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SOBOLEYV FOZALARI VO ONUN TOTBIQLORI
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Ganca Doviat Universiteti
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Xiilasa: Coxdoyisonli diferensiallanan funksiyalar fozalarimin qurulmasi, onlarin
miixtalif xassalorinin arasdirilmasi va bu fazalarda daxilolma teoremlari tipli bir sira inteqral
barabarsizliklorinin isbat olunmasi ilo bagly masalalor coxlugu, riyazi analizin sarbast sakilda
inkisaf edorok “fozalar nozoriyyasi” adimi almig  bolmasing  aiddir. Coxdayisanli
diferensiallanan funksiyalar faozalarimin “daxilolma nazoriyyasi”, funksiyalar nazariyyasi
néqtayi-nazarinca Sorbast inkisaf etmoklo barabar, homginin xiisusi téromoali diferensial
tonliklar nazariyyasina coxsayli effektiv tatbiqlora malik olan bir bélmadir. Funksional
analizin inkisafi va xiisusi toromali diferensial tanliklor nazariyyasinin talabatlar: yeni tip
funksional fazalarin arasdriimasina gatirib ¢ixardi.

Acar sozlar: Funksiya, daxilolma teoremlori, mettik foza, Banax fozasi, Hilbert fozasi.

KiamoudeBbie cJioBa: (DYHKI_II/IH, TCOPEMBbI BJIOKCHUA, MCETPUYCCKOC IIPOCTPAHCTBO,
banaxoBo npocTpaHcTBO, [ MIEOEPTOBO TPOCTPAHCTBO.
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Coxdoyisonli diferensiallanan funksiyalar sinfindo klassik daxilolma teoremlori
S.L.Sobolevin islarinds rast golinmisdir. O, 1938-ci ilds 6ziinlin daxil etdiyi miioyyan G € R™
oblastinda diferensiallanan @imumilogmis téromalori  p-doracedon comlonon Wp(l)(G)
funksiyalar fazasini qurmus vo molum daxilolma teoremlorini isbat etmisdir.

Indi homin qurulmus fozalara baxag.

1. ¢®(Q) fozasi. Tutaq ki, O c R™ sonlu oblastdir. C(Q) ilo gapali  oblastinda
kasilmoz ¢ (x) = @(x4, X3, ..., x,,) funksiyalar ¢oxlugunu isaro edok. Burada iki funksiyanin
comi Vo funksiyanin adads vurulmasi adi qaydada basa disiiliir. Onda C(Q) coxlugu xatti
faza toskil edir vo burada norma

”(p”C(Q) = mGXXEQIQD(X)l
Kimi toyin olunur. C[a,b] fozasinda oldugu kimi isbat etmok olar ki, C(Q) fozasi dolu
separabel (agor X metrik fozasinda hor yerds six hesabi ¢oxluq tapmaq olarsa, belo metrik
fozaya separabel metrik foza deyilir) foza olur.

Tutaq ki, ¢ (x) fozas1 qapali Q oblastinda kesilmoz vo Q oblastinda kasilmoz

0'p(x)
0x;t 0xy? ... 0%y,
toromolori var va bu téromolori Q oblastinin sarhaddine gadar kasilmaz davam etdirmok olur.
Onda deyirlar ki, ¢(x) funksiyasmin qapali Q oblastinda k tortiba godor (k-da daxil olmagla)
kosilmaz téromasi var. Belo ¢(x) funksiyalar coxlugunu C®)(Q) ilo isaro edok. Bu fozada
9x;* 9x5% ... 0x,"

normant
kimi toyin edok. Onda C®)(Q) separabel Banax fozasi olur.

2. V'Iv/p(k)(Q) fozasi. Tutaq ki, Q oblastinda k tortibdon biitiin a)g;)az__an(x)
timumilogmis tdramasi olan ¢ (x) funksiyasi verilmisdir vo

o0 tayt+tay, = L1=12, ..,k

2'p(x)

lell ooy = maxoci<k {maxxeﬁ
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PELy(Q), gy, L @)@ = 1) .
Bu funksiyalar ¢oxlugunu Wp(k) (Q) ilo isars edok. ki funksiyanin comi va funksiyasimin

odad vurulmasini adi qaydada basa diistiliir. Wp(k) (Q2) fozasinda normani

0% p(x)
! P+ |

aq [4%] an

D v, Tk Ox, 0x,” ...0x,

Kimi toyin edok. Burada com a; + a, + -+ + a, = k sortini 6doyon biitiin natural vo sifir

giymatlori alan a4, @y, ..., a, odadlori ii¢lin nozords tutulur. Gostarilon norma monada
I/T/p(k) (Q) seperabel Banax fozasi olur.

3. Wp(k) (Q) (p = 1) fozasi. Tutaq ki, ¢ (x) funksiyasinin ) € R™ oblastinda k tortibo
godar (k-da daxil olmagla) wéll)_az_.___an(x) (1=1,2,..,k) imumilosmis téromolori var va
0(x) € Ly(Q), 0L g, (¥) € Ly(Q), (L = 1,2, ..., k). Bu sorti ddoyon ¢(x) funksiyalar

coxlugunu Wp(k) (Q) ilo isaro edak. Ahnan fazasinda normani

9'p0)
1010 gy = f Z

OxT axT? .. oxom
=0 ai+az++ap=l' "1 2 mrTm

diisturu ila tayin edok. Onda Wp(k) (Q) seperabel Banax fozasi olur.
4, VT/p(k) Q) vo Wp(k) (Q) fozalar arasinda alage. Aydindir ki,
W, (@) = W, (Q) = L, (@) vo W, (Q) = W, V().

Tutaq ki, x, € Q noqtasindon ¢ixan hor bir radius-vektor Q oblastinin sarhaddini ancaq
bir néqtads kosir. Onda Q oblasti x, ndqtosine nozaron uldlzlu oblast adlanir. Tutaq ki, Q
oblastinda yerloson elo U kiirasi var ki,  oblasti bu kiironin har bir ndqtasi ti¢iin ulduzlu
oblast olur. Onda Q oblastt U kiirasine nazoron ulduzlu oblast adlanir. Tutaq ki,  oblasti
sonlu sayda mohdud vo hor biri miisyyon bir kiiroys nozoron ulduzlu oblastlarin

birlosmosindon ibarotdir. Belo oblastlar {igiin VT/p(k)(Q) =VI/p(k)(Q). Basqa sozlo ¢(x)

funksiyasinin k tortibdon wé’j?xz___an (x) Umumilogmis téromasinin olmasindan onun k tortiba

godar biitiin tortibdon wéll),az,"_lan (x) imumilosmis téromolorinin olmasi alinir: [ = 1,2, ..., k.

Qeyd edok ki, p = 2 oldugda Wz(k)(ﬂ) Hilbert fozasi olur. Burada iki funksiyanin
skalyar hasili

o) = IX 3 oo o)

ay az an ay az an
0x,'0x,* ...0x,™ 0x;0x,” ...0x,

p
dx

||‘P||W(k)(m

p
dx

=0 a1+ay++an=l1
kimi toyin olunur.

Misal. Tutaq ki, Wz(l) (0,m) fozasinin sint va t funksiyalari arasinda galan bucagin
cosinusunu tapmag talab olunur.
Holli. (x,y) = ||x|| - ||yllcos¢ oldugunu nazars alsaq

(x,y) = fon[rsint + 1 cost]dt = m,
Ix])? = f;r[sinzt — cos?t]dt = m,
Iyll? = 71 +121de =2+ = (1+5).
Buradan
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(x,y)
cosp = = /
Ixllyll / 22 Al3+m?
ViV 1+
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IMPOCTPAHCTBA COBOJIEBA U EI'O ITPUJIOKEHUSA

Heitmemos Hazum Acadynna
Pe3ztome

MHO€eCTBO BOIPOCOB, CBS3aHHBIX C IOCTPOCHHEM MPOCTPAHCTB MHOTOMEPHBIX
muddepeHIIpyeMbIX QYHKIUH, UCCICTIOBAHUEM UX PA3IMYHBIX CBOMCTB H JOKA3aTEILCTBOM
psiZia MHTErpalbHBIX HEPABEHCTB THUIIA TEOPEMBI BIIOKEHUU B 3TUX MPOCTPAHCTBAX, OTHOCUTCS
K pas3felly MaTeMaTH4eCKOro aHaiu3a, CBOOOJHO pa3BUBAIOIIEMYCS M IOJyYMBILEMY
Ha3BaHUE ‘“‘TEOPUM TPOCTPAHCTB”. ‘“Teopusi BIOKEHUN MPOCTPAHCTB MHOTOMEPHBIX
muddepeHIIpyeMbIX QYHKIUN - 3TO pa3zell, KOTOPbIH, Hapsay cO CBOOOJHBIM Pa3BUTHEM C
TOYKH 3pEHHS TEOpUH (QYHKIUH, TakkKe UMEeT MHOXKECTBO 3(PPEKTUBHBIX MPUIOKEHUH K
teopur  mudPepeHInaTbHBIX  ypaBHEHHWH B YaCTHBIX  TMPOU3BOJHBIX.  Pa3zBuTHe
GyHKIIMOHATIBHOTO aHalu3a W TpeOoBaHUS Teopuu auddepeHIanbHbIX YpaBHEHHH CO
CIENUATBLHBIMU TIPOU3BOIHBIMU TIPUBEIO K UCCIEAOBAHUIO (DYHKITMOHAIBHBIX MPOCTPAHCTB
HOBOTO THUTIA.

SOBOLEV SPACES AND ITS APPLICATIONS

Neymatov Nazim Asadulla
Summary

A lot of questions related to the construction of spaces of multidimensional
differentiable functions, the study of their various properties and the proof of a number of
integral inequalities such as the embedding theorem in these spaces belong to the section of
mathematical analysis, which is freely developing and is called the “theory of spaces". The
“embedding theory” of spaces of multidimensional differentiable functions is a section that,
along with free development from the point of view of function theory, also has many
effective applications to the theory of partial differential equations. The development of
functional analysis and the requirements of the theory of differential equations with special
derivatives led to the study of a new type of functional spaces.

Rayci: r.e.d., dos.S.Q.Hasanov
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