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Is dordiincii tortib diferensial tonliyin fundamental hallorinin asimptotikasimin tapil-
masina hasr olunmusdur. Tonliyin xatti asili olmayan xiisusi hallorinin asimptotikas: A-
kompleks miistavisinda | A |-mn béyiik qiymatlorinda tapinusdir. Tonliyin xatti asili ol-
mayan xtisusi hallorinin asimptotikast bir ¢ox tadqgiqatGilar torafindon arasdrilmusdir. Bu
isdo forqli cohat ondan ibaratdir ki, fundamental hollorin asimptotikasin taparkan tonliya
daxil olan bas hissa ila yanagsi kigik tortib toromalarin amsallarimdan da istifads edilmisdir.
Bu ciir qurulmug asimptotikaya daxil olan 1 parametrinin miisbat qiivvatlori ilo yanasi ,
moanfi qiivvatlorinin amsallari iigiin doqiq diisturlar alinnugdr.

Acar sozlor: fundamental hallor, asimptotika, analitik funksiya, kosilmoz dife-
rensiallanan funksiya, Vronski determinanti, asimptotik diistur.

Toqdim olunan moqalods A -kompleks parametrindon asili dord tor-
tibli adi diferensial tonliyin fundamental hollorinin asimptotikasi qurul-
musdur. Bu tip tonliklorin xatti asili olmayan xiisusi hallorinin asimptoti-
kas1 bir ¢ox tadqigateilar torsfindon arasdirilmisdir ([1-4]) . Bu tadqiqatgi-
lar tonliyin bas hissasindan istifads etmislor. Baxilan maqgalada forqli cohat
ondan ibaratdir ki, fundamental hallorinin asimptotikasini taparkon ton-
liyin biitiin hadlorindon istifado olunaraq daha daqiq hesablamalar apar-
maq mimkiin olmusdur.

Masalonin qoyulusu
Istilikkegirmo vo diffuziya proseslorinin todqiqi zamani asagidaki dord
tortibli adi diferensial tonliyin xiisusi hallorinin asimptotikalarinin qurulmasi
miihiim oshomiyyaot kosb edir:
aqy" + pA%y"—b(x)y"—a(x)A’y+A'y=0,0<x<1, (1)

burada p vo q hoqigi ododlor olmagla p <0, 49— p* >0, a(x) va b(x)
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kompleks giymatli funksiyalardir, A —kompleks parametrdir.
Mogsadimiz (1) tonliyinin fundamental hollorinin asimptotikasinin qur-
magqdir.

Holl tisullan
(1) tonliyinin xiisusi hallorinin asimptotikalarini tapmaq tc¢uin A kom-

pleks miistovini agagidaki sokildo S, (k = 18) sektorlarma bolok:

:{Z|Reﬂ,>0; Im}L>Re/1-tg(%—gpj},
={,1| ImA < Rez-tg(ﬁ—goj; Im/1>0},
{A|Imﬁ,<0 ImA>-ReA- tg(—— J}
{/1|Im/1< Red- tg(——(o Re/i >0},

{/H ReA<0; ImA<Rel-tg ——go}} (2
{/1|Im/1>Reﬂ, tg(——gp Im/1<0},
:{/1|Im/1>0 ImA<—-Reld-tg ——goj}

=<A|ImA>—-Rel- tg(——gpj Re/1<0}
J4q-p*
p

Teorem. Tutaq ki, (1) tonliyinin amsallar1 asagidaki sortlori 6dayir:
p<0, 4g—p® >0, a(x)eC*[01], b(x)eC?*04].
Onda hor bir 1€ S, (k = E) dcln (1) tonliyinin [0, l] pargasinda dord
xatti asih olmayan y (x,4) (p= r‘f) hallari var vo bu hallor asagidak: asimp-

burada ¢ = -2arctg

totik gdstariso malikdirlor.

k —
%z(ﬂwm)k [H%Sm(xh E(;ﬁ)}xp[l o, | (m=14, k=03), (3)
burada
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1 X X
S (x) = oy [ A(n)dn+ a)12w3 | B(n)dn |,
2 2
20,0, (0] — @3) 0 0

