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PE3IOME. B crartbe TEOPETHYECKH PAaCCMOTPEHO CBEPXIIPOBOAMMOCTH cBepxpeureTok LazxSrxCuO4/SmzCuOas. Teoperuueckuii
MOJXO/ OCHOBaHAa HAa pACIIMPEHHOM Monenu XoJcTelHa W OWIIOJSIPOHHONH MOZETM CBEPXNPOBOJMMOCTH. B WacTHOCTH, HM3ydeHO
3aBHCHMOCTh KPHTHYECKOH TEMIICpaTyphl CBEPXIPOBOJUMOCTH cBepxpemeTk LaissSro.1sCuOs/Sm2CuO4 ot Tommumusl mieHku (df)
Kymnpara LaigsSro1sCuO4 nmm umcia momycnoes Nstep Kympara LaissSro1sCuO4 B cBepxpemerke. [TokazaHo, 9TO Ha OCHOBE KOHIIEHIIHH
boze-DHHITEHHOBCKON KOHJEHCAIUK ra3a JBYXY3IOBEIX OHUIOIIPOHOB B LaissSroisCuOs oOBsICHACTCS 3aBUCHMOCTD KPUTHUYECKOM
TEeMIIEPaTyphl CBEPXIPOBOAUMOCTH cBepxpemerkn LaissSro1sCuO4/Sm2CuOs ot tommuus! mienku (df) kympata LaissSroasCuOs wmmm

yucia noycinoeB Nsiep kKynpara Lai.ssSro.1sCuO4 B cBepxpereTke.

SUMMARY. In this paper, the superlattice superconductivity of LaxxSrxCuO4/Sm2CuQOa4 has been theoretically considered. Our
theoretical approach is based on the extended Holstein model and the bipolaron model of superconductivity. In particular, the
dependence of the LaissSro.1sCuOs/Sm2CuOs4 superlattice superconducting critical temperature Tc on the thickness (dr) of the
Lai.ssSro.15CuO4 film in the superlattice or the number of Lai.s5Sro1sCuOa4 half-layers Nstp in the superlattice was studied. Based on the
principle of Bose-Einstein condensation of two-node bipolaron gas in LaissSro.1sCuQs, it was shown that it is possible to explain the
dependence of critical temperature Tc on the LaissSro1sCuOs film thickness (dr) in the superlattice or the number of Lai.s5Sro.15CuOa

half-layers Nstc.p in the superlattice.
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Sonday fizikaliq processler bar, olardag tekserilip
atirgan obyekttin xarakteristikalar1 tenzor tdsinigine alip
keledi. Belgili bolganinday  obyekttin xarakteristikast
invariantliq qasiyetke iye boliwi1 kerek, yagniy
koordinatalar sistemasin tanlawga baylanisli bolmawi
lazim [1]. Fizikadag1 skalyar shamalar qatarina kiriwshi
massa, zaryad ham t.b. lar invariantlig1 6z-6zinnen belgili.
Tezlik, tezleniw siyaqli shamalar vektor o6lshemler bolip,
koordinata sistemasma salistirmali ushlik san arqali
beriledi ham bul sanlar koordinatalardi buriwda
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nizamlar boyinsha 6zgeredi. Bul shamalardin invariantligt
sol menen anlatiladi vektor koordinatalar1 6zgergeni
menen vektor korsetkishke iye bolgan kesindi 6zgermes
boladu.

Fizikada skalyar ham vektor shamalardan tisqar
quymiraq bolgan obyektler de ushiraydi. Misal sipatinda
aylanba  hareket qilip atirffan D denenin kinetikaliq
energiyasin esaplawdi koreyik.

