ONEKTPOHHOE nocobue
Onga peleHnsa 3agad Ha
npuHUnn dupunxne

CocTtaBuna AmmneBa AHacTtacusd
ydyeHumua 10A knacca
MOY COLL Ne 128
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[puHuun npuxnie B TEOPUU YNCET
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HTOPHYECKHE CBEJAEHH A
Huprxie [Nerep I'yeras Jlesker (13.2.1805-5.5. 1859) - HemMelkHit MaTeMaTHK. Pomuica B JllopeHe.

B 1822-1827rr. GbU AoMalHUM yIHuTeNeM B [laprzke. BXOMIT B KPY:KOK MOJICBIX YUEHBIX, KOTOphIE ITPYITIHPOBAIINCH
BOKpyT K. Dypbe.

B 1827 zaHsa1 MecTo AoLieHTa B bpecnage;, ¢ 1829 paGotan B beprmiHe.

B 1831-1855rT.- npodeccop bepmmHckoro yHuBe peHuTeTa, Mmocie cMept K.laycca (18551.) - [ETTHHTEHCKOTO

YHHUBEPCHTETA.

[pwrrga Juproote (B 4ecTh HeMelkoro MateMarvka 1T JI. Jluprxiie). 1o Tpaapnp ITpHHIEHIT JJUpHXITE TIOUEMY-TO
OOBSCHAIOT Ha IIPHMEPE KPOIHMKOB B KIIETKaX: €CIIH oOlIee YHCIO KPOIMKOB GOTbIIE YHCIIa KIIETOK, B OZIHOH M3 KIIETOK
HaBepHAKA CHANT Gollee OHOrC KPOJHKA. STHM ITPHHLIAIIOM B HEABHOM BHZIE TTOIB30BANICH, HarpuMep, Oepma B XVII
BEKE; HO IIHPOKO IIPHMEHATHCA B JI0KA3aTENIbCTBAX OH CTAJI JIMIIE ¢ TIPOIITIOre Beka! HecMOTpA Ha CBOIO ITPOCTOTY, 3TC

PaCCYRACHHE OKa3alICCh ‘lpCSBB]‘Iﬁf[HO TIICACTBOPHDBIM.

C mveHeM J[MpHxiIe CBI3aHbI 3ajlaua, HHTerpal (BBEJI HHTETpal ¢ SAPOM JIMpHXIIe ), TIPHHIIMIL, XapaKTep, PSAbl.
Jlextpm JIMpriie MMeIH OTPOMHOE BITHSHIE Ha BBIJAFOIXCS MaTeMATHKOB Gollee MO3IHEr e BpeMeHH, B TOM YHCTIE Ha

['.Prmvana, @. DitzeHmureitHa, JI. Kporekepa, 0. [lenexinza.

C ITOMOIIBIO TIPHHITHITA J{HpHXiIe 0GOCHOBAHBI MHOTHE TEOPEMBI M3 TeOPHH YHCETT

CoaepxaHue [lanbLie




TeopeTnyeckasi HacTb

I[IpH peleHHH MHOTHX 33/Iau HCIIONh3YeTCS TOTHUECKHI MeTOI PacCyKAeHH I — "OT IIPOTHBHOTO". PacCMOTPHM OIHY H3 €TO

(dbopm — IIpHHIHIL THpHXITe.

2TOT ITPHHITHIL YTBEPKIACT, UTO €C/RL MHOMNCECINEO 13 N snemenmoe pa36umo HQ 1 HeNepeCeKarOUXCa Yacmett, He UMEIOUX

obupix snemermoe, 20e N>n mo, no Kpaiieii Mepe, € 00Hot yacnu b6yoem 6onee 00HO20 IeMeHmaA.

[TpHHIHIT HAa3BaH B UeCTh HEMEIKOr o MaTeMaTHKa Jupmxie (1805-1859), KOTOPEIH YCITEIHO IIPUMEHI €0 K TOKA3aTeIbCTBY
apH(PMeTHUeCKHX YTBEPXKICHHH. 3TOT IIPHHIMIL YACTO ABIAETCS XOPOIIMM CpeICTBOM IIPH JOKA3aTelbCcTBE BAKHEHIIIHX TeOpeM B
TeOPHH UHCell, anmreSpe, TeOMeTPHH.

HanGonee yacto mpHHIMI [upHxie GOpMYIHPYeTCS B OHON M3 CIeIYIOIIHX (Gopdr:

Ecnu name “Kpomuxoe” nomeuferst e demptpe “KiemKu’, mo e 00RO U3 KIeMOoK HAX00AMCA He MeHee 0eyx “Kpomixkoe’; wil,
Opy2UMU CILORAMY, HE/Ib3A ROCAOUIMb RAMbL “KPOMUKoe ™ @ yembipe KIemKil Max, 4mobot € Kaxcootl KiemKe Haxoowioce He bonee
00H020 “Kpomixa”.

B Gomee ob1meit ¢opme 3TOT MTPHHITHIT BEITTLIUT TaK:

Ecnu (ntl) “kpomix” nomeufer e n “raemxax”’, mo umeemca “Kiemka’”, e KOMopoil HaXo00Amca He MeHee 0eyx “Kposukoe”.

[TprHImI J{HpHXiIe MOXKHO c(hOPMYITHPOBAThH TaK:

Ecnu (2nt1) “kponuxoe” nomeugervt e n “Kiemxax’”’, mo no Kpaiineti mepe, € 00HOU “KiemKe”’ HAXOOAMCA HE MEHe e mpex
“rpomixoe”.

Bonee obmras ¢opara mpuHImIA J{HPHXIE, BKIFOYAIOLIAL BCe ITPeIRIAyIIIe, TAaKOBa:

Ecmu (kn+1) “KpoIK” ITOMeIlleH B N “KIeTKax’, TO B OHOH H3 “KIeTOK” HaxomaTcs He MeHee (k+1) “KponuKka”; HiH B

SKBHBAIEHTHOH (popMe — Hellb3A MOcaiHTh (kn+1) “KpoiHKa” B N KIETOK TaK, UTOOHL B KaXk AOH “KIeTKe” HaXOMIoch He Gomee k

“KPOIHKOB”. ﬂ a nblLU e




B mitepatype 5TOT IIPHHIIMIL TAKKE BCTPEUASTCS TI0]] HAa3BAHHAMI: "TIPHHLIMIT SIIHKOB U 006 eKTOBR", "TIPHHIIMIT KOPOOOK

U TIpegMeTOR", "TIPHHIINII 3aii1leB U KIIeTOK".

EcIm MBI XOTHM TIPUMEHHTH TIPHHIIT J{HPHXITe TIPH PEIIeHNH KOHKPeTHOM 3aau¥, TO HaM TIPEICTOUT pa30dparses, UTo
B Helt — "KimeTku", a uro — "3aipl”. 310 OOBIUHO ABIIAETCA CAaMBIM TPYIHBIM STAllOM B JTOKA3aTeIbCTBE.  3aMeTHM, YTO B

PO “3aiIIeR” MOTYT BBICTYIIATH PA3IIMUHEIE TIPeIMeTH U MaTeMaTHueckue 00beKTHI - UHCia, OTPE3KH, MecTa B TabIuIle 1 T.

II.

HeCMOTpH Ha COBCPIICHHYIO OUCBHIHOCTE 3TOI'O ITPHHIIHUIIA, €TI0 IIPUMEHCHHE ABIEICTCA BeChMa S(i)(beKTI/EBI{BIM
METOIOM PECIICHHA 3a0a4, TAarOIIHM BO MHOTHX CIIYVUAAX Hanbomee TIPOCTOC H M3AIITHOS PCIIICHHE. OaHAKO BO BCEX 5THX

> 1

3aiayax 4acToO HeJIerKO JOTalaThed, UTO CUMTATh "3afiiem"”, uTo - "KireTkoit", 1 KaK HCTIONIb30BaTh HAIIMUMe ABYX "3aiiiieB",
TIOTIABIIHX B OXHY "KITeTKy". C ITOMOIIBIO TIPHHIMTIA JIUpHxiTe 0OBIUHO JOKA3HIBAeTCA CYIECTBOBAHHE HEKOTOPOro 00k EeKTa,
He YKa3bIBasd, BOOOIIEe TOBOPS, AlITOPHTM €TI0 HAXOMKIEHHS FIIH TTOCTPOSHH. DTO JaéT TaK Ha3hBaeMOe HEKOHCTPYKTHBHOE
JOKa3aTeIbCTBO - MBI He MOMKEM CKa3aTh, B KaKoi MMeHHO KIeTKe CHIAT Ba “3aiiia”, a 3HaeM TOJIBKO, UTO TaKad “KiIeTka™

€CTh.

