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of Armenia

Ob6mas xapakTepucTuka padborsl

AxkTyanbHOCTH TeMbl. PafoTa nocBAILeHa BOIPOCaM CXOAUMOCTH
psoB @ypbe U rpuaM ajropuTMa st cucreMsl Youma. Cucrema You-
ma 6bL1a TTOCTPOeHa aMepuKaHCKuM MareMarukoM k. Yommowm B 1923
rozgy B pabore [1]. Ha pasurue Teopuu psaos Yoirmra CuiibHOe BIASHUE
0OKA3aJI0 U TPOMOJIKAET OKA3ATh KJIACCHYECKAd TEOPUsT TPUIOHOMETPHU-
9ECKUX DSJIOB. _

B nuccepranyu u3yvaercs paBHOMEPHAsS CXOIMMOCTh KPATHBIX PSIOB
Dypue-Yosmma mjis byaxumii mubo npruaaaneskamux kiaccy Barepmana,
b0 yaosseTsopaAwmux ananory npusxHaka Canema. Takoke n3yuaercs
CXOMMMOCTb IPHIK ajropurma e npocrpadcreax LP(0,1), 1 <p#2 <
00 u B C[0, 1]. Iosmy4eHsl NPA3HAKA CXOAMMOCTH, NOCTPOEHb! HPUMEPDI
pacxomumoctr. OTMeTHM, 9TO BCE MOJYYEHHBIE PEe3YAbTAThI SBISIOTCA
aHaJIOraMy pe3yJIbTaTOB, IMOJYYEHHBIX DPA3HBLIMH ABTOPAME JJIs TPUTO-
HOMETPUYEeCKOil cucremsbl. [Ipy 9TOM BO MHOIHMX BOIPOCaxX OOHADY M-
¢l TIApAJUIENH3M, HO BBISCHANNCH M CYNIECTBEeHHbIC OTJM4us. Tpurono-
METPHYeCKas CHCTEeMa ONpPEAENsIeTcs Ha OKPYKHOCTH, a cucTeMa Youma
VI00HO ONPEeENUTh Ha PPYIIe, CYIECTBEHHO OTIIMYHON OT OKPY ACHOCTH.
C 3TOit TOYKY 3PEHMSA CHCTEMA YOUIIIa JAeT BAaXKHYI0 MOJENIb Ha KOTO-
poit MOYKHO MPOBEPATH ¥ MILIIOCTPUPOBATH MHOTHE BONPOCH! aOCTPaKT-
HOTO TapMOHHYECKOro ananu3a. K Tomy ke cucrema YoJia gBISeTCA
OJIHOW U3 MPOCTEHIHX IPHUMEPOB HOJHOH OPTOHOPMHPOBAaHHOH CHCTe-
MDI, COCTOAMIEH U3 OPaHUYEHHBIX B COBOKYHMHOCTH (DYHKIHN U HMeeT
Paj, IpWIOKeHU# B 1mdpoBoit 06paborke MHMOPMAINH, B HOCTPOCHUH
1@ POBLIX PUILTPOB 1 B pa3paboTKe CIENUATN3UPOBAHHBIX BHIYUC/IH-
TelbHBIX yeTpoiers (cm. [3]).

Ilens paboTsl.

1. Vizydyenue paBHOMEDHOM CXOZMMOCTH KpaTHBIX psaoB Dypve-
Yomma no XBajgparam a Takxe Mo mpou3BoibHbME A(K) MHO-
JKECTBAM.

. Usy4enne paBHOMEPHOM CXOIUMOCTH r_pﬁ,tm aJITOpUTMA B IIPO-
crpancrsax LP(0,1), 1<p#2<oon clo,1].
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MeToapl Bcciie0Banms.
U DYHKUMOHANBHOTO aHAJIK3A.

ITpumeners! Meroapl Teopun yHKIHI

Hayunas moBm3na. Bce pesynbrarsl paboTh! SBISIOTCS HOBBIMU.

IIpakTuieckas M TeopeTmvecKas MEHHOCTb. Pe3ynbTars pa-
GoTbI HMEIOT TeopeTHueckuit xapakrep. IIpusenensr knacce dbynkime
[ KOTOpBIX psaj @ypre-Yosma paBHOMEPHO CXOMUThHes. TaKske mpHBe-
JIeHbI TIPU3HAKKM CXOAMMOCTH PPUIM AJIrOPUTMA JJd CUCTeMbl YOUIIa.

