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MAUWMHHEY AHAJM3 CIOMHEX CTPYKTYP
(BrumcauTeNIbHEE CUCTEME)

1986 rpop Bunycx II8

YIK 5I13.8I1

JABYMEPHHE W TPEXMEPHHE [EOMETPUM
B TEOPUM QUBNYECHUX CTPYKTYP

B.X.Jles

B vccrenopammsax no ocHosaHusm quanxu K.M.Kynaxos [I,2] smcxa-
- 38J NPEAroNIOKeHUe O CYUWEeCTBOBAHUM HOBOT'O TUIE CHMMETDMH — ¢ € H 0=
MEHOJIOrMUYEeCKOIH cuMMeTpuu. Hopas cummeTpus Bupa-
KaeT UIe paBHONpaBUs (U3MYECKUX OGHEKTOB HEKOTOPOTO pONa 10 OT-
HOWMEHMI0 K ¢U3HUEeCKOMY 3aKOHYy, DeicTByoleMy IJsf DTUX 00BexToB.Jay—
ueHne (eHOMEHONOrMUECKO) CHMMETPUM COCTABJIAET NPEIMET TEODUM (M-
SUYECKAX CTPYKTYD.

HaraamHo noHaTie fMBKUECKOH CTPYKTYDH MOKET GHTH OIMCAHO Clle~—
LyouyuM o6pasom. [lycTb faHe NpOU3BOJILHHE MHOKECTBE 772 u X u GyHK~
IMA a: 3 x 72 - R, KOTOpag Kaxmuoh nape snemenToB { i, a ), TgIe
i €%, o €, CTEaBUT B COOTBETCTEMe BelecTBeHHoe ureno a(i a) €R.

ONPEJEIEHAE. Bymem roeopuThb, uro Tpofika {3%, 72, a ) o6pasy-
eT GMHapHyo (U3MUECKy0 CTPYKTYpy pavra (m»,s) , €CIM mAs  JHOGHX
BJIEMEHTOB i0ees ,ire«??’Zu Qypene @ € 7¢ BunomHsercs PaBeHCTBO:

@ [a(i1oa1) seeeali, ,rxs) e ,a(iroc,‘) ,...,a(ir,ocs)] =10y (1)

rae #€ u I - TONOJNOTMUECKAE MHOTOOGDPA3UA PABMEPHOCTY COOTHETCT—
BEHHO m = g=-1 ¥ n'= r-1, a(ipo:q) = f(x;,...,x;, 1,...,'§'(‘l) - 0o -
CTATOYHO IJalxasd (YHKLMA, CYUECTBEHHHM 06Pa30M 3ABHCAWAR OT CBOMX
aprymeHToB, u qrad ®#0. TOuHHE POPMYJMDOBKM U JOKA3&TEIbCTEA
npusefieHs B padore [3]. AHANOTMUHO MOKHO ONpENENUTH (MBMUECKYD
CTPYKTYPY ¥ Ha OJHOM MHOKECTBE.

Bonpoc o cymecTBoBaHWM {M3HUECKMX CTPYKTYD HA IBYX MHOKECT~
Bax Gmn nojdHocThio pemed I'.I'.Muxapmauenko [4]. Tam.me oH uccaeno-
Bay (M3NuecKyO CTPYKTypy Ha OOHOM MHOXecTBe paHra T = 4.Jx sToft
CTPYKTYPH ORI HaljjfieH MOJNHH}{ HAGOP JOMYCTMMHX BHpameHuit GyHKUuH
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a(i3) = £(x, .y, X, .3, ). Oxasamoch, uro HexoTophe supameHug a(ij)

COBNaJanT C U3BECTHHMA METPUKAMH IBYMEpHHX reoMeTpuii (MeTpuks mpo-
‘CTPaHCTB NOCTOAHHOM KPUBMSHH M DPASIWUHHX Maockocteir). Kpome Toro,

OHJIV MOJyueHH ¥ HEMSBECTHHE DAHEe IByMepHhe MeTpuku. Takum obpa -

30M, IeOMeTpUs JBYMEPHHX METDUUECKUX NPOCTPAHCTB JaeT HaM IpUMep

GMHapPHOY (M3uyecKod CTPYKTYypPH Ha OJHOM MHOKeCTBe paHra T = 4, Ec-

TECTBEHHO NPEJONOKATb, UTO I'eOMETPUA  N=MEPHHX MeTPHUECKUX PO~

CTPAHCTB ABJIAETCH KOHKPETHO . WHTepnperaijieli OUHAPHO! CTPYyKTYypPH
paHra r=n+2  Ha ‘OIHOM MHOXECTBE.