[IpHROHMBIE HHKE TEOPEMBI H 3a/1a4H [MOKA3BIBAKOT, YTO NIPHPoAa "3aHueB"” H "KIETOK" B pa3MHUHBIX 3371a4aX MOXKET CHIILHO

OTJIIHHATLCA APYT OT Apyra.

ITpuHUMNO JIHPHXIIE MOKHO C)OPMYIHPOBATh B BHJE PA3THUHBIX YTBEPKACHHH.
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V1. Ecmi B n KmeTkax cuuar He Oolree n-1 «KpOIHKOB», TO €CTh ITycTad KIIeTKa.
Taicke mOKa3bIBAETCA OT IIPOTHBHOTO (KAK U BCe ITOCTIENYIONIHE ITYHKTHI): €CTH ITyCTOM KITeTKH HeT, TO B KAKIOM KIIeTKe

CHIHUT XOTA 651 1 KKPOJIHIIC) . TOI‘I[a CCKPOIIMKOB> HC MCHBIIIEC, UEM KIIET oK?! 3HaIH/ET, IIyCTaA KIIETKA €CTh.

V2. Ecri B n KNeTKax cHgar n+ 1 «KpOIMKOB», TO €CTh KJIemKd, 8 KOMmOpoti e meree 2-X «KPOIHKOBY.
JeficTBUTeTTEHO, eCIH He B KKI0H KITeTKe CHITUT POBHO 1 «KpONHK», TO MO0 (a) eCTh ImycTasd KIeTKa, oo (0) ecTh KIleTKa,
B KOTOpOIf He MeHee 2-X ««KPOIHMKOBY. B ciyuae () y Hac N ««POIHKOB) OKA3BIBAIOTCS PACCAKeHHBIMI B NN-1 KITeTOK,
TIO3TOMY, TI0 TIPHHIMMITY JIMpHXITe, eCTh U KilemKd, B KOTOPOH He Menee 2-X «XpOIMKOB» U.T.1. B ciyuae (6) y Hac He Goree n-

2 OCTaBIIMXCH «KPOIMKOB» OKA3BIBAOTCA PACCATKECHHBIMI B n-1 KIIETOK, CIIEHOBATECIIBHO, ITO ]'[.1, €CTDb U 1YyCman Kilemkda .

V3. Eci B n KITeTKax CHIAT #He botee 1k-1 «KpOIMKOB», TO B KaKOH-TO U3 KIIETOK CHIAT He Hotee k-1 «pOIHKORY.
JleCTBUTEITEHO, €CTTH B KA 0 KIIeTke CHIUT He MeHee k+1 «pormikay, To BO Beex KileTKax cHauT He MeHee n(k+1)

«KPOITHKOBY», a MX XOTs ObI Ha 1 MeHbIIe?!

V4. Ecmu B n KITeTKaxX CHIAT He mernee 1 k+1 «KpOIMKOB», TO B KaKOH-TO M3 KIETOK CHIAT He merHee k+1 «pOIKOB».
JHelicTBHTEIBHO, €CTTH B KAXKIOH KIleTke CHIHT He Oomee k-1 ««xpormik»ay, To Bo BeeX KileTkax cuput He Gomee n(k-1)

«WKPOIHMKOB», a MX X0Td ObI Ha 1 Gombimre?!
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Y5. HenpepeIBHBIH NpHHLIMI JupHxie. Kak NpaBHIIo, 3TOT NPHHIHI NPHMEHAETCS AN HECKONBKHX YHCEN H HX CYMMBI. B o61mem

BHJI€ AJISl YHCEI OH BBIMJIAAUT CIE VIO UM 00pa3oM:

"Ecnu cymma x umceln 6onbiie S, To 0 KpaHHeH Mepe 0JJHO U3 3TUX uHceln Gombmie Sia".

[To-npyromMy €ro MoxHo copMyIHPOBATh TakK:
"Ecnu cpefiHee apudMETHYECKOE HECKONbKHX YHCEN GObLIE @, TO XOT Obl OJJHO U3 3THX YHCEN O0NbIlE ¢"; HIH B TEPMHHAX
"3aH1IEB":

"ECIH n «CKPOJHK»OB» ChEJH M KT TPABbl, TO KAKOH-TO «KPOJHK» ChENl HE MEHBIIIE m/n KT TpaBbl".
Y6. "Ecnu cymMmMa »# UHCEN MeHbIE S, TO 10 KpalHeH Mepe 0JJHO U3 3THX YHCEN MeHbIIE S/n".
Y7."Cpenu p+ 1 HenbIX YHCeN HAHAYTCS IBA UHCTIA, JAKIIHE [IPH ACICHUH Ha p OIHH H TOT XK€ OCTATOK".

[Ipu neneHyrH ¢ OCTATKOM HA p MOXKET BCTPETUTLCSA KOHEUHOE YHCIIO Pa3NHUHBIX OCcTaTKoB: 0, 1, 2, . . ., p-1. OHH TO H HIPAKOT
371€Ch POJIb "KJIE€TOK", @ camMu LieJble uncna B Tes "3afnamu”. Tak kak uncen ("3afuer") 6onblie, UeM OCTaTKOB ("KIETOK"), TO
X0Td Obl 1BA YHCNA "CHIAT B OHOM KIETKE", T.€. HMEIOT OJJHHAKOBBIE OCTATKH PH JI€ICHHH HA p. PAaCCMOTPHM KIIaCCHUYECKHE

TPHMEPBIL.

CoaepxaHue [lanbLie




I'EOMETPHYECKHE 3AJAYH

3aoaya 1. JIokas3aTh, UTO €CIH NpAMas {, pacroyioKeHHas B INIOCKOCTH TPEYTolbHUKA A BC, HE POXOJUT HU UEPE3 OJJHY U3 €T0
BEPLIHH, TO OHA HE MOXKET [IEPECeyb BCE TPH CTOPOHBI TPEYTOJIBHUKA.

Penenue

[TonynaocKocTH, Ha KOTopble NpsAMas / pa30HBAET IIOCKOCTh TPeyrolbHHKA ABC,
0003HAUHM UEPE3 ¢ U ¢z, ITH MONYIUIOCKOCTH OY/IEM CUHTATh OTKPBITHIMH (TO €CTh HE
CofiepAKalUMHU TOUEK NpsAMOii /). BeplnHbI paccMaTpHBAEMOTO TPEYTOJIbHUKA (TOUKH A, B, C)
OyayT "3aHLaMH", a MONYIIOCKOCTH ¢ H gz - "KineTKamu". Kaxaeli "3as11" MonagacT B Kaky-

HUOYAb "KIeTKY" (Beqb NpsiMasi { He IPOXOHT HH Yepe3 ofHy U3 Touek 4, B, C). Tak Kak

"3aHLER" TPH, 2 "KIETOK" TONBKO JIBE, TO HAHAYTCS [1Ba "3ai1a", IONABIIHE B OJIHY "KIETKY";

HHaue roBOpsl, HAHAYTCS TaKHe JIBE BEPIIHHBI TPpeyroibHUKA ABC, KOTOpbIE IPUHAJNEKAT OJJHOH MONYIIOCKOCTH.

