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UMUMI HALDA MATRIS TONLIKLORIN SN YAXSI TOQRIBi HOLLIRINi TAPILMASI
Abdullayev Elvin Aydin oglu
Sumgayit Dovlat Universiteti
elvin.abdullavev.2023@inbox.ru

Maruzada avvalca asagidaki matris cabri tanliyina baxilir
AXA=A. (1)
Ogor A matrisi cirlasmayan kvadrat matris olarsa, onda bu tanliyin halli X = A™ disturu ila
tayin olunur. ©gar A matrisi mxn Olglli matris olarsa, onda bu tanliyin halli birgiymatli
tayin olunmayan nxm olgiilii matrisdir. Umumi halda (1) tanliyinin sonsuz sayda halli
vardir. Bu hallar arasinda ancaq va ancaq bir hall vardir ki, hamin hallin satir va slitunlari A’
gosma matrisinin uygun olaraq satir va sttunlarinin xatti kombinasiyalaridir. Homin hall A
matrisi Ggln psevdotars matris adlanir voa A" ila isara olunur. 9gar mxn oOl¢lli matris A
matrisi tgln
AATA= A, (2)
At =UA" = AV (3)
barabarliklari dogrudursa, onda nxm ol¢lli A™ matrisi Amatrisi G¢lin psevdotars matris
adlanir, harada ki, U va V - har hansi matrislardir.
A matrisi Gguin iki muxtalif A" va A, matrislari ola bilmaz. Dogrudan da,
AA'A=AAA=A, A'=UA =AYV, A =UA =AYV,
barabarliklarinden D=A; - A", U =U, -U,, V =V, -V, gabul etmakls, tapariq:
ADA=0, D=UA"= AV .
Buradan da
(DA)'DA=A'D'DA= AV ADA=0
vo, belalikls,
DA=0.
Onda DD =DAU =0, yani D=A, — A" =0.
indi iss A matrisi Gclin A" matrisinin varligini géstarak. Bunun {ciin A* matrisinin
A" =C"B" sklet ayrilisini istifada edacayik.
Qeyd edak ki, ranqi r adadina barabar olan mxn- 6l¢ili A matrisi Ggin olgllari mxr
va rxn olan r rangl uygun olaraq ele B va C matrislari tapmaq olar ki, A=BC olsun. A
matrisinin bels tasviri onu sklet ayrilisi adlanir.
B* va C* matrislarini axtaraq. Tayina gora
BB*B=B, B* =UB", (4)
harada ki, U har hansi bir matrisdir. Onda BUB*B = B.Sonuncu barabarlyin har tarafini
soldan B" matrisina vuraq. Onda B*B matrisinin cirlasmayan matris olmasini nazara almagla
U =(B*B)™ alarig. Bu disturu nazara almagqla (4) diisturundaki ikinci barabarlikden B iigiin

alarniqg:



B* =(B"B)'B". (5)
Sonuncu distura analoji olarag C* matrisi Gi¢ctin alariq:
C*=Ccr(ccH™ (6)
indi géstarak ki,
A" =C*B*=C*(CC*)*(B*B)'B"* (7)

matrisi (2),(3) sartlorini 6dayir va, belalikls, A matrisi Gi¢lin psevdotars matrisdir.
Dogrudan da
AA"A=BC(C*(CC")*(B'B)'B')BC=BC=A

Digar tarafdan, (5)-(7) barabarliklarinden A" =C*"B" barabarliyini nazara almagla va
K =(CC*)™(B*B)™ gabul etmakls, alariq:

A" =C*'KB* =C*K(CC*)™"CC*B" =UC"B" =UA",
A" =C’'KB" =C*B*B(B"B) 'KB* =C'BV = AV,
harada ki, U =C*K(CC*)™C, V =B(B*B)'KB".

Belalikls, gostardik ki, istanilan diizbucagli A matrisi tG¢lin (7) diusturu ila tayin olunan
yegana A" psevdotars matrisi vardir, harada ki, B vo C matrislari A matrisinin sklet
ayrilisida vuruglandir. Psevdotars matrisin bu tayin disturundan gorinir ki, A matrisi
kvadrat va cirlasmayan matris oldugda A" psevdotars matrisi A™ matrisi ilo Ust-tsta disur.

Tutag ki, A matrisi mxn— 0Olguli matrisdir: A=(a,),l =1mk=1n. Bu matrisin

normasinina baxag. A matrisinin |A| normasi manfi olmayan adaddir va
A = Sl ®
dusturu ila tayin olunur. Aydindir ki, |
A7 =31 A F = DIALE, (9

haradaki A, va A, ila A matrisinin uygun olaraq k —ci situn va i—satiri isars olunmusdur.

Asagidaki matris tanliya baxaq:

AX =Y, (10)
harada ki, A va Y — verilmis mxn— va mx p—06lsult matrislardir, X —isa nx p—0ol¢ilu ax-
tarilan matrisdir.

(10) tanliyinin X ° an yaxsi hallini||Y — AX® ||=min ||Y — AX || sartiyla tapaq ve ham da
|Y = AX || =|Y = AX°|| halinda talab olunur ki, || X°|I<| X ||

Asagidaki minasibatlara baxaq:

p
||Y_AX||2:ZYOK_AXQI< 2' (11)
k=1
p
X P= D0 X (12)
k=1



Bu miinasibatlardan gérunir ki, axtarilan X° matrisinink —ci siitunu olan X2 sutun

vektoru
AX,, =Y, XCTS-nin an yaxsi taqgribi halli olmalidir. Bu barabarlik istalinilan k =1....,p Usun

dogru oldugundan, alinir ki,

X0 =A"Y. (13)
Belalikla, (10) tanliyi ancaq va ancaq bir an yaxsi taqribi halli vardir va bu hall da (13)
dusturu ila tayin olunur.

Xususi halda, Y =E (yani m—tartibli vavid matris) olarsa, onda X° = A" olar. Belalik-
ls, A" psevdo tars mtrisi AX = E matris tanliyinin an kicik kvadratlar tGsuluna gora an yaxsi
tagribi halli ola bilar. Psevdo tars matrisin bu xassasi onun tayini (tarifi) G¢clin gabul oluna
bilar.
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Asagidaki sinqulyar inteqral tanliya baxagq:
1:0(t) 1 _
— | —==dt+—= | K(t,,)p(t)dt= f(t,), t, e L\ a,by, 1
ﬂi{_t mj (t, P (t)dt= (), t, eL\{ab} (1)

0
burada L- uclari a va b ndqgtalarinda olan agiq, hamar, sada ayridir, f - verilan funksiya,

@ - axtarilan funksiyadir. Malumdur ki, (1) tenliyi mexanikanin bir ¢cox masalalarinda
meydana ¢ixir va bu tanliyin tagribi hall olunmasina bir ¢ox islar hasr olunmusdur (bax [1]).
Hamginin, malumdur ki, (1) tanliyinin hallari L ayrisinin uclarinda 6zlarini aparma
xarakterina gora muxtalif siniflara bollnirlar. Biz (1) tanliyinin har iki ucda geyri-mahdud
hallini tagribi qurmaga calisacagiq.
Forz edak ki, L tanliyinin parametrik tanliyi s qovs absisi vasitasi ilo t=t(s)

(s, £s<s,) saklindadir va L Uzarinda istigamat a noqtasindan b -yadir. Malumdur ki, ([2])
har iki ucda geyri-mahdud hall asagidaki kimidir

_ o(t)

POy @
bels ki, burada ¢(t) artig mahdud funksiyadir. Baxilan sinfin indeksi &2 =1 oldugu Ugtn hallin
yeganaliyini tamin etmak lclin alava olaraq farz edak ki, @ (t) halli

[@(t)dt=0. (3)

sartini 6dayir.
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[s..s,] parcasini

S, —S
s, =S, +—=20, c=0,n-1
n

nogtalariile ne N barabar hissaya bolak.
Daha sonra m>r natural adadini geyd edak va har [s_,s,_,]| parcasini

Sx =S, +hx,, k=0,m-1 (hzsb;saJ noqtalari ile m yera bolak, bela ki, x,

noqtalari [0,1] pargasinin x, =0, x,, =1 sartini 6dayan muayyan noqtalar sistemidir.
7, =t(s,), t, =t(sy) (a:O,n—l, k :O,m—l) isaro edoak. 1<k,<m-2 natural
adadini qeyd edsk va t, =& (J:O,n—l) isara edak (&, nogtasina diylin deyak).

L,(p;t,) (v=0,n=1) ilo ¢ funksiyasini £¢&,, qovsindaki m duylna gors interpolyasiya
edan va daracasi m—1-i asmayan ¢coxhadlini isara edak.

E Iv—l (:[o) )(D(tv_llk )+

k=ko (to - tvk )Iv—l (tv—l,k

& L)
k=1 (to _tvk)l\;—l(tvk

3 L)
kZ - tvk )I\; (tvk ) ¢(th )+

)w(tvk )7 tO € z-vé:v !
L, ((0; ty ) =

(Y

< L, ()
k=1 (to - tv+1,k )I\; (tv+1,k

K

burada I, ()= k (o tjk)li[l(to ,+1k) (j=v-1v)

0

)(D(twl,k )’ t0 € gv‘[w-l7

A§ag|dak| funksiyani quraq.

)L SN o) ol

k#kg

burada w_(t) = H(t t.).

k#ko

gon(t):{tpn(go;t,to), terr_,tyer,7, ., 0'=O,n—1,v=0,m—1}.

isda ¢, (t) tagribi hallarinin o(t,,) aiymatlari Ggln

n-1 m-1 t —L ;t n-1 m-1

Pok ¢(ok) v((o 0) + ngK(tvp’tok)(D(tGk): f(t\/p)’ (4)
0 t, —t G:OE 0
0

o=0k=l =
k= to=tvp #Kg

v=0n-1,p=0m-L p=— | w, (1)t

eyr N (=) (E=D)WE (8, )(t—1,)



cabri tanliklar sistemi qurulur va asagidaki teorem isbat olunur.

Teorem. Farz edak ki, (1) tanliyinin (3) sarti daxilinds H, (%<a<1j fazasinda

Hﬁ(ﬁza—%j fazasindan olan ixtiyari sag taraf liclin yegana halli var va K(t,,t) funksiyasi

har iki dayisana géra H_ sortini 6dayir.Onda kifayat gadar boyik n-lar tglin (4) cabri
tanliklar sisteminin yegana {((p(tdo),...,(o(tm_l)), azO,n—l} halli var va ¢, (t) tagribi hallari

o(t) daqiq halle H; (O<5<a—%) fazasinin normasinda yigilir.
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RIYAZIYYAT MOSOLOLORININ HOLLIi METODIKASINA YENi YANASMA
Abdullayeva Malahat Varahmad qizi
Azarbaycan Dévlat Pedaqoji Universiteti
azeriteacher@yahoo.com

Riyaziyyatin tadrisinde masalalar va onlarin halli mihim yer tutur. Masals
riyaziyyatin ilkin anlayisi oldugundan ona tarif verilmir. Genis manada har hansi isi yerina
yetirmak, hall etmak manasinda isladilir.

Umumtahsil maktablarinds riyaziyyatin  talimi prosesinds sagirdlarin riyazi
tofakkirini inkisaf etdirmak magsadile «tadris masalasindan» va ya «didaktik masaladan»
istifada olunur. Masala dedikda - kemiyyatlar arasindaki asiliiglara va kamiyyatlarin verilmis
giymatlarina asasan, machul giymatini tapmag talabi basa disdlar [3].

2006-ci ilda Azarbaycan Respublikasi Gmumi tahsilin Konsepsiyasi (Milli Kurikulum)
asasinda fann kurikulumlari, o ciimladan riyaziyyat fann kurikulumu hazirlandi va tasdiq
edildi [1]. Yeni tahsil programi (kurikulum) bitln tahsil pillslarinds riyaziyyatin tadrisina
yanasmani dayisdi. Yeni proqramin talsblarina uygun riyaziyyat darslik komplektlari
hazirlandi va talim prosesinda istifadaya verildi.

Yeni darsliklarda mévzular “Oyran” — “Méhkamlandir” — “Tatbiq et” talim modeli
asasinda tadris edilir. Bilik va bacariglarin illistrativ materiallarla zanginlasdirilarak ayani
vasaitlarle manimsadilmasi “Oyran” marhalasinda hayata kegcirilir. Qazanilmis bilik va
bacariglarin ¢alismalar, yazi islari, praktik tapsiriglar va basqa Usullarla takmillasdirilmasi
“Mbhkamlandir” marhalasini ahata edir. Sagirdlar “Tatbig et” marhalasinda gazanilmis bilik
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va bacariglari getdikca mirakkablagsan masala hallina va riyazi modellasdirmaya tatbiq
edirlar [4].

Masala halli riyaziyyat taliminin asas tarkib hissasidir. Riyaziyyat darsliklarinda har bir
movzu masala halli ila baslayib va masala halli ila da bitir. Riyaziyyat Misallimlarinin Milli
Surasl tarafindan hazirlanan standartlarin
reallasdiriilmasi da mahz masala hallina asaslanir. B
“Masala halli — riyazi tahsilin asas maqgsadi olmagla
yanasl, ham da bunun Ulg¢ln asas vasitadir. Sagirdlar
Ugclin daha ¢ox masala qurmaq va onlari hall etmak,
ham da daha ¢ox say talab edan mirakkab masalalari c hall
etmak imkanlari yaratmagq lazimdir” [6].

Masalalar riyaziyyatin  tadrisinin  an vacib

vazifasinin - sagirdlarin tafakklrinin va vyaradiciliq

faaliyyatinin inkisafi (ciin lazm olan an gicli ]

C ﬂ

materialdir. Xdsusila matnli masalalardan ibtidai tahsil 11 sm

saviyyasindon baslayaraqg riyaziyyatin har bir mazmun xattina aid standartlarinin
reallasdirilmasinda istifada olunur. ibtidai siniflards asasan hesab masalalari, eyni zamanda
cabr, handass, statistika va ehtimala aid masalalar éyradilir. Umumi orta tahsil ve tam orta
tahsil saviyyalarinda isa standartlarin reallasdiriimasinda cabr, handasa, riyazi analiz,
statistika va ehtimala aid masalalar hall edilir.

Masalalarin sliurlu va magsadyonli sakilda hall edilmasi liclin sagirdlara masalalarin
halli metodikasi, eyni zamanda hall Gsullari va yazilis formalari éyradilir.

Hazirda Umumtahsil maktablarinds riyaziyyat masalalarinin  halli  C.Polyanin
nazariyyasina [5] asaslanir. Onun nazariyyasina gora masala hallinin dérd marhalada
reallasdirilmasi daha maqgsadauygundur:

1. Anlama (masalani basa dismak)

2. Plan qurma (masalanin diizgln halli Gsulunun secilmasi)

3. Masalani hall etmak

4. Cavabi yoxlamaq

Masala: Dizbucaqgli Ggbucagin taraflari tam adadlarla ifada olunur va katetlarindan
biri 11 santimetrdir. Onun sahasini tapin.

Anlama: Masalada bir katetin 11 sm oldugu malumdur. Digar verilanlar geyri-askar
sakilda oldugundan masalani mantiqi va cabri Usullardan istifade etmakla hall edak.

Verilir: AABC, ZC=90°
Plan qurma:
b=11sm

Tapmali: S,oc =? S, uec :%AC-BC

Halli: Pifagor teoremina gora
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a’+b?=c?
c?-a’=11°
¢’ —a’ ifadasini vuruglara ayirmagla a va c-ni tapariq:
c—a=1
(c—a)(c+a)=121:>{ JJ+
c+a=12
2c =122
c=61
a=60

S s :%AC .BC :%ab :%-60-11:3305m2

Cavab: 330sm?
a=60,b=11,c=61
60% +11> =3600+121=3721=61?

Yoxlanmasi:

9dabiyyat

1. Azarbaycan Respublikasinin iGmumtahsil maktablari tGgln riyaziyyat fanni Gzra tahsil
programi (kurikulumu). Baki, 2013.

2. Abdullayeva M. Riyaziyyatin tadrisi metodikasi-1. Baki, «Elm va tahsil», 2020.

3. Hamidov S.S. Maktabin ibtidai siniflarinda riyaziyyatin tadrisi metodikasi. Baki, ADPU,
2016.

4. isayev Z. vo b. Umumtahsil maktablari liclin Riyaziyyat fonni uzra darslik
komplektlari. Baki, «Radius», 2023.

5. George Pdlya. "How to Solve It", 2nd ed., Princeton University Press, 1957. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://math.hawaii.edu/home/pdf/
putnam/PolyaHowToSolvelt.pdf

6. https://www.nctm.org/Standards-and-Positions/Principles-and-

Standards/Principles,-Standards,-and-Expectations/

7. https://press.princeton.edu/books/paperback/9780691164076/how-to-solve-it

8. https://www.scirp.org/(S(351jmbntvnsjtlaadkozje))/reference/referencespapers.asp
x?referenceid=1964042

ISTILIKKECIRM® TONLIYi UCUN QARISIQ MOSOLONIN 9MOLIYYATLAR USULU iLS TOTDIQI
Agamaliyeva Kamala Faiq qizi
Sumgqayit Dovlat Universiteti
Kama faig@mail.ru



https://www.nctm.org/Standards-and-Positions/Principles-and-Standards/Principles,-Standards,-and-Expectations/
https://www.nctm.org/Standards-and-Positions/Principles-and-Standards/Principles,-Standards,-and-Expectations/
https://press.princeton.edu/books/paperback/9780691164076/how-to-solve-it
https://www.scirp.org/(S(351jmbntvnsjt1aadkozje))/reference/referencespapers.aspx?referenceid=1964042
https://www.scirp.org/(S(351jmbntvnsjt1aadkozje))/reference/referencespapers.aspx?referenceid=1964042
mailto:Kama_faiq@mail.ru

11

Riyazi fizikanin bir ¢ox masalalarinin halli parabolik tip iki tartibli xtUsusi téromali
diferensial tanliyin hallina gatirilir. Bu masalalardan birida diffuziya masalasidir. Diffuziya
masalasinin arasdiriimasi

d%u(x,t)  au(x,t)

x a 1)

saklinda tanliyin uygun baslangic va sarhad sartlarinin 6dayan hallinin tapilmasindan
ibaratdir.

Serhad soartini

u(0,t)=al(t), u(l,t)=b(t) (2)
baslangic sarti isa
u(x,0)=u,, u, = const (3)
saklinda qgabul etsak, baxilan masalanin halli riyuazi olarag, (1) tanliyinin (2) va (3)
sartlarinin ddayan hallin tapilmasindan ibaratdir.
Verilmis tanliyin hallini Laplasin inteqgral gevirmasinin kdmayi ila hall edacayik.
ogar Laplas ¢cevirmasini (1) tanliyina tatbiq etsak va (3) baslangic sartini nazara alsaq

o%u(x, _

;Tp) = pu(x, p)—u, (4)
tanliyini alariq. Laplas ¢cevirmasini (2) sarhad sartina tatbiq etsak, onun Laplas surati

a(0,p)=a(p). u(l, p)=b(p) (5)

olar. Buradan gorinir ki, baxilan masalanin halli (4) qeyri-bircins diferensial tanliyin (5)
sartlarini 6dayan hallinin tapilmasindan ibaratdir.

Burada w(x,p), a(p) ve b(p) uygun olaraq hagigi dayisenli u(x,t), a(t) ve b(t)
funksiyalarinin Laplas suratlaridir. p-Laplas ¢evirmasinin parametridir.

Burada (4) tanliyinin hallini baslangic sarti sifra barabar oldugu halda baxsaq, yani
U, =0 halda tanliyin tmumi hallini

a(x, p)=ce’™ +c,e’™

soklinda tayin edarik. @gar amsallari tayin etsak, tanliyin hallinin suratini

a(x, p)=a(p)a(x, p)+b(p), (x, p) (6)

a.(x, p)= exp|(1 - X)\/BJ—GXF’[— (1-x)/p]
| explly/p )-expl-1./p)
q (X p)= exp(x,/ p)— exp(— X4/ p)

= expliyp)-expl-14/p)

olar. Burada

isara edilmisdir.
Burada | —o-da 0,(x, p)—0; ,(x, p)-tglin isa
o ~expl-xy/p)-expl-(2p-x){p]|
im0, )=l = e 2o
olar. Demali, hallin surati




a(x p)=a(p)expl-xy/p)

olar. (7) halinin suratini hesablasaq

X2

exp(— x\/ﬁ):Lﬁe_Z
2\t
a(p)=a(t)

oldugundan hallin orjinali funksiyalar baglisinin kdmayi ila

u(xt)=alt)*g(t)

saklinda tayin edilir.

Burada g(t)= X 3 e 4 isara edilmisdir. (8) barabarliyini

2\ rt?

X
e 4t

dr

3
2
saklinda yazmag olar.
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MIHDUD VARIASIYALI FUNKSIYALARIN AYRILISI VO STILTES OLCUSU
Aliyev Xalil Haci oglu
Sumaqyit Dovlat Universiteti
Xelil.aliyev.54@mail.ru

Tutaq ki, f(x) funksiyasi [a, b] segmentinda mahdud variasiyali, X, X,, X;,... noqgtalari bu

funksiyanin kasilma néqtalari, S(x) isa sigrayis funksiyasidir:
S(a) =0,
S(xX)=[f(a+0)- f(a)]+ Z[f(xk +0)— f(x, —0)]+[f(x)— f(x=0)], a<x<b

X <X

(1)

Onda ¢(x) = f(x)—S(x) funksiyasinin kasilmaz va mahdud variasiyall oldugu yuxarida isbat

olunmusdur. Odur ki,
f(X) = (X)+S(X).

(2)

Belalikla, har bir mahdud variasiyali f(x) funksiyasini kasilmaz mahdud variasiyali ¢(x) va

sigrayis S(x) funksiyalarin comi kimi géstarmak olur.
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X

Tutaq ki, ¢(x) kasilmaz va mahdud variasiyali funksiyadir. Onda y/(x):fgo’(s)ds

a

funksiyasi mutlaq kasilmaz olur.
X (X) = p(x) —w(x) (3)
funksiyas kasilmaz ve mahdud variasiyali oldugundan sanki biitiin x €[a,b] néqtalari tigiin

X' =00~ [9(5)ds = /(X -0'(X) =0,

Sanki bitiin x e[a,b] néqgtaleri igiin téremasi sifir olan kasilmaz va mahdud variasiyali
funksiyalara sinqulyar funksiya deyilir.

Sinqulyar funksiyaya misal Kantorun 6(x) funksiyasini géstarmak olar. Bu funksiya
kasilmazdir va artandir. Odur ki, mahdud variasiyali olur. Sanki butin x e[O,l] noqtalari tGgln
6'(x)=0.

(3) barabarliyindan

P(X) = X(X) +y(x) (4)
tapib (2) barabarliyinda nazara alsaq
f(X)=w(X)+ X (x)+S(x). (5)

Belalikla, asagidaki teoremi isbat etdik.

Teorem. [a,b] seqmentinda mahdud variasiyali har bir f(x) funksiyasini ti¢ funksiyanin

f(X)=w(x)+ X (X)+S(x)

cami kimi géstarmak olar. Burada w(x) miitlaq kasilmaz, X (x) sinqulyar va S(x) sigrayis
funksiyasidir.

Bu ayrilisla alagadar olarag mahdud variasiyali funksiyanin dogurdugu Stiltes 6lctsin
g sinfa ayirmagq olar.

1. Tutaq ki, w(x) azalmayan mitlaq kasilmaz funksiyadir. Onda bu funksiyanin [a,b]
seqgmentinin sanki blatlin x ndqgtalarinda Lebeq manada inteqrallanan y'(x) = z(x) téramasi
var. Toramasi olmayan XE[a,b] nogtalarinda z(x) =0 gotlirmakle z(x) funksiyasini bitin

X e [a,b] noqgtalarinda tayin edak. Onda [a,b] seqgmentinda har bir 6¢llan A ¢oxlugu lglin
1, (A) = [ 7(x)dx (6)
A

integralinin manasi var. Bu integralla tayin olunan x, (A) adadina A ¢oxlugun &l¢lsu deyilir.
Lebeq integralinin xassasina asasan MA =0 oldugda x,(A)=0 olur. Mitlaq kssilmaz w(x)
funksiya ils tayin olunan x, (A) élcisine miitlaq kasilmaz él¢ii deyilir.

Gostarak ki, A coxlugunun B=w(A) obrazinin Lebeq manada ol¢lst (6) disturu ilo
hesablanir. A=(a,p) olduqda v (A) =(w(a),w(p)) olur. Onda

B
mB :my/(A):w(,B)—t//(a):jr(x)dx. A aciq coxlug, («,f) (k=12,...) isa onun taskiledici

intervallari  oldugda, yani A=(J(e.B)oldugda B=w(A)=JWw(x)w(B)) v
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B
mB = > [y (B) -y (@)=Y [r()dx=[r(x)dx. Aydindir ki, A goxlugu gapali oldugda da
k k 3 A
B=w(A) coxlugu Ugln

mB = j 7(x)dx (7)

A
disturu dogru olur.
2. Tutaqg ki, X(x) sinqulyar funksiyadir. Aydindir ki, X (x) funksiyasinin téramasinin sifir

olmadigl va téromasi olmadigi néqtalar coxlugunu A, ils isara etsak, mA, =0. Ac[a,b]
coxlugu tglin

py (R)=[dX(x), E=ANA, (8)

goturak. Bu qayda ila tayin olunan g, (A) adadina A ¢oxlugun o6lcusi deyilir va sinqulyar
Olgii adlanir.
3. Tutaq ki, S(x) sigrayis funksiyasi, X;,X,,Xs,... kasilma noéqtalari, h,h,, h,,... isa bu

nogtalarda funksiyanin sicrayis giymatlaridir. Onda har bir Ac[a,b] ¢oxlugunun 6lgis

s (A) = th (9)

X €A
disturu ila tayin olunur. Xususi halda A ¢oxlugu ancaq bir x, néqtasindan ibarat olduqda
onun 6lgusu h, adadi olur. Sigrayis funksiyasinin dogurdugu (9) 6lgusuna diskret 6l¢ii deyilir.

Yuxarida tayin olunan dlclilar o —additiv olur. Bunu diskret 6l¢i Giclin gdstarak. Tutaq ki,
AL A A;,... coxluglar cit-clt kasismir. Onda

Hs (UAk): Zhi :Z Zhi :Zﬂs (A) -
k xieLkJAk k xeh k

Belalikla har bir mahdud variasiyali funksiya tGg¢ nov 6l¢i: mitlaqg kasilmaz, sinqulyar va
diskret 6lct dogurur.
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Metodoloji asasini idrak nazariyyasi toskil edan didaktika talimin UGsullarini, yol va
vasitalarini islayib hazirlayir ki, bu da haqiqi biliklari manimsamak, diinyani diizglin tasavvir
etmak Ugln sarait yaradir. Bu magsadla miallim hamisa imkan olan kimi, fakt va hadisalars,
asya va predmetlars, ganun va ganunauygunluglara miraciat edir. Muallim talabalarin
haqigi biliklara yiyalanmalari, onlari praktikada yoxlayib, imumilasdirma apara bilmalari
Uclin mixtalif ndv ayani vasitalara miraciat edir va ssmarali gdstaricilara nail olur. Ona gora
da ayanilik didaktikanin mihim prinsiplarindan sayilir. 9yani vasait agya va hadisalari,
proseslari inkisafda, bir-birinden tacrid olunmadan, digar asya, hadise va proseslarda
alagada gostardiyi taqdirda biliklar daha moéhkam va davamli olur, yaxsi manimsanilir. Bu is
talimin ayani vasitalarinin bitin sistemi ila tamin olunur.

Tadris va talimda informasiya texnologiyalari avazsiz rol oynayir. Tadris materiallarinin
oyranilmasi zamani proseslarin ayanilasdirilorak gostarilmasi hamin materialin yaxsi basa
dustlarak manimsanilmasini temin etdiyindan bunlarin modhkam biliklar saklinda
formalasdirilmasina da zemin yaradir. Odur ki, bu halda muasir informasiya texnologiyalari
muallimin kdmayina galir. Talim prosesinda sagirdin materiali asasli manimsamasi, tadris
olunan moévzular barasinda aydin tasavvira malik olmasi t¢ln o, proseslarla daha yaxindan
tanis olmali, onlari misahida etmak imkanina malik olmalidir. Bu da materialin yaxsi basa
dustlarak qavranilmasini, dark edilmasini, daha dogrusu manimsanilmasini, onun bir
komponenti olan méhkamlanmanin hayata kecirilmasini tamin edir. Muallimin vazifasi isa
ondan ibaratdir ki, sagirdlar Ugln yeni olan elmi anlayislari onlara izah etsin. Sagirdlar
konkret predmetlarla tanis oldugdan sonra c¢atinlik ¢coakmadan miicarrad anlayislara va
Umumilasdirmalara kegirlar. Belalikls, geyd eda bilarik ki, bunlari ayanilasdirarak sagirdlara
gostarmak, onlarda dagiq elmi tafakkir formalasdirmag yeni informasiya texnologiyalarsiz
geyri-mumkiindir. Bu moévzularin (materiallarin) elmi asaslarinin multimedia texnologiyasi
ilo acilarag gostarilmasi onlarin aqli faaliyyatlarini inkisaf etdirmakls onlarda daha dogru,
diizgiin, méhkam elmi biliklarin formalasdiriimasini tamin edir.

informasiya texnologiyalari sagirdlarin biliklarini canl tasavviirlarla ayanilasdirmakls,
talimda elmi sahihlik prinsipini tamin edir, talimin prinsiplarinin muvaffagiyystle hayata
kegirilmasina komak gostarir.

informasiya texnologiyalarindan istifads miirakkab program materialinin daha yaxsi va
asanligla basa distilmasina imkan verir, 6yranilanlarin yadda saxlanmasina sarait yaradir.

Elmilik prinsipi da didaktikanin mihim prinsiplarindandir. Elmin inkisafi stratlidir tabii
ki, elmi malumatlarin hacmi da siratla artir. Naticada biliyin mazmununda dayisiklik, elmi
Umumilasdirma prosesi yaranir informasiya texnologiyalari elmilik prinsipinin garsisinda
dayanan bu vazifalarin hayata kegirilmasina komak gostarir.

Talimin sturlulug va faallig prinsipi da diqgat markazinda olmalidir. Bu prinsip ds,
informasiya texnologiyalari ila six baghdir. Biliya sturlu sakilds yiyalanmakla sagirdin ham
aqli faallig gdostarmasi, miiqayisa, tahlil-tarkib, imumilasdirma aparmasi, naticaya galmasi,
amali faallig nlimayis etdirmasi, nazari biliklarini 6z faaliyyati prosesinda tatbiq etmasi vacib
sartdir. informasiya texnologiyalari bu islards sagirdlarin kémayina galir.
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Darsda vyeni texnologiyalar vasitasilo tadris materiali nimayis etdirilmasi yeni
movzunun Oyranilmasina marag oyadan motiva gevrila bilar. Texniki vasitalarin garsisinda
konkret magsad dayanir, axtaris Ugln istigamat verilir. Naticada dyranma obyekti sagirdlari
calb edir. Belalikla, bitlin novbati tadris faaliyyati lgln alverisli imkan yaranir. Bu va ya
digar fann Uzra darsin ugurla kegmasi ayanilikdan va sarhin ifadaliliyindan, muallimin
talimin tasviri imkanlarindan bahralanarak 6z sarhi ile onlar sagirdlara ¢atdirmaq
ustaligindan asilidir. Mallim har bir konkret halda real manzarani daha diizglin aks etdiran
ayani vasitanin kdmayi ile ¢ox yuksak tadris-tarbiyavi effekt aldo edir. @nanavi va muasir
texniki vasitalarin bu va ya digar pedaqoji va didaktik imkanlari ilo salagadar masalalara bir
sira adabiyyatlarda genis yer verilmis va miuxtalif yanasmalara rast galmak mimkuindur.
Biitin bu adabiyyatlarin tahlilinden sonra biz iKT- nin imkanlarini asagidaki kimi
Umumilasdirmayi maqgsada mivafig hesab edirik:

1. Darsi ayanilasdirir. Digar ayani vasitalor daha az tasirli oldugda informasiya
texnologiyalari tatbiq edilir, ciinki bu zaman daxili aks alaga ¢ox glicli hayata kegirilir. Yani
sagird 6z-6zlinU korrekta edarak, diizglin istigamat gotilira bilir.

2. Sinfa gatirilmasi mimkin olmayan fakt ve hadisalar, asyalar haqqinda, dyranilan
obyektlar va hadisalar barasinda sagirdlara oldugca ayani yeni bilik vo malumatlar verir.
Bilik va malumatlarin muallimin sarhi (naqli, izahi va sinif darsi) vasitasila catdiriimasi ils
muqayisada informasiya vasitalori obyektiv gercaklik barads daha tam va dirlist manzara
yaradir. Bu da yeni biliklarin stiurlu voa méhkam manimsanilmasini tamin edarak, talimin
samaraliliyini artirir.

3. Alinan nazari, elmi biliklari hayatla, amakla alagalandirir. Mirakkab elmi
eksperimentlarin nimayisi, dars movzularinin sagirdlara c¢atdirilmasi imkanlarini da
genislandirir.

4. Mivafiq bacariq va vardislarin yaradilmasina imkan verir. Buraya misahida etmayi
bacarmaq vardisi va s. daxildir. Bu iss malum oldugu kimi, faaliyyatin bitin sahalari lglin
vacib olan bir vardisdir.

5. informasiya texnologiyalari elmi va onun biitiin sahalarina dair suallara cavab
tapmagqda sagirdlara kdmak gostarir.

6. Umumiyyatla gotiirdiikds informasiya texnologiyalari darsin samaraliliyini, talimin
suratini artirir, program materialinin manimsanilmasina sarf olunan vaxti gisaldir.

7. informasiya texnologiyalarinin tatbigi muisallimi texniki isin agirhgindan xilas edir.
imkan verir ki, faaliyyatin yaradici tarafina daha cox vaxt ayira bilsin. Naticada faktik
materiala dair biliklarin yoxlanmasi iclin mirakkab olmayan muxtalif nazaratedici vasitalar
mivaffaqiyyatla tatbig olunur. Belalikla, tadris materiali Gzra sagirdlar arasinda siratlo va
vaxta qanaat etmakla sorgu aparmaq imkani yaranir.

9dabiyyat



17

1. “Azarbaycan Respublikasinda fasilasiz pedaqoji tahsil va muallim hazirliginin Konsepsiya
va Strategiyasinin tasdiq edilmasi hagqinda” Azarbaycan Respublikasi Nazirlar Kabinetinin
102Ne-li 25 iyun 2007-ci il tarixli garari.

2. Mammadzada R.H. Muallimin pega etikasi. Baki: Maarif, 1992, 112 s.

BURQERS TiPLi PARABOLIK TONLIKLSR SISTEMi USUN BiR TORS M3S9L2 HAQQINDA
Axundov 9dalat Yavuz oglu, Pasayev Nahid Calal oglu
Azarbaycan Respublikasi ETN Riyaziyyat ve Mexnika institutu, Lankaran Dévlat Universiteti
adalatakhund@gmail.com, umud-96@mail.ru

isdo Biirgers tipli parabolik tanliklar sisteminds namalum sag taraflarin tapilmasi
haqgginda tars masalaya baxilir. Namalum funksiya zaman dayisanindan asilidir ve onun
tapilmasi Ggln taklif oluan alava sart integral saklindadir. Baxilan masalanin yeganaliyi va
dayanaqligi haqginda teorem isbat olunmusdur.

{fk(t),uk(x,t),k:l,_m} funksiyalar citlerinin asagidaki sistemdan tapilmasi masalasina

baxilir:
Uy~ 300, = 1,08, 00, (1) € D= 0% (01] (1)
0,(%0) = 9, (%), X <[0]; 2)
Uy (0,1) =y (1), U (L 1) =y (1), 1 €[0, T], (3)
}uk(x,t)dx=hk(t),te[O,T], (4)
)

burada g, (X), @, (X), o, (1), (1), h, (t) —asagidaki sartlari 6dayan verilmis funksiyalardir:

A. gc(X) e C"‘[O,l],jgk(x)dx = Oy # 0,9, (X) e C**[0,1]; hy (1), g (1),

v (t) € C[0], ¢, (0) = Wi (0), 9 (1) = wi (0), @ € (0.1), T = const > 0.
Torif 1. {( f (t),u, (X,t)),k =1,_m} funksiyalar citlarine o zaman masala (1)-(4)-in
halli deyacayik ki: 1) f (t) e C*[0,T]; 2) u(x,t) e C>****%/2(D); 3) bu funksiyalar ciitlari

Ustin (1)-(4) miinasibatlari adi qaydada 6danilir.
(1)-(4) masalasi 6ziina ekvivalent olan (1), (2) (3) va

f, (1) = [hkt U, @, O+ &) “2(‘”)} /g c=im (5)

2 2

masalasina (masala M) gatirilarak arasdirilir.
iki komplekt ilkin verilanlar — {gk(-),(ok OR7ZMORZMON" ()},
{Ek(-),g_ok (-),1/_/0k (-),(,Zlk (-),Hk ),k :1,_m} tctin M masalasini uygun olaraq
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L, vo I, isaro edak. Farz edak ki, Iy va |, masalalerinin  uygun olaraq
(f ®,u (D), k=L m} v {(F, ©),ux(x,1),k =1, m| kimi hallari vardr.

Teorem. Farzedak ki: 1) {9y (), 9 ()W (). v . O}
{§k (~),(_ok (-),JOk (-),Jlk (), he (), k :L_m} ilkin verilanlari A sartlarini 6dayir;
2) 11 va |, masalalarinin torif 1 manada hallari vardir va bu haller
K, ={(f.u)| f(t) eC“[0,T]|f (®)| < ¢, t € [0, T, u(x,t) € CZ 2D, lul,Ju, | Ju| < €,
(x,1) e[_),cl,c2 =const > 0} , coxluguna daxildir.

Ondaela T (0<T <T) vardirki, (x,t)€[01]x[0,T"] qiymatlari ticiin masala (1)-

(4)-Gn halli yeganadir va dayanaqlig giymatlanmasi dogrudur:

0+t 110 < la-G(0, lo-aly ol -y -

burada ¢;>0, 11, 12 masalalarinin ilkin verilanlarindan ve K, g¢oxlugundan asili

Ju—l

sabitdir,

2

=) .
[, =sw >

1=0 k=1

~(

- 0)
qkf - qkt

20 74

(0] 2
- a-dly —sed

ISTILIYIN DAIRSViI LOVHODD YAYILMASI MOSOLOSININ ARASDIRILMASI
Babacanova Viisala Homza qizi, Qadirova Bilgeyis ilgar qizi
Sumaqyit Doviat Universiteti
Vusalall@gmail.com

Farz edak ki, radiusu R olan bircinsli dairavi |6vha qizdirilaraq, daira daxilinds u, >0
temperaturu yaradilmisdir. Dairanin konturunda isa temperatur sifra barabardir. Daira
daxilinda istiliyin yayilmasi prosesini arasdirag.

Baxilan masalanin halli riyazi olaraq polyar koordinat sisteminda simmetrik olduguna
gora

aug[,t):az(azggrz,t)+%aua(rr,t)] (1)
tanliyinin hallina gatirilir. Demali (1) tanliyinin

u(r,0)=u,, u(R,t)=0,
sartlarini 6dayan hallini tapmagq lazimdir. Tanliyi

0

F(p)=] f(tle™dt

0
Laplas gevirmasinin kémayi ila hall edacayik. 9gar Laplas ¢evirmasini (1) tanliyina tatbiq
etsak va baslangic sarti nazara alsaq,
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_ a%u(r,p) 1au(r,p)
_ — 2 ' - ’
pU(r, p) u0 a ( 8r2 +r 6'.-

tanliyini alarig. Burada G(r, p)kompleks dayisanli funksiyadir va u(r,t)-haqiqi dayisanli
funksiyasinin Laplas obrazidir. p-Laplas ¢evirmasinin parametridir. Sonuncu tanliyi

d%u(r,p) du(r,p) rp_ u
A L Rt

o]

saklinda yazmaq olar.
Tonliyi hall etssk va r=0 oldugda hallin mahdud oldugunu nazara alsaq, onu
asagidaki sakilda tayin edirik.

a(r, p)=CJ{§J+U—° (2)

Y

Demali baxilan masalanin hallinin surati (2) saklinda tayin olunur. Burada C -sabitdir va
sarhad gartindan tapilir. J,(z) -Bessel funksiyasidir.

9gar sarhad sartini (2) tanliyinds nazars alsaq,
uO

olar. C-nin bu giymatini (2) tenliyinds nazara alsaq, baxilan masalanin hallinin obrazi

) Jo[r\/B -
a(r, p)=%° 1——a (3)

{5

C=-

N—

olar. 9gar burada

2 2
avaz etsak If(p,r) - funksiyasi tg¢lin p=0, p= _a% (n =1, 2,3,...) noqtalari sada polyuslar

olar. Burada #, (n=1,2,3,...) adadlari J,(z) -Bessel funksiyasinin kéklaridir.

Cixiglar nazariyyasindan istifads edib If(p, r) funksiyasinin ¢ixiglarini hesablasaq,
Res F(p)=1,
p=

2exp[—|f]\]0[’u“rj

R

ResF(p)=
p=eI"S (p) :un‘]n(:un)

alarig. 9gar bu qgiymatlari (3) barabarliyinds nazars alsaq, baxilan masalanin hallini
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. ‘Jo(lLngr]eXp[_ ﬂi]

n=1 ;un“]n( n)

saklindas tayin edirik. Burada 1> = — a isara edilmisdir.
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SINQULYAR POTENSIALLI YARIM XOTTi ELLIPTIK TONLIYiN Z9iF HOLLININ VARLIGI
Bagirov Sirmayil Hasan oglu, Salimov Qiidrat Malik oglu
Baki Dovlat Universiteti
sh_badirov@yahoo.com, selimov.qudret1999@gmail.com

Mahdud D oblastinda asagidaki masalaya baxag.
C
—-AU -—2U = f(u), D

e &

U=0, xeoD

2
n>3 0<C, <(n7j vo f (z) hamar funksiyadir va 1< p<nL§ barabarsizliyini 6dayan p
n_

adadi l¢ln asagidaki giymatlandirmalar dogrudur.
1f(2)|<C(L+|7"), |f'(2)|<C(1+]""), C=const>0 (2)

F(z):=jf(s)ds isara etsak, qabul edacayik F(z) Ucln asagidaki sartlar odanilir.
0

EI;/<%, 0<a< A sabitlari var ki,

0<F(z2)<y-f(2)-z (3)
ala"™ <[F(2) < A2 )
Qeyd edak ki, goydugumuz sartlardan ¢ixir ki, f(0)=0. Asanligla gostara bilarik ki,

f(z):|z|pfl-z yuxaridaki sartlari 6dayir. (1) masalasinin hallinin tarifini verak. Bunun {¢lin

a(u;v):jVu-Vvdx—COJ'TX—';/dx skalyar hasilina baxag. a(u;u):||u||2 normasi ila C; (D)
D D

tamamlanmasindan  alinan  fazani H, ile isara edak. Malumdur ki,

v1£q<%, I—_Iéch(D).(l) masalasinin halli dedikda el u(x) e H; basa dusacayik ki,

Vo (x) e HI (D) Ugln
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Ju-vpdx—c,[ =3 dx = f(u)pdx
D D|X| D

inteqral eyniliyi 6danilsin.Mauntain Pass [1] teoremindan asagidaki teoremin dogrulugu
alinir.

2
Teorem: Tutaq ki,n>3, 0<C, <(n%2) va f(z) (2), (3) v (4) sertlarini 6dayir. Onda (1)

masalasinin heg¢ olmazsa bir zaif halli var.
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BUL COBRLORINDD QEYRi-SOLiS TOPOLOGIYA
Bayramov Sadi Andam oglu, Tamrazh Viisala Toamraz qizi
Baki Dovlat Universiteti
baysadi@gmail.com, vusaletamrazli@gmail.com

S Bul cabri olsun.
Torif1: 9gort: S — [0; 1]inikasi Gglin
HNt0) =7(1) =1
2)t(aAb) =2t(a)ATt(b),Ya,b € Sigln
3)t (Vieaa; ) = Nieat (a;) ,Va; € S ugln sartlari 6danirss, T — ya S lizarinda geyri-
salis topologiya, ( S; t) ikilisina isa Bul cabrinin geyri- salis topologiyasi deyilir.
Teorem 1: ( S; 7 ) Bul cabrinin geyri-salis topologiyasi olsun.OndaVr € (0; 1] Ggin
t,={a€S/t(a) = a}
ailasi S Gzarinda bir topologiyadir va bu topologiyalar azalandir.
Teorem 2: 9gor {7, }, € (0;1] S Uzarinds azalan topologiyadirsa , onda
t(a) =vV{r/a € t,}
S Gzarinda geyri-salis topologiyadir.
Tarif 2: (S; ) qgeyri-salis topologiya olsun.
a)f: S — [0; 1] ozaman T - nun bazisi adlanir ki, § asagidaki sarti 6dasin:
Va € S,t(a)=Vy,,p=alNicaB (b;)
b)p: S — [0; 1] ozaman t—nun alt bazasi adlanir ki,
P (a)= Ve bj=a Njey ®(b; ) vo ] sonlu coxlug oldugda ¢ : S — [0; 1] bir bazis olsun.
Teorem 3:9gar f: S — [0; 1]inikasi asagidaki sartlari ddayarss,
aJp(0) =p(1) =1
b)B(anb)=p(a) AB(b),V(a,b) €S
Ondatg(a) = VUjepj=a Njey B (b)) aeyri-salis topologiyadir va B, T g— nin bazisidir.

Teorem 4: ( S; 7 ) Bul cabrinin geyri-salis topologiyasi va S” € S Bul alt cabri olsun.
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t¢(a)= V{1 (b):a=b NS, (b)e€ES} disturuils verilan 7¢:S" — [0; 1] inikas
S’ Uzarinda geyri-salis topologiyadir.
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SOFT TOPOLOJi FOZALARIN SINQULYAR HOMOLOJi QRUPLARI
Bayramov Sadi ®©ndam oglu, Tomrazli Viisala Toamraz qizi
Baki Dovlat Universiteti
vusaletamrazli@gmail.com, baysadi@gmail.com

(X,z,E) soft topoloji faza, 1 =[01] va 1"- n — &l¢ild kub olsun. 1, kubu bir parametrli
soft faza kimi verak. Har bir (T,l//)i(|n,T|n,*)—)(X,T,E) soft kasilmaz inikasa n-— olguli
sinqulyar kub adi versk. Z tam adadlar grupu tgin C,((X,&,E), Z) ila sinqulyar n-
kublardan doguran sarbast Abel qrupunu gostarak.

A’ AT 5 1" inikaslarini
AP (X, Xy pees X3 )= (Xppees X gy 04 Xy ey X y)
A Xy, Xy ey X3 )= (Xpreees X oL 3 Xy X )
disturlarla versk. Onda &, :C,((X,7,E),Z)—C,,((X,E,E),Z) serhad operatorunu
0,(Tw)= Z?:l(—l)‘[Ail(T,l//)— A°(T,w)] diisturla tayin edak.
Lemmal: o, ,-0,=0
Teorem 1 : (X,7,E)={C,((X,7,E)Z).8,} qarsi galmasi soft topoloji fazalar
kateqgoriyasindan zancir komplekslar kateqgoriyasina gedan bir funktordur.
{Cn((X,r, E),Z),an} zancir kompleksin homoloji qrupunu Hn((X,r, E),Z) ila gostarak.

Teorem 2 : (X,7,E)—H, ((X,7,E),Z) qarsi galmasi soft topoloji fazalar kateqoriya-
sindan gruplar kateqgoriyasina gedan bir funktordur.

Tarif 4 : 9gar (F,¢) (x.,0)=(f,9)(x..(F.w) (x,1))=(9,9)x.) sortini 6dayan
(F,w):(X,z,E)x(1,7,,#)—(Y,z,E’) inikasi varsa, soft topoloji fazalarin
(f,@)(g,w):(X,7,E)>(Y,7,E’) kasilmaz inikaslari homotop adlanir.

Teorem 3 : 9gar (f,¢),(g,) homotopdursa, onda

(f.0). =(9.0) :H.(X,7.E) Z) > H (.7, E'), Z).
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Bayramov Sadi ondam oglu, Cabr va handasa kafedrasinin professoru, r.e.d.
Tomrazli Visala Tamraz qizi, Cabr va handasa kafedrsi, magistr

MUSBIT MUDYYDN MATRISIN 9N KiCiK MXSUSi 9DODININ ASAGIDAN
QiYMOTLONDIRILMSSI
Eyvazov Elsad Hatam oglu, Hasanova $ahana Sahin qizi
Baki Dévlat Universiteti, AR ETN Riyaziyyat va Mexanika institutu
eyvazovelshad@gmail.com, sehanehesenoval1999@gmail.com

Tutaq ki, A(x) = (aij(x))?jzl n Olgulld Evklid fazasinin har hansi bir G oblastinda

tayin olunmus misbat miayyan matrisdir, yani ona uygun kvadratik forma miusbat
muayyandir. Dayisan amsalli xtisusi toramali elliptik tip diferensial tanliklar Gglin goyulmus
sarhad masalalarinin hallinds bas hissaya uygun olan matrisin an kigik maxsusi adadinin
asagidan giymatlandirilmasi mihim shamiyyat kasb edir(bax, masalan,[1]). Bu isda misbat
miayyan A(x) matrisinin

AL x) = a,(x) — ap_ (DA + ap_, (X)A?—. .. +(=1D)" g, ()AL + (—1)™A"
xarakteristik ¢coxhadlisinin yalniz a,_;(x) va a,(x) amsallarindan istifads etmakls A(x)
matrisinin an kicik maxsusi adadi G¢lin asagidan giymatlandirma alinmisdir.

A.(x) ile A(4,x) coxhadlisiniin A;(x),A,(x),...,A,(x) koklarinin, yani  A(x)
matrisinin maxsusi adadlarinin an kisiyini isara edak. A(x) matrisinin misbat muiayyan
olmasindan sixir ki, onun maxsusi adadlari misbatdir. Onda Dekart teoremindan alinir ki,
A(A, x) ¢oxhadlisinin a,(x) , k = 1,2,...,n, amsallarinin hamisi misbatdir. Digar tarafdan
malumdur ki, (bax, masalen, [2, sah.153]) A(4,x) coxhadlisinin a; (x)(i = 1,2,...,n)
amsallart A(x) matrisinin i tartibli bas minorlarinin camina barabardir. Xtsusi halda

@y (X) = JAGO)| = A4 () 5 (x) * A3(x) .t A (2)
A1 (x) = A5(x) - A3(x) .- A (x) + A1(x) - Az (x) .- A, (x0)+... +
+21 () A3 (%) . Ay ()

Teorem. n dlciilii Evklid fazasinin har hansi bir G oblastinda tayin olunmus miisbat
miiayyan n tartibli miisbat miiayyan A(x) matrisinin an kicik maxsusi adadi A, (x) dgiin
A, (x) > an—(x)

Ap_1(x)
barabarsizliyi dogrudur.
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DUZBUCAQLI MEMBRANIN R9QSINIiN ARASDIRILMASI
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Eyvazh Giinel Miibariz qizi
Sumgayit Dovlat Universiteti
aliveva gunel93@mail.ru

Membran gevik sonsuz nazik |6vhadir. Burada gabul edirik ki, onun qalinhgi sabitdir va
bircins materialdan hazirlanmisdir. 9gar bu sartlar daxilinde membranin Oxy miustavisi ila

Ust-tsta disdiyini gabul etsak onun harakat tanliyini

2 2 2
0 u(x,zy,t)zaz 0 u(x,zy,t)Jr 0 u(x,zy,t) 4 yit) 1)
ot OX oy
saklinda tayin eda bilarik. Burada u(x,y,t)-yerdayisma, a’ _b dalganin yayilma siiratidir.
e,

f(x, y,t)-xarici tasir quivvasidir va malum hesab olunur.
(1) tanliyi membranin macburi rags tanliyidir. ogar f(x, y,t):O olsa, onda (1) tanliyi
2 2 2
d u(x,zy,t):é12 0 u(x,zy,t)+8 u(x,zy,t) 2)
ot ox oy

olar. Biz membranin sarbast raqgs tanliyinin hallini arasdiracagiq. Farz edak ki, membran

diizbucagh saklindadir va asagidaki sarhad sartlari 6danir:
u(x,y,t), o =0 ulx y,t),_, =0;
u(x, y,t)_, =0;u(x, y,t)|y:b =0

Bu sartlar membranin konturlarinin tarpanmaz baglanmasini gostarir. Burada a va b

(3)

sabit adadlardir voa membranin 6l¢llarini tayin edir.
Baslangic sort isa
au(x, y,0)

= =e(xy) (4)

u(x,y,0)= (%, y)

soklinda gabul edak.
Demali, baxilan masalanin halli (2) tanliyinin (3) sarhad va (4) baslangic sartlarini
odayan hallinin tapilmasina gatirilir.
Tanliya dayisanlarina ayirma tGsulunu tatbiq etsak, yani halli
u(x,y,t)=T()Z(x,y) (5)
soklinda axtarsaq, (2) tanliyindan

T"(t)+a?AT(t)=0 (6)
V"(x)+ 2V (x)=0 (7)
W"(y)+ W (y)=0 (8)

tanliklarini aliriq.
Demali masalani hall etmak Uglin (6) tanliyinin

T =23 Y Tt =2 (x.y) (9)

sartlarini 6dayan hallini tapmaq lazimdir.
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(7) tenliyinin V(x),_ =0;V(x) __ =0 sortlorini 6dayan hallini, (8) tanliyinin isa
W(y)|y:O :0;W(y)|y:b =0 sartlarini ddayan tanliyi tapiimalidir.

ovvalca Laplas gevirmasinin kdmay i ila (6) tanliyini hall edak. agar Laplasin integral
cevirmasini (6) tanliyina totbiq etsak va (9) sortlarini nazara alsaq, onda operator tanlik
asagidaki sakilda olar.

T(p)- pT(0)-T'(0)+a’T(p)=0
Buradan
f(p): p(”l(x’zy)"'(zpz()(’ y) (10)
p-+a‘i
alarig. 9gar Laplasin tars cevirmasini (10) barabarliyina tatbiq etsak, (9) tanliyinin hallini
T(t)=p,(x,y)cosav/ At + a(\/z )sm av/at (11)

saklinda tayin edirik. (7) va (8) tanliklarinin hallinin tapilmasi isa Liuvil-Strum masalasidir va
malumdur, yani Z(x, y):cn’m sin ?xsin%y saklinda tayin olunur. Onda baxilan masalanin

halli
u(x,y,t)= ii( Lcos /A at+B, sm\/_at)z (x,y)
n=1l m=1
saklinda tayin olunur.

2 2
Burada ¢, , = %; Ao :(?j +(?) isara edilmisdir.
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BiR SINiF DISKRET STURM-LiUVILL OPERATORUNUN SPEKTRi HAQQINDA
Eyvazh Giilli Sahil qizi
Baki Dovlat Universiteti
eyvaligullu194@gmail.com

Farz edak ki, A,,B, haqiqi giymatli ardicilliglardir va miiayyan N natural adadi tigiin
A.v=A >08B,, =8B, n=0x£1%2,...,

periodiklik sartini 6dayir. EZ(— oo,+oo) fazasinda

(Iy)n = an—l yn—l + bn yn + an yn+1

diferensial ifadasinin dogurdugu L operatoruna baxaq, bels ki, a, > 0,b, amsallari hagiqgi olub
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~+00

> {a, — A+, — B[} <o

N=—o0

sartini 6dayir. Qeyd edak ki, bu operator divergent formali Sturm-Liuvill operatorunun diskret
analoqudur. Taqdim olunan is L operatorunun spektrinin 6yranilmasina hasr olunmusdur. Qeyd
edak ki, a,=A,, b, =B, oldugda L operatorunun spektral xassalari [1], [2] islarinda tadqiq

edilmigdir.
o, =0, (1) va 6,=6,(1) il
Aﬂflynfl + Bn yn + A‘n yn+1 = )“yn ,N= O,il,iZ,...,

tanliyinin - @, =6, =0, ¢, =6, =1 sortlorini 6dayan hallorini isare edak. Tutaq ki,

A(A)= (DN“(/I); Oy (/1) Aydindir ki, A(1) funksiyasi A-ya nazaran N daracali coxhadlidir. A(1)

funksiyasina Hill diskriminanti deyilir. Malum oldugu kimi A? (/”L)—l coxhadlisinin koklari haqiqidir
va koklarin takrarlanma tartibi ikidean boyik ola bilmaz. Bundan basqa Az(l)—l coxhadlisinin
koklari 4, <A, <A, <A, <...< Ay, £ Any <Ay $2klinda némralana bilar( bax [1]-[3]).

Teorem. L operatorunun kasilmaz spektri o, = [Azpl,/lzr], r=1...,N pargalarini doldurur.
Kasilmaz spektrin kanarinda L operatorunun yalniz sonlu sayda maxsusi adadi ola bilar. Bu maxsusi

adadlar sada va haqiqidir.
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RIYAZIYYATIN TODRISINDD INNOVATIV METODLAR VO TEXNOLOGIYALAR
obdiirahimli Giilsan Habil qizi
Qarbi Kaspi Universiteti
gulsen2018111@gmail.com

Riyaziyyatin tadrisinda informatika ila inteqgrasiya muvafig standartlara asaslanir. Har
iki fannin mazmun xatlarinin talim naticalarini aks etdiran asas standartlar, alt- standartlarin
mahiyyatine  uygun  bilik ve faaliyyat mduallim {l¢lin  anlasigh  olmahdir.
“Informasiya texnologiyalar”” dedikds, elektron resurslar vasitasi ils toplaniimis
informasiyalarin emali, taqdimati va informasiyadan istifads Usul va vasitalari, proseslari
nazarda tutulur. Muallim fannin tadrisinde adaptasiya, interaktiv, fardi prinsiplardan

garsihigli alagada istifada etmalidir.

Adaptasiya prinsipi murakkabliyi, shata dairasi va mazmunu ayani vasaitlarls, tadris
materialini farglandirmakla miuxtalif saviyyalards hayata kecirilmasidir. Bu prosesda
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interaktiv metodlarin tatbigi mihim shamiyyat kasb edir. “interaktiv”’ sdzii mahiyyatca
pedaqoji prosesin son darace dinamik faallasdirilmasina yonalir va darsin bitiln
marhalalarinda hayata kegirilmalidir. interaktiv talima tadrisin va idrak faaliyyatinin taskili
va idara olunmasi metodlarinin macmusu kimi baxmagq olar. interaktiv talim ticiin asagidaki
cohatlar saciyyavidir: musallim tarafinden slurlu suratda (iradi olaraq) idraki problem
situasiyasinin yaradilmasi; problemin halli prosesinda talabalarin faal tadqgigatgi mévgeyinin
stimullasdiriimasi; talabalar Ggln yeni va zaruri olan biliklarin mustaqil kasfi, alda edilmasi
va manimsanilmasi G¢ln saraitin yaradilmasi.

Yeni yanasmanin mahiyyati ondadir ki, talim talabalarin yaddasinin takca yeni elmi
biliklarla (informasiya ila) zanginlasdirilmasina deyil, ham da tafakkiiriin miintazam inkisaf
etdirilmasi asasinda daha c¢ox biliklarin mustaqil alde edilmasi vo manimsanilmasi, an
muhUm bacariq va vardislarinin, saxsi keyfiyyat va qabiliyyatlarin gazanilmasina yonalib. Bu
zaman talabalar muallimin rahbarliyi altinda xisusi secilmis, asan basa dusilan ve
yaddagalan, an vacib talim materialinin dyranilmasi prosesinda fakt ve hadisalarin sabab-
natice alagalarini, ganunauygunluglarini askar etmayi, natica ¢ixartmagi, mihim va darin
Umumilasdirmalar aparmagi dyranirlar.

interaktiv talim metodunun tadris prosesina daxil edilmasi talabalarin passivliyinin
aradan galdiriilmasina, lazim olan tafakkiir xlsusiyyatlarinin,yaradiciligin formalasdiriimasi
va talim keyfiyyatinin yiiksaldilmasine sorait yaradir. interaktiv talim prosesinda
oyrananin movqeyi — “kasf edan”, “tadgigatcl”, “arasdirici’” movqeyidir, o, glcl c¢atdig
masala va problemlarla lzlasarkan bunlari mistaqil tadgigat prosesinda hall edir. Talabalar
talim prosesinda passiv dinlayici deyil, faal dislinan, danisan, fikir soylayan, minasibat
bildiron bir subyekt, talim prosesinin tamhiquqlu istirakgisi, tadqigatcisi kimi ¢ixis edir,
biliklari faal axtaris 'C) kasflar prosesinda manimsayirlar.
Muallimin movgeyi - fasilitator (“baladci”, “aparici”) daha ¢ox istigamatverici
movgeyindadir. O, problemli vaziyyatlori planh va istigamatlanmis suratds taskil edir,
talabalar garsisinda tadqigat masalalarinin meydana ¢ixmasina sarait yaradir va onlarin
hallina metodiki kdmak gostarir.

Riyaziyyat darslarinda iKT-dan istifads motivasiyani artirir, vaxta ganasat edilir, bilik va
bacariglarin hartarafli manimsanilmasi faallasdirilir. informasiya texnologiyalarindan
darslarda istifadanin  muxtalif novlari vardir: dars-miihazirs; dars hazirlanmasi va
problemlarin halli; yeni materialin darsa tatbiqi; inteqrativ darslar va s.