ApTopoM HacTosuei cTaThM OwI paspaboTaH O6WMj NMapameTPUUecKu i
METOf INA HAXOMOEHNA (UBMUECKUX CTPYKTyp panra r'>4 He OZHOM MHO-
EECTBE.ITOT METOJ,B UACTHOCTHU,IIO3BONMI SHAUUTENBHO YIPOCTATD Ha-
_ XOX[JeHUe CTPYKTYPH paHra r=4 ¥ BHECTH yTOUHEHHH B BONPOC O ELMH-
CTBEHHOCTH pemenns. [Jif CTPYKTypw paHra r=4 [OJyueHO Bcero [OBe
GOPMyJIH, KOTOPWX OXBaTwBawT Bce 10 reomeTpuii, NMPUBEIEHHHX B Pa-
6ore [4]. lns cTpyxTypn pexra T =5 Bnepbwe HalileHH BCE BOSMOXHHE
TpPeXMepHyEe I'eOMeTDUH .

B o6uem ciyuae MoxasaHO, uTO KamNO# (MBUUECKO# CTPYKType CO-
OTBETCTBYeT CUCTema JUGPEepeHIMAalbHEX YPABHEHM) B UACTHEX MPOM3BOJ-
HEX IIepBOTO NOPHAJKA, KOTOpas B HEKOTOPOM CMHCJIS UMeeT eNMHCTBEH -
Hoe pemlenvie. [lpy uccleloBaHUM ODTO CUCTEMH M YCIOBUY €€ COBMECT -
HOCTM BOSHMKAT anrebpw Ju coOTBeTCTByOmEll pasMepHOCTH.

dusuueckasn CTPYKTypa paHra r = 4. [lpyBegeM KpaTKyn NOCTaHOB-
Ky 3ajaud. llycTh JaHe NMpOM3BOJbHAE MHOKECTBO 270 C BjemeHTamu i,
Jok,Ly eee,e ¥ GyHms a: T x % -R,K0OTOPas CTaBAT B COOTBETCT-
Bue xexpoj mape (ij) € Mx 79 pemecrsennoe uucio a(ij) €R. llo-
TpeGyeM, uTOGH MHOXeCTBO 27t OmIO TONONOrMUYECKHM MHOTOOGpasueM
PaSMEPHOCTH D =2, (Hanommu. uyro n = r-2 ). Torga ¢yHKIMA a(ij)
Gymer umeTs JokaibHoe mpescrasiemde: a(ij) = £(x ,y..x,,¥y,) -

OTPEJEJEHVE. Bymem roeoputs, uro napa { 972, « ) o6pa.3ye'r fu-
3UYECKY CTPYKTYypy paHra r = 4, ecau JJig JIOOHX ueTHpeXx Touek i,J,
k,l € % vmeeT MECTO B3aBMCUMOCTS:

#Ha(ij) ,alik) ,a(il) ,a_(;jk) a(il) ,a(x1)] = o. (2)

llorpe6yem, uTo6H dyHKIMs a(ij) = 1‘.’(::1 WFy Xy oYy ) Owia JOCTaTOUHO
rJafKoff U CyuecTBeHHHM 06pasoM 3aBucela or caoux aprymeHToB. Ha
GyHruo @ HajpRUM orpaHuueHue: qrad @ £ O.



OxasuBaercs, uro TpeGOBaHWE CyNECTBOBaHUA 3aBUCUMOCTM (2) on-
HOBHAYHO ONpefeNAeT NONMyCTUMH} HaGop Bupaxeuuit a{ij) u sum gyHk-~
i @ B Hacrosuei paGore Mu GymeM MCKaTh sBHHi BAL GyHkimi a(ij)
W npociemyM, kax BO3HMKaDT aiarebpw Ju B cTpykType peHra r = 4,

[lpopudgepenipmpyem coorHowenne (I) o BCeM BOChMM MapameTpam:
LA AL S AP AP llonywim cucremy u3 BOCHMU ITUGHEPEHIME b~
HHX YPaBHEHH{i OTHOCUTENbHO WECTH UaCTHHX MPOUBBOJHEX (QyHKuMM @ 1O
KaXJOMy CBOEMY apryMeHTy.