Anpobarusa moy4eHHbIX pe3ysibTaToB. (CHOBHBIC De3yiIbTa-
THI UCCEPTAIMH JOKJIaIbIBAIMCh Ha cemmuapax Epesanckoro rocymap-
cTBeHHOro ynusepcuta, Uncruryra Maremarnku HAH PA u Ha Mex-
AyHapoaHo#t koHdepeniun "lapMonudecKuil aHaIM3 M AIPOKCAMA-
" (Haxkaznzop, Apmenus 2005r).

OcHoBHBIE Pe3yJIbTATBI JUCCEPTAIMU ONyOIMKOBAHBI B 3 CTa-
ThAX ¥ OJJHOM TE3UCe, CIUCOK KOTOPBIX NPUBOLUTCS B KOHIE aBTOpede-
paTa.

Crpykrypa u oobeMm auccepranmm. Jluccepranmss COCTOUT U3
BBEJICHUS W ABYX TJIaB, U3JI0XkKeHHbIX Ha 70 crpanunax. Cnucox jurepa-
TYPBI CONEPNKUT 29 HAaUMEHOBAHUK.

Copnepxkanue pabors

Bo BBesenuu npusesen ucropudeckuii 0630p pe3yabTaToB, CBA3AH-
HBIX C TEMOH /IUCCEPTAIUM & TAKKe KPATKOE OIUCAHUE COLEPIKAHUST JIUC-
cepTaiyn. 3

Conepxxanme ryiaBbr 1. [lepBaa riaBa muccepranuu NOCBSINEHA
U3YUYEHUIO PABHOMEPHOH CXOAMMOCTH KPATHBIX PsiioB @ypre-Yosma, ayis
dbynxumit b0 nprHaeRamux kaaccy Barepmana, nubo yaoBiaeTBo-
paomwmx anajory npuasuaka Casema.

Jnsa 0fiHOMEPHBIX TPUrOHOMETPUHIecKnX psios Pypre XOpomo u3-
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J7st O/IHOMEPHBIX TPUrOHOMETpUIeCKHX pAgoB Pypbe XOPOWo u3-
BECTHA
crenyromasn reopema Jlupuxite-2Kopaaua, cornacuo koropoit paz gpypbe
HENPEPBIBHOM (DYHKIMYM OrPAHMHYEHHON BAPHAIMM CXOMUTCS PABHOMED-
HO (cm. [2], c. 98). Iyst cucrembr Yomma anajorudsas reopema Gbuia
nokazana B. TomyGosbuv [3]. :

B manmbmeiimem Teopema npuxie-2Kopaane 0606manach MHOMM
aBTOPAMH, KOTOPBIE BMECTO OOBIHON BaDHAIIMK PACCMATPUBAJIH €e pa3-
Hble 0600menns (P-papuauus, A-Bapuanus).

B 1972 roawpr /1. Barepman [4] onpenenun knaccsr ABV - bynxumit
OrpaHu4eHHoi A-Bapuaiuu.

Hna dynkuyn f : [0,1] — R u unrepsana A = (a,b) oboznanM

f(A)=fa) - f(b), f*(A)= 1f(@) - F@)l-

sup
alz<y<b

Omnpezaenenune 1.1 Iycrs nocnenoBarensHocTs A = {Aj };’°=1 € o,
T.e. A AB/IAETCA MOHOTOHHO HEYOBIBAIOWIEH MOC/IEI0BATEILHOCTHIO TTOJIO-
JKHTENbHbIX 4YHCEJI TaKHUX, 4TO

Z’\j—l =00

ik

Toopst, aro dynkuusa f(x) onpenenennas na [0, 1) npusasiesxur kaac-
cy Barepmana ABV ([0, 1]), ecnn ¥

n
7
AVjo,1y(f) = sup E UE\—k)] < 00,
v e

rae I' - cucrema nenepecekasoimxcsi uarepsanos {1, % 3o < B g 1
B nBymepHowM ciryuae kiaccot ABV Beum onpeesieHsl ¥ n3ydenst A.
Caaksanom, a B ciyuae Gosee BoIcOKHX pasmepHocTeil - A. CabiuHbIM.
Oycrs f(z,y) € L'([0,1]?). s unrepsanos A, = (a1,a) 1 Ay =
(b1, be) momorkuM

f(A1, Ag) == fay,b1) + f(az,b2) — flar,bs) — flaz,bn),
7 (A1, A2) :=sup|f(I, J)],

rge sup Gepercs mo scem uHTEpBanaMm I C Ay, J C Aj.

