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OcHoBHas TeopeMa apu(pPMETHKH.

OcHoBHaa TeopeMa apupMeTUKM

Jwoboe HaTypanbHOE YMCNO, OTNMYHOE OT 1, edMHCTEEHHDBIM {JEIPEIEGH CE TOYHOCTBEHO OO0 NOPAL4Ka4

CDMHD}I{HTEHE‘E} MOXHO NpedCTdaBWTb B BUOE NPOM3IBEACHKWA NPOCTbIX MHOXKUTENeun.




OcHoBHas TeopeMa apu(pPMETHKH.

KaHoHWuyeckoe pPasznoXeHe Ha MHOXHATENH

13 ocHoBHOM TEeOpeMbl apl-fld)HETHI{H cneayeT, uTO pa3nyHble NpedcCtaeneHMAa ogHOro M Toro e CoCtaeHoro
YHMChna B BUAE NPOM3IBEAEHWMA NPOCTRIX YHMNCeNn CBA3aHbl TONBKO C Pa3fM4YMEM B NOpAAKE MHOYKUTEenemn. TEI{,

Hanpumep, paznoxeHue yucna 210 Ha npocTbie MHOXUTENWU MoxeT uMmeTb Bua 210 =2-5-3 - 7 nnu
Ona Toro ytobel 3bexmaTs TaKOW HEOAHO3HAYHOCTMU, MPUHATO 3aMMChIiBaTk NPOCTLIE MHOXUWUTENW B NOpAaKe
Bo3pacTaHua. [1py 3TOM ecnu BCTpeyatoTCcs 0AMHAKOBbIE NPOCThIE MHOXWUTENM, TO B 3aNMUCK ANS KPaTKOCTK

MCNONb3YHOT obo3HayeHMe cTeneHu.

TEI{':-,"I-D YOOPALAOYEHHYHKD 34MNMUCb HA3BdNW KaHOHHYECKHM Pa3/IoKeHHeM HaTypPdnNbHONS YACna Had NpocTbele

MHOXUTenu. Hanpumep, kaHoHWuyeckoe paznoxeHue umicna 210 umeetr Bna: 210 =2-3-5-7,a ana uncna 90

KaHOHMYeCcKoe pasnoxeHue Takoso: 90 =2 - 3% . 5.




JHeaumocTb. CBOMCTBA AE€JIUMOCTH.

OnpegeneHue

rGE!DpFlT, YTO HaTypanbHOE YACNO @ OENUTCAH Ha HaTypalbHOE YMCNO b, eCnn CYWeCTBYET TakKOoe HaTypPanbHOE

ymcno k,uto a = kb. envnmocTe obozHavaeTca cneayrowmM obpasoMm: a © b, To ecTb a kpaTtHo b. [1pu 3ToM

ymcno b Ha3biBaeTcs AcennuTeneMm HYicna a,“YMcno a — KpaTHbIM YKXCHNa b.

Ceonctea genuMocTm

1) Jlioboe HaTypansHoe yMcno genutca Ha 1 1 Ha caMo cebs.
2) Ecnu HaTypanbHOE YWCno @ AenuTCs Ha HaTypansHoe yncno b, u uucno b penutca Ha a, To a = b.
3) Ecnmay :bvag :b,7toa; +as:bva; —aq @ b

4) Ecrma:buece N, toac: b




Ilpu3HaKu 1eJJMMOCTH.

[lpu3aHak penuMocTK Ha 2

Ecnu ymncno okanumeaeTtca yetHou umndpon (0, 2,4, 6 unm 8), To oHO aenuTca Ha 2.

[lpr3Hak penuMocTU Ha 5

Ecnu yncno okanumeaetca undpon 0 nnu 5, To oHo genmnTca Ha 5.

[Mpu3Hak penumoctr Ha 10

Ecnu uncno okaHumeaeTca umdpon Hynb, To oHo genuTtca Ha 10.




