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OBIIAA XAPAKTEPUCTUKA PABOTBI
AKTYAJIBHOCTb TEMBI

Teopust BAHWBIETOB (BCIIECKOB) MOSIBIUIIACH HECKOJIBKO JIECATUICTHI HA3a U HMe-
eT 3HAUYMMOe TPUIOKEeHWe K PelleHni0 MPAKTUIeCKHX 33J1a9 B Pa3IUIHBIX 00JIa-
CTAX HAYKW: MaTeMaTuKe, (pusuke, MeUINHe, HHXKEHEPHOM Jiesie. Pa3BuTue Teopun
OCYIIECTBJISLIOCH PsiyioM 3apyOerxubix yuaenbix: 1. Meitep, C. Masura, . Hoberu,
K. Bartne, TI. K. Jlemapwe, U. Uyu, A. Kosn, P. Koiipman, I'. Crpaur u ap.
B Poccun mannoe namnpassenne ceszano ¢ nmenamu: C. B. Creuknn, B. A. Paues,
. ¢1. Hoeukos, M. A. Ckomnuna, A. I1. [leryxos, B. H. Masozemos, B. A. 2Kenynes,
B. KO. IIporacos u ap.

BsiiBiieTbl MIMPOKO HPUMEHSIOTCS 1IPU cocTaB/ieHnn IPDPEKTUBHBIX aJIrOPUTMOB
00paboTKu HOJBIINX MOTOKOB HHMOPMAINN Wi MU POBLIX CUrHAIOB. Poib Teopun
BIIBJIETOB 3aKJII0YAETCS B TIPEJIOCTABICHUH TTPEJIMETHOMY CIIEIUAJIUCTY JIOCTATOUHO
IITIPOKOT0 HAOOpa CPeCTB, U3 KOTOPBIX OH MOYKET BBIODATh WMEHHO TO CPEJICTBO,
KOTOPOE eMy MOJXOIUT JiJist 06paboTKU (J1sl PA3IokKeHus] Ha COCTABJISIONIAE) WH-
TepecyoIero ero moToka uudopmanun (nudpoBoro curuana). B Teopuu BaiiBieTon
YIOMSHYTBIME CPEJCTBAMH SIBJIIOTCS HAOOPBI BJIOZKEHHBIX MPOCTPAHCTB (DYHKINI 1
MX MPeJICTAaBIeHH B BHE IPAMOIl (2 HHODa 1 OPTOTOHAIBHON) CYMMBI BINBIETHBIX
HPOCTPAHCTB.

MHuorue TUIIBI U3BECTHBIX BIUBIETOB 00€CTIeUMBAIOT OBICTPOE, HO BeChbMa HETOY-
HOe cxkaTue. B manHoit paboTe UCHOIB3YIOTC CILIAH-BIUBIETHBIE CUCTEMBI C TapaH-
THUPOBAHHO BBICOKOH TOYHOCTHIO HPHUO/IMZKEHUs TVIAKuX MudpPoBbIX MOTOKOB. OHHI
npuBOAAT K 3((HEKTUBHOMY CKATHUIO U K TOCTATOYHO TOYHOMY PE3YJIbTaTy, OO yIu-
TeiBatoT '"'miaskocTs" obpabarbpiBaeMOro moToka ImudpoBoit nadopmamun. CTuMy-
JIOM K M3YU€HUIO STOTO HallpaBJeHus uccaenosanuii cranu paborsl C. . Muxsmaa n
FO. K. [lembsHOBUYA, TOCKOIBKY UCXOTHBIMU 3/1€Ch SABISIOTCS aIITPOKCUMAIIMOHHBIE
COOTHOIIIEHUSI.

B cayuae, xorya (o, ) = R!, a ceTka — paBHOMepHas, yjaercs IPUMEHUTD MOIII-
HBI alnmapar rapMoHu4eckoro anamusa (B npocrpancrse dyukmuit L?(RY) u upo-
CTpaHCTBe II0c/ejioBaTebHoCcTell [2). DToMy cilydalo IMOCBSMIEeHO GOJIbIIoe KOJIuYe-
cTBO uccegopanuit. Ilpu o6padborke nudppoBbIX MOTOKOB ¢ PE3KO MEHAIOIIUMUCS Xa-
pakTepucTukaM (CO CMEHOM HJIABHOIO MOBEJEHUS Ha CKAYKOOOpa3HOe W HA0OOPOT)
11e,1eCo00Pa3HO MCIOJIb30BATh HEPABHOMEPHYIO CETKY, IPHUCIOCAbINBaeMy0 K 00-
pabarbsiBaeMOMY MOTOKY. [IprMeHeHnne HepaBHOMEPHON CETKHU MO3BOJIAET YJIYUIIUTh
npubJsrkenne GyHKINi 6e3 yeaoKHeHus Berunucaenuii. bosee Toro s yuydineHns
NpUOJIMZKEeHUST MOTYT HOHAJOOUThCS PA3JIMYHbIE CTEIIeHN U3MeJbUeHHs CETKU B Pa3-
HBIX YaCTAX PACCMATPUBAEMOTO MPOMEXKYTKA; JJIs 3TOTO JABYKPATHOE M3MEJTBICHUE
HEJIO0CTATOYHO.