MaTpuue KO3(§MIMEHTOB CUCTEMH UMEET BUJ:

af(ij) 3af(ik) af(il) o &
ax(i) |ax(i) ex(i)
ae(ig) lee(ix) ae(ia) o 0
ay(i) ,ay(i) ay(i)
af(ij) | o af(gk) af(jl)
ax(j) | ax(g)  ax(j)
w(13) | o, (k) ar()
ay(3) ay(3) ay(3) (3)
I af(ik) o af(jk) o af (k1)
Lax(lc) ax(ik) ax(k)
af (ik) af{ jk) af(kl)-
a(x) ayx)  © (k)
" af(il) ar(j1)  af(kl)
s ax(1) (1) ax(1)
5 5 _gr(il) 5 af(31l)  af(xl)
ay(1) ay(1) oy(1)

Tax xax qrad @ # 0, TO CMCTEMa MMeeT HETPUBMAJIbHOE pelleHue. Cleno-
BaTeJNbHO, JI0GO} ONpefeNuTeNt MEeCTOro MOpaika U3 MmaTpuun (2) paseH
Hyno. PaccMOTpUM onpefeluTeNb NATONO MOPSAKA, OTMEUEHHHi MyHKTH —
pom. MoxHO nokasaThb, UTO OH HE DPaBEH HYJIO.

W3 Bcex onpepemirelelt WeCTOro MopAnxa, PABHHXK HyJo, HNOCTATOU-
HO pacCMOTPEeTb TOJBKO Te, KOTOPHE OKA/MIANT He PAaBHH{ HyJl ONpe -
leJmTenp NATOro mnopspka. Takux onpemeauTeneii  Tpu. Bumamem  ux,
pasjarag 1o [1epBOMy CTOJOLY:

___223 ) ab(1k1) o (561) « g%ln:(m) ho(JE1) +
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o 209 gMa) a () 5 226D aWga) 4 () =0,  (4)
ax(j) ' ay(y) 2

rEe B = 1,2,83 .A.|1", A;‘ - OINpeNelUTeN TPETHEro MOPALKA,

af(ik) ae(il) af(jk) af(j1)
alaxa) = 3L &@) 1 () L[ D) |

af(ik) af(il) . af(jk) af(jl)

oy(1)  ay(1) ay(3)  ay(3)

MoxHo noxadaTh, uro paHr cucrems (4) paBeH Tpem. Paspemm
ypapHenus (4) na A (ikl). A (Jkl) u saguxcupyewm unmexcs k, 1. [o=-
JyUUM CUCTEMY U3 TpeX HEeBaBUCHMEX YDaBHEHU{i OTHOCHTENPHO (YHKIMM
f(ij) & f(xl 2 ’xi .yj) :

a(Ld) whey) o BEGG) ghesy , (L) pwesy , 2(LI) 4uy) < o, (6)
a(1) ay(1) ® ax(j) ay(3) *
rpe p = 1,2,3; aAl1) = al(x, 7,) s ARG = A!I‘(xd ,yd) M oD,
lloyryueHHas CUCTEMa MBIAETCH MOJHOM. JeiCTBUTENbHO, HAXOMA
YPaBHEHUE COBMECTHOCTM C IIOMOIUBIO [ p,Vv]=croGox pas moGoit na-
PH YPaBHEHMIl U NPUCOEIMHAA ero k cucreme (4),monyuseMm yeTHpe ypas—
HEHUA OTHOCHTENBHO UETHPEX HEeM3BECTHHX ~— UYACTHHX IIPOMBBONHHX (yHK-
wam £(x ,y, ,x 307y ) 1m0 cBoMM aprymeHTam, Hu OfiH& U3 KOTODHX He
PaBHa HYJI0. Onpe,u.eJm'reJlb TaKOR CHUCTEMH Henpeueuﬁo PaBeH HyJ0,T.€.
YDaBHEHNE COBMECTHOCTU ABJAAETCA JMHEWHO! KOMGMHAIME) ypaBHeHWi
(4), uro u ecTb NMpPU3HAK MONHOTH cucTeMu (4). YDaBHEHUA COBMECTHO-
CTY UMENT BuJ,, AHAJOTUUHHI ypPaBHEHUAM OCHOBHO} cucTems (4):

af(ij) gv(1) 4 af(id)BV( ) 4 (1) V(J) . ¢h)) BY(3) = 0,(7)

ax(i) 3y(1) ax(3) ay(3)
ree  v=1,2,3; BJ(1) = BY(x.,y,); BY(J3) = BY(x,,y,) ¥ TA

Kax noxasamo B [6], xamnoe ypaeuenue coBMecTHocT# M3 (7) fB—
NFETCHA JMHERHOH KOMOMHAIMEH ¢ NMOCTOSHHHMA XQO((UIMEHTaMH U3 ypaB-—
HeHu{l ocHOBHO# cucTeMu (6). B onepaTopHojt GopMe MOKHO 3amucarh:

