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O munmeapmYHOCTH ad@PUHHBIX TOAMHOTO0bpa-
3Uii

E. A. IMMyraiino

Awnnoranmus B pabore uccnenyrorcs mHOrOMepHBbIE adOUHHBIE MOTPYKEHUST
¢ BbIpOoXkJIeHHOM addunnoit dyHaamenTanbhol (opmoit. ChopmynupoBanbl
JIOCTaTOYHBIE YCJIOBUsI, MPH KOTOPBIX HYJIb-PACHPENEIeHNe MapasjieJbHO U

adbduHHOE TTOTPYKEHNE SABJIAETCS TOIPYKEHUEM ITUIHHIPA.

Kurouesbie ciioBa addunnoe norpyxenne: adGUHHBIN TUIAHID « HYJIb-PaC-

npe/iesieHue.

VK 514.754

BBenenue

Iycts (M™,V) — addunHOE n-MepHOE MHOrOOOpasWe €O CBSA3HOCTHIO V,
(R"** D) — crannaprioe (apudmeruueckoe) addumnoe mpocTpancTso ¢ LIoc-
Koit ceszHOCTBIO D. B coorsercrum ¢ [4], morpyxenue f : (M™, V) — (R*F* D)
Ha3biBaeTcd adGUHHBIM, €CIN BIOJIb TOPYKEHUsT OMPEIEIeHO k-MepHOe TPaHC-
BepcasbHOe aud HepeHnupyemMoe pacnpeaeaenne () TaKoe, YTO CIPABEIINBO Pa3-
agoxenre Dy (V) = f.(VxY)+h(X, Y), h(X, Y) € Q, koropoe ompezenser
apunnyro pyndamenmanrvryro gopmy h(X,Y).

J1J1s1 TpOM3BOILHOTO TPAHCBEPCAIBHOTO BEKTOPHOTO TOJIS & 3alMChIBACTCS
TaKyKe aHajormuHoe pasznokenne Dx& = —f,(SeX) + V&, KoTopoe ompeie-
aser onepamop Betineapmena S¢ OTHOCHTEIBHO { U MPAHCEEPCANLHYIO CEA3-
nocmo V*.

Jlannas pabora nocsseHa adbOUHHBIM TOMPYKEHUIM € BBIPOXKIEHHON ad-

dbunHOl hyHIaMenTaIRHON hopMmoii. Takne mOrpyKeHust s Caydasi TUIEPITO-
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BepxHocTel u3yuanucs B [2], [3], [4], [5], a B ciywae Gosee BBICOKON KOpa3MEpHO-
cru B [6], [7]. Takue nogmuOoroobpasus ABA0TCA auHeitdarbiMu. B emme 1 Mbl
BBOJUM CIEIUATBHYI0 CHCTEMY KOODAWHAT B0 MPSIMOJIUHERHON 00pa3yromei
U uccyeryeM ee cBoiicrBa. Jlajsee Ha OCHOBAHUM 9TOI JIEMMBI MBI JIOKA3bIBAEM JIBE
TEOPEMBI, KOTOPBIE JIAIOT JTOCTATOYHbIE YCIOBHUS MUINHAPWIHOCTH adduHHOrO

TOMHOT000PA3HSI.

1 IlpenBapuTesbHbIE CBEIEHUS

Paccevmorpum addurnoe morpyzxkenne f : (M™, V) — (R** D). Tyers &1, ... &
— 6a3uc TPAHCBEPCAILHOrO pacipeaeenus (. Abdunnbie anagoru pasoxKeHui

Taycca u Beiinraprena 1jist TOrpyKeHHOTO MHOTOOOPA3Hsl 3AMNCHIBAIOTCS B BUIE
Dx f.(Y) = fi(VxY) + h¥(X, V)&, (1)

Dxé, = _f*(SaX) + Tg(X)§ﬂ7 (2)

e h® — xkommnonenTs adduanoil hyHIAMEeHTATBLHON HOPMBI, S, — OMEPATOPbI
Beitrraprena, 77 — bopMbI TpaHCBepCaTbHON CBA3HOCTH OTHOCHTETHHO Gasmca
&1, ..., &; TPAHCBEPCAJIBHOTO pachpeiesienns. B maabHENIeM, i yIpOIIeHUsT
obo3nauvenui, f, OymeMm olycKarb.