O nogqatqa (inerciya orayini) bekkemlengen D dene usi
noqat dogereginde aylanatugin bolsin. Bul nogqattt koordi-
nata basi dep alamiz. Denege tiyisli qanday da bir M noqat

almadi. Us1 nogattin radius-vektorm I dep belgileymiz.
Denenin M nogati @ muyeshlik tezlik penen aylanip
atigan bolsin. Mexanikadan bizge belgili, ust noqattin V

s1ziql tezligi menen muyeshlik tezligi arasindagi
baylanist1 bildiretugin

V=[w,r]
formula bar. Eger denenin massast m bolsa, onda M
noqattin kishi dogeregindegi kinetikaliq energiyasi

dT :lvzdm
2

formula arqali aniglanadi. Sonda D denenin

kinetikaliq energiyasi

Tzéi[g),r]zdm

toliq
M)

(1) turindegi kélemlik integraldih manisine ten boladi [2].
Bul jerdegi D dene bolganligtan formuladag integral ushlik
integral boladi.

Integral astindag1 [, F]Z aflatpanii manisi tomendegi
formula menen aniqlaniwi vektorlar algebrasinan belgili.

[6,F] = 0°F - (&,F)%.

@)

27

Meyli, koordinata basina qoyilgan qozgalmas bazis
B ={§1,§2,63} bolsn. rhim @
bazistegi jayllmasin mina turde jazamiz:
o=0'€, T =XE¢.

vektorlardin  usi

Sonda @ r? (w,r) anlatpalardi  manisleri

tomendegi tarde jaziladi:
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eo'e, =0 (ee)=00'd,

W =wo=wn

r2=rr = (x"€)(x"€,) = x"*x" (€€, ) = xx"5,...
(C?)’ F) = (wsés’xlél) = a)5X| (és’él) = a)sxlé‘sl '

Ust tenliklerden paydalanip, (2) tenlikti mina tarde
ozgertip jazamiz.

o a2 . . K ik .
[0,7] = (0'0'5))(x*x"5,,) = (0'x"5, ) (0’ x5 ) =
=0'0 XX (5,6,,) - 0' @' xx"(5,5,,) =
=(8;0,q — 03015 )@'@ XX,
Ust1 tabilgan anlatpani (1) formulaga aparip qoysaq,

1 . .
T :EI(%% ~5,8 )00’ x x%dm @)
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tenlikke iye boladi.
Bul jerde denenin M noqat1 6zgermeli bolganliqtan onin

I radius-vektor1 ~ Ozgeriwshi, al @  vektorlardin
koordinatalar1 turagli boladi. Sonda, (3) integral belgisinin
astinda turgan turaqli sanlardi sirtqa shigarip jaziwga
boladi.

1 . .
T= E(é‘ijé‘kq _5ik51q)wlekaqum @

D

Ust (4) anlatpa I vektordin x™ koordinatalarina
baylanisli emes. Sebebi, integral usi koordinatalar boyinsha
almadi. Sonin ushin denenin toliq T kinetikaliq energiyasi
@ vektordih @' koordinatalarina baylanisli bolad.
Kinetikaliq energiya usi vektordin koordinatalarina qarata
kvadrathq forma Dboladi. Ust kvadrathq formanin
koefficientlerin l;j dep belgilesek, onda (4) formula
tomendegi turde jaziladi.
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Bul jerde,
k
1y = (8,8, = 8,8 4) [ X'xdm - )
D

(5) anlatpadag: §;j lar tenzordi duzgenlikten lj; anlatpanin
0zi de tenzor boladi. Usi tenzor D denenin inerciya tenzor1
dep ataladi.

1% Denenin inerciya tenzor1 simmetriyal tenzor bolad.

Dalillew. Inerciya tenzorinda qatnasip atirgan dj; ushin

5ij :(éi’éj):(éjiéi):5ji

shart ormnli. Usmnan paydalanip Ij= I ekenligin
korsetemiz.
kyd
i = (804 = 8;,8) [ X'xdm =
P (6)
kyd
= (0,04 —5J.k5iq)jx x'dm
D

Bul tenlikte gatnasip atirgan K ham  lar qosindilaw
indeksleri bolganlhigtan olardin orinlarin bir-biri menen
almastirganimiz  benen qosindinia manisi 6zgermeydi.
Usini esapqa alip, (6) tenlikti tomendegi tirde ozgertip
jazamiz.

