaumocmu wa 57 Kax evieasdam wucaa, deasujuecs nwa 5¢ Ka-
KUMU MO2YM. Obimb UX UUPpvl, CMOAWUE HA NEPEOM, BMOPOM, NOCACOHEM MECTNE?
6) Kaxot moorcem 6vimv emopas yudpa, ecau uzeecmua nepsaa? A emopas, ecau
uzsecmmo, nepevie dee? Ecau mor 3adurcupyem nepsyro yudpy, ckoavko bydem cno-
cob06 6vlbpamsv 6mopyio?

o llkonbHUK yMHOXaeT Ha 5, a He Ha 2 B IOyHKTe a).

— Ymo maxoe 57 Koauvecmso kaxux 00sexmos ono o3navwaem?

B CIIIA jaty npuHSTO 3allUChIBATH TAK: HOMED MeCsia, II0TOM HOMED JIHSA U T'OJT
(mampumep, 09.12.2015 — neenajiaroe centsiops 2015 roga). A B Espone u B Poc-
CUU CHAYaJa MUIYT YUCI0, MOTOM MECSIl U 1oj (HAIpuMep, JABEHAIATOE CEeHTIOPS
2015 rosa 3anuceiBaror Tak: 12.09.2015). CkoJIbKO B IOy JIHEl, JaTy KOTOPBIX HEJIb3sI
pacidpoBaTh OJHOZHAYHO, HE 3Hast, KAKUM CIIOCOOOM OHa HalucaHa?!
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Pewenue. OHO3HAYHO HEJIB3s1 pacmndpoBaTh JaThl, B KOTOPBIX JIeHb He O0JIbIIe
12, a wmecsr J060it (3a HCK/IIOUEHHEM TexX 12 jgaT, rje JeHb U MeCsI COBIIAJaoT:

01.01, 02.02, ..., 12.12). Takux mar 12-12 — 12 = 132. []

CeMmu3HauHbIN Tesie(DOHHBII HOMED HA3BIBAETCs KPACUGHLM, €CJII B HEM YETHBIE 1TI(p-
pbl depenyloTcd ¢ HedéTHbIMU 1 HeT Hyjeil. CKOJIbKO BCEro CyIIecTBYyeT KPaCUBBIX
HOMEpOB?

Pewenue. Heuérupix 1udp 5, a 4€THBIX, KpoMme HYJIs — 4. Eciin HoMep HaunHaeTcs ¢
JETHOI 1 PHI, TO HA IIEPBOM, TPEThEM, IIFITOM U CEIHLMOM MecTax UMeeT 110 4 BapuaH-
Ta, & Ha BTOPOM, YeTBEPTOM U IIECTOM II0 9, TO €CTh TaKuX HOMepoB: 4:5-4-5-4-5-4 =
32000, ecyn ke HOMeDP HAUNHAETCsI ¢ HeI€THOI udpbl, TO ux H-4-5-4-5-4-5 = 40000.
Sunaunt, Bcero cymiectByeT 32000 4 40000 = 72000 KpacuBLIX HOMEPOB. ]

6] Haio mociars 6 cpounsrx muce. CKOMLKIMHI CIIOCOOAMI 9TO MOMKHO CJIe/IAT, €C/IN
JUIST TIEPEJIatn [TICEM MOYKHO HOC/IATh TPEX KYPhEPOB, MPUUIEM KazK0€ MUCHhMO MOXKHO
JIATh JIIOOOMY 13 KypPbepoB?

Pewenue. IlepBoe mucbM0 MOXKHO JaTh JIIOOOMY U3 TPEX KypPbepOB, BHE 3aBUCHMOCTU
OT 9TOr'0 BTOPOE IHICbMO TaK:Ke MOYKHO JaTh JIIOOOMY U3 Tpex, u T. J. IToaydaem, 4To
Beero crocobos: 3% = 729. ]

o lIKoNIBHMK cymTaeT, YTO OTBeT J -6 = 18.

—Ilovwemy mur nepemmostcun amu wucaa? Tor 6vibupaews 00no us 6 nucem, a 3amem
001020 u3 3 Kypvepos? A umo mul evioupaeus ?

o [IKONbHWK He 3HaeT, YTO HeNaTh.

—Ecau 6v nucomo 6v.00 00HO, CKoALKO 6vIA0 Ob cnocobos? Tenepw, kozda mvl onpede-
AUAU KMO OMHECEM, NEPBOE NUCOLMO, CKOALKO ECMB 8APUAHMOE OAL 6TOP0O20 NUCHOMA Y
3HaUUM, CKOALKO Cnocob0s 6 cayuae 06Yx nucem?

Hukanop rocraput Ha cMapT@OH YeThIPEX3HAUHBIIN TI(POBOIT KO pa30/IOKIPOBKH,
a ToTOM 3a0bL1 ero. HuKanop MOMHHUT TOJIBKO, 9TO B Kojie ObLin uucia 23 u 37. C
Kakoit monbITK Hukanop HaBepHsiKa CMOXKET 10100paTh KO/ 1 pa3d/IOKUPOBAThL IKPaH
cmaptdona?

Pewenue. 23 n 37 mormm ObITH B KOjlax, TJie BeTpedaeTcsd KomOnnarus 237, U B Kojax
2337 un 3723. Ecin Bcrpedaercss 237, To qubo mepej Heil, 1ubO IIOCIe Hee CTOUT JIFO-
bast u3 10 mudp, To ectb BapuanToB koja: 10 - 2 = 20. Takum obpasom Huxanopy,
[oHa100UTCsa 22 MOIIBITKIA. ]

o [IKOJIbHUK CYWTAET, YTO €My XBATUT ABYX IOIETOK
— Kax ewé mozym 6vimvb pacnosodtcensv yu@povl, ¥mobdvl npu 6324a0€ MG HULT MOACHO
ovir0 yeudems kax 23, max u 377
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[Tomobpap Hakoner Ko, HukaHop pemmi, 910 mudpbl — 9TO CJAUIIKOM CJIOXKHO
JUIS Hero, 1M IOoCTaBWI Ha cMmapTdoH rpadudeckuil naposb. Temepb, 9To0bI pasdJio-
KHPOBaTh dKPaH, HAJ0 B IPABUILHOM IIOPSIJIKE COEJUHUTDH JIOMAHONH KaKIe-TO YeThipe
13 U300PaKEHHBIX Ha 9KpaHe JEBATUH TOUeK (OHU PACIIOJIOXKeHbI 110 Kpyry). CKOJIBKO
MOIBITOK HY?KHO, 9TOObI HABEPHSKA MOJ00PATH 9TOT MAPOJb, €C/I: &) 3HATH, KAKIEe
TOYKU COEJIMHSIThH, HO He 3HATH, B KAKOM TIOpsJIKe; O) He 3HATH, KAKMe TOIKU COEIH-
HATE?!

Pewenue. a) Ecrb 4 ToYKH, KOTOPBIE HAM HY?KHO yropsiodnTh. CHadama Mbl MOXKEM
BBIOPATH JIIOOYIO U3 YeThIPEX TOUYEK, Ha BTOPOE MECTO JIFOOYIO U3 OCTABIIMXCS TPEX, HA
TpeThe JIIOOYIO M3 JIBYX, B KadecTBe KaH/UlaTa Ha YeTBEPTOE MECTO OCTAHETCS BCEro
OJiH TOUKa, TakuM obpazom Hukawnopy nonaobures 4 - 3 - 2 = 24 nonsitku. bf 6) Ty
Ha IIePBOM MeCTe MOYKeT OKa3aThCsl JioDasi U3 JIeBATH TOUYEK, Ha BTOPOM Jiobas 13
ocTaBIIMXcs BochbMU 1 T.j1. Becero 9 -8 -7 -6 = 3024 BapuaHTOB KOJA. ]

o llkoNbHUK He 3HAEeT, YTO IesaTh.

— Ckoavko cnocobos evlbpamv nepsyro mouwky? Eceau mol ee yorce 8vlbpasu, CKOALKO
cnocobos evlbpamsv emopyio?

@ 3aMeTnM, UTO eC/I IePEeBEPHYTh JIICT, Ha KOTOPOM HaIMCAHbI IU(PHI, TO QP
0, 1, 8 ne m3mensarcsa, 6 1 9 MoMeHAIOTCA MeCTaMU, a OCTaJbHbIE OTEPSAIOT CMbICI.
CKOJIBKO CYIIECTBYeT JIEeBSITU3HAUHBIX UKCEJI, KOTOpPbIEe IIPU IIePeBOPAuNBAHUN JINCTA
He U3MEHSIIOTC !

Pewenue. YTobbI 11pu 1epeBopavMBaHUN UUCJIO HE IOTEPLAIO CMBICJ, B HEM JIOJIZKHBI
ob1Tb TOTbKO TMdpHI 0, 1, 8, 6, 9. [Ipn nepeBopavunBanun nepsas nudpa MepexouT
B ITOCJIEJIHION0, BTOpPasd — B BOCHMYIO, TPEThsI — B CEJIbMYIO, Y€TBEPTasi — B IIECTYIO,
a MsITasg OCTAeTCd Ha CBOEM MecTe. SHAUWT, eCIU IMUMPLI B TAKOM YUC/Ie ¢ TepBOil 110
yeTBepTyi0 — HekoTopble u3 0, 1, 8, 6, 9, To mudps! ¢ mecToil 1Mo JAeBATYIO OIpeje-
JISIIOTCS OJTHOBHAYHO. TakK Kak rsras nudpa ocTaeTcsd Ha CBOEM MECTE, TO OHa, MOYKET
ObITh TOJIEKO 0, 1 mym 8. Takum oOpa3oM, Ha IEPBLIX YETHIPEX MECTaX 110 H BapUaHTOB
nndp, Ha TATOM MeCTe 3 BapHaHTa. SHAUHT, BCero Takmx umces 5 - 3 = 1875. []

o [IKONbHUK He 3HAEeT, YTO LeNaTh.

—Ecau mor onpedesum nepsiyro yudpy, xaxumu mozym 6vimov ocmanvrvie? Crosvkumu
cnocobamu MosHcHo e€ evlbpams ?

o lIKOMBEHUK TOBOPHUT, YTO OTBET H°.

—/leticmeumenvro Au Ha BCEX MECTNAX MOdHcem Obimb Atbas u3 smux & yudp? Kaxue
MECa 6 “ucie nepexodam dpye 6 dpyea? Ymo npoucrodum, xoz2da wucso nepexodum
camo 6 ceba?

CKOJIBKUMHE CIIOCODAMHU MOYKHO MOCTABUTH HA IMAXMATHYIO JOCKY JIBE: a) Pa3HO-
MBETHBIX 0) OesIbIX JIabl Tak, ITOOBI OHI He OUn JIpyT apyra’
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Pewenue. a) Hépuyto JiaJpio MOXKHO OCTABUTH Ha Jitoboe u3 64 mect. [ne 6b1 ona HH
crosiia, oHa 6béT 14 moseit (7 mo ropusonTasm u 7 10 BepTHKa/M). 1o ecTh Gesyo
JIaJIbI0 MOYKHO IOCTaBUTH Ha JIIOOYIO KJIETKY, KpOMe TOM, Ijie CTOUT YépHast, 1 Tex 14,
aro ona 0beT. Takux kjerok 49. 3uaunt, Becero crocobos 64 - 49 = 3136. 6) Ham yike
N3BECTHO, YTO KOJIMYECTBO CIIOCOOOB IOCTABUTH JiBE pasjindHble Jiajbu papHO 3136.
Kaxktomy criocoby 1mocTaBuTh 2 JiaJibu OJIHOTO IIBETa COOTBETCTBYIOT POBHO JIBa CIIOCO-
Oa IOCTABUTL Ha Te »Ke MecCTa JBe JaJbl pa3HbIX 11BeToB. COOTBETCTBEHHO, B IIYHKTE
0) oTBeT B JiBa pa3a MeHbIIe, YeM B IIyHKTe a), a UMeHHO 1568. O

o llKoIBPHUK HE 3HAET, YTO LejaTh.

—a) Ecau wépnas aadva cmoum na xaemxe al, xyda moocno nocmasums beayro? A
ecAl Ha A000M OPY20M MECTNE — CKOABKO KAemok ona 6bém? Croavko ocmaemcs Oas
oenott aadvu? 6) Umo menaemesa, Kozda aadou cmanosames odnozo usema? Koau-
YeCmeo cnocobos YMEHbWaemesa ur yeeiuvusaemca? A novemy? Hackoavko uaiu 60
CKONDKO Pa3 OHO YMEHDUAECTNCA?
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JIncrok 9. ®akropua!

B nauaJje 3angaTng cjejyeT BBECTH CJIe/IyIolee

Onpenenenne. Ilpoussesenne Bcex HATYpPaJbHBIX 4YKCes] OT 1 10 1 BKJIIOUYUTEIHHO
HasbIBAETCA Parmopuasom ducia n 1 obosHadaercs n! (antaercs «d3H GakTOpHAT» ).
Takum obpasom, n! =1-2-3-...-n.

1 pazobpars 3a1a4n:

L] AHa,ZpCLJ\/LMOﬁ Ha3bIBa€TCA IIPOU3BOJILHOE CJIOBO, IIOJIYYECHHOE M3 JaHHOI'O CJIOBa

repecTaHoBKOI 6yKB. CKOJIBKO aHATPaMM MOYKHO cocTaBuTh u3 ¢jios: a) KOIIIKA;
6) CMETAHA?

Pewenue. a) Ha mepBoe MecTo MOYKHO TOCTABUTD JIIOOYIO U3 [ATH OYKB, HA BTO-
poe — Jiro0y10 u3 4eThIpéx, n T. J. Ha msroe MecTo octaHeTcst TOJIBKO OjIHA OYKBA.
Taxum obpazom, KosimgecTBo aHarpamm pasao 5! = 120. 6) B sTom ciiose 7 OykB.
[Tpejmosiozkim, 910 JiBe nMerornuecst OykBbl A pasindnbl: ectb A1 u Ay, Torma na
MEPBOM MeCTe MOXKeT ObITh Jiiobast u3 7 OykB, HA BTOpoM — Jobasd u3 6 u T.71. To
ecThb Bcero BapuanToB Ob110 Ob1 7! = 5040. Ho B Takom ciiydae Mbl ObI KarK10€ CJ10-
BO TocunTasm JBaxkapl: Hanpumep, ciosy CMETAHA coorsercTBoBasin Obl cjioBa
CMETA HA, u CMETAsHA,. Ilosromy anarpamm, rjae Ay u Ay SBIISIIOTCS

OJIHOIT 1 TOIl »ke OyKBOIi, B 2 pa3a MeHbIle, a MeHHO 2520. ]

Koncoeprxkka Kirapmust CeMéHOBHA PEIIa IIOMEHATH B CBOEM IIOIbE3e KO JIOMO-
dona. OHa X0UueT coCTaBUThH HOBbII 4eThbIpEX3HAUHbIN Ko 13 1udp 1, 9, 4, 5. CkobKO
TAKNX KOJIOB MOXKHO COCTABUTH, €CJII: &) MUQPBI MOI'YT MOBTOPATHCs; 0) 1 phl He
JIOJIZKHBI TOBTOPATHCS !

