Marmnyeckne

KBagpaTbl

lNMpe3eHTauusa K uccnepoBaTenbCKoOU pabote
BoinonHun: ydyeHuk 10 knacca Kupbskos Kupunn

PykoBoauTtenb: JloHckasa T.A., yuntenb maTteMaTUKun
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[Tpunwenbubl N3 Kutaa n Hgnm

» OgHum n3 Hanboree AapeBHUX N Hanboriee
COBEepLUEHHbIX BUOOB KPOCC-CYMM SABMAETCA TaK
Ha3blBaeMbI Marnyeckum (Unn BosneOHbLIN)
KBagpar.

= [lpuaymaHbl marnyeckue KksagpaTthbl BriepBble,
no-BMOMMOMY, KUTanuamMmu, Tak Kak camoe paHee
YNOMWUHAHME O HNX BCTPEYAETCH B KNTAWUCKOM
KHUre, HanncanHoun 3a 4000-5000 neT Ao HaLwen
3pbl.
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[Mpuwensbubl N3 Kntasa n Nnamm
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= Crapevwmnm B MUpe MmarmyecKkum KBagpart npeacrtaBneH Bblille.
YepHbIMM KpYyXXKaMn B 3TOM KBagpaTe n3oodpaxeHbl YeTHble
(*keHCTBeHHbI€) Yncna, 6erfibiIMU — HeYeTHbIe (My)XXeCTBeHHbIe)
yucna.

= B oOblyHOM 3anncu oH He Tak adpcpeKTeH:
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I'IpvlLuenb bl N3 Kutag u MHAI/II/I
s W BCe OBbIX

Xe 3To BenukonenHbin obpasel kpocc-cymm! [eBatb nopsia
yucen pasMeLleHbl B AEBATU KIETKAxX KBadparta Tak, YTO CyMMbl YNCEST

BOOMb KaXXAOW CTPOKU, KaXkaoro cronbua v Kaxxaon n3 Apyx AnaroHanemn
OAnHaKoBbl (OCHOBHOE CBOMCTBO Marnm4eckoro Kksagparta).

= boree nosgHue cBegeHns 0 MarMyecknx KBagparax OTHOCSLMECS Yxe K 1
BeKy, nonydveHol n3 IHngun. BoT ogmMH n3 Taknx gpeBHEUHOUNCKUX

namMaTHUKOB oyt 2000-neTHen faBHOCTMW:
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[Mpuwensbubl N3 Kntasa n Nnamm

s 37ecb 16 nopsaKoBbIX YMcen pa3MeLLEHbI
B LLUECTHagUAaTU KreTkax KBagpara Tak,
YTO BbIMNOSTHAETCA OCHOBHOE CBOMNCTBO
Marn4yeckoro Ksajgpara.

m JENCTBUTENBHO: 1 + 14 + 15 + 4 = 34
+ + + +
1 114115/ 4 | 1, + 7 + 6 + o = 34
+ + + +
12/ 7169 8 + 11 + 10 + 5 34
+ + + +
8 11/10]5 13 % 2 ¥ 8 = 16 34
13|23 16 , .
34 34 34 34
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[Mpuwensbubl N3 Kntasa n Nnamm

»  Kaxgoe 4yncrno marndeckoro Keagpara y4acTBYyeT B [ByX CymMMax, a
4yKcria pacnonoXeHHbIe No guaroHansam gaxe B TPEX, U BCe aTU
CYMMbI paBHbl Mexay cobomn!

Demi/SISARRMNB TY AaNeKyto anoxy cyesepui nHaniuel, a cneaom 3a
Aus ERYMIJH 2RAOLI NpMNMChIBany ITNM YiCIIERRIM GeMtatiNsIM

Und ZT@B6T BEiHbIE M Marnyeckne CBOUCTBSayckaews 2,

Und Di3gsmnathy’ geadoOpasHas Mo3anka Yncenicked noCTOAHCTBOM CYyMM
So bisgebTBUTENbHO NPUAOAET KBagpaTy «BOSILLEOHYO».CUANly. ...
VerliergboWas&aeHNs NCKyCcCTBa. 3auepkuBaeis 4

Ays Finhmagiesbiune ksagpatsl Bownv B nERyTEfs0.

