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BBenenue

JeiicTBus ¢ HaTypaJbHBIMU U IENBIMH YHCIAMH 3HAKOMBI BaM C MIIAJI-
IIMX KJIACCOB, KOTJla MaTeMaTHKa CBOAMTCS IO CYILECTBY K apH(METHKE.
[Tone3no u MOy4YUTENHHO TIOJOWTH K HUM, BJazaes ammapaToM anreOpsl. 3a-
a4l O JEeIMMOCTHA M YpaBHEHHWS B IENBIX YUCIAX CIYXaT H3ITI00JIEHHBIM
MaTepHajoM Uil MaTeMaTH4YeCKUX OJUMITHAl U (aKyIbTaTHBOB. Beé Oomb-
HIyIO MOMYJISIPHOCTh TaKHe 3aJadd MPUOOPETA0T Ha OJUMIIHMAAAX, MPOBO-
mumMbeix MOTHU, MI'Y u gpyrumu By3amu, a Takke IpucyTcTBYIOT B EI'D 1o
MatemaTrke (3amganue C6). PekoMeH0BaHHBIE TIOCOOMS MOMOTYT BaM B HX
pemeHny 1 Ooee riIy00KOM U3y4YEeHUH TEMBI.

§1. lesimMocTh LeJIbIX YHCe

1.1. OcHoBHBIE TOHATHS U (PAKTHI

HamomauM ocHOBHBIE HOHATHS U (l)aKTLI.

MHnooicecmso HamypdajlbHoblX Huceil 0003Ha4aeTcss CUMBOJIOM N,
MHmnooicecmeo yenvlx qucei 0003HaYaeTCs CUMBOJIOM Z.
MHmnooicecmeo PAUUOHATIbHBIX HUCE] 0003HaYaeTCsI CUMBOJIOM Q
Mmuooicecmeso Oeticmeumenvhbix yuces 0003HAYACTCS CHMBOJIOM R.

B nanpneiiniem, eciim He OyaeT cka3aHO HMHOTO, MBI OyleM paccMaTpu-
BaTh TOJHKO MHOYECTBA LIENbIX M HATYPATbHBIX YHUCEIL.

HatypasnbpHoe 4HCIO n Ha3bIBaeTCs Oenumenem LEIOT0 YMCiIa M, CIH
JUTSI TIOJIXOJISIIETO 1EJIOT0 YKcia kK BepHO paBeHCTBO: m = nk. B atom ciy-
4yae TOBOPAT, YTO M JENUTCS Ha N U 0003HAYAIOT Kak «m : ny. Hucmo m
Ha3bIBAIOT KPATHBIM YHCITY M.

Hampumep, 117 :9 (117 =13-9); 91:7 (91 =13-7).

Yucno p = 2 Ha3bIBAIOT NPOCMbIM, €CIIA OHO JICTUTCS TOJIBKO Ha cels u
Ha eIUHHUIYY. MHOXECTBO MPOCThIX uMceNl 0003HadarT cumBoioM P. Co-
CMAGHLIMU YUCTAMY HA3BIBAIOT 1ICJIbIC YKCIIa, UMEIOIIME OOJbIIe JIBYX pa3-
JUYHBIX JCTUTENCH.

Hanpumep, 17 — npocroe uncio, a 153 = 17 - 9 — cocraBHoe.

HatypasnbHoe 4ncio k Ha3bIBAIOT 0Owum Oerumesem YUCENl M, N eCIH
m i k un: k. Haubonbiee Takoe 4uciio k Ha3bIBAIOT HAUOOILUUM OOWUM
Oenrumenem M u N u obosHayarot kak HOJ[(m, n) (uxorma mpocro (m,n)).
Ecnu HanbonbImii 00Iuil JeTUTeNb IBYX YUCE PAaBEH SIHHUIIE, STH YHCIa
HA3bIBAIOT G3AUMHO NPOCHbIMU.

Hampumep, 2 — obmuit nenutens yucen 12 u 8, 4 — HanOonbIml 00Ut
nenurens uncen 12 u 8, T. e. HOJI (12,8) = 4.

Lenoe uucino k Ha3BIBAIOT 0OWUM KPAMHbIM YuceT M U N, ecmu k i m u
k i n. HaumeHblliee HaTypadbHOE 4YHCJIO, KpaTHOC M W N HA3bIBAIOT
HauMeHbuwuM 0owum Kpamusim M U N 1 00o3HavaroT kak HOK(m,n).
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Hanpumep, 120 — obmee kpatHoe uncen 12 u 8, 24 — HauMeHsblIee 00-
miee kparHoe yucen 12 u 8, 1. e. HOK (12,8) = 24.
HamomHMM OCHOBHBIE CBOICTBA AETUMOCTH.

CsoiictBo 1. Eciin 1iesroe 4nciio m OenuTest Ha YUCIIO N, a YKUCIIo N Je-
JIATCS HA YMCIO Kk, TO YMCIIO M AEIUTCS Ha YUCIIO K.

CsoiicTBo 2. Eciti k — o011t nenurens HeNblX YUCel M U N, TO:

1. m+ n, m — n nemarcs Ha k;

2. mn nenutcs Ha k (Tounee — Ha k?).

Creocmeue ceoticmea 2. Eciy oIHO M3 4ucea m WM N neiaurcs Ha k, a
BTOpOE HE AeIUTCS Ha k, To m + n, m — n He aenarcs Ha k.

JlelicTBUTEIBHO, €CIM M JACTUTCS Ha Kk W, HapuMep, m + n IeiauTcs Ha
k (ot nporuBHOr0), TOoN = (M + n) — M TaKxxke ObI AeNWIOCH Ha k cormac-
HO CBOMCTBY 2.

CaoiicTBo 3. Ecnu nienoe 4ncino a JenuTcsl Ha B3aMMHO MPOCTHIE J1ETH-
TEITU M U N, TO @ ISIUTCSA Ha MN.

CaoiictBo 4. Eciiu ab (@, b — 1iesnpie) genuTcs Ha MpoCcTOe YUCIIO P, TO @
WK b ACTUTCS HA YHUCIIO P.

CoiicTBo 5. Ecin ab nenutcest Ha 9UCiio N M @ B3aUMHO TPOCTO C YHC-
JIOM N, TO b HEIUTCS Ha YHUCIO N.

1.2. PaznoskeHune HA NMPOCTbIe MHOKHUTEJIH.
OcHoBHas TeopeMa apu(PMeTHKH

ChopmynupyeM ocHogHyio meopemy apupmemuri:

JIoooe HaTypaJibHbI€ 4YHCJI0 N, 0oabIee C¢IMHUIbI, MOKHO pa3Jjio-
KUTb B IIPOU3BEACHHUE MPOCTBIX YHUCEI. 910 pa3joKeHue ¢eIMHCTBEHHO,
C TOYHOCTBIO 10 NMOpsiAKa CJI€10BaHUSA COMHOKHTEJIeH.

[MpuBenéM HAOPOCOK JTOKA3aTENBCTBA MEPBOM YaCTH 3TOW TEOpeMbl. 3a-
METHM, YTO €CJTM YUCJIO0 N > 1 He MpoCcToe, OHO JOIKHO UMETh Oojiee IBYX
pasnuuHbIx Aenutenei. C yuy€ToM Toro, 4ro nin u n i 1, gommkeH cyue-
CTBOBATh €€ XOTs OBl OAWH JEIUTENDL Ynciaa n — unuciio a, 1 < a < n. Ta-
KUM 00pa3oM, WM N CaMo SIBIISICTCS. HPOCTHIM YHCIOM (M Pa3JioKeHHE MO-
Jy4eHO), WM OHO packjajblBaeTcs B MpousBerieHne n = ab, 1 < a < n,
1 < b < n. Kaxnoe u3 uncen a u b Takxke wim sBisieTcs MPOCTHIM, UK pac-
KJIa/(bIBAIOTCS Jlajiee B MpOM3BeJeHHe el 0ojiee MEHBIINX YHCEN, HE paB-
HBIX eANHHUIE. J|aHHBIN MPOIEcC Pa3oKEeHUsI HE MOXKET MPOI0JKaThCsa Oec-
KOHEYHO, U B MTOTEe YHMCIO N OyAeT MpencTaBieHO B BHUJIE MPOM3BEICHUS
MIPOCTHIX YHMCET.

Crporoe A0Ka3aTeabCcTBO TOTO, YTO TAKOE Pa3jOkKEHHE €AMHCTBEHHO C
TOYHOCTBIO JIO MTOPSJIKA CIIEJOBAHUSI COMHOXKUTENEH, EPBBIM J1aJl HEMEUKUI
maremaTuk K.®@. I'aycc (1777 — 1855), BHecuii KpymHBII BKJIaJ B pa3BUTHE
MHOTHX 00JlacTeld MaTeMaTHKH.
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IIpumep 1. Haiitu Bce mpocTeie uncia, He npeBocxofsamue 100.

Pemenne. /{15 HaXOXACHUS TaKUX YHCEN YIOOHO BOCIIOJIIB30BAThCS Me-
TOZOM, H3BECTHBIM KaK «pereTo IparocheHa». ITOT METOI Ha3BaH B Y€CTh
rpevecKkoro MaTeMaTrka JparocdeHa, kusiero B |11 B. 1o H. 3., 1 3akmova-
ercs B cieaytomieM. Bemumem Bee yucna ot 1 g0 100 B Tabmuy:

Hanee, uncno 1 BeIMepkHEM (OHO HE MPOCTOE), YMCIa 2 B 3 OCTaBUM Kak
MPOCTHIC U BBHIYCPKHEM BCE YHUCIIA, KPaTHBIC 2 U 3.

2 3 5 7 11 13 17 19
23 25 29 31 35 37
41 43 47 49 53 55 59
61 65 67 71 73 7 79
83 85 89 91 95 97

Jlanee, ocTaBUM YHUCIIO 5 Kak MPOCTOE M BBHIYEPKHEM BCE YHMCIIA, KpaT-
Hble 5. 3aTeM TO e caMoe CAEIAEM C YHUCIOM 7.

