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M3BECTHS BbBICHWIHX YYEBHBIX 3ABEAEHHUNA
1976 MATEMATHKA Ne8(171)

YK 517.948

. I'. Muxaiarnuesro

TEPHAPHAA ®U3UYECKAA CTPYKTYPA PAHTA (2, 2, 2)

10. WM. KyaaxoBeiM OblIa jaHa MaTeMaTHueckas (GOpPMYJaHPOBKA
TeopuH (usnueckux CTPykTyp [1]. B ero paGore upuBEjNeHH HCXOMHHIE
AKCHOMBI OHHADHOH (PU3MUECKOH CTPYKTYpH paura (m, n), rie m, n>2—
neJsle 4YHCaAa, Ha JBYX MHOxectBax M, 9. ABropom [2] mpennoxena
SKBHMBAJEHTHAs (POPMY/IMPOBKA aKCHOM JJIS 3TOrO XK€ Cayuas, JOINYCKalo-
was ofobmenue, B Hacrosuell paGoTe eCTECTBEHHHM 06pasoM BBO-
IATCST aKCHOMBI 111 T€PHapHOU (H3HUeCKOll CTPYKTYpsl paHra (m, n, [)
Ha Tpex MHoxectBax M, R, ¥, rae m, n, [>2, 1 DyHKIHOHATLHHIM
METOAOM, NPEAJOKEHHHIM aBTOPOM IPH H3VYEHHM TEPHAPHOX CTPyK-
TYPH Ha JByX MHOxecTBax [3], paccmarpuBaercss npocreimuft cayuafht
m=n=I[=2,

[lycte mnmerorcs Tpu MHOXecTBa P, N, €, 2J1EMEHTH KOTOPHX
0003HaYa0TCA: JMAaTHHCKUMH Oyksamu MHOXecTBa I, rpeueckuMu OyK-
BaMM NE€DPBOH IOJOBHHH ajndaBHTa MHOxkecCTBa N, rpeueckumu OGyKBaMM
BTOPOH MOJNOBHHEL aaaBHTa MHOXKECTBA £, U onpeneneHa uncaioBas QyHK-
st @M X R X L— R, comocrapagiomas Kaxaod Ttpoike (i, «, p) U3 .
npsamoro npoussefienua IMX RN XL  neficTurensuoe wucao a,, CR.
U3 cooGpaxennii yno6cTBa, OYEBHAHOTO B JainbHeHAmeM, BMECTO 4,
O6ynem mucarth (i, o, p),

IBa snementa i, jEI Oynem CUHTATH SKBUBANEHTHBIMH: i~ /,
ectu Aasf Mo0HX aCRN B p€L uMeeT MeCTO paBeHCTBO (i, «, p)=
=(j, a, p). Bysem npeamonarate, uTo B MHOxecTse IR BCe BMEMEHTH,
3KBHBaJE€HTHHE JPYr APYTY, OTOXJIECTBJAEHH, T. €., €CIH i~ j, TO 3je-
MEHTH i, j€ MM CumraoTCs COBHAmAOMuUMK: i=j, Ecan me XOoTd OH NIf
opHoro a9 mam p &L BHNOMHAETCS HepaBeHCTBO (i, a, p) = (J, «, p),
TO 3JeMeHTH i, jC I Oynem CUHTATH DPA3JAUUHBIMH. AHAJIOTHUHO OIpe-
JeNSI0TCS COBNaJeHHe W pasjuuue 3/1eMeHTOB B MHOxecCTBax Nt u L.

B MuoxectBax M, R, € onpejpenum TOMOJOrHIO, BBeAd PyHaaMeH-
TalbHHE CHCTeMH okpecruoctefi. IlycTh iy& I — HEKOTOPHE (QUKCHDO-
BaHHHIl 3MEMEHT, KOTOPLfi OyAeM Has3mBaTb TOukoi, u & > 0. O6o3Ha-
unM uepes P (i;, &) MHOKECTBO BCEX TeX ajeMenToB i M, i KOTOPHX
HMeeT MeCTO HepaBeHCTBO |(i, @, p) — (i, @, )| < e mpu JdO6HX &N
u p€ Q. CemeiicTBO BCeX MHOXKECTB P (i, ¢) Al% BCEBO3MOXKHHX 3HAUe-
HUH TIOJOXHTEIbHOTO 4HCAA & IPHHEMAETCT 32 (YHAAMEHTaNbHYIO
CuCTeMy oOKpecTHOCTe#l Touku i, IIpOu3BOALHOA OKPECTHOCTHIO Piy)
HA30BeM BCAKOE NOAMHOXECTBO u3 I, cojepiaimee HEKOTOPYIO OKpecT-
HOCTh P(iy, ¢) us (PyHAaMeHTaJIbHOH CHUCTeMB. AHAJOTMYHO BBOAATCA
okpectHocTu Q (2, &), S(xg, ¢) © QyHAaMEHTAAbHBIE CHCTEMBl OKDECT-
nocrell Touek oy CR, & L. [TpousBoJbHBIE OKPECTHOCTH TOYCK &y H
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o6o3Hauum uepe3 Q (ag) u S (). JIerko mpoBepuTh, 4TO ONPEACJNEHHIE
BHIIE cucTeMbl oxkpectHocTel P (i), Q (ag), S (o) YAOBAECTBOPAIOT AKCHO-
MaM. OKPECTHOCTH M ONpeje]daioT Ha MHoxectBax M, N, £ exuHcTBeH-
HHIE€ TONOJOTMYECKHE CTPYKTYPH. TOMNOJIOrHs B NPAMOM IPOHM3BEJIEHUH
ONpEeAensieTCsi €CTeCTBEHHHM 00pasoM MO TONOJOIHH COMHOXHTEned.
DieMeHT mPAMOTO IPOH3BEJEHHs HA3HBAGTCH KOPTEKEM.