Sosagrdicdliieren Mete ecTb cueHa nperTOBn'eHm'-l'KonnyHB6e|7’|"
Mach &Wé)%%%mem 3enbg Hemaems 7 1 8 (1 HA000OPOT)

So it;hvollbracht: KBanpart roros
Un'd eﬂ()lgaiill(lCS)TOpblMl/l KO1AyHbA COMpPOBO €T CBO MaHNyn4auuun,

Und 78 nb%l-i(o.sg)cnpmmmammﬂ yutarenammn «daycia» Kak

cin i/| 6 .
Das ist §R4PaRUMHa, beccMmbicnvua:
Einmal-Eins!



[Npuwenbubl N3 Kutaa n Nihanm
Ol BRI IS Tor i VI L e
RMAGMECKBEHHOMr@Pb! 1 OTAaTb abpakagabpe uenbix

= 131OrpoiwR 0D THIESOROT A F@ecRg EHAem HYNCTIO 1 yucnom 10.

O cna 2 u 3 ocTaBngemM Ha CBOMX MEeCcTax, TaK KakK CKa3aHo: rgogjﬁcmaew:b 2,
m mg,g,g@_Typrle KOMMEHTaTOpPbl N UCCrnenoBartesrin

. BECFSRIHD TPATHIHE YIRS THRM GHhEMbICNA,

= BHPBITO O VES ITMOMMPO VR A B aTieT IseHmmEe QMBBMIHG, Y
BEERBAS Mkana Mbicnb NoNbITaTbCs BOCNPOM3BECTY
Ha Bymare pekoMeHaRuMVpKongyHbU.

8 | 5 6

718 1|9
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[Mpnwenbubl N3 Kntasa n namm

»  KongyHbsa roBoput:. «KBagpart rotoB», HO TYT OHa XUTpUT. EN elle Hago B nocrnegHen ayenke
KBagpara 3aMeHUTb OEBATKY Yncnom 4

» BoT Tenepb dpopmmpoBaHmne «tanmcMmaHa» OKOHYEHO N NocrieaHne Tpu CTPOKN
TPUHAOLATUCTULLNS YXKEe HUYEro He J06aBNSAT K NOHMMAaHUIO CMbICIa «3aKnNUHaHUN
kKonayHon. OcobBeHHOCTb NOMyYMBLLErOCS KBagparta COCTOUT B TOM, YTO Marmyeckas KoHCTaHTa
(15) nonyyaeTca TONMLKO NpU CrOoXeHUN Yncen Baornb Nbdon cTtpoku un ntoboro ctonbua, HO He
BOOMNb AMaroHaneun.

= KBagpart ¢ Takum CBOMCTBOM YUCES, 3aHUMAIOLWMX ero A4ENKN, NPUHATO Ha3blBaTb
rosiymMmagu4eckum.

= [lpeBpalleHnem HavanbHOro KBagpara B nonymarnyeckmin ['ete cumeonuanpoBarsn npouecc
omonoxeHust daycra.

101 2 | 3




CBoOMNCTBa MarnM4eckoro KkBagpara

A.ltopepa

= B EBpony marnyeckue kBagpaTbl NPOHUKNU NULLb B Havyane XV

BeKka. A B Ha4yane XVI Beka oAMH N3 HUX ObIN yBeKOBeYEeH
BblAaloLWMUMCA HeMEeLKUM XYyA0XXHUKOM, TPaBepoOM U HEMHOIO
MaTemMaTukKom A. [liopepomM B ero ny4wieu rpasrope
«Menanxonus» (1514 r.).