Pewenrue. a) Ha nepBomM, BTOPOM, TPETBEM U YETBEPTOM MECTE B JIAHHOM CJIYIAe MO-
KeT CTOATD J1106ast U3 4eThIPEX 1mudp, TO eCTh KOIMuecTso Bapuantos 4 = 256. 6) Ha
IIEPBOM MECTE MOYKET CTOATH Jitodast 13 4 mudp, Ha BTOPOM — Jit0Das U3 ellé He3aieli-
CTBOBAHHBIX TPEX 1 T.J., noaydaem 4! = 24 BapuaHTOB Ko/IA. []

a) Knapaus CemMéHOBHA BBIDAIIMBAET HA MOJOKOHHUKE I[BETHI. Y HEE eCTh CHUHMIA,
3eJIeHbIN, KOPUIHEBLIN 1 opaHzKeBblil ropiiku. Ckoybkumu criocobamu Kiapmausa Ce-
MEHOBHA MOYKET PACCTABUTH UX B PsJl Ha MooKoHHNKe? 6) CuHuii ropiiok pasouics,
n Knnapnusa CeménoBna Kymuaa BMECTO HETO €IIE OJINH OPAHKEBLIN — TOUb-B-TOYDb Ta-
KOit ke, Kak y He€ yxKe ecTb. CKOJILKO CII0COD0B pacCTaBUTh T'OPIIKU Ha, 110JIOKOHHUKE
Ternepnb?

Pewenue. a) CaMblil JIeBbIil TOPIIOK MOXKET OBITh CHHUM, 3€JIEHBIM KOPUIHEBBIM HJII
OpaHKeBbIM (9T0 4 BapUaHTa), CJIEIYIONHI MOXKeT OBbITh JIIOOOr0 U3 TPEX OCTABIITIXCST
I[BETOB, CJIEYIOMII — JIIOOOT0 M3 JIBYX OCTABIINXCS, U JJIS TIOCIETHETO €CTh TOJIHKO
ojnun BapuanT. To ecth Beero criocobos: 4! = 24. 6) JIoboit psiji n3 YeThIPEX TOPIIKOB,
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IJ1e JIBa OPAHYKEBDIX, 3€ICHBIN N KOPIIHEBBIIT, MOT MTOJTYIATHCS U3 Psijia, T/1e CHHIM ObLT
KaKON-TO U3 3TUX JBYX OPaAHKEBBIX, TO €CTh U3 KAKUX-TO JIBYX PsJIOB IPEJIbITIYIIEro
myHKTa. 1o ecTh BOBMOXKHBIX CITOCOOOB PACCTaBUTH TOPIIKU B JIBa pas3a MeHbIIe, YeM
B IIPEJILIIYIIEM IIyHKTE, a UMeHHO 12. ]

o llkonbHUK He 3HAET, YTO HejaTb B IYyHKTe 6).

— Boavwe uau mervwe cnocobos paccmarosku cmano y Kaasduu Ceménosro, no cpas-
neruto ¢ nyukmom a)? U3 kaxux pados moz nosywumves pad <opaHHcesvitl, opanHce-
6oiTl, 3EAEHVI, KOopuunesvils ¢ A pad <opanscesviil, 3eAEHVIT, KOPUUHESDIT, OPAHIICE-
6oili» ¢ Bo ckoavko pas yMeHbUUALOCD KOAUMECTNBO CNOCODOE PACCTNAHOBKU N0 CPABHE-
HUIO ¢ NYHKMOM @) 7

a) CKOJIBKIMH CIIOCODAMU MOZKHO PACCTABUTD 8 OJIMHAKOBBIX JIaJieil Ha IMaXMaTHOI
JIOCKe Tak, 9ToObl OHU He OWIu Jpyr Jpyra (He CTOSJIM HA OJHOI BEPTUKAJIN WJIH
ropusonTasn)? 6) A ecyin Bce Jiajbu pasHbie (CKazKeM, IPOHYMEDOBAHbI)?!

Pewenue. a) Ha kaxkjioit rOpH30HTAIN MOXKET CTOATH He Oosiee | Jtajibu, ecyin OHE He
ObfoT JIpyT Jpyra. Beero ropuzonTadeit 8, sajieit Toxke, 3HAUNT, HA KarKJI0H CTOUT POB-
HO 110 OJIHOT Jiajibe. B Kazk/10#1 BepTUKa/IN TOZKEe CTOUT 110 OJIHOM Jiajibe, 3HAUUT, €CJIHU
JIaJibsl B IIEPBOIl FOPU30HTAJIN CTOUT Ha KAKOM-TO MeCTe, TO BO BTOPOIl TOPM30HTAJIN Ha,
9TOM MecTe JIaJbl OBITH y:Ke He MoykeT. Torja B IepBoil TOPUBOHTAIN €CTh 8 KJIETOK,
Ky/Ia MOYKHO ITOCTABUTD JIaJIbI0, BO BTOPOl — ceMb (Bce, KpOMe TOil, ITO Ha CTOJIONE ¢
nepBoii Jajbeit), B Tperheit crpouke — 6, u T. 1. [omyuaaem 8! = 40320 BapuanTos.
6) Cnoco6 1. Chauasa BbiOepeM Tje OYIyT CTOSATDH JIAJbI: BADUAHTOB BBIODATH 9TH
KJIeTKN, Kak HaMm yrke m3pecTHo, 8!. Temepsb mponymepyem nx: Ha KJIETKY B HEPBOif
CTPOKE MOKHO ITIOCTaBHUTD JIIOOYIO U3 8 Jiajeii, B KJIETKY Ha BTOPOil CTPOKe JII0OYIO n3
ocraBIuxcst 7 u T.7. Beero nmosydaem 8! criocoboB paccTaBUTh JIaJbl Ha 3TUX KJIET-
kax. To ecTn Becero BapuanTos 8! - 8! = 812 = 1 625 702 400 (KoHEYHO, IKOJILHIKOB
HeOOSI3aTeIbHO 3aCTABJISAITh BBITHC/IATD OTBET).

Cnocob 2. TlepBast Jajibst MOXKET CTOSITh Ha Jirobom u3 64 mect. Bropoit Jsiajgpe ocra-
HeTCst 7 CTPOK M 7 CTOJIOIOB, TO ecTh 49 MecT, TpeTheil Jajgbe octanercss 6 ¢cTpok u 6
CTOJIOIOB, TO ecTh 36 MecT, 1 T. 1. Beero momydaem 82-72-6%-52.42.32.22.12 = 812, [

o llkonIBPHUK HE 3HAET, YTO LejaTb B IYHKTE a).

— Kax evieasdum docka ¢ 8 sadvamu, xomopwie ne bwvrom dpye dpyea? Moowcem au 6
00HOT cmpouke 6oimsb 2 aadvu? A wmo 6ydem, ecau 6 Hexkomopot cmpouke ne bydem
aadeti? Ecau mol yorce pewiusu 20e cmoum Aadva 6 nepeoti Cmpouke, mo 4mo MOHCHO
CKA3amMb NPO OCMAALHBLE ¢

o [lkoJbHUK He 3HaeT, YTO HelaThb B IyHKTe bB).

—Ecau mor yorce paccmasuau 1adou 6€3 HOMEPA, CKOABKUMU CNOCODAMU MbL TENEPD
MOIHCEM UL NPOHYMEPOBAML ?
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Anaepammoti Ha3bIBAETCSA MPOM3BOJIBHOE CJIOBO, MOJIYYEHHOE M3 JAHHOTO CJIOBA
nepecTaHoBKoil OykB. CKOJBKO aHArpaMM MOXKHO cocTaBuTh u3 cioB: a) TOUKA;

6) [TPAMAS; B) MOJIOKO; r) BUCCEKTPUCA?

Pewenue. a) Ha mepBoe MecTo MOYKHO MOCTABHUTH JIFOOYIO U3 4-X OYKB, Ha BTOpOE —
J00yT0 13 3-X u T.J1. Beero mosyaaem 4!=24 anarpamvmbr. 6) Ecin 661 6ykBbr ¢ 66110
pas3/myHbl, TO ObLIO Obl 6! pas/jmyuHbIX aHarpaMM, HO TaK KakK OHHM OJIMHAKOBbI, UX B
nBa pasa Menbine, 10 ectb 6! 1 2 = 360. B) Eciu 661 BMecTo 6ykB O 6bLin OYKBbI
O1, 04,03, To anarpamm 0bLIO OB 6!, HO Karkaasg aHArpaMMa C OOBIYHBIMI OyKBaMU
O nopoxaaer 3! anarpamm ¢ 6ykamu Op, Oy, O3 (Tak kKak 1 MOXKHO TIOCTABUTH Ha
J1000e 3 Tpéx mect Jjist OykBbl O, Oy — Ha J1I000e U3 JABYX OCTABIIMXCSI, U TOT/Ia, JIJIs
O3 ocranercst nocennsst 6yksa O). Takum obpasom, MmoaydaeM, 9TO KaxKJi0e CJIOBO
MBI TIocunTa i 3! pas, To ectb aHarpamMm ¢ oobraHBIME OyKBamu O 6! : 6 = 5! = 120.
r) Eciu 661 6ykeel C u U 6butn pazimdsbl, To umesioch Obl 11! anarpavm. Ecim
Terepb MPeJIoJIoKUTh, 9T0 OYKBBI 1 ogunakoBbl, a C pa3jaumdHbl, TO MOJYUYUM B 2
pasa MmeHbie coB, To ecth 11! : 2. Hakonern, ecin emé ydectb, aro 6ykBbl C TOXKE
paszanunbl, TOo nosydaem 11!: 2 : 3! = 3 326 400. []

o llkonbHUK He 3HaEeT, YTO HelaTh B IyHKTEe 6) .

—CKoavKo 0v1.10 ObL BaPUAHMOS, ecau Obl 00HY u3 byke H moul 3amenusu Ha bykey D?
Ha ckoavko menvue cao6 6 Hauem cayuae?

o IKONbHUK HeauT Ha 3 B IYHKTE B) .

—Iouemy mol deauwn wa 3¢ Hyocno deaums Ha KoAUMECNE0 OYKE UL HG YIMO-TNO

dpyeoe? Ha wmo nyorcno deaumsv? CKoAbKUMU Cnocobamu MOAHCHO NEPECMAGUMD OYK-
gv, O 6 canose MOJIOKO?

Yupocrure Beipazkenns: a) k! - (k+1);6) k!: (k—1)l; B) (K+2)!: k.

Pewenue. a) k! - (k+1)=1-2-3-...-k-(k+1)=(k+ 1)L
6) Kl :(k—1)1=1-2-3-... - (k—1)-k:1-2-3-...-(k—1) =k
B) (k+2)!: k!l =1-2.3-.. - k-(k+1)-(k+2) : (1-2-3-...-(k—=1)-k) = (k+1)-(k+2). O

6] Kaxoe u3 uncen 5! 4+ 3! u 8! 6osibine 1 BO CKOJILKO pas?

Pewenue.
81: (514 3) =8: (31-4-5+3) =8 : (3(4-5+1)) =8-7-6-5-4-31: (31-21) =
—8.7-6-5-4:(3-T)=8-2-5-4=320.
[]
7| Hpasga mm, uto: a) 9149 +9!4+9!4+-914-914-914+-914+9!+-9! = 10!; 6) (k+1)! = k! +1!;
B) (k+1)!=k+1;r) (E/2)!=k/2;m) (k-D)!=k!'-1U;e) k- (k+1)=(k+ 1)
K) K+ =k-153) Kl = (k:D)sm) k1= (k=D 0) (B)! = (k)?? Ecom

npaBla, JOKazKHUTE, €CJIN HET — IIPpUBEINTE KOHTPIIPUMED.
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Omeem. a) n1a, 6) HeT, B) HET, T') HET, /1) HET, €) Ja, »K) HeT, 3) HeT, 1) HeT,
i) Her.

Pewenue. Besje, rie orBeT HET, IOUYTH JIIOOBIE ITapbl HATYPaJIbHBIX UnCesT OyIyT KOHTP-
npumepom. a) 9N +9!+9!+9! 491491491+ 9! +9!+9! = 9!.10 = 1-2-3-...-9-10 = 10!
e) Kl-(k+1)=1-2-3-... k- (k+1)=(k+1)L. .

Hokazkure, aro ypastenue x! - y! = z! numeer 6eckonevdHoe 4mC/IO pelieHmnii B HATY-
paJIbHBIX YNCIaX, [IJIsT KOTOPBIX X,y # 1.

Pewenue. Bospménm y = ! — 1. Torga z! - (! — 1)! = (2!)! O
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JImcTtok 10. OT mopsizika K 6ecnopsaiKy

Ha sTom 3aHATUN MIKOJBHUKN JIOJIZKHBI CAMOCTOSITE/ILHO Pa3dnpaThcs, YTO K UeMYy,
1I0CJIe/IOBATE/ILHO Pellias 3a/1a9l OT IMPOCTBIX K CJI0XKHBIM. B HavaJie 3aHATHS MOXKHO
B KauecTBe HAIIOMUHAHNS Pa300dpaTh HEKOTOPbIE 33191 C JIBYX MPEIbI YN 3aHATUI].
Yepes 10-15 MuHyT 110Cj1€ BhIJAUN HOBBIX 3a/a4 CTOUT Pa3odpaTh IIePBYIO 3a1a9y, €CJIn
OyIyT IIKOJbHUKHI, KOTOPbIE €€ K TOMYy MOMEHTY €Il¢ He PEITuIn.

a) CKOJIbKO CIOCOOOB CJIOXKUTD 3 KHUTH B CTONMOYKY? 6) CKOJIBKO CII0COO0B BHIOPATD
13 15 KHUTD BBIOpATH TPU U CJIOKUTH WX B CTOMOUKY? B) CKOJIBKO cI0c060B U3 15 KHUP
BLIOpaTH 37

Pewenue. a) Ha mepBoe MeCcTo MOXKHO B3sITh JIIOOYI0 U3 TPEX KHUT, HA BTOPOE — JIFO-
Oy10 U3 JIBYX, HA TPEThE OCTAHETCs TOJIHKO ojiHa. Toro 3! = 6 ciiocobos. 6) Ha nepsoe
MECTO KJIaJIEM JIIOOYIO M3 15 KHHI, Ha BTOpoe — JI0OyI0 M3 ocTaBiiuxcd 14, Ha Tpe-
The — JII00y10 n3 ocrapiuxcst 13. roro 15-14-13 = 780 criocobos. B) [1pu mojcuére B
IPEJIBIIYINEM MYHKTE KasKIblii Criocod MpocTo BeIOpaTh 3 KHUTH (€3 yuéTa UxX mMopsi/i-
Ka) OBbLI TIOCIUTAH CTOJIBKO a3, CKOJBKO CIOCODOB CJIOKUTH 3 KHUTU B CTOMOYKY, TO
ectb 3!=6 pas. [losromy Ha Bompoc myHkTa B) orBeT Takoii: 15-14-13 : 3! = 130. O

o [lkoNbpHUK HEe 3HaeT, YTO IejaThb B IIYHKTE B) .