Xl_;f(ij) = 0 ~ cncrema (6)3 [!“,Xv]f(i:l) = 0 = cucrema (7);

(XXl = °wxu' Sly =~y

[X o[x X“]] + [xv,[xu,x 1] + [Xuo[x ’xv]] - (8
rue Myven = 1,230 .
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Taxum oGpasoM, cTpykType paHra r = 4 COOTBETCTBYOT TpPeXNapa-
meTpuugckue axre6pu Ju, a £(ij) MoXHO paccMaTpMBATH KaK IEYXTO ~
UeuHpi MHBEPYAHT COOTBETCTBYLUE! TpexnapamMeTpuueckoit rpymmu Ji.

B coorrnomerusx (8) Gymem pasivuaTh jBa Cayuasm: |°uv| # 0;
|cr:v[ = 0. Pewenue cucremu (6), T.e. ABHH{I BUE GyHKIMK fxij), By=-
ZeT CyuecTBEHHO pPasJMUHEM B OGOUX CIyUasX.

PaccmoTpuM ciaryuait lcﬁvl # 0 .O6pamanch ¥ mpyromy Gasucy x;, =
= 848y TRe a,, - HEOCOGEHHaA MATPULA, MOXHO IeEpefiT K KOMMy -
TAIMOHHEM COOTHOWNEHUAM B BUIE:

[X1 ’xz] =kX,s [Xs ’x1] = kX3 [xz ’xs] = kX - (9)
rae k= \]bo;bo A, - HeficTBUTeNbHHe uyncie. Pemas cucremy (6) ¢
yuerom coorHomenuy (9), momyumu £(ij) = x[¥(ij)], rme x - mpous-
BOMbHAA QYHKIMA,& ¥(ij) - UHTErpa; CHCTEMH:

su) o (=2 - = -2 - . - -

¥(1y) = (Fj+8,)exp k (% X )+(F+8, Jexp[-k (X X )]-2F,7, (10)

rRe & ,6; - KOHCTAHTH. MHTerpan MOXHO NMpPeoGpasoBaTb k BUALY:

g

~ 2 o g
(y,_-yd)~+ ' S A (11)

¥ij) =

g
xl .xj
rge ¥ =7 exp(-kX); ¥ = exp(~k X). 3averum, uro (II) o6muHO Tpa-
Ktyerca xax mojenb Hie#iHa nmockoctu JoGaueBckoro (mpu 5,=6, >0),
60 OBYMEPHOT'O OJHOMOJOCTHORO I'MNepGoJIoufs Ipy 51=63< 0 (cm.[4]).
OT0 BepHO npy jeficTeuTensHoM k.. Ho mpm k 1€ € moxyunm
BhpaXeHlie, KOTOpoe Ha3oBeM MOfenbo HieiiHa nia cgeph.
HeticreurensHo, supaierue (I0) moxHo mpeoGpasosarb Tak,  uTO
NOJyUMM TPaJMIMOHHL BUJ METPUK NPOCTPAHCTB MOCTOAHHOW KPUBUSHH:

¥ij) = sh\/é-‘;y"shY;;:)r:l ch\/‘b:(xi—xj) - ch\lg‘: ¥ chﬁ:yd, (12)

rhe a,,b, - AelicTBUTeNbHHE WACIA. B saBucuMocTH OT 3HaKa a,, b,
MOJIyyaeM METPUKM PA3JIMUHHX JBYMEPHHX HPOCTDAHCTB MOCTORHHON KU —
BUSHH. .