Mycts M™ ecTs m-kpatHoe, N ecTy n-kpaTHoe H L' ecTh /-KpaTHHE
npaMsle npousseneHus MHOkeCTB M, N u L, COOTBETCTBEHHO, Ha Celi,
npuueM 3HaUeHWs ueAbX uncea m, n, [ duxcuposans. Mcxoaa us QyHk-
wem a: M X N X — R, moctpoum Apyryw dyukmuio a™ Ml MM X R
X gl— R™  comocTaBaga KauaoOMy XKOPTexy (ijk...v, ay...8, pvo..t) €
EM" XN X Q paupsl m+n-+ [ TpexMepHYO MaTPHLY pasMepa
mxnxli ‘

(ijk ... v, afy...8, pvo...t)ER™ ()

paccMaTpuBaeMylo Kak TOuKy mnl-vepuoro mnpoctpancrsa R™. Muo-
o (m,n, 1), m n ! mil ) .

KECTBO 3HaueHdN QOYHKUUE 4 TMEXR XL —R 0603HAUKNM:
uepe3 N. [lpuBesem [/if MOACHEHHS JHHEAHYIO pa3BepTKy MaTpuus (1).
(ijk "" {UQ aaY"'a’ !"vc""t) = [(L7 a’ P‘)’ (i’ u? y)’ ety (i1 a’ T)’ (i! p’ y‘), ..
** .(l7 g) T)! R ] (-/7 a’ P‘)? oy (‘zj, 89 T)]ERmnl’ T' e' xl-—_:(i? U., p‘)? x2:
= (l, &, V)’ srey xmnl = ('Uv ) . : ) - :

B upsmom npouseenermu N” X 8 Bozbmem koprex  {(aPy...3,
pve ... T) pauHel 7 -+ [ 1 moctpouM ortoGpaxenue alafy...d, pvo...t]:M—
— R", conocraBasis agemedty iC I nBymepHylo Martpany (i, oBy...9,
wo...t) € R™ pasmepa n X [. TIpoeknus 3Toro OTOGpPaXEHHS HA HOAIPO-
CTPAaHCTBO MEHbIIeH Pa3MEpPHOCTH MOKET OBITb [OJAyYeHa BHYEDKHBA-
HHEM HEKOTOPHIX 3/MeMeHTOB B Martpuue. Hampumep, npu oTo6paxxeHH:
npoexuun pr, ,a@[efy...3, pyo.. 7] M— R kampomy (€M comocras-
asercs marpuua (i, afy...8, pvo..t) Ges ee sxemenra (i, @, p). Anazo-
THYHO MOTYT OHTb NOCTPOEHH oToOpaxenus alijk... v, wvs...t|: R — R™
u alijk..v, ofy...8]: @ = R™ nja xoprexefr (ijk...v, wvs...t)EM"XE
u (ik..v, of7...0) CM" X N", conmocraBasiomue saemedTam N u
v €L npyMepHbie MaTPUIH (ijk ...V, a, pya...7) ER™ u (ijk...v, ofy...3, ) €
€R™ cooTBeTCTBEHHO. MOXHO TAKXKE pAaCCMATPUBATH NPOEKLHE STHUX
oToGpaxenuil, nanp., pr, @ [ik...v, po .. R—R" " upr, alijk...v,
afy...t]: € — R™!, KopTem u3 INpPAMOr0 NPOM3BEIEHUS CUUTAETCH
HeIUaroHa/JbHBEIM, €C/AH B HEM pas3IHYHE BCE 3/EMEHTH H3 OJ[HOTO
MHOXKECTBA. :

Bynem rosopurb, uTo Ha MHOxecTBax M, N, L 3amaHa TepHApHAd
(dusuyeckad. CTPyYKTypa pasra (m, n, [), eCId BHIOJHEHH CJAeAyIOLiue
yCI0BHS (aKCUOMB (PH3HUECKOH CTPYKTYPH).