Ilpu3HaKu 1eJJMMOCTH.

[MpuzHak penumocTn Ha 9

Ecnun cymma undp ymcna genmtca Ha 9, To ymcno penutca Ha 9.

[Mpu3aHak penuMocTn Ha 3

Ecnu cymma undp ymcna genmtca Ha 3, TO YACNO OenMuTCa Ha 3.




Ilpu3HaKu 1eJJMMOCTH.

[Mlpu3aHak genuMocTU Ha &4

Ecnw ABY2Ha4YHOC YMCNOo, DGDEBDBEHHDE ABYMA NocneaHMMM LLM(IJFIEMH Yrncna @ oennTca Ha 4,Tﬂ M CaMO

UNCNo a gennTtca Ha 4

MpuzHak aenumocTm Ha 11

Ecnun pazHocTs Mexay cyMMou undp, CTOSWMX Ha HEYETHbIX MecTax, M CyMMOWN UMPP, CTOAWMX Ha YETHbIX

MecTax unchna, aenutca Ha 11, To ymcno genutca Ha 11.




Teopust unce.r.

TEDPHH M I'IO,E[EGIPHE onuMMnuagHelx 3agad no TeopMM YMcen.

[TO/NE3HbIE MATEPUAIbI
» Jenumoctb (Qokcdopa.Y4ebHuk) 3TI/I IMNOJIC3HbBIC

» [pusHakn genumoct (Qokcopa.Y4ebHuK)

+ [pocTbie 1 cocTaBHble Yicna (Dokcdops.YuebHik) MaTepI/Ia.HI)I MOKHO

» OcHoeHas Teopema apupmeTHrn (Dokcdopa.Y4ebHuk)

« HanBonbwmit 06wt genutens (Qokecdopa.YuebHuK) HAUTH 110 CCBIJIIKC
» JeneHue c octatkom (Qokcdopa.Y4ebHHK) HILKE

« Anroputm Esknmaa (Qorkcdopa. Y4ebHuK)

» HaumeHblee obwee kpaTtHoe (Dokcdopa. Y4ebHuK)

» JlMHelHble AModaHTOBLI YpaBHEHMS € ABYMA HeusBecTHbiMM (Dokcdopa. YuebHuK)
+ CpaeHeHue no mogynko (Pokcdopa.Y4ebHmk)

« Manas teopema Oepma (Dokcdopg.y4ebHumk)

» Teopema Jinepa (Qokcdopa.YuebHuk)

» KuTarckas Teopema 06 octatkax (Qokcdopa.YuebHHK)

+ HepaeeHcTea B Teopum ymucen (Pokcdopa.YyebHUK)

http://trushinbv.ru/shkolnikam/podgotovka-k-olimpiadam/matematika/71-teoriya-chisel



http://trushinbv.ru/shkolnikam/podgotovka-k-olimpiadam/matematika/71-teoriya-chisel

Kpurepuu oneHUBaHUSA

MyHHIMNANBHBIN 3TAl OJUMITHA/IbI IPOBOAUTCA Ul ydamuxcs 6-11 kiaccos.
e

Bpewms BeinonHeHus paboThl: 6 kiacc — 3 yaca, 7-11 knace — 4 ygaca.

B COOTBETCTBUU € PErIAMEHTOM IPOBeAeHUA BCepocCHCKO onuMITHaabl IIKOJILHUKOB
10 MaTeMaTUKe, [PU MPOBEPKE paboOT OLEHUBAETCH:

— MPaBUIbHOE peLleHre B 7 0aI0B;

— peLIEHHE ¢ HeloYeETaMU — B 5-6 Ga/L10B;

— pEILEeHHE C NPONYIIEHHBIMU Ba)KHBIMU CITy4assMH, JIMOO ¢ JOKa3aHHBIM OJHUM U3 JABYX
(Oosee cnoKHBIM) YTBEPKIAECHHH 3a1a4u — B 4 0aJna;

— J10KA3aTeJIbCTBO BCIIOMOIaTEIbHBIX YTBEPKIACHHIA, TOMOTAIOIIMX B PELIEHUH 3a/1a4u —
B 2-3 Oajuia;

— paccMOTPEHHUE OT/IEJIBHBIX BAKHBIX CJIIYYAEB [PU OTCYTCTBUM peleHus — B 1 da.

MakcumajibHOEe Yucio 0auioB — 35.




3ajayM 10 TEOPUHU YHUCeJl
MYHHUIMNIAJbHOI0 3TaIa
OJIMMIINAIBI II0 MATEeMATHKE

COopHuK conep:kuT martepuansl s nposeAeHus II (myHununaneHoro) srana XLVI
Bcepoccuiickoi oJIMMITHAAbl LIKOJIBHUKOB 1O MareMatuke B MOCKOBCKOH oOnacTu. 3ajaHue
MOArOTOBMJIA YJI€HBI PerHoHaIbHOM MeTtoauyeckoil KoMuccud 1Mo MareMaruke B MOCKOBCKOIA
oonactu k.p.-m.H. HX. AraxanoB u k.p.-m.H. O.K. TMoganunckuit (MockoBckuii (Pu3mko-
TEXHHUYECKUH UHCTUTYT).

Asropsl 3a1a4 — H.X. Araxanos u O.K. [loanunckuii.




6 KJ1acce

3amaua 1l Korpa w3 ceMu3HadyHOro 4ucia A BbIYJIM CYMMY BCEX, KPOME OJHOI, ero mudp,

noJay4win yuciao 1234515, A kakoe 4MCI0 MOJYYHUTCH, €CIM U3 A BBIYECTb CYMMY BCEX €r0
uudp, kpome nepsoit?

Oteer. 1234513.

Pewenne. Cymma uudp uucna 4 ne nmpeocxoaur 63. Ilosromy uucio 4 uMmeer BUA

12345ab . Tlonyuenue uncna 1234515 MoxkHO onucarth Tak: U3 yucia 4 BewIM cymmy S(A) Beex
ero uugp, a MOTOM K pe3yJsibTaTy NpudaBUIM OJHY U3 LU(PP X UCXOHOTrO Yuca A.

To eCcTh 12345ab—(1+2+3+4+5+a+b)+x=1234515. Orcroza

ab—(15+a+b)+x=15, 10a+b—(15+a+b)+x=15, 9a+x=30. [TosToMy He BbIYMTAIH
mdpy x =3 . A eciu He BbluMTaTh | (nepByro mudpsl uucna 4) BMeCTO 3, pe3ybTaT MoJy4uTcs
Ha 2 MEHbILE, YEM IIPH BEIYUTAHUU 3.

Kommenrapuii. Bepubiit otBeT 0e3 o0ocHoBanuii — 1 0aL.
BepHbliii oTBeT nostydeH Ha npumepe — 3 Gaa.

3ameuanne. EcTb u ipyrue pewenus, B 4aCTHOCTU MCHOJIB3YIOLIEE IPU3HAK JEIUMOCTH
Ha 9. YTBep:K/eHHE O TOM, YTO YKMCJIO UMEET TAaKOM e OCTATOK NPU JeJIEHHH Ha 9, KaKk U cymMMa
ero uup, B TAaKOM PELLIEHUN MOKHO HCIOIb30BaTh 0€3 10Ka3aTesbCTBa (0alibl HE CHUMAIOTCS).




7 KJaace

3agava 2 |Cemp nocsienoBaTebHbIX HATYypaJIbHbIX YUCEN KaK-TO paccraBuiu 1o kpyry. [locne

ITOrO JUISi KaXI0W Mapbl COCEIHUX HMCEN BBIYMCIIWIM PA3HOCTh MEKIY HUMH (U3 OOJBLIErO
4yucila BbIYIWM MeHbliee). Moriu M narh NoApsl UAYLIMX PasHOCTER (M3 CEMH) PaBHATLCA
yuciiam 2, 1,6, 1, 27

A B

Oteer. He moru.

Pemenne. Bouiurem K3 BCeX JaHHBIX YHCEJ HAaMMEHbIIEE W3 HHUX. DJTa onepauus He
U3MEHUT PA3HOCTU Mexay uuciaamu. Takum oOpa3oMm, MOXKHO CUUTATh, YTO [0 KpPyry
paccrapuim yncna A =0, B=1, C=2, D=3, E=4, F =35, G=6. Paznocts 6 — MakcuMasbHasd
M3 BO3MOJKHBIX Pa3HOCTEMH, U OHA MOKET OBLITh IOJIyY€Ha TOJIBKO Kak pasHOCTh G — A . Crosuue
PAZIOM € Pa3HOCTBIO 6 €IUHULLI MOTYT ObIThH IMOJYYEHBI, TOJLKO €C/IM PSjioM ¢ A cTouT B, a
psagoM ¢ G crout F. Jlns Toro, 4ToObl MOJAYYUTh PA3HOCTHU 2, PAAOM C F JJOJDKHO CTOSTh YUCIIO
D, v psajioM ¢ B Takike JOJKHO CTOSATh YUCTI0 D. A 9TO HEBO3MOXKHO.

G-A=0




3agaua 3

8 KkJ1acce

JIoKasKuUTe, YTO JJIsl JTIOOBIX HATYPAILHBIX uKcel a U b uucno 4a” +4ab +4a+2b+1

ABJIACTCA COCTABHBIM.

Pemenue. 3ameTum, uroda’ +4ab+4a+2b+1=(4a’> +4a+1)+2b+4ab =

=(2a+1) +2b(2a+1)=(2a+1)(2a+2b+1). Tak kak unucia ¢ u b HaTypaIbHbIE, TO KAXK/IAs U3
ck000K Oosbie 1. [ToaTOMY YKECIO — COCTABHOE.

KommenTapuii. Pa3zjiokeHre Ha MHOMUTENIM IOJIY4€HO, HO HE IPOBEPEHO, 4TO 00a
MHOKUTENS Oosble 1 — 5 6ayoB.

3ameuanme.  J[pyroe  pemieHHe  MOKHO  TOAY4HTh,  3aMETHB,  4YTO
4a* +4ab+4a+2b+1=Qa+b+1) -b".




O KkJjacce

3agaua 4 |

Ilycts x, y, z — HeHyneBble 4ucna. JlokaxkuTe, 4YTO Cpeau HepaBeHCTB: x+y >0,

y+z>0, z+x>0, x+2y <0, y+2z<0, z+2x <0 no kpaitHeil mepe J1Ba — HEBEPHEIE.

JiBA OJHONO 3HakKa — NyCTb 370 X U y. Torga oJHO U3 HEpaBeHCTB x+)y >0 u x+2y<0

HEBEPHO. Ecii BCe TpH 4KClIa UMEIOT OJMH 3HAK, TO Mbl TAKMUM 00pa3oOM HaiiJIeM TpU HEBEPHbIX
HepaBeHCTBa. B nporuBHOM ciy4dae cpeau Tpex nap (x,y), (v,z), (z,x) Haiigercs mapa, B
KOTOPOH MEpBOE YUCII0 OTPULATENILHO, @ BTOPOE IMOJOKUTENLHO; IyCcTh 3TO napa (a, b). Toraa
oaHO U3 HepaBeHCTB a+b>0 u a+2b <0 Takxke HeBepHO, 00 a+b < a+2b. Haiinenusie
HAMU HEBEPHbIE HEPABEHCTBA, OYEBUIHO, PA3JIHYHBIL.

IlepBoe pewenne. Ilpeanonoxum nporusHoe. Cpean Tpex HEHYJIEBBIX YHMCEN HaiLyTCs

CDUNT NG




9 kaacce 9 KJACC

3ana4ya 4 Ilycts x, y, z — HeHyJeBble Yucaa. JIOKakKUTe, YTO CPEU HEPaBeHCTB: X+ >0,

y+z>0,z+x>0, x+2y <0, y+2z<0, z+2x <0 0o kpaitHeil mepe J1Ba — HEBEPHEIE.

Bropoe pemenne. [Ipeanonoxum, 4To BEpHO X0Ts ObITh NATh HEPABEHCTB. TOr/1a BEPHBI
BCC TPHU HCPABCHCTBA M3 IICPBLIX TPCX M XOTA Obl JBa M3 MOCIACAHUX TPCX, MM XOTA Obl ABa M3
MEPBLIX TPEX M BCE TPU IMOCIIEAHUX HEPABEHCTBA.

B nepBom ciy4ae, He OrpaHU4MBasi OOIHOCTH, CYATAEM, YTO U3 MOCIHEAHUX TPEX BEPHBI
yeTBeproe U nsAToe HepaBeHCTBO. Ho Torma x+2y+y+2z=x+3y+2z<0. C apyroi
CTOpOHBI, X+3y+2z=(x+y)+2(y+z)>0. IIporusopeune.

Bo BTOpOM ciy4ae, He OrpaHu4MBas OOLIHOCTH, cuuTaeM, 4to x+y >0, y+z>0. Ho
TOr/a, Kak H B [IEPBOM ciy4ae, X+2y+y+2z=x+3y+2z<0 u

x+3y+2z=(x+y)+2(y+z)>0. Iporuopeune.

Taxum 0Opa3oM, U3 yka3aHHBIX HEPABEHCTB XOT:A OBl JIBa HEBEPHBIE.

-("®‘ Download from S [ st0e748
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KomMmenTapuii. JlokazaHO TOJIBKO, 4YTO HEBEPHO OJJHO HEPABEHCTBO — 2 DaJuia.

Jloka3zaHo, 4TO BCE TPU YMCIIA HE MOTYT OBITH OIHOrO 3HaKa — 1 Oau.

PemeHHe npennonaraeT HU3HA4YaJIBHO yHOPH,ILOIIGHHOCTB HHCETl X, Y, 2 — HE 60]188 4
0aJl10B.

3ameuyanune 2. Tpoiika wumcen, Ui KOTOPOH BEpPHLIMHM SBIAKOTCHA YETBIPE U3
[IPUBEICHHBIX HEPABEHCTB, cywecTsyer. Hanpumep: x =9, y =3,z =-2. BepHbIMU SABIISIOTCA

MIePBOE, BTOPOE, TPETHE U IIATOE HEPABEHCTBA.




10 xiaacc

3agaua 5

4yTo Xyz <1.

Hucna x, y, Z TaKOBbI, 4YTO 2Xx > yz +z°, 2y > x’+z%, 2z> yz +x°. Jlokaxure,

[epBoe pemenne. M3 ycioBus cieyer, 4To YUCIa X, Y, Z MOJIOKUTENbHEL. 3aMETHM, YTO
¥’ +z°=2yz (310 HepaBeHCTBO paBHOCHILHO (y—z)”=0). Orcioma x> yz. AHAJIOTHYHO,
y>xz, z> yx. [lepemnoxkus nepasencrna (06e MacTH HEPABEHCTB MOJOKUTEIBHBI), MOTYYHM

xyz > (xyz)’ . Orciona cieyer Tpedyemoe.

Bropoe pemenue. U3 yciioBusi ClEAyeT, YTO 4UCIA X, Y, Z MOJOKUTENbHEL. CIIOKUB
MEPBOE W BTOPOE HEPABEHCTBO W Mpeodpasosas, mojydum 2> (y—1)" +(x—1)* +2z*. Orciona

2> <1, 10 ectb z<1. Amanornuno x<1, y<1. [lepeMHOKHUB HEPaBEHCTBA, MOIY4aEM
Tpedyemoe.

KomMmenTapuii. 3aMe4eHO, 4YTO YUCIIA X, V, Z NTOJIOKUTENLHBI — () 0asU10B.

B peuieHUM HESIBHO NPEANOIAraercsi, HO HE YIOMUHAETCS, 4YTO 4YUchIa X, ), Z
MOJIOKUTEIBLHBI — CHATL 1 OaJii.




11 xaacc

3a1a4a S | pasyocts BO3pacTalollieil  apu(METHYECKON MPOrPecCuu, COCTOSIIEH U3

HATYpaJbHbIX YUCEN, SABIAETCA HATYPAJIbHBIM YHMCIOM, okaHuuBarommmcsa Ha 2019. Moryt nu
TPH M0CJIEIOBATEILHBIX 4JIEHA 3TOM IPOrpeccHy ObITh KBaJApaTaMu HATypabHbIX YHCen?

Orteert. He moryr.

Pemenne. llpeanonosxumM, 4t0o TpU DOAPAN MAYLIMX HYI€HA IPOIPECCHU  ABISAKOTCSH
TOYHBIMUM KBajgpatamu. OOo3HauuMm ux a’ <b’ <c¢’. IlycTh pasHOCTb TPOrPecCHH paBHa
d=2k+1. Torma ¢’—a’=2d=4k+2. Ho ¢’ —a’=(c—a)(c+a), u 06a COMHOKHTENSs

MMEIOT OJMHAKOBYI) YETHOCTH (OTAMYalOTCA Ha 2a). 3HauuT 1uGo ¢’ —a’ — He4YeTHO, Jubo
nenurtes Ha 4. [lporuBopeuue.

KommenTtapuii. Bepubiii oreer 6¢3 06ocHoBanuii — () Gayuios.
[MosyueHo paBeHCcTBO BUA ¢ —a =4k +2 — 3 Ganna.




Teopust yncen

Teopuss u mogOOpPKa OJIMMIIMATHBIX 32124 10 TEOPHUH YK CEJL.
[MOJIE3HBIE MATEPHAJIbI

4

http://trushinbv.ru/shkolnikam/podgotovka-k-olimpiadam/matematika/71-teoriya-chisel

PASBOP 3AJAHUM NIKOJIBHOI'O DTAIIA
BCEPOCCHUMCKOHN OJIMMITUA IbI IKOJBbHUKOB

4

https://sochisirius.ru/obuchenie/distant/smena754/3627

OJIUMITIUAIBI IO MATEMATHUKE-APXUB ®ANJIOB

https://vagubov.ru/vseros



https://yagubov.ru/vseros
http://trushinbv.ru/shkolnikam/podgotovka-k-olimpiadam/matematika/71-teoriya-chisel
https://sochisirius.ru/obuchenie/distant/smena754/3627

3agaun, pa3BuBaroue CnoCOOHOCTH JeTei
pemiarb OJIUMIIMAIHbIE 3a1a4H

3ATAYA-HCCJIEAOBAHHUE

1) ITposepbTe paBeBcTBa: 1 + 3 =22, 1+3+5=821+3+ 5 + 7 = 42
OTH DaBeHCTBA IMOJCKA3BIBAIOT NPHUEM BEIYUCICHUH CYMMBI TIOCJE0Ba-
TeJbHBIX HEYETHBIX uuces. B uém cocrour aror mpmém? Bamummure cie-
Ayioliee PaBeHCTBO M NpoBepbTe cebs ¢ MOMOIILI0 BHEIYUCIICHMUI.

2) Ilone3ysCk PAaCCMOTPEHHBIM NPUEMOM, HAMAHTE:
a) CYMMy MEpBBIX AECATH HEYSTHBHIX YHUCEJ;
6) cymmy Bcex HeuéTHBIX umces or 1 mo 99.




CIIACUDBO 3A
BHUMAHHUE