2 3 5 7 11 13 17 19
23 29 31 37
41 43 47 53 59
61 67 71 73 79
83 89 97

Bce ocraBmmecss dncia OyayT MmpocThie. JTO CBSI3aHO CO CIEAYIONINM
CBOMCTBOM:

Ecyim uncyio n = ab, To x0T 0bI OIMH U3 COMHOKUTEIEl He TMPEeBOC-
X0auT V.

JleficTBUTEIBHO, €CIN MPEAINOIOKHUTh MPOTHUBHOE, T. €. MPEIINOI0XKHUTD,
qyTo a > \/ﬁ ub > \/ﬁ, TO b > \/ﬁ X \/ﬁ = N 4 BO3HHUKAET IPOTHBOpPEUHE.

B npumepe Mbl IpOBEPUIIM BCE MPOCTHIE ACIUTEIMN, HE NPEBOCXOSAIINE
V100 = 10. Takum obpa3om, moboe cocTaBHOe umciio, Menbinee 100, me-
nutes Ha 2, 3, 5 nnn 7.

Bo Bpemena DpartocdeHa nucanu Ha BOCKOBBIX JOIICUKaX, & BMECTO TO-
ro, 4TOOBI YMCIa BHIYEPKUBATH, JOIICUKY MPOKAIBIBAIN, TaK YTO B UTOIE
OHAa CTAaHOBWJIACH TMOXOXKeW Ha pemrero. OTCIoa ¥ MPOM3ONIIO HA3BaHHE
METO/Ia.

OrtBer: mpoctsle yncna, Menbire 100, mpeacTaBieHsl B TpeTbel Tadnuiie.

Wrak, nias HaXOXKIEHUS JEIUTENed 4Yuciia N MOXXHO BOCHOJIb30BAThCS
CJIETYIOIIAM CIOCOOOM.
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TIpoBepuM B MOpPSIKE BO3pACTAHHS EIMMOCTh YUCIA N Ha MPOCTHIE YUC-
na, He npeBocxoamme vVn. Ecn HY Ha Kakoe U3 TaKUX YHCENl N He JeTHT-
cs1, To n — npocroe. MHade, 3anumeM n = pm u OyJeM Jlajiee UCKaTh JIeNu-
TEJIN YMCIIAa M TI0 TOMY e MPaBUITY.

Ipumep 2. Paznoxure Ha IPOCThIE MHOXKUTETH YHCIO 76557,

Pemienne. Hauném npoBepsATh OeIMMOCTh 4YHciia 76557 Ha TPOCTHIC
YHCiIa, PacIoIOKEHHBIE B MOpsAKe Bo3pacTanus. Ha 2 gucio 76557 He ne-
JUTCSI, 3aTO AenuTCs Ha 3: 76557 = 3x25519. Teneps, OyneM UCKaTh JEiU-
Tenu unciia 25519. Dro uncio He menures Ha 2, 3, 5, 7, 11, 3aro mennrtes Ha
13: 25519=1963x13. UYmcmo 1963 Ttarxxke pmeaurcss Ha 13, T. e.
25519=151x132. [TocmoTpuM Ha yucio 151. 3amerum, 4TO 151<169=132,
3HAUUT, €clii yuciao 151 packiaigpiBaeTcsi HA MHOMKUTENH, OJUH W3 3TUX
MHOkuTenel Oyner menbiie 13. Ho Bce mpocTele uncia, Menbmme 13, yxe
GBLIH MPOBEpPeHE. 3HaunT, uncio 151 mpocroe u 76557=3x13%x151.

Oteet: 76557=3x13°x151.

Hpumep 3. JJoxaxute, uto yucino 2n* — 11n? — 6 aBasercss COCTaBHBIM
TIPH BCEX LETIBIX M.
Pemenue. Pa3noxum 3TOT MHOTOUJICH HA MHOXKUTENH, PEIIUB AJIS1 TOTO

1
ypaBuenne 2t?>—11t—6=0. FEro xopan: 6 wu — 5. Orciona

2t2 - 11t — 6 = (t —6)(2t + 1) u, cnemosatensHo, 2n* —11n? —6 =
=(n?-6)(2n* + 1).

Takum 06pa3oM, Mbl TIONYHYMIM pasjokeHHe Ienoro uucia 2n* —
—11n? — 6 na nBa nensix yucna: (n? — 6) u (2n? + 1). Ecau Hu oHO U3
3THX YHCEN M0 MOJYIIIO HE PABHO €IMHHUIIE, TO HCXOIHOE YKCIIO SBISCTCS

cocraBHbIM. PaBenctBa n2 —6=1; n?—6=—-1; 2n?>+ 1= —1 HeBO3-
MO3KHBI, paBeHcTBO 212 + 1 = 1 Bo3moxkHo mpu . = 0, Ho ipu . = 0 umc-
n0 2n* —11n? — 6 = —6 sABJIAETCA COCTABHBIM.

Ipumep 4. Paznoxute Ha 1Ba coMHONkuUTeNs uncio 216 + 28 + 1,

Pemenne. 3aMeTUM, YTO €CiU cliaraeMoe 28 B HCXOJHOM YHciIe IOMHO-
KWTh Ha 2, Mojyuutcs (opmysia cymmbl kBaapatos: 216 +2x 28 +1 =
= (28 + 1)2. Torna no6aBum u BeIuTeM uncio 28 B ucxomuyio Gopmyy,
nonyuns: 216+ 28 + 1+ 28 — 28 = (28 4 1)2 — 28, Tlocnennee BHIpaxe-
HHE MOKHO pa3loXHuTh Kak pasHocTh kpaipatos. (28 +1)2—28 =
=28+1+2H028+1-2%.

Otper: 216 + 28 + 1=28 + 2* + 1)(28 - 2% + 1).
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1.3. KanoHnveckoe pa3jiokeHHe YHCJIA.
HaxoxxaeHune KoJM4ecTBa AeJUTeael

Bepuaémcs k ocHOBHO# TeopeMe apudmeTuku (cM. 1. 1.2.)

Ecnu B paznoxeHnn HaTypaJbHOTO YKCa N, OOJBIIErO €AMHHUIILI, BCTPE-
YaIOTCSl OJIMHAKOBBIE TIPOCTHIE YUCIIA, UX YIOOHO TPYNIHPOBATH B CTEIICHH.
B pesynbrare nonyuaercs:

ke K km
n=p; pPy° Pm»
TA€ P1,P2, -, Pm — PA3IUUHBIE MPOCTHIe uncia. Ecim moTpeboBaTh, 4TOOB
P <py <+ <Pm, TO TaKOE pa3ioKeHUE OyAeT aOCONIOTHO OJHO3HAY-
HBIM. JTO pa3I0KeHNE HA3hIBACTCSI KAHOHUYECKUM.
Hanpuwmep, 31752 = 23 - 3% - 72,

3Has KAaHOHHYECKOE Pa3I0KCHUE, MOKHO HaWTHU BCe AeJUTEIN Yncjaa n.

0 d =pi'py ..pm i l
HU UMEIOT BUIL @ = Py Py ... Py » TIC KOKIBIK MTOKA3aTeNb CTCIICHU L; MO-

JKEeT MpuHUMaTh 3HaueHue ot 0 1o k;.

Ipumep 5. Haiitu Bce nenurenu uncna 28.

Pemenne. Paznosxkum uncio 28 B xaHonuueckuit ua; 28 = 22 x 7. Ta-
KHM 00pa3oM, B PA3JIOKEHUH KaKIOTO U3 JIENHUTENeH yncia 28 MOXeT pu-
CYTCTBOBaTh TOJILKO JBOMKa B CTETEHU HE Ooiiee JBYX, a Takke ceMEpKa B
CTeneHu He Oosiee eMHUIBL. Brinuiiem Bce qeTuTeNnd B TaOIHUILy:

29x7%9=1 21x79=2 22x7°=14

20x 71 =7 21 x 71 =14 22 x 71 =28

OTBeT: aenurenu uucia 28 cyth 1, 2, 4,7, 14, 28.

3aMeTHM, YTO €CIIM CIIOKUTH BCE ACIUTENN yucia 28, KpoMe HEro camo-
ro, Mbl oiayunMm 1+ 2 +4 + 7 + 14 = 28, 1. e. ucxoanoe uncio. Yucma,
paBHBIE CYMME CBOMX MEHBIIINX CaMOTO YHCJa JeNuTeNel, Ha3bIBalOTCs Co-
seputerHvimu. Takum o0pazom, 28 — coBepIIEHHOE YUCIIO.

3Has KAHOHMYECKOE PA3JIOKEHHUE, MOKHO HAUTH KOJMYECTBO BCEX JEIH-

N N _ ki ky km
Tenek yucna. JIedCTBUTENBHO, IYCTh N = Py p,° ... Py, JlenuTenu Takoro

Iy L l .
gpcna uMeroT BUI d = p;'py’ ...y, TAe KaXKIbli TOKa3aTelb CTEHEHH [;

MOYHO BbIOpaTh He3aBucuMO (k; + 1) cocobom (ot 0 1o k;). Bee 3t unc-
Ja HAJIO TNEPEeMHOXKHTh. TakuM 0o0pa3oM, KOJHYECTBO JeTuTeNeil ducia

n=p; p,° .. p,’;m paBHsETCA
dn) = (k; +1) X (ky + 1) X ... X (ky, + 1).

CaeacTrBue. 4KCIIO UMEST HEUETHOE KOJUUECTBO ACIUTEIICH, TOJIBKO eC-
JIM 3TO YHUCIIO SIBJSICTCS KBaIPATOM.