ITycThb, CKaKeM, TOUKH A U B HaXo#aTCs B 0ZJHOH NOJYILUIOCKOCTH, TO €CTh JIEXKAT [10 OJJHY CTOPOHY oT npsmoi /. Torga

0Tpe30K AB He nepecekaetcs ¢ /. Tak, B TpeyroibHHKEe ABC Halllach CTOPOHA, KOTOPas HE MEPECEKAETCS ¢ MPSIMOH /.
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3aoaya 2. BHYTPH PaBHOCTOPOHHETO TPEYTOJIbHHKA CO CTOPOHOH 1 pacnmonoxkeHo S Touek. JI0Ka3aTh, YTO PACCTOSIHHE MEXKIY
HEKOTOPBIMH ABYMSI H3 HHX MeHblLe 0,5,

PemieHne

CpeqHHE NHHUH TPABHIBHOTO TPEYIrOJbHHKA €O CTOPOHOH 1 pa30HBAlOT €ro Ha 4YEThIPE MPABHIIbHBIX
TPEYroNbHHYKA €O cTopoHOH 0,5. HazoBéM uX "KieTkamu", a Toukd Oyaem cuuTaTh "3afinamu”. ITo npHHOMIY

ﬂHpHXHC U3 MSATH TOYEK XOTS Obl IBE OKaXyTCsA B OJJHOM H3 YETBIPEX TPEYTOIbHHUKOB. Paccrosinue MCKIAY 3THMH

TOYKAMH MEHbIIE 0,5, MMOCKOJNBKY TOYKH HE JICXKAT B BCPIIHHAX TPCYTONBHHYKOR. (3ZICCB HCITONBb30BAaHA H3BCCTHAA
JIEMMa O TOM, HTO JJIHHA OTPC3Ka, PACHONOXKCHHOTO BHYTPH TPCYTOJIbHHKA, MCHBIIC JIHHBI €T0 HauO ONbIIEHA

CTOPOHBI.)

3afa4a 3. BHyTpM paBHOOGELpPEHHOW Tpaneuymn co CTOPOHON 2 pacrofiokeHo 4 Todek. JloKasaTh, YTO pacCTOfHUE MEXIlY

HEKOTOPbIMA ABYMA U3 HUX MEHbLLIE 1.

Peuervie. PazobbeM Tpaneumio o CTOPOHOM 2 Ha TpW TPeyroflbHMKa CO CTOPOHOM 1. HasoeeM UX «KNeTKamuy», a TOYKKU -
«3anuamuw». o NpuHUMNY Jupuxne us YeTbipex TOYEK XOTA bl [IBe OKXKYTCA B OIHOM U3 TPeX TPEYrOIbHUKOR. PaccTofHue Mex [y

STUMKM TOYKaMKU MeHbLLIE 1, MNOCKOJIbKY TOYKK HE NEXaT B BEPLUUHAX TPEYTOJIbHUKOB.
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3apaga 4 . B npsaMoyroibHuKe 5x6 3akpameno 19 kietok. JJokasKuTe, 4TO B HEM MOKHO BBIOparh KBazpar 2X2, B KOTOPOM 3akpalleHo He

MCHEC TpéX KJIETOK.

Pewenue

Pazgenum npsIMOYTOJNILHHK Ha 6 gacTeii mo 5 kierok. CorjlacHO NMpHHUHNY JHpHXIIEe B OOHOH H3 STHX YacTeli Oymer 0 L
3aKpaileHo He MeHee 4 kileTok. Torma B Keampare 2x2, cofepzKallieMcsi B 3TOH YacTH, 3akpameHo qu6o 3, nubo 4 kneTkH. 310 H [ l 2 l 3 l
OyHeT HCKOMBIH KBajipar. 4t -4-4-i-

" 1
3adaua 5. B enuHH4YHBIH Kpaapar OpocunH 33 ToukH. Jlokazarb, 4TO KaKHe-TO TPH H3 HHX MOKHO HaKpbITh KPYIOM pajHyca =
.. . . 1 .. ..
Pewierue. PazobbéM maHHBIH KBazapar Ha 16  OHHAKOBBIX KBaZpaTHKOR ("KIeToK") CO CTOPOHOI 7 B onuH H3 HUX NomaiéT He MeHee TPEX TOYeK
- 1 1 1 _1
("safinep"). OKPY>KHOCTD, ONIHCAHHASI OKOJIO KB aJipaTHKa cO CTOPOHOMH e HMeeT pajiuyc §> %5 MO3TOMY 5TOT KBaJJpaTHK MOXKHO HaKpbITh
1
KpPyToM pajuyca r

3aoaua 6. B voppe pasmepom 3x3M Kona npogenan 8 Apipok  [loKaXKuTe, 4TO U3 HErO MOXHO BbipesaTb KOBPUK pasmepoM 1xTMm He
COMEPKALLLMA BHYTPM 0269 AbPOK. (J1bPKM MOXHO CUMTaTb TOMEYHDBIMM).

B maHHOl za/jaue HeOGX0AMMO MPUMEHUTD APYTY o GopMyIMPOBKY MpuHLMMA Aupuxne «[TycTb B n “ kKneTkax” chadar m “saiues’, Npuuem
n>m. Torga HangeTea xoTa 6bl OfHa MycTaa “Knetka"». [MocMOTpUM, Kak aTy (OpPMYSIMPOBKY MPUHLUMNG [Upuxiie MOXHO NPUMEHWUTb NPy

peLleH U JaHHON safpun.

PeleHve. 3aech Apipkm Gy Ay T “sailjamn’. Paspexxem koBep Ha 9 KOBpUKOB pasvepamu 1xTM Tak Kak KOBPUKOB —“KNeToK” - 9, a AblpoK-

“zalLeE" - 8, TO HAMAETCA XOTA Obl OJHA “ KNeTKa", B KOTOPOU He By AeT “salileB”, TO eCTb HANAETCA KOBPUK 083 JIbPOK BHYTPU.

CoaepxaHue [lanbLie




3AJAYH HA IIAPHI

3acaual. B K1acce MaTbUHKOB OOINBIIE UeM JieBoueK. JJokazaTh, UTO XOTS OBl 32 OJJHOMH ITapTo CHIAT Ba MAIbUHKA, €CIH

YHCIIO YUAIHXCA B KITacce UETHOE H 32 KX OH TTAPTOH CHIHT JiBa YUeHHKA.

Peuyeryie. TUCIIO 3aHATHIX ITAPT PaBHO IIOIOBHHE UHCIA YUALHMXCSA, OyJieM CUHTATh, YTO UHCIIO “KPOJIHKOB~ PaBHO YHCITY
MaTbUYHKOB, YHCIIO KIETOK PABHO UHCITY IapT, “KPOIHKOB~ OOIbIIe ueM “KIeTOK , 3HAYUT eCTh “KIeTKa B KOTOPOH CHJHNT He MeHee

IBYX “KPOIMKOB”. 3HAUHT €CTh ITApTa 32 KOTOPOH CHIAT JjBa MallbUHKA.

3acava 2. B TaHIleBaTLHOM KpPyEKe 16 JleTel, JeBouek COIbIle YeM MaTbUHKOB. J0Ka3aTh, UTO IIPH HCIIOTHEHHH Ballbca KakHe

TO JB€ JEBOUKH GY,ELYT TaHIEBATh BMECTE.

Peuyerizie. TUCIIO TIAP — YHCIIO “KIETOK”, UHCIO JIeBOUYEK — YHCIIO “KPOIHKOB”, TAaK KAK, “KPOIHMKOB~ OONbINe YeM KIETOK,

3HAUUT €CTh KIIeTKA B KOTOPOH CHIHT He MeHee JBYX “KPOIHKOB~. 3HAUHT €CTh ITapa B KOTOPOH TAHIYIOT JBe JEBOUKH,

3aoava 3. Ha 11aHeTe B 3pe3fol cucTeMe Tay Kura cyla 3aHmnaeT Goibiie IIOIOBHHS] IDIOIIAH. JI0Ka3ars, UTo TayKHTIHE
CMOTYT IIPOPBITH TIPSIMOH TYHHENb Yepe3 IEHTp IUTAHETH] Tak, UTO0B OH COeTHHSII CYILY C CYIIEH..
Pewserisie. ByieM CUHTATS * KPOIHKAMH ~ TOUKH CYILH, a KIETKAMH - IIapsl JHaMeTPAIbHO IIPOTHBOIONORHEIX TOUEK IUTAHETE].
KomuecTBo “KpOIMKOR” B JAHHOM CIIYYAe - 3TO IDIOINAE CYIIH, a KOMHUECTBO “KIETOK - notoeura IUIOINAH IUTaHeThl. [I0CKOIBKY
TUIOINATH CYILH GOIbINe TIOJIOBHHBI IUIOIIA/H IUIAHETH], TO "KPOIMKOB~ GOIbIle, ueM “KIeToK". Tor/a ecTs KIeTKa, B KOTOPOH CHAUT