Hanomuanm HEKOTOpBIE OCHOBHBIE ypaBHEHUsT abOUHHBIX MOTPYKEHH:

ypasuenue ['aycca
R(X, Y)Z =h*(Y, 2)SoX — h* (X, 2)5.Y; (3)
ypasuenuns Komammum s h
(Vxh)(Y, Z)+7158(X)RP(Y, Z) = (Vyh*)(X, Z2)+ 15 (V)P (X, Z). (4)

DT ypaBHEHUsS B HECKOJIBKO JAPYTUX OGO3HAMECHUAX MOXKHO HAWTH B [2].
Slopo (nyav-npocmpancmeo) N(x) addunnot dyrndamenmanvrot dopmo, 6

mouke x € M™ ompenensiercss (HOpMyIOit
k
N(z) =kerh, = m ker hY,
a=1

rae ker he = {X € T,M"™ : h2(X,Y) = 0 nna scex Y € T, M"}.
Hyav-undexcom apdunnoti dgyHdamenmanrvHot Gopmvs 6 mouke T HA3HIBA-
ercd 4uciio [, = dimker h,.
B pa6ore [6] 6110 JoKa3aHa, d4To sapo adduHHON dyHIaMeHTaIBHON QOp-

MBI B TOYKE X HE 3aBHCHT OT BBIOOPA TPAHCBEPCAJBHOTO PACIPEICTICHMNS.
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MommpoctpancTea ker h, obpasyor riaakoe pacnpenenenne ua M'™, HA3B-
BaeMoe Hyav-pacnpedesenuem agdunnoti dyndamermanvroti gopmo N : x
ker h,,. Ilox wyav-pacnpedesenuem addurrozo nozpyscenus OOBIMHO MOAPA3Y-

MeBaloT pacnpesenenne saep abdunnol dyHmamenTanbHol dhopwmsr [2], [3], [4]-

B pabore |6] 6bL10 j10ka3aHo, uro pacnpedeaenue N : x — ker h, saeasemcs
UHMEZPUPYEMBLM U 6NOAHE 2e0de3unnbim caoenuem wa M™. CooTBeTcTByOIEE

cnoerne FN HA3bIBACTCS HYAL-CAOEHUEM.

Addunnoe nmommuOoroobpasne ¢ MHAYIHUPOBAHHON CBIA3HOCTHIO V Ha3LIBA-
ercs IMOJIHBIM, €CIU KaXKjasd V-reone3udeckas OECKOHEYHO IIPOJOJIKAETCH II0
adpdurnomy napamerpy. Cinoerune FN Ha3BIBAETCA NOAHBILM, €CTTH KAZKIBIA €ro
JucT L TOJHBIA OTHOCHTEILHO V, TO eCTh KaxKaas V-reome3ndeckas B L GecKo-
HEYHO IPOJIOIZKAETCS OTHOCUTEIbHO addurHOro nmapamerpa. UaaymupoBanHas
CBSI3HOCTH HA KAXKJIOM JIUCTE ONPEJENsIeTCsl HE3aBUCHMO OT BBIOOPA TPAHCBEP-
CAJILHOTO PaCHpeNeaeHus (Q ¥, B YaCTHOCTH, CBOMCTBO MOJHOTHI FAN He 3aBHCAT
or BeIGOpa Q. Iokazano takxke [6], uro ecau M™ — noanoe mnozoobpasue, mo

Kaotcouti aucm L caoenus FN noanvid.

[Momvuoroobpasue f(M™) C R maswaercsa addurmvim [-runetivamoim
N0OMH02000pa3uem, €CIi OHO PaCCIanBAETCA Ha [-MepHble adOUHHBIE TOAITPO-
crpancTBa B R"T# KoTOphIe HA3LIBAIOTCS 06pa3yoOULUMU; TPAHCREPCATHHOE CIT0-

enuto (n — l)-mepuoe nogmuoroobpasue B M™ nHasbiBaercs 6a30t.