A. Oro6paxenne a™ ™Y IR™"XR" X & — N 0TKPHTO; OTOGPAKEHHSA
DI [eBr... 8, pyo .t M— R P @ lijk ..., wys ... 7] It — R™Y
pri, o2 lijk ... v, aBy...3]: = R™ ! OTKpHTH Aaf AIOGHX HeZUATOHALb-
HHX Koprexed (aBy..3, wwo.. . <)CR" XL, (ijk..v, wo..HEM" XL,
(ijk ...v, afiy...8) EM™ X N” cOOTBETCTBEHHO.

B. Cymecrsyer aHaautHueckas ¢yukmus ©:R™ — R rtakas, 4T0
MHOxecTBO M, 3anaBaemoe ypasueHmem ¥ =0, cosmagaer ¢ N, T. e.

@ [(ijk...v, afy...d, pva..)]=0 2)
aas 1o6oro koprexa (ijk...v, afy...8, ps... <y €M™ X RN X &

C. I'papuent @ otauuen ot HyJd BClIOAy Ha M, 3a HCKIIOUEHHEM,
MOXET ORTh, MHOXECTB2 MEpH HY/b OTHOCHTEALHO M.

T).
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l Huxe Oyner noapo6Ho paccMOTpeH mpocTeimui cryualt m=n —
=[=2,

Teopewma. Ecan wemeepra (M, N, L, a: M X RN X L—R) obpa-
3yem mepRapHyr usuueckyio cmpyrmypy parvea (2,2, 2), mo 8 awbdbix
oxpecmuocmax P(iy), Q(ay), S (uo) npou3soavno mouer ipC M, ayERN,
poE 8 mandymes saemenmor iy P (i), a € Q (), 1 €S(py), 8 Hekomo-
pulx oxpecmrocmax P(iy), Q(ocl) S () KomopeLx MHOJNCECTBO 3HQYEHILT
dynrcyui a® > [P A)PX]IQ (@) PXIS ()2 — R® moscem 6ums 30dano
VPasHEHueM

G, o W]=Y[¢ o N —T[ 8, v)]+ ‘F[(l )
=W, e, W]+ Y[, o W]+, 3 )] UG, =0, (3

2de i, JEP(iy), o, BEQ (=), v, vES(n), ¥ — cmpo20 mMOHOMOHHAS AHA-
AUMULECK A qiyﬂmw;z 00RO nepemMertoil, onpe()e/zeﬂﬂa;z 8 HEeKomopoi
oxpecmuocmu mo4ku (i, a;, ) ER.

HdoxasareabctTro. B paccmarpusaemoMm cnygae m==f=={=2
ypaBHeHHe (2) 3amuiieTcd B BHAE

(Y, of, p)}=0 (2)

nas mo6oro xoprexa (ij, of, wv) M’ X N x 8%

Coraacro ycaosuio A otoGpamerue pr, ,a@ [ae, w]: M — R®, zana-
Baemoe QyHkmmeir i— (i, o, V), (, B, v»), (i W] ERE, orTkpHTO
Jas Mi000TO HeAHaroHaJbHOTO KopTrexa (af, uv)€9‘2>\82 [Tpoeknus
3TOro oTofpaxeHuss Ha OJHOMEDHOE IIOJIPOCTPAHCTBO R Takke Gynaer
OTKPHTHM oOToGpaxeHueM. Hamnpumep, oTobGpaxenue ala, p]: M —R,
3ajaBaemoe ¢yuxuueil i— (i, o, ), OyAET OTKPHTHM JJIs JIOGHX (PUKCH-
POBaHHHIX 3JeMeHTOB afN m p€L. Ho B TakoM ciayuae OTKPHITHIM
OyneTr Takxe 0To6pa>KeHne a:M XN XL— R, KOorja 31€MEHTH ¢ H
He sapukcuposansl. Ilycrn i€ M, o, ER, poéﬁwnponssonbﬂble aJ1e-
MeHTH. PaccmoTpuMm s-0KpecTHOCTL TOUKH (i, o, po)éR onpeﬂeme-
MYIO HEPaBeHCTBOM |x — (iy, oy, o) | <e. Ecam 1€ P (i, ¢), a€Q (9, &),
BES (b, &), TE & et ey <z, 10 |(i, 5, p)— (i, %, po)| < e AR
ao60it Tpofiku (i, a, p)E P (i, =) X Q(ay, &) X S (1, 83) Takum obpa-
30M, MHl IIOKAa3a/d, YTO HCX0NHOe oOoTob6paxenne a:MXAXL—R
ABJSETCS OTKPHITHIM ¥ HENpepLHBHEIM. B COOTBETCTBHE C yCIOBHEM A
oroGpaxenue a® DM X NEX L2 — N R® OTKPHITO 1O HHIYLHPO-
BaHHOH Ha /N TomoJormu. JIerko mpPOBEpuThb, UTO OHO fABAAETCH TAKKe
U HeNpEepPHIBHEIM.