JelicTBUTENBHO, HEUETHOE KOJUYECTBO ACJIUTENEH, PABHOCUIBHO TOMY,
YTO KaXKIblii COMHOKHUTENb B (hopmyste st d(n) Hed€TeH, 3HAUUT BCE Ynciia
ki+1,k,+1,...,k,, +1 — Heu€THBI, U BXOXKICHHUE KaXKIOTO IPOCTOIO
9uciIa B N 9ETHO. ITO 03HAYAET, UTO N SBIISETCS MTOJHBIM KBaIPaTOM.
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1.4. Haxoxaenne HOA n HOK

ki k k
3anuimeM KaHOHHYECKOE Pa3lIoXKEHHE HHCeT M U M. N =D, 'P,° ... D,

m= pilpéz ...pés. Boo011e-To roBopsi, BXOASAIIME B COCTAB PA3IOKEHHS M
¥ N IPOCTHIE YMCIA MOTYT OBITh pasHbIMH, Hampumep n = 15 = 31 x 51,
m = 10 = 2! x 5. B Takom ciyuae JOMOTHAM Pa3lokKeHHe KayKI0TO HCIa
«HEOCTAIOUIMMI» MPOCTHIMH YUCIAMH B HYJICBOIl cTeneHu. B atom ke
npumepe, 15 = 20 x 31 x 51, 10 = 2! x 3% x 51,

Urak, n = pflp;cz ...pfs, m= pilpéz ...pés, e Py <pp < <ps |
ki,l; >0 nnsg Bcex i or 1 10 s. B Takom ciydae MOXXHO 3amucaTh SBHBIC
dopmynet HOJI(m, n) u HOK(m, n):

1. HO/l(m, n)= pf 1pg 2 ...pes, The @; — MeHbIIHii U3 TIokasatenei k;, ;.

2. HOK(m, n)=p; 1pf Z. pf S, rae §; — Oonbnii U3 nokazarenei k;, [;.

Taxxe crout oTMeTUTH cienyroiee coiictBo HOK n HO/I:

3. HOI(m, n)x HOK(m, n)=mn.

OTO CBOMCTBO ClEAyeT U3 TOrO, YTO CyMMa MEHBILIET0 M OONbIIEro U3
JBYX TIOKa3aTellell paBHa CyMMe O0OMX ATHX MOKa3aTeseH, B3ATHIX B TIPOU3-
BOJILHOM TOPSIKE.

IMpumep 6. Haiiqure HOJI (30, 25).

Pemenune. 3anuiieM kaHoHu4yeckue paszioxkeHus uucen 30 u 25 u go-
TIOJTHUM MX «HEJIOCTAIOIIUMID TPOCTHIMH YHCIIAMH.

30 =21-31.5%;25=20.30.52

o popmyie 1 (Bbime) nomyuum: HOJI(30,25) = 2°-3%-51 =5,

OtBert: 5.

§2 lecaTnuHas 3anuch YUCIA

Besikoe HaTypaiibHOe uMcio N €IMHCTBEHHBIM 00pa3oM MPEJCTaBHMO B

JIECATUYHOW 3aICH, KOTOpasi IMEET BUJT
N=a, 10" +a,_, 10" 1+ -+ a,-10% +a, - 10 + a,,
rae n — HatypaibHoe umcio win 0, a a,, a,_q, ", az, A1, ag — HDGpPLL oT 0
10 9, a, # 0. 1 KpaTKOCTH 3TO YUCIO TAKXKE 3alKUCHIBAIOT B BUJIE
N =ua,a,_1 .-aza;a,.

Kpeimika cBepxy cTaBUTCS, YTOOBI OTIUYUTH JECATUYHYIO 3aITUCh YUCIIA
OT mpou3BeeHus Udp a, " Ap_q1 " ..." Az " Aq " Ap.

Uucno M Ha3bIBaeTCA M — 3HAYHBIM B TOM U TOJBKO B TOM CIIy4ae, €CJIu
BepHO HepaBeHcTBO 10™™1 < M < 10™.
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Hpumep 7. He3naiika nepeMHOKUIT Bce UGB PHI KAKOTO-TO HATYPaIbHOTO
yucna, u moyanin 2013. Jlokaxwure, aro He3naiika ommocs.

Pemenne. Paznoxum 2013 Ha npocteie MHOKUTenH. 2013 =3 -11 - 61.
Yucno 61 sBisieTcsl MPOCTBIM, M, COTJIACHO CBOWCTBY 4 JETMMOCTH, €CIH
IIPOU3BEICHUE YHUCENl ACIUTCS Ha 61, KaKOe-TO YHKCIIO MOJIKHO TaKXkKe Jie-
authes Ha 61. Omnako, mudpsl 1,...,9 Hameno Ha 61 He mensTcs, a €ciau
cpenu nudp 3TOro HATYPAITBLHOTO MPUCYTCTBYET 0, TO U MPOU3BEICHUE BCEX
mudp taxke paso 0. [IpotuBopeune.

Ipumep 8. («®u3Tex-2012») [NocnenHow MHUPPY MECTH3HAYHOTO YHC-
JIa IEPECTaBUIIM Ha IIEPBOE MECTO, U MOJYYEHHOE YHCIIO BBIYIM U3 HCXOIHO-
ro yucna. Kakne uncia u3 mpomexyrtka [618222;618252] morau moy-
YHUTHCS B PE3YJIbTATE BEIYUTAHUS?

Pemenme. Ilyctp mectusHauHoe yucio N HMeeT AECATUYHYIO 3alllCh
as5a,a30,a,ay. Jns ymobctBa o0o03HaumM B = a@ga,aza,a;, Toraa
N = 10B + a,. Teneps nocraBuM nociaeqHio0 TUGPY a4y HA IEPBOE MECTO,
TIOJTYYUM UYHUCIIO QU5 04030,07. 3aMETHM, YTO

To50,4a30,0; = ao00000 + U5a4830,0; = 10° - ao + B.

[Tocne BEIMMTAHUS [TOTYYEHHOI'O YMCIIA U3 HCXOIHOTO, MOJIyYHM

10B + ay — (10° - ag + B) = 9B — 99999 - q,,.

JlaHHas 3amuch MOKa3bIBACT, YTO MOJIYYEHHAasl Pa3sHOCTb AEIMTCS Ha 9,
TaKKUM 00pa3oM, M3 Yuce npoMexyTka [618222; 618252] moryT momoiitu
TOJLKO YHCIa, Aensiecs Ha 9: 618228, 618237, 618246.

Ocranock 00BACHUTE, TOYEMY KaXKA0€ U3 ATUX YHCEN MOIXOIUT.

Haiinem xoTst Obl omHO pemieHne ypaBHeHHS 9B — 99999 :-q, =
= 618228, rne B — npou3BOJIbHOE MATU3HAYHOE YUCIO, a Ay — HEHYJeBas
uudpa. [Tonenus 06e yactu Ha 9, MOTyIUM:

B —11111-ay = 68692.

BzsaB ay = 1, nonyuum B = 79803 u ucxoAaHOE MIECTU3HAYHOE YHUCIO
N = 10B + ag = 798031. CnenoBarensHo, 618228 — nmoaxoaur.

AmnanornunsiM obpazom, npu N = 798041,798051 B kauecTBe pa3HO-
CTH MBI TTOJIYYHM JIBa Ipyrux uncia: 618237, 618246, 4.t.x.

OrBert: 618228, 618237, 618246.

Hpumep 9. Uto 6ombiue: 23°0 pnu 31807

Pemenne. CrnenaeM OIleHKM Ha KOJMYECTBO 3HAKOB B 000MX YHCIIaX. 3a-
metum, urto 2300 = (210)30 =10243% > 10003° = 10°°, yro o3nauaer,
gyro B uncie 23°° xors 6b1 91 3Hak. Hao6opor, 3180 = 990 < 1099, ut0
o3HauaeT, uTo B uncie 3180 e 6onee 90 3nakoB. Orcroza, 2300 > 3180,

Otser: 2300 > 3180
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IMpumep 10 (mo motuBam EI'D-2012). CroiabKuMH CIOCOOAMH MOXKHO
npeactaBuTh gucio 2016 B Buge 2016 = 10004 + 100B + 10C + D, tre
A, B, C, D — uenble uncna, nexamue B mpomexyTtke 0 < A,B,C,D < 99.

Pemenue. IIpencraBum kaxnaoe u3z uucen 4,B,C,D B Buae: A = 10a, +
+a,; B =10b; + by; C = 10¢y + ¢, D = 10d; + d,, rae
ai,az, by, by, cq,¢5,dq,d, — ensie yncna B nmpomexxytke [0,9]. 3amerum,
YTO TaKOE paszyiokKeHUe eauHCTBeHHO. PakTuuecku, uucia A, B, C, D 3anu-
CBIBAIOTCSI KaK JIBy3HauHbIE YKCTa B IECSITUYHON 3amucu (OTHAKO, BO3MOXK-
HO, HAYUHAIOIMECS C HYJIS WM HYyJIEH ).

Torga 10004 + 100B + 10C + D = 1000(10a, + a,) + 100(10b; +
+b,) +10(10c; + ¢3) + (10d,4 + d5).

[epenumem 3to BhIpakeHue B Bume: 10(1000a; + 100b; + 10c¢; +
+d;) + (1000a; + 100b, + 10c, + d;).

3ametum, uyto B Bume (1000a; + 100b; + 10c; + d;) eIUHCTBEHHBIM
00pa3oM MmpeacTaBIsIeTCs JII00Ooe 1esoe yucio B mpomexyTke [0,9999], 1. k.
a,bic dy — ero gecaTu4Has 3arrch (BO3MOXKHO, C TIEPBBHIMH HYIISIMU).

Torma ecnu X; = (1000a, + 100b; + 10¢c; + d4), a X, = (1000a, +
+100b, + 10c, + d;), T0 ycnosue npumepa 10 MokeT ObITH mepedopmy-
JUPOBAHO CIIETYIOIIUM 00pazoM:

«CKOJIBKMMH CHIOCO0aMHU MOXKHO TpeactaBuTh uucio 2016 B Buie
2016 = 10X, + X,, roe X{,X, — uenple 4ucia, JEKALUE B IPOMEKYTKE
0<X,X, <9999

Hannas 3amaua yxxe perraercs npocto. Uucno X; MoxkeT ObITh B Ipese-
nax 0 < X; < 201, opu kaxaoM TakoM X; 4uclo X, BBIYHMCISAETCA OJIHO-
3HAYHO M BRIUYMCICHHOE YUCIIO MPUHAMISKHUT MPpoMexxyTKky 0 < X, < 9999.
Takum o6pazom, cymiectByeT 202 crioco0a MpeCTaBUTh YHCIO B YKa3aHHOM
BUJIE.

Ortert: 202 criocoba.