Fikrimca, miayyan bilik va bacariq taleab edan yeni anlayislar, nimayis modellari
kimi Mathlab, Matematik, Texnolojik, Ceo-cebra, Wolfhram saytlari muasir tahsil
standartlarina tam uygundur. Bu tadris metodlari - malumat va gabul, reproduktiv, problem,
arasdirma neca Oyranmak prosesina imkan verir. Bu saytlarin imkanlarindan talabalar
suallara cavab tapmagq, Umumilasdirmak va biliklarini sistemlasdirmak, yiksak akademik
gabiliyyat, mixtalif idrak va dislinca tarzini genislandirmak, biliklarini darinlasdirmak lg¢lin
istifada edirlar.
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Riyaziyyatda iKT-don istifads tacriibasi an effektiv tsul hesab edils bilar. Eyni
kompiter sinfindon istifads, multimedia alstlari ilo taskil olunan interaktiv darslar
samaraliliyi dafalarla artirir, tahsilalan yalniz bir passiv tamasaci va ya dinlayici olmur, o, faal
talim prosesina calb olunur.
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Riyaziyyat tohsili sagirdlarin riyazi bacariglarini glclandirmak, hamcinin analitik
tafakklir, problem hall etmak va tanqidi disinma bacariglarini inkisaf etdirmak magsadi
dasiyir. Bununla bels, passiv 6yranma yanasmasi sagirdlarin riyaziyyat anlayislarini adekvat
basa dismasine mane ola bilar. Ona goéro da riyaziyyat tahsilinda sagirdlarin faal zehni
foaliyyata coalb edilmasi vacibdir. Faal zehni faaliyyat sagirdlorin riyazi tofakkir
bacariglarindan istifade etmalarini, 6z biliklarini qurmalarini va riyazi anlayislari manal
sokilda tatbig etmalarini nazarda tutur. Sagirdlarin riyaziyyatla garsiligh alagads olmasi va
0z O0yranma prosesinda faal istirak etmasi onlara daha darindan basa dismak va davamli
bilik alde etmaya komak edir. Bu maqgsadla riyaziyyat tadrisinde miixtalif tGsullardan istifads
eda bilarlar. Biz arasdirmamizda asagidaki tsullarla haqqinda atrafli malumat veracayik:

Problem asaslh dyranma sagirdlara riyaziyyat kimi micarrad movzulari real dinya
problemlarina baglamaga komak etmak lclin effektiv Gsuldur. Bu yanasma sagirdlara riyazi
movzulari daha yaxsi basa diismaya va tatbiq etmaya kdmak edas bilar. Bu yanasmani tatbiq
etmakla muallimlar sagirdlara asagidaki yollarla kdmak eda bilarlar:

1. Talim prosesinda sagirdlarin garsilarina ¢ixan problemi tahlil etmak va riyazi
bacariglarindan istifade edarak hall etmak imkani vermakls, onlar konkret
kontekstda miicarrad anlayislari 6yrana bilarlar.

2. Sagirdlara takca problemlari hall etmak deyil, ham da naticalari tahlil etmak va
sarh etmak bacariglarini inkisaf etdirmak sansi vermak vacibdir. Bu, tanqidi
diisinma gabiliyyatini gliclandira bilar.

3. Real problemlari hall etmakla riyazi mévzulari 6yranmak sagirdlara bu moévzularin
praktikada neca istifada oluna bilacayini anlamaga kdmak eda bilar. Bu, onlarin
motivasiyasini artirir,onlari zehni faaliyyata calb edir.
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Bu yollarla problem asasli dyranma sagirdlarin riyaziyyati va digar fanlari daha
darindan dark etmalarina va bu bacariglardan glindalik hayatlarinda istifads etmalarina
komak edan effektiv talim yanasmasidir.

Sagird bir anlayisi basqgalarina éyratmaya calisdiqgda, onu daha yaxsi basa diismak va
aydinlasdirmaq imkani alds edir. Bu, onlarin riyaziyyati daha darindan gavramasina komak
eda bilar. Sagirdlarin linsiyyat bacariglarini inkisaf etdirmaya komak edir. Riyazi fikirlarin
izahi va muizakirasi sagirdlarin 6zlinl daha yaxsi ifada etmasina sarait yaradir.

Sagirdlara acgiqg suallar vermak onlarin riyazi tafakkirini inkisaf etdirir. Bu, sagirdlara
yalniz bir naticaya deyil, mixtalif vasitalorle alda edils bilan naticalara diggat yetirmaya
imkan verir. Bu, sagirdlara riyaziyyata bir sira gaydalarin yadda saxlanmali oldugu bir fann
kimi deyil, mantiqi tafakkilir prosesi kimi perspektiv inkisaf etdirmaya komak edir.

Bundan alava, acgiq suallar sagirdlara problem hall etma bacariglarini takmillasdirmak
imkani verir. Problemlari hall etmak lGg¢lin muxtalif strategiyalarin islanib hazirlanmasini va
tatbiqini taleb edir. Bu, sagirdlara tangidi disiinma va analitik bacariglar verir. Riyazi
masalalarin halli zamani yaradici olmaq sagirdlarin riyazi tafakkiir bacariglarini daha genis
konteksta gatirir va bu bacariglarin digar sahalara tatbigini asanlasdirir. Bununla bels, sual-
cavab texnikasindan istifade edarkan diqqgatli tarazlig talsb olunur. 9@gar suallar ¢cox ¢atin
olarsa va ya talabalarin biliyi az oldugundan cavab verila bilmirsa, sagirdlarin motivasiyasi
azala bilar. Ona gora do muallimlar sagirdlarin saviyyalarina uygun suallar vermaya digqgat
etmali va lazim galdikda onlara rahbarlik etmalidirlar.

Sagirdlara ragamlar, naxislar, handasa va problem halli ila bagl asas anlayislari
oyradir, eyni zamanda sagirdlara bu anlayislari konkret sakilde yasamaga imkan verir.
Masalan, riyaziyyat oyunu sagirdlara alava va ya ¢ixmagi 6yranarkan bu amaliyyatlari hayata
kecirmak imkani taklif eda bilar. Riyaziyyat oyunlari ham da amakdaslg va Unsiyyat
bacariglarini inkisaf etdirmak Ugln bir yoldur. Sagirdlar qruplarda va ya ragabatli oyunlarda
oynadigda, problem hall etma bacariglarini bélismak va basqgalari ila garsiligh alags qurmagq
imkani alds edirlar. Bu, riyaziyyat darslarini daha sosial tacriibaya cevirir. Bundan alavas,
riyaziyyat oyunlar sagirdlara sshv etmak imkani verir va onlari bu sahvlardan dyranmaya
tasviq edir. Sahvlar 6yranmanin tabii bir hissasidir va riyaziyyat oyunlari sagirdlara bu
sahvlari etmak va sonra onlari dizaltmak imkani verir. Bu, onlarin 6ziina inamini artira va
riyaziyyatla daha misbat miinasibat qurmaga komak eda bilar [4, s. 9].

Riyaziyyat taliminda sagirdlarin faal zehni faaliyyata calb olunmasinda calisma
hallinin rolu béyutkdur
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Muasir riyaziyyat taliminda dyranma va Oyratma vasitasi olan, muxtalif funksiyalar
icra edan masala hallinin riyaziyyat taliminda rolu boyukdir. Masalanin tahsil funksiyasi
sagirdlarda riyazi bilik, bacariq va vardislar sisteminin formalasmasina xidmat edir. Masala
halli sagirdlarda riyazi tafakkiiriin inkisafina kdmak edir. Darsin asas didaktik magsadlarina
uygun olaraq sistemli sakilde secilmis masala riyazi anlayislarin sagirdler tarafindan
mikammal manimsamalarina kdmak edir. Qeyd edak ki, bela masalalar sistemini se¢arkan
masalalar sadedan mirakkaba dogru secilmalidir. Mixtalif Gsullarla hall oluna bilan masals
sagirdlarin faal zehni faaliyyata calb olunmasinda va sagirdlarin mistaqilliys nail olmalarinda
cox ciddi vasitadir.

Talim prosesinda sagirdlarin mustaqilliyi onlarin faaliyyatinin ali formasidir. Talim
prosesinda sagird faalliginin tamin olunmasi onlarin mistaqilliya nail olmalarindan cox
asthdir. Bu isa sagirdin riyazi tafakklriinln asasini taskil edir. Bilirik ki, har bir masala bir ¢cox
pedoqoji, didaktik va talim magsadlari G¢lin nazarda tutulur.

Handasanin tadrisi prosesinda handasa masalalarinin hallinin handasi fiqurlarin
xassalarinin  dyranilmasinda boylk rolu var. Handasa masalalarinin halli sagirdlards
mustaqillik, 6yranmaya maraq ve mixtalif zehni faaliyyat formalari yaradir. Handasa
masalalarinin halli sagirdlarin mantigi midhakimasinin formalasmasina ciddi tasir gostarir.
Handasa masalalari sagirdlarin dyrandiklari nazari materialin daha sturlu manimsamalarina
komak etmaklea barabar onlarin faza tasavvirini inkisaf etdirir. Bunun naticasinda
sagirdlarin tadris-idrak faaliyyati faallasir.

RIYAZIYYAT TOLIMi PROSSESINDD SAGIRDLORIN iDRAK
FOALLIGININ FORMALASMASINDA CALISMA HOLLININ SHOMIYYSTi
ofandi Sadaddin Nasraddin oglu, Memmadova Sevinc Murad qizi
Baki Dovlat Universiteti
effendi _sadeddin@mail.ru

Muallim va sagirdlarin birga faaliyyat formasi olan mistaqil islari yerina yetirarkan
sagirdlar gazandiglari bilik, bacarig va vardislar lzarinda faal amaliyyat aparir, axtarir
foaliyyati tamamlayir. Bunun naticasi olaraq bu clr mistaqil faaliyyatda sagirdin
mustaqilliyi, faallig1 artir va moéhkamlanir. Bu sababdan sagirdds yliksak saviyyali sturlulug
yaranir. Siurlu manimsama zamani biliklarin 6yranilmasi va tatbigina yaradici minasibat
formalasir. Eyni zamanda sagirdlarin mantiqgi tafakklrl formalasir. Riyaziyyat tadrisinda
sagirdlarin ¢alisma hall etmalarinin shamiyyati olduqca bdylkdir. Bu islar talimda
sagirdlarin idrak faalligini artirir, manimsamanin va biliyin stiurlu gazanilmasina, sagirdlarin
mantiqi mihakima ylritmasina ciddi tasir edir. Har bir sagirdin sarbast islama vardislarinin
keyfiyyatini artirir.
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Aydindir ki, sagirdlarin hall etdiklari ¢galisma hallari zamani yaxsi natica verir ki, bunlar
program movzularinin dyranilmasi ilo six alagada yerina yetirilsin. Talim prosesinda hall
edilan ¢alismalar sagirdlarin gliciina uygun olmalidir. Tapsiriglarin ¢atinlik daracasi tadrican
artirilmalidir.

Talim prosesinda ¢alismalarin  ¢atinliklarinin  tadricon artirilmasi  sagirdlarda
calismalari yerina yetirma bacarigini artirir.

9qli gorginlik va iradi sayle xarakteriza olunan sagirdlarin talimda idrak faalhgi
biliklarin alds olunmasi naticasinda yaranir. Talim prosesinda sagirdlarin agli faallg
anlayislarin formalasdirilmasinda xtisusi rol oynayir. Sagirdlarin faalliq va sturlulugunun ali
formasi idraki mustaqillikdir. Ona gora da talimda slurlulug va faalligin hayata kecirilmasi
sagirdlarda asas soxsi keyfiyyat sayilan idrak mustaqilliyi formalasdirir.

Qeyd edak ki, idraki mustaqilliyi formalasdirmag Ugln ¢alisma hallinin shamiyyati

boyukddr.

C, ARDICILLIQLAR FOZASINDA T9SiR EDON DORD BONDLI
OPERATOR - MATRISIN SPEKTRININ T9DQiQi
©hmadov 9li Mustafa oglu, Bagirova Ramziyya Sahin qizi
Baki Dovlat Universiteti
ali.akhmedov@rambler.ru, bashirova remziyye@mail.ru

Malumdur ki, sonsuz farq operator-matrisin spektral xassalarinin dyranilmasi bir ¢ox
riyaziyyat va tabiat masalalarinin hallinde mihim rol oynayir. Masalalardan asili olaraq farq
1 00 0 ..]|

-1 100

matrisin dogurdugu operator [1] kifayat gadar dyranilmisdir. Qeyd edak ki, ¢, - sifira yigilan
A|=2.

adadi ardicilhglarin dogurdugu Banax fazasidir, 4:c, — ¢, mahduddur,
Eyni zamanda A operatorunun spektri
o(4)={1:2eC; |21-1 <1

soklindadir.
Bu isda bu naticanin bir imumilasmasi dyranilir. Asagidaki operator-matrisa baxaq:
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v(r,stu=0 0 r s t u 0

Forz edak ki, r,s,t va u Umumiyyatla kompleks kamiyyatlar olmagla eyni zamanda 0
deyildirlar.

Asagidaki naticalar alinmisdir:

Teorem 1. V(r,s,t,u):c, — ¢, mahduddur va

(e = ¢+ -+
Teorem 2. V(r,s,t,u) operator-matrisin spektri Gglin asagidaki ifads dogrudur:
oV (r,s,tu))={1: 21eC; [A—r| <|s|+[t|+|u[}

Alinan naticalar [1]- [3] islarindaki naticalarin imumilasmasidir.
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UMUMILDSMIiS SURUSMD HALINDA BUKM® TiPLI
OPERATORLAR UCUN iKiCOKiLi QiYMOTLONDIRMILIR
9kbarov Asim 9lasgar Oglu
Baki Dovlat Universiteti
asimakbarov@mail.ru

Tutaq ki, R,- n ol¢ult Evklid fizasidir. (n>1)
Ris :{(xl, Xons Xe1s Xmszs Xeg ) € R

r0mo Pm+l m+2 'm+3

X, >0,x_,>0X >O},

m+3 * 'm+l 1 'm+2 1 *'m+3

T
y _ ’ ’ 2 2
T U(X) _CVJ.J‘J-U(X -y ’\/Xm+l_2Xm+l' ym+l'Cosam+l+ ym+1’
000

2 2 2 2
\/Xm+2 - 2Xm+2 “Ymi2 COSAn + Yo '\/Xm+3 - 2Xm+3 Y " COS Ay 3+ Yins )
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2V, -1
m+1

2 -1 2 -1
‘m2 = singt ™ da. . -da

xSIin ¢, -SINn am+2 m+3 m+1 ’ d am+3

m+2

iss Umumilasmis siiriisma operatorudur, burada

X= (X' X0 Xz Xz )oY = (V' Yimias Yinezs Ymia ) X0 Y € R™ V> 0.V, > 0,V > 0,6, >0 -
sabitdir.

Farz edak ki,

Rm+33

L, (a;,an+33)_{u olg||u||L "= I (Ju()|e(]x )) d,u(x)<+oo},

m+3 d i i :L_rn
burada 1< p <oco,du(x Hdﬂ (%)= {y)z(lvid:( i—m+Lm+3

S.K.Abdullayevin islarina asasan K, ( p, q),v >0,1< p<qg<oo sinfini tayin edak.

1< p<qg<o tgun K,(p,q) sinfi L,,-dan L, fazasina mahdud tasir edan

df
(Au)(x)= | K(y)Tu(x)-yoi Yo - yozedly
Rnsaa
saklinda inteqgral operatorlar sinifidir, burada
‘K(y)‘3c~|y|7(m+3+2‘v‘7“),y;éo,a (m+3+2|v|)[%—§}

Qeyd edak ki, p=q Gglin K (p,q) sinfi Riss vo Bessel potensiallarini, p=q olduqda isa

Vp J. m+3+2M|: Sf ):Iyri\ﬂl ymﬁ-mZ2 ym+m33dy

m+33

saklinda sinqulyar inteqral operatorlan 0zlinda saxlayir, burada

=2 =
ly'

ilo asagidaki sartlori 6dayan (a) col) soklinda musbat

+V

m+2

+V

m+1 m+3*

l<p<g<oo, a20,i=1m+3 o,

q,i

funksiyalar citlint isara edak:

sup{f{fiﬁwl(cf)} df] -Mﬁag’lw(:)} Z <=

t>0 t

tf ar o Tl a PTG
stug){[[gg p'a)l(f)] d?ﬂ !f{é p'w(f)] d?f <o,

2v,, m+1,m+3
0, i=1m
Teorem. Tutaq ki, AcK,(p,q),1<p<g<o, >0 va o (t), o(t) funksiyalar (0,0)-da

burada p'=p/p-1 4 :{

misbat funksiyalardir. 9gar
1) 3c>0 Vte(0,0) sup @y (7)<cinf o(7);

t<r<8t ter<st
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2) (0,0)€w,

p.q,i

olarsa, onda VueL,,(@,R},,,) lgiin Auel,, (@R ;) vo

[ (A9l } | J st <x>]:

m33 m33

barabarsizliyi dogrudur, buradan C-sabiti U -dan asili deyil.
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dliyev Aydin Yunus oglu, Hasanova Xanimnaz Viiqar qizi
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Tutaq ki, D=[0,1] R baxdiginiz oblastdir. Q{(t,x) | 0<t<T,xeD} oblastinda asagidaki tanliya
baxaq:

. L4 a(aup) f(t,x),V(t,x) € Qr (1)

burada u(t,x) va f(t,x) . Qs-dan olan kifayat gadar hamar funksyalardir.
Machul p(t,x) funksiyasi biitiin D oblastinda zamanin baslangic aninda malumdur.

P(O, X) = pinit (X)thE[O! T] (2)
va x=0 halinda zamanin ixtiyari taminda Q
p(t,0) = pin(t),VtelO,T] (3)

Q1 —da te=kt,x;=ih diiyiin néqtalari coxlugu ila miintazam sabaka quraq ,burada h=1/N ils

(N>2) faza dayisani tzra ,,7=T/k ila isa (k<1) zaman Uzra sabaka addimlarini isars edirik.

(2)-(3) masalasinin hallini sabakanin (t,,x;) diyln négtalarinda tayin olunmus ph diskret
funksiyasi saklinda axtaracagiq.(3) sartina asasan p funksiyasi zamanin baslangic aninda
sabakanin bitiin diyln ndgtalarinde malumdur.9dadi sxemin qurulmasi lglin farz edacayik
ki, t=t,., halinda ph adadi halli malumdur va axtarilan funksiyanin zaman Uzra k-ci laydaki
giymatini hesablamagq talab olunur.

Burada sabakanin x; (i=1,....,N-1) daxili diylin noqgtalarinda adadi hallin yarilagranj Gsulu
ila qurulmasi inteqral eyniliya asaslanir.

Teorem: 9gar p masalanin kifayat gadar hamar hallidirsa,onda

Jo P(tX)dx=[, p(tiax)dx+ ft‘z‘_l f, ft,x)dxdt +1(Q) (4)


mailto:aydin_aliyev66@mail.ru
mailto:nazhsnova@gmail.com

35
Burada Q cR, t, layindaki parga ,QCR isa t,_; layindaki pargadir.
Q)= [ u(t,0)pin(t,0)dt(Qin# @) serhad lizrs inteqraldir.
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ELASTIKI MUHITLORD® UZUNUNA V3 ENIND DALGALAR HAQQINDA
dliyev Al Bakir oglu, Rahimova Kamala Razim qizi, Malikova Sevinc Abdulal qizi
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Xatti — elastik muhitlards heyacanlanmalarin yayilma masalasina baxaq. Xarici hacmi
glvvalarin heyacanlamasini nazara almayan, xattilagmis harakat tanliklarini x,y,z oxlari tizra
proyeksiyalarda yazaq:

oe o%u oe 0w
A+G) —+G AU=p—, (A+G) —=4+G AW=
( ) OX p@t2 ( ) 0z p8t2

(1)
Burada Ava G Lame amsallaridir.
Tutaq ki, deformasiya zamani hissaciklarin firlanmasi bag vermir : o, =, =®,=0. Onda

muhitin istanilan elementinin firlanmasi Gglin malum
1, 0w odv 1, 0du 1,6 ov
o, =2 (2 -2) 0 -—(—-—X) -—(—-—) (2)

ifadalarindan aliriqg ki,

Ela bir ¢ funksiyasi gotiirak ki,

0 (2) minasibatlarini 6demir. (4) avazlamasinin kdmayi ila (1) sistemini asagidaki sakla
gotirak.

o°u
A+2G) Au=p 22
( ) P o
2
(A+2G) Ag= th

2
(A+2G)Aw=pf;t‘2fv
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Bu tanliklarla tasvir olunan dalgalar mexanikada burulgansiz va ya hacmi dalgalar adlanir.

ARTAN POTENSIALLI SREDINGER TONLIYiiN YOST TiPLi HOLLORI
oliyev Murad Saxavat oglu
Baki Dovlat Universiteti
mliyev008@gmail.com

Asagidaki tanliya baxaq:
—y"+Q(x)y +a(x)y =y, —0 <X <0 (1)
burada A spektral parametrdir,
—x%,x<0
X = 7
Q) { X, x>0

q(x) isa haqigi giymatli funksiya olub

0

I(1+|x|)ezxz|q(x)|dx +I(1+|x|)q(x]dx+ <o, (2)

—o0
1

sartini 6dayir. Tutaq ki, f’(x,4)=7z2Ai(x—1), burada Ai(x) birinci név Eyri funksiasidir(bax

[1]). Hamginin f°(x,4)=D,, 1(—\/§e_l‘7‘[xJ funksiyasini daxil edak, burada D,(z) Veber
2 2
funksiyadir(bax [1]]). (1) tanliyinin
f.(x,2)= £2(x, A )L+ 0(1)] x = +o0
sartlarini 6dayan hallarina Yost tipli hallar deyilir. T\gdim olunan isda Yost tipli hallarin
varligi isbat olunur va onlarin inteqral gostarilislari tapilir. Qeyd edak ki, oxsar masalalar
Q(x)= x olduqda [2], [3]] islerinda, birinciQ(x)=—x? olduqda isa [4] isinda baxilmisdir.

Asagidaki funksiyalari daxil edak:

o0 0

o ()= [l + Q) 1ot o ()= [ 01,

X X

o (%)= [la)+ Q)+ £2Jdt, o7 ()= [0 (E)t.

Teorem. dgar q(x) funksiyasi (2) sartini 6dayarsa, onda (1) tanliyinin Yost tipli hallari

var, yeganadir va asagidaki kimi gostarila bilar:
f(x2)= £2(x, )+ [K*(xt) £2(t, A)dt,

burada Ki(x,t) ntivalari kasilmaz funksiyalardir va asagidaki miinasibatlari 6dayir:

. 1 L X+t a5
‘Kf(x,tXSEO'a(T)e 2 ,
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E, -D© MiNIMAL SOTHLOR V3 BU SOTHLORLD 9LAQSLI B9Zi MOSOLILOR

dliyev Nacaf Yaqub oglu, Mammadli Turana Ruslan qizi
Baki Dovlat Universiteti
mmmdlituran8@gmail.com

Forz edak ki, ¢ olgult Evklid fazasi E,-da iki 6l¢ili stathi verilmisdir. Umumi
halda,bu sath iki haqigi arqumentdan asili i¢ haqiqi funksiya vasitasila verilir.Bunun Ggln
bizo fazanin 0 noqtasina R tarpanmaz reperina gatirak:

R={0,e,e,.€,}.
Bu halda sathin vektorial tanliyi asagidaki kimi olacaq:
r(u,v) = x(u,v)i+yu,v) j+z(u,v)k.

x(u,v), y(u,v), z(u,v) (1)
sathin tanliklari olacaqdir. Bu sathin lzarinde metrik masalalari hall etmak lgln sathin
metrik formasi adlanan bir forma daxil etmak lazimdir .

dr? = g, du’® + 2,dudv+ g,,dv?
L dyrisi boyunca sathin bu metrik formasi agsagidaki kimi manaya malikdir :
dr? =ds?,
ds® = £4,,du” + 2u,,dudv+ z,,dv>.
Sathin koordinat xatlari asagidaki qayda ila tayin edilir. u(v=0) oldugda u xatti
boyunca sathin birinci kvadratik formasi asagidaki kimi olacaq:
dr? = g, du’.
v(u=0) olduqda v xatti boyunca sathin birinci kvadratik formasi asagidaki kimi olacaq:
dr? = u,,dv?.

Sathin ikinci kvadratik formasi dedikda isa biz bela bir kvadratik forma basa disuiriik :
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@ =bh,,du® + 2b,,dudv+b,,dv’.

Sathin birinci kvadratik formasi hamisa misbat miuayyandir.Ancag bunu ikinci
kvadratik forma Ug¢ln demak olmaz.Ssthin birinci va ikinci kvadratik formadan istifada
edarak sath Uzarinda 2 ayrilik tapmaq olar :sathin tam ayriliyi,sathin orta ayriliyi.

Tam ayrilik :
— b11b22 _b122
511522_5122
Orta ayrilik:
6y by| |by 6,
+
:1521 by by 2
2 511522_5122 '

Orta ayriliyi 0 olan sathlar minimal sathlar adlanir. §,,6,,—55 hamisa 0-dan boyukddr,

¢linki saha ifada edir.
511 blZ bll 512

521 b22 b21 522
011Dy — Oy, +1,6,, —1,0,; =0 bu sart Gmumi halda v, sathinin minimalliq sartidir.Muxtalif
tip sobakalar dasiyan sathlar Ugln bu sort sadalasir.9gar sathin koordinat xatlari
ortoqonaldirsa,onda 4, =0 olarsa, J,,b,, —b,,0,, =0 olar.Digar tarsfdan agar koordinat
sobakasi gosma sobakadirss, onda b, =0 olarsa, o,,b,, +b,,5,, =0 olar.Belslikls,biz bels bir
naticaya galirik.Ham ortoqonal sabaks,ham da qosma sabaks dasiyan V, sathinin minimal

sath olmasi ti¢lin sathin birinci va ikinci formanin amsallari asagidaki sarti ddamalidir :
511b22 + b22511 =0.
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isda Kosi-Riman tanliyi liciin bir ssrhad masalasi nazardan kegirilir. Baxilan tanliyin
fundamental hallindan istifada etmakla masalanin halli arasdirilir[1].

Asagidaki masalaya baxaq:

ou(x) i ou(x)

ox ox, =0 x=(x,%), X eR, x,€(0)), (1)
u(x,;,0) +u(-x,,) =e(x,), x €R, (2)
lim u(x)=lm u(x), x,e [01], (3)
(1) tanliyinin fundamental halli asagidaki kimidir [2]:
1
U(X_f)_272_()(2_52_”()(1_51))' (4)
9sas munasibat:
D

if u(x 1) +if u(x,,0) o - ‘i(f),ée : 5

2”R1_§2+i(x1_§1) 2”R§2_i(x1_§1) —U(ﬁf) cedD,

Zoaruri sartlar:

1 u(xl,l) u(xl,O)

u(g0) le(X j o
u- xl,l) u(xl,0>

u(= 511)—_'[ _[1 I(X _51 X

Requlyarizasiya:

u(E0) +u(-£D = - j“(xlo)“‘; 4y + 2 j%am
U(Xlio) 1 §D(X) u(x,1)
J.1 i(x, — B J. _51 Xt Il+|(x —51 X + (7)
J’ U(Xlio)
2 1-i(x, —51 &

Alinan (7) requlyar ifadasinin sol tarafi verilmis sarhad sartinin sol tarafi ilo Ust-listo
disdiyindan (2) va (7) ifadalari fredholmluq Gglin kafi sart vermir. Sebab Karleman sartinin
odanilmamasidir. Onun Gglin alava sart vermaliyik
u(x,0)=¢,(x), X, €R, (8)
Onda (7) dan alariq
k() =o(-x)-0(-x), xR, (9)
(8) va (9)-u (5) asas minasibatlarinda nazara almaqla (2)-(3), (8)-in hallini
J‘(D( X) (pl( X) J‘ ¢1(X1)
1 §2+|(X _51) 2r 52 i(Xl_gl)

dx, + — dx, (10)

saklinda almis oluruq.
Teorem. 9gar @(X,) va ¢ (x) kasilmaz funksiyalardirsa, onda (1)-(3), (8) masalasinin

halli (10) saklinda verilir.
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Bir sira cabri masalalarin (tanliklarin, barabarsizliklarin, tanliklar va barabarsizliklar
sistemlarinin, funksiyanin an boylik ve an kicik giymatlarinin tapilmasinin, parametr daxil
olan tanlik va barabarsizliklarin va s.) handasi interpretasiyalari ashamiyyatli daracada
sartlarin (verilanlarin) analizini asanlasdirir, onlarin hallina “agar” verir. Bela masalalarin
halli zamani masala cabri dildan (“dUsturlar dilindan”) handasi dile (“masafaler dilina”)
kecirilir ki, bu daha effektiv olur [1].

Bazi barabarsizliklarin hallinda vektorial yanasma ugurlu olur. Masalan,

XX+ 2 + 44X +22V9x? + x+2-/x+18
barabarsizliyin sol terafinds a(3X;+/X + 2) va b(v/x + 2;4) vektorlarinin skalyar hasili, sag
tarafinda isa bu vektorlarin uzunluglari hasili yer almisdir. Orta barabarsizliyi
a-b >|al-|b|

saklinda yazmaq olar.

istanilan @ va b vektorlari dguin 3-53‘3‘-‘5‘ oldugundan 6-6:‘3‘-‘5‘ alariq, yani

a va b kollinear vektorlardir va

NX+2 4

3X NX+2

2
olar. Burada X =— tapilar.
11

Sagirdlarin ¢atinlikla hall etdiklari parametr daxil olan masalalarin bazilari handasi
yanasma ile asanhlgla hall olunur. Belo masalalor tadgigat xarakterlidir va sagirdlarda
mantiqi tafakkiriin va riyazi madaniyyatin formalasmasinda boylik rol oynayir. Deyilanlari
asagidaki masalanin hallinda sarh edak.

a parametrinin ela an kigik giymatini tapaq ki,

X% —8x+17 +x* —10x+34 =a

tanliyinin heg olmazsa bir kdku olsun.
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Bu masalanin torama vasitasi ila halli uzun hesablamalara gatirir. Masalanin sartlarini

” "

“dasturlar dilindan” “masafalor dilina” g¢evirak. Bunun uglin kokalti ifadslards tam

kvadratlari ayiraq va sol tarafa bir funksiya kimi baxaq:
F(X) =/ (x=4)2 +1++/(x-5)2 +9.
Masalani hall etmak tgiin f(X) funksiyasinin an kigik giymatini tapmaq lazimdir.
P(4—x;1) va G(Xx—5;3) vektorlarini daxil edak, onda

pl=V(x=3)*+1, [g]=~/(x-2)*+4

olar. P+ § vektorunun koordinatlari (—1,4)-dir va

P+0|=/(-1)+4% =17

‘ﬁ‘ﬂﬁ‘ 2‘|3+C"|‘ ve a>~/17 minasibatlarindan cixir ki, sonuncu barabarsizlik p ve

g eyniistigamatli oldugda 6danilir, yani

N
I
x

x

|
ol
Wl

olar. Buradan X:Z tapilar.

17
Demali, an kicik giymat X = Z va a=+/17 oldugda alinir.

indi isa [2] isinda taklif olunan parametrdan asili barabarsizliklar sistemini handasi
yanasma ila hall edak.
P parametrinin els giymatlarini tapaq ki,

X2 +y2 +2x+8y < p? —17

X2 +y2-8x—16y >9p? +24p—64
barabarsizliklar sisteminin yegana halli olsun.
Sistemin barabarsizliklarini asagidaki kimi yazaq:

(X+1)? +(y+4)% < p?

(x—4)% +(y—8)% > (3p +4)?
p =0 oldugda sistem
(x+D%+(y+4)*<0

(x—4)% +(y-8)* > 4°

saklina duigar va onun yegana A(—1—-4) halli vardir.
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p#0 oldugda sistemin birinci barabarsizliyi ‘p‘ radiuslu va A(-1—-4) markazli
dairani, ikinci barabarsizliyi isa ‘3p+4‘ radiuslu va B(4;8) markazli ¢avra va onun xarici

oblastini ifada edir.

AB=/(4+1)2 +(4+8)? =13.

Sistemin yegana halli o zaman olar ki, A markazli dairs B markazli dairanin daxilinds
yerlassin va ona toxunsun. Onda onlarin toxunma néqtasinin koordinatlari sistemin yegana
hallini verir. Bu o halda mimkunddr ki,

3p+4|—|p|=13

17 9 17

olsun. Tanliyi hall etsak p:—? ') p:E giymatlarini tapariq. Belalikls, —?;0;

N | ©

giymatlarinda barabarsizliklar sisteminin yegana halli vardir.
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Handasa masalalarinin halli prosesinda gertyoj cox mihylm rol oynayir. Certyojlardan
yeni anlayislarin izahi zamani illistrativ material kimi istifada edilir, hamginin onlar istanilan
handasa masalasinin hallinda vizual dastak verir (istanilan handasa masalasinin halli
certyojun qurulmasi ila baslayir). Certyojlarin qurulmasi sagirdlarin faza tasavvirlarini va
mantiqi tafakkirlarini inkisaf etdirir [1].

Pedaqoji tacriba gostarir ki, bazi sagirdlar handasa masalalarinin hallarinin 6hdasindan
ona gora gala bilmirlar ki, ¢ertyoju neca yerina yetirmayi va masalonin hallina neca
yanasmagl bacarmirlar. Masalanin c¢ertyojunun qurulmasi prosesinda faydali olacaq bazi
muddaalari vurqulayaqg.

1. Certyojun (saklin) ol¢list kifayat gadar boylik olmalidir.

Bu heg¢ da o demak deyil ki, certyoju rasm alatlarinin kdmayi ilo qurmaq lazimdir,
muayyan vardislardan sonra ¢ertyoj alla yerina yetirila bilar.

2. Certyoj lakonik olmalidir.

Handasi fiqurlarin yalniz “islak” hissalari tasvir edilmalidir. Masalan, agar Gg¢bucagin har
U¢ tapa noqtasindan ¢akilmis hindirliklarla tanbdlanlar arasindaki bucaglarin camini
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tapmaq talab olunursa, l¢bucagin bir tapa ndqgtasindan hindirlik va tanbdlan ¢akarak
onlar arasindaki bucagl tapmagq kifayatdir (digarlari analogiya ila tapilir); agar masalanin
sartlarinda ¢evranin noqtalarindan bahs edilirsa, onda ¢evrani tasvir etmak faydali olar.

3. Masalanin hallinin baslangic marhalasinda gertyojun qurulmasi ila bagli problemlarin
qurtardigini disiinmak olmaz. Kifayat gadar masala vardir ki, onlarin halli prosesinda ardicil
olaraq baxilan konfiqurasiyanin xtsusiyyatlarini aydinlasdirmaq, uygun sakilda certyoju
tamamlamagq va dayisdirmak lazimdir.

4. Bazan bir masalanin hallinda iki ¢ertyojun qurulmasi zarurati yaranir: biri dizgin,
digari isa dlizglin olmayan.

5. 9gar masalada Umumi sakildaki fiqurlardan bahs edilirss (masalan, ixtiyari
Ucbucagdan va ya dordbucaglidan), onda ¢akilan certyoj miayyan xarakterik xassalara
malik olmamalidir, xtsusi halda Ug¢bucaq diizbucagli Ulg¢bucaq, barabaryanli Ugbucagq,
barabartarafli Gcbucaq kimi ¢akilmamalidir, dérdbucaqli isa paralelogram kimi va s.

6. Miiayyan handasi fiqur Gg¢lin qoyulmus masalani, bazan bu fiqurun xdsusi hallarinin
har birinds baxmaq alverisli olur. Masalan, agar masala l¢bucaq Uglin goyulmussa, onda
masalaya itibucaqgli, dizbucaqli va korbucaqgli ticbhucaqglarda baxmaq da olar.

7. Certyojun haddindan artig mirakkablasdirilmasindan ¢akinmak lazimdir.

8. Masalada verilanlar va hall prosesinda tapilan xatti kemiyyatlar darhal certyoja geyd
edilmalidir.

9. Planimetriya masalalarinin certyojlarinda diz bucaqg diiz bucaqg kimi ¢akilmalidir,
masalanin sartindaki kamiyyatlarlarin nisbatina diggat edilmalidir ki, bu masalanin hallina
komak edan handasi fiqurun xassalarini gormaya komak eda bilar.

10. Darsda faza fiqurlarinin muistavi Gzarinda qurulmasina xisusi diggat yetirmak
lazimdir. Sagirdlar bela sakillari basa dismakda ¢atinlik ¢akirlar, ¢inki bu certyojlarda
bucaglarin dlgilari, pargalarin uzunluglari va s. tahrif oluna bilar.

Handasa taliminda praktika onu gostarir ki, bir qrup sagird certyojun qurulmasina
ohamiyyat vermirlar, ya da ¢akilmis certyoj Uzarinds butin hesablamalar apararaq,
certyojun rolunu c¢ox sisirirlor vo c¢ertyojdaki goérinan minasibatlar hagqinda natica
cixarirlar, cixardiglari naticalari elmi sakilda ciddi asaslandiriimirlar [2]. Handasa fannini
tadris edan har bir muallimin vazifalarindan biri bu ndgsanlarin garsisini almaqdir.
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Adatan, taklif olunan riyazi masalalarin goxunda maqgsad aydin sakilda gostarilir:
talab olunanin hesablanmasi, va ya qurulmasi, va ya isbati. Riyaziyyata maraq gostaran
sagirdlarla is zamani riyazi masalalarin bels dar ¢argivada ifada edilmasi sagirdlarin yaradici
aktivliyini va faaliyyat mustaqilliyini mahdudlasdirir. Tacriiba onu gostarir ki, sagirdlora
sinifdanxaric masgalalarda standart tipli masalalarla yanasi axtaris-tadqgigat xarakterli
masalalarin da taklif edilmasi magsadauygundur [1]. Aydindir ki, bela masalalarla is zamani
sagirdlarin aldiglari naticalar shamiyyatli daracada farqli ola bilar.

Son illar riyaziyyat musabigalarinda sistematik olarag miayyan Umumi problemin
tarkib hissalori masalalar seriyasi kimi taklif olunur [2]. Bels masalalarin halli zamani
sagirdlar tadgigat bacariglarini daha da darinlasdirirlar. Tabii ki, ilk baslarda sagirdlara taklif
olunan masalalar kifayat gadar sadea olmalidir. Masalan, yeddinci sinifde adadi
barabarsizliklarin xassalari tadris edildikdan sonra riyaziyyat darnayinda sagirdlara bels bir
masala taklif oluna bilar:

Masala 1. Misbat kasrin surat voa maxracina alava edilmis eyni bir natural adadin
onu neca dayisdiyini tadqiq etmali.

Sagirdlarin aksariyyati konkret kasrlar lzarindea miiayyan amaliyyatlar apardigdan
sonra Umumi naticaya galirlor. Amma, xUsusi hallardan bu sakilds Umumi natica ¢ixarmaq
sahv ola bilar. Tadrican sagirdlar imumi isbatin zaruriliyina inanmaga baslayirlar. Bu isin an
maragl hissasi hallin kollektiv sakilde miizakirasindan ibaratdir. Asagida masalanin qisa
hallini verak.

Tutaq ki, @,b,C natural adadlardir. Kasrlarin fargins baxaq:
a+c a_ab+bc—ab-ac c(b-a)

b+c b blo+c)  b(b+c)’

b > a oldugda bu farq miisbatdir va b <a oldugda iss manfidir. Buna géra imumi

natice bels ifada edila bilar: diizglin kasrin surat va maxracina eyni bir natural adad alava
edildikda kasr artir, dlizglin olmayan kasrin surat ve maxracina eyni bir natural adad alava
edildikda isa kasr azalir.

Bazi hallarda sagirdlerin talab olunan tadgigatlari aparmagqlari ila yanasi, bu
tadqgigatlarin asasinda mustaqil olaraq bela masalalar tartib etmalari magsadauygundur.
Deyilani asagidaki masala ila sarh edak.

Masala 2. Ardicil iki natural adadin hasilinin miayyan xassalarini tadgigq etmali va bu
xassalara asasan masalalar tartib etmali.

Belo masalalarin halli tacriibasi gazanilana gadar sagirdlara istigamatverici suallar
vermakla kdmak etmak lazimdir. Bu halda, masalan, bels bir sual yonaltmak olar: ardicil iki
natural adadin hasili hansi ragamla qurtara bilar? Suala cavab vermak Uglin istanilan
natural adadi N =10K + r saklinds yazaraq

10k(10k +1), (10K +1)(10k +2), (10K +2)(L0K +3), ...,
(10K +8)(10k +9), (10K +9)(10k +10)
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hasillarina baxaq, burada ke Ny, r=0,1,2,...9 va Kk ila I eyni zamanda sifira barabar

deyillar. Asanligla yoxlamaq olar ki, ardicil iki natural adadin hasili 0,2,6 ragamlarindan biri
ila qurtarir.

Ardicil iki natural adadin hasilinin basqa bir xassasini da isbat edak.

Malumdur ki, ardicil iki natural adaddan yalniz biri 3-a bdllna bilar, ya da har ikisi da
3-3 bélinmaz. ikinci halda n(N+1) hasilini (3k +1)(3k + 2) saklinds yazmagq olar, buradan

Bk +1D(3k +2) =9k? +9k +2=9k(k+1)+2 (k € Np)
alarig, yani baxilan adadin 9—a bélinmasindan alinan galig 2-dir. Belslikls, ardicil iki
natural adadin hasili ya 3-a bolliinlr (agar vuruglardan biri 3-a bolinirsa), ya da 9-a
boldiikda galiq 2 olur (agar vuruglarin ikisi da 3-a bolinmirsa).
Gostarilan xassalardan bir sira masalaler tartib etmak olar. Masalan, n(n+1)

saklindaki adadlar 0,2,6 ragamlarindan biri ile qurtardig! tgln, deya bilarik ki, n%+n+1
saklindaki adadlar hamisa 1,3,7 adadlarindan biri ilo qurtaracaqdir, yani bu adadlar 5-a
boélinmdrlar. Belalikls, asagidaki masalani almis oldugq:

Masala 3. isbat etmali ki, istanilon N natural adadi Ugiin n>+n+1 adadi 5-8
bolinmdir.

Burada Umumi masalanin halli yeni masalanin sartlarinin meydana galmasina sabab
oldu. Bu Usul masalalarin tartib olunmasinda ¢ox istifads edilir. Olimpiada masalalarinin
bazilari bu Usulla hazirlanmisdir.

Yuxarida gostarilon xassaya asaslanaraq bir masalani da geyd edak.

Masala 4. isbat etmali ki, 13579148 adadinin ragamlarinin yerlarini dayisdirmakla
alinan adadlarin har biri ardicil iki natural adadin hasili kimi gostarila bilmaz.

Ardicil iki natural adadin hasilinin yalniz 0,2,6 ila qurtardigini bilan har bir sagird tgln
bu masalanin halli aydindir, bela ki, verilmis adadin ragamlari arasinda mahz 0,2,6
ragamlari yoxdur. Amma, bu xassani bilmayanlar liclin masalanin halli he¢ da asan deyildir.
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Masalanin goyulusu:
Ax=h, x>0, y1:<c1,x>—>max.,y2:<cz,x>—>max. (1)

kimi iki kriteriyali masals verilir. Burada A—(nxm)matrisdir, x,b,c',c* € E,. (1)-in

Y ={( %) Y= (e x), v, = (e, %), xe X |
giymatlandirmalar ¢oxluguna baxaq. Y cE,.E,-de a=(a,,a,), d=(d,,d,) doguranlarina
gora qurulmus

A:{yeE2| y=aa+a,d,a>0,a,20}
konusuna baxaq.

yLy?eY, LeA. yt =y?+2° oldugda deyirlar ki, y*-ni y' A-s gora ustalayir. isds

magsad Y -in A-a gobra Ustalanmayan variantlar ¢oxlugunu qurmaqdir. Y -in mahdud
oldugunu farz edacayik. Onda Y -in A gabariq oldugunu va onun sarhaddinin bir hissasinin
A optimal néqtalardan taskil olundugunu deya bilarik. Bu hissani Y* kimi isara edak.
XN = {XE X ‘ (<Cl,x>,<c2,x> )CYA } coxlugu A optimal hallar goxlugudur. Tagdim olunan isda
A — optimal hallar va giymatlandirmalar c¢oxluglarinin [1]-daki kimi effektiv yolla
gurulmasinin mimkinltyl gostarilmisdir.

B a, a, . a, C - ¢ - cb

d, d,) a,) c; - Cp

kimi isaralomalarin kémayi ila y*, y* variantlar arasinda tistalemani y'=y>+Ba, @ >0, #0

kimi do vyaza  bilarik. Buradan aling: Bl'y'=B'Y’+a,a>0,a#0 vo vya

B'Cx! =B'Cx®+a, @ >0,a#0 . ¢' va c? ila uygun olarag, B™'C matrisinin birinci va ikinci

satrlarini gostaririk. ¢t va c?-larin komayi ila (1) masalasini ona ekvivalent olan asagidaki
kimi da yaza bilarik:

Ax=b,x20,§x—>max.,c_2x—>max. (2)

(2) masalasinin Paretoya gora effektiv variantlarinin coxlugu (1) masalasinin verilmis konusa

gora optimal variantlari coxlugu il eyni ¢coxluq olacaqdir. (2)-nin Paretoya gora effektiv

variantlarinin qurulmasini [1]-daki alqoritmla icra eda bilarik. (1) masalasinin (2) masalasina

gatirilmasi xususi hall Gsullarinin (bax. [2]) [1]-daki algoritmin komayi ila icrasina imkan
yaradir.
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KONSTRUKTiV TOLIMIN TARiXi VO 9HOMIYYJTI
dliyeva Kéniil Homid qiz1, Sliyeva Ulviyya Sanqgan qizi
Sumgayit Dovlat Universiteti
rkeliyeva78@gmail.com

Muasir tahsilds Amerika va inkisaf etmis Avropa oOlkalarinin yaradici dyranmaya
asaslanan pedaqoji texnologiyalarinin xiisusi rolu vardir. Yeni pedaqoji texnologiyalar, IKT—
nin inkisafi, informasiya camiyyatinin formalasmasi zamanla tadrisin forma va
mazmununu dayisir. Tahsil genislanarak basari xarakter alir va diinya evinda yeni tahsil
sistemi yaradir. Bu sistemda yer tutmaq Uclin 6lkamizda tahsil islahatlari aparilir.
islahatlarin asas magsadlarindan biri ananavi yaddas maktabini tafakkiir maktabina cevir-
makdir. Tofakklra asaslanan pedaqoji texnologiyalardan biri konstruktiv talimdir.
Konstruktiv talimin asasinda konstruktivizm nazariyyasi durur (Konstruktivizm -
konstruktor séziindan goturilib. “Yaradici 6yranma” demakdir. Konstruktiv talim boyuk
Azarbaycan filosofu va alimi N.Tusinin pedaqoji traktina, isvec alimi jan Piajenin “idrakin
inkisafi” konsepsiyasina voa Amerika alimi Spenser Kaganin kooperativ talimina asaslanir.
N.Tusinin “Oxlagi- Nasiri’n-de har bir insanin axlaginin saflasmasi, onun nafsinin,
xasiyyatinin milli va sivil gaydalara uygun inkisaf etmasi asaslari goturilir. Konstruktiv
talim prosesinda tarbiyanin inkisafi 6n plana ¢akilir va davranis 6zl daxili goriimin, daxili
biliyin xarici gortintist kimi gabul olunur. J.Piajenin idrakin inkisaf nazariyyasinda fardin va
ya sagird idrakinin, tafakkiriniin inkisafi, anadan olandan vyetkinlik c¢aginadak (g
saviyyadan kecarak formal amaliyyat qurulusunda olur va bu proses insan émrinin
axirinadak inkisaf edir. Bu fikir Mahammad peygambarin (s.a.s.) besikdan gabra kimi
oyranmak kalami ila Gst-Usti dlstir. Amerikali alim Spenser Kaganin yaratdigi 100-dan ¢ox
faaliyyat strukturlarinda islayan sagird ve fardin inkisafi sosial mihitdan, qarsiligl
alagadan va bu inkisafa takan veran musallimin sec¢diyi faaliyyat strukturundan asilidir.
Basqga sozle desak, sosial-madani biliklarin otliriimasinda, sagird va ya fardin inkisafinda
sosial saraitin, yani atraf muhitin boyik rolu vardir. XXI asr- idrak asri, saxsiyyatin
fardiyyatciliyi vo texnologiyalar asridir. informasiya asri insani 6z malumatlar axini ila har
torofdon ohata edir, ona tozyiq edir. Yalniz yaddas qabiliyyatila- aktiv, passiv
yaddasaxlama ilo bunun 6hdasindan galmak isa ¢ox ¢atindir. Har seyin, o climladan
yaddasin da haddi var. Muasir maktab biliklarin yadda saxlanilmasi movgeyindan ¢atinlikla
uzaglasir, ona gora ki, didaktikanin taklif etdiyi har sey XIX — XX asrlorin 6yratma
Gsullarinin davami, takmillasdirilmasi, sakildayismasidir.

Konstruktiv talim sagird tafakkirinin yardimi ila qazanilmis, gazanilmaqgda olan va
gazanilacaq yeni biliklarin bltovliyld demakdir. Konstruktiv talim falsafasi amerikali alim
Cerom Brunerin konstruktivizm falsafasi ilo saslasir. Qeyd etmak lazimdir ki, C. Brunerin
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konstruktivizm taliminda fard 6z saxsi darkinin naticasini, camiyyatin avvalcadan alds etdiyi
tacriibalarla alagalandirmaya va asaslandirmaga calisaraq yeni bilik gazanir.Blinyatovanin
konstruktiv talim falsafasi ham da Sarg-Qarb talim sisteminin sintezinda ehtiva olunur. Bu
talim falsafasi hissadan tama, yaxud da tamdan hissaya ¢ixmaga, sagirdlarin alda olunmus
biliklari ils yeni gazanilacaqg biliklarin birlasmasina, qovusmasina asaslanir. Bu da 0z
ndvbasinda sagird biliyinin tamliq sxemini yaradir. Tafakkir amaliyyatlari Gzarinda qurulan
mantiqi bilik strukturlari ila tamasda olan har bir sagird idraki verilan bilikla qarsiligh alagaya
girarak, 6z strukturlarinin mantiqi asaslarini qurur. Mantigi dislincaya sahib olan har bir
sagird dizgln dislinmaya, asasl naticaya galmaya, bir naticadan o biri naticaya ¢ixma
vardisina yiyalanmis olurlar.

Mahiyyatca konstruktiv talim sagirdi 6zinl inkisaf yoluna salir, ona talimdan va
sosial muhitdan qazandigi biliklari Oyrandiyi ve Oyranacayi biliklarla birlasdirmays,
asaslandirmaga va 6zl Ucln yeni, yiksak formal bilik gazanmaga sarait yaradir. Cagdas
diinyamizda har bir fardin yaradici olmasi, 6z bacarigindan ¢ixis edarak yeni fikir, yeni ideya
yaradib, onu hayata tatbiq etmayi dnamli, dayarli bir bacariqdir.

Demali, konstruktiv talim yaradici, saciyyali amaliyyat talimidir.Bu talimda sagirdlar
0z daxili duygu va idrak saviyyalarindan cixis etmakls, biliklari Gzarinda apardiglari mantiqi
amaliyyat naticasinda yeni bilik gazanaraq yaradici olurlar.Hamin yaradicilig ham fardi, ham
da kooperativ (yani birga faaliyyat) xarakteri dasiyir. Yani bu yaradicilig usagin-sagirdin fardi,
yaxud qrup halindaki isindan, faaliyyatindan asilidir.

Konstruktiv talim har bir sagirdin bir saxsiyyat kimi, bir vatandas kimi 6zlini dark
edarak, axlaqgini saflasdirarag boylimasina xidmat edir.. Sagirdin xarici davranisi daxili
gorimin oaksi oldugu Ggliin muallim bu davranisi milli manaviyyat va sivil gaydalar tzra
gurmahdir. Muallimin proyektlasdirdiyi har bir darsde an birinci maqgsad sagirdin
tarbiyasinin, manaviyyatinin saflasdirilmasina xidmat etmakdir. Bu isda muallima boylk
mutafakkir filosof Nasiraddin Tusinin “Oxlaqi-Nasiri” asarinds sarhini verdiyi axlagin
saflasdirma yollari kdmak edir. Digar tarafdan da, sagirdin 6z daxili qlivvasindan c¢ixis
edarak, 6zU inkisafa, 6zi darketmaya, 6zl bilik gazanmaga sovq etmakdir. Bu maqgsada
¢atmaq Ugln konstruktiv talim UGsulu ila dars kegan har bir muallim konstruktiv talimin
prinsiplarina riayat edarak darsi inkisaf etdirici, distindirici xatds qurmalidir. Miallim
sagirdlarin qarsisina goydugu masalanin bitliin cavablarini gabul edib Gmumilasdirarak
onlari yeni bir sualla keyfiyatca ylksak bir anlayis tarzina gatirir. Sagirdlar yeni yaranan 0z
tafakkir tarzlarini kegmis saviyya ilo alagalandirarak daha da yulksak tafakkiir saviyyasina
kecid edirlar.

Konstruktiv talim — yaradici, operasional talimdir. Onun magsadi biliklarin anlasiimasi
va dark edilmasi i¢lin onlarin konstruktiv dayisilmasindan ibaratdir.

Konstruktiv talim — sagirdlarin kooperasiyada tafakkiriin dark etma faaliyyatinin
komayila alda edilmis, indi va galacakda alds edilan (gazanilan) biliklarin vahdatidir. Tahsil
sisteminda konstruktiv 6yratma Amerika alimlari Devey va C. Brunerin, italyan madam
Montessori, isvecgli Piaje va rus psixoloqu Vigotskinin nazari va praktik asarlarindan
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baslanmisdir. Taklif edilon konstruktiv talimin falsafssi yuxarida geyd etdiyimiz kimi isveg
alimi J. Piaje ila ¢iyin — ¢iyin tadqiqatlar aparan C. Brunerin pedaqogika va psixologiya
falsafasi il asossiasiya edilir. Bu tahsilin falsafasi — Sarq va Qarb tahsil falsafasinin sintezidir.
(Butovlukdan xtsusiya, yaxud xususilikdan batovliya ¢ixig). Taklif edilan konstruktiv talimin
asas manbalari XIV asr Azarbaycan filosofu,riyaziyyatgisi Nasiraddin Tusinin «9xlaqgi-Nasiri»
falsafi pedaqoji traktati, J.Piaje psixoloji maktabi va Amerikali psixoloq S.Kaganin kooperativ
faaliyyat strukturlaridir. Bu asaslar diinya sohratli alim Lutfi-zadani geyri-salist mantigqi ilo
mohkamlanarak yeni ¢alarlar va gériimlar yaratmisdi. Kegan asrin 80-ci illarinin axirinda orta
maktabda miuallim-sagird, sagird-sagird garsiliql amakdashgindan yaranan bu talim prosesi
tadricon pedaqoji va psixoloji elminde 6z manbalarini taparaq, konstruktiv talim kimi
pedaqoji muhitds inkisaf edib, bir cox muallimlar tarafindan talim prosesina tatbig olunaraq
0zline maxsus yer tutur. Bu yerin aliliyi ondan ibaratdir ki, agar basar 6vladi émriniin
axirinadak kamilliya can atirsa,bu pedaqoji makanda ona kamilliya ¢atmaq Uglin yol
gostarirlar,bu yolda har bir addimin neca atilmasi 6yradilir. Konstruktiv talimin basga
talimlardan farqgi burada insan, fard, sagird amilinin aliliyidir. Vigotskinin inkisafetdirici
talimi asasan pedaqoji prosesda sagirdin inkisafini nazarda tutur ve yaxud inkisaf ancaq
pedaqoji prosesda gedir. Bu da ondan irali galir ki, muallim sagirdin sosial muhitda
gazandigi, alda etdiyi biliyi nazara almir. Dars programindan asili olan musallim sagirdin
iralilayisina, programdan gabaq diismasina na sarait yarada bilir, na da ki, programin
qurulus strukturu buna imkan verir. Konstruktiv talimda didaktik bilik strukturlari Gfiqi
sokilda tamlig ¢arcivasinda va yaxud tamlig sxeminda quruldugu Ugln sagird muallimin
mantiqi kecdiklarina asaslanarag 0z inkisafindan va daxili enerjisindon asili olaraq 6zlina
bilik gazanmagq Uglin sarait tapir.

SONSUZ DIFERENSIALLANAN FUNKSIYALAR FOZASINDA iNTEQRAL OPERATORUN
KOMPAKTLIGI HAQQINDA
9sadov Tofiq Babulla oglu, Qumasova Nurana Hafiz qizi
Baki Dovlat Universiteti
nurane.qumasova@gmail.com

Tutaq ki, kompleks mistavinin vahid c¢evrasinda (I") tayin olunmus, H Hilbert fazasinda
giymatlar alan butiin vektor funksiyalardan ibarat fazani C{ (') ila isara edak. Bu fazada

norma
I, = el . =0 (1)
k=0

kimidir. H Hilbert fazasinda verilmis xatti (kompakt) operatorlar fazasini L(H) ilo isara
edak. Tutaq ki, k(t,z) funksiyasi sonsuz diferensiallanan iki dayisanli funksiyadir. Cg(I)

fazasindan olan asagidaki operatora baxaq.
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(Ko)(t) = [k(t.)p(x)d (2)
r

Aydindir ki, C% (') fazasinin n—ci normaya nazaran tamamlanmasi, I'-do n-ci tartib
da daxil olmagla kasilmaz téramalari olan c{(I) fazasidir. H Hilbert fazasi sonlu oldugda
c Dy ccM(). ci5 () fezasinda istanilan mahdud goxlug nisbi kompaktdir.

Gostarmak olar ki, H Hilbert fazasi sonsuz oldugda da K operatoru kompaktdir.

Tutag ki, X fazasinda asagidaki barabarsizliyi 6dayan cit-cit uzlasdirilmis hesabi
normalar sistemi verilmisdir.

X <[, <[, < <[, < €

Qeyd edak ki, agar X xatti fazasinin elementlarindan dizalan har bir ardicilig X xatti

fazasinda verilmis HHl Vo HHZ normalarinin har ikisina nazaran fundamentaldirsa va onlardan

har hansi birina nazaran sifra yigilmasindan digarina nazaran da sifra yigilmasi alinirsa, onda
bu normalar uzlasmis hesab olunurlar. Eyni zamanda onu da geyd edak ki, X xatti fozasi

yalniz va yalniz X=ﬁxn oldugda doludur va bu halda X fazasina hesabi normali faza
n=1
deyilir.

(1) normasina nazaran X xatti fazasinin tamamlanmasi Banax fazasidir va onu X, ila
isara edak. H Hilbert fazasi sonsuz oldugda K operatorunun kompakt oldugunu géstarmak
Uglin avvalca biza lazim olan asagidaki lemmani verak.

Lemma. Tutaqg ki, X (3) normalar sistemi ila hesabi normali fazasi va onun (1) normasina
nazaran tamamlanmasi olan X, Banax fazasi verilmigdir. Tutaq ki, T: X, — X, xatti kompakt
operatordur. Onda T operatorunun X xatti fozasina daralmasi X -de kompakt operatordur.

Bu lemmadan istifada edarak asagidaki teoremi isbat etmak olar.

Teorem. Tutaq ki, k(t,z) operator-funksiyasi L(X) xatti fazasinda sonsuz diferensiallanan
operator funksiyadir. Onda C[ (') fazasinda (2) mdunasibati il miayyan olunan K

operatoru kompaktdir.
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YUKLONMIS ISTILIKKECIRMD TONLIiYi UCUN INTEQRAL $ORTLI BiR MOSILAONIN ToDQiQ]
9zizova Sabina Rafail qizi
Baki Dovlat Universiteti
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Yiklanmis istilikkegirma tanliyi Giglin asagidaki masalaya baxaq:

ﬁugt(,t) aza )(( ).+bu(xt)+bu(xt)+b2u(x,t'2)+f(x,t),0<x<l,0<tsT (1)

tanliyinin
[[e.(x)u(x.thax = g4 t), [/ e, (Julx,tx = s (t), O <t <T (2)
inteqral sartlarini vo
u(x,0)=g(x),0<x<I (3)
baslangic sartini ddayan hallini tapmal..
Burada a>0,b,b,b,-haqgiqi adadlar, f,f,(0,T) f(xt), s(t) ) vo @(x)-bz
arqumentlarinin malum kasilmaz funksiyalaridir.Farz olunur ki, ¢,(x) va c,(x) funksiyalari

asagidaki diferensial tanliklari 6dayir:

p (4)
{CZ(X)= azcz(x -
Burada a,, a, — ixtiyari haqiqi adadlardir.

(2)-daki birinci inteqgral sartin har iki tarafini t —ya nazaran diferensiallayaq:
! ou ,
[l60 S = ).

Bu inteqralda Zt_u toramasini (1) tonliyinin sag torafi ilo oavez etsak,sads

cevirmalardan sonra,asagidaki barabarliyi alariq:

azfolcl(x)6 g( dx+bjcl xtdx+b1‘|.c1 u(x, dx+bJ'c1 u(x,t, dx+jcl f(xt)dx=(t) (5)

Bu barabarlikda istirak edan birinci inteqrala iki dafs hissa-hissa inteqrallama
disturunu tatbiq etsak va alinmis barabarlikda (4)-daki birinci sarti va sonraki l¢ integralda
(2)-daki birinci inteqral sartini nazara alsaq,sada ¢evirmalardan sonra

e ¢ 020 ¢ 0.1)+op0.)-70) ©)
barabarliyini alarig. Burada [zl(t) funksiyasi
(1) =] 40 -bra(0)-b ()~ boau6)- [ e, () (x e |-ausn )

barabarliyi ila tayin olunur.

Analoji qaydada ikinci inteqral sertinden ve (4)-daki ikinci sartden istifads
edarak,asagidaki sarti alariq:

)20 @O e 1) 1)+ cs0)ul0.)= 70 )

OX
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My (t) = %[ﬂé (t)_ by, (t)_ b, 11, (fl)_ b, 11, (fz )_ J: C, (X)f (th)dx} M, (t)

(6) va (7) sartlarindan, avvalca 6u(l,t) toramasini,sonra isa 8u§0,t) toramasini yox etsak bu
X
sartlori asagidaki sartlarla avaz eda bilarik:
ou(0,t _. (8
%+a11u(oit)+alzu(|'t):ﬂl(t)v
au(l,t)

— ,,U(0, 1)+ a,u(l, ) = 2, (t).