Ecimu » (11) 6,=6,=0,70:

¥/2(15) = X, =T, - (13)
rge x = ”y‘.i""/ 2, == /2 Bupaxenue (I3) faeT METPUKY CHUMILIGKTHUE —

CKO}f NIOCKOCTH.
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0)

Ecom B kommyTammoHrmx coorromenusx (9) k, = 0, Tous  (I0)
MOKHO MOJNYUUTh:
= - o Y xp N . (14
¥(1j) k=0 = (x,x,)" ¢ (7,~7,)°, (14
rge "+" cooTBeTCTBYeT eBKIMAOBO miIockocTH, a "-" - ncepmoeBkM-
mooit. [lpyrux pemenmit B ciyuae |e),,| # 0  mer.
[lpusenennue pewenusa (I1)-(I4) nmonyuanTcs M3 06WEro pelleHKs
(I0) npu pasinuHLX 3HAUEHWAX BXONAWMX B HETO KOHCTAHT.
PaccmoTpum cayuait |c:vl = 0 . AHanornmuHo cooTHoweHus (8),1e-
Pexonsa K noaxomauemy 6a3ucy,_,momo NpUBECTH K BUAY:
(x,Xx,] =bx+x,5 [X,X]bX,5 [X, Xx,] =0, (15)
rue b1,bz - JelicTBUTENbHEE uMca.
Pemas cucremy (6) c yuerom coorsowewnit (IS) mpu b,,b, # 0 ,
MOy UMM :
2b X, =X
2 prcth —2 3 (16)
Va' V& (3,-3,)

roge A = b4+ 4b_. [lpy 4> 0 u3 (I6) MOXHO MOJYUUTH:
2 1 Y

wij) = (X% (3,5, %, 1)

¥ij) = Wm{(%-%,)* - [VA(F,-7,)1°} -

rge m m, # O - feficTBUTeNbHHE uucaa. [lpu A=0 supaxerue (I6) npu-
BOIMTCA K BUAY:
b e 4
¥ij) = In(x,~x ) + 23 . (18
3 X =X
13
Ecau B coorHomenusx (I5) b, = 0, To unrerpaxn (I6) npusoguT-
CA K BUAY: :

¥ij) = (xl-xj)+( 61-6d)ln(y1-yd) 5 (19

rue ax,ad = const.
W mnarowern, npu b, = 0 us (I6) momHO mosyuuTh:

Wij) = (8,-6,)(%,% ) -2 (3,5,)" . (20)

[lpyrux HeBHPOKIEHHHX METPUK B STOM Clyuyae HeT.
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TaxuM 06paszom, mse gopmyaw (I0) wu (I6) BxuouanT B cebs Bce
I0 reomerputt, npusefesHsx B [4]. CrpyxTypa paHra r = 4 paccMoTpe=
HA 110JIHOCTHK .

Cuanueckas CcTpyKkTypa paHra r = 5. [locTaHOoBKa 3ajauM aHaJIOTrMU-
Ha 3ajaue O CTPYKType paHra r = 4,

OhPEJEILHUE. llapa (77Z,a ) o6pasyeT (M3MuecKyd CTPYKTypy paH-
rar =5, ecay 1A mob6ex naTv Touek i,j,k,l,m € 227 wumeeTr MecTo
3aRUCHMOCTb

Hal(ij) ,a(ik) ,a(il) ,a(im) ,a(jk) ,a(j1) ,a(jm) ,a(kl) ,a(km) ,
a(lm)] = 0, (21)
rae M - monosorvueckoe MHOroo6pasue pasmepHocTd n = 3, a(ij) =
= £(x, 3, .2, XY 03, ) - HocTaTOuHO Iaafkas (yHKIMA, CYUECTBEHHHM
oépaaom aasucmuaﬂ OT CBOMX apryMmeHtToB, U grad 2# 0.
MeTomom, aHanorMuHeM ciyuaw T = 4, u3 (2]) MOKHO M3BJeub CU—
CTeMy M3 WECTW ypaBHEHH{t OTHOCATENbHO ¢GyHkimu £(1ij):

a£(i3) A1) + MA“(:L) + af(lj) al(i) + eoisg) A5E) +

ax(1) ay(1) ° az(1) ax(J)
L (1) am af(ij) ,u -
= Ab(3) + (;) o4 A(Y) = 0, - (22)

e L g vivebo A':‘(i)”&(xuyz’zx) . A1(j)=A1(X3 :yj QZJ) “u T.0.