3ameuanne. B 3amagax EI'D mannoro tmma (B 2015, 2016 romax — HO-
Mep 21) oOBIMHO TPUCYTCTBYIOT 3 TyHKTa, M JaHHBIA mpumep 10 SkBuBa-
JICHTEH BTOPOMY IIYHKTY 3TOM pealibHOW 3agaur. B kauecTBe TpeThero
MyHKTa B 3TOH 3a7ade 3Ha4mJICH OBl BOpoc «CKOJMBKO HATYPATbHBIX YUCEI
N o0magaroT ciaemyromuM CBOHCTBOM: 9ncio N MOKHO MPEACTaBUTh POBHO
202-ms crocodamu B Buge N = 10004 + 100B +10C + D, rne A,B,C,D —
esbpIe gucia, jgexantue B mpomexytke 0 < A, B,C,D < 997»

Ecmu mpumep 10 pemats mytém nomHOTO iepebopa uncen A, B, C, D, to
MOCJIE 3TOr0 PELICHHE CIIEAYIOIEro IMyHKTa MOXKET OBITh HEMOIbEMHBIM.
Opnaxo, ecay BOCHOIB30BAThCA JAECATUYHOM 3amuckio uncen 4, B, C, D, oty
3a/la4y TaK)Ke MOXKHO PElINTh, HE 3aTPATUB THTAHUYECKUX YCUJIMI Ha mepe-
00p. DTO MBI ¥ OCTABIISIEM YUTATEIIO B BUJE OJHOM M3 3a]1a4 3a/IaHusl.
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Ipumep 11. (mo motuBam EI'I-2016)

Ha nocke Hamucany HECKOIBKO HE 0053aTEIBHO PA3IMYHBIX BY3HAYHBIX
HaTypaJIbHBIX 4ucen 0e3 Hynel B aecaTHYHOH 3amucu. CymMma 3THX 4HCEl
okazanach paBHOM 2970. B xaxnoMm yucie MOMEHSIM MECTaMu NEPBYIO U
BTOPYIO LU}pHI (Hanpumep, uuciio 16 3ameHwnn Ha 61) Mormna nu cymma
HOJIYYHBLIMXCSI YUCEN OBITH POBHO B 5 pa3 MEHbILE, YEM CyMMa HMCXOIHBIX
qucen?

Pemenne. Brimumem Bce ABYy3HauyHbIE 4YWCNAa B JACCATHYHON 3alMCH:
10ay + b1,10a; + by, ...,10a, + b,. Torma 2970 = 10(a; + - ai) +
+(by + -+ by). Ob6oznaumm A =a, +-+-+a,, B=Dby+ -+ by. Torna

2970 = 10A + B. Ecnu MBI TIOMEHAEM MeCTaMU MEPBYIO U BTOPYIO IU(PHI
2970

P
T. €. 10B + A = 594. MBI NOIy4niIu CUCTEMY U3 ABYX JIMHEHHBIX ypaBHE-
Hull Ha yncna 4, B. Pemus 3Ty cucremy, nonyuum: A = 294, B = 30.

Opnako, T. K. a4, by — HeHyneBble UdPHl (MHHUMaNbHAS — 1, MaKkcH-
ManbHasg — 9), To a; < 9b,. Taxxke BepHO: Ay < 9by, ..., a; < 9by. Ciioxus
BCE Takue HepaBeHCTBa, monyunM: A < 9B. Oanako uncna 294 u 30 ganHo-
My HEpaBEeHCTBY HE yIOBJIETBOPAIOT. [lomydeHHOEe NpOoTUBOpEUYNE yKa3bIBa-
€T Ha OTPUIATENbHBIA OTBET B 3TOM IIpUMEpE.

OTBeTt: HEe MoOTJIa.

BO BCEX YHCIaX, MbI OMy4YuM cymmy (aq + -+ ag) + 10(by + - by) =

§3. [esieHne HeJIbIX YHCEI C 0CTATKOM
3.1. OcHoBHbIE NOHATHS H DAKTHI

Teopema o Oenenuu ¢ OCMamKoOM.

Besikoe mesioe 4mMcea0 M MOKHO pa3feuTh € OCTATKOM Ha Jio0oe
HaTypaJbHOe YMCJI0 1, T. €. OIHO3HAYHbIM 00Pa30M NPEACTABUTH B BH/Ie:
m=nq+r,0<r<n,

rae q — (Lenoe 9ucio) YacmHuoe, a T — OCTaTOK OT JeJICHHs M Ha M.

Ancopumm Oenenus ¢ ocmamkom 3aKiIodaeTcst B ciemyromeM. Ecin
0 <m < n, to cienyer npurATh ¢ = 0,7 = m, a eciiu m > n, To U3 6OJIb-
IIEro Yuciia M CIeAyeT BBIYMTATh MEHBIIEE 7N, MTOKA HE MOJIYYUTCS YHCIIO,
MeHbIIIee, 9eM N — OCTAaTOK. B ciydae, eciam M— OTpULIATENbHOE, K HEMY
Has10, HA000POT, NPUOABIATH YUCIIO N, TIOKA HE MOJYYUTCS Heompuyames-
HOe YHCJI0, MEHBIIIEe 71 — OCTATOK.

Hampumep, HaiinéM octartok nmpu aeneHuu uucia 31 Ha yucno 7. Ecnu
BBIUECTh YETBIpE pa3a 4yucio 7 u3 uucia 31, nomyuum uucio 3 < 7, TakuM
obpazom, 31 =4 -7 + 3, ocTaTok paBeH 3.
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Teneps HalAéM ocTaToK OT neieHus yuciaa —31 Ha yucno 7. 3aMeTum,
9T0  JOMHOXMB Ha (—1) nmpenmpiiymee  paBEHCTBO,  HOJIYYHM
—31 = (—4) 7 — 3, Ho u3 3TOTO HE crnenyet, uTo (—3) — ocratok. OcTaToK
IOJDKEH OBITh HEOTPUIATCHBHBIM. TakuM 00pa3oM, YeTHIPEX MPHOABICHHIA
yucna 7 K yncny (—31) HemocTaToYHO, HYKHO MPHOABUTH YHMCIIO 7 MATHIM
pa3 u nmoayuntb —31 = (—5) - 7 + 4, T. e. ocTaTtok paBeH 4.

W3 TeopeMsbl 0 JIeNeHuU ¢ OCTaTKOM BBITEKAET, YTO cpedu o0bix noOpsio
BLINUCAHKBIX N YUCcel POGHO OOHO KpamHO M, OCTaJbHbIC YUCIA JAOT BCE
ocraTku mompsx or 1 mo n — 1 (HauwuHas, BO3MOKHO, He ¢ 1). Bocmonb3o-
BaBIIUCH 3TUM, CHOPMYIIUPYEM CIEAYIONTUC YTBEPKIACHUS:

1. TlpousBenenue MOOBIX ABYX MOCIEIOBATENbHBIX MEIBIX YHCET NEINT-
csHa 2.

2. IIpousseacHue JIIOOBIX TPEX MOCICIOBATEIBHBIX LEIBIX YUCEI JICITHUT-
csHa 6.

3. IlpousBeaenne MOOBIX YETHIPEX MOCIEAOBATENBHBIX MEIBIX YHCEN Je-
JTCcs Ha 24.

JeficTBUTEIBHO, CPEU JIOOBIX IBYX MOAPST UIYIIUX HEIBIX YUCEN OJTHO
4&THOE, 3HAYUT, POU3BEICHUE TOXKE ACIUTCS Ha 2.

Cpenu Tpéx monpsa MAYIIUX YHcend oAHO nenutcs Ha 3. Taxxke cpenu
MEPBBIX ABYX U3 TPEX MOJAPSA UAYIIMX Yucea ogHo aenurcs Ha 2. T. k. 2 u 3
B3aMIMHO MPOCTHIE, TO MPOU3BEJCHIE BCEX TPEX UHCEN JEIUTCS Ha 6.

CBOMCTBO 3 TOKa3bIBAETCSI aHAJIOTUYHO: CPEAU MOAPSA UAYIIUX 4-X 4u-
cell HaWaéTcsl YKClio, Aelsieecs Ha 4, a Tak ke ellé OJHO YKCIIO, Aalolee
OCTaTOK 2 Tpu JeleHny Ha 4, KoTopoe Takke Oyner 4€THbIM. Takum oOpa-
30M, TpOM3BeIeHNE 4-X MOJPsA UAYIHX uncen faenutcs Ha 4 X 2 = 8. [lo-
CKOJIBKY 3TO Tpom3BejeHue emé aenurcs Ha 3, a HOJ(3,8) = 1, To npowus-
BEJICHHE BCEX 4-X TOAPA UIYIINX YUCEI AeTUTCS Ha 24.

Hpumep 12. Jlokasxkute, 4TO IPH T060M HeUETHOM N umcio n + 3n? —
—n — 3 genutcs Ha 48.

Pemenne. Pasnoxkum paHHBIE MHOTOWIeH: n3+3n?-n-—3=
=m-3)(n?-1)=m-3)(n—-1)(n+1). 3amern™M, 4T0 N — HEUETHOE,
MO3TOMY €ro MOXXHO IMpeacTaBuTh B Buiae n =2k+ 1. Torma
-3 (n—-1)(n+1) =Rk —-2)2k2k + 2) = 8(k — 1)k(k + 1). TIpo-
U3BEJIeHUE 3-X MOAPS UAYIINX YHCEN NEIUTCSA Ha 6, O3TOMY BCE MPOM3BE-
JNeHUe OeIuTcs Ha 48.
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IMpumep 13. Haiigute Bce mpocThie YnCia P, MPH KOTOPBIX uncna 2p + 1
u 4p + 1 Takxe ABIAIOTCS TPOCTHIMH.

Pemenne. Mnes pemeHns 3aKkiito4aercs: B TOM, YTO XOTs ObI OHO U3 YH-
cenp, p+1, p+ 2 momKHO NEeNUTbCA Ha 3, a CIEOBATEIHHO, PaBHATHCS
TpEM (STH YHCIIa TIO YCIOBHUIO MPOCTHIE).

JeiicTBUTENBHO, €CIIM P JIENUTCS HA 3, a p — MPOCTOE YUCIO, TO P = 3,
yucna7 =2+-3+1u 13 =4+ 3+ 1 takxe nNpocTele.