HE MEHEE IBYX “KpOJ]I[[{OB”, T.€. ITapa IIPOTHBOIIOIIORHBIX TOUCK, ole m3 KOTOPBIX - CYIIIa. OTH TOUKH H HAJIO COeJHHUTH TYHHEIIEM.
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3acaya 4. 3a KpyrisIM cTolIoM cHAAT 100 yenopek, IrpHyeM Oollee TOMOBHHB] H3 HUX - PhIIAPH. JloKa3aTh, UTO KakKHe-TO Jpa
PHIIEAPS CHAAT HAIIPOTHB JPYT pyra
Peuenrie. ByieM CUNTATh “KPOIHKAMH PBILAPEH, a “ KIeTKaMH - Iapsl JHaMETPAIbHO IIPOTHBOIIONOEKHEIX MECT 32 CTOIIOM.
“K1eToK” TOrfa pOBHO IIOJIOBHHA OT UHCJIA MECT 3a CTONOM (T.€. 50), a “KPOIHMKOB” - cTporo Gomsine. Torga ecTs “KiIeTka’, B
KOTOPOH CHIHT He MeHee JBYX “KPOIHMKOB”, T.€. ITapa IPOTHBOIIOIORKHBIX MeCT, 3a KOTOPBIMH CHISAT /1Ba PhILaps. OHH H eCTh

HCKOMBIE.

3acaua 5. Ha1oraHeTe 3eMILI OKeaH 3aHMMaeT OONbIe ITOTOBHHBI ILTOLIAH ITOBEPXHOCTH. JJOKaRHTE, UTO B MHPOBOM

OK€aHE MOXHO YKa3aTh JB€ JHAMETPAIIbHO IIPOTHBOIIOTIORHBIE TOHUKH.

Peuersie. ByeM cUNTaTh “ KPOIHKAMH TOUKH OK€aHa, a “KIeTKaMH - IIaphl JHAMETPAIbHO IIPOTHBOIIONOE HEIX TOUEK
IoraHeTsl. KOmuecTBO “ KPOIMKOB” B JAHHOM CIIyYAe - 3TO INIOINA/p OKeaHa, a KOIHUECTBO “KIETOK - #0108+ a IUIOIIATH IUTAHETHI.
[TocKOIMBKY IDIOIIAp OKeaHa GoNbIie TIONTOBHHBI TUIOIIAH IUIAHETH], TO “KPOIHMKOB™ OONbIle, YeM “KIeToK . TorJa ecTs “KiIeTka’, B

KOTOPOH CHJTHT He MeHee JIBYX “KPOJIHKOB”, T.e. TTapa IIPOTHBOIIONOXHEIX ToUeK, 00e H3 KOTOPHIX - OKeaH.

CoaepxaHue [lanbLie




3AJJAYU HA 3HAKOMCTBA, TATBI POJKTEHUIT

3adaya 1. B nomMe KUBYT 40 yueHHUKOBR. CYIIECTBYET JIH TAKOH MeCsL B TOAY, KOTr/a X0Ts Obl 4 YUEHHKA NPA3IHYIOT CBOH I€Hb

POKICHHUS.

Peuternue. [1ycTh “KOpOOKaAMH™” OYAYT MECALBL, 4 “TIPEIMETAMH - YUCHHKH. Pacnipenienses, “nmpeqMeTh” 10 “KopoOKamM™ B
3aBHCHMOCTH OT MecsALa PoxAeHNs . TaK KaK YHCIIO MECSLER, TO €CTh, “KOPOOOK”, paBHO 12, a UHCIIO YUEHHKOR, TO €CTh, “TIPEAMETOR” 40 =
12-3+4, cornacHo NpHHUHUNY JIUpUXJIE CYIIECTBYET “KopoOKa™ (MecAL) ¢ o KpaiHel Mepe 3+1=4 “npeameramu” (yU€HHKAMH).

3adasa 2. B mikone 400 yueHHKOB. JJOKAXKUTE, YTO XOTS Obl [IBO€ U3 HUX POJHUIHCH B OJJHH JIEHb I0O/1a.
Peutenue. Beero B rony 365 nued. Ha30BEM THH “Kop0oOKAMH~, @ YUEHHKOB “KPOMHKAMH ™, TOT714 B HEKOTOPOH KOPOOKE CHIAT HE

MEHBIIE JBYX “KPONHKOR”. 3HAUHT X 0T OBl /IBa YUCHHKA POJUIINCE B OIHH JICHb.

3aoasa 3. B xnacce 34 yueHnka. MoXkHO JIH YTBEPAaTh, UTO CPEH HUX HAHYTCS XOTA Obl /IR YUCHHKA, (aMHIHH KOTOPBIX

HAUHHAKTCS ¢ OHOH OYKBBI?

Peutenne. B andarure 33 OYKBbI, 3HAUUT “KIETOK” (4HCN0 OYKB) GOJBIIE, UEM “3aH1IER” (UHCIIO YUEHHKOR), I03TOMY HaHETCSA XOTA Obl

07IHa “KJIETKA” B KOTOpoH JiBa “3aiina’. HaligyTcs XoTd Obl [IBa YUEHHKA QaMHIHH KOTOPBIX HAUHHAKTCS C OJIHOH OYVKBBL.
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3aoaua 4. B XxBoHHOM Jecy pacTyT 800000 eneti. Ha kax a0 enn - He Gomee 500000 Hromok. JJoKa3ars, YTO CYIIeCTBYIOT XOTSA OBl

ABE €IIH C OJHHAKOBBIM UHCIIOM HI OIIOK.

Peuternye. Yncno “KieTox” — 500000 (Ha KaxkJ0H eH MOKeT ObITh OT 1 Hroiku A0 500000 uronok, 800000 enn — UHCIO
“KPOIMKOB”, TaK KaK, “KPOIMKOB~ OOIbIle YeM KIeTOK, 3HAUNT eCTh KIleTKa B KOTOPOH CHIHT He MeHee JBYX “KPOIHKOB”. 3HAUNT

CYIIECTBYHOT XOTA OBI ipe el C OJJHHAKOBBIM UM CIIOM HTOTOK.

3adaual. B MoxoJe y4acTBOBANO 22 UelloBeK, KaXJOMY H3 KOTOPEIX OBLIO OT 24 10 30 IMONMHEIX JIeT (Ha JaHHEIH JeHb ). JloKaXHTe,
UTO HAUYTCSA YEThIPE UeTTOBEKA, POJUBIINXCA B OHH IO,

Peuterie. PA3TUUHEBIX TOJIOB POXIEHH A MOXKET OBITh 7, Oy/ieM CUHTaTh HX “KIeTKaMHu~ , 22 YUACTHHKOB IIOXOJA - “KPOIHKaAMH,
"KPOIHKOB™ OonbIme, ueM “kieTok”. Ecim (3-7+1) “KponuK” ImoMellleH B 7 “KIeTKax’, TO B OJHOH H3 “KJIeTOK” HaXOJATCA He MeHee

(3+1) “KponHKa”, 3HAUNT HaHyTCS UeThIpe YeJIOBeKa, POJUBIINXCS B OTHH TOI.

3aoauya 6 . B Kmacce 25 yenoBek. M3BeCTHO, UTO cpeH TFOORIX TPEX M3 HUX eCTh JBoe Apy3ei. JJOKaxkHTe, YTO eCTh YUEeHHK, ¥
KOTOPOI0 He MeHee 12 apyzeil.
Pemrervie. BriGepen Mr00BIX IBYX YUEHHKOB KJIacca, KOTOPEIe He APyXarT MexX Iy co0oH. (EcIu TaKuxX HeT, TO BCe YUEHHKH Klacca
IpyXKar MeXay cOOOH, 3HAUHT, ¥ KaKI0T0 HMeeTcsA 24 Apyra, H 3a/iaua pellleHa.) M3 ocTaBmxcs 23 yUeHHKOB KaxX JpIA TPYKHUT C
OJTHHMM M3 3THX JIBYX, HHA4e MBI HMeIH OBl TPOHKY YUEHHKOB, CPeH KOTOPEIX He OBLIO Ol ipy3ei. Torra y OfHOTO W3 BEIOPAHHBIX

IBYX YUEHHKOB He MeHee 12 fipy3eii. (23 "3aia" paccakeHsl B JByX "KIeTKax".)