I = (66 — 5]q§ik)_[qukdm =
D
= (80 = 5,8 ;) [ XX dm = 1,
D

Demek, eki wvalentli inerciya tenzordin qalegen
komponentalarindagir  kovariant indekslerinin  orinlarin
almastirganimiz benen olar 6zgermeydi eken.

Inerciya tenzorinin komponentalarin aniqlayiq:

Ly = (8,84 = 54 8,) [ x“xdm .
D

Bul anlatpa k ham q indeksler boyinsha qosindilanip
turipti, yagniy eki ret qosindi qatnasip atir. Bul jerde
Kroneker belgisinin gasiyetinen paydalanatugin bolsaq, 111
anlatpada indekslerdin k#gq bolgan barliq manislerinde
gosindinin elementleri nolge ten bolip, tek k=g bolgan
jagday qaladi. Sonda, dw=1 ekenligin itibarga alsaq, li1
komponenttin manisi mina tirde aniqlanadi:

I, = (6,0

- 51k61k)_[ x“x“dm = (5,,5,, — 511511).[ x'x'dm +

D D
+ (61185, = 81,0,,) [ X*XAM + (8,103 = 8,,8,) [ X*x*dm =
D D

= J-xzxzdm +Ix3x3dm = j[(XZ)Z +(x*)?]dm.

Inerciya tenzormmn basqa komponentalarida tap usi
styaqli tabiladi:
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|22 = (522§kq - §2k52q)_[ kaqdm =
D
= (0,014 = 62165, ).[ x'x‘dm +
D

+(8,0,4 — 62252(1).[ x“x‘dm +
D
+(8,,034 = 03054 j x*x%dm = 8,6, J' x'x%dm +
D D
+0,,03, j x*xdm = j x'x'dm + j x*x%dm =
D D D

= [10¢)" + ()" Jdm.
D
33 = (6339, _53k§3q)_.. x“x"dm =
D

= (0358, = 3,85 ) [ X'xdm +
D

(85505, = 0204,) [ Xx"dm +
D

(85503 — 3a0a [ XXM + 58, [ XX dm +
D

D

+3358,q [ XXM = [ x'x'dm + [ x*x*dm =
D D D
= [IO)? + (x*)*1dm.
D

—61k52qjxkqum =

D

I, = (6,6, _51k52q)_[ x“xdm =
D
= =8,0,, [ XXM = =5,,5,, [ x'x*dm = - [ x'x*dm.
D D D
Ly = (6130, = 9, 030) [ X“xdm = =5, 5, [ X*x*dm =
D D

= —51153qjx1qum = —511533J' x'x*dm = —J' x'x*dm.
D D

D

lpy = (8,50, = 5 83) [ XXM = =5, 8, [ x“x"dm =
D D

2., 2,3 2.3
=—52253q.|'x x'dm =—522533J'x x“dm =—Ix x“dm.
D D D

Bul jerdegi I tenzor simmetriyali bolganliqtan onin
qalgan komponentalar1 mina koriniske keledi:
1,2
I21:|12:_J-XX dm, |31:|13:_J.X1X3dm'
D D

Iy, =1, :—Jx2x3dm :
D
Inerciya tenzor1 ushin aniqlangan li1, 122, lsz shamalar
(D) denenin saykes Ox, Oy, Oz kdsherlerine qarata inerciya
momentleri boladi. Sonih menen birge liz, l2s, 131 shamalar

inerciyanin polyar momenti dep aytiladi.
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REZYUME. Magqolada tenzorlarning fizikada qullanilishi hagida masala ko‘rib chiqilgan. Bu yerda jismning inersiya tenzorining

xossasi va uning komponentlari hagida ma’lumot berilgan.

PE3IOME. B crathe mompoOHO paccMaTpHBaeTCs MpUMEHEHHEe TEH30pOB B (u3nKe. 37ech MpuBefeHa HH(opMaIms o CBOHCTBaxX

TEH30pa UHEPLUHU TEJIa U €TI0 KOMIIOHCHTAaX.

SUMMARY. The article discusses in detail the application of tensors in physics. Here is information about the properties of the

body’s inertia tensor and its components.