BosbmeMm mnpousBoAbHEIE TOuku iiCIM, agERN, p L u awbbe ux
okpectHOCTH P(ip), Q (%), S(»y). MuroxecTBo N, N 3HaueHuit PyHK-
wn a® 2D [P (i)F X [Q (20)]® X [S (1g)]* — R® comepixutr OTKpHTOE OTHO-
cutenbHo N moAMHOXecTBO. B coorBercTBuu ¢ ycsaosueMm C B MHOXKe-
crBe N, mafizercsd TOuKa, B KOTOPO#A IpajueHT OTJIHYEH OT Hyad. DTO
03HAYaeT, 4TO B CaMOH TOUKE W HEKOTOPOH ee OKPECTHOCTH -OTJIHYHA
OT Hy&s# XOTs Ob OJHA M3 UYACTHHX HPOHIBOAMMHX (YHKIWHK @, Yeno-
BHE B mosBossieT HaliTH TaKof HeAMATOHAJLHEINE KOPTEX (iyj;, &3, wqvy) €
EIP)E X [Q )P X [S(s)]?, aas KOTOPOro B COOTBETCTBYIOULEH
Touxe (ij;, 9484, #%) &N, rpagnent ® He paBen Hyaio. llpennonoxum,
YTO B TOUKE (Lljl, a,8;, vv,) OTJIHUHA OT HYyJAS HPOU3BOAHAA PyHKumu P
no aprymesty (j, B, v). [lo Teopeme 0 HedBHHIX (QYHKIMAX YDABHEHHE
(2") moxer. GLITD OJHO3HAYHO Pa3peIlecH0 OTHOCHTE/NLHO (j, B, v) B HE-
xoTopoii okpectsocTn U = H-X V Touku (i, 03By, pyv) ER® .
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Uy B, N =T1G, o, w), (, o, ), U, & ], (4)

npuuem ¢Gyukuus I' amajsutnana B ceMuMepHoi oxkpectHocTH V. B cury
JIOKa3aHHOM HenpepelBHOCTH GyHKIH a@: MM X N X L — R 1o BBejeHHOH
Tomosaoran, sjaeMeHTH i, jEM, a, BER, », VER, Aag KOTOPHX HMeeT
MecTO paspeuienue (4), 6yAyT 0OPAa30BHBATL HEKOTOPbE OKPECTHOCTH
P(i), P, Qy), QBI=R, S(uy), SO L Touex iy, H &P (i),
ay, B EQ (o), vy, ES(x) coorBercTBeHHO. YpapHemue (4) sanaer
HEKOTOPYI0 OKpecTHOCTs Ny = UNN Touku (iyj;, 81, v %)

B okpecrHocTH N, MOXeT OHITh HaliieHa TaKas TOYKA, B KOTOPOMH
BCe mpousBoaHbie ¢yHkumu I', Kpome, MOxeT OHTb, ORHOMH, OTIMYHEL
oT Hyas. JeficTBATENLHO, BHIEJIHM B IPaBOfl yacTH ypaBHeHus (4) Tpu
aprymenra (j, a, »), (J, @, v), (J, B, p), cojuepxamue OOIHUI HM BCEM
snement j. Ecam a8, p v, 10 oTo6Gpaxenue pry ,a@ [a3, pv]: M — R,
sapapaemoe Qymxmmed j--[(j, o, »), (j, o, V), (j, B, W]ER’, coraacuo
yeroBuio A oTkputo B R®, T. e. Tpm umcaa (Jj, o, »), (7, o, v), (J, B, )
Npu (UKCHPOBAHHHIX PAa3JHYHHEIX 3JjeMeHTax «, BCEI # p, vEL] MoryT
paccMaTpuBaThCl KAk He3aBHCHMEle INepemeHHBe. IlOCKOMBKY i) # ji,
a % By, m v, uX oxpectHocty P(i), P(HHcM, Q(u), QEIEH,
Sy, S(;) T8 MOKHO B3ATL HeENEePeCeKaoLUMHCH, T. e. I BCex
3MEMEHTOB U3 9THX OKDECTHOCTel uMeeM [+ j, a8, p 7 v. [Ipeanoao-
XKHM, YTO B OKPECTHOCTH V Ha MHOXECTBE NOJAOXKHTEALHOH MepH
06pawapTcsa B Hy/Jb NPOM3BOJHEE IO KAKAM-TH60 [BYM apryMmeHnTam
B8 (J, o, p), (J, o, V), (/, B, p), Hamp., (J, @, p) m (J, , v). B cuny ana-
JUTHYHOCTH (yHKuuM I' u ee INPOH3BOAHHX 3TO O6palleHHe B HYJb
Oyaer TOXIECTBEHHHM, T. €. B ypaBHenuu (4) dyukuus I' me 3aBucur
OT IepeMeHHHX (f, a, p) U (J, @, v):

(ja By V)=F1 [(i, 0'18, P«V), (j7 @9 P)l- (4/)
B okpecrnoctu Q (B;) Touxu B, rie BO3MOXKHO mpeicrasienue (4'),
BO3bMeM JBa DasnuuHeIX aneMenTta B, B”, m B okpecTHOCTH S (¥;) TOUKH
v, TaKke BO3bMEM J[Ba DA3IHUHBIX 3JeMeHTa v u v’. 3anuinem ypaBQHe-
Hre (4) mrs xoprexedr (i, of, w'), (ij, off, w’), (i, af”, W) CIM K
X N x L%
(]1 @/7 \),)=I‘1 [(i7 U.gl, P‘V,)) (ja B/’ P‘)]’
(j7 ﬁ/s V”)=I‘1 [(i: U'Bls P:V”), (j, @,, P’)]’
(j, g”a V,):I‘l [(i'7 ap”: }LV,), (j1 B”7 (‘l‘)]’ i
B cootBeTcTBEH C yCioBUeM A oTOGpamenue prg. @[30, vVl MR’
saﬂaBaEMoe (pyHKuHEﬁ j—)[(j’ @/’ y,)1 (j7 B’? Vl/)’ (-,;’ /?/,7 vl/)]? 'agJIX{H?
OHTb OTKPHITO [/ HEJAMaroHaJlbHOro Koprexa: (§'B", VVv')ER* X L.
Onnaxo 5TO HEBOSMOXHO, T. K. TPH koopmumatsl (j, B/, v), (J, §', ¥),
(/, 87, v’) sBagioTCA aHAAUTHUECKUMH (DYHKIMSMH TOJbKO OT JByX Iapa-
. . Y/ - /
MeTpOB (J, S", g) 1 (/, 8", ), T. e. COBOKYINHOCTb TOYEK [(/j, B, v),,,
(, 8, v, (, 8", ¥v)] npu duxcupoBannnx 3nementax {, B m v/ v
o0pasyeT B R® amaquTHYeCKOe MHOXECTBO HyJeBOH Mephl, KOTOpoe HE
oTKpHTO ‘B R®, 'uT0 mpotusopeunt ycaosuio A. Takum 06pa3oM, NpOH3-
Boanble (ynkuuu I' mo mepemenHmM (j, @, ¢) u (/, &, V) MOIyT OJHO-
BpeMEHHO O00pamaThCsd B HYJAb TOJbKO Ha MHOXECTBE HY/JEeBOH MepH
W Ha MHOXeCTBe IHOJHOH Meph B |/ OZHOBpeMEHHO B HyJbL He oGpa-
m@mTcsa. AHATOTMYHO MOMKHO IOKA3aTh HEBO3MOXHOCTb OJHOBpPEMEH-
HOro ofpalleHHs B HyJb HA MHOXECTBe IIOJHON MepH  IPOU3BOHEIX
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IO APYTHM IIapaM apryMeHToB us (j, «, w), (j, o, v), (J, 8, »). 1o o3na-
YaeT, 9TO B OKPeCTHOCTH |/ MOKHO HafiTM TaKyi0 NOLOKPECTHOCTh V)
B KOTOPOH, 110 KpaiiHe#dl Mepe, IO ABYM apryMeHtam H3 Tpex, COAep-
KaluX 3/€MEHT /, NpousBoAHHe GQyHxuuun I' oTAMYHE OT HyJd BCIOAY.
Torza B okpecrnocty /1 X V' ¢ynkuua © ypaBrenus (2) Gyaer HMeTh
OT/MYHBIE OT HY/Js NPOU3BOJHBIE yXKe IO TPEM apryMeHTaM, COAepxka-
UM 3/JeMEeHT j, T. K. MeXJy NpOusBOAHHMHE ¢yukuuit @ u I' nmeercs
CB43b, HAUp.,

Tan = = P0n /P

AnanornyHele pacCyxAeHHS BHYTPH okpecTHOCTH 1 X V' MOxkHO
OPOBECTH OTHOCHTENbHO IepeMeHHBIX, CoxepKaliux ajgeMeHTH <M,
a, BER, p, vEL B pesyabTaTe OKA3LIBAeTCA, YTO B N, cyiectByeTt
TaKadg Touka, B KOTopo# (ynkuus @ 6yner mMeTp OTMYHBIE OT HYJ4
IPOU3BOJHEIE HO BCEM apryMeHTaM, KpoMme, MoOxeT ObTh, OJZHOTO.
He BHOCA n0mOMHHTENLHEIX YCI0XKHeHHH B oGo3HaueHHe, OYAEM Npen-
N0JIaraTh, YTO MUMEHHO ToukKa (ij;, 2,8y, #,v,) obaanaer 3THM CBOHCTBOM.
Ilycrs, pna onpeneneHHOCTH, B TOYkKe (i/;, o8, w#v;) MOXeT obpa-
aTeCAd B HyJb TOJAbKO NPOH3BOJHAA IO IepeMeHHOH (f, £, »).

B Hexotopo#i okxpectHocTH TOuUKH (I,/;, %8,, #1vV;) BO3MOKHO paspe-
menue (4), npuuem Qyukuua I' Gyner uMmerTs OTaAMUHBIE OT HYJsl INPOU3-
BOJHbIE [0 BCEM apryMeHTaMm, kpome, MOxeT 6mith, (/, §, »). B oxpecr-
HOCTH P( ;) TOYKH i;, T/le BO3MOKHO Hpe,ZI,CTaBJIEHHe (4), Bo3bMeM 3Je-
MeHT i’ ¥ 3anuuieM ypaBHeHHe (4) mas koprexa (I'j, of, pv):

U, B ="T1G, o, w), U, o w), (, B, W] (#)

CpasuuBasi ypasHeHus (4) u (4”), noayuaewm

LI, o, w), (, o, w), (, B, W]=T[(, af, wv), U, o, w), U, B, w)].

(5)
B cootBercTBEM ¢ ycioBueM A apryMmeHTH (j, «, wv), (/, B, ») MoxHO
paccMaTpuBATL KAK He3aBHCHMble NepeMeHHHe. QPHKCHDYS HX U BBOAs
o0o3HdueHHe

91 [(i, GB, PV)] == P [(l:1 U'S’ P‘V), (]) 0:9 }LY), (j, 37 't‘,') i(], o, p,y), (Iy ﬁ, p,) == const?
OPHXOAUM K YDPaBHEHHIO
91 [(i: a’@a {J;V)] - Ql [(2/7 a37 }LV)] = 09 (6)

KOTOpOE 3aJaeT MHOXeCTBO /N B HEKOTODOH OKDECTHOCTH TOYKH
(i,4y, o8y, »v). 3aMerumM, 4To J106as OPOM3BOJHAS JeBOH 4Y4aCTH ypas-
HeHuda (6) OTJIHYHA OT HYJ#, KaK 3TO CAeAYyeT U3 CBOHCTB c})yHKuHH Q.

Y pasuenue (6) MOHO Da3pellnTh OTHOCHTENLHO aPTyMeHTa @, 8.
BosbpMem aaemerT o' ¢ Q (). [ToBTOPHB IpoIecc HONyYeHHs YyDaBHEHUs
(6) Oyiem uUMeTb ypaBHeHHe

B @, o, w)]— B [@H, o, w)]=0, @

sajaloliee MHOKECTBO N yxKe B OKPEeCTHOCTHU TOUKY (hiy, w0, %),
Haxonen, aunajioruuHpe npeoGpasoBaHHe ypaBHeHus (7) ¢ MCHOJL30Ba-
HueM aaemeHra y’ € S(v,) IPHBORUT K YPABHEHHIO

S(il!, oo, p)] — B, a, w)] =0, ®)

KOTOpOe 3afaeT MHOMXKecTBO /N B HEKOTOPOH OKPECTHOCTH TOUKH (&4,
¢y, %), COOTBETCTBYIOIIEH JHATOHAALHOMY KOPTEXY (i, a0, Bitq).
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B nanbeefimem O6yger yAO0HO BBeCTH MNepe0o003HAYEHHE 3IAEMEHTOB
u ypaBHeHHe (8) samuchiBaTb B BHJE

L, B, v)] — 2/, of, v]=0, ‘ (9)
uMes B BuAY, uTO i, jEP (i), o, BEQ (o), v, v{S(u IToBTopsas nepe-
XO0J OT ypaBHEHHH (4) K ypaBHeHmo (9) B apyroil mocn1enoBaTeNbHOCTH,

NPUXO/M elle K ABYM yPaBHEHHIM, 331al0MHM MHOKecTBO N B OKpecT-
HOCTH TOH Ke TOUKH (i3I, 00, ¥q¥):

2, o, w)]—L[(, o, w)]=0, (10)
E[(i’ja U’) }LV)} ME[(i]3 pa }LV)]:O, (11)
OrmeruMm, uto ¢yuxuuun 2, E, X B ypaBHenmax (10), (11), (9) umeror
OTJIUYHBIME OT HyJs Bce mpoussonHble. [IpennmonoxeHume o TOM, UTO
ypaBHeHue (2') MOIVIO GBITH paspeilileHO OTHOCHTENbHO IOCHAEIHEro apry-
MEHT2, He BHOCWJO AONOJHHTENbHHX oOrpanudenn#l. Kak Jjerko BHIEThH,

ypaBHenus (9) — (11) MoryT OHTb NOJyHY€HH W IpPH IAPYTHX IOperHoJo-
KEHHUAX.

Kaxnoe ua ypabuenuii (9) — (11) sazaetr HeKOTOPYIO OKPECTHOCTH
TOUKA (i4iy, %%y, ¥qPq), HOPEIACTABAAOUYI0 COGOfi MHOXECTBO 3HAUEHHIH
dysxnma a® 22 [P X 1Q (@) X [S(2)]? — R®. Ouesuano, aTo 3T0
06CTOATeNLCTBO HajaraeT Ha ¢yHknum 2, B, I nomosHHTenbHHE Orpa-
HAYeHHUA.

