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IIpegucnosue

OnHo¥ u3 1enelf MaTeMaTH4YecKoro o6pa3oBaHus, HallleJIel oTpaxKe-
HUe B deepaTbHOM KOMIIOHEHTE roCy[apCTBEHHOrO CTaHAapTa 10 MaTeMa-
THKE, ABIAECTCA HHTEe/UIEKTyaIbHOE pa3BUTHE YYallMXCs. JTa Lelb BbIXOAUT
Ha OZIHO U3 BeJylIMX MeCT NpH YrIy6eHHOM H3y4eHHH MaTeMaTHKH.

[TockO/NbKY OAHUM M3 OCHOBHBIX OTIHYMI 3aZay C6 oT OCTaNbHEIX 3a-
Jad4 EI'D aBiseTcs ee ABHO BoIpaXXeHHbIM HECTaHAAPTHBIN XapaKTep, a CBe-
AeHHs, HeoOXoAUMBIe 1A pellleHHUs 3TOM 3alauyl, MOI'YT OTHOCHTCH K Ca-
MBIM pa3/IMYHBIM pa3ziesiaM UIKOJABHOTO Kypca, IOCTpOeHue pellieHHA MO-
XeT MoTpe60oBaTh HETPUBHAIBHBIX HAEH U METOZAOB, MOCTONbKY CMBICIOM
BKJIIOYEHHA 3ajauu C6 B cOCTaB KOHTPOJIbHO-U3MEPUTEIbHBIX MaTepHa-
JioB EI'D siB/IsieTCA UMEHHO ANUAarHOCTUKA YPOBHA UHTEJLIEKTYaJIbHOTrO pas-
BUTHUA Y4alIMXCA.

Henbio JaHHON KHUTU SABAETCA HEe CTOMbKO ITOATOTOBUTDH K PELIEHHUIO
3asayu C6, CKOMBKO IIOMOYb YYUTENI0 CHCTEeMAaTUYeCKH 3aHUMAThCA MH-
TeJZIEKTYalIbHBIM Pa3BUTHEM yUYallUXCA Ha MaTepuasle CoJepXXaHuA 3aja-
gyu C6.

ABTOpHl COOpHHKa CTapaluch AaTb 0030p T€X TeM, KOTOPHIM TPajAu-
LIMOHHO B IIKOJIE yZeJgeTcs MeHbllle BHUMaHUA, U NO0Ka3aTb HEKOTOphIe
crienuryecKie METOZAB! pellieHusa 3aja4y. B c6opHUK BrIIOYEHH! U Gonee
TPyZAHBIE 33/la4{, IIPUMBIKAIOIIHE K TaK Ha3bIBA€MOH «OJIUMIIHAJHON Te-
MaTHKe». DTU 3aJja4id OTMeYeHbI 3Be304YKOM.

MaTepHansl KHUTH MOTYT CIYXXUTb MOACIIOPbEM B NPOBEAEHUM 3JIEK-
TUBHBIX KypCOB, KPYXKKOB U QaKyJIbTaTUBOB.

B kHMre Tarke IIpUBeZeHH 33/ja4K, aHaJlorMyYHble 3aga4aM C6 eguHO-
ro rocyapcTBeHHOro sk3amMena 2010 u 2011 roaoB, BMecTe C KPHTEPHUAMH
KX OLieHUBAHUA.

B 3axyiloYyeHHEe OTMETHM, 4TO, 0e3yC/IOBHO, IepedyeHb BO3MOXHBIX
CIOXKETOB M TeM 3azayu C6 He HMcyepIbIBaeTCA NPUBEAEHHBIMU B AaHHOM
KHUTE.

ABTOpHI 6yAyT 6aroJapHbl 3a KOHCTPYKTHUBHYIO KPUTHKY U 3aMeya-
HUSA [0 COAEPIKAHUIO 3TON KHHUTH, KOTOPbIE MOXXHO NPUCHUIATH 110 aApecy
c6@mccme . ru.



JluarHocTudeckas pabora

n+6

3n+10° PAC T

1. Ha xakue yncia MOKeT ObITh COKpalleHa Jpobb
HaTypaJlbHOE YHUCII0?

2. JlaHo HaTypaJbHOe YUCJIO n. Ero yMHOXWIM Ha YHCIO M, NOJy4YeH-
HOe M3 n nepecTaHoOBKOH 1up. Moo K IpH 3TOM IOJTYUYUTHCA YHCIO
27812754?

3. JokaxuTe, 4To yncio 212012 4+ 439201 nenurca Ha 440.

4. JlokaXxuTe, YTO eCId K MPOM3BOIbHOMY TPEX3HAaUHOMY 4UCAY IPH-
nucaTh ClpaBa €ro e, TO IOJyYeHHOe LIeCTU3HA4YHOe 4HCIo OyaeT Ae-
JIUTbcA Ha 13.

5. HOK aByx HarypasnbHbIX yucen B 7 pa3 6osbuie, yem ux HOJ. Bo
CKOJIBKO pa3 CyMMa 3THX yuces 6onbule, yem ux HOJ?

6. HaiiauTe Bce 4-3HayHble YeTHbIE YUCIA, Y KOTOPBIX POBHO 22 JenH-
TeJA.

7. PeluTe ypaBHeHMe B LebIX yMcaax: x2 + 10xy — 57 =3,

8. [laHbi ABe TPYINbI HATYPAJbHBIX YMcel. B nepBol rpytme 3 yucia
U UX cpeiHee apudMeTHYeCKOe paBHO 8, a BO BTOPOH — 2 yucjIa M HUX
cpenHee apudpMeTHyeckoe paBHO 13. MoykeT /i1 Mpou3BegeHHe BCeX IATU
AaHHBIX yKces 6bITh paBHEIM 100000?

9. PeninTe ypaBHeHHe B LIeJbIX yucaax: 5™+ 12" =13".

10. Kakoe Haubosbillee KOJUYECTBO YIEHOB MOXeT ObITh B apubMe-
TUYECKOH MPOrpeccuH, BCe WIEeHbl KOTOPOl — HaTypajibHble YUCIIa, eCJIH
HU3BECTHO, YTO KXABIN CIeAyIOUH WieH 3TO TPOrpeccuu He MeHee YeM
B NOJITOpa pa3sa bosnblile npeabiAyLlero?



PellieHUs 3a/ja4 UarHOCTHYECKOI paboThI

1. IlycTe 3Ta Apobb cokpaTHMa Ha liesoe Yucio d, 6onbinee 1, To-
raa 2n+6):d u (3n+ 10) : d. TloaToMy MO CBOMCTBAM AEIMMOCTH
2(3n+10) —3(2n+6):d, 1.e. 2:d. CeaoBaTenbHO, d MOXKET OGBITH PaBHO
TO/IbKO 2. OcTanock noAobpath XoTA 65 OAHO 3HAYEHHE N, IPHY KOTOPOM
Apobb cokpaTMMa Ha 2. Ui 3TOro AOCTaTOYHO BHIOpaTh J060e YeTHoe
3HaYeHHe n.

OTser. 2 (IIpy YeTHBIX Nn).

2. 3ameTumM, uTo 27812754 menutca Ha 27, HO He genurca Ha 81. Pas-
6epeM ABa ciyyas.

1) Yuciio n genures Ha 9. 3HA4YMT, cymMmMa ITUp YMCIa n AeTUTCA Ha 9.
Toraa u m aenurcs Ha 9, Tak Kak cyMMa LMp YHUCIa m COBMNAJAET C CyM-
Mo uudp YMCIa n: 3TH YUCIa OTIMYAIOTCA JIMIIDb IIepeCTaHOBKOM LUbp,
a caMM UMPH — OJHM U Te XKe. B 3ToM ciryyae npousBesieHHe mn AOMKHO
Jenutbes Ha 81, a oHo Ha 81 He genuTcs.

2) Yuciio n He fenuTes Ha 9. 3HauuT, cymMMa IUQp YHCIa n He JeTUTCS
Ha 9. Torza 1 m He JenUTCA Ha 9, Tak Kak cyMMa Lup yucia m coBnajaeT
¢ cymMo# 1udp yucia n. B 3ToM ciyyae npousBefieHHe mn JeJUTCS He
6osee yeM Ha BTOPYIO CTeNeHb TPOHKH, a OHO JeIUTCcA Ha 27.

B KaXI0OM M3 CyyaeB NPHUUUIM K MPOTHUBOPEYMIO, 3HAYMUT, YHCJIO
27812754 nony4uThCs He MOIVIO.

OrtsBerT. Her.

3. Peirenue 1.

1) PaccmoTpum nepBoe ciaraemoe: 212012 = 4411906, Tak kak 441 =
=440+ 1, To 4412012 = (440 + 1)1906 =440 - k + 1.

2) PaccmoTpumM Bropoe caraemoe: 4392011 =(440—-1)2011=440-n—1.

3) Us 1. 1, 2 nonyuaem: 212012 14392011 =440k +1+440-n— 1=
=440 (n —k), T.e. 3TO BHIpaXeHHe AeJUTCA Ha 440, uTo U TpeboBanoch
ZI0OKa3aTh.

Pemenue 2.

1) PaccMoTpuM neppoe ciaraemoe: 212012 = 44119 Tak kak 441 =
=1 (mod 440), To 441%°12 =12012=1 (mod 440).

2) PaccmoTpuM BTOpoe ciaraemoe. Tak kak 439 = —1 (mod 440), To
4392011 = (—1)2011 = _1 (mod 440).

3) Uz n. 1, 2 nonyyaem: 212012 4 4392011 =1 — 1 =0 (mod 440), uto
¥ Tpeb6OBaIOCh AOKA3ATh.

4. TlycTb AaHHOe Tpex3HAayHOe 4yHCI0 UMeeT BuA abc. Toraa nocie
IPUIMKUCHIBAHUA MONYYUTCA YHUCTO abcabc. ITO YHCIO MOXKHO IIPEICTABUTh




6 PellleHus 3a4a4 AMarHOCTAYECKOH paboThl

B Buge 1000abc + abc = 1001abc. 3HauuT, 3TO IUECTU3HAYHOE YHUCIIO
aeautes Ha 1001, a tak kak 1001 genutcs Ha 13, TO U 1IeCTU3HA4YHOE
4YMCJI0 AeauTcs Ha 13, uTo ¥ TpeboBaIoCh JOKa3arTh.

5. O603HaYuUM JaHHblE B YCIOBUHU 3a/aYyl HaTypaJibHBIE UHCIa Yepe3
x,y, a ux HOJl — uyepes d. Toraa UcxozHble YHC/ia MOXKHO NpPEACTaBUTh
B BuJe kd u nd, rae HOZ(k, n) = 1. B aTom ciryyae

Xy _ nd-kd

Hon(ey) — 4 - knd.

HOK(x, y) =

U3 ycnoBusa cieayet, yto HOK(x, y) =7 - HOA(x, y), U3 4ero ¢ y4eTom
BBeZIeHHBIX 0603HaueHHui cieayet, uyTo knd = 7d, kn = 7. TIpou3seseHHe
JBYX HATYPaJbHBIX YHCeJl MOXeT OBITh paBHO 7 B TOM M TOJBKO B TOM
cIydae, eI 3TO YMciaa 1 ¥ 7, a 3HAa4MT, UCXO/AHbIe YucIa paBHel d U 7d.
Toraa ux cymma paBHa 8d, T. e. oHa B 8 pa3 6oiblue, yem ux HOZ.

OrtBer. 8.

6. I[To popMyne konuyecTBa AenuTeneit yuwia (cM. c. 34) MOXKHO Tipej-
CTaBUTh 22 B BUZe NMpousBedeHus ckobok Buza (k; + 1), rae k; — Hary-
pajbHBIM MIOKa3aTe/b CTeNeH! MPOCTOro JAeUTesA, BXOAsIIero B KAHOHU-
YecKoe pasjioXeHHe MCXOAHOTro yucia. Takux cKOOGOK MOXKET ObITh 160
oaHa (caMo uucio 22), 6o ase (ynciaa B HUX OyayT paBHbl 2 M 11), a B
BHJZIe IPOU3BE/IeHUS TPeX U Oolee HaTypalbHbIX YKces, 60nbImMX 1, YHucIo
22 mpeAcTaBUTb HEBO3MOXHO. Pa3bepeM 3TH JBa ciayvas.

1) MycTe ecTh Bcero oaHa ckobka. 3HauuT, k, +1=22, u Toraa HUcko-
Moe YHMcaI0 uMeeT BUA p2l, rae p — npocToe yucio. VickoMoe YuciIo MO
YC/IOBUIO YETHO, CIeI0BATeNbHO, p =2, HO B uncie 22! Gonbime 4 uudp.
CnezoBaTe/bHO, B 3TOM CJIydae pellleHuH HeT.

2) IlycTb Mpor3BejeHre COCTOUT U3 IBYX CKOOOK, paBHBIX 2 1 11. Torza
B Pa3/IOXX€HUHU UCKOMOTO YHCJIa IIPUCYTCTBYIOT POBHO ZIBa MPOCTHIX YHUCIIA,
CTelNeHu KOTOPHIX paBHE! 1 U 10. M3BecTHO, YTO OAHMM H3 MPOCTBIX CO-
MHOXHUTeJIeH AO/DKHO OBITh YHUCIO 2, 3HAUYKMT, HCKOMOE 4YHCJIO UMeeT BUJ,
2-p1® wim 2°. p, rae p —npocroe uncio, He paBHoe 2. Ilepsbiit Ciy-
Yail He NMOAXOAUT, TaK KaK Jake IPY HauMeHbIIeM BO3MOXXHOM 3Hauye-
HMHM p, paBHOM 3, uucio 2 - 30 He sBAeTCA yeThHpexsHauyHBIM. Bo BTO-
POM e ciIydae Hy»XKHO oToOpaTh BCe TaKWe IPOCThIe YHCa p, He paBHbIe
2, yto 1024p — vyeTblpex3HayHoe 4YKciIo. [TocsenoBaTebHO yoexaaeMcs,
4TO yMciaa 3,5 U 7 oAxoaar, a 11 — yxe Her.

CiiefoBaTebHO, HCKoMble uncaa— 210.3, 210.5 4y 210.7 1 e 3072,
5120 1 7168.

OTtBerT. 3072,5120 1 7168.



PellleHus 3aa4 AUarHOCTHYeCKOi paboThl 7

7. PazbepeM Tpu ciry4ast AJIs IEPEMEHHOH Y.

1) Eciu ynueio y oTpHuaTeNbHo, TO 57 — Hewesloe, a BCe OCTalbHbie
claraeMbie B JIEBOM YacTH — lieJibie, @ 3HaYMT, CyMMa 11eJIoii ObITh He Mo-
xeT. [Io3TOMy B 3TOM C/Ty4yae pelleHUid HeT.

2) Ecmm y =0, To x2 =4, x=42.

3) Ecsiv 4MC/Io y MONMOXMTENBHO, TO, IEPEHOCS U3 JIEBOM YaCTH BTOpOE
M TpeTbe cllaraeMele BIIPaBo, MoaydaeMm x2 =57 — 10xy + 3.

3aMeTHM, 4TO 57 oxkaHuYMBaeTcsa Ha 5, 10xy — Ha 0, a 3Ha4MT, CyMMa
B NpaBoM YaCTH paBeHCTBA OKaHuMBaeTcA Ha 8. Ho Torza u x? jomkeH
OKaHYMBAaThCsl Ha 8, a KBaApaThl HATYpPaJbHBIX YHces Ha 8 He OKaHYHBa-
1oTcs. CliefiloBaTeNbHO, B 3TOM CJIydae pemeHUi Her.

Otser. (—2;0), (2;0).

8. O603Ha4¥M yHC/Ia NEPBOM TPYIIILI Yepe3 a;, d,, d3, @ YUC/Ia BTOPOH
a,+a,+as
IPYIIIL — Yepes a4, ds. [1o ycioBuio T — =8, a 3HauurT, a, +a, +
a,+as
2

a,+a,+az+a,+as
5 = 3/a,a,a;0a4as,
——————— _ 50
2 alaza3a4a5 $ ?, a1a2a3a4a5 S 100000.

Ecnu xe a,ajazasas = 100000, To B HEpaBeHCTBe O CPeAHUX AOCTH-
raeTcs paBeHCTBO, YTO BO3MOXHO TOJIBKO B TOM CJIy4ae, KOTAa a4, =d, =
=az = a4, = as. Ho Torza cpeanne apudpMeTHdeckue 1nepBoro U BTOPO-
ro HabopOB ZIOKHBI COBNaJATh, YTO HE COOTBETCTBYET YCIOBHIO 3ajaqH.
3HauuT, IpoM3Be/eHNe JaHHBIX Yucesl He MOXeT ObTh paBHbIM 100000.

+ a; = 24. AHaJIOTH4HO
O CpeAHMX

= 13, a4 + ag = 26. Ilo HepaBEHCTBY

OTtBert. Her.

9. 3amMeTuM, 4TO n = 2 — pellieHye JaHHOro ypaBHeHus. IIpu ysenuye-
HUM [TepeMeHHOH Ha 1 mpaBas yacTh ypaBHeHUs yBeJn4uBaerca B 13 pas,
a yeBast — MeHee 49eM B 12, Tak kak 5"7! + 12! < 12(5" + 12"). Cnezo-
BaTeJIbHO, MIPHU n > 2 pellieHUi HeT.

AHaJIOTUYHO, eCJIM yMEHbIIMTh 3HaueHHe NlepeMeHHoi Ha 1, To ipaBas
4acTb YMEHBIIUTCA B 13 pas, a 1eBasg — MeHee yeM B 12 pa3. CiezoBareib-
HO, ¥ IIpY N < 2 pellieHHH HeT.

OTBer. 2.

10. JlokaxxeM OT MPOTHBHOIO, YTO B UCKOMOI#1 nporpeccuu He 6osee 3
4neHoB. [TycTh MckoMas MpOrpeccHs COCTOMT XOTS 6bI U3 YeThIPEeX WIEHOB



8 Pelllenyd 3ajay AUarHOCTHYECKOM paboThl

U UMeeT BUJ d;,d,, ..., & ee Pa3HOCTb paBHa d. Torza a, =a, +d, a; =

a
=a,; +2d, a4, =a, + 3d. I3 ycioBUA CiefyeT, YTo a—4 21,5, a4 2 1,5a5,
3

W a, +3d = 1,5a, +3d, 0 > 0,5a, — 4TO NpOTHBOPEYHUT TOMY, YTO A —
HaTypaJbHOE YUCIIO.

CiiegoBaTesbHO, B IpOrpeccly He 6ojiee Tpex WIEHOB.

OcTaoch MPUBECTH NPUMeEP IPOTPeCCHM, COCTOSAILEH U3 TPeX WIEHOB
Y yIOBJIETBOPSAIOLIEeHN YCIOBHIO 334a4M. TaKUM IIPUMEPOM MOXET CIY>KUTh
nporpeccus {1; 2; 3}.

OrTsBer. 3.



§1. JlerMoCTb U ee cBoicTBa. [Ipr3HaKu
AEJIUMOCTH

JuarHocruyeckas pabora 1

1. Yucimo 134+ xpatHo 3. Kakyio HH$ppy MOXHO IOCTAaBUTh BMECTO
3Be3goukn? (Ilepeuncivre Bce BO3MOXKHBIE BAPHAHTHI. )

2. Jlenutes v ynucio 314567891 ua 117

3. Kaky1o uudppy MOXXHO IIOCTaBUTh BMECTO 3BE3JJ0YKH, €C/IH U3BECTHO,
uro yrc1o 3141596 kpatHO 8? (ITepeyncyiuTe BCe BO3MOXKHbIE BAPUAHTHIL.)

4. B 6ydeTe KynIH HECKOJIBKO MUPOXKHBIX 1O 35 py6uieit u 14 nopuwmii
Kode (kaxzasa nopuua kope CTOUT Liejoe Yyuciao pybieit). Mor i1 Bech
KyTUIeHHBIH TOBap CTOUTh 501 py6ib?

5. CyMMa u npousBeZieHHe [BYX HaTypaJbHBIX yuces KpaTHH 136. Jlo-
Ka)XMTe, YTO KBaZpaT Ka&KAOT0 U3 HUX KpaTeH 136.

KpaTkasi TeopeTuyeckas cripaBKa

B aTom maparpade Bce uucia Lesble, €C/IM He OroBapuBaeTcs Mpo-
THUBHOE.

Onpegenenne. Yucio a Aeantca Ha yuciao b # 0, e cyliecTByeT
Takoe YUCJIo ¢, YTo a = bc.
Ob6o3HayeHue: a:b.

Csolicmaa denqumocmu

1. Eciiu a genutes Ha b, To A1 mo6oro unwia k uuciio ka genurcesa Ha b.

2. Ecd a penured Ha ¢ M b genutes Ha ¢, TO CyMMa, PasHOCTb U IpO-
u3BeJieHHe yrcea a U b gennred Ha c.

3. Eciiu a genuted Ha b u b flenuTea Ha ¢, TO @ A€JIUTCA Ha C.

4. Ecu a penutca Ha ¢ M b fenutea Ha d, To ab aenntes Ha cd.

Ipusnaxu deaumocmu ona decamuuroll 3anucu yucaa

Yucsio genures Ha 2 TOr4a M TOJMBbKO TOTAA, KOrJa ero nocieAHAs nud-
pa yeTHa.

Yucao genuTcs Ha 3 TorZa M TONABKO TOTAA, KOrza cymMma ero uuép
Aenutca Ha 3. bosnee Toro, cyMMa uudp yucia AaeT TaKoH ke OCTaTOK OT
JeJleHUA Ha 3, Kak M caMO YMCJIO.

2 ApudmeTuka n anrebpa



10 § 1. Jle1MMOCTb M ee CBOMCTBa. [IpH3HaKH ATMMOCTH

Yucio AenuTcs Ha 4 TorAa U TONbKO TOrZa, KOrja ABe ero nocjiefHue
LU COCTABIAIOT YHUCIIO, KOTOPOE JeJIUTCA Ha 4.

Yucsio JeIMTCA HAa 5 TorAa M TOJNBKO TOrja, Korja OHO OKaH4YMBaeTcs
Ha 0 wiu 5.

Yucsio geauTes Ha 9 Toraa M TOJNBKO TOTAA, KOrja cymMma ero uuép
aenuTcs Ha 9. Bosee Toro, cyMmma 1iudp yMcia 4aeT TaKoH ke 0CTaTOK OT
JejleHUs Ha 9, KaK U caMo YucJIo.

Uucio genurea Ha 11 Torga ¥ TOJNBKO TOr4a, KOrZa pa3HOCTb CYMMBI
uudp, CTOAIMX Ha HEYETHBIX MECTax, U CyMMbl HM}P, CTOAIMX HA YeT-
HBIX MecTax, Aenutcs Ha 11 (nanpumep, yucao 305792608 genurca Ha
11, Tak kak (8+6+9+5+3)—(0+2+7+0) =22 geaurca Ha 11).

Hpocmbte U 83QUMHO npocmble Hucaa

Omnpegenenne. HaTypaibHOe YMCIO, OTIMYHOE OT 1, HasbIBaeTcs
NPOCTHIM, €CJIH ¥ HEro HeT HaTypalbHBIX AeJHTeNeH, OTIHYHBIX OT 1
¥ Hero caMoro.

Yucna, omiMuHbIE OT 1 U He ABJAIOLIMecsa NPOCTHIMU, Ha3bIBAIOTCA CO-
CTaBHbIMH.

Baxxuno! EqvHuIa He ABIAETCA HU IIPOCTHIM, HA COCTaBHBIM YHUCJIOM.

Omnpeaenenne. /[lBa yucia, HaubombIIni OBIUH JeTUTENb KOTOPBIX
paBeH 1, Ha3bIBAIOTCS B3AUMHO IIPOCTHIMH.

Ecau uucno a genmurcs Ha yuoia b u ¢, npyuyeM 4uciaa b u ¢ B3aum-
HO IIPOCTHI, TO YUCJIO d AEJIUTCA Ha UX Ipou3BejeHHe bc. JlaHHOe yTBep-
JKZEeHHe BEPHO He TOJILKO [JI1 ABYX YHCeJ, HO U AJIA JI060Tr0 KOJIU4eCTBa
NoNapHO B3aWMMHO MPOCTHIX YHces (2 MMEHHO: eCiv YHUUIO a JeUTCs Ha
KaKZ0e 13 n Yuces, mpuueM Jobbie 1Ba YMCIa U3 JAHHBIX N YHCEN B3aUM-
HO MPOCTHI, TO YUCJIO A AEUTCA Ha TPoU3BeJeHHe AaHHBIX N YKCes).

1.1. CBolicTBa A€ IUMOCTH

[IpuMepsi peleHus 3ajad

2a+1
a—2
11eJ10€, TO 3TO PaBHOCWIBHO TOMY, YTO

1. Haiigute Bce Takue a €N, uto — LieJjioe YUCJIO.

Pemenue. Eciu yucio 200_4-21
2a+1:a — 2. Toraa ¥ pa3HOCTb 3THX YHCeJ ToXKe OyAeT ZieIuThCA Ha a — 2:
(2a+1)—-(a—-2):a—2,a+3:a— 2. Ho 1 pa3HOCTb 3THUX YMCEJ TO-
ke JomkHa Agenutrbest Haa —2: (a+3)—-(a—2):a—2, 5:a — 2. 3Ha-
4YUT, @ — 2 — JeuTenp uncaa 5. Ho y 5 He Tak MHOro jesureneil — 3TO
1,5,-1,-5.



§1. lertuMocTs M ee cBoiicTBa. [IpU3HaKY ZeTUMOCTH 11

[Tepe6epeM Bce ciyyau:

1) a—2=1. Torza a=3, a Hama Apobb 2aaj21 = g— =7€Z. 3Haue-
HHUEe a = 3 NOAXOAHT.

2) a—2=-1. Torga a =1, a Hama Apo6b Zaa_+21 lt; = -3 €Z.
3HaueHHe a = 1 MOAXOAHUT.

3) a—2=5. Torga a=7, a Haua ,qpo6b 2a+ 1 174 +21 =3 €Z. 3Haue-

HHe g = 7 MoAXOAMT.
4) a—2=-5. Toraa a = —3 — He HaTypaJbHOe. JTOT CIy4ail He ToJ-
XOZUT.

OTBerT.

38

T

20+1

Py €Z Tonbkonpua=1,3,7.

2a+1
2. HaliauTe BCe Takue a € Z, 4TO d +2 — HaTypaJIbHO€ YHUCJIO.

Peinenue. Paccyxaaem BHaqane aHaJIorM4YHO 3ajzadye 1. Pasbepém
4 cnyvas.

1) a—2=1. Ilpu a =3 gpobb 2aa_+21 6—f%=7€N. 3HauuT, a =3
MOAXOAUT.
2a+1__2+1

2)a-2=-1.Tllppua= 1,11po6b — 1T2=—3¢N.3Haqm,a=l
He TOJXOAUT.
3) a—2=5. Ilpu a =7 gpobb 2a+21 =1;i_t2-1-=3€N. 3Hauut, a =7

MTOAXOAMT.
2a+1 —6+1

4) a—2=-5. Ipu a = —3 apobb —517273——_2216N’ 3Ha4uT,
= —3 NOAXOAMUT.
2a +1
OTBeT. €N Tonpko npua=-3,3, 7.

-2

3. Haiigure Bce Takue a €Z, uto (a®>+a—1):(a—2).
PemeHne. 3aMeTHM, YTO YMCI0 a® +a — 6:a — 2, Tak Kak

a®+a—6=(a-2)(a+3).

Toraa, ecmu (a®+a—1):(@a—2)n (@®*+a—6)i(a—2),Tou (a®>+a—-1) -
—(@*+a—-6)i(a—2),T.e. 5:(a—2).

Kak u B NnpouwvinIX 3ajavax, nepeGepeM BC€ BO3MOXXHBIE€ 3HAYCHHA
a—2—Jgenurenu 5:

Da-2=1.Tornraa=3, ua’+a—-1=9+3-1=11,aa—-2=1,
v torga 11:1, 3Hauut, a = 3 HaM ITOAXOAMT.

2a—2=-1.Tornraa=1,ua’*+a—-1=1+1-1=1,aa—-2=-1,
v Torga 1:—1, 3HauuT, a =1 HaM NOAXOAHUT.

a-2=5.Tornaa=7,ua’+a—-1=49+7-1=55,aa—2=35,
U Torga 55:5, 3HauUuT, @ =7 NOAXOAHUT.
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4) a —2=-5. Toraa a = —3, ¥ OHO He HaTypa/bHOE, 3TOT CJIy4yail He
TIOAXOAUT.

OrBeTr. =1, 3, 7.

4. JlokaxxyTe, YTO NMPOU3BeAEeHHUE JIIOOLIX TpeX MOC/Ie[0BaTEbLHBIX YH-
ceJl AeJIUTCs Ha 6.

PemeHue. /laBaiiTe 3aMeTHM, YTO U3 TPeX MOCIEA0OBATEIbHBIX YHCE
XOTs 6Bl OZHO C rapaHTHel OyaeT YeTHBIM (Tak KaK YeTHbie U HeyeTHble
YUCIa YepeAYIOTCA U TPEX MOAPSA HEUeTHBIX yucen He ObiBaer). Tawoke
JaBaliTe 3aMeTHM, YTO OJHO M3 TPeX IOC/AEA0BATENbHBIX YHUCE ATUTCH
Ha 3 (Tak Kak 4ucia, Jessmuecs Ha 3, UAYT 4epes ABa, ¥ OHU IIPOCTO
He MOTYT «IIPOCKOYUTb» HAIIU TPHU [OAPAJ UAYLIUX 4YKCIa). 3HAYUT, ec-
JI1 B MIPOU3BEAEHHUH €CTb YUUIO, KpaTHOe TPEM, U YMCJIO, KpaTHOe 2, TO
[IpOU3BeJieHUE IeJIUTCA Ha 6.

5. HaTypasibHble YKc/ia m U n TaKOBbI, 4To ¥ m° +n, u m® + m genarca
Ha m? + n?. Halizute m u n.

Pemenue. 3ametuM, yto ecid me+m:m?+n® u m®+n:m?+n?, 1o
(m34+m)—m3+n):m?>+ n?, T.e.n—m:m?+n3 Byaem cuuraTh, 4TO
n = m (uHaue GyseM paccMaTpUBAaTh Jajbliie m —n BMecTo n — m). OTCio-
Aa 1160 n —m = m? + n?, yero, o4eBUAHO, He GbiBaeT, 1160 n —m =0, 3Ha-
4uT, m = n. Torsa MOKHO CYUTaTh, 9TO HaM JaHO cIeAyromee: m>+m:2m?.
3ameTumM, yto m® i m?, 3HAYUT, U M JODKHO JEJIUTHCA Ha m?2, a Takoe
6bIBaeT TOJABKO Ipu m= 1.

OrBer. m=n=1.

IoaroroBuresibHBIE 3aJa4H

1. BepHO JIH, 4TO €CJIH YMUCJIO JeJUTCI Ha 4 U Ha 6, TO OHO AeJIMTCA
Ha 24?

2. Yucsio a genurtcs Ha 3. MOXeT JTM YMCIO 2d He JAeJIUThes Ha 37
3. Yuciio a yeTHo. BepHo 14, yTo 3a genutcs Ha 67
4. Yucno 15a aenutcs Ha 6. BepHo ju, 4TO a AeJUTCS Ha 67

5. Yucno n + 1 genurca Ha 3. Jlokaxkure, 4To 4 + 7n TakKe AeIUTCA
Ha 3.

6. Haiigute Bce Takue a €N, uto (a®+1):a.
7. HaiiauTe Bce Takue a €N, uto (a+ 1) :a®.

8. Haiiaure Bce Takue a €N, uto (a®+2a—3) :a.



§1. lenMMoCTb U ee cBoiicTBa. [IpM3HaKy JeIMMOCTH 13

9. Haitaure Bce Takue a €N, urto (a®+3):(a? - 2).

10. JlokaxxuTe, 4YTO NpOHU3BeJeHHe JIOObIX IMATH IOC/IeA0BaTENbHBIX
yrcen geaurcs Ha 30.

11. IIpuaymaiite 5 pa3iUYHBIX HaTypaJbHBIX YHMCEJ, CyMMa KOTOPBIX
JEJIUTCA Ha KaKJ0e U3 HUX.

OcHoBHBIE 33a4H

6n+7

1. Jlokaxure, 4TO ApOOH Tonv 12

PaJIbHBIX N.

HECOKpaTHMa HU IIpU KaKHUX HaTy-

2. JIoKa)XHTe, YTO YUC/IO N° — n eIUTCA Ha 24 TIpH 11060M HEYETHOM n.

3. JlokaxuTe, YTO CyMMa n TMOC/IeAOBaTeIbHBIX HATYPaJbHBIX YHCE
ABJIIETCA COCTAaBHLIM YHCJIOM (T. €. UMeeT XOTA Obl OUH Ae/TUTEND, OT/IHY-
HBIN OT eAMHHIIBI ¥ CAMOTO YM(JIA) IPH JII060M HaTypasbHOM n > 2.

4. TIpousBeAcHHeE ABYX YHCEI, KAKJ0€ U3 KOTOPHIX He JeJIUTCA HalesIo
Ha 10, paBHo 1000. Haligute cyMMy 3THX 4MCell.

5. Yucsio yMHOXWIM Ha cyMMy ero 1uép ¥ noryywin 2008. Hanaure
HUCXOAHOE YUCIIO.

1.2. [Ipu3Haku AeIUMOCTH
IIpumMeps! pelzeHus 3aaa4y

1. Ha gocke HamucaHO: 72%3%. 3aMeHHTe 3Be3JI0YKH LUdpaMu Tak,
YTO6BI MOMTYyYEeHHOE YHUCIIO JeIHIOCh Ha 45.

Pemtenue. [1ycTs Ha JOCKe HANTUCAHO TaKoe YACHIO: 72x3y,Taexuy —
Hekue uudpsl. Torga, eciu 3TO YUCIO JENUTCA Ha 45, TO OHO JeIUTCs Ha
SunHal.

1) leaMocCTh Ha 9.

I[lo npu3HaKy AeJMMOCTH Ha 9 cyMMa UUp YMCIA JO/DKHA AETUThCS
Ha9:7+2+x+3+y:9,12+x+y:9.

2) JleiuMocTs Ha 5.

IMocneguas uudpa Halllero yuesia Ao/mkHa OuTh 160 0, 6o 5, T.e.
aunbo y =5, nmbo y =0.

Mycte y=0. Toraa 12+ x+40:9, T.e. 12+ x:9, 3HauuT, x =6.

[Iyctb y =5. Torma 12+x+5:9, T.e. 174+ x:9, 3HauuT, x =1.

OtBert. (1;5), (6;0).

2. /IBa BOCbMHM3HAYHBIX YHCJIA OTIMYAIOTCA NIepecTaHoBKo# 11udp. Mo-
KeT JIM UX Pa3HOCTb ObITh paBHO 200720087
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PemteHne. Y o60MX HCXOZHBIX BOCbMH3HAYHBIX 4YHCEJ] COBIAZAIOT
OCTaTKM OT AeJIeHUs Ha 9 (OHHM COBMAZAIOT C OCTaTKaMU CyMM LUdp 3THUX
yuces, a UUPPHl ITUX YHUCEN IO YCJIOBUIO OAVHAKOBBI). Torza pa3HOCTb
3THX 4Kces Ao/DKHa ObITh KpaTHa 9, a uucio 20072008 He gesuTes Ha 9.

3. JlokaxuTe, 4TO i 11060ro HaTypaabHoro n yucao 10" — 1 geaurcs
Ha 9.

Pewmenne. Yucao 10" — 1 3anuckiBaeTcs kak 9...9 (n geBstok). [1loaTo-
My OHO KpaTHO 9.

4. JloxaxkuTe, uTo yuciao 11...1 (Bcero 2n eauuumii, n > 1) — cocraBHOe
(T.e. uMeeT XOTA 6Bl OAMH AEJNHTE/Ib, OTIUYHBIA OT €JWHMIBI U CaMOro
yuciaa).

Pemienue. 3TO YUC/IO AeNUTCA HA YUCJIO, COCTABAEHHOE U3 N €IMHULL.
PesyspTaToM AeeHUs aBseTcsa Yoo Buga 10...01 (konuyecTBO HyneH
paBHO n — 1).

5. B psaa seinyvcadsl yuciaa ot 1 A0 10. MoXHO 1M pacCTaBHUTh MEXAy
HHUMH 3HaKH «+» U «—» TaK, YTOOBI 3HaUe€HHe MOSYYEHHOrO BBIpDAXEHHSA
6bLI0 pPaBHO HYJIIO?

Pemenme. Tak kak cpegu yucen oT 1 ao 10 nmeeTcss 5 HeyeTHBIX, TO
CYMMa 3THX YHCeJI, B3AThIX C JII0OBIMU 3HaKaMH, OKKETCA HeYeTHOH, T. €.
He cMO)XeT ObITH paBHOH 0.

OTtBer. Her.

6. YTo6bl OTKPHITH Ceitd, HY)KHO BBECTH KO — CEMH3HAYHOE YHCJIO
W3 JBOEK M Tpoek. M3BecTHO, YTO B KOJOBOM 4YMCJIe JBOEK Oosbile, yeM
TpoeK. KpoMe ToOro, M3BeCTHO, UTO KOZOBOE YHC/IO JAEIUTCA Ha 3 U Ha 4.
Hatiaure Koz cefida.

PemeHnue. /laBaiiTe 3aMeTHUM, YTO pa3 YHCJIO AEJIUTCA Ha 4, TO YUCIO
W3 /IByX NoCJeJHUX ero nudp Toxe AeaUTca Ha 4 (3TO NMPOCTO MpHU3HAK
AenuMocTH Ha 4). [TocMOTpuM, KaKUM MOXeT ObITh 3TO YUCIIO:

1) 22 He genuTcA Ha 4;

2) 23 He JenuTCo Ha 4;

3) 32 genuTtca Ha 4;

4) 33 He genuTcA Ha 4.

3HayuT, Hall KOZ 3akaHynBaeTcA Ha 32. Temepb 3aMETHUM, UTO BCA CYM-
Ma uubp Ao/DKHA AeluThes Ha 3, TaK Kak YMciIo AennTed Ha 3. [lepe6epem
BCe BO3MOXXHbIE€ BapHaHTHI KOAA:

1) 7 ABOEK HEe MOXET ObITh, TAK KaK MocjiefHue HUpH 32.

2) 6 apoek. Cymma undp 12+ 3 =15 genutcsa Ha 3, 3HAYUT, KOJ AETUT-
ca Ha 3. [NonoxxeHue HKphl 3 U3BECTHO, OHA npeAnocieansas. Kog numeer
BUA 2222232.
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3) 5 aBoek. Cymma 1udp 10+ 6 =16, yro He AenUTCA Ha 3, 3HAYMUT,
KO/, He JeJIUTCS Ha 3.

4) 4 pBo¥iku. Cymma uudp 8 +9 =17, 4To He AenuTCA Ha 3, 3HAUMT,
KO/l He JeJIUTCA Ha 3.

5) MeHbuie 4 o€k OBITh HE MOXKET, TaK KaK JBOEK OQJIbIile, YEM TPOEK.

OtBeT. 2222232,
7. Jokaxure, 4TO YUCI0, cocTosiee U3 100 Hynei, 100 egunun u 100

ABOEK, He MOXeT OBITh TOYHBIM KBaZpaTOM HaTypaJbHOI'O YUCIIA.
Pemenue. [TocyntaeM cymmy uudp 3TOro 4ucaa:

§=100-1+100-0+100-2 = 300.

3aMeTHM, 4TO S JenuTcA Ha 3, HO He JeauTcd Ha 9. Ho, kak H3BeCTHO,
ecau a?: p, rae p — NpOCToe YMCo, To a’: p2. 3HauuT, S He MOXeET 6HITh
KBaJIpaToOM, TaK KaK OHO JIeJIUTCA Ha 3 ¥ He AesiuTca Ha 32,

TMoaroroBuTebHbIE 3a7a4H
1. Kakue us uyucen 863, 362, 99832476252, 2012, 79255 genarcs:
a)Ha3;06)Ha4;B)Ha5;r) Ha 6; A) Ha 8; €) HA 9; ) Ha 11?

2. JIoOKQXuTe, YTO M3 TPEX LEJNBbIX YHCEJ BCETAA MOXHO HaHTH /ABa,
CymMMa KOTOPBIX YETHa.

3. JlokaxxuTe, YTO €CIM CyMMa JByX HaTypaJbHBIX YHCesl HeYeTHa, TO
WX NPOU3BEAEHHUE YETHO.

4. Pa3HOCTb BYX HaTypa/IbHbIX YKCEJl YMHOXWIH Ha MX NpoHU3BeJe-
HUe. MoIIO JI1 [pH 3TOM MOJYyYUThCA Yucao 14765817541782545?

5. Ha gocke HanucaHo: 645%7235. 3aMeHUTe 3Be3L04UKy LIMPPOH Tak,
YTOOBI MOTyYEeHHOE YHUCIIO AeIHIOCh Ha 9.

6. K unciy 15 nmpunuiuuTe cjieBa M ClipaBa 110 OXHOH uudpe, YTOObI
MOJyYeHHOE YMCJIO JeTIOCh Ha 15.

7. K yuciy 10 npunuunTe cjieBa U cipasa 1o ogHOM 1udpe, YTO6BI
HOJy4YeHHOE YHCJIO AeNWIOCh Ha 72.

8. M3 uudp 1,2,3,4,5,6,7 cocTaB/IAI0TCA BCEBO3MOXXHbIE HAaTypaib-
HBI€ YHCJIA, B 3aIIMCH KOTOPBIX KaKAas U3 9TUX HUPP NPUCYTCTBYET POBHO
1 pas. JJokaxuTe, YTO CyMMa BCeX TaKUX YMCes JeJIUTCA Ha 9.

9. Haitanre Haubonblllee HaTypaibHOE YUCIIO, Aesieecs Ha 36, B 3a-
MHCH KOTOPOro y4acTBYIOT Bce 10 uudp no ogHOMY pasy.
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10. MoxkHo ax u3 nudp 1, 2, 3,4, 5, 6 cocTaBbTe LIECTU3HAYHOE YHCIIO,
Jensiuieecst Ha 11?

11. B npumepe Ha yMHOXeHHe OJWHAKOBble LMLl 3aMeHeHbl OAM-
HaKOBBIMU OyKBaMH, pasHble — pa3HbIMHU. JIOKaXHTe, YTO He MorJa Io-

JIYYUTBCA 3aNuCh ab - cd = eeff .

OcCHOBHBI€E 3aJa4H

11. Jonuumure K yucay 523 Tpu uupsl cnpaBa Tak, 4YTOObI NOJTyYeH-
Hoe LlIeCTU3HAYHOe YUCJIO Aeaniocb Ha 7,8 1 9.

2. MoxHo i1 ynucia oT 1 10 21 pa3buTh Ha HECKOAbKO IPYTI, B KaX-
A0 U3 KOTOPbIX HaubosblIee YUCIO PABHO CyMMe BCEX OCTa/IbHBIX YHCe

[PyNIBI?
3. B unciax MUXAWIO u JIOMOHOCOB xaxzas 6ykBa o603HayaeT
uudpy (pasHeiM 6yKBaM COOTBETCTBYIOT pasHble LUGPHI, OAMHAKOBEIM —

OAVHAKOBbIe). M3BeCTHO, 4TO MPOM3BeJeHHA HUOP Y 3TUX YHCe PaBHBI.
MoryT 11 0o6a unc1a 6bITH HEUETHBIMU?

4. Haiigure Haubosnbliee YeThIpeX3HaYHOE YUCIO, BCe LHHUPPbI KOTOPO-
ro pasjIM4YHbl U KOTOPOE AeJUTcA Ha 2,5,9 u 11.

5. B HaTypaZbHOM 4MCJIe d NepecTaBWIv LUQPH U MOJYYHIH HOBOE
yuciao b. MaBecTHO, uto a — b =11...1 (uucno U3 n eaunui). Haiiaure
HauMeHblllee BO3MOXXHOE 3HaUeHHeE n.

6. Haiaytces u 11 HaTypasbHBIX Yuces, JesIUXcsa Ha 11, B 3anMcH
KaXZJO0ro M3 KOTOpLIX 10 1 pasy ucHosib3oBaHb! a) Bee 1u¢psel ot 0 70 9;
6) Bce unops! ot 0 70 8; B) Bce uudps ot 0 A0 5?

7. Vicnonb3oBas Bce nu¢phl OT 1 10 9 o ogHOMY pasy, coCTaBbTe Hau-
6onbliee AeBATU3HAYHOE YUCIO, Jeislleecs Ha 11.

8. IIpou3BeseHNe HaTYPaJbHOIO YHUC/IA M YKCIA, 3A[IMCAaHHOTO TEMHU
e nudpamu, Ho B o6paTHOM mnopsiAike, paBHo 2430. YeMy MoxeT ObITb
PaBHO HCXOJHOE YUCII0?

9. MoxxHO M BblAaTh 25 py6sieil poBHO AecATbIO MOHETAaMH AOCTOMH-
cTBOM B 1 wiH 5 pybinei?

10. [NocnegusAs uudpa KBajpaTa HaTypajlbHOro uuciaa 6. Jokaxure,
YTO €ro IpeArnocieaHsas uudpa HeyeTHa.

11. Yucsa ot 1 go 37 3anucanu B CTPOKY Tak, YTO CyMMa JIOObIX 1ep-
BBIX HECKOJIbKUX 4YHces JeJIUTCS Ha cieAyollee 3a HUMH yMcio. Kakoe
YHUCJIO CTOMT Ha TPeTbeM MECTe, €C/IH Ha [1epBOM MeCTe CTOMT YKo 37,
a Ha BTOpoM — 17
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JuarHocTuyeckasn pabora 2

1. Pazgenure c octaTkom 2012 Ha 13.

2. Yuceno a faeT npM AejleHUH Ha 8 octatok 5. Uucio b npu genenuu
Ha 16 aaet ocratok 11. Haligute ocraTok oT AejeHust a +b Ha 8.

3. HaiiguTe nocneaHmow0 nudpy uucia 132013,

4. Ilpu feneHnu yncsaa 518 ¢ ocTaTKOM MONMYYWIOCH HEITOJTHOe YaCTHOE
172. HaiiauTe Bce BO3MOXKHbIE 3HaYeHHA AEIUTE/IA U OCTaTKa.

5. Haiigute Bce HaTypaibHble 3HaueHUA n (20 <n < 40), A5 KaxA0ro
u3 koTopsIx n® — 3n% + 7 kparHo 5.

KpaTkasa TeopeTudyeckas crpaBKa

Onpeaenenue. Ilycts a 1 b7# 0 — gBa LesbIx uhcia. Pa3fenuTs ynucio
a Ha YHUCIO b ¢ OCTaTKOM — 3TO 3HAYMUT HAWTU Takue 4yUCiIa q U T, UTO
BBIITOJTHEHHI CIeAYIOLINe YCIOBUS:

1) a=bq+r; 2) 0<r<|b|.

[Ipy 3TOM YHCIO ¢ HA3LIBAe€TCS HEMONHBIM HACTHBIM, a YHUCJIO I —
OCTaTKOM OT JeJIeHUs a Ha b. YUMo a UMeHyeTCs IeTMMBIM, a YHCIo b —
AeUTesIEM.

PaBeHCTBO 1 nipy cobar0ZieHU HepaBeHCTBa 2 Ha3bIBAIOT 3alHChIO Je-
JIEHUA C OCTAaTKOM. HpI/I 3TOM r'OBOPAT, YTO YHUCJIO a Ja€eT IIpU A€JI€HUH Ha
b ocraTok r.

Ot geneHyst Ha b MoxeT GbITh He Gosee |b| pa3TUYHBIX OCTATKOB, NPH
arom yucnia 0, 1, ..., |b| — 1 kaK pa3 u faioT poBHO |b| pa3iMyHbIX OCTATKOB.

TeopeMa (0 AesIeHUH ¢ ocTaTKoM). /st 106bLx yensix wucen a u b#0
MOXHO nodenums ¢ ocmamkom a Ha b, m. e. npedcmasums a 8 sude
a=bq+r 2e q,r€Z u 0<r<|bl, npuuem makoe npedcmasseHue
e0UHCMBEHHO.

IIpumep. 3amuch 2006=—11-(—182) — 4 He ABAsAETCA 3aMUCHIO Je-
JieHus1 ¢ octaTkoM 2006 Ha —11, Tak Kak OTpULIaTeIbHOE YUCIO —4 HE MO-
XKET CIY)KUTb OCTAaTKOM. [IpaBWibHasA 3aMKCh BHIMIAAUT CleAyIOLM obpa-
3oM: 2006=-11-(-181)+7.

Teopema. Cymma (npouseedenue) uucen a u b daem mom xe ocmamok
npu deJleHuU HA Yucao m, umo u cymma (npoussedeHue) 0Cmamkoe uucen
a u b npu deneHuu Ha wucno m.

3 ApudmeTtuka v anrebpa
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IIpuMmepsl pelieHus 3a7a4

1. HaliguTe ocTaTOK YyMucaa 22012 g JejeHus Ha 3.
Peurenne. 3aMeTUM, 4YTO
22012 _ (2)1006 _ 41006

YeTsipe B J11000H CTENEHH AaeT OCTAaTOK 1 npH JejeHHH Ha 3. 3TO BEPHO
[IOTOMY, YTO 4 JjaeT ocTaToK 1 IpH JejleHUH Ha 3, a NIpH NepeMHOKEHHH
YyHCces UX OCTATKU NlepeMHOXKatoTcs. Toraa 4k naet Takoi e 0CTaTOK, 4TO
uilk=1, Tostomy 2%°12 paeT ocratok 1 npu AeeHUH Ha 3.

2. JlJokaxuTe, 4TO KBaApaThl HaTYpaJbHBIX YHCE] He JAloT ocTaTKa 2
OT JeJjleHus Ha 3.

Peuienme. [1ycTb 4MCI0 a BO3BOAUTCA B KBaJpar.

Pazbepem Tpu ciyyas:

1) a paet ocrarok 1 npu zenenuu Ha 3. Toraa a? faet ocratok 1-1=1.

2) a gaet ocTaTok 2 npu aejeHuu Ha 3. Torga a? naer ocraTok 2-2 =4,
YTO AaeT OCTAToOK 1.

3) a genwurea Ha 3. Toraa U a? aenutcs Ha 3.
Wrak, kBaZpaThl HaTypaibHbIX 4yMcen AaioT octaTku O U 1 npu JeneHuun
Ha 3.

3. [Ipu KaKUX HaTypaIbHBIX N BeIpaKeHHe 2" — 1 genuTcs Ha 77
Pemenne. CoctaBUM TabyHIly OCTaTKOB NpH AeJIeHUU yucia 2" Ha 7:

o | ocrarox ymcna 2"
NpH AeJIEHUH Ha 7

1 2

2 4

3 1

4 2

) 4

6 1

7 2

3aMeTHM, YTO Jajiee OCTaTKHU OyAyT NoBTOPATHCA: 1 =2 =4 —>1— ...

BugHo, 4TO KOrZa n AeauTcA Ha 3, ojayyaeM OCTarok 1, koraa n Jaer
OoCTaTOK 1 npy JileJIeHMH Ha 3, mosiydaeM OCTaTOK 2, KOrZla n AaeT OCTaTOK
2 npu AeneHuM Ha 3 — ocTaToK 4. 3HAyuT, 2" — 1 AesuTca Ha 7, TONbKO
KorJa n JenuTcd Ha 3.
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4. JlokaxuTe, yTo yucio a’ + b® + 4 He ABNAETCA TOYHBIM Ky6OM HaTy-
PajJIbHOTO YHUCJIA.

Pemenue. [TocMOTPUM Ha OCTaTKH Ky6OB IIpH AiejieHUH Ha 9. [lis aTo-
rO COCTaBUM TaGJIHLY OCTATKOB:

OCTaToK X ocrarok x>
NpH JIeJIeHUH Ha 9 | IIpH ZesleHHH Ha 9
0 0
1 1
2 8
3 0
4 1
5 8
6 0]

7 1
8 8

Ky6Bl HaTypajabHBIX YMcel AaaioT octaTku O, 1,8 npu geneHuu Ha 9.
Cymma ZByX Ky6OB HaTypaJbHBIX uMcesl AaeT octatku 0, 1,2,7,8 mpu
Jenenuu Ha 9. CymMma AByX KyOOB, yBeludeHHas Ha 4, JaeT OCTaTKU
4,5,6,2,3 npu aenenud Ha 9. Cpean 3TUX OCTaTKOB HeT HU O, HU 1,
HU 8. 3HaYUT, JaHHasA CyMMa He MOXKeT ObITb TOYHBIM KyOoM.

5. llokakuTe, 4TO n° + 4n AeNUTCS Ha 5 MpU 11060M HAaTypajbHOM N.

PemeHue. Pasnoxum n° + 4n Ha MHOXHMTeAH: n - (n* +4). Toraa npu n,
JeJIAIMXCA Ha S, 3TO BEIpaXeHue JeTUTCA Ha S.

PaccMOTpuM Tabnuily ocTaTkoB n* oT AeneHus Ha 5 (kpome ciydas,
KOTZa n KpaTHo 5):

OCTaTOK N IpPH ocrarok n? npu ocrarok n* npu
AejIeHUH Ha 5 JeJIeHHH Ha 5 JeJleHUuH Ha 5
1 1 1
2 4 1
3 4 1
4 1 1

3ameruM, 4to n* + 4 6yaeT Bo Bcex cyyanx AaBaTh OCTaTOK 1+4=35
IIpU JieJIeHMH Ha 5, T. . OyZeT euThcA Ha 5. 3HAYUT, U BCE BHIpAXEHHE
6yneT AenUTHCA Ha 5 nipu 11060M HaTypaJbHOM 1.

3
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6. CylecTByeT JIM Takoe HaTypajbHOE 1, YTO n?+n+1 genurca Ha
2015?

Peitenue. [TocTpouM TabaMIy OCTAaTKOB uMcia n? +n + 1 mpu gene-
HUHU Ha S5:

OcTaTky [IpH Je/IeHUH Ha 5
n n+n+1
0 1
1 3
2 2
3 3
4 1

Hrak, n?+n+ 1 He MoxeT JeJINTbCA Ha 5, a 3HAYUT, OHO He JAeJUTCA
U Ha 2015.

7. CyuiecTByeT U CTelleHb JBONHKH, U3 KOTOPON NlepecTaHOBKOH UMOP
MOXHO MOJIYYUTh JPYTYIO CTEIeHb JBOHKHU?

Otser. Her, He cyijecTByer.

PemieHue. /IBa yuciia, OTIMYAIOUIMECS JUILb MOPAAKOM LHpP, JAOT
OZMHAKOBBIE OCTATKU IpU Je/leHUH Ha 9. BBIACHUM, KaKue OCTaTKU IIpU
JeleHruy Ha 9 MoryT AaBaTth ykciaa Buga 2" (n=1,2,3,...):

Crenes wneia 2 OcTaTok CcTeneHu
IIpY JejIeHUH Ha 9

2! 2

22 4

23 8

24 7

25 5

26 1

27 2

JoxkaxkeM, 4TO noC/ie0BaTe/bHOCTb OCTATKOB IIpU JieJIeHUH Ha 9 cTe-
neHel ABOWKYU 2,4,8,7,5,1,2, ... nepMoguyHa ¢ nepuoaoM 6. JeiicTBU-
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TenpHO, 2"1% — 2" =2". 63 genures Ha 9. IlpeanonoxuMm, 4TO JBE CTelle-

HHU JBOMKM OT/JIMYAIOTCA TOJMBKO JIMIIB MOPAAKOM LKdp, Toraa OHH AAIOT
OJAVHAKOBHII OCTaTOK NpH AeNeHHM Ha 9 ¥ OTIMYAIOTCA He MeHee YeM
B 26 =64 pasa, T. e. B HHX pa3Hoe KomuuecTBo Ludp. [IpoTHBOpeyHe.

3ameyaHue. B 3Toii 3aja4ye Mbl BOCIOAb30BAJIHCh HPAKTOM, UTO YHCIIO
/laeT TaKoMH e OCTaTOK MpH AeJIeHUH Ha 9, KaK ¥ ero cymma uudp.

8. JloxaxkuTe, YTO A1 1IOOBIX HAaTypaJbHBIX a, b, c HaliZleTcs Takoe Ha-
TypaJIbHO€ N, 4TO n® +an? + bn + ¢ He ABIAETCA TOYHBIM KBaJ[paToM.

Pemenue. O6o3nauum P(n) =n®+ an? + bn + c. JonycTuM, 4To 3Ha-
yenua P(1), P(2), P(3), P(4) Bce aBiaArOTCA IOMHEIMY KBaZgpaTaMi. Torga
P(3) u P(1) sABAsAI0TCA NOJHBEIMUA KBagpaTaMy OJHOM 4ETHOCTH, CJIeA0Ba-
TeJIbHO, 06a 3HaYeHHA Aal0T OJMHAKOBBIA OCTATOK IO MOZAY/IO 4, 3HAUMUT,
P(3)—P(1) fo, ¥ aHaJIoruyHo P(4) — P(2) % 0. C apyro¥i CTOpOHHI,

P(1) % 1+a+b+c;
P(2) %— 8+4a+2b+c % 2b+c;
P(3) f 27+9a+3b+c¢ % 3+9a+3b+c;

p(4)§43+a-42+b-4+c§c.

3HaYMT,
P(3)—-P(1) :—45 34+9a+3b+c-(Q+a+b+c) % 2+8a+2b % 2b+2,
P(4)-P(2) _? c—(2b+¢) % -2b % 2b.
[TosyyaeTcs, 4To yncaa 2b+ 2 1 2b o4HOBpEMEHHO Je/IATCA Ha 4, 4ero He
MOKET OBbITh.

IMoaroToBUTE/NbHBIE 3a4a4H

1. Haiaure ocraTok yrcia 2012 ot AesileHusA Ha uMcio a) 3; 6) 4; B) 5;
r)7;m 9.

2. Haiiaute ocraTok ynciaa —12 ot AgeeHys Ha 4yucio a) 3; 6) 4; B) 5;
r)7;m)9.

3. HaiiauTe ocraTok uncia (2011 2012+ 20132) or aesenus Ha 7.

4. Haiiaure nocieauion uudpy uucia a) 220'%; 6) 32010,
B) 5239 + 957 _ 7366.
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5. JlokaXXuTe, YTO KBaApaThl HATYpPaJIbHbIX YHCe] He AA0T OCTaTKOB 2
U 3 OT AesleHUA Ha 4.

6. lokaxxnTe, YTO KBaZpaThl HATypaJIbHBIX YHCEs He Jal0T OCTAaTKOB 2
¥ 3 OT AejieHUd Ha 5.

7. okaxwuTe, 4T0 n° + 2n AeIUTCA HA 3 NpH JTH06OM HaTYPaTbHOM n.

8. Kakue ocTaTKy MOTYT JaBaTh KyObl HaTypasJbHBIX YHceN MpU JAejie-
HUM a) Ha 7; 6) Ha 9?

9. JlokaxuTe, 4To n° + 2 He JenUTCS HA 9 HU MpU KakoM HaTypaJb-
HOM n.

10. Jokaxure, yto yuciao 1000...0005000...0001 (B kaxgo# U3 ABYX
rpynn — o 2012 Hyneit) He sBIsieTcsa Ky6oM HaTypaJbHOTO YKCIA.

11. HaTypaJbHble YMcia X, ¥, 2 TAKOBH, 4T0 X2 + y2 = z2. Jlokaxwure,
YTO XOTA OBl OAHO M3 3THX YHcCes AeJUTCA a) Ha 3; 6) Ha 4; B) Ha 5.

nS

3
12, JlokaxuTe, 4TO Tt % + %l — 1ieJIoe YUCJIO MPH JIF0OOM HaTy-

pPaIbHOM T1.
OcHOBHBbIE 3aa4n
1. HaiifguTe yeTbIpex3HayHOe YUCJIO, KOTOpPOe NPU AejleHuH Ha 131 za-
eT ocTtatok 112, a npu genenuu Ha 132 gaet octaTok 98.
2. Jlokaxkure, 4To 2222°°% + 55552222 nenures Ha 7.

3. JloKaXuTe, 4TO YMCI0 6n° + 3 He SBJAAETCA TOMHOM LIeCTOH CTele-
HBIO HaTypaJIbHOI'O YHCIA.

4. Haiiaute Hanboiblllee Tpex3HAYHOE YMCIIO, Zaloliee NpU JeleHUur
Ha 3 oCTaTOK 2, [IPH AleJileHWH Ha 4 — ocTaToK 3, a MpH AeJieHuU Ha 5 —
OCTaToK 4.

5. HaTtypasibHble yMcia m ¥ n TaKOBBI, YTO M >N U m He JeJIUTCA Ha n.
Taxoke M3BECTHO, YTO OCTAaTOK OT JEJIEHUs M Ha Nn COBIMAZJAeT C OCTaTKOM
OT AesieHuA m +n Ha m — n. HalguTe OTHOllIeHHe m : n.

6. JlecaT3HaYHOe YKUCIIO HA 1 Gonbllie KBapaTa HaTypaibHOro YK1ca.
JloKaXxuTe, YTO B 3TOM YHCJIE €CTh OAMHAKOBBIE IUQPHI.

7. Jokaxure, yTo npu J110O0M HATypaJIbHOM N cymMMma LMp 4HC-
Ja 1981" He MeHb1ue 19.

8. Haiizure nocneamioro uudpy uucaa 12 +22 + ... + 992,
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9. Jlokaxure, yro 1" +2" + ... + (n — 1)" genurtcsa Ha n npu Jobom
HEYETHOM n.

10. HaTypasibHble YMC/Ia X, ¥, 2 TAKOBHI, 4TO X2 + y? =z2. JlokaxwTe,
YTO Xy2 AeauTcs Ha 60.

11. CymMa HeNoJIHOTO YaCTHOI'O ¥ OCTATKA, [TOJyYEeHHBIX [IPH JeJIeHUU
HEKOTOPOro HaTypajabHOro yucia Ha 100, paBHa cyMMe HENOJMHOro 4acT-
HOTI'O ¥ OCTaTKa, NoJydeHHBIX IIpH AejleHUH TOTo Xe yucsa Ha 1995. Yemy
MOTYT ObITh paBHbI HEIOJIHbIE YaCTHbIE?

12. CKOJMBKO CyLIECTByeT HAaTypaJbHBIX YHCEJ N, HEe MPEBOCXOAALINX
100000, a1 KOTOpBIX YKCIO 2" — n? genurcs Ha 7?

13. IlycTb a u b — HaTypasnbHsle uncna. [1pu genenuu a® +b? Haa +b
NojyyaeTcsl HENOJIHOe YacTHOe g U ocTaTok r. Halaute Bce mapei (a, b),
JA7SL KOTOpHIX g2 +r =2012.

14. JlokaxxuTe, 4T0 cpeaM uucen Buga 2" — 3 cyuiecTsyeT 6€CKOHEYHO
MHOT0 YMCeJ, AeNAIIuXcd Ha 5, ¥ 6eCKOHEeYHO MHOI'O YMCeJ, JeJITHIMXCS
Ha 13, HO He cylllecTByeT HY OAHOTrO 4yucia, Aesllerocs Ha 65.

15. Jloxaxwure, yto 72" — 52" nenutca Ha 24 npu M060M HaTypab-
HOM n.

16. Jlokaxute, 4To ecu 2" — 2 genuTes Ha n, To 22 ~! — 2 genuTes Ha
2" —1.

17. JlokaxuTe, 4TO M3 JIOOBIX 2n — 1 LeJIBIX YHCe] MOXKHO BHIOpaTh
POBHO N YHUCEJI TaK, YTO X CyMMa AeJUTCA Ha n.

18. NMeroTcs ceMb kapTouek ¢ nudpaMu oT 1 o 7. JoOKaKUTE, YTO
HHU OJHO CEMH3HAYHOE YHUCJIO, COCTAaBJIEHHOE U3 3TUX KapTOUYE€K, HE MOXET
JeNUThCA Ha JpyToe.
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AuarHocrudeckas pabora 3

1. [lns Hymepauuu ctpaHul B yue6HHKe noHaAo6wioch 534 nudpsl.
CTpaHHIbl HyMepyIoTcs, HayrHasi ¢ 1. CKO/MbKO CTpaHHI] B yuebHHUKe?

2. BospacT yesnioBeka B 1998 roay okasajics paBHbBIM CyMMe LUp roaa
ero poxzeHusa. CKolbKO eMy JeT?

3. llecATHYHAA 3alIMCh HEKOTOPOTO YHC/Ia OKAaHYMBaeTcA Ha 2. Eciin xe
3Ty UUPpy NepecTaBUTh Ha IIepBOE MECTO, TO YMCJIo yABouTcA. Halaure
3TO YMCIIO.

4. MoryT 11 ABe nocjieaHue Hydphl AeCATUYHON 3aNKcH KBaJpara Ha-
TYPaJIbHOTO YHCJIA OBbITh HEYETHBIMH?

5. JlokaxuTe, YTO YeTbIpeX3HAYHOE YHUCJIO HE MOXET yBeIUYUTHCA
B 7 pas, ecJIM ero NnepByo UUGpPy NepecTaBUTh B KOHEL].

KpaTkasi TeopeTH4yeckas cnpaBKa

Omnpepesienue. [lecATUYHON 3aNKChbi0 HAaTYPAJIbHOTO YHC/Aa Ha3blBa-
eTcs ero npezacrasienue B Buge a, 10 +a,_,105" 1 +... +a; - 10+a,, rae
a, # 0 ¥ Bce yucCia ay, a, ..., dy — LieJble, HeOTPULIATeIbHbIE U He Mpe-
Bocxogsauue 9.

TakuMm obpasoMm, yucna 0,1, 2,3,4,5,6, 7, 8,9 urpaior ocobyio pois.
OHU ciy>KaT AJIA JecITUYHOH 3alUCH APYTUX YMCel, IO3TOMY Ha3blBalOTCA
JeCcATUYHBIMH LHdpamu.

TpagHLIMOHHO 3aKCHIBAIOT YUCIA, IPOoNyckas creneny yuciaa 10. Cre-
neHb yucaa 10, Ha KOTOPYIO YMHOXaeTcsl JaHHaA 1udpa, paBHa KoaHde-
cTBy Lu$Pp Mocjie Hee B JEeCATUYHOMN 3aIlHCH.

Hanpumep, 2012=2-10°+0-10%+1-10" +2-10°.

JlecaTYHas 3aMMCh HATYPaJbHOrO YUC/Ia N COAEPXKUT POBHO k LUOD,
€CJIM ¥ TONIBKO eC/IM BBIIOIHEeHOo HepaBeHcTBo 10K71 <n < 10k,

C noMo1bIo eCATUYHOMN 3aMMCH MOXKHO 3allMCaTh U Hellejiple YUCa,
UCTIONB3YA OTpULIaTesIbHbIE cTerneHU yuceaa 10. [ToaydyeHHyro 3amnuch Ha-
3bIBAIOT decsaimuuHoll Opobelo. Cnaraemele, coaepallie OoTpULlaTeIbHbIe
cTeneHU yucia 10, oTaenA0TCA B 3alIMCH OT OCTAJIbHBIX C/laraeMbIX Aecs-
THYHOH 3amsaToi (WIn TOYKOH).

Hanpspoep, 123,405=1-102+2-10'+3-10°+4-10"' +0-107%2 +
+5-107°.
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OznHako He Bce YHCJla MpeACTaBUMbl B BU/JE TAaKOM 3allMCH, BKIIOYAlO-
el KOHEYHOEe YUC/IO LUPP.

HecokpaTumas npaBwibHas Apobb % NpeJCTaBasgeTca B BUAE KOHeY-
HOM JecATUYHOM Apo6H B TOM U TOJBKO B TOM CJIy4ae, KOr/ja ee 3HaMeHa-
TeJIb N He AEJIMTCA Ha IPOCThle YHcila, OTJIMYHbIE OT 2 U 5.

IIpuMeps! pelieHus 3agad

1. JloxaXuTe IpU3HAKU JeTMMOCTH Ha 3 U Ha 9.
Pewenne. Ilycts a,a,_;...a,a; — AecATUYHAsA 3aUCh JAHHOTO YHUCIIA.
Vimeem 10=1 (mod 3), nostomy
T4, 1...050; = a,-10" ' +a,_;-10"2+...+a, 10  +a,-10° =
=a,+a,_,+...+a;+a, (mod 3),
3HAYUT, AAHHOE YUIO JeJUTCS Ha 3 TOrZa K TOJbKO TOTrAA, KOorja cymMma

ero uudp Aenurcs Ha 3.
AnamornyHo 10=1 (mod 9) u

A, 1...020; = a,- 10" +a,_;-10"?+...+ay-10" +qa,-10° =
=a,+a, ;+...+a,+a, (mod9).

3HaYHMT, JaHHOE YHCJIO JEJIUTCA Ha 9 TorJa U TONbKO TOTAQ, KOTAA CyM-
Ma ero undp Aenurcs Ha 9.

2. JlokaxuTe NIpU3HaK¥ AeJUMOCTU Ha 4 U Ha 8.
Pemrenme. Ilycts a,a,_...a30,0; — A€CATUYHASA 3alIUCh JAHHOT'O YUC-
aa. Toraa

a,d,_1...303a] = a,a,_;...d3*100+a,a; =
=a,a,_;-.-0325-4+a,a, = a,a, (mod 4).

MBI NOJYYWIH, YTO

a,d,_;...430,0;, = d,a; (mod 4).

3Ha4YMT, JaHHOE YHCJIO AeJIUTCA Ha 4 Tor/la U TOJABKO TOT/a, KOTAa ABE €ro
nocyeHue UUGPHI COCTAB/AIOT YHCIIO, Jefisdlleecs Ha 4.
AHAaJIOTUYHO

a,a,_1...0300) = A,a,_1...04-10004+aza,a;, =
=a,a,_,..-a4-125-8+aza,a, = aza,a; (mod 8).

3HaYMT, ZaHHOE YHUCJIO AEJIUTCA Ha 8 TOra U TOJBKO TOTAA, KOTAa TPH €ro
nocyeaHue UHGPHl COCTABISIOT YUCIO, Aefsiieecs Ha 8.

4 Apudmetuxa v anrebpa
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3. Lludpsl ABy3HAYHOTO YHUC/Ia IOMEHSUIM MECTAMM, I10CJIe Yero BhIWIM
MIOJ[yYeHHOE ABY3HayHOE YHUCJIO M3 UCXOAHOro. JIoKaxuTe, 4TO MOAYyYEH-
Has pa3HOCTb AejuTces Ha 9.

Pemenne. IpeacraBum uncia B AecaTuyHoM 3anucu. Torzaa

ab—ba =10a+b— (10b+a) = 9(a—b) : 9.

320 copepxuT He Gonee

4. JloKa)XUTe, YTO AecATUYHAs 3alUCh YHC/IA
10 gudp.

Pemrenue. ficuo, uto 3%2° = 9% < 10'°, Tak kak 10!° — HaumeHblIeE
HaTypaJbHOE YHMCI0, MMelolee B JeCATUYHON 3aNmHCH POBHO OJMHHA-

Auath uudp, uncio 32° umeer B AecATHYHOIM 3anucH He Gonee 10 nudp.

5. Ilyctd a, b, ¢, d — pasnuuHble Huophl. Jokaxure, yto cdcdcded He

JeuTcs Ha aabb.
Pemtenue. Ynwio aabb aenurcsa Ha 11, a cdcdeded Ana pasnu4dHbIX ¢

¥ d — HeT, no3ToMy cdcdcdcd He MOXKET JeUThes Ha aabb.

6. CylecTByeT JU HaTypajJbHOe YHUCJIO, KOTOpOe NMpPH 3a4epKHBAHUU
nepBo# cieBa uudprl ymeHblaeTcs poBHo B 2011 pas?

Pemenue. JIOIyCTHM, YTO TaKOe YHCJIO CYLIECTBYET, U 0003HAYHM 4Ye-
pe3 a,d,_;...d,d; €ro AecATUYHy0 3anuck. Torga

- a,d,_;..-0,d
n—1 — “n%n-1 241
a,a,_1...a,a; — 10" "a, = 5011

JlomHOXXUM 06e yacTi paBeHcTBa Ha 2011:

2011-@,a,_;...a,a; —2011-10""'a, = a,a,_;...d,a;,
2010-@,a,_;...d,a; = 2011-10"'q,,
201-@,a,_;...a,a; = 2011-10"2q,,
2011-10"%a, ; 201.
Ho 2011 - 10""2 B3auMHO npocto ¢ 201, cireaoBaTtebHO, a, : 201, a 310

HEBO3MOXXHO, TaK Kak a, — 1iudpa ot 1 10 9.
MBI IPULIVIM K ITPOTUBOPEUUIO, 3HAYUT, TAKOI'O YHUC/IA He CYHIeCTBYeT.

7. HaiizuTe Bce HaTypasibHble YHCIIA, ABNAIOUIHECS CTENEHBIO JBOWKH,
NpY 3a4YepKUBAHUU NEePBOM LUGPHI Y KOTOPHIX MOJIYYAETCA YUCIO, TAaKXKe
SIBJIAIONIEECs CTENEHBIO ABOMKH.
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Pewenue. [TycTh Mbl 3auepkHy/iu nepsylo nudpy y uucia 2", cocros-
miero U3 k + 1 uydp, u moayuwin yucio 2™, Torga
10% < 2" < 10%*1,
105! < 2™ < 10k,
10 < 77 < o
1<2"™ < 10%

W3 nocsienHero HepaBeHCTBa cieAyeT, yTo 0 <n—m < 8.
B TO e Bpems 2" u 2™ 3aKaHYMBAIOTCA Ha OZHY U Ty Xe nupy, cie-
J0BaTeNbHO,

2"—-2M:10,
2m(2"m-1):10,
2" _1 =0 (mod 5),
2" =1 (mod 5).
[py nomomy TaGMULBI OCTATKOB CTeNeHeH ABOWMKHU IO MOAYJIO 5 JIETKO
MTOHATE, YTO
n—m:4.
CorocTaBifs € HOJTYYeHHbIM paHee HepaBeHCTBOM, I0Iy4aeM, uTo
n—-m=4 _
O603HayuM Yepe3 a nepyio Hudpy ynucia 2", KOTOPYIO MBI 3aUepKHYIIH.
Torna
2"—qa-10% = 274,
2"4(2% - 1) = a-10%,
2"74.3.5 = q.2k5%,
B neBoif YacTU paBeHCTBA BCEro O4Ha NATepKa, c/IeAoBaTeNbHO, k =1, 3Ha-

4yuT, 2" — ABy3HayHOe YUCIO0. [lepe6Gupas Bce IBy3HAYHbIE CTENIEHH JBOH-
KM, HAXOZUM JBa MOAXOAAIIMNX yucaa: 32 u 64.

IToaroToBuTE/IBHBIE 3aJa4H

1. JJokaxuTe, YTO OCTATOK YMCJ/IA OT AeJIeHUA Ha 9 COBIIaJaeT C OCTaT-
KOM CyMMEI Liudp 3TOro YKcia oT JeieHus Ha 9.

2. /IBy3HayHOe YHMCJIO YMHOXIWIM Ha NMpou3BejeHue ero nudp, B pe-
3yJIbTaTe 4ero Moay4YyWIOCh TpPeX3HauYHOe YUCJIO, COCTOAIee U3 OJUHAKO-
BbIX LUMp, cOBNaZAOMUX C MocjeAHeH UUPPOH HUCXOAHOro YyucIa. Haii-
JHUTE HCXOAHOEe YUCIIO.
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3. Harypanbnele yncna or 1 go 20 BeIMHcCaad B CTPOYKY MOAPAA:
1234...181920. B nonyyeHHOM HaTypa/JbHOM YHCJIe HYXKHO BBHIYEPKHYTb
10 undp Tak, yTOOHl HaTypajJbHOE YUCIO, 06PAa30BaHHOE OCTABUIMMUCS
nudpamy, 6bU10 a) HanGonbMM; 6) HauMeHbIKUM. Kak 310 caenartn?

4. HaTypa/ibHOe 4UC/I0 YMHOXWIM Ha yABOEHHOe NpPOH3BeAeHMe ero
undp. Monyuwiocs 2016. Haligure UcxogHoe YHUCIO.

5. HaiauTe HauMeHbliee HaTypajJbHOE YUCJI0, KOTOpOe yBeJIUYHBaeT-
¢ POBHO B 5 pa3 OT NepecTaHOBKHY NocIeAHel HUPhl Ha IIepBoe MECTO.

6. ,ﬂOKa)KI/ITe, 4TO CTECIIEeHb ABOﬁKH HE MOXET OKaHYUBaTbCA YE€ThIPpbMA
OJWHAKOBbIMU I.IPI(bpaMH.

7. Mexxay undpamu ABy3Ha4HOTO YHMCIIA, Ae/iAllerocs Ha 3, BCTaBWIU
nudpy 0, a K NoNTy4YeHHOMY TPEeX3HauYHOMY YHCTy NTPUOABWIN YABOEHHYIO
1udpy ero coteH. [Tonyuniocs Yuciao B 9 pa3 Gosblile TepBOHAYaIbHOTO.
Haiigure ucxomHoe yHCIO.

OcHoBHbIE 3a1a4u

1. B Tpex3HayHOM yucie abc MOMEHsIM MeCTaMM LUUQpEHI, CToAlLIMe
B pa3spsAjax eAUHHUI] U COTeH, NOCJIe Yero U3 UCXOAHOrO YHCIa BHIWIM IO-

JydyeHHoe. JlokaXuTe, 4TO Takas pasHoCTh abc — cba Aenutcs Ha 99.

2. JlokaxuTe, 4TO KBaJApaT HAaTypajJbHOrO 4YMCJa, OKaHYHMBAIOLEroCs
Ha 5, OKaHYMBaeTCA Ha 25.

3. C1oxw1y 1ecTb TpeX3Ha4yHBIX YMCesl, ITOJYYeHHBIX BCEBO3MOXHBI-
MU NepecTaHOBKaMU Tpex pa3nuyHblX Hudp. JokaxuTe, YTo MOTy4YeHHasd
CcyMMa genutcsa Ha 37.

4. Haiizure Bce ABy3HayHble 4YHCjia, KOTOPble PaBHBI CyMMe LUQPLI
JeCSATKOB U KBaZpaTa Ludphl, CTOsALIEH B pa3psie eANHHULI.
5. [Ipy KaKOM HauMeHblIeM HaTypajbHOM N B AECATUYHOH 3anucHU
o m o
NpaBWIbHOH Jpobu - TIOC/Ie 3aNATOH MOTYT MOAPA/ BCTPETUTBCA UpHI
501?

6. CymectByeT a1 100-3HayHOe uucio 6e3 Hy/leBbIX LUdp, KOTOpoe
AEeJIUTCA Ha CyMMY CBOMX LUdp?

7. MoxeT /i1 NpousBeseHHe BceX UUp HATypaJbHOTO 4YHMCIa GBITH
paBHo 20107?

8. Yucio abcde genutcsa Ha 41. Jokaxure, 4To Yuciao eabcd Takke
AenuTcst Ha 41.
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9. Ha#iaure Bce TpexaHayHBle YMCIa, A1 KOTOPHIX lro6oe YHCIIOo, Mo-
JlydeHHOe NlepecTaHOBKOM UX uudp, genuTes Ha 7.

10. Haiiznre Bce ABy3Ha4YHbIE YHC/Ia, KBAAPAT KOTOPHIX OKAHYUBAETCA
TeM e ABYMA LudpaMu, YTO U UCXOAHOE YUCIIO.

11. HaiauTe Bce Tpex3HauHble YKMC/IA, KBAAPAT KOTOPHIX OKAHYHBAET-
CsI TEM JKe TpeMs HUbpaMHu, YTO U UCXOAHOE YHUCJIO.

12. CKOJIBKO CYIIECTBYeT ABY3HAYHBIX YMCEN, KOTOphle POBHO B 9 pa3
6osble CyMMBI CBOUX LIMOP? A CKOJBKO CyILeCTBYET TaKUX TPeX3HA4YHbIX
yucen?

13. B HaTypaJbHOM YHCJIe MOMEHSUIH MeCTaMH JBe coceHue Huphl
M M3 NOAYYEHHOro Yucja BHIWIM UCXOAHOe. JJoKaxuTe, YTO NOIy4eHHasa
pasHOCTb BCerAa JenTcs Ha 9.

14. B HaTypa/sbHOM 4HCJIe IOMEHSIM MeCTaMH ZiBe LUPHI, cTosIINe
yepe3 OAHY, U U3 MOJYYEHHOI'O 4YUCJIa BHIWIM UCXOAHOE. JIoOKaXHUTe, YTO
Mosry4eHHas pasHOCTb BCerga AesuTcs Ha 99.

15. Ha yeM oCHOBaH CIeAylomuii crocod Bo3BeJeHUs YMCIa, OKAHYH-
Balollerocs Ha 5, B KkBazpar: orbpockre UHUPPY S5, YMHOXKEBTE IOJyYeHHOe
4YUCJIO Ha Cllefyiollee 32 HUM HaTypajbHOE YUCJIO, NTOCJIe Yero K pesy/b-
TaTy NPUMNUIINTE cripaBa 25 (HanpuMmep, Jjis NMOJMydyeHUA KBaJpaTa 4YHuc-
7a 115 HyxHO 11 yMHOXUTH Ha 12 ¥ K UX IPOU3BEAEHUIO — YUCTy 132 —
[IpUIHKCATh cllpaBa 25; nomyuures 13225)?

16. Kakoe Haubosnblilee 3HaueHWE MOXET NPUHHUMATh 4acTHOE OT Je-
JIeHUs TPeX3HaYyHOro Yyucja Ha cCyMMy Bcex ero nudp?

17. HaiiiuTe Bce TaKue YeTHpex3HayHble uncia abed, uto abed +abc+
+ab+a=2011.

18. 13 Tpex pa3nuyHbIX 1P COCTaBWIH BCe BO3MOXXHBIE [IBy3HAYHbIE
yucia 6e3 oBTopeHHit uHdp B ogHOM yucie. CyMMa IONy4YeHHbIX YHCe
okasasach paBHoH 528. Haiigure mcxozHble UUQPHI.

19. JipyT 3a ApyroM NOAPAA BHITMCAIN JeCATUYHYIO 3anuch uyucen 21%

u 519 Ckonbko Bcero Ubp BEITHCATH?

20. IIpy HEKOTOPOM HaTypPaJbHOM N AeCATHYHAA 3alUCh yrcen 2" u 5"
HayMHaeTcs ¢ O4HOM U Toi ke udprl. Kakasa aTo MmoxeT 6bITh Ludpa?

21. /leBATH3HAYHOE YHCJIO, B 3allMCH KOTOPOTO eCThb BCe LHUOPHI,
KpoMe HyJIfl, T0Cjle HEKOTOPO#H MepecTaHOBKY IMGP YMEHbUIWIOCh POBHO
B 8 pa3. Haiizure Bce Takue yucia.
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22. [Ipy xkakOM HauMeHbIlIeM HaTypajJbHOM N B JECATUYHOHN 3alucH
1 "
Zpobu - TIOC/IE 3aMATOH MOTYT NOAPAA BCTPETHTHCA uudper 142? A B ge-

o o m
CATUYHOH 3aIlUCH NMpaBWIbHON Apo6H =?

23. a) Cko/MbKO CyllecTBYeT TaKMX HaTypasbHBIX YMCE N, MEHbIUHX

1 1 o "
100, yTo xaXA0€ U3 YHces 5 W 77 BBIpXAeTCA KOHEYHOH JecATHYHOU

Apobbio? 6) Haliziute Bce Takue HaTypasbHbIE N.

24. [lokaxuTe, YTO AecATUYHAsA NlepHoguYecKas Apobb ABJAETCs paLy-
OHAJIbHBIM YHUCJIOM.

25. CymecTByeT JIM cTeleHb ABOMKH, M3 KOTOpOH IlepecTaHOBKOM
IMGP MOXKHO NMOTYYUTD JPYTYIO CTeNEHb ABOHKHU?

26. Y yncna 22°'2 ganuru cymmy ero uudp, y pesy/bTaTa cHoBa HalLIH

cymMMy LMOP U Tak Aasee. B KOHIe KOHIIOB ITOJYYWIOCh OZHO3HAYHOE YHC-
no. Haigure ero.

27. [yctb A—cymma nudp yucna 444444 B — cymma nudp umc-
Ja A. Haiigute cymmy nudp uucaa B.

28. Bacs He 3aMeTWI 3HaK YMHOXEHHUsA MEXAY ABYMS TpeX3HauHBIMU
4MCIaMH M 3aNycasl LiecTU3HaYHOe YHCJI0, OKa3aBlleecs B 7 pa3 Gosblue
UX npousBeAeHus. HaiiauTe HcXogHbIE YHUCIIA.

29. K HaTypa/bHOMY YHCJTy CIIpaBa [ocj1eJ0BaTeNbHO IPUITHCAIH ABa
ABY3HAuYHBIX Yucia. [ToyyeHHOe YHUCIO 0Ka3aj0Ch PaBHBIM KybOy CyMMBI
TPpeX UCXOAHBIX Yyuces. Haligure 3T Yncia.

30. HaiauTe Bce nmaphl TaKUX a) YeTbIpEeX3HAYHBIX; 6) MATH3HAYHBIX
YHCeNl X U Y, YTO YHUCJIO XY, MOTy4eHHOE IMyTeM MPUIHChIBAaHHSA JAECATHY-
HOM 3amMcH YHCIa y NMOC/e YUca X, AeTUTCA Ha IPOU3BEZIeHHE XY .

31. Harizure Haubonbllee HaTypaJibHOE YHUCJIO, He OKaHYMBalouleecs
HyJleM, KOTOpOe IIpU BblYepKMBaHUU OAHOM (He nepBod) LUPH yMeHb-
IIaeTcs B LieJIoe YUCIIO pas.

32. Haitgure 4eThIpex3HayHOE YMCJIO, KOTOPOE POBHO B 4 pa3a MeHblile
4KciIa, 3alHCaHHOTO TeMHU Xe iudppaMy B 06paTHOM TOPsAKe.

33. OaHoO U3 ABYX ABY3HAYHBIX HaTypaJbHBIX YHces B 1Ba pa3a boiblie
Apyroro. HaliuTte Bce mapsl TaKUX 4KCesl, eCIH LUGPBl MEHBIIETO U3 YH-
ceJl COOTBETCTBEHHO PaBHBI CYMMe M pa3HOCTH LHUdp Gosnbliero U3 4ucel.

34. Tpex3nauHoe yucio abc aenutes Ha 17, AeBATHU3HAYHOE YHCIIO
a000b000c aenutca Ha 37. Haliaure a, b u c.
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35. HariauTe yeThipex3HayHOe YMCJIO, ABJAIOIIEECS TOYHBIM KBaJpa-
TOM, €CJIM U3BECTHO, UTO ero NepBbie JBe LHUpbl OAMHAKOBBI U MTOC/IEIHIE
ZBe UUPHI TAKKe OAMHAKOBHI.

36. /IBy3sHa4yHOE YHUCJIO B CYMME C YHCJIOM, 3alTHCAaHHBIM TEMHU Ke LUd-
pamu B o6paTHOM NOpsAZKe, AaeT TOYHBIN KBazpar. Haiiaute Bce Takue
qHCIa.

37. Ilyctb a =mn, b =nm. HaliazuTe HauMeHbIlIee 3HaYeHHE BeJTHYHHEI
a
- —2[.
b

38. HalauTre Bce Takue napbl HaTYpaibHBIX YHUCeN 4 U b, UTO ecnu
K AeCATHYHOM 3alMCH YMCjIa a NpUNMCcaTh CIpaBa AecATHUYHYIO 3alMCh
4ucsa b, To noxyuuTes Yyucsio, Gonbliree NpousBeJeHuA yucen ab Ha 32.

39. HailauTe Bce Takue mapbl HaTypaibHbIX Yucesl a ¥ b, uTo eciu
K JeCATUYHOM 3amlMCH YMCJIa a clipaBa NPUIHCATh JECATUYHYHIO 3alHCh
yucia b?, To noxy4yuTes YKcio, 6oNbilee NPoU3BeaeHUs ab B ceMb pas.

40. K Tpex3sHa4YHOMY HaTypaJbHOMY YHCTy d JONMCAJIH €ro Xe, a K Io-
JIy4eHHOMY YMCTy NpubaBwiv 1 ¥ IoMydywId TOYHBIN KBagpar. Hailgure
BCe TaKHe YMcia.



§4. HOA u HOK. OcHOoBHasA TeopeMa
apudpMeTUKH

Jdunarsocrudeckas pa6ora 4
1. Hadigute HaubGonbluinii OOLIMH AenuTelb M HaMMeHblIee oOlee

KpaTHoe yncen 462 u 536.

2. Ha kakoe HaTypajbHOe YHCJIO0, 6osbliee 1, MOXXHO COKPaTHUTh APOOb
3n+7
n+2

IIPpHU HAaTypaJIbHbIX 3HAYE€HHUAX n?

3. CymMa AByX HaTypasbHBIX YMces paBHa 240, a ux HaubosbLIMit 06-
wui genurenb paBen 30. HalianTe aTH yncia.

4. Haiigute HanMeHbllee obiee kpaTHoe yucesn 2011! u 2009! 4 2010!.

5. IlpousBeAeHHe ABYX YHCe, KOKA0e U3 KOTOPBIX He KpaTHo 10, paB-
Ho 1000. Haligure cyMMy 3THX YHCel.

KpaTkas TeopeTudeckas cIpaBKa

Onpeaenennie. HanbobiuuM OOIIKM JeJHUTEEM HECKOJBKUX LeJbIX
yuces (He Bce U3 KOTOpBIX paBHB 0) HasbiBaeTcsl Haubosblliee HaTypasib-
HO€e YHCIO, Ha KOTOPOEe JEIUTCA KaKI0e U3 3TUX YHCell.

MOo’KHO AaTk PaBHOCWIbHOE OllpeZiejieHHe.

Onpeaenenuie. HanbosnpuMm 061IUM ZeUTe/IEM HECKOIBKUX LENbIX
yucen (He Bce U3 KOTOpBIX paBHBI ) Ha3blBaeTCs HATypaJbHBIA 06WUH
JleJIUTeNb 3TUX YMCes1, KpaTHBIH JI060MYy UX 06l1eMy JeUTeo.

[IpuMepoM HaTypaJbHOrO 4YMCJIa, Ha KOTOPOe JeTUTCS KaXJ0e U3 He-
CKOJIbKHX LIeJIBIX YHCeJl, ABJAETCA YUCIO 1, MO3TOMY MHOXECTBO OOLIMX
JeJnTeell HECKOJIBKMX LEJTbIX YMCe HEIYCTO.

O6o3navyenue: HO/Jl(ay; ...; a,) WiH, €U HET pYCKa NepenyTarh, I1po-
cto (ay; ...; ay)-

Hanpumep, HOZ(2; 4; 6; 8) = 2.

HamomHuM (cM. §1), uTo HaTypajbHble YHcC/Ia Ha3blBalOTCA B3aUMHO
IpOCTHIMU {ecin UX GoMblile ABYX, TO HHOTJA FOBOPAT «B3aUMHO ITPOCTHI-
MM B COBOKYITHOCTH»), €CJIH UX HAauOOMbIIUH 00IHUHA JenuTenb paBeH 1.
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Ceoticmea Hauboabuezo 0bujezo denumens

(Bce durypupyiouire B CBORCTBAX YKC/Ia MPEATIONAralTcs LeJIbIMU.)

1. HaubGonbmumit o6MUi AeNUTEb HECKOJIbKUX ILIEJIBIX YMCEI PaBeH
Haub6onbLIEMY O6ILEMY ASTHUTENIO0 UX MOLYJIEH.

2. Ecin d =HO/(a; b), TO CylLlecTBYIOT TaKHe Liejible YHCIa X U Y, YTO
BBIIIOJTHEHO paBeHCTBO d =ax + by.

3. Ecv yuona a, b, ¢ u q cBA3aHbl paBeHCTBOM a=bq+c, To HO/I(a; b) =
=HO/I(b; c). B wactHoctH, HOZl(a; b) =HO/ (a +b; b).

4. YacTHbIe OT AejleHHUA HeCKONbKUX HaTypaJbHBIX YKicesl Ha Haubob-
UK OBGIMH AeTUTENb STUX YUCET B3AHMHO MPOCTHI B COBOKYTIHOCTH.

Yro6bl HAMTH HAMGOMBIIKI OOIKIH AeTUTENb ABYX HAaTypaJbHBIX Y-
cesl, NPUMEHAIT aropuT™ EBKnza. A UMEHHO: AEJAT C OCTaTKOM 60J1b-
miee U3 YUCel Ha MeHblliee, 3aTeM JAeAT MeHbllIee Y10 C OCTATKOM Ha
MOJy4eHHBII OCTaTOK, a 3aTeM JeJAT NOAyYeHHBle OCTAaTKH C OCTATKOM
ZApYT Ha Jpyra [0 TexX I0op, IOKa OCTAaTKU He MojenATcs Haneno. [locnex-
HUH HEHy/eBOH ocTaTok 6yaeT paBeH HaubonblieMy O6leMy AETUTENIO
JABYX 4YHCeIL.

INpumep. Hailgem (2576; 154):

1) 2576=154-16+112;

2) 154=112-1+4+42;

3) 112=42-.2+28;

4) 42=28-1+14.

Tak kak 28 kparHo 14, nony4aem, uro (2576; 154) = 14.

Onpeznenenne. HauMeHbIMM OOLIMM KPATHBIM HECKOJIBKUX HEHYJIE-
BBIX 1leJTbIX YHCeJT Ha3bIBAeTCs HAMMEeHblllee HaTypaJIbHOE YHCJI0, KpaTHOe
KOKAOMY M3 3THX YHCEI.

Jl71s JaHHBIX HEHY/IEBHIX LIeJIbIX YKCeJl CylLIeCcTByeT obillee KpaTHOe (Ha-
npuMep, NPOU3BeAEHHE 3TUX YKCEJT), I03TOMY MHOXECTBO OOIIMX KpaT-
HBIX HECKOJIBKUX HEHY/IEBHIX LIEJIbIX YUCET HEMYCTO.

Mo)XHO JaThb paBHOCWIBHOE ONpeZAeeHHe.

Onpeaenenne. HauMeHbIINM OGIIMM KPaTHbIM HECKOJbKMX HaTy-
PajJbHBIX YHCEJ Ha3blBaeTcAd Obljee KpaTHOe 3THX 4HCesl, Ha KOTOpoe
JeNsTcs Bee oblLue KpaTHbIe STHX YHCell.

O6o3nayenue: HOK|a,, ..., a;] win, eciv HET pycka nepemnyraTs, Ipo-
cto [ay, ..., agl.

Teopema. Cnpasedauso pasencmso (a;b) - [a; b] =ab.

OcHoBHas TeopeMa apudMETHKH U KOJIHYECTBO AeauTeneii. Kax-
Joe HamypaibHoe wucno n > 1 umeem edurcmeenHoe (c mouHocmsio 00

5 ApudmeTtnka n anrebpa
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nopadka MHoxcumeneil) pa3nonceHue Ha4 NPOCMble MHONCUMENU

— %10 Qg
T‘l—pl p2 '...'pk

(P1s P25 -+-s Pp — NONAPHO DA3NUUHBIE NPOCMblE HUCAL, Qp, O, ..., 0y —
HamypanvHble uucaa). JJaHnas opma 3anucu Ha3vl8aemcs KAHOHUHECKOl
¢opmoli 3anucu yucna n.

KonuuecTBO HaTypaibHBIX AeNWTesell yucia n, 3allMCAHHOIO B KaHO-
HUYeckoi opMe, paBHO

(al+1)‘(a2+1)‘...’(ak+1).

CyMMa BceX HaTypaJbHBIX JZeNUTeNed ynucia n, 3aMcaHHOro B KAHOHHYe-
ckol dopme, paBHA

p;x1+1_1. ;zz+1__1‘ .pgk+l_1
pr—1 po—1 7 p—1

4.1. HOJl u HOK
I[IpumMmeps! peluneHus 3ajga4

1. Haliaute HauMeHbHIy10 ApoOb, NIpH AeJeHUH KOTOPOH Ha KaXAYIo

u3 apobeii % u i—é MOJIyYaroTCA HaTypajibHbie YUCTA.
Pewenue. ITycTh 3Ta 4po6b %, IIpYYeM NycTh OHA HecokpaTtuma. Tpe-

6yercs, utobe 229 4 304
yeTcs, 14-b 121

M b B3aMMHO IIPOCTHI, 3TO 3HAYMT, UYTO 25:b, ai14, 40:b, a:21. Toraa
MHUHUMAaJIbHOE a, YAOBJIETBOPSIOIIEE 3TUM YCIOBHAM, — 3TO 42, a MaKCH-
ManbHoe b — 310 5.

6bUIM HaTypaJbHBIMM 4McaaMu. Tak Kak a

12n+1

2. Jlokaxkute, 4To ApoOH 30nT2

PaJIbHBIX N.

Pemenne. Ham gocratoyHo foka3atb, 4yTO 12n + 1 B3aUMHO IPOCTO
¢ 30n + 2. IlycTh 5T0 He Tak. Torga nycth 12n+1:p u 30n+2: p. 3a-
MeTuM, 4TO Torga 30n+2 —2(12n+1):p, T.e. 6n: p. 3TO 3HAYUT, 4YTO
p — 3To JKbO AeNUTeNb YKcaa n, JU00 AenuTeNb Yucia 6. 3aMeTHM, YTO
12n + 1 B3auMHO nIpocTo U ¢ 6, U c n, Tak Kak 12n:n u 12n:6, moaToMy p
He MOeT OBITh JeIUTeNIeM YHUCIa N WK yucia 6.

3Ha4YMT, TAKOI'O p He CYIIEeCTBYET, CJIeJ0BaTe/lbHO, JaHHAsA B YCIOBUHU
Apobb HecoOKpaTHMa.

HECOKpaTHMMa HH IIpH KaKuUX HaATy-

3. HarypanbHbie yucia m ¥ n— B3aHMMHO NpocThl. Kakue 3HaueHMA
MoxeT npuHuMate HO/JJ unicen 4m +3n u 6m + 5n?
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PellteHHe. 3aMeTHM, YTO
(ém+5n) — (4m+3n) : HOA(6m + 5n,4m + 3n),

T.e. 2(m +n) : HOA(6m + 5n, 4m + 3n). Tenepp 3aMeTHM, 4TO, TaK Kak
m 4 n B3aMMHO NIPOCTHI, M + n B3aWMHO NIPOCTO U ¢ m, U ¢ n. [Jajee,
6m + 5n=3-2(m + n) — n, 3Ha4uT, 6M + 5n B3aUMHO NMPOCTO C M + n,
Tax KaK m +n B3aUMHO IIPOCTO ¢ n. AHaJIOTUYHO 4m + 3n B3aMMHO IIpO-
CTO ¢ m + n. 3HA4YUT, eJMHCTBEHHBIM BO3MOXHEIN 00U JeTUTeNb YU-
cen 6m + 5n u 4m + 3n — aTo 2. CnegoBatenbHo, HO(6m + 5n, 4m + 3n)
He Mo)keT ObITh Gosblie 2. 3HaueHHe 2, KOHEUHO )Ke, JOCTUIAaeTCs, HallpU-
Mep,ecium=1,an=2.

4. HaiiauTe Bce napel HaTypaJbHBIX YKCeJl, Pa3HOCTb KOTOPHIX paBHa
66, a ux HOK pasHo 360.

Pewrende. Mmeem 360 = 23 - 32 -5, lycTh a ¥ b — uckoMble yucna.
3aMeTHM, 4YTO Y 3THX YMCeJ HET HUKAKHX IIPOCTHIX JAejUTejled, Kpome
2,3 u 5, tak kak uWHaye ux HOK Ha Hux 6b TOxe genwiock. [ycTe
a=2%-3Y-5%, b=2m.3".5% Torga

HOK((I, b) - zmax(x,m) .3max(y,n) . smax(z,k)‘
3HayuT, HaM HEO6XOAMMO JIUIIb, YTOOBI BHINOIHAIOCH PABEHCTBO
max(x,m) =3, max(y,n) =2, max(z,k)=1.

Tak KaK pasHOCTb YHCeJ a M b JeJUTCA Ha TPU U XOTA 6bl OZHO M3 HHUX
JeJIUTCA Ha TPH, TO OHM 06a AenATcs Ha TpU. AHaJIOTHYHO oba Yyucia ae-
JISITCA Ha ABa, HO TOJIbKO OJHO U3 HUX JA€JIUTCA Ha NATH, HHauye 66 Aelnnoch
Obl Ha MATh. AHAJIOTHYHO TOJBKO OZHO U3 HUX MOXeT AeJIMTbCA Ha Ye-
ThIPE, 3Ha4YMT, OJHO M3 HUX AeJUTCA Ha 8, a [pyroe Tonbko Ha 2. IlycTs,
Hanpumep, a Jeautca Ha 5. Toraa mepebepeM Bce BO3MOXKHEIE d U b: a
MoxeT 65ITh paBHO 30, 120, 360, 90, a b MoxeT 61ITh paBHO 6, 72, 18, 24,
ITpocThiM Tepe6GOpOM BBHIAACHSIEM, YTO ITOAXOAUT TOJBKO Mapa 90 u 24,
Mo)kHO 6bUTO Taxke Cpa3dy 3aMeTUTb 4YTO d — JAeJMUTeNb Yucaa 360,
6onpiui 66 (72, 90, 120, 180, 360), 4TO ynpoCTUT epefop BapHaHTOB.
Yro6rl o6oiiTHCch 6e3 nmepeGopa, MOXXHO CHa4Yajla A0Ka3aTh (Kak B [IPH-
BEJIEHHOM pellleHUH), YTo 06a yucia AenATcsa Ha 6, Apyrux oOLuX Aesu-
Tesel HeT (ecsu OBl CYIIECTBOBAJI e1lé OJUH OOLIMi AeJHUTEeNb, TO Ha HEro
Aenunack 66 pa3HOCTDb YHCEJI, T. €. OH MOT ObITh paBeH ToNbKO 11, Ho 360
Ha 11 He genurca). 3HauuT, HO/Zl(a; b) = 6, a Toraa, Tak Kak IIpoM3Be-
JeHue HavMeHblIero obIero KpaTHOro ABYyX YMCENT Ha UX HaHOOIbIINH
O6IKH AeHTeb paBHO NPOU3BEAEHUIO 3TUX YHCe, IoMydaeM, YTO Ipo-
U3BeJieHHe uKces paBHO 2160, a 3aTeM pellaeM CHCTEMY YpaBHEHUI.
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5. Haitaure HOJ[(2%0 —1,2% — 1),
Pertenne. 3amMeTuM, 4TO pa3HOCTb ABYX 4uces AeauTtcsa Ha ux HO/.
Torna

2% -1 (2% -1):HOA (2% —1,2%-1),
2%0(2'9-1) : HOZ (2% — 1,23 - 1).
Yucno 230, oueBMIHO, B3aHMHO NpPOCTO C HAUIMMK 4HUCIaMH (06a OHM

HeyeTHble), clefoBaTenbHo, 210 — 1: HOZA (2% — 1,2% — 1). 3amernm,
yro HOJI 3Tux umcen Toxe genaurcs Ha 210 — 1, rak kak

240 -1 = (220 _ 1) (220 + l) — (210 _ 1) (210 + 1) (220 + 1) . 210 _ 1,
20 -1=(2°-1)(2°+2"+1): 2" ~1.
3Hauut, HO/I 3THX 4yKcesn U eCTb B TOYHOCTH 210 _1=1023.

6. Haiizute Haubonbiuui oOWM AesuTeab BCeX YHcesl BHAA p2 -1,
rje p — npocToe yucio, 6onpuiee 3, HO MeHbiee 2012.

Pemrenne. 3ameTuM, 4To p2 — 1 Zenurcs Ha 3 npu J060M p, He Ae-
gsawmeMest Ha 3 (kBazpar nmo moayno 3 gaer octatok 1-1 snbo ocTaTok
2 -2, yTO 1O MOAYJII0 3 OAHO MU TO Ke). 3HAYMUT, HAlllM YHCIa Bce OyAyT
JAenuTbes Ha 3. 3aMeTHM Takke, YTO OHU Bce OyAyT AenuThbcs Ha 8, Tak
Kak p? NpH Zle/IeHUH Ha 8 MOXKET /IaBaTh TOJBKO OCTATOK 1 (OHO CpaBHUMO
aubo ¢ 1-1, mbo ¢ 3-3, mmbo ¢ 5-5, mmbo ¢ 7-7, 4To Mo MoAyIO 8
OZIHO U TO Ke). Ho 3ameTuM, uTO 60JIbIIE HU HA YTO Hall OOIIHHA Je/IUTENh
JEIUThCSA He MOXKET, TaK Kak 52 — 1 =24 =238, a o61muii JeuTens Jo/mKeH
6BITH MeHblIe TUO0 paBeH KaXIOMY U3 YUCEI.

3HAYUT, UCKOMBLIH OOIIHI JeTUTeb — 3T0 24.

INoaroroBuTeNbHbIE 3aJa4H

1. Haiigute HO/I yucen 72 u 24.

2. Haitgure HO/I yucen 2 u 1921.

3. Haiigute HOJI yncen 384 u 288.

4. Hatignte HO/I ynucen 787878 u 787878787878.
5. Haiiaute HOK uuncen 12 u 36.

6. Haiigute HOK uuncen 4 u 2011.

7. Haitaure HOK uncen 120 u 200.

8

. CKOJIbKO CylIeCTBYeT ap HaTypaabHbIx yrces, HOK koTopbix paBHO
2000?
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9. Haliante HanMeHblIy10 Apo6b, TIPH JIeJIEHHH KOTOPOH Ha KaXAylo
35 28 25

U3 ipobeit 66’ 165 Y 337 NMO/Y4alOTCA HATypabHEIE YHCTA.

10. Ha xaxoe 4KCJI0 M IPU KaKUX HaTypaJbHbIX 3HaYEHUAX N1 COKpaTH-
3n+4,
2n+5°

11. HaTypasibHble YyHc/la m U n B3aUMHO NpocThl. Kakue 3HaueHHA
moxeT npuaMMath HOJ yucen m +n u m? —mn+n??

Ma apobb

12. [IpugymaiiTe JBa pa3/iMYHBIX HaTYypPaJIbHBIX YHC/IA, IPOU3BEJCHHE
KOTOPBIX JEJTUTCA Ha UX CYMMY.

OcHoOBHbIE 3aa4H

1. Kakue 3HaueHusa moxeT npuHuMatb HOZ(x, x 4 2), rae x — HaTy-
pajIbHOE YUCJIO?

2. U3BecTHO, uTO X, y €N, HO/[(X, y) =13, HOK(x, y) =52. Haiigure
Xuy.

3. HaiiauTe Bce mapsl HaTypalbHBIX YHCeJl, CyMMa KOTOPHIX paBHa 288,
a ux HO/I paBeH 36.

4. HaiiauTe Bce napbl HaTypaJbHbBIX YHMCeJl, CyMMa KOTOPBIX paBHa 667,
a yacTtHoe oT genenus ux HOK na ux HOJl pasHo 120.

5. Bce 06bIKHOBEHHBIE NPaBWIbHbIE U HECOKPAaTHMble ApOOH, YHCIH-
TeJX M 3HAMEHaTe/lH KOTOPHIX — ABYy3HA4Hble 4MCJIa, YTOPAAOYWIM MO
BO3pacTaHMIo. MeXay KaKMMHU ABYMA T0C/IeZ0BATEIbHO PacIloNOXeHHBI-

MU ApOOAMHU HAXOAMTCSA YHUCIIO %?

6. Cpeay OOGBIKHOBEHHBIX Ap0oGeii ¢ MONIOKUTENbHBIMU 3HAMEeHaTe -

96 97 o
MM, PACTIONIOKEHHBIX MEXAY YUCIaMH 3¢ M 3¢, HAHTH TaKylo, 3HaMeHa-
TejIlb KOTOPOl MHHHMAaJIEH.

7. Kakue sHaueHus moxxet npuHumatb HOJZI(x, y), eciii U3BECTHO, YTO
TIpH YBEJIMYEHUH YyKcaa x Ha 6 HOJl yBenuuuBaeTcs B 4 pasa?

8. Haiigute HO/| Bcex AeBATH3HAYHBIX YHCEJI, B 3allUCH KOKAOIO H3
KOTOPBIX KaxkAasA u3 uudp 1, 2, ..., 9 BcTpevyaeTcss pOBHO 110 OHOMY pasy.

9. Haitaute HOJ uncen 11111111 (8 egunmi) u 11...111 (2012 ean-
HULI).

10. Ha xakoe 4MCJIO ¥ NP KaKUX HATypaJbHBIX N COKpaTHMa Apobb
n?-1 ”
n*+n®-n*+n+1"
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n’+n*+4n®4+3n°+3n+1
n*+n3+3n2+2n+1

11. Jokaxure, yto Apobb
[PY KaKMX HaTYPaJbHBIX N.

HECOKpaTHUMa HHU

12. Yem aBeH HO/] Bcex umcen 4" 2 +52n+1 Ip1 HA AJIbHLIX 3HA-
YeHHUAX n?

. 2
13. Ilpy KaKOM HauMeHbIIEM HaTypaJbHOM N K&XKJas U3 Apobeit nt3’

3 32
n+4’"" n+33

14. HartypanbHble yuciaa a,b u ¢ Ttakosbl, uro HOK(a, b) = 60,
HOK(a, ¢) =270. Haitaute HOK(b, ¢).

HecoKpaTHhma?

15. HaiiauTe Bce HaTypasibHble YMCTIA, He ITpe/CTaBUMble B BUJE CyM-
MBI IByX B3aWMHO IIPOCTBIX YHCEJI, OTIMYHBIX OT €AMHMIIBL.

16. Ha xiet4artoii 6ymare HapuCOBaH NPSIMOYTOJILHUK pasmepa m X n,
rJe a) m U n — B3aHMHO IPOCTbIe YHCIa, 6) m U n — MPOU3BOJIbHbIE YHC-
ja. Yepe3 Kakoe KOJIMYECTBO Y3JI0B CETKU IIPOXOAUT 3Ta AUaroHainr? Ha
CKOJIbKO YacTell OHa pa3buBaeTcs JUHUSAMU CETKU?

17. Io okpykHOCTH pajguyca R kaTutcs kosneco paauyca r (R,r €N).
B koneco BO6UT rBo3Ab, KOTOPBIH, yAapssch 06 OKPY>KHOCTb, OCTaBJIAeT Ha
Heill orMeTKH. CKOJIBKO BCErO TaKMX OTMETOK OCTaBUT rBo3/b? CKOIBKO
pas KosiecO NPOKATUTCA 0 OKPY)XHOCTH, MpexJe 4eM rBO3Ab NonaieT
B y?Ke OTMEYEHHYIO paHee TOUKY?

18. Ilyctb ny, ng, ..., N0 — pas3JvyHble HaTypaJbHBIE YHCJAQ, CyMMa
KoTOphIX paBHa 2013. Kakoe Haubosblilee 3HaueHUe MOXeT NPUHUMATh
Hauboaplnii o61ui Aesiurenb 3Tux 10 uncen?

4.2. OcHoBHasA TeopeMma apudmeTuku. [lenurenu
ITpuMeps! pelieHusa 3ajgad

1. Haitaute HOJl u HOK uncen a u b, rae a=28-319.5.72 a b=25.32.73,

Penrenue. HOK uncen — 3To npou3Be/ZieHye BcexX NIPOCTHIX AenTeseHn
060oux yMces, B3ITHIX B MaKCUMaJbHOW M3 CTemeHell, B KOTOPHIX OHM
BCTpeyaloTcsa B oboux umcnax. Toraa HOK(a; b) = 28.310.5.73 HOJA
YHCes — 3TO NPOU3BeJeHHe BCeX NPOCTHIX AenuTeeld o6oux uuce, B3s-
TBIX B MUHUMAJIbHOM U3 cTeleHel, B KOTOPhIX OHH BCTPeYaroTcs B 000MX
yucnax. Toraa HOM(a; b) =2°-32- 72,

2. JlokaxxyuTe, YTO COCTaBHOE YHUCJIO N BCErAa UMeeT Je/IUTeNb, He 601b-

wui /n.
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Pemenue. OT MPOTUBHOTO: MyCTh BCE AEMUTENH YHCIa n Gosblue /1.
n n
Bo3bMeM [Ba TaKUX JeJUTENA: d U 2 Ua,u 2 6yayT 6onbiue /n. Toraa

n
n=4n-vyn<a-: 2 = n. Honyyaeres, yro n < n. Ho 310 mpotusopeune,
3HAYUT, Hallle NPeANoJIOKEHHe HEBEPHO, T.e. HaleTca TaKoH JAequTeNlb
n, 4TO OH He By/IeT MPEeBOCXOAUTD /1.

3. JloxaxuTte, 4YTO YMCJIO ABJAAETCA KBaApaTOM HaTypaJbHOIO 4HMCJia
TOIrZa U TOJBbKO TOIZA, KOrZa Y HErO HeueTHOe YHUCIO AenuTee.

Pewenne 1. Bce gesuTeny HaTypaJbHOrO 4YMcC/Ia n pa3bHUBaIOTCA Ha
napsl TaK, YTO IPOU3BeEeHUe JeuTeliell KaXA0i naphl paBHO n. Takum
o6pa3oM, KOIMYeCTBO JeUTeel JaHHOrO HaTypalbHOro YMcjia YeTHO, 3a
HCKIIOUEHHEM CTy4yas, KOraa B ofHo# mape o6a yucia coBnajaioT (ove-
BUZIHO, 4TO OoJblile OAHOM Takoil mapbl OBITH HE MOXeT). B aToM ciiyyae
4KCJIO N PABHO MPOM3BEAEHMIO ABYX OAMHAKOBBIX AeuTeseil U3 3Toil na-
PBl, T. €. ABJAETCA TOYHBIM KBaJ[paTOM.

Pewenue 2. [TycTh YXCJIO N 3alIMCAHO B KAHOHHWYecKol dopme:

—_ &1 Q2 A

n—pl § 2 '...'pk .
HCHO, 4YTO YHUCJIO n ABJsI€TCA TOYHBIM KBaJpaTOM TOrJa U TOJNBKO TOIAQ,
Korga BcCe ITOKa3aTeslHd cTeneHel Q;, B KOTOPBIX BXOZAT B pa3jIOXKEHHE

IpOCTbI€ MHOXXHUTEJHU, YETHHI. (Ecnmun=m*um= P, Py Py, TO
_ 2ay 2ay 2qy . o
n=p, p, "-..'Pg JC APYTOHU CTOPOHEI, KOJTUYECTBO ACNUTEICH YHUC-

gan paBHo N = (a; +1) - (ay+1) - ... - (o, +1). U3 3701 Popmynn! ciie-
AyeT, 4YTO YUCIIO AenuTesnelt N He4eTHO TOrZa U TOJNBKO TOrZa, Korja Bce
YHCIA A1, ..., O, YETHBI, YTO U TPe6GOBANIOCH [JOKa3aTh.

4. Haiigute Bce HaTypajbHblEe YHOIA, NOCIEAHSAA LUdpa KOTOphIX O
1 KOTOpble HMEIOT POBHO 15 pa3jIMYHBIX HAaTypaibHLIX AequTenei.

Pewmenue. BocnionbayeMcsi GopMysiol 0 KOIMYECTBe JenuTeNel y Yuc-

a o
naa,ecnu a=p;'py*-...- p. KonuuecTso Aenuteseii paBHO
(a1 +1) (a2+1) '...‘(an“l‘l).
Toraa B HalleM cIyyae HMEETCA TAKOe paBeHCTBO:
(a;+1)-(a,+1)-...-(a,+1) = 15.

3aMeTHM, YTO KaXkJas cKkoOKa B TPOHU3BeZIeHUH He MeHbllIe IBYX, T03TOMY
cKO0BOK MOKeT GBITh TOJIBKO /IBE, IPUYEM OZHA U3 HUX paBHa 3, a Apyras 5.
Torza B pasjoXeHUM HAIIETO YHCia UMEIOTCA TOIbKO ABA MPOCTBIX MHO-
JKUTeJISA, OAUH BO 2-1 CTENeHU U OAUH B 4-11 cTeNneHH. 3aMeTUM, YTO Haille
yuco geaurcsa Ha 10 (Tak xak koH4aercsa Ha 0), a 3HAYMT, AeJHTCA Ha 2
U Ha 5. OTo 03HayaeT, YTO ABa MPOCTHIX MHOXXHUTEJA B HAaLIEM YMCIIE U eCThb

JBOiiKa U nsaTepka. Torja Yuc/a0 MOXeT OBITh TOJNBKO ABYX BUJOB: 22.5%
4 g2
wiy 27 - 5%,



40 §4. HOJl u HOK. OcHoBHas TeopeMa apupMeTHKH

INoaroroBurenbHbIE 3aza4yHn

1. PasnoxuTe Ha nNpocTble MHOXHUTeaM uuciaa 111, 1111, 11111,
111111,1111111.

2. lpousBeseHre ABYX HaTYPaIbHBIX YHCeJl, KQX/J0€ U3 KOTOPhIX He
JeJUTCs Hauesio Ha 10, pasHo 1000. Haiigure ux cymmy.

3. CyliecTBYeT JIM LieJioe YUCJI0, IpoU3BeeHHe HHdP KOTOPOro paBHO
2000? A 2010? A 2012?

4. CKOJIBKO JBOEK MPUCYTCTBYET B Pa3jIOXKEHUH Ha IIPOCTHIE MHOXUTE-
Ju yrcaa a) 515 6) 20!; B) n!?

S. JIoKaXHUTe, YTO YMCJIO ABAAETCH KBAJpaTOM HaTypaJbHOTO YMCIa
TOT/la ¥ TOJIBKO TOI'/la, KOrZia KaKAbli €ro NpoCToN JeIUTeNb BXOJUT B €ro
pasjoXKeHue B YeTHOM CTeNeHH.

6. JlJokaxuTe, 4TO NPOM3BEAEHHE IIEPBLIX 11 MPOCTHIX YUCE He ABJIAET-
Cs1 MIOJIHBIM KBaJ[paToOM.

7. HaiiinTe KoNM4eCTBO HAaTypaJIbHBIX AenTeNel y uncia a) 10; 6) 20;
B) 500; r) 2000; a) 56".

8. HaiizuTe cyMMy HaTypaJbHEBIX JAeluTesied y uuciaa a) 10; 6) 20;
B) 500; r) 2000.

OcHoOBHbIe 3aj1a4H

1. MHOXeCTBO A COCTOUT M3 HaTypalbHbIX YHcesa. KonudecTBo yncesn
B A 6osblie cemu. HauMmeHsblee oblee KpaTHOe BceX YMcel M3 A paB-
HO 210. Jlns mo6bIX ABYyX YHCET U3 A UX HAauOOMbIIUN OOLUit AeNTUTeNb
6osbiue eguHUILLL [Ipou3BeseHMe Beex yucesn U3 A fenurcs Ha 1920 u He
ABJIfeTCA KBaJpaToOM HUKAKOro LieJIoro yuciaa. Haiaure Bee yncia, U3 Ko-
TOPBIX COCTOUT MHOXECTBO A.

2. HaiizuTe HavMeHblIee HATypalIbHOE YUCIIO N, A1 KoToporo 1999!
He Jeautcs Ha 34",

3. JlokaXHTe, YTO HEYETHOE YHCIIO, SIBIAIOIEECS TPOU3BEIEHHEM N Pas-
JIMYHBIX NIPOCTBIX COMHOXXUTEJIeH, MOXXHO NpeACTaBUTh B BHJe Pa3HOCTH
KBaJpaToB JByX HAaTypaJbHbIX YHCEN POBHO 2"~ ! pasiuuHbIMM criocoba-
MU,

4. OnpezenuTe, Ha KaKyl0 HaHOOMBIIYIO HAaTYpPaJbHYIO CTEMeHb YKC-
jga 2007 penutcsa 2007!.
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5. HaiiauTe HauMeHbliIee HaTypaJlbHOE YUCIIO, TOJIOBUHA KOTOPOTO —
KBaZIparT, TpeTb — Ky0, a [ATasA 4acTh — NATAsA CTENEHb.

6. HaliauTe Bce HaTypabHbIe YHC/Ia, KOTOPBIE JeIATCA Ha 42 U UMEIOT
POBHO 42 HaTypaJlbHBIX JeTUTEs.



§ 5. YpaBHeHHS B LieJIbIX YHCIAX

JuarHoctuyeckas pabora 5

1. PemnTe B LesiblX YHoIax ypaBHeHHe (x — y)(y +1) =11.

2. Haliaure Bce maphl HaTypaJbHBIX YKMCeJl, CYMMa KOTOPbIX paBHa UX
YABOEHHOMY MPOU3BEJEHHIO.

3. Pemute B HaTypalbHBEIX YMCIAX ypaBHeHHe x! — 2= y2,
4. PemnTe B LIeJIBIX YMC/IaX ypaBHeHHe 25 + 7 = y2,
5. PeluTe B Lie/bIX YHCIaX ypaBHeHue y* = x? + x.

KpaTkasi TeopeTudecKkas cpaBKa

B sTOoM maparpade Bce umcia Lejble, eCIM He OroBapMBaeTcs Ipo-
THBHOE.

YpaBHeHue Buga f(x,y,...) =0, nepeMeHHble B KOTOPOM CUMTAIOTCA
L|e/IOYHC/IEHHBIMY, Ha3blBaeTcsl ypaBHEHHEM B Lie/IbIX YHUCIax WK JH-
odaHTOBBIM ypaBHeHHeM. Habop 1Lie/IouHc/IeHHbIX 3HaYe€HHH TlepeMeH-
HBIX, I1PU IIOACTAHOBKE KOTOPLIX B YPaBHEHHE TIOJYHA€TCsA BEPpHOE paBeH-
CTBO, Ha3blBaeTcs pellieHHeM A10daHTOBA ypaBHEHHS.

Mpumep. YpasHenue x?+ y? — z2 =0 — arodaHToBO ypaBHeHHe (ec-
JI1 CYUTATh, YTO NepeMeHHbIe MOTYT MPUHUMATh LieJIOYHCIeHHbIe 3Hade-
Hus). Habop (3, 4, 5) — OZHO U3 €ro pemeHu.

YpaBHeHHe BUzAa
ax+by =c ¢))

Ha3bIBaeTCs JIMHEMHBIM AUO(PAHTOBBIM ypaBHeHHeM. OueBHJHO, YTO
TaKoe ypaBHEHHe MMeeT pellleHHA B LeJIbIX YMCJIax TOJNbKO TOrja, Kora
c:(a,b). OgHako BepHO M obpaTHoe yTBepxkaeHue: ecnu ¢ : (a,b), To
ypaBHeHMe (1) MMeeT LleJIOUMC/IeHHble pellleHUs. B 3ToM ciyyae MOXHO
paszenutb ob6a ko3adpoulMeHTa 1 cBOOOAHBIN WwieH ypaBHeHus Ha (a, b)
Y pellaTh nonydeHHoe 6ojiee NIpOCTOe ypaBHEHMeE.

Eciu napa uucen (X, yo) ABJISETCS pelIeHHeM TaKoro ypaBHeHMs, TO
BCe ero pelleHUs MOXXKHO IOMYyYUTh 1o GopMysaM

_b_
(a,b)’

_ _7.._a
Y=>X k (a,b)

X=x0+k'
(k €2).
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O6BIYHO yKa3aHHYIO Napy pelieHHH HaXoAAT NoAGopOM, OACTAB/IAA BMe-
CTO OZHOi1 TepeMeHHOI OCTaTKH OT JeJieHns Ha K03pULMeHT npH Apy-
roH.

B pellleHHM ypaBHEHHMII B LieJbIX YHMCIaxX IIOMOraeT pasjioxKeHHe Ha
MHOXXHTEIM OJHOM U3 4YacTel, 0cOOeHHO ec/ii B APYTOM YacTH OKa3blBa-
eTcs LIeJIoe YHCIIO.

3avacryio Ans pelieHus AUodaHTOBBIX ypaBHEHUH TpebyloTca Gonee
TOHKHE PacCyXJeHUs, CBA3aHHKIE C AeTMMOCTbIO, Tepe6opoM OCTaTKOB,
OLICHKaMM 4YacTel ypaBHEHHA, TOXKAECTBEHHBIMH Ipeobpa3oBaHUAMU
HUT II.

IIpuMeps! pellieHUs 3a4a4

1. Pemute B Lie/IbIX YHUC/IaX ypaBHeHUe Xy +2x+3y =7.
Pemenue. [IpeacraBuM JjieBylo 4acTb YpaBHeHUA B BHJe Xy +2x+3y =
=(x+3)(y+2) -6, nocse yero ypaBHeHue npuobperaeT BUJ,

(x+3)(y +2) = 13.

Ecnu x 1 y — Uesble yucja, TO MHOXKHUTENIU X + 3 U y + 2 Takke JO/DKHBI
OBLITH LEJILIMH.

Yucno 13 packiagriBaercs B IPOU3BEJAEHHE LEIBIX YUCe YeThIpbMA
pasnuyHbIMHU criocobamu: 13=1-13=13-1=(-1)-(-13)=(-13) - (- 1).
[ToaToMy Bce pellleHHs AAaHHOI'0 YPaBHEHUA B LIEJIBIX YUCIAX NOMy4aloTCAa
U3 CHCTEM

x+3=1, x+3 =13, x+3=-1, x+3=-13,
y+2=13, y+2=1, y+2=-13, y+2=-1,

pelias KOoTophie, mony4yaem otBeT: (—2,11), (10,-1), (-4,-15),
(—16, —3).

2. PemrvTe B LleIBIX YMC/IaX ypaBHEHHE 3x +2y =7.

Pemenne. [ToAcTaBUM BMECTO X OCTaTKH OT Ae/IeHUA Ha KO3GPUIIMEHT
IopH y, T. e. Ha 2. Ecau noacraButh x = 0, 3HaueHUe y NOSydaeTcs Helle-
JIbIM, a eCJIM NMOACTaBUTh X =1, To Yy =2. TakuM 06pa3oM, HalHAEeHO OZHO
pellieHHe 3TOro ypaBHeHUs — napa (1, 2), a 3HauuT, ob1ue Gopmyssl A1
pelleHUH 3TOro ypaBHEHUA UMEIOT BUA:

{x=1+2h

y=2-3k (k ez).

leomeTpuyecku pemenus ypaBHeHHUs (1) CyTh KOOPAMHATHI L{EIOYHC-
JIEHHBIX TOY€eK, Yepe3 KOTOPbIe IPOXOAUT NIpsAMast, 3a/laBaeMasi 3TUM ypaB-
HEHMEM.
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3. PelllnTe B HaTypaJbHbIX YUC/IaX ypaBHEHHE X2+ x + 1 = y2.
Pemrenne. PaccMoTpuM ypaBHeHue x2 +x + 1 — y? =0 kak KBagpaT-
—1++/4y2-3
2
LIeJIBIM YHUCJIOM, HeOOXOAUMO, YTOOBI 4y2 — 3 6bUIO TOYHBIM KBaJpaTOM,
a 3To BepHO ToMbkO IpH y =+1 (4y2—3=22 & 2y —2)2y+2)=3 &
& y=lz=F+1wm y=-1, z==1).
Otger. (—-1,1) u (0, 1).

4. PemiuTe B LeJIBIX YUC/IaX ypaBHeHHe 4 + 37 =57,

Pelrenue. PaccMOTPUM OCTaTKH, NOMy4aOLIMecs Npy JeleHHH obenx
JacTed ypaBHeHus Ha 4. IlpaBas yacTh IIpM HATYPaIbHBIX 3HAYEHHSX 2
JaeT OCTATOK 1, a JleBas 4acTb MOXET JaBaTh OCTAaTKU 1 NpH YETHBIX 3HA-
YeHUAX y U 3 MPH HeyeTHBIX 3HAYeHUAX y. TakUM o6pa3oM, TOJIBKO YeT-
Hble€ 3HAYEHUs Y MOTYT BXOAMUTb B pellleHHUA AaHHOrO ypaBHeHHUs. ITycTs
¥y =2k, rae k — HaTypajJbHOE YHCIIO.

PaccMOTpuM ocTaTKH OT AejieHHs obeux yacTeld ypaBHeHHs Ha 3. Bhl-
pakeHHe 47 JaeT Npu AeJIeHHH Ha 3 OCTATOK 1, a 5% IIpH YeTHBIX 3HAYEHH-
AX z laeT OCTaTOK 1, a IPH HEYETHBIX 3HAYEHHUAX 2 — ocTaTok 2. [ToaTomy
TOJIbKO YE€THbIE 3HaY€HUA 2z MOTYT BXOAWTD B pelleHus. Ilyctb 2 =21, rae
[ — HaTypanbHOe YHCIIOo.

M3 1cxoaHOro ypaBHeHHs, [TIePEHOCs B IIPaBylo 4acTh 3”7 M packiafbl-
Bas 110 GOpMyJie Pa3HOCTH KBaJpaToB, nonydaem 4% = (5! — 3K) (51 4 3%),

Kaxzpifi U3 Moy4yeHHbIX MHOXMUTeNEH JO/DKeH SABJIATbCA HEOTpULa-
TeJIbHOM CTETeHbIO YMCiIa 2, HOCKONBKY B PAa3/I0KEHHUH MX MIPOU3BEAECHHUA
Ha MMPOCThI€ MHOXXHUTE/IH IIPUCYTCTBYIOT TOJMbKO JBOMKHU. iMeeM

5' 43k =2,
51_3.’( :2t

HO€e OTHOcUTeNbHO x. Torga x = . nsa Toro 4Tobbl X GBLIO

npuyeM s > t.

C/I0KHMB 3TH ypaBHeHHs, onydaeM 2 - 5! = 27 - (2571 4 1). [TocKOJBKY B pas-
JIOXXEeHHE JIEBOM 4YacTH Ha IIPOCTble MHOXHMTEIH 2 BXOZHUT B CTENEeHH 1,
a B pas/ioKeHue MpaBoi YacTU — B creneHu t (ubo 2°7' + 1 — HeyeTHOe
YUCJIO, & 3HAYMT, B ero pasjIoKEHHUU Ha IIPOCTbie MHOXXUTENH HeT ABOEK),
noay4aem t=1u

5l =27t 41, (%)

VimeeM ypaBHeHue 5' — 3% =2 (3T0 BTOpOe ypaBHEHHE CHCTEMBI), 13
KOTOpOTO, IepebpaB OCTaTKH OT Je/leHHs oberx yacTel ypaBHeHHs Ha 3,
ojy4aeM, 4To | — HedyeTHOe YUUIO.

[Tepenuiem ypaBHeHHe (*) B Buge 2° "= 5! — 1, otkyza ripu [ > 1 mo-
aydaeM 25 =(5-1)(5'"1+5/"2+... 4+ 1). Bropas ckobka ABIAETCS CYM-
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Moii | HeYeTHHIX CJIaraeMBIX, T. €. HEYeTHBIM YHCioM, 6obIIMM 1, KOTOpoe
HE MOXXET BXOAMTH MHOXHTeJeM B IPOH3BeleHHe, paBHOe TOYHOH cTe-
reHu ABoiKU. 3HAuuT, [ =1, a Toraa u k = 1. OkoHYaTeJbHBIM OTBETOM
ABJIAETCA eAMHCTBEHHAsA TPO¥iKa uucen (2, 2, 2).

5. Pemure B HaTypasbHBIX YUC/IaX ypaBHEHMe % + % + % =1 npu
xXsy<zs.
Pemenne. Haubonwmas us gpobeii, T. e. )1—(, He MeHbllle % Toraa x =2

wid x = 3. [loAcTaB/As B UCXOAHOE ypaBHEHHe, IONyYaeM JBa ciydyasd,
pa3bupaeMbIX aHAJIOTHYHO.

OtBer. (3; 3; 3), (2;3;6), (2;4;4).
IToaroroBureJbHbIE 3a/1a4H
1. HaiiguTe Bce naphbl HaTypaJbHBIX YKCeJl, pa3HOCTb KBaJpaTOB KOTO-
PHIX paBHa 5.

2. HalizuTe Tpu noapsi MAYLIUX LeIbIX YUCIa, CyMMa Ky6OB KOTOPBIX
paBHa Ky6y CeyIoLIero 3a HUMH YHCJa.

3. JokaxuTe, yTo npsamad 4x + 6y — 7 =0 He NPOXOAUT Yepe3 TOUKH,
o6e KOOpAMHATHI KOTOPHIX — IeJ/Ible YHCIIA.

4, PeminTe B LIeJIBIX YHC/IaX YpaBHEHHE X + Y = XY.
5. PemuTe B 1eJIBIX YMcIax ypaBHeHHe (x+ y)(x—2y) =7.

6. PelunTe B HATYpalbHbIX YUCIaX ypaBHeHHe x2y? + x2 + y% =1969.
1 7
7. PeluTe B HATYPJIbHEIX YMCIAX yPaBHEHHE X + — 5 = 5.
y+3
zZ

8. PelrvTe B HaTypaJbHBIX YHCJIaX ypaBHeHHe Xy (x + y) = 120.
9. PemuTe B LeJIBIX YMCIaX ypaBHeHUe x2 + 4xy + 13y2 =59,

OcHOBHBIE 3a/ja4U
1,1
1. Pemiute B HAaTypalIbHBIX YHCIaX YPaBHEHHE i y = 239

2 2

—-xy+y“.
3. PemuTe B UenbIX yucaax ypaBHeHue x(x+1) =4y(y +1).

2. PeurTe B HaTYpaJIbHBIX YMCJIaX YPaBHEHHE X + Y =X

4. PeliyTe B HATYPaIbHLIX YMCIaX ypaBHeHHe x2 + 3x +5=y2.

5. PelinTe B LENBIX YKCIaX ypaBHeHHe 3x2 +1=5y.
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6. PewnTe B Lle/IbIX YMC/Iax ypaBHeHue 3¥ =1+ y2,

7. PeunTe B HaTypa/lbHBIX YHMCIaX ypaBHeHHe 3% + 55 = y2.

8. PemvTe B HAaTypaJbHBIX YHCJIaX ypaBHEHHE

3x%+12xy + 10y?* = 2012.

9. PeuiuTe B HaTypaJIbHBIX YHUIAX YpaBHEHHE

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.

4x? +12xy + 7y? = 2009.

Pelite B HaTypaibHbIX YHCAaX ypaBHeHue x> +9y2 =2011.
PewnTe B HaTypaibHbIX YUC/IAX yPaBHEHHE
x2+10xy —5y? = 2012.

Pemrure B HaTypaIbHBIX YMC/IAX ypaBHeHHe 25 + 3% + 4% = y2,

Pemyre B HaTypaJbHBIX YUC/IaX YpaBHEHHE x4+ 7y = y3 + 7x.
PemuTe B LesbIX YHC/Iax ypaBHeHue 2* —2Y =2016.

PemmnTe B Ie/IbIX YHCIaX ypaBHeHHe 1+ x+x2+x3 =27,
PemuTe B HaTypaJbHBIX YHUCIax ypaBHeHHe x! —1= y2.
Peiivre B HaTypaabHBIX YUC/IaxX ypaBHeHHe x! +12= y2.
PemuTe B 1ieIbix YHCIaxX ypaBHeHHe 3¥ +7 =27,

Pemrnte B HaTypaJbHBIX YHC/IaX ypaBHeHHe X7 = y*.
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yuces

Juarnocrudeckas pabora 6

1. Tlepen xaXxabIM U3 uucen 22, 23, ..., 26 u 50, 51, ..., 60 npou3Bo/b-
HbIM 06pa3oM CTaBAT 3HAK IUIIOC WIK MHUHYC, [TOC/Ie Yero K KoMy M3
06pa30oBaBIIMXCA YHUCE NepBOro Habopa NpuGaBSIOT Kaxaoe U3 obpa-
30BaBIIHXCS YHCE BTOpOro Habopa, a 3aTeM Bce 55 NONYYEHHBIX PE3YIb-
TaToB CKJIaZbIBAIOT. Kakyio HaMMeHbIIy10 [0 MOAY/II0 CYMMY MOXHO IIO-
JIy4YUTb B UTOTE?

2. JJoKaXuTe, YTO NpoU3BeJieHHe BCeX HUP HATYpPaJIbHOIO YHUC/IA He
IIPEBOCXOJUT CaMOr'0 3TOT0 YUCJIA.

3. lpousBegeHue uudp HEKOTOPOrO HATYpPaJbHOIO YHC/IA X PaBHO
85x — 169186 u apnseTca HedeTHBIM YucIoM. Haiinure x.

4. KBazipaT HEKOTOPOIO MOJOKUTENBbHOTO ynciaa umeet Bug 0,9...9. ..,
/€ KOJIMYeCTBO JeBATOK MocJie 3arsaToil pasHo 2012. JlokaxuTe, 4To caMo
yuciao umeeT Buf 0,9...9..., rae KOJHYECTBO JEBATOK IOC/E 3amnATOi He
MeHblIe 2012.

81
5. Kakoe HavMeHblllee 3HaueHUe NPUHUMAaeT BbIpaXeHue x + ~ pH
TOJIOXKUTEJIBHBIX X ?

KpaTkas TeopeTHyeckas cnpaBka

[1pH pelieHWH 3aay OLIBAIOT MOJIE3HBIMU ITOHATHE CpeAHEro apudpme-
TUYECKOr0 ¥ HepaBeHCTBO O cpefHeM apudMeTHYeCKOM U CpeJHEM Ieo-
METPHUYECKOM.

Omnpeaenenne. CpeHUM apUPMeETUYECKUM HECKOIbKUX YHCEJT Ha3bl-
BaeTCsA CyMMa 3THX YHCeJl, leleHHad Ha UX KOJIHYeCTBO.

CpeAHUM TreOMETPHYECKUM [MOJIOXKHUTEIbHBIX YUCeN dy, ..., d; HasblBa-
eTca YucIo X/a; ... - dg.
HepaBeHCTBO 0 cpegHeM apudpMeTHYECKOM U CPeJHEM reOMeTpH-

YECKOM. Cpet)Hee apugSMemuueCKoe HECKONBbKUX NOIOMUMEJIbHbIX HUCEN HE

a, +... "'Cl;< k
MeHblUEe uxcpeaHeZO 2eomempuydeckozo, m. e. —k_ > vay ... Qg. Pa-

geHcmeo Jocmuzdemcst 8 MoM u MOJbKO 8 MoM cyuae, ko20a 8ce uucaa
DABHbL.
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JlocTaToOYyHO 4acTo BCTpeyaloTcs 3aZayd, rie TpebyeTcs HAUTH Hau-
6osbiee (WIH HauMMeHblllee) 3HaYeHUEe KakoH-TIM60o BeJUYHUHBI. B 3TOM
ciy4ae pelileHHe ¢ He0GXOAMMOCTBIO COAEPKHUT ABE YaCTH.

1. ZlokaszaTenbCTBO TOrO, YTO BEJIMUKMHA JOCTUrAeT IPUBEJEHHOTO B OT-
BeTe 3HaueHUA (06BIYHO 3TO MPOCTO MPUMeEp).

2. JlokazaTeJbCTBO TOr'O, YTO 3HaueHHe BEJIHMYMHBI He MOXET OBITh
6osblle (COOTBETCTBEHHO MEHbIIIE) YKa3aHHOTO B OTBETE.

6.1. Cpeanee apudmernyeckoe. HepaBeHCTBO O CpegHUX

IpnMepsl pernenus 3agad

1. Jlokaxxute, 4uTO cpeaHee apmbme’mqecxoe ABYX HEPaBHBIX YHUCEJI
Oosblile MEHBIIETO YKC/Ia U MeHbIIEe 6OAbLIIEr0 YHUCIIA.

Pemenne. [lycts a <b. Toraa ath < M=b ath >ara

2 2 1= 2

=a, 4TO
U TpeboBaOCh A0Ka3aTh.

2. Kakoe Haubonbliee 3HaueHUe MOXXET IPUHUMAaTh IpOU3BeAeHHE
ABYX ITOJIOXXHUTEIbHBIX YHMCel, €CIM MX CyMMa paBHa 10?

Otser. 25.
Pemienne. O603HayMM JaHHble yKcaa a ¥ b. Mo yeiosuio a + b = 10.

Torza o HepaBeHCTBY O cpeHUX vab < g;—_b =5, oTkyaa ab < 25. Ipu

a=b=1>5 paBeHCTBO JAOCTUTAETCA.

3. [IpousBeaeHe NOJOKUTEIbHbIX YUCeN a4, dy, ..., 4, paBHO 1. JloKa-
xwure, 9T0 (a; +1)(a,+1)...(a, +1) = 2",
Pemrenue. [IpyMeHUM HepPaBEHCTBO O CPeJHHUX K KaKAOHU CKoOOKe:

1+a;
2> /Ta & 1+a,> 2/a. Honyanu (1+a))(1+ay)...(1+a,) >

z2/a;-2,/a,-...-2,/a,=2"/a;a,...a, = 2", uto 1 TpeboBanOCh JOKa-
3aTh.

4. /1Be xoMaHabpl KBH y4acTByIOT B Urpe U3 4eThIpeX KOHKYPCOB. 3a
KaXX/Jbli1 KOHKYPC KaXXAbIH U3 IIeCTU CyZAeH BHICTaBJsIeT OLIEHKY — liejioe
yncnao oT 1 10 5; KoMIbioTep HAaXOAUT cpeAHee apudMeTHYECKOE OLIeHOK
3a KOHKYPC M OKpYIJIie€T €ro C TOYHOCTbIO A0 JAecAThiX. Ilobeauresnn
ornpeJesseTcs 0 CyMMe YeThIpex IMONYYEeHHBIX KOMIIbIOTEepOM 3Ha4eHUH.
MoXeT JIM OKa3aThCs, YTO CYMMa BCeX OLIEHOK, BBICTaBJEHHBIX CYAbAMH,
y npourpasiiieil KoMaHAs! 6osblile, YeM y BBIUTpaBLiei?

PenieHune. IlycTh oLleHKHU cyaell /19 nepBOM KOMaHABI 32 KXl U3
MepBbIX TPeX KOHKypcoB — 3; 3; 3; 3; 3; 4, 3a ueTBepTHll — 3; 3; 4; 4; 4; 4,
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a /i1 BTOPOi KOMaH/bI 32 Bce KOHKypchl — 3; 3; 3; 3; 4; 4. 3HaueHus, Io-
JlyueHHble KOMIIbIOTEPOM AJIs epBOl KoMaHAbl, — 3,2; 3,2; 3,2; 3,7. 3Ha-
YeHUA, NoaydYeHHble A sropou, — 3,3; 3,3; 3,3; 3,3. [lepBasa komaHja
nobeauna co cietoM 13,3 :13,2. [Ipu 3TOM CyMMa OLIEHOK, BHICTaBJIEHHBIX
CyAbsIMU NEPBOI KoMaHze, — 79, BTopoit komanae — 80.

OTBET. TaKOE MOXXET CIyYUThCA.

5. B BepumHax 100-yrosbHUKA paccTaBeHbl YHACAa TaK, 4YTO Kaxaoe
paBHO cpeiHeMy apudMeTUYECKOMYy CBOUX cocezei. JlokaxuTe, 4TO Bce
OHH paBHHI.

Pemrenue. PaccMoTpuM HauMmeHblIee U3 Bcex yucesn. OHO paBHO cpez-
HeMy apu(MeTHYECKOMY CBOMX COCeZel, KaKA0oe U3 KOTOPHIX He MeHbIlle
Hero, HO TaKoe MOXXeT ObITh TOMBKO B TOM CJiydae, eCJIM COCEAHHE YHUCa
paBHbI JaHHOMY. TakuM 06pa3om, cocesHUe Yucia — TaKkKe HanMeHbllIYe
M3 BCEX YMCeJl, a 3HaYUT, ¥ UX cocelM UM paBHEHI. [Ipozo/pkas 3To paccyx-
JAeHue, MBI JOKaKeM, 4TO BCe Yucia B BepmmnHax 100-yroibHUKa paBHBI.

IToAroToBUTE/IbHbBIE 3a4a4YH

1. JlokaxuTe, 4TO A JIOOBIX YUCEN X, Y BBHINOIHAETCA HepaBeHCTBO -
x2+y?
— ZX.

2. JlokaxuTe, 4TO A5 106010 MOJIOKUTETHHOIO YHC/IA d BHIIOIHAETCS

1
HEpaBEHCTBO a + a Z 2.

3. JlokaxuTe, 4TO AJIA NIOGBIX HEOTPULIATEbHBIX YHCe] X, Y, 2, t BbI-
xX+y+z+t
— = > Yxyzt.

4. JlokaXxuTe, YTO JJIs1 JTIOOBIX MOJIOKHUTENbHBIX YUCE X, Y BHITIONHAET-

1 1 4
= _>
Cs HEpaBE€HCTBO X + y Z % ¥

IIOJIHACTCA HEPABEHCTBO

5. JlokaxxnTe, YTO A1 JIOOBIX HEOTPHULIATEIbHBIX YHCEJ X, ¥,  BBIO-
HAeTca HepaBeHCTBO (x+ y)(y +2)(z +x) = 8xyz.

6. JloKka)xyTe, YTO JJ1s1 MOGEIX HEOTPULIATEIbHBIX YUCEIT X, ¥,  BBIIOJ-
X Z
HseTCs HEpaBEHCTBO = + z +==3.
Yy x X
7. VI3BecTHO, 4TO INpPOMU3BeAeHHE [BYX TNONOXUTEIbHBIX YHMCel paB-

HO 16. Kakoe HavMeHblllee 3Ha4eHHe MOXXET IPUHUMATh UX cymMMa?

8. MoxeT 1 cpeaHee apudMeTHyeckoe 10 LeJIBIX YKCeN PaBHATHCS
566,23?
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9. Cpeanuii poct wecTH Apyseid — 1,2 M. Poct camoro HU3KOro us
HUX — 1,1 M. KakoB cpeZiHu#t poCT OCTaJIbHBIX IIATH?

10. CpeaHuii BO3pacT O4MHHAALATH UT'POKOB QyTOONIBHON KOMaHABI —
22 ropa. Bo BpeMsa MaT4a O4MH U3 UIPOKOB MOy TPaBMYy U ylleJ C [10-
ss1. CpeAHMI BO3pacT OCTABUIMXCS Ha IMoJie UTPOKOB CcTasl paBeH 21 rogy.
CKOJIbKO JIeT GyTOONMUCTY, OTyYHBIIEMY TPaBMy?

11. B copeBHOBaHMM yuacTBoBaM 50 cTpenkoB. [lepBriii BHIOWA 60
OYKOB; BTOpOil — 80; TpeTHit — cpesiHee apudMeTHYIeCKOe OYKOB NEePBBIX
ABYX; YeTBEpPTbIH — cpeZiHee aprdMeTHUeCKOe OYKOB NepBbIX Tpex. Kax-
ABIY CIeAyIolni BEIOWI cpegHee apudMeTHUYECKOe OYKOB BCeX Npebiay-
mHX. CKOJIBKO OYKOB BBIOWI 42-f CTPEsIOK?

12. [IpousBeseHue NONOKUTENIbHBIX YUCEI dq, dy, ..., A, PaBHO 1. Jlo-
KQXHTe, 4TO UX cymma 6osibllie WIK paBHa n.

OcHoBHbBIE 3aJa4n

1. JIoKa>kuTe, YTO A1 IOOBIX YKCENI X, ¥, Z BBIIOIHAETCA HEPABEHCTBO
2+ y?+ 22> xy + yz +3x.

2. JIoKa)XHUTe, YTO AJiA JIOBbIX YUCEN X, ¥, Z BHIIOIHAETCA HEPABEHCTBO
x*+y*+2t 2 xyz(x+y +2).

3. JlokaxxuTe, 4TO A1 1I060ro HEOTPULIATETLHOTO YHCJ/IA X BBITOIHA-
eTcsl HepaBeHCTBO 3x° + 4 = 6x2.

4. Cpeanee apudMeTHyecKoe JeCATH Pa3jHUYHBIX IOJOXKUTENIbHBIX
LesIbIX YKces1 paBHAeTcA 10. YeMy MoxkeT paBHATbCA Haubosbliee cpeau
STHX YUcea?

5. Ha maxmaTHoii oCKe paccTaB/eHbl YHUCIIa, IPUYEM YUCIO B KOXKA0H
KJIETKe PaBHO CpeJHEMYy apUpMETHYeCKOMY YHCeN B COCEAHHX KJIeTKax
(K1eTKY Ha3bIBAlOTCA COCEAHUMHM, €CJIM Y HUX eCThb ob11as CTOpoHa, Tak,
HaIpyMep, Y VIJIOBOM KJIETKH €CThb JB€e COCeAHUX KIeTKH). JIOKaKUTe, YTO
BCe YMCJia paBHBL. PeliviTe 3a7a4y, €CJIM U3BECTHO, UTO YMCJIA ) HATypaJlb-
Hble; 6) yensie.

6. Jloka)xuTe, YTO €C/IM CYMMa JBYX IOJIOXKUTEIbHBIX YyHces GHUKCHPO-
BaHa, TO IpoMU3BeZeHHe TeM bosbille, yeM GirbKe APYT K APYTY OHHU pacro-
JIOXKEHBI HA KOODAMHATHOM OCH.

7. Cpeanui poct nsaty 6ackeT60m1cTOB paBeH 195 cM. Kakoe Haubonb-
1Iee KOJUYeCTBO M3 3THX UTPOKOB MOXKET UMeTh pPOoCT Hinke 191 cm?
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8. Haiiaure Hambosnblilee HAaTypajJbHOE 4MCIO, KaKAas HeKpaWHAA
nudpa KOTOPOro MeHbllle CpeHero apupMeTHYECKOro COCeJHMX C HeH

uudp.

9. Ha gocke HanucaHo Gonee 40, HO He Gonee 48 ueinbix yucen. Cpea-
Hee apupMeTHYECKOe ITHX 4YKcesa paBHO —3. CpesHee apudpMeTHUYECKOE
BCeX MOJIOXKUTEbHBIX U3 HUX YKCel PaBHO 4, A cpegHee apudMeTHYECKOe
BCEX OTPHULIATEJbHBIX U3 HUX paBHO —8.

a) CkoJIbKO 4HceJl HalMCaHO Ha JOCKe?

6) Kakux yucesn 6osblie: MOJTOKUTENbHEIX WIH OTPHLIATENbHBIX?

B) Kakoe HauOoJbllee KOJAYECTBO IIOJIOKUTEIBHBIX YKCET MOXET
6bITh Cpeay HUX?

6.2. HepaBeHCTBa M OLIEHKH
Hpumepbl PeluIeHHda 3aJa4

1. Yrto Gonbue: 54 wiu 4537
Pemenne. Vimeem 5+ < (53)15 < (27) 15 . 9106 _ 453,

2. Jlokaxkute, yto yucno 23° cocTout a) MeHee ueM 13 11 uudp; 6) 60-
Jee yeM u3 9 uudp.
Pewrenue. 31o cieayeT u3 HepaBeHcTs 100 > 810 = 230 = (1024)3 >

3
> (10%)° =10°.
IMoaroToBUTE/IbHBIE 3afaYH
1. HaiiauTte Bce mapsl HaTypaibHBIX YHCEJ, YAOBJETBOPAIOLINX Hepa-
BEHCTBY X +y < 3.

2. HaiiuTe Bce Naphl LeJbIX YUCe, YAOBIETBOPAIOIMX HePaBeHCTBY
x’+y*<2y+3.

3. Yro Gompme: 239 yyy 32007

4. Yro Gonvbure: 20 yn 3287

5. Uro Gosbie: 2% 4 3190 pyryr 42007

6. Yto Gonbime: 1234567 - 1234569 win 123456827
7. Yro Gonbme: 101! wm 511017

8. Jloxa)xuTe, 4TO IPH J1I060M HaTyPaJbHOM n > 2 BHINOJIHAETCS Hepa-
BeHcTBO N2 >n+1.

9. PelinTe B LeNBIX YMC/IaX HepaBeHCTBO |/ x3 —5x —3 <6 —x.
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10. Haiaute Haubosnbllee Lieyoe X, yAOBJIETBOpsollee HEPABEHCTBY
3.2%H1 42X <.

OcHoBHBIE 3a7ja4H

1. Jlokaxure, uTo yncao 26'° cocTout MeHee yem u3 24 1udp.
2. Cxonbko uudp B uncie 21907
3. Yto Gonbme: 311 wam 1714?

4. HaiiauTe HanGosblee u3 uucen: 5100, 691, 790 885,

5. JloKaxuTe, uto & — = 4+ & — 1 1 1,11

27 3T3 5ttog 99t 100”5
6. HaﬁAI/ITe BCe TaKHe BelleCTBEHHble 3HAYEHUA X, 4TO Han6onbmee
2x+17 3x+41

LieJloe YHCII0, He MPEeBOCXO/Allee ~— ==, PaBHO =7

7. Pemute ypapHenue 21" =2n + 1.

8. Haiigute Bce HaTypaJibHbEIE YHCIA N, YAOBJIETBODAIOIINE HEPABEH-

CTBY
2008[nV/1004% +1] > n[2008V 10042 +1].

9. HaﬁﬂHTe BCe€ napbl LEeJbIX YUCEI, YIOBJIETBOPAKOIINX CUCTEME HEpa-
BEHCTB

2x2+2y%+24x—28y +167 <0,

x+2y < 12—5

10. Macrep genaer 3a 1 yac 1ejoe 4KcIO AeTasne, 6omnbiiee S, a ero
y4eHUK — Ha 2 JeTaiy MeHbllle. OfMH MacTep BBHINOJHSET 3aKas 3a lie-
JIOe YMCJIO YacoB, a /iBa ero yueHuka (paboTalouiux ¢ OAMHAKOBOM CKOpO-
CTbI0) — Ha yac 6ricTpee. CKOJBKO JeTanel BXOAUT B 3aKa3?
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AuarHoctuyeckas pa6ora 7

1. Yemy paBHa cymMMa nepBbix 20 wWieHOB apudMeTHIecKOH Imporpec-
CHH, eCJId CYMMa WIEHOB 3TOil IPOrpeccHy ¢ HOMepPaMH C JEeBATOro I10
JABeHaJuaThlil paBHa 10?

2. Cymma yeTbIpex [TepBhIX WIEHOB apH¢pMeTH4YeCKOM IPOrpeccruy pas-
Ha 56, a cyMMa 4eThlpex nociaequux — 112. Haijaure Ko1u4ecTBO ee wie-
HOB, eCJIM NepBbIi WieH paBeH 11.

3. Haiigute cyMMy BceX TpeX3HauHBIX YHCEJ, KOTOPHIE NpH JAeJIeHUH
Ha 9 garoT B ocTaTke 4.

4. YeMy MOXeT paBHATHCA 3HAMEHATe/Ib HEITOCTOSHHON reoMeTpuye-
CKOM TIPOTPECCHH, eC/IU MEePBhIE ee TPH WIeHa SIBJAIOTCA NEePBLIM, Celb-
MEIM M MITHAZAThIM WieHaMH apudMeTHIeCKOH Nporpecchuu?

5. HaliiuTe Tpex3HayHOe YKCJIO, €CIU ero Uu$pH 06pasyloT reoMeT-
PHYECKYI0 MPOrpeccuio, a UUPpHl YKCIa, KOTOPOE MeHbllle JaHHOIO Ha
400, — apudpMeTHYECKYTO.

KpaTkas Teopernyeckas crpaBKa

Apugmemuueckas npozpeccust

Omnpeaenenue. ApudpmeTryeckas Porpeccrs — MocjieJ0BaTe/IbHOCTb,
3ajaHHasA CIeAylouUM o6pa3oM: a; =a, d,,; =d, +d, rae n € N. Yuc-
J0 d € R HasbIBaeTcA pa3HOCThIO apudMeTHyecKol nporpeccuu. (T'oBopAT
TaKKe, YTO HECKONbKO Yhcesl 06pasyloT apudMeTUYecKyro IpOrpeccuio,
€CJIM OHM SIBJIAIOTCA MOC/eJ0BaTeIbHBIMU WIEHaMH HEKOTOPOH mocjiesno-
BaTeJbHOCTH — apuPMeTHYeCKOH NPOrPeccru.)

dopMysna n-ro wieHa apudpMeTHIECKOIt TporpeccuH: a,=a, +(n—1)d.
dopmyna CyMMBI n NIepBLIX WIEHOB apupMeTHYECKOH MpOrpeccu:
a,+a 2a;,+(n—1)d
[ S . Bl L T
2 2
Teomempuueckasn npoezpeccus

OnpeaeneHe. eoMeTpuyeckas nporpeccusa — MNOCIEAOBaTeIbHOCTD,
3ajjaHHas peKyppeHTHO cieayoomuM obpasom: b, =b, b,,; = b,q, rae
n€N. Yuwto q €R, q # 0, HasbIBaeTcA 3HaMeHaTelleM reOMeTpU4ecKon
IIpOrpeccum.
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dopMysia n-ro wieHa reoMeTpuyeckoit mporpeccuut: b, =b; -q" 1.
dopMysa CyMMBI N IEPBLIX WIEHOB reOMeTPUUeCcKoi nporpeccu (Ipu

1-g"
q#1):S,=b;- 1__(;.

Xapakmepucmuueckue cgolicmea apug@memuueckoll u zeomempuueckotl
npoezpeccuti

IMocsieAoBaTeIbHOCTD ABNAETCA apUPMETHUECKOH Nporpeccueit Toraa
U TOJBKO TOIZA, KOTZAa KK/l ee WieH HAYMHAs CO BTOPOTO paBeH Cpea-
HeMy apuMeTHYECKOMY COCeIHHUX, T. €. s jroboro n €N, n = 2 BbIION-

an_y + Ant1
HAETCA PABEHCTBO 4, = —— 5
B yacTHOCTH, TpH YHCIa a, b ¥ ¢ 06pa3yloT apHudMeTHYECKYIO IIporpec-
a+c
CHIO TOT/J]a ¥ TOJIBKO TOTAA, Koraa b= 5

Tpu HEeHy/IeBBIX YUCTIA a, b, ¢ 06pa3yloT reoMeTPHUECKYIO NIPOrPECCHIO
(MMEHHO B TaKOM MOPsAAKE) TOLAA ¥ TOAbKO TOTAA, Koraa b® =ac.

[IpuMepsbl peleHus 3aja4d

1. HatiauTe cymMy nepBbix 20 WieHOB apupMeTHYeCcKOl IIPOrpeccuy,
eCcliv a1 +ay; =4.

PelmieHue. 3aMeTHM, UTO A9+ Q1) =dg +a13 =Ag+ a3 =...=a; + Ay,
TakuM obpasoMm, S,o = (a;p+a;;) - 10=40.

Mo>xHO 6bUIO pelIdTh 3Ty 33/ja4y U APYTHM CTaHAAPTHBIM criocobom:
BBIPA3UB ;g U a;; Yepe3 [epBhIii WieH NpOrpeccuy a, U pa3HocTb d, No-
JIyYUM, UTO Ao +aq; =2a; +19d =4. B To e BpeMa 110 popMyJie CyMMBI
2a,+19d .20 = 40.

2

2. B apudmeTHyeckoit mporpeccuy YeTBepThii wieH paseH 1. IIpu ka-
KOM 3HaYeHMH Pa3HOCTH NPOH3BeAeHHe BTOPOTO U CeJbMOro WieHOB 6y-
AeT HaubonbIUM?

Pemwenne. O603HayuM pasHOCTb Nporpeccud yepes d. Toraa

a,-a; = (a,—2d)(a;+3d) = (1-2d)(1+3d) = —6d>+d + 1.

aprupMeTHYECKOH NPOrpeccuH Syq =

Ksagpatuunaa ¢ynkuusa f(d) = —6d? +d + 1 aocturaer HaubosbILIETO

3HayeHMs npu d = 1
pud=75.

1
OTBerT. 15

3. Tom Coitep kpacwt 3a6op gnuHO# 105 MeTpoB, IpUyeM JeHb 3a
JIHEM JUTMHA BHIKpAIeHHOH 3a OAMH AeHb YacTH 3ab6opa yMeHbllasach Ha
OZIHY U TY Xe BeJIMYMHY. 32 CKOJILKO JHel ObL1 MokpalleH 3abop, ecu 3a



§7. loceRoBaTEIbHOCTH M NIPOTPECCUH 55

nepBble TpU HA ToM BeIkpacit 36 MeTpoB 3abopa, a 3a NocJieAHNe TPH —
TOJIbKO 27 METpPOB?

Pemenue. Ilycth ToMy noHazo6MI0Ch Ha MOKpacKy n AHeH U B AeHb
¢ HOMepoM k OH MoKpacun a, MeTpoB 3abopa. [To ycyoBuro yKcna a; 06-
pasytor (yObIBalolIy0) apupMeTHIECKYIO IIPOTPECCHIO.

3aMeTHuM, 4TO a; +a, =a, +a,_; =das +a,_,, a [0 YCJIOBHUIO

a,+a,+az+a, ,+a, ;+a, =36+27=63.

Orcioaa ciegyert, uto a,; + a, = 21. ITo dopMmyne cyMMEI WwieHOB apudme-
a,+a,
2

THYeCKOMN NpOrpeccuu S, = -n =105, otkyaa n=10.

OTtger. 10.

4. MoryT iu yucia 2,3 1 17 66ITh WieHaMH (He 006s3aTesIbHO MocJe-
JOBaTeJbHEIMH) OAHOM reoMeTpUYeCcKOii porpeccuu?

Pemenue. Ecii 651 Takast mporpeccus CyniecTBOBajla, TO UMeNH Obl
MecTo paBeHcTBa 3=2-q" 1 17 =3 q* npu HexoTophIX k, n €N, a 3HauuT,

k n
(%) = (132) & 3kt =2K. 17" yTo HeBO3MOXKHO (XOTA GBI IOTOMY, YTO

JieBasi 4aCTh HeYeTHOe YUCJIO, a [TpaBas — YeTHOeE).

5. llaHa apudMeTHUeckas MPOrpeccus C nepsBbiM WIEHOM 1 M pasHo-
CThIO 2. JIoKaXUTE, YTO YHUCJIO
! + 1 +..+ —1
Vat+ya Gt/ T At /A
ABJIAETCA LIJIBIM.

Pemienne. IMmeem
1 1 1

VE+va  ygmrvam Tt v
VGG GG, /T T

02 - (11 (.13 - (12 : a (140

VBT TG T T

= + +..

d d 4
_ V0= Va4 VSl—s/T_4
- d - 2 -
6. Haiizute Haubo/blIyi0 PasHOCTb apupMeTHYECKO NMpOrpeccuH,
cpey WIEHOB KOTOPOH €CTh YMCia 17 115 113.

Pemenue. O603HaYUM PasHOCTb apUPMETHYECKOM MPOTPECCHU Ye-
pe3 d. Ilo yc/noBHIO AJ11 HEKOTOPBIX YHcel n, k € N HMEeIoT MecTo paBeH-

crea 1 1 2 1 1
TRV VA i T Rt Tl 3 T
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CJ1eJOBaTEJIbHO,
n 13 2
=== U d=g75—.
k 17 15-17-n
M3 mocjieAHEero paBeHCTBa CAEAYET, YTO 3HaueHue d 6ygeT HauOOMbIINM
[IpU HaMMEHbIIIeM 3Ha4€HUH N, a U3 IePBOr0 PABEHCTBA CJIEAYeT, YTO Hau-

MEHbIINM 3HadyeHueM n fABjdeTcd 13 (Mb6o n zenutcs Ha 13). Ciexosa-

2
TEJIbHO, HauboJblllee 3HayeHUe d = m Hepr,zu{o 3aMeTUThb, 4YTO

IIPU 3TOM JlaHHBbIE YUcIa AeUCTBUTENbHO OYAYT ABNATHCA WieHaMH apud-

METHYeCKOH ITPOrPeCcCHH C 3TOM pPasHOCTBIO U a; = 17

7. [lBa MOJIOXUTENbHBIX HePaBHBIX YMC/A SIBJSIOTCA NEPBLIM M Tpe-
TbUM WIEHAMU HEKOTOPOH apudMeTHUeCKOH IPOrpecchH, U OHU XKe ABJIA-
I0TCSl IEPBLIM M TPETHHUM WIEHAMH HEKOTOPOU reOMeTpUYECKOH Iporpec-

cHM. Y KaKOH M3 3THX MPOTPECCHi CyMMa MepBhIX TPexX WIeHOB 6oblue?

OTBeT. y apudpMeTHUECKOH.
Pemrenne. O603HaurM AaHHble yncaa a U b. [1o xapakTepucTHYECKUM
CBOMCTBAM MporpeccHid BTOPOM WieH apu(pMeTHYEeCKOM Iporpeccuu pa-

a+b o .
BEeH ——, & BTOPOH WIeH reOMeTPHYeCKOH NPOrpeccuu paBeH vab. Tlo
HepaBeHCTBY MEXAY CpeAHUM apupMeTUYECKHM U CpelHUM reoMeTpHye-

CKUM (CM. TEOpPETUYECKYIO CIIPAaBKY) a—;b > v ab, ecnu a#b. Otcroga cie-

ayeT (BeAb [IepBbIN M TPETUH WIeHbI MPOTrpeccUit COBNaAaoT), YTO CyMMa
YIeHOB apudMeTHUeCcKO# Tporpeccuu Goblle.

8. Pasnuunble uncia a,b U ¢ (B ykaszaHHOM nopsake) o6pasyloT reo-

1
METPHYECKYIO MPOTPeccHIo, a YHCHA 7, 777> 1 (B TOM Xe MOpAA-

Ke) — apudMeTHUecKywo. Halaure cyMMy WieHOB apupMeTHYECKOM Tpo-
TPECCUH.

PewreHue. [1o xapaKTepUCTUYECKOMY CBOHCTBY apu@MeTHYECKOH Mpo-
rpeccuy BEPHO PaBEHCTBO

1_1__1_1<___>a—b__b—c
b+1 a+1 c¢c+1 b+1 a+1l = c+1°

O603HaYMM 3HaMeHaTeslb JAHHOW B YCJIOBUM TeOMeTPUYEeCKOM Iporpec-

b
CHH 4epe3 g U IoACTaBHUM B 3TO paBE€HCTBO YMdjIa a = a HC= bq HOJl'y‘{I/IM

b
b"; qb b

Ty gb+1 ‘:’b(l—‘)(qb+1) —b(q—l)( +1) =
q

_ blg—1){b+q
o b 1)q(qb+l): q( )
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OTKyZa ¢ y46TOM HepaBeHCTB q # 1 u b #0 cneayer, uto gb+1=b+q &
< (q@—-1):(b—1)=0, a 3nauur, b =1 u uckomas cymma apupmeTnde-

. 3 3
CKOI IIporpeccHy paBHa S = 5r1= 2"

9. lllecTh MPOCTBHIX YMCeN ABIAIOTCA INOCAEAOBATENbHBIMU WieHaMH
BO3pacTarollell apudMeTHyecKoi nporpeccuu. JIokaxuTe, YTO pasHOCTb
aTol nporpeccuu He MeHee 30.

Peumrenue. IIpegnonoxum, 4To pa3HOCTb IIporpeccuy HeueTHa. Toraa
B 3TOH nporpeccuu 6yAeT Kak MUHMMYM TPU YeTHBIX YHC/A, YTO HEBO3-
MOXXHO. AHAJIOTUYHO €CJIM Pa3HOCTb [TpOrpeccHu He KpaTHa 3, TO B 3Ty
MpOrpeccuio BXOAAT KaK MUHHMMYM /IBa 4YHMCJIa, KpaTHbe TpeM. 3HAYuT,
pa3HOCTh NPOrpeccuy KpaTtHa 2 ¥ 3, T. e. KpaTHa 6.

Ecsm pasHOCTH MPOrpeccHy He KpaTHa 5, TO B HeH eCTb WIeH, Kpart-
HBIi 5. Toraa aTo nmpocTto yuciao 5. Eciu 5 — nepBeli WieH nporpeccuy,
TO CpeJy OCTABIIMXCA 5 WIEHOB eCcThb ellle OAWH WI€H, KPaTHBIM 5, 4To
HeBO3MOXXHO. EC/d ke 5 He siB/iAeTCA NMEPBBIM WIEHOM, TO IEepBBI WieH
OyzeT oTpULIaTeNbHBIM, MO0 paHee AOKa3aHO, YTO Pa3sHOCThb IIPOTPECCUH
He MeHbl1e 6.

WTak, pasHOCTb [IpOrpeccu KpaTHa 5 U 6, T. e. kpaTHa 30, a 3Ha4MT,
He meHee 30.

WHrepecHo, uyTO nporpeccusa 7, 37,67,97,127, 157 cOCTOUT M3 NpO-
CTHIX 4ymcesn.

IoaroroBuTeNbHbBIE 3aJ4a4H
1. Jlana apudMeTHYecKass MPOrpeccus C MepBbIM WIEHOM 2 U pas3Ho-

cTbiO —3. HalauTe AecATHIN WieH 3TOM Iporpeccuu U CyMMY IepBHIX Je-
CATH €€ WIECHOB.

2. Bropotii wieH apu¢$pMeTHYECKOIH Mporpeccyy paBeH 5. Hatiaure cym-
MY NEPBBIX TPEX WIEHOB IPOrPeCCHH.

3. B apudMeTHYECKOl MpOrpeccHu dyy = 30 U azy = 20. Haliaure ag.

4. CyMMa nepBhIX AeCATH WIEHOB FreOMeTPHYeCKOH NMPOrpeccH paBHa
1023, a nepsslii WwieH paBeH 1. Hailgure aHaMeHaTesb IPOrPECCHH.

5. TpeTuii WieH reomeTpuyeckoi rporpeccuu paBeH 4. Halaure npo-
H3BeJeHHe NEePBLIX IIATH WIEHOB IIPOTPECCHH.

6. Haiigure miecToll u AecATHIN WieHbl BO3pacTallieil reoMeTpuye-
CKOI1 MMporpeccyy, ecjiM UX CymMMma paBHa 16, a npou3BejeHHe YeThIpHA-
ALAaTOTO ¥ BTOPOTO WIEHOB 3TOi Nporpeccuu paBHo 60.
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7. CyMMa IATOro W [EBATOTO WIEHOB I'eOMETPHYECKOH Nporpeccuu
paBHa 7. Haiaure cymMy MX KBajparToB, eCJIM [IPOM3BeJEHHE LIECTOrO
¥ BOCbMOT'O WIEHOB 3TOM Nporpeccuu paBHo 12.

8. Haﬁ.ﬂHTe HaHGOJIbHIy}O 13 CYMM IE€PBLIX N WICHOB IIPOTpeCCUH, €CIN
a; = 78, a, = 70.

9. CymMa Tpex yuces, 006pasylonmnx apudMeTHUECKy0 MPOrpeccHio,
paBHa 12. Haiiaute Haubosblllee 3HaueHUe NPOU3BEAEHHUSA ITUX YHUCE.

10. Moryt su uudpsl NPOCTOro Tpex3HaYHOIo YMcyia oOpa3oBbIBATh
apupMeTHYeCKyI0 MPOrpeccuio?

OcHOBHBIE 3aJa4yH

1. Kaxxzgoe u3 uucen 7,8,9,10,11,12,13, 14, 15 yMHOXKAIOT Ha KaX-
Aoe U3 yncen 3, 4, 5, 6, 7, 8 ¥ nepes, K&XXAbIM U3 MTONTy4YeHHBIX [IPOU3BEJe-
HU IPOH3BOJBHBEIM 06pa30M CTABAT IUTIOC WIM MUHYC, TTOCJIE Yero Bce 54
MOJY4YEHHBIX pe3y/bTaTa CKiaajblBaioT. Kakyro HaMMeHbIIYIO 110 MOZAYJIIO
Y KaKyl0 HauOOJbIIYI0 CYMMY MOXXHO MOJYYUTh B HTOTE?

2. MoryT a1 uncaa 1, v2 u +/3 6biTh wieHaMmu (He 06s13aTeIbHO MoCIe-
JIOBaTeJIbHBIMM) OAHOM apUMeTHYECKOM IIPOrpeccuu?

3. B apudmernueckoii mporpeccuut a; = —85, a;o — ee NepBblil N0JO0-
XUTebHBIN WieH. Kakue 3HaueHHA MOXKeT NPUHUMATh pa3HOCTh IIporpec-
cuu?

4. B apupMeTHYECKOH NIPOrpeccuu NATHIH wieH paseH 2. [Ipu kakoM
3Ha4YeHUU PA3HOCTH NPOrpeCcCHH CyMMa BCEBO3MOXXHBIX IOMAPHBIX NPO-
M3BeJIeHHH YeTBepTOro, CebMOrO ¥ BOCBMOTO WIEHOB IIporpeccuu 6yaet
HauMeHbIIeH?

5. Haiiaute BceBO3MOXKHbIe 3HAUY€HMS d, IPH KOTOPBIX uuciIa 24/ 2a,
—8, 3V 8a ABAAKOTCA, B HEKOTOPOM IOPAJIKE, I10C/IeI0BaTEIbHBIMU WieHa-
MU apudMeTHYeCcKOH ITpOTrpPeccHH.

6. OTHoLIeHe CYMMBI NIepBBIX TPeX WIEHOB Bo3pacTarolleil apudme-
THYECKOM IIPOTPEeCCHH K CyMMe ee NIOCIeYIOIHX CEMH WIEHOB PaBHO 7 : 3.
HaiignTe pasHOCTb MPOrpPeCcCHH, eCiM U3BECTHO, YTO y Hee UMeloTca ABa

7
COCEeJHHUX WiIeHa, IPpONU3BE€AEHHE KOTOPLIX PaBHO — e

7. CymMa Moay/eil WieHOB KOHEYHOH apUdMeTHYeCKOH Nporpeccuu
paBHa 100. Eciu Bce ee WieHb! YBEeIUYUTh Ha 1, TO cymMMa MoayJeit wie-
HOB HOJIYYeHHOH mporpeccuu Oyger Taoke paBHa 100. Kakue 3HaueHus
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TIPH 3THX YCIOBUAX MOXET IIPUHUMATh BenuuHa nd, rae d — pasHOCThb
NIPOTrPECCHH, a N — YHUCJIO ee WIEHOB?

8. OGo3HauMM 4epe3 S, CYMMY MNEpBBIX N WIEHOB HENOCTOSHHOM
apudmeTHdeckod nporpeccun. Haigute Bce NMPOrpeccHH, AjiA KOTOPbIX
1IpH Bcex 1, k € N BBHINIONHAETCSA paBeHCTBO S, - S, =Sy

9. JIoKaXXuTe, YTO CYIIECTBYIOT apUudMeTHYeCKHe NIPorpeccuy Mpous-
BOJIHOM JJIMHBI, COCTOALIHE M3 MTOTIAPHO B3aMMHO ITPOCTHIX YHCEJI.

10. Tpu uMcIa, CyMMa KOTOpHIX paBHa 12, o6pasyloT apudmeru-
yeckylo nporpeccuio. Eciu BTopoe uHCIO OCTaBUTh 6e3 H3MeHeHHH,
a mepBoe U TPeThbe YBeJMYUTh Ha 1, TO MOJYYUTCA TeoMeTpuvecKas
nporpeccus. Haiiaure atu yucia.

11. TeomeTpHueckas NMporpeccust ¢ OTPULATENBHON CyMMOH COCTOMT
Y3 YeThIpex WIeHOB. BoI6pocuB 13 Hee BTOPOM WieH, MbI ITOJIyYHM BO3pac-
Tawuyo apupMeTHYecKylo mporpeccuio. Haiiiure 3HaMeHaTelb UCXOA-
HOIf reoOMeTpHUYeCcKO Iporpeccuy.

12. Tpu NONMOXKUTEILHBIX YHC/Ia 00pa3yioT BO3pacTalollyto apudMeTH-
yeckyio nporpeccuro. Eciu cpesnee U3 HUX yMeHbIIATh Ha 40%, To mosny-
YUTCA reoMeTpHYecKas mporpeccus, cymma Kotopoit paBHa 39. Hatizure
3TH YUCIIA.

13. HaiiauTte Bce cocTosimive He MeHee YeM M3 TpeX MPOCThIX YMCell
apupMeTHYeCKHe NIPOrpeccuH ¢ pasHocThio 10.

14. Haiigute Bce Bo3pacTalolide KOHeyHble apudmeTHyeckue Ipo-
TPECCHUH, KOTOPHhIE€ COCTOAT U3 HPOCTBHIX YHCEJN U ¥ KOTOPHIX KOJIHMYECTBO
WwieHOB Oosbllle, Y4eM PasHOCTb HPOrPECCHH.

15. JlokaxxuTe, 4TO NOCAEA0BATENBHOCTD, CyMMa 1 IEPBLIX WIEHOB KO-
TOpoIi 3azaercs dopmysnoit S, = 3" — 1, ABIAETCA reOMETPUYECKOH Mpo-
rpeccuei.

16. 13BeCTHO, YTO NEPBBIHA, J€CATHIH U COTHII WieHbl FEOMEeTPUYECKOM
IIporpeccui ABIAIOTCA HaTypaJbHBIMU YUCIaMU. BepHo Jiy, 4To 99-i1 wieH
3TOM MpPOrpeccHy TaKKe ABMAETCS HATyPaJIbHBIM YHUCIOM?

17. CapoBHUK, NPHMBUB YEPEHOK PEAKOr0o pacTeHMs, OCTaB/sIeT €ro
pacTu jBa roa, a 3aTeM exerogHo 6epeT oT Hero 6 yepeHKOB. CKOJIBKO
pacTeHMil U CKOJIBKO YepeHKOB y Hero 6yzeT yepe3 12 neT?

18. Cymma 1wectHazuaTty yuces pasHa 0,5. Vi3BeCcTHO, 4TO cyMMa JIIO-
6pIX 15 U3 HUX HONCXKUTeNbHA. Kakoe HauMeHblllee 1ie/ioe 3HauyeHue MOo-
KeT MIPUHUMATh HaUMeHblllee U3 3TUX YHCeN?
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19. Bce 4ieHBl noceA0BaTENbHOCTH SIBJAAIOTCA HaTypPaJibHBIMM YHCIa-
MH. Kaxzablil wieH 2Toit moc/ieoBaTeIbHOCTH HAYHHasl CO BTOPOro JU60
B 11 pa3 6onbiue, 1160 B 11 pa3 MeHblle npegsiayuiero. Cymma Bcex wie-
HOB IOCJIEA0BaTeIbHOCTH paBHa 2231.

a) MoxeT Ji1 moc/ie0BaTeIbHOCTh COCTOATh U3 2 WIeHOB?

6) MoXXeT JIM MOC/Ie10BaTe/IbHOCTh COCTOATh M3 3 WIEHOB?

B) Kakoe Haubosiblliee KOTUYECTBO WIEHOB MOXKeT GBITh B I1OC/IEZOBa-
TEJbHOCTH?

20. MOXHO 1 NpUBECTHU NIPUMeP IIATH Pa3JUYHbIX HATyPAJIbHEIX YH-
ceJsl, NIPOU3BeJieHHe KOTOPLIX paBHO 1008 u

a) mnATh; 6) yeThIpe; B) TpH
M3 HUX 06pasyloT reoMeTpHUYeCcKyI0 POrpeccuio?



OTBeThl, yKa3aHUs, PellleHUsI

§1. JleiuMocCTh U ee cBo¥cTBa. [IpU3Haku AeIMMOCTH

JduarHocruyeckas pa6ora 1

1. OTBerT. 1; 4 win 7.
2. OTtBer. Jla.

3. OTBerT. 3.

4. OrBer. Her.

1.1. CBoiicTBa AEJIUMOCTH

IMoaroroBuTesibHbIE 3aKa4YU

1. OrBert. Het (Hanpumep, 12).

2. OTBerT. /Jla.

3. OtBer. [la.

4. OTBer. Het (Hanpumep, a =2).

5. Ykazanue. Bryienure U3 MCKOMOro BHIp@XKeHUA cjlaraeMble, KOTO-
phle 3aBEeIOMO JAeIATCA Ha 3.

6. OTeer. 1.

7. OTBer. 1.

8. OtBer. 1; 3.

9. OtBer. 1.

10. Yxa3zaHue. PaccMOTpUTe 1O OTAEIBHOCTH AENMMOCTb HA 2, Ha 3
U HaS5.

11. OTBer. Hanpumep, 1; 2; 3; 6; 12. Yka3anue. [Tonpo6yiiTe npuzy-
MaThb JBa TAKHX YMCJIA, 3aTEM K HUM MoAOepHUTe TpeThe U T. A.

OcHOBHbI€ 3aa4H

1. Yka3zaHue. YMHOXbTE YHCIUTENb JPOOU Ha 5, 3HaMeHaTeslb — Ha 3
U BBIYTHUTE OAHO K3 APYTOro.

2. Yxa3zaHHe. Pa3sioxyTe BrIpaKeHHe Ha MHOXHUTEJIH U pacCMOTPUTE
IO OTAEJBLHOCTH JEeJIUMOCTbh Ha 3 U Ha 8.

3. Yxazanue. PaccMOTpuTe JBa CIydasi YeTHOCTHU n, B ¢Jlyyae HeyeT-
HOr0 paCCMOTPUTE JeJIMMOCTb Ha CpeIHee YMC/IO JaHHOH MocjiefoBaTelb-
HOCTH, a B CJIy4ae YeTHOro — JeJIMMOCTb Ha CYMMY JABYX YMCeJl, CTOAIIMX
B cepeAuHe N10CJ1e]0BaTe/IbHOCTH.

4. Oteer. 133.

S. OTBer. 251.
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1.2. IIpu3HakKu AeJIUMOCTH

INoaroroBUTE/AbHEIE 3a/ja4H

1. OTBeT. a) 99832476252; 6) 99832476252; 2012; B) 79255,
r) 99832476252, n) HeT Takux uucesn, e) 99832476252; x) 79255.

2. Yka3zanue. PaccmoTpUTe BapuaHThl Y4eTHOCTH JaHHBIX YUCEL.

3. Ykazanue. PaccMOTpUTE BapuaHThl YETHOCTH JaHHBIX YHCET.

4. Pemienue. Tak Kak UTOrOBOE IPOU3BeJEHHE HEYETHO, BCE COMHO-
JXUTENU TOXKE HeyeTHBI. 3HAYUT, U CyMMa, U [IPOU3BeJeHUe HCXOAHBIX YU-
ceJl HEUeTHBI, Yyero ObITh He MOXeT.

5. OTBeT. 4. Yka3zaHue. Boiunciute cyMMy LU$p B 3TOM YHUCIIE.

6. OtBeT. 1155;4155; 7155;3150; 6150; 9150. Yxa3zaHue. PaccMmoT-
pHTe cHavaja leJMMOCTh Ha 5, a 3aTeM — Ha 3.

7. OTBet. 9108 win 8100. Yka3aHnue. PaccMOTpHTe cHayajla Jeju-
MOCTb Ha 8, a 3aTeM -— Ha 9.

8. YkasaHue. [locuuTaliTe CyMMy BceX CYMM LIMQP AaHHBIX YUCE, IS
3TOro NMOCYMTAKNTE KOJUYECTBO BCEX COCTaBJIEHHBIX YHCEI.

9. OTBeT. 9876543120. Yka3anue. [leTMMOCTh Ha 9 cieayeT U3 Je-
JIMMOCTH CyMMBbI nup Ha 9, a yToObl ObUTa AEIMMOCTD Ha 4, YUCIO U3
ABYX HaUMeHbIUWUX UU}P, YAOBIETBOPAIOIIEE ITOMY YCIOBHIO, CTABUTCA
B KOHeI] UCKOMOIro YMca.

10. OTBeT. HeT. YkazaHue. CymMa uu¢dp Ha YETHBIX MECTax He MOXKeT
6bITH PaBHA CyMMe IIMQp Ha HEUETHBIX MecTax (Tak Kak cyMMa Bcex uudp
HeueTHa). Ho oTiuathes Ha 11 u 6onbliie OHYU TOXe He MOTYT (paccMoT-
pUTe HAaUMEHBIIYI0 U HaubONbLIYIO BOZMOXXHbBIE CYMMBI).

11. OTBeT. HeT. Yka3aHue. JleBas yacTh He Aeautcsa Ha 11, a npaBas —
JeJIATCA.

OcHOBHBIE 3aJa4YH

1. OtBer. 523152; 523656. Yka3anue. MickoMoe 4YMCIO AOMKHO Je-
JvTbesa Ha 504.

2. OTBeT. HeT. Yka3aHue. PaccMOTpUTE Y4ETHOCTh CYMMBI YMCEJT B KaXK-
JI01i TpyTIie ¥ YeTHOCTb CYMMBI Bcex uuces oT 1 zo 21.

3. OtBeT. Het. Yka3anue. Vicnonb3oBaHo 10 6ykB, 3HauMT, OAHA U3
HUX 0603Ha4aeT yuopy 0. Pa3 npousBeseHus paBHbI, TO 9Ta 6yKBa NOBTO-
paerca B 060oux cioBax. 3HAYUT, 3T0 JI wim O. JI 66T He MOXET, TaK Kak
¢ Hee HauYUHaeTcs yncio «/IOMOHOCOB». 3HauuT, O paBHO HYJIIO, & TOrZa
yueno «MUXAMIO» yeTHo.

4. OtBeT. 8910. Yka3zaHue. 3TO YMCJIO JOKHO AeIUThcA Ha 990, a Ta-
KHe YHC/Ia MOXKHO nepebpars.
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5. OTBeT. 9. Yka3zanue. Ilo npu3HaKy paBHOOCTATOYHOCTH PasHOCTH
3TUX YUCeN AEeNUTCA Ha 9, 3HAYUT, MeHblle 9 eqUHUL] OBITE He MOXET.
[Mpumep anda 9 eauHUL, HanpuMep, Takoil: 9087654321 — 8976543210 =
=111111111.

6. OTBer. a) Aa; 6) Aa; B) HeT. Yka3aHHe. B nepBbIX AByX MYHKTax
HeTpYAHO HAaWUTH CyMMy AP Ha YeTHHIX U Ha HeYETHBIX MeCTax Tak, 4To-
OBl OHM OT/IMYaIKCh Ha 11 B 1. a) ¥ Ha 22 B 1. 6). OcTaHeTca mogo6paTh
4ucJIa, HaNpUuMep, Tak: a) 97836265401 u 6) 305162847 (BceBO3MOXKHBIE
niepecTaHOBKU IMP, CTOSIUX Ha MeCTaX OAHOI YeTHOCTH, JaAyT ropaszio
6onbuie, yem 11 BapuaHTOB). B 1. B) cyMMa Bcex UUp HeYeTHa, 3HA4HT,
Pa3sHOCTb MEXAY CyMMaMH UM¢p Ha YETHHIX U Ha HEeYETHBIX MecTax J0JXK-
Ha ObITh paBHa 11, YTO HEBO3MOXKHO.

7. OTBeT. 987652413. Yka3aHue. Haiigure, yeMy MOryT ObITh paBHbI
CyMMbI [ p Ha YETHBIX H HEUETHHIX MECTAX, I10CJIE Yero BKIIOYUTE B CyM-
My Ha HeYeTHBIX MecCTax camele 6osbliie HedeTHble HUOPH: 9;7; 5, a B
CYMMy Ha YeTHBIX — caMbie Gosblie YeTHeIe: 8; 6.

8. OTtBerT. 45; 54. Yxa3auue. 2430 aenurca Ha 5 ¥ Ha 81. 3HaYuT, MC-
XOAHOE YUCJIO ATUTCA Ha 9 U UMeeT B cBoel 3anucy uudpy 5.

9. OTBeT. HeT. Ykazanue. Eciiu C/I0XKUTD AeCATb HEUETHBIX YHCeN, TO
cyMMa OyAeT YeTHOM.

10. Yxa3auue. McxogHoe 4iciIo YeTHOe, 3HAYUT, ero KBajpaT AOLKeH
JenuTheo Ha 4.

11. OrBerT. 2. Yka3anue. CymMa Bcex yuces paBHa 37 - 19, a oHa A0mK-
Ha JeJINThCA Ha IOC/IeJHee 4u(/I0, 3HAYUT, NocaeJHee YUCA0 paBHO 19,
a TOrZAa TpeThbe MOXeT GLITh PaBHO TOJIBKO 2.

§ 2. OcraTku

JuarHocruyeckas pabora 2

1. OrBer. 2012=154-13+10.

2. OTtBer. 0.

3. OTBer. 3.

4. OTBeT. /lesiuTenb paBeH 3, OCTaToOK 2.
5. OTBer. 21; 26; 31; 36.

IToaroroBHuTE/IBHBIE 3a4a4H
1. OTBeT. a) 2;6) 0; B) 2; 1) 3; 1) 5.
2. 0tBeT. a) 0;6) 0; B) 3; 1) 2; 1) 6.

3. OTtBer. 1.
4. OTBerT. a) 6; 6) 9; B) 5.
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5. ¥ka3zanue. PaccmoTpuTe Bce BapHaHThl OCTaTKOB MCXOAHOI'0 YHCIa
OT JiejleHud Ha 4.

6. YkaszaHue. PaccMOTpUTe Bce BapMAHTHl OCTAaTKOB MCXOLHOTO YHUCa
OT JejleHus Ha 5.

7. YkazaHue. Pa3noxuTe UCXOAHOE YUC/IO HA MHOXXUTEIU U PacCcMOT-
pHUTe OCTAaTKU OT JefieHNs Ha 3.

8. OTtBeT.a) 0;1;6; 6)0;1;8.

9. Yka3aHue. Bocnonb3ylTech pe3y/bTaTOM INpeAbIAyLIero puMepa.

10. YkasaHue. PaccMOTpHTe OCTaTOK JAHHOrO 4YuUcjia OT ACJAEHUA
Ha 9.

11. Yka3aHue. B 1. a) paccMOTpUTe OCTaTKH, KOTOpbIe KBaJPaThl MOTYT
[aBaTh MPHU JesleHuH Ha 3, B 1. 6) pacCMOTPUTE OCTAaTKH, KOTOpbIe KBaJ-
paThl MOT'YT ZlaBaThb [1pY JA€JIEHUU Ha 4, B) paCCMOTPUTE OCTATKH, KOTOPLIE
KBa/ipaTbl MOT'YT AaBaTh IIPU AE€JE€HUU Ha S.

12. Yka3aHue. [IpyuBeyTe BoipaXkeHHe K 0011eMy 3HaMeHaTeto 1 J0-
Ka)XKMTe, YTO YHCJIUTENb AeJUTcs Ha 3 U Ha 5 (paccMoTpeB OCTaTKH).

OcHOBHBIE 3aja4H

1. OTBeT. 1946. YkaszaHnue. JJoKaKUTe, YTO HEMOJIHbIE YacTHLIE B 060-
HUX Cy4asnx OyAyT OMMHAKOBEIMH.

2. Yka3zaHue. 3ameHuTe 2222 1 5555 Ha MX OCTaTKHU OT JAejleHuA Ha 7.

3. Ykaszauue. PacCMOTpPHUTE OCTAaTOK @HHOI'O BLIDAXKEHUS OT AeIEHUA
Ha 7, U UCIOJAb3YHTE TO, UTO LlecTas CTelleHb NPH Jej€eHUU Ha 7 JaeT
TOJBKO OcTaTku O U 1.

4. OtBeT. 959. Yka3zauue. Ecjii K HCKOMOMY 4YucaIy npubaBUTh 1, TO
OHO OyZeT JeuThcs Ha 3, Ha 4 U Ha 5.

5. OTBer. 2,5.

6. Pemienne. Eciu B IeCATU3HAYHOM YHC/le BCe UUPPHI pa3/MUHBL, TO
cymMa Bcex nudp paBHa 45, a Toraa OHO AenuTcd Ha 3. 3HaYMT, MICKOMBIA
KBaJparT JaeT OCTaTOK 2 OT JeJieHus Ha 3, yero 6bITb He MOXeT.

7. YkasaHue. VCcXoAHOE YMCJIO JaeT OCTaToK 1 OT pAejieHuda Ha 9
v Ha 11. Cymma uudp He MoXeT ObITH paBHa 1, 3HAYUT, HaZO AOKA3arTh,
4yTO OHa He paBHa 10. PaccMoTpuTe pasHOCTb MeXAy cymmol nudp Ha
YeTHBIX M Ha HEYETHBIX MeCTax U OlleHHUTe ee.

8. OTBeT. 0. YkasaHHe. B kaxJoM JecsiTKe cyMMa unces OyJeT OKaH-
YUBAThCA Ha OZHY U Ty Xe uudpy.

9. Yka3zaHue. 3aMeHHTe YMCia BUjla n — k Ha cpaBHUMbIe C HUMH YHUC-
na —k.

10. Yka3auue. JIOKaOXXHUTE, YTO ITO NMPOU3BEAEHUE AeaUTcs Ha 3, Ha 4
U Ha S.
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11. OTBerT. Pewienuii HeT. YkazaHHe. PaccMoTpuTe GOpMYJIbI feleHUs
c ocraTkoM Ha 100 1 Ha 1995, nocjie yero npUpaBHANTe UX NIpaBbie YaCTH
Y HCIIOJIb3yiTe PaBEHCTBO U3 YCIOBUSA.

12. OTBer. 28570. Yka3zauue. PaccMOoTpuTe IepHOAMYHOCTb OCTaTKOB
yycen Buga 2" u n® oT AejieHus Ha 7.

13. OtBerT. (52;34) u (34; 52). Yxaszauue. OueHure yuciao 1, mocie
yero npeoGpasyiiTe 3anuch AeieHus a® +b? Ha a +b ¢ ocTaTkoM, Bble-
JIMTe MOJIHbIE KBAaJPaThl U paCCMOTPHTE, KaKue NocieAHUe 1Mppbl MOTYT
OBITh y 3THX KBaJpPaTOB.

14. YxasaHue. PaccMOoTpuTe OCTaTKH Yucesn BUAA 2" OT JesieHus Ha 5
M Ha 13.

15. Yka3zanue. PaccMoTpuTe OCTaTKH OT AejieHud Ha 3 U Ha 8.

16. Yxa3anue. O6o3HaubTe 2" — 2 = nm, MOCJIe Yero BOCIIONb3yHTeCh
$opMysiol «pa3sHOCTb OAMHAKOBBIX CTENEHEH».

17. YkazaHue. CHauasa JOKXUTE YTBEpXKAEHHUE JJIA IPOCTHIX N, NOCJIE
Yero JOKaXWUTe, YTO eCJIH OHO BEPHO I n=a U A n=>b, TO OHO BEpHO
U s n=ab.

18. Yxa3aHue. PasHoCTb MeXAy NI0OBIMH ABYMs COCTaBJI€HHBIMU YHC-
JlaMH JeIUTcA Ha 9, a 3HaYMT, €CJIM OZHO U3 HUX JeJIMTCA Ha BTOpOe, TO UX
Pa3HOCTb TaKXke JeJIUTCA Ha BTOpOe, IPUYEM YacTHOEe JO/DKHO JeIUThCA
Ha 9 (Tak Kak 06a UCXOAHBIX YHCIa Ha 9 He Ze/IATCA), a OHO He IpeBbIIa-
eT 7 — NpOTUBOpeYHe.

§ 3. JlecaTuyHas 3amMuch YHCIa

JuarHocTudeckas pa6ora 3

1. OTBeT. 214 cTpaHuL.
2. OTBer. 18 seT.

3. OTBeT. 1052636842,
4. OtBer. Her.

IToagroroBuTEABHBIE 3aa4YH

1. Yka3anue. VcnonbayiiTe pasnoxeHue 4ucia 10 creneHaM yucaa 10
Y 3aMeTbTe, 4TO Jobas creneHb yucia 10 gaeT octaTok 1 OT AejeHus
Ha 9. —_

2. OrBer. 37. Pemtenne. CoxpaTuB obe yacTd paBeHCTBa ab-a-b=
= bbb Ha b, nony4uM paBeHCTBO ab-a=111. U3 pasioxeHus yucia 111

Ha NMpOCThbie MHOXKHUTENIN uMeeM ab = 37.
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3. OtBerT. a2) 911121314151617181920;
6) 101111314151617181920.

Yka3anue. [Ipu paBHOM KoauvecTBe HHp Oosblle TO YUCIIO, Y KOTO-
poro 6onblie 1udpa B cTapileM pa3psize.

4. OtBer. 72. Yka3anue. Paznoxute 1008 (monmoeuxa ot 2016) Ha
MHOXUTEJH.

5. OrBer. 142857. YkasaHmue. [IpeobpasyiiTe paBeHCTBO K BUAY

a,-99...95 =49a,...q,

M 3aMeTbTe, YTO Torga 99...95 aenurcsa Ha 7, YTO BO3MOXHO, €CJIY AEBATOK
He MeHee 4 (n=06).

6. YxasaHue. Vcronb3yiiTe NpuU3HaK JeJIMMOCTH Ha 16.

7. OTBerT. 69,

OcHoOBHBbIE 3aJauyH

1. YxasaHnue. [IpeacraBbre 0ob6a uKciIa B AeCATUYHOW GOpMe U yIIpo-
CTHUTE Pa3HOCTh.

2. Ykasanwue. [IpescTaBbTe YHUCIIO B JECATUYHOM PpopMe ¥ BOCIIONb3Yii-
Tech QOPMYIIOiT «KBaIpaT CyMMBbI».

3. Yka3zaHue. [TonyyeHHas cymma Oyzer zenurtbesd Ha 111, a 111 =
=37-3. .

4. OTser. 89. Pemenue. ab=a + b?, 9a = b(b — 1). CiegoBaTeabHO,
b=9,aTornaa==8.

5. OtBerT. 251. Yxa3anue. OueHuTe pa3HOCTb MEXAY ZAHHOU ApOOBIO
17 % CBEpXy U CHU3Y.

6. OTBer. /la. Hanpumep, 111...1599125. Yka3auue. [logbepure uuc-
JI0, OKaH4YMBamwLleecs Ha 125, ytobsr cymma ero uudp 6puia paBHa 125.

7. OrBeT. HeT. Pemienne. FMimeem 2010=2-3-5-67, a npocToe 4yHUCiIO
67 Henb3s IpeACTaBUTD B BUJe IPOU3BeAeHUA uudp.

8. Ykasanue. [IpeacTaBbTe YHCIO B JeCATHYHOM PopMme.

9. OtBet. 700; 707; 770; 777. Ykazanue. JJokaxuTe, 4YTO BCE LIUPPHI
3TOro0 YHCJ/Ia A3l0T OAUHAKOBLIM OCTATOK OT JAeJIeHHs Ha 7.

10. OTBerT. 25; 76. Yka3aHue. [IpegcTaBbTe YUCIO B AeCATUYHOM dop-
Me WIH BOCIIO/Ib3yHTeCh YMHOXKEHHEM B CTOIOHK.

11. OTBeT. 376; 625. Yka3aHue. [IpeacTaBbTe YMUCIO B JeCATHUYHOM
dopme WM BoCnonb3ylTech yMHOXEHUEM B CTONIOHK.

12. OTBeT. Takoe JBy3HauYHOe YHCJIO €JUHCTBEHHO, 3TO 81. Tpex3Hay-
HBIX YHCe] ¢ TaKUM CBOMCTBOM He CyllecTByeT. Yka3aHue. Bocnonb3yit-
TeCh AECATUYHON 3aNnHChbiO YHCIA, YTOOBI COCTABLTE YpaBHEHHE.

13. YkasaHue. Bocnonb3yiiTech JeCATUYHOM 3alKCbI0 YUCIA M IIOMe-
HANWTe MecTaMU LUHUGPHL 4 U Ay ;.
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14. YkasaHue. Bocriosb3yiTech JeCATUYHON 3alKChI0 YUCIa U NIOMe-
HAWTe MecTaMu UMQPH Gy _; ¥ Ay

15. Ykasauue. [IpeacTaBsTe YHCIO B AECATHYHOM dOpMe U BOCHO/b-
3yiTech GOpMYJION «KBaJpaT CyMMEI».

16. OTBeT. 100. Pemienne. 3aMeTHM, UTO I TPEX3HAYHOTO yKca abc

BBINIOJIHAETCA HepaBeHCTBO abc < 100(a + b + ¢), npuyeM paBeHCTBO J0-
cTuraercs npu b=c=0.

17. OtBer. 1811. Yka3zaHue. Bocronb3yiiTech JeCATUYHON 3alHChIO
yycia ¥ cGopMy/IMpyHTe orpaHUYeHUA Ha Bce Uphl HAUMHAsA C [IepBOM.

18. OrBer. 7; 8; 9. Yka3zanue. Bocnosb3yiiTech AeCATUYHON 3aITUCHIO
Yyycia.

19. Oteer. 101 uudpa. Ykazanue. OLieHHTe OTAENBHO CTENeHb ABOM-
KM M CTelleHb MATEPKU MCKOMBIMM CTerneHsAMH uuciaa 10, mocie yero me-
PeMHOXbTe NOoTy4yeHHbIe ABOHHbIe HepaBEeHCTBA H PEIUTe CUCTEMY.

20. OtBer. 3. Ykazauue. OLEeHUTE OT/JeJbHO CTelleHb JBOMKH U CTe-
[eHb MATEPKH HCKOMEIMH CTeNeHsAMH uyucia 10, nociie 4ero nepeMHoOXbTe
NoJy4YeHHbIE ABOMHEIE HEPABEHCTBA.

21. OtBet. 987654312,

22. OrBer. 7. PemieHne. 3aMeTHM, 4TO %z 0,142..., a y apobeii

C MEHbIIVM 3HAMEHATEeJIEM TaKoe codeTaHue He BCTPeYaeTcs.

23. OTBer. a) 2 ynwia; 6) 1 u 4. YkazaHue. Bocrnoab3yiTech TeM, 4TO
HecoKpaTUMas IpaBwibHas Apobb NpejcTaBisieTcA B BUJe KOHEeYHOH Je-
CATUYHOM ApOGH B TOM U TOJBKO B TOM CJIydae, KOrja ee 3HaMeHaTesib He
JeJIUTCA Ha IIPOCThle YNcia, OTIMYHBlE OT 2 U 5.

24. Yxa3zanmue. O603HaubTe Apobb Yepe3 X M AOMHOXbTe ee Ha 10
B CTeNleHH, paBHOM KOJIWYecTBy UH}p B nepHoze.

25. OtBer. HeT. Ykasanue. Yucna, omHyamouiecs nepecTaHOBKOH
uu¢p, AAIOT OAUHAKOBLIE OCTATKH OT AeJeHHA Ha 9.

26. OTBeT. 7. YKazaHue. PaccMOTPUTE OCTATOK YMCJIA OT JieJieHus Ha 9
Y OLIeHHUTE KOJMYECTBO HUPP B YUCIIE.

27. OTBer. 7. Yka3zaHHue. PaccMOTpHUTE OCTAaTOK YHCJIa OT AejieHUs Ha 9
M OLIEHUTE KOJIMYeCTBO LMdp B yucie.

28. OtBeT. 143; 143. Yka3anue. Ecmi 0603HaYUTh MCKOMbIE Tpex-
3HayHble YUCJA Yepe3 X U Y, TO LIeCTH3HA4YyHOe 4ucjIo OyaeT paBHO
1000x +y.

29. OTBeT. 9; 11; 25. Yka3zanue. OLieHUTE CyMMy TpeX 4uces, rnocje
yero czesaire nepe6op BapHaHTOB.

30. OtBeT. a) 1667;3334; 6) 16667; 33334. Ykazaume. Eciu x
M y — MCKOMBbIe TpeX3HayHble YHC/Ia, TO NTOMy4eHHOe YMCIo 6yaeT paBHO
10000x + y B 1. a) 1 100000x + y B m. 6).



68 OTBeThI, yKazaHusl, peleHus

31. OTBerT. 180625. Yka3zaHue. Bocnosb3ylTech AeCATUYHOM 3aIIMChI0
yucia.

32. OtBer. 2178. Yka3aHue. Bocronb3yiiTech AECATUYHOMN 3alMUCBIO
yucia.

33. Otser. 17; 34. Yka3aHue. Bocnionb3yiTech JeCATUYHON 3aIUCHIO
yuciIa.

34. OTBer. 6; 2; 9. Yka3zaHue. PaccMOTpUTe pa3HOCTb JaHHBIX YHCe
U JOKaXKWTe, 4TO OHa OyJeT AenuThcs Ha 37, a cjieJOBaTeNbHO, UCXOAHOE
TpeX3HayHOe YUCJIO TaKXke JO/DKHO AeTUThes Ha 37.

35. OTBeT. 7744. Yka3zaHue. FickoMoe 4HCIO JequTcsa Ha 11, 3Ha4urT,
Oyy4¥ TOYHBIM KBaJpaToM, OHO AeauTcsa Ha 121.

36. OTBer. 29; 38; 47; 56; 65; 74; 83; 92. Yka3zaHue. [loKaXuTe, YTO
cymma nudp yrwIa Jo/mKHa AeuTbes Ha 11.

1
37. OTBer. 37- Yka3zaHue. JTO 3HaueHHe JOCTUraeTcs npu a = 73,
b=37. lokaxuTe, 4TO MeHbIIe MOAY/Ib Pa3HOCTH OBITb HE MOXKET.

38. OtBer. (12; 8) wiu (23;9). Ykasauue. O6o3HaysTe yepes k KOMH-
yecTBO LKUp B uKcie b ¥ 3aNUUINTe YpaBHEHHE, 33laHHOE YCJIOBUEM.

39. OtBer. (1; 2). Yka3auue. OLeHuTe YuCio b creneHamu yucaa 10,

a 3aTeM oneHuTe b2 1 ab?.
40. OTBeT. 183; 328; 528; 715; 999.

§ 4. Hau6oabIIuii OOIMH Ae/JINTe b U HAMMEHblIIee
ob1ee KpaTHoe. OCHOBHas TeopeMa apupMeTHUKH U ee
cJ1eCTBUA

JAuarHocrudeckas pabora 4

1. OtBet. HO/] paBex 2, HOK pasno 2°-3-7-11-67.

2. OTBerT. 43.

3. Pewtenme. Pa3jenns Kaxaoe U3 4ucesl Ha MX HaubGonbLIui obmui
JeUTeNb, MOJTyYUM JBa HAaTypalbHbIX B3aUMHO MPOCTHIX 4MCIA, CyMMa
KOTOpPBIX paBHa 240 : 30 = 8. Yucio 8 MOXXHO pa3bUTb B CyMMy ZBYX B3a-
HMMHO IIPOCTBIX HaTypaJbHBIX CJlaraeMbIX JByMA criocobamu: 8 =1+ 7 win
8 =3+ 5. Takum o6pa3oM, UCXOAHBIE YHCIa MOTYT ObITL paBHbI 30 1 210
win 90 u 150.

4. Pemienne. Vimeem 2009!+2010!=2009!-(1+2010)=2009!-2011.
Tak xak 2011!:(2009!-2011) = 2010, HauMeHbIIMM YHUCJIOM, KPaTHHIM
060MM 3THM uKciIaM, byzet ynucio 20111,

5. Pemienue. ITpocThIMU MHOKUTEIAMHU yHcaa 1000 aBadioTed U 2
¥ 5. 3HAYUT, JaHHbIE B YCJIOBUH 3a/]a4M [iBa YKcjla MOTYT COAEPXKATh B CBO-
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€M pa3jIoKEHUHU Ha NPOCTble COMHOKUTEIU TOJALKO 2 U 5. [Ipu aToM ewin
B KaKOM-TO M3 3TUX YHCeJ Cpeay IMPOCTHIX COMHOXKUTEJIEH OKAXKYTCA U 2,
U 5, To Takoe ynuciao O6yzer kpaTHO 10 BONpeKH YCIOBHIO. 3HAYWT, OAHO
M3 JaHHBIX YUCeJl UMEET CBOUMH MPOCTHIMU COMHOXUTENAMU TOJBKO 2,
a fIpyroe — TonbKO 5. Toraa oaHo U3 yKces paBHO 8, a Apyroe — 125.

OTtBeT. CymMMa 4Mcen paBHa 133.

4.1. HO/l » HOK

IoaroToBuTe/IbHbIE 3aZla4H

1. OTBeT. 24.

2, OTBer. 1.

3. OTBer. 96.

4. Orser. 787878.

5. OtBer. 36.

6. OTBeT. 8044.

7. OTBer. 600.

8. OTBerT. 32. YKa3zaHue. PaccMoTpuTe 2 cilydast: KOT/Zla OZHO U3 YHCesl
paBHO 2000, 1 xoraa oHd ob6a oTIuuHbI oT 2000.

9. OTBeT. % Yucnurens ApoOu JopkeH 66Tk paBeH HOK(35,28,25),

a 3HameHaTenb — HOJI(66, 165, 231).

