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Uenb
Hac nHTepecytoT ToNbKO Te KOHDUrypaunum, ans KOTOpbIX
OTBET — MaKCUMaJlbHbI KOHEYHbIT. EFo n HY)KHO HaliTu.

MoTueuposka

B 3agavax kommiekCcHOM NCHNCANTENBHOW TEOMETPUN NOYTY
BCe KOHUrypaumum gatoT MaKCMMasbHbI KOHEYHBbIT OTBET.



Ncuyuncnntensras reomMeTpus

PucyHok Frank Sottile
http://www.math.tamu.edu/ sottile/research/stories/connections.html



Ncuyuncnntensras reomMeTpus

Potorpacpun Wikipedia https://en.wikipedia.org/wiki/Shukhov_ Tower



Ncuyuncnntensras reomMeTpus

Fepman LLlybept (1848-1911),
HEMeUKNIA MaTeMaTunK
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Ncuyuncnntensras reomMeTpus

Ob0obueHne

BmecTo npsimbix (nnm nognpocTpaHCcTB) MOXHO
paccMaTpuBaTb ¢hsary: Todka € npsamas C naockoctb C. . .




Ncuyuncnntensras reomMeTpus

[Mpumep
dnarm Ha NAOCKOCTW: TOYKa € MpsiMasi.



Ncuyuncnntensras reomMeTpus

Vcnosusa Ha dnarn
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Paznoxenne bptoa

VYnpaxHeHune

['pynna AnHelHbIX ONePaTOPOB, OCTABAAIOWNX HA MECTe
AaHHbIV onar, nsoMopdpHa rpynna BEPXHETPEYrObHbIX
maTpuy B GL,,.

OboszHaueHmne
B — rpynna BepxHeTpeyronbHbix MaTpuy GL,

Teopema

GL, = |_| BwB

WESn

Mpumep n = 2

01
GLz—B(l 0)BI_IB
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MepecTaHoBKM B CTaHgapTHON dhopme

(123 /123 1
9=11 2 3 1712 1 3 2= 1
(1 2 3 (1 2 3 B
515 = 2 3 1 5251 = 31 2 51581 =



OnepaTopbl pa3aenéHHbIX pa3HOCTENR

Onpepenexne
Onepatop pasgenénnpix pazrocteii d; (pns i=1,..., n—1)
LefCTBYET Ha KOJIbLE MHOFOYIEHOB Z[X1, . .., Xp] OT N NepemMeHHbIX

C uenbiMn KoadpdpuyneHTammn cnegytowm obpazom:

f(Xl,...,Xf,Xf+1,...,Xn) — f(Xl,...,Xf+1,Xf,...,Xn)

Xj — Xi+1

5;:fl—>




OnepaTopbl pa3aenéHHbIX pa3HOCTENR

Onpepenexne
Onepatop pasgenénnpix pazrocteii d; (pns i=1,..., n—1)
LefCTBYET Ha KOJIbLE MHOFOYIEHOB Z[X1, . .., Xp] OT N NepemMeHHbIX

C uenbiMn KoadpdpuyneHTammn cnegytowm obpazom:

6; : fl—) f(Xl,...,X;,Xf+1,...,Xn)— f(Xl,...,XH_l,X,',...,Xn).
Xj — Xi+1
[Mpumep
2 2
2 XL X
(51(X1): :X1+X2



OnepaTopbl pa3aenéHHbIX pa3HOCTENR

“MaTemaTnyeckue Havana
HaTypaabHOI dunococdun’

Ncaak Hetoton (1642-1727),
BpuTaHCckuii maTeMaTuk
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CgoiicTea

1. Ecau f He MeHsieTCA NpuM NepecTaHOBKE NepPeMEHHbIX X; U Xj4+1,
TO (5,(f) =0
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MepecTaHOBKE NEPEMEHHbIX X; W X1
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CeoiicTga
1. Ecnm f He MeHsIeTCs Mpn NepecTaHOBKE MEPEMEHHBIX Xj W X1,
TO 5,(f) =0
2. Onsa noboro f mHorounen §;(f) He meHsieTcs npn
NepecTaHOBKE NEPEMEHHbBIX X; U Xji1
3. 62 =0 (cnepyet n3 1 n 2)
4. 6i0i410; = 0j410;0i41



Mtuorounensl LLlybepTa

W € S, — nepecTaHoBKa; W = Sj, ...Sj, — KpaTdaiiluee
Pa3/IOKEHNE B MPOM3BEAEHNE SIEMEHTAPHbIX TPaHCNO3nLnii



Mtuorounensl LLlybepTa

W € S, — nepecTaHoBKa; W = Sj, ...Sj, — KpaTdaiiluee
Pa3/IOKEHNE B MPOM3BEAEHNE SIEMEHTAPHbIX TPaHCNO3nLnii

Onpegenexne
Muorounen LLybepra &, € Z[x1, ..., Xs|, COOTBETCTBYIOWNIA

nepecTaHOBKe W, ONpepensieTcs Kak

5i,0i,, - 016,

ig

roe

. _n—1_n-2
Gig =X "Xy “...Xp—1.
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W € S, — nepecTaHoBKa; W = Sj, ...Sj, — KpaTdaiiluee
Pa3/IOKEHNE B MPOM3BEAEHNE SIEMEHTAPHbIX TPaHCNO3nLnii

Onpegenexne

Muorounen LLybepra &, € Z[x1, ..., Xs|, COOTBETCTBYIOWNIA
NEPECTAHOBKE W, ONPEAENsAeTCa Kak

5i,0i,, - 016,

ig

roe

. _n—1_n-2
Gig =X "Xy “...Xp—1.