Paspemnm ypaeuenus (10), (11) oTHocuTennHO aprymenta (i, o, ¢):
(L a, U)*— < { [(j’ 0{37 I"‘\I] (l : P‘V)a (i! a, V)}’ (1 )

(La @, }j,): l{““ [(Ljy l87 P‘V)]a (./s &, p”): (Ly a, V)}a

OTKYyJAa NOJydaeM Q)yﬁxunc)HabeHoe ypaBHeHne

LALLU, oB, vl (¢ By ), (¢ a0 )} =X B, B, wi)], U o, w), (G o, ),
(13)
T. K. BCe ApTyMEHTH, BxoJdilue B paBeHCTBO (13), MOryT paccmartpu-
BATHLCH KAK HE3aBHCUMBIE IepDeMEeHHHIe B COOTBETCTBHM C yCaoB#eM A.

[Mponuddpepenupyem ypasHenue (13) mo mnepemenusiMm (j, B, v)
(¢, B, v) m pa3jmeluM OJMH pe3yibTaT HA APYroi:

XE {‘Q [(]’ a?’r {.W)], (lr @y P‘v)v (i: %y V)} Q(}, B, v) [(j’ alf'}, P‘V)]
X(i,B, ) (9 [(/, «B, w9)], G, 8, ), (G, a, v)}
= E(], B, ) [(l-/a » Uv)]/"‘(z B, %) [(Ljy 2 }LV)]’ (14)

rne X¢ —npousBojHad (QyHKuuM X IO mnepBoMy aprymenty. OTHOCH-
TeqbHO  (yHKIEH X [OAYYeHO (HYHKUHHOHaAbHO-AHbpepeHHanibioe
ypaeHenue. Ecam B ypaBHenuum (14) 3adukcupoBaThr OepeMeHHHE
i, B, wv), (/, @, v) H BBeCTH 00O3HAUECHHE

e=210, B, ]y w0, 0,0 ) = cons

TO OHO IEPEXOJHT B OJHOPOAHOE YPAaBHEHHE B YACTHHIX HPOU3BOAHBIX
Ang pyuxnun X:

X [5, (G By, G, )] A €) +
+X(is By v) [Ea Z p7 IJ‘V), L: &, V)] 1[(1./9 ’ XJ‘V)]:

Hockonbky koaddumuentsr A;, B; He o6pamanTCi B Hy/lb, TOAyUEH-
HOe ypaBHEHHE HE HMEEeT OCOOGHHOCTEH H MOXKeT OpTh pPEIIeHO MEeTO-
JIOM XapaKTepucCTHK:

3 E-469. Martemarnxa Ne 8,
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K[Ea (l’» p7 pﬁ)’ (ly a, v)]:XZ {A (E) ‘]_B[(lv lg, P‘V)], (la a, ‘)), (lv B) }l)}v
: (15)
rne X,, A, B-— anamuruueckne (GyHKIUH, IPHUEM H3 CBOHCTB (QyHKIUH
X Bmitekaer, uto A: (§) 540, B, ol B, w0 u oranuna or myasn
npou3Boanas Qyrkuuy X, IO IEPBOMY apryMeHTY.
[Toacrasum pemenue (15) B ypaBHenue (12)
(i3 a, P‘)__—XQ{A[Q [(j7 OLB, P'V)]]_I_B[(Lv @7 "JN)]’ (L, a, V)v (iy 183 (U‘)}
H pazpemluM DPe3yJabTaT NOACTAHOBKH OTHOCHTEJAbHO cyMMbl A + B:

A{Q [(Jv U’Bv P‘V)]} :_B[(L7 Ba P‘\))] +®1 [(1’7 a, "J‘\'>, (i’ gv P‘)]'
CpapnuBasi nocienHufl pesyinTat ¢ ypasHeHuem (10), moayuuwm

BI(i, &, w)] =B, B, w)] =061, o, w), ¢ 8, )] —
— 6,0, & w), U, B w] (16)

Ypasuenue (16) sammimem jaa xoprexeit (if, af, wv), (ij, By, p) €
CIPGEDT X [Q ()] X [S (#)]?, Tae 3aeMeHT T B3AT U3 TOH Ke OKpecT-
HocTtu Q (o)), KOTOPO¥ NpHHALNENKAT 3JIEMEHTH a U f:

BiG, 7, w)] — B[, 1, w]=0.[G, o, w), (, 7, )] —
— 0.0, o, w), (U, 7, W,

B, 1, v)]—BlU, 1, w)]=

=010, & w), G 1, W] =000, & v, U, 1, vl

JleBLle ©WaCTH BBIIHCAHHEIX YPAaBHEHMH COBIAZAIOT, a IMOTOMY JAOJIXKHBL
ObTh paBHEl 1npaBeie. Pukcupys nepeMmensnie (if, 7, v) IPH YCIOBHM

(i, 1, »)={J, 1, ), DOAYYHM
O, o, )] =0, 8, w)]— 6, o, w)|+ O], B, w)]=0{7)

SaMeTHM, YTO aHaauTH4YeCKaqa C})yHKHHﬂ 0 or JABYX TI€EDEMEHHBIX HMEEeT
OTJUYHBIC OT HyJd NPOU3BOJAHHE IO KaxJOH NIepeMeHHOH B HEKOTOPOi
OKPECTHOCTH TOUKW (i;, o, v¥) C R Ypasuemne (17) sBasercs ecTte-
CTBEHHBIM CJAeNCTBHEM HCXOZHHX ypaBrenuii (10) u (11).