CoaepxaHue [lanbLie




3AJAYH HA CPEJHEE APH®PMETHYUECKOE

3acaya 1. 7 yUeHHKOB 3a OHMIHAJHBIE 3alaHHA Ha0pam 114 Gamwios. JIoKaxHTe, UTO CPei HUX ecTh YUeHHK, HaOpapIini Gomee

16 Gamios.

Penenrie. TUCTIO “KIIETOK” —7(UHCIIO YUEHHKOB), UHCIIO “KPOIHKOBR”-114 (KomiuecTBO GallIoB ), TaK KakK, “KPOIHKOB~ COIbIIE UeM

KIIETOK, 3HAUHMT €CTh KIeTKa B KOTOPOH CHIHT He MeHee 17 “Kpommkop”, 16-7+2=114.

3acaya 2. B 3"A" Kiracce yUHTCA 25 IIKOTBHUKOB, 3HAOINHX (BceTo) 102 CTHXOTBOPEHHA. J]OKaXkHTe, UTO HAHeTCA IIKOIFHHUK,

3HAFCILHI He MeHee IIITH CTI’IXOTBOPEHPII\"I.

Penenrie. TUCTIO “KIIETOK” —25(UHCIIO IIKOIEHUKOB), UHCIO “KPOIHKOBR” -102(UHCIIO CTHXOTBOPEHHI ), TaK KaK, * KPOIHKOB

OolbIne ueM KIeTOK, 3HAUNT €CTh KIeTKa B KOTOPOH CHAUT He MeHee 5 “KpolmukoB”, 25-4+2=102.

3acaua 3. B ropoge @opMamoHcke 15 1mkomn. B HEX o0yuaeTcs 6005 IIKOTEHHKOB. B KOHI[EPTHOM 3alle TOpOJICKOro JIBopia

Kyneryps 400 mMecT. JJokazats, UTO HAHAETCS IIKONA, YUEHHKH KOTOPOH He ITIOMECTITCS B 3TOT 3all.

Peuyenrie. IUCTIO “KIETOK” —5(UHCIIO IIKOI ), UHCIO “KPOIHKOB” -6005( UHCIIO IIKOTFHUKOB ), TaK KaK, “KPOIHKOB~ OOIBIIE UeM
“KIEeTOK”, 3HAUMT €CTh KIeTKa B KOTOPOH CHIHT He MeHee 401 “Kpommkos”, 15-400+5=6005. Haigércs mmona B KoTopoi 401

YUEHHK.
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3acaya 4. Ha ommvimase 10 IIKOTEHUKOB PEIIUIH B CyMMe 35 3a/1a4, IpHYeM CpeIH HIX ObLIH PEIHBIIHE POBHO OJHY, POBHO
JB€ H POBHO TPH 3a/a4H. J0Ka3aTh, UTO KTO-TO M3 HHX Pl He MeHee 5 3a/a4.
Peuternve. (CTaHZapTHOE COOOpaskeHHe : €CIH H3BECTHO, YTO KaKHe-TO OOBEKTH eCTh, TO eCTh XOTA OBl TI0 OJJHOMY 3K3eMIULIDY,
KOTOPBIH MOKHO BBIJIETIHTS H PacCMOTPeTh !) BosbMeM OHOTO IIKOIMBHHKA, PELIMBILETO POBHO OJHY 3a/auy, OJHOTO, PEIIHBILETO
POBHO JIB€ H OJJHOTO, PEILHMBILETC POBHO TPH. OTH TPOE PELIIIM B CyMMe 6 3a7ad. OcTaeTcs elle 7 IIKOIBHHKOB, PEIUHBIIHX B CYMME
29 zamad. EcIM B3ATh 3a0auut B KAUECTBE « ¢KPOaUK»0e» H KOMbHUKoe B KAUeCTBE Ki1emoK, TO IIOIYYAETCA B TOUHOCTH YTBEPEIEHHE

.3 mpu n=7, k=5 u1.z.

Peentte. INCTIO “KIETOK —25(UHCIIO IIKOIFHUKOB ), YHCIIO “KPOIHKOB” -1 02(UHCIIO CTHXOTBOPEHHIT ), TaK KaK, “KPOIHKOB”

Gorbine yeM KIeTOK, 3HAUHT ecTh KIeTKa B KOTOPOH CHJIUT He MeHee 5 “KpoimKoB”, 25-4+2=102.

3acaua 5. T14Tepo IporpavMMHICTOR IO YUIIH Ha Beex 3apIiary — 60000 pyCmeit. KaxkapIi H3 HHX XO4eT KyIHTh cebe HOBBIH

KOMITBEOTED 3a

15000 pyGneti. JJokaxuTe, YTO KOMY-TO H3 HIX He YAACTCA KYIHTh KOMITHIOTED.
Peuenrie. BocTions3yencs yTBepRAeHHeM 1.5 I n=S, S=62000. TorJa IMOHATHO, UTO 3apIiiaTa OJHOTO H3 IPOTPaMMHCTOB He Golee

S/1=12400 pyOCreii. 3apIaTsl He XBaTHT HA IIOKYIIKY KOMITHIOTEPA.

CoaepxaHue [lanbLie




3AJAYH HA JEJTHMOCTB
3acaya 1. JloKa3aTs, UTO Cpe/IH IUECTH LENbIX YHCEI HAHAyTCA JBa YHCIIA, PA3HOCTh KOTOPBIX JIeIHTCS Ha 5.

Peuvere. PaccMOTpHM 5 KOpoOOK, TpoHyMepoBaHHBIX 0,1,2,3,4, - 1pidypani, IpeAcTaBLIECIIHMH COO0H OCTaTKH OT JieJIeHHd Ha 5.
Pacripe ierM B 3TH KOPOOKH IIeCTh IIPOH3BOIBHBIX I[ETBIX UHCell B COOTBETCBHH € OCTAaTKOM OT JIeeHHA Ha 5, TO €cTh, B OJIHY H TY
ke KOpoOKy IoMeIlaeM UHCTIa, HMEFOIIHe OFHAKOBBIH OCTATOK OT AelleHHd Ha S. [TockoImbKy umcen (“TpeaMeTon” ) GOIbINe, UueM
OCTATKOB (“KOpOOOK™), COTIAcHO IIPHHIMITY JJHpHXIIe, CYILECTBYET O/fHA “KOpoOKa”, coflepralas Oolee OHOTO IpeaMeTa. To ecTs,
CYILECTBYIOT (IO KpaliHeH Mepe) Jjpa UHCIIA, TOMEINeHHble B OJHY H Ty e “KOpoOKy”. Cle/JoBaTelbHO, CYILEeCTBYIOT JiBa YHCIIA C
OJJHAKOBBIM OCTATKOM OT JeJeHHsI Ha 5. Tor/fa, pasHOCTh 3THX UHCcel AeTuTes Ha 5. [1ycTs 310 OyayT A=5a+1u B =5b +1. Torma

HX Pa3HOCTH JEIHTCA Ha S,
A-B=5(a-b).

3acaya 2. NaHo 11 pa3IHUHBIX LEIBIX UHcel JJoKa3aTh, UTO H3 HIX MOXHO BHIOPATh [IBa UHCIIA, PA3HOCTh KOTOPBIX JIEIUTCS Ha
10.

Peuenrie. T1o KpaiiHel Mepe pa UHciIa H3 11 JAr0T OHHAKOBBIN OCTATOK IIPH JielleHHH Ha 10 (tpuHi Jupuxae). [1ycTs 310 OyayT

A=10a+ruB =10b +r. Torga ux pasHocTs gemurcsi Ha 10: A - B=10(a-b).
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3acaya 3. JaHO 1t+1 pasMUHBIX HATYPaIbHBIX UHCE. JJoKa3aTh, YTO H3 HUX MOXHO BRIOpaTh Jpa yncia A H B, pasHOCTh KOTOPHIX

JEIIHTCA Ha 11.