Ecmu p + 1 agenutcs Ha 3, 10 4(p + 1) Taxke aenautcs Ha 3, U YKCIO
4p+1=4(p+1)—3 rake genutcs Ha 3. DTO YHUCIO MO YCIOBHIO
JIOJDKHO OBITH MPOCTBIM U MTOTOMY MOXET OBITH PaBHBIM TOJNBKO TPEM, HO
4p+1 # 3.

Ecnu p + 2 nenutes va 3, T0o 2(p + 2) Taxke OeaUTCS HA 3, U MPOCTOE
uucio 2p + 1 = 2(p + 2) — 3 Taxke nenurcs Ha 3. Ho 310 ymciio nmpocroe,
necnu 2p +1 = 3,70 p = 1 He sABIAETCSA IPOCTHIM YUCIOM, IPOTUBOPEUHE.

OtBeT: p = 3.

3.2. IIpu3HaKHu AeTUMOCTH

BCIOMHHM HEKOTOpbIE M3 NPHU3HAKOB JETMMOCTH M BEIBEJEM JalbHEii-
aIue. HyCTI) HaTypaHbHoe YUCJIO UMECT ILGCHTHHHyIO 3aIUCh.

ap0,_1 .. 00.09 = 10"a, + 10" ta,_; + -+ 10%2a, + 10a, + aq,

ChopMyIupyeM HECKONBKO NPUHAKOS OeUMOCHIU, U3BECTHBIX BaM U3
ITKOJTEHOTO KYpCa, Pa3/e/iB X Ha TPH IPYIIIIbL.

1. Tlpu3HaKW AETUMOCTH 1O HECKOAbKUM HOCTEOHUM YUDPaAM:

Echu ... mo a deaumces Ha ...

Qg oenumcest Ha 2 unu Ha 5 2 unu 5 coomgemcmeeHHo
a1ag denumces Ha 4 uau na 25 4 unu 25 coomeemcmeenno
a,a,ay oenumcsi Ha 8 8

ag paero 0 10

Ap_1Qn_3 - A1aq pasto 0 10"

Jloka3aTenbCTBO BCEX ITHX MPU3HAKOB COJAEPIKAT OAHY U TY K€ HJICHO,
MPOJCMOHCTPUPYEM €€ Ha MpUMepe NpU3HaKa JISIMMOCTH Ha 4.
3aMeTHM, 4TO
A, 0p_1 - 00105 = ApQp_q ---a2,00+ a,ag =
=100 X a,a,_1 -..a; + a;ag.

Ho, gncno 100 menmutcs Ha 4, mostomy 100 X @,a,_7 ... A, TaKkxke je-
JIUTCA Ha 4, IMO3TOMY ACIMMOCTDb UCXOJHOT'O YKUCiIa Ha 4 3aBHCHUT TOIBKO OT
TOTO, JICJIUTCS JIU A4 A Ha 4 WU HET.
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3ameuanue. Bee npusHaku copMyTUpOBaHHBIC, BBIIIE, SIBIAIOTCS TaK-
KE U HPUHAKAMU PAGHOOCMAMOYHOCHMU: OCTATOK OT JEJCHHUS Ha COOT-
BETCTBYIOILMI JCIUTENIb UCXOAHOTO YMCIA W BBIPAKCHHUS, 3aMHCAHHOTO B
JICBOW YaCTH TaOJIUIBI COBIAAACT. DMomy ceoucmasy Oyoym y008iemaeopsims
U 8ce nPU3HAaKU, Komopowie OyOym 3anuUcamnbl Huxce.

2. IlpusHaku IeIUMOCTH no cymme yugp.

Echu ... mo a oenumcsa Ha ...

cymma yugp oenumes na 3 unu 9 3 unu 9 coomsemcmeento

3Hakouepedyowascs cymma deaumcesi va 11 | 11

JlokakeM MPU3HAK JeTMMOCTH Ha 9.
Apap_1 - Gz0.0, = 10™a, + 10" 1a,_; + -+ 10%a, + 10a, + ao =

<99 ..9a, +99 19 ap—q ++-+99a, + 9a1> +
n n-—

+(ap +ap_1 +--+tay ++a; +ay) =

=9x <11 wla,+11..1a,_4 + -+ 1la, + 1a1> +
n n—-1
+(an + an_q + -+ a; +a; + ap).

JennMocTh TOCHeqHeTO BHIpaXeHHS Ha 9 COBMAjaeT C AETUMOCTHIO
CYyMMBI I (P UCXOAHOTO YKca Ha 9.

Tenepsp, noKakeM MPU3HAK JIETUMOCTH Ha 11.

3ameTtum, uto uncia 11, 1001, 100001 (i BooOIIIE, Bce HEUETHBIE CTEIIC-
HU JIECATKH, yBeIIMUCHHbIe Ha 1), nenmsarcs Ha ducio 11. DTo jerko mpose-
puth. HetictBurensHo, 1001 =990 + 11, 100001 = 99990 + 11 u T. &.,
OTKyJa AeMUMOCTh Ha 11 craHoBUTCS oueBUIHOW. boiee cTporo 3To cieny-
eT u3 QOpMYJIBl COKPAIIEHHOTO YMHOXEHHS, KOTOpask B HaIlleM clIydae Mo-
JKeT OBITH 3allMcaHa B BUEC:

(10 + 1)%+1 = (10 + 1)(10%F — 10%*~1 + ... + 102 — 10 + 1).

Uucna, cocrosmume U3 4ETHOTO yncia AeBATok (99, 9999 — uérHeie cre-
TIEHU JISCATKU, YMEHbBIIIEHHbIE Ha 1), nenstcs Ha 4ucio 99 u, ciemoBaTens-
HO, Ha yucio 11.

Torma Harre 9uCiIo @ MOXKET OBITh IIEPEMTUCAHO B BUJC:

a=ay+ (11—-1Da; + 99+ 1)a, + (1001 — Daz + -+ =
=(ap—a; +a; —ag+ )+ (1la; + 99a, + 1001az + - ).

Bce noguépkuyThie uncna kpaTtHsl 11, cienoBaTenbHO, OCTaTOK OT JiEje-

HUs Ha 4iciio 11 paBeH oCcTaTKy 3HAKOUEPETYIOIIEHCS CYMMBI ITUGD.
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3ameuanue. OOpaTuTe BHHMaHHE, YTO 3HAKOYEPEIYIOLIYIOCS CYMMY
udp HY>KHO CUATATh CIIpaBa HAJIEBO, C MOCIETHEH MU(PBI YUCIIa K TIEPBOA.
HempaBunsHoe HampaBieHHE HUKAaK HE OTpPa3sUTCs Ha MPU3HAKE, €CIH MBI
MCIIOJIb30BAIIM 3HAKOUEPEAYIOIIYIOCS CyMMY (P HEBEpHOTO HATPaBIICHUS
TOJIBKO ISl IpU3HAKA denumocmy Ha 11, HO MOKET MMPUBECTH K HEBEPHOMY
OTBETYy, €CITM MBI OyJeM NPUMEHSTh MPU3HAK pagHOoOCmamoyHocmu. (CM.
ab3ar mepe] BTOPOH TPYNIIOi MPU3HAKOB AeIUMOCTH). TeM He MeHee, Aaxe
€CJIM BaM B JaHHBII MOMEHT NMPHU3HAK PABHOOCTATOYHOCTH HE MOHAIOOUTCH,
BCE PaBHO JIyUIlIe CYUTATH CIIPaBa HAJIEBO, YTOOBI BBECTH 3TO B IIPUBBIUKY.

IMpumep 14. TIpu kakux HATypadbHBIX N 4ucio 4™ + 1 menutcs Ha 57?
Pemenue. [TocmoTpuM Ha mocieaHO0 udpy uncia 4™,

n 1 2 3 4 5
4n 4 16 64 256 1024

HecnoxHo 3aMeTHTh, YTO MpU YETHBIX CTETECHSAX OHA OyAeT paBHATHCS
IIECTH, NMPH HEYETHBIX — YEThIpEM. DTa 3aKOHOMEPHOCTh OyAeT MponoJi-
JKaThCs U JIaNbllle. YMHOXas Ha 4 4UCIl0, OKaHYUBaloIleecs Ha 6, MbI MOJy-
YUM YHCII0 ¢ ocseaneit uugpoit 4 u, Ha00opoT, yMHOXKAs Ha 4 YHCIIO C TO-
cnenHelt nudpoii 4, MBI TOTyYUM YUCIIO, OKaHIHBAroIIeecs Ha 6.

Ecnn npubaBuTh €AMHUILY, MBI HOJXYYUM, YTO MOCIEAHAS LU(pa MoiIy-
YEHHOT'0 YMCJIA PABHAETCS 5 NPU HEYETHBIX CTENEHSX, U PaBHSETCS 7 IIpU
yétHbIX. [lo mpu3HaKy nenmuMOCTH Ha 5 mocnenHss nudpa ducia, JIelsiie-
rocst Ha 5, jmoikHa ObITh 00 0, MU60 5, mostomy 4™ + 1 nenutes Ha 5
TOJILKO MPU HEYETHBIX N.

OtBet: 4" + 1 genutcs Ha 5 PU HEYETHBIX N M HE JEITUTCS — MPU YET-
HBIX.

*B mocreHeil TpyIIIe IPU3HAKOB JEIUMOCTH PACCMATPUBAOTCS CyMMbI
JIBY3HAUHBIX WJIN TPEX3HAYHBIX I'paHEW — IBY3HAUHBIX WM TPEX3HAYHBIX
yrcen U3 HUQp JaHHOTO YKcla, clipaBa HaleBo. Tak, B uncie 12345 ecthb
TpH JBy3HauHble rpanu: 1 | 23 | 45.

3. Ilpu3Haky IETUMOCTH 1O cyMMe Spanell.

Ecnu ... mo a 0enumcs Ha ...

cymma 08y3naunwix epaneti oeaumes na 11 11

cymma mpéxsnaunuix epanetl oenumcesi Ha 37 | 37

sHaxkouepedyrowascs cymma mpéxsnaunvix | 7, 11 13 coomeemcmeenio
epaneit oerumes Ha 7,11, 13
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JlokaxxeM, HampuMep, BTOPOM MPU3HAK AETUMOCTH Ha 11.
apQp_1 ... 020109 = a1a¢ + 100aza, + 10000asa, + --- =
= (a1ag + aza; + asay + -+-) + (99aza, + 9999asa, + ).