Bu sortlorda istirak edan amsallar va sag tarafdaki funksiyalar malum adadlar va
funksiyalardir.
Belalikla biz (1)-(4) masalasini (1),(8),(3) masalasinin hallina gatirdik.
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MUDSSISODD AVTOMATLASDIRILMIS INFORMASIYA AXTARIS SISTEMININ ISLONM®SSI
Fataliyev Fuad ismayil oglu
Qarbi Kaspi Universiteti
fuad.feleli2@gmail.com

Muiassisada avtomatlasdiriimis malumat axtaris sistemi dedikds, toaskilat daxilinda
muxtalif manbalardan malumati ssmarali sakilds toplamaq, taskil etmak va taqdim etmak
Uglin nazarda tutulmus program taminati va ya sistem nazarda tutulur. Bu sistemlar boyik
hacmda malumatlarin idara edilmasi va iscilar, garar gabul edanlar va miuxtalif maraql
toraflor Ug¢lin mivafig malumatlara siratli ¢ixis imkani yaratmaq Uglin ¢ox vacibdir.
Muiassisada avtomatlasdiriimis malumat axtaris sistemi Ug¢lin asas komponentlar va
mdulahizalar bunlardir:

indekslama va Saxlama : Malumat axtaris sistemlari adatan malumatlari taskil etmak
va saxlamagq Ug¢lin indekslasdirma mexanizmlarindan istifade edir. Bu, strukturlasdiriimis
indeksin vo ya malumat kataloqunun vyaradilmasini nazards tutur ki, bu da xususi
malumatlarin alda edilmasini asan va suratli edir.

Malumat Manbalarinin inteqrasiyasi : Miassisalar verilanlar bazasi, sanadlar, e-
poctlar, sosial media va s. kimi mixtalif manbalardan malumatlari toplayir. Effektiv sistem
bu miixtalif manbalardean malumati problemsiz sakilda birlasdira va alda eda bilmalidir.

Axtaris Alqgoritmlari va Axtaris Texnikalari : Alinan malumatin daqigliyini va
uygunlugunu artirmaqg Ucln samarali axtaris alqoritmlarindean (masalan, acar s6za
asaslanan, semantik axtaris, tabii dil emali) istifads edin.
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Metadata idaraetma : Malumat daxilolmalarina metadata (teglar, acar sozlar, tasvirlar
kimi) tayin etmak va idara etmak daha dagiq axtarisi va kateqoriyalara ayirmagi asanlasdirir.

Tahlukasizlik va Girisa Nazarat : Hassas malumatlarin gorunmasini tamin etmak lgilin
gucli tahlukasizlik tadbirlari hayata kegirin. Giris nazarati, sifraloma va istifadaginin
autentifikasiyasi miihiim komponentlardir.

istifadaci interfeysi va istifadaci Tacriibasi (Ul/UX) : istifadaci dostu interfeys asan
navigasiya ve axtaris sistemindan samarali istifada Ugiin vacibdir. intuitiv dizayn va
funksionalliq is¢ilar arasinda gabul nisbatlarini yaxsilasdirir.

Masin Oyranmasi va Al inteqgrasiyasi : Qabaqcil sistemlar axtaris naticalarini davamli
olarag takmillasdirmak, miivafig mazmunu tovsiya etmak va zamanla istifadagi secimlarini
basa dlismak G¢lin masin dyranmasi va Al Gsullarini 6ziinda birlasdira bilar.

Olceklenebilirlik va Performans : Sistem siirat ve daqiglik baximindan optimal
performansi qoruyarkan artan hacmli malumat va istifadacilari idara etmak Ugin
migyaslana bilan olmalidir.

Monitoring va Analitika : istifade niimunalarini, axtaris meyllarini va sistem
performansini izlomak Uclin analitik alstlari birlasdirin. Bu malumatlar sistemi
optimallasdirmaga ve malumat axtarisini yaxsilasdirmaga kémak eda bilar.

Uygunlug va idaraetma : Sistemin, xiisusan malumatlarin maxfiliyi ve saxlanmasi ila
bagh miuvafig senaye qaydalarina va daxili idarsetma siyasatlarina uygun olmasini tamin
edin.

Davamli Takmillasdirma va Yenilamalar : Sistemi effektiv va tahlikasiz saxlamaq Ugin
onu mintazam olarag yeni funksiyalar, takmillasdirmalar va tahlikasizlik yamalari ila
yenilayin.

Talim va Dastak : Sistemin samaraliliyini va effektivliyini artirmaq Ucln istifadagilara
adekvat talim va dastak verin.

Muassisada avtomatlasdiriimis malumat axtaris sisteminin tatbigi diggatli planlasdirma,
texnoloji mulahizalar va taskilatin xitsusi ehtiyaclari va magsadlari ila uygunlasdiriimasini
nazarda tutur.
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RIMAN COXOBRAZLISI UZORIND® (1,1) TiPLi TENZOR LAYLANMASININ (2,0) TiPLi TENZOR
LAYLANMASINA BiR DIFEOMORFiZMiN® DAIR
Fattayev Habil Dovlat oglu, Sliyeva Aytan Tapdiq qizi
Baki Dovlat Universiteti
h-fattayev@mail.ru, aytanaliyeva.21@gmail.com

I.Satonun [1] magalasinda Riman coxobrazlisinin toxunan va kotoxunan laylanmalari
arasinda difeomorf uygunlug qurulmus va bu uygunlugun kémayi ila bazi diferensial-
handasi strukturlarin toxunan laylanmadaki liftlarinin kotoxunan laylanmada obrazlari
oyranilmisdir (bax, hamcinin, [2]). Reper va koreper laylanmalari Gglin analoji masalaya
A.Salimovun va H.Fattayevin [3] maqalasinda baxilmisdir.

n-olgila (M,g) Riman coxobrazlisinin (1,1) tipli T,'(M) tenzor laylanmasina
baxihir.  T'(M)tenzor  laylanmasinin ~ (2,0)  tipliT/(M)tenzor  laylanmasina
g': T (M) —>T?(M) tabii difeomorfizmi lokal koordinatlarin kémayi il
X' =(x',x)=(x',t)) > X" =(X*,X") = (5" X' 1" = g"mt)
soklinda tayin olunur, burada gjk—g Riman metrik tenzorunun tars tenzorunun

komponent-laridir. isbat olunur ki, g1 tabii difeomorfizminin Yakobi matrisi

ox "~ 5ik 0
(gi):[ i J:[tkza kym klié‘kz]
aX m ig g j
strukturuna malikdir.

Muayyan edilir ki, VX € 35(M) vektor meydaninin T,/(M) va T*(M) tenzor

laylanmalarina, uygun olaraq, CXT11 Vo CXTO2 tam liftlari arasinda
9.° X, ="X_, +7(Lyg™)
munasibati vardir, burada y(LXg)—TOZ(M) tenzor laylanmasinda saquli vektor
meydanidir.
g:CXT11 vektor meydani X vektor meydaninin T/(M) tenzor laylanmasina tam
g —lifti adlandirilir.
Teorem. Tutag ki, (M,Qg) Riman coxobrazlisidir, CXTl Vo CXT02 X vektor

1

meydaninin uygun olarag, T,/ (M) va T/(M) tenzor laylanmalarina tam liftlaridir. Onda

giCXTltam g — liftinin ©X_, tam lifti ilo Ust-Usta dusmasi Gcun zaruri va kafi sart

¢
L, g™ =0 barabarliyinin 6danilmasidir.
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KOREPER LAYLANMASINDA SANKi KOMPLEKS STRUKTURLARIN BIiR
SINFi HAQQINDA
Fattayev Habil Dovlat oglu
Baki Dovlat Universiteti
h-fattayev@mail.ru

n—olglili M Riman c¢oxobrazlisinin F*(M) koreper laylanmasina baxilir. Bu
laylanmada Ciger-Qromol metrikasi H.Fattayev tarafindan tayin edilmisdir [1]. “°g Ciger-
Qromol metrikasi VX,Y € 3, (M),Vw,0 € 3, (M) Ugln asagidaki sartlari 6dayir:
“Cag("X,"Y)=" (9(X,Y) =g(X,Y) ez,
“g("o"Y)=0,
Cow,"0)=0,a=p,
1

-1 -1

CG g(Va a),Va 9) —

burada r ° :‘X”“Z =g X/ X,
F*(M) koreper laylanmasinda “©g Ciger-Qromol metrikasina adapta olunmus
JzB=12..,n, sanki kompleks strukturlari VX e 3 (M),VweJI)(M) Uclin asagidaki

sartlarin komayi ila tayin edilir:

3,0 =/, X - L xrx)exs,
Jn, 1
Jﬁv’a)=0,ﬂ¢7/

gi(x”* Hy 5

ﬂ L= ( (X7, 0)" X?),
1/ 1/ 1

burada h, =1+ r;,>'<“ =goX,w=0 'om isars olunmusdur.

Teorem 1.(F"(M),“°g,J,) (gliiyi istanilon p=12..,n dglin sanki Ermit

coxobrazlisidir.
Teorem 2.Har bir f=12,..,n Gg¢ln J, sanki kompleks strukturu onda va yalniz onda

inteqrallanandir ki, NJﬁ ("X,"Y) =0barabarliyi 6danilmis olsun., burada NJﬂ — Nijenhuis
tenzorudur [2,s. 118] va X,Y € J;(M).
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Baki Dovlat Universiteti
ceferliarzu2000@gmail.com

Muasir konstruksiya ve masinlarin layihalasdirilmasi zamani onlarin deformasiyaya
maruz galmis elementlarinin ayilma va gqabarma masalalarinin tadqiqi aktual problemlardan
biridir. Tadgim olunan isda yan taraflari bark baglanmis [6vhanin ayilma masalasi
arasdirilmis va ayilma funksiyasi qurulmusdur.

Miintazam g = constintensivliyina malik olan yikin tasiri altinda olan va en kasiyinin
Olclisli 2a olan kvadrat sakilli I6vhanin ayilmasi masalasina baxag.Lovhanin orta sathinin
ayilmasini W (x, y) ila isars etsak,aydindir ki,

AW (X, y)=%

a_
5= P

Burada D-l6vhanin silindrik sartliyini xarakterizae edan kamiyyatdir.
Muayyanlik lg¢lin farz edak ki, yan taraflori sart baglanib:

aw

Wis=0; s=0 2
| e (2)

(1)-(2) masalasinin halli, minimal funksional hagqinda teorama asasan, asagidaki kimi
tayin edilmis

fdxf{(AW ) —2pwW }jy (3)

funksionalinin (2) sertini 6dayan funksiyalar sinfinde minimalinin tapilmasi masalasina
gotirilir. [ 1,2, 3]

Sonuncu masalani Rits Gsulu ila hall edak.

Koordinat funksiyalarini asagidaki gaydada se¢cmak olar:

(x2—a2f(y? —a?f(a, +a,x* +a,y% +...) (4)
Qeyd edak ki, W(x,y) funksiyasi x va y dayisanlarina nazaran cut funksiya

oldugundan (4)-da x va y-in tak daracalarini yazmiriq.
(4)-s asasan koordinat funksiyalarini asagidaki qaydada sec¢ak:
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2 2
2 :(X2 _az) (y2 _az) 1Py = XZ(Pl 1Pz = y2(/71 ’
Asagidaki kimi isaralema aparaq:
W =W, =a,p, +a,p, +a,0; ;

Rits Gsulunu tatbiq etmakls, Rits sistemini tartib edak:

3
> (Ap;Ap, By = pLp, ) (M=123) (5)
k=1
(5)-i muayyan sadalasdirmadan sonra asagidaki kimi yazmagq olar:
Ea +Ea2a +Ea2a _ ! P
7t T Tt 128af
Eal+ﬂa2az+£a2a3= ! - (6)
77 1001 7 128a
18 2 , 502 1
—a+——a‘a,+-——a‘a,=——
77 77 1001 128a

(6)-n1 hall etsak,
W ~W, = pa“(x? —a*f(y* —a?)(0,02067 +0,0038a 2(x? + y?))
oldugunu
alariq.
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ORTA MOKTOBLORDO HONDSSI MATERIALLARIN OYRONILMOSIND
IKT ASPEKTINDDN BAXIS
Sarmasli Fidan Siileyman qizi
Baki Dovlat Universiteti
fidan.sarmasli@bsu.edu.az

Elementar handasanin konsepsiyasi biliyin gavrayis formasina asasan "tabiat modeli"
adlanan elmi anlayislarla tamsil olunur. Yani bu konsepsiya dedikds, orta GUmumtahsil
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maktablarinda riyaziyyat fanninin handass mazmun xatti qavrayisinin sagirdlar tarafindan
manimsanilmasini “Micarrad olmayan handasi cisimlar modeli” anlayisiyla eyni gotirmak
olar. Burada handasi fiqurlarin novlari onlarin barabarlik va oxsarliqg alagalari, fiqurlarin
mustavida va fazada nisbi yerlagsmasi, handasi kamiyyatlarin névlari, handasi ¢evrilmalarin
novlari kimi anlayislarla xarakteriza olunur. Bunlar Evklid tarafindan hayat tacribasina
asaslanaraq tartib edilmisdir. Konseptual forma mahz anlayiglar va kateqoriyalar kompleksi
kimi nazars alinarag, mantig qanunlari ilo bagh olan anlayiglar arasinda muxtalif
munasibatlara asaslanir. Bu talim modelina asasan tadrisin maqgsadi - sagirdlara miayyan
bir  fonn Gzre idrak va Oyranma prosesinde anlayislar arasinda alaga
yaratmagiimumilasdirma, sistemlasdirma va migayisa etmak yolu ile 6yratmakdir [1].

Handasa mazmun xattinin elementlarinin manimsanilmasi Gg¢lin tadris vasaitlarinin
va istinad materiallarinin tam bazasinin islanib hazirlanmasina vae handasa kursunun biitin
movzulari Gzra onlayn darslarin darc olunmasina baxmayaraq, maraq itkisi ile alagadar
sagirdlar (talsbalar) tarafindean bu movzunun basa disitlmasinda konseptual bohran
problemi movcuddur.

Bu vaziyyat gostarir ki, problem mahz konseptual biliys yiyalanmamakdan, 6z bilik va
ideyalarini micarradlasdira bilmamakdan yaranir.

Bitlin siniflarde handasa mazmun xatti darsliklarinds nazari material (tarif, teorem,
aksiom, isbat) sakillarla (grafiklarla) tamamlanir. ElImi anlayislarin nazari formalasdirilmasini
tamamlayan sakillar nazariyyanin bitiin mazmunlu aspektlarini izloamaya imkan verir va bu
elm sahasinda istigamat gétlirmaya komak edir [2].

Sagirdlarin 6z-6zina qura bildiyi handasi resmlar matn malumatlarini asan basa
disllan formada sarh etmaya imkan verir.

Riyazi anlayislarin, o cimladan, handasanin tadrisi zamani iki amilin tasiri altinda
vizual tafakkiir formalasir va istifads olunur.

Birincisi, bu, anlayislarin mazmunu, tadqiq olunan faktlarin nimayis etdirilmasi
sartlari va formalaridir.

ikincisi, obrazla islamak Ugciin subyektiv secicilik, bilinan faktlara idraki miinasibat.
Mazmunun goriinmasi sagirdlarin (talabalarin) vizual tafakkiir ehtiyatlarindan istifads etmaya
imkan verir.

Handasi anlayislari manimsayarkan vizual tafakkirin spesifikliyi mixtalif nov va
formali vizual tasvirlar (muxtalif handasi fiqurlar, onlarin xassalari, alamatlari, faza cisimlarin
nisbi movqelari) asasinda yaradilmis tasvirlarin yenidan islanib hazirlanmasidir.

Handasi cisimlarin ayani tasvirlari ham dyranma predmeti, ham da handasa mazmun
xatti tadrisi vasitasi kimi xidmat eda bilar.

Handasa mazmun xattinda islomaya xlsusi diqgat yetirilmalidir, ¢linki bu halda alda
edilan nazari biliklar handasi masalalari hall etmak va mdévcud teoremlariisbat etmak lglin
istifada olunur.

Bununla bels, butin handasi tasvirlari basa dismak , xlisusan da orta maktabda
stereometriyani 6yranarkan problemi hall etmaya kdmak etmir. Masalan, I6vhanin va ya
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noutbukun miustavisindaki tasvirlar dinamik xususiyyatlora malik deyil. Sagirdlarin
aksariyyati mistavida sakila baxir va cisimlarin fazadaki nisbi mévgeyinin tasviri hagqinda
cox az qavrayisa malik olurlar. Bu sadalanan situasiyalar artiq tarix olmaga baslayir. KT
bacariglarini genisloandirmak ham fiziki olarag rahat, ham ds maddi baximdan daha
alverislidir. Ona géra da handasi materiallarin hazirlanmasinda iKT dastakli programdan
istifada labudltyl artir.
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Farz edak ki,

4 4 4
dolny) H0'olxy), dely) 1)
OX OX“oy oy
tanliyinin hallini tapmaqg talaeb olunur. Tanliyin hallini Furyenin trigonometrik sirasinin

komayi ila tayin edacayik, yani halli

o(x, y)=g(y)sin % 2)

soklinda axtaracagiq. Burada m -ixtiyari tam adaddir, g(y)-isa yalniz y-dayisaninndan asili
funksiyadir.
ogar (2) barabarliyini (1) tanliyinda nazara alsagq,

9" (y)-2a%g"(y)+a'g(y)=0 (3)
tanliyini alariq. Burada a:@ isara edilmisdir. (3) tanliyi dordiinci tartib sabit amsalli adi
e

diferensial tanlikdir. Bu tanliyin tmumi halli
g(y)=c,chay +c,shay +c,ychay +c, yshay (4)
soklinda tayin olunur. (4) barabarliyinds istirak edan c,,c,,c, va ¢, amsallarini tapmaq Uglin

sarhad sartlarini asagidaki kimi gabul edak. Tutaq ki,
O*p(x.y) _ o, 0*0lxy) _

=colduqda =0; =—Bsin ax
Y A oy ox? “
o*p(xy) _ o 0%p(x.y) )
y =—colduqda P =0; 4 > =—Asin ax
OXoy OX


https://www.researchgate.net/profile/Patricio-Herbst?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/journal/Journal-for-Research-in-Mathematics-Education-1945-2306?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24ifX0
mailto:Smsff125@mail.ru

60

sartlari 6danir.
ogar (4) hallini (5) sarhad sartlarindan ilk bircins barabarliklarinda nazara alsaq,
oshac ) achac
c,=—C ;C3=—C, (6)
shac + acchac chac + acshac

barabarliklarini alariq. 9gar (5) sarhad sartlarinds geyri-bircins sartlardan istifads etsak, c,

Va C,, C, Vo ¢, amsallarini tayin etmak ti¢gln
a’(c,chac + ¢,shac + c,cchac + ¢ ,cshac) = B
o’ (c,chac - c,shac —c,cchac +¢,cshac) = B
tanliklar sistemini alarig. 9gar (6) barabarliklarini sonuncu sistemda nazara alsaq,

integrallama sabitlarini asagidaki sakilda tayin edirik:

_A+B shac+acchac, ~~ A-B chac+acshac

1 2 Gy = 2
a sh2ac + 2ac a sh2ac —2ac
c _A-B  athac o __A+B  ashac
* a? sh2ac-2ac’ ! a®  sh2ac+2ac

9gar sabitlarin bu giymatlarini (4) barabarliyinda nazars alsaq, (1) tanliyinin (5) sarhad
sartlarini 6dayan hallini

o(x,y)=sin x| A+ B shacchay + acchacchay — ayshacshay |
a sh2ac +2ac

L A-B aychacchay—chacshay—acshacshay}

a’ sh2ac —2ac

saklinda tayin edirik. Halli daha sada sakla salmaq Uglin farz edak. A=B-dir, onda sonuncu
barabarlikdan halli

ol(x,y) = 22 sin oo SNOECNY + acchacchay —ayshacshay
a sh2ac + 2ac

aling. 9gar y =0 oldugunu gabul etsak sonuncu barabarlikdan

acchac + shat

JY)=2A i
(D(X y) sh2ac + 20c oI

alarig. Bu barabarlikda chz va shz-funksiyasinin ayrilisindan yani

(ac)’ | (ac) (ac)”  (ac)*

shac =aCc+~——+-——+...,chac =1+——+
6 120 2 24

+...

ayrilislartindan istifade etsak ve m-adadi boylik olduqda %—adadi kicik oldugundan
e
tanliyin tagribi hallini

e 24

4
o(x,y)~ Asin ﬂ[l— (ax) }
saklinda tayin edirik. Bu distur tanliyin hallini arasdirmaq li¢lin daha miinasibdir.
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Asagidaki tanliklar sistemina baxilir:

o(x) = !b(s) @(s)ds i? C(S)S(j_(i)ds =f(x), xe [— o oo], (1)

burada, b va ¢ m- 6lglili kvadrat matrislardir va xf (xf,,xf,,...,xf_) vektor funksiyalari

uygun olaraq [1;oo]va [—oo;oo] intervallarinda Hoélder manada kasilmazdirlar , yani kifayast

gadar boyik x, va x, tgln |f(x,)— f(X,)| < const| £ -1 ,a>0.
Xl 2
9gor a va b dioganal matrislar olarsa va
b(s) ¢(s)ds c(s) p(s)ds
o)+ =[P _ g g L TOPENE gy i) @)
S—X S+ X

1 1

tanliyi hall olunandirsa, onda (1) sistemini onunla ekvivalent ikinci név Fredholm integral
tanliyina gatirmak olar.

ogor a va b dioganal matrislar deyilsa, onda (2) tanliyinin hallini imumiyyatls desak
gapal formada almaq mimkin deyil (bax [1]). Lakin sinqulyar inteqgral tanliklarin Gmumi
nazariyyasi hallin  mimkin strukturu-hallin hamarliq daracasi, muayyan noéqtalorda
movcudlugu hagunda fikir yaritmaysa imkan verir. Bu istigamatda asagidaki teorem
dogrudur.

X
)dx<oo sartini &dayan ixtiyari (¢, @,,...,¢,) hallinin

Teorem. (1) tanliyininf ?i

sonsuzluqda sifira getma tartibi x™, x>0 tartibindan az deyil, adad oxunun x=+1

noqgtalari istisna olmagla istanilan sonlu noégtasinds Holder manada kasilmazdir, x==1
nogtalarinin atrafinda isa

\co,—(x)\<|c S a<1, j=1,2,...m

barabarsizliyi ddanilir.
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KO9SR — XOTTi NOQLIYYAT MOSOLOSININ STANDART NOQLIYYAT MOSOLaSI
KiMi HOLLININ BIiR YOLU
Hamidov Rafael Hiiseyn oglu, $arifova Hilal Rahim qizi
Baki Dovlat Universiteti
saharifovasarifova@gmail.com

Standart yolla kasr-xatti programlasdirma masalasinin halli mahdudiyyatlar sartinin
ilkin formasinin pozulmasi il naticaloanan yeni alinan xatti programlagsdirma masalasinin
halininkdmayi il barpa olunur [1]. Lakin boylk 6l¢uliva xatti kriteriyali halda effektiv yolla
hall olunan bela masala lg¢lin bu cir hall yolu cox vaxt arzu olunan naticani vermir. Clinki
effektivlik adatan masalanin sartlarinin spesifikasini nazara almaqla alda olunur. Kasr-xatti
nagliyyat masalasi da bels masalalardandir.

Taqdim olunan isda kasr-xatti nagliyyat masalasinin hallinin ilkin mahdudiyyatli
nagliyyat masalasi kimi hall olunmasinin mimkdunliyi gostarilir.

Masalanin goyulusu asagidaki kimidir:

Y1(X)

222 s min ., xe X (1)

y,(x)

Burada X mumkiin hallar ¢coxlugu olub asagidaki minasibatlarin kdmayi ila tayin
olunur:

D% =4,

=1

2% =bj,

i=1

x;20,i=1n, j=1m

yl(X): chiljxij +c,

j=l =l
Yo (x)=>">"clix, +c’.

j=1 i1

Umumiliyi pozmadan, &danilmasi hamisa asanligla tsmin oluna bilan asagidaki
sartlarin ddanildiyini farz edaciyik:

1) iai :ibj’
2) y,(x)>0,y,(x)>0,xe X
¥ = {y0)= (5 c)00)] x X Jolsn.

1) sarti masala (1)-in hallinin varhgini tamin edir.

2) sarti isa Y < R? ¢oxlugunun R® — nin birinci riibiinds yerlasan coxbucaqli oldugunu
gostarir. Koordinat baslangicindan kegib Y g¢oxlugunu 6ziindon sagda saxlayan dayaq
y> =k"y' diiz xattinin har hansi y* :(yl*(x*), y;‘(x*))eY néqtasini gétirak. Onda k=y; /y;

oldugunu va x* € X optimal variantinin masalanin halli oldugunu hokm edirik.
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x* hallinin qurulmasi

1) [2]-daki sxema asaslanaraq avvalca masals (1)-in har hansi ilkin x' € X mumkiin
variantini secirik (masalan, simal — garb Gsulunun kdmayi ila)

2) v =(y,(x) y,(x*))eR? = nin kémayi ila yiy,(x)—yiy,(X)—> max.,xe X nagliyyat
masalasinin x> optimal hallini qururuqg va y° =(yl(x2), yz(xz)) ilo y* arasinda y;/y; =y2/y?
barabarliyinin dogrulugunu yoxlayirig. Cavab miisbat oldugda x* = x* olaraq gabul edirik vo
kecid aliriq 3)-a. 9ks halda x' = x* gabul edib kecid aliriq 1)-a.

3) son.

Belalikls sonlu sayda X mahdudiyyatli nagliyyat masalasini hall etmakla verilmis (1)
masalasini  hall etmis olurug. Prosesin sonlu olmasi ciddi monotonlugun, vyani

i+1

yit/yst >yl /y, 6danilmasinin va segimin bazis hallar i¢arisindan aparilmasinin naticasidir.
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RIYAZIYYATIN TODRISI PROSESIND® iNNOVATIV TEXNOLOGIYALARIN
ISTIFADDSIND® MUASIR YANASMALAR
Hasanova Xalida Sidqgali qizi, Heydarova Maftun Nizami qizi
Sumgqayit Dovlat Universiteti
hesenova 1975@list.ru, meftun.heyderova.82@mail.ru

informasiya texnologiyalari uzun middatdir ki, riyaziyyatin tadrisi vasitalari arasinda
muhUm yer tutur. Multimedia tagdimatlarinin, test tapsiriglarinin, elektron darsliklarin,
funksiyalarin va ya handasi cisimlarin qurulmasi U¢ln tatbiq olunan programlarin istifadasi
riyaziyyatin tadrisi prosesinin ayrilmaz hissasina ¢evrilmisdir.

Riyaziyyat fanninin tadrisi zamani informasiya texnologiyalarinin tadris prosesinda
istifadasi tclin boylk imkanlar vardir. Bunlar ham tadris prosesinin muxtalif marhalalarinda
(yeni materiali 6yranarkan, avvallar oyranilmis malumatlari sistemlasdirarkan, materiali
Umumilasdirarkan va takrarlayarkan), ham da darsin mixtalif marhalalarinda (0yranilan
biliklari yenilayarkan, taqdim edarkan), eyni zamanda talim prosesinin ayrilmaz hissasi olan
sinifdankanar islarda istifada edila bilar.

Riyaziyyatin tadrisi prosesinds ananavi olaraq istifade olunan asas informasiya
texnologiyalari vasitalarina asagidakilar daxildir:

- nazari materialin dyranilmasini va onun ilkin méhkamlandirilmasini an ¢ox misayiat
edan multimedia tagdimatlari;
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- yerlasdirilmis video kliplari, test suallari va 6zlina yoxlama suallari olan elektron
darsliklar;

- riyaziyyatin tadrisi prosesinda istifads olunan programlar (PhET, Excel,
Mathematica, Graphing Calc, MathCad va s.);

- handasanin tadrisinda istifada olunan virtual konstruktorlar (Geogebra, WinGeom,
Stereokonstruktor va s.);

- test tapsiriglari.

Diinyada, eyni zamanda talim prosesinda ugurla istifade edila bilan informasiya
texnologiyalarinin hazirki stiratli inkisafi bu siyahini shamiyyatli daracada yenilayir.

Asagidaki c¢atinliklar riyaziyyat musallimlarinin informasiya texnologiyalarini tadris
prosesina gatirmasi prosesini angallayir:

- lazimi maddi-texniki dastayin olmamasi: maktablarda har zaman lazimi avadanliglar
olmur (asasan informatika otagqlari tachiz olunur) va ya tadris prosesinda istifade olunan
avadanliglar informasiya texnologiyalarinin moévcud imkanlarinin reallasmasina imkan
vermir;

- miallimlarin miasir informasiya texnologiyalarindan istifadaya dair lazimi taliminin
olmamasi;

- informasiya texnologiyalarinin istifadasina yonalmis muasir yanasmalarin metodik
cohatdan kifayat gadar islanmamasi va tadris materiallarinin mistaqil hazirlanmasina sarf
olunan vaxtin mahdudlugu.

Sosial-igtisadi yeniliklar, akademik fanlarin tarkibinde va hacminda sistematik
dayisikliklar, habels mduasir muallimin rolunun dayismasi Azarbaycan tahsilinda butin
fanlarin, o ciimladan riyaziyyat fanninin tadrisinda yeni IKT vasitalarinin istifadasinayeni
yanasmalar talab edir.

R.S.Xatayeva va D.A.Abdullaevin geyd etdiklari kimi, regamsal tahsil manbalarinin
aktiv istifadasi tahsilin mazmununun, tadris texnologiyasinin va tahsil prosesi istirakgilari
arasindaki munasibatlarin dayismasina gatirib ¢ixarir, taliminin talsbalarin gabiliyyat ve
gavrayls tempinadaha uygun olmasina imkan verir.

Bu baximdan, informasiya texnologiyalarinin miasir imkanlarini 6yranmak va onlarin
maktabds, daha sonra orta ixtisas va ali tahsil miassisalorinda riyaziyyatin tadrisi
prosesinda tatbiqgi Ugln talimatlarin hazirlanmasi ehtiyacindan ibarat olan bir problem
ortaya gixir.

Bu problemin halli maallim va sagirdlar arasinda garsiligh alagalarin yeni yollarindan,
metod va Usullarindan istifada etmayi va pedaqoji faaliyyatin naticasina effektiv nail olmagi
tamin edacak muasir texnologiyalarin tadris prosesinda tatbigindan danismaga imkan
veracakdir.

Magqalanin maqgsadi muasir informasiya texnologiyalari vasitalarini tahlil etmak,
riyaziyyatin tadrisi prosesinda informasiya texnologiyalarinin tatbigi Ug¢lin muasir
istigamatlari nazardan kegirmakdan ibaratdir.
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Tahsil sahasindaki yeniliklar informasiya texnologiyalarindan istifada daxil olmagla

"

muxtalif sartlarlo alagalandirila bilar. V.A.Krasilnikova qeyd etdiyi kimi: . tadrisin
kompiter texnologiyalari muasir tahsil texnologiyalarinin asasina cgevrilir, ¢linki tahsil va
davaml pesa inkisafi sagirdin fardi istaklarinin yerina yetirilmasina, saxsiyyat kimi inkisafini
tamin etmaya va onun algatanliq saviyyasini artirmaga imkan verir.

internetin artan imkanlarini nazars alaraq, tshsil sistemindaki informasiya
texnologiyalari global sabakanin texniki vasitalari va imkanlari macmusu kimi basa
dustlacak, oyrananlarin biliklarini genislandirmak maqgsadilea istifade etmak Ugln
malumatlarin davamli gabulunu va islanmasini tamin edacakdir. S.A.Sokolovanin verdiyi
malumata gobra, muasir informasiya texnologiyalari Gmumi malumatlarin saxsi bilik va
bacariglara c¢evrilmasine koémak edan informasiya texnologiyalari va interaktiv
avadanliglardan istifade edarak musallim va sagirdlar arasinda qarsiigh alaga va
metodlardan istifada edilmasina yonalmis tadris va dyranma metodlaridir.

innovativ informasiya texnologiyalarini nazars alan S.A.Sokolova tahsil faaliyyatinda
asagidaki vyeniliklari  muayyanlasdirir: malumat teqgdim etmak Ug¢lin hipermatn
texnologiyalari; interaktiv avadanliglarin (elektron lovhalarin) istifadasi; tagdimatlarin
yaradilmasi ve nUmayisi; distant tahsil texnologiyalarinin istifadasi, videokonfranslar;
interaktiv tahsil komplekslarinin inkisafi.

Belalikla, riyaziyyatin tadrisinda informasiya texnologiyalarinin istifadasine muasir
yanasmalar dedikds, tahsil prosesinin bltln istirakgilarinin interaktivliyini, masafasini va
harakatliliyini tamin edan komplter programlarinin, xisusi tatbigetmalarin va internet
resurslarinin istifadasi nazardas tutulur.

Tahsil prosesi istirakgilari arasinda garsiligh alagalarin taskil edilmasinin yeni yollarina
internetin mixtalif onlayn xidmatlarini, interaktiv onlayn I6vhalari, muxtalif név funksiyalari
birlasdira bilan tahsil platformalarini va s. aid etmak olar. Sadalananlarin bir ne¢a sababi
var: birincisi, burada har bir talabanin zehni faaliyyati nazards tutulur; ikincisi, tahsil
muassisasinin yerlasmasindan asili olmayaraqg har bir talsbanin tahsil almaqg imkani olur;
Uglinclsl, tahsil miassisalarinda istifada edila bilan pulsuz program taminati siyahisi ila
alagali informasiya texnologiyalari vasitalarinin istifadesindaki mahdudiyyatlori aradan
galdirir.

Qeyd etmak lazimdir ki, miasir informasiya texnologiyalarindan istifada 6yrananlarin
tokca muayyan bir bilik va fann bacariglar sistemini deyil, ham da orta ixtisas va ali tahsil
miassisalorinds tahsillorini davam etdirorkan istifade eda bilacaklari zaruri KT
bacariglarinin formalasmasina imkan veracakdir.

SINQULYAR INTEQRAL OPEERATORUN BiR 9D9Di APPROKSIMASIYASI HAQQINDA
Hiiseynli Aynur Fizuli qizi, Hasilova Fidan Kamil qizi
Baki Dovlat Universiteti
aynurhuseynli88@gmail.com , hasilovafidan9@gmail.com
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Sinqulyar integral tanliklarin konstruktiv hallini arasdirarkan bazi hallarda integralalti
funksiyanin nisbi sixhginin minimal hamarlq sarti daxilinds , masalan, nisbi sixhigin
H(e,T'), 0<a <1 Hélder sinfina daxil oldugu halda tagribi hall olunmasi masalasina baxilir.
(bax [1])

Tutaqg ki, uclari a va b noqtalarinds, uzunlugu L olan I' qovsu verilmisdir. T

qovsini — a=t,,t,,....tyy b, =b, [t —t[ =]t =t ], jEn+L ft,, —t, ] <ft

—t,| négtalari

n+l? "n+2 J+l n+2 n+1

S-S,

vasitasila hissalara bolak. t ndgtasinin qovsi hissasini s, max -
titge —

0

adadiniiss M ila isara

edak va farz edak ki, |t

_tj‘=4—|‘n, jEn+1, -t <t —t|, k= j vo (t;.t,.;) qdvsinds

j+l

\sj—s\sz\tj—t\g\tj—t

jHL
Asagidaki teorem dogrudur.
Teorem. Yuxarida deyiloan sartlar va isaralomalar daxilinda ixtiyarigp(t)eH(a,F)

funksiyasi Gglin

n+l

(p(t)dt__tl e et et 1o
j Pt == -3 =ty

—a 4t -t 7

J
S§H5(1+M In ZnJ(Ej
T (04 n

barabarsizliyi 6danilir,burada Z batin j=k,k-1; k=1,2,...,n+1 indekslari Gzra

comlamani isara edir.
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MOSOLOLIRIN ToDQiQi HAQQINDA
ibrahimova Malahat Sahnur qizi
Qarbi Kaspi Universiteti
Melahetibrahimova500@gmail.com

otraf mihitin vaziyyatinin monitoringina getdikca daha ¢ox diqqgat yetirilir. Cox vaxt bu
proses bir va ya bir ne¢a hassas gostarici novinin secilmasini va onlardan Gmumi atraf
muhitin saglamliginin 6lcist kimi istifade edilmasini nazarda tutur. Bununla bels, onlarin
hamisina birbasa nazarat etmak U¢ln ¢oxlu ekoloji amillar va sartlar var.
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Tabii ehtiyatlarin idara edilmasinda geyri-muayyanlik tabistin alternativ vaziyyatlarinin
va tabii proseslarin zamanla prognozlasdiriimasinda xas dayiskanlikdan irali galir. O, adatan
markazi meyl 6lclsl (orta) va bu orta ila bagl alternativ naticalarin dispersiyasi (variasiya)
ilo xarakterize olunan ehtimal bolglst ile xarakteriza olunur. Mixtalif naticalarin
paylanmasinin miuiqayisasi alternativlarin atraf mdihit haddini kegib-asmadigina dair
salahiyyatli miihakima ylritmayin va ya bir ne¢a prognozlasdirilan alternativlerden an
etibarlini miayyan etmayin yegana yoludur. Qeyri-muayyanliyin giymatlandirilmasinin,
yani malumatlarda, alstloarde va natica sistemlarinde geyri-miayyanliyin  bitin
manbalarinin giymatlandirilmasinin dayari ondan ibaratdir ki, o, naticaloanan prognozlarin
va ya alternativlarin etibarliiginin miqayisasi G¢ln real asas verir.

Bu yazinin maqsadi geyri-miayyanliyi tasvir etmak Ugln istifade olunan terminlar, onu
giymatlandirmak Uglin istifada olunan bir ne¢ca imumi metodlar va garar gabulu prosesinda
geyri-muayyanliyin kontekstina ve shamiyyatina dair asas anlayisi tamin etmakdir.
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Forz edak ki, f:R—R birdayisenli funksiya vo a=(ay,...,a4)e R \ {0} qeyd
olunmus vektordur,

F(x)=f(a-x)= f(aX +...+agxq)

soklinda olan F: RY 5 R coxdayisanli funksiyasina ridge funksiyasi deyilir, burada
X =(Xg,....%g )€ RY (bax [1,2]).

Forz edak ki, ikidayisanli F(X, y) funksiyasi R? fazasinda tayin edilib. Asagidaki

masalaya baxaq:
Hansi sart daxilinda F(X, y) funksiyasini

n
F(x, Y): > fk(akx+bky) (1)
k=1
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ridge funksiyalarin comi saklinds gostarmak olar, burada I, =(a,,b,), k=1n
vektorlari clt-clit xatti-asili olmayan vektorlardir.
nNn=1 va N=2 halinda masalenin halli trivialdir. Nn=1 halinda |, =(a;,b)
vektoruna perpendikulyar If :(—bl,al) vektoru gotirsak F(X, y) Ucln (1) ayrihsinin
6danilmasi VA, X,y € R adadlari tgiin
A F(x,y)=0 (21)
sortinin - 6danilmasi il eynigiiclidir. N=2 halinda |, =(a;,b;) va 1, =(a,,b,)
vektorlarina perpendikulyar olan Ij" =(=by,a;) va 1y =(=h,,a,) vektorlarini gétiirsak
F(X, y) funksiyasi Gg¢lin (1) ayrilisinin 6danilmasi VA, 45, X,y € R adadlari tiglin
sartinin ddanilmasi ila eynigtclidur.
N>3 halinda masale kifayat gadar galizlasir. Bels ki, N>3 halinda F(X, y)
funksiyasinin (1) ayrilisini 6demasi Ucln (2;) va (2,) sertlarinin Umumilasmasi olan
YA, Ay, X, Y € R adadlari Gglin

sarti zaruri olsa da, kafi deyil, burada IkL :(— bk,ak), k =1,_nMasaIan, n=3, |; =(1,0),

I, =(0,1), I3 =(11) gétursak ixtiyari biadditiv funksiya VYA, 4,,43,%,y € R tigiin
A(0,41)A (25,002 (45 ,—/13)F(X’ y)=0

sortini 6dayir. Lakin har bir biadditiv funksiyani f;(x)+ f,(y)+ fg(x+y) soklinds

gostarmak olmur.
Bu onu gostarir ki, N >3 halinda (1) ayrilisinin 6danilmasi (2) sorti ila eynigicli deyil.
Buradan asagidaki tabii sual meydana galir:
Hansi hamarliq siniflarinda (1) ayrilisinin 6danilmasi (2) sarti ila eynigicli olur? Basga
sézls desak, F(X, y) funksiyasi hansi hamarliq sinfina daxil oldugda (2) sartindan F(X, y)

funksiyasi G¢lin (1) ayrilisinin 6danilmasi alinir?

Asanligla yoxlaya bilarik ki, agar F eC(n)(RZ) olarsa, onda (2) sartindan (1) ayrilisinin
o6danilmasi alinir, yani C(n)(Rz) sinfinda (1) ayrihsi ila (2) sorti eynigliclidir. Dogrudan da,
ager F eC(n)(RZ) funksiyasi Gglin (2) sarti 6danilarsa, onda (2) barabarliyinin har tarafini
A .- Ay hasiline bolib, 44 > 0,..., 4, >0 sartlari daxilinda limita kegsak, alariq ki,
VX, Yy €R tgln

o"F
—(x,y)=0 (3)
a|f...a|ni( y)
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barabarliyi ddanilir. (3) diferensial tanliyini hall etmakla alariq ki, F(X, y) funksiyasi Gi¢tin (1)
ayrilisi 6danilir.

Magsadimiz (1) ayrihsinin (2) sarti ils eyniglicli oldugu daha genis siniflar tapmaqdir.
Biz gostaracayik ki, N >3 halinda C(n_?’)(RZ) sinfindan olan funksiyalar tGg¢ln da (1) ayrilisi
ila (2) sarti eynigliclidur.

Teorem. Farz edak ki, 1, =(a.,b, ), k =1,n vektorlari ciit-ciit xatti-asili olmayan

vektorlardir. Onda F eC(n_S)(Rz) funksiyasinin (1) ayrilisi saklinda gostarila bilmasi lgln
zaruri va kafi sart VA,,...,4,,X,y € R lglin (2) barabarliyinin 6danilmasidir.
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Asagidaki

A 0P (x,t) 6¢(x t)
at

tanliklar sistemina baxagq, burada

A=diag{s,,...&, ) wxt)={yw,(xt)....w,(x1)} t— transponira isarasidir,

n
C(xl t) = ||Cij(x't)||ij=1’ Cii(x;t) = 0
&E>.>&8 ,>0>8  >& vo

Cy(x v < Cla+ X+ (2)

= C(x,t) Y(x,t), (1)

Cij(x,t), (i,j = L_n)kompleks dayisanli Olglilan funksiyalardir. Yarimoxda

{WECe, ), Pk L0 )Y = {ay(E+ &%), .0, any (E+ & 20)} 4+ 0(1),x > +oo
(3)

Vo

v (0t) ZwJOt vr(0t)=p(0,t) k=Ln-2. (4)

jik
sartlarini 6dayan n—2 sayda sapilma masalasina baxilir. Géstarmak olur ki, X — o« {i¢lin

{1 e, ), i (o, O3 = {bri_y (t + &1, bE(E + 0} + 0(1) (5)
Asimptotikasi dogrudur. Onda
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sk -
(@10, a5 (O} — (b1 (0, b5k = T =2 6)

S=(S,...,S"2), sapilma operatoru tayin olunur.
Cevirma operatorlarinin kémayi il gostarilir ki,

k
(a1(D)s. ., By ()Y —— (BE(0), b2y (6) = B2y (E), ..., BE2(E) — bi_y (D} k = T,n — 2
operatorlari va onlarin bas minorlarinin tarsi var, onlarin muiayyan elementlari va
kombinasiyalari faktorizasiya oluna bilandirlar. Bu operatorlarin va onun faktorizasiya
elementlarinin kdmayi ila tars sapilma masalasi birgiymatli hall olunur va konstruktiv

alqoritm verilir. n—1 galan va bir sapilan dalga halina [1] — da baxilib.
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UCUNCU TORTIB YARIMXSTTi PSEVDOPARABOLIK TONLIK UCUN QARISIQ
MOSOLONIN HOLLININ VARLIGI
ismayilov Arif ibat oglu, Pasayeva Nazrin Ehtibar qizi
Baki Dovlat Universiteti
ismaylilovarif@icloud.com, pyevanezrin00@gmail.com

isda birdlcllil yarimxatli xiisusi téramali tanlik G¢lin garisiq masalanin varlig tadqiq
olunmusdur. Uciincii tartibtanlik ticlin asagidaki kimi garisiq masalaya baxaq:
u, (t,X) —a-u,, (t, X) = F(t, x,u(t, x),u, (t,x),u,(t, X))
(0<t<T, 0<x<1,
u(0, x) = p(x) (0<x<7), (2)
u(t,0)=u(t,z)=0 0<t<T), (3)
harada ki, @ >0 verilmis adad, 0<T <+, F,®- malum funksiyalar, u(t, X)axtarilan

(1)

funksiyadir.
(1)-(3) masalasinin sanki har yerdhalli dedikda asagidakini basa diislirtk:
a)u(t,x), u, (t,x), u, (t,x), u, (t,x) eC ([0,T]x[0, z])
Uy (£,X), Uy, (t,X) €C([0, 7]:L, (0, 7) )
b) (2) va (3) sortlari adi manada 6danilir;
v) (1) tanliyi [0,T]x[0, z]-da sanki har yerds édanilir.
isda Gmumilasmis sixilmis inikas prinsipini tarpanmaz noqte hagqinda Sauder
prinsipi ila kombinasiya etmakla (1)-(3) masalasinin sanki har yerds lokal hallinin varhg
haqqinda asagidaki teorem isbat edilir.
Teorem. Tutaq ki,

L.p(x) eCO(0,7]) ¢"(x) € L,(0,7) va ¢(0) = p(7) =0.
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2. F(t,X,Uy,Uy,Us) € C([0,T]x[0, 7]x (—00,0)*)
3. istanilan R>0 dictin [0,T]x [0, z]x[- R, R x (=0 o) oblastinda
|F(t,X,up,u,,uy) — F(t, X, Uy, U, 05)| < Cp - uy — 05,
burada C, > 0 sabitdir.
Onda T -nin kafi gadar kigik giymatlari tGgln (1)-(3) masalasi sanki har yerda halls

malikdir.
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QRAND LEBEQ F9ZALARINDA QUVVIT COKiLi EKSPONENSIAL SISTEMINBANAX FREYMLIYi
HAQQINDA
ismayilov Miqdad imdad oglu, Tergiyeva Pitimat Labazan qizi
Baki Dovlat Universiteti
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Tutaq ki, L, (—m,m), p>1,qrand Lebeq fazasidir, G, (—m,m) isa L, (—m,m)
fozasinin bu fazada slirisma operatorun dogurdugu alt fazasidir. Taqdim edilan
isda Gp)(—n,n) ,p > 1 fozasinda {e™} ., sitemin uygun amsallar fozalarina nazaran

{p(t)eint} nez (1)
sisteminBanax freymliyidyranilir, buradagaki funksiyasi

r
p =] ] le-nl=
k=0

soklindadir vat, € [—m, ],k = 0,7, miixtalif négtslordir. (1) sistemin L,(-m,m), p>1,
Lebeq fazalarinda freymlik xassalari [1-3] islarinda oyranilmisdir.

Malumdur ki ([4]), klassik {e'™} .., eksponensial sistemi Gpy(—m,m) ,p>1
fazasinda bazis emala gatirir. K,y ila G, (—m,m) ,p>1 faszasinda {e™t} o, bazisin
amsallar fazasini isara edak.

Asagidaki teorem dogrudur.

Teorem. (1) sistemin Gp)(—n, 1) fozasinda Banax K,y-freymi olmasi Ggiin zaruri va

kafi sart a, = 0,k = 0,r,0lmasidir.
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3. B. T. Bilalov and Z. V. Mamedova, On the frame properties of some degenerate
trigonometric systems, Dokl. Nats. Akad. Nauk Azerb., 68(5) (2012), 14-18.
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Tutaq ki, L,(—m,m) Lebeq fazasidir, ve K bu fazada mahdud operatordur. L, (—m, )

fazasinda ¢akili eksponensial
{p(©)e™} ez (1)
sistema baxaq, burada ¢aki funksiyasi
p(t) = [Ti=olt — til ¥,

T =t, <t <-<t,=m, saklindadir. [1] isin naticalarina asasan (1) sistemi yalniz va
yalniz a, =0, k =0,r 6dandikds L,(—m, ) fozasinda freym amala gatirir. isda (1)
sistemin K-freymliyi 6yranilir.

Asagidaki teorem dogrudur.

Teorem. Tutaq ki,K operatoru ImK = L,(—m, m) sartini 6dayir. Onda (1) sistemin
L,(—m, ) fazasinda K-freym olmasi tgtin zaruri ve kafi sert a;, = 0,k = 0,r,0lmasidir.
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KOMPUTER $SOBOKOLORININ VO TEXNOLOGIYALARININ MUHAFiZ3SININ TOMIN
EDILM3Si MOSOLOLIORININ TOKMILLOSDIRILMDSI.
Ismayilova Fidan Abdurahim qizi
Baki Dovlat Universiteti
fidanismayilova980@gmail.com

Muasir dinyada informasiya texnologiyalarinin inkisafi, komputer sabakalarinin vea
texnologiyalarinin mihafizasi masalasini daha da aktual va vacib edir. Kompliter sabakalari
va texnologiyalarin mihafizasi glinimiziin informasiya cemiyyatinda ashamiyyatli bir
masaladir. Bu miihafiza, tahllkasizlik tadbirlari va texnolojik rifahi birlasdiranperspektivda
yanasilan bir sahadas tadgigat ve inkisaf movzusudur. Maqals, texnologiya
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infrastrukturlarinin tahltkasizliyini tamin etmak va texnolojik rifahi dastaklamak Ugln
mistaqil tadbirlarin va tadbirlar bitlini ilo bagli arasdirmalara hasr olunmusdur.

Kompluter sabakalarinin mihafizasi, farqli tahlika faktorlari ila miibariza lglin an son
tadbirlara nazarat etmayi talab edir. Viruslar, malver tahlikasi, kiber hicumlar va
identifikasiya qurgulari kimi asas tahlika faktorlarina garsi miibariza Uglin an effektiv va
glincal tadbirlorin arasdirilmasi bu movzunun asasini tagkil edir. Movcud mihafiza
tadgiqgatlarinin va texnologiya tahlikasizliyi standartlarinin miizakirasi aparilir. Homginin, bu
standartlarin ve yanasmalarin glincalleanmasi va effektivliyin qiymatlandiirlmasi Ggln
nazarda tutulan aktual problemlar va hall yollari arasdirilir. Komplter sabakalarinin
muhafizasi, fargli tahlika faktorlari il mibariza lGglin an son tadbirlara nazarat etmayi talab
edir. Kriptografiya tadbirlari, antivirlis programlari, firewall sistemlari va siratli tahlikasizlik
yuksaltmak Gglin yeni ideyalar bu moévzuda atrafli sakilda tahlil olunur. Komputer sabaka va
texnologiyalarinin miihafizasinin takmillasdirilmasi tG¢lin muasir va innovativ yanasmalarin
tatbigi UGc¢lin potensial sahalar wvurgulanir. Bu sini intellekt, masin Oyranmasi va
avtomatlasdirma texnologiyalarini shata edir.

Tahlukasizlik tadbirlari inkisaf etdikca, texnologiyalarin da inkisaf etmasi talab olunur.
Texnologiya sahasindaki sliratli inkisaf, eyni zamanda muxtalif tahlikalari da artirir. Bu
baximdan, mihafiza tadbirlarinin shamiyyati daha da artmaqgdadir. Tahlikasizlik yeniliklari,
digar texnologiya sahalarinda oldugu kimi, muasir tahllikalara garsi qoruma tadbirlarini
daha effektiv va dayanigli hala gatirmak Uglin aparilan inkisaf va tadqiqgatlari shata edir.
Tohlikasizlik  sahasindaki  yeniliklar,  sabakalarda, programlarda, malumatlarin
saxlanilmasinda va istifadagi tacrliibasinds qorunmanin taminatini artirmagi hadaflayir.
Suratli tahlikasizlik vasitalari, muixtalif manbalardan galan tahllkasizlik malumatlarini
suratli sakilds icma edarak tahlikalarin yaranmasini va yayilmasinin garsisinin alinmasina
nail olur. Potensial tahlUkalarin gisa zamanda tayin edilmasina va aninda midafis
tadbirlarinin goridlmasina komak edir. Tahlukasizlik yeniliklari, muasir texnologiyalarin
inkisafina paralel olaraqg miayyan tahliikalara garsi daha effektiv miidafia tadbirlarini tamin
etmaya nail olur. istifada olunan yeni texnologiyalar va tadbirlar, tahliikasizlik sahasindaki
mubarizani daha da gliclandirir va muasir tahlikasizlik standartlarini artirir.

Bu maqals tahliikasizlik sahasindaki an son inkisaflari tahlil edarak, giris nazarati,
malumat sifralomasi va firewall sistemlari kimi asas tahllkasizlik prinsiplari atrafinda
birlasmisdir. Suratli tahlikasizlik iragiyyasi va tahlikasizlik tahlil alatlari ila birga islayan
inkisaf edan texnologiyalarin tatbiqi, potensial tahllikalara garsi proaktiv midafiani daha da
mohkamlandirir. Biometrik tahlikasizlik modellari, istifadagilarin biometrik parametrlarini
tatbig edarak malumatlara qarsi daha effektiv bir miidafia tamin edir. Blockchain va
malumat zanciri tahlikasizliyi iss malumatin tahlikasiz bir sakilda sifralanmasi va
dagilmasinin qgarsisini alan asas proseslardir. Suratli tahlikasizlik tadbirlari, muasir
tahliikasizlik standartlarini artirmaga kémak edir. iscilarin va istifadagilarin yeniliklardan
xabardar olmasi lglin ylksak saviyyada kegirilmis talimlar tahlikasizlik tadbirlarinin effektiv
sakilda tatbiq olunmasi liglin ashamiyyatli bir faktordur.
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on asasl, bu maqals, mihafiza va tahliikasizlik sahasinda aparilan yeniliklari tahlil
edarak, komplter sabakalari va texnologiyalarinin har bir tahlikays qarsi daha
mohkamlanmis bir versiyataqdim etmak magsadini dasiyir. Bu yeniliklar, mistaqil va dord
bir tarafli mudafia tadbirlari il muasir informasiya tahlikasizliyini daha da artirmaga nail
olur.
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SiMiN MSCBURI R9QSi HORDKOT TONLIYiNiN HOLLININ ARASDIRILMASI
ismayilova Giinay Qafil qizi
Sumgqayit Dovlat Universiteti
Gunay_ismayilova 83@mail.ru

Tatbiqi elmlarin bir sira masalalarinin halli xisusi téramali diferensial tanliklarin hallina
gotirilir. Simin macburi ragsi asagidaki sakilda xUsusi téramali iki tartibli diferensial tanliyin
hallina gatirilir.

Tutaq ki, sima xarici f(t) qlivvasi tasir edir. Onda ragsi harakati tasvir edan tanlik

o’u(xt) _ 52 o%u(x,t)

e PV (1)
olar. Tutaq ki, simin uclari méhkam barkidilmisdir, yani uclar tarpanmazdir. Onda sarhad
sortlarini

u(x,t) ,=0;u(xtf =0 (2)
soklinda yaza bilarik. 9gar xarici qivva t =0 aninda tasir etmisdirsa, baslangic sarti
ou(x,t
u(xt), = g00; MY o 3)
a i,

saklinda gabul edirik. Burada u(x,t)-axtarilan funksiya, a-dalganin yayilma siirati, f(x), g(x)
') go(x)—funksiyalarl is9 haqigi dayisanli malum funksiyalardir. Demali, baxilan masalanin

halli (1) tonliyinin (2) va (3) sartini 6dayan hallinin tapilmasindan ibaratdir. 9gar Laplasin
inteqral cevirmasini t-ya gora

F(p)= [ ft)e ™t

(1) tanliyina tatbiq etsak, uygun operator tanliyi asagidaki kimi tayin edirik.

%—aﬂzﬁ(x, p)=2(p,x)- pe(x) (4)
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Burada p-Laplas ¢evirmasinin parametridir va Z(p,x):—f(p)—g(x) (4) tanliyi geyri-bircins
adi diferensial tanlikdir. Onu hall etmak Uglin avvalca bircins tanliyi
d2a(x,
(x.p) p a(x, p)=0

dX2 2
hall edak. Onun halli

P,
0,(x,p)=ce @ +c,e? (5)

soklinda tayin edilir. Burada c, va c, mteqrallama sabitlaridir va sarhad sartlarindan tapilir.

¢ = p)e +_J. )e dX

E
c.=Lt(oe I( (x)+ p¢<x>>e-?dx
(6)

olar. Bu giymatlari (5) barabarliyinda nazara alsaq, hallin suratini tayin etmis olarig. hallin
orjinalini hesablamagq tgin farz edak ki, baslangic sartlor t =0 aninda
9(x)=c =const; ¢(x)=d = const

soklinda verilmisdir. Onda c, va c, sabitlari Gglin (6) barabarliklarindan

pl 2 2 2 2 pl
Clzea(a f(p)+ -2 c+ asz:a_ea(izf(p)+i2c+i2dj

2p? 2p?  2p 2 p p p
a? (1 1 1
C1=7ea[Ff(p)—FC—FdJ

alarig. Onda (5) barabarliyindan
2 Py 2 Pk
a, (%, p)=a?Mle ol I)+a7M1e '

olar. Burada Ml(p)zizf(p)+izc+i2d, Mz(p)zizf(p)—izc—izd isara edilmigdir.
p p p P p p

ogar funksiyalarin gecikma xassasindan istifads etsak, hallin orjinalini

ol ol ]

saklinda tayin edirik.

9dabiyyat

1. H.C. NMuckyHoB “AunddepeHunanbHoe n mMHTErpanbHoe ucuncneHmsa”. Tom BTopon. M.
“Hayka”. 1985.

2. A.H. TuxoHoB, A.A. Camapckui “YpaBHeHMe MmaTemaTmyeckon ¢usmkn”. MocKsa.
“Hayka”. 1977.

3. J1.B. KaHtoposuy, B.U. Kpbinos “lMpubaunkeHHble meToabl BbiClWEro aHanusa”. M.
“®unsmat n3”. 1962.



76

4. T. Oey “PyKOBOACTBO W MNpPAKTUYECKOMY MPUMEHEeHUI0 npeobpasoBaHua Jlannaca”.
Mocksa. “@usmat ns”. 1958.

KOMPUTER $OBOKOLORINDD VERILONLORIN OTURULMOSi PROTOKOLLARININ ANALIzi
VO TOTBiQl HAQQINDA
Ismayilzads Miisgiinaz Mehman qizi
Qarbi Kaspi Universiteti
mawa_qurbanova97@mail.ru

Komputer sabakalari mihim rol oynayan protokol va standartlardan asilidir, bu da
muxtalif qurgular va sistemlar arasinda bir-biri ila alaga yaratmaga ve malumatlarin
problemsiz sakilda paylasilmasini tamin edir. Seabaka protokolu sabakanin muxtalif
komponentlarinin bir-biri ila uygunlugunu, etibarhligini va birlikda isleamasini tamin edir.

Sabaka protokolunun bir ne¢a névi moévcuddur:

o Soboka Layeri Protokollari: Seabaka saviyyasinin protokollari paketlarin
marsrutlasdirilmasi, otlrilmasi va bitlin sabaka daxilinde malumat paketlarinin
Unvanlanmasi tGglin cavabdehdir. IP va ICMP sabaka saviyyasinin protokollaridir.

o Nagliyyat saviyyasinin protokollari : Nagliyyat saviyyasinin protokollari muxtalif
cihazlarda tatbiglar arasinda malumat otirilmasini tamin edan u¢dan-uca xidmat
gostaran nagliyyat qatinda islayir.TCP va UDP an mashur nagliyyat tabaqgasi
protokollaridir.

o Simsiz Protokollar: 9sasan simsiz rabitada istifada olunan simsiz protokollar simsiz
sobakalar vasitasilo malumat 6tlirmaya imkan verir. Bluetooth, Wi-Fi va LTE
protokollari buna misaldir.

o Tohlikasizlik Protokollari: tahlikasizlik protokolu malumatlarin sabaka Gizarindan
oturidlmasi zamani malumatlarin maxfiliyini, butévltiylinid va haqiqiliyini goruyur.

« internet Protokollari:internet protokolu unikal Ginvanlama sxemi ils malumat
paketlarinin bir cihazdan digarina yonlandirilmasi va yonlandirilmasi vasitasila
malumat rabitasini tamin edir.
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MiKROSTRUKTURLU MUHITLORD® YAYILAN DALGALARIN PERIODUNUN ARTMASI
HAQQINDA
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Farz edak ki, butdév mihitin hayacanlanmasi zamani onun hissaciklari
mikrodénmaya maruz qalir. Bela muhitlar Gglin kasilmazlik , glivva impluslari, implus
momentlari va enerji tanliklari ddanmalidir [1].

do dg
4 _':0,
dt  “ox,
dg _ P,
P ==y T
dt OXJ. ‘
E(g X . pd +IQ)+ (g, X p4 +JQ)%—L(5 X P +IT.)+&, X f +h +M
dt ijk”™j k ijk”™ j k 8X| 5XJ ijk Mk ij ij ijk”Mj "k i i
d 09 0§k o(IlL;) aq;
—(K+pU)+(K+ L = 1%+ Lt 8 +hQ ——+
g (P ) o= ox. TR T e

J J

Burada t-zaman , X, -dekart koordinatdir. p-muhitin sixligi , § -makroskopik
harakatin surati , P;-daxili glivvalerin garginlik tenzoru , f;-xarici hacmi qlivvalar , J-
mubhit hissaciklarin atalat momentinin sixhig1 olub , sabit gabul edilir , Q,-hissaciklarin
firlanmasinda tam bucaq strsti, M;-daxili qUvvslarin momenti, I1;-garginliklarin sathi
cutlarinin momentlarinin simmetrik tenzoru , h -xarici cit qlvvalarin momenti , K-
kinetik enerjinin sixhigl , U -vahid kitlaya disan daxili enerji , q-istilik seli , ¢-vahid

hacmdan ayrilan istilikdir.

Kzl(p l9i19i_|.‘]QiQi)
2
dg o9 09,
dedt’ox,

(1) sisteminda dinamik sahanin sakkiz parametri namalumdur:

p=pltx) U =Utx)  ¢p=ptx) T=Tx)

’ 7
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Burada U;, ¢, —yerdayisma va dénma vektorlarinin komponentlari, 4 :%,

do.
Q, :ﬁ,T-mUhitin mutlag temperaturudur. Masalanin tam halli Ggin Py, I1;;,q; ,U

kamiyyatlarinin verilmasi zaruridir .

ogar U,,@, kamiyyatlarina gora xatti toplananlarinin ifadsalarinds xatti va geyri-xatti

toplananlarin amsallari mligayisa olunandirsa , onda geyri-xatti hadlari atmaq olar.Bu
e e : TR oU 0

halda muhitin stiratinin komponentlari va bucaq surati tglin 4 = ?,Q. =—=, yazmaq

olar.