— Ckoavko us odnozo evibopa 3 wHuz 6e3 y4eéma nopAdKa ModAcem NOAYUUMCHA CMOno-
ek ? CKOoABKO Y HAC BCEBOZMONCHBLT CONOYEK U3 3 KHu2?

CkoJsibKO HADOPOB OYKB MOYKHO TOJIY9IUTh TEPECTAHOBKOI 13 CJIOB!

a) AAY: 6) AAAVY: B) AAAAVY: 1) AAAAAVYY: 1) AY ...V e) AAY...Y;

k

TV Vv
k1 ko km

(:bw

Pewenue. a) Tyt B j060M ciyuae Gyjier 3 OYKBbI: BOIPOC TOJBKO TOM, Ije Oyjer
HAXOIUThCst OyKBa Y. A OHa MOKET HaXOJUTLCs Ha JIIOOOM U3 TPEX MECT.

6) Tyt Oymer 5 6ykB, HAGOp ompejessiercs: mostoxkerneM 6ykB Y. [lepByto MoxKHO T0-
CTaBHUTDb Ha JIIOO0OE U3 b MECT, TOr/a BTOPas MOYKET HAXOIUTCS Ha JIIOOOM 13 OCTABIITNXCSI
4. Ho npu TakoM MOJX0J1e Mbl KazK/Iblil ClIOCO0 MOCUUTAJIN JIBAZK/IbI (HET PASHUIIBI, 1O-
CTABUTH «IepByI0» OYKBY Y Ha 1 MeCTO, a «BTOPYIO» Ha 3 WM HA00OPOT), TOITOMY
Bcero cjaoB 4 -5 : 2 = 10.

B) To ke camoe, Tosibko 6ykB 6. [lepsyio ¥V craBum Ha Jjit06oe U3 6 MeCT, BTOpYIO Ha
JiIoboe 13 5, CJ0Ba MOCUNTAHBI JBAXKIbI, I09TOMY JejnM Ha 2. [Toaydaem 6-5:2 =15
HabOPOB.

r) Tyt 7 6yKB, cpe/it KOTOPBIX Tpu OYKBBI Y. «IlepByio» MOKHO MOCTaBUTH Ha JII0O0E
u3 7 MEeCT, «BTOPYI0» — Ha JII000€e N3 OCTABIIIXCs 6, «TPEThIO» Ha JII0DOe N3 OCTABIITIX-
cs1 5. Ho mocKoIbKY HeT pasHUIbl MEXKY «IIepBOii», «BTOPOil» U «TpeTheil» OyKBaMM,
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TO KayKJioe CJIOBO Mbl MOCUNUTAJN CTOJBKO pPa3, CKOJbKO MOXKHO IEePEeCTaBUTh MerK-
Jy coboit 3t OyKBbI Y, TO ecTh 3!. 3HAYUT, OTBET Ha BOIIPOC ITOrO IyHKTA TaKOIl:
7-6-5:3! =21

1) Ectb k 4 1 mecro, Habop ompejiesisieTcst TeM, Kyjia Mbl TOCTaBuM OYKBY A, TO ecTh
BapuaHToB k + 1.

e) Ecrb k + 2 mecra, Habop ompejesisieTcsi TeM, Kyjia Mbl octaBuM OyKebl A. FEcjm
OBl OHM OBLIN PA3JIMIHbI, TO BApHAHTOB 66110 Ob1 (k + 2) - (kK 4 1). Ho nockosbKy 9ti
OYKBBI OJITHAKOBBI, CIIOCOOOB B 2 pa3a MeHble, To ectb (k+2) - (k+1):2 .

k) Ecrb n Oyks, Habop onpenessiercss MecTaMi, B KOTOPbIe Mbl TTOCTaBUM k OYKB A.
[Ipemmosioykm, 9TO OHU BCE Pa3JUIHbL. Torja MepByl0 MOYKHO MOCTABUTHL Ha JII0OOE
13 N MeCT, BTOPYI0 Ha Jitoboe n3 ocrapiiuxcsd (n — 1) mect u T. 1. [oceqaior0 MoKHO
ObLI0 ObI TIOCTABUTH Ha, JTI000e u3 (n — k + 1) mect. Ho, Tak Kax GyKBbI A OJINHAKOBBI,
KaXKJIblif HabOp MOCYUTAH CTOJIBLKO Pas3, CKOJBKO CIIOCODOB MEpecTaBuTh OYKBBI A, TO
ectb k!. Takum obpasom, mosmydaem Becero n - (n—1)-(n—2)-...-(n—k+1) : k!
HabOPOB.

3) Tyt crocoboB CTOJBKO 7Ke, CKOJIBKO U B MpeiblayineM myHkTe. OIHAKO, eC/Ii TakK
JKe PAcCTaB/IsATh OYKBBI A KOTOPBIX Terepb yxKe n — k, To mojgydnm orset n - (n — 1) -
(n—2)...-(n—(n—k)+1): (n—k)! =n-(n—1)-(n—2)...-(k+1) : (n—k)!, xKoTopnrii,
KaK HECJI0?KHO 3aMETHUTh, PABEH OTBETY B IIPEJIbIIYINEM IIYHKTE U PaBeH ﬁlk),

u) O6o3HadnM 3a n cymmy Beex k;. Torja, mosb3ysich MyHKTOM K ), HOJICIUTAEM, 9TO

|
KOJIMYIECTBO CIIOCOOOB paccTaBUTh Ha N MecTax ki OyKB Ay paBHO ————. Tenepb Ha
kl.(nfkl).

—ky)!
octaBmxcs (n—*kyp) Mectax pacctaBuTh ko OyKB A OyieT m SHAYNT, THCJIO
|
crocoboB paccTaBuTh ki 6ykB Aj, a 3arem ko OykB As OyaeT paBHO I kQ,(n’l T Pac-
|
CTaBJIsIA aHAJIOTMIHO OyKBBI As, Ay, ..., A,_1 Hoayanm T 1'(n71'k1—k2 1 =

n!
kilkol.. .k,

T CIIOCO0OB. O

o llkoNbHUK HEe 3HAaEeT, YTO HelaTh B IYHKTE X) .

—IIpedcmasn, umo ece bykewvr A zanymeposarv. Croavko mozda 6viro 0bl HabOpPos?
CRONDKUMU CNOCOOAMU MOHCHO NEPECTNABUMD 3GHYMEPOBAHHbIE OYKEbL V¢

o llkonbHUK He 3HAaEeT, YTO HelaTh B IYHKTE H) .

—Ckonvro mym mecm 0as 6yke? CKOAbKUMU CNOCOBAMU MOHCHO PACCMABUMDL OYKEDL
Ay na smu mecma? Crorvkumu cnocobamu modcho pacmasumvAs 1na ocmaswuecs
mecma? Ckoavko 6cezo noaywaemces cnocobos paccmasums Ay u Ag?

CKOJIBKUME CrIoco0aMi MOYKHO: &) 13 5 pebsT BbOparh jBonx; 6) u3 6 pebsar
BBIOPATH Y€TBEPBIX; B) U3 7 PedsAT BHIODATH TPOUX; I') U3 n pebst BbOpaTh k7

Pewenue. a) TlepBbiM MOKHO BBIGPATH OJJHOTO U3 5, BTOPBIM OJIHOTO U3 4 OCTABIIIXCH,
HO HeT pa3HUIIbl B KAKOM IIOpsiJIKeé BbIOMpATh, 3HAUUT, Bcero crocobos 4 -5 : 2 = 10.
6) IlepBbiM MOXKHO BBIOpATH OJHOTO W3 6 peOSIT, BTOPBIM — OJHOTO U3 ISITH OCTaB-
muxcd, u T. J. [ogxyaum 6 - 5 - 4 - 3 criocoboB IOCTAaBUTH UX B psj. KarkioMy BhIOODY
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9eTBEPKHI cOOTBETCTBYET 4! psiyioB 13 4 desioBek (Tak KaK NMMEHHO CTOJIBKO PA3IHTHBIX
PSIJIOB MOKHO COCTABHUTD 13 4 9esioBeK). A 3nadnt, crocobos Buibopa B 4! pa3 menbiie,
deM psiJIoB u3 4 desosek, 1o ectb 6-5-4-3:(4-3-2) =5-3 = 15. B) Ananorunuto
nosiydaeM 7-6-5 : 31 = 21. r) [locraBum s1ux k pebsar B psiji: Ha [IepBOE MECTO JIDOOTO
13 n, Ha BTopoe Joboro u3 (n—1)... na k-oe jioboro u3 (n—k+1), To ecTh KOJMIECTBO

CII0COOOB MOCTABUTD UX B psifl paBHO n-(n—1)-...-(n—k+1). s kax10ii BeIOOpKU k
pebsT 6e3 yuéra nopsiyika cyiecrsyer (k — 1)! rakux psjioB. 3HauuT, MpocTo BHIOPATH
k wemnosek u3 n oyger n- (n—1)-...- (n —k+ 1) : k! ciocobos. O

o [IKONbHWK He 3HAeT, YTO LeNaTh.
— Ecau 6v0 Mol cmasuau pebam 6 pad, ckoavko noayuusocs 6ve cnocobos? A ckoavko
cnocobos nocmasumsd 6blOPAHHIE pebam 6 pad?

Onpenesenne. Yucsio crnocodboB BeIOpATH U3 N PA3IUUIHBIX IIPEJIMETOB k pa3InIHbIX
IIPEJIMETOB, €C/IN IOPSIIOK, B KOTOPOM OHU BBIOMPAIOTCSI, BayKeH, HA3BIBACTCSA YUCAOM

pasmewénuti 6es nosmopenuti us n no k u obosHavaercs AF (umraerca «a m3 9H 10
Ka ).

Yucso criocoboB ¢jiesiaTh Takoil BBIOOD, €CJi MOPsIJIOK, B KOTOPOM OHHU BBIOMPAIOTCSI,
HeBazKeH, Ha3bIBACTCH YUCAOM conemanuti us n no k n obosnauaercss CF (uuraercs

«I[ U3 9H 10 Ka ).

Hokazkute, 410

! Ak n!
A M ok
"o (n—k) "k kN (n— k)

Pewenue. EcTb n nmpeiMeToB, 13 KOTOPBIX Mbl XOTHM BBIOPATH k 10 TopsiIky. [lepBbrii
IpeiMeT Mbl MOYKEM BBIOpATh 1 criocobamu, Bropoit — (n — 1) crocobamu, ..., mocie -
it — (n — k + 1) cnocobamu. To ecThb Beero ¢rocoboB BLIOPATH k MpeIMETOB Oy/IeT
n-(n—1)-(n—2)...-(n—k+1). Eciin 1oMHOKUTB YnCIUTENb U 3HAMEHATE b Ha k!,
HOﬂquMAﬁ:#!k)!, Tk n-n—1)-(n—2)..-(n—k+1) -kl =nl

Tenepb mycTh MOPSATOK HaM HeBaxKeH. Jj1s1 jiroboro criocoba HeymopsiIoUeHHO BHIOPATH
k npenmeror cymectyer k! criocoboB nx yrnopsioduTh (k MpeMeToB MOKHO TTOCTa-
BUTH Ha IepBoe MecTo, k — 1 mpemeToB — Ha BTOpoe, u T.71.). Takum obpasom, HEYIIO-

PSAIOUEHHBIX BBIOOPOK B k! pas MeHbIe, deM yHOPsiIOYEHHBIX, OTKYIa U IOJIydaeM

Ar n!
o llxonmprur mpumen k dopmyne n-(n—1)-(n—2)-...-(n—k+1) u He 3HaerT,

YTO IeJjlaThb HaJible.
—Yem meos opmyra omauvaemca om mot, umo 6 aucmouxe? B net ne xeamaem
aHamenamens? A wmo ecau ez2o co30amv UCKYCCMBEHHO, YMHONCUE U PA30EAUS NpPa-
syro wacms wa k!?7 Ymo menepv noayvwusoco 6 wuciumene?
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Ha mmockoctn ormederno 10 Todek, m HUKaKWe TpU W3 HUX He JeyKaT Ha OTHON
psiMoit. CKOJIbKO €CTh TPEYTrOJIbHUKOB € BEPIINHAMU B 3THX TOUKAX !

Pewenue. Pa3 Hukakue Tpu TOYKH HE JIEZKAT Ha OJHOI MPsIMOIif, TO JTt06bIe TPH U3 HUX
SIBJISIIOTCS BEPITHHAME TPEYTOJIbHIKA. [109TOMY TPEYTrOJBLHUKOB CTOJIBKO YK€, CKOJIBKO
croco6oB BbIGpaTh U3 10 Touexk Tpu, To ectb C5y = 10! : (7!3!) = 10-9-8 : 3! =
10 - 3 -4 = 120 TpeyroJbHUKOB. ]

@ JIBeHa1aTh MHOILJIAHETSIH PEIInId HAaBECTUTh 3HAKOMbBIX ¢ 3eMJid. Y HUX eCTb
4 TapesKi pas3HbIX IBETOB, B KarKJIyI0 U3 KOTOPBIX BXOJUT POBHO Tpoe. CKOJIBKO Y
MHOILIAHETSH CIIOCOOOB Pa3MECTUTLCS B 9THX TapesiKax !’