Pacemorpum adbdunnoe norpyxenne f : M™ — R™* nommoro Mmuoroo6pa-
usg M™. Ilycts dimker h = p = const # 0. Paccmorpum pasmosxkenne [aycca
(1), cyxennoe va mucr L mynb-cnoenus FN: Dx f.(Y) = f.(VxY). Dro o3na-
qaer, uro f(L) — BIOMHE reogesmdeckoe nogMuoroobpasue B R+, Tlockombky
cmoerme FN - mommoe [6] m dim N, = p = const = dim L, To f(L) — npocro
p-meproe addunHOE ToampocTpancTeo R¥. CrenoBareabHO, depe3 KAk IyI0 TOY-
Ky noamHoroobpasus f(M™) npoxoaur p-meproe abdUHHOE OAIPOCTPAHCTBO,
npuHaIexkalee moaMuoroobpasuto, t.e. f(M™) aBuserca auneiigarsiv adbbun-
HBIM TIOAMHOr000pa3ueM C [i-MepHOU obpasyomeil (uam, 9To TO Ke caMoe, ¢ [
upsiMosiuneiinbiMu obpasytowumu). Kaxaas V-reogesudeckas, BblyLIEHHAS B
HAIIPABJICHUH BEKTOpa U3 N OCTaeTcs B CJI0E U COOTBETCTBYET IPAMOJMHEHHOM
obpasyiomieit Ha f(M™).

B wacTtrocTH, uHeitgaToe MOAMHOT00Opa3ne MoyKeT ObITh aPPuHHbLM YUAUH-
dpom ¢ ji-meproii obpasyrouseti, To ecth moamuOroobpasmem 8 R o6pazopan-
HBIM NAPAALEALHbLM CEMEICTBOM [i-MEPHBIX MOANPOCTPAHCTB B TOYKAX (1N — f4)-
MEPHOTO TOAMHOT000Pa3HsT, HA3BIBAEMOTO 6a30U. ITO MPOUCXOIUT B TOM CJIyUae,

KOTZIa HyJIb-pacrpeesienne napamnienbro. Hamomunwm [4,3], ato pacnpenenenne
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N masbBaeTCa napassesvhvm omuocumenavio V, eCiv Ijs 060l KpuBoil n3
TOYKH & B TOYKY ¥, MapajleibHOE TEPEHECEHUE BJIOb KPUBOI OTHOCHUTEHHO
V orobpazxkaer N(x) B N(y). 910 NPOUCXOIUT TOTJa U TOJBKO TOLJA, KOTIA
VxY € N nas mo6oro BeKTopHOTo o X u J11000ro BeKTopHoro nojia Y € N.
DTO yCIOoBHWE HE 3aBUCHT OT BHIOOPA TPAHCBEPCANBLHOTO PACIPENETEHUs W CO-
XpaHSIeTCs i JIIOO0H WHIYIHPOBAHHON CBA3HOCTH. Takum 0Opa3oM, MOXKHO
TFOBOPHTH O NAPAANENbHOCTIU HYAb-pacnpedeserus ahOUHHOrO OrpyKeHus.

Addunnble rUIepnOBEPXHOCTH ¢ TAPATIIETbHBIM HYJIb-PACIpeIeIeHneM Obl-
s n3ydenst K. Nomizu, B. Opozda B [3]. Imu Gbuta JoKa3aHa TEOpEMa O TJIO-
6aTBbHOM IMJIMHIPUIECKOM MPEJCTABICHUN TAKON rueprnopepxaoctu. B ciaydae
adppuHHOrO MOrpyKeHust OOMbINell KOPAa3MEPHOCTH WMEEeT MECTO AHAJOTHIHAS
Teopema. Jl0Ka3aTeNbCTBO TIOYTH JOCTOBHO TIOBTOPSIET JTOKA3ATEIHCTBO B CJIY-
Yae TUMEPIIOBEPXHOCTH.

Teopembl 1 1 2 1AI0T HEKOTOPbIE JOCTATOYHBIE YCJIOBHS, IIPU KOTOPBIX HYJIb-
pacmpejiesieHre napairenbHo u adGUHHOE TOrPYKEHUE sIBIISIETCs TIOrPY KeHueM

MUJIAHPA.