Tezlik voa amplitud dayisarkan har hansi ilkin periodun ikigat artiminin bifurkasiya
ardicilhgl bas vera bilar.
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isde mixtalif materiallardan olan elastiki tsbaga va yarim mistavidan ibarat

sistemlarda Lemb masalasinin miirakkab bir ndvi nazardan kegirilir. Qeyri-bircins muhitin

movcudlugu analitik hallin alinmasi prosesini xeyli ¢atinlasdirir. Problem Lemb masalasinin

ilkin formasinda oldugu kimi Laplas va Furye integral ¢evrilmalarindan istifade etmakla hall

edilir. Ancaq haqiqgi dayisanlara qaytarmaq Uclin xususi texnikadan istifade olunur. Bu

texnika elastiki cisimlarin geyri-stasionar dinamikasinin digar masalalarinin hallinda ugurla

istifads edilmisdir[1]. Burada [2] va digar islarda oldugu kimi yerdayisma vektorunu

U = gradd + rot(‘i’e3) (1)

soklinda axtaririg. Burada (D,\f‘e3 — uygun potensiallardir.

Har bir mihit tGgln potensiallarin ifadasini asagidaki kimi sec¢a bilarik:

* (1) _vpV)
@Y =A™ +De™

* (1) —ypt)
¢ =Be" +Ee"
®*(2) — Azey“l(Z)

. of2)
¢ = Be’
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w_Vp+ee’ : .
burada v; T .Uygun olaraq, masalanin sarhad sartlarini yazaq:
Ci
u,=u, ; ai,ly)zag), y=-b
Vi=V, O->(<1y) = O'S) ’ (3)
agly)— I ; ag)zo ; y=0

burada | —impulsiv quvvadir.
BUtln bunlari nazars alarag prosesin ilkin marhala olaraq impulsiv giivvanin tasir
aninda dalga dinamikasi G¢lin analitik hallar askar sakilda alda edilmisdir.
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Boyiik Malumatlar ticiin Siini intellekt, tez-tez Big Datada Al va ya Data Analytics ticiin
Al kimi istinad edilir, iki gabagcil texnologiyanin birlasmasidir: Siini intellekt va Béyik
Malumat. Bu, boyuik ve miirakkab malumat dastlarindan tasirli fikirlari tahlil etmak, sarh
etmak va alda etmak Uglin siini intellektls idars olunan algoritmlardan va masin éyranma
Usullarindan istifade etmayi ahata edir. Big Data-da Al-nin asas magsadi malumatlarin
tahlili prosesini avtomatlasdirmaq va takmillasdirmak, onu daha suratli, daha dagiq va
miqgyaslana bilan etmakdir.

Big Data va Al sadaca bir-birini tamamlayan deyil; bir-birindan asilidirlar. Big Data,
siini intellektin sehrini islamasi iclin xammal, genis malumat dastlari tamin edir. ikisi
arasindaki sinerji asagidaki addimlarla tasvir edila bilar:

1. Moalumatlarin toplanmasi: Boylk verilanlar mixtalif manbalardan, o climladan
sensorlar, sosial media, mustarilarla garsihigh alaga va s. ¢oxlu strukturlasdiriimis va
strukturlasdiriilmamis malumatlarin toplusunu ahata edir.

2.  Moalumatlarin saxlanmasi va emali: Hadoop va Spark kimi Big Data texnologiyalari
kutlavi malumat toplularinin saxlanmasini va islanmasini asanlasdirir.

3.  Moalumatlarin avvalcadan islanmasi: Al malumatlar tahlil etmazdan avval, tez-tez
avvalcadan emal talab edir. Bu addim malumatlarin masin dyranma modellari Ggln
uygun olmasi Gg¢ln onlarin tamizlanmasini, dayisdirilmasini va strukturlasdirilmasini
ohata edir.
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4. Suni intellektin modellasdirilmasi: Bu alqoritmlara prognozlasdirma Ugln nazarat
edilan 6yranma, ndmunanin taninmasi Ugln nazaratsiz dyranma va qarar gabul
etmak Uglin gliclandirici 6yranma daxil ola bilar.

5. Talim va Natica: Stni intellekt modellari niimunalari va minasibatlari 6yranmak tgiin
tarixi malumatlar asasinda hazirlanir. Talim keg¢dikdan sonra onlar real vaxt rejiminda
yeni, daxil olan malumatlar asasinda prognozlar va ya gararlar vera bilarlar.

6. Insight Generation: Bu prosesin son naticasi harakata keg¢a bilan fikirlardir. Sini
intellekt alqoritmlari mahsul va xidmatlarin takmillasdirilmasindan tutmus biznes
amaliyyatlarinin optimallasdiriimasina gadar muixtalif maqgsadlar Ug¢in istifads oluna
bilon Big Datadan gizli nimunalari, anomaliyalari, tendensiyalari va prognozlari askar
edir.
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Farz edak ki, idara olunan obyekt asagidaki tanlikla tasvir olunur:
x=f(Xu,t), X(t,) =X, teT =[ty,t,} (1)
burada Xx=(x,X,,..X,) obyektin vaziyyatini xarakteriza edannoélgliluvektor, t-zaman,
u(t) = (u, (t),u,(t),..u (t)) - r olgull idaraedici funksiya olub, giymatlari U ¢oxlugunadaxil
olan va [to,tl] parcasinda hissa-hissa kasilmaz funksiyadir:

ut)eUcE, teT. (2)
Masalanin qoyulusu: T pargasinda hissa-hissa kasilmaz, (2) sartlarini 6dayan u = u(t)

funksiyalari icarisindan elasini tapaq ki, o (1) masalasinin halli ila birlikda
J(u) = o(x(1,)), (3)
funksiolanina an kicik giymat versin. Burada E, -r 6lgulu Evklid fazasi, T - verilmis haqiqi
adad, ¢(x)- ckalyar, f(x,u,t)-isa nolculivektor funksiyadir. Eyni zamanda farz olunur ki,
har bir hissa-hissa kasilmaz va (2) sartlarini 6dayan (bels u=u(t) funksiyasina galacakda
mumkiin idaraedici deyacayik) u=u(t), teT funksiyasina (1) masalasinin T pargasinda

tayin olunmus yegana, hissa hissa diferensiallanan uygun x = x(t) halli vardir.
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Optimal idarasetma nazariyyasindan malumdur ki, agar u =u(t) optimal idarsedici va
X =X(t) (1) masalasinin ona uygun olan hallidirss, ela n 6l¢ill hissa-hissa diferensiallanan
w =y (t) vektor funksiyasi vardir ki, asagidaki sartlar 6danilir:

mex H (x(0), p(0),v,1) = H(X(O,p 0,00, (4)
70 =—%(x(t)w(t),u(t>,t), w(t) :‘%(f(x“l» - (5)

(5) masalasina gogma masals, (4) sartina isa maksimum sarti, butévlikda bu hékma isa
Pontryaginin maksimum prinsipi deyilir.

Onu da qeyd etmak lazimdir ki, maksimum prinsipi optimalliq tGgln zaruri sartdir.
Basqa soOzls agar u=u(t) optimal idarsedicidirsa, o maksimum sartini 6dayir, ancaq hamin
sarti 6dayan har bir idaraedici optimal olmaya da bilar.

Tobiatda els masalalara da rast galinir ki, hamin masalalar tg¢in (4) maksimum sarti
eynilik kimi 6danilir vo ondan optimal idarsedicinin tapilmasi Ugln istifade etmak olmur.
Bela hallara maxsusi hal, ona uygun olan idaraediciya isea maxsusi idaraedici deyilir.

Tagdim olunan isda maxsusi idaraedicinin optimalligi Gglin matris impulsunun kémayi
il ikinci tartib zaruri sart isbat olunur.
qaz—zﬁ—waz—f funksiyalar kasilmazdir va u=u(t)
OX OX° OX OX
idarsedici funksiyasi tewcT hissasindea maxsusi idarsedicidir. Onda w =w(t) vektor

Teorem. Tutaq ki, f(x,u,t),e(x),

funksiyasi va ¥ =¥ (t) matris funksiyasi vardir ki, asagidaki sartlar 6danilir:
1.T \ @ ¢oxlugunda (4) maksimum sarti;
2.

A, F1(x(®),ut), hy (DA, f(x(®),u(t).t) +

cy() (Xg)z’ YD A £ (x(),u(t).1) <0, Y ed(t).t € w: (6)

3. ¥ =y/(t) vektor funksiyasi (5) tanliyinin hallidir;

4.nxn Olcilt ¥ =¥(t) matris funksiyasi isa

W)= —?’(X(t),U(t),t)‘P(t) —ly(t)w_
X OX
Lo 02T (X(1),u(t),b) P
-P'(t) ox?  P) = X2 (X(tl))

masalanin hallidir.
Burada A, f(x,u,t) = f(x,v,t) - f(X,u,t) isars olunmusdur.

9dabiyyat

1. P.frabacos, ®.M.Kupunnosa, “Ocobbie onTumanbHble ynpasneHus”, W3a. "Hayka",
1973r. — 256 cTp.



82
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DOMAR MODELI. Domar modeli igtisadi artimin sada keyns modeli hesab edilir.
Model asagidaki sakildadir:

S5 =0%*S, (D)

S

A . T . . y
burada; Y% — tdovrindas igtisadi artimin sursti; o — kapitalin son hadd mahsuldarlig; S,, —
t—1

yigima son hadd meylliyidir.
Modelin dayisanlari - kapitalin son hadd mahsuldarligi va ganasata son hadd meylliyi
uygun olaraq asagidaki tanliklar asasinda miayyan olunur:
AY; = a+al; (2)
Se=b+s,Y, 3)
burada; AY, — t dovrinda buraxilisin artimi; I, — t dovriinds asas kapitala goyulan
investisiyalar va ya asas fondlarin artimi;S; — t dévrinda yigimin hacmi; Y; — t dévrinda
buraxilisin hacmi; a, b — sabitlardir.(bax.[1])
Azarbaycan igtisadiyyati lGg¢lin Domar modelinin giymatlandiriimasini nominal
gostaricilar asasinda aparaq:
2017-2021-ci il Dovlat Statistika komitasinin (bax.[2]) nominal gostaricilari asasinda (2)
va (3) tanliklarinin giymatlandirilmasi naticasinds alinan ekonometrik modellar asagidaki
kimi olmusdur:
2017-2021-ci illoar Uzra nominal gostaricilar asasinda gonasta son hadd meylliyinin
hesablanmasi
1.1.  Umummilli ganaat asasinda
S =20212,92 + 0,433812+Y(4)
t (1,330337) (2,282695)
R = 0,796632; R? = 0,634623; R** = 0,512831;D — W = 1,207165
2017-2021-ci illar tizra nominal gostaricilar asasinda kapitalin son hadd mahsuldarliginin
hesablanmasi:
1.2. Balans dayariila igtiadiyyatda asas fondlar asasinda
AY; =15224,52 + 0,591927 * AK;(5)
T (0,942595) (—0,658005)
R = 0,421851; R? = 0,177959; R*?* = —0,233061;D — W = 2,738038
1.3. 9sas fondlara yonaldilmis investisiyalar asasinda
AY; = —-161999,9 + 6,796167 + I:(6)
T (—1917617) (1,987010)


mailto:mohsumovibrahim9999@gmail.com

83

R = 0,814717; R?> = 0,663764; R*?> = 0,495646;D — W = 0,922554
1.4. Batln manbalar Gzra Umumi investitsiyalar asasinda
AY,, = —43819,84 + 3,298375 + I,,(7)
t (—0,627515) (0,711565)
R = 0,449465; R?> = 0,202019; R*?> = —0,196972; D — W = 2,017785
1.5. 9sas fondlarin Gmumi yigimi asasinda
AY; =167227,1+ 9,833875 = I;(8)
t (1,143844) (—1,106278)

R = 0,616136; R?> = 0,379624,R** = 0,069436; D — W = 2,584072

Ekonometrik modellarin parametrlarinin qgiymatlarinin altinda motariza igarisinda
yazilmis adadlar uygun parametrin t-statistikasi, R-korelyasiya amsali, R?-determinasiya
amsali, R*2-daqiqlasdirilmis determinasiya amsali, D-W-Darbin-Vatson statistikasidir.
Bela ki, (5)-da 2017-2021-ci illarde nominal Umumi Daxili Mahsulun artiminin (oY)
dayismasinin yalniz 17,7%-i hamin illardaki asas fondlarin balans dayarinin dayismasi (OK,)
hesabina, yerda qalan 82,3% isa tamamils nazara alinmayan faktorlar hesabina bas
vermisdir. Eyni fikri (6)-(8) modellari haqqinda da séylamak olar. (6)-da 2017-2021-ci illarda
nominal Umumi Daxili Mahsulun artiminin (o¥,) dayismasinin yalniz 66,3%-i hamin illardaki
asas fondlara yonaldilmis investisiyalarin dayismasi (Ol;) hesabina, yerda qgalan 33,7% isa
tamamila nazara alinmayan faktorlar hesabina bas vermisdir. (7)-da 2017-2021-ci illards
nominal Umumi Daxili Mahsulun artiminin (oY,,) dayismasinin yalniz 20,2%-i hamin
illardaki bltin manbalar UGzra Umumi investitsiyalarin dayismasi (Ol,,) hesabina, yerda
galan 79,8% isa tamamila nazara alinmayan faktorlar hesabina bas vermisdir. (8)-da 2017-
2021-ci illarda nominal Umumi Daxili Mahsulun artiminin (oY) dayismasinin yalniz 37,9%-i
hamin illardaki asas fondlarin Gmumi yigiminin dayismasi (Ol;) hesabina, yerda qalan
62,1% ise tamamila nazara alinmayan faktorlar hesabina bas vermisdir.
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Sagirdlarin dyranmak faaliyyatini suratloandirmak an muihim didaktik prinsip-lardan
biridir. inkisafetdirici talim saraitinda onun rolu xeyli artmisdir. Modellas-dirma elmi idrakin
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an mihim metodu olmagqla, sagirdlarin atraf alemi darketma faaliyyatinda ¢ox giiclu
vasitadir.

Orta maktabda modellasdiriimanin 6yranilmasi probleminin tadqiqi ila V.A.Stoff,
L.M.Fridman, V.V.Davidov, N.Q.Kogetkova, T.A.ivanova va basqalari masgul olmuslar. Bu
tadqgigatlarda  modellasdirmadan  riyaziyyat taliminin  takmillasdirilmasiprosiisinda
istifadanin mimkiinliyld maayyan edilmisdir. Son vaxtlar modellasdirma sagirdlarin yaradici
darketma faaliyyatini aktivlesdirmak va onlarin intellektual bacariglarini inkisaf etdirmak
vasitasi oldugunu gostarmak istigamatinda tadqiq olunur [1,2].

Qeyd etmak lazimdir ki, modellasdirma insan faaliyyatinin mixtalif sahalarinda genis
tatbiq olunur. Ona goéra do orta maktab, sagirdlarde modellasdirma bacarigini adekvat
sokilde formalasdirmaga hazir olmaldir. Modellar sagirdlarin mantiqi tofakkirini
formalasdirir, tadris materialini manimsamaya kdmak edir.

Modellasdirma prosesi coxsayli fikri amaliyyati icra etmayi talab edir (analiz, mlgayiss,
muihiUm alamatlarin secilmasini va s.).

Modellarin muxtalif tasnifati vardir. Modellari formasina goéra asagidaki noévlara
ayirmaq olar:

- fiziki model;

- s6z modeli (verbal model);

- grafik model;

- isaralarla qurulan model (obyekt isaralarla tasvir olunur).

isaralarla qurulan modellarin bir névii riyazi modeldir.

Riyazi model (va ya riyazi tasvir) dyranilon obyekti va ya hadisani tasvir edan riyazi
miinasibatlar sistemidir. Riyazi modelin qurulmasi prosesini asagidaki marhalalara béimak
olar:

1) toadgig olunan obyekt va hadisanin s6z modelinin qurulmasi (problemin mazmunlu
qoyulusu);

2) problemin riyazi qoyulusu;

3) modelin korrekt oldugunun yoxlanilmasi;

4) problemin qurulmus riyazi modeli daxilinde halli metodunun segilmasi va onun
asaslandiriimasi;

5) hall algoritminin qurulmasi va icrasi;

6) alinan naticalarin adekvathginin yoxlaniimasi;

7) modelin praktik tatbiqi.

Riyaziyyatda modellasdirilan obyekt kimi disturlar, cabri tanliklar, diferensial tanliklar,
handasi fiqurlar, grafiklar, graflar va s. gostarila bilar.

Riyazi modellasdirmanin asagidaki didaktik funksiyalarini géstarmak olar:

1) tadqgig olunan obyektin oyranilacak obrazini formalasdirmaqg funksiyasi. Bu funksiya
oyranilan obyektin an qisa va an alverisli isulla manimsanilmasina xidmat edir.

2) sagirdin faaliyyatina istigamat verma funksiyasi. Riyazi modellasdirma, istigamatverms,
nazarsatetma va Unsiyyat faaliyyatlarini asanlasdirir. istigamat-etma faaliyyatina misal
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olaraq verilan talablari 6dayan qgrafikin qurulmasini, ona alave edilmasini gdstarmak
olar. Nazaratetma faaliyyatina misal olaraq qurulmus grafikds onu darslikda verilmis
grafikle miqayisa etmakla tapilan sahvalarin askar edilmasini, aparilan ¢evirmalarda
sahvlarin agkar edilmasini va s. gdstarmak olar.

3) idarsetma funksiyasi. Malumdur ki, eyni bir obyekti mixtalif modellarla tasvir etmak
olar. Masalan, ¢evrani markazi va radiusu ils, koordinat oxlarina goéra yazilmis tanlikls,
certyoju va ya sakli il ifade etmak olar.

4) evristika funksiyasi; Riyazi model obyekti darindan 6éyranmak imkani yaradir.

5) diggatin maqgsadauygun idaraolunmasi funksiyasi materialin yadda saxlanmasi va
takrarlanmasi zamani digqgatin idara olunmasina xidmat edir.

Riyazi modellasdirmanin bir neg¢a funksiyasindan istifads etmak sagirdin tadris
faaliyyatinin daha mahsuldar olmasini tamin eda bilar [9]. Konkret masalanin halli zamani
riyazi modellasdirma prosesinin marhalalari ila tanis olaqg:

Masala. Pancaranin ¢argivasi yuxari hissasi yarim daira saklinds olan diizbucaqgli
formasindadir. Perimetri sabit olan pancara hansi Olclilara malik oldugda an ¢ox isiq
buraxar?

Halli. | marhala. Masalanin s6z modeli yazilmisdir.

Il marhala. Masalanin riyazi modelini quraq. Sarta gbéra sahasi an bdyik olan
pancaranin dlcllarini tapmaq talab olunur. Yarim cevranin radiusunu I -lIs, h-la pancaranin

hindurliyuni isare etsak, onda dizbucaglinin oturacagr 2r olar. Onda pancaranin
Y
p=2r +2h+ zr olar. Pancaranin sahasini S il isars edak. S :7+2hr ifadasini I ils

ifade etmak daha alverislidir:

_ 2
h:#’ S:%+r(P—(7z+2)r); m

2
ar
S = El +Pr— (7 + 2)I’2 goyulmus masalanin

h
riyazi modelidir; 0<r<
T+2
[l marhala. Problemin qurulmus model Gglin halli. or
2
%l 2 .
S=—+Pr—(r+2)r° funksiyass - o nazearan

2
kvadrat funksiyadir. Bu funksiya 6ziniin an boylk giymatini yegana bohran nogtasinda alir.
Bu ndqtani tapaq:

S'(N=m+P-2(r+2)r=0.

ve h=
7+4 7+4

Sonuncu munasibatdan I = tapariq.
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IV _marhala. Alinan naticani goyulmus masalanin dilina kéciurak: r=h oldugda
pancaranin sahasi verilmis perimetr liclin an boylik olar.

Qeyd edak ki, maktab riyaziyyat kursunda riyazi modellasdirma prosesinin lg¢ asas
marhalasi vacib hesab olunur: 1) goyulmus masalani riyazi dile ¢evirmak; 2) qu-rulmus riyazi
model daxilinda goyulmus masalanin halli; 3) Alsnan naticanin qoyul-mus masalanin dilina
cevirmak.

Sagirdlar bu marhalalarin har birinin shamiyyatini va mabhiyyatini anlamalidir.
Muasallim ¢alismalidir ki, sagirdlar riyazi modellasdirmani miicarrad elm sahasi kimi yoz,
Umumi intellektual bacariglardan biri kimi manimsasinlar.
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Har hansi bir mistavi ayrisinin, onun miustavisinda yerlasan bir diiz xatt atrafinda
firlanmasi ila alda edilan satha firlanma sathi deyilir.
Tutaq ki, firlanma sathinin parametrik tanliyi verilib:
x=n(t)cosp y=n(t)sing z=2~(1)
| kvadratik forma asagidaki kimidir:
| = (77'2 + é'z)dt2 +n°dp’
Il kvadratik forma isa bu bu sakildadir.
1

Il = (n!égr! + ﬂ’,él)dtz + nfrngZ

| va Il kvadratik formanin komayila Qaus va Orta ayriliklarinin Gmumi disturlari

tapiimisdir.
K 5!2 ”+77§§"
( 12 +§!2)
H =17777§"_7777”§ +77¢2§!+§r3
2 .

(72 +e7)2n
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Elastiki va plastiki materiallar va deformasiya olunan muhitlar Gi¢lin sonsuz kigik, kicik
va sonlu deformasiyalar lglin kinematika va dinamikanin imumi masalalarinin hallina ¢oxlu
sayda maqalalar hasr edilmisdir. Bu isda tayinedici fiziki ganunlar nazariyyasinin bir sira
Umumi muddaalar tagdim edilir, daha sonra boylk plastik deformasiyalar halinda
materiallarin  elastoplastik davraniglari tasvir etmak Uglin hamin fiziki ganunlar
konkretlasdirilir. Tayinedici minasibatlarin imumi ganunlari real materiallarin deformasiya
prosessini riyazi Umumi tayinedici nazariyya aparilmis mimkin eksprementlarin
naticalarina uygun galmalidir[1]. 9ks taqdirds sahvlarin yaranmasi, prossesin fiziki
mahiyyatina zidd olan tayinedici miinasibatlara yol acar.

Tayinedici minasibatlar nazariyyasinin tatbiq olunan muddaalarini K.Trusdell[3],
A.A.ilyusin[2], A.i.Lurye, C.Astarid va C.Marugin 6z monoqrafiyalarinda asagidaki aksiomlar
kimi sarh edirlar:

1. Minasibatlarin tenzorlarla olmasi prinspi.

Bu sort vyalniz tayinedici minasibatloara deyil, ham ds mexanikanin digar asas
tanliklarina aiddir. Tayinedici munasibatlor musahidaginin kordinat sistemini dayismasina
nazaran invariant olmalidir. Bultlin tenzorlar miinasibatda toplananlar olarag eyni
valentliya va eyni fiziki olgllara malik olmalidirlar. Yazilisin tenzor formasinda olmasi
oyranilanan hadisaya maxsus, vacib olanlari géstarir, konkret kordinat sistemin secilmasi ila
bu minasibatlara daxil olmus kamiyyatlari kanarlasdirilir.

2. Determinizm prinspi.

Aktual konfiqurasiya olan K, do maddi hissaciyin garginlik vaziyyati t zaman anina
uygun olmagla hesablama konfiqurasiyasinda E(.ﬁfl,fz,f)radius vektorlarina malik olur,

hamin garginlik vaziyyati harakatin avvalki hali va cisimda geyri-mexaniki parametrlarin
dayismasi t zaman anina gadar olan muiddatda birgiymatli tayin edir. (Qeyri-mexaniki
parametrlar olaraq sksar halda tempratur gétiriliir.) Garginlik tenzoru o(r(&*, &%, &%)

cismin avvalki deformasiya middatinds tempratur dayismasinin, hissaciyin maddi
kordinatlarinin va zaman funksionali olar. Onun riyazi yazilisi

o(r(Ro;t) = F(1:;6,; 4 £, &%, 1)
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Burada y; mexaniki harakatin avvalki dévrinl gostarir.

Bircins mubhitlar UGgun tayinedici miinasibatlar cismin butin maddi hissaciklari Ggln
eyni olur, hissaciklarin kordinatlari (&', &£2,&E%) ise tayinedici minasibatlars daxil olmur.
Bazan sadalasdirmak Uglin proses va situasiyada tempratur meydani avvalki xarakteristikasi
yox baxilan maddi hissaciyin verilmis anda tempraturunun qiymati daxil edilir.

3. Lokal tasir prinspi.

Baxilan hissaciyin zamanin ixtiyari aninda garginlik hamin hissaciyin miayyan kigik
atrafinin deformasiyasinin avvalki dovrindan birgiymatli tayin edilir. Determinizm
prinspinda istalinan hissaciyin ixtiyari garginliyin giymati kifayat gadar minimum hesab
edilir. Amma lokal tasir prinspinda isa bu imkan maddi hissaciklarin garsiligh tasirlarinin
bilavasita kontaktinda bas vermasi sababina géra mimkiin hesab edilmir. Lokal tasir prinspi
garsiligh tasirlarin bircins olmasi sartini nazara almir. 9ksina goarginliyin deformasiyanin
tarixindan asilihgi fargli maddi hissaciklar t¢clin mixtalif ola bilar.

Lokal tasir prinspinin vacib xtsusi halini gétirak:
Baxilan hissaciyin yaxin atrafinin deformasiya ke¢cmisi (tarixi) deformasiya qradienti ila
tayin olunur.
Bu o demakdir ki, asagidaki dégrudur:

o(r(Ry;t)) :E(%F(RT,;T), o(r,t),t), —o<z <t (1)

Bu farziyya masalanin Umumiliyini mahdudlasdirir. Belaki prinspda deformasiyanin
yuksak tartibli gradientlarids nazara alina bilar.

Tayinedici minasibatlorda deformasiya gradienti materialin yliksak tartibli daracasini
tayin edir. Birinci daracali material sads materiallardir. A.i.Luryev va K.Trusdell geyd edirlar
ki, sado materiallar nazariyyasi tatbigi shamiyyati olan biatov mihit mexanikasinin
nazariyyalarini shata edir. Belaki, sads materiallar olaraq yalniz klassik materiallar: Elastiki
cisim, elastiki-plastiki cisim , 6zUili maye va hamda digar cox cisimlar daxildir. “Sada
olmayan materiallar isa ikinci daracali material olarag moment garginliklarin polyar
materiallar”. Bu materiallarin nazara alinmasi vacib hesab edilir.

Bu isde materiallari sads materiallar olarag gabul edacayik.

4. Maddi indifferentlik (obyektivlik) prinspi.

Tayinedici minasibatlarin asas xassalarindan biri bu miinasibatloar misahidaginin
hesablama sistemini, hatta, bu sistem zamandan asili olmasa bels, dayisdikda dayismaz
galmahdirlar. Materiallarin xisusiyyatinin obyektlivliyi fazanin izotroplugunu va bircinsliyini
nazarda tutur: Misahidaginin hesablama sistemini dayismasi matirealin fiziki xassasina tasir
etmir. Fazanin izotroplugu sarti materialin izotroplugu ilo alagali deyil, belaki anizatrop
materiallar Gglinda bu prinsip dogru ola bilar.

5. S6nan yaddas prinspi.

Bu prinsipa gora oncaki dovrdaki deformasiyalarin cari garginlik vaziyyatina tasiri
bunlari ayiran zaman muddati boylk olduqgca zaiflayir. Bu prinsp taklif olunan nazariyyanin
ekstirimal yoxlanilmasina imkan verar. Dogurdanda, deformasiyanin biitlin tarixi hec¢ vaxt
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balli olmur. Sénan yaddas prinspi isa sonlu miiddatli eksprementlarin aparilmasina imkan
yaradir. Bu middatin sonunda istalinan deformasiyanin ekspriment baslayan ana qadar olan
giymati eksprimentin sonuna uygun olan garginliya tasiri nazara alinmayacaq daracada kigik
olur. Bu prinspa asasan “tabii zaman” anlayisi istalinan verilmis material tGglin daxil edils
bilar. Bu zaman middatindan kanarda deformasiya garginlik vaziyyatina tasir etmir. Bu
zaman muddatindaki garginlik vaziyyatina ondan sonraki muddatdaki deformasiya tasir
etmir.
Elastiki cisimlar va 6zUlU mayelar lGglin “tabii zaman” sifira barabardir.

9dabiyyat

AmeHsage H0.A. Teopua ynpyroctu- N3a. M., «Bbicwana wKkona», -1976, -272 c.
UnbrowmH A.A. MNMnactnyHocTb. OCHOBbLI 06LLEN MaTeMaTHyYecKon Teopun. M: N3a-s8o AH
CCCP, 1963, 272 c.

3. Tpycaenn K. MNepBoHaYanbHbIA KypC PauLMOHANbHON MEXaHMKM CMOWHbIX cped. M.:
Mwup, 1975, 592 c.

DUZBUCAQLI MEMBRANIN R9QSINIiN ARASDIRILMASI
Qarayeva Afaq
Sumgqayit Dovlat Universiteti
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Membran cevik sonsuz nazik I6vhadir. Burada gabul edirik ki, onun galinhgi sabitdir va
bircins materialdan hazirlanmisdir. 9gar bu sartlar daxilinde membranin Oxy mdstavisi ila

Ust-usta disdiyini gabul etsak onun harakat tanliyini

82u(x,y,t):a{62u(X, y.t) 62U(X,y,t)} £(x,y,t) (1)
o’ ox? oy’ .

soklinda tayin eda bilarik. Burada u(x, y,t)-yerdayi§ma, a’ =|—0 dalganin yayilma siratidir.
Yo,
f(x,y,t)-xarici tasir qiivvasidir va malum hesab olunur.
(1) tanliyi membranin macburi rags tanliyidir. 8gar f(x,y,t)=0 olsa, onda (1) tanliyi

2 2 2
d u(x;y,t):az{ﬁ u(x,zy,t)+8 u(x,zy,t)} 2)
ot OX oy

olar. Biz membranin sarbast raqgs tanliyinin hallini arasdiracagiq. Farz edak ki, membran
duzbucaglh saklindadir va asagidaki sarhad sartlari 6danir:

u(x,y,t),_, =0 ulx y,t)_=0;
u(x,y,t),_, =0 ulx,y.t) , =0

Bu sartlar membranin konturlarinin tarpanmaz baglanmasini géstarir. Burada a va b

(3)

sabit adadlardir va membranin él¢llarini tayin edir.
Baslangic sart isa
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u(x,y,0)=e(x,y) %yo) ?,(x.y) (4)

saklinda gabul edak.

Demali, baxilan masalanin halli (2) tanliyinin (3) sarhad va (4) baslangic sartlarini
o6dayan hallinin tapilmasina gatirilir.

Tanliya dayisanlarina ayirma Usulunu tatbiq etsak, yani halli

u(x,y,t)=T@)z(xy) (5)
saklinda axtarsagq, (2) tanliyindan

T"(t)+a’AT(t)=0 (6)

V"(x)+ V(x)=0 (7)

W(y)+ 4w (y)=0 (8)

tanliklarini aliriq.
Demali masalani hall etmak tgiin (6) tanliyinin
t)|t =0 (01 X, y t)t =0 ¢2 X, y) (9)
sartlarini 6dayan hallini tapmaq lazimdir.
(7) tenliyinin V(x) _,=0;V(x)}_, =0 sartlorini 6dayan hallini, (8) tanliyinin isa
W(y)|y:0 =0;W(y)|y:b =0 sartlarini 6dayan tanliyi tapilmalidir.

ovvalca Laplas cevirmasinin komay i ila (6) tanliyini hall edak. agar Laplasin integral
cevirmasini (6) tanliyina tatbiq etsak va (9) sartlarini nazara alsaq, onda operator tanlik
asagidaki sakilda olar.

T(p)- pT(0)-T'(0)+a24T (p)=0

Buradan
=y Pax y)+e,(xy)
T(p)= 10
()= (10)
alarig. 9gar Laplasin tars cevirmasini (10) barabarliyina tatbiq etsak, (9) tanliyinin hallini
T(t)=¢,(x, y)cosavat + 22 2:(%Y) g a/at (11)
a4

saklinda tayin edirik. (7) va (8) tanliklarinin hallinin tapiimasi isa Liuvil-Strum masalasidir va

malumdur, yani Z(x, y)=cnmsin@xsin%y soklinds tayin olunur. Onda baxilan masalanin
’ a

halli
u(x,y,t)= ii( . cos /4, at+B,, sin \/_at)an (x,y)
n1 m1
saklinda tayin olunur.
Burada c, , = L; Aom :(@jz +(@j2 isaro edilmisdir.
' ab a b
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iKi OLCULU DALGA TONLiYi UCUN BiR QARISIQ MSOLAININUMUMILDSMIS HOLLININ
VARLIGI VO YEGAN®SLIYi
Qasimov Telman Mehdi oglu, Hiiseynova Xanim Tofiq qizi
Baki Dovlat Universiteti
gasimov.telman83@mail.ru,xanimh77 @gmail.com

Tutaq ki, Q=0x [O,T], Q= {0 <x<l O<y <1} oblastinda asagidaki kimi masala
verilmisdir.
Zy =2, + 2, + f(xy,0) (X y,1)eQ (1)
Z(X’ yvo) = ZO(X’ y) Zt (X1 y1 0) = Zl(Xv y)v (X, y € 5) (2)
z(0,y,t)=0, z,(0,y,t)=2z,(Ly,t), 0<y<l O<t<T,

2(x,0,t)=0, z,(x0,t)=2z,(xLt), 0<x<1 0O<t<T,
burada f(x,y,t) , z,(x,y), z(X,y) malum funksiyalar, z = z(x,y,t) axtarilan funksiyadir.
Taqgdim olunan isda asagidaki kimi teorem isbat olunur.
Teorem: Tutaq ki, z,(X,y) eWZfO(?Q), z,(x,y) eL, (£), u(x,y,t)eL, (Q).Onda (1)-(3)

masalasinin szO(Q) sinifina daxil olan yegana imumilasmis halli var.
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HOM Li COBRIND® DIFERENSIALAMAYA ENDOMORFIZML® TOSIRIN B9Zi XASSOLORI
Qasimov Vaqif 9li Muxtar oglu, Hiiseynova Afaq 9ziz qizi, Cafarova Kamals Elgin qizi
Baki Dovlat Universiteti
kavagif@mail.ru, ceferovak678@gmail.com

HOM L/ cabrlari Li cabri anlayisinin  imumilasmalarindan biridir. Umumiyyatls
HOM L/ Cabri struktur anlayislari qeyri assosiativ cabri struklarindandir. Bu tip cabri

strukturlar xtsusi sinif vektor meydanlari va coxobrazlilar Uzarinda diferensial hesabi
masalalarini tadqiq edarkan ortaya ¢ixir.

HOM L/ cabrinds burulma homomorfizminin bazi xassalarini [1] isinds arasdirmisdiq.
Li cabrinda [X,Y]-Li métarizasine muiayyan tasir etmakla fargli HOM L/ cabrlarini alda
etmak olar. Bu tasirlardan biri diferensial struktur vasitasi ila reallasdirilir. [1] isinds mahz
bela tasirin bir nimunasi arasdirilirag asagidaki xassa verilir.

agar (g; [] a) Hom-Li cabri g-da D:g— g diferensiallanmasi verilmissa, onda
(0; [] Doa) - t¢ltiyti da Hom-Li cabridir.

Li cabrinda Yakobi eyniliyinin deformasiyasi-kommutatorun burulmasi vasitasi ils,
yani diferensiallamanin diskretizasiyasi ile alinan multiplikativ deformasiya Gmumi gabul
edilmis

D(X,Y)=D(X)Y + XD(Y)
Leybnits gaydasinin fargli analogiyalarini dogurur. Sonsuz 6l¢ili Vitt cabri, Heyzenberq cabri
va digarlarinda Li kommutatoruna miayyan endomorfizmla tasir etmakla yuxarida geyd
olunan deformasiya kommutatorun burulmasini misahida eda bilarik. Li cabrinin dasiyicisi
hamar coxobrazlidir. Li cabrlarinin homomorfizmlarinds bu masalani arasdirmag Ugln
avvalca hamar c¢oxobrazhlarin inikaslari UGgln arasdirag. Tutag ki, A B,C hamar

coxobrazllari va g:AxC — B hamar inikasi verilmisdir, bels ki, VceC dcun yeni
g.:A—B inikasi

g.(@)=g(ac) (*)
diisturu ils tayin olunur. Farz edak ki, g.:A— Binikasi Ahamar coxobrazlisinin Bhamar

coxobrazlisina difeomorfizmidir.
V(b,c)e BxC ligin h:BxC — Ainikasini

h(b,c) = g;"(b) (**)
disturu ils tayin edsk. Malumdur ki, yuxardaki sartlor daxilinds h:BxC — Ainikasi

hamardir [2], [3].
Har bir (a,c) e AxC noqtasi Uglin g : AxC — B hamar inikasi asagidaki

T T,(AST.(CO)->T, (BT, (C) (1)
xatti inikasina baxaq, burada b=g(a,c). Qeyd edak ki, T,(X)®T, (Y)ils toxunan fazalarin

diz comi isara edilmisdir. (1) inikasi (O!,ﬂ,7/,5) dordliyd ile verilir:  burada,
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a=T,(A)—>T,(B), f=T.(C)->T,(B), y=T,(A>T(C) vo =T,/(C)—>T/(C) inikaslari
mivafiq xatti inikaslardir. Yeni inikaslari uygun olaraqg (*) va (**) inikaslari vasitasi ila tayin
edak:

G:AxC —BxC inikasi; G(a,c)=(g(a),c);
H:BxC — AxC inikasl H(b,c):(gc‘l(b),c).
Xassa.G: AxC — B xC inikasinin diferensiali (1) inikasini tayin edan (a,ﬂ, 7, 5) dordluyi

ila tayin olunur.
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PARALELOQRAMIN XASSOLORININ OYRODILMISi METODIKASI
Qasimov Elmaga Agaqasim oglu, Hacizada Viisala Lagin qizi
Baki Dovlat Universiteti
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Forz edak ki, biza ABCD faza dordbucaqlisi verilib (sakil 1).
Teorem. Verilmis ABCD faza dérdbucaglisinin paralelogram olmasi liciin zaruri vo
kafi sort:
i) onun garsi taraflari barabar olmahdir:
AB=CD=a; AD=BC=b (1)

(a va b miayyan misbat adadlardir);

ii) onun diagonallarinin kvadratlarinin cami taraf-

larinin kvadratlarinin camina barabar olmalidir:
AC? +BD? = AB?+BC? +CD? + AD?, (2)
sartlarinin 6danmasidir.
isbati. Zarurilik. Farz edak ki, verilmis ABCD
dordbucaqglisi paralelogramdir. Onda orta maktab handass kursundan (1) va (2)

Sakil 1.

dusturlarinin dogrulugu malumdur.

Kafilik. Gostarak ki, agar (1) va (2) dusturlari dogrudursa, onda ABCD faza
dordbucaqglisi mustavi fiqur olan paralelogramdir. Yani stibut etmak lazimdir ki, bu halda
dordbucaglinin bitin tepalari (A;B;C;D - nogtalari) eyni bir mistavi Uzarinda yerlasir.
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oksini farz edak: yani farz edak ki, ele ABCD faza doérdbucaqglisi var ki, onun Ggln i) va ii)
sartlari odanir, lakin bu dord A,B,C,D - noqtalari eyni bir mistavi Uzarinda deyil. i)
sartindan cixir ki, ((i¢cbucaglarin barabarliklarinin 3-cli alamatina gora)
AABC = ACDA. (3)
ABC Ugbucaginin yerlasdiyi mustavini 7 ils isara edak (bels mustavi var va yeganadir).
Farziyyamiza géra D ndqtasi 7 mistavisina aid deyil, demali BD parg¢asi 7 mustavisina aid
deyil. AC pargasinin orta ndqgtasini M ila isara edak:
AM =MC. (4)
Farziyyamizdan ¢ixir ki, M noqtasi BD pargasina aid deyil va demali MBD fiquru
mustavi U¢cbucaqdir. Ona gora
BD < BM + DM (5)
olmalidir.
BM parcgasi ABC Ulicbucaginin, DM par¢asi iss CDA Uc¢bucaginin medianidir:
Median G¢lin malum distura gora

BM = %\/ZABZ +2BC?— AC?

olur. Buradan

BM :%\/2a2+2b2—AC2. (6)

(3) barabarliyina asasan
DM =BM (7)
barabarliyi 6danir.
(7)-ni (5)-da nazara alsaq
BD < 2BM (8)
olur. Buradan
BD? < 4BM? (9)
barabarsizliyini aliriq.
(6) dusturunu (9) barabarsizliyinda nazars alsaq

BD? < 4-%(2a2 +2b® -~ AC?)

olar. Buradan
AC? +BD? < 2a*+2b°. (10)

(10) barabarsizliyi (2) barabarliyina ziddir. Bu isa bizim farziyyamizin dogru olmadigini
gostarir. Yani, D noégtasinin 7 mustavisi Gzarinda yerlasmadiyi farziyyasinin yalan
oldugunu gostarir.

Belalikla, biz gostardik ki, agar i) va ii) sartlari 6danirsa, onda ABCD ddrdbucaqglisi
mistavi dordbucaglisidir va (1) sertleride o6dandiyi Uglin bu mistavi doérdbucaqhsi
paralelogram olacagq.

Teorem isbat olundu.
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INTEQRAL SORHOD S$ORTLI BiR DIFERENSIAL OPERATORUN SPEKTRAL XASSOLORI
Qasimov Telman Benser oglu, Tagiyeva Reyhan Calal qizi, ibrahimli Katya ibrahim qizi
Baki Dovlat Universiteti
telmankasumov@rambler.ru, reyhanabasli2015@gmail.com,
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Taqdim olunanisda Lp(0,1), 1 < p < oo, fazasinda ikinci tartib

I(y) =—y" +q(x)y (1)
diferensial ifadasi vo
1

U, () = j g Oy©dt =0, v=12 @

0
inteqgral sarhad sartlari ila tayin olunan L diferensial operatoruna baxilir; burada g(x) €

L,(0,1), g,(t),g.(t) € C[0,1]. § = g,(0)g,(1) — g,(1)g,(0) isars edak.

Torif. 9gar g, (t) va g,(t) funksiyalari xatti asili deyilsa va & # 0 sarti 6danarss, onda
(2) sarhad sartlarina requlyar sarhad sartlari deyacayik. 9gar xarakteristik determinantin
sifirlar asimptotik sada va ayrilmis olarlarsa, onda onda (2) sarhad sartlarina glicli requlyar
sarhad sartlari deyacayik.

Asagidaki fazani daxil edak:

X ={y € Lp(0,1): Ui (y) = U(y) = 0}.

Aydindir ki, X fazasi Lp(0,1) fazasinin koélglsti 2 olan altfazasidir. X fazasinda L
operatorunu bels edak: D(L) = {y € W2 (0,1) N X:1(y) € ¥} ve y € L oldugda Ly = I(y).
Onda L operatoru X —ds tayin oblasti har yerds six gapali operator, onun R(4,L) =
(L—AD™1 rezolventi iss X —do tasir edan kompakt operator olacaqdir. Asagidaki
teoremlar dogrudur.

Teorem 1. Kompleks A- mistavisinds muayyan stalar Gzarinda |A1| —nin kifayat gadar
boyik qgiymatlarinda asagidaki giymatlandirma dogrudur:

C
Il R(A, L) II< Tk

Teorem 2. 9goar (2) sarhad sartlari requlyardirsa, onda L operatorunun maxsusi va
gosulmus funksiyalari sistemi X fazasinda métarizali bazis, sarhad sartlari glicli requlyar
olduqda isa adi bazis taskil edir.

Teorem 1-2 asasan A, misbat adadini ele se¢mak olar ki, A = L — A,] operatoru
pozitiv operator olar. Onda malumdur ki, A operatorunun A% kompleks glivvatlarini tayin
etmak olar (bax [1]) voa A% —oo < Rez < 0, kompleks quivvatlari sol yarimmistavida analitik
olan, gicli kasilmaz yarimgrup taskil edar. Bundan basqa A% kompleks qivvatlari tglin
| A% ||I< Ce™ ™Mzl —co < Rez < 0, giymatlandirmasi dogrudur; burada C sabiti z- dan asili
deyil. Buradan xtsusi halda aliriq ki, A operatorunun A%¥ sirf xayali quvvatlari Gciin
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| A < Ce™Bl —o0 < f < oo, giymatlandirmasi dogrudur. Onda [2] isinin naticalarina
asaslanaraq asagidaki teoremin dogrulugunu aliriq.

Teorem 3. Kompleks qlivvatlarin tayin oblastlari ti¢lin asagidaki miinasibat dogrudur:

D(A®1F) = [X,D(L)]6,0 < 0 < 1,—00 < B < oo,
burada [, ]g ile kompleks metoda uygun olan interpolyasiya fazalari isars edilib.

Natica. oOgoar (2) sarhad sartlori requlyardirsa, onda L operatorunun maxsusi va
gosulmus funksiyalari sistemi X, = [X,D(L)]g,0 < 6 < 1, fazalarinda métarizali bazis,
sarhad sartlari glcli requlyar olduqda isa adi bazis taskil edir.

Qeyd edak ki, oxsar masalalar [3,4] islarinda da tadgig olunmusdur.

Bu is Azarbaycan ElIm Fondunun maliyya dastayi ila yerina yetirilmisdir-Qrant No AEF-
MCG-2023-1(43)-13/06/1-M-06
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Tutaq ki, gecikan arqumentli

X(t) = f(t, (), xt—z(t)), t>t, (1)

tanliyinin
x(t) =g, (1), teE, (2)
baslangic sartini odayan hallini tapmagqg talab olunur, burada

E, ={ziz=t-z(t)<t, ty<t<T}.

Taqdim olunan isda asagidaki kimi teorem isbat olunur:
Teorem. Tutaq ki,
1) @,(t) baslangic funksiyasi E, g¢oxlugunda kasilmazdir;

2) Muayyan h>0 adadi Uglin z(t) funksiyasi [tovt0+h] parcasinda Kasilmazdir va
7(t)>0;
3) f(t,x,y) funksiyasi gapah
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D={t <t<t,+h, @t,)-b<x<g,(t)+b,

@O(to)_b < y < ¢O(to)+b}
oblastinda kasilmazdir va X,y arqumentlarina nazaran Lipsis sartini 6dayir.
6% y) = F (X v < Lx =] +]y = yi]

Onda (1), (2) masalasinin [toyto +a] parcasinda tayin olunan yegana halli var, burada
: b
a = min {hﬁ} M = mgx| f(t,x y)|
Teoremin isbati sixilmis inikas prinsipinin kdmayi ila aparihr.
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K9SILM3 NOQTOSIN® MALIK BiR SPEKTRAL MOSOLANIN MOXSUSI
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Asagidaki spektral masalaya baxilir:
v00+ 00-0. xe03]u( 5] ()

y'(0)=y'(1)=0
1 1
y(E_Oj = ay(§+0j (2)
’ l _ ’ l
(i ufies

burada A spektral parametrdir, a vo b iss a+b=#0 sartini ddayan ixtiyari kompleks

adadlardir. Bu tipli spektral masalalarin maxsusi funksiyalarinin bazislik xassaleri daha
Umumi sakilda [1,2] islarinda Oyranilmisdir. Xususi halda [1] isindan cixir ki, (1), (2)
masalasinin maxsusi funksiyalar sistemi L, (0;1) fazasinda Riss bazisi, [2] isindan ¢ixir ki, bu

sistem L, (01), 1< p<oo, fazasinda bazis smals gatirir.

Bu isda (1), (2) masalasinin Lebeq va c¢akili Lebeq fazalarinda ekvivalent bazisliyi
hagqinda teoremlar isbat edilmisdir. Z* = N U{0} isara edak.
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Teorem 1. (1), (2) masalasinin maxsusi adadlari 4, = (7n)?>, neZ*, saklindadir. 4,

k € Z" maxsusi adadlarina uygun maxsusi funksiyalar
acos 27K X, Xe (0;%}
Yo (X) =

COS 27K X, Xe (% ;1]
soklinds, 4,,.,,k € Z" maxsusi adadlarina uygun maxsusi funksiyalar isa

bcos(2k +1)7x, Xe (0; %)

Yo (X) =

cos(2k +1)7x, Xe (% ;1)

soklindadirlar.
Xatirladaq ki, Banax fazasinda verilmis iki sistem o zaman ekvivalent adlanirlar ki, 6z
va tarsi mahdud olan ela operator olsun ki, bu sistemlardan birini digarina gevirsin.
Teorem 2. (1), (2) masalasinin {yn(x)ner} maxsusi  funksiyalar sistemi

L,(01), 1<p<o, fazasinda {cosmx} trigonometrik sistemina ekvivalent bazis amals

nez*

gatirir.

bu fazada bazis, {x}
n ’ne

Tutaq ki, X Banax fazasi, {xn} — X" isa onun biortogonal

nez”* 7+

gosma sistemidir. ©gar, 3 C>0, I3re(+x) V xe X

1
(if ‘0 x: ﬂ’ <C|q

sarti ddanarss, {x,},_,. sistemi I - bazis adlanir.
Natical. {yn(x)ner} sistemi L (01), 1< p<oo, fazasinda r- bazis tagkil edir; burada
1

r =max{p,q}, EEN)
P q

Natica 2. p=2 olduqla, {yn(x)ner} sistemi L (0;1) fezasinda Riss bazisi amals gatirir.

Tutag ki, L, ,(01), 1< p<on,

I, =(I 1 <x>|”w<x>dxj"

Normasi ila verilon c¢akilan Lebeq fazasidir; forz edsk ki, W(X) c¢aki funksiyasi
Makenhaupt gartini 6dayir: w(x) € A; [3].
Teorem 3. (1), (2) masalasinin {yn(x)nep} maxsusi funksiyalar sistemi L (01), ¢akili

Lebeq fazasinda {cosanx},_,- trigonometrik sistemina ekvivalent bazis amals gatirir.
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COBR VO KOCOBR ANLAYISLARININ iKLiYi
Qasimov Vaqif 9li-Muxtar oglu, Hiiseynova Afaq 9ziz qizi
Baki Dovlat Universiteti
kavagif@mail.ru

Binar cabri strukturlar binar cabri amal anlayisina asaslanir. Har hansi A ¢oxlugunda
cabri amal u: A X A — A inikasinin verilmasi ilo miayyan olunur. u inikasinin assosiativliyi
sorti u(x, u(y, 2)) = u(u(x, y), z) asagidaki

poid:AXAXA— AXA inikasiilo u: A X A = Ainikasinin

voido: AXAXA— AXAinikastilo u: A X A = Ainikasinin

(ueoid)opva(id o u) o u kompozisiyalarinin barabar olmasi ila verila bilar:

(poid)ou=(idowu)opu(l)

Eyni gayda ils, vahidin varligi sarti els e: A — A inikasinin verilmasini talab edir ki,
eoid:AXA—>AXAvaidoe:AXA— AX Ainikaslarinin p inikasiila uygun p o (id o e)
va i o (e o id) kompozisiyalari barabar olsun

po(idoe)=po(ecid)|(2).

Komutativlik sartini isa yerdayisma inikasinin kdmayi ila vermak olar:

m:A XA - AXA inikasi m(x,y) = (y,x) gaydasi ils tayin olunur.

Onda m:AXA—->AXA inikasi iloe u:A XA — A inikasinin kompozisiyasi Ugln
wom = u(3)sartinin ddanmasi talab olunur.

o9gar biz k meydani tizarinda verilmis cabrda vahidin varligini talab etmak istayiriksa
onda yuxarida deyilanlara miayyan €:k — A inikasinin verilmasini da alava etmak lazimdir.
Belo ki, ecid:kXA—>AXA voidoc:AXKk - AXA inikaslarinin u: A X A = A inikasi
ilopuo(egoid)va e (id o €) kompozisiyalari miivafiq olaraq
po(eoid): kX A=Avopuo(idoe):AXk = A(4)

izomorfizmlari ila Ust-tUsta disir. Belalikle, k meydani lGzarinde A cabri yuxaridaki

sartlori 6dayan (4; u, €) lgluylna deyilir.
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Indi isa, kocabrlar Ug¢lin geyd olunan sartlarin neca dayisacayini gostarak. Kocabr Ik
meydani (izarinda verilmis H fazasi, @:H — H X H kohasili va c:H — k inikaslari ila
verilan (H; @, ¢) ugliylna deyilir, bela ki, ® kohasili va ¢ kovahidi liciin 1-4 sartlarina ikili
olan sartlarin 6danmasi talab olunur. Bu sartlardan bazilari asagidaki sakildadir:

(ido®)od = (Doid)od (1%)
koasosiativlik sarti (1) sarti ila ikilidir.
(idXxc)o®d =~Hva(cXid)o® = H (4*%)

kovahidin varligi sarti (4*) sarti ila ikilidir.

k meydani 6z lGizarinda cabr taskil etdiyi kimi, ham da kocabrdir. Bu (k; ®,c ) cabrinda
c(1) = 1sorti 6danir [1].

Teorem. Sonludlcili cabra ikili olan faza kocabr strukturuna malikdir.
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izi SIFIR OLAN MATRISLOR COBRININ sI(2) Li COBRININ B9Zi XASSOLORI
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Li gruplarinin tasnifati masalasi Li cabrlarinin tasnifati ila six alagadadir. Umuman bu
alagalar Li nazariyyasina asaslanir.

Li Teoremi. Har bir Li cabri miiayyan local Li grupunun Li cabridir.

Masalan, Li nazariyyasina gora gl(n, C) Li cabri GL(n, C) Umumi xatti qrupuna, sl(n, C)
Li cabri SL(n, C) xisusi xatti grupuna, ol(n, C) Li cabri OL(n, C) ortogonal qrupuna uygun
galir. Daha dogrusu, agar g Li grupunun Li cabrini L(g) ils isars etsak, onda L(GL(n, (C)) =
gl(n,C), L(SL(n, (C)) =sl(n,C), L(OL(n, (C)) = pl(n,C) mdinasibatlarini alariq. Lokal Li
grupu isa, 0z Li cabri ile miayyan izomorfizm daqigliyi ilo miayyan olunur. Buna sabab isa
asagidaki faktdir:

G va H lokal Li qruplarinin uydun Li cabrlarinin har hansi @: L(G) — L(H)
homomorfizmi ¢ = (df),. saklindadir, burada f bu lokal Li gruplarinin miayyan f:G — H
homomorfizmidir.

istinad etdiyimiz fakt Li cabrlari va Li gruplarinin uygun fazalarda diferensiallama
operatoru ila six alagada oldugunu nimayis etdirir. Magsad bu naticalarin kateqoriya va
funktorlar nazariyyasinin dilinda analoglarini almaqgdir. Masalan Xoxsild kohomologiyalari
Uglin asagidaki teorem dogrudur.

Teorem. R[G] qrup cabrinin Xoxsild kohomologiyalari dasiyicilari G grupunun G,
gruppoidina qosulmus tasirinin BG, tasnifat fazasinin (Bgr)["] n —skeletlarinda
dogurdugu kohomologiyalarna izomorfdur:

sH"(R[G]) = H"¢,, (BG, ; R).
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Burada geyd edak ki, Li qruplari lokal gruplara aid nimuna olaraq global Li gruplari
sinfindan daha genisdir va onlar lGglin yuxaridaki teoremin hokmu daha zaif sakilds olacaq.

Har bir g Li cabri ila muayyan U(g) —universal birliyan cabri alagalandirmak olar. g -
nin T(g) tenzor cabrinin ab — ba — [a, b] saklinda olan butiin elementlarinin dogurdugu
ideal I(g) ilo isara edak, burada a,b € g . T(g) cabrinin I(g) idealina nazaran faktor
cabri T(g) ila isara olunur va g Li cabrinin universal birliyan cabri adlanir. g Li cabrinin
Universal biriyan cabrini U(g) ils isars edirlar: U(g) = T(g) / I(g) .

Algebra va LeeAlgebra ila mlvafiq olaraq cabrlar va Li cablari kateqoriyalarini
isara adak. Onda bu iki koteqoriyanin morfizmlari arasinda asagidaki uygunlug dogrudur.

Teorem. ogar g Li cabri va istanilan assosiativ A cabri verilmissa, onda g Li cabrindan
A cabrina uygun L(A) Li cabrina tesir edan bitin Hom eeasg06+4(8, L(A)) morfizmlar
coxlugu ile g Li cobrinin Universal buriyan U(g) cabrindan A cabrina tasir edan butin
Hom 444064 (U(8), A) morfizmlar coxlugu biyektivdirlar.
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Muasir dovrda tatbigi masalalarin halli integeral tanliklarin hallina gatirildiyindan
onlarin hallinin tatqgiqgi aktuallhg kasb edir. Ona gorada isda bukilmna tip integral tanliyin
halli tadqiq edilir.

Blkllmsa tip inteqgral tanlik Volterra tipli tanliya aiddir va ikinci név blikilma tip integral
tanlik asagidaki sakildadir.

ult)= [K(t-En(e)de + F) (1)

Burada u(t)-axtarilan funksiya, K(t) va F(t) verilmis funksiyalardir. K(t)-tanliyin nivasi
adlanir, F(t)-isa sarbast haddir.

Forz edak ki, (1) tanliyina daxil olan funksiyalar Laplasin inteqral ¢cevirmasinin sartlarini
odayir. Onda Laplas ¢evirmasini (1) tanliyina tatbiq etsak, va funksiyalar baglisindan istifada
etsak:

u(p)=K(p)(p)+F(p)

tanliyini alariq. Buradan axtarilan funksiyanin suratini
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a(p)= f»(z%) 2)

soklinda tayin edirik. Burada U(p),K(p) vo F(p) uygun olaraq u(t), K(t) va F(t)

funksiyalarinin suratidir. Bu barabarlikdan hallin suratini tapmaq U¢in onu

0(p)=V(p)+ P v (p)

1-K(p)
soklinda yazaq. 9gar burada
a(p)=_F(P) 3
a(p) T R(p) (3)
avaz etsak
u(p)=V(p)+a(pV (p) (4)

olar. Sonuncu barabarliya laplasin tars inteqgral gevirmasini tatbiq etsak hallin orjinalini
u(t)=Vvt)+g(t)=v ()

yaxud

u(t)=v(t)+|gt-rN()dz (5)

O t—

barabarliyi ils tayin etmak olar.
g(t)—funksiyasml hesablamagq tg¢iin onu yani(3) barabarliyini siraya ayirag. Onda

3(p)= 2 KT

n=1

olar. Buradan isa

isara etmakla

barabarliyini aling.
Demali verilmis inteqral tanliyin halli Neyman sirasinin kdmayi ila tayin edilir.
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ELASTiK LOVHONIN ROQSLORI TONLiYi UCUN PAYLANMIS iDARDEDICI VO FiNAL
MUSAHID® M3SOLDSI
Quliyev Hamlet Farman oglu, Cavadova Almaz 9bdiil qizi
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Malumdur ki, elastik [6vhalarin ragslari tanliyi

phgtil:+A(DAu):l9(x, y,t), (%Vy,t)eQ=02x(0,T) (1)

saklindadir. Bu tanlik Giglin
u(x, y,0)=us(x,y), (x,y) e,

)
2—1‘(& V0 =u(xy), (xy)e

u(0,y,t)=0, (y,t)e(0,b)x(0,T), u(avy,t)=0, (y,t)e(0,b)x(0,T),

u(x,0,t)=0, (x,t)e(0,a)x(0,T), u(x,b,t)=0, (x,t)e(0,a)x(0,T),

Z—“(o,y,t)zo, ) e@bx0T)., Ma@yn=0, (1.)ec©b)x©OT), 3
X OX
%U(X,O,t):o, (x,t) € (0,a)x(0,T), %u(x,b,t)zo, (x,t) € (0,a)x(0,T)

baslangic va sarhad sartlari verilir. Burada 2 =(0,a)x(0,b), u(x,y,t)-l6vhanin ayilmasi,

A 3
12-(1-v?)

Puasson amsaldir. Burada ¢ mimkin idarsedicidir va L,(Q) -da qapali gabariq V

h(x,y) lovhanin galinlig, D= silndrik méhkamlik, po(x,y) l6évhanin sixhgi, v-

coxluguna daxildir. V c L, (Q) sinfindan ela 9(x, y,t) idaraedici tapmagq talab olunur ki, o (1)-

(3) masalasinin halli ils birlikda

0

I(9) = % Juy.T.9)-2(xy)) dxdy+% [ 9> dxdydt (4)
Q
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funksionalina minimum qiymat versin, burada z(X,y)eL,(£2) verilmis malum
funksiyadir, N isa verilmis miisbat adaddir.

u, eW;/(2) u, €L,(2),z € L,(£2)- verilmis funksiyalardir.

Qeyd edsk ki, har bir p,h,9,u,,u, Ggiin (1)-(3) masalasinin W,>*(Q) fazasinda halli var
va yeganadir. Baxilan isda avvalca optimal idarsedicinin varligi ve yeganaliyi isbat edilir.