= [lopep BocnpousBen Ha rpaBlope (B HECKONbKO N3MEHEHHOM
BMae) TOT caMbi Marm4yecknum KBagpart, cocTaBrieHHbIN u3 16
yucen.

] O‘-IapOBaHVIe 9TONro Marn4ecCckoro KkBagparta He

TONbKO B MOCTOAHCTBE CYMM, KOTOpOe sIBNSAETCH
NULLb ero OCHOBHbIM cBoUCTBOM. [10g06GHO TOMYy, 1 114115

KakK B MICTUHHO XyAOXeCTBeHHOM npounsegeHnumn
HaxoAulb TeM O6onbLle HOBbIX npuBJriekatTesibHbIX 121 7 | 6

CTOPOH, YeM Oonblue B HEero BrnsiabiBaellbCsl, TaK U
B 3TOM nNpou3BegeHUnN matemaTmnyeckoro nckyccresa | 8 | 11 | 10

TauTcA HemMarno KpacuBbIX CBOMCTB, MOMUMO
OCHOBHOTO. 13/ 2|3

16
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CBouncTtBa marn4yeckoro kBagpara A.ltopepa

= A nonpoboBan nepe4yncriutTbL BCe CBOUCTBA
KBagpaTta U BOT YTO Y MeHS1 NOJTy4YUIioChb:

1. CymMma umcen, pacnonoXeHHbIX Mo yrinam Hawero Marm4eckoro
KBagpaTta, paBHa 34, TO eCTb TOMY Xe 4YMChy, YTO U CyMMa 4mcen
BAOJb KaXOo0ro psiga KBagpara:

+ + + = 34

2.  CymMMmbl yncen B KaXkgoM U3 ManeHbKux KBagpartoB (B 4
KNEeTKU), NPUMbIKaIOLWMX K BepLUMHaM OaHHOro
KBagpaTta, 1 B TaKOM Xe LieHTparibHOM KBagaparte ToXe

OOMHAKOBbI U KaXgaa 3 HUX paBHa 34: 1 14|15 4
12|71 6|9
8 (11|10 5

132 |3 |16
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CBouncTtBa marn4yeckoro kBagpara A.ltopepa

3. B ka)kdou cTpoKe KBagpaTa eCTb napa psaom CTOosILMX YMcers, CyMmma
KOTOpbIX - 15, 1 ewle napa ToXe pAAOM CTOALWMX Yncer, CyMMa KOTopbix -19.

— + =

15 219

+ + + +

4. TopgcynTanTe-ka Tenepb CyMMY KBaJpaToOB YMCEN OTAENbHO B ABYX
KpamHUX CTPOKaXx U B ABYX CPEOHUX:

1 (14|15 4
F+147+15 +4° =438 v 13 +2°+3° 416" =438 [T ¢ [ o
72 72, @2, 9 _2 2 2 .55 3
12°+7°+6°+9° =310 u 8 +11"+10" + 5" =310 s 11110l 5

Kak eudume, nony4unuck nonapHoO paeHbIe CYMMbI! 13| 2 | 3 |16
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CBouncTtBa marn4yeckoro kBagpara A.ltopepa

HeTpyaHo y6eanTbes, 4TO aHanorM4yHbiM CBOMCTBOM 06nagatoT u ctonodubl Yncen.
CyMMbl KBaapaToOB YMcen ABYX KpamHUX CTONOLOB paBHbI Mexay cobon, U CyMMbl

KBaZpaToOB YMCeNn ABYX CPEAHUX CTONMOLIOB TOXEe 0MHAKOBbI.
5

6. Ecnn B gaHHbIN KBagpaT BAUCAaTb eLle oauH KBaapaT ¢ BepLUMHaMKU B cepeanHax
CTOPOH JaHHOro KBagpara, NonyyYnMm TO, YTO NOKa3aHO Ha PUCYHKE a, BbILLE:

a) cymma 4mcers, pacrnoroXeHHbIX BAOMNb OAHOW Napbl MPOTUBOMONOXHbIX CTOPOH
BMMCaAHHOIO KBagpara, paBHa CyMMe Yncer, PpacrnonoXXeHHbIX BOONb APYron napsbl
NPOTUBOMNOJIOXKHbIX €0 CTOPOH, N KaXdad U3 3TUX CYMM paBHa OMNATb-Taku YACIly
34