Peuwienne. T1o KpaiiHeil Mepe Ipa UrclIa M3 N+1 YHCeNT AT OHHAKOBBIH OCTATOK ITPH JeJIeHHH Ha N (TTpHHIHI Juprxie). [1ycTs 310

OymyT A=na+r1u B =nb +r. Torpga ux pasHocTs gemurci Han: A - B =n(a-b).

3acaua 4. lokaxute, UTo cpeH 20 pasIHUHBIX HaTYPaIbHBIX UHCel HaHIyTCsA XOTI OBl JBa uMcia A H B Takue UTO, UHCIIO

A’ — B’ nemurcsma 19.

Peuenue. T1o KpaiiHeil Mepe Apa urcia H3 20 YHCeN JAF0T OJHHAKOBBIH OCTATOK IIPH AelleHHH Ha N (ITpHHIpI Jupuxie). I1ycTs 310
Oyayr A=1%a+ruB =19b +1. Torzga ux pasHocts gemurcsiHa 19: A - B =n(a - b), 3HauuT H A*-B° =(A - B) (A + B)zl;emm:a

Halo.

3acaya 5. JaHO 1t+1 pasMUHBIX HATYPabHBIX UHCEN. JJoKa3aTh, YTO H3 HUX MOXHO BRIOpaTh Jipa yHcila A H B Takue UTo, UHCIo

A - B JEJIHTCS HA 1.

Peutenue. T1o xpatiHelt Mepe Jipa YHcTIa M3 n+1 urcel AT OJMHAKOBBIN OCTATOK IIPH JelIeHHH Ha N (TipuHIuI Juprxie). [TycTs 310
OymyT A=na+r1# B =nb +r. Torga HX pasHOCTS JeTMHTCI Hal: A - B =n(a - b), 3HAUHT H A’ —B’=(4-B) (A + B);:emrrca}[a

.

CoaepxaHue [lanbLie




3AJJAYY HA KOMEHHATOPHKY

3acaya 1. B Mellke JexaT IAPHKH 2-X Pa3HBIX I[BETOB (MHOTO OellbIX H MHOTO YepHbIX ). Kakoe HanMeHbIlee KOIHYECTBO
LIAPHKOB HAJI0 HA OLIYIIh BBIHYTH M3 MEIIKa, YTOOHI Cpe /i HHX 3aBe/IOMO OKa3alliCh [jpa OJHOTO I[BETA.
Peuwiente: 3 THAPHKA. 3TO - IIPOCTO IIPHMEHEHHe ITPHHIMIIA JIHPHXIIe: «KPOTHKAMIDY OyIyT B3AThle IIAPHKH, a KIETKAMH - YePHBIH H
Oeibli IBeTa. KIIeTOK /ipe, TIOATOMY €CIH ««KPOIMKOBY XOTA OBl TPH, TO KaKHe-TO Jipa IIOTAYT B OJHY KIeTKy (OyzeT 2

OJHOILBETHBIX IIapHKa). C IPYTOH CTOPOHB], B3ATh JIBa IIAPHKA MAJo, TIOTOMY YTO OHH MOTYT GBITh JBYX Pa3HBIX I[BETOB.

3acaya 2. B xopoOke nexar 10 KpacHbIX KapaH/alei, 8 cHHIX, 8 3eleHbIX. HayTra/ (TIpOH3BOIBHO) H3 KOPOOKH BRIHUMAKOT 11

KapaHmaren. OIpeelHTs HanMeHbIIee YHCIIO KapaH T alleti, KoTopble HeOOXOIHMO BEIHYTE, UTOOHI CpeiH HIX OBUIO He MeHee 4

KapaHJaIleH OHOTO I(BeTa,

Peuwenue. T1ycTs BRIHYIH 10 KapaHpaliel. Tak Kak y Hac BCeTo 3 I[BeTa, COTIACHO IIPHHIITY JIHpHIIe (KapaH alH OyayT

"MpeaMeTamMH", a I[BeTa - "KopoOKaMH'"), TI0 KpaliHei Mepe 4 KapaHJalla OyIyT OTHHAKOBOTO I[BETA.

JlokaxeM, yTo n= 10 JBIIeTCA HANMEHBIIM UHCIOM. C 3TOH LEBI0 TIOKAEEM CHTYALEC, ITPH KOTOPOH YCIIOBHA 3aJJaUuH He
BBITTONHSIOTCS. HarmpuMep, KOTfa BRIHYTO 110 3 KapaH allla KakI0To IBeTa (9 KapaHjaiei). OTMeTHM, UTO 3Ta CHTyal[id BO3MOXHA,

TaK KaK B KOPOGKe HAXOJNTCSI He MeHee 3 Kapa}mameﬁ KaxJoro IBeTa.
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3acaya 3. B KOpoOKe Iiekar IIAPHKH 4-X PasHbIX IBETOB (MHOTO 0eJIblX, MHOTO YepHBIX, MHOTO CHHHX, MHOTO KpacHbIX). Kakoe

HaHNMEHBIIEE KOTMHYECTBO IIAPHKOB HAJI0 HAOIIIYIIL BRIHYTH H3 MEIIIKA, YTOOBI CPeIH HHX 3aB€JOMO OKa3allMCh JBa OJHOT'O mpeTa?

Penienye. TIpHMeHS TIPHALIAIL JIHPHXIIe, BO3bMEM 32 «KPOIHKOBRY IIaphl, a 3a «KIETKID) - UePHBIH, OelbIi, CHHINL, KpacHbIH
1peTa. KireTok 4, I03ToMy eCcIIM KPOIMKOB, XOTI Obl 5, TO KaKHe-TO Jipa IOIAyT B OJHY KIeTKY (0yZeT 2 OJHOIBETHBIX IIapHKa). C

IpPyTOH CTOPOHBL, B3AThH UeThIpe IIapHKa MAlo, TIOTOMY YTO OHH MOTYT OBITh UeTHIPEX PasHBIX IBETOB.

3adaua 4. YKaxuTe KaKoe HaMMeHbIIee YFCIIO KapT HAJIo HayTa/l B3ATh M3 KOIO/B], UTO0bI CPpe/H HIX 3aBe/IOMO OKa3alllCh JIBe
OJTHOH MAacCTH.
Pewenue: 5 xapt. « Kpormkanviny OyOyT B3SThle KapThl, a «KIeTKAMID» - MACTH KapT, HX UeThIpe. KIIeTok 4, II03TOMY ecITH

«KKPOTHKOBY» XOTS OB 5, TO KaKHe-TO Jpe TOMaayT B OHY KIeTKY (6y/eT 2 KapThl OJUHAKOBOH MaCcTH).

3acaya 5.Ha KapTouKax HaIMcaHbl yrcaa 0Tl 1o 20. KapToukH IepeBe pHYIH H IepeMellame. CKOIMBKO KapToUeK Hy KHO
OTKPBITH , YTO0hI HA HUX OBIIH HAITMCAHE] [[Ba UHCIIA OJIFHAKOBOH UETHOCTH.
Peutene: 3 xapTouku. «Kpomrkammy OyAyT B3ATble KAPTOUKH, a «KIeTKAMID» - UETHOCTh H HEUETHOCTH, HX Jipe. «KiIeTok» 2,
TIO3TOMY €CIIH ««KPOIMKOB» XOTS OBl 3, TO KaKHe-TO J[pa IIONAJyT B OJHY «KIEeTKY» (OyZeT 2 KapTOUKH ¢ UHCIAMH OJJHHAKOBOH

YETHOCTH.

CoaepxaHue [lanbLie




3AJAYH HA TEOPHIO HHCEJI

3aoaqa 1. Jlokazars, 4To i MFOGOT0 HATYPATBHOTO YHCIA 1> 1, CYIIecTBYeT HaTypalbHOe YHCIIO, COCTosMIIee M3 IHGp 0 H 5,

Jeleecs Ha 1.

Peuerisie. PacCMOTPHM HATyPalbHBIE UHCTIA

a; =50, ag = 5050, ..., a, = 5050...50

n paz
H paclIpefielM 3TH "TipeMeTsl” B "KOpoOKH" ITpoHyMepoBaHHble 0,1,....n-1 (Ipidypads, IIpe/cTaBILECIIHMH cOO0H OCTaTKH OT

TeTeHHA Ha 11). B KOpoOKy § IIOMeIIaeM YHCIIO ay, KOTOPOe HMeeT OCTATOK OT JENeHIS Ha 1, PABHBIH .