Sonra isa vy(x,y,t) idaraedisinin optimallig liclin variasional barabarsizlik saklinds asagidaki
zoruri va kafi sart cixarilir:

I(l//(X, Y,1)+ NG (X, y,1)(9(X, ¥,t) — 3, (%, y,t) dxdydt>0 VIeV,
Q

burada w(x, y,t) asagidaki gosma masalanin hallidir:
Ay, +A(DAy) =0 (x,y,t)€Q, (5)
vy T)=0, phy(xy.T)=uxy.T.%)-2(xy), (xY)e2,  (6)
w(0,y,1)=0, (y,t)e(0b)x(0,T), w(ayt)=0, (y,t)e(0,b)x(0,T),

v(x,0,t)=0, (xt)e(0,a)x(0,T), w(xb,t)=0, (xt)e(0,a)x(0,T),

‘Z—W(o,y,t>=o, ) e@bx0T), Y@yt=0 (yt)e@b)xO.T),
X OX

%//(X,O,t) =0, (x,t)e(0,a)x(0,T), %[/(X,b,t) =0, (x,t)e(0,a)x(0,T).
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SINQULYAR POTENSIALLI YARIM-XOTTi QEYRi STASIONAR TONLIKLORIN
QLOBAL HOLLIRININ VARLIGI
Quluyeva Koniil @l6vsat qizi
Baki Dovlat Universiteti
konul.555@mail.ru

B, = {x:[x<R}, B,=R"\B,, B,, ={x:R<[x <R},
« =Bs

Q x(0,+ ), X=X +...+ X

isara edak.
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Qg oblastinda bels bir masalaya baxaq:

od Zn: [U() JHUHXHU (1)

|J_18X
U(k_l)‘t:o = Ug_l(X) Z O, u(k_Z)‘t:O = u(l)(_2 (X)’ e ’u‘t:O - UO (X) ) (2)
harada ki, & (X) =&, + 7L, & LoT=], 1, q>1, o>-2
arada ki, a.(X) =0, r O = i > 7T
ij ij 7/‘)(‘2 ! O, |¢J, 7/ q

2
0<Cy<(r +1)(”T‘2) ,ul(x) el (BL),i=01,..k-1.

(1)-(2) masalasinin manfi olmayan qglobal hallinin varhigi masalasi arasdirilir. (1)-(2)
masalasinin global halli dedikds, zaif hall basa dusulir. u(X,t) funksiyasi (1)-(2)

masalasinin o zaman zoif halli adlanir ki, vT20,R >R,
u(x,t) eW,* (B, , x(0,T))nL,,.(Qr) va V o(x,t) W, (B, x(0,T)) :

2,loc

=0, %(X,T):O, i=0,1,...k —1 tigtin

xi=r = Pix-r,
(—1)k] ju(x t) ( t)dxdt+jj Za”(x) au a(Dd dt — ]j—u(pdxdt +
+Z( 1)" j us (x )6¢(X o)dx ] fx\“\u\qgodxdt

D:(n_Z] — C, , A, =— n-2 —~+JD isara edak.
2 y+1 ° 2

Qlobal hallin yoxlugu hagqinda asagidaki teorem dogrudur.
Teorem. Tutag ki, n>3,q>lo>-2,y>-1,0<C, <(y +1)(nT_2J2 va
o+2
”ZZNB —2(1—i)

olmayan hallidirsa , o zaman u(x,t) = 0 olar.

Qeyd edak ki, k =1 halina [1,2] islarinda baxiimisdir.
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ELEKTRON TOHSIL RESURSLARININ TODRIiS PROSESIND TOTBIQLORI
Quluzada Aygilar Miibariz qizi
Qarbi Kaspi Universiteti
aycilerrquluzade@gmail.com

Tohsil  sisteminds  E-tahsil  texnologiyalari insanlarin  yeni ndév tahsilo
istigamatlandirilmasi, galacakda Omiir boyu tahsil almaq Ucln onlarda zaruri bilik va
bacariglarin inkisaf etdirilmasi Gglin an samarali vasita hesab olunur. E-tahsil amak faaliyyati
ila tahsil arasinda koérpl rolu oynayir ve 6mri boyu tahsil Gglin genis imkanlar yaradir. “E-
tahsil” termini yeni texnologiyalarin tatbigi ile mudasir tadris metodlarini, talim
materiallarinin elektron Usulla ¢atdirilmasinin tam spektrini shata edir va “distant tahsil”,
“virtual tahsil”, “sabaka tahsili” kimi terminlari imumilasdiran anlayis kimi istifads olunur.

informasiya resurslari bazasinda talim, talabalarin hadisalarin nazariyys va obyektlarin
oyranilmasinda genis informasiya resurslarindan istifade etmakla aktiv rolunu nazards
tutur. Muallim lazim olan informasiyanin va problemin hallinin axtarisi G¢tin talabaya stimul
verir. informasiya resurslari bazasinda talimda miixtalif resurslardan (kitab, jurnal, verilanlar
bazasi, sabaka resurslari va s.) hamgcinin informasiyanin axtarisi Gcin miuxtalif giris
resurslarindan genis istifada olunur.

informasiya resurslari bazasinda qurulan talim prosesinda tslimin tadgigat
metodundan istifade olunur. Talimin tadgigat metodunun mahiyyati asagidakilardan
ibaratdir: - Mauallim talabalarla birlikds halline miayyan zaman ayrilan problemi
formalasdirir; - Muallim talabalara biliklari soylamir. Talabalar biliklari problemin tadqiqati
prosesinda muxtalif variantlara uygun tapilan cavablari migayisi edarak, mistaqil olaraq
alda edirlar, - Muallimin faaliyyati problemli masalanin halli prosesini operativ idara
olunmasina yonaldilir. - Tadris prosesi ylksak intensivliyi ilo xarakteriza olunnur, talima
yuksak maraq musayiat olunur, alda olunan biliklar haqiqiliyi, darinliyi va méhkamliyi ila
farglanir. - informasiya resurslari bazasinda talimin samaraliliyi misallimlarin va talabalarin
istifade etdiklari resurslarin va informasiya texnologiyalarin keyfiyyatindan, kemiyyatdan
asihdir. informasiya resurslari bazasinda talimin asas naticasi talabalarin yeni biliklari
mistaqil olaraq alda etmalaridir. Yani tadris prosesimda talaba informasiya resurslarindan
hartarafli istifade edarak muxtalif informasiya masalalarini hall edir. Hamginin, talaba yeni
biliklor aldes etmaya va professional bacariglarini takmillasdirmaya imkan veran
texnologiyalara yiyalanir. Elektron tshsilda informasiyalar 6yrananlara ¢ap materiallari,
elektron materiallar, elektron darslik, video darslar televerilislar va s. formalarda taqdim
edilir. Bu tadris informasiyalarinin kitablar, disklar, kimi dasiyicilari vardir. Elektron tahsilda
talim metodik kompleksdan, kompliter, televizor, audio-video disklar, multimedia texnikasi
kimi talim vasitalarindan istifade olunur. Biliklarin daha c¢evik va asan otlrilmasi
Usullarindan an effektlisi elektron 6yratma sistemidir. Masafadan kegirilan bu talim
sisteminds talimlar televiziya kanallari, multimedia disklari, internet sabakasinin imkanlari
vasitasi, hazir program paketlari ilo hayata kegirilir. Belalikls, informasiya resurs basazi e-
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oyratmanin asas elementlarindandir. Tahsilin saviyyalarina goéra daima keyfiyyatli tahsil
resurslari ilo samarali tamin etmalidirlar, funksional va informasiya baximindan butin tahsil
portallar sistemi ila alagads olmalidirlar
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VIRTUAL VO ARTIRILMIS REALLIQ TEXNOLOGIYALARININ SONAYED® iSTIFADOSI
Qurbanov Farid Tarlan oglu
Baki Dovlat Universiteti
ferid.qurbanov.2010@bk.ru

Virtual va Artirilmis Realliq Texnologiyalarinin Senayeda istifadasi miirakkab istehsalin
inkisaf proseslarina inqgilabi xUsusiyyatlar gatirir ve galacayin fabrikini buglinki realliga
cevirir. Prognozlasdirilir ki, virtual va alava realliq texnologiyalari miasir diinyada kompleks
mahsulun hazirlanmasi va istehsal proseslarinda inqgilab edacak. Xuisusila yuksak
texnologiyali senaye sektorlarinda virtual ve alava reallig texnologiyalari artig tatbiq
olunmaga baslayib. Artirilmis reallig virtual muhitin ve ya daha cox istifade edildiyi kimi
virtual realligin fargli tatbiqidir. Virtual realliq texnologiyasi istifadacini tam sintetik muhita
salir va istifadaci bu sintetik mihitda olarkan atrafindaki real diinyani gora bilmir. Artiriimis
realliq, aksina, rageamsal va komplter tarafinden yaradilan sakillar, audio, video va ya
toxunma va toxunma hisslari kimi malumatlari real mihita 6tiran bir texnologiyadir.
Artirilmis realliq texniki olaraq bes hiss organini takmillasdirmak Uclin istifada edila bilar,
lakin bu gin onun an ¢ox istifadasi vizual qabiliyystlarin artirilmasina yonalib. Virtual
realligdan farqli olaraq, artirilmis realliq istifadaciya virtual obyektlari real diinya
obyektlarinin Ustline qoyaraq va ya birlesdirarak real dinyani daha zangin sakilds
gavramaga va gormaya imkan verir. Kamera ila real diinyanin sakillari ¢akilarkan
komputerds hazirlanmis obyektlar miayyan néqtalardan real dinyanin avvalcadan
miayyan edilmis hadaf ndgtalarina birlasdirilir va natica program vasitasi ile sarh edilir va
eyni vaxtda ¢ixis sakli alinir. Basga sozls desak, artirilmis reallig real diinyanin ragamsal
diinya obyektlari il real vaxt rejiminda birbasa va ya dolayi yolla qarsiligh alagada olmasi va
inteqrasiyasi yolu ile onun fiziki gorlinlsinln zanginlasdiriimasidir. Artirilmis realliq
texnologiyasi muayyan manada kompiterds yaradilmis virtual goérintilari va real diinya
sokillarini bir araya gatirir. istehsal va mahsul dizayni néqteyi-nazarindan virtual realliq
mahsulu va ya mihiti ragamsal simulyasiya etmak {iciin istifads olunur. istifadagi mahsulla
interaktiv sakilda alaga saxlaya va virtual mihita daxil ola bilar. Artirilmis realligda ragamsal
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mahsul virtual reallig muhitinds oldugu kimi ragamsal olaraq simulyasiya edilmak avazing,
real diinya gorintisiina alava olunur.

Mahsul Dizayninda Virtual va Artirilmis Reallig texnologiyalarinin tatbigi haqqginda bazi
malumatlari geyd edak.Mahsulun inkisafi néqteyi-nazarindan virtual va artirilmis realliq
texnologiyalari mahsulun inkisafi prosesinin ilkin marhalalarinds daqgig tanzimloma va
optimallagdirma imkani verir. Mahsul dizayn konsepsiyalari va variantlari arasdirila,
dizaldila va tez dayisdirilo bilar. Komputer tarafindan yaradilmis adadi modellar virtual
muhitde da sinaqdan kegirila va tahlil edila bilar. Mahsul dizayninda virtual va artiriimis
reallig texnologiyalarindan istifade dizayn proseslarini siratlondirmays va mikammal
mahsullarin istehsalina imkan verir. Mahsulun dizayn marhalasindas, mistarilor da daxil
olmagqla, mixtalif disiplinlarden istehsal qrupu uzvlarinin daxil edilmasi il mahsula
takmillasdirmalar va dayisikliklar edila bilar. Har iki texnologiya animasiyali simulyasiyalara
imkan verdiyi G¢lin zamanla mahsullarin neca istifade olunacagini géormak muimkindur.
Virtual va artirilmis reallig texnologiyalarinin tamin etdiyi bu imkanlar sayasinda mahsullarin
erqonomikasi, istifadaya yararhligi, alcatanhgi, gorinisi va mistari gabulu muiayyan edils
va mahsul dizayninin ilkin marhalalarinds lazimi diizalislar edils bilar. insanlar simulyasiya
edilmis mahsullari va mubhitlari realmis kimi asanlgla anlaya bilsalar da, texniki biliklari
yoxdursa, miurakkab iki ve l¢ o6lctli modellari gavramaqda problemlar yarana bilar.
Nahayat, virtual vea artirlmis reallig texnologiyalari istehsal qrupunun Gzvlari arasinda
Unsiyyati artirir vo mahsulun hazirlanmasi marhalasinda satisa kémak edir. Mahsul
dizayninda bu texnologiyalardan istifade etmakla texniki riskloar minimuma endirilir va
mahsullar tayinatina uygun olaraq istehsal oluna bilir.

Artan sayda miuassisalar istehsal va miihandislik faaliyyatlari zamani istifada edilan
artirilmis va virtual reallig texnologiyalarinin onlara hansi faydalari vera bilacayini gorur.
Aviasiya, avtomobil, enerji, midafia va tibb sanayesi sektorlari bu texnologiyalarin verdiyi
imkanlardan istifade etmaya baslayib. Boylk istehsalcilar tadarik zanciri sahasi Uzra
mitaxassislari regamsal modellarin mévcud oldugu ve mixtalif sahalardan olan ekspertlarin
bir komanda saklinda islaya bilacayi genislonmis va virtual realliq diinyasina getdikca daha
cox integrasiya edirlar. Sanaye va istehsal faaliyyatlarinde mihandislar tarafindan virtual ve
alava realliq texnologiyalarindan istifada glindan-glina artir. Tamamila ¢evik virtual va alave
reallig texnologiyalari galacayi gabul etmak istayan muhandislar va saha ekspertlari Ugln
saysiz-hesabsiz imkanlar tagqdim edir.

Virtual reallig mahsulun inkisafi va dizayninda texniki-igtisadi tahlil, takrarlanan dizayn
va sistemli giymatlandirmanin Ustinliklarini tamin edir. Mahsulun dizayninda va
istehsalinda virtual realligin istifadasi reageamsal siiratli prototiplasdirma, dizaynin nazardan
kecirilmasi, insan faktoru,erqonomik tadqiqatlar, rageamsal istehsal xattinin yaradilmasi,
tahsil,talim, istehsal prosesinin simulyasiyasi, uzagdan amaliyyat ve veb asash tatbiglari
ohata edir.
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VOLTERRA TiP INTEQRAL TONLIKLORIN HOLLININ 9MOLIYYATLAR USULU iLD
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Qurbanov Nabi Tapdiq oglu
Sumgqayit Dovlat Universiteti
Qurbanov53@mail.ru

Malumdur ki, tabiatda bir cox masalalarin tadqgig olunmasi xtisusi toramali inteqro-
diferensial tanliyin hallina gatirilir. Bir 6lctll inteqro-diferensial tanliyi asagidaki kimi

yazmaq olar:
92U (x,7)

2 92U(xt) _ 8%U(x,t)
o at2

0x2 ot2

dr (1)

+ eC? fotR(t —¢)
saklinda yazmaq olar.

Burada, C- dalga surati, € > 0 kicik parametr, u(x,t) — yerdayisma, R(t) — muhitin
materialininin xassasini xarakteriza edan funksiyadir.

Qeyd edak ki, gararlasmayan dalga proseslari va rags masalalarinin arasdirilmasi
ozlulik nazara alindigda (1) tanliyinin hallina gatirilir.

Baxilan fiziki masalanin xarakterindan asili olarag (1) tanliyi li¢lin sarhad sartari va
baslangic sartlari miayyanlasdirilir.

9gar sonlu cubugun rags masalasina baxsaq onda sarhad sartlarini

x = 0 oldugda 3—;’ = 0; x = £ olduqda ‘;—Z =0 2)

saklinda geyd etmak olar, yani cubugun uclar sarbastdir. Sistemda t < 0 oldugda harakat

yoxdursa, yani sistem siikunatdadirsas, baslangic sarti

t = 0 oldugda U(x,0) = ¢; 6Ua(i'0) = ¢,

(3)

olar.
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Tanliyin hallini

U(x,t) = Y=o Tk () Xy (x) (4)

saklinda axtarsaq (1) tanliyindan
x4+ (2) e = 0 (5)
TV(t) + 22T(t) — eA? [[R(t — DT ()dr = 0 (6)

tanliyini alariq.
(6) tanliyinin (2) sartini 6dayan halli
A x
Xi(x) = cos%
olar.
9goar Laplasin inteqral ¢evirmasini (6) tanliyina tatbiq etsak va (3) baslangic sartini
nazara alsaq hallin surati

=~ PPo t+ @
Tp) =——7——=
p% + A% — eA?R(p)
olar.
Sonuncu barabarliyi siraya ayirsaq

= _ PPot+oq eA*R eA*R(p)

T(p) T p2+A2 [1 + pZ+22 + ( p2+22 ) + ] (7)
9gar bu siranin hadlarinin orijinalini hesablasaq onlar (6) tanliyinin hallinin yaxinlagmalari
olar. Onda

T, (t) = |p¢+ (ﬂ)z sin(At — @)
A
t
0 = [ T - Dgdn
0
t
Tu(®) = [ Tt = Dg(@dr
0
olar.
.
Burada g(t) = L! [% isara edilmisdir. L~ — tars Laplas operatorudur.
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iNFORMASIYA SISTEMLORIND® CARI TOHLUKSSIZLIK PROBLEMLORI
Qurbanova Jale
Qarbi Kaspi Universiteti

informasiya sistemlari, informasiya texnologiyalari va istifadacilarin garsiligh alagada
oldugu inzibati va qgarar gabuletma sistemlaridir. Bu giin informasiya texnologiyalari
sahasinda bas veran vyeniliklar insanlarin informasiya sistemlarina maraginin artmasina
sabab olur. Lakin bu vyeniliklarla yanasi, sistemlarin gatirdiyi bazi tahlikalar da var.
informasiya texnologiyalarinin mansayi insan oldugundan, informasiya sistemlari ila bagli
tahlika va risklarin béyuk aksariyyati ya sturlu sakilda, ya da sahlankarliq naticasinda insan
mansayindan vyaranir. Bu tahdidlar; Sistemlari siradan ¢ixarmaqg, sistemin faaliyyatini
dayandirmagq, sistema sizmaqg, malumatlara icazasiz daxil olmaqg, malumati ogurlamaq va ya
0z maraglari namina malumatdan sui-istifade etmak kimi harakatlar hesab edilir. Tahdid va
risklarin 6hdasindan galmak Ugln taskilatlarda informasiya tahllikasizliyi anlayisi
gorunmalidir. informasiya tahliikasizliyi ila alagali maxfilik va kompiter tshlikasizliyi
anlayislari komputer sistemlari va tatbigleri ile alagali problemlar kimi miayyan edilir.
Maxfiliyi tamin edan sistem istifadacilarinea malumatlarinin neca, hansi magsadla va kimlar
tarafindan istifade edildiyina va saxlanmasina nazarat etmaya imkan verir [1, 2]. Xilass,
sistemlarin dizgln isloamasi va istifadacilarine tam xidmat gostarmasi Ugin maxfilik,
blatovlik va istifadaya yararlilig anlayislari gorunmalidir.

informasiya tahliikasizliyi sahasinds séziigedan problemlarin halli {c¢iin miixtalif
tadqgiqgatlar aparilib va hals do aparilmagdadir. Har bir arasdirmada sistemlarla bagh
mixtalif texnikalar irali strtlir. Bu isde movcud sistemlar taqdim edilir va bu sistemlara
garsl yarana bilacak tahlikasizlik tahdidlsrindan bahs edilir. Bundan alava, hicumlarin
garsisini almaq va azaltmaq UGguin hazirlanmis va tovsiya olunan programlar tagdim olunur.
Natica hissasinda tadgigatin xtlasasi ve shamiyyati verilir. Bundan alava, insanlarin maruz
galdigi tahllkalar va sistemlarde meydana galan tahliikalar miigayisa edilir va bu ¢arcivada
hayata kegirilacak maariflandirma tadbirlarinin shamiyyati vurgulanir.

informasiya  tahlikasizliyi ils bagll basga bir arasdirmada, insanlarin
malumatsizhigindan va zaifliklarindan istifada edan sosial mihandislik Gsullari, kritik va saxsi
malumatlarin zararli insanlara géndarilmasi, sistem zaifliklarindan yararlanmagq, texnoloji
dayisikliklarla formalasan zararli program teminati ve internet texnologiyalarinin
yayllmasina dastak veran veb texnologiyalari. bu program taminati bu giin mévcud olan
tahlikalardir.

Fising hicumuna dair arasdirmada [5], fising hlcumlarinin qarsisini almaqg Ugln
insanlarin komputer saviyyasini 6lcan model yaradilmisdir. Model vasitasila kompiter
istifadagilarinin biliklari artdigca saxsiyyat hlcumlarina qarsi lazimi tadbirlari almagda
Ozlerine daha c¢ox guvandiklari miayyan edilmisdir. Bundan alava, informasiya
tahliikasizliyinda prosessual va konseptual malumatlarin birlasdirilmasinin vacibliyi askar
edilmisdir. Buna nail olmagin yolu vyaxsi hazirlanmis tahlikasizlik talimindan kegir.
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istifadacilarin maariflandirilmasi ticiin edilacak talimlar arasinda éyradici oyunlar va internet
asash talim materiallari da var. Digar tovsiya olunan hall, fisingqds Gmumi olan URL
yonlandirma hadisasina miraciat etmakdir. Bununla mibariza aparmaq Uglin URL-lari
tahliikasiz sakilda yonlandira bilan Mozilla, Firefox, Google Chrome, Safari va IE kimi
brauzerlara Ustlnlik vermak va Kaspersky Lab kimi anti-fising texnologiyalarindan istifada
etmak tovsiya olunur. Bu texnologiyalar saytin domen adinin IP invanina uygun olub-
olmadigina garar verdikdan sonra mimkin tahliika zamani tacaviizkarin cahdini bloklayir.

Basqa bir arasdirmada [5], informasiya tahliikasizliyi ¢argivasinda texniki va geyri-
texniki (insan mansali) problemlarin oldugu bildirilmisdir. Texniki informasiya tahliikasizliyi
masalalari asasan texniki malumat va alatlara (sifralema Usullari kimi) diggat yetirir. Qeyri-
texniki informasiya tahlikasizliyi masalalerina etik, hiquqgi masalalar va informasiya
tahlukasizliyi madaniyyati daxildir. Eyni zamanda, insanlarin tahllkasizliys tasiri arasdirilir va
bu tasirlar gasdan va tasadifi olaraq tasnif edilir. Arasdirmada informasiya tahlikasizliyinda
rast galinan hicumlarin malumatsizligdan gaynaglandigi, zaifliyin aradan galdirilmasi tgin
informasiya tohlikasizliyi vea malumatlihg UGg¢lin c¢oxolclili va sanayeya uygun model
yaradildigi bildirilib. Taklif olunan model (¢ hissadan ibaratdir: malumat axtarisi vo
malumathlig, O6lgma va miuisahida va Olgllar. Bu malumat informasiya tahlikasizliyi
ehtiyacindan asili olarag mixtalif informasiya texnologiyalari icaza saviyyalari tarafindan
talab oluna bilar. Yena da bu bélmada alda ediloan malumatlar malumat tahlikasizliyinin
bitiin saviyyalari tarafinden malumathhig artirmaq Uciin istifads olunur. informasiya
tahliikasizliyi proseslari ilo bagl garar gabul edarkan burada alds edilan malumatlardan
faydalanmaq ¢ox ahamiyyatli olacag. Bundan alava, yaranan informasiya tahlikasizliyi
masalalarinin daxil edilmasini va hallini tamin etmak Ugln bu sahadaki inkisafi izlomak da
nazarda tutulur. Bu modells xlisusila taskilatlarda calisan kadrlar hadafa alinib.

Basga bir arasdirma [3] qeyd edir ki, taacclbli sayda istifadaci tahlikalar barada
xabardarhglara baxmayaraq tshlikasizlik standartlarina amal etmir. Bildirilir ki, spam
maktublar, casus proqramlar, komputer viruslari, saxta e-pocgtlar, fising va zororli
programlar kimi tahdidler tahlikasizlik problemlari siyahisinda birinci yerdadir.
istifadacilarin  gozlanilmaz e-poct slavalarini acib elektron maktublardaki kecidlara
kliklomakla 6zlarini tahlikaya atdiglari da bildirilir. Tadgigat tahlikasizlik stimullarini
artirmagq Ucln istifadaci biliklari, soxsi masuliyyat va talim Usullari arasinda qarsiligh alagani
arasdirir. Bu kontekstda istifadacinin masuliyyatina uygun olaraq tahlikasizlik tahsilinin
verilmasi farziyyasi tahlil edilir.

Natica olaraq, istifadagilorin 6z malumatlarina gora tasniflasdiriimasinin ¢ox vacib
oldugu va istifadaginin saviyyasina uygun olaraq informasiya tahlikasizliyi ila bagli talimlarin
verilmali oldugu vurgulanir. Bundan alava, internet provayderlari va program taminati
sirkatlarinin amakdashgl ila istifadagilor Gcln ardicll ve faydali formatda miuhafiza
talimatlarinin hazirlanmal oldugu bildirilir.

Metodlar 6z daxilinda tasnif edilir va har birinin shamiyyati vurgulanir. Bundan alavs,
alagali sistemlarin strukturlarini taqdim edarak bu sistemlar haqqinda fikir alds etmak
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magsadi dasiyir. informasiya sistemlarinin an mihim hissasi va zaif halgasi olan internet
istifadagilarinin Gzlasdiyi tahllikalarin bu moévzu ¢argivasinda izah edilmasi zaruridir. 9vvalki
bélmadsa arasdirilan arasdirmalar naticasinds insanlarin daha g¢ox kiber zorakiliga maruz
galmasi, sosial sabaka saytlari vasitasilea malumatlarin ictimailagdirilmasi, filtrlardan istifada
etmamasi, sosial miihandislik, sistem zaifliklarindan istifada, zararli program taminati, az
antivirus istifadasi vo yenilanmasi, kifayat gadar ehtiyat nisxasi, pirat program taminati,
phishing hiicumu (phishing) kimi hicumlarla garsilasdigl askar edilmisdir. Bu hicumlar
sistemlarda gorilan tahdidlarle miiqayisa edildikda, demak olar ki, tam uygunlasdiglari
anlastlir.

Arasdirmalara gors, yuxarida geyd olunan hicumlarla mibariza mdvzusunda
insanlarin maariflondirilmasi boylik shamiyyat kasb edir. Bu magsadla insanlarin bilik
catismazhginin aradan galdirilmasi va bu hiicumlarin garsisinin alinmasi Gg¢lin maariflandirici
maariflandirma tadbirlarine ehtiyac var. Sozliigedan informasiya sistemlarinda
tahlikasizliyin tamin edilmasi va miintazam isloamasinin tamin edilmasi lglin geyd olunan
texniki hallar tatbiq oluna bilar va ya hallar daha da inkisaf etdirilib tatbiq oluna bilar. Bu
marhalada qurumlar bu hallari hayata kegirmak Ucln texniki-igtisadi asaslandirma
aparmalidirlar. Lakin texniki hallarla yanasi, ilk névbada informasiya tahliikasizliyi sahasinda
insanlarin yetisdirilmasi an tasirli hall taklifi olacaq. istar dévlat qurumlarinda, istarsa da
0zal sektorda informasiya tahllkasizliyi asas talab kimi gabul edilmali voa bu sahads
maariflandirma islarina dastak verilmalidir.
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inkisafda olan diinyada veb-saytlarin yaradilmasi texnologiya sahasinin an vacib
masaslalarindan biridir. Veb-sayt internet Gzarindan hiperkecidlar ila alagalandirilmis, eyni
veb-serverda saxlanilan bir neca veb sahifadir.9lave olaraq deys bilarik ki, veb sahifalar
istifadacilor arasinda komunikasiya ve amakdaslig, eleca do mixtalif xidmatlarin tamin
edilmasi Ucgln istifada edila bilar. Homginin veb sahifalarin yaradilmasi insanlarin istadiklari
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malumati asanligla alds etmasi, o cimladan 06z veb sahifalerini yaratmagla biznes
faaliyatlarini inkisaf etdira bilmalari Ggln genis imkan yaradir.

Veb saytlarin yaradilmasi tarixi kegan asrin 90-ci illarindan baslayib va internetin
yaradilmasi ila baglhidir. Avropa Niive Tadgigatlari Tagkilatindan Tim Burners-Li diinyanin ilk
internet saytinin yaradicisidir. Amma hala bundan avval, kegan asrin qirxinci illarinda
Vannevar Busg xususi texniki qurgular sayasinda insan yaddasini genislandirmak va asrlar
boyu toplanmis malumatlari indekslasdirmak mimkin oldugu fikrini inkisaf etdirdi. Onun
fikrinca, bu, lazim olan malumatlarin axtarisini tamin etmaya imkan verib.

Veb sahifaler asas ¢ gostariciya asasan giymatlandirilir:  veb sahifanin
mazmunu,dizayni va naviqasiyasl. Bu gostaricilarden har hansi biri olmadigda bu veb
sahifada ciddi ¢catismazliq yaranacaqdir. Cox yaxsi dizayna,malumat ¢coxluguna malik olan
veb sahifa istifadacilar tglin genis imkanlar yaradir.

Veb saytlarin yaradilmasi mirakkab prosesdir. o9vvalca saytin  magsadini
muayyanlasdirmak(Na lc¢lin? Hansi vazifalari yerina yetirmali va hansi istifadacilara
miraciat etmsalidir?) va bu asasda saytin strukturunu aydin sakilda taskil etmakdir.
Tadqgigatin magsadi veb programlasdirmadan va veb texnologiyalardan istifade etmakla veb
sahifalarin  yaradilmasi ilo istifadagilarin  kommunikasiya va alagalandirmanin
glclandirilmasi, malumatin idara edilmasi va paylasiimasi, texnologiyalarin inteqgrasiyasinin
tamin edilmasidir.

Tadgigat asasinda veb programlasdirma va veb texnologiyalar asasinda veb sahifalarin
yaradilmasinin metodologiyasi hazirlanir. Bu da programlasdirmanin diizgiin taskili,istifada
interfeysinin islanib hazirlanmasi, informasiyalarin tahlikasizliyinin tamin olunmasi va digar
aspektlari shata edir. istifadacilarin veb sahifalara olan gozlantilari,talablari va ehtiyaclari
tahlil olunur. istifadagilarin saytda asanligla gazs bilacayi, malumatlar tapa bilacayi va ala
tacriiba yasaya bilacayi bir interfeysin hazirlanmasi magsadila interfeys dizayni, navigasiya
strukturu, rong va font secimi kimi masalalera diggat yetirilir. istifadagilarin
informasiyalarinin tahlikasiz vo maxfi olmasi liclin tahliikasizlik yollari arasdirir.

Veb sahifarin yaradilmasi internetin yayilmasi ile daha da vacib bir hala galib.Hal
hazirda bir ¢cox programci,dizayner fargli metodlarla mixtalif ndv veb sahifalar hazirlayirlar.
Bunun (g¢lin veb programlardan istifads edirlar. Daha cox istifade olunan, populyar veb
programlar haqqinda danisacagiq. HTML, CSS, CMS, JavaScript, Bootstrap, React va s.

Veb sahifalarin hazirlanmasinda istifade olunan an sadsa programlasdirma metodu
HTML va CSS-dir. HTML vasitasila sahifanin mazmununu CSS vasitasila sahifanin dizaynini
tartib etmak mumkindir. Bu veb programlar vasitasila sahifa asan ylklanan va sadas
strukturda olur.

Veb sahifaya dinamizm alava etmak Ug¢lin JavaScript kodlarindan istifada olunur. Bu
programla sahifaya interaktivlik va animasiya alava etmak olur. JavaScript program kodlari
HTML va CSS nazaran bir gadar mirakkabdir.

Bootstrap, Twitter tarafindan hazirlanmis veb programdir. Bu programda veb sahifa
yaratmagq Uciin olan hazir kod sablonlari vardir. istifadaci bu sablonlardan istifade etmakls
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veb sahifa yarada bilar. Bu program programlasdirma biliyi zaif olan istifadaginin bela, veb
sahifalar yaratmasina imkan verir.

CMS mazmun idara etma sistemi manasina galir. Bu program veb sahifalari asanligla
yaratmaga imkan verir. WordPress, Joomla va Drupal kimi CMS-lar, bir ne¢a hazir sablon va
kodlar taklif edir ki, bu sayadas istifadagilar asanligla veb sahifalar yarada bilirlar.

Hal-hazirda veb saytlar daimi olaraq inkisaf edirlar. istifadagilorin hatta
programlasdirma biliyi zaif bela olsa onlar veb sahifalarini hazir sablonlar asasinda hazirlaya
bilarlar. Veb sahifalarin ilk yaradilma vaxtindan indiya kimi olan inksafinin asas sababi veb
programlarin genis inksafidir. Maasir dovrda istifadacilar veb sahifalarin dastayi ile glindalik
hayatlarinda garsilasdiglari problemlari hall edirlar. Hatta 6z veb sahifalarini yaratmagla
biznes faaliyyatlarini genislandira bilarlar.
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RIYAZIYYATIN TODRISINDD ROQOMSAL TEXNOLOGIYALARIN ROLU.
Rahimli Qumru Cabir qizi
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Muasir dovrda riyaziyyatin tadrisinda va dyranilmasinds ragamsal texnologiyalardan
istifada yeni inkisaf edan tadqiqat sahasi hesab olunur. Glinimlizds dyrananlar kitabla va ya
muallimla maslahatlasmadan avval onlayn 6yranma resurslarina miuracisat edirlor. Bu
resurslar dizgin inkisaf etdirildikda talabalarin onlari alda etmak imkanlari asandlasir.
Riyaziyyatin tadrisinds ragamsal texnologiyalardan istifada tadgigatcilar arasinda getdikca
daha cox maraq dogurur. Universitet riyaziyyati darslarinds ragamsal texnologiyalardan
istifade asasan musallimlar tarafindan hayata kegirilir vo daha ¢ox interaktiv [6vha, Power
Point kimi program taminati programlarina yonalmisdir. Ragamsal texnologiyalar, ananavi
aparat va program elementlarini 6zlinda birlasdir. Muiallimlarin mévzuya uygun program
taminati va veb-saytlari se¢mak bacarigi mdiasir ragamsal texnologiyalarin tadrisa
inteqrasiyasinin effektivliyi G¢lin cox vacibdir.
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Universitetlar tarafindan istifads oluna bilan “riyazi” ragamsal texnologiyalarin genis
spektri asagida gostarilmisdir:
e Dinamik grafik alatlar
e Alqgoritmik programlasdirma alatlari
e Elektron cadvallar
e Moalumatlarin islanmasi Ugln istifada olunan program taminati
e Komplter cabr sistemlari
e Simulyasiya programlariva s [2].

Tahsil texnologiyasinin inkisafi riyaziyyatin tadrisi Gizra tadqigat camiyyatini bela bir
naticaya gatirmisdir ki, tahsil sisteminda ragamsal texnologiyalardan istifade iki asas
funksiyaya malik olur:

1.  Mdisllimlarin is faaliyyatinin taskilinde kémakei vasita kimi ( is varaglarinin
hazirlanmasi, giymatlarin saxlanilmasi va s).
2. Riyazi masalalari yerina yetirmayin yeni yollarina dastak kimi .
indiki dévrda riyaziyyat musllimlari Giglin texnologiyadan istifada, ticlincii funksiyani
(birlasmak, Gnsiyyatin taskili, materiallari bélismak va s.) yerina yetirmaya basladi.

Hal-hazirda talsbalor mixtalif éyranma resurslarina asanligla daxil olurlar. Buna
baxmayaraq, riyaziyyati dyranmak Ugln bir ¢ox talaba mibariza aparir. Ginimiizda 455000
—dan ¢ox tahsil programlari mévcuddurki onlardan ¢oxu riyaziyyatin éyradilmasi prosesini
asandlasdirmaga hasr olunub. Hamin programlar muallimlara darslarini daha interaktiv va
maraqli etmaya imkan verir. Bu programlardan istanilan yas qruplarina aid talabalar istifads
eda bilarlar.

Bunlardan bazilarina asagidakilari misal gostara bilarik.

e GeoGebra

e Raket Riyaziyyati

e Fotoriyaziyyat

e Cuethink (dustiinmak) va s.

Geogebra- interaktiv va suratli riyaziyyat programidir. Geogebra daha c¢ox cabr va
handasa moévzularini shata edir va iptidai maktabdan tutmus universitet saviyyasina qadar
bitln tahsil marhalalarinda istifada oluna bilar. Programin an boyik Gstlnliklarindan biri
interaktiv. _handasa mihitinin olmasidir. Bu program handasi fiqurlari qurmag,
ekstremumlarin tapilmasi, torama va inteqrallarin hesablanmasi va s. riyazi amaliyyatlan
aparmaga imkan verir [3].

Roket Riyaziyyati (Rocket Math)- Oyrenanlara aylenarak riyazi bacariglarini inkisaf
etdirmaya imkan veran programdir. Burda g¢oxsayl testlar usaglarin problem hall etma
gabiliyyatine musbat tasir gostarir. Roket programi 6z resurslarina daxil olmaq uglin 2 yol
taklif edir: onlayn oyunlar va is varagi programi. Onlayn oyunlarda talabalar missiyalari
kecarak tapsiriglari cavablandirirlar. Lakin is varaqi programinda sagirdlar mimkiin gadar
tez middat arzinda tapsiriglari hall etmali va gruplar saklinda islamalidirlar.
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Fotoriyaziyyat (Photomath)- bu programin Ustiinliiyi ondadir ki, problemlarin addim-
addim izahini taqdim edir. Program vasitasila istaniloan masalani skan etmak va ya al ila daxil
etmak mimkunddr.

Cuethink- Burda problemin marhalalara ayrilmasi éyrananlarin problemi hall etmak
disincasini inkisaf etdirir. Bu tatbig ham miusallimlars, ham da talabalara tapsiriglar
vermaya imkan verir.
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Respublikamizda kadr hazirhig sahasinda gorilan tagdiralayiq islardan biri da
riyaziyyat fakiltasinda Riyazi analiz fanninin tadrisidir. “... Bltovlikda tahsil sisteminda
aparilan islahatlarin keyfiyyatli va samaraliliyi ilk névbada pedaqoji kadr hazirlig sferasinda
aparilan islahatlarla slagadardir. Clinki son naticada butilin tahsil sisteminin va onun ayri-
ayri sahalarinin inkisafi va ssmaraliliyi pedaqoji kadrlarin faaliyyati ila tamin olunur” [1;
s.10].

Riyazi analiz fanninin maqgsadi real talablara uygun bilik, bacariq va vardislarin alda
edilmasinda daha praktik yonimli, inkisaf yonimlu tahsil, dar ixtisaslasmadan kanara ¢ixan
darin bilik vermak, tahsil alana 6z-0zlinl tayin etmakda, har bir insana inkisafin va tahsil
almanin optimal trayektoriyasini miayyan etmaya komak etmakdir.

Riyazi analiz fenni bu vazifalarin 6hdasindan galmakda, pesakarlig saviyyasinin
yuksalmasinda va inkisafinda talabalera komak eds bilan fandir. Bu fannin tadrisi
talabalarin yeni formatda hazirlanmasina, nazari biliklarin manimsanilmasinin praktiki
bacariglar va vardislarlo musayiat olunmasina imkan yaradan bir fandir. Bu fannin tadrisi
talabalarin galacakda, muallimlik faaliyyatina baslayarkan bir muallim kimi 6ziintdarki,
OzlinUtayini, 6zlinutasdigi istigamatinda formalasmasina, onlarin ixtisas va pesa sahasinda
geyri-muayyanliyin aradan qaldiriimasina komak edir.
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Fonnin tadrisi metodikasi talabanin har bir faaliyyatinin texnologiyalasdiriimasi,
konstruktivliyin dastaklanmasi, kommunikativliyin formalasdirilmasi istigamatinda goriilan
an dlizglin, modern, camiyyatin dayisan talablarini 6daya bilan yanasmalardandir.

Tohsil sahasinda Islahat Programinin hayata kegirilmasinda, yani tahsil sisteminin
strukturunda, mazmununda, kadr hazirigi ve taminatinda, tahsil muassisalarinin idara
olunmasinda, iqtisadi taminatinda va imumiyyatls, maddi-texniki bazanin yeni formatda va
tarkibds formalagmasinda va bitlin bunlarin informasiya, tadris va elmi-metodiki
taminatinda xUisusi yeri olan vasitalardan biri vo imda olani informasiya kommunikasiya
texnologiyalaridir (iKT).

informasiya comiyyatina kecid, pedaqoji tahsil sisteminda informasiya mihitinin inkisaf
etmasi va biliklarin hacminin daim artmasi, maallimin isinin ceamiyyatin faaliyyati ila six
birlasmasina olan ehtiyac muasir dovrda musallimin pesakarligina verilan talablari he¢ da
azaltmir, aksina onun pesakarligla bagh bitin keyfiyyatlarinin aktuallasmasinin vacibliyini
ifada edir. Bu isa o demakdir ki, “elmi-texniki taraqqinin, istehsalin kompdtterlasdirilmasi,
robotlasdiriimasi, isglizarlig, pesakarlig kimi keyfiyyatlarin shamiyyatinin artmasina
baxmayaraq, ... bir sira pesalarin axlaqi keyfiyyatlara talabati he¢ da az deyildir. 9ksing,
demak olar ki, mivafig manavi keyfiyyatlar olmasa, elmi-texniki taraqqinin sirati azalir. ...
Mdasallimin ... manavi keyfiyyatlari cox vacibdir. ... miallim pesasinda istedad vacibdir. Onun
asas hissasini isa har bir saxsiyyata fard kimi yanasmaq keyfiyyati taskil edir. ... ” [2; 5.26-27]
va onun reallasdiriimasinda da Riyazi analiz flagman rolunu oynaya bilan fandir.

Aparilan arasdirmalar géstarir ki, tadris prosesinda iKT-nin tatbiqi talabalarin talim
nailiyyatlarinin yiiksalmasina miisbat tasir edir. Talimda iKT-dan istifada dyrananin inkisafini
taskil etmakda yararli vasitadir. iKT-dan istifads mahdud sakilds aparilan, yaxud heg istifada
olunmayan tahsil miassisalarinda talabalarin talim nailiyyatlari asasli sakilda fargli olmasa
da, 6ncil yerlari da tuta bilmir. Bela ki, hamin tahsil miiassisalarinds miiallimlar iKT-dan
istifade sahasindea miuayyan c¢atinliklarla qarsilasirlar. 9lbatts, bu problemlarin halli
istigamatinda respublikamizda iri hacmli islar gériilmakdadir, yani, miallimlar ham iKT, ham
da kurikulumun tatbiqi Gglin ixtisasartirma kurslarinda hazirlanirlar. Lakin daha yaxsi yol
kadr hazirhigindan kegir. Bu is isa “Riyazi analiz ” va digar riyazi fanlarls yanasi, pedaqogika
va psixologiya fanlarinin tadrisi ila reallasdirilir. Takca biliklarin hacminin artmasi kifayatdir
ki, IKT-ya kecmak liciin asash zamin yaransin. Lakin albatts, iKT-dan samarali istifads,
onlardan istifade prosesinda biliyin talab olunan hacminin tamin edilmasi va bu secimda
yanlishglarin minimuma endirilmasi diggat markazinda saxlaniimali masalalardandir.

Talimin interaktiv sakilda aparilmasi, daha genis cesidli texniki tachizatlar va program
taminatina nail olmag, kitabxanalarda yerlasdirilmis multimediadan istifada, iKT vasitasi ila
diinyanin genis informasiya bazasina daxil olmaq imkanlari, an son malumatlari an qisa
vaxtda alde etmaya sorait yaradilmasi, elektron malumatlardan istifads olunmasi va s.
dayisan camiyyatin va dovlatin tahsil ehtiyaclarinin 6danilmasinda ¢ox boylk rol oynayan
vasitadir. Bu glinki talabada artiq 6zinl Elektron hokumat idarsetma sistemina hazirlamaq
Uglin 6ziinimotivleasma yaranir. Burada 6z salahiyyatini dark etmak, 6z lizarina dlisan payi
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yerina yetirmak —performans onun keyfiyyat gostaricilarindandir. Elektron imzanin
reallasdirilmasi astanasindayiq. Bu glinkl talsbada artiq bu motivlasma vardir. Hamin bu
taloba Ugun miallim rolunun daralmasi “ehtimali”ni aradan qaldirmaq da mdusallimin
vazifalarindan biridir. Milli dayarin qorunmasi, Umumbagsari dayarlara hdérmat hissinin
azalmamasi, globallasmada markazi yerlarin tutulmasi yaxin galacayimizi tamin etmak Ugin
asas sartlardandir. Bunun Ugln global tafakkirin formalasmasi vacibdir. Tahsilimizin
yetisdira bildiyi global tafakkiirlii insanlarin qurdugu cemiyyat onclil ceamiyyatlardan ola
bilar. Bu magsadla tahsil prosesinda aparilan har bir faaliyyatin paralellikdan uzaq, bir-biri
iloa alagali, kompleks sakildes hayata keciriimasi onlarin idara edilmasindan da asilidir.
idaraetmada faaliyyatlarin sistemli, intensiv va samarali hayata kecirilmasi, talabalarin talim
naticalarinin, keyfiyyatin yiksalmasina nail olmagq, keyfiyyatli idara etmak iciin iKT-dan
istifads etmak vacibdir.

Riyazi analiz fanni talabalarda 6ziinimotivlasmani artirir, onun tadris prosesinda tamin
edilmasi, 6zinin mamnunluguna sarait yaradir. Talabanin tadris prosesinda faaliyyati onun
ehtiyaclarinin 6danilmasini tamin edir. Mazmunun manimsanilmasi praktik bacariglarin
mohkamlandirilmasi ile misayiat olunur, burada konstruktivlik tamin olunur.

Talaba-muallimlards liderlik bilik va bacariglari inkisaf edir. insan resurslarinin
formalasmasina etibarli zamin vyaranir. Onlarda talim prosesini kurikuluma uygun
planlasdirma, idarsetma, sagirdlarin tahsil nailiyyatlarini izlomas, hesabat verma va s.
bacariglar formalasir.

Bu tahsila yiyalanmis ganc miuallim (talsba) 6z Uzarinda islayir, strateji tahsil
diisiincalarini artirir, madani saviyyasini yiiksaldir, amakdashq, kommunikasiya, IKT va s.
bacariglarini daim inkisaf etdirir, mrii boyunca 6yranir.
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MUASIR KOMPUTER $OBOKOLORININ PROYEKTLOSDIRILMASi HAQQINDA
Riistamov Nicat Qulam oglu
Qarbi Kaspi Universiteti
nicatl2rustamov@gmail.com

Komputer sabakalari muiasir camiyyatin mihim tarkib hissasina cevrilib va ham
bizneslarin, ham hokumatlarin, ham da fardlarin faaliyyatinde mihim rol oynayir.

Muasir dinyada komplter takce pesoakar faaliyyat Ucln deyil, ham da saxsi
foaliyyatlor Ucgln pesakar faaliyyat Ucgln biznes sektorunun ayrilmaz hissasina
cevrilmisdir.Komputer sabakalari kompluterlor arasinda qarsiligh alagadir ve ya deya
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bilarik ki, komplter sabakasi bir komputerin digar komputerla alaga saxlamasina imkan
veran bir-biri ila alagali komputerlar grupudur.

Muasir comiyyatda komplter sabakalarindan istifada olunmasinin bir cox sababi
var. 9sas sabablardan bazilari bunlardir:

1. Resurs mibadilasi: Seabakalar bir cox istifadaciya printerlar, malumat saxlama
cihazlari va digar aparat va program tominati resurslari kimi resurslari paylasmaga
imkan verir

2. Unsiyyat: Sabakalar fardlar va gruplar {ciin e-poct, ani mesajlasma, video
konfrans va ya digar vasitalarla bir-biri ila Gnsiyyat va amakdashqg etmak Ugln bir yol
taqdim edir.

3.  Malumata ¢ixis: Sebakalar malumat ve malumatlara ¢ixisi tamin edir ki, bu da
malumati tez va samarali sakilda alda etmaya ehtiyaci olan miiassisalar va fardlar liglin
vacib ola bilar. Sebakalar ham da fardlar va qruplar arasinda malumat miibadilasini
tamin edir ki, bu da amakdasligi va innovasiyani asanlasdirmaga komak eda bilar.

4. Toahllkasizlik: Sabakalar hassas malumatlarin qorunmasina va icazasiz girisin
garsisini almaga komak eda bilacak tahllkasizlik duvarlari, sifralema va digar
texnologiyalar kimi tahliikasizlik tadbirlarini hayata kecirmak lglin istifada edils bilar.

5. Uzaqdan idarsetma: Sabaka idaracilarina cihazlari va sistemlari uzagdan
idara etmaya va izlomaya imkan verir, fiziki olarag mévcud olmadan problemlarin
aradan qaldirilmasini va hallini asanlasdirir.

6. Cloud Computing: Sabaka, istifadacilara diinyanin istanilan yerindan bulud
asasl xidmatlara va programlara daxil olmaq va istifade etmak imkani veran bulud
hesablamalari G¢iln vacibdir.

7. Raqabat Ustlinlilyl: Sabaka biznes va taskilatlara daha effektiv amakdasliq
etmak, mahsuldarhgl artirmaq ve mistari xidmatlarini artirmagla ragabat UGstlnllyd
tamin eda bilar.
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Sferik simmetriyali muhitlardes markazi hayacanlanma zamani hissaciklar firlanma

deformasiyasina maruz qalmadigl lglinh yalniz uzununa dalgalar yaranir.

Bu halda

yerdayismaya zamanin va sferik-radial koordinatin funksiyasi kimi baxmaq olar. Qlivva

implusunun tanliyini sferik simmetrik koordinat sisteminda yazaq.
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Deformasiya il yerdayisma arasindaki minasibatlardan istifada etsak .

oJ U

e =— , €
rr ar 00 r

o, = 2G {(1— )—+2vg}
1-2v or r

2G U ouU
= (—+v—)
or

O
@1 2vr

(3)-U (@) -da nazara alsaq,

o°U 20U 22U 1 6%
+ _
o’ ror r? ¢

Yayilan dalganin burulgansiz oldugunu nazara alaraq ¢ potensialini daxil edak.
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dgar F(t)#0 olarsa, onda (6) tanliyinin halli ona uygun bircins tanliyin tmimi halli ila

(6) — nin xususi hallinin coamina barabardir.

Xususi hall:

t

o,(t) = —c; [ (F(r)r)dg

0

soklindadir.

INTEQRAL TONLIYIN HOLLININ FURYE CEVIRM3SI iLD TaDQiqi
Safarli ilgar Seyfaddin oglu
Sumgayit Dovlat Universiteti
i.safarli@mail.ru, llgar.Safarli@sdu.edu.az

isda eksponensial Furye cevirmasinin kémayi ila inteqral tanliyin halli maslasi arasdirilir
va alinmis hallin yigilmasi tadqiq olunur.
Farz edak ki,

u(x)- 2 [ K (x—thuft)dt = £(x) (1)

soklinda verilmis inteqral tanliyin hallini tapmaq talab olunur. Burada u(x)-axtarilan
funksiya, K(x)-tanliyin niivasi, f (x)-verilmis funksiyadir, A -parametrdir.

Tonliyi hall etmak Gglin u(x) ve f(x) funksiyalari biitiin hagiqi adad oxunda miitlag
integrallanan olmalidir va K(x), u(x) ve f (x)-funksiyalarinin uygun olaraq Furye suratlori

var. Onda eksponensial Furye ¢cevirmasini (1) tanliyina tatbiq etsak, yani
C 1 T iax
F(a):z'!;f(x)e dx
disturundan istifada etsak, (1) tanliyini
U(a)—iﬂl?(a)ﬁ(a): F(a) (2)

alarig. Burada 0(«x), K(O!) Vo E(Ol) uygun olarag u(x), K(x) va f(x)-
funksiyalarinin Furye suratlaridir, & -Furye ¢evirmasinin parametridir.
(2) tanliyindan

L Fa)
u(a)_l—/h/%r?(a) B)

alariq.
Buradan gorinr ki, faktiki olaraqg verilmis (1) integral tanliyin halli tapilmisdir. Lakin (3)
disturu ile tayin olunan funksiya tanliyin halli deyil, hallin sursatidir. Ona goérada (3)
ifadasinin orjinalini tayin etsak, (1) tonliyinin hallini tapmis olariq. Bu maqgsadla tars Furye

cevirmasindan
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f(X a)eiaxda (4)

-k I

disturundan istifada etsak, (3) ifadasinin orjinalini tapmis olariq.

ogar (4) disturunu (3) barabarliyina tatbiqg etsak,

1 7 Fla o
“(X):Zw—l_m(_n)rz(a)e de (5)

barabarliyini alariq. Demali, imumi sakilds (1) tanliyinin halli (5) barabarliyi ila tayin
olunur.

Alinmig (5) hallini asagidaki sakilds gostarmak praktiki cahatdan daha alverislidir.

9gar (3) barabarliyini (2) tanliyinda ikinci toplananda nazara alsaq,

0(a)= 27K (@)i(a)+ F (o)
yaxud
U(a): ﬂﬂ@(a)lf(a)Jr If(a) (6)

alarig. Burada

~\___ Kla)
8&) = 2k

isara edilmisdir. 9gar (6) barabarliyina tars Furye cevirmasini tatbiq etsak va

funksiyalar baghgindan istifada etsak (1) tanliyinin hallini
u(x)=/1J.g(x—t)f(t)dt+ f(x) (7)

soklinda tayin edirik.
Burada g(x)-funksiyasi ﬁ(a)—funksiyasmln orjinalidir. Alinmis (5) va (7) barabarliklarini
miigayisa etdikda gorinur ki, (7) barabarliyi (5) barabarliyina nisbatan daha sadadir, ¢lnki

(7) barabarliyinda sarbast haddin yani f (X) funksiyasinin surati istiurak etmir.

9dabiyyat

1. 9.T. Hiiseynov “integral tanliklar”. Baki. “Maarif”. 1975.
2. AH. TuxoHoB, A.A. Camapckuin “YpaBHeHWe maTemaTuyeckoin ¢usmkm”. Mocksa.
“Hayka”. 1977.

Verilanlarin qorunmasi ligiin texnologiyalar
Safiyeva Maleyka intizar qizi
Baki Dovlat Universiteti
sefiyevameleyke@gmail.com

Verilanlarin hacminin va dayarinin artmaqda davam etdiyi buglinki ragamsal asrda
verilanlarin gorunmasi getdikca hayati shamiyyat kasb edir. ©nanavi tahlikasizlik tadbirlari
artiq daim inkisaf edan tahdidlardan mudafis etmak lg¢lin kifayat etmir, bu da tahlikasizlik
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metodlarinda ciddi arasdirma va inkisafa sabab olur. Verilanlarin maxfiliyi va mihafizasi
dedikda saxsi va ya hassas malumati icazasiz girisdan, istifadedan va ya agiglamadan
gorumagq Uglin hayata kegirilan tadbirlar va tacriibalar nazarda tutulur.Verilanlarin maxfiliyi
saxsi malumatlarin toplanmasi, saxlanmasi va istifadasina diggat yetirir. Bu, fardlarin 6z
malumatlarina kimin, hansi magsadlar {i¢lin va neca istifada olunduguna nazarat etmalarini
tamin edir. Bu, malumatlarin toplanmasi Uglin raziligin alinmasini, fardlsra malumatlarinin
neca islandiyi ila bagl segimlar va saffafligin tamin edilmasini va mivafiq maxfilik ganun va
gaydalarina riayat etmayi ohate edir. Digar tarafdan, verilanlarin miuihafizasina
malumatlarin icazasiz girisdan, itkidan va ya zadalanmadan gorunmasi l¢lin hayata kegirilan
texniki va taskilati tadbirlar aiddir. Bu, verilanlari pozuntulardan, kiberhlicumlardan va digar
tahlikalarden qorumaq Ugln sifraloamsa, giris nazarati, firewall va mintazam ehtiyat
nisxalari kimi tahlikasizlik nazarsti ve texnologiyalarinin tatbigini shate edir. Tezis
verilanlarin qorunmasi imkanlarini takmillasdiran tahllkasizlik texnologiyalarini mizakira
edir. Verilanlarin qorunmasi {ciin istifads edila bilan bir neca texnologiya var. Umumi
olanlardan bazilarina baxaqg. Encryption- Sifraloama verilanlari oxunmaz formaya cevirir va
ona yalniz desifra acari ila salahiyyatli istifadacilar daxil ola bilar. Bu, cihazlarda saxlanilan va
ya sabakalar Uzarindan otlrilan verilanlari icazasiz girisdan gorumaga komak edir. Giris
nazaratlari (Access controls): Giris nazaratlari istifadaci icazalari asasinda verilanlara girisi
mahdudlasdirmaq va ya nazarat etmak liciin mexanizmlari tamin edir. Bu, yalniz salahiyyatli
saxslarin hassas verilanlara daxil ola bilacayini tamin edir. Firewalllar: Firewalllar daxili
sabakalar va xarici sabakalar (masalan, internet) arasinda manea yaratmaq Ugcln istifada
olunur. Onlar daxil olan va gedan sabaka trafikina nazarat edir va icazasiz girisin garsisini
almaqg ugln tahlikasizlik siyasatlarini tatbiq edirlar. Intrusion Detection and Prevention
Systems (IDPS): Bu sistemlar malum hicum nimunalari va ya sitbhali faaliyyatlar lclin
sabaka trafikina nazarat edir. Onlar potensial tahlikalari miiayyan eda va onlarin garsisini
almagq UGgun lazimi tadbirlar gora bilarlar.

Data Loss Prevention (DLP): DLP texnologiyalari taskilat daxilinds data axininin
monitoringi ve nazarati ilo tasadifi va ya gasdan malumat sizmasinin garsisini almaga
komak edir. Onlar sabakadan kanarda hassas verilanlarin 6tirilmasini miayyan eda va blok
eda bilarlar. Virtual Private Networks (VPNs): Virtual Soxsi Sabakalar saxsi sabaka tuneli
yaratmagqgla datalarin ictimai sabakalar lizarindan 6tlridlmasi Ugln tahlikasiz alaga tamin
edir. Onlar verilanlari sifralayir va o6tlirilma zamani onun batovliylni temin edirlar.
Backup-niisxaloma va Disaster Recovery: Verilanlarin miitamadi olaraq ehtiyat niisxasini
¢ixarmaq va saglam bir falakatin barpasi planina malik olmaq datalari tasadifi itkilardan,
aparat nasazliglarindan va ya tabii falakatlordan qorumaga komak edir. Multi-Factor
Authentication (MFA): MFA istifadacilarden verilanlara daxil olmaq lg¢lin parol ve mobil
cihazina gondarilan unikal kod kimi bir ¢ox identifikasiya formalarini taqdim etmayi talab
etmakla alava tahlikasizlik saviyyasi alave edir.Data Masking: Datalarin maskalanmasi
hassas verilanlari uydurma, lakin real dayarlarle avez edir va orijinal dayarlarin ifsa
olunmamasini tamin edir. Bu, inkisaf va ya sinaq magsadlari li¢lin icaza verarkan datalarin
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gorunmasi Uglin faydalidir. Secure Socket Layer/Transport Layeri Security (SSL/TLS): SSL/TLS
protokollari mistari va server arasinda internet Uzarindan tahliikasiz alagani tamin edir.
Onlar als kegirma va ya mudaxilanin garsisini almaq Ugln 6tlrilma zamani verilanlari
sifralayir. Verilanlarin hartarafli gorunmasini tamin etmak Uglin bu texnologiyalar mistaqil
va ya bir-biri ila birlikda istifads edils bilar. istifade olunan texnologiyalarin xisusi
kombinasiyasi taskilatin tahlikasizlik talablarindan va gorunan datalarin hassasligindan
asihdir.

Hoam verilanlarin maxfiliyi, ham da verilanlarin gorunmasi informasiyanin maxfiliyini,
bGtovliyini va algatanhgini gorumaq Uglin ¢ox vacibdir. Onlar fardlarlea inam yaratmag,
ganuni va tanzimlayici talablara uygunlugu tamin etmak, verilanlarin pozulmasi, saxsiyyat
ogurlugu ve maxfilik pozuntulari ile bagl risklari azaltmaq Ugln vacibdir. Taskilatlar va
fardlar saxsi vo maxfi verilanlarla ehtiyatll davranmaqg va onlari gorumaq lg¢lin mivafiq
tadbirlar gormak 6hdaliyi dasiyir.
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MUASIR PROQRAMLASDIRMA DiLLORi HAQQINDA
Sixiyeva Sevinc 9dalat qizi
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Programlasdirma dillari muasir program taminatinin inkisafinin asasini taskil edir,
tartibatcilara yaradici programlar, vebsaytlar va hallar hazirlamaga imkan verir.
Programlasdirma dillarinin muxtalifliyina gora layihaniz tictin uygun dili se¢mak ¢atin ola
bilar. Bu yazida muasir program taminatinin inkisafi Gglin an yaxsi variant hesab edilan ilk
bes programlasdirma dilini nazardan kegiracayik.

1. Python: Python sadaliyi va asanligl sababindan ¢ox yonli va yeni baslayanlar tgin
uygun bir dildir. O, veb inkisafi, malumat tahlili, masin 6yranmasi va avtomatlasdirma
tapsiriglari tGgln idealdir.

2. JavaScript: Bu veb programlasdirma dili dinamik va interaktiv veb sahifalara glic verir.
Bu, arxa plan inkisafi G¢lin Node.js-dan va front-end inkisafi Gglin React va Angular kimi
corgivalardan istifade etmaya imkan verir.

3. Java: Bu giicli obyekt yonimli dil genis miqyash sistemlar, Android programlari va
korporativ saviyyali programlar yaratmagq Ugun istifada olunur.

4. C#: Microsoft tarafindan hazirlanmis, asasan Windows programlarinin hazirlanmasi va
Unity oyunlarinin inkisafi tGgtn istifada edilan gliclt bir dildir. O,.NET ¢argivasi ila
mohkam programlasdirma mduhiti taklif edir.



126

5. Go: Google tarafindan hazirlanmis,paralellik, ssmaralilik va sadaliya Ustlinlik veran bir
dildir. O, ala performans tamin edir va tez-tez paylanmis sistemlarin, sabaka
programlarinin va genislanan veb xidmatlarinin inkisafinda istifada olunur.

on yaxsl programlasdirma dilinin segilmasi layihanizin xtsusi talablarindan, saxsi

astlinliklarinizdan va isladiyiniz ekosistemdan asilidir. Burada geyd olunan ilk 5

programlasdirma dili — Python, JavaScript, Java, C#,Go,— miuxtalif funksiyalar dasti, genis

icma dastayi va genis kitabxanalar va ¢argivalar taklif edir. Dlzglin programlasdirma dilini
se¢makla siz kodlasdirma potensialinizi aga va program taminati inkisaf etdirma
layihalarinizi hayata kegira bilarsiniz.
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Malumdur ki, ikifazali sistemlar mayeda yerlasan bark hissaciklor va ya qaz
gabarciglarinin garisigindan ibaratdir. Coxfazali , o cumladan ikifazali sistemlarin
dinamikasinin tadqiqi bir cox fundamental problemlarla alagali olan elm va texnikanin genis
sahasini ahata edir. Mixtalif tabiatli mayelarda hayacanlanmalarin yayilmasinin, tazyiq
paylanmalarinin tadqiq edilmasi biitov mihit mexanikasinin ( o cimladan maye , qaz va
plazma mexanikasinin ) an miihim inkisaf istigamatlarindan birini taskil edir.