12+14+3+5 = 15+9+8+2 = 34,

O) ewe HTEPECHEE [ . 7~~~ =3 A A~ "%~ = - 5775 .-+, paTtoB U CYMMbI
kyGom arm ancen 122+ 147437452 = 1574974824 32711

124 +147+334+-54 = 153+99+84+2 4



CBouncTtBa marn4yeckoro kBagpara A.ltopepa

[1pn noBopoTE U OTpaXeHnn KkeaapaTa (3pdekT
3epKana) Bce ero CBoMcTea COXpaHAKTCS.

A nonpoboBan cTondubl MarM4eckoro KBagparta
caenaTb CTPOKaMn COXpaHas uUx
nocriegoBaTenbHOCTL: 1-bIV cTONOEL B BUae 1-oun
CTPOKW, 2-01 cTonbew, B BUAe 2-0M CTPOKN U T.4. TO
KBaJpaT OCTaeTCA MarM4eckmm co BCEMU €ro
CBOWCTBaMM.

ATO MOXXHO OOBACHUTL TEM, YTO NPU PACMONIOXKEHUM
CTPOK B Buae ctonbuoB n Ha0bopoT, UAET NOBOPOT
KBagpaTa u JernaeTcs oTpaXXeHune.
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CBouncTtBa marn4yeckoro kBagpara A.ltopepa

= [1pn obmMeHe MmecTamun OTAESbHbIX CTPOK UNK CTONOLOB 1 114115
Marm4eckoro Kkesagpara HekoTopble U3
BblLLIeNnepevncneHHbIX ero CBOMCTB MOryT UCYE3HYTb, HO |12 | 7 | 6 | 9
MOrYT U BCE COXPaHUTLCA U JaXe NOABUTLCA HOBbLIE.

Hanpumep, nomeHaeM, MectamMun NepByro U BTOPYHO 8 1111105
CTPOKM OaHHOro KBagpara, nonyymm To, YTO NoKasaHo 131 2 | 3 |16
Ha PUCYHKe crpaea:

=CyMMbIl Yncen BOosb CTPOK U CTONBLOB, KOHEYHO, HE N3MEHUNUCE, HO CYMMBb
4yucen BOOSib AnaroHanewn ctanu nHbiMn, He paBHbiMK 34. Marnyeckmnu
KBagpaT NoTepss YacTb CBOMX OCHOBHbLIX CBOWUCTB, CTan «HEMOSTHbIMY»
Marn4yeckum KBagpaTtom (norymarm4eckum KBagpaTom).

= [lpogomkaa obMmeHnBaTb MeCTaMKM CTPOKM U CTONOLbI KBagpaTa, Bbl Oyaete
nosly4yaTb BCE HOBbIE U HOBbIE Marn4eckme 1 noniymarmvyeckme kesagpatbl U3 16

YUNCEIJT.
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Kak camomy coctaBUTbL Marmyeckuu Kksagpar

s ECnn HekoTopoe KonmmMyecTBo NOPSAAKOBbLIX YMCen,
Hanpumep, Bce uenbie yncna ot 71 0o 16 unn ot 1 oo 9,
mnm ot 1 go 25 unn ot 700 700 u T A., pacrnonoXeHbl
B popMe KBagpara Tak, YTO CyMMbl Yncen BOOSb
KaXXJOon CTPOKU, Ka)KJoro ctonodLua 1 Kaxxaon gnaroHanm
KBagpaTa oOuUHaKoebl, TO TaKOW KBaapar, Kak bbino
cKka3aHo, Ha3blBaeTCAaA Maauyeckum, Nnun sosiiebHbIM.

a KonnyecTtsoMm KneTok (4Yncen) B Kaxkgom paay
Marm4ecKkoro KBaapara onpenenser ero rnopsoox.
Marunyeckum kBagpaTt mpembe20 rnopssioka UMeeT B
Ka)XOoM pagy 3 KNeTkn, Marmdeckun ksagpar
yemeepmozao nopsoka UMeEET B KaXXaoM psay 4 KNeTku
nT. AO.



|
bl HEHeMmHo20 rnopsiOKa

Ctpoum, kBagpat ABCD c
25 KneTkamMm n BPEMEHHO
OO0rMosiHAeM ero o,
CUMMETPUYHOWN
cTyneH4yaTon ourypbl co
CTYNeHbKamMun B OOHY KITETKY.

B nonyyeHHon purype
pacrnonaraem no nopsigky
KOCbIMU psigamMn CBepXy
BHU3 - HANpaBo 25 uenbixX
ymncen ot 100 25.

A Tenepb Kaxxgoe 4mcro,
OoKasaBlUueecs BHe KBagpaTa
ABCD, cnenyet nepeHectu
BOONb TOrO Xe psiga nunm
ctonbua poBHO Ha CTOSbKO
KNEeTOK OT TOU KNETKU,
KOTOPY OHO 3aHUMaAET,
KakoB MopsiAoK KBaapara, B
HalleM npumepe - Ha NATb.
Tak, B COOTBETCTBUN C 3TUM
NpaBunoM NepeHOCUM 3TU
ymucna...
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" JE
Kak camomy coctaBUTbL Marmyeckuu Kksagpar

s« HO y nonyymelleroca kesagpara 11124!| 7 120! 3
obHapyXmBaeTcs u
nononHutensHoe ceoncteo: Bce | 4 (12125 8 |16

Nnapbl YNCEST, PACMNOJIOKEHHbIE 171 5 113121! 9
CUMMETPUYHO OTHOCUTESBHO

LieHTparnbHOW KIETKN, AatoT 10/18| 1 (14|22
OJMHAaKOBbIE CYMMBbI. 231 6 119 2 |15

s Hanpumep:
1+25=19+7/=18+8=23+3=
=6+20=2+24=4+22 n T. AO. — 2 6
= Marmnyeckne kBagparsil, —
obnagatouwme Takum CBOUCTBOM,
Ha3bIBAOTCH CUMMEMPUYHbIMU.




eaupambi NopAAKa, KpamHO20 YembipPpeM

[nsa coctaBneHunsa kakoro-nmbo marmyeckoro kBagparta nopsigka n=4, 8, 12, ..., 4k ygobHa, Hanpumep, Takas
npocTtasi cxema:

PasmecTnTtb yncna B KneTkax 3agaHHoro KBafipaTta B nopdaake mx so3pactaHnd (B HaTypalibHOM I'IOpFILI,Ke);

BblgenuTb No yrnam 3agaHHOro KBagparta YeTbipe KBagparta Co CTOpoHaMu n/4 v B LEHTPe OaMH KBagpaT co
CTOPOHOW n/2

B natn BbigeneHHbIx kBagpatax obMeHATb MecTamu Yncna, pacrnofnoXXeHHbIe CUMMETPUYHO OTHOCUTESTbHO
LeHTpa 3aaHHOro KBagparta; 9TO 3Ha4uT, YTO B HATypasibHOM PacronoXeHuUn Yynucesn KBagpaTta Yemeepmozo
nopsiaka Hago nomeHaTs mectamun 1mn 16, 4 u 13, 6 u 11, 71 10.

KBagpatbl, cocTaBneHHble Mo yKaSGHHOVI cxeme, 6yuyT BCerga mMmacsu4yeckumu cuMmmempud4ecKkumu.
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