Pewenue. Cnagasa BbI6epeM HHOIVIAHETSIH B IEPBYIO TAPEIKY (KOJHYECTBO CIIOCOOOB
910 cenath pasio Cfy), IOTOM BO BTOpyio Habepem u3 ocrasimxcest (Cf criocobos),

Jajiee B TPETBIO U3 ocTaBIInXcs mecTn uHomanersin (C§ crocoboB) U B MOC/IE/HION

3 3 3.3 3 120916131 12 _
(C5 crocobos). Beero nomywaem Cfy - Cy - Cf - C5 = grsrerararama = GnT — 369 600

CIIOCO0O0B. u

CKOJIbKUMHI CIIOCOOaMI MOXKHO PACCTaBUTH Oesibie (hUrypor (2 KoHst, 2 cjioHa, 2
Jajibu, (pepsst U KOpOJisi) Ha MePBOil TOPU3OHTAJH MAXMATHON JTOCKH !

Pewenue. Dro qacTHblii ciydait GopMyJIbl, KOTOPYIO MbI BBIBEJIN MIPH PEIIEHUH 33/[a4N
2 u) (Tosbko BMecTo 6ykB — durypsi). [Homyaaem 8! - (2!-2!- 2111 11) = 71 = 5040
CII0CODOOB. O

CKOJIBKO eCThb CIIOCOOOB MPONTH U3 JIEBOI HUXKHEH KJIeTKU HMPSIMOYTOJIbHIKa 5 X 9
B IIPABYIO BEPXHIOKO, €CJIM MOXKHO XOJIUTh TOJIbKO BBEPX U BIIPABO?!

Pewenue. Ham B 110060M citydae npujaeTcs IpoiiTu 4 pa3a BBEpX U 8 pa3 BIIPaABO, YTOOLI
JI0OpaThCs 710 BEPXHEro MpaBoro yria. MapimpyTsl oTIndaTbes OyyT TOJIHKO TeM, B
KaKOil 1oc/1e/10BaTe IbHOCTI MBI Oy/1eM X0uTh. Beero HaM Hy:KHO ciieiaTh 12 X0/10B 1
POBHO 4 U3 HUX BBEPX, TO €CTh KOJUIECTBO MAPIIPYTOB PABHO KOJUYECTBY CIIOCOOOB
BEIOPATEL KaKue deThipe u3 12 Xoa0B OyayT BBepX, uTo pasHo Cf, = 12 — 1211109 _

T 418 T 432
11-5 =255 []

o [lkoNIbHUK He 3HaeT, 4YTO [OeJIlaThb.

— Ckoavko 6cezo wam nompebyemces xodos eeepxr? A enpaso? B kaxom nopadke mol
Q0AIACHBL TOOUMDB BAEBO U BNPABO Y

@ CKOJIBKO CYIIIECTBYeT IIECTU3HAYHBIX UHCeN, B KOTOPBIX Kaxkjas 1udpa, HadnHas
CO BTOPOIl, MEHbIIIe, YeM IIPeIblIyInasi?

Pewenue. B Takom unciie Bce LH/I(bpr pa3/IM4YHbI U, €CJIM Mbl 3Ha€M KaKhne OHM, TO UX

IOPs1JIOK €JIMHCTBEHEH. SHAYUT X CTOJIbKO Ke, CKOJIbKO CII0COOOB BHIOPaATh 6 1udp u3

10, 10 ectb Cfy = 4% = 18987 — 10. 3. 7 = 210. O
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o [[KoMIBPHUK He 3HAeT, YTO JejaTh.

— Kax ycmpoenvt smu wucaa? Mozym au mam 6vimv 2 odunarosvix yudpor? Moaym
AU 2 PABAUMHDIT MAKULT YUCAL COCMOAMD U3 00uHaK068bT Uudp? CKOAVKO PA3AUHDIT
Hab0Po6 yudp 200umMcA 0l MaAK020 YUCAG?
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JIncTtok 11. MHOro noxoxkux 3aJia4

B nagaJie cienyer MosICHUTD, YTO OHUMAaETCs 10T OJIMTHAKOBOCTBIO 3a/1a4. Hampumep,
3ajlaun

e CKOJIBKO CII0COOOB PaccTaBUTh 15 9esloBeK B XOPOBOJL!
e CKOJIbKO pa3/IMIHbIX OyKepesinii MOXKHO ¢JIeaTh U3 15 pa3HOIBETHBIX OYCHHOK !

OJIMHAKOBBI. X cyTh cBOIUTCS K ciiejyroniemMy Bopocy: CKOJIBKO CIIOCODOB pacCTaBUTh
15 pasymIHbIX 00bEKTOB B KPYT'!

Ha sTom 3ansaTum cieayer moompsITh JeTell 3a KaxKIyio HallIeHHYIO apy OJMHAKO-
BBIX 3a/1a4.
He pewas 3adau, paszbetime ux Ha epynno, <oduHarosvirs 3aday. Qbsachume, Kax
YCmarosums coomeememaeue Mexcdy 3adauami, 00Hot 2pynnov.. 3amem peuwume 3a-
danu xasHcAot 2pynno.
CKOJIBKO CYIIECTBYET CIIOCOOOB paccTaBUTh 36 UeIOBEK B HIEPEHTY !
Tun 3adavu. CKOJIBKO CIIOCOOOB YIIOPSI0UNTH 36 00bEKTOB?

CKOJIbKO BCEro CTOPOH U jnaroHaseil y 36-yroibanka’
Tun 3adavu. CrosbkuMu criocobamn MOKHO u3 36 0ObexToB BhIOpaTh 27 (Kaxkmas
CTOPOHA WJIH JUArOHAJb 3aJIa8TCsT IBYMsT TOIKAMI — BepIinHaMu 36-yroibHuKa. )

Ecrb 36 pasubix koHder. CKOJIbKIMU CIIOCOOAMI MOXKHO pa3iaTh ux 36 jpeBouram?
Tun 3adavu. CKOJIBKO €riocob6oB yropsiodntb 36 06bexToB? (MoxkHO MpucBouThH Je-
BoukaMm HoMepa oT 1 10 36. Torga ynopsi1ounTh KOH(METHl — TO Ke caMoe, 9TO pa3/iaTh
UX JIEBOUKAM C COOTBETCTBYIOIIUMU HOMEPaMI.

Ectb 6 Bu10B KOHMDET, M0 MeniKy KazkJ1oro Bujga. CKOJIBKO CyIIeCTBYeT CIOCOOOB
YyrOCTUTh UMU 6 J1IeBOYEK TaK, 9TOObI HI OJTHOM HE TOAJIOCh JIBYX OJIMHAKOBBIX KOH(ET?
Tun 3adayu. CKOIBKIMEI CIIOCODAMI MOYKHO 36 00beKTOB pas3sOUTh Ha 2 MHOXKecTBa!
(O6bekThI — 9T0 Hapbl (JeBoUKa + Bl KOH(DETHI, & MHOXKECTBA — Iapbl, B KOTOPBIX
JEBOUKE JIaJI KOH(MDETY 1 B KOTOPBIX HE JAJIH. )

B Marasmune mpoJialoTes YallKy IecTr BUJIOB U OJ1o/a mectn Bu10B. CKOJIbKIMU
criocodaMu MOZKHO BBIOPATh JIBa PA3/IMUHBIX HAOOpa M3 YallKi U OJToina’

Tun 3adavu. CroibkuME criocobaMu MOxKHO 3 36 06bekToB BeiGpaTh 27 (Beero Bo3-
MOYKHBIX Hab0poB 36.)

@ CKOJIBKO CyIIecTByeT crocoboB packpacku jocku 6 X 6 B jBa 1pera? Packpacku,
OTJINYAIOIINECS TOJIbKO IOBOPOTOM JIOCKHU, CHUTAEM PAa3JIUYHbIMMU.
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Tun 3adayu. CKOIBKIME CIIOCODAMI MOYKHO pa3duTh 36 00bEKTOB Ha 2 MHOXKeCTBa!
([Ba MHOXKecTBa — 9T0 U€pHBI 1 OeJIblil 11BeTA. )

a) CKoOJIBKIMHU CIIOCOOAMEI MOXKHO PacCTaBUTb Ha Jjlocke 6 X 6 uncia ot 1 g0 367
6) CKOJIbKIME CIIOCOOAMI MOXKHO [OCTABUTH Ha J0cKe 6 X 6 jBe yajpu’ B) CKOIBKIMI
criocobamMu MOXKHO Ha Jocke 36 X 36 paccraBuTb 36 OJMHAKOBBLIX JiaJiell, He ObIOIINX
Jpyr Japyra? PaccTaHoBKE, OT/IMYAIONINECH TOJIHLKO TIOBOPOTOM JIOCKHU, BO BCEX MTyHKTAX
cUnTaeM Pa3/InIHBIMU.

Tun 3adavu. a) CKOJTLKIME CIOCODAMI MOXKHO YHOPAI0INTh 36 00bekToB? 6) CKOJIb-
KIMH CIIocobaMu MOKHO 13 36 00beKTOB BeIOpaTh 27 B) CKOJIBKUMIE CIIOCOOAME MOYKHO
yropsiiounth 36 00bekToB? (B Kaxk10ii cTpoUuKe HA KAKOM-TO 110 CUETY CTOJIOIE CTOUT
JIaJTbsl, BCE CTOJIOIBI JIOJZKHBI OBITH 3aHATHI. TaKIM 00pa30M, 9Ta 3ajada PABHOCUIb-
Ha CJIeIyIoINIeil: CKOJIbKUMI cliocobaMi MOYKHO paccTaBUTbh Homepa oT 1 o 36 Ha 36
croJibrax?)

Bo pry y 3100t akysabl 6 pstjioB 3y00B 110 6 3yO60B B Kazk1oM psiay. Ecin 3y0 BIOUTD,
TO OH y:Ke He BbIpacTaeT. zZKak 1B KycTo moiimas HecKoIbKO aKyJI, TpUIEM CpeI HUX
HET JIBYX aKyJ/I C OJIMHAKOBBIM HAOOPOM 3y0OB (T. €. eC/in B3sITh JIIOObIX JABYX, HailIETCsT
MEeCTO, TJie Y OJiHOil 3y0 ecTh, a y Jpyroii — Het.) Kakum MoxkeT ObITh MAKCHMAJIbHOE
YUCJI0 MOMMaHHBIX aKyJI!

Tun 3adayu. CKOIBKIME CIIOCODAMI MOYKHO pa3duTh 36 00beKTOB Ha 2 MHOXKecTBa!
(TyT 06beKTBI — 3yObI, & MHOXKECTBA — pa30UThIe U TIEIbIe. )

9] KommbioTep paGoTaer ¢ JBOMUHBIMU KOJIAMHE, KOTOPbIE IIPEJICTAB/ISIOT cO00il 3arii-
cu, cocraByieHnble u3 HyJei u eaunu (Hampumep, 001011101). KosmdecTBo 3HaKOB B
KOJIle Ha3bIBaeTcsa ero JnHoi. CKOIBKO Pa3ImdIHbIX CHUMBOJIOB MOYKHO 3aKOIHMPOBATH
KOJIOM JUIHHBI 367

Tun 3adayu. CKOJIBKIMEI CIOCODAMI MOYKHO pa3buTh 36 00beKTOB Ha 2 MHOXKeCTBa!
([IBa MHOYXKECTBA — 9TO HYJIM M €IMHUIBI, O0BEKTHl — MeCTa B KOJIE)

Nnmeercs 34 éxuka u 2 jnukodpasa. CKOJBKO CYIIEeCTBYET CIIOCOOOB OTIPABUTD 110
OJIHOMY 3BEPbKY B 36 30011apPKOB?

Tun 3adavu. CroMbKEME criocobaMu MOKHO 13 36 00bekToB BeIOpaTh 27 (Crocobb!
OIPEJIEIAIOTCST BBIOOPOM 3001IaPKOB, B KOTOPBIE OTIPABAT 62KUKOB. )

Permteane Tunos 3aga4
1. CKOJIbKO €IIocob0B yIOPsAI0IUThL 36 00BHEKTOB?

Pewenue. IlepBbiM MOKHO BbIOpaTh Ji000i1 13 36 00bEKTOB, BTOPBIM J1000H U3 35
octapiuxcs u T.J1. Beero nosydaem 36! crioco6os. []
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2. CKoJIBKUMHI CIIocoOaMy MOYKHO 13 36 00beKTOB BhIOpaTh 27

Pewenue. TlepBbiM MozKeT ObITH J1000i1 13 36, BTOPBIM J11000i1 13 35, mosydaeM 36 - 35.
Ho 1mockosibKy HeT pas3HuIlbl, KaKoii 00beKT ObLI IIepBbIM, HY?KHO Pa3/e/UTh Ha 2 U
OJIy4uTh OTBeT: 36 - 35 : 2 = 630. []

3. CrobKUMHI crIoco0aMu MOXKHO 36 00beKTOB pa30UTh Ha 2 MHOYKECTBA?!

Pewenue. Kaxkplii 00beKT MOYKHO OTHECTH JINOO K MEPBOMY, JTHOO KO BTOPOMY MHO-
’kecTBY. To ecTb cyIecTByeT 2 BapuaHnTa, KyJa OTHECTH TEPBbIii 00BHEKT, 2 BapuanTa,
KyJla OTHECTH BTOpOii, 1 T. j1. Beero momydaem: 236. []

o lIKoNBHUK He [OHUMAET, Yero OT Hero XOTAT, ¥ IPOCTO pemaeT 33aLadu.
—/Jlasati notimém, o wém sma 3adavwa? mo mu. mym cuumaewdv? Tot wmo-mo 6wi-
oupaewn? Uau ynopadowusaewn? Ymo mol ewbupacwv (ynopadowusacwn)? A ecau
0w, 9Mo Oviau He Korgemol (a0du, aadvu u m. d.), a MAU, HANPUMED, YMO-HUOYIL
NOMEHANOCH ObL?

o lIKoIbHUK HE MOXeT IPOBECTU AHAJIOTUN.

—Ymo nyoscro nocuumamyv 6 amoti 3adave? A 2de ewé HyscHo ObLAO NOCHUMAMD MO
orce Camoe, MoavKko ¢ OpY2uMu 8ewamu?
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JInctok 12. Tpeyroabuuk Ilackasas

ITocrpoum (6eckoHeuHblii) paBHOGEIPEHHBIN TPEYTrOJbHUK U3 HATYPAJILHBIX YHCEJI [0 CJIEYIOMIUM IPABUIIAM:
® B BepITUHE W BIOJIb OOKOBBIX CTOPOH CTOSIT €INHUIIBI;
e B KaXKJOH CJIE/IYIONEH CTPOKE Ha OHO UUCIO0 OOJIBINE, YeM B MIPEIbIIYIIEI;

® KaykJloe 4YMCJIO, KPOME yzKe HAIlMCAHHBIX €JUHUI], PAaBHO CyMMe JIBYX 4YHCeJI, CTOAIIUX B IIPEeJbIAYyIIeii CTpOKe
4yTb JieBee U 4yThb IIpaBee.