IIEJIb JUCCEPTAIIMOHHOI PABOTHI

[Tesibio paboOTHI ABJIIETCA TOJIYYE€HHE HOBBIX AIIPOKCUMUPYIOIIMX TPOCTPAHCTB
C JIOKAJIbHBIM 0A3MCOM; MMOCTPOECHNE MUHUMAJJIBHBIX CIJIATHOB C KOMITAKTHBIM HOCH-
TeJIeM Ha HEpaBHOMEDHOHN CETKe W HMCCJIeNOBAHME WX CBONCTB; HAXOXKICHUE IEIIO-
YEK BJIOZKCHHBIX NPOCTPAHCTB JAJd MOCICIOBATEIBHOCTH HU3METBIAIONIAXCA CETOK;
IIPEJICTABJICHAE YIOMAHYTBIX IENOYeK B BHJE IPAMON CYMMBI B3WBJAETHBIX HIPO-
CTPAHCTB C JIOKAJbHBIM Oa3MCOM; MOCTPOEHUE HOBBIX CILIAWH-BIABIETHLIX DPa3JI0-



JKeHUil; ToCTpoeHne NPHUOJIHKEHNS IOy YeHHBIMI MUHUMAJIbHBIMI CILIAfTHAMM; T10-
JIydeHue TpeJCTaBIeHs OCTaTKa TPUOINKEHUs; COCTaB/IeHNe aJrOPUTMOB MO/Ie-
JIMPOBAHUY CIJIAlH-BIUBIETHON allIPOKCUMAIIUH, aJITOPATMOB JIEKOMIIO3UIIAHA U Pe-
KOHCTPYKIMA (B TOM YHCJe TAPAJUIEIbHBIX); YUCTeHHAsS AnpoOalus IOy IeHHBIX
pPe3yJILTATOB Ha MOJICJbHBIX HPUMEPaX.

METO/IbI UCCAEJTOBAHUS

B nuccepranum MCnoJib3yoTcsd MeTo/bl JUHEHHO# ajarebpbl U Teopun (QyHKIMA
BEIECTBEHHOTO nepeMerHoro. /g mocrpoenusi 6a3MCOB MUHUMAJILHBIX CIJIAHOB
[IPUMEHEH MeTO/I alllIPOKCUMAIIMOHHBIX COOTHOIICHUIA.

JOCTOBEPHOCTb 1 OBOCHOBAHHOCTD

JlocToBEpHOCTH pPe3yAbTATOB MOATBEP:K/IeHA CTPOTUMH JT0KA3aTeTbCTBAMH; Pe-
3yJBTATHI COTJIACYIOTCSI C MTPOBEJIEHHBIMU YUCJEHHBIMU IKCIIEpUMEeHTAMHU.

PE3WIBTATHI, BBIHOCUMBIE HA BAILNTY

1. TlomydeHsl HOBBIE ANMTPOKCUMHPYIONINE TPOCTPAHCTBA ¢ JOKAJIHHBIM 6a31COM
— upocrpancrsa B-cinaiinos. Hccienosanbl coiicTsa B -CI1aiiHOB TPETHEro
MOPSIKA ¢ MUHUMAJILHBIM KOMIAKTHBIM HOCUTEEM, TOCTPOEHHBIX Ha HEpaB-
HOMepHO# ceTKe. [losydaensr hOpMyJIBI 11 BEIYUCTEHNS OA3UCHBIX CILIATHOB.
[IpencTaBieHbl pe3yJIbTaThl MOAEJUPOBAHUS MOJIUHOMUAJIBHBIX W HEMOJHHO-
MHUAIBHBIX B ,-CILIaiiHOB.

2. JLng mocTpOeHHBIX CILIAHOB YCTaHABJIEHBI COOTHOIIIEHU, KOTOPBIE TAf0T MpeI-
CTaBJIEHUE KOOPJIWHATHBIX CILTAWHOB HA UCXOJIHON CeTKE B BAIE JIUHEHHON KOM-
6I/IHaHI/II/I KOOPJAUHATHbBIX ciJjiafiHoB Ha CeTKe, HOﬂy‘{eHHOIU/I U3MEJbYCHUEM HC-
xostHOM. JI1s moc/ie1oBaTe/IbHOCTH U3MEIBIAIONIIXCS CETOK MOy YeHbI Mermoy-
K1 BJIOZKEHHBIX TPOCTPAHCTB.

3. /lano mpejcraBjieHue 1Meno4YeK BJAOXKEHHBIX ITPOCTPAHCTB B BUJIE HPAMON CyM-
MBI BIIBJIETHBIX ITPOCTPAHCTB C JIOKAJLHLIM O6a3ucom. Iloydennbr cooTBeTCTRY-
omre (pOpMYJIbI JIEKOMIO3UIINN ¥ PEKOHCTPYKINK. JlaHbl criocobbl pacrnapai-
JIeUBaHUsS YIOOMSHYTHIX dopmyi. llpeacraBiensl pe3yapTaThl TpUMeEHEHUS
AJITOPUTMOB JIEKOMIIO3UIIUU W PEKOHCTPYKITUU K CXKATUIO U BOCCTAHOBJIEHHIO
MOJCJbHBIX YMCJIOBBIX IIOTOKOB.

4. Jlng bysknnn w3 npoctpanctsa C'4 mocTpoeHa anmpoKCHMAIns B BUE JHHEH-
HOIl KOMOMHAIINHN OA3UCHBIX CILIARHOB, KO3 dUIIneHTaMu KOTOPOil SBISIOTCS
3HAYEHUS AlNPOKCUMAIMOHHBIX (DyHKIHMOHAIOB. /laHOo mpejcTaBieHue ocTar-
Ka HpI/I6J'II/I)KeHI/IEI. HaﬁﬂeHbI ACUMIITOTUYECKHE OICHKU AJIA alllIpOKCUMAIlnOH-
HBIX (DYHKIHOHATOB U B,-CIIaifHoB. PaccMOTpeHBl ONEHKH IOTPEIIHOCTH all-
HpOKCHMANUH B -crnafinamMu, B TOM YHCJIe U OIIeHKH, 06Ia1al0IIie CBOHCTBOM
TOYHOCTH HA KOMIIOHEHTAX BEKTOP-(DYHKITUA (.