1 X X
S3(x) = - — [wl J A(n)dn+ o, 3 | B(n)dn}, @)
2oi05(0] —@3)L o 0

S, (X)=-51(X), S4(X)=-S53(x),
Ax)=1a(x), B(x)=-b(x),
q q

SR X e [ 1 ot

2q

Wy =—0, O4=-W3 , (®)
E(X,/l) funksiyasi |/1| -nin bdyiik qiymatlorindo mohdud vo analitik funk-

siyadir.
Isbati

y(x,4) =y1(x,4),y1(x,2) =y, (X, 1),
y’2 (X’ﬂ') = ﬂ,y3(X,/1), yé(X’/l) = ﬂ,y4(X,ﬂ,),

ovazlomalarini (1) tonliyinds nazors alsaq asagidaki sistemi alariq:

dy(x4) Ay (e ),
dx
dy (x.2) Ao ),
dx
a5, (1) (6)
&:ﬂh(nl),
dx
)2 ) o (22004220
dx q q A q q
(6) sistemini matris soklindo yazaq,
M:/1Ay(x,/1)+lR(x)y(x,ﬂb), @)
dx A
burada
0 1 0 0 0 0 0 0
ey | (I )
(x.2) 0 0 1 0 0 0 0
y(x,2) = e =lo 0 0 1|[,Rx)=| 0 0 0 0 (8)
o) | ® b
alx X
a(x.2) — 0 -2 o 0 =2 o
q q q q

(7) matris sisteminin hollini agsagidaki sokildo axtaraq:
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y(x,4)= B{E +%S(x)+ﬂ—12¢(x)}ﬂ(x,l)exp[/la)x], (9)
burada E-vahid matris , @ - elementlori o, ,o, ,®, vo @, olan diagonal matris,
() =(81,(0), 53 @(X)=lg;(0) 5 vo BX2)=(B;;(X), 5 funk-

siyalart namolum matrislordir.
1 1 1 1

W, —0 @ —@
B=| 2 2 2
w0, W W 05
o, -0 0 -0
(7) matris tonliyinin hallini avvalco asagidaki sokilde axtaraq:
y(x,4)=B-M(x,4) (10)
(10)-u (7)-do nazars alaqg vo A- B = B - @ baraboarliyindon istifads etsok alariq:
M) [ L e ireos | M) (11)
dx A
burada
BR(X)B = 12 —
20,0,(0; —w;)
Ao, + Bl o, Ao, + Bl o, Ao, +Bow; Aw, +Bow;
~Aw, -Bo!w, -Aw,-Bw’ow, -Aw,-Bo} ~ Aw, - Bo;
— Ao, - Bw)} - Aw, -Bo! -Aw,-Bo,w; -Aw,-Bow:
Aw, +Bw’ Aw, +Bw’ Aw, + Bo,w} Aw, + Bw,w?

(11) tonliyinin hollini asagidak: sokildo axtaraq:
M(x,ﬂ){E +%S(x)+/1—12cb(x)}z(x,/1), (12)
(12) — ni (11)-do nozors alsaq Z(X,A) matrisi tigiin asagidak tonliyi alarig:

dZ(x,i)

dx

{E + lS(x) + L(I)(x)} = [ia) +oS(x)+ l(a)(ID(x) -S'"(x)+ B_IR(x)B) +
A A A (13)

+%(B‘1R(x)35(x) —O'(x)+ LB“R(x)BoD(x)) } Z(x,2),
A A

S(x) matrisini elo se¢ok ki, onun elementlori kasilmoz diferensiallanan ol-
magqla agagidaki sortlori 6dasin:

{a)S(x) =Sx)w
(14)
w®(x)—S"(x)+ B 'R(x)B = ®(x)w.

@ S(X) =S(X)w sortlorindon alinir ki,S(x) matrisi bas diaqonal ele-
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mentlori S;(X), S, (X), S3(X) vo S;(X) olan diagonal matrisdir. (13) sis-

temin ikinci tonliyindon istifado etsok alariq:

1 X X
Si(x)= 2 5 ‘|:0)3IA(U)dﬂ+a)12w3jB(77)d77:|a

0
1 X 2x
S3(x) =~ 2 3 ‘|:0)1 IA(I])d?]+a)1 0)3IB(77)d77}7
20,05(0] — ®3) 0 0
S, (x) ==8,(x), Sy (x) ==8;(x).