Hayacanlanma naticasinda asasan iki ndv dalga yaranir: uzununa dalgalar va sonlu
amplitudlu geyri-xatti dalgalar. Monodispers suspenziyalarda hayacanlanma naticasinda
yaranan dalgalar rezonans hadisasinin yaranmasina gatirib ¢ixara bilar va naticada boru
kamarlarinin divarinin mexaniki dagilmasi bas vera bilar. Yuxarida sadalanan va
sadalanmayan c¢oxlu sayda problemlarin halli monodispers suspenziyalarda dalga
proseslarini daha tasvir edan adekvat riyazi modelin qurulmasini talab edir.

Maye-bark hissaciklar sisteminin eyni zamanda gararlasmis (stasionar) harakatini
tasvir edan tanliklar P. Panton , daha imumi halda isa R.i. Nigmatulin tarafindan alinmisdir.
Taklif olunan modellarin heg¢ birinda fazalararasi garsiligh tasir qiivvasinin imumi sakilda
vermak mimkin olmayib. Fazalararasi garsiligh tasir qlivvasinin askar sakli yalniz xisusi
hallar tGgun verila bilir.
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Taklif olunan model termodinamik qlivvani nazara almagla ikifazali miuhitlarin
(gatisiglarin) hidrodinamikasini 6yranmays imkan verir. Suspenziyada dispers fazaya
kasilmaz muhit kimi baxmaq Uglin onun iki an yaxin hissaciklari arasinda orta masafasi
axinin makroskopik miqyasi ile miqayisada kicik olmahdir. Bu isa blitév miihit mexanikasinin
saxlanma ganunlarina hacmi ortalagma Usulunu tatbiq etmaya imkan verir.

[1]-da bitoév mihit mexanikasinin Umumi tanliklorindan istifade edarak dalga
proseslarinin tasviri lclin geyri-xatti riyazi model qurulmusdur. Coxfazal sistemlarda geyri-
xatti dalga nazariyyasinin tadgig olunmasinda riyazi modellasdirma ashamiyyatli (mihim) rol
oynayir. O, texnoloji tasirlari prognozlasdirmaga ve optimallasdirmaga, eksperiment
verilanlari emal etmak va sarh etmaya imkan verir. Bununla alagadar olaraq isds uzununa
dalgalarin suratinin hesablanmasi hayata kegirilmisdir.

Uzununa dalgalarin yayilma siratini tayin etmak Ug¢ln har bir fazanin kitlasinin va
harakat migdarinin saxlanmasi ganunlarina , har bir fazanin hal tanliklari va dispers fazada
bark hissaciyin deformasiyasinin imumilasdirmis xatti 6zlli-elastiki reoloji tanliyi qosulur.

Birdlglili masalanin dinamikasi kicik parametrlar metodu ila hall olunur. Birinci
yaxinlasmada uzununa dalgalarin slratlarini tayin etmak Ucln asagidaki dispersiya
munasibati alinmisdir [2] :

(0) ©)
a L a.x B 2a
Bl|:al(o) pfo) + aéo) (pgo) + 2p£o) ):|C 4 _ al(o) péo) [1 — 01 + 071 1 1 2 ] +

+
rorf®) " o a0

@
OO 5 @), XTa%78 | &b (|2, , @2  KT&l, %4 ||,
2 | P2 1 b b,

27a3 020 2 i 4723 | byl
burada
op 1 0°p
1L -3 S
op 1 0°p
Bi=p P Ba=2 Ry

(0) 0) )
o-4a;’ — Z(a )
D, = + T 2% %
]
o,

a,,0,, 0, Pridy,b,, K, T- uygun olaraqg bark ve maye fazanin konsentrasiyasi,

sixhglaridir. P-maye fazada tazyiq, @, va b, - sabitlori 6zlU-elastiki mihitlarin mexaniki

xassalarini xarakteriza edan parametrlar, k — Bolsman sabiti, T- mitlaq temperaturdur.
Aldigimiz dispersiya tanliyinin iki misbat halli olur. Koklardan biri dispers fazada
dalga siirating, ikinci kok isa kasilmaz maye fazada dalganin yayilma siiratina uygun galir.
Parametrlarin muxtalif giymatlari Gglin ham tamiz su va kicik qum daslarinda, ham da
tamiz su va qumlarda uzununa dalgalarin siratlari tayin edilmisdir. Aparilmis hesablamalar
gostarir ki, termodinamik qlivva va bark hissaciklarin relaksasiya middati xatti dalgalarin
yayllma prosesina demak olar ki, tasir etmir.
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MONODISPERS SUSPENZiYALARDA BiROLCULU QEYRi-X9TTi DALGALARIN
EVOLYUSIYA TONLIYiNiN KEYFiYYDT ANALIZzi
Tagiyev Misraddin Musa oglu, Tamirlanovna Sabina Kazixanova
Baki Dovlat Universiteti
kazikhanovasabina@gmail.com

Muxtalif mayelarin magistral boru kamarlari vasitasila naqli kompressor-nasos
stansiyalarinin kdmayi ile hayata kecirilir. Bela oldugda boru kamarlarinin daxilinds yaranan
kicik va sonlu amplitudlu dalgalar muxtalif daracadan borunun divarlarini zadalayir. Tacriiba
gostarir ki , axin seli cox zaman bircinsli olmur va onda olan atalata malik hissaciklar boru
kamarlarinin divarlarina tasir edir. Bazan bu tasir o gadar glicli olur ki, naticada magistral
boru kemari dagila bilar [1] .

Burada asas problem-axinin dalga enerjisini optimal Usulla 6tliirmakdan ibaratdir.
Yuxarida deyilan proseslar asagidaki evolyusiya tanliyi ila tasvir olunur [2] .

9520 2 0(400). {azwzﬁjR {gﬂ.ﬂR R STt

ox or R or\ or) Alowx orf | 6 R ¢ | 72y 1+l 54l

Burada R,, R, , R,, Ry, R, - muayyan amsallardir ;

abI
S = —~ 1T .a
n—1"1

Bundan alava geyri-xattilik amsali na gadar boylk olsa, elastik enerjinin vurulmasi o
gadar da tez dominant tezlik yaranmasina sabab olur.

Birdlgllli geyri-xatti dalgalarin evolyusiya tanliyinin keyfiyyat analizini vermak Ug¢in
tanliyinin ikinci haddi ila tanliyin har bir haddinin nisbatini giymatlandiririk. 9gar A —dalga
uzunlugu, T—onun periodu va Y, —bark hissaciklarin xarakteristik sirati olarsa, onda

kamiyyatlarin tartibi

520 [R 2 400) BRI, Rle
or| |R, or\ or |R2| |R2|C
2
999 R @9 _ S
or owx| |R,lc
09 09| YA
9—|+R, — |~ 9 2
or| | " or*| R, (2)
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‘9@+|R69|~ %o HC
ot TIRs| |Rs|2
‘3@ - &'9_2 ~ |R1|C
or| |R, c| |RgA’
1+1 |
5 - 3]
or or |R7S|+l| C
1+1 R -1
R (520 Jns,, 28] R (4"
R, or\' or or'| |RR,S ¢
Re 192 6|+119| |R6|90 /1 1+1
reai Il S VR vy -
R ¢ or” |R1R7S|+1| c

Burada 1=2,3,...;

(2) minasibatlarindan gortnir ki, « — 0 va 0zll hadlar inersial hadlara gora az olur.
Bu hal tctin (1) tanliyi sadalasir. Amma bu, tacriibs ila ziddiyyat taskil edir. Maye na gadar
kicik 6zlGliys malik olursa olsun bark hissaciklarin sathina yapisir. 9dabiyyatda (tadgigat
islorinda) bels ziddiyyst sarhad gati anlayisi daxil edilarak aradan galdirilir. Axirincinin
galinlig kimi tayinindan sonra, bark hissaciyin effektiv radius anlayisini daxil etmak olar.
Qeyd edak ki, bela yanasma problemin hallini daha da mirakkablasdirir.

Baxilan isda (1) tonliyinds 1 =2, £ =0, S, =0, T =ct—x gabul etsak va sarhad sartlarini

50,1)=8,(1).

9(x;00)=0, Hx;—0)=0, (3)
9 o
aX T—w

gabul etsak, (1) tanliyinin avtomodel hallini tadqiq eda bilarik. Deyilanlari nazara alsaq,
alariq.
99 929 29 4, (4)
OX oT oT
burada R, =c°R,S,.
Suspenziyada akustik dalganin yayilma sirati birinci yaxinlasmada alinan dispersion
tanlikdan tapilir. Tamiz su va kicik gumdaslari va elacada tamiz su va qum oldugda hesabat

aparilaraq akustik dalganin yayilma siirati tayin edilmisdir.
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SAGIRDIN REFLEKSIV FOALIYYDTININ FORMALASDIRILMASI VASITOLORI
Tahirov Bahadur Omar oglu, Hamidova $alala Abdul 9had qiz,
Cabbarova Fidan Rashman qizi
Baki Dovlat Universiteti
qgarabah48@mail.ru

Talimin asas magsadlari arasinda bu gliin mihim, asas va xlsusi saristalarin
formalasdiriimasini goririik. Saristalari bilik, bacariq va vardislarlae avaz etmak olmur, lakin
onlar olmadan saristalar do manasiz olur. Ona goéra da biliyin keyfiyyatinin tadqgig edilmasi
problemi hamisa aktualdir.

Pedagogikada bilik keyfiyyatlarinin tam sistemini qurmaq cahdlari hamisa olmusdur.
Bilik keyfiyyatlarinin tam sistemina tamliq, darinlik, operativlik, ceviklik, Gmumilasdiriims,
sistemlilik, manimsanilma va mohkamlilik aiddir. Metodistlar tahsilin keyfiyyatlarinin Uc¢
grupunu farglandirirlar:

- movzu-mazmun;
- mazmun-faaliyyat;
- mazmun-fard.

Movzu-mazmun grupuna tamliq, Gmumilik, sistemlilik keyfiyyatlari aid edilir; mazmun-
faaliyyat grupuna mohkamlik, mobillik, samaralilik aid edilir; mazmun-fard qrupuna
davamlilig, ¢eviklik, manimsanilma aid edilir [1].

Uzun muddat tafakkilri bacarigla, anlamani bilikla eynilasdirilmasina asaslanan tahsil
modeli Ustlnlik toaskil edirdi. Bilmak va anlamaq eyni deyildir. Maktab tofakkiirl bilik
vasitasile anlama marhalasina gadar inkisaf etdirilmalidir. Faal 6yranma, dialoq va Unsiyyat
oldugda anlama reallasir [2].

Riyazi materialin anlanilmasini darinlasdirmak vasitalarindan biri refleksiv masalalardir.
Refleksiv masala, adatan hall prosesinin anlanilmasina xidmat edan masala kimi basa
dusilir. Refleksiv masalalar sagirdlardes masalanin halli prosesini sarbast tahlil etmak, bu
zaman 0z faaliyyatini nazardan kecirmak bacariglarini inkisaf etdirmays xidmat edan
masalalar kimi basa dusilir. Refleksiv masalalerin halli sagirdlards asagidaki talim
harakatlarinin formalasmasina xidmat etmalidir: masalanin sartini asas alagani askar etmak
magsadi ila tahlil etmak, askar edilmis alagani grafik ve ya isaralomalar formasinda
modellasdirmak, icra edilmis harakatlara nazarat etmak, imumi hall Gsulunu manimsamak,
giymatlandirmani verilmis masalanin halli kimi gabul etmak.

Metodistlar refleksiv masalalarin asagidaki novlarini farqglandirirlar:

Taklif olunan halda sahvlari tapmaga aid masalalar.

Muhakimalarin va alinan naticalerin dogru va yalan oldugunu asaslandirmaga aid

masalalar.

3. Tahrik etmaya xidmat edan masalar:

a) sarti sahv cavabin secilmasina xidmat eda bilan masalalar, basqga sozls, sarti bu va ya
digar sahv cavabi se¢gmaya “tahrik” edan masalalar;
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b) sarti sahv hall Gsulunun secgilmasina xidmat eda bilan masalalar;

c) verilmis sartlora géra movcud olmayan riyazi obyektlari tapmaga tahrik edan
masalalar;

d) geyri miayyan masalar:

- konkret cavab almagq lglin bir va ya bir nega kamiyyatin catmadigl va ya obyektin bu
va ya digar obyektlarla alagasinin olmasi hagqinda gostarisin olmadigi masalalar;

e) sartinda artiq verilanlari olan masalar;

4. Tadgigat xUsusiyyatli masalalar.

Sagirdlarin refleksiv bacariglarini inkisaf etdirmaya xidmat edan galismalarin asagidaki

novlari vardir:

1.

Muallim har hansi riyazi masalanin hallini taklif edir. Amma taklif edilan hall sahvdir.
Sagirdlara hamin sahvi tapmaq havals edilir.
Muallim masalanin hallini tam vermir, sagirdlars onu tamamlamagq havals olunur.

. Masalanin muallim taklif etdiyi hallinda prinsipal bosluglar var. Sagirdlara onlari askar

etmak havala olunur.
Muallim hall etmak Uglin avvalca, artiq verilanli masals, sonra iss, ¢atismayan verilanli
masala taklif edir. Sagirdlara bunu askar etmak havala olunur.

Asagida refleksiv masalalarin bir ne¢a niimunasi verilir.

Masala 1. Désama iki dafa yagli boya ile boyanmisdir. Birinci dafe désemanin har

kvadrat metrina 105 q, ikinci dafa 70 q. islanmisdir. Otagin uzunlugu 6 m, eni 5 m olarsa, na

gadar boya sarf edilmisdir?

a) asagidaki asililiglarla alagasi olan kamiyyatlari gostarin: biri digarinden 1,5 dafs
boylkdur?; biri digarindan 1,5 dafs azdir?

b) masalanin sartindan istifada edarak hansi ifadalara mana vermak olar?

105 +70;105-70; 6-5;

6+5; 70-(6-5); 105-(5-6); 105+5-6;
6:5; 70:6; 105-5.

Halli. 9vvalca otagin sahasini tapaq:

1) 5-6=30m>.

Sonra na gadar boya sarf olundugunu tapaq:
2) (105 +70)-30=175-30 =525 q.

a) sualina cavablar: biri digarindan 1,5 dafa cox olan kamiyyatlar birinci va ikinci boya

¢okma zamani sarf olunan boyalarin nisbatidir:
105:70 =15 (dafa).

Basga soOzle, birinci boyalamada sarf olunan boya ikinci boyalamada sarf olunan

boyanin miqdarindan 1,5 dafa coxdur va tarsing, ikinci boyalamada sarf olunan boya birinci

boyalamada sarf olunan boyadan 1,5 dafs azdir.

b) 105 +70 - 1m? sahani boyamaga sarf olunan boyanin migdaridir;
105 - (5-6) - birinci boya ¢akmakda sarf olunan boyanin miqdari;

6-5 - dosamanin sahasi;
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70-(5-6) - ikinci dafa boya ¢akmakda sarf olunan boyanin miqdari;

6:5 - dosamanin uzunlugu enindan nega dafa coxdur?

Masala 2. Qatarin surati 60 km/saatdir va o, 300 km masafani getmisdir. 300:60
ifadasinin manasini géstarin.

Halli. 300:60 =5 ( gatarin yola sarf etdiyi zaman)
Cavab. Qatarin verilan masafani gat etmaya sarf etdiyi zaman 5 saatdir.
Masala 3. Asagidaki “isbat”daki sahvi tapin.
a) “4=5".
16 —36 = 25— 45,

2 2
42_2.42_,_(9) :52_2.5.24_(%) ,
2 \2 2 \2

33

195 0
2 2
4 =05,
Bu ¢evirmalarda sahv 4—%‘ =‘5—%‘ -dan alinan naticanin diiz olmamasidir.
b) 111>1
9 3
: 1 1 1 1
Isbati., ===; lg==Ilg=;
3 3 g3 g3
1 1 1
2lg = >1lg=; (sahvdir, ¢clinki Ilg=<0 olur).
93 93( ¢ 93 )
Igl>lgl'
9 3
1 1
=>=,
9 3
c) i=+-1.
Bir tarafdan i2 =—1, digar tarafdan i =i-i =v—1-/—-1=+1=1.
Sohv ifada

J-1-v=1# (D)) -dir.
Refleksiv masalalar sagirdlarin giymatlandirma faaliyyatlarinin formalasdiriimasina xidmat
edir:
- faaliyyatin naticasinin giymatlandirilmasi;
- faaliyyat metodunun optimalliginin giymatlandirilmasi;
- faaliyyat metodunun Gmumiliyinin giymatlandirilmasi.
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DIVARI M@SAMOLI BORUDA MAYE-QAZ QARISIGININ HIDRODINMIKASI
Talibli Samil Zahid oglu, Abbasov Elxan Macid oglu
Baki Dovlat Universiteti
aelhan@mail.ru, taliblisamil@gmail.com

Bir cox hallarda icarisi qumla dolmus borularda iki fazali maye-gaz qarisiginin
harakatina baxmag lazim galir. Bela masalalara bir ¢ox islarin hasr edilmasina baxmayaraq
konvektiv hadd nazara alinaraqg divari masamali ici qumla dolu borularda ikifazali muhitin
harakat hidrodinamikasi kifayat gadar dyranilmamisdir. Ona goéra do ikifazali maye-qaz
garisiginin borularda geyri stasionar harakatinin dyranilmasinin ham praktiki ham da elmi
ohamiyyati vardir.

Divari masamali ici qumla dolu boruda maye-qaz garisiginin harakatina baxaqg. Bu
magsadla borudan sonsuz kicik dx uzunluqglu bir element ayiraq va baxilan hal tgln
kasilmazlik tanliyini ¢ixaragq.

Balans tanliyini yazaraq alariqg.

o(p.(1=m) (pym) __a(mpyV,) o((m-1)pV,) 24

- 2 (P-R)
ot ot oX oX R (1)
Birinci yaxinlasmada m = const gabul edak.
1-m o(p.V 0
Q@ijz@:_mm_(m_l)erz_a(p_pc)
c, ot ¢, ot OX OX R
Mayenin harakat tanliyi asagidaki kimi olar.
Qm - _ kampm + kaqpq @
. Uy ) OX (2)
(2)-ni (1)-da nazars alsaq alariqg.
2
@—azg—ale—ach
ot OX (3)
Baslangic va sarhad sartlari.
Pl_, = f(x (4)
P|><:O = PC 4 P|x:| = Pl (5)

f(x) maye-qaz garisiginin stasionar axindaki orta siratidir. (3) tanliyinin (5) sarhad
sartlarini 6dayan hallini asagidaki kimi axtaririqg.
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p_p_F

X+Z¢, sm— (6)

(6) dusturunu (3) tanliyinda yerina yazib alinan ifadanin har iki tarafini sin? -9
vurub sifirdan |-a gadar integrallasaq aIarlq
F’> -R
20, (- 1) (7)

Sonuncu tanlikda Laplas gevirmasml tatbiq edib daha sonra originalina kegsak alariq.

c
ir iz 1

@, +(a2 _al)CDi =

2a, (-1)' (8)

t
+— (P.(r)-P@)e ™ s

o
Burada ¢ (0) (4) baglangic sartindan tapilir. (8)—i (6)-da nazars alaq.

o E-a)lt-0)g 20!1

P= P— S (r)e e g

C

it i

t

0

t :

j (32*“1)(t77)dr]sinﬂ
iz 3 ° |
P. =const halina baxag.

it .
2k 2a () .[(IDC—F’l(T))e(aZ“““”dr]sinﬂ
|7z(a —0(1) | 0

P:B:_@X_FZ{% O)e—(az—al)t_ I
1 i=1

Sonuncu ifadani (2) da nazara almagla maye sarfinin ifadasini almis olariq.

Q - kampm + kaqpq |:_P<:_Pl+
" /'lm ﬂq Il

1 Iﬂ(az—al) iz

+Z'”(¢. Oye @ ____2R _ 2e (Y I(P R (r))e @ (- T)dr}cos : X]
Belalikla, divari masamali boruda maye-qaz qgarisiginin sarfi yuxaridaki distur ila tapila bilar.
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MUASIR INFORMASIYA TEXNOLOGIYALARININ TOTBIQI LAYIHOLORI
Vahidli Rasad Etibar oglu
Qarbi Kaspi Universiteti
rashad.vahidli@gmail.com

Muasir informasiya texnologiyalarinin tatbiqi, glinimiz dlnyasinda sirkatlar,
tagkilatlar, varagalar va camiyyatlar lgln inkisaf etmis va mustaqil layihalari taskil etmak
Uclin ahamiyyatli bir sahadir. Bu tatbiglar, texnologiya tacriibasi va innovasiyalarin bir
birleasmasi ile mimkiin olur va is proseslarini, sanayenin keyfiyyatini va hatta coamiyyatin
hayat torzini dayisdirir.

Bir cox sahads miiasir informasiya texnologiyalarinin tatbigi mévcuddur. is diinyasi
Uglin, muhasibat programlari, mistari alagalari idarsetma sistemlari,satis va marketing
avtomatlasdirma texnologiyalari kimi alatlar, effektivliyi artirmaq va proseslari
suratlandirmak Ugun istifada olunur. Bu, sirkatlarin siratli va effektiv reaksiya gostarmasini
tamin edir va ragiblari ila yarisda dncilik etmaya imkan verir.

omak miustaqil layihalarinds, masalan, tadris va tahsil sahasinda, tatbiqi layihalar
tahsil proseslarini yaxsilasdirmaq, talabalara interaktiv tahsil imkanlari taklif etmak va
tacriibaya asaslanan 6yranmani dastaklamak Ui¢un istifada olunur.

Sanaye sahasinda isa, avtomatlasdirilmis is proseslari, 10T (Internet of Things), va sini
intellekt kimi texnologiyalarin tatbiqi, effektivliyi artirmaga vea enerji sarfiyyatini
yaxsilagdirmaga komak edir. Bu, sanayenin digar sahalari ilo daha effektiv sakilda alagalana
bilan va daha cevik reaksiya gostara bilan bir infrastruktura nail olmagi tamin edir.

Comiyyat Ugln, sosial media platformalari, elektron hokumat xidmatlari, va saglamliq
informasiya sistemlari kimi tatbiglar, kommunikasiya va xidmatlasdirmanin daha asan va
suratli olmasina imkan verir.

Bu tatbiglarin tatbigi ils, miasir informasiya texnologiyalari camiyyatin miuxtalif
sahalarinds daha boyilk inteqgrasiya, effektivliyin artirilmasi va inovativ tarafdashglarin
inkisafini tamin edir.
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TORTIBLI XUSUSIi TOROM®OLI TONLIKLD TOSVIR OLUNAN PROSESDD KVADRATIK
FUNKSIONALIN MiNiMUMU MaSaLaSi HAQQINDA
Yaqubov Mammad Haqverdi oglu, Hiiseynzada Ziimriid Cavid qizi
Baki Dovlat Universiteti
huseynzadzumrud71@gmail.com
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b, +7,— aaz; 222 (A ux D) (xt)eD={0<x<1 O<t<t}, (1)
z(0,t)=0 z(Lt)=0, te(O,) (2)
z(x,0)=v,(x), z,(x,0)=v,(x), xe(0,]) (3)

baslangic - serhad masalasi ila tasvir olunur; burada  u(x,t) = (u,(X,t),u,(X,t),...,u, (x,t))
paylanmis idarsedici vektor funksiyadir, v,(x),v.(x) baslangic skalyar idarsedici

funksiyalardir, A(x,t)=(A (X,t), A,(X,1),...,A (xt)) vektor - funksiyasiD-ds kasilmaz vektor-

funksiyadir, (A(x,t),u(x,t))=>_ A (xtlu;(x,t). Paylanmis idaraedicilar olarag L}(D)-dan olan

i=1
u(x,t) vektor - funksiyalari gotirilir, v,(x) e W,*°(0,2) N\W,>°(0,1), v,(x) eW,°(0,1). Els u(x,t),
Vo (), v, (x) idarsedicilari tapmagq talab olunur ki, (1)-(3) baslangic - ssrhad masalasinin halli
olan z(x,t) funksiyasi
2(x,T) = ¢(x) (4)
sartini 6dasin va

I(u,Vv,,V,) = ”(u(x,t), u(x,t) )dxdt +a0_1[v§(x)dx+ al.l[vf (x)dx (5)

funksionali minimum giymat alsin.
isda (1)-(3) masalasinin halli
z(x,t) = y(x,t) + w(x,t)
saklinda axtarilir; burada y(x,t) funksiyasi

P+ Y~ Yt — Y =0, (X1) €D (6)
Y(x0) =V,(x), ¥,(x0)=V,(x), x&(01) (7)
y(0,t) =0, y(Lt)=0, te(0]) (8)
masalasinin, w(x,t) isa
P +W, —ew,, —W, = (A(X,t),u(x,t)), (xt)eD, (9)
w(x,0) =0, w,(x,0)=0, xe(0,3), (10)
w(0,t) =0, w(Lt)=0, te(0,t) (11)

masalasinin halli kimi tayin olunur.
ovvalca (6)-(8) masalasinin halli y(x,t) = X (x)T(t) saklinda axtarilaraq
t)=+2 1, (k)v Wity
y(x,t) = le o (k){[ [12 (K)o (&) - v () e )
+V, (&) =1 (K)v, (&)e" " ]sin ﬂkfdf}sin KX
saklinda qurulur, sonra isa (9)-(11) masalasinin halli

W(x,t) =23 3R (t)sin zkx

i=1 k=1

soklinda axtarilir; burada [, (k), 1, (k)
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BT+ A+ &2 7%)T +k22*T =0
tanliyina uygun olan xarakteristik tanliyin koklaridir, R (t) isa
BRI+ (1+&k*2*)R, +Kk?* %R = Al (D, (1), i=12,...,r, k=12,..
tanliyinin
R((0)=0, Ry(0)=0
sartlarini 6dayan hallidir, X, () =~/2sin 7kx, k =12,... X"+k’z>X =0, X(0,t)=0, X (Lt) =0
spektral masalanin ortonormal maxsusi funksiyalaridir,
AL OO =2 [ A (DU, (£.1)sin kedE

Buradan alinir ki,

w(x,t) = \/_ZI GED (k)“ 2 (t=s) _ gt S)]ZAk(s)u (s)ds-sin 7KkX.
Belalikla, (1)-(3) masalasinin halli
2000 =23 ot (k){H (0% (€)=, (£ (1 ()1, (v (£ Jin kel +

N % ,E [elz (K)(t-5) _ gl (k)(t-) ]Z A, (s)u, (S)ds}
i=1

soklinda qurulur. Sonra (4) berabarliyindaki  ¢(x),v,(x),v,(x) funksiyalarinin da

X, (X)= V2 sin 7kx maxsusi funksiyalari tizra ayrilislarini da nazara almagla (5) funksionalinin

minimumu masalasi, Laqranj prinsipindan istifade etmaklea ¢oxdayisanli funksiyanin
ekstremumu masalasina gatirilir va alinan masalada hallin varligi ticiin zaruri va kafi sart
isbat olunur.
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KAPUTO KO9SR TOROMOLI SISTEMLORDO OPTIMALLIQ UCUN ZORURI SORTLIR
Yusubov Sakir Sixi oglu
Baki Dovlat Universiteti
yusubov sh@mail.ru

Tutaq ki, idara olunan proses [O T] pargasinda

(D x)t)= f (&, x(®)u(t)) (1)

X(to): Xo (2)
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sistemi ila tasvir olunur. Burada x- n olgullu faza dayisoni, u-r 6lguli idarsedici vektor,
f(t,x,u) funksiyasi va onun x-a nazaran ikinci tartiba gadar (ikinci tartib do daxil olmagla)
xususi téramalari [O,T]x R"xR" coxlugunda arqumentlarinin killlisiina nazaran kasilmazdir,
X, € R" qgeyd olunmus baslangic vaziyyat, 0<T eR geyd olunmus zaman, (°D§+xXt) ila
ae (0,1) tartibli Kaputo kasr téramasi isara olunmusdur, yani

t
(05000)= gy g ) ) G- X0,
x()eC(0,TJR") « geyd olunub.

Mimkin idarsedicilar olaraq [O,T] pargasinda tayin olunan r Olgili va giymatlari

verilmis bos olmayan V < R" coxlugundan olan 6lctlan, mahdud u() vektor funksiyalar
gotarulir:

ut)ev, te[o,T]. (3)
AcC([0.T]R") ils @(t)=d(0)+ (1w )t) te[0,T]
barabarliyini 6dayan CI):[O,T]—> R" funksiyalar c¢oxlugunu isdara edak, burada
w()e L*([0,T}R"), 1% -isa Riman-Liuvil kasr operatorudur.

Qeyd olunmus u(-) mimkiin idarsedicisina uygun (1),(2) masalasinin halli dedikds
ACO‘;‘([O,T], R”)sinfindan olan ela x() funksiyasi basa dusulir ki, o (2) baslangic sartini va
sanki har yerda (1) tanliyini 6dasin.

Mimkin idarsedicilar sinfindan els idarsedici tapmaqg talab olunur ki, o (1),(2)
masalasinin halli ila birlikda

J(u)=(x(T))+ i](T =) o6 x(0) u(t)t (4)

funksionalina minimum versin. Burada ¢(-) iki dafs kasilmaz diferensiallanan skalyar
funksiya, fo(t,x,u) skalyar funksiyasi va onun x-a nazaran ikinci tartiba gadar (ikinci tartib
da daxil olmagqla) xisusi téramalari [O,T]x R"x R" coxlugunda arqumentlarinin kullisiina
nazaran kasilmazdir, > a qeyd olunmus adaddir.

(1)-(4) masalasinda optimalliq Gctin mixtalif zaruri sartlar alinmisdir.
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SINQULYAR ©MSALLI UGTORTIBLIi PSEVDOPARABOLIK TONLIK UCUN BiR SORHOD
MOSOLOSI
Yusubov Sakir S$ixi oglu, ismayilova Xanim Eyvaz qizi
Baki Dovlat Universiteti
yusubov_sh@mail.ru , xanim.ismayilova.1994@Ilist.ru

Sinqulyar amsalli Ggtartibli

u)x)= D,Du(x)+ 8;(X) 2u(x)+ —22L a,(x u(x) + aio
('12)()) D,D; () (Xl—Xlo)al Dz(() (X _X)” DDz() (X(_)X)a
u(x)+ 8,(x) ag,(X L)
( =X )H(X —XT > (x1 X, l(xz—x)a (Xl_xlo)ol(xz_xg)az (1)
(012()
(X1 Xl)a(x —x)a

psevdoparabolik tanliyi Gglin asagidaki sarhad sartlarina baxaq:

(Iozu)(xz)z,Bleu(xf,xz)+ﬂ2D22u(xll,x2):%, X, €G,,

2 2

(Illu)(xl)E DlDzu(&’Xg):%’ x €G, (2)
(Ilou)(xl)E Dlu(xl’xg)zml X €G,
()"

lou = Dzu(xlo’ Xg): Pors ol = u(X107 Xg): Poo-
Burada u(x)-axtarilan funksiya, a;(x), i=01 j=012, i+j<3 funksiyalan G-da

slgiilandirlar, ag(x) ag,(x) € L, (G).a,; € L2 (G), j =0.,85,(x) € L2 (G)1< p <0,¢,,(x) e L, (G)
P(%,) e L,(G,) 0, (x)eL,(G). j=01 verilmis funksiyalardir, ¢, €R,i=01¢, e[o,l—%j,

B.,i=12, 1< p <coverilmis adadlardir, B+ 5, #0, G ={x=(x.%): X €G, = (x’,x*)i=12} .
(1), (2) masalasinin halli ¢akili
wi3(G)={u:DDuel,, (G)Duel,, (G)DDucL,, (G),
Duel,, (G)Duel,(G)ueL,(G)|
S.L.Sobolev fazasinda axtarilir, bu fozada norma

ooy = |pDZu|  +|Diu +||D.Du|

o B, , ¢ +Dul, ¢ +lul, 6

p.a,G p.a;,G p.ay, pay,

saklinda verilir, burada o = (e, a1, ).
(1), (2) masalasinin korrekt hall olunmasi arasdirilir.
Qeyd edak ki, 5, =1, B, =0 oldugda (1), (2) masalasi [1] isinda arasdiriimisdir.
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YUKLONMIS iIMPULS TOSIRLI UGTORTIBLI TONLIK UCUN BiR LOKAL OLMAYAN SORH3D
MOSoLaSI
Yusubov Sakir Sixi oglu, Xeyraddinli Giilazar Matlab qizi
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Mdastavinin
G=G,xG,, G, =G, UGy, G, =(x,x"*)i=01 G,=(xx)
G' =G, xG,, i=01
coxlugunda
(L,u)(x) = D?D,u(x) + a,,(X) DAu(x) + a,, (X) D,D,u(x) +
2,0 (X) DU (X) + @y, (X) D,u(X) + @ (X)u(X) + a(x)u(X) = ¢,,(x),
ugtartibli hiperbolik tanliyina baxilir.  Burada u(x) axtarilan funksiya, a;(x), i=012,

(1)

1=01 a(x), @,,(x) funksiyalart G g¢oxlugunda olcilandirlar, a,,(X), a,(x), a(x),
0,,(X) € L, (G), a(X) € L% (G),a,4(X), 85, (X) e L4 (G); x=(%,%)eG - qeyd olunmus
noqgtadir.

(1) tanliyinin lokal olmayan

Dlzu(xl’ X(z)) = ,0(X), X €G,

AD,DU(X, X,) = @1;(%,), X, €Gyi =01,
| | (2)
ADZU(X; ' Xy) =¢$1(X2), X, €G,,i =01,
ADlu(Xli 'Xg) = %io’i =01,
au(x{,x3) + [[d(x)DI DFu(x)dx = g3y, Au(x}, x7) = ol
G

sarhad sartlarini 6dayan halli axtarilir.
Burada
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AD/Du(x, ,%,) = DiD,u(x, +%,)—DDu(x —x,), i =04, j=0,1,
ADJu(x, ,x2) =Dju(x +x%)-Dlu(x, —x%), i =01, j=04,
ADJu(xX—x9)=0, j=01, D/Du(x’—x,)=0, x,€G,,j=0.,
02(6) € Ly (G, 911(X,), Pha(X,) €L, (Gy), =01

o, @ eR, i =01 a#0.

(1)-(2) masalasinin halli
VEY(G)={ueL,(G): DDjuelL,(G¥)

k=01 i=012 j=01}
sinfinda axtarilir.
Qoyulmus masalanin va uygun gosma masalanin korrekt hall olunmasi isbat olunur va
masalanin hallinin inteqral gostarilisi alinir.

A STUDY OF NEUTROSOPHIC SOFT LIE ALGEBRAS
Abdullayev Sebuhi Eldar, Veliyeva Kemale Mutalib
Baki Dovlat Universiteti
sebuhi_abdullaye@mail.ru, kemale2607 @mail.ru

We introduce the concept of neutrosophic soft Lie subalgebras of a Lie algebra and
investigate some of their properties. The Cartesian product of neutrosophic soft Lie
subalgebras will be discussed. In particular, the homomorphisms of neutrosophic soft Lie
algebras is introduced and investigated some of their properties.

Keywords: Lie algebra, subalgebra, neutrosophic soft set, neutrosophic soft Lie Algebras.
Definition 1. An intuitionistic fuzzy set A=(uA AA) on L is called an intuitionistic fuzzy Lie

subalgebra if the following conditions are satisfied:

HA(x+Y) > min (A(X), £A(y)) and - 2A(x+ y) < max(2A(X), ZA(Y) ) (1)
LA(ax) > pA(X) and AA(ax) < AA(X) (2)
#A(x, y])= min {LA(x), £A(Y)} and ZA(x, y]) < max{2A(x), 2\ A(y)} (3)

forall x,yelL and aeF.

Theorem 1. Let F,E be a neutrosophic soft Lie subalgebra over L. Then (IE,E) is a

neutrosophic soft Lie subalgebra of L if and only if for each e E the non-empty upper s -

level cut.
Ur o (s)={xe LIT,(e)(x) = s}

U, (s)={xe L/l (e)(x) =]

and the non-empty Lower s- lewel cut
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VTE(Q) (s)= {x eL/T-(e)(x) = s} are Lie subalgebras of L, forall se [O,l].

Theorem 2. If (IEl, El) and (IE"', E2) be two neutrosophic soft Lie subalgebra over L, then
intersection (Izl, El)ﬂ (IEZ, E2)= (IES, EN Ez) is a neutrosophic soft Lie subalgebra over L.
Theorem 3. Let (Izl, El) and (IEZ, E2) be two neutrosophic soft Lie subalgebra over L,
then union is (Izl, El)U (IEZ, E2)= (|53, E,U Ez)a neutrosophic soft Lie algebra over L.
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ON THE HIGH-ORDER MOMENTS OF THE RENEWAL-REWARD PROCESS
Afaq Abdullayeva
Azerbaijan State Oil and Industry University
afag.abdullayeva21l@gmail.com

Let random vectors (&,,7,),n>1 be independent and identically distributed. In the
general case, the random variable 7, is assumed to depend on the random variable &, .

Let's introduce the following sum:
v(t)
Sv) = Zﬂn (1)
n=1

Where v(t) = max{n T, St},t >0 is the renewal process and T, = Zin:l(fi ,n=12,...
Syty,t=0is called renewal-reward process and represents the sum of the rewards

obtained up to time t. It is easy to see that, the renewal-reward process is a generalization
of the renewal process. So, in the special case if 7,=1n>1, we obtain that S, =v(t). The

renewal-reward process belongs to the class of the stochastic processes of discrete
interference of chance. There are many important results in the scientific literature related
to this process (see, for example, Brown and Ross (1972), Brown and Solomon (1975), Aliyev
et all (2010), Aliyev and Khaniyev (2014), Patch et al. (2015), Aliyev and Bayramov (2017)).
Renewal-reward processes are applied in insurance and reliability theories. In the present
study, the exact formulas for the third and fourth-order initial moments of the renewal-
reward process are given.

Denote the n-th order moment of the renewal-reward process (1) by D, (t) and the

mathematical expectation of the renewal-reward process by

M, (t) when rewards are given by 7¢(k >1,n>1)
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vy )" v(t)
Dn(t) = E(Sv(t))n = E[an] , My () = E[Z’?E j
k=1 k=1

Main result of this paper can be formulated as the following theorem:

Theorem. Let random vectors (§,,7,), n =1 are independent and identically
distributed. Then third and fourth order initial moments of the process, consequently, have
following forms:

D5 (t) = M, (1) + 6M * My (t) + M5 (1),
Dy (t) = 24M; @ (1)) +36M _*M™V () + 6M 3 (1) +8M 3 * My (1) + M4 (1),
Where

t
M0 M) = [m e x)aM (), n ki, 21
0

M) = [ = x)am (i 21

M D ()= M; ()M O@)=1t>0,i>1.
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ON THE SOLVABILITY OF BAOUNDARY VALUE PROBLEM FOR A PERIODIC TYPE
Agayeva Gulsum Allahyar
Baku State Universitety
Gulsumm agayeva@mail.ru

Let H be a separable Hilbert space. Assume that C is a self-adjoint operator with
domain of definition D(C). Then for all y >0the domain of definition of the operator C”

will be a Hilbert space H, (y >0) with a scalar product (x,y), =(C"x,C"y). For y=0 we
assume H,=Hand (x,y), =(x,y).

Denote by L,((0,1):H) a Hilbert space of vector —functions determined almost everywhere
in (0,1) for which

1 y2
2
1), qomen =(J 1) dt]
0

Following the book [ 13], we determine the Hilbert space
W, ((0,):H)={u:u"eL,((01):H),C°ueL,((01):H)}

with the norm

i2((0y1)1H) +HC2uHi((o,1);H)j .

14

u

”U”sz (O2:H) — (

We determine the subspace wa ((0,)) : H) as follows
W7, (0D : H) ={u:u” eW; ((01): H), u(0) =e'u(@),u’(0) =e''u'(1), € R = (—0,0)}
From the trace theorem it follows that W,
Consider in H the boundary value problem
L(d/dt)u(t) = —u"(t) + p(t) A%u(t) + (A, + K )U'(t) + (A, + K u(t) = f(t) ,te(01) (1)
u(0) =e"'u(), u'(0)=e"u'QR) (2)

where the operator coefficients of the equation (1) satisfy the conditions:

is a complete Hilbert space.

1) A is a normal operator with a completely continuous operator in H, whose set of
spectra is contained in the angular sector
S, ={1]argi<eg, 0<¢g<rm/4;

2) p(t) is a scalar function defined in (0,1), measurable and bounded, moreover
O<a<pt)<pf<wo,where a,f €R = (—0,©) ;
3) The operators B, =A A" and B, =A,A™ are bounded in H;
4) The operators T, =K,A™ and T, =K,A? are completely continuous operators in H .
Theorem. Let conditions 1) and 2) be fulfilled. Then for any u eWZZ’W ((0,1): H) we have the
inequality

|Au’

L,((0,1):H) < dl(5)||P0U L, ((0,1):H) (3)

and
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2
HA UHLZ((O,l):H) < do (&)|Pou L((01xH) * (4)
where
1 1 1
d,(¢) =——= , dy=—.
1(#) 2o cose 0 o
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ON THE PROBLEM OF POPULATION PROCESSES
Akhmedov Ali Mustafa., Baghirov Suleyman Hafiz
Baku State University
ali.akhmedov@rambler.ru, suleymanbagirovs@gmail.com

The work is devoted to the investigation of changes occurring in the population
through iterative sequences. Returning sequences, a special type of iterative sequences,
were first investigated by the author of this article [1], [2].

When the changes occurring in the population are determined according to the
recurrent relationship X , =rX (1—X_ ) the bifurcation picture obtained as a part of the

Mandelbrot set.

Here r is the growth factor. The quantity (1—X_) is the limiting effect of the environment.
X, is a quantity measured by the ratio of the population number to the maximum possible
number of the population for a given year. X__, is a quantity measured by the ratio of the

population number for the next year to the maximum possible number of the population.
The expression X, =rX (1—X_) is called logistic regression. An arbitrary population is

doomed when r<1. Because the number in each next generation will be less than the
previous generation. This will eventually lead to the destruction of the population. When
r>1, the population reaches a certain stationary state. An interesting fact is that the
number of possible stationary states reaches 2 when r>3. (figure 1)
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As the years pass, the number of the population in a certain year is in an upper stationary
state, and in the next year it is in a lower stationary state. As we increase the quantity r,
the stability values will increase and the redistribution will begin.

o
1=
©

-,

a2

<)
o

16 20 24
Time

figure 1

Now the cycle will consist of 4 stationary states instead of 2. The length of the cycle, in
other words, the period is doubled. This is called bifurcation of peridon doubling. (figure
2)

As the process continues, bifurcations of this type occur again, and 8, 16, 32, 64, etc.
cycles are created. Chaos occurs when r=3.57.
Population does not have a stationary value. It is no coincidence that the equation
x_,=rx (1-x )is the basis of pseudo-random number generator in machine technology.

No apparent regularity or repetition is observed. (figure 3)

Population

figure 2
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OPTIMIZATION OF LINEAR NONLOCAL BOUNDARY VALUE CONTROL
PROBLEM FOR MANJERON EQUATION OF FOURTH ORDER
Akhmedov Fahreddin Shamil, Akhiev Sadeddin Seydi
Baku State University, Azerbaijan State Pedagogical University
axiyev63@mail.ru

In this paper linear nonlocal boundary-value control problem for fourth order
Manjeron equation has been considered [1,2]

(Vo2 Nt X) = 2,00 (1, %)+ 2(t, X)Ay o (t, X)+ 2, (8, X) Ay (t X)+ 2, (8, X)A o (8, X)+ 2,0 (t, X)A, (8, )+
t Zy (8 X)A (8 %) + 2, (8, X)A, o (8 X) + 2, (6 X)A (8 %)+ 2, (t X)A L (8 X) + 2, (75, & )A, (8 X) =
=0,,(t,x), (,x)eD=TxX =[ty,t,]x[%), %]
VooZ =2ty %)= oo VoiZ =Z,(tg, %o ) = o,
VioZ=2,(ty, %)= 01or  VisZ =7, (tg, %)= Gus, (2)

(Vo,szX)E Zo (to’ X): go,z(x)’
(Vl,zz)(x)= 2[th(rj X | (X)"' Zt(Tj , X)O‘o,j (X)]: 91,2()()’ xe X =[x, %] (3)
(V:z,ozxt)E Z. (t’ X0)= gz,o(t)’

(1)
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(Vz,lz)(t)= Zm:[ztx(t’ S| )ﬂm (t)+ Zx(t’ S )ﬁo,j (t)]= 92,1(t)a teT =[t,t] (4)

Here Ayo(t,x) Au(t,x), Agltix) Aaltx) ALl x) Altix) ALLX) Ayt x)
A,,(t,x) are given nxn-— matrices; Ay, A Ao Al A, el ,.(D) ie., elements of

these matrices from L,(D); there exist functions ag,,a;,, € L,(T) and a4, a,; € L,(X)
that there are satisfied inequalities

[A Lt x) <@g, t) A x)<a,()
[Aot x) < a(x) At x)| < ay,(x)
for almost every (t,x)eD; oy (x) a,;(x). B.;(t) B,;(t) are given nxn—matrices, such that

o, Ao €lynn() By Boj €Llpna(X), e, with elements from L (T)and from L (X),

respectively; Go0. U0 Oior Oy €R" are given vectors; go,(x), 9.,(x) 9,,(t) 9,.(t) are
given n-—vector-functions, such that g,,, 9,,€L,,(X) and g,,, 9,,€L,,(T) ie., with
elemens from L,(X) and from L,(T), respectively; g,,(t x) is given n—vector-function
from L,,(D) z(t,x)=(z(t,x)....z,{t.x)) is n—dimentional line vector-function; (z,,&,)is
given point from D.

Basing on the data of the problem (1)-(4) we can say that the operator

V =V 6,Vo1 Va0 Vin: Vo Vis Vs 0:Vs1,V, , ) defined on Sobolev space [5]
W@(D)={zeL, (D) 2,2,,2420,.2,.,2, . € L, (D)}
with generalized derivatives and acts into the space A22(D)=R"xR"xR"xR"xL (X )x
Ly (X)x L, (T)xL,,(T)xL,,(D) of elements
g = (g0,0' gO,l’ gl,O’ gl,l’ gO,Z(X)’ gl,Z(X)’ gZ,O(t)' gZ,l(t)’ gZ,Z(t’ X))‘

Taking the condition (5) into account, for every admittable u € U; we will assume

the solution of the linear nonlocal problem (1)-(4) from Sobolev space Wp'n(D)

Minimizing functional of this control problem has been choosed following linear
functional defined on the solutions of the boundary-value problem (1)-(4) corresponding to
the admittable controls:

S(U)ZZZ(TJ@;)C}- (6)
1=1
Here ¢; are given line n —vectors, (rj,§j) are given points from D, ( )' is transponeering.
In this work there has been used an isomorphism [3 — 8] from Sobolev space
W 2?(D) onto the space A2?/(D)which is implemented by the operator [3,4,6 — 8]

Nz = (2% 2 20,20 20 2l 20 2, 20240 (00 2 600 2, (00 ) 20 0)
Basing on this izomorphism has been introduced the concept of adjoint problem with
operator W =(Vvo,o!W0,1’W1,07W1,1’W0,27W1,2’Wz,O’Wz,l’Wz,z) which is conjugate to to V, i.e.,
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W = V", With help of the adjoint problem has been gotten expression for increment of
functional of the (6) and maximum condition in view of maximum principle.
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A PRIORI ESTIMATE FOR SOLUTION OF LINEAR NONLOCAL BOUNDARY
VALUE PROBLEM FOR THE FOURTH ORDER LOADED MANJERON EQUATION
Akhmedov Fahreddin Shamil, Akhiev Sadeddin Seydi
Baku State University,Azerbaijan State Pedagogical University
axiyev63@mail.ru

In this work for the Manjeron equation of fourth order following linear nonlocal
boundary-value problem has been considered [1,2]

(V, 2Nt %) = 2, 4 (8, X) + 2t X)Ay o (8, X)+ 2, (&, X)Ag (8 %) + 2, (& X)A o (8, X)+ 2. (t, X) Ay , (8, )+

+ 2y (8, X)AL (%) + 2, (8, X)A, o (8 X) + 2,0 ()AL (8 %)+ 2o, (t )AL (8 X) + 2, (75, & DA, (8 X) =
=0,,(t,x), (t,x)eD=TxX =[t,,t, |x[x;, %}

2(ty, %)= Goor  VouZ = Z,(tos %) = Yo,

=27(t, %)= 010»  Vi12=2,(t;, %)= 011, (2)

(Vo,zzxx)E Z. (to’ X)= go,z(x)’
(Vl,zzxx): Zrl:[ztx(rj ' X ) | (X)+ Z; (Tj | X)ao,j (X)]: gl,z(x)’ xeX = [XO’ Xl]; (3)
(Vz,ozxt)E Z, (t’ X0)= gz,o(t)'

(1)

VO’Oz
V,oZ
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(Vz,lz)(t)= anll[ztx(t’ S| )ﬂm (t)+ Zx(t’ S )ﬁo,j (t)]= 92,1(t)a teT =[t,t] (4)

Here, Ayt x) Ay (tx) Ag(tx) Ay, (tx) AL x) Atix) ALt x) At x)
A,,(t,x) are given nxn-— matrices; Ay, Ay, Ao Ay A el,,.(D) ie., elements of
these matrices from L (D), there exist functions a,,,a,, €L,(T) and a,,,a,, € L,(X) that

there are satisfied inequalities

Aot x) <0, (1) AL x) <a,(t)
[ootxf<ay0(x) At x) < a4 (x)

for almost every (t,x)e D; a,;(x), a;(x) B.(t) B,(t) are given nxn—matrices, such that
o, o€l na) Bir Boj €Llona(X) ie., with elements from L (T)and from L (X)

respectively; Joo, o1, Y10 gl,leRn are given vectors; go,z(x)’ gl,Z(X)’ gz,o(t)’ gz,l(t) are

given n-—vector-functions, such that g,,, 9,,€L,,(X) and g,,, 9,,€L,,(T) ie., with
elemens from L (X) and from L,(T), respectively; g,,(t x) is given n-vector-function
from L,,(D) z(t,x)=(z(t,x)...,z,(t.x)) is n—dimentional line vector-function; (z,,&,)is

given point from D.

Basing on the data of the problem (1)-(4) we can say that the operator
V = (Vg0 Vor:VioVini Vo, ViaiVs 0, Vss,V, , ) defined on Sobolev space [5]

WeEA(D)={zeL,,(D) 2,2,,20.20 2.2, €L, (D)}
with generalized derivatives and acts into the space A?2(D)=R"xR"xR"xR"x L, (X)x
x Lo (X)x L, (T)xL,,(T)xL,, (D) of elements
g = (90,07 gO,l’ gl,O' gl,l’ gO,Z(X)' gl,Z(X)’ gZ,O (t)’ gZ,l(t)’ gZ,Z(t’ X))'

Using this operator V we can write the linear nonlocal problem (1)-(4) as one

equation
Vz=g, zeW?)(D) (5)

with right side g € A22(D),

In this work there has been used an isomorphism [3 — 8] from Sobolev space
W (D) onto the space A"2?/(D), which is implemented by the operator [3,4,6 — 8]

Nz = (z(to, Xo ) Zy (tor X0 ) Zy(to, X0 ) Zuu (o, Xo ) 2,2 (tg, X), 2, (b9, X), 22 (t, X0 ) 22, (£ %0 ) 2o (1, x))
Basing on this izomorphism we use integro-algebraic system
3p=9, peA??(D), (6)
which is equivalent to the equation (5) (or the problem (1)-(4)), where $=VN™. First there

are gotten estimates for vector-components of the solution ¢ € A%;?(D) of the problem (6)

after a priori estimates for the solution z W %?(D)of the problem (1)-(4).
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ON THE OSCILLATIONS OF EIGENFUNCTIONS OF A SPECTRAL PROBLEM DESCRIBING
BENDING VIBRATIONS OF A ROD AT THE ENDS OF WHICH MASS AND iNERTIAL MASS ARE
CONCENTRATED
Aliyev Ziyatkhan Seyfaddin, Mehrabov Vuqgar Abdulla
Baku State University
mvugar-1969@mail.ru

We consider the following eigenvalue poblem

Y@ ()= (@)y'(x) =4y (x), 0<x<1, (1)
y"(0) =0, Ty (0) —aty(0) =0, (2)
y"(@)-bay’'1) =0, Ty @) —ciy@) =0, (3)

where A € C isspectral parameter, Ty =y” —qy’, qe AC([0, 1];(0,+=)), a,b and ¢ are real
constants such that a<0, b>0 and ¢ >0.

Problem (1)-(3) describes small bending vibrations of a Euler-Bernoulli beam of
constant rigidity, in the sections of which a longitudinal force acts, at the left end of which
the mass is concentrated, and at the right end the inertial mass is concentrated [1].

Problem (1)-(3) in the case of a>0, b>0 and c<0 was considered in [2], where it
was shown that the eigenvalues of this problem are nonnegative, simple and form an
infinitely increasing sequence. Moreover, the oscillatory properties of all eigenfunctions of
this problem and their derivatives have also been studied.
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Theorem 1. The eigenvalues of problem (1)-(5) are real, simple, except, for the case
c<1 and a=c-1,when the eigenvalue A =0which has algebraic multiplicity 2, and form an

unboundedly non-decreasing sequence {4, }, ,such that

A <A, <0=4,<A,<...<A4 <... forc<land a>c-1,

A <A,=0=4,<4,<...<A4 <...forc<land a=c-1,
A <A,=0<A, <A, <...<A <...forc<l,a>c-land c>1.
Moreover, for each keN the eigenfunction y, (X) corresponding to the eigenvalue A, of
problem(1)-(5) and its derivative have the following oscillation properties: (i) the function
Y, (X) for k>4 has exactly k—2simple zeros, the function y,(X) has one simple zero and
the functiony,(x) has no zeros in (0, 1) for c>1 and c<1,a>c -1, the function y,(X) has no
zeros and the function y,(x) can have an arbitrary number of zeros (which are simple) in
(0,1 for c<l and a<c -1, the function y,(X) has no zeros in (0,1) for c<1 and a=c-1,
the function y (X) can have an arbitrary number of zeros (which are simple) in (0, 1); (ii) the
function y, (X) for k>4 has either k—3 or k—2simple zeros, the function y,(X) has no
zeros in (0,1) for c>1 and c<la>c—1, the function y,(X) can have an arbitrary number
of zeros (which are simple) in (0, 1) for c<1 and a<c -1, the function y/(x) can have an

arbitrary number of zeros (which are simple) in (0, 1).
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OSCILLATORY AND BASIiS PROPERTIES OF EIGENFUNCTIONS OF SOME FOURTH-ORDER
EIGENVALUE PROBLEMS
Fleydanl Ayna Elbrus
Sumgait State University
aynafleydanli@gmail.com

We consider the following eigenvalue problem

y©@ () - (@(x)y'(x)" = Ay(x), x (0, D, (1)
y"(0) = aty'(0), Ty(0)=bay(0), (2)
y'@) =cay'(®), Ty(D)=diy(D), (3)

where A eCis a spectral parameter, g(x) is an absolutely continuous nonnegative function
on|[0, 1], a,b,c,d arereal constants such thata>0,b>0,c >0, d <0.

The spectral properties ofproblem (1)-(3) in the case of
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a>0,b<0,¢c>0,d<0 has been studied in [1].

In this work we study oscillatory and basis property of eigenfunctions of the spectral
problem (1)-(3). The main results of this note are the following theorems.

Theorem 1. The eigenvalues of problem (1)-(3)are real and simple and form an
infinitely increasing sequence {4 }; , such that

A <0=4, <A <... <A <....

Moreover, the corresponding eigenfunctions vy, (X), ¥,(X),..., ¥.(X),..., and their
derivatives have the following oscillatory properties:

1.there exists a natural number K, >4 such that the function y, (x) for 2<k <k, has
exactly k—2 simple zeros andfor k >k, has exactly k-3 simple zeros in (0,1), and the
function y/(x) can have an arbitrary number of zeros in (0, 1);

2.the function vy, (x) for k >3 has exactly k—3simple zeros in (0,1), y;(x)=0, and
the function y.(X) can have an arbitrary number of zeros in (0, 1).

Theorem 2. Let i=2and j,r,l, 2< j<r <lI, be arbitrary sufficiently large fixed

natural numbers, two of which are even and the third odd. Then the system {y, ()} ..., IS

a basis in the space L (0, 1), 1< p <o, which is an unconditional basis in L, (0, 1).
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LINEAR NON-UNIFORMLY PARABOLIC EQUATION INVOLVING L, DATA
Gasimova Khayala Ashraf
Institute of Mathematics and Mechanics of MSERA
khayala.gasimova2l@gmail.com

In this paper, we study the existence results of the Dirichlet problem for linear non-
uniformly degenerate parabolic equation

2o Z(aent)=rea Goearn
u(0,2) = g(2), Z €, (1)
L j—
u s, = 0,

where the function f € L;(Qr), Sy =0Q X (0,T) and the coefficient matrix A =
||al-j(t, z)|| (1 <i,j < N) is positively defined, (t,z) € R¥*1 n {t = 0}and matrix elements
a;;(t,z),i,j =1,2,..,N are measurable functions. The Q € RN is a bounded Lipschitz
domain, Q = Q X [0, T](see, e.g., [2]).

Moreover, it is assumed that there exist positive constants such that
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cr(w NEIP + n*) < A2 - < cp(w IEI7 + In]%) (2)
aez€Q withv{=(En)€ERY, EER”, n€ER™, N=n+m(n,m=1).
Set the weighted Sobolev space

W1,q (Qr; wdz) = {U € L;(Qr): uy, € Lq,w (QT):uy € Lq Q1) },
with the norm

lullw, g@rwaz) = lullL@p + luxll,, + ”uy”Lq'
The solution of the problem (1) is understand in the distributional sense and f(t,z) and
g(z) to be positive on Qy = Q X [0,T]. The degeneration w(x): R™ — [0, x)is positive
function on R™ and is taken from the suitable Muckenhoupt class 4, (see, e.g.,[1]).
Theorem: Let the condition (2) be satisfied for the matrixA(z) = {a;;(2)} and f(t,z) be
L,(Q) function. Then there exists a weak solution u of the problem (1).

References

1. L.Boccardo, T.Gallouet: Nonlinear elliptic and parabolic equations involving measure
data - J.Funct. Anal. 87 (1989), 149 -169.

2. F.I. Mamedov, A Poincare's inequality with non-uniformly degenerating gradient,
Monatshefte fur Mathematik, 194(1), 151-165, 2021.

ON THE STRONG SOLVABILITY OF A NONLOCAL BOUNDARY VALUE PROBLEM FOR THE
LAPLACE EQUATION IN WHEIGHTED GRAND SOBOLEV SPACES
Gasymov Telman Bender., Akhmadli Baharchin Qurban
Baki Dovlat Universiteti, AR ETN Riyaziyyat va Mexanika institutu
Telmangasymov59@gmail.com, a_beherchin@mail.ru

Consider the following nonlocal boundary value problem for the Laplace equation:

Uty = h(x,y), 0< x < 2m, y >0, (1.1)
u(x,0) = f(x), u(0,y) =u2m,y), 0 <x < 2m, (1.2)

Such problems have specific features in comparison with problems with local
conditions. Earlier F. I. Frankl [1; 2, p. 453-456] considered a problem with a non-local
boundary condition for a shifted type equation. The Bitsadze-Samarskii problem [3] for
elliptic equations is also nonlocal with supports on a part of the boundary of the domain
and, moreover, the supports are free from other boundary conditions. In the work
ofN.l.lonkin and E.l.Moiseev [4], for multidimensional parabolic equations, a boundary value
problem was solved with nonlocal conditions supported by the characteristic and improper
parts of the domain boundary. In works [5, 6], problem (1)-(3) is considered in an infinite
strip in the classical formulation.

In this paper, we consider problem (1)-(3) in a weighted Sobolev space with a weight
from the Mackenhoupt class. The notion of a strong solution of this problem is defined. The
correct solvability of this problem is proved by the Fourier method.
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To formulate the main results, we present the definitions of some weighted spaces. Let
v:[0, 2m] — (0,4) — be some weight function, IT = (0,27) X (0,+). Denote by

LP;V(H) the Banach space of functions on IT with mixed norm
1

+00 2 )
Ul = o (1 G )PV dx ) dy, 1 < p < +oo.
We denote by W,2,(IT) the Sobolev space generated by the norm
lullwz, = Zjwi<2llo“ulls,,, -

Weighted Lebesgue space generated by the norm

1
£l = (JIfG)IPv(x)dx)P.
denote by L, (1), where. We also consider the weighted Sobolev space W/, (1), generated

by the norm

W llwz, o = I,y + 1 ey + 177N, 0
Recall that the class of Mackenhoupt weights Ap(I) is the class of periodic functions
(i.e., it is considered that the function v(x) is periodically extended to the entire axis with
period 2m) satisfying the condition

1

sup (& [ v(©)dr) (& f1|v(t)|‘ﬁ)p_1 < +oo,

Jer i

where the supremum is taken over all intervals /|  Iand |J| —is a length of the interval J.

Definition. A functionu € sz,v (IT) is called a strong solution to problem (1)-(3) if
equality (1) is satisfied a.e. (x;y) € II, and its trace u|yp satisfies relations (2), (3).
Let us introduce into consideration the system of functions{u, (x)},,cz+ and {9,,(x) },,cz+ ,
where

Uyp(x) = cosnx, n€Z*, uy,_1(x) =xsinnx, n €N, (4)
9p(x) = # 2 — x), 9,,(x) = % (2mr —x) cosnx,9,,_,(x) = %sinnx, n € N.(5)

Note that systems (4) and (5) are biorthogonally conjugate, which can be verified directly. In
obtaining the main result, the following theorem is essentially used.