2 OcHOBHBIE PEe3YJIbTATHI
st moKa3aTeIbCTBA OCHOBHBIX TEOPEM HAM ITOHAIOOUTCS CJIETYIOIIAs

Jlemma 1 ITycmo f @ M" — R addunnoe nozpyorcenue noamozo mmo-
2000pasus M™. Ilyemv x(t) — 2eodesuueckan ¢ apdunnvm napamempom t,
2'(t) =X e N. IIyemw {e1,...,en} — AUHETHO HE3ABUCUMbLE BEKMOPHVE NONL
makue, wmo 6 mouke vo = x(0) sexmopv {€n_pt1,...,€n} 00pasylom basuc
ker h,, (dimkerh,, = pu). Ilycmo U;(t) (i = 1,n) - napaaieavnve 6doav x(t)
sexmopnvte noas maxue, wmo U;(0) = e; u Vy, X = pfUs. Toeda sexmoprvie no-
A8 {Un—py1(t), ..., Un(t)} obpasyrom basuc ker hy ;). Bewecmeennvidi cnexmp
mampuyse M(t), cocmasaennot us gynkyud pf, npu kascdom snavenuu t co-

cmoum MmoAdvKo AUUWD U3 HYAA.

Zloxasameavcmeo Boibepem Takyro mapamerpusamnuio ahOUHHOTO MOTPYKEHUST

f:M" — R"F y 6asuc B rpancsepcaibHoM pacupeeenun [6], 4ro
75(Y) =0 Va, B=1k, VY e N. (5)

Iycrs xg € M™, Xo € N. Ilycrs z(t) — reome3nveckas, HAIMHAOIIAACT B
TOYKE Xy W MUMEIOIas B 3TOM Touke Hampasjenne Xg. [lockonbky M™ — momHOE

MHOT00Gpa3ue, To Kaxkaprii met croenwnst FN mommsrii [6]. [Tycts X — BekTOpHOE
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ojie, KOTOPOE COBIAJAET C KaCATeNbHBIM BekTopoM z'(t) B Touke x(t), TOrma
VxX=0uXeN.

Bosbmem mapasnenbubie Baoab z(t) Bekropubie nons U; (i = 1,n) takwme,
gro B Touke xo = 2(0) U;(zg) = e;. ITo ycaoruio B Touke g dimker hy, = pu
{€n—pt1,-..,en} — 6azmc ker hg,.

Pacemorpum dyukuuu (p);;(t) (o = 1,k, i,j = 1,n), Kotopsle onpejens-
foTcs crenyomuyM obpasoM (p);; = h*(U;, U;). B rouxe xg, T0 ectb mpu ¢ = 0,
cocrasienHas u3 yuknuit (p®);; () Marpuna P*(t) umeer BHI:

P = P2(0) = (28) (©)

rje ]56’ — Hekoropas Marpuua pasmepa (n—u) X (n—p), O — HyjeBble MATPULBL
COOTBETCTBYIONINX PA3MEPOB, MPUYIEM CYIIECTBYET v Takoe, 910 det ]5(‘)3‘ # 0. He
Hapymas OOIIHOCTHA, MOXKHO CUYHMTATh, 4TO det [:’01 # 0. Haiimem mpow3BoOgHbBIE

dbynkmmii (p®);;(t) Mo HaMpaBIEHNIO BEKTOPHOTO TOMs X :
X(pa)ij = (tha)(Ul, Uj) + h“(VXU,, U]) + ha(Ui, VxUj) == (Vxha)(Ul, UJ)
13 ypasuenuii Koganuu gys b (4) u (5) caenyer, 4ro
X(p%)ij = (Vu,h)(X, U;) = U;(h*(X, Uj)) — h*(Vu, X, Uj)—
- h(X, Vy,U;) = —h*(Vy, X, Uj).

IMycts Vy, X = piUs, Torma X (p%)i; = —h*(uiUs, Uj) = —pi(p®)sj =

= —(p);spsf. Takum obpaszoM, moTyIaeM MATPUYHbIE yDABHEHHS

dpP(t) o
P, 7)
rne M(t) - warpuma, cocrasmenuas wu3 bymxkmumit pf(t). Pacemorpum

Vx(Vu,X) = Vx(uiUs) = X(p$)Us + piVxUs = X(uf)Us. I3 ypaBHenus
Taycca (3) crenyer, uro ker h C ker R u X € ker R, To ectb

R(X, U)X = Vx(Vp,X) = Vi, (VxX) - Vix, 0y X =0 VU,
Takum obpazowm,
Vx(Vu,X) =Vix, v)X = Vyyu,—vy,x X =
= Vv, xX = =V,uu, X = —pipjUs. (8)

Cnenosarenpro, X (pf) = f,uéuf = —puj pt. Tlomyqaem MaTpuaHOE ypaBHEHHEe

dM(t)
dt

= —M3(t), (9)
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Cnoenwe FN BromHe reome3wvno [6], TO €cTh 1y MOOBIX BEKTOPHBIX TMO-
geit Y u Z unpunamiexkamux N, VyZ raxxke npunamiexkur N . ITockonbky
{€n—p+1,...,en} — 6asuc ker hy,, 3axmoaaeM, aro Marpuna My = M(0) umeer

CHeYIOMINN BAT,

M} O
x M2

nxn

rae M} — marpuna pasmepa (n — u) X (n — p).

Paccmorpum cucremy u3 qByx marpuynbix ypasuenuii (7), (9) ¢ HadasibHbIMU
ycmosusivu P*(0) = P§*, M(0) = My (6, 10). IIpegmnonoxxum marpuna M (t)
sagomasca pemennem 3anadn Kormm (9, 10) maiimena, Torma pemenusmu (7,
6) apnsatorca PY(t) = P - P(t) nna seex o = 1,k, e P(t) — pemenue (7) ¢

).

HadasububiM yciosuem P(0) = FE,, (E, — equHuvHAas MaTpULa pasmMepa n X n

Ecan marpuna M, uysesasi, To pemenuem (9) sisasiercss M (t) = 0, u coot-

Bercreento pemtenusmu (7) apasiorea Po(t) = PS¢ o = 1,k.

Eciu marpuma M, menymeBas, TO mpeoOpa3oBaHmeM 0a3mca KaCATEIHHOTO

MTPOCTPAHCTBA B KAYXKJIOW TOYKE TIPU MTOMOIIN TTOCTOSTHHON MATPUITHI

B, = An—p)x(n—p) Otn—p)yxp 7

DHX("—H) Cuxp

r1€e O(n— ) x, — HyJI€Bast MATPUIA, MOXKHO IIpUBECTH MaTpuily Mo K KOpJaHoBoil
dopwme. [Ipu 3TOM TOCTETHUE L BEKTOPOB DA3MCa B TOUKE Ty OCTAHYTCS B sAIpE
addunnoit pynsamenranbuoit popmbl ker by, ypasuenus (7), (9) u Bug marpuiy
P§ (6) ne usmensrcs. [Tockombky My uMeer KIeTOYHO-IHATOHAIBHBIA BUJI, TO
marpuna M (t) Toxke uMeer KJIeTOYHO-IUArOHAILHBIN B C TAKUM YK€ Pa3MepoM
KJIETOK, KaXkKJasd M3 KOTOPBIX CaMa fBJETCS DellieHneM ypaBHeHus Buza (9).
Marpuuy P(t), sBasioutytocs pemenuem (7) TakKe MOXKHO UCKATh B KJIETOYHO-
JIMArOHAJILHOM BUJIE, IJIe KayK/as KJeTKa spisgercd pemenueM (7) u npu t = 0
SBJISETCS eIMHUIHON MaTpuieit. Haiizem 3Tu pereHusi B 3aBUCUMOCTHA OT BUIA

YKOPIAHOBBIX KJIETOK MaTpuilbl M.
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a00...0
1a0...0

Hns Jy(a)=]01a...0 n Ji(a) = a (npm a # 0), a TakKe
000...a

SXs

ab00...00
—ba 00...00
10ab... 00

nns Jg(a+ib) = 0 1 =ba... 00 , Ji(a+1ib) = ( “

b) (upu b # 0)

0000... ab
0000...-ba e 2s
pemmenus cucteM (9) u (7) UMEIOT OIUHAKOBBIN BUJI:

My(t)=J(Jt+ E)™', P;(t) = (Jt+ E)™!,

rae J 0b60o3HatMeHa COOTBETCTBYIONIAs KOP/IAHOBA KJIETKa, a F/ — euHrYHAs MAT-

pHIla COOTBETCTBYIOMIETO PA3MEPA.