5. Jokasan paj aireOpamueckKux TOXKIECTB, CBA3AHHBIX C IOcTpoeHueM B-
CILTafiHOB BTOpPOro mnopgazaka. lcciegosansl cpoiicTBa B, -CITaiiHOB BTOPOTO
U TPETHEro MOPAIKOB.



6. TIpomomempoBana ammpokcuMupyeMas pyHKIus 3 npocrpancrsa C4 B Buge
JUHEHHO KOMOWHAIINY O0Opa3yIONUX CIUIARHOB (TPHUTOHOMETPUIECKUX), KO-
apdunmenTaMu KOTopoil cayzKaT 3HavYeHHs allPOKCUMAIMOHHBIX (DYHKITHO-
HAJIOB Ha YHOMSHYTO#H GyHKIUU. JJaHBl pe3yIbTaThl NPpHOINKEHUS B CIyUae
CILIAMH-B3BAETHON MOAEAN ANIIPOKCUMAIIUN.

HAYYHAYG HOBU3HA

Bce ocnoBHBIE pe3yJibraTbl JUCCePpTaluu ABJIAIOTCA HOBbIMU.

TEOPETUYECKAMA U IIPAKTUYECKAS [IOJIE3BHOCTD

Pabora nocur Teopermyeckuil Xxapakrep U IPeJCTaBIbgeT KaK TEOPeTUYeCKuid,
TaK W IpakTudeckuii uarepec. llogydeHnbie pe3yabraTbl MOUYT OBITH MPUMEHEHbI
JUIA CO3/IaHMUS BBICOKOI(D(EKTUBHBIX AJTOPUTMOB DeIleHus PA3JIUIHBIX TPUKIIAJ-
HBIX 33Jla9 MPHU CKATHH U MOCJEAYIONEM BOCCTAHOBJIEHUU C 33JaHHONH TOYHOCTBHIO
GOBIIMX TOTOKOB WHMOpMaIuu (MUdPOBBIX CUTHAJIOB) ¢ PE3KO MEHSIOIIIMUCS Xa-
pakTepucTuKaMu, u3oopazKkenuii. Pe3ysibrarbl MOTYT ObITH UCHOJIBL30BAHBI IIPU Pe-
IMEHNN 33139 UHTEPHOJIANNN U alIIPOKCUMAIINN BEIEeCTBEHHBIX (DYHKIUNA OTHON 1
MHOT'UX MEePEMEeHHBIX, NMPH YUCJICHHOM PENIeHUN Psijia 3a]a9 MaTeMaTu4deckoi ¢u-
3UKHU, & TaKzKe MPHU TOCTPOEHWHN MapajaedbHBIX (POPM aITOPUTMOB YIOMSIHYTHIX
3a/1a4.

AIIPOBALIMSI PABOTHI

OcHoBHBIE PE3YABLTATHI OBLIH JOJ0KEHbI Ha CJEAYIONMHNX KOH(DEPEeHIINAX H CeMHU-
Hapax:

1. Ilpomeccer ynpasienus u ycroiunmBocTh. XXXVII MexkayHapomgHas HaydHAS
koH(pepennus acuupanTos u cryaeHTos, C.-Ilerepbypr, Poccus, 10-13 anpens
2006 T.

2. BbicOKOIpPOU3BOIUTEIbHBIE BHIYUCICHUS HA KJIACTEPHLIX cucremMax. 6if mMexk-
JyHAPOAHBIN HaydHO-ipakTudeckuii cemunuap, C.-Tlerepoypr, Poccus, 12-16
sekabps, 2000 r.

3. 12th International Conference in Approximation Theory. San Antonio, Texas,
USA, March 4-8, 2007.

4. Ilpomeccor ynpasienus u ycroitunpocTb. XXXVIII mexxaynapoanas HaydHAS
KoH(pepennusa acuupanToB u cryaenton, C.-ITlerepbypr, Poccus, 9-12 anpens
2007 .

5. Henuneitnbiit qunamudecknii anagu3 — 2007. MexayHapojHblii KOHIpecc,
C.-TTerepbypr, Poccusi, 48 uronst, 2007 .

6. Bcepoccniickas xoudepennus no BeraucanTeabHoi Maremaruke KBM—-2007,
Axanemropoaok, HoBocubupck, Poceust, 18-20 urons 2007 1.

7. Leonhard Euler Congress. Third International Workshop on Reliable Methods
of Mathematical Modeling, St. Petersburg, Russia, July 24-27, 2007.

8. Cemunap Kadeapbl HapajiebHBIX aJITOPATMOB MATEMATHKO-MEXaHHIECKOTO
dakyabrera CankT-IlerepOyprckoro rocy1apcTBeHHOTO YHHBEPCUTETA.



[TYBAUKAITNU

OcHoBHBIE pe3yabTAaThl OMyOInKOBaHb (M. pa3zen "Ilybaukanum aBTopa mo Te-
Me aucceprarun” B KoHIe aBropedepara) B cratbsx [2], [4], [6] u MmaTepnasax KoH-

dbepennuit [1]7 [3]> [5]7 [7]7 [8]> [9]a [10}7 [11]'

CTPYKTYPA 1 OBbEM PABOTHI

Huccepraius odbemoM 176 crpanull COCTOUT U3 BBEJIEHUS, IIECTU 1JIaB, 3aKJ/II0-
YEHUs U CIUCKA JUTEPATYPHI, a TakzKe 5 Tabyuil u 29 pucyHKOB.

COAEP?KAHUE PABOTHI

Bo BBesmeHum 000CHOBBIBAETCSI aKTYaJbHOCTh JIUCCEPTANMOHHON paboOThl 1 U3-
JIATal0TCs OCHOBHbBIE PE3YJILTATHI UCCJICTOBAHMA.

B mepsBoii riraBe paccMaTpuBaloTCs 0000IICHHBIC CILIAMHBI TPETHLETO MOPSJIKA,
MMEIONIME MUHUMAILHBI HOCHTEID.

ITycrs Z — MHOMKECTBO IesblX umces, RY — MHOMKECTBO BEHIECTBEHHBIX YHCEL.
ByneMm BCIonb30BaTh YeThIPeXMepHOe BeKTOpHOe mpocTpancTso R*, mpmdem BexTo-
pPBL B HEM OyJIeM OTOXKJIECTBJIATH C OJHOCTOJIONOBLIME MATPUIAME W IPUMEHATH K
HUM OOBIYHBIe MATPHYHBIE OHePAIlN; B YaCTHOCTH, /I JBYX BeKTopos a,b € R*
BBIpasKeHHe a’ b mpeacTaBiasgeT coboil eBKIMIOBO CKAISPHOE MTPOU3BEICHHE ITUX
BeKTOPOB, To ecTh a’bh = 32°_ [a[b], T/ie B KBAAPATHHIX CKOOKAX — KOMIIOHEHTEI
BeKTOPOB. KBaaparnas marpuna, cToadnaMu KOTOPO SBISIOTCa BeKTOpH a,b,c,d
€ R (B ykazanHoM TOJILKO uTO TOps/Ke), 0Go3Hadaerca cumposiom (a, b, c,d), a
Beipazkenue det(a, b, c,d) o3HadaeT ee ompe e UTe b,

Vropsaaouennoe Maoskectso A “ {a;} ez BekTOpoB a; € R* Gymem HasbiBaTh ye-
noukotli BeKTopos. Llemouka A Ha3bIBAETCA NoAHOT UenouKkoll 6eKMOpPo6, eCIN MATPH-

def o o .
ma A;'= <aj_3,aj_2, aj_l,aj> ABJIgeTCa Heocobennoit Marpuneit npn aodom j € Z.
COBOKYMHOCTDH BCeX MOJTHBIX Iemovek OymeM o0o3HadaTh A.
def
Ha unrepsase («, 3) C R pacemorpum cerky X < {xz;}jez,

def . lef .
X:. .. .<z4<z9<x <...,mycrba= lim z;, B lim z,. (1)
j——o0 j—+oo
B 6 MY Ujez (x5, 2541), S35 1), 2504], o= {k — 3,k — 2
BejleM 0003HAYEHUsT = Ujez (x5, 2j41), Sj = |7j,Tj44], Ji = ) ,
k—1k}, k,jeZ.
IIpu Ky > 1 obo3naunm X (K, o KJIacC ceToK Buaa (1) co cBOMCTBOM A0KAAD-
0 0, &ty
noti xeasupasromeprocmu Kyt < (zj1 — ;) (v —x;.1) "' < Ko Vj € Z u nomoxum
def
hx = supjez (Tjp1 — 25).

[Tycrs X(M) — suHeitHOE MPOCTPAHCTBO BENIECTBEHHO3HAYHBIX (DYHKIHH, 3a-
JMaHHBIX Ha MHOxKecTBe M. [Iyist J1Fo60r0 HEOTPUIATEILHOTO IEJI0r0 9ucia S myCcTh
C%(a, 3) — numeitHOe TPOCTPAHCTBO (BYHKIINH, HEIIPEPBIBHEIX BMECTE CO BCEMHU MTPO-

Y 3
M3BOJHBIME IO MOPSAIKA S BO BHYTPEHHHX TOUYKax mHTepBata (o, ). Takxke mam
norpebyercss 06BIMHO HCHOIb3yeMoe HopMupoBanHoe npoctpanctso C2[a, G].

Paccmorpum ekrop-dyukumio ¢ : (o, 8) — R? ¢ komnonenramu uz X(M). Eciu

A € A, o byuknun w;(t), t € M, j € 7, 0AHO3ZHATHO ONPEIELTAIOTCI U3 AMMPOKCHU-
’ 7 ) ’ ’
MAIIMOHHBIX COOTHOIIIEHHH

> ajwp(t) = ot) VtE (w o), k€L wit)=0 YVt S;NM. (2)

J'€Jx



113 coornommenus (2) sicHo, 910 supp w; C .5j.
B smneiinom npoctpancte X (M) conepKutcs JnHeiiHOE TPOCTPAHCTBO

Xx Ay U]t cjwilt) Vte M, Ve, € R'},
JEL

Ha3bIBAEMOE NPOCMPaHcmeom murnumaivros (X, A, p)-cnaatnos (TpeTbero mopsi-
Ka); GYHKINN w;, j € Z HA3BIBAIOTCS 06pa3youjuMy TPOCTPAHCTBA X(x,A,p) PyHK-
Mg @ Ha3BIBaeTCA noposicoarowed: NJisd CIIafiHOB wj, a IeNOoYKa BEeKTOpoB A —
onpedeastoueti At STUX CILIAHHOB.

B nambretimenm piis sekrop-bynkmmm ¢ € C¥(a, 3) nonoxnm

(Z) def

pile(e), ¢ Ce(), i=01,....8, jeL

def
IIpu ¢ € C?*(a, 3) paccMoTpuM HOCIEI0BATENBHOCTE BeKTOPoB Dx = {d,};cz,
rae Bekropsl d; € R* 3amaores ToxmecTBoM

dfx = det(p;, 0,0, %), xR jeZ

Teopema 1 . ITyemv ¢ € C*(a,3), u Dx, , € A. Tozda npu docmamouno ma-
A0m hx 60 mmoscecmee {X(X,A, o | A € A} cywecmeyem eduncmeennoe npo-
cmpancmeo cnaatinos, npodoiscumux do dynxyuti npocmpancmea C(a, 3).

ITpu BeIMOJIHEHUH YCJIOBUIL TeOpEeMbI 1 IPOCTPAHCTBO )?( X,Ap); COTEpZKaIeecs B
C?(a, ), Gymem HA3BIBATH NPOCTNPAHCMEBOM MUHUMAALHUE B ,-cnaatinos (Tperbero
nopska) u oboznadats B (X).

PaccmorpuM mpousBoJibHBIE BeKTOPHL X, X', X", v, y', v”, z, 2/, 2 u3 upocrpan-
ctBa R* 1 mosmamHeitny1o BeKTOp-pyHKIHAIO a*, 33,aBaeMYI0 CHMBOJITICCKAM OITpe-
JICTTATEJIEM

a* (X, X,, X”, y, y/7 y//’ z, Z,, Z”) dif

X X/ X//

def

—det | det(y,y’,y",x) det(y,y",y",x') det(y,y,y" x")

det(z,2',2", x) det(z,2',2",x’) det(z,2',2",x")
C nmomompio byHKIMM a* BBeJIeM BEKTOPHI &) 110 dhopmyiam

x def

* / " / " !/ "
a;=a (<Pj+1,s0 41 P 1 P42, P j420 P iy Pi+3, P j+3790j+3)-

IIpu p(t) € C3(a, ) pacemorpum Bporckuan W (t) = det(p, 0 ', ”, 0 ") (t).

Teopema 2 . Ecau ¢ € C*a,f], Dx , € A, W(t) # 0Vt € [o,0], u X €
€ X (Ko, a,3) daa nexomopozo Koy > 1, mo cywecmsyem € > 0 maxoe, wmo npu
hx < e aunetinas oboroura dynryud w3, j € Z, noayuennvr no popmyaram (2) npu

def
a;'= aj, cosnadaem c npocmpancmeom B (X).

BaMeTHnM, 4TO IPHU CJIeJaHHBIX B TeopeMe 2 MpeIloI0KeHIIX, Mel0IKa a;f ABJIS-
eTcsd MOJIHOH.



Teopema 3 . Ecau yenoura eexmopos a; noana, mo dynxyuu wj(t) dsasicovl
nenpepusro duddepenyupyemo, wa unmepsane (o, 3), u cnpagedaiusvl Gopmyiovi

d] ()

T, . x
d; aj

w;-‘(t) =

npu t € [x;,Tj11), (3)

dJTSO(t) B dyrajurl ‘ dJT+1%0(t>

wi(t) = npu tE |Tiy1,Ti10), 4
.7( ) d?a; dz—'aj d?+1a§+1 p [ Jj+1 .7"‘2) ( )
¥ d;. 20(t) dj 4851 dj. 5p(t)

wj(t) = ]; P J; j* ’ ;j_ - nput € [Tjt2,Tjt3), (5)

d;,,a; d;,.a; d;;a;
% d; 2p(t)
wi(t) = ﬁ npu t € [Tjts, Tjta) (6)
J+4<)

Bo BTOpOIii ry1aBe paccMaTpuBaeTcsa u3MeIbdeHne HCXOAHOi ceTku. OHa MOCBsI-
MeHa KaJIMOPOBOYHBIM COOTHOTIEHIAM 1 BIOYKEHHOCTH HPOCTPAHCTB B,-CNIaitHOB B
9TOM cjydae. BolgcHAeTCA, YTO YIIOMSHYTbIe COOTHOIICHUSA CBA3aHbI C HEKOTOPBIMHI
aJredOpamdecKuMU TOXKJIECTBAMHU, KOTOPbIE, TTOBUIMMOMY, IIPEICTABISIIOT CAMOCTOSI-
Teapubll nHTEpec. s cetku X € X (Ko, a, B), momyduennoii u3 cetku X mobaB.e-
HHUEM OJHOI'0 y3J1a, OIIMCAHHBIM BbIIE CII0C000M cTpoaTcsa B -ciiaiiubl Wy . Ycranas-
JIMBAIOTCST KATUOPOBOYHBIE COOTHOIIEeHHs (0606IAOIIIe KPATHO-MACIITAOHOe ypaB-
HEHMe), BhpasKalole oCTpoeHnbie panee B -crimafinbl w) (n1s cetkn X) B Bujie
JTUHeHO# KoMOMHanuy ciaifHoB w;. [locaenoBaresbHOe MT0GaBICHNE Y3JI0B TO3BO-
JIFeT PacCMOTpeTh Jobyio napy cetok X C X, rae X, X € X(Ky, o, ) u yTBep-
waarh, 4o B, (X) C B, (X).