Theorem 1. Let v € A,(I), 1 < p < +o0. Then system (4) forms a basis in L, ,,(I).
The solution to problem (1)-(3) is sought in the form of a series

u(x,y) = Ug(y) + =1 Un (N un (%),
where

- _ 2T hyp_q1(t)e™
U2n—1(J’) = fon—18”™-e™™ fo %dt; neN,

nt
Upn(y) = frne™™-e7™™ fozn Mdﬁfm_lye_"y, nezt,

n
2T

fn = an(x)ﬁn(x)dx, hn(y) = h(x, y)ﬁn(x)dx,n ez

0
Let h(x,y) be a function that seperates into its variables and satisfy the following

condition :

h(x,y) = ()Y (y),
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h(x,y) € L}, () = {F(x; y) € L, (I1),3y, > 0; F(x;y) = 0;Vy > yo}. The main result
of the paper is the following theorem.

Theorem 2. Let v € A,(I), 1 < p < +o, the boundary functions f(x) and ¢(x) belong
to the space W/, (1) and satisfy the conditions

f@r) —f(0) =£'(0) =0, (2m) — ¢(0) = ¢'(0) =0,
andip(y) € L1(0, yo).
Then problem (1)- (3) has a unique solution in sz,v (IT) and moreover it is valid the following
estimate
Iz, iy < cllfllwz,a + c2l@llwz, o 1Pl 00
where ¢, and c, are a constant independent of f(x), ¢ (x) and Y(y).
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ON THE BASIS PROPERTY IN LP(O, 1) EIGENFUNCTIONS OF A SECOND-ORDER
DIFFERENTIAL OPERATOR WITH A DISCONTINUITY POINT
Gasymov Telman Benser, Akhmedov Alirza Qadir
Baku State University,
telmangasymov59@gmail.com, ehmedov-elirza@mail.ru

Consider the following spectral problem with a discontinuity point
yxyx=0y" (x) + Ay(x) =0, x € (0,2) U (5, 1), (1)
’ ’ 1 1
y'(0)=y'(1) =0, yG-0)=yG+0),
;1 ;1 1
YGE-0) -y G+0)=2amy(),
where A is a spectral parameter, and m is is a non-zero complex number. Such spectral

(2)

problems arise by solving the problem on vibrations of a loaded string with free ends [1].
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The study of the basic properties of systems from eigenfunctions of spectral problems
with a discontinuity point sometimes requires the use of other methods different from
those previously known. In [2,3], a new method for studying the basic properties of
discontinuous differential operators was proposed. In this paper, we study the basic
properties of the eigenfunctions of problem (1), (2) by the method of [2,3] in Lebesgue
spaces.

2

The spectral problem (1),(2) has two series of eigenvalues: A,, = (P1,n) and A, =
2

(pzn)’, neZ*, where Z* = NU{0}, p;, = 3nn +37”+ 0 (%) Pon = 371711_'_%_'_ 0 (%)

and the corresponding eigenfunctions are given by the following expressions:

2p; 1
cos % COS Pin X, X € [0, ;] )

Vin(x) = i=12; neZ*.(3)

Pin 1
COS == COS Pip 1-x), xe€ [} 1],
We define the operator L in the space L,(0,1) @ C as follows:D(L) ={§1=
(veomy(?):  ywewz(ohew (1), yo=yw=o y(-0)=

y G + O)} andfory € D(L): Ly = (—y”; y' G — O) -y’ G + 0)) The eigenvalues of the

operator L are the numbers A , and the corresponding eigenvectors have the form:

i,n?

Vin = (yi,n(x), my G)), wherey; ,,(x) are defined by formulas (3).
Suppose that the system {u, },cy is a basis in the Banach space E, and {v, },cy is its

. 1
biorthogonal system. If3r > 1,3c¢ > 0,Vx € E: Q-1 |{x, v,)|")™ < Cl|x||,then it is said
that the system {u, },,cy forms an r — basis in the space E .

Suppose 1 < p < oo, §+ 3 =1, r = max{p, q}. The following theorem is true.

Theorem 1. The system {yi,n} of eigenvectors of the operator L forms

i=1,2;nenN”t
ar —basis in the space Lp(O,l) @ C. When p = 2, this system becomes a Riesz basis in
space L,(0,1) & C.

Suppose that ny € Z* is an arbitrary number and y,(x) has been denoted by any of the
eigenfunctions y, ,, (x)or ¥, (x).

Theorem 2. The system{yi’n}izl’z;nez \ Wo(x)}which  has been formed
byeigenfunctions of spectral problem (1),(2) forms r —basis in space L, (0,1). When p = 2,
this system becomes a Riesz basis in space L,(0,1).

This work was supported by the Azerbaijan Science Foundation-Grant Ne AEF-MCG-2023-
1(43)-13/06/1-M-06.
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DIAMETERS AND PRINCIPALAXES OF SECOND-ORDER CURVES
Hasanova Leyla Kazim
Baku State University
leyla.hasanmath@gmail.com

A straight line passing through the midpoints of parallel chords of a Il-order curves
called a diameter of this curve. A diameter is said to be conjugate to the chords (or to the
direction of chords) which it divides into two parts.

The equation of the diameter

(By X +ay,Y +830)+K(By X + 850y +85) =0, (1)
where k is the slope of conjugate chords. Changing k we get an infinite number of
diameters, all of them pass through the center of the curve. All diameters of parabola are

il

The directions of chords and conjugated diameter are called the conjugate directions with

parallel to each other.

d

respect to the given curve. The relationship between two conjugate directions is

a,+a,(k+k")+a,,kk'=0. (2)
Each of the two conjugate diameters of a central second-order curve bisects the chords
parallel to the other diameter.

A diameter perpendicular to the chords conjugate to it is called a principal axis. A
principal axis is a symmetry axis of a second-order curve. For each central Il-order curve
(6 #0), either there are two perpendicular principal axes or each of its diameters is a
principal axis (the circle). A ll-order curve with 6 =0 has a unique principal axis.

The points of intersection of a second-order curve with its principal axes are called its
vertices.

The directions of principal axes and of their conjugate chords are called the principal
directions of a ll-order curve. The principal directions are determined from the

ankz +(a11 _azz)k —+a, = 0
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or

2a,,
a;; —ay,

tan 2¢ =

where ¢ is the angle between the positive direction of the Ox— axis and each of the two
principal directions of a ll-order curve.

Each ll-order curve has 2 principal directions. Only circle has undetermined principal
direction.

The slope is determined for all diameters of a parabola by the formula:

a'12 a'22

K=_%u__ %
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ON SOME WAYS FOR CONSTRUCTION ALGORITHM TORECEIVING MORE EXACT RESULTS
Ibrahimov Vagif 9li Rza, Rahimova Kamala Razim
Baku State University
ibvag47 @mail.ru, kamala.ragimova.mr@gmail.com

As is known, there are some ways for the extrapolationof the values of the solution for
some problems with higher order of accuracy. One of these is the Richardson extrapolation.
Note that lastly for the above mentioned aim is used some combination of linear methods.
Here, we want to show that by using some theoretical results one can define the number to
increase the exactness of the calculated values by using the Richardson extrapolation.
Marchuk and Shaydarov prove that by using Richardson extrapolation once, can increase
the accuracy more than one. For this, let us to consider the following problem:

Y'=1(XY), Y(X) =Y, X, XX, (1)
This is initial-value problem for the ODEs of the first order. Let us suppose that the solution
of problem (1) functions y(X) is continuous and has defined on the segment of [X,, X],but
the continuous to totality of arguments function f(X,y)has defined in some close set and
their has the continuous derivative up to p, inclusively. For the finding the numerical
solution of the problem (1), let us denote by the Y(X;) - the exact values of the solution of
problem (1) at the pointX;, but by the Y;the corresponding approximately values. For the
determined the values Y;(i=012,..)), let us dived the segment [X,, X] to N equal part by
using the mesh- points X, =X +h (i=012...). Here, 0 <his the step-size.
It is known that there are mostly two class numerical methods for solving problem (1).
One of them is the following linear multistep method with constant coefficients:
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k k
Zai Ynii = hz ﬂi f (Xn+i 1 yn+i) n=012..,N - k. (2)

i=0 i=0
As is known Dahlquist proved that if by the p-dinote degree for the method (2), then
p <2k there is satisfies, here P -is the degree and k is the order for the method (2).Integer

values p is called as the degree for the method (2) is the followingholds:

Z;:(aiy(x +ih) —hg y'(x+ih)) = O(h**), h — 0. (3)

Noted that if method (2) is stable and has the degree of p, then p<2[k/2]+2. Hence, the

specialists for the receiving the best results suggested to use some designs. One of them is
the Richardson extrapolation, which consists of the following. The essence of this method is
as follows, in first by using some method, we find the value of the solutionto this problem at

the point X,, with the step-size h , then calculate the solution to the problem (1) at the

point Xn1k with the step-size N, with the step-size N/ 2(or 2N ).Then by highlighting the

leading term in the local truncation error one, takes into account in the following formula:

(p+1)

ch p+1(1_ A+ /1/2p+1) Y /X:Xn+k + O(h p+s+l)’ (4)

here, y((hp)+1)-means that the corresponding value is calculated with the step size h. By
solving the following equation

1-2+ 412" =0
one can be find the value of 4.

Noted that if method is stable, then receive that for the value Py, the variable S can

be taking as S=1.If P < P, in this case the condition S >1 can be met. Thus we obtain
that the method, which has applied to solve the problem (1) has the degree of P, but
applied that to calculation of the values

Z(X, +X) = Ay(X, +x/2) + L-A)y(X, +X), Xe[X, %], n=01L..., (5)
behaves like 2 method with the accuracy p+1(more than P ). For the increases of the
values of the degree [P, one can be used some linear combinations of different methods. In
this case also by using formula (4) and linear combinations of linear methods one can
constructed way for the calculation of the approximately values for the solution of the
problem (1). Similarly results are receiving by some authors (see for example [1]-[5]). Noted
that Richardson extrapolation and some combination of methods can be applied to
correction of the receiving results in solving the Volterra integral and integro-differential
equations. In the application of above discrete way to solving some problems arises any
qguestion related with the application of implicit methods. In usually, for this aim the
predictor-corrector methods are used. By taking into account that in usually the implicit
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methods are more exact than the explicit methods, here have been used the implicit and
explicit methods, which help us for choosing the predictor and corrector methods.
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TWO-WEIGHTED INEQUALITIES FOR SINGULAR OPERATORS IN GENERALIZED
WEIGHTED MORREY SPACES
Hasanov Javanshir Javad, Safarov Zaman Vahab
Azerbaijan State Oil and Industry University
hasanovjavanshir@gmail.com,zsafarov@gmail.com

Calderon-Zygmund type singular operator is defined as
TF () = [K(x, y) f(y)dy,
Rﬂ

whereK(x,y) is a "standard singular kernel", that is, a continuous function defined on
{(x,y) € R" xR" : x # y} and satisfying the estimates

ly—z|°

|[K(X, y)IC|x=-y][™ foraIIX¢y,|K(X,y)—K(X,Z)|SC| ,0>0, |x-

| n+o

y|>2|y-z|,

1K (% y) ~ K(& y) < C% >0, lxyls21y-€l.

Let Owwnbka! Oxxmpanacb umndpa., @ be a positive measurable function on
R" x (0,0) and @ be a non-negative measurable function on Rn. We denote by M ”* the
generalized weighted Morrey space, the space of all functions f e L'wa(R”) with finite

norm

up Hf Lp.o (B(X,1)
xeR",r>0 (D(X, r)‘

It

7

Lp (B(x,r))

MEP(RY)

Q)
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where the supremum is taken over all balls B(x,r) in Rn and Lp’w(R”) be the space of

measurable functions on R" such that
1/p
L g :(an' ek co%x)dxj ,1<p<eo.
Definition 1. The weight functions (w,,®, ) belong to the class ,&p (R") for Owmnbka!

Oxupganacb undpa., if the following statement
1/p 1/p'
sup ( [} (y)dyJ ( [or” (y)dy] <o,
xeR",r>0\ B(x,r) B(x,r)
Theorem.Let Owmba! Oxknpganacb yuppa. 0 <o <1, (wl,w2)EAp(Rn) and the
function @, (X, r) and @, (X, ) satisfy the condition
essinf ¢, (X, )@,

t<s<owo

Lo (B(x,s))
sup

t>r H

<Cp,(x,1),

S
2

Lo (B(x.t)
where C does not depend on X and t. Then the singular operator T is bounded from the
space M " (R") to the space M " (R") Mw28p,$2(Rn).

ON A PROPERTY OF THE RIESZ TRANSFORM OF LEBESGUE INTEGRABLE FUNCTIONS
Huseynli Aynur Fizuli
Baku State University
aynurhuseynli88@gmail.com

The j-th Riesz transform of the function f e Lp(Rd), 1< p <+ is defined as the
following singular integral:

. X_y
Rj(f)(X):]/(d) Ilm J. ;

f(y)dy, j=12,..d.
-0 {yeRd :\x—y\>g}‘x — Y‘dﬂ

+00
where y(4) = %, F(Z) = gtz_le_tdt is Euler’s Gamma function.

From the theory of singular integrals (see [1]) it is well known that the Riesz

transform is a bounded operator in the space Lp(Rd ), p>1,thatis,if fe Lp(ROI ), then
R; (f )e LIO(ROI )and the inequality
Ritl., <CollL, w

holds. In the case f € Ll(Rd ) only the weak inequality holds:
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mixe RY:|(R; F)x) > 2}= 2] @)
) ] ) L’
where m stands for the Lebesgue measure, Cp, C, are constants independent of f . From

the inequalities (1), (2) it follows that the Riesz transform of the function f e Ll(Rd)

satisfies the condition
m{XE R :‘(Rj fXx)|>/1}:o(]/ﬂ,), A —> 400, (3)
For a measurable complex-valued function f on RY we set
[f(x)];, =[FO)* = f(x)foro <|f(x)< 4,
[f (x)]s,; = [F ()] =0for|f (x)] <5,
[F(x))5 4 = Asgn f(x),[f(x)]** =0 for |f(x)]>1,0<5 < A.
In 1929, Titchmarsh (see [2]) introduced the notions of Q - and Q'-integrals.
Definition. If the finite limit (sli_r>rc])+ jd [f (X)](M dx (5'L”3+ jd[f (X)]é’/1 dx, respectively)
Ao R A>to0
exists, then f is said to be Q -integrable (Q'-integrable, respectively) on RY , and this fact
is written as f eQ(Rd) (f eQ'(Rd )). The value of this limit is referred to as the Q-
integral (Q'-integral)of the function f e Q(ROI ) (f e Q'(ROI )) and is denoted by

(Q) [ f(x)dx [(Q’) [ f(x)dx}.
rd rRd

The properties of Q - and Q'-integrals were investigated in [2, 3, 4]

Theorem. Let f e Ll(Rd ) Then for any | —1,d the function Rj(f) is Q'-

integrable on RY and

Q)] (Rj f x)dx =0. (4)

Rd

Corollary. Let feLl(Rd ) Then for any jzl,_dthe function Rj(f) is Q-

integrable on RY and

Q) [ (R;f\x)ax=0.

rd
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SOME ESTIMATES FOR MAXIMAL COMMUTATORS IN L SPACES

lidirimova Aydan Vugar
Baku State University
mehriban _omarova@yahoo.com

Let f e Lt

loc

(R”). The maximal operator is defined by
1
M(f)x)=sup ——— ||f(y)dy .
( )( ) t>0 |B(X,t] B('>[|t) ( x
The maximal commutators generated by M and b e Ll,OC(R”) is defined by
1

M,(f)x)=sup ——— [[b(x)=bly) f(y)dy .

(1) =5 ey T b))

Theorem: Suppose b is a locally integrable function on R". Let 0< £ <1. Then the

following assertions are equivalent:
(1) beLip,(R").

(2) M, is bounded from Lp(R”) to Lq(R") for all p and q satisfy 1< p<% and

1 1 B

q p n

ON THE COMPLETENESS AND MINIMALITY OF THE WEIGHT SYSTEM OF EXPONENTS
WITH EXCESS IN GENERALIZED GRAND LEBESGUE SPACES
Migdad imdad Ismayilov, llaha Flah Aliyarova
Baku State University, Institute of Mathematics and Mechanics of MSERA,
Nakhichevan State University
migdad-ismailov@rambler.ru, ilahealiyarova@gmail.com

In other words, a sufficient condition of completeness and minimality of the system
E(w,Z\F)= {a)(t)e"“}nez\F in the subspace G, ,(-z,7) of the generalized space of grand

Lebesgue L, ,(-z,7), p>1, are given,where ®(t) be any measurable function on [—7z,7r],

and F be any finite nonempty subset of Z.

Let p>1, 620, L, ,(-=,7) be a generalized grand Lebesgue space of functions f(t)

measurable on [z, 7] such that
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L
86 n oo n—z
[0 =, i‘ii’iz j £ t) dtJ <.

Let G, ,(—=,7) be a closed subspace L, ,(0,2z) which is the closure of the linear

envelope of functions f el (-7, 7) satisfying the condition T,f - f at 6 —+0, where

T, is the shift operator,i.e. T;f(t)=f(t+9), t+de[-7,7] and T;f(t)=0, t+0 ¢[-7,7].

Theorem below presents a sufficient condition for the completeness and minimality

of the system E(w,Z \F).

1)

2)

Theorem. Let we G ,(-7,7), F| =k . The following statements hold:

if %qu(_mﬁ), £+£:1, and there exists toe[—ﬂ,ﬁ] such that
@
k-1 k

(t—t,) el (-mx) and (t—t,) eL,(-7,7), then the system E(w,Z\F) is

o(t)

completein G, , (-7, 7);

o(t)

_ k

if there exists t, € [— 71,7:] such that % € L,(-z,z), then the system E(w,Z\F)
®

is minimalin G, , (-7, 7)
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EXISTENCE AND UNIQUENESS OF A SOLUTION TO A BOUNDARY VALUE
PROBLEM FOR A FOURTH-ORDER PARTIAL DIFFERENTIAL EQUATION
WITH NON-CLASSICAL BOUNDARY CONDITIONS
Jafarova Maryam Huseyn
Baku State University
maryam.bzade20@mail.ru

Consider boundary value problem for the equation

FOU (%, 1) = (Q(}) ux (X, 1) + (PO Uk (X, 1) = T (X,1) (1)

in domain D = {(X,t) 0<x<10<t< T} with the following nonlocal conditions

u(x,0) + Su(x, T) = (x), u, (x,0) + 5,u, (X, T)=w(x), 0<x<1,  (2)
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non-classical boundary conditions

u(O,t)=44(t), 0<t<T, (3)

U, (0,t) = s, (t), 0<t<T, (4)

POU, A1) +u, L t) = 25(t), 0<t<T, (5)

(PO Uy (6, 1) | = AU, 1) = r@Quy (L 1) = g2, (), 0<t<T, (6)

whered, 20,6, >0 given numbers, r(x)eC([0, 1]; (0,+«)), p(x) € C%([0, 1J; (0,+ ),
q(x) €C([0, 1;[0+0)), £4(t)C'[0,T], 4, (t)eC[0OT], x4(t) €COT],  4,(t)eC'[0,T],
p(x)eC[0]1], w(x)eC[01], f(x,t)eC(D;) —given function and u(x,t) is the required
function.

In this paper, we prove the existence and uniqueness of a classical solution to
problem (1)-(6). Recall that the classical solution to problem (1)-(6) is understood as a
function that satisfies equation (1) and conditions (3)-(6) in the usual sense.

Introduce notation:

C**(Dr) = (X, 1) :U(X,t) € C7 (Dy ), Uy (X, 1), Uy (,1) € C(Dy )
Theoreml. Lets, >0, 5, >0, 57 +5. <1. If problem(1)-(6) has a classical solution,
then this solution is unique in 64’2(5T ).

Consider the following spectral problem

(POAY ()" = (@(x)y'(x) = Ar(x)y(x), 0<x<1,, (7)
y(0)=y"(0) =0, (8)
pPAY'M+y'@D=0, (9)

(POYY" (X)) =a(X)y' ()] s = =Ar Q)Y ). (10)

The eigenvalues of the spectral problem (7)-(10) are positive and simple and form an
infinitely increasing sequence {4, },,. Let {y,},, be the system of eigen functions

corresponding to the system of eigenvalues {4, };_, of problem(7)-(10).
It is known [1] thatthe system {y,},, of eigenfunctions of problem(7)-(10) forms a
basis in the space L, (0, 1), 1< p<oo, and for p=2 this basis is a Riesz basis. Moreover, the

Y QYo (X)
Yo (@)

system {J i, & (X) =1 ! (yk () -

[rOly ) " dx +r@)y, @

0

j, is conjugate to the

system {y, }..

We introduce the following notations:
1

9 = [T(X) (%) G ()X, v, ZTF(X)I//(X) 8.09dx, B =4,

0 0

o (T)=1+ (5, +5,)cos B, T +5,5,, ke N.

The main result of this note is the following theorem.
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Theorem 2. letd, 20, 6, 20,1+0,0,2>96, +9,, u;(t)=0,1=12,3,4. Moreover, the

following conditions are satisfied:
1. p(x) eC*([0, 11; (0, + =)), p(x) eC?([0, 1];[0, + o));

2. p(x)eC’[0,1], 9@ (x) €L, (0, 1), 9(0)=0, ¢"(0)=0, pDe"M)+¢')=0, I(p)=0,
®(0)=0, ®"(0)=0, pH)®"(L) + D'(1) =0, 2de

J(9) = @r@)+

1

[r(X)p(X)ys () dx, D(X) = % (P(X)9"(¥)" — (@) (X))’
3. y(0eC’0,1, w“(Xel, (01, w(©0)=0 y"(0)=0 pOY"D)+y'®=0,
J(y)=0.
Then the function

u(x,t)= i{ : [p, (€08 Bt + 5, €08 B (T — 1) + 2 (sin Bt — 5, sin B (T 1) |y, (¥)
k1| o (T) Py

is a solution to problem (1)-(6).
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INVERSE SPECTRAL PROBLEM FOR PERTURBED HARMONIC OSCILLATOR
Mahmudova Malaka Hasan
Baku State University, Azerbaijan University of Architecture and Construction
mlk _maxmudova@hotmail.com

One of the most important problems of wave mechanics is the problem on quant
oscillator. Description of oscillating motions of atoms molecules and crystals (see [1]). Let as

consider a boundary value problem generated by the anharmonic equation
—y"+x2y+q(x)y=Ay, 0<x<ow, AeC, (1)
with the boundary condition
y'(0)=0, (2)
where a real-valued potential q(x) satisfies the condition

T(l+ xz}q(x)|dx <o, (3)

If condition (3) is satisfied, then problem (1) - (2) has a purely discrete spectrum consisting
(see, for example, [2]-[6]) of simple eigenvalues A4,,n=0.1..., where 4, —+w as N —. In
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this case, the corresponding eigenfunctions {M} , where a, = U|f(x,/1n)|2dx form
&, n=0 0

an orthonormal basis in space L, (0,).

We note that inverse spectral problems for an anharmonic oscillator, i.e. for
equation (1), were studied in various contexts by many authors (see [2]—[6], also the
bibliography in them).

In the present work, the inverse spectral problem for the problem (1)-(2) is
investigated by the transformation operators method, i.e.the problem of reconstructing a

perturbation ¢(x) from spectral data{,,a, >0} . Using the transformation operator

special solution with asymptotic behavior at infinity is constructed. The main equation of
inverse problem is obtained. We develop an algorithm for solving the inverse problem.
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NODAL SOLUTIONS OF SOME BOUNDARY VALUE PROBLEMS HALF-INEARIZABLE
AT ZERO AND INFINITY
Mamedova Masuma Mammadhasim

Baku State University,
memmedova.mesume@inbox.ru

Consider the following nonlinear problem
y® =@y =d r()h(x)y+e(x)y" +w(x)y ", xe(O,), (1)
y(0)=y'(0) = y() = y'(l) =0, (2)
whery* =max{y,0}, y" = (-y)*, qeC'[0,1],d>0,reC[0,I1],r >0, ¢, w €C[0,1], d=0 is a
parameter, h(s) is a continuous function on Rthat satisfies the following conditions:
sh(s) >0, s € R\{0}; there exist hy, h, €(0,+%) such that
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h, = lim ) 4n h, = lim hes).
Isl->0 § s>+ g

Let E=C°[0,I]N{y:y(0)=y'(0)=y(l)=y'(l)=0} be a Banach space with the usual
norm || y||3:_23:|| y ., where |yl|.= m[%vl(]l y(X)|. Moreover, let S, keN, ve{+,-}, be

the set of functions y € E which are defined in [1] and possess oscillatory properties of the
eigenfunctions of the linear eigenvalue problem
y@ = @()y) =Ar(x)y +e(x)y’ +yp(x)y ,xe0]1),
y(0)=y'(0) =y()=y'(l)=0.
We will determine the values of d for which there are solutions to problem (1), (2)

contained in (S, .
k=1

In [2] it was established that there are two sequences {4}, and {4}, of real

simple half-eigenvalues of the following half-linear problem

Y@ —(@x)y) =2r(x)y +e(x)y" +w(x)y,xe(O,1), (1)
y(0)=y'©0) =y()=y'(l)=0, (2)
such that

A <A <...<A <...andA <A, <...<A <....

v v

Theorem 1.let for some keN and ve{+,-} either condition —<d< hk or
0 0
condition — <d <= holds. Then there exists a nontrivial solution of problem (1), (2) which
0 )
liesin S, .
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ON THE RECONSTRUCTION OF THE DIFFUSION OPERATOR FROM TWO SPECTRA
Guldane Sadi Mammedzadeh
Azerbaijan State University of Economics
guldane.mammedzadeh@mail.ru

Consider the boundary value problem generated on the interval[0, ]
by the diffusion differential equation
y"()+ |2 =22p(x)-a(x)]y(x) =0 (1)
and boundary conditions
y(0)=0,
y'(0)+mA’y(z) +y'(x) =0,

wherethe functions p(x)eW;[0,7], q(x)e L,[0,z] are real, m—is a real number. We denote

(2)

by W,[0,z] the Sobolev space of complex-valued functions on the interval [0,7] which have
n—1 absolutely continuous derivatives and square-summable nth derivative on [0, 7].

Along with the problem (1),(2), we also consider the boundary value problem

generated by the same equation (1) and the Dirichlet boundary conditions
y(0)=y(z)=0. (3)

Consider the following inverse problem.

Inverse problem. Based on the given spectra of the problems (1),(2) and(1),(3)
construct the functions p(x) and q(x) in equation (1) and the coefficient m in the boundary
conditions (2).

The following uniqueness theorem is valid.

Theorem. If p(0)=-p(z), then the boundary-value problems (1),(2) and (1),(3) are

uniquely determined by their spectra.
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SOME CONDITIONS FOR BOUNDEDNESS OF PARABOLIC FRACTIONAL INTEGRAL
OPERATORS IN PARABOLIC GENERALIZED MORREY SPACES
Muradova Shemsiyye Ahliman
Baku State University
Institute of Mathematics and Mechanics of MSERA
mshams01@yahoo.com
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Let P be a real NxNn matrix, whose all eigenvalues have positive real part,
A =tP,t>0, y=trP is the homogeneous dimension on R" and Q is an A -

homogeneous of degree zero function, integrable to a power S>1 on the unit sphere
generated by corresponding parabolic metric.

Definition 1. Let gp(x,r) be a positive measurable function on R" x(O,oo) and

1< p<oo. For any fixed X, € R" we denote by LM é’f"(p},P =LM é’f‘;ip(R”) the parabolic

generalized local Morrey space, the space of all functions feL'Sc(Rn) with finite
quasinorm
|f HLMgf;’p =|f (¥ + ')”uvlmp‘

Also, by WLM |{o),(0¢iP =WLM gf"(jlp(Rn) we denote the weak parabolic generalized

local Morrey space of all functions f eWL'SC (Rn) for which

=Hf(XO+ <00,

H f HWLM;;fgfp 'X‘WLMWP

Definition 2. Let Sp :{We R" :p(W):l} be the unit p-sphere (ellipsoid) in R"
(n22) equipped with the normalized Lebesgue surface measure do and Q be A -
homogeneous of degree zero, i.e. Q(AX)=Q(x), xeR", t >0. The parabolic fractional
integral operator Igyaf with rough kernels, O<a <y, of a function f e L'ioc(R”) is

defined by

P ¢ Q(X - Y)f (y)
aet = by

We prove the boundedness of the parabolic integral operator Ig,a with rough kernel

from one parabolic local generalized Morrey space LM é%;P(Rn) to another one

1 1
LM;T;?P(R”), l<p<Qg<oo, E_EZ%' and from the space LMl{’X(/‘;l}YP(Rn) to the weak
l «
space WLM éf(;ivp(Rn), 1<g<ow,l-===,
q 7
Theorem. Suppose that X, € R", 0<a <y and the function Qe L

(Sp) is A-

~

24

<

l 1 «
homogeneous of degree zero. Let 1< p < Z, — =———, and the pair ((pl,(pz) satisfy the
a (q p 7

condition
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o |>

Lesssup g, (xy,7)r

t<r<oo dt <Cop,(X,,r),
! 2 (Pz( 0 )
tq
where C does not depend on X, and r . Then the operator Igla is bounded from LM é’f‘]%,;
to LM é?(;)i,P for p>1 and from LMl{,ngl},P to WLM éf(‘i,P for p=1.

Reference
1. V.S. Guliyev, Generalized local Morrey spaces and fractional integral operators
withrough kernel, J. Math. Sci., (N. Y.) 193(2), 2013, pp. 211-227.
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NECESSARY CONDITIONS OF A BOUNDARY VALUE PROBLEM FORA THREE-DIMENSIONAL
EQUATIONWITH VARIABLE COEFFICIENTS
Mustafayeva Yelena Yumiddin, Aliyev Nihan Alipanakh
Baku State University
yelenamustafayeva@bsu.edu.az

1. Problem statement
Let us consider the three-dimensional Laplace equation in a convex in the direction X,

domain D — R® whose projection onto plane Ox X, =0Ox" is domain ScOxX,, I' is the

boundary (surface) of the domain D:

Lu = Au(x) + iak (x)

with non-local boundary conditions:

=33 a0 S e

k= j-1 OX;

ou(x)
OX,

+a(X)u(x)=0, xe D R%(1.1)

X3=7 (X) :goi(xl) ’ I :1121 XI: (Xl’ X2) € 81(12)

u(x) = f,(x), xeI, T, (1.3)
where S = proj,,, D, I, and T, are the lower and the upper half surfaces of the boundary T
respectivelydefined as follows: T, ={=(&.5,,8): & =7.(8), &=(&,&,)e S} where
& =7(&.5,),k=12, are equations of half surfaces I, and T, functionsy, ('), k=12, are
twice differentiable with respect of the both of the variables &,¢&,; the coefficients o (x'),
a™(x") are continuous functions. The fundamental solution for equation (1.1) is the same
as for the three-dimensional Laplace equation [1]:

1 1
U(X—é:) :—Em.

2. Basic relationships and necessary conditions

(1.4)
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Multiplying equation (1.1) by the fundamental solution (1.4), integrating it over the
domain D by parts taking into account that AU (X—&) =0(Xx—&) where §(x—¢) is the Dirac
O -function we'll get the first basic relationship:

ESwI?UOOU( -8)-u() Y éjJaBOQX)mJ—

-1 T

_Zslj. k(X)OU(X)U(X &)dx — ja(x)u(x)U(x £)dx
U(f), &eD,

= Jl;u(x)é(x E)dx = 1 &), e, (2.1)

the second of which (& €1") is called the 1% necessary condition:

Jue) == Z U2y j()giiéild

_Zsljak(x)au( ) (x=&)dx— ja(x)u(x)U(x £)dx. (2.2)

k=1l p

Thus we have proved
Theorem 2.1. Let a convex along the direction X, domain D — R® be bounded with

the boundary T which is a Lyapunov surface. Then the obtained first necessary condition

(2.2)is regular.
Similarly to the above we obtain the rest of three basic relationships

J‘ ou(x) {GU (x=¢) cos(v,, %) — ( Ux-¢) ————-cos(v,, Xm):|dx +

T OX, OX

+Iau(x) aU(X_é)cos(v x)— J(x-=¢%)
X, X, o X,

IaU(X) oU (x— §)d IZ a, (x )au(x) 8U(x §)d

m I

<) ————=>cos(v,, X, )}dx+

r

r O ov, D k=1 OX;
. aU(x SR G
J.a(x)u(x) X = Eéu(é) cor i=13, (2.3)
2 05 ' 7

where the numbers i, m, Imake a permutation of numbers 1,2,3. The second expressions in

(2.3) are the second necessary conditions ( & eI’,i=13). Taking into account that
aU(X—f)__ X; — &; __COS(X_é:’Xi)

5= >—and introducing the designations
OX; 47r|x—§| 47r|X—(§|

K (%, &) = (cos(x — &,x,) cos(v,., X, ) — Cos(x — &, X;) Cos(v,., X;))-

we can rewrite the second necessary conditions in(2.3) in the form:

10u(é) _
2 o0&
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+jau(x) Kmi(X’CJK)2 dX+ J‘GU(X) KI|(X é:)
Xy 47[|X—§| . OX 47z|X §|

Ia;)((_X) 6Ué>‘</ é)d J»Z a, (x )8u(x) 8U(x cf)d

r X D k=1 |

- j a(x)u(x) 2 x=e) (X 5) dx (2.4)

where i =13 and the numbers i, m,/make a permutation of numbers 1,2,3.

Theorem 2.2. Under assumptions of Theorem 2.1 the second necessary conditions
(2.4) of problem (1.1)-(1.3) are singular.
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SOME ESTIMATES FOR FRACTIONAL MAXIMAL COMMUTATORS IN L, SPACES

Samadova Faxriyya Abdulla
Baku State University
mehriban _omarova@yahoo.com

(R”) and 0 <« <n. The fractional maximal function M _ f is defined by

M, (1)x)=sup[Bx.t) ™n ] (y)ay -
> B(x.t)
The fractional maximal commutators generated by M, and be L;

loc

Let f e !

loc

( ) is defined by

M ()00 =suplBx.t) ™0 [1p00-b(y)|F (v} -

B(x,t)

Theorem: Suppose b is a locally integrable function on R". Let 0< <1, O<a<n
and 0< f+ a <n.Then the following assertions are equivalent:

(1) beLip,(R").

(2) M, , is bounded from L”(R“) to Lq(R”) forall p and Q satisfy 1< p< 7 and
a+
1 1 a+p
q p n

A NOTE ON CONSTRUCTING SOME METHODS FOR THE CALCULATION OF DEFINITE
INTEGRALS
Shafiyeva Gulshan Xalig, Guliyeva Cahanbanu Rovshan
Baku State University
gulshan.shafiyeva@mail.ru , cahanquliyeval23@gmail.com
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Abstract: There is a class of methods for the calculation of definite integrals, one of
which is the Newton-Cotes method. This method is more general than the well-known
classical methods such as the triangular, trapezoidal, and Simpson methods. In this context,
methods for calculating definite integrals with new properties have been investigated. To
achieve this goal, the initial value problem for ordinary differential equations (ODEs) has
been related to the calculation of definite integrals.

Let us to consider the calculation of definite integrals, which are expressed as:

| = j o(t)dt . (1)

t
Suppose that the sufficiently smooth function ¢(t) has defined in the interval [t,,b]. Let
us indicate by ¢, the values of the function of ¢(t) at the mesh points t, =t, +ih (i=0.1,...,N)
,here h <0 is the step size. The interval [t,,b]is divided into N equal sections by the step

size h.
For the calculation of the integral (1) let us consider the following function:

Z(t)=j¢(r)dr, t,<t<b, (2)

to
from here receive that | = z(b).
It is evident that z'(t) = ¢(t), z(t,) =0, designating this as intial-value problem for ODEs

of the first-order. This problem in the subinterval [t,,t. ,]can be written as:
Z'(t) = (), z(t) =z, telt ] (3)
Let us present this problem as the following:

2(t) = 2(t.) +Tgp(r)d7, (i=01..,N-1). (4)

According to the equivalence of problem (4) with the initial value problem (3) scientists
have used the methods considering the explicit and implicit Euler’s, Trapezoidal, and
Midpoint methods, and applied them to calculation of definite integrals for the ODEs of the
first order.

In problem (4), let us change ¢(t) to ¢(t, z(t)), then receive the following result:

z(t, +h)=1z(t)+ th(p(r,z(r))dr, (i=01.,N-1). (5)

Firstly, let us consider the function ¢(z,z(7)) with the specific values ¢(t;,z(t)). In this

case, one can be obtain the following explicit method:
z(t. +h)y=z(t)+he(t +z) (i=01...,N -1). (6)

If in the equality of (5) the ¢(z,z(z)) is changed by ¢(t,.,,z(t, ;)), then one receives the

i+1?
following implicit method:
Z, =2 +ho(t,,z,,) (1=01...,N-1). (7)
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Many experts developed more precise techniques, such as the Midpoint and
Trapezoidal methods for computing definite integrals. The accuracy of the Trapezoidal
Method and Midpoint Method for solving ordinary differential equations (ODEs) depends
on various factors, including the specific ODE, the choice of step size h, and the smoothness
of the solution.

Let us consider application of Trapezoidal Method calculation of in the following form:

ti+h

J ot 2(e)d7 =2 (0(t2) + 0(6,02.)) (®)

5
And now let us consider the application of the midpoint method to calculation of the
definite integral (2). In this case receive:

t;+h

Joz.2@)dr =hip(t 1.2 ). ()

This estimation relies on the idea of function's value at the midpoint of the interval
along with the corresponding slope at that midpoint.

In summary, our exploration of numerical integration methods for definite integrals
has uncovered diverse approaches, each with unique strengths and limitations. This
research enhances our comprehension of these methods, their practical use, and the
factors affecting their accuracy.
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VIBRATIONS OF A HOLLOW THREE-LAYER SPHERE WITH HIGH HARMONICS
AND NON-IDEAL CONTACTS
Sevdimaliyev Yusif Mammadali, Salmanova Giilnar Musa, Aliyeva Irade Vusal
Baku State University
yusifsev@bsu.edu.az, irade.aliyeva345@gmail.com

The proposed work is devoted to studying the influence of non-ideal contact
conditions at the interface between layers of a three-layer hollow sphere on their natural
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frequencies of higher-order torsional harmonics. This study is carried out within the
framework of the piecewise homogeneous body model by using the three-dimensional
exact equations and relations of electrodynamics [4].

Motion equations,

(k) oK) 05K 2,.(k)
oop’ , 199" | 1 Tor +1(20ﬁ<) (k) §9)+a(k)ctg¢) (k) 0 u5
or r op rsing 060 r ot
(1)
Constitutive relations
k k Kk
apr() :ﬂk(gpr() +‘94(96’) +888)+2,uk8|0r(), 056’) = Z,ukgsg),... (2)

Kinematic relations

(k) k k
20 g 100 100 g<k>z[@“élzauﬁk)_“é)}...

(3)

or 00 Ty e TYT o fre S5 T T o r

Homogeneous boundary conditions on the inner and the outer surfaces of the sphere

1 1 3
Glgr) :aZO, Gﬁg —a:O' O'r¢ :O’ r)‘ _0 O' b:O' O-r(p :0,
(4)

The imperfect contact conditions between the layers of the sphere are described by

the "shear-spring" type model.

O - el _o® it ho
“ r=a—hy “ r=a-h i r=a-hy—h, i r=a—m—hy - (Gi=r.0.9). . (5)
) ) Bh o o 4@ _hh_o

Ur ‘r:a—hl U ‘r:a—hl y2i o Yo r=a-hy - r=a—hy il ore (6)

To solve the problem, an analytic-numerical method is used, and the expressions of
the required quantities are determined analytically using the Helmholtz representations [1],

potentials ¢(k)(l’,g0,¢9,t),;((k)(l’,(p,é?,t) and W(k)(r ¢,0,t), and the displacements

k k 2, (k
u(k):5¢(k) +52(Ut(k)) rv2, 00yl - 15¢() 1 oyl )+}5 (r %)
' or or2 O Tr o0 sing dp r odor '

L0 _ 1 6¢(k)_8l//(k)+ 1 az(rz(k))
?  rsind 0p 00 rsin@ Ogpor

finally for example, as in [2], we arrive at two sets of orthogonal functions determined, we

(7)

can write the following expressions for displacements and stress. The resulting
transcendental equation for determining natural frequencies from the contact and
boundary conditions is solved numerically using the algorithm developed by the author and
PC programs. Numerical results on the effect of imperfection parameters on the natural
frequencies of the higher harmonics of the sphere are discussed, and it is established that
the indicated effect on higher harmonics is not only quantitative, but also qualitative. The
study of the problem of the effect of imperfect contact conditions on the natural
frequencies of three-layer spheres was started with the investigations carried out in the
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paper [3] spherical vibration modes. However, in this work only cases are considered where
n =0 and 1, where n is the number of harmonics of the spheroidal and torsional vibrations
occur in a three-layer hollow sphere with imperfect contact conditions is considered.

In all numerical results, dimensionless values of natural frequencies obtained for
various problem parameters are given in graphs and tables and these dimensionless values

0= a)a\/ p(l) / u(l) :

Effects of the imperfect contact conditions on the dimensionless natural frequencies of

are labeled as follows:

the sphere are determined by the parameter F; , i=1,2,..,6. To facilitate this analysis, let us
assume that F, =F3 , F5 =Fg and introduce the notation Fj1=F, F>=Fy, F»1=F4 and

Foo =Fs.

Spheroidal Vibration Mode (first root) Spheroidal Vibration Mode (first root)

o
bk
=
|
o]
-
-

F11=F 2=F2;=F2,=0. Es=E,
hfa=0.6

- E;=E;
h;/a=0.2 05 E,/E,=5
200 ] ‘ E/Ei=pil/p1 hy=h,=h; . 1 Wa=0.6
-, bla=0.4 220 hy=hs=(h-h,)/2
I n=2 __ b/a=04
3 5 n=2
Fy1=F=F=0

1.80 4 E/Ei=pip1

| 2)(/’/_-
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VERTICAL LIFTS OF FUNCTIONS, VECTOR FIELDS AND 1-FORMS
Sultanova Tarana Teymur
Baku State University, Azerbaijan
tsultanova92 @mail.ru

Let M be an n—dimensional differentiable manifold of class C* and T, (M) the
tangent space at a point P of M, thatis, the set of all tangent vectors of M at P. Then the

set

T(M)= T, (M)

PeM

is by definition, the tangent bundle over the manifold M. For any point ﬁ’eTP(M ) the

correspondence I5—> P determines the bundle projection ﬂ:T(M)—) M defines the
natural bundle structure of T(M) over M. The set 7 *(P) thatis, T,(M) is called the fibre
over PeM and M the base space. There exists naturally a cross-section f:M —T(M)
such that f(P) is a zero vector of T,(M ) for any point P of M.
If f isa functionin M, we write f¥ for any function in T(M) obtained by forming
the composition of 7:T(M)—M and f:M — R, so that
fV=for. (1)

Thus, if a point Pe z#7(U) has induced coordinates (x“, yh), then

f"(lsj:f"(x;y):foﬂ(lsj:f(P):f(x). (2)

Thus value of fV(Pj is constant along the each fibre T,(M) and equal to the value

f(P) of f atthe point P = E(Pj e M. We call Y the vertical lift of the function f.

Thus we have, from (2), the formula
(gf)" =(g)"(f)’ (3)
for any f,g eSS(M). We now see from (2) that the correspondence f — fV
determines a linear isomorphism of 32(M) into 3J(T(M)) with respect to constant

coefficients.
If w is a 1-form in M, it is regarded, in a natural way, as a function in T(M), which

that we denote by . If @ has the local expression @ = w,dx' in a coordinate neighborhood
U of M, then @ has the local expression
w=ayy' (6)

with respect to the induced coordinates in z7*(U).

Suppose that XéSt(T(M)) ie. that X is a vector field in T(M). Then X s

completely determined by its actions functions of class C” in T(M )
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Theorem Let X and Y be vector fields in T(M) such that

X («(df )) =Y («(df ), (7)
for an arbitrary function f in M. Then X =Y.
Let X e 34(M). Vertical lift of the vector field X is given by

X (1) =(&(X))". (8)
Let given @ e 3°(T(M)) 1-form and for X e 35(M)
o(X")=0, (9)

then w is a vertical -1form.
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O CKOPOCTHbIX CBOMCTBAX CNNIEIOB OBOBLLEHHbIX MOTEHLMAZIOB B TEPMUHAX
NOKA/IbHbIX OTHOLLLEEHUN
Abaynnaes Cagur Kepum ornbl, Fagxuesa PyxaHrus Orrai roisbl
BaknHcKkM FocyaapcTBeHHbIM YHUBEpPCUTET
sadig.abdullaev@mail.ru

B paboTe B TepMMHaX JIOKaNbHbIX OTHOLIEHUIM A0Ka3biBalOTCA HEKOTOPblE CBOMCTBA
CcNnefoB, Ha KOOPAMHATHbIX TMNEPNAOCKOCTAX NPOU3BOIbHON Pa3MepHOCTU S, 0606 LLLEHHbIX
noTteHumanos Pucca, accoummpoBaHHbiMM guddepeHuManbHbiM onepatopom Jlannaca-
Beccena [1] Buaa:

1 (00 = [ T (FCelylly ™ da (),

e Rive = (Koo Xon ) € R™ X = 0,i =1, k}, | um, k>Ouenbie uncna, n=m+k >1, R'

- eBKNMA0BO npocTpaHcTso pasmepHoctn | Ry o= R™

Vi

T U— Ty?k (U(X))= Cv I...IU(X' - y,' (Xm+l’ ym+1 )1"'(Xm+k ’ ym+k )ak )H:Zk Sin ymiilaidai
0

0

m 2 m+k 2 )
A (x)= o, > (6 +ﬁi} s Voa =00ty 7o =0,

A2 A2
Bk k i1 O S\ OXj X OX

XeR X, Y €eR™ onepatop 0606lWeHHOrO cABWUra, MOPOXAEHHbI  onepaTtopom

Nannaca-beccensa (cm. [3,4]):

(Xm+i’ ym+i )“i = \/Xr?wi _2Xm+i ym+i COSO{i + yr?w—i I = 1""' k’ Cv
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-HOpMUPYOWMA  MHOXKUTENb. 7,y =(0,0:0,0, ¥tvens Ve ) € Rl Z7m+w y¥Ynk =

ynk

Yyt d g (y) = yYrkd ecn YRy,
B 7, » N eropasmepHocts, a K Konnuectso nonoxutensHoix koopamHat. Ecam k=0, To
Vox =0 €R™ T £(x)=f(y—x) - 0BbI4HbIN caBUr W duz,  (y)=dy.
Korma n=m+k>2 wu SE{].,...,n—l}, NPOCTPAHCTBO RM+ pa3buBaem Ha NpAMYO CyMmmy
NPOCTPaHCTBA Rsvk; Toqer(Sx:(xh,...,xjm Xoii ey X .ks) (koopauHatbel  duKcupyloTCA U

P Amip et Pme
S

k, ana kotopbix, 0<m,<m, 0<k <k m m+ k.=s), u

s?1''s

onpesienalTcA  Lenble Yucna, m
npoctpaHctea Ry, Touek X', Tak uto, x=T (X, X)eR;, s'=n-sk/ =k—k,. Ecan s=n,To
m=m,,k, =K.

Korga p=1,s<n u Gc R/, M3Mepumoe MHOXeCTBO

Ly, (@G)= f—MSMHf:L . a)GX‘ U d,u“(y)Jp-<+oo

- MPOCTPAHCTBO PYHKUUIA, CYMMUPYEMbIX B P-OM CTENEHN Ha MHoxecTBe G .

Mo onpegeneHuto, | R ( )ec M cyuiecTtaye 0, %nk aKoe, 4To
npeaen » 1., €R, P, ) ecamcywectsyet o, €| 0, 0T , uT

Jc-0,c7 ¢ < @(&)<cE™,E -0,
mJ, . (f(x)) cywectsyer ans noutn scexx € R, koraa f € prm’k(R,{k) ).
MycTb, (XBbIGpPaHa U te{L...,s—l} Tenepb pas/oXMM MpPOCTPaAHCTBO R, Ha npamyto
Cymmy npocTpaHcTBa Ry, ) TOuek t(sx) (KoopauHaTbl GUKCUPYIOTCA) U NPOCTPAHCTBA

Ry (ckex TOMEK (;X) TaK, 4TOBbI,
x=T [t(sx)l(s ) € Rs*ks) N - cOBOKYNHOCTb He oTpuuaTtenbHbix GpyHKLMN @(§),0< & < w

Taknx uto  @(&) > 0gna noutn ecex & € (0,g), npu manbix € > 0M cxoguTca MHTErpan
& _ 7 ,—1 ’

fo @ 1(t) tPr' e de e By = (t+ Ve, )/p' . Beaem onepatop 2]

Zipe N -2(p) =5 [ () e de.

JloKkasblBaeTcA

Teopema. MycTb 1< p <+, N=m+k>2, sefl..,n-1}

a
tefl..s} I, eR_(pa,) Atakke % <g K=0y g -1rakoe uto,
n.k n.k , p

o — an—s,k%
11 p

p qs as,ks
Torpa ecnu ana dyHKkumm f e prm’k(a)(S X)Rm+k’k) nMmeeT MecTo

[yl = |- olofe ) £ 0
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+
s’ ks’

[0, (F Yo )2 €] = 0{p(€) *). (£ —0)
OTmeTum, 4yto ecnu (p(f = 5”) n=0,E~0 ,To peNToraa u TONbKO Toraa, Koraa
0=<7=fyp,Torgan Zp)s)~e™()

TO paBHOMepHo no X € R
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BECOBbIE HEPABEHCTBA A1 CNEAOB ®YHKUUN, NPEACTABNAEHHbLIX OBOBLEHHBIMU
NOTEHUMWANAMU BECCENA
Abaynnaes Cagur Kepum ornbi, Fagxuesa PyxaHrus Orrau roisbi,
N'ynnesa Bycane ®unabmaH roi3bli
BaknHCcKM FocyaapcTBeHHbIM YHUBEpPCUTET
sadig.abdullaev@mail.ru

B paboTte ycTtaHaBAMBalOTCA BeECOBble HEPABEHCTBa, A/1A C/leAoB 00606WEeHHbIX
noteHumanos beccensa, accoummpoBaHHbiMKU auddepeHUnanbHbIM onepaTopom Jlannaca-
Beccens [1].

MNyctb  R' - eBKAMAOBO NpocTpaHcTBo pasmepHocTu | um, k>0 uenble uncna,
n=m+k>1 Ry, = {(xl,...,xmk)e R™*:x... =0,i =1,...,k} Rr.oo= R™.

m+0,
Tu->T? (u(x))=

T V4
' ' m+k . 7m+i71
C, J‘J‘U(X -y '(Xm+1’ ym+l)""(xm+k » Yk )ak )Hi:l sin aidai ’
0 0

xe Ry, X,y € R" onepatop 0606LeHHOro caBura, NOPoXKAEHHbIM onepatopom Jlannaca-

Beccens (cm. [2]):

m 82 m-+k 82 v 0
A (x)=> "+ ——+ L ¥ou = 0pers Vi =0,
Bm-+k k — axlz j;&(axj? Xj axj 1 k

(Xoneis Yinsi ), = \/xrf]+i —2X..iYomu COSe; + Y20, 1=1...,k,C, —HOpMUpPYIOLWMIA MHOMWTEND.

k
7/n,k = (0""’0’7/m+1""' 7m+k)e er:Hk,kv j/n,k = zymﬂ’ yymk = yr?:llyr?T; ’d:un,k (y): y}/mk dy ecam
i=1

+
m+k,k *

yeR
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B 0603HaYeHUM y,, N yKasbiBaeT Ha Pa3sMePHOCTb 3TOro BeKTOpa, a K Ha KonnuecTso ero
NO/IOXMTENbHBIX KOOPANHAT. Ecam k=0, 10 7,,=0€R™, T* f(x)=f(y—x) obbiuHbIi casur
ndu, (y)=dy.
Koraa n=m+k>2 u se{l..,n-1}, npoctparcteo R, pasbusaem Ha mpamylo cymmy
npoctparctea Ry, Touek x=(x; v Xjo X, ,...,xm”ks) (koopauHaTbl duKeUpyOTEA 1
onpegensloTca  uenble umcna, m,k, ana kotopbix, 0<m, <m,0<k <k, m + k,=s), u
npoctpaHctea Ry, Touyek (X', TaKk uTo, X = (SX,SX')E Ry s'=n-—sk! =k—k,. Ecm
S=nN,to m=m_,K, =k
OTMETUM, 4TO NPW OAHOM U TOM 3Ke 3HayeHuM napameTtposS,M,, K, pasnoxeHue

=T (,x,.X’) onpeaenseTca He OAHO3HAUHO.

Korga P=1s<n,G c R, usmepumoe MHOXeCTBO

Lo, (0,G)=| f —uzn Hf :st,s o, G)H (“f /ums (y)}p < +o0

- NPOCTPAHCTBO QYHKUUIA, CYMMUPYEMbIX B P-Oii CTENEHU C BECOM a)(y) Ha mHoXecTBe G
Loy (@G) =Ly (G)

Ecmml<p<+ouna=a, =s+

sk, ‘ TO MO onpeAaeneHuto,

B, . (p,asyks) Knacc 0606ueHHbIX NnoTeHuunanos beccena suaa

Zk f)(X J-Ty X)Gwy}j:usk
_ CwT §0(5) & 7%7% d_5
g 0 5“‘75& ‘ o

1) 37, f(x) cywectsyer ana noutn Beex x € R), korpa f el (Ryx)

TAKUX, 4YTO!:

2) cywecTsyerT a, e(O.%)TaKoe, yTOo

3¢~ 0,c7t* <gft)<ctt>=0  MycTb, X BbIGpaHa. Bosbmem t e {l,...,s—1} Pasnoxum
MPOCTPAHCTBO R;,, Ha MPAMYIO CyMMy NPOCTPaHCTBa Ry, Todek (,X) u npocTpaHcrsa

Rei (ki TOYEK t(sx)l TaK, utobbl, (X =T (t(sx),(s ) e R_jks)

[ oKasbiBaeTcA
Teopema. Myctb 1< p<+oo,Nn=m+k>2sed,..n-1}



184

an—s,ks

k=0 nk
B, (p.a, ) el...s} vBbinonsotca ycnosus I a, < —n

k=0 J
}/n p w p

K

cyuiecrtsyet g, > 1 TaKoe uTO,

Torga, ecin olt) u w,(t) HeoTpuuaTenbHbie u HeybbiBatowme Ha untepsane (0,+00)

byHKUMM Takme, yto 3C >0

g g
o (&)< ot dt <coP(&),c o, (&)< [ @, (t Hdt < cw,™ (&) n BbINOAHAETCA YCNOBME
(5) J. () (5) (S d (8 y
0 0

i‘iﬁ’ﬁ(wl(é) e %J%@(w(é)éﬂ“)p d?fj/ <c0,

t+
roe B :( ‘7“% To cywecteyeT C> 0 Takoe, 4yTo gna nobon pyHkumm f

e L, (@ X)Ryux) v AnA noutn Bcex x =T ((x,.x’) cywectsyet J (x) 1 umeeT mecTo

OLEeHKa

J w}'ﬂvk(f )(.’sxl): qu,ys,ks (w1|t(s XX’ RSJiks}
<C|f L, (a) (%), Rr;+k,k‘)'
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O HEKOTOPbIX CKOPOCTHbIX CBOMCTBAX CNEAOB ®YHKLIMIA, NPEACTAB/IEHHbIX
OBOBLWEHHBIMU NOTEHUMUANNAMMU BECCENA
Abaynnaes Cagur Kepum ornbi, Fagxuesa PyxaHrus Orrai rbisbi,
N'ynnesa Bycane ®unbmaH roi3bl
BakMHCKUIM FocyaapcTBeHHbIN YHUBEPCUTET
sadig.abdullaev@mail.ru

B paboTte [0Ka3bIBAKOTCA CKOPOCTHbIE CBOMCTBA, TUMA J/I0KA/IbHbIX OTHOLUEHUN,
cnegoB 0606uWEeHHbIX MNOTeHUManoB beccenda, accoumMmpoBaHHbIX AnddepeHLnanbHbIM
onepaTtopom Jlannaca-beccens [1].

Mycte | um, k>0, uensbie uncna, n=m+k >1 R,- eBKAMA0BO NPOCTPAHCTBO PA3MEPHOCTY

LRy = (K X )€ R™ X = 0,i =1, k| RZoo= R
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T U— T}/(:k (U(X))= Cv IIU( '~ y” (Xm+17 ym+1)""(xm+k’ ym+k )ak )Hin:ikSin ym+i4aida
0 0

XxeR; X,y € R"onepaTtop 0606LeHHOro cABMra, MOPOXKAEHHbIN onepaTopom Jlannaca-

Beccens (cm. [2]):

Bm+k k

m 82 m-+k 82 7/1 a
X)=) —+ — =0ty Vi = 0,
( ) — axiz j;rl(ax X 8X r Vmu Vmik

(xm”,ym”)ai :\/ X2 —2X Y. Cosa;, + Y2 . i=1 K,C,-HOPMMPYIOWMIA  MHOMMTENb.

k
k :(O""'Ofmerl""’}/erk)ERri:Hk,kfyn,k =27/m+i71 y}/n'k :yr?iTyQTI(IK’dﬂnk(y) yynkdy' ecin
i=1

B 7.« N ero pasmepHocTb, a K Konnuectso nonoskutenbHbix koopanHat. Ecam k = 0, To
Yok =0 €R"T) f(x)= f(y—x)- 06biunbiii cagur u du, , (y)=dy

Korman=m+k>2 n 36{1,...,n—1} NPOCTPAHCTBO Rn,k+ pa3buBaem Ha NpAMY Cymmy
npoctpaHctBa R, *Touek sx:(le,..., Xjoo o Xy oo xm+iks) (koopanHaTbl PpuKcMpytoTea, Toraa
onpegenalTca uenble yncna, m, k. ana kotopbix, 0<m,<m, 0<k, <k n m+ k,=s), n
npocTpaHctea Ry, Touek (X', Tak uTo, x=T(;x,.X)eR’, s'=n—s,k/ =k—k, Ecam s=n, To
m=m,,k, =K.

Ecmml<p<+ona=q, =s+

ys,ks‘ (S < n), TO No onpeaeneHuto,

B, «. (p’as,ks)_ Knacc 06o6LeHHbIX NoTeHunanos beccena smnaa

‘Jm f)(X JTy X)G Y)dﬂsk

Rek
0 % 5 Xz
@ @ 5 TAr 5 d5
Gy(X>=CyJ(%)J et
o\ I

TaKUX, YTO:

1) 37 f(x) cywecrtsyer ana noutv Bcex X € Ry, Korga f e Lok, (R+s,ks)

2) cywecTByeT a, e(O.asv%J Takoe, 4To

Jc~0,c7t* < w(t)<ct™t >0,
MycTb, (X BblbpaHa u te{l,...,s—l} Pasnoxkum npoctpaHcTeo R\ Ha npamyto cymmy

npocTpaHcTBa Ry, o Touek (,X) unpoctpaHctBa Ry, i Touek ,(,X) TaK, uTobbl

X (L (x) e Rz ).
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Mo onpeaeneHuto, HeoTpuLATeNbHAA GYHKLMA, NPUHAANEXKNUT MHOXecTBY N, ecau
@(&) > 0 ananoutm ecex &€ € (0,&), npu manbix € > 0 1 cxoanTca UHTerpan

ST O e, = (E+ e, /P

Beenem onepatop

Z:9 € N> Z(p) = T fOE @~ 1(t) tPret dt.

[ oKasbiBaeTcA

Teopema. Myctb 1< p <+, N=m+k>2, se {L...,n—l} ,

J, B, (pa,kefl..s} ¥=9 neoinonnsiorea yenosns & =0

a,. 04
n-s,ks _<a(/) < n,k
p p
n g, =1 Takoe 4ToO,
a, - ans,k%
1 1 p
p qs as,ks

Torpa, ecnu,

Sup &0 {‘- XER:’kS‘t(X)‘Zé‘ f (XX ’ dlLln,k (X)}}/p ¢(§) < Cf mo

SUP.. g {[X6R;k:t(x)2§ Jo (f )(o,sx’)‘qsdusyks(x)}yqsz1((p)(§)£ CC, rae C He3asucuTOT f 1 X,
OtmeTm, uto ecim @(&)=E"(p =0, ~0),To pe N TOrga v TonbKo Toraa, Koraa
0<17<f,, . Nlerko ybeautscs, uto Toraa nZ *(p(&)) = p(£).
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o4, OAHOM OMNEPATOPE CYNEPMNO3ULIUU, CTPEYAIOLLEEMCA B TEOPUU HEIMHEMUHbIX
CUHIYNAPbHbIX UHTErPA/IbHbIX YPABHEHUWA
Ab6gynnaes ®Pyap Argika ornbl, LUnkaposa MNoHenb Barng Kbisbl
BakMHCKMM FocyaapcTBeHHbIM YHUBEpPCUTET
gunelshikarova@gmail.com

M3BecTHO, YTO 3ajaya BOAB/AMBAHUA C TPEHWEM KECTKOro wrtamna 6e3 ocTpbix
KPOMOK B TOHKYO ynpyryto nonocy, korga obe rpaHuubl 061acTM KOHTaKTa 3aKpeneHsl,
CBOAUTCA K HaxoxAaeHuto ¢yHKuuu p(t)  (PyHKUMA KOHTAKTHOrO [AaB/ieHuA), a TaKxke

noctoAHHOM C M3 CUCTEMbI UHTErPOPYHKLMOHANbHbBIX YPAaBHEHWIA:
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,1](p p(0))dr+= jp(r)m dr=C—f(t), a<t<b,

o] (1)

(2)

! p(t)dt =%.

3pecb f(t)-3apaHHaa yHKUMsA, 3agaowan GopmMmy ocHoBaHMA wWTamna, ¢(p) - GyHKUMSA,
onpeaensalollan 3aBUCMMOCTb KacaTe/IbHOro HanpaAXeHUs Ha MoBEepPXHOCTM MONOCbl Moj,
AencTBMemM gaBneHus, a noctosHHaa A >0.

Ecnn nssectHa p(t), To noctoaHHaa C HaxogutcA mns (1) npu t=a

OnddepeHumpys (1) no t, ucnonbaya dopmyny obpaueHus ocoboro uHTerpana
Koww, aenas cooTBETCTBYIOLLYHO 3aMeHY NepeMeHHbIX U 0603Ha4vasa q(Xx) = p(mTaer_Taxj

peweHuto 3agaun (1)-(2) npusoaum cneaytolemy ypaBHeEHUIO:

e [ﬂ(ﬂ(Q(é)H f (b;a b""cfﬂ
dé+

q(X)_Zﬂ\/]_ NG 1[1 &—X (3)

1

(b—an1-x?