VnpaxHeHune

Muorounen LLlybepta &,, 3aBucut ToasK0 OT BhIBOpPa
nepecTaHoOBKM W, a He OT BbiDOpa KpaTHaiillero pasnoeHus.



Mtuorounensl LLlybepTa

anlMep n = 3

HPVIMGP n—= 4, W = $355

2 o |
Gy = x{x2 + X1X5 + X{ X3 + X1X2X3 + X5 X3
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Muorounensl LLlybepTa

I_IpVIMep n = 3
Sig = xixo

651 = X1X2

2 o |
Sw = x{x2 + x1X5 + X7 X3 + x1x2X3 + X5 X3

«or <Fr o«
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MNpumep n =3

Sig = xix S5, = x1x2
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2
Gig = X{x2
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Ss = x1x2
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Mtuorounensl LLlybepTa

MNpumep n =3

Gig = xixo Gs, = x1x2 G, = x2

65152 = Xl 65251 = Xl + X2 6515251 = 1



Mtuorounensl LLlybepTa

MNpumep n =3
Siy = x? S, = x1x S, = x2
id = Xy X2 s 1X2 5 = Xi
65152 = Xl 65251 = Xl + X2 6515251 = 1

[Mpumep n =4, w = s35,5;

2
G, = x12x2 + x1x22 + x12X3 + X1X2X3 + X5 X3
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BogonpogoaHsie cetn (pipe-dreams)

KoHcTpykums

B kaxayto Knetky n X n Tabanubl, nexxallyro Hag ANaroHaabio
i+ j = n, BcTaBnseTcs pparMeHT BOSOMNPOBOLA OGHOTO U3 ABYX

TUNOB:
NepeceyeHmne Pacxoxgerune |

Bo Bce kneTku Ha guaroHanu i + j = n BCTaBAAOTCA pparmMeHThl

J
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MNpumep n=3

BoaonpoeogHas ceThb,
PEanun3yoWwas 31eMeHTapHyo
TpaHcnosuyuio (1 2) € Ss.
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BoponposogHble ceTy

Kaxgaoli BogonposoaHoli ceT D MOXHO NOCTaBUTL B COOTBETCTBME
nepectatoeky w(D) € S, n movom x(D) € Z[xi, . .., Xn]

OnpepeneHne nepecTaHOBKU

Tpyba, exogswas B ctonbue 7, BoixognT B cTpoke w(i).

OnpegeneHne MoHOMa

(D) = Ximcno + B 1-om CTOJ16Ll,e.X2‘-IVICJ'IO + BO 2-0Mm c-ron6|_|,e'_ N
qucno + B (n — 1)-om cronbue

Xn—1
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BoponposogHble ceTy

DTOiA CceTn COOTBETCTBYET MOHOM X].
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Onpegenexne

BogmonposogHas ceTb Ha3bIBAETCA MPUBELEHHOM, €CNN HUKAKUE ABE
Tpybbl He nepecekatoTca bonblie ogHOro pasa.

wi= (5 iy )
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Teopema Knpunnosa—®PomunHa

Onpegenexne

BogmonposogHas ceTb Ha3bIBAETCA MPUBELEHHOM, €CNN HUKAKUE ABE
Tpybbl He nepecekatoTca bonblie ogHOro pasa.

Obo3HaueHne

Teopema

w(D)=wow

rae CyMma MaET no npuBeaEHHbLIM BOLOMPOBOAHbIM ceTam D.
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Teopema Knpunnosa—®PomunHa

MNpumep n =3, w = 555
[MpunBenéHHble BOJONPOBOAHBIE CETY, PEANN3YIOLLNE NEPECTAHOBKY
wow = Sp. IM COOTBETCTBYIOT MOHOMbBI X1 U Xp.

J J

Mo teopeme Kupunnosa—PommunHa nosy4vaem, 470

65251 = X1 + Xo.
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Teopema Knpunnosa—®PomunHa

Mpumep n =4, w = s35,5;

2
G =x{x2 + x1x22 + X12X3 + X1x0X3 + X22X3



Teopema Knpunnosa—®PomunHa

Mpumep n =4, w = s35,5;
2 2 2 2
Gy = x{ X2 + x1X5 + X{ X3 + X1X2X3 + X5 X3

VnpaxHeHune

MposepbTe Teopemy Kupnnnosa—PomuHa gns sToro npumepa.
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3agaya o dnarax

CKo/IbKO hN1aroB Ha MJIOCKOCTU HAXOAATCS B HEOOLLEM MONIOKEHUN
¢ Tpemsa gaHHbiMu dhrarammn?