Paur cucremy paBeH natid. Hak u B ciyuae r = 4, Jerko joxka -
3aTb, UTO J0GaA MOLCHCTEMA M3 MATH ypaBHeHUit GyfeT MoJHOi. YpaB -
HeHlisi COBMECTHOCTY UMEenT BUL:

at(ij) v(l) « af(ij) \)(i) ae(ij) “(:L) = af(ij) B“(a) -

(1) ay(1) (1) ax(3)
2(1J) gve4) , ) gv5) =0 (23)
R e i

e ¥ = Tsees 106

Hax u B ciyuae T = 4, MOKHO JOKa3aThb, UYTO Ji060e ypaBHeHue
coBMecTHOCTY U3 cucTemy (23) gBiasgeTcs JMHE(iHOM komGMHaIMel ¢ Mo -
CTOAHHHMU KO3(PEULMEHTAMU U3 ypPaBHEHU)i OCHOBHOji CHUCTEMH (22).B ome-
PaTOPHOM BUAEe MOKHO 3anucaTb:

xpf(i;j) =0 - cucrema (22),
[x“, xv]f(i:])= 0 - cucrema (23),

(X, X0 = el Xy, (24)
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TOe HaVy W = I,...,6; — BeljeCTEEHHNE uucaa, c%v = ccu u
[x (X, X, 0] + [x, [XM,X T] + [XM,[XJ,Y 1] = 0 - u3 crofcTB ypan-
HeHnﬁ COBMECTHOCTH .

Taxum 06pasoM, (MBKUECKO) CTPYKType paHra r = 5 COOTRETCTBY-
0T MEeCTUMEPHHEe aareGpu Jiu.

flenui Bup, Eymxipm £(x ¥y .2, X 4y,,2,) Haxomm  ua cucre-
Me (R2), MCNOJb3YyA COOTHOWMEHUS (24), He npnaonn IOJIHLIX  BHKJIALOK ,
BHIMIEM DelleHus, yHOBIeTBOpsawbume cucteme (2R): £(ij) = x[w(ij)],
rle X - NPOU3BOMbHAA (YHKIMA OJHOI'O aprymeHTa, a ¥(ij) - uHrerpai
cucrems (22). Unrerpan cucremmr W(ij) MoKeT MmMETH BUA:

¥ (13) = cos(Vg‘z )cos(Vg1z ){cos(¢~ﬂ )cos(Jﬁjv )cos[{gl(fl-
—EJ)] + sin(JEl?l)sin(Vgl§j)} 4 sin(fglzi)sin(fggzj), (25)

rue b1.b2,b, ~ BeWecTBEeHHHEe uucia, KOTOpHEe MOTYT CuTb >,<, = Hy=-
J0 .
[lpy paBeHCTBE HyJ0 OJNHOM M3 BEJUUMH b1,b2,b3 uMeem:
P s ~-~ 2 ~_~ 2 N-N 2 o
Vz(la) = (xx xj) + (¥, yJ) + b(Z zj) , (28)
rue b #o0,
U, HAKOHE! $5) = - -
. u’ ¥,(13) = KTy = ByTy & BBy (27

JIpyrux uHTerpanos y cuctems (Z2) Her.

Qopmyna (25) maeT METPUKY TPEXMEDHBX MPOCTPAHCTB NOCTORHHO
KkpuBu3HH; (26) maeT MeTpUKy TPEXMEDHOrO eBKIMAOBA NpPOCTPaHCTRA
npu >0 U NceBUOEBKIUNOBA Npu b < 0, u (27) HaeT aHTUCHMMETPUU -
HyD METPUKYy B TPEXMEPHOM IPOCTPAHCTEE.

llonyueHHEe BHpaXeHUs JNA TEOMETPH)i MOLYT MpPEACTAaBAATH HC
TOJIBKO TEOPETUYECKUit, HO U MpakTHUUecKuii uHTepec. llosBaserca mNpuH-
LMI4aIbHasA BO3MOKHOCTb paspaboTaThb METO[L, MO3BOJALUMIT OJAA KOHKpeT-
HHIX SKCMEPUMEHTAJbHEX NaHHEHX ONpelesUTh, KAKafg U3 IEeOMETPUil MM CO-
OTBETCTBYET .

B saxmouerue aBTOp BhHpaxaeT GiarogapHocTh Kynaxosy 0.4, u u-
xajmuerko ['.I'. 3a moneanve 3ameuaHns ¥ OGCyXIOeHUA, & Takke NOK-
Topy TexHuueckux Hayk Hocapesy D.I'. 3a nomows u noguepxxy B paco-
Te.
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