Yepes Ha[—l,l] 0003HaYMM MNPOCTPAHCTBO reNbAepoBbIX GYHKUWUI Ha [—1,1] c

+

nokasatenem O< o <1.
0

0
fanee, H,={geH,:g(-)=9g(®)=0}, rae ana geH. g ,=]d,:

H, (p) ={a(x) = p()u(x): u(x) e H,, }, rae p(x) = —

N3 (3) BuAaHO, 4to peweHue 3agaum (1)-(2) umeet Bup u(x). Moatomy,

1
V1-x?

peleHnto Hafo WcKkaTb B npocTpaHctee H_ (p). C Apyro CTOPOHbI, KaK M3BECTHO,

= 5 " pen 9

CUHTYNIAPHbIN onepaTop Sh (x) I ————>°d& pencrtsyeTt u3 , B H, orpaHunuyeHHo

1
np O<a <—.
P 2
Mo3Tomy, BaXKHO 3HATb, KOrA4a onepaTop cynepnosnuum 1—§2¢(q((§)) AEencTeyeT 13

0
H,nwH,

B HacToAwwen paboTe AOKa3aHa
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Teopema. MNyctb u(x)eH,, O<a<%, Vxe[—Ll], 1(x) >0, a dyHKUMA go:[0,+oo]—>R
y40BNETBOPAET CNeAyoWMM YCA0BUAMM:
1) ¢(0)=¢'(0)=0 n ¢ ABnAeTcA orpaHNYEeHHOM dyHKLMeEN;

2) cywectsyerT |, >0 Takoe, 4To AnA NO6bIX Uy,U, €[0,4+0) [o(U;) —p(u,)| < loju, —u,|;

@'(u) < L ; ue[0,40).

3) cywectsyet |, >0 TaKoe, 4yTO
1+u

Torpga onepaTop cynepnosnuum

0
F:,u(x)—)x/l—xz¢( H() J nencreyetms H, B8 H_, 0<a<%.

V1-x2

MUHUMU3SALUUA UHTETPAZIbHBIX ®YHKUUOHANOB TUNA MAKCUMYMA
Aramanues Aramanbi 'yny ornbl
BaknHCcKM FocyaapcTBeHHbIM YHUBEpPCUTET
a_agamali@mail.ru

PaccMOTPVM 33434y MUHUMM3ALMU GYHKLMOHANA
Y

I(u)=mag< F(a,t,x,u)dt, (1)
MPU OrpaHnYeHnAxX
>'<=m%xf(q,t,x,u), X(ty )= Xy, (2)
qe
u(t)eU. (3)

Teopema. Mycts  (X.(t)u.(t)t,)- pewenne 3agaum (1)-(3). Torma BbINOAHAIOTCA

yCcnoBuA

H(tx.(t) p(t).u.(t)=max H{t, x.(t) p(t).u) (4)

uel

no4YTn Npu BCeX te[to,tl*] n

Ot (t). plt))=0 (5)
3pech
H(t,x, p,u)= p-max f(q,t,x,u)—rgag( F(g,t,x,u)
o(t,x, p)= max H(a,t, x,u)

p(t)— abcontoTHo — HenpepbIBHaA BEKTOP — GyHKLMA, ABAAIOWAN PeLueHneM 3a4aun

p=—A(t)p(t)+h(t). plt.)=0. (6)
A(t)— M3ImMepumaa mxm MmaTpuyHaa QyHKUMA, a h(t)— HeKoTopaa uM3Mepuman

OorpaHM4YeHHaA BEKTOP — CIJYHKLI,MH, TaKUe, 4Yto
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L L) ADS @ 0)
LRt Ou) A mx R @)
R(t, x.(t), u.(t))= 0 € Q:max f(q,t,x.(t)u.(t))= f(qg,t,x(t) u.(t))

0eQ
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O CYLLEECTBOBAHUU U ACUMNTOTUKE NMOBANbHbIX PELUEHUXA CUCTEM YPABHEHUIA
KNEUHA-TOPOHA
Anues AKkbap baitpam ornbl, Lladpuesa MNonbwaH Xanur Koisbl
NHCTUTYT maTemaTukn u mexaHnkn MHOAP,
BaknHCKMM FocyaapCTBEHHbIM YHUBEPCUT
alievakbar@gmail.com, gulshan.shafiyeva@mail.ru

PaccmoTpeHa 3agadva Kowwn ana nonyanHemHbIX cMcTem ypaBHeHMn KneHa-lfopaoHa
c obwen dokycmpylowen HennHerHocTbto. WccnepgoBaHa noTeHUMANbHAs fAMa U
rnobanbHan pa3pemnmmocTb COOTBETCTBYIOWEN 3aaa4un Kowm, a TakkKe aCMMNTOTMKA NONHOM
3Heprum npm t — +oo.

B paHHOM paboTe paccmaTpuBaeTca caeaylowas 3agada Kowwu pns cuctem
ypaBHeHu KnenHa-fopaoHa:

p-1 p+1

Ui — AU; + U + Uy = Zm:aij‘ui
1
u,(0,x)=¢,(x), u,(0,X)=w;(x), i=1..,m, (2)

rae o, >0, p>0, a;€R, tel0,©) xeR",

Uj

Cnydan, kKorga m=2, a;=-06;, i,j=12 cucrtema (1) onucbiBaeT ABUMNKEHME

3apAMKEHHbIX ME30OHOB B 3/1IEKTPOMArHMTHOM Mose u uccneayetca B pabote [1].

A B cnyuae, Korga m=2, a; =4, i,j=12 3agava (1), (2) wmpokro n3yyeHa B paboTtax
[2,3].

Kpome Toro, uccnenoBaHus B 3TOM HanpasBAeHUU NPOBOAMAUCL U BblAn PasBUTbI BO
MHOIMx paboTax, cpean KOTOPbIX MOXKHO OTMETUTb paboTbl [4-8]. B yacTHocTH, B paboTe [4]
ANA CUCTEMbI U3 ABYX YpaBHeHUI KneHa-TopaoHa
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Uy — AU + My, +Uy, = u| p_1|u2| "y, }
p+1l

g — AU + MU, + Uy =[u | u, |,

PacCMOTPEHa MoTeHUManbHas Ama. [Janee, B 3TOiN Ke paboTe WCMONb3YA MONYYEHHbIE
pesynbTaThl, M3ydeHa robanbHaA PaspeLLMMOCTb, NOBEAEHME FMOBaNbHbIX PeLLeHUit npu
t >, a TaKKe HE CyLLeCTBOBaHWe rn106anbHbIX peleHuin. AHanorMyHble BOMPOCHI

nccnenoBaHbl B pabote [6] Ans cuctembl ypaBHEHWUI

p-1

Uy, — AU, + MU, +U,, = |ul

1
u,|” "y,
p+1 p,-1 !
Uy, — AU, + MU, + Uy, =|ul| |u2| u,

B paborte [7] ana cuctemol

po+1 ps+1

us| ™y,
p3+lu

Uy, — AU, + MU, + U, = |u1|prl|u2|
1 -1
Upge — AU, + MU, + Uy, = Uy ™ Ju, | Juy|

p+1 p,+1
i |

2(7
p3-1

Uy — AU + MyU; + Uy, = U lu| ™ ug

a B paborte [8] Ana cuctembl U3 N — ypaBHEHUN

Ui — AU, + MU, +U; :|ui|p_1 U U, b j=1o.n, i

B paHHOM paboTe uccnepoBaHa noTeHUManbHasa AMa M rnobanbHas paspewnmocTb
3agaum (1), (2). Ha ocHoBaHWKM NONy4YEeHHbIX Pe3yNbTaTOB AOKA3aHO, YTO NOHAA 3Heprus
cuctemsl (1) skcnoHeHUManbHO ybbiBaeT.

3apava (1), (2) uccnepyetcs npu BbINONHEHUM CNeAYIOWMX YCAOBUIA:

l. p=1 npu n>2 n [ONONHUTENBHO P <

, Korga n>3;
5 A

Il. a; eR, a;=ay, i,j=1..m v ana Vv(&....&,)eR"\{0.,..,0)} BepHo HepaBeHcTBO

iaijgié:j > 0.

i,j=1
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YUCNEHHOE PELUEHUE CUCTEMbI YPABHEHUW
MOZAE/IM MOUCKOBOTIO NOBEAEHNA XULLHUKA
Anues AigbiH FOHyc ornbl, MexTtuesa 3ynbdusa LLUMPUH rbi3bl
BaknHCcKM FocyaapcTBeHHbIM YHUBEpPCUTET
aydin_aliyev66@mail.ru, zulf.mehdiyeva@gmail.com

PaccmoTpum cnegytollyto npAmyro 3agady B obnactm D ={(t,x|0<x <1, 0<t<1}.
Tpebyetca Hanmtn PpyHKUMM N(t, x), P(t, x),v(t,X), yaoBneTBOpAOLWME MNPOCTPAHCTBEHHOMN

moaenun COO6LLI,€CTBa

oN N aNP o°N
— =rN|1-— |- +Sy —5,
ot R /) 1+ahN OX
2

P_ AP o oPY) g 0P ()
ot 1+ahN OX OX

2
N _yN g OV

ot ox Voxt

rae N(t,X) - nnoTHOCTb nonynaunm xepts, P(t,X) - NNOTHOCTb NONYAAUMM XMLWHUKOB, V(t, X)
- CKOpPOCTb XMLWHUKOB, S, - 9bdEKT BbIPaBHUBAHMA BENYUHbBI U HAaNpPaBAEHUA CKOPOCTEMN
oTAeNbHbIX BUAOB, S ,S, - KoabobuuMeHTbl anddy3nun (Murpaumm) Keptebl U XMLLHMKA

COOTBETCTBEHHO, K - KO3pPULMEHTbI NONCKOBOM aKTUBHOCTU XULLHWUKA, XapaKTePU3yoLni
€ro 4YyBCTBMTENbHOCTb K HEOAHOPOAHOCTM pacnpefeneHus MNOTHOCTM KepTs, a -
KoapodumumeHT adppeKTMBHOCTHM NoucKa XKepTs XULLHMKOM, KOJINYECTBEHHO
XapaKTePU3YIOWMA WMHTEHCMBHOCTb aTak, h - BeAWYMHa, obBpaTHAA MaKCMManbHOMY
WHAMBMAYANbHOMY paunoHany, Kk - MaKcumanbHaa NAOTHOCTb, € - Ko3dppuumeHT
3O PEKTUBHOCTM XMLLHMKA, M - KO3OPULMEHT CMEPTHOCTM XWULWHMKA. Bce napameTpbl B
cUcTeMe ABNAKOTCA NONOXKUTENIbHBIMW KOHCTAHTAMM MU GYHKLMAMK BpeMeEHMU [2].
Paccmotpum cnepytowyto 6e3pasmepHyto cuctemy, rae (L, x), f,(t,x), f;(t,x) -

GYHKUMM BHELWHEro BO34ENCTBUA HA CUCTEMY:
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oN aNP 0°N
—=N(1-N)- +S + f. (t, x),
ot 1-N) 1+ahN " ox? (%)
2
oP ﬂ mp_a(Pv) s, o°P £ 1, %), (2)
at 1+ahN OX P ox?
2
N kN ys, 0V,
ﬁt OX OX
Hava/ibHble YC/I0BUS
N(O,x) =N,(x), 0<x<1, (3)
P(0,x) = P,(x), (4)
v(0, X) =V, (X), (5)

KpaeBble yCnoBuA
N, (1) =, (), P, (£.0) =, (). V(t.0) =5 (1), Ot <L,
N, (t1) =y, (1), P (t.1) =, (1), v(t.1) =y, (1),
3aecb No(X), Ry (X), Vo (X), 11 (1), w5 (1), 5 (1), 1, (1), w5 (1), we () - 3apaHHble dyHKUMK.
Ona uucneHHoro peuweHua 3agaum (1)-(6) BBeaem paBHOMEPHYKD CETKY MO

(6)

npocTpaHcTBy € warom S Ha otpeske [01]:

o, ={xj=js, j=0,M, SM =1},

a yepes @, - PaBHOMEPHYIO CETKY N0 BPEMEHM C Warom 7 Ha otpeske [0,7]:

o ={t,=nz, n =0,_N, N =1},

Torpa o, ={(t,.%;) ] =0O,M, n=0,N} - y3/1bl NPOCTPAHCTBEHHO-BPEMEHHOM CETKMU.

[na noctpoeHna pasHOCTHOM cxembl, annpokcumupyem N (t,x), P, (t,x), v, (t,x) B
ypaBHeHun (2) Ha n+1-om cnoe no BpemeHu, a ¢yHkumio N, (t,x), P, (t,x), v (t,X) B
ypaBHeHuM (2) annpoKkcMmmpyem Ha N-om cnoe no Bpemenu [1].

HayanbHble ¥ KpaeBble yCA0BMA anmnpoKCMMUpyem TOYHO. YucneHHoe 3HayeHue

N(t,, x;) obosHaumm yepes Y], P(t,,x;) o6o3Haumm yepes z{, v(t,,X;) 0603Haunm yepes Q]

n'J

. B pe3ynbTate npuxoamum K cneaytoleit pa3HoCTHOM 3aaa4e:

Yty alx)y] -z Y~ y,”*1 yia
2y gy — +S, (t + f,(t,, X 7
v P Tr TR (), )
" z" a(x.)y"-z" 2" —z7" " o—q"
j j _ ( ])y] j g —m(tn)ZT— j+1 j—lq?_q]+1 q]—l ZT+
T 1+a(x;)h(x;)y; 2S 2S
n+l 22n+1+zn+l
+S,(t,) @t 82 2o f (X D, (8)
qi*—a}  yja-Yh gy —24;" +q7
= k(x:)+S, (t + f, (t ,X 9
. 75 (X;)+S,(t,) 52 3t %), (9)
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n+1 n+1 n+1 n+1

B Z, —1 n+
% :l//l(tm—l)'% =3 (tn+1)1 qO ' =Ys (tn+l)!
(10)
rr:rl_ rr::l rrT11+1_erT11J:1 .
oIy (), S = (4,0, 00 =)
Cumtaa, uto  a(x),h(x),k(x),m(t),S,(t),S,(t) - wm3BecTHble  yHKUMKN, WX

annNPOKCUMMpPYEM TOYHO.
Pa3HoCTHaA 3agava umeeT NopAAOK annpokcumaumm O(z +5S) .
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HEIMHEMHDBIE TMNEPBEOJINYECKUE YPABHEHUA C HEJIMHEUHBIMU
AKYCTUYECKUMU YCNIOBUAMMU CONPAXKEHUA
Anues AKbap Bbaipam ornbi, UcaeBa CeBaa INbXaH Kbi3bl
NHCTUTYT matemaTtukn n mexaHnknm MHOAP, BakuHckui FocygapcTBeHHbIM YHUBEpCUTeT
alievakbar@gmail.com, isayevasevda@rambler.ru

MycTb o< R"(n>1) orpaHnyYeHHaa obnactb c rnagkon rpaHuuen I, Q, CQI ee

nogobnactb ¢ rnagkon rpanmuein I, n Q :Q\(QZUFZ) nogobnactb ¢ rpanunuen I'=T; UT,
, npuiem I, NI, =. B obnactn {2 paccmaTpuBaeTca cnepytowas HeMHeNHaA 3ajava ¢

HEeNMHEeNHbIMMU dKYCTUHECKNMU YCNOBUAMU CONPAXKEHUA!

U —Au+ju* "y =24 f(u) B Qx(00), (1)
Utt_AU+|Ut quUt :ﬂzg(u) B QZX(O’OO) ’ (2)
MS, + Do, +Ks=-u, Ha T,x(0,o), (3)
U=0 wna Lx(0%), (4)
u=o, 8P pu)=s  Ha T,x(0,), (5)
ov ov
u(x,0)=ug(x), u(x0)=u,(x), xe, (6)
U(X’O):UO(X)I Ut(X,O):Ul(X), XEsz (7)
ou, 0Ju, _
5(x,0)=85(x), 6,(x0)=—2-—=+p(u)=68,(x), xeT, (8)
ov ov
roe V -BHeLHAA HOpMasb rpaHuMLpbl I'; 1,9, p:(~o0,+0)—>(~0w0,+0),
M,D,K :T, = (~o0,+), U, Uy Q) —> (=00, +0), Vg, 0y - Q, = (~0,+00),

oy T —>(—00,+00)I3ap,aHHb|e byHKUMK, G >1(i =12)_
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3a4a4M C aKyCTUYECKUMMU TPAHUYHBIMWU YCIOBUAMM UAN aKYCTUYECKUMU YCIOBUAMM
conpAXeHus nNpeacTaBaAoT 60abWON NPUKNAAHON NHTepec (cM., Hanpumep, [1-3]).
TponKy GyHKUMI (u(x,t),u(x,t), §(X,t)), roe u: le[O,T]—> R, v:Q,x[0,T]>R,
o0:1,x [O,T]—) R, Ha3zoBem cnabbim peweHnem 3agaum (1)-(8), ecam
Ue L°°(O,T : H;(Ql)), ve L°°(0,T : Hl(Qz)), 70)=7,(0) n. 8. Ha T,x(0,T),
U e (0, T; 2@ )N x(0.T)), 1, e (0, T; 2(Q,))N L=, x(0,T)),
5,5, e(0T;12(T,))
W BbIMOJIHEHbI CleAyloliMe paBeHCTBa:
%(ut,cb)l+(Vu,vc1>)1+(1ut ) cD)l 3 (v, ¥),+(Vo,V¥), (1

+(p(ro(u ) 7o(@));, - (t’70( ), =(f(u) @) +(glv) ¥),

ana VO eH; (Q,), vPeHY(Q,) Takux, yto ®=V¥ Ha T[,, B cmbicne pacnpegeneHuii s

o2 11)“‘1’) +

2

D’(O,T) " %(}/0(U)+ |\/|5t,e)r2 +(D5t + K5,e)rz =0 gna veeL?(T,), B cMbICie pacnpeaeneHuit

8 D'(0,T), a Take:

u(x,0)=uy(x), u,(x,0)=u,(x) n.s.8 Q, v(x,0)=0,(x), v,(x,0)=0v,(x) n.8.B Q,,
3(x,0)=,(x), 6,(x,0)=5,(x) n.s.na T}.

NccnepoBaHa cmelwaHHas 3agada (1)-(8) ¢ aedokycupyloWMMKU HEAUHENHBIMU
MCTOYHMKaMMU (TO ecTb cnyyai: A, <0, i =1,2) Nnpu BbINOAHEHUN CneayoWwnX YCA0BUIA:

M,D,KeC(I,); M>0,D>0,K>0 ana vxel,; p>1, n=12 nl<p<

f(s)|<c g(s)|<c

p(s)—MoHOTOHHO  Bo3pactatowan auddepeHumpyemas oyHKUMA Ha  (—o0;+®) K

, h=>3;

g'(s)|<c,fs”” (¢, >0,i=1234);

f'(s)|<c,ls| P

* roe ¢, >0.

lp(s)[=c

[l0Ka3aHOo CyL,ecTBOBaHME U eANHCTBEHHOCTb CNabbIX pelleHnit cMmellaHHOM 3a4a4m
(1)-(8) Ana HennHEeMHbIX BONHOBbLIX YpaBHEHUMN (C AedOKYCUMPYHOLWMMU HEANHENHBIMU
MCTOYHMKAMU) C HENIMHENHbIMW aKYCTUYECKUMMU YCNIOBUAMM COMPSANKEHUA; TO €ecCTb
[ OKa3aHo, 4YTo AN

V(UO’UO’é‘o)E Hé(Ql)XH (Q ) LZ(F ) (ul U, 5) qul(Ql)x L% (Qz)x LZ(FZ)
cywecrtsyet umcno T >0 Takoe, uyto 3agava (1)-(8) umeer egmHcTBEHHOE cnaboe pelueHue
(u,v,5), yaoBneTsoOpAIOLLEE YCIOBUAM

vec(0TLHL (@), u ec([o,TILE@)INLHQ,x(0T)), vec(0.T] HY(R,)),
v (0 T](@)NL* 0, x(0,T)), 8.6 € L(0.T;L(T,);
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Kpome Toro, ecnim T >0 - A/MHA MAaKCMMaNbHOTO MHTEpPBasaa CyLLeCTBOBAHMA pelleHnA
(u,u,5), TO cnpasegauBa caeaylowas  anbtepHatmsa: ambo T, =+0; amnbo

CA (L N Y R et N N N i

t—>Tax—0
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CYBTPAHC®EPABE/IbHOCTb IMABHbIX KOHIPYSHL UM
Anuesa CeBnHAX PaMUH Kbi3bl
BakuHcku FocyaapcTBeHHbIM YHUBEpPCUTET
sevaalieva 00@inbox.ru

Myctb B noganrebpa anrebpbl A; B< A A umeet cybTpaHchepabenbHble rnaBHble

KOHTPY3HUMMN, ecnu
Va,be 4 JceB, 3deA Cg”(a,b)=Cg”(c,d).

CooTBeTCTBEHHO, MHOroobpasne obnagaet cBoncTBoM cybTpaHchepabenbHOCTM rNaBHbIX
KOHrpyaHuUmMin anrebp (CTTK), ecnm Bce ero anrebpbl 061a4at0T STUUM CBOMCTBOM.

NonydyeHa ManbueBckana xapaktepusauma ana CTIK.

Teopema 1. [ins ntoboro mHoroobpasma M 3KBUBANEHTHbI YCNOBUA:
(1) M obnagaet CTTK;
(2) B A3biIke M cywLecTBYIOT YHApPHbIA TEPM U, TEPHAPHbIN TEPM P U KBMHTapHble TEPMb

-0, 419 HEKOTOPOTro HAaTypanbHOro M Takue, YTo B M cnpaBeA/ivBbl TOXAECTBA:

p(x,x,2) =u(2),
q(u(2), P(X,¥,2),X,¥,2) =X
A (p(%, Y, 2),u(2), % y,2) = (u(2), p(x, ¥,2), %, ¥, 2), i = 2,..., m,

q, (p(x,y,2),u(2), x,y,2)=y.
Mpu [oOKasaTeNbCTBE MCMONb3YETCA TEXHMKA “OMHapHbIX cxem” B cmbicie paboTbl
Xanapl n Oyabl 1982 ropa. Apyron kputepuin ans CTTK Takos.
Teopema 2. [ins ntoboro mHoroobpasma M 3KBUBaANEHTHbI YyCNOBUA:
(1) M obnagaet CTTK;
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(2) B A3bIKe M cyuiecTBYeT YHapHbIA TEPM U U CYLLECTBYET TEPHAPHbIA TeEpM P TaKue, 4To
B M cnpasegnmso yTBepKaeHue:
VX, ¥,z p(xy,z2)=u(z) < x=Y.
HanomHum, uto anrebpa A wumeeT  noAperynspHble KOHFPYysHUMWU, €eCnuM BCAKaA
KOHFpysHUMA & econd epuHCTBEHHbIM 06pasom onpeaensaeTca COBOKYMHOCTbIO BCEX
CBOMX CMEXHbIX KN1accoB BMAaA [b]g,b e B gna npounssonbHol noganrebpol B<A.
CnepctBue. Echm mHoroobpasne M obnagaet CTTK, To M ABnAeTca KOHrpysHU-
noaperynapHbIm.
Ocobbii nHTEepec npeacrasndaer cnyyam KOHIPY3SHL,-NepecTaHOBOYHbIX
MHoroobpasuit. B atom cnyyae gna CTTK nonyyaetcs cunbHoe ycnosne ManbueBsa.
Teopema 3. inAa ntob6oro mHoroobpasmna M 3KBMBaANEHTHbI YCNOBUA:
(1) M obnapgaetr CTTKn M KOHrpysHL-nepecTaHOBOYHO,
(2) B A3bIke M cyLLeCTBYIOT YHapHbI Tepm U , TEPHAPHbIN TEPM P M KBAaTEPHAPHbIA TEPM
g Takue, yto B M BepHbl TOXAECTBA:
p(X! X, Z) =U(Z),

qu(2), % y,2)=x,
a(p(x ¥,2).%,¥,2)=.
3ameuaHue. Xota n CTTK chopmynmposaHo ¢ KBAHTOPHOM npucTaskoi V3%, oHo
MOKeT 6bITb CPOPMYANPOBAHO M € npucTaskoin V> 3.

Bce Heonpeaenaemble 34eCh NOHATUA MOXHO HaiiTn B [1].
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PaccmaTpurBatloTca KBasuanHeliHble Napaboanyeckne ypaBHeHUs BMaa

g—l:+ Lu = f(x,t,u,Du,...,D*M"), (x,)eQ, =Q, =Qx(0,T), T>0 (1)

C rNABHbIM KBa3UJIMHENHbIM 3NUNTUYECKUM onepatopom L nopagka 2b>2 Bnaa
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Lu= Y a,(xtu,Du,.., D*u)D,
lz]=2b

roe K03¢¢MLI,MeHTbI a, ABNAKOTCA BelweCTBEeHHbIMM U HenpepbiBHbIMU (I)yHI-(LI,MFlMM Ha

Q; xRxR" x..x R™ .
Nna ypasHeHua (1) usyyaeTca HauanbHO-KpaeBas 3a4aya
Bul,, =0 (i=0L...b-1), (xt)edQ,,
{u(x,O) =0, xeQ

(2)

B BewecTBeHHOM npocTpaHcTBe Cobonesa Wpr'l(QT) C p>1 npu ycnoBumM 4TO cyuiectsyeT

anpuopHas OLEeHKa
W, .= > sup‘D“u(x,t)‘ , (2b—k)p>n+2b
ek Qr

c HekoTopbim k, 0<k <2b-1.

HDEAHOHOHMM, 4YTO BbINOJIHEHDbI Chedyoumne ycnosua
1) Nyctb  dyHRuma  F(xt,5,&5,..Epq) € & ={f| ‘y—myﬂbmuqueKc, |}/|:|}
onpeaeneHa Ha Q; x RxR" x...x R"® co 3HayeHMAMM B R M ABNAETCA KapaTeoaopMeBoil

bYHKUMeN.
2) NycTb

2b-1

| F O Eg, s G ) [ SDOGE & E) + D B (K8 G, &) [
I=k+1
nout npu Bcex (X,t)eQ; u npu Becex & eR, & eR",..., &, €R™ npu HekoTopom
k,0<k<2b-1, ¢ HeoTpuuaTenbHbiMM KapaTeogopueBbiMn ¢yHKUnammn (b, =0 npwu
k=2b-1)
TaKMMM, 4To Npu Ntobom r > dyHKumA

b, () =sp{ DKt &) |G|+t <1
npuHagnexut L,(Q;), (2b—k)p > (n+2b) n dyHKumA

Bl,r(x,t)zsup{ by (X,t, &y &) ‘|§O|+...+|§k|£ r}
npuHagnexut Ly (Qr) cq =p.

20—k _n+2b 1y g o).
I-k Ik g

3) =

MNyctb B; (i=01,...,b—-1)-nMHenHble rpaHnyHble anddepeHUnanbHbie OnepaTopsl
nopagkos b, <2b-1 c BewecTBeHHOM Ko3ddMLUMEeHTaMM.
MonyyeHo HOBOE TOYHOE YCNOBME POCTa HeAMHerHbIX GyHKkunin f(Xt,&,..., & ).

PaccmaTpuBaeTca Teopua paspelmMmocTtu 3aaad suaa (1)-(2).
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NEPBAA KPAEBAA 3AZAYA ANA SNTUNTUKO-NAPABOJIMYECKUX YPABHEHWIA BTOPOIO
NOPAAKA C PA3PbIBHbIMU KO3PDPULIMEHTAMU
HapmunH AmaHoBa Pabun Kbi3bli
BaknHckmin FocygapcTBeHHbIN YHUBEpCUTET
amanova.n93@gmail.com

Mycte E,,4 1 E, —(n+1)- mepHOe M N - mepHOe eBKINAO0BbI MPOCTPAHCTBA TOYEK

(X, 1) = (X s X, 1) M (X, X,) COOTBETCTBEHHO, Q € E, - OrpaHnMyeHHan obnacTb ¢ rpaHmuen

00, 00eC? Q@ -yammnap  Ox(T0),  I(Q)={xt):xeQ t=-T}Ulaax[-T,0] )
napabonunyeckas rpaHuua Q;, rae T € (0,) . Paccmotpum B Q; nepByto Kpaesyto 3agady
Lu =" a; (X, t)u; + @(0—t)u, —u, = f(x,1) (1)
i,j=1
=0, 2
y ‘F(QT) 2)

NpPeanonoXum, 4To Haij(x,t)u- OEeNCTBUTENIbHAA CUMMETPUYECKAna MaTpuua, npuvyem Ana

BCEX (x,t)eQT n & e E, BbINONHEHO yC/0BUE

FLAXDE < Yay(065 <7 L AKDE 3)
i= i,j=
n aii(x’t) \ aii(x1t) _ 1
Sﬁplijzl 7 ()2, (x.1) / (Z A.(x,t)j ] n—e’’ @
p(2) ec'-T,0], ¢(2)20, ¢'(2)20, p(0)=¢'(0)=0, ¢(2)>S7-¢'(2), (5)
L >0- KOHCTaHTa.
0 0 o 0’
3aecb u; :a—:, Ujj :ﬁ ut:a—l:, un:aTg, u=u(xt), 7 € (0,1] -KoHcTaHTa,
A (xt) = (\x\ +\/>)(Z X, Z|x|z+aI —1<ai<%+3, o +.t+a, >2(2-n),

a;(x1) a;(x1)
'nfz 20001 % le A0

Llenbto HactoAwen paboTbl ABNAETCA HaxoxaeHwe ycnosuii Tuna Koppeca,
obecneyMBalolWMX OMHO3HAYHYIO pPa3pelnMmocTb nepBol Kpaesoh 3agaunm (1)-(2) B

npoctpaHcTee Cobonesa Wy, (Qr) ¢ Hopmoit

Ju

2 o) ={I(u +Zﬂ(x t)u? +Zﬂ,(x )4, (X, tui +u’ +
@ QT

i,j=1

1/2
+@?(0—t)ug +20(0-1)>_ 4 (x,t)uftjdxdt] :

i=1
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ONTUMMU3ALMA NMHEAHOW HENOKAIbHOM TMNEPEO/IMYMECKOI KPAEBOM 3A0AUYU
YNPABJIEHUA C OTKNOHAKOWHNMUCA APTYMEHTAMMU
Axmepos ®axpaaauH LLamunb ornbl, AxbieB CageanuH Cenam ornbi, Akneposa OKioma
ArakKasbim Kbi3bl
BakunHckmin FocypapcTBeHHbIN YHUBEpCUTET
AsepbaiigKaHckmi FocypapcTBeHHbIN Meaarornyeckmin YHuBepcurteT
axiyev63@mail.ru

B paboTe nccneayetca cnefylowlas HesoKanbHasa Kpaesas 3agava [1 — 3]
(V3z)(t, x) = 2z, (t,x) + z(t, x)Ap(t, x) + z,(t, x)A,(t, x) +
+z,.(t,x)A,(t, x) + z,(hy(t, x), x)B,(t, x) + zt(t, h,(t, x))B2 (t,x) == gg(t, x, us (¢, x)),
(t,x) ED=TxX; T=10,t;], X =[0,x], (1)

(V,2)(¢t) = E[Zt(t, &)a;(@®) +2(t,¢;)B,®)] = g2(6, ux (©),
j=1

teT, (2)
V12)(x) = z,(0,x) = gl(x, ul(x)), x € X, 3)
Vooz = z(0,0) = go(uy). (4)

3peck: Ag(t,x),A.(t,x),A,(t, x), B{(t,x)B,(t,x)- 3amaHHble N X N — MaTpULbI,
npuuem Ag € L, nxn(D), T.. c anementamn n3 L,(D), 1 < p < 00 cyujectsytoT GyHKLNK
AL € L,(T), A, €L,(X), B, €L,(T), B, €L,(X), takme wuto [l4;(t,2)|l <A;(d),
14,(t, )1l < A, (x), 1I1B(t, )]l < By (), |IBy(t, x)|l < B,(x) noutn scropy Ha D; hy(t, x)
n h,(t,x) — 3agaHHble GyHKUMK, M3MmepuMmble Ha D, ana kotopbix hy(t,x) € T n h,(t,x) €
X, kpome Touek (t,x) mepbl Honb Ha D; a;(t) v B;(t). j=1,..,m,-3anaHHble n X N -
maTpuupl Ha T, npudemM a; € Loy nxn(T) U B € Ly xn(T), T.€. ¢ 3nemeHTamMm 13 Lo (T) 1
L,(T) cooTBETCTBEHHO; Uy — N-MePHbI BEKTOPHbLIM NapameTp ynpasneHus, u;(x),
u,(t), usz(t,x) — n-mepHoe BeKTOp-OYHKUMKM ynpasieHus, u3mepumble Ha X,T,D
cootBeTcTBeHHO. OTMeTUM, uTo L, (D), L,(T), L,(X), (1 < p < ) - npocTpaHCTBO p —
MHTerpupyembix ¢yHKunii Ha D, T, X cootseTcTBeHHO; L, (D), Ly,(T), L,,(X), u
Lynxn(D), Ly nxn(T), Lpnxn(X) coOTBETCTBEHHO NPOCTPAHCTBA M3MEPUMbIX T — MEPHbIX
CTPOYHbIX BEKTOP-QYHKLUMIA M n X n- maTpuu, Ha D, T, X c anementamu u3 L, (D), L,(T),
L,(X); Leopxn(T), Legnxn(X) — NPOCTPaHCTBa M3MEPUMBIX U CYLLLECTBEHHO OTPaHUYEHHbIX
n X-matpuy, ¢ anemeHtamu u3 Lo (T), Lo, (X) cooTseTcTBEHHO.
YnpasneHus Uy, U, (x), u, (t), us(t, x) ynosnetsopsioT ycnosuam
Uy € Upy;
u, (x) € Uy, noutun Bcroay x € X;
u,(t) € U,, noutn scroay t € T;
us(t, x) € Uz, noutn Bcroay (t,x) € D, (5)
roe Uy, Uy, U,, U3 — 33apaHHble OrpaHMYeHHble, 3aMKHYTble MHOXeCTBa U3 ' — MepHOro

npoctpaHcTBa R7. Kaxaylo yeTBepKy u = (uo,ul(-),uz(-),u3(-,-)), Y/10BNETBOPAIOLLYIO
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ychosuam (5), HasoBem AONyCTUMbIM ynpasneHnem. MHOXecTBa BCeX AO0NYyCTUMbIX
ynpaB/ieHUI Ha30BeEM A0NYCTUMbIM MHOXECTBOM M 0603Hauum Ujy.

Mocne onpeaeneHVs MHOMKECTBa AOMYCTUMbIX YNpPaB/ieHUM OTMETUM, 4TO
gs(t, x,us3), g.(t,uy), g1(x,uy), go(uy) —3aganHbie -MepHble BEKTOP-PYHKLMN,
onpeageneHHble Ha D X U;, T xU,, X XxXU;, U, cootserctBeHHO. Mpuuem, g,(u,)
HenpepbiBHa Ha Uy, gs3(t, x,u3), g,(t,uy), g.(x,u;) noutm ana scex (t,x) €D
HenpepbIBHbl Mo Uz Ha Uz, no u, Ha U,, mou,; Ha U;, cooTsetctBeHHO; ¢5(,uU3) €
L,n(D), g:(,uy) € L, ,(T), g1, uy) € Ly, (X) ana kaxporo us € Uz, u, € U,, u, € Uy,
COOTBETCTBEHHO.

HanoeHHble ycnoBua Ha ynpasieHusa Uy, Uy (x), u, (t), us(t, x), a TakKe Ha BEKTOp-
dyHrumn  go(uy), g1(x,uq), g.(t,uy), gs(t, x,u3), AaOT OCHOBaHWE MOJIOraTb MPaByHo
vactb ana (1) s L,,(D), ana (2) us L,,(T), ana (3) u3 L,,(X) npu kaxgom
BbibpaHHOM u € Uj.

Taknum ob6pasom, Npu BbILLEU3NOMKEHHbIX YCNOBMAX Ha AaHHble 3aaauun (1)-(5) ana
Ka)kgoro gonyctumoro ynpasnenua u € Uy pewenune z(t,x ) Kpaesoi 3agaum (1)-(4)
pasbickuBaetca B npocTpaHctee  C.Jl.Cobonesa W, ,(D) = {z € Ly, (D); z, 2,
Ziy € Lp'n(D)} [5]. UHaue rosopsa, onepatop V = (VO,O, Vo1, V10, V1,1) onpegeneH Ha
W, (D) v peiicteyeT B npoctpaHcTBo Ay, (D) = R™ X Ly, (X) X L, ,(T) X Ly, ,(D)[3 — 8].

B KayectBe MUHUMM3MPYEMOro QyHKUMOHana bOepetca /nMHENHaa yHKUKA
onpeAeneHHana Ha 3HAYEHMUAX pelleHua 2z € Wp‘n(D) JIMHEMHOW HeNOKa/ibHOM KpaeBou
3a4a4um (1)-(4), KoTopas COOTBETCTBYET HEKOTOPOMY BblOpaHHOMY [0MNYyCTUMOMY

ynpaB/IeHUIO u € Uy:
m

S(u) = z (cj,z(rj,fj)). (6)
j=1
3pecb ¢j, j=1,..,m —3apaHHble N — MepHble BEKTOpbI, (Tj,fj), j=1,..,m-
3afjaHHble Touku u3 D, BbipaskeHue (+,7) - eCTb CKanapHoe NpousseaeHue.

B paboTe wucnonb3oBaH M30MOPGU3M, OCYLLECTBASEMbI onepaTopom Nz =
(Z(O,O),ZX(O, x), z:(t,0), 2, (¢, x)) ms W,,(D) B A,,(D) =R"™ X L, (X)X L, ,(T) X
L,,(D)[3,4,6 —8]. Ha ocHoBe 3TOro M3omopdu3Ma BBEJEHO MOHATUE COMPAXKEHHON
3afaun Ana 3agaum ynpasneHusa (1)-(6), cooTBETCTBYIOLLIEE HEKOTOPOMY YNpaB/ieHUIo
u € U,. ConpsaseHHasa 3a4adva Monyd4aeTca B BuAe WMHTerpo-anrebpanmyeckon CUCTEMb,
onepaTtop KoTopoi peiicteyeT B npocTpaHctBe Ay, (D) = R™ X Ly, (X) X Ly, (T) X
Lgn(D), q=p/(p—1). Npu nomown peweHna A= (/10, 1,(8), A,(1), A5(x, E)) €
Aq,n(D) M3 COMNPSMKEHHOM 3a4auyn  yAaNoCb HAWTU npupalieHue ¢yHKLMOHaNa B
KOMMNakTHOM Buge. [lanee, YCTaHOBNEHO YCAOBME MaKCMMyMa B BMAE NpUHUMNA
Makcumyma NoHTpAarnHa.

JlutepaTtypa
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AMPUOPHASA OLEHKA PELLEHMUA OAHOIO KNACCA IMHEMHOM HENOKA/IbHOM
FMNEPBOJINYECKOM KPAEBOW 3A4AYU C OTKNOHAOWMMUCA APTYMEHTAMMU
Axmepos ®axpaaguH LLamunb ornbl, AxbieB Cageaaud Cenam ornol, ,
Aapawosa ®apuaa dnbaap Kbi3bl
BakMHCKUM FocypapcTBeHHbIN YHUBEPCUTET
AsepbaiigxKaHcKknii focygapcTBeHHbIN MNeaarornyeckuin YHusepcuteT
axiyev63@mail.ru

B paboTe nccneayetca cieaylouas HeNoKanbHasA Kpaesas 3agada [1 — 3]
(sz) (t,x) = 2z, (t,x) + z(t, x) A (t, x) + 2, (t,x)A, (t, x) +
+2,(t, x) A5 (t, %) + 2, (hy (£, %), x) By (t, x) + 2,(t, hy (£, %)) B, (£, x) = g5(¢, %),

(t,x) ED=TxX; T=10,t;], X =[0,x,], (1)

(Vioz)(®) = X[z (6, €)a; (0 + 2(¢,&;)B; ()] = g2(t), t €T, (2)
(Vo12)(x) = 2,(0,x) = g,(x), x€X (3)

Vooz = 2z(0,0) = go. (4)

3pecb: Ay(t,x),A(t,x),A,(t,x),B,(t,x)B,(t,x)- 3agaHHble N X N — MaTpuLbl,
npuuem A, € Lp,nxn(D), T.e. C 9N1eMEeHTaMMn n3 Lp(D), 1 < p < o©; cyuwecTBYHOT GYHKLMMN
A, € L,(T), A;€L,(X), By €L,(T), B, €L,(X), tarme wuto |[|4;(t,x)|l <A,(8),
142 (t, )1l < Ay(x), 1B (t, )|l < By (), IB(t,x)|l < B,(x) noutn scioay Ha D; hy (¢, x)
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n h,(t,x) — 3agaHHble PyHKUMM, U3MepUMble Ha D, O/19 KOTOPbIX BbIMOHATCA YCN0BUA
hi(t,x) ET n hy(t,x) €X noutn ana scex (t,x) €ED; a;(t) n B;(@). j=1,..,m,-
3aflaHHble N X - maTpuubl Ha T, npuuem @ € Lo nyn(T) W B € Ly un(T), Te. c
anemeHTamn n3 Lo (T) n L,(T) cootsetctBeHHO; g3(t,x), g,(t), g1(x), go-3apaHHbie
CTPOYHble 7- BeKTOpbl, npuyem gz € L,,(D), g, € L, ,(T), g1 € L,,(X), Te., c
anemeHtammn u3 L, (D), L,(T), L,(X) cootsetctseHHo; npuuem, L,(D), L,(T), L,(X),

(1 < p < ™) - npocTpaHCTBO p — MHTerpupyembix GyHKUMA Ha D, T, X COOTBETCTBEHHO;

Lyn(D), Lyn(T), L,n(X) w  Lpun(D), Lpnsn(T), Lpnxn(X) cooTBetcTBEHHO

MNPOCTPAHCTBA M3MEPUMbIX N — MEPHbIX CTPOYHbIX BEKTOP-OYHKUMIA M N X n- MmaTpuL, Ha

D, T, X c anementamm u3 L,(D), L,(T), L,(X) cootBeTcTBEHHO; Loonxn(T),

Loo nxn(X) — NpoCTpaHCTBA M3MEPUMBIX M CYLLECTBEHHO OFPaHUYEHHbBIX M X NM-MaTpUL, C

snemeHTamn u3 L. (T), L, (X) cooTBeTcTBEHHO.

MpK BbIWEU3NOMKEHHBIX YCAOBMAX Ha AaHHble 3agaun (1)-(4) pewenune z(t, x)
pasbickuBaetca B npocTpaHctee CJ1.  Cobonesa W, ,(D) = {z € Ly, (D); 2, Zy,
Ziy € Lp'n(D)} [5]. UHaue rosopsa, onepatop V = (VO,O, Vo, V10 V1,1) onpegeneH Ha
Wyn (D) " fencreyer B MPOCTPaHCTBO
Apn(D) =R™ X Ly, ,(X) X L, ,(T) X L, ,(D) [3,4,6 — 8].

B pabote wucnonb3oBaH wusomopdusm, ocylecTBasembli onepatopom Nz =
(z(0,0),zx(O, x),z:(t,0), z, (¢, x)) ms W,,(D) B Ay (D) =R™ X L, (X) X L, ,(T) X
L,,(D)[3,4,6 —8]. Ha ocHoBe 3Toro M3omop¢dW3ma yaanocb YCTaHOBUTb aNpPUOPHYIO
OLLEHKY ANA 3N1eMeHTa ¢ = (cpo, ©1(8), 9, (1), ps3(1, f)) npoctpaHctea A, (D), pewenus
3KBMBANEHTHOW 3aAaun. Mcnosb3ya 3T OLEHKM KOMMOHEHT ¢, € R™, ¢4 € L, ,(X), ¢, €
Ly,n(T), @3 € L,,(D), nanee ycraHaBAMBaeTCcA anpuopHas oOLEHKa ANA pelleHus
Z E Wp,n(D) NINHeHOM HenoKanbHoOM Kpaesoi 3agaumn (1)-(4).
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O HEKOTOPOM OBOBLULEHUU UHTEFTPANA TUNA NMOTEHUMANA
ba6aes Pay¢p Mycenb ornbl
Myctb G, ,(t) Nnpoobpas Pypbe perynapHoit 0606LeHHON GyHKLMM U3 D'

1 n
|<a,ﬁ(r)=|r|w1+|r|2 7. reR"\{o}

rae O<a<n, >0 (cm. [1]).
PaccmMoTpuM MHTErpanbHbIli onepaTop
(K, ,0)0 =[G, ,t-Np(n)dr, teR", pel,(R").
Rn

W3sectHo ([1]), uto npn @ € O
[G.,t=D)p(r)dr = [k, (t—r)dr [G,(r—s)p(s)ds, teR",

roe ka — pUCCOoBO, a Gﬂ —6eccenoso sapo ([2]).

Beesem 0603HaveHusn :

(K, 400 = [k, (tr)dr | Gy(r=s)p(s)ds,
(Iv)®) = [k, =Ny @)dr, (B p)(t) = 1 Gpt=np(ndr, teRM.

(RM), 1<p<£, p = P n
a “ n-op

Tak kak onepatopbl | ¢ :Lp(Rn) > Lp

(24

B”:L,(R") = L,(R") orpaHuyeHsl, 10 K, ,:L,(R") > L, (R") u ‘

Kes#), <Cusliel, rae

Ca i HeoTpumuaTesbHaAa NOCTOAHHAA , HE 3aBUCALLAA OT dDYHKLl,MIz Q.

Ecam mbl gokaxem, uto onepatop K, , peiicteyet ns L, (R") 8 L, (R") orpaHuuyeHHo, To
n3 nnotHoct @ B L, (R")Byset cneposath, uto npn ¢l (R"), 1< p<£ cnpaseasiBo

paBeHCTBO

Ke, pP = K. AP
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Teopema 1. Onepatop K, , AencTeyer n3 L,(R") B L, (R") orpaHuyeHHo.

,D,OKa3aTeanTBO. OLI,eHMM MHTErpan
G, ;)= J.ka(t— rG,(r)dr, teR".
Rﬂ

[lna 3ToM Uenm oueHUM nHTerpan
G, (r)dr

G, »(1) =an i teR".
Umeem
G, ,® =1, +1,(), teR",
rae
o= ST o (SO ke
e lr =1 b r =1

Ouenum 1, (t) n 1,(t), teR".

YuuTbiBasa oueHkm gaa L (t) n 1,(t), t e R", nonyyaem:

C
H‘:f, t e R"\{0}
t

G, ()| <

nnum
C. s .
‘Gaﬁ(t)‘ < |t|nia ! teR \{0}’

roe C, , >0 He 3aBucUT OT t.

Takum obpasom, umeem:

lp(r)[dr

’ t Rn!
r _t|n—a €

\(Ka, ﬁgo)(t)‘ <C,, j

oTKyaa , no Teopeme Cobonesa 06 orpaHMYeHHOCTU NoTeHUMana Pucca, cneayer:

n n n n
Kon LR > L, (R, 1<p<— p, = P_,

n—ap
roe
‘ Ka,ﬁ(”HLpa(R") <C., ﬂ||q0||Lp(Rn),
C;’ﬂ > 0 He 3aBucuT OT @ . Teopema foKa3zaHa.
CnepcrBue. CnpasesIMBO PaBEHCTBO:
K, =K, 0 pel,(R"), 1< p<£. (1)

PaccmoTpMM yceUYeHHbI TMNePCUHTYNAPHBIN MHTErpan

(D) = - I(Aif)(x)dt, XeR", &>0,

n+oa
Lo |tj>e |t|
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4

roe (Aif)(x)=2(—1)kcff(x—kt), x,teR", d, , —onpeseneHHoe MNOCTOAHHOE  YMCIO
k=0

(cm.[4]), 7> c.
CKaXeM, YTO TUMNEPCUHTYNAPHbIN MHTErpan CXoAuUTCA YC/NIOBHO MO HOPME MPOCTPAHCTBA
L,(R"), ecnn cywiectsyeT npeaen

T.e. ana Hekotoporo g € L (R")

lim

-0

D f —gf =0 n Df=g.

Ly (R"
MycTb
L2 (R =1{f: f e (R"), D*f e L, (R")].

MN3BecTHO ([4])
def

B“(L,R") =L, (R") =L7 ,(R"), 1°(L,(R"))=L;, (R").
N3 (1) chepyer:
K, ,(L,(R")=1{f: f L, (R"), D“f e LL(R")}=

def
—{f:feL, (R"), D“f eL,(R"), D’D*f e L,(R")f= " (R").

P: P

M3 BblleyKa3aHHOro caeaytoT Teopembl :
Teopema 2. ina peL (R"), 1< p Sl cnpasegnmeo T"D“Ka’ﬂ(p= @, roe D, T” - nesble
a

obpaTHble COOTBETCTBEHHO noTeHuKnanos Pucca u beccena ([2]).

Teopema 3. Myctb f e LZ'g (R"). Toraa ypasHeHne K, ,p=f paspewnmo 8 L,(R") u
p=T’D"f.
Jlutepartypa

1. Tenbdang U.M., Wnnos I.E. NMpocTpaHCTBO OCHOBHbIX U 0606LWEHHbIX GYHKUMA. -M.:
dunsmatrms, 1958, 308 c.

2. Camko C.I. TunepcuHrynapHble nHTerpansl U nx npunoxkeHua. -N3an-so POCTOBCKOro yH-
Ta, 1984, 205 c.

HEKOTOPbIE CBOMUCTBA NMNOCNEAOBATE/IbHOCTU 3A,D,AHHOI7I
PEKYPPEHTHbIM COOTHOLUEHUEM
ba6aes Pay¢p Myceunb ornbi, AcnaHbekoBa MNnonapa ®Paumk Kbisbl
BaknHcKkMiM FocyaapcTBeHHbIM YHMUBEpPCUTET
babayevrauf55@mail.ru, functionalanaliz@mail.ru

MycTb XX, X3, € R, Gy, Gy, 05 € R, Gy +0, +0y =1,G; 2 0,i =13 1
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Xy = 0y X3 + 0, X,_, + 03X, N=4.

BepHo paBeHCcTBO
Xog =Xy = _[(ql + qz)(xn - Xn—l) + ql(xn—l - Xn—z)]’ nz3

Nemmal. [1na cyuwectBoBaHMA lim X, HeO6XOAMMO 1M AOCTAaTOYHO BbINOJIHEHHUE YyCNOBUA

n—o

lim (X,,, —X,)=0, npn 3TOM BEepHO PaBEHCTBO
nN—o0

_ 0% + (G +G,)%, + X

lim X,
N0 1+2q, +q,
JoKasaTtenbcTBo. [locTaTtoyHOCTb. Umeem
Xpa = %o = (0 +02) (% = Xo0) + 0, (Xoy =X, )N 23 (1)
Toraa Ha OCHOBE PaBEHCTB
Xog = (X =X, )+ (X, =X, g) + oot (Xs = X, ) + (X, —X3) + X (2)

7]
Xop — Xy = _[(ql + qz)(xn - Xn—l) + ql(xn—l - Xn—z)]’
Xy = Xpq = _[(ql + qz)(xnfl - Xn—z) +Q, (Xn—2 - Xn—S)]’

Xy =%X3 = _[(ql +0,)(X; —X,) + 0y (X, — Xl)]’ X3 = X3
nonayvymnm paBeHCTBO
Xnyg = _[(ql +0,)X, + 0 X g — (0 +0,)X, — q1X1]+ X3 =

= _[(ql +02) X0 = (0 +0,) (X = X0 ) + 0 Xoss — G (X = X04) — (0 +G,)%, — qlxl]+ X3 N=>3
nnun

Xpoa (0 +0p)Xoug + 0 X = (G +02)(Xg = X,) + 0y (X =X 4) +(0y +G,)%, + 0% +X5,n =23 (3)

Mpasaa cTopoHa paBeHcTBa (3) MmeeT npesen npu N — +oo, TOrAA W fIeBas CTOPOHA
paBeHcTBa (3) UmeeT npeaen n BepHO PaBEHCTBO

Imr:i']” 70X+ (G +0p)X, + X
1+2q, +0,

[locTaToO4HOCTb YyCN0BUA f0Ka3aHo. HeobxoanmMocTb ycioBuA o4eBMaHO. JleMma g0Ka3aHa.
Nemma 2. BepHO paBeHCTBO:
p
_ p k Pk ok _
Xn+1 - Xn - (_1) Zcp (ql + qz) ql (Xn+1—( p-k) Xn—( p+k))’ n= 3’4’"-1 roe

k=0

1) p =1,nT_1 , NPU HEYETHOM N,

2) p :1’nT_2' MPU YETHOM N.

[JoKa3aTenbctBo. Jlemma [0Ka3blBaeTCA METOA0M MaTeMATUYECKOW UHAYKLNUN.
YTBepxaeHue sepHo npu p=1.
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MNycTb yTBEpXKAeHWe BepHO nNpu p=m. [lOKa)kem, 4TO OHO BepHO M npum p=m+1l. [lo

YC/I0BUSIM BEPHO PaBEHCTBO

Xn+l - Xn = (_l)mZan (ql + qz)m “q; (Xn+l (m+k) — n—(m+k))

k=0

N3 (4) n (1) cnepyert, uto

m
1 k k+1 ok
Xog = Xn = (_1)m+ |:2Cm (ql + qz)m * (Xn —(m+k) Xn—l—(m+k)) +
k=0

m
k k k 1
+ Zcm (Q1 + qz)m " (X —1-(m+k) Xn—2—(m+k)):| =

m+1
m+1 z : m+l—k k
|: Cm+1 (ql + qz (Xn+1 (m+1+k) Xn—(m+l+k) ):| °

Jlemma aoKa3aHa.
OueBunaHo, 4TO ANA noboro X, X,, X, € R BEpHO HepaBeHCTBO

IX,| < maxﬂx1|,|x2|,|x3|}: M{+o,neN.

Nlemma 3. BepHO HEPABEHCTBO: MPU HEYETHOM N

n-1
> n-1 n-1
2

2 Ck n1
|Xn+1_xn|32MZ ;ﬁl(ql‘qu)z q —ZM(2q1+q2) 1
k=0

npn 4eTHOM n

2y n-2
2

-2
T
X — X, <2 Z “(q1+q2)2 qf =2M(2q, +q,) > ,n>3
=0

W3 atoih nemmbl cneayeT, uto npu 20, + 4,1 nmeem
n-2
[Xp = X| <2M (20, +0,) 2 —0,n — oo,

n+1

OueBungHo, uto 20, +(,(1< ,(q;. Toraa BepHa

Teopema. lNyctb g, 20,1 =12,3,q9, + 0, + 0, =1. [,na cxogMmMocCT1 nocnefoBaTelbHOCTH

(4)

Xy =0 Xy 3 +UoXpo + 05X, s N =4, X, X,,X; €R,  [AOCTAaTOYHO BbINOAHEHWA ycnoBMA (;(d;,

NpPpu" 3TOM BEPHO PaBEHCTBO

i, = % (G 8% 4
N> 1+2q, +q,

Nutepatypa

1. Ali M. Akhmedov and Rauf M. Babayev, ON THE ITERATIVE SEQUENCES OF THE LINEAR

BOUNDED OPERATORS AND APPLICATIONS, Baki Universitetinin Xabarlari. Fizika-
riyaziyyat elmlari seriyasi, Baki. 2020,s.5-11
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O PA3PELLIMMOCTM OAHOW NPOCTON KPAEBOW 3A0AYU
ba6aeBa CeBuHAK Pa3nn Kbi3bl
BaknHcKknn FocyaapcTBEHHbIN YHUBEPCUTET,
NHcTuTyT Cnctem YnpasneHmsa MuHuctepctsa Haykm n ObpasoBaHua
seva_babaeva@mail.ru

Myctb H — cenapabenbHoe rmnbbepToBO NPOCTPAHCTBO, A — NONOXKUTENBHO-OMNpe-
[leNIeHHbI camoconpaXeHHbI onepaTtop B H ¢ obnactbio onpegenernna D(A). O6nactb
onpeaenennsa D(AY), y = 0, onepatopa AY sABnAetca runbbepToBbIM NPOCTPAHCTBOM H,
co ckanapHbiMm nponssenernem (x,y), = (A'x,AYy), x,y € H,. Npn y = 0 cuntaem, uto
H,=H.

B npoctpaHctBe H paccmoTpyMm MPOCTYIO ABYXTOYEYHYIO 33a4ayy ANA OnepaTopHO-
anddepeHUManbHOro ypaBHeHMA TpeTbero nopaaka

P(d/dDu(t) = S50 + Au(t) = f(1), t € Ry = (0,00), (1)

u(0) = su(1), (2)

rae f(t), u(t) sektop-dyHKuMM, onpepeneHHble B R, = (0,00) noutn BCloay, co
3HavyeHuaAMn B H, a KoabPuumeHTbl y40BNETBOPAIOT YCIOBUAM:

1) &—cKanapHoe Yncno;

2) A —nonoxutenbHo-onpeaeneHHbI CAaMOCOMNPAMKEHHbIM onepaTop;

O6o3Haumm vepe3 L,(R,; H) runbb6epToBO MPOCTPAHCTBO BCEX BEKTOP-QYHKLUMIMA,
onpeaeneHHbIx B R, noutu BCrogy, co 3HayeHnamm B H c Hopmon

1l = (IF@12dE) < +oo.
Cnenys moHorpaduto [1], onpeaennm runbbepToBO NPOCTPAHCTBO
W3R, H) ={u:u" € L,(R,,H),A%u € L,(R,,H)},
C HopMmom

el = (0”112, oy + 1A%, oy )
[anee, oueBMAHO, YTO U3 TeOpeMbI O cneaax [1] cneayeT, YTO NPOCTPAHCTBO
WZ%S(R+,H) = {u: VVz3 € Lz(R+»H);u(0) = eu(1)}
onpeaeneHo KOPPEKTHO.
Onpeaenenue. Ecam npu nobom f € L,(R,; H) cywectsyer dyHkuma u(t) € W7 (R, H),
KoTopaa yaoBneTBopsaeT ypaBHeHMto (1) noytu Bctogy B R, M rpaHnyHOMy ycnosuto (2) B
CMbIC/1E CXO4MMOCTH
Lim lu(@®) — eu(1 = Olls/2 = 0
M UMEET MECTO OLIEHKA
||u||W23(R+’H) < C0n5t||f||L2(R+,H),
TO Byaem roBopuTb, YTo 3aga4a (1), (2) perynapHo paspelmnma.

OTMeTMM, YTO aHa/iorMyHaA 3agaya Ana  onepatopHo-guoddepeHumanbHbIX
YPaBHEHUI BTOPOro nopszka PaccMoTpeHbl B paboTax [2]. JIoKanbHble U He NIOKanbHble
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3agaun  ana onepatopHo-anddepeHUManbHbIX YPaBHEHUM TPeTbero nopsaaKa, Koraa

KpaeBble YC/I0BMA COAEPKAT IMHENHbIE ONepaTopbl, PacCMOTpeHbl B paboTtax [4]. B aaHHOM

paboTe Mbl Hangem ycnosuA Ha Ko3doduUuMeHTbl Kpaesor 3agaum (1), (2), KoTopble

obecrne4ynBatoT CyLLeCTBOBAHME U eAMHCTBEHHOCTb eé pewenusa npu f(t) € L,(R,; H), a

ue WZB:S(R+:H)-

B npocTtpaHcTBe W23,8(R+,H) onpegenaem onepartop
Pou=u"+A%, ueW;. (R, H).
Teopema 2. 3agava (1), (2) perynapHo paspewmma npu Bcex &, ANA KOTOPbIX onepaTtop
(E — €A)™ ! obpatvm B H.
Nutepartypa

1. /lnonc XK.J1.,, MapgxKeHec. HeogHopogHble rpaHWYHbIE 334a4M U UX TMPUNOXKEHUA.
Mocksa, «Mwup», 1971, 371 c.

2. S.S. Mirzoyeyv, S.F.Babayeva. On a double-point boundary value problem for a second
order operator-differential equation and it's application. Applied and Computational
Mathematics. Appl. Comput. Math. V.16, N.3, 2017, ISSN 1683-3511, pp.148-151.

3. S.F.Babayeva. On ¢ solvability of a class of a boundary value Problem for an operator-
differential equation in Hilbert space. Proceedings of the Institute of Mathematics and
Mechanics, National Academy of Sciences of Azerbaijan. Volume 43, Number, 1, June,
2017, P.116-123.

K YUCNEHHOMY PELUEHUIO 3AA4AYU AUPUXNE ANA YPABHEHUA NANNNACA B
CNEUMANBbHBIX MHOTOYITO/ZIbHUKAX
banakuwwues babaxaH banacbl ornbi
bakuHckul NocydapcmeeHHsbIl YHUsepcumem
Email: svurgun40@mail.ru

1. Myctb D ogHocBA3HaA 06nacTb C KYCOYHO-rNaAKon rpaHuuen . PaccmoTpum 3apavy
Ounpuxne gna ypasHeHuA Jlannaca.
Au=0 B D (1)
u=o(s) Ha r (2)
MN3BecTHO, 4YTO ecnn GyHKUMA @ MMeeT paspbiB BTOPOro poAa B BepluHe yrna, 70 B
OKPECTHOCTM 3TOM BEPLUMHbBI CpaBeaanBa acMMNToTUYecKas gopmyna (cm.Hanp.[1]):
u(n)~r,n

roe r —pacCcrtoaHme ot yFHOBOﬁ TOYKHU, N — NOPAOOK npOM3BOAHOl‘;1. YyutbiBas 3Ty
dCMMMNTOTUKY B [2] ANA NOrpeWwHOCTN MeToda CETOK B C/aiy4ae NATUTOYEYHOM pa3HOCTHOl‘;1
CXemMmbl nonyyeHa cneayrouwan oueHKa:
s O(hz), pu a<1/2,
" {O(hl/“), pu a>1/2, €>0,
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roe am- pacTBop yrna.
B cnyyae Korga @ HenpepbiBHO MPOXOAWUT Yepes3 BEPLUMHbI YIN0B, ONS BbