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e VHHUTapHbIE NHBAPUAHTHI CeMeHCTBa MOIIIPOCTPAHCTB - OT/Ae/IbHas TeMa, B
JIHeHON asirebpe n dyHKIMOHAJBLHOM aHaam3e: cM. |1, 2, 3]. Bxech pac-
CMATPHUBAETCsT CIydail, KOrja Bce MPOCTPAHCTBaA ceMeiicTBa ogHoMepHbI. OH
BCTPETHUJICS TIPU UCCIIEIOBAHIN aJiredpbl 9fiKOHAIOB MeTpruieckoro rpada [4],
4TO M HOC/IY?KUJIO II0BOJIOM JIJIsl HAIIUCAHUA JTaHHOM 3aMETKH.

e Ilycts A u B — oIipoCcTpaHCTBa, BENECTBEHHOTIO IMJIBOEPTOBA ITPOCTPaH-
crBa H co cKaJsipHBIM TIpou3BejieHueM (-, ). Yriaom mexiy A u B Ha3biBa-
eTCsl IHUCJIO

A"B := arccos||PgP4|| € [0,7/2]

(31ech u nasee P, ecTb OPTOrOHAIBHBIN IPOEKTOP HA MOJANPOCTPAHCTBO L).
HamoMuuM, 9T0 yros MexKJiy OJJHOMEPHBIM HOJNPOCTPAHCTBOM L U JIIOOBIM
nogmpocrpanctBoM M coBnasaer ¢ yriom Mmexiay L u npoekiueit L ma M.
Ecimn e € L - euHuHbIE BEKTOP, TO KOCHHYC 9TOro yriia paseH || Prel|.

Iycrs £ = {L4,..., Ly} ectb cemeiictBo nomipocrpancrs B H. Hazosem
xonduzypayuets L ynopsioueHHbIil Habop yIJIOB

@i=L}(Li+-+ Licy) (i=1,...,m),
pij = L}'L; (i, =1,...,m, i <), (1)
@ijh = (Li + Lj)" Ly, (i,5,k=1,...,m, i <j <k).

Cewmeiicra nogupocrpancts £ = {Ly,..., Ly} n & = {L},..., L} ynu-
MAPHO IKEUBGAECHMHDYL, €CTTU CYIECTBYeT TaKol yHUTapHBIH omeparop U B
H, aro L), = ULy nnst Beex k = 1,...,m. Creayromuii pe3yibrar o3Hada-
er, uro B caydae dimL; = --- = dim L,, = 1 koudwurypamnus L siBisercs
MOJIHBIM HabOpOM yHUTAPHBIX WHBAPUAHTOB L.

JIemma 0.1. ITyemo £ = {Lq,..., Ly}, & ={L},..., L} — cemeticmea o0-
/ / /

nomeprorr noonpocmpancms 6 H u {pi, i, 0ijk}, {95, Pijs ‘Pz‘j,k} — UT KOM-

Pueypayuu, coomsememeenno. Tozda das ynumaproti sxeusarernmmocmu £

u £ neobrodumo u docmamouro, wmobvl

/ / /
i = i Pij = Pijr Pij.k = Pijk
oas ecex i, j, k.

Jloxazameavcmeo. HeobxomumocTh oueBngHa. JloKaxkeM HOCTATOIHOCTH MH-
aykimeit mo m. baza nagykimun m = 2 odeBuaHa. Tenepb MycTh yTBEP:Ke-
Hue jleMMbl BepHO jiist e < N. Torpa npum = N ui < N umeem L, = UL;,
e U* =U"1. st Bcex © < N BbIOEpeM eUHUYHBIE BEKTOPHI &; € L; 1 10-
aoxuMm z; = Uz, Torpa o € L}). Beibepem eiunHuvHBIE BEKTOPBL T € Ly
u =y € L'y. PacemorpuM mpoekiun

/ / 1
Y=Pripqry aN, Y =Prioqp 2N,y =Uy.
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B cuny oy = ¢y mueem |lyl| = [|y'[; u3 pin = @5y caeayer, uro |(y, z;)| =

(' 23)|, ams pijn = @y crenyer, uro [|Prr; y|| = [[Priqry o[l Yinrap-
nocrs U sever |ly|| = [ly”|l, [(y, zi)| = [(y", &) 0 | Protr; yll = [|Prysnr "l
B uTore nmpuxoguM K COOTHOIICHUSIM
Iyl =/t =1y"1l, @)l = Iy, 29)] = (", )], @)
1PLisr; yll = I1Prvrs o'l = 1 Prprrs |-
IIycTp
R_ = {j e{l,...,N—1}| (y',x;) = —(y",x;-) + 0}. (3)
uRy:={1,...,N—1}\R_, rorga
(ylvx;) = (yﬂvx;)v i€ Ry (4)

[Tycrs Fy, (0 = +) ectsb smneiinas obosouka Beex L;, i € R,. [Ipeanonoxum,
9TO CyIIeCcTByeT Takas mapa (i,7), 9ro i € Ry u j € R_. BejieM BeKTOpBI

-—_ . - —_ . / D / , p— /
Ty 1=y, Toi=xj, Xy =Xy, L=,

L . / "o, "
2= Py, 2= Py 2= Prapy,

TOIIa

4)
(Z,,IEQ_) = (PL;—i—L;y,a:C'Ii) = (y/’PLg—f—L;x'Ii) = (y',x;) = (y”,fE;) =
= (yllapL;—f—L;.m;) = (PL;+L;.2/”7$;) = (¢",27) = (¢",2}),

r.e. Boionneno (z',z ) = (2,2 ). AnasorndHo BBIBOIUTCS DABEHCTBO
/ / _ /" /
(Z ,IE_) - _(Z ,CC_).
Urak, (2/,2) = £(2",2/.). Honoxkum 2y := 2’ + 2 u nepenummem mo-
ciestaee paseHcTBo B Buje (24, 2l ) = 0. 3amerum, 4To
(2, 2) = 1217 = I="11> = || P 12— 1P "2 2o
i 2x) = I7 0 = n+ny L+ Yl =Y
BeKTOpEI 2 JIeXKaT B IIJIOCKOCTH, HATSHYTON Ha BeKTOpH! 2/, 1 /. ITosromy
uz 2 L 2L, 2L L2l cnenyer, uro 2/, L . Tlockombky zly = Uy, mmeem
x4+ 1 x_. Orciona, BBy mpon3BobHocTr ¢ € Ry n j € R_, BbITeKaer, 9To
F.LF.
Bsenem omeparop V' mpasuiom

Va=+Urz, xz € Fy,
Vo =Uz, x€ (L4 -+ Ly)*,

V(I = Priyosry )on = = Pyyoyr,, )Ty
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(2)
I = Prpyvry, Dol = 1=y I* = 1= ylP* = I = Prysesry) anl?

caenyer, uro oneparop V ymurapen. OueBuano, uro VL; = L) npu i < N.
Kpowme Toro,

2

(Vy,x}) = £(Uy,x)) = =", 25) = (¢, 2}), i€ Ry. (5)
[TockoubKy smHeiiHast obosouka {xy,...,rN_1} ectb Bce L1 + -+ + Ly_1,
u3 (5) cuenyer, uro VP 4oy an =Vy=19y' = PL/1+...+L/N71£CN. Takum
obpasom, Vay =y u VLy = Ly. O
e 3amernM, uro uncaa ;; = LML (i < j), COCTAB/ISIONIEE JIMIIb YaCTh

KOHUrypanuu, He 00pa3yloT IIOJHOI CHCTEMbl YHUTAPHBLIX HHBAPHAHTOB
cemeiicrea £ = {Li,...,L,}. B camom nene, nycrs £ = {Lq, Ly, L3} n
& = {L}, L}, L} — cemeiicra mopmpoctpancts B R3, HaTanyTBIX Ha eu-
HUYHBIC BEKTOPLL T, € Ly u z) € L}, rae
1 1 t
= 2 ) 2 b 0 b
t

(_13@)
4’2 4 ’

O~

1 =12) =(1,0,0)", zy=2x

B (1 . \/15>t
€r3 = 4) ) 4 ) x

w\
I

— o1 _ o1 _ /A |
Torpa cospia = cospiy = 30 COSpa3 = COSYy3 = 17, COSP13 = COSY 3 = 7,
_ V15 _ /11

OJIHAKO Sinpioz = Y2 U singo’1273 =¥ # singig 3. Iloceanee nepasen-
CTBO JieJIaeT CyIlecTBOBaHUe YHUTApHOTO ollepaTopa, casbiBatomero £ ¢ £/,
HEBO3MOXKHBIM, TIOCKOJIBKY TAKOH OIEPATOP AOJIXKEH COXPAHSITE YIJIbI MEXK LY
M106bLM TIOIIPOCTPaHCTBAMI B R3,

e B zakiouenne orMeTHM, 9TO BOIPOC O MUHUMAALHOCTY CACTEMbI WHBa-
puaHTOB (1) OK& OTKPHIT.
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