Omnpenenenue 1.2 Ilycrb nocaegosaremsuocts A € ®. Tosopsr,
aro f(z,y) € ABV{([0,1]?), ecim



1. f(=,0), £(0, y)eABV([O 1});
2. AVjg12(f) = SUP E ZM<O@

2 k=1r=1
rae I = {Ik}k=1 uTly = {J.}, - ABe cUCTEMBI HENIEPECeKAIOMINXCH
unTepsasios u3 [0, 1].
OrMmernM, 4TO NMOCKOJBLKY mobas dbyHkums u3 kiacca Barepmana,

oueBHHO, Orpanuyena, ana f(r,y) € ABV([0,1]?) moxuo onpesents
BEJIUYUHY

AV (f) = AVjo112(f) + AVjo,1)(f(0,y)) + AVjo,yy(f(2,0)) + [?)‘111})2 |f(z,y)l-

Ecmu B onpenenenun 1.1 1 1.2 A = {j}32,, To muoxecrsa ABV ([0,1]) u
ABV([0,1])* obosnasator coorsercrsenno HBV ([0,1]) u HBV([0,1])?,
a GyHKIMM U3 3THX KJIACCOB HA3BIBAIOT (PYHKUMSIME C OrpPAHHYEHHON
rapMOHUYECKONH BapUaluei.

B paGore [5] A. Caaksiu noxa3au, uro ecau dyukuusa f(z,y) € HBV
M HenpepbIBHA HAa OTKPBITOM MHOXKeCTBe V', TO ee psj hypbe paBHOMEPHO
cxomurea o [Ipurrexeiimy Ha mob6oM kommakre K C V.

Dra Teopema Gvuta ycunena O. Capresmom [6], koropsii 3amernu,
YTO JOCTATOYHO TPEOOBATH HENPEPHIBHOCTL (DyHKIMH Ha KoMuakTe K.

Anajtoru4HbId pesyabTaT A1 AByMepHbIX paaos Pypbe-Yomma Tax-
ke 61 gokasan O. Capressom [7).

Tlosesenue panos Pypne o TPUrOHOMETPUIECKOH crcTeme (byHKIHM
MHOI'MX NepeMeHHbIe U3y4yeHo Takzike B paborax Cabnuua u Baxsasosa.
WaTepecHo OTMETUTD, 9TO UpH n > 3 yenosue f € HBV (|—m, w]") yxe
He FrapaHTHPYeT CXomuMocTh psna Pypre HenpepwisHON dDyHKUME f.

Onpenenenne 1.3 T'osopsr, uro koHeurnoe mHOXKecTBO U C Zﬁ,
NPUHAIEKUT Kaaccy A, eciii BMecTe ¢ Ipou3BosILHOI TouKoH (k,j) € U
MHOXKeeTBY U NPUHAAIEXKAT TAKXKe BCE HEJOYHUCIIEHHBIE TOYKH TPAMO-
YTOJIbHAKA

[0, &] x [0, 7].

Ecnu, xpome toro, npu dbukcuposansom K > 1 u3 ycnosuit (0, N) € U,
(M,0) € U cnexyer, YT0 MHOXKECTBA

{k,j) €L :Kk+j <N}, {(k,j)€Z]:k+Kj<M)}
nexxars U, To roBopar, yro U npunaniexur xaaccy A(K).
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3amerum, yro ecim U € A(K), o N(U)/n(U) < 2K, e
N(U) :=min{n : [0,n]> N Z% D U},
n(U) := maz{n:[0,n]*NZ% CU}.

(o]
Onpepnenenue 1.4 [osopar, 910 psijt », Qg ; u—crodumces (coor-
k,j=0
BercTBenHO u(K)— cxodumes) K a, eciu 1ys 1060ro € > 0 cymecrsyer
gucso N Takoe, 94To

Z agj —a| <&

(k.J)EU

st moboro U € A (coorsercrsenso U € A(K)) ¢ n(U) > N.
Hana f(z,y) € L*([0,1]*) u koneunoro muoxecrso U C Z% ofo3na-

YUM
Su(fizy) = Y. eri(Hwr(@)w;y),
(k,j)eU

rae e 3 (f) = fo k& L F(t s Nwe(thw;(s)dtds, a {wy(z)} e, - cucTema Yo-

JIma.
a3
Ajjg =< Ay i = ——————>.
1/2 { n ln(n+1)}

B muccepramum jokazana clenylomas Teopema.

Obo3HaduM

Teopema 1.1 Ecau dukcuposano npoussonsuoe K > 1 u pyHKIua
f(z,y) € Ay 2BV ([0,1]?), To anst moGoro U € A(K) u juts moBok Touxm
(z,y) € [0,1]? umeem

ISu(f,z,v)| < CKAy V().

Ecnu xe nocnegosarensuocts A = {A,} € @ rakoBa, 4ro A, =
o(\,) mpu n - o0, a bynkuua f(z,y) € ABV([0,1]*) u menpepsis-
na Ha Kommakre E C [0,1]%, To ee psan ®ypse-Yonma paBHOMepHO
u(K)— ca:odumc.ﬂ Ha E.

Jst 'rpnrorlome'rpuqecxoﬁ cucTeMbl 3Ta TeopeMa Oputa Jlokazana M.
Hpsaenxo [8].



O603H291AM
Li(z,h) = (z+ (i — D)h,2 + ih), L7z, h) = (& - ih,z — (i — 1)h),
raez € (0,1}, € (0,1),i=1,2,....
Hnsa dynxumn f € C([0,1]) 1 A = {\;}2, € ® obozuauum
L) (z,h
AVh‘y(f,iL') oo Z |f( 1)(“, ))l,
i:L] (z,h)C[0,1] X

M) = sup AV))(f,z), he€(0,1).
z€[0,1],A=+1 ‘

Ilycrs remeps f(z,y) € C([0,1}%). dus (z,y) € [0,1)%, a,b € (0,1),
Y, 72 = £1 onpeaenum

€[0,1], he (0,1), v = =1,

|F (L (z,a), L7 (y,b))|
4o :

AV aigh ooyl TR ,
VY

L7 (z,0)C[0,1] j:L)? (y,b)C[0,1]

AVap(f) := sup AVY ™ (f,2,9) + sup AV (f(-,y), z)+
+ sup AZ2 (f(ﬂ?, ')a y))
rze sup Gepercs no (z,y) € [0,1]%, 11,72 = *1.
Onpepesenne 1.5 [Ina h € (0,1) onpenenum

AVi(f) = <iurz<h/\Va,b(f)~

Ecma B onpenenenme AV (f) smecto f noaoxuts f*, To momydmm

AVE(/)-

A xBymeprbIX TpHroHomerpudeckux panos @ypwe B. Tony6os B
[9] moxazan anasor npusnaka Casema /15 paBHOMEDPHOM CXOAMMOCTH 110

Mpunrcxeitmy. | ‘
Mbat nokaxem amanors reopem B. Fony6osa u A. Caakana (cm. [10]) ,
ana psiaos @ypbe-Youua.

Teopema 1.2 [lycts A\; =4,i=1,2,.... Ecm f € C([0,1)?) m
lim AV,.(f) = 0,

8
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10 psa Pypue-Yomua dbyskuun f papHomepro cxomurest o ITpasrexeii-
My Ha [0,1]2.

Teopema 1.3 Ilycte A\, = Vi/{/In(i + 1), ... .Bem f €
C(0,11?)
limAVh'(f) =0,

TO psul Qypbe-Yonwa dynxupu f passomepuo u(K)- crodumea ua
[0,1]* pna moboro K > 1.

2. Bropast rmaBa guccepraniu nOCBAIIEHA CXOAMMOCTY TPUIR AJTO-
purMa 1o cucreme Yosma. HanomuuM onpejesienye rpuay aaropuTMa.

Hycrs F' = {f,} - nonnas, MuauMabHas, HODMUPOBAHEAS CHCTEMA
B Banaxosom npocrpancrse X u G = {g,} ee conpsixennas cucrema.
Cnaberit rpuam anropurm no cucreme F onpenensercs CJIeAYIOUUAM 00-
pasom. Illycrs ¢ € (0, 1] bukcuposano u f € X. O6osuaunm uepes A,,(t)
MHOKECTBO U3 M MHIEKCOB [/ KOTOPOrO CIPABeIIMBO HEPABEHCTBO:

> ¢
kergm lex ()] krgfg)l%( )|

rae ¢, (f) =< gk, f >, u onpenenum
GLN =CLULF) = Y alfyu,
k€A (8)

KOTOPOE HA3BIBAETCHA CIabbIM IDUAM AIIPOKCUMaHTOM (GYHKIMM f 110
cucreme F. B cirywae t = 1

Cmll) = Guld F) = GL(f, F

Ha3bIBAETCA TPHIH AINPOKCUMAHTOM GyHKuuu f. ¢
Cucrema F' = {f,} nasviBaercss rpumm 6asucom mpocrpancTBa X,
ecJi CyliecTByer nocrosunada A = Ap rtaxkas, yro mag moboro f € X

If = Gm(f, F)| < Aom(f, F), m=1.2,...

rae o, (f, F) - Hansy«niee m-ajiennoe npubIuKenne IeMeHTa [ o cu-
creme F:

om(f,F) = inf If =3 axful
i k=1
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