Amanormuso, paccMmarpuBas coBmecTHo ypasuenus (9) u (10),
MOXKHO HOJNYYHTH €lie OJHO ypaBHeHUe

AlG, a8, )] — AL, o8, W]— AU, 68, p)] + ALG, aB, 9]=0, (18)

rjie anamutTHueckas QyHKuus A mMeeT OTIHIHYIO OT HYJsd HPOH3BOJHYIO
00 KOXAOH NepeMeHHOW M3 JABYX B HEKOTODOH OKDECTHOCTH TOUKH
(‘ih &, P‘I)Eer' .

Ypapuenust (17) u (18) 3ajai0T 04HO U TO Ke MHOXECTBO 3HAUEHHII
dyakmun a® 2P [P (i) X [Q ()P X [S (w)]*— R®. Ecaun 3Tr ypaBHeHHSA
NpeCTaBUThL B BHAe, PAa3spelieHHOM OTHOCHTENLHO aprymesTta (/, o, p),
TO IOJY4EHHHE BHPAXKEHHS JOMKHH COBIACTH, T. e. ypaBHenus (17)
u (18) ompenensiloT HesBHO (/, @, p) KAK OJHY H Ty XKe QYHKIMIO BCEX
OCTaIbHHX MepPeMEeHHHX, B 9aCTHOCTH (i, a, v). K3 HedBHEIX 3ajmavult
(17) u (18) MOxHO NOJAYUHATH

0, o 1) Ouewlln )l A, 6 aB, ] ' (19)

00, 4 1) Oy wlham )] Ay U B )]
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BeaencrBue orcyTerBusi B paBenctBe (19) aprymentor (i, 8, v), oHo
npejcraBiaser COGOH TOXKAECTBO IO BCeM NEpPEeMEHHBIM, BXOIAIIUM
B Hero. 3adukcupyem B ToxJectBe (19) BCe nepemennnie, kpoMme (i, a, uv):

@(i_ o, ) [(l, , P’\')] = lF(i, o, w) [(l7 a, «u’)]’
OTKy,ZTLa nocse I/IHTerI’IpOBaHHH uMeeM
O1G, o, ] =Y]G o w]+ %10 o )] (20)

U3 croitcts dyuxnuu O creayer, uro anasuruueckue pyuxuun ¥ on W,
MMEIOT OTJAMYHEE OT HyJsl HIPOU3BOJHEE B HEKOTOPOH OKDEeCTHOCTH
TOUKHE (4, @, 1) ER.

[ToxcraBum ¢pynxuuio (20) B ypaBueHue (17):

VNG, o, w)] =Y B W] —=Y[(, o, W]+ P[0 B, W)=
= =W (G o )]+ PG 8 I+ [0, o =Y (08 0] @21)
B ypaBHenun (21) MOXHO HOJOKHTL P =1, T. K. p; vE S ()
Tl o, N —=TIG, 8, N =Y, o, ]+ T[(, 8 9=
== G o N+ 0GB N+ 00, @ =Y 00, B o)) (22)

ComocraBass ypaBHeHHe (21) m cooTHouleHHe (22), HPHXOAUM
K ypaBHeHHIO (3), KOTOpOe 3alaerT MHOXECTBO 3HAUeHHH QYHKIHUM
a® 22 (P (i) X [Q (@) X [S(p)—R®, mpu arom i, jEP (i), o, §€
€Q (), », vES(p). Teopema pokdsana.

3aKJA049eHNe OTMETHM, UYTO B CXeMe TepHAPHHX (U3HUECKHX

CTPYKTYp padra (m, 1, [) MmOJy4eHHHH 31ecb pe3yabTar, KaKk INOKasH-
BAIOT NPeJBAPUTE/JAbHLIE HCC/AeLOBAHUSN, ABALETCH €JHHCTBEHHO BO3MOXK-
HEIM, T. €. TepHapHee (u3UUeCKHe CTPYKTYPH CYLIECTBYIOT TOJABKO
B npoctefinieM cayuae Mm==n=[=2 B HPOTHBONOJOMKHOCTbL OHHAPHBIM
(¢usuuecKHM CTPYKTypaMm pasra (m, #), KOTOpHE CYIIECTBYIOT s
m=n>2 m=n+4+123, n=m+1>3 m=n+2=4 n=m+2=4
(M. [2]). Ykasandoe orminune GHHADHLIX M TePHAPHBIX CTPYKTYpP HO3BO-
AfieT MOHATH 0COOYI0 POJab, KOTOPYIO UrpaloT OuHApHHE OTHOLIEHHA
B (pU3HKE W MATEeMaTHKE.

ABTOp BhipaxaeT rayGokyw Oaarogaprocts IO. I'. Pewernsiky sa
BumMmanue x pabore.
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