[Tony4mm Takoit TpPEyroJbHUK:

1 M
11 E E
1 2 1 X X X
13 3 1 M M M M
1 4 6 4 1 A A A A A
1 5 10 10 5 1 T T T T T T

(pucynox % 3adave 7)

V10610 ucInosb30BaTh ceyioliee oboznadenue: yepes T GyaeM 0603HaYaTh YUCII0, cToAIIee Ha k-M

cJieBa MecTe B m-ii crpoke TpeyrosbhHuka [lackass (camraem, 9TO €IMHUIA B KaXKJIOH CTPOKE CTOHT

Ha HyseBoM Mecte). [IpaBuia mocrpoenusi Tpeyrosibuka [lackasis B 9Tux 00O3HAYEHUSX MOXKHO
L0 o ko _ k-1 ke

sammcarb Tak: 1) =17 =0, T, =T + 1.

Beinunmre TpeyroibHuk [lackass J1o jecaroil CTpOKU BKIIOYUTETBHO (TIEPBOH CYMTAaeM CTPOKY,
COCTOSIIIYIO U3 JIBYX €JIMHHUIIL).

Cxombko uncesn B 2015-it crpoke Tpeyrosibauka [lackass?

Pewenue. B meppoit crpouke nx 2, Bo BTopoit — 3, u T. 11.. C KaxK10ii CJIeJIyIoIeil CTPOIKON KOJIN-
YeCTBO 4Mces yBeanmdnBaercd Ha 1, mosromy B 2015-0if cTpouke ux Oyaer 2016. [

Jlokaxkure, 9TO B KaxKJI0if CTpOKe TpeyrojbuuKa [lackassa ducia 10 cepeIMHbI WY T 110 BO3PAC-
TAHWIO, a OT CepeInHbl — 10 yobBauuio. ([lodckaska: dokastcume, wmo ecau Imo 6epHo 0L CMPOKY
C HOMEPOM M, MO IMO 6EPHO U 0L CMPOKU € HOMEPOM T + 1.)

Pewenue. JIjis cTpoK ¢ HeGOILIIIME HOMEPAMH 3T0 BEPHO, KAK BHJIHO U3 TPEYrOJbHUKA, KOTOPLIIl
MBI HAPHCOBAJIH TIPH PEIeHNH TIepBoii 3a1a4u. 11ycTh 3T0 BEPHO [ CTPOKHI C HOMEPOM 7} IOKAZKeM,
4TO TOr/a 9T OyIeT BepHO U Jiis CTPOKU ¢ HOMepoM 7 + 1.

ITo onpenenenuto Tpeyroasuuka [Tackamns uveem T, = T4+ T* Tlycrs n = 2m wm n = 2m+1;
torga npu k < m umeem TH 2 < TF1 < Tk Torna Tff;ll =TF24 T < T4 TF =Tk .
AHaIOrHIHLIM 06Pa30M HOIYYAIOTCA U OCTAIBHLIC HyKHbIE HEPABEHCTBA. O

a) Berpeuaercs s B tpeyrosbhuke [lackamnst auciao 20157 6) CKoJbKO pa3 B TPEYroJbHUKE
[Tackasa Becrpedaercs qucyio 107

Pewenue. a) la: Tak Kak BTOpOe YUCJIO B JIIOOON CTPOKE BCErJla PABHO HOMEDY JTOH CTPOYKHU, TO
Bropoe [ncyio B 2015-it crpoke pasuo 2015. 6) B mepsbix 10 crpokax oHO BcTpedaercst 4 pasza —
9TO BUJIHO U3 pe3ysbrara 3ajaun 1. B ocranbabix crpokax umcio 10 y2Ke He BCTPETUTCHA: B CTPOKAX
nocyie 10-it BTOpoe u 1peJmocieiHee 9ucyo OyayT 6oJibiie 10, a B cuity pe3ysbTaTa 3a/iadu 3 TaKzKe
1 BCe 4HCcIa Mexry HuMmu OymyT Gosbiie 10 (a Ha mepBoOM U HOCJEHEM MeCTe CTOSAT eUHUIb). [

a) Bo ckoJibKO pa3 cyMMa 4ucest B MeCToi CTpoKe Tpeyroibauka [lackasis 6obie cyMMbl duce
B ero uaToii crpoke? 6) Tor ke Borpoc mpo 2014-10 u 2015-10 cTpoK.
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k+1

Pewenue. Mol yke 3uaem, uro TF, . = T4+ Tk u T =Tk 4+ T’l“rl TakuMm 0OpazoMm, YUCIIO
9 n+1 n n +1 n )

n
T* w3 n-it cTpokm BxoAMT B KadecTse ciaraemoro B japa wmena TF  m Tril ws (n + 1)-it cTpokm.
(Dro pasencrBo Gymer BepHO Takxke mpu k = 0 mw k = n + 1, ecam gonucaTh K TPEyroJbHUKY
[Tacka/as cjeBa W CupaBa HyJIH, TO €CTh yCJIOBHTbCd, uro 1,1 = TP = 0 npu Beex n; Ha cymmy
qmcesl B KaxKJIoH cTpoKe 310 He noBiuser.) OTCio/Ia ciiejlyer, 9To CyMMa quces B KazK/I0ii ciieyionei

cTpouke Tpeyrojbunka [lackass B jgBa pasa 0oJiblile, YeM B IIPEJIbILyIIe. O]

o lIkoMbHUK IOCYMTAN IYHKT a) M yrajal OTBEeT B 6).

—Iovwemy npu 6oavWUT YUCAAT HUMe20 He udmenumca? Kax mu, dymaewn, omxyda bepémes spperm
YBEAUEHUA CYMMDL 6 d6a pasa? Kax amo c6A3a10 ¢ Npasusom nocmpoenus mpeyzosvnura Ilackans?
o llxonbHUK He 3HAET, YTO LEeyaTh.

~Kax moe cuumaem wucaa 6 mpeyeoavnuke? Ilpedcmasn, wmo mebe uzsecmuv. wucia 6 2014-01
cmpore mpey2osbHuKa, Kax mul yanaews wucaa 6 2015-17

@ a) ITocraBuM 3HAKU «+» U «—» MeXKLy duciamu B 99-if crpoke Tpeyroibauka [lackans. Mex ity
MEPBBIM M BTOPBIM YHCJIOM IIOCTABUM 3HAK «—», MEXKJIy BTOPBIM U TPETBUM — <«—+», MEXKJIy Tpe-
TBUM U YETBEPTHIM — «—», IOTOM OIIAThH «+», U Tak jaJiee. /JlokaxKure, YTO 3HAYEHUE TTOJIYIEHHOTO
BBIpazKeHus paBHO Hyio. 6) To ke BepHo u jyist 100-it ctpoku. /lokazkure!

1 _
Pewenue. a) Tpeyromsuuk ITackans cummerpuyen, a suaaut, T, = Tie, Tio = Ty, Tino = T
u T. 1. [Tpu 970M 3HAKY IIepe/] CHMMETPUIHO PACIOIOKEHHBIMI YHCIAMU TIPOTUBOIIOIOKHBI (TaK KAk
Beero uncest 100), a 3HAYNT, 3HAUEHME TIOJIyYeHHOIO BhIpazkeHus pasHoO 0.
6) V3 mpasmi nocrpoenust TpeyrosibHuKa [lackass BeITeKaeT ciielyromas MernovKa PaBeHCTB:

Tt + Tioo + Tioo + - - - + Thgy = (Toy) + (Tog + Top) + (Tog + Too) + .- . + (Tog + Too) + (Tos) =
= (T9y + Tyy) + (T, +T )+ (Tog + Too) + ...+ (Toe + Tog ) + (Toe + Toy) =
= TIOO TlOO TlO(] TlO(] TIOO

To ectb cymma gncesn Ha 4€THBIX MecTax B 100-0if cTpoke paBHa CyMMe YHCET HA HEYETHBIX MECTaX
B 100-it cTpoKe, a 3HAUNT, NCKOMOE BbIpazkeHne paBHO (). AHAJOIMYIHOE JTOKA3aTEIbCTBO BO3MOMKHO 1
B IIyHKTE a). O

o llKoNbPHUK He 3HAET, YTO HejaTh.
— Kax evipasums wucaa 6 100-1 cmpoke mpeyzosvhuka wepes wucaa 6 99-1 cmpoxe? Jlasat omdeavrio
NOCYUMAEM CYMMY YUCEA HE YEMHBLT U HEYEMHIT MeCNAXT. Mo MOHCHO CKA3AMB 0 IMUL CYMMAT?

CKoJIbKEME criocobaMu, JIBUTasiCh 1o Tabsmre (CM. PUCYHOK BbIllie) OT OYKBbI K OYKBE, MOYKHO
npountarh ¢10B0 MEXMAT? Ot kaxk0if 6YKBBI MOXKHO HEPEXOJUTH TOJBKO K OyKBe, CTOSIIEH B
CJIeJIYIONIEl CTPOKE UyTh IIpPaBee U 9yTh JIeBee.

Pewenue. B nepByto 6ykBy M MOKHO II0ITacTh TOJBKO OJHUM criocoboM. B 6ykBer E MoKHO 11011aCTH
TOXKe TOJBKO onHuM criocoboMm (u3 6yksel M). Touno tak ke B 100yt u3 GYyKB, CTOANIUX BIOJIb
JIEBOI'O WJIU TIPABOTO Kpasl TPEyroJbHHUKA, eCTh BCErO MO OJHOMY CIOCO0y (JJ1st 9TOro HaJI0 MPOCTO
BCE BpeMsl JIBUTAThCS BJIOJIb 9TOTO Kpas TPeyroJbHuKa). B mepByio u Tperbio 6yKBy X TOXKE MOXKHO
[ONACTH TOJILKO OJJHUM CIIOCOOOM, & BOT B OyKBY X Iocepe/inHe — yiKe JIByMsl (U3 IPaBoOii U JIeBOi
oyksbl E). B kaxyto uz 6yks M Ha 4-if cTpOKe MOYKHO MOIACTH U3 KAKUX-TO OYKB X, IIPUIEM €CIIH B
JiBe OYKBBI X HaJI JJAHHOH OyKBO# M MOXKHO OBLIO TONACTH JABYMS U OJIHUM CIIOCOOOM COOTBETCTBEHHO,
TO B JlaHuyio 6ykBy M MoxkHO monacth 2 + 1 = 3 criocobamMu: cjieBa-CBEpXy WU CIIPABa-CBEPXY.

ObHapyKuBaeTcs CJIeIyIONas 3aKOHOMEPHOCTD: KOJIMYECTBO CIIOCODOB JIONUTH JI0 JAHHOI OYKBBI
PaBHO CyMMe KOJIMYeCTBa, CIIOCOOOB JOWTH JI0 OYKBBI CJIEBa-CBEPXYy OT JIAHHOHM M JI0 OYKBBI ClipaBa-
cBepxy oT JianHoil. [ToaTomy 3Tn Ko/mdecTBa CriocoO0B MOXKHO HAXOJHUTD [0 TE€M K€ ITpaBUJIaM, UTO
qncsaa B Tpeyrojabanke llackasrs.

Yro6w! mostyunts csioBo MEXMAT, mpoiijig 1o TpeyrobHIKY, HyKHO J00paThCst OT IEPBOl OYKBBI
M 5o onmoit uz 6ykB T B nocsenneii crpoke. CyMMapHOe KOJTMYECTBO CIIOCOOOB JTI0OPATHCS JI0 OJTHOI
U3 HUX PABHO CyMMe 4HCeJI B IIATOM cTpoke Tpeyroibunka [lackans: 14+54+104+104+54+1=32. [
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o [IKOJIBLHUK He 3HAEeT, YTO LEeJaTh.

— Cxoavko cnocobos dobpamuvcesa 6 byxkev, E? Omxyda movl modtcem nonacms 6 Kowkpemmyio 6yxey X ?
Kax nocuumamsv crxoavko cnocobos dotimu do byxev, X, ecau Mvl 3HAEM, CKOAKO cnocobos dotimu
do byxev, E?

Yemy paBHa cyMMa, 9HCeN, CTOAIINX: a) B TPEThEl CTPOKe; 6) B 4eTBEPTOIl CTPOKE; B) B CEIbMOI
CTPOKE; T) B n-it cTpoke Tpeyrosbhuka [lackass?

Pewenue. Ilo 3ajaue 5 HaM M3BECTHO, YTO CyMMa 4YMCeJ B KarkKJOU CJIIyIONIell CTPOKE B JiBa pa3a
6osbirie peabLyieit. Tak kak B 1-if cTpoke cymma dmces ObLIa paBHa 2, TO BO BTOPOil oHa Oyjer
paBHa 4, B Tperbeit — 8, B deTBéproit — 16, u 1. 1.. B n-Toit crpoke cymma unces 6yaer pasaa 2" (B
YaCTHOCTH, B CeJIbMOI CTPOKe MojiydanTes cymma 27 = 128). O

o llKOoNbPHUK He 3HAET, YTO HejaTh.

—/lasati nocuumaem cymmov. 68 Nepevir Heckoavkur cmpokar. Kaxue onu? Ilpocaescusaemces au
KaKaA-HuOYOb 304KOHOMEPHOCTD ?

@ Bynem nBurarbes mo TpeyronbHuKy Ilackams mo Tem ke mpaBmiiaMm, 9To B 3ajade 7. Jlokaxkure,
YTO KOJIMIECTBO CIIOCOOOB JIONTH IO TaKUM IIpaBUJIaM OT caMOil BepXHEeH eJIMHUIIBI JIO JII0OOTO THCIa
N B Tpeyrosbnuke [lackass B Tounoctu paBao N.

