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Kasilma sartina malik olan Dirak sisteminin xiisusi halli hagqinda
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MOQALO HAQQINDA MOLUMAT XULASO
M"’Q_alanin tar_i)fﬁ’Si Interval daxilinds N sayda kasilma sarti olan kanonik sokilds birélciilii
DE?I'XII(_)Ima tarixi: 20.10.2025 Dirak tonliklori sistemino baxiumisdir. Kasilma sortlori daxilinda ham
Diizolis tarixi: 28.01.2026 hayacanlanmamis Dirak tonliklori sisteminin, ham d» hayacanlanmuis Dirak
Qobulolunma tarixi: 06.02.2026 tonliklori sisteminin Yost tipli hallori dyranilir. Hayavanlanmamus sitemin,
_ yoni Pauli operatorunun dogurdugu tonliklor sisteminin Yost tipli hallinin
AQ""’ S”f"l?’r . _ o _ askar géstoriligi taptimisdir. Belo ki, kasilma noqtalorinin dogurdugu har bir
Dquk sistemi, P‘?”ll matrist, anstlma intervalda hallin analitik ifadasi alinmigdwr. Dirak tonliklori sisteminin Yost
sorti, Yost halli, inteqral tonlik hallinin odadiyi inteqgral tonlik tapilmisdir
Giris
Asagidaki tonliklor sistemino baxaq:
By + Q(X)y = y,0 < X < o, 1)
0 1 - .
burada B = 0 Pauli tipli matrisidir,
X X
Q(X)z(p( ) q(x) j
q(x) —p(x)

¥1(X)

A —spektral parametr, p(x), q(x)—iso kompleks qgiymsotli funksiyalar, y(x) :( )
Y,(X

] - axtarilan

halldir vo miisyyon a; € (0,00),a; <@,,, j =1..,N =1L N >2 ndqtolorindo
y(a;-0)=M,y(a;+0), j=1...N )

a; 0
1} diisturlart ils toyin olunur bels ki,

]
By aj

kasilma sartlorini 6doyir. M matrislori M :[

a; #0,B;, ] =L N haqiqi adadlordir.

Toqdim olunan moqasds (1)-(2) mosalosindo (x) =0 oldugda hollin askar ifadosi
tapilmigdir. (1)-(2) maesolesinin Yost tipli hollinin 6dadiyi inteqral tonlik tapilmisdir. Alinan
naticalor (1)-(2) masolasi liglin miixtalif spektral masalolorin dyranilmasinda istifads oluna bilor.
Qeyd edok ki, kosilmo sorti olmadiqda vo ya bir kosilmo sorti oldugda oxsar masalalor [1]-[4]
islorindo baxilmigdir.

Hoayacanlanmamuis sistemin Yost halli

Ovvalca hayacanlanmamais tonliklor sistemina baxaq:

By’ =y 3)
Molum oldugu kimi (3) sisteminin
y — e—ﬂBX , (4)
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matris-funksiyasi soklindo halli var.
Indi iso (3) tonliklor sisteminin (2) sortlorini ddoyan hoallini quraq. Bu halli

—ABx
€ , X>a
EO (X’ /1) = B N
e Cy, Ay <X<ay
burada C, - machul matrisdir. (2) sartinden aliriq ki,
—JBa, _ —Bay,
e ""Cy =M e,
barabarliyi 6donilir. Buradan iss aliriq:
ABay, —JBay
C, =e""M,e :

Asagidaki matrislori daxil edok:
M;:%(MNiBMNB) (5)
B® =—1, burada | vahid matrisdir, asagidaki miinasibotlori tapiriq:
BM|, :%B(MN +BMNB):%(BMN ~-MB)

M/ B =%(|\/|N +BMNB)B:%(MNB—BMN)
Demali,
BM, =-M\B
boraborliyi dogrudur. Eyni qayda ils aliriq ki,
BM, =M. B.

Boraborliyi dogrudur. Riyazi induksiya metodundan istifads edorok isbat etmok olar ki,
B"M{ =(-)"MyB", B"M, =M B"
miinasibatlori 6danilir. Buna gors do
e M) =M e™ } ©)
e—lBXM ,; — M &e—le
miinasibatlori 6donilir. Asanligla yoxlamaq olar ki,
M, =My +My
miinasibati 6donilir. Buna gors do aliriq:
C, = o8\ Ne’*BaN — B (|\/| ’J\] + My k—ﬂ,BaN _
NN ﬁe—ﬂBaN e\ &e%BaN -M :\I-e—/IBaN a8y
"M L = M+ M e,
Belaliklo aliriq ki, (1)-(2) masalosi Q(x) =0 oldugda (aN_l,oo) araliginda

E,(x,4) ={

soklinda xiisusi hollo malikdir. Indi iso bu halli (aNf2 ,ay ) araligina elo davam etdirok ki, homin hall

e, x> a,
— A—Bx + ~—A(2ay—x)B
Me™ +Mge ™0 ayy < X<ay

(1) tonliyini vo
y(ay,—0) =My, y(ay +0)
sortini 6dosin. Holli (aN PN _1) arahgmda e *¥C,_, soklindo axtarsaq vo kosilmo sortini nozoro
alsaq asagidaki miinasibot alinar:
M N—1(M ';e—/u'::aN,1 +M ;e_AB(ZaN —aN,l)): e—iBaN,lcN L.
Ogor
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M E—l = %(M v EBM4B)
matrislorini daxil etsok vo
My =M, +My,
eyniliyini nozare alsaq sonuncu barabarlikden tapiriq:
Cy =™ (M, +M ;_1)(|v| e M ;e*ﬂ@awaw—l)B):
=™ (Mg, + My e (M, + Mje 78 )=
(Mg + My e 2 My, +Me e