Ecmi B xopoOke ¢ HOMepoM 0 HaxoAuTCs OJHH "IpeaMeT” (TO eCTh, OJJHO YHCIIO), TOT/IA 3a/laua pellleHa. B IPpOTHBHOM ciIydae n
"TIpeMeToB" Haxoaarcs B n-1 "KopoOkax". CorlTacHO IIpHIMITY JIHPHXIIE, CYIIECTBYIOT Jipa "TipeapeTa’ (UHCIa), HAXOAAIHeCS B
OJJHOH H TOH ke KopoOke. To ecTh, CYILECTBYICT /IBa UHCIIA, HMEICLIHe OJMHAKOBBIH OCTArTOK OT JielleHHd Ha 1. FIX pasHocTh OyzeT

JeTHTCS Ha 1, H KaK JIETKO 3aMeTHTh, PA3HOCTh UHCEN, COCTOSMIIIX 13 IH(p O H 5, Takke OyeT UUCIIOM, COCTOSIIM K3 O H 5.

CoaepxaHue [lanbLie




3adaya 2.. B CTPOKY BBHIINCAHO 5 HATYPaJbHBIX UHCET: dj, Ay, A3, &, As. JOKAKHTE, UTO JHOO OJHO M3 HHX JeIHTcd Ha 5, b0
CyMMa HECKOINBKHX PAIOM CTOSAIIHX UHCEIN JeIHTICS Ha 5.

Peurerire. PACCMOTPHM 5 UrHCelL:

)

al +612

al +612 + a3

a) ta,+a,+a,

a, ‘+a,+a,+a, +as

Ecim ofHO M3 HHX JIEHTHCS Ha 5, TO BCE B TOPSIKE, YIBEPXKJEHHE CIIPaBeIHBO. B IIPOTHBHOM CIy4ae TIPH JelleHHH Ha 5 OHH

JAIOT B OCTATKe OJHO HX UeTHIpEX umcell: 1, 2, 3, 4. 1o mprHIpary J[HpHXIe OCTATKH, 110 KpaiHeH Mepe, ABYX H3 BBIITHCAHHBIX UHCEIl

COBITQJIAIOT, TaK Kak HX 5. ClleJIoBaTelbHO, HX Pa3sHOCTH JENHTHCA HA 5. HO PasHOCTH 3Ta — OJJHO M3 UHCENT JAaHHBIX B 3ajiade HIIH
CYMMa HECKOTBKHX M3 HIX, CTOSIIHX PSIOM.

CoaoepxaHue [anbLie



3aoaya 3. JlokazaTh, 4TO YHCIO N° OKaHYHBAETCA Ha Ty Ke LHpY, d4To wHeio N.
Peuterite. (OCHOBAHO Ha CBOHCTBAX AENHMMOCTH, TEOPEME O JETHMOCTH € OCTaTKOM)

3ameTHM, 4T0 N° H N OyAeT 3aKkaHYHBaThCA Ha OAHY H Ty ke LH(PY B TOM H TOJNBKO TOM clydae, Korga N°— N GyayT gemurcs Ha 10,
Mo3TOMY TepedopMyIHpYeM 3aiauy: 0Ka3aThb, uTo N°— NEIO.

1. PasHOCTh I’ — N TIPENCTaBHM B BHIE TP OH3BEIEHHA COMHOKUTENEH: N° — N = N[ ) N[N2 IIN2+1) N-1)(N+ 1)[N2+1)

2. Yncno 10 Toxke pa3noKUM Ha MHOHTeNHd 10 = 2*5, npruem yxcna 2 H 5 - B3aUMHO npocTeie. [T03TOMY, €CIH MbI JTOKaKeM, 4TO
N° — N JelMTcs Ha 2 MHa 5, TeM caMbIM MbI IOKaKeM Y TBEPKICHHE.

3. PaccMoOTpHM IpoHsBeneHHe N{N-1) - MpOH3BENEHHE JBYX IOCIIEN0BAaTENbHBIX YHCEN, CIIEOBATENBHO, OJIHO H3 HHX — YETHOE, TO
€CTb AENUTCA Ha A1Ba, a 3HAWMT, (¢B.9), N(N-1) = N(N-1}{N+1)N +1]N° - NR.

4. JIokaxkeM, 4TO OJJHH H3 COMHOXKHTeNeH uHena N° — NV = N(N—1}(N+1)(J\f2 +1) JENUTCA Ha 5 COTTIacHO YTBEPKAECHHIO 1, wcno N MoxKer

ObITh NMPEACTABIEHO KaK N = 5gHIIH N =5g+1 HIH N = 5g+2 HIH N = 55+ 3 HIH N = 5g + 4.
PaCCMUIpHM Ka}l{ﬂblﬁ H3 3THX CIIY4a€B OTACIIbHO!
EcH N =5g = NB = N(N-1{N+1)[N? +1)= N° - N
EClH N =5g+1= N-1="5g+1-1=5g85 = N(N-1{N+1J[N’ +1)= N’ - N
Ecu N =5g+2 = (N%1)= (5g+2Y +1= 2557 +20g+ 4+1=5(54% + 4g +1Ji5 =
N(N-1)(N+1)[M? +1)= N° - NB
Ecmi N=5g+3 = N?+1=(5g+3f +1=252+30g+9+1=5(55" + 65+ 25 =
= NN-1)N+1)+1)= N° - NB
Taxum 06pa30M, Mbl ITOJY YHIIH, YTO KaKOBO Obl HH ObLIIO HATYpanbHoe YyHcao N, N° — N

5. Takkak N°-NR H N°-NE, 0o N°'- NA0 < N° « N OKaHUHBAIOTCA Ha OJIHY H TY K€ LHPPY.

CoaepxaHue [lanbLie




ITPUHITUIT AUPUXJIE B TEOPHH YHCEJL

Cnenyoiyo TEOpPeMy 4acTO HCMONB3YIOT B MIKOJBHOM Kypce anreGphl, HO IOKa3aTebCTBO HE paccMaTpHBalT. Ero oueHb

[IPOCTO MONVUHTD € IOMONIBKO IIPHHIHUITIA ﬂHpHXHC.

Teopema . ITycme p, g - nramypansreie sucaa, p < g. Ecan 00viknoeernny10 0po6s p/g obpamums € 0eCAMUYAHYIO, MO NOAYIUNCA
b0 KoHeYHaR, b0 beCcKOHeYHAA NePUO ONYECKAA OCAMUIHAA Opobs, NPUYEM OTUHA NEPHOOA He NPeeocxooum g-1.

Hoxasameascmeo ByeM 1€NUTh p HA ¢ "YTONKOM" H CIIEINTh 32 OCTaTKaMH. ECIH HA KaKOM-TO IIare 0CTaTOK OYAET HYIERBIM, TO

IMOJIYUHTCA KOHCUHAA Z[pOﬁb. Ecnu ke BCE OCTaTKH 6YIIYI’ OTJIIHYHBI OT HYIA, TO pallHOHAIIBHOC YHCIIO p/q 3aIMHICTCA B BHAC

O0ECKOHEUHOH JeCATHUHOH Apo0H.

<) e S
49 0,714..
wasp o 1—+_10
=
Gasaus e 2 —*_30
28

Gaans e 3 —20

CoaoepxaHue [anbLie




JlokaxeM, UTo OHa OyJieT IepHOAHUecKoi. Kax pli pas IIpH HAXOXIeHHH OdepeHON UG Pl YACTHOTO OyIeT IOIyUaThes B
OCTaTKe OJHO M3 umcel 1, 2, ..., g-1. OTH BO3MOXHbIE 3HAUEHHI OCTATKOB MBI H OyJeM CUMTaTh "KIeTKaMH'", TaK UTO BCETO HMeeTCs
g-1 "KieTok". "3aiiaMu” ke OyIyT OCTAaTKH, KOTOpPbIe IIOIYUAOTCS B JeHCTBHTENbHOCTH IIPH BHITIONHEHHH JeIeHHs. PaccMoTpuM
IepBBIX ¢ "3aiieB”. Tak kak HX Ha 1 ColbIne, yeM UHCcIIO "KIETOK", TO KaKHe-TO /ipa "3aila" oM yT B OJHY "KIeTKy". JpyrHnH
CIIOBAMH, He TIO3Ke, UeM Yepes3 ¢ - | IIaroB HauHyT MOBTOPATHCS OCTATKH, a BCIe]] 3a STHM - H IUGPHl B UACTHOM. J]efiCTBHTENB HO,
eCIIH Ha HEKOTOPOM Illare TIOBTOPHIICS OCTATOK, TO, TIPHITHCAB Kak OOBIYHO K HeMy 0, MBI ITOTYUHM TO K€ UHCIIO, YTO OBLIO IIPeXIE, a,
3HAUUT, CHECEM B UACTHOE Ty K€ CaMyIe I[Py, UTO H PaHble; ITO3TOMY HAIIM JeHCTBHS HAUHYT IIOBTOPSThCA. Takim oSpazomM,

MOy UYHTCA Repuoduieckas JecITHUHAs Jpolh ¢ TIepHOOM JUTHHOHM He Coiee ¢ - 1.

Muozounen Siinepa. C JaBHHX IIOP MaTeMAaTHKOB HHTEPECOBAT BOIIPOC O CYILIEeCTBOBAHHH (YHKINNL f(%), 3HAUEHHSMHI KOTOPBIX

TIPpH BCEX HATYPAIIBHBIX F SBIICE OB1 TOIBKO ITPOCTBIE UHCIIA. H3BecTHEI (ilyl-ﬂ(lﬂ[ﬂ, KOTOPBIE TIPHHHMAICT ITOAPS MHOT'O IIPOCTBIX

3HaueHHi. HarpuMep, Sitnep ykasal HHTePecHBIH MHOTOWIEH x° - x -+ 41, KOTOPBIH IIPH BceX IEMBIX X OT -39 710 40 BKIFOUHTENHHO
IIPHHHEMAET TOIBKO IIPOCTHIE 3HAUeHHS (T.e. pux =0, £1, +2, . .., £39, 40). OpgHako IpH x =41 H x =42 3HaYeHH I 3TOT0O
MHOTOUIeHa Oy/yT yke COCTABHBIMH YHCIIaMH. B o0IeM ciIydyae MHOTOWIEH C IeNBIMH KOG HIMEeHTaMH He MOKeT IIPH BeeX

HaTypPallbHBIX SHAUCHIAX apT'YMEHTa IIPHHHMAaTh TOJIBKO ITPOCTBIE SHAUCHH AL

Teopema. JI1060ii MHO0%1eH C Yeavimu KO3 GuytieHMamu (OMIUYHbILE OM KOHCIMAHMGY NP HEKOMOPOM HAMYPATOHOM 3HAYCHUU
apeyMenma npuRuMaen sHadenie, npedcmaeojee coboli cocmaenoe Yucao .
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Hoxasamenscmeo TIycTh fix) = apx” + ax”” L+, .. +ay,, I]1e BCE @; - LIETbIC YHCTA. [TpeanonaokKuM, UTO MPH HEKOTOPOM & 3HAUCHHUE
MHorousieHa f{x) - npocToe uncho, T.€. f{k) = p, rae p - npoctoe. MHOTQUIIEH CTENEHH # NPHHUMAET OJTHO H TO k€ 3HAYECHHE HE Gonce
yeM B # ToUKax. (JeficTBUTENbHO, ecnu f{x) = y; GoJiee UeM B 1 TOUKAX Xq, X3, . . ., X + 1, TO MHOTOUWIEH g(x) = f{x)-yy HMEET KOPHH X1,
X3, .« . Xp+1, 4, KAK H3BECTHO, JII000H MHOTOUJIEH HE MOKET UMETh GoJice # IEHCTBUTENbHBIX KOpHEH.) [ToKkaxkeM, uTo HalaETes Takoe
uenoe ¢, uto fk+pt) otiuuHo oT 0 U p. Ham nmomozxeT npuHUuN JupHxie. ByeM cUHTaTh 3HAYEHH MHOTOUJIEHA (B HATYPATIbHbIX
TOUuKax) "KIeTKaMu", a HaTypajibHbIC UHCa BHAA k+pt "3afinamu”. HatypansHoe uncio N = k+pt 6yieM noMemarth B "KIeTKyY",
COOTBETCTBYIOINYIO 3HAYEHHIO MHOTousieHa f{V). CoracHo BbICKa3aHHOMY BBILIE YTBEPAKICHHUIO, B "KIETKE" HE MOXKET NOMECTHTLC
Gonblue # "3akeR"”. Tak Kak "3ailieB"” MHOTO, TO 3TO 3HAUHT, YTO f{k + pt) HE MOKET IPUHHUMATh TONBKO 3HAYEHH O U p NIpH

PAVTHUHBIX LENBIX £, T.€. HAHAETCA "3a41" &+ pt, KOTOPBIH He MoNaf€éT HU B "KIeTKY" 0, HH B "KIeTKY" p. FITaK, IpH HEKOTOPOM £

nmeem: fik+ pt) = 0 u flk + pt) # p. Paznaras f(k + pt) no crenensm pt (Mcnonb3yid 6HHOM HbI0TOHA), MOMYUHM

fletpt) = fI) + cypt + co(p* + . . .+ capt)’,
I71€ BCE ¢; - HEKOTOpBIE Lienble uncna. ITockonbky f{k) = p, 03 NpeNbIAYILEro paBEHCTRA ToNydaeM, uto fik + pt) NeIUTCA Ha p,

npruéM flk+ pt) = 0 u flk + pt) # p, Tak uto flk + pt) - cocTaBHoe uncno. TeopeMa JJoKa3aHa.
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Crenyrornasi TeopeMa, copMyTHpoBaHHas [1. @epMa, SBISETCS OHIM H3 CaMbIX (yHAMEHTATBHEIX (JaKTOB B TEOPHH
JeTHMOCTH TENBIX YFCET H HAXOIUT IIHPOKOe TIPHMEHEHTE KaK B TeOPeTHUeCKHX HCCIeJOBAHIIX, TaK H B apH(pMe THUECKIX
TIPHIIOKEHHSIX.

-1 .
Manaz meopema @epma. Ecnu p - npocmoe 4ucio, a- yenoe 4ucio, He Oeniujeeci Hap, mo d ' npu denenuu Ha p 0aém ocmamox

I m e
& 1=1 (mod p).
Hoxazamenvcmeo. Kaxjoe u3 p - 1 uncen a, 2a, . . ., (p-1)a ("3aliiep") qaéT IIpH AeTeHNH Ha p HEHyIeBOH OCTaTOK (Bellb a He
JeIHTCS Ha p).
a=kiptr,
2a=lyp+r,

@-Da=lk, 1p+r...
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Ecimi urcTo pasiiuHbIX BCTPEUAROIIHXCS 371eCh OCTATKOB ("KIIeTOK') MeHbIIE p - 1, TO cpe/i HHX HaHTyTCs IO KpaliHel Mepe /ipa
OJIMHAKOBBIX ("B KIIETKe 110 KpaliHel Mepe /Ba 3aiia"). Ho 370 HEBO3MOKHO, TaK KaK IIPH ¥, = ¥, YHCIO (n-m)a = (K,-fy )p DEIHICI Ha
P, UTO IpoTHBOpeurBo, HO0 Un-m0 OUp U a B3aMMHO IIPOCTO ¢ p. 3HAUHT, BCE OCTATKH ¥y, . . . , ¥, | MEETY COOOH pa3IIHUHBI H

o0pa3yIOT MEPEeCTaHOBKY uHcel 1, 2, . . ., p - 1. [TepeMHO®As Bee IIpe IpIAyIIHE PaBeHCTBA, ITOTYUIAeM
(- & '=Nptrr.. v, =Np+(@-1),
e N - HeKOTOpoe I1eoe urcio. ClieiopaTensHo, (p-1)!(a 1 1) meuTCcsa Ha p, a TOTHAH & | JieIHICA Ha p. TeopeMa JoKa3aHa

Credcmete. ECI p - IPOCTOE YHCIIO, TO TIPH IE0GOM IETIOM @ Pa3sHOCTh & - a IEHTCS Ha p.
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