B sroit ryiaBe ncxoanas cerka X JOTOJTHSIETCS HOBBIM y3J10M &, U HA MOy 9eHHOT
TAKNM 00pa3oM ceTke X PaccMaTpuBatoTCst B ,-CrutaiiHbl Wy (t). Urax, mycrs § —
YIOMSHY T HOBBIH y3ei, £ € (xy, Tpi1), & Tj — y3Jbl BHOBb IIOJIyY€HHON CeTKH:

fjd:efiCj HpI/Ij S k, TkJrld:efg, fjdifl'j,1 HpI/Ij Z k + 2, yd:ef{fj ‘] € Z} (7)

OyHKIUI W} 3aBUCAT OT Y3/I0B Tj, Tjt1, Tj12; Tj+3, Tjtd, TAK ITO HETPYIHO YKa-
3aTh (DYHKIHUIO 1TECTH BEIEeCTBEHHBIX MePeMeHHbIX w(u, v, w, Yy, 2, t) (cM. bopMybr
(3) - (6)) Takyto, uTo

* .
wi(t) = w(T), Tjy1, Tjy2, T3, Tja, t) Vj € Z.
Ha moBoii ceTke pacemorpum pyHKIAT
—% def — = — — —
Wi (1) = w(Tj, Tjs1, T, Tjgs, Tjas ).

VejioBuMcs HATYEPKUBATH 0003HAYEHUS BCEX paHee BBEJIEHHBIX 00bEKTOB, OMpe-
JengeMbIX HOBOM ceTKOH X, B YaCTHOCTH, HOJOXKHAM

— def — — / def ! [— — /7 def I —
e =e(@;), Pi=¢'(T), Pi=¢ (@),
— def — —n — — —n — — —n
a; = a(%"j+1a Y i1 P 1 Pit2: P 420 P2 Pi+3r P j+3s %0]‘+3>7

=T e — — —
djxd:fdet(goj790;, 77,x), taexeR"
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Jnst w3 (t) cipaseamser popmynt (3) — (6), ecm B HOCTEAHIX C/leIaTh OUEBH/I-
HBbIe 3aMeHbl. TakuM obpa3om,

wi(t) = =7 npu 1t € [T;,Tj41),
.ar
i<
—=T —T _
- d, SO(t) d~§*+1 d‘+190(t) _ _
wj(t) = iT_* - iTi* : _;« — npu t € [$j+1,l‘j+2),
d;a;  d;a;  d;,aj;,
=T —r _, =T
o dige() diaag sy dise(t) _
wj(t) = —7 —, =T _, =T _, npu t € [Tji2,Tji3),
dj;,8; d; a;  dja;,
—T
. d;,(t) o
wj(t) = %_* apu t e [ZL‘]‘+3,ZL‘]‘+4].
d;43;

Teopema 4 . /laat € (a, ) cnpasediuso, KaAubpoOBOUHLE COOMHOUEHUS

W) = T(t) mpu j < k-4, (®)
() =T (1) mpu 2 k41, )
wy_3(t) = Wy_3(t) + Pr_sp—20y_o(t), (10)
Wr_o(t) = Pr_2k—2Wy_o(t) + Pror10;_4(t), (11)
Wi_1(t) = Pr—1 k1051 (t) + Pr—1,£W05 (1), (12)
Wi (t) = pray(t) + Wipq (B), (13)
2de . .
Prosk—2 = dp 0@y o/dy 035 3, (14)
d, . .a
T _, T _, _ -,
Pr—2k—2 = (dk+3ak2 - dk+Sak3—];’L_]:2) J PRPE: TS (15)
k283
T _ T,
Pr—2k—1 = dk+Sak—1/dk+3ak—2> (16)
T _ T,
Pro1k—1 =d, @, /d,_ja; 4, (17)
d a
=T _, =T _, =T
Pr—1k = (dk—lak —d,_a;, #) fdy_1ay_y, (18)

Qi1

—T_, ~T_,
pri = dag/d, apy - (19)

Haaum apyroit BapuanT (popMyanpoBku TeopeMbl 4. BBegem 6eckoHetHOMepHbIE

BEKTODP-CTO/IOMHI, KOMIIOHEHTaMH KOTOPBIX aABIstoTes dynxmmn wi(t) m W5 (t):

W*(t) = ( e 7wi2(t)7 wil(t)v w;(t), Wf(t)a w;(t>> s ')Tu

W) = (- W (8), @7 (1), W5 (1), Wi (1), @5 (1), - )"



Teopema 5 . Cnpasediuso coommnowerue
W*(t) = ‘Bw*(t)7

def o
ede P — beckoneunas mampuya 6uda L= (P ;)i jez, 2Memenmo, Komopot 3a0a0mea
PABEHCNBAMU

pij=10i; npu 1<k—4, pij=0i;1 npu i>k+1,

Pi-3j =0k-3; mpu JjFk—2, pro;=0 npu j&{k—2k—1},
Pr-1;, =0 npu j&{k—1k}, Prj =Okt1; npu J# k.
a maxorce dopmynamu (14) — (19).

Tperbsi ryaBa MOCBAIICHA BYABICTHBIM pasioxeHusM. [locrpoena cucrema
byuxmuonanos {g} oz, Guoproronanbuas cucreme {wi/(t)}jrez m cucrema dynk-
muonanos {g¥} ez, Guoproronanpuas cucreme {@5(t) }jrez, Te.
©)

<g aw;’> - 5j7j/7 <§(j)7 wj’) - 5]'7]'/’ e j’j/ € Z.