Bu miinasibatlorden aliriq ki, (1)-(2) masolasi Q(x) =0 olduqda (aN72,+oo) araliginda

(Mg e +M[_ e @8 Mo+ Mje ™) a, , <x<ay,
E,(x,4) = M.e ™ +M e 8 a  <x<a,

—ABx

e ™, x>a,

soklindo xiisusi hollo malikdir. Prosesi bu ciir davam etdirsok induksiya metodu ilo alariq ki, (1)-(2)

moasalasinin - Q(x) =0 oldugda (aj_z,aj_l) intervalinda hoalli
(M e+ M7 e @8 M-+ Mre™P )
(M7, +M7e7®) (Mg +Mje®)

soklindadir. Bu miithakimalordon asagidaki teoremin dogrulugunu aliriq:
Teorem. Q(x) =0 oldugda (1))-(2) mesalesinin (0,+c0) intervalinda halli

(M7= M o e
x...(M,; + Mge"aNB), a,<x<a,;,j=2..N-1a,=0

Eo(x,4) = — —JBx +n—A(2ay-X)B
MNe +MNe 1aN_j|_<X<a'N

e, x> a,

soklindo gostorilo bilon xiisusi halli var.
Hoayacanlanmis sistemin Yost halli

()

Indi (1) tonliyino baxaq. Bu tonliyin elo E(x, 1) hollini axtaraq ki, A parametrinin hor bir

haqiqi qiymati ti¢lin
lim E(x,A)e™ = |

sorti ddonilsin. Bu ciir halls Yost halli deyacoyik.
(1)) tonliyini
By — 4y =—-Q(x)y
soklinds yazaq vo sabitlorin variasiyasi iisulunu totbiq edok. (1) tonliyinin hallini
y(x,4) = E(X,4)C(x, 1)
soklinds axtaraq.(10) gostarilisini (9) tonliyinds yazsaq alariq
BE,(x,4)C'(x,4) = -Q(X)y(x, 1),

Buradan iso

C'(x,4) = E;*(x, 1) BQ(X) y(Xx, 1),

miinasiboti alinir, bels ki, B™ = —B oldugunu nozors aldiq. Axirinct barabarlikdon tapiriq:

C(x,4)=C, —TEol(t,}t)BQ(t)y(t,ﬂ)dt

Bu boraborliyi (10)-da nazoro alsaq

(8)

©)

(10)
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y(x,2) = E, (x, 1)C, —TEO (x, A)E;(t, A)BO(t) y(t, A)dt

tonliyi alinar. (8) sorting esason C, =1 oldugunu aliriq .
Beloliklo, (1) tanliyinin Yost halli

E(x,4) = E, (X, A) —TEO (x, A)E;*(t, A)BOQ()E(t, A)dt, (12)

inteqral tenliyini 6doyir, burada E,(x,A) funksiyast (7) diisturu ilo toyin olunur. Digor torafden,

(11) inteqgral tonliyinin halli (1), (2), (3) mosalasinin Yost hallidir. Dogrudan da (11) tonliyindon
toromo alsaq, E(x,A) matris-funksiyasinin (1), (2), (3) masalasinin halli oldugunu alariq.
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Summary
On a special solution of the Dirac system with a discontinuous condition
Allakhverdiyeva N.A.

Keywords: Dirac system, Pauli matrix, discontinuity condition, Jost solution, integral equation

A one-dimensional Dirac system in canonical form with N discontinuous points inside the interval is
considered. In the presence of discontinuous conditions, the Jost-type solution is studied both for the unperturbed
system of Dirac equations and for the perturbed system of Dirac equations. n explicit representation of the Jost type
solution for the unperturbed system, i.e. for the system generated by the Pauli matrix, is found. Moreover, an analytical
expression for the solution was found in each interval formed by the discontinuity points. An integral equation was
obtained that satisfies a Jost-type solution.

Pe3tome
00 oco0oM pemienun cuctembl /lupaka ¢ pa3pbIBHBIM YCJI0BHEM
Annaxeepouesa H.A.

Knrwouegvie cnosa: cucmema Jupaxa, mampuya Ilaynu, ycnosue paspwisa, pewenue Mocma, unmezpanvroe
ypasnenue

PaccMoTpeHa onHOMepHas cucTema Jlupaka B kaHoHmdeckoii gopme ¢ N paspelBHBIME TOuKamMu BHYTpH
vHTepBana. IIpy HaIMUMM Pa3pBIBHBIX YCIOBHIl M3ydaeTcsi pelleHHe THIA MocTa Tak is HEBO3MYIIEHHOH CHCTEMbI
ypaBHeHMH Jlupaka, Kak U U1 BO3MYIIEHHOM cucTeMbl ypaBHeHul [lupaka. HaiineHo siBHOE IpelCcTaBiICHUE PELIECHUS
tina MocTst 11 HeBO3MYILEHHOM CHCTEMBI, T.€. [JIs CHCTEMbI TIOPOX/IeHHO Matpuiei ITaymi. IIpu 5TOM B KakaoM
uHTEpBase, 00pa3yeMoM TOYKaMH pa3pbliBa, HAWJEHO aHAINTHYECKOE BhIpakeHHe pemeHus. [loayueHo nHTerpaibpHoe
ypaBHEHHe, KOTOPOMY YIOBIETBOpSET pelienue Trma Mocta.