T. k. 99 nenmurcs Ha 11, To YwciIo B MpaBoii ckoOke menutcs Ha 11, cie-
JIOBATENBHO, JIEIMMOCTh UCXOMHOTO YHciia Ha 11 3aBHCHT OT CyMMEI NIBY-
3HAYHBIX TpaHeH, HAMMCAHHOHN B TIEPBOM CKOOKE.

XOTs AOKa3aTeIbCTBO OCTABIIUXCS IBYX MPU3HAKOB SBISETCS aHAIOTHY-
HBIM JTOKa3aHHOMY MIPHU3HAKY W MBI IPUBOAMTH €r0 HE Oy/1eM, OTMETHUM pas3-
noxkeane gncia 1001 HA MPOCTHIE MHOXKHUTENH, KOTOPOE IMO3BOIIIO cop-
MYJUPOBaTh MPU3HAKK Aenmumocty Ha 7, 11 1 13:

1001 =7 x 11 x 13.

Mpumep 15. lenutcs 1u Ha 7 yncno 12345678907
Pemenne. Bocnonb3yeMcsi MpU3HAKOM JETMMOCTA Ha 7 M MOCYUTAEM

3HAaKOYepEAYIOIIylocs CyMMy Tpéx3HauyHbIX rpaneii: 890 — 567 + 234 —
—1=556. Yucno 556 Ha 7 HE AEAUTCS, 3HAYUT, KCXOJTHOE YKMCIIO HA 7 TAKXKe
HE JCIIUTCS.

OTBeT: He JIeIuTcs. *

3.3. Berunciaenue HOJ ¢ nomombio anroputma EBkimaa

YroOrr Beruucauts HOJI aByx umncen, He 00s3aTeNbHO 3HATh Pa3IoKEeHHUE
3THX YHCEeJ Ha MPOCThie MHOXKHUTeNU. CyIecTByeT UHOH crocod, OCHOBaH-
HBIH Ha JiefeHnn ¢ ocTaTkoM. OH U3BECTEH Kak anzopumm Eexnuoa.

Cdopmynupyem cBoitctBo HOJI nByx umcesn, KOTOpOE HCIOJIB3YETCS B
anroputMme EBkinpa. [lycts a > b, Torna

HO/I(a, b) = HO/I(a — b, b).

OTO JEerKo JO0Ka3bIBaeTCs MPH MOMOIIM CBOWCTBA 2 NEIUMOCTH LEIBIX
yucen. Jlokaxkem, 4To 0OIIKe AeTUTEIN Yucenl a, b u uucen a — b, b cosna-
narot. JleficTBUTENHHO, IYCTh @, b nensarcs Ha k, Torna a — b, Takxke IenuT-
cs Ha k. O6parHo, mycth a — b, b nenstcs na k. Torma a = (a—b) + b
Takke Ha Hero AenuTcs. Ecnu Bce oOmMe NeiwWTend COBMANAIOT, TO
HauOonbmuil n3 HUX (HO/) Takxke qOKEH COBNAAATh.

Teneps nepeitném k Gopmynuposke azeopumma Eexiuoa. Ilycts a > b.
Pazpenum ¢ ocraTtkom yuciio a Ha yucno b: a = bq +r, 0 <r < b. Torga

HO/l(a, b) = HOJI(r, b) = HOJ(b, r).

OTO CBOMCTBO MONY4YaeTCsl MHOTOKPaTHBIM MPUMEHEHHEM CBOMCTBa
HO/I(a, b) = HOJ/I(a — b, b). Tereps 3amenum uncio a Ha uncio b, b — Ha
YHCIIO T ¥ MPOJIeJIaeM TOXKE caMoe C yhciaMu b U r ¥ T. 1. DTH oneparyu
3aKOHYATCSI, KOTJa OAHO YMCIIO MOJENUTCS Ha APYroe Haueio, JeNUTeNb U
oynet sBisateest HOJI uncen a u b.
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Ipumep 16. C nomourpto anroputma Esxnnaa naiiaute HOJ[ uucen
1848 u 627.

Pemenue. Hauyném oneparuio qeneHus ¢ OCTaTKOM:

1848 = 627 x 2 + 594, nosromy HO/I(1848,627) = HO/1(627,594),

627 = 594 x 1 + 33, moaromy HOJI(627,594) =HO/I(594,33),

594 = 33 X 18, T. e. uncno 594 pasgenwioch Ha 33 Hareno. ITO O3HA-
4aeT, yTo 3a 3 mara anroputM EBkinia Beian oretT 33.

Oteet: HOJI(1848,627) = 33.

Hpumep 17. JlokaxwuTe, 4TO MpH HEbIX 3HAYEHUAX X uMciaa 2x2 + 4 u
2x — 1 He MOTYT OJHOBPEMEHHO JCITUTHCS HU HA KakKue MPOCTHIC YHcia,
OTJIMYHBIE OT 3.

Pemtenne. [lns pgokasarenbcTBa TPUMEHHMM anroputM  EBkimpaa.
Haiiném, kakue 3HaueHus Moxer npuaumats HO(2x2 + 4, 2x — 1). Jlns
9TOT0, BOCIIOJIb30BABIIUCH HECKOJIBKO pa3 CBOMCTBOM B Hadaie maparpada,
nomyaum: HOJ(2x? + 4, 2x — 1) =HOJ(x + 4, 2x — 1). Do cnenyer u3
Toro, uto 2x% + 4 = (x + 4) + x(2x — 1). (x + 4, 2x — 1).

Borutst u3 2x — 1 mBakael yucino x + 4, nomyunm: HOO(2x — 1, x +
+4) = HOJ(9, x + 4). Yucmo 9 He 3aBHCHT OT X, 9T0 3Haumt, uro HOJI(9,
x + 4), xotopsiii paBusiercs HOJ[ MCXOMHBIX BBIPAXKCHHH, JETUT YKCIO 9.
Takum o6pazom, HOJ(2x2 + 4, 2x — 1) MoXeT NpUHAMATh 3HadeHus 1, 3,
9, U3 Yero U cieAyeT yTBEPKACHUE 3a0auu.

Anropurmy EBkimpa yxe Oomee 2 Thic. neT. OH chopMmynnpoBaH B
«Hauanax» EBknmnma, rae M3 HEro BBIBOASATCS CBOWCTBA NPOCTBIX YHMCEN,
HaMMEHBILETro OOIIEro KpaTHoro M T. 1. AJITOPUTM MMEET MHOTO IpaKkTH4e-
ckux mnpuMmeHeHuil. Emé npeBHue mmdaropeinpl 3HaIM €ro Kak CHocoo
HaXOK/ICHUSI HauOOoINbIIeH OOIIEe Mephl JBYX COM3MEPHMBIX OTpe3koB. K
cepenune XIV B. anroput™m EBxinaa Obut pacnpocTpaHéH Ha MHOTOWIEHBI
OT OJTHOT'O IEPEMEHHOT0, a B JAIbHEHUIIIEM STOT allTOPUTM ObLT OTIpENeNIEH 1
JUTSL psijia APYTUX anredpanveckux 00beKTOB.

§4. Pemienue ypaBHeHUIi B LeJIbIX YHCIAX

4.1. JIuneiiHoe 110(aHTOBO yPaBHEHHE C IBYMA HEM3BECTHHIMU

B aTom paspene paccmarpuBaeTcs TMHEHHOE ypaBHEHHE
ax + by =c,
rne a, b, ¢ — uensie yncina, npuuéM ab # 0 (MHaue TO ypaBHEHHE ¢ HE 0O-
Jiee OJTHOM HEM3BECTHOIN).

VYpaBHEHHUS ¢ LENbIMU YUCIaMu ¢ ABYMS (1 OoJiee) HEM3BECTHBIMU Haps-
Iy ¢ OONBIIMM KOJIMYECTBOM APYIMX HHTEPECHBIX 3aJad paccMaTpuBall B
cBoell KHUre «Apudmernka» rpedyeckuii matematuk Jnodant AnexcaH-
npuiickuit (111 B.). Takue ypaBHeHHS ObLIM BIOCICICTBUU HA3BaHBI €ro0
UMEHEM.
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Ipumep 18. Jlokaxkute, 4ro MOHEeTaMH B 2 U 5 pyOiell MOKHO 3aruia-
TUTH JI00YI0 HATYpalIbHYIO CyMMY pyOieii, kpome 1 u 3.

Pemenne. Ilycts cymma, KOTOPYIO HY’KHO COCTAaBUTb, paBHAETCS N pyO-
JIei, ¥ MBI 3aIUIATHM €€ X MOHETaMH 110 2 pyOJis U y MOHETaMH 10 5 pyOJiei.
n—5y
—

Hamma 3agaya — HaliTi XOTS OBI OJTHO PELICHUE 3TOTO YPaBHEHUS B LIENBIX
HEOTpHUIATENIbHBIX Ynciax. Eciu n nenurcs Ha 2, TO B Ka4eCcTBE Takoro pe-

HIeHUs] MOXKHO B3sTh ¥ = 0, x = n/2. Ecnu »xe n He nenutcs Ha 2, TO MOXK-
n—>5
HO B3iTh ¥y = 1, x = - 3nmech X He OyJeT SBIATHCS OTPULATENBHBIM,

Otcrona nmonyynM ypaBHeHue 2x + 5y = n. Belpazum x yepe3 y: x =

ecmu n = 5. Takum o6pazoM, m00yr0 HaTypalbHYI0 cyMMy pyOueit, kpome 1
1 3 MOKHO 3aIJIaTUTh MOHETaMU B 2 U 5 pyOIeii.

3ameuanue. Ecnm ke B 3T0i#l 3a/maue pa3pelnTh JaBaTh crady (Takke
TOJIEKO MOHETaMH 2 u 5 pyOmeii), To Torga MOXHO OyJeT ¢ y4€ToM ciadu
3aIIaTUTh JTIO0YI0 CyMMY pyOJIei.