000...00
100...00
T sxoppanosoit knerku J4(0) =] 010...00
000...10
SXS8
0 0 0 ..00
1 0 .00
—t 0 ...00
Mro®=1 g 1 .00 °
(=) 72 (=) 3 (=)t .10/
1 0 0
—t 1 0
PJS(O)( ) = t2 7t ,
(=)t (=2 (=)t )

s—2 L s—1 .
Twmw@@@zgpmvwx&w@=&+;eMmy
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Hna Ji(0) = 0 mmeem My, o)(t) =0, Py (0)(t) = 1.

Hns xopmanoseix kierok J;(a) (a # 0) npu ¢ = —é marpuna M, q)(t)
IMeeT OCOBEHHOCTh, ITO MPOTUBOPEYUT TOMY, UTO MOAMHOrOOODA3HE TIAIKOE U
reozie3uyeckas x(t) npogoszkaerca 6eckonedHo 1o adpduHHOMY mapamerpy t.

Takum obpasom, cirydaii, KOraa cOOCTBEHHOE 3HaueHune MaTpulbl My sBiis-
eTCs BEIECTBEHHBIM HEHYJIEBBIM, UCKIoUeH. CIieI0BaTeTbHO, CIIEKTD MATPUITHI
My cocTouT M3 Hysis ¥ KOMIIJIEKCHO-CONPSI?KEHHBIX YHCEJI.

Kax MBI BUAWM, JJIS BCeX YKODJAHOBBIX KJIETOK J COOTBETCTBYIOIIME WM
marpunpt M;(t) u P;(t) wmeror HuxHe-Tpeyronbubii Bua. CremoBaresnb-
HO, KJIETOYHO-AuaroHajbubie Marpunbl M (¢) u P(t) Takyke UMEIOT HUMKHE-

TpeyroJbHbIi Buz. 3anuinem marpuiy P(t) B Buze

P(t) O

PO=1"5 P(t)

9

nxn
e P(t) — marpuna pasmepa (n — ) X (n — p).

C yderoM HadaJbHBIX ycJ0BHi (6), momydaeMm

Py P(t) O
P(t)y=|""° ®) ,a=1,k.
O O
Taxmm o6pazom, {Up—p11(t), ..., Un(t)} — Gasuc ker hyy). Jlemva moxazana.

N3BecTHO, YTO HyJb-paclpeieleHne TIOJHOTO MOAMHOro06pa3usi mosHoe [6].
TIpeanookum, 94T0 OHO YAOBIETBOPSIET YCJIOBHUIO TApalIeIbHOCTH. TToKarkeMm,
4TO Jyist JIBYX pasiudHbiX Jjuctos Ly u Lo uz FAN noanpocrpancrsa f(Lq) u
f(Ls) aBnsiorca D-napannensabiva B R adbdummbivm noampocTparcTBaMi.
IMycts x(t) — npousBobHasa KpuBas u3 x1 € Ly B ko € Lo, 21 = x(t1), @2 =
x(tz) m mycth Y — MPOM3BOMBHBIN BEKTOD, KACATENbHBIH K €00 Li B TOUKe
x1. [lepenecem ero napasuienbuo Baosb x(t), noaydum Y (t) — V-napasuienbuoe
BEKTOPHOE ToJsie BAOAL Kpuboii. [lockomsky N — mapamnensro, Torma Y (t) €
N Vtn

th*(Y(t)) = f*(vty(t)) + ha(xh Y(t))foc =0.
Yro ozmagaer, ato f.(Y (t)) — D-mapannensroe sektoproe mose B R™F. Cre-
nosaresibuo, f(Ly) u f(Le) — napasuienbubie addUHHBIE NOANPOCTPAHCTBA B
Rk,

BBeneM HECKOIBKO HECKOJILKO OIPEIENeHUil, aHAJOIMYHBIX OIPEIEIEHHsIM,
upezyiokenubiM A.A. BopuceHnko s puMaHOBbIX HOAMHOrooOpasuit [1].

Panzom agdurrot pyrndamenmanvrot Gopmo, HA3BIBACTCS

N@=gad%&
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rae (), — TPaHCBEPCATIHLHOE PACTIPeieieHne B Touke x, r(x, £) — panr adduHHON
dyHIaMEHTATbHONR (POPMBI OTHOCUTEIHBHO BEKTOPA £ B TOYKE .