/ /

[Ba dnara B Heobuem
NOJIOXKEHUI.

HBa dnara B obLiem nonoxexun.



Ncuyuncnntensras reomMeTpus

Tpu chnara Ha naockocTw



Ncuyuncnntensras reomMeTpus

@Dnar B HEODLLEM MONOXKEHUMN C TPEMS LaHHLIMU: NEPBbIFA BApUaHT.



Ncuyuncnntensras reomMeTpus

@Dnar B HEODLLEM NONOXKEHNN C TPEMS AaHHBIMU: BTOPONA BapuaHT.



Ncuyuncnntensras reomMeTpus

Bce dhnaru B Heobuem nonoxernun ¢ Tpemsa ganHsimu. OTeeT: 6.
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X1
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X1+ X2




Ncuncnenmne ycnosnii (ncuncnenue LybepTa)

CnoxeHne ycnoeuii Ha dnar

o1+ 02 = (01 WM 02) — AU3BIOHKYUS
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Ncuncnenmne ycnosnii (ncuncnenue LybepTa)

CnoxeHne ycnoeuii Ha dnar

o1+ 02 = (01 WM 02) — AU3BIOHKYUS

VYMHOXeHMNE yCNoBNii

0102 = (01 N 02) — KOHBIOHKYMUS

[Mpumep

Myctb ag € Iy — dukcuposanHblii onar, a € | — npon3BonbHbIii
nar.

o1 = {a € /0}

03 = {ao S /}

o1 + op=ycnosue, 4to dnarn ag € Iy n a € | HaxoasaTCcs B
HeobLeM NoNoXKeHUN



Muorounensl LLlybepTa u ncuncnutenbHas reometpus

3amevaTenbHbli akT

CnoxeHue n YMHOXeHne yCJ'IOBI/Iﬁ COOTBETCTBYET CJIOXKEHUNHO 1”

yMHOXeHMIO MHoro4neHos LLlybepTa (no mogynto cooTHoweHuli Ha
MHOFOYIEHBI ).



Muorounensl LLlybepTa u ncuncnutenbHas reometpus

3amevaTenbHbli akT

CnoxeHne n yMHOXEHNE YCOBNA COOTBETCTBYET CNOXKEHNIO 1
yMHOXeHMIO MHoro4neHos LLlybepTa (no mogynto cooTHoweHuli Ha
MHOFOYIEHBI ).

3agaya o dnarax

(x1 + (x1 +x2))° = x5 +3x2(x1 +x2) +3x1(x1 +x2)% + (x1 +x)3 =
(4uncno cnaros B HEOBLLEM NONOXKEHUN C TPEMS JAHHBIMU
Toukamm)+

+3(u4mncno dnaroe B HeobLEM NONOXKEHNN C ABYMS AAHHBIMU
TOYKAMM 1 OFHOI NpsiMOiA )+

+3(4mncno naroe B HeobLEM NONOXKEHN C OLHOW JAHHOW TOYKOM
N OBYMSl NpsiMbIMU )+

+(u4mcno dnaros B HEODLEM NONOXKEHMN C TPEMSI [AHHBIMU
npsMbIMIN )=

=0+3-1+3:-1+0=6



Muorounensl LLlybepTa u ncuncnutenbHas reometpus

ObocHoBaHue

Ha donarax MoXHO BBECTU CTPYKTYpy r1afKoro MHOroobpasus
(mHoroobpasme ¢pnaros, obobienue 'paccmannnanos). Konbuo
KOromoJioruii MHoroobpasns dpiaros n3oMopdHO KOJbLY
MHOTOYIEHOB NO MOZY/0 COOTHOWeHNA (npegcTasnenne bopens).
Mpu 3TOM n3oMopdn3mMe ecTeCTBEHHbIE YCNOBUA Ha daarn (yuksl
LlybepTa) nepexopaT B mHorounenbl LLlybepta. Muorounensi
LLIybepTa obpasytoT 6asnc B konbLE KOroMoAOrniA, noatomy nrobas
334a4a UCHUCIUTENLHON reoMeTpun o pnarax CBOLUTCA K
BblYmMcaeHunto ¢ MHorodyneHamn LLlybepra.



Muorounensl LLlybepTa u ncuncnutenbHas reometpus

Ewé ogHa 3apaqva o dnarax gns caMoOCTOATENBHOMO peLleHmns

Ckosibko hnaroe B TpEXMEPHOM MPOCTPAHCTBE HAXOLATCS B
HEOBLLEM MONOXKEHNN C LIECTHHO AaHHbIMU dhnaramu?
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