Ilepeiiném k pemieHuto ypaBHeHus ax + by = c.

Teopema. YpasHenue ax + by = ¢ umeer GeckOHeYHOe MHOKECTBO
HeJIOYNCIeHHBbIX peneHuii, ecin ¢ geaurcss na HOJI(a, b) u He umeer
LEeJI0YHCIEHHBIX PEellIeHHi B IPOTHBHOM CJIy4Yae.

Venosue «c genurtca Ha HOJ[(a, b)», 4acTHOCTH, BCEraa BELINOIHEHO,
KOT'JIa YMCia @ U b B3aUMHO MTPOCTHI.

HduodantoBo ypaBHeHHE ax + by = ¢ MOXHO peliaTh Mo CISAYIOIEMY
aNTOPUTMY:

1. Paznenum o6e yactu ypaBuenus ax + by = ¢ na HO/l(a, b). Yucna a
u b, noaenéunsie Ha cBoit HOJI, cranyT B3aMMHO MPOCThIMU. Eciu uunciio c,
pasnenénnoe Haneno Ha HOJl(a, b), He sABseTCS 1EIBbIM, TO YPaBHEHHE pe-
HIEHW He wuMeeT (cjeBa CTOMT IIeJIoe€ YHCIo, CIpaBa — HEIeNoe).
TakuM 06pa3oM, MbI IIPHIUTH K PABHOCHILHOMY ypaBHEHHIO X + by = C,
rae HOJl(a,b) = 1.

2. Utak, mycTh Tenepr €cTh ypaBHeHHE ax + by = ¢, rae uucia a u b
SIBIISIFOTCS. B3aMMHO MPOCThIMU. HalinéMm Kakoe-To OfHO (Tak Ha3bIBaeMOe
«4aCcTHOE») PEIICHHE 3TOTO ypaBHEHUS — (X, V). DTO MOXKHO cIenaTh My-
TéM moa0b0opa WK ¢ IOMOIIBIO anropuT™Ma EBkina (CM. KOHEIl 3TOTO pasie-
na).

3. BhIUIEM OTBETHI: {x = Xo — bt , teZ.

y =Yy t+at

[Touemy Bce OTBETHI UMEIOT TaKOW BHT?

Iycts (Xo, Yo) — peleHue ypaBHenusi ax + by = c. PaccMoTpuM BbIpa-
xenne a(x —xg) +b(y —yy). Ono pasusercs nymo. a(x —xg)+
+b(y —yy) = ax + by — (axg + byy) =c—c = 0.
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Takum 00pazom, 4ucia X — Xg U Y — Yo SIBISIOTCS PELICHUSIMH ypaBHE-

Hust aX + bY = 0. TlepenmieM 310 ypaBHeHue B Bujae aX = —bY. Tak kak
YHClIa @ U b — B3aMMHO MPOCTHI, YUCIO Y IODKHO AEIUTHCS Ha YHCIO d,
T. €. Y = at npu kakoM-To 11esiom t. [loxcraBum Y B ypaBHeHue aX = —bY,
nonyunM aX = —bat, 4To B CBOKO O4epe/b MOCIIe COKpAIeHHs Ha @ TIpeod-

X—X, =—bt,
pasyetcs k Buny X = —bt. Urak,

y—Yo=at,
OTKy/Ia U MOJTy4aeM BBIHCAHHBIC B II. 3 OTBETHL.

Ipumep 19. Pemure ypaBuenue 10x + 4y = 100.

Pemenune. Pa3zgenum 06e gactu ypasuenus Ha HO/I(10,4) = 2, momy4uus
ypaBHenue 5x + 2y = 50. IlogbopoM mnoiydyaeM 4YacTHOE peLICHHE
X, =10, y, =0.

x=10—-2t
3aTeM BBINMILEM BCE PELICHUS 3TOr0 YPAaBHCHUSA: y = 5¢ , t EZ.
OTBeT: {x =10—2t , t EZ.
y =05t

*Onumem mporecc HAXOKIECHHS «IACTHOTOY PENICHHs ¢ HOMOIIBIO ajl-
roputma EBknnna Ha npumepe nuodanrosa ypaBHeHus 7x + 18y = 2.

Mpumep 20. Haiigure yacTHOE peleHue ypaBHenus 7x + 18y = 2.

Pemienne. [lns Havanma HalaéM YacTHOE pELICHWE YypaBHEHUS
7x + 18y = 1, 3areM, TOMHOXXHM MOJyYEHHOE pEIICHUE Ha 2, MOIy4UM
JacTHOE pelIeHne ypaBHeHus 7x + 18y = 2.

Haiiném HO/I(18,7) ¢ nomomisto anroputma EBkiupa. 18 = 7 x 2 + 4,
noaromy HOJI(18,7) = HO/I(7,4). Bynem 3anuchiBaTh Kaxkj0€ HOBOE YHCIIO,
K KOTOpDOMY MBI TPHUXOAMM, BBINOJHSS anroputM EBkiwnma, B Buie
7x + 18y. Tak,4=18 -7 x 2.

3atem HOJI(7,4) = HOJ1(4,3), tne 3 =7 —4 =7— (18 -7x2) = 7x3 — 18.

Haxonen, HO/I(4,3) = HO/I(3,1) = 1, npuuém 1 =4 — 3 = (18 — 7x2) —
—(7%3 —-18) = 18x2 — 7x5.

Bor, MBI momyunsim dYacTHOE pelleHHe ypaBHeHus 7x + 18y =1:
x=-=5y=2

Orcioma dacTHOE perieHue ypaBHeHHs 7x + 18y =2 wumeer Bupg
X, =—10, y, =4.

Pemnas 3agauy npyrumu crioco0amu, MOXXHO HAWTH W JIPyTHME YacTHBIC
pemenus. Hanpumep, X, =8, Yy, =-3.

OtBer: x = —10,y = 4. *
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4.2. Ilpumepsl pellleHUs HeJINHEHHBIX YPaBHEeHU

Mpumep 21. (EID, mpenuposounwviii eapuanm). I'pyniy MIKOJIHHUKOB
HYXKHO TIePEBE3TU U3 JICTHETO JIareps OJHUM U3 ABYX CIIOCOOOB: JTHOO ABYMsI
aBTOOycaMM TUNa A 3a HECKOJIbKO peicoB, MO0 Tpems aBToOycamu Tuna B
3a HECKOJIBKO PeiicoB, NPUUYEM B 3TOM CITydae YHCIIO PeiicoB KaXKI0ro aBTO-
Oyca turma B Oyzer Ha oAWH MEHbIIE, YeM PEHCOB KaXKIO0ro aBTo0yca THIIa
A. B kaxmom u3 ciydaeB aBTOOYCHI 3allOMHSIOTCS MOMHOCTRIO. Kakoe mak-
CHMQJIPHOE KOJIMYECTBO INKOJHHUKOB MOXKHO TEPEBE3TH IPH YKa3aHHBIX
YCIIOBHSAX, €CJI B aBTOOYC THIIa B BXOIUT Ha 7 4eJIOBEK MEHBIIE, YEM B aB-
ToOyC Thma A.

Pemenne. [lycts B aBTOOYyC THa B BX0AWT X 4yenoBek (Torna B aBTOOYC
tHa A BXOIUT X + 7 4esIoBeK), U aBTOOYyChI TUIMA B 10KHBI COBEpLIUTD Y
peiicoB (Torma aBTOOyCHl THma A AOKHBI coBepmnth Y + 1 peiic). Ilo
YCIIOBHUIO 33/1a4¥ COCTABHM BBIPAYKCHUE U KOJIUYECTBA JAETeil, mepeBe3EH-
HBIX 000MMH CIIOCOOaMMU:

2+ 7)(y + 1) = 3xy.
Bbipazum nepeMeHHy0 X 3TOTO BBIPaKEHUS uepes Y.

14y +2x+14—xy =0, x=—14y+14.
y—2
BeiienuM 1ieyro 4acTh Yrca: M; X:M:14+4—2.
y—2 y—-2 y—2

HamomanM, 9uCIIO X JOKHO OBITH LIENBIM, OTCIOJIA TTONTyYaeM, YTO YHUC-
710 (y — 2) MO/KHO OBITh JeuTeeM dncia 42.

[Tepebepém Bce menurenu yucia 42 W BBLICHUM, KaKO€ MaKCUMAalbHOE
KOJIYECTBO JieTel (3XY) MOXKHO yBE3TH:

y—2 1 2 3 6 7 14 21 42

3 4 5 8 9 16 23 44

x 56 35 28 21 20 17 16 15

3xy 504 420 420 504 540 816 | 1104 | 1980

MakcumaabHOE KOJMYECTBO INKOJIBHHUKOB, KOTOPOE MOYKHO MEPEBE3TH
COTJIACHO YCJIOBHSIM 3a7aun, paBHO 1980.

Orger: 1980.

Ilpumep 22. Pewnte B 1enbIX YKciax ypaBHenue xy = 5(x + y).

Pemenne. [Tepenumem ypaBaenue B Bujie: xy — 5x — 5y = 0;

x(y—5)—-5(y—-5)—-25=0; (x—5)(y—5)=25.
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3ameTuM, 9T0 25 MOXHO Pa3jIoKUTh HA MHOXKHUTEIH (B TOM YHCIIC OTPH-
LIATE/IbHBIC) TOJIBKO CICAYIOIIMMHU crmocobamu: 25 =1X%X25=5X%X5=
= (=1) x (=25) = (=5) X (<5).

W3 xax0ro U3 pa3inokeHui MoTydaeM pereHHs.

Otset: (x,y) = (6,30); (30,6); (10; 10); (4, —20); (—20,4); (0,0).

Ipumep 23. Pemure B 1eJIbIX YNCIIAX YpaBHEHUE

x2=2y*+xy+7.
Pemenue. [Tepenuiem 3to ypaBuenue B Buze: (x + y)(x — 2y) = 7.
OT0 pa3iokeHHue MOKHO TOIYYUTH CIEAYIOIINM 00pa3oM: 3aluIlieM BbI-

2
paxenue x> — xy — 2y? = 0 u BbIHeceM y? 3a ckoOku: Y2 (EJ X 2.

y y

X
[anee, pemuB KBaJapaTHOE ypaBHEHHE (EJ —1—2=O (xopar —=-1,
y y y

X X X
—=2), pa3noxuM ero Ha MHOXHTenu | —+1| ——2|. Orcioma, mociue
y y y
JIOMHOKEHHS Ha Y2, MOITydaeTcsl HAMMCAHHOE BBIIIE Pa3IokKeHHE:
(x+y)(x—2y).

T. k. (x +y) u (x — 2y) — 1enble Yucia, TO HY)KHO TIOCMOTPETh Ha pa3-
JIOKEHHE YHCIIa 7 Ha J[BA [EJIbIX MHOKHUTENS. BO3MOKHbIE pa3ioKEHUs BbI-
MUIIeM B TaOuIy:

x+y= 7 1 =7 -1
X —2y = 1 7 -1 -7
[Nonywatorcst 4 cucTeMbl JUHEHHBIX ypaBHEHHWU. Pemum oaHy W3 HUX
(mepBy10):
{ x+y=7,
x—2y=1

[omyuum: x = 5,y = 2.

OcrasibHbIE CHUCTEMbI BBINMUCHIBAIOTCS aHAJOTWYHO, M BCE TOJyYCHHBIC
pelIeHust OyIyT SIBISTHCS LEIBIMH.

Oteert: (x,y) = (5,2); (—5,—2); (3; =2); (—3; 2).

B 06oux nmpumMepax Mbl pacKJaIbIBAIM MHOTOWICH Ha MHOXHTEIH M HC-
TI0JIE30BAJIH CBOICTBA AEITHMOCTH.

Ipumep 24. Pemure B LENbIX YMCIaX ypaBHeHHE X3 —xy — 7x + 2y +
+23=0.
Pemenne. B 310 ypaBHEHHe niepeMeHHasl Y BXOJIUT B NEPBOW CTEINEHH,

3 _
BEIpasuM eé uepes x. x> +y(2—x)—7x+23=0, y =LX2+23.
X_
Cnenaem 3ameny. t=x—2.Torma X=t+2; x> =t3+6t>+12t +8 u, crue-
t3+6t3+12t+8-7t-14+23 17
JIOBATENIbHO, Y = " =t +6t+5+T.
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Ilo ycnoButo y u t — nensle, nosromy 17 1omxHO AeauThes Ha t. Bos-
MO’KHBI BApUAHTBHI:

t [ 1 [-1]17 [-17
x | 3 | 1 |19 |-15
y | 29 | 17 | 397 | 101

Oteet: (x,y) = (3,29); (1,17); (19,397); (—15; 191).

Ipumep 25. Haiinure Bce nenble x, npu kotopbix 2™ + 1 = x2, rae n —
HaTypaJIbHOE YHCIIO.

Pemenne. bBynem cuntath X HEOTpUUATEIBHBIM (3aTeM JO0ABHM YHCIO
"-x" B OTBET).

[epenumiem 310 ypaBHenue B Buze 2" = x2 — 1= (x — 1)(x + 1).

3aMeTHM, YTO HEOTPULIATENbHbIC AEINTEN Yucia 2™ TaxKe 00sA3aHbI SB-
JSITBCSI CTEHEHsAMH [BOWKH, modtomy (x —1) = 2% (x+ 1) = 2/. Yucna
(x = 1) u (x + 1) — nenurenu yncna 2™ - He paBHBI SAUHUILIC, IOITOMY 00a
9THX YHCNA SABJISIOTCA HATYpaJlbHBIMU CTETeHsIME 1BOMikH. C Ipyroit cropo-
HBI, Cpely JBYX IOCIIEOBATEIBHBIX YETHBIX YHCEN OAHO JETHUTCSA Ha 4, a
BTOpOE Ha 4 He penutcs. [lockonbKy BTOpoe 4HClO Ha 4 HE ACNUTCS U IpU
9TOM OHO HE JOJDKHO COJIEPKaTh OTIMYHBIX OT 2 TPOCTHIX JACIHTENEH, TO
3TO YHCIIO PaBHO 2.

Takxum 06pa3oM, Hy’)KHO pacCCMOTPETH 2 CITyJast:

a) (x + 1) = 2,x = 1 — He NOAXOMAUT.

0) (x — 1) = 2,x = 3 —moaxomur (n = 3).

OTBeT: X = +3,n = 3.

Ipumep 26. Pemmte B HATYpaIbHBIX YHCIIAX ypaBHEHUE

1+x+x2+x3=27,

Pemenne. Paznoxus neByo wacth, momyuum (1 + x)(1 + x?2) = 27,
T.x. uncna x u x> — mHarypaneHele, 1+ x > 2;1 + x? > 2, 3HauuT, 06a
uncna — (14 x) u (1 + x?2) ABAAIOTCA HATYpPabHBIMH CTEHEHSAMH JIBOMKH.
Iycts 1+ x = 2%, BeIpasus U3 3TOro ypaBHeHHs X, momydnm, 1+ x2 =
=22t _ 2.2t 4+ 2. 3710 YHCIIO TAKXKE JTOKHO SIBISTHCS CTETICHBIO JTBOWKH.

Ecmut = 1, 1o (x,y) = (1,2) — pelieHuns HAIEro ypaBHEHHI.

Ecmu t = 2, 10 1 + x2 = 10, 4To He ABIAETCS CTEHEHBIO IBOMKY; perie-
HUH B IaHHOM Clly4ae HeT.

Ecom t >3, 10 2:28—2>0 u 2%t —2-2t + 2 < 22t JlokaxkeMm, 49TO
22t — 2.2t 42 > 2271 310 HepaBeHCTBO MOKHO TEpeNMCaTh B BHJE
22t—1 — 22t _ 22t—1 > 2. Zt _ 2’ 22t—2 > zt —1.

[locnenHee HepaBEeHCTBO SIBIAETCS BEpHEIM, T. K. MpH t > 3 BepHO
2t — 2 > t, 4to npuBeET K HepaBeHCTBY 22672 — 28 > 0 > —1.

Takum 06pa3oM, MbI HOTyuMIM, 4To umcio 1+ x? =226 —2-.2t 42
3aKJIFOYEHO CTPOTO MEXIy IBYMS COCEIHMMH CTeleHsMHU aoiiku, 22671 <
22t — 22t + 2 < 2%t a, 3HauWT, CaMO CTENCHBIO IBOMKU HE SBISETCA.
[IpoTuBopeune, pemennii npu t > 3 HET.

Oteer: (x,y) = (1,2).
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KoHTposbHBIE BONIPOCHI

(B konmponvhbix 6onpocax uucia a, b — yenvle, N, m — HamypaibHwie)

1(2). llycte ab nenutcst Ha n. BepHo i, 4to @ win b aenurtcst Ha n?
(CpaBHuTE CO CBOHCTBOM 4 IEIIMMOCTH.)

2(2). Tlycts a menutcs HAa M u n. BepHo 11, 4TO @ aenutTcs Ha mn?
(cpaBHHTE CO CBOMCTBOM 5 ACTHUMOCTH).

3(3). Cymma u mpousBejieHHe Yncea a U b nenurcst Ha n. YTo MOXKHO
CKa3aTh O JISJIMMOCTH YHCell @ U b Ha n, eciu oHO (a) ipocToe, (0) cocTaBHOE?

4(2). Jomummre nocnenHior mugpy n guciaa 2016201n tak, 9To0bI HO-
JTy4YEHHOE YUCIIo enunock Ha: 3, 9, 4, 8, 25, 11.

5(2). CymiecTByeT M HATYpaJdbHOE YKCIIO, MPH JeieHnd Ha 21 naroriee
OCTaToK 6, a mpu Aenennu Ha 15 — octatok 10?

6(2). Haiinure HOJI(100,42) ¢ momoipto anroputma EBkiiza.
7(2). Pemnre auodantoBo ypasuenue 20a — 15b = 5.
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3agaun

1. Jlokaxkute, 9TO TIPH BCEX IENBIX M.
(a)(3) n® — 3n? — 4n nemurcs Ha 6;
®)(3) n° — 5n% + 4n + 2016 He nenutcs Ha 240.
(n-3)(n—-12)
2(4). TIpu KaKux HENbIX 3HAYCHHUAX N YHCIIO0 . +2 sBasercs

MPOCTBIM?

3(3). Iocaenuioo UMPyY MIECTU3HAYHOTO YHCIIA TIEPECTABUIIN Ha TIEPBOE
MECTO, TIOCJIE YEero MOJy4YeHHOE YHCIIO MPUOABMIN K HCXOTHOMY (HampuMep,
612345 + 123456). Kakue uncna u3 npomexytka [375300; 375330] moru
MOJIYYHTHCS B PE3YABTATE CIOKEHUS?

4(5). Ckombko HaTypambHBIX 4yuced N 001afgaroT CIEAYIONIMM CBOWM-
CTBOM: 4HCIO N MOXHO TpeACTaBUTh poBHO 202Ms crocobamu B BHIE
N = 10004+ 100B 4+ 10C + D, rne A, B, C, D — uensle 4ncnia, JIeKalue B
npomexytke 0 < A,B,C,D < 997

5(5) M3BecTHO, 4TO MPOM3BEACHHE ABYX OCIEAOBATEIBHBIX YETHBIX YH-
cen 3akaHuuBaeTcs Ha udpy 4. Kakas moxer ObITh ipeamnocienass nudpa
3TOTO MPOU3BECHUS?

6(4). UsBectHo, uTo HekoTOpoe 2016-3HauHOE YKCITO 0Opa3oBaHO IH(-
pamu 2, 0, 1, 6 u nenutcs Ha 8. Kakue octatku npu jeiieHud Ha 125 MoxkeT
MPUHAMATH 3TO YUCIIO?

7. (a)(3) Haiigure HOJl 1 HOK uucen 1643 u 1272.

(6)(4) Pemrure nuodantoBo ypaBHenue 1643x + 1272y = 318.

8. Pemmite B 1enbIx ynciIax ypaBHEHHS:

(a)(3) 5x2 + 2xy — 3y? = 4;
@G x3+y3=x*y+y*x+7;
*®)(S) x(x +1) = 4y(y + 1)
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