IIycrs adpdunnas dynmamenTanbaas GopMa OTHOCHTEIHHO TPAHCBEPCATb-
HOTO BEKTOPA £ B TOYKE X TOC/IE TMPUBEJIEHUS K INArOHAJILHOMY BUIy mMeeT ki

TIOJIOPKUTEJIbHBIX U k2 OTpI/II_[aTeJIbeIX YJIEHOB. HOHOH{I/IM
J(x, &) = min(ky, ko).

Tunom moukyu r HA3BIBAETCHA YHUCJIIO

J(x) = min j(z, ),

rjie MUHAMYM Oepercss MO0 BCEM TPAHCBEPCAJIbHBIM BEKTOPAM B TOYKE I, JIJIsi
KOTODBIX 7(x, &) = r(x).

[MommuHOr00Opa3we COCTOUT M3 TOYEK HYJIEBOTO THIIA, €CJIM CYIIECTBYET BEK-
TOpHOE 10Jie £ B TPAHCBEPCAIBLHOM DPACIPE/IETIEHUN, TAKOE 9TO COOTBETCTBYIO-
masg emy addunHag PyHIAMEHTATbHAsS (GopMa nMeeT MAKCHUMATbHBIA PAaHT U
COOCTBEHHBIE 3HAUEHUs OHOTO 3HAKA.

Crenyromas Teopema siBjsgercs adGUHHBIM aHAJIOTOM TEOPEMBI JIJIsT MHOTO-
MEpPHOTO MOAMHOT000pa3usi B BKJINIOBOM MPOCTPAHCTBE, KOTOpas ObLIa JOKA-

sana A.A. Bopucenko [1].

Teopema 1 ITycmv damo apdunnoe nozpyoscenue f : M™ — R noanozo
MH02000pasus M™ ¢ nenycmoim Hyab-pacnpedeseruem apdudyrnoamenmanvrot
dopmoi. Ecau j(x) = 0 das ecex x € M™, mo ecmo adpunnoe nodmnozoobpasue
COCTNOUM U3 MOUEK HYAEB020 MUNG, M0200 HYAb-DACTPEIEAEHUE NAPAALEADHO U

N0IMH02000pA3UE ABAACNCH APHUHHBLM UUAUHOIDOM.

Jokxaszameavcmeo 3adurcupyeM npou3BOJIbHYIO TOUKY g € M"™ U npou3BOJib-
Hoe HanpasiaeHue Xo € N(xg). Ilycrs 2(t) — reogesmdeckast, HAUNHAIOIIASC
B TOYKE o U UMeIomasd B 9T0# Touke Hampasienue Xg, x(0) = xzq. Iycrs
dim ker h,, = p > 0. OcylecTBUM IOCTPOEHUS AHAJIOTHYHbIE IPOBEIECHHBIM IPH
nokasarenberse geMMbl 1. [lycrs Py — marpuna addunnoit GyHmaMeHTaTbHOM

($OpPMBI, COOTBETCTBYIONIEH BEKTOPHOMY TIOJ0 £ B TOUKE Tg. Torma

rie Py — marpuma pasmepa (n—p) x (n—p), O — HyJIEBbIe MATPHUIIHI COOTBETCTBY-

IOIAX Pa3MepoB, TpuueM Py HeBBIPOXKIEHHAsS MATPHUIIA W BCE €€ COOCTBEHHBIC
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3HaueHnst ofgHoro 3Haka. ITockombky P©(t) — CHMMeTPUYHBIE MATDPHILI, TO W3

Buza ypasHenwuii (7), 3aK/I04aeM, 4TO
PY(t)- M(t) = M (t) - P*(t) V t.

OTOMy ¥Ke YCIOBWIO YAOBIeTBOpsitoT mMarpuibl Py u My = M(0). Ucxons w3
6uiounoro Buga srux marpuy (6, 10), 3akiodyaeM, 4T0 ITOMY 2Ke YCJIOBUIO Y0~

BiieTBopsioT Marpunbl Py u M{. Takum ob6pazom
Dol 1T P
Py-My =M, -F.
ITockonmbky Py — CHMMETpHUYHAsT MATPHUIA, TO €€ MOXKHO MPUBECTH K JUATO-
HAJTbHOMY BHJLY, T. €. CYIIECTBYET OPTOrOHATbHAS MATPUIA T (1, 1) x (n—y) TAKad,
y10 Py = T~ 1DoT, rne Dy — HeBBIPOXKIeHHASA JIHArOHaJIbHAsA MATPUIIA PAa3Mepa,

(n—p) x (n— ). OcymecTsrm mpeobpazoBanne Has3nca KacaTeIbHOrO MPOCTPAH-
T O

CTBa B KaXK/IOM TOYKE IIPU IIOMOIIY IOCTOTHHON MaTPUIIbI , e O u

OF
nxn
E — nyjesad u eJMHMYHAs MATPUILI COOTBETICTBYIOIMX pasMepos. Ilpu Takom
npeobpaszosannu xoopmuaar Mg = T IMIT, M}T = T-*M}TT, nockoabky

T-!' =T7. CienoBarebHO,
TDeT -T*MIT =T YMEI)T - T~ DoT, = M = Dy (Mi")Dy.

IMockonbKy Bce cobGCTBEHHBbIE 3HAUeHHs 1)y OmHOro 3HaKa, T0 Dy = +A% =

+AT A, rne A — Taxk:Ke JUArOHAJBHAS HEBBLIPOZKICHHAS MATDPHUIIA.
ol A—1 A T\=1 01Ty AT Tl a—=1 a0l A=INT
My=A"(A")""(My')A A, = My =A""(AMyA™") " A
Takum obpasom, AM3 A~ = (AMFA~1)T, 10 ectb cymectByer cucrema Koop-
nuHAT, B KoTopoil Marpuna M} cummerpuuna. [lo JoKa3aHHOMY BBbIIE Bellie-
creennblii crektp marpuibl My (10), a crenosarensuo u M}, cocTouT TOIBKO
JIAID U3 HYJIs.
Taxum obpazom, marpura Mg nynesas. 2Kopmanosa dbopua My umeer Buj

Otn—pwyx(n—p) O M) Otm—wyx(n—p) O

N , = N . Takuwm
obpa3oM, B TOYKE Xy U BAOJIb Beell reogesudeckoin x(t) Vy, X €
Lin {Un—p41(t), ..., Un(t)} = kerhyyy Vi = 1,n. Ilockonsky o u Xo Gbi-

JI1 BBIOpaHBI MPOM3BOILHO, TO Vy X € N 1yg 1:000ro BEKTOPHOro nojud Y u
mo6oro BekToproro nona X € A. CaenosarennbHo, HyIb-paclpeieeHne napa-
JIEJIBHO.

IMockoneky BekTOpHble HOMT {Up,_,+1(t), ..., Uy(t)} obpasytoor Gasuc
ker hg sy, To dimker hy, > g > 0. Iogmuoroo6pasue f(M™) aBrgeTcs MUIAH-

JIPOM C [4-MEpHOI 0Opa3yomIeii.
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Ha ocnoBanum ieMMbI 1 JIETKO JTOKA3BIBAETCS TAKIKe CJIEIYIONIAsT

Teopema 2 ITycmo dano agdunnoe noepysicenue f : M™ — R noanozo
mnozoobpasus M™. Ecau dimker h = n—1, moeda f(M™) asasemcsa addunroim

yuaundpom ¢ (n — 1)-meprot obpasyroused.

Takum 06pa30M, MBI TIOJIYYUIA JBA JTOCTATOYHBIX YCIOBUS UJIAHIPAIHOCTH
adGUHHOrO MOrpy2KeHus MOJTHONO MHOrooOpas3ws ¢ BBIPOXKIEHHON adbuHHOM
dbyumamentanpHON dopmoit. Eciam #He TpeboBaTh MOJHOTHI MOTPYKAEMOTO MHO-
roobpasust, TO MOXKHO TOBOPUTH O JIOKAJIHbHOM [UJIAHAPUIECKOM MPEJICTABICHUN

MIOrpY2KeHU 4.
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On cylinder representation of affine immersions

The multi-dimensional affine immersion with degenerate affine fundamental form
is considered. Sufficient conditions under which the nullity is the parallel and

affine immersion is a cylinder were found.