B coorsercreun ¢ onpepenenunem B, (X ) apagercs mpocTpancTBoM B-criainon
TpeTbero mopsiaka Ha cerke X (em. coorHomenus (7)),

B,(X)={ \~d°fzcj T Ve €R' L

Cornacuo kaaubpoBodnbiM cooTHommenusaM (8) — (13) cupaBeynBo BKIIOYEHUE
B,(X) C B,(X). Paccmorpnm oneparop P HpOGKTI/IpOBaHI/IH npocrpanctsa B, (X)
na nognpocrpanctso B, (X), 3anapaemblit dopmyiiof Pu Z ajwy, a; <g(7) u)
a1st Beex u € B (X), n Beesiem oneparop Q = [ — P, rae I — ToxKjecTBeHHbI
oneparop. Hycrs nanee q;;< (¢, @), i,j € Z.

ITpocrpancTso Wd:CfQB@(Y) Ha3BIBACTCS NPOCMPAHCMEOM 6IT6AEMO8 (8Cnaec-

K08), a IPIMOE PA3IOXKEHHe
B,(X) = B,(X) 1 W (20)

©

HA3BIBACTCS CIAAH-62t6AemIbLM pasaodiceruem npoctpanctsa B, (X).
Cornacno dopmyie (20) umeem u = Y, aw!+Y . bjwi, = >, (>, aipii+bi )W},
TaK aTo A7is wmcen ¢; = (V) u) momydgaem

= Zaipm +b;, JjeEZ

[Tycrs mssectnn xoaddurnuentsr ¢; B pasioxkenun sjnementa u € B, (X) no
saemenTam O6asnca w;. Torma BepHbI GOPMYIIBI

a; = Z q 4, Ci 5 (21)
bj = ¢ — Z (Z Pi,j%i/)cﬂ, (22)

HA3BIBAEMBIE (POPMYAAMU 0EKOMNOZUYUL.
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Teopema 6 . Jlasa cnaaiin-estiesemmuoeo pasaoscenus (20) npocmparcmea

B, (X) dopmyav dexomnosuyuu (21) — (22) umerom eud

a; =c¢ npu 1< k—3, a; = cip1 npu >k,

k-2 = Qk—2,k—3 Ck—3 T Qr—2.k—2 Ck—2,

Ok—1 = OQk—1,k-3 Ck—3 T Qr—1k—2 Ck—2 + Qk—1,k—1 Ck—1,

bj=0 npu j#k, (23)
b = ¢k — Pr—14 (k-1 k—3Ck—3 + qk—1,k—2Ck—2+
k-1 k—1Ck—1) — P kCht1- (24)

CaencrBue 1 . Coznacno dopmynam (23) — (24) estisaemmnvim bazucom npo-
cmpanemea W cayorcum By-cnaatn oy, m.e. W = {bwy} | b € R'}.

[IycTs Tenepnb usBecTHbl KOIDDUIUEHTH a; U D B PA3/IOKEHUAX MPOCKIHH d1e-
menta i € B,(X) na npocrpancrsa B, (X) u W: Pu =Y, a;w}, Qu = bw. Haiinem
dbopMysiel 11 onpeenenns KodObUIHEHTOB ¢; I Ipe/ICTaBIeHHs dJIeMeHTa U B
BUJIE CYMMBI U = ) ., Cj W}; YIOMAHYTHIe (hOPMYITbl HA3BIBAIOTCA hopmyaamu pe-
KOHCMPYKYUU.

JEZL

Teopema 7 . /laa paccmampusaemozo cnaalin-63tesemmuozo pasaoscenus (20)
POPMYADL PEKOHCMPYKYUY UMEIOM, 8UJ

c=a; npu 1<k—3, ci=a;_1 npu >k+1,

Ck—2 = Pg—3k—20k—3 + Pr_2k_20k_2,
Ch—1 = Pr—2k—10k—2 + Pr—1 k—10k—1,
Ck = b + Pr—1,60k—1 + Pr k-

B 37oit rnaBe Takzke JaHbl MPsIMble PEITEHUST COOTBETCTRYIONUX UHTEPIOIAIINOH-
HBIX 3aJ1ad B IPOCTPaHCTBaX B,-cnnaiinos. nsa mocienoBaTe/lbHOCTH BIOKCHHBIX
CETOK PACCMOTPEHBI BADHAHTHI CHCTEM BJIOXKEHHBIX HPOCTPAHCTB B,,-cIutaiiHoB (Te-
JIECKOIMYECKUE CUCTEMbI), JIJIsi KOTOPBIX IIOJYYCHO DA3JIOKEHUE B IIPAMYIO CYMMY
BIUBJIETHBIX MPOCTPAHCTB. 3aMeTHM, 9TO 0Oa3ucHble (PYHKIIUHA MOCAETHUX HUMEKOT
KOMIIAKTHBIE HOCUTE/IU, 3aHUMAIOIIHE YeThiPe CETOYHBIX MPOMEKYTKa. PaccMoTpen
BOIIPOC O pacHapaie/uBaHUNA BIUBIETHBIX pa3ioxkeHuil. lIpuBenenns mapasseib-
Hble (bOPMBI /10 BBIYHCICHES (DOPMYJT JEKOMIIOSHUIIMU ¥ PEKOHCTPYKIIMH.

B geTBeproii raase a1 GynKmun u3 mpocrpancTsa C'4 mocTpoeHa anmmpoKcH-
Malusl B Bujie JIMHefiHON KomMOuHaIuu 0a3uCHBIX CILIaiiHOB, KoM duimeHTaMun Ko-
TOPOIl ABJSIOTCS 3HAYEHUs allPOKCHMAIMOHHBIX (DYHKIIMOHAJOB. /laHo mpeacran-
JIEHWe OoCTaTKa TpuOanKeHus. HaligeHbl acHMOTOTHIECKHE OINEHKH ISt AITPOK-
CUMAIMOHHBIX (DYHKIIHOHAJIOB U B,-CITafiHOB. YKa3aH HOPAJ0K allIPOKCUMAIIHUU.
[Ipu momoru 060061IeHHONl hopMyabl Teittopa MOMIyUeHBl OIEHKH MOTPEITHOCTH all-
npokcuMaiun Bo-cuaiinamu, ob/ajaiomue ¢BoiicTBOM TOYHOCTH Ha, KOMIIOHEHTaX

BEKTOP-(DYHKIUH (.
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JLns BeKTOp-DYHKITUU (0 BBEJEM HOPMY

3 1/2
def
(e )
s=0

Js kBagparnoit marpunst G = (g;5), 4,j = 0,1, 2,3 BBegeM nopmy

/2

(el (ZZ@) . 4,j=0,1,2,3.

[Ipeanosoxkum, uro hx — +0.

Teopema 8 . Fcau X € X(Ky,a,3), ¢, u € Ca, ], t € (g, Trs1), mo npu
yeaosuu W(t) # 0Vt € [a, ] daa modysa pasnocmu |u(t) — u(t)| enpasedausa
OUEHEKG

4

. h B ° L ul(z
)~ u(el < 5 (1wt (10 1+ o) 30 7

7!
i=0

sy + 1| u® H),

def "
ede mampuya Wi = (@r, @10 ), F — duazonarvhas mampuya wemeepmozo
nopadka, Ha OUG20HAAY KOMOPOL Ha:cod;zmm yucaa i), 1 =0,1,2,3;
Clp, Ko)> Clou, Ko) — KOHCMPYKMUGCHO SHMUCAALMDIE NOAOHCUMEADHBIE KOHCIAHITL.

Teopema 9 . Ecau X € X(Ky,a,3), ¢, u € C¥a, ], t € (wg, Tpy1), mo npu

yeaosuu W(t) # 0 Vt € [a, ] daa modysa pasnocmu |u(t) — u(t)| cnpasedausa
OUEHEKG

20e
u(t)  [elo(®)  lehi(®) o) lels(?)
w'@)  lelo®)  leli®)  lela(®)  lel5)
Wu@)(t) =det| w”(t)  [p]o(t) []7() [e]5(t)  [e]5(E) |,
u”(@t) lelo () lel'(®)  lels (8) el (¢)

a xonemanma C > 0 om u, hX HE 3a6UCUM U MOINHCEM ObMmb KOHCITMPYKIMUGHO
6ulNUCaHaG.

B naToli rmase paccMaTpuBaeTcs Apyroil H0oAX0 K IOCTPOeHuIo B ,-ciiaiiHos

BrOporo nopsiaka. Jlokazan psja anredpandecknx Toxkaects. Chopmyanpyem oaHO
U3 HUX.
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Teopema 10 . /s npoussosvnux sexmopos P, Q, R, S, T uz R? cnpasedausa

popmyna
det(P,Q,R)det(R, S, T) + det(Q, R, S)det(P,R, T) =

= det(Q, R, T)det(P, R, S).

B sroil riase Takzke ucc/ieloBaHbl CBORCTBa B,-ClllallHOB BTOPOIO U TPerbero
HOPSJIKOB.

IMTecTas riaasa nocBAIEeHA MOJEINPOBAHAIO TOJNHOMHAJIBHBIX H HETIOJNHOMU-
ambubx Bo-crimaitnon (Te. o(t)= (1,62, ¢3)T u o(t)= (1,sint, cost, sin 2¢)7 coor-
BeTCTBEHHO). [losydensl OpMYJIBI sl BBIYUCIeHHsT GA3UCHBIX CIUTAHOB. [Ipom-
JIOCTPUPOBAHA BJIOXKEHHOCTH ITPOCTPAHCTB MIPU OJHOM BapUaHTe U3MeJIBIEeHUs CeT-
KU ¥ KOHKDPETU3UPOBAaHbl KAJMOPOBOYHbIE COOTHOIIEHUS B YIOMSHYTOW CUTYAIIMH.
Janee MomeampyeTca anmpokcuMupyeMas (pyHKmus u3 npocrpancrsa C4 B Bume
JMHERHOW KoMOWHAIMK 06pa3yoInX CIUIaiHOB (TPUTOHOMETPHYIECKHX ), K03dbu-
MUEHTAMU KOTOPO# CIYKAT 3HAUEHUs alllIPOKCUMAIMOHHBIX (DYHKIHOHAJIOB HA YIIO-
MaHyTOU (byHkmuu. JlaHbl pe3yabraThl TPUOIUKEHUs B CIyYae CIIAiH-BIMBIeTHO
MoJiesin anpokcumaiiuu. [IpuBeiensbl pe3y/ibrarsbl IPUMEHeHUs aJIlOPUTMOB J€KOM-
HO3UIIMU M PEKOHCTPYKIMHA K CKATUIO U BOCCTAHOBJICHUIO MOJEIBHBIX YUCIOBBIX
MOTOKOB.

B zakarouyenun IIepeducjieibl OCHOBHBI€ DE€3YyJ/IbTAThI UCCJIE€OBaHUA.
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