Pewenue. Yemy paBHO KOJIUYIECTBO CIOCOOOB 10OpATHCS 0 HEKOTOpPOro uncia’ B Hero Mbl MOXKeM
[IOTIACTH U3 IIPABOTO BEPXHETO 1 JIEBOI'O BEPXHErO YUC/Ia. SHATHUT, CIIOCOOOB B HETO J0OPATHCSA CTOJIBKO
JKe, CKOJIBKO B CyMMe CITOCODOB JTI0OPATHCS B JIBA UNC/IA, HAXOISIIIIECS CIEBA~-CBEPXY U CIIPaBa-CBEPXY.
To ecrb KoJm4IecTBO CIIOCOOOB J0OPATHCA O HEKOTOPOI'O UHCJa HCXOAs U3 KOJHMIECTBa, CIIOCOOOB
J1006paThCsl JI0 YUCeJI CTPOUKOI BBIIIE CANTAETCS TaK »Ke, Kak ducia B Tpeyrojabanke [lackass. A rak
KaK HadasbHble 3HAYeHUsl (6 IMHUIIbI) Y HUX COBHAJAIOT (CM. pellleHne TIpe/IblIyIeii 3a/a49u), TO OHI
COBITIAIAIOT IIOJIHOCTBIO. O

o llkONIbHUK He 3HAeT, YTO [esaTh.
—Kax nocuumamv kosuvecmso cnocobos dobpamuvcs 00 wucaa? A Kak Mol CHUMAEM YUCAL 6 MPE-
yeorvruke Ilackanrsa? B wém crodcmeo?
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JImctok 13. Ucropust mpo dpyTdOOIKN M cOUEeTaAHUS

OcHoBHast UJest ITOrO BAHATHUS — MO3HAKOMUTH ITKOJIBHUKOB C PA3JIMIHBIMIA CBOHCTBAMU UUCETT COUE-
TaHU U MOKa3aTh UX CBA3Db C djieMeHTamMu Tpeyroibanka [lackais. [pu aTom ciempyer nmokaszars, 9To
CBOWCTBA MOYKHO JIOKA3bIBATh KaK C MOMOIIBIO SBHO hopMysibl (KoTOpast OblIa jJoKa3aHa B 3a1ade 4
sansiTHsI 10), TaK U ¢ TOMOIIBIO ONpejiesieHnst (IPUIeM BTOPBIM CIOCOOOM y/IaeTcst JIOKa3bIBATh TAKIe
CBOWCTBA, KOTOPBIE IO (POPMYJIe JIOKA3aTh MPAKTUIECKU HEBO3MOXKHO).

B nagajie 3aHATHS HYKHO €Ille Pa3 HAIIOMHUTH OIpEJIeJIeHHe U OCHOBHYIO (DOPMYJIYy JIIs HCET
coueTanuii (MOXKHO 6€3 JIOKA3aTeIbCTBA):

Onpenenenue. Yucso crocobOB BBIOPATH U3 N PA3IUIHBIX PEIMETOB k PA3IUIHBIX MTPEIMETOB,
€CJIH TIOP$JI0K, B KOTOPOM OHHU BBIOMPAIOTCS, HEBAYKEH, HA3BIBACTCI YUCAOM COMemarul u3 n no k u
obozHavaercas CF (umrTaercss «Ip U3 9H MO Kay ).

- n!
Teopema. C) = in— )
Crout 06paTnTh BHUMAaHUE MIKOJIBHUKOB Ha TO, 4To 0! 110 onpesesnenuto cunraercs pasubiM 1. Kpome
TOr0, MOJIE3HO HAIIOMHHUTD cooTHomIenue n! - (n+1) = (n+1)!, koropoe oueBrHBIM 00PA30OM CJIETyeT
u3 onpe/ienenus gakropuasa (HO 0 KOTOPOro IMKOJBHUKAM OBIBAET TPY/IHO CAMOCTOATEIBHO JO/TY-
MAaThCsI) — OHO COBEPIIIEHHO HEOOXOIMMO [T TOKA3aTEIbCTBA HEKOTOPBIX CBONCTB UHCE]T COYETAHM
C TOMOIIBIO TEOPEMBI.

[Tocste TOrO MKOJIBHUKAM IIPEJIATAETCA CAMOCTOATEIBHO YUTATD MCTOPHUIO, HAIMCAHHYIO B JIU-
CTOYKE KYPCHBOM, U IIOCJIEIOBATEIHHO pemaTh 3aa4n. Onncannble B HCTOPUU CHUTYAIN TOMOTAIOT
CTPOHUTBH PACCY’KJICHUs NIPH KOMOMHATOPHOM (TO €CTh HE HCIOJIB3YIOIEM TEOPEMY) JIOKA3aTeIbCTBE
CBOWICTB.

[IpounTaiiTe wcTOPHUIO, & 3aTEM C €€ IOMOIIBIO TONPOOYHTE JOKA3aTh PA3JIHUYHbIE CBOMCTBA UHCET
couerannit. B 3ajjauax 1—4 maiite 1o JBa 10Ka3aTebCTBA: &) C IIOMOIIBIO OIpe/IesieHnst (TyT BaM H
IIOMOYKET UCTOPHsi); 6) € TOMOIIBIO TEOPEMBI.

Huxonati cobupasca 6 omnyck wa 102 u ewvbupan, xKakue Gymobosku ¢ cobol ezamv. On exan wa
Hedearo u romen 83Amv no 00nol dymboake na KaHcooli denv, a 6cezo Yy He2o 6vao 10 dymboaoxk.
Cravanra Huxorati donzo evibupan, xaxue Gymobosku 634mMb, HO NOMOM PEWwuL, 4mo 6ydem npowe
onpedesumoca, xaxue pymooasxu HE bpamo.

1jco=cr=1.

Pewenue. a) C? — 310 KOJIMUECTBO CHOCOGOB HUYUEro HE BLIOpaTh, a C — KOJMYECTBO CHOCOOOB

BBLIOpATH BCE HMPEAMETHI, YTO y HAC ecTh. OUYeBUIHO, 9TO U TO, U JAPYroe pasHo 1.
n! n! n! n!

0 _ _ n_ "~ __ 7 __
6”%_mmﬂ_m_L(%_mm_m_L -

[2]Cl =0t =,

Pewenue. a) KommdaectBo criocoboB BEIOpaTh 1 371eMeHT U3 n, 04eBuHO, paBHO n. KosmdecTBo crio-
cobOB BbIOpaTh N — 1 3jIeMeHT U3 N paBHO KoJimdecTBY criocoboB HE BeiOpaTh 1 sgement uz n, to

€CTb TOXKE PaBHO M.
n! n!

1 _ : _ . o n—1 __
R e A e A

n! n!

’ p— pu— . D
-0 -1 "

(CMMMeTPUIHOCTD ) CS = Cg_k.

Pewenue. a) KosmdecrBo crnocoboB BbIOpaTh M3 n 9JIEMEHTOB k paBHO KosmdecTBy criocobos HE

BBIOpATH N — k 3j1eMeHTOoB, TO ecTh pasHo C" K.
6) CF — n! B n! R 0O
"k n—k)! (n—(—k)(n—-k! "
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Cpedu 10 ¢pymoboaor y Hukoran ecmov odna mobumasn. Hukxonratli 6 commenuar — mo au 634mov €€ ¢
co00U 68 OMNYCK, MO AU OCMABUMD: MAAO AU, BDLZOPUM HA CONHUE UL 3ANAGUKAEMCA.

(OCHOBHoe GUHOMHAJTBHOE TOIECTEO ) CS + Cffb"'l = sii

Pewenue. a) Cpeau n+ 1 npeamera Oyiem Beioupars k—+ 1 npeanver (B HareMm ciydae — 7 dbyTOOI0K
w3 10). Caenatsb 910 ectn CH 11 croco6os.

Tenepb mompodOyeM MOCYUTATH TO KE caMoe KOJUYIECTBO CocoO0B mHave. Bbliesmm oquH Ipei-
Mer u3 Hamux 1+ 1 (B Hameil ucropun 3ro Gyjer aobumas Gyrboska). Eciu BblaeeHHbI TpeveT
BXOJIUT B HAIILY BBIOOPKY, TO OCTAJIOCH €I1é 100paTh k mpeMeroB u3 n (TO eCTh eCJIH B3ATh JIIOOUMYIO
dbyrbosKy, TO K Hell Hy:KHO J100paTh emé mectb GyTboaoK U3 ocraBmuxcs Jessatn). Cuaenarb 310
€CThb Cfi crtocoboB. Ecim ke BbIJEIEHHBIN TTPEJIMET B HAIILY BBIOOPKY HE BXOJIUT, TO HY?KHO BBIOPATDH
Bce k + 1 mpesnMeToB m3 ocraBIuxcst 1 (B HAIEM CJIydae — eCJid He B3sdTh JIOUMYy (hyT6oIKY,
TO BCe ceMb (ByTOOIOK HaI0 BHIOMpATH n3 octapimmxca geparn). Ciaemars 1o ecth CKHL croco6os.
Bceero momygaem kak pas CF + C*+1 crioco6os. TIockosmbKy MBI CHUTAH Te 7Ke CocoObl BEIOOPa, 9TO
B IIpEJIbIIYIIEM ab3alle, 9ucjio CocoO0B, MOCYUTAHHOE JIBYMS Pa3HBIMU METOJAMU, JOJIXKHO IOJIY-

YUThCA OJIHUM UM Te€M ZKe, TO €CTh C’ﬁﬂ = C* 4+ C*1 uro u TpeboBasiocs.
6) Bocmosnbsyemcs meckosnbko pas ToxgectBoMm (m + 1)1 = m! - (m + 1) (ono cpasy ciemyer u3
onpe/iesieHnst (pakToprasa):
& el n! n! B
iy S TN i § Ty s
B n!(k+1) N nl(n — k) B
Ek+1)(n—k—=1ln—-k) Ek(k+1)(n—FkF—1ln—k)
_onl-(k+1)+nl-(n—k) nln+1) _ o
B (k+ 1)!(n — k)! (kD n—k) Y

]

HOJII)ByHCb HIpEeAblLAYIIUMU 3a/a9aMi, JJOKazKHUTE, 9TO B TPEYyroJIbHUKE ITackajg B n-i CTPOKE Ha
k-M cjeBa MecTe CTOUT THCJIO C',lf. (Crpoka u3 oxmoit exunuipl uMeer Homep 0. B Kaxkioil crpoke HadaabHAs
€JIMHUIA CTOUT HA HYJIEBOM MECTE. )

Pewerue. /JokaxkeMm 310 nuyKimeii o n. [Iag myneBoit ctpoku 3To BepHo. IlycTh yke q0Ka3ano, 9To
B CcTpOKe ¢ HoMepoM n crogaT yncia CO, CL ... C". Torga B cieytomeil cTpouke Gy IyT CTOATH YUC/IA:

CS =1= CnglJ (02 + CrlL) - OrlLJrl? (Crlz + Og) - O?%+17 sy (Og_l + Og) - ZLL+I7C7? =1= ngr_lla O

Hoxa pymoboaru cmupasuco, Huxoratli Hawas comnesamuses, cmoum Au emy Ha xKarcovil dens bpams
no gymoboare. Moocem, npowe 63amv ¢ coboti ece pymborku? A moorcem, wacmdv u3 HUT AYHWe
0CTABUMD U BMECTNO IMO020 83AMb PYbawku? B obwem, chavwara Hado onpedesumsves, ckoivko Gym-
b6on0K Opamv, a NOMoM pewums, Kakue umerno. Mau ayvwwe ewé pas nepebpamov ece dymboaru u
npo KaHcOY peuwums, bpamv e€ uiu Hem?

(6] C monompio onpenenenns noxazure, aro CO + CL+C2 +C3 + ...+ C 1 4O =27,

Pewerue. CKoJIBKO c1ocOO0B BHIOPATH HEKOTOPOE KOJUYIECTBO IIpeiMeToB u3 n mtyK! C ojHoil cTo-
POHBI, JTFOOOI TTpeaMeT MOXKHO OpaTh WM He OpaThb: TO €CTh JBa BapUaHTa s IIePBOTO, JBa JJId
BTOPOro U T. J.. [lockobKY BBIOOD 1T BCEX MPEIMETOB HAJI0 OCYIIECTBUTH OJHOBPEMEHHO U He3a-
BUCHMO OJIMH OT JIPYT'Oro, 00IIee KOJIMIECTBO CIIOCOOOB cjiejIaTh TaKoil BIOOP paBHO 2.

C apyroit cTOPOHBI, MBI MOYKEM CHadJa/1a OMPEJICTUTHCsI, CKOJIBKO IIPEJIMETOB BbIOPATH, & TOJBKO
IIOTOM peliaTh, Kakue uMenHo. MoxkHO He BBIOUPAThL COBCeM HUYEro, jijist 3Toro ectb CO croco6os
(KOHEYHO, 9TO BCETO OJIMH CIIOCOD, HO ceffuac it Hac TJIaBHOe He 9T0). MOKHO BBIOpATH OJIMH TIPe/T-
Mer, i 3Toro ecth C'b croco6oB; MOxKHO BBIOpATh 2 MpeMera, /i 3Toro ecth C? crocoboB, U Tak
nastee. HakoHer, MOXKHO BBIOpATh BCe MMEIOIINECS MPEIMETHI, I 3Toro ectb (' crocoboB. Ecim
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CJIOXKUM BCE 9THU UHCJIA, TO MOJIYIUM KOJIUIECTBO CIIOCOOOB BBHIOPATH CKOJIBKO-HUOY/Ib [IPEIMETOB 13
n mryk. To ectb C0+ C + C2 + C3 + ...+ Cn 1 4 O™

Tak Kak B IEPBOM U BO BTOPOM ab3alle CIMTAIM Mbl YHCJO CHOCODOB CJIEJIATh OJIHO U TO Ke,
nosyaaeM, ato C) + CL + C2 4+ C3 + ...+ C 1+ O = 2™ O

Onpedesuswucy ¢ pymoboakamu, Huronrat cman evibupamo cebe nocku. Hockos bviao mHoz0, nosmo-
MY OH DABNOAHCUN UT HG 06 PAGHBIE KY4u U MEEPJo pewun 6pams norosuny. Baamov aesyro kyuy?
Uau npasyro? A moorcem, 0dun Hocox u3 ae6oti, a ocmansvHvie ud npacot? Hau naobopom?

C HOMOH.U)IO N3BECTHBIX y>Ke TO}K,ZLGCTB n OHpe,ZLe.HeHI/IS{ ,ZLOKa}KI/ITe, 910
(C)?+ (CL? 4+ (C2)? + ...+ (Cp)? = CF,.

Pewerue. Bocriosib30BaBIINCh CBOMCTBOM CUMMETPUYHOCTH YUCE/I COYETaHU, peobpa3yeM JIEBYIO
JaCTh HY?KHOTO HAM TOXKJIECTBA:

(G + (CR)* +(Co)* + -+ (C)° = (C(C) + (CC) + (CCTT) + ... + (C)(C).

5 — 9TO KOJIMIECTBO CIOCOOOB BHIOPATH U3 2n 1pejMeroB n npeamMeTos. C Apyroit cTOpoHbI, ecjin
MbI XOTUM BBIOpATh U3 2N IPEJIMETOB 7, TO MOYKHO CHadaJa OIPEJETUTbCsI, CKOJIbKO BO3bMEM U3
IIEPBBIX N JIEMEHTOB, a OCTaBIIHecs J0bepeM u3 ocraBimxcd n. Torjga moayduM, 4To KOJIMIeCTBO
croco60B BBLIOPATHL U3 MEPBBIX 1 3/eMeHToB () MTYyK, a U3 BTOpbIX n mTyK pasao CY - C"; KoJu1ecTBo
CcI0cOGOB BLIOPATH U3 MEPBBIX 3JIEMEHTOB OJIUH, a u3 octajibhbix 1 — 1 pasuo Cl - C2 u T.1. Beero
nostydaeM Kak pas (CO) (" + (CH)(Cm1) + (C*)(C2) + ...+ (C™)(C?) cnocobos. A suaunr, (CY)?% +
(Co)? + (CO + ..+ (CR)? = (GG + (GG + (C(CR2) + ...+ (C)(CY) = CF,, uro n

TpebOBAIOCH JTOKA3aTh. O
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Asrebpa

JInctok 14. @opmyJibl COKPAIIEHHOTO YMHOXKEHUS

OcnoBHBIe (DOPMYJIBI COKPAIIEHHOTO YMHOKEHUST U3BECTHBI U3 MKOJILHOTO Kypca ajredpbl 3a 7 KJIacc.
(Brpouem, ecim hopMysbl KBaJIpara CyMMBbI/PAa3HOCTH U PA3HOCTH KBAJPATOB IMKOJBHUKH XY/I0-
OeJTHO 3alOMUHAIOT, TO BOT ¢ (DOPMYJIaMU JIJIsi TPeTheil cTermeHn yKe, Kak mpaBuio, oea.) CMbIicia
9TOTO 3aHATHSA — B TOM, ITOOBI MO3HAKOMHUTH MIKOJHHUKOB C HEKOTOPBLIMU HOBBLIMU JIJI HUX CIIOCO-
H6aMy UX UCIOJIb30BAHUS, & 3a0/{HO TIOBTOPUTH U 3aKPEIUTh CaMU (DOPMYJIBI.

B nadajie 3aHATHA HATIOMHUTE OCHOBHBIE (DOPMYJIBI COKPAIIEHHOIO YMHOXKEHUsI, KOTOPbIE HAIIW-
caHbl B HadaJjie JucTodka. /lokarkure, Hampumep, Hopmyay mpo Kyd CyMMbI U OObICHUTE, KaK C
MIOMOIIHIO 3aMeHbI b Ha —b JIETKO MOJIy4uTh U3 Heé (hopMysy it Kyba pasHoCTH.

Pazbepure jj151 npuMepa, CJeIyonie 3a,1axdu.

e BorumciuTs, He ymHOXKag B cTonbuk: a) 41%; 6) 382%; B) 1,21 - 1,19.

Pewenue. a) 412 = (40+1)2 =402 +2-40-1+1 = 1600+ 80 + 1 = 1681; 6) 382 = (40— 2)2 =
402 —2-40 -2+ 22 = 1600 — 160 + 4 = 1584; B) 1,21 - 1,19 = (1,2 4 0,01) - (1,2 — 0,01)

CIl

1,22 — 0,012 = 1,44 — 0,0001 = 1,4399.
(z* — y?)? 11
e YIpPOCTUTDH BbIpaKeHne: —————————: | — — — | .
2?2+ 2zy +y? \2? 3?2
Pewenue.
(@ —y*) (1 1\ _(@-9e+y) y* -2 (@-yPlaty)? *-y°
w2+ 2ry+y? \a? oy (z+y)? Catyr (v4y)? y? — 2
_@—ylPety? 2yt (o) a2y’ 2%y -ty
(z +y)? (y —)(y + ) (y + ) Tty
0
e l3Bectno, uto a — b = 2, a - b = 15. Haiitu a® — b3.
Pewenue. a®*—b* = (a—0b)(a*+ab+b*) = (a—b)(a* —2ab+b*+3ab) = (a—b) ((a — b)* + 3ab) =
2.(224+3-15) =2 (4 +45) = 98. O

Hy a Tellepb MO2KHO BbIJIaTh IMIKOJIbHUKaM JIMCTOYKHU C 3a/la9aMU.

(a+b)? = a? + 2ab + V? (a +0)3 = a® %+ 3a%b + 3ab® £ b3
a’>—b*=(a—"0b)(a+0) a® +0® = (a+b)(a® F ab+ V?)

1] Bermcrmre: a) 812 6) 792 B) 0,67-0,73; T) 102-92; ) (42)2; e) 2023

Pewenue. a) 817 = (80 +1)? =80% +2-80 -1+ 1' = 6400 + 160 + 1 = 6561; 6) 79> = (80 — 1)? =

80 —2-80-141' = 6400 — 160+ 1 = 6241; B) 0,67-0,73 = (0,7—0,03)-(0,7+0,03) = 0,72 —0,03% =
2

0,49 — 02,0009 = 0,42891; r) 102 .92 = (102+ 2) - (10—-2) = 10> — (2)" = 100 — ;5 = 99%2;

m) (42)° = (4+2)" =42+2-4-3 4+ (3) =16+5+ 2 = 2125; e) 202° = (200 + 2)® =

200% + 32007 - 2 + 3 - 200 - 2% + 2° = 8000000 + 240000 + 2400 + 8 = 8242408. O

37,79+ 56,93 37,79 — 56,93 37,79% — 56,932
Boruncanre: — . .
37,79 — 56,93 37,79 4 56,93 37,79 - 56,93
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Pewenue. Oboznauus g ypoberea a = 37,79, b = 56,93, ympoimaem moJiydeHHOE BbIpaKeHne u
nosy4daeM oTser 4:

37,79 +56,93 37,79 — 56,93\ 37,79? — 56,932 _(at+b a-=b . a? — b?
37,79 — 56,93 37,79 + 56,93 37,79 - 56,93 “\a—b a+b a-b
_(a+b?—=(a—0b)? a*—b* ((a+b)—(a—0))-((a+b)+(a—0b)) (a®>—0*)

(a—b)(a+b)  a-b (a2 — b?) - ab
2b - 2a
= =4.
ab

Haitiiure 3navyenue mpousBeieHus

(-0 0405

Pewenue.

1 1 1 1 1 1
D) () (eg) - (-3) ()
_ 13243 20 19 21 21
2 2 3 3 4 19 20 20 40

(B mocJsieHEM IPOU3BEICHIN TAPbI OIS WYX MHOKUTENEHi COKPAIIAIOTCsI, KDOMe CaMOro Iep-
BOI'O ¥ CAMOT'O TIOCJIE/THETO). O

Nspectro, ato a +b =17, a-b = 2.
Haitmure: a) ab® + a’b; 6) a®> + 0% B) (a—b)% 1) a®+0% n) a®b® + a5

Pewenue. a) ab® + a®b = ab(a +b) = 14; 6) a* +b* = (a + b)* — 2ab = 45;
B) (a —b)? = (a+b)?> —4ab = 41; 1) a®> +b* = (a + b)(a* + b* —ab) = 7 - (45 — 2) = 301;

1) a®b® + ab® = a3b3(V® + a®) = (ab)?(a® + 1) = 23 - 301 = 2408. O
1 2
ITpo neiicTBUTEIBHOE YNUCTIO ¢ U3BECTHO, YTO @ — — = 3 Haiture:
a
1 at +1 1 a2 +1
2 . . 3 .
a) a® + ot ) SR B) a° — pet r) o
1 1)’ 1 22 at+1 1 1 11
P . =~ =(a—- 20-—=—; O =—(d+ =)=
ewenue. a) a” + 2 (a a) + 2a =g ) 5 5 (a + aQ) 9
1 1 1 2 4 62
3 2
——=la—- —+1)==-(14+2- | =—;
B) a = (a a) (a t5t ) 3 ( + 9> o7
a?4+1 1 a3 (1Y’ , 1 . 1
r) 5 =0 +$:(a)+(;> :(a +¥)(a—1+g>:
1 2 1)’ 1 1) 5302
_ (.2 2 _ (.2 2 —
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(6] a) Peumre ypasrenne 22 = 20152014 - 20152016 + 1.
6) JIBa pa3MUIHBIX YUCIa T U Y (He 0bsi3aTeIbHO ueﬂblx) YJAOBJIETBOPAIOT PABEHCTBY

z? — 2015z = 3* — 2015y.

Haiiyiure cymmy gucen z u .

a b . 1 1
B) IIpo pasmuanble uncia a u b usBecTHo, uro — + a = — + b. Haiiaure — + —.

b a a b
Pewenue. a) Ilepenmmiem ypasrenne B Buge x? = (20152015 — 1) - (20152015 + 1) + 1 = 201520152
Orcrona x = £20152015.
6) Ilepermmem ycosue B Buje 22 —y* = 20152 — 2015y, wmn (z—y)(z+y) = 2015(x —y). [TockoabKy
110 YCJIOBUIO X # Y, OTCIOA ciemyeT, 9to x + y = 2015.

B) [lepenuiem ycioBue B Buje a_ g =b—a, wm %éa—i—b) = b — a. ITockoIbKY 110 yCJI0BUIO
a # b, orciona cieyer a;;)b) = —1. Haxkomner, % + % = (a(;b) =—1. O
Hokaxkure, aro ecimm b =a — 1, To

(a+0b)-(a* +0) - (a* +bY) ... (a®®+b*) = a — %

Pewerue. N3 ycnoBus ciemyer, uro a — b = 1. YMHOXKUM 3TO PABEHCTBO Ha TO, KOTOpoe TpebyeT-
cd JIOKa3aThb, U MPUMEHUM HECKOJIbKO pa3 (pOopMysy pa3HOCTH KBaJPATOB B JIEBON YaCTH, IOKA He
[IOJIYIUM BEPHOE PABEHCTBO:

(a—Db)- (a+b) (a® +b?) - (a* 4 bh) (a®* + %) 1-(a® — %),
(a®> = b?) - (@®+b%) - (a* +b) ... - (@ + ) = o™ — b,
(a4—b4) (a* +0bY) ... - (a® + %) a® — b5,
(CL _b8) ( b8) (a16+b16)-(a32+632) — a64—bﬁ4;
(a16—bl6)'(a16+bl6)'<a32+b32) a64—bﬁ4;
(@2 —0%2) - (a2 +b%) = a% —pot
O
a®+ b —30*+3b—1
Haiiinre 3nadenne BbIpazKeHus o —abtat (b1
mpu a = —3 — 5v/3, b =11 + 5v/3.
P a3+b3—3b2+3b—1_ a® 4 (b—1)° B
e 2 b rat b—12 a2—alb—1)+ (b—1)2
b—l —a(b—1 b—1)2
_ ot oD —alb DBV Ly 3 55114534 1—0. O

a?—alb—1)+ (b—1)2

(9] Haiiyinre Bee mapsr HATYDAJIBHBIX SHCET T H %, yAOBICTBOPSIONIAX YPABHCHHIIO:
a) x> —y? =19; 6) 2* —y? = 111.
B) Haiijiure Bce mapbl IPOCTHIX YHCE], PASHOCTb KBAPATOB KOTOPBIX — TaKKe IIPOCTOE TUCIO.

Pewenue. 12 —1y? = (x—y)(x+y). a) Tak Kak IpoussejieHHe PABHO MPOCTOMY ducIy 31, To GosbIuit
MHOXKUTeTh paBeH 31, a menprmit 1. Utak, z —y = 1, x + y = 31, orkyna x = 16, y = 15. 3nech
BayKHO, YTO T W Yy — HATypaJbHble, a 3HAYNT, MOJOXKUTEJbHbIE YHCIa, MOITOMY & — Y < T + .
6) 303 =1-303 =3-101. meem nBa cayvas. 1) x —y = 1, x +y = 303, orkyga x = 152,y = 151.
2) x —y =3, z+y =101, orkyna x = 52,y = 49. B) Ilyctb p u ¢ — 1npocThle YucIa U p* — ¢* =
(p — q)(p + q) — npocroe uucyo. Eciu nponssejieHre JBYX HATYPATbHBIX MHOXKUTEJEH — IPOCTOE
YHCJI0, TO OJIMH U3 9TUX MHOXKHUTEJEH (4 NMEHHO MeHbIInit) Jo/KeH ObiTh paBel 1. Torma p —q = 1.
CrieioBaTeIbHO, OJTHO M3 HAINUX IIPOCTHIX YHCe/ YETHO, TO eCTh q = 2, p = 3. O
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a) Boisemure dopmysty juist KBajpaTa cyMMbl Tpéx umces: (a + b+ ¢)? =? 6) UssecTHo, 4To
a+b+c=>5uab+bc+ac=>5. Yemy moxer papuarbed a? + b2+ c2? B) WssecrHo, uto 2 +y+ 2 = 0.
Hokaxkure, uro xy + yz + zx < 0.

Pewenue. a) (a+b+c)2 = ((a+b)+¢)> =...=a®>+ 0>+ A + 2ab+ 2bc + 2ac. 6) Io nynxry a)
a’+0?+c* = (a+b+c)?—2(ab+bc+ac) = 52—2-5 = 15. B) (x+y+2)? = 0 = 2?+y*+2°+2(ab+bc+ac).
Buaunt, ab+be+ac = —3(a* +y* + 2?). Tockonsky 22 +y? + 22 > 0, noxyaaem zy+yz+ze < 0. O

JlokaxkuTte, 9TO MPOU3BEICHUE YEThIPEX MOC/IEI0BATE/ILHBIX HATYPAJIbHBIX TUCE], YBEJIUICHHOE
Ha 1, gBjsieTcs KBaJIpaTOM HATYpPAJBLHOTO HHUC/IA.

Pewenue. Y1o0HO 0003HAMUTE MEHbBIIIEE U3 YETHIPEX UUCET 38 T — 2, TOTJA OCTAJIbHbIE YUC/IA OYIyT

xr—1, zuxr+1. 3amernm, aTo r — 2 :x—%—%, r—1 :a:—g—i—%, x:x—l—%—%,x—l—l :x—i—%—l—%,
1 1IpeodpasyeM IIPOU3BeIeHNE HAIMUX YeThIPeX UHCesI C IIOMOIIBI0 (hOPMYJIbl PA3HOCTU KBaIPaTOB, a

3aT€M BbLJICJINM HOJIHBINA KBa/JpaT:

e (A (DR (IR (CEE
(@) () - 0) - o )
(=2) 2 ) e () () i (o)1)
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JInctok 15. HepaBeHcTBO o0 cpegHeMm

B mauage zamarnsa ,ZLafITe olpejgejeHnud cpeaaero apI/ICbMeTI/I‘IeCKOFO n CpeJHETO I'eOMETPUICCKOI'O:

Onpenenenne. Cpednee apugpmemuneckoe n wuces ai,ads, . ..,0, — ITO IaCTHOE OT JEJEHUT UX
a+as+...+ay
CYMMEBI Ha UX KOJIMYECTBO: .
n
Cpeduee 2eomempumeckoe n MOJIOKUTEIBHBIX “UCEA 41,0, . . ., 04, — 3TO KOPEHb N-il CTEIIeHN U3
UX IMPOU3BEIEHUS: /a1 * Qg " ... Uy.

Pazbepure nmpumepsr:

e Haiiure cpesiee apudmMernyeckoe u cpejiHee reOMeTPUIECKOe IUCeL:
a)2u8;6) 19u19;B) 2,6 u 18.

Pewenue. a) (2+8)/2 =5, v/2-8=4;6) (19+19)/2 =19, v/19-19 =19;6) (24+6+18)/3 =
26/3, V/2-6-18=+v/22-33=2-3 =6. O

371ech MOJIe3HO 3aMEeTUTh, UTO CpeaHee apudpMeTHuIecKoe U reOMeTPUIecKoe JTI000r0 KOJINMIecTBa
OJMHAaKOBBIX 9YUCEJI PaBHO 9TUM YUCJIaM. KpOMe TOro, MO2KHO O6’bHCHI/ITb, YTO €CJI1 OTMETUTH Ha
YHUCJI0BOM MPSMOIT TOUKH, COOTBETCTBYIOIINE JIBYyM YHCJIaM, TO UX CPEJHEMY apudMeTuIecKOMY
Ha ocu OyJIeT COOTBETCTBOBATH CEPEJINHA OTPE3Ka ¢ KOHIIAMHI B 9TUX TOYKaX. A BOT reoMeTpude-
CKUIi CMBICJI CPETHETO TeOMETPHUYECKOr0 (M MOYeMy OHO BOOOIIE TaK HA3BIBAETCS) O0bICHAETCS
B 3aja4e 6.

Cdhopmynupyiite u JJOKa2KUTE HEPABEHCTBO O CPEJIHEM:

a+b
Teopema (HepaseHcTBO 0 cpesteM). Feau a > b >0, mo a > 5 >vVa-b>b.

Bce nepasencmea obpawaromces 6 pagencmsa mozda u moavko mozda, xo2da a = b.

Jpyrumu ciioBamu, cpedhee apugpmemuieckoe A00bT 06YT NOAOHCUNMEALHDIT HUCES HE MEHBULE UL
CpedHE20 2€0MEMPUYECKO20, U 000 CPEOHUT 3AKANOUEHDL MEHCIY CAMUMY YUCAAMU.

,ﬂmcasameﬂbcmso. ,H‘OKa}KeM IIEpBOE HEPABEHCTBO B IECIIOYKE. T1o HETPYAHO: B CaMOM JIeJjie, €CJIN

a_ b a a _ a
a > b, T0 B = > a 3HAUUT, a4 = B + 5 = 5 = 5 PaBencTBo jiocTuraercs, 04eBUIHO, B TOYHOCTH TIPH

a=b.

Jlokaxkem BTOpOe HEPABEHCTBO B IEMOYKe (OHO U COCTABJISIET OCHOBHOE COJEPIKAHWME TEOPEMBI).
JTOMHOKIM 00€ YaCTH HEPABEHCTBA Ha 2 I IEPEHECEM BCE cJIaraeMble B JIEBYIO 4acThb: a+b—2v/ab > 0.
Hockombky @ > 0, b > 0, 970 HEPABEHCTBO MOKHO Ieperncarh B TakoM suje: (v/a)? — 2/avb +
(v/b)? > 0, mimm, ¢ yaérom dopmyisl KBagpaTa pasaoctn, (v/a — v/b)? > 0. Tlocienee HepaBeHCTBO,
OYEBHIHO, BEPHO, TaK KaK KBaJpaT JIFOOOTO JIEHCTBUTE/IHHOIO YNCIa HeoTpuiaresieH. Bojee Toro,
9TO HEPABEHCTBO OOPAINAETCSA B HOJIb B TOYHOCTH TIPH /@ — Vb =0, 10 ectb KOra @ = b. TTOCKOIBKY
BCE BBIITOJIHEHHBIE TTPE0OPA30BaAHUS PABHOCHIHHBI, TEM CAMBIM JTOKA3aHO U MCXO/IHOE HEPABEHCTBO.

Haxowner, mokazkeMm TpeThe HEPABEHCTBO B IEIIOYKE. ITO JEJTACTCs TTOUTH TaK ¥Ke, KaK /I IePBOro:
ecim a > b, To (momHmM, uTO umCIa a u b meorpunarensunl) a > Vb, otkyaza vVa-b = \/a -
Vb > Vb - Vb = b. PaBeHcTBO I0CTHIAETCS, OYEBHIHO, B TOYHOCTH Ipu @ = b. Teopema mOIHOCTHIO
JIOKa3aHa. ]

Temepb cTOUT HAIIOMHHUTDH ITKOJHHUKAM OCHOBHBIE CBOWCTBa HEPABEHCTB (OCOOEHHO €CJIH JIHCTOYEK
IpeJIIaraeTcs He JeBATHKIACCHUKAM, & BOCbMUKJIACCHUKAM ):

eccma>=b toa+c>b+

e ccima =buc>0,10ac>be,eciima = buc < 0,10 ac < be (970 MOJIE3HO TPOUILIIOCTPUPOBATE
YHCJIOBBIMU [TPUMEPAMH);
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eccma=>buc>d toa+c>b+d;

eccma>=b>0uc>d>0, 0 ac > bd (onarb-raku, 00bICHUTE HA TPUMEPE, [TOUEMY ITOTO
HeJIb34 JIeJIaTh, €CJIM B HEPABEHCTBAX €CTh OTPHUIIATEIbHBIE THCIA);

eccma=>bub>c toa>c

Paszbepute mysa npumepa 3aj1a49m:

1
e Jlokaxkute, 4TO 1Ipu BeceX & > () BBIIIOJIHEHO HEPABEHCTBO T + — > 2.
x

1 1
Pewenue. VI3 HEpaBeHCTBaA O CpeJHEM CJeJyeT, 9To  + — > 24/x - — = 2. PaBencTBo jocTura-
x x

1
eTcs TOJIbKO ITpu & = — = 1. ]
T
a b ¢
e Jls r0b6bIX a, b, ¢ > 0 moKaxkuTe HEPaBEeHCTBO: 7 +-+-=3.
c a
. a b ¢ b
Pewenue. VI3 npenpiayieii 3a/1aqu cjieIyeT, 9To 7 + — > 2. Kpome Toro, - 4+ - — - —1 =
a c a a
(¢ —a)(c—Db)
—————= > 0. Cxaa/ipIBast 9TU HEPABEHCTBA, MOJIYIUM Tpedyemoe. O

ac

Hy a Tellepb MO2KHO BbIJaTh IIKOJIbHUKaM JIMCTOYKH C 3a/a9aMU.

JlokazkuTe, 9TO JJIsi BCIKOIO HOJOKUTETbHOrO uncaa C' 1 JioObIX YnCesI X, Y BBIIOJIHSIETCS Hepa-

OZE2 N y2 -
BEHCTBO —— + — 2> Y.
2 2C
Pewerue. DT0 HEpaABEHCTBO JIETKO CJIEIyeT U3 HEPABEHCTBA O CPETHEM WU JOKA3bIBAETCsI 110 aHAJIO-
I'U C HUM. O

a) Kakoe nanMenbliiee 3HaYEHIE MOKET IIPUHUMATDb BbIpazK€HUE T + 9— IpU IIOJIO2KUTEJIbHBIX x?
T

6) [Ipu kakoM x JocTHraeTCsl HAMMEHbIee 3HaYeHne?

1 / 1 2
Pewenue. a) VI3 HepaBeHCTBa O CpeJIHEM CJIEJIyer, 4To T + % =2z %3
x x
1

1
6) MuHuMyM J1oCTHrACTCS IPU T = gp’ TTO TIPH yCIIOBHI & > () PAaBHOCHUJIBHO X = 3 O
x
[LOKax{HTe, groecmm a > 0,b>0wmab>a+b, toa+b>4.
Pewenue. NUmeem ab > a + b > 2/ ab, cnenosarensuo, vVab > 2, orkyna a + b > 2vab > 4. ]

a) Jlokazkure, 9T0 Jist JIIOOBIX MOJIOKUTEIBHBIX YHUCeN @, b, ¢, d uMeeT MecTO HEePaBEHCTBO

W > Vabed.

6) Korma jocruraercst paBeHCTBO?!

Pewenue. a) [Ipaykabl mpuMeHsieM HepaBEHCTBO O cpejineM. 6) PapeHcrBo mocturaercst Torja u
TOJIBKO TOT/Ia, Korja a = b = ¢ = d. D10 cieayer u3 perneHnst MyHKTa a). O

st mo6bIX a, b, ¢ > 0 10KaxKuTe HepaBeHCTBA:
a) a>+b>+c* > ab+ be + ac; 6) (a+b)(b+ c)(c+ a) > Sabe.
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Pewenue. a) CkiajpiBaeM HepaseHcTsa a® + % > 2ab, b* + ¢ > 2bc, a® + ¢ > 2ac u pesyabrar
Jesnm tionosiam. 6) Tlepemuozkaem HepaBeHcTBa a + b > 2V ab, b+ ¢ > 2Vbe, a + ¢ = 2+/ac. O

@ a) B tpeyronpanke ABC yroa C' — npsimoii, C H — Bbicora. Jokaxkure, uro CH = v AH - BH.
(dpyrumu ciioBamu, 6viComa NPAMOY20ALHO20 MPEYLOALHUKG DABHA CPEOHEMY 2E0MEMPUIECKOMY
npoekyull Kamemos Ha 2unomeny3y. )

Ioodckaska: cuavana nokaxkure, uro AACH ~ ABCH.

6) C moMOIIbIO IYHKTA a) JOKAKUTE TeOMETPHYECKH HEPABEHCTBO O CPEJIHEM.

Hodckaska: B IPSIMOYTOJBHOM TPEYTOJHHUKE MEINAHA, TPOBEIEHHAS K TUIOTEHY3€e, paBHA TOJOBUHE THIIOTEHY3bI.

Pewenue. a) Tpeyrompraukn ACH u BC'H 110700HBI, TOCKOJIBKY 00a OHHU MOJ00HBI TPEYTOJbHUKY
AH CH
CH BH’ 3
6) B ob6osnaveHusx MyHKTa a): B HOPSIMOYTOJBHOM TpeyrojbHuke Meamana CM, mpoBenéHHas K
IUIIOTEHY3€e, paBHA MoJ0BUHE Tunorenysbl. [lockosbky CM > C'H (HakjIOHHAsI HE KOpOYe IepIeH-

nukyispa) u AB = AH + CH, nonyyaem (AH +CH) :2 > VAH -CH. O

ABC 1o aBym yruram. OTcrosa ceyer, 9To OTKY/Ia U TIOJTy9aeM Tpedyemoe.

[Iycrs 22 + y? + a® + b? = 2. [lokaxkure, 4TO:
a) zy <1—ab;6) (a+2)(b+2)>0;B) zy < ab+ 2a+2b+ 3.

2 2
He IPeBOCXoAAT 2 (u jazxke \/ﬁ), nosromy a+2 = 0 u b+ 2 > 0. IlepeMHOXKUB 3TN HEpaBEHCTBA,
z® +y? a® +b° a® +b°
— =1- . Hokaxxem, aro 1 —

Pewenue. a) xy < < 1—ab. 6) B ycnosusix 3aja4u qucsia a u b mo MojLyo

nosyanMm (a + 2)(b+ 2) > 0. B) Umeem zy <

ab + 2a + 2b + 3. st 9TOr0 YMHOXKHUM 3TO IOCJIE/IHEe HEPABEHCTBO HA 2, MEPEHECeM BCE B OJHY
cTopoHy u nojayuanm a? + b* 4+ 2ab+4a +4b+4 > 0, wmm (a + b+ 2)? > 0, uro, oueBuaHO, BepHO. [

<

a) Ilycrb a > 1, b < 1. [Jokaxkure, ato a + b > 1 + ab.
6) [Iycrb a,b,c > 0 u abc = 1. Tokaxkure, uro a + b+ ¢ > 3.

a+b+c
B) [lyst si06bIX a, b, ¢ > 0 noKazKuTe HEPABEHCTBO — > v

abe.

r) CdopmynupyiiTe n JOKayKUTe AHAJOD STOIO0 HEPABEHCTBA JIJIS 1 IHCEJL.

Pewenue. a) U3z yenosus caemyer, uro (a — 1)(1 — b) > 0, oTKyma, pacKpbiBasi CKOOKH U TIe€pe-
HOCSl 9aCTh CJIAraeMbIX, B TPABYIO YacTh, mojayduM Tpebyemoe. 6) Ecim a = b = ¢ = 1, Hepa-
BEHCTBO BepHO. Ecim Het, To 6e3 orpanmdeHust OOIMHOCTH MOXKHO CUATaTh, 910 a > 1, b < 1. To-
rJa COIJIACHO TMYHKTY a) a + b + ¢ > 1 + ab + c. [IpousBejienne mooKUTEIbHBIX ducen 1, ab u
¢ BHOBB paBHO 1, JUIsi HUX IOBTOPsiEM TOJIBKO YTO IIPOJEJIaHHOE paccyzKieHue. B wmrore mosryda-

a b c
Vabe abe ¥ abe

eM a+b+c > 141+ abc = 3. B) IIpoussenenne mog0KUTENIBHBIX THCEIT

a b c
paBHO 1, O3TOMY MO IYHKTY 6) . + 5 + 5 > 3, OTKyJa cjejyeT TpedbyeMoe HepaBeH-
v abe v abe  Vabe
crBo. T) OOIee HEPABEHCTBO O CPEJHEM: Jisi JIFOObIX a1, as, ... A, > 0 UMeeT MeCTO HEepaBeHCTBO
a1+a2—|—...+an
> /ay-ag - ... a,. 1a noxkasarenbcTBa cHadasa JOKA3bIBAETCA aHAJIOL IIyHKTA

6) mist n guces (TeM ¥Ke CIocobOM), MOCJe 9ero J0Ka3aTeIbCTBO MYHKTA B) JIETKO MEPEHOCUTCS Ha
caydail n ducert. O
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