10. OtBeT. Ha 7 npu n=7k + 1, k € Z. YkasaHue. Vcnonn3yiite airo-
putM™ EBxiinga ana Haxoxaenusa HOZ.

11. OtBer. 1, 3.

12. OTBeT. Hanpumep, 10 u 15. Yka3zanue. [IpuaymaiiTe Takue /Ba
YyHcia, CyMMa KOTOPHIX paBHa kBagparty ux HO/.

OcHoOBHbIE 3aa4H

1. OTeerT. 1; 2.

2. OtBet. 13 u 52. Yka3aHnue. Vcnonb3yiite To, 4To 06a 3THX 4nciIa
Aenarcd Ha 13 U ABIAI0TCH JeAUTensIMu 52.

3. OTBer. (252; 36) wiu (180; 108). Yxazauue. Eciu HOJA(n, k) =36,
TO k =36x, n=36y.

4. OtBer. (115; 552) win (232; 435).

53 56
5. OTBer. 93’ 96"

6. OTBeT. -179 .

7. OtBer. 2; 6. YkazaHue. O6o3HausTe HO/(x, ¥) =a ¥ AOKaXXUTe, 4TO
6 JenuTcA Ha a, C HOMOIIBIO CBOMCTB JEJTMMOCTH.
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8. OTBeT. 9. YkazaHue. Ha 9 oHM Bce Je/ATCA, a pa3sHOCTb MEXAY
123456789 u 123456798 paBHa 9, Tak uro 6onbiie 9 HOJ 6BITH He Mo-
XKeT.

9. OrBeT. 1111. Yka3auue. Pazjenure Gosbliee YUCIO Ha MEHblIee
C OCTaTKOM.

10. OtBeT. Ha 3 npu n =2k + 1, k € Z. Yxa3aHue. Vicnonbayiite aiaro-
put™ EBriinga ana HaxoxaeHus HOJ.

11. Yxa3anue. Vcronesydte anroputm EBKINjga Ay HaXOXAeHUA
HO.

12. OTBeT. 21. Yka3auwue. Ilycts f(n) = 4"*2? + 52°*1, PaccmoTpuTe
pasHocTb f(n + 1) —4f(n). OHa TaKke AO/KHA JEJUTHCA Ha MCKOMBIH
HOZ.

13. OTBer. 36. YkazaHHe. 3TO BO3MOXHO TOTAA U TOJBKO TOr/a, Korjaa
n+1 B3aMMHO IPOCTO C KaXAbIM U3 uucen 2, 3, ..., 31.

14. OtBer. 108 win 504. Yka3zaHue. PaccMOTpHUTe cTelleHU JBOMKH,
TPOMKU U NATEpPKH, BXoAsAUMe B uckoMmelit HO/I.

15. OTBer. 1,2, 3,4, 6. YkazaHue. CHaua/sla IOKaXKUTe, 4YTO Jroboe
yucio, Gonbilee 6, MPeACTaBUMO B TaKOM BHJeE. PaccMoTpuTe cirydyau
pa3IMyHON YEeTHOCTH YUCTIA.

16. OtBeT. a) HOA(m,n) + 1; 6) m + n — HOA(m, n). Yka3aHue.
Pemute 3afady Aja B3aMMHO IIPOCTHIX U3MEPEHUH, MOC/IE Yero cBeAuTe
K Hell UCXOJHY10.

R
17. OTBeT. =5 OTMETOK o6opoToB. Yka3aHue. Bul-

-
HOA(R, r) > HOA(R, r)
YUCJIUTE MYTh, KOTOPHIH MTPOEZET KOJIECO A0 MOMEHTA, KOTr/a rBo3b BHOBb
MOMaZeT B OTMEYEHHYIO TOYKY.
18. OTBeT. 183 (aocTuraercs, Koraa AeBsiTb Yuces paBHH 183, a ogn-
HO — 366). Ykasanue. Paccmorpure sesuTeny yncia 2013.

4.2. OcHOBHas Teopema apu¢pMeTHKH. [lenrurenu

ITogrorosureasHsle 3aauyu

1. OrBeT. 3-37; 11-101; 41-271;3-7-11-13:37; 239-4649.

2. OrBeT. 133. Yka3zanme. OJHO U3 HUX — CTeleHb NATEPKH, a ApY-
roe -— CTelleHb ABOMKH.

3. OTBer. [la, HeT, HET. YKa3aHHe. Pa3iokuTe 3TH YHCIa Ha [IPOCThIe

MHOXXUTEJU U NpPOBepbTe, OyAyT U Bce COMHOXKUTeNU MeHblie 10.
4. OTBer. a) 3; 6) 18; B) [g—] + [‘ﬂ + [%} +..+ [End Ykazanue.

HafiguTe KOJIUYECTBO YUCEN, AeMAlIUXcAd Ha 2, KOJHYECTBO YMCceNn JAes-
muxcss Ha 4, U T. 1.
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5. Yka3zaHue. Bocronb3yiTech KAHOHUYECKMM pa3IoKeHHEM YHCIIa.

6. Yxazanue. Yucio 2 BXOAWUT B HEro B HeueTHOH creneHu (1).

7. OTBeT. a) 4; 6) 6; B) 12; r) 20; a) (n+1)(3n+1). Yka3zauue. Boc-
HONMb3yiTech GOPMYJION AJIsi KOMHYECTBA AeNTUTEEeH.

8. OtBer. a) 18; 6) 36; B) 1092; r) 4836. YkazaHue. Bocnonb3yhTech
dopMyIIOH AN CYMMBI JeTUTeNe .

OcCHOBHbBIE 3aa4YH

1. OTBeT. 6; 10; 14; 30; 42; 70; 105; 210. ¥Yxa3anue. 1920 = 27.3.5,
BrinuimuTe Bce Aenuteny yucna 210 (ux Bcero 16), U3 HUX 8 fensarca Ha 2,
a HY>KHO BHIOpaTh KaK MUHUMyM 7. PaccMOTpHTe clydaH, Korza BHOpaHo
yHcao 2 (B 3TOM CIyyae BCe OCTajbHblE YU(IA JODKHBI ObITh YETHBIMU),
¥ KorZja YucJIo 2 He BhIGpaHo.

2. OTBeT. 123. Ykazanue. BoluniciiuTe CTelneHb BXOXKAEHUS YHUCes 2
u 17 B pasnoxeHue yuciaa 19991,

3. Ykazauue. 2""! — 310 Y10 CrIOCO60B pasbUTh MHOXECTBO M3 N
[IPOCTHIX COMHO)XUTENIEH Ha 2 TOAMHOXeCTBaA.

4. OtBet. Ha zieBaTyto. Pemenue. Paznoxum uucio 2007 Ha mpocThie
MHOXUTenH: 2007 =32 - 223. B pa3/ioxKeHWH Ha IIPOCTbIe MHOXKXUTEIH YHC-
na 2007! moxa3saresb CTeneH! y yucaa 3 6yzeTr 40cTaTOYHO 60bLIMM, TaK
KaK MHOXWTeJb 3 BXOAUT B PA3JIOXKEeHUE KKJOr0 TPEThero yucia. MHo-
XKHUTeJb 223 BXOAUT TOMBKO B pa3jioXeHHe yuces Buja 223p, riae p — Ha-
TypajJbHOE YUCJIO, He IpeBocxozsiee 9. Takum o6pa3oMm, B passioxeHHe
yncia 2007! Ha mpocThle MHOMXKHUTEIU YUCIo 223 BOMJET C oKasaTesieM 9.
CrnepoBatenbHO, ynciao 2007! 6yaeT AenuTbca Ha 2007°, Ho He 6ynert ae-
nuThes Ha 100710,

5. OtBeT. 2!°-310.5% ykazanue. [1010BHHA UCKOMOTO YMC/IA MMEET
BCe YeTHble CTENIEHH B KAaHOHUYECKOM pPasioXeHUM, TPEeTh — Ae/AILNeCs
Ha 3, a nfaTasd 4acTb — Jejfiyecsa Ha 5. A B pa3/ioKeHHe dTOoro 4yucia
BXOZST KaK MUHUMYM CTerneHU yucesa 2,3 U S.

6. Orser. 2-32-75,2.35.72 22.3.76,22.36.7,26.32.7 26.3.72,
Ykazanue. B pa3iokeHUM 3TOro YMC/Ia ecThb AejdTeNu 2,3 U 7, a Apyrux
NPOCTHIX Ae/IUTeNiell HCKOMOe YKCIO He MMEEeT, TaK Kak 42 Heslb3d pas-
JIOXKHUTH B NIPOHU3BEAECHHE 6osee yem Tpe€X HaTypaJIbHbIX comuomreﬂeﬁ,
6onpmiux 1.

§5. YpaBHeHHA B LeJIBIX YHUCJIAX

Auarnoctudeckas pa6ora 5

1. OTBer. (11, 0), (-13, -2).
2. OtBer. (1,1).
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3. OTBer. (3, 2).
4. OTBer. (1, 2), (1, £3).
5. OtBeT. (-1, 0), (0, 0).

IToaroroBuTeAbHBIE 3aJa4H

1. OrBer. (3; 2). Yka3anue. Vcnonb3yiiTe popmy/y pa3HOCTH KBaZpa-
TOB.

2. OtBeT. 3;4; 5.

3. Yka3zaHue. 7 — HeyeTHOe YUCJIO.

4. OtBer. (2; 2), (0; 0). Ykasanue. [lepeHecyTe Bce cjlaraeMbie B OHY
4acTh, 110CJIe Yero f06aBbTe B KAXAYIO YacThb N0 1 K pa3oKUTe HONTYyIUB-
lleecsl BbIpaXkeHHe Ha MHOXHTEJH.

5. OTBer. (—5; —2), (—3;2), (3; —2), (5; 2). YkazaHue. Yucio 7 MOX-
HO NpPEJACTaBUTb B BUJle IPOHU3BeJeHUs LeJIbIX YKCes UMD JBYMS CIOCO-
6amu (6e3 yyeTa mepecTaHOBKH YUCEN).

6. OtBeT. (—14; —-3), (—14;3), (-3;-14), (-3;14), (3;-14),
(3;14), (14; -3), (14; 3). Yka3zaumue. [1pubaBbTe K KOKAOH 4acT 1o 1
Y pas/IOKUTE JIEBYIO YaCTh Ha MHOMKUTEH.

7. OTBeT. (2,2, 1). Yka3anue. [[po6b B 1IeBOM YaCTH CTPOro MeHblue 1,
c/lejoBaTeNIbHO, X = 2.

8. OtBer. (3;5), (5; 3). Ykazanue. [lo6aBbTe B KaXKAYIO 4acThb nmo 1
U pasIoKUTe JIEBYIO YacTh HA MHOXKHUTEJIH.

9. OTBeT. Pelnrtenuii HeT. Yka3zaHHe. BolesuTe B 1€BOM YaCTH MOJIHBIHN
KBaJipaT U paCCMOTPUTE OCTATKH OT AejleHuA Ha 3.

OcHOBHBIE 3aJa4yH

1. OTBeT. (239; 239 - 240), (478; 478), (239 - 240; 239). Yka3aHue.
JIOMHOXXbTe ypaBHeHHe Ha 3HaMeHaTeJH.
2. OTBert. (0;0), (0; 1), (1;0), (1;2), (2; 1), (2;2). Yka3zaHue. 3ame-
+ 2
THUM, 4YTO x% - Xy +y2 =(x +y)2 —3xy. Tak kaK xy < x 4y) , Iony4yaem

2 2
(x+y)?-3xy=(x+y)?-3- xty) _ &ty . Takum obpasom, x +

4 4
(x+y)?
+y= 2 > OTKyAa 0< x+ y <4. IloacTasifAsa B UCXOJHOE YpaBHEeHUE
BO3MOXHbIE 3HaueHUA X + y, MoJay4aeM 3HaueHHA Xy, a 3aTeM HaxOo4UM
3HaAYEeHUsA TIepeMEHHEIX.
3. OrBer. (—1;—1), (0; —1), (—1;0), (0;0). Yxkazauue. /lo6aBrTe
B K&XJYI0 4acTb 10 1 ¥ BblJieIUTe NOJHBIM KBajpaT B IpaBoi 4acTH.
4. OtBet. (—4; —3), (—4;3), (1;-3), (1; 3). YkazaHue. Bo3aMOXHBbI
ABa l'Iy’I'I/I pemeHym: JIH6O MMoKa3aTb, UTO npu A0OCTATOYHO 6OJII:II.II/IX 10 MO-
AYJII0 X BbIpQXEHUE x? 4+ 3x + 5 HaxoAuTCA MeXAy AByMs ITOC/IE€A0BATE/b-
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HBbIMH KBaJpaTaMH, JTM60 JOMHOXHUTD 06e YyacTH Ha 4 U, BbLJEUB MTOJHBIN
KBaZpart, pa3jioKUTb HA MHOXKHUTEJIH.

5. OtBerT. HeT peuieHuii. YkazaHne. PacCCMOTpPHUTE OCTaTKU OT AeJIeHUs
Ha 5.

6. OtBer. (0; 0). YkazaHue. PacCMOTpUTe OCTATKH OT JiejileHus Ha 3.

7. OTBerT. (2; 8), (6; 28).

8. OTBerT. HeT penienuii. YkazaHHe. PaccMOTpUTe OCTaTKU OT JieleHusA
Ha 3.

9. OtBerT. HerT peiienuii. YkazaHnue. PaccMoTpuTe OCTaTKU OT AeJIeHUs
Ha 4.

10. OTBeT. HeT pemienuii. Yka3aHue. PaccMOTpHUTE OCTaTKH OT JeJie-
HUSA Ha 4.

11. OTBeT. Her peleHuii. YkazaHue. PaccMOTpHUTe OCTaTKH OT JeJie-
HHUA Ha 5.

12. OtBert. (1; 3). Yka3anue. PaccMOTpuTe OCTaTKU OT AeJieHHUsd Ha 3
U Ha 4.

13. OtBert. (1;2), (2;1), (k;k), rae k € Z. Yka3zanue. Vicnonb3yiTe
PasjioKeHHEe Ha MHOXHUTEJTH.

14. OTBer. (11;5). Ykasanue. Tak Kak 27 < 2*, HauboJ/ibllIasA CTENeHb
ABOMKY, HA KOTOPYIO JeNUTCS jieBasd 4acTh, paBHa y. A 2016 = 32 - 63.
CrnezoBaTenbHO, y =5.

15. OtBer. (0; 0), (1; 2). YkazaHue. PazioXuTe Ha MHOXKHUTEJIH JIEBYIO
YacTb U PaCCMOTPUTE OCTATKH OT AejleHHuA Ha 4.

16. OTBerT. (2; 1). YkazaHue. PaccMOTpUTE OCTAaTKU OT JeJIeHus Ha 3
WIH Ha 4.

17. OTBer. (4; 6). YkazaHue. PacCMOTpHUTE OCTATKH OT JeJIeHHs Ha 5.

18. OtBer. (0; 3), (2; 4). Ykazanue. V3 ypaBHeHUA ciefyeT, 4yTo 27 >
>7,T. e. y=3. 3HauuT, x 2 0. Ecnmn x =0, to y = 3. I[Ipu x = 1 paccMmoT-
PHUTe OCTaTKHU OT AejieHUs Ha 3 ¥ Ha 4 U 0OKaXuTe, 4To 0be mepeMeHHbIe
yeTHbIe. Jlasibllle 3a/a4a peliaeTcs pa3joKeHHeM Ha MHOXHUTETH.

19. OtBeT. (2;4), (4; 2). YkazaHue. OHO U3 BO3MOXXHBIX pelleHuH
3TOH 3aZauu — MpOJOrapuPpMHPOBATh YPaBHEHHE 110 OCHOBAHMIO € U HC-

X
cnexoBaTh GyHKUHIO f(x) = inx Ha MOHOTOHHOCTb.

§ 6. HepaBeHCTBa M OLIEHKH B 33jia4axX TEOPHH YHUCE

JAuarHocTudeckas pabora 6

1. OTBer. 1.
3. OTBer. 1999.
5. OTBer. 18.
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6.1. Cpeanee apudpmeTnyeckoe. HepaBeHCTBO O CpeJHUX

IToaroToBUTENBHBIE 3a/ja4H

1. Ykasauue. CBeguTe HEpaBeHCTBO K GOpMy/ie KBaJpaTa pasHOCTH.

2. Yka3aHue. JJoMHOXXbT€ HEPABEHCTBO Ha 3HaMeHaTe/b U MepPeHeCH-
Te BCe B OJIHY YacCTh.

3. Yka3aHue. [IpyMeHUTe ABa pa3a HEPABEHCTBO O CPEAHMX /A ABYX
qyyces.

4. Yxa3zanue. /IJoOMHOXXbTe HCXOZHOE HepaBEeHCTBO Ha BCe 3HaMeHaTelu
Y YIIPOCTUTE NOSYUYMBIIeeCs HEPaBEHCTBO.

5. Yka3zanue. [IpyMeHHUTe HepaBEHCTBO O CPeIHUX /711 KAXKJOU U3 CKO-
60xK.

6. Yka3anue. [I[pyMeHHUTE HEPABEHCTBO O CPEAHUX JJIA TPEX YUCell.

7. OTBer. 8.

8. OTBeT. HeT. Bocnonb3yiTech onpezeneHHeM cpefHero apudmeru-
YeCKOro U ZOKaXKHUTE, YTO B 3TOM CJIydae CyMMa AecsTH yuces 6yaeT Hele-
JION.

9. OrBerT. 1,22 M.

10. OTBerT. 32.

11. OTBer. 70.

12. Yka3aHue. [I[pyMeHHTe HEPABEHCTBO O CPEAHHUX AJIA N YUCEIL.

OcHOBHBIE 33/1a4U

1. YkasaHue. /lJoMHOXbTe 00e yacTtu Ha 2. PasbeiiTe jeByi0 4acTb
B CyMMy 6 cjaraeMbIX ¥ TPUXXJbl BOCIIONb3YHTECh HEPABEHCTBOM O CpeZ-
HUX JJIS1 ABYX YHCE.

2. YxazaHue. JJoMHOXKbTe obe uyacTu Ha 2. Pasbeiite neByro 4acTb
B CyMMY 6 cllaraeMhbIX ¥ TPHIKZBI BOCIIONB3YiiTECh HEPABEHCTBOM O Cpel-
HUX /151 ABYX YHCeI.

3. Yxazanue. Pasbeiite 3x° = 2x3 + x®> u npumenurte HepaBeHCTBO
O CPeAHUX AJisl TPeX Yucer.

4. OrBeT. OT 15 710 55 BKJIKOUYMTENBHO.

5. YkazaHHue. PaccMOTpHUTe MaKCUMaJslbHOe U3 BceX urces. JIokaxuTe,
YTO BCE COCeJHUE C HUM YMciia paBHbl eMy. KX coceau — Toxe U T. 4.

6. Ykazanue. O603HaubTe cpefHee apudMeTHYeCKoe AAHHBIX YMCel
yepe3 HOBYIO IIEPEMEHHYIO, a B KayeCTBe BTOPOH NepeMeHHOH BBeAMTE
PasHOCTb MeXJy OOJbUIMM YHCIOM M CpeJHUM apudMeTHYecKUM, Tocie
4Yero JOKaXUTe, YTO NMpou3BeZieHHe yrcen O6yZeT MaKCMMaJbHBIM, KOTAa
BBe/IeHHas pa3HOCTh PaBHA HYJIO.

7. OTBeT. 4.
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8. OTBeT. 96433469. Ykasanue. B HckoMOM 4ucjie pasHHLA MEXAY
udpoit u ciexymolel 3a Heit yoriBaeT. OTCI0ZA ¥ U3 TOrO, YTO Bece Lud-
phl He 6osblie 9, creayet, yto uudp B UCKOMOM uuciie He Gosee 8. Cie-
J0BaTeJbHO, OCTAJIOCh 0A06paTh BOCBMU3HAYHOE YHCIIO, TpUYeM Habop
pa3HocTe# Jo/mkeH O6bITh TakuMm: 3,2, 1,0, -1, -2, —3.

9. OTBeT. a) 44; 6) oTpuraTenbHbIX; B) 17. YkazaHue. O603HaybTe
Yyepes TpH NepeMeHHble KOJNYECTBO MOJIOKUTEIbHBIX YHCesI, KOTMYeCTBO
OTPHILATEJNbHBIX U KOJIMYECTBO Hy/Iel B HalleM Habope, Iocjie 4ero BOC-
MOJIL3YHTECH ONpejeieHueM cpelHero apudpMeTHIecKoro.

6.2. HepaBeHCTBa U OLIEHKH

IToaroroBuTe/IbHBIE 3a4a4H

1. OrBer. (1; 2), (2;1).

2. OtBer. (0; 0}, (1;0), (—1;0), (~1; 1), (0; 1), (1; 1), (—1; 2), (0; 2),
(1; 2). Ykazanue. OrpaHuubTe MHOXXE€CTBO BO3MO)XHBIX 3HAYEHUH Y.

3. Oreet. 3%%°, Ykazanwe. [IpeacTaBbTe 06a BHIpaX€HHA KAaK COTHIE
CTeneHM.

4, OtBeT. 3“°. IIpeacTaBbTe 06 BHIpAXKEHUS KaK YeTBEPTHIE CTENEHH.

5. OtBeT. 4°°°. Ykasanue. Bocnonbayemes HepaBeHcTBoM 2100 42100 <
<4100

6. OTBeT. 12345682, Yka3aHue. BocrnonbayiiTech GpopMys0ii pasHOCTH
KBaZpaToB.

7. OtBer. 51'°', Ykazamme. Bocnonb3yiiTech $GOpMy/noi pasHOCTH
kBazparoB 50 pas.

8. Ykasanwue. Ecmn>2, ton?=n-n>2n.

9. OTBeT. —1; 3. Ykasanue. OueHuTe X cBepXy U3 o61acTu onpezee-
HHA KOPHA M CHM3Yy U3 YCJIOBHUA, YTO NpaBas 4acTb AO/KHA OBITH HEOTPHU-
LaTeJbHOU.

10. OTBeT. —2.

328

OcHoBHbIE 3aJaYyn

1. Ykaszanue. Jlokaxure, uto 26'° < 1023, /i sToro, Hanpumep, Boc-
nonb3yiTech oreHkoi 262 < 10°.

2. OtBerT. 31. Yka3auue. Jlokaxure, yro 219 > 10%°, a zarem — uto
2100 < 103!, Zina nokasarenbcTBa BTOPOro HepaBEHCTBA MOXKHO BOCIIONb-
30BaThCA OleHKoH 57 > 216,

3. OtBerT. 17'*. Ykasauue. Jlokaxure, yro 32! <1614,

4. Orser. 8%°. Ykazanue. [Ipeacrasbre 8% kak cTenens ABoiiky, mocie
Yero Kax/0e M3 TPeX HepaBEeHCTB JOKAXETCS ¢ MOMOIIbIO COKpalleHHA
nokaszaTeseii 1 6a30BbIX oueHOK: 2° > 52, 25 >33 217> 76,
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5. Ykasanue. [lepBble yeThipe cjaraeMbIX AaHHOH ajnrebpandeckoi

CYMMBI yKe Gosblie %

6. OTBer. —43—7. YkasaHue. Bocrnionb3yiiTech TeM, 4TO 3x+41

3
4YuCiI0, 0603HAYbTE 3TO L[EJI0E YUCJIO YEPe3 HOBYIO IIEpeMEHHYIO, BHIpa3UTe
2x+17

10 °

Ykasanwue. Ecnu [n] <0, To 2[M € (0; 1), a 3Hauwur,

— HeJjioe

yepe3 Hee X U MOACTaBbTE PE3YyJAbTaT B BRIpDAXKCHUE

1.g.7
3073

u 2n+ 1€ (0; 1), us yero ciegyer, 4To n € (—%; O). Toraa [n] = —1, oTky-

7. OTBeT. —

Ja nerko HaWtu n. Eciu ke [n] = 4, To pelieHUi HeT, Tak Kak JieBasi 4acThb
6onblie npaBoi. OcTaibHble CIyYyad HETPYAHO NepebpaTh.
8. OTBer. 1, 2, ..., 2008. YkazaHue. JJokaXuTe, 4TO

2008-1004 < 2008/ 10042 +1 < 2008-1004 +1,

oTKyaa 6yAeT ciefoBaTh, 4To [ 20084/ 10042 4+ 1] =2008 - 1004.

9. OtBer. (—7; 7), (—6; 6). YkazaHue. [lofenuTe neppoe HEpaBeHCTBO
Ha 2 Y BbIIEIUTe B HEM MOJIHble KBaZpaThl.

10. OtBer. 24. Yka3zaHue. O603HauybTe Yepe3 epeMeHHble IPOU3BO-
AUTEbHOCTb U BpeMs paboThl MacTepa, 1ocjie 4ero COCTaBbTe ypaBHEHHE
Y BbIpa3uTe B HEM NIPOU3BOAUTEILHOCTb Yepe3 BpeMs.

§ 7. IlocnenoBaTeIbHOCTH U NIPOrpecCUH

AuarHoctuyeckas pabora 7

1. OTBer. 50.
2. OTBer. 11.
3. OTBerT. 544850.

4, OTBeT. 3
5. OTBerT. 931.

INoaroroBuTeNbHBIE 3aIaYH

1. OTBeT. —25; —115.

2. OtBer. 15. Yka3aHue. Bocrnonb3yiiTech XxapaKTePUCTUYECKMM CBOM-
CTBOM apH}pMeTHYeCKOI! NPOrpeccH.

3. Otser. 0.

4. OTBerT. 2.

5. OrBeT. 1024. Yka3aHue. Bocmonb3yHTech XapaKTepHUCTHYECKUM
CBOMCTBOM reOMETPUYECKOUN NpOrpeccui.
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6. OTBerT. 6; 10. Yka3zaHue. [Ipou3BeeHre YeTHIPHAALATOTO U BTOPO-
IO WIEHOB reoMeTpHUYeCcKOH POrpecCuy paBHO NPOM3BEAECHHUIO ee 11eCTo-
ro ¥ JAecATOrO WIEHOB.

7. OTBerT. 25. Yka3aHue. [IponsBejeHHe WECTOTO ¥ BOCBMOT'O WIEHOB
reoMeTPHYEeCKO! NPOrpeccuy paBHO NPOM3BEJEHHIO ee IIATOro U AeBATO-
ro WIEHOB.

8. OtBeT. 420. Yka3aHMe. HaiiiuTe mepBblif OTpHLIATENbHBIM WiEH
JAaHHOM NIpOrpeccuu.

9. OTBeT. 64. Yka3anue. Bocronb3yiiTecb HepaBeHCTBOM O CpPeJHUX
AJA Tpex Yucell.

10. OTBert. HeT. Yka3zanue. Eciu uudprl 06pa3yioT apupmMeTHIECKyIo
MIPOrpeccHIo, TO UX CyMMa AeuTcs Ha 3.

OcHoOBHbIE 3aja4H

1. OtBer. 1;3267. Yka3aHue. JIokakuTe, YTO 3Ta CyMMa Bcerga He-
YeTHa.

2. OTBeT. HeT. Ykazanue. OTHOILleHHe MeXIYy Pa3HOCTHIO ABYX Wie-
HOB apU(MeTHYeCKOH NMPOrpecCHH U Pa3HOCThIO APYTHX BYX €€ WIEHOB
AO/DKHO GBITH pallMOHAJIbHBIM.

3. OTBer. (%, 5].

4. OTtBeT. —8. Yka3aHue. BripasuTe Bce yKa3aHHbIe WIEHBI IIpOrpec-
CHM KaK QYHKIIUIO OT Pa3HOCTH.

5. OtBerT. 8.

6. OTBerT. 4.

7. OtBeT. £400.

8.018eT. 1, 3,5, 7, ... Yka3zaHue. S, ABjseTcsa KBaZApaTnyHON GyHKIIU-
eit oT n, a u1s1 dyHkumu f (n) =an?+ bn + c coiictBo f(n) - f(m) = f (mn)
BBINOJIHAETCS TONMBKO NpU a=1, b=c=0.

9. Yka3zaHue. Kak MOxeT U3BMEHUTbCA | x|, ecyIH X yBeTHYWICA Ha 1?

10. OtBer. 1;4; 7w 7; 4; 1.

11. OtBer. 2= ‘/_

12. OTBerT. 3; 15 27.

13. OtBer. 3; 13; 23. Yka3anue. Kax MMHHMYM OJHO M3 3THX YHCEN
JOJ/DKHO AEJUTHCA Ha 3.

14. OTBeT. (2;3), (3; 5; 7). Yka3anue. Eciu yncen He MeHee TpeX, TO
KaK MMHHMYM OJJHO M3 HMX JEJUTCA Ha 3.

15. OtBer. [la, a, =2-3""1,

16. OTBer. HeBepHo. (IIpumep: a, = 2% J)

17. OtBeT. a, = (5—n) - 5" 1.



78 OTBeTHl, YKa3aHHA, pelleHHs

18. OTBeT. —6. Yka3aHue. JJoKaKUTe, YTO KaXKA0€ YHCJIO He IIpeBOC-
xoaut 0,5.

19. OTBerT. a) HeT; 6) MoxeT, HanpuMep, {11-97;97; 11-97}; B) 371.
YkaszaHue. a) PaccMOTpHTe YeTHOCTh CYMMEI 3THX JIBYX WIEHOB. B) MUHU-
MaJIbHO BO3MOXXHBIN BapUaHT — KoOrja yepeaytorcd uucia 1 u 11.

20. OTBeT. a) HeT; 6) HeT; B) Aa (Hanpumep, 1,2 u 4). Yka3zaHwue.
a) Ecnu 5 yucen o06pa3yroT reoMeTpUIECKyIO MPOrpeccHIo, TO UX NPOU3Be-
JleHle paBHO MATOM CTeleH! cpeJHero WwieHa nporpeccuu. 6) B aTom ciy-
yae ecJy NepBbIid WieH UCKOMOM MPOrpeccHy paBeH b; a 3HaMeHareslb —
q, TO NPOM3BEZieHHE YeThIpeX WIEHOB Nporpeccku pasHo biq®. lanbHeii-
UH KpaTKUit nepe6op pe3ybTaToB He AacT.
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