@(x) matrisin elementlorini tapmagq iigiin kdmokei N(x)=(n;;(x)_; mat-

risini daxil edak:

N(x)=S'(x)-B™"R(x)B (15)
(15) avozlomasini (14) sisteminin ikinci baraborliyinds nozors alsaq alariq:
WD (X)—D(X)w=N(x). (16)
Buradan aliriq ki,
n(x) . .. —
o (x)=— Ji# i j=1A4.

i — @
@(x) matrisinin bas diagonal elementlarini kosilmoz téromoya malik ixtiyari
funksiyalar olduqlarindan ¢,,(x)=0, i= 14 seco bilorik.
(15) vo (16) —n1 (13)-do nazars alsaq, eyni zamanda (13)-iin hor torafini soldan
-1
(E + %S( X)+ 1—12 D(x )] matrising vursaq alariq:
dz(x,4)

:ia)Z(X,/1)+i2C(X,/1)Z(X,A), a7
dx A

burada

-
S(x, )= [E + lS(x) + Lq)(x)) (B_IR(X)B[S(X) —lCD(x)j - CD'(x)j (18)
A 22 A

¢i;i(x4) (i,]= ﬂ) funksiyalar1 ilo C(x,4) matrisinin elementlaorini isars edok.
(18) ifadesindon goriintir ki, ¢;;(x,4) (i, ] =14) funksiyalar: S, (p =18)
sektorlarmin har birinds |ﬁ| -nin boyilik qiymotlorinde mohdud vo analitik

funksiyalardir. (17) matris tonliyinin hoallini asagidaki sokildo axtaraq:
Z(x,A)= p(x,2)exp[lox], (19)
(19)-u (17)-do nozars alsaq vo alinmis matris tonliyi koordinatlarla yazsaq

alanq:
W:l[@ —a)j]ﬂij(X,/I)"'Z_lZi Cin(%,2)fn;(X,4),  (20)
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0<x<1; AeS,(p=18); i,j=14. (20)
diferensial tonliklor sistemini inteqrallasaq f;; (X,/i) (i,j= 1,_4) funksiyalar1

iclin agagidaki kimi inteqral tonliklor sistemini alarq:

1 7 2
Pii(x2)=0, +— [expl2G, (XY C(£.2)8,,(£,2)dE  (20)
T m=1
i
0<x<1; ieS,(p=18); i,j=14,
burada 7, € {01} v ;- Kronekker simvoludur,

G, (Ex)=lm -0 kx=¢), i,j=14
T (i,j = ﬂ) odadlarini elo segmok lazimdir ki, S, (p = 1,8) sektorlarinin
hor birindo Re 4G, j (§ , X) <0 (i, j= ﬁ) boraborsizliyi 6donilsin.
S, , Si-sektorlarinda

k-1
T12 =713 =741 =723 =742 =743 :T' k=15

5-k
T =Tq =Ty =T =T =Ty T k=15;
S, ,S; -sektorlarinda
k-2
T T3 =Ty = T3 =Ty =Ty R k=26;
6 -k
Tip =731 =Ty =T3p =T =Ty T k=26;
S;,S; -sektorlarinda
k-3
Ton =Ta =Ty TT3 =To =Ty3 T k=37,
7-k
Tip =013 =Ty =T =Ty =Ty T k=37;
S, ,Sg-sektorlarinda
k-4
T = T3 =Ty =73 =Ty =Ty :Tv k=48;
8-k
Tip =T13 =Ty =T3p =Ty =743 :T' k=48,;

7;;-larin bu qayda ilo secilmig giymotlorini (21)-do yerino yazsaq har bir
S, (p = 1,8) sektorda inteqral tonliklor sistemi alariq. Bu inteqral tonliklor sis-

teminiieS, (R)={1|4€S,,|4/>R} ( p=18,R>0 - kifayot qador boyiik
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ododdir ) ¢oxluglarinda ardicil yaxinlagma tisulu ilo holl etsok alariq:

B (x,4)=0;, +o(/1—12}, Ae€S,(R), 0<x<1  (22)

(22) asimptotik disturunu (19)-da , (19)-u (12)-do va (12)-ni (10)-da nozora
alsaq (3) diisturunun dogrulugunu almis olariq.

Indi isa (1) tonliyi iigiin (3) diisturu ilo tapilmis xiisusi hallordon diizoldil-
mis Vronski determinantini hesablasaq, asagidaki asimptotik diisturu almig
olariq:

V(x,4)= (4020 (0? + 02 )-8aiwd J1° {1+ o(%ﬂ AeS (R), 0<x<1.

Bu isa onu gostarir ki, (3) diisturu ilo tapdigimiz xiisusi hollor xatti asil
deyillor. Teorem isbat olundu.

Noatica. Teoremin isbatt zamani belo naticays golirik ki, tonliyin fun-
damental hollorinin asimptotikasini taparkon tonliyo daxil olan bas hissonin
omsallari ilo yanasi kigik tortib toromonin omsallarindan da istifado olunmusg-
dur. Bu noticolor istilikkegirmo vo diffuziya proseslorini xarakterizo edon (1)
sokilli tonlik iiclin sanki requlyar sorhad sortli mosalalorin aragdirilmasinda
miithiim oshomiyyat kosb edir.
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MOCTPOEHUE ACUMIITOTUKHN ®YHIAMEHTAJIbHBIX PEIIIEHUI
YPABHEHUSA YETBEPTOI'O ITIOPAAKA, 3ABUCAIIETI'O
OT KOMIUIEKCHOT'O ITAPAMETPA A

C.3.AXMEJOB, C.T.AJIECKEPOBA
PE3IOME

Pabota nocesiieHa HaXOXKAESHUIO aCUMIITOTHKH (YHAaMEHTAIbHBIX peleHni nudde-
PEHLMANBHOrO ypaBHEHUs 4eTBEPTOro mopsaka. HalineHa acMMNTOTHKA JIMHEIHO-HE3aBUCHU-
MBIX YaCTHBIX PEUICHUH YpaBHEHUsI B KOMIUIEKCHOM IJIOCKOCTH A TPH OOJBIIMX 3HAYCHUSX
A. ACHMITTOTHKA JIMHEHHO-HE3aBUCUMbIX YACTHBIX PEUICHHH YpaBHEHHUsS ObUIa MCCIEIOBaHA
MHOTUMH y4eHbIMH. OTIMIUTENTLHON 0COOCHHOCTHIO MPEICTABICHHON pabOThl SBIAETCS TO,
YTO MPU HAXOXKICHUM aCUMITOTHUKU (PyHIAMEHTAIbHBIX PEHICHHH Hapsay ¢ koaddumenra-
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MH CTaplIel 4acTé ObUIM HCIIOJIb30BAaHbl M KOIGGUIMEHTH! MIamel yacTu ypaBHeHus. [lo-
Jy4eHbl TOYHBIE (OPMYIIBI KaK AT KOI((PHUIMEHTOB IOJOKHUTEIBHBIX CTEHNECHEeH, TaKk U I
OTpHLATENBHBIX CTENeHEH mapamerpa A, BXOJSIIMX B ACHMITOTHKY.

Takoit moxo K HAXOXKICHUIO ACHMIITOTUKH (PyHJAMEHTAIbHBIX PELICHUI HMEET BaX-
HOE 3Ha4YeHHUE JJIs O0Jiee TOYHBIX MCCIIEIOBaHUI TPAHUYHBIX 3a/1a4.

KaroueBble cioBa: (yHIAMCHTAIBHBIC PEIICHUS, ACHUMIITOTHKA, AHATUTHYCCKUC
(GYHKIUHU, HEMPEPBIBHO Tu(depeHImpyeMbie GyHKINN, TETCPMUHAHT BpOHCKOTO, aCHMIITO-
THYecKas hopMmyma.

CONSTRUCTION OF THE ASYMPTOTICS OF THE FUNDAMENTAL
SOLUTIONS OF THE FOURTH ORDER EQUATION WHICH DEPEND
ON COMPLEX PARAMETER-A

S.Z.AHMADOV, S.T.ALASGAROVA
SUMMARY

The work deals with the establishment of the asymptotics of fundamental solutions of
differential equations. The asymptotics of the linearly independent particular solution of the
complex plane- A for the large values of |A| was found. Asymptotics of linearly independent
particular solutions has been investigated by many scientists. A distinctive feature of the
present work is that in determining the asymptotic behavior of the fundamental solutions, the
coefficients of the low derivative parts of the equation were also used alongside with the high-
est ratios. Exact formulas for the coefficient of positive and negative powers of the parameters
— ) appearing in the asymptotics constructed in such a way have been obtained.

Keywords: fundamental solution, asymptotics, analytic function, continuous differen-
tiable function, Wronsky determinant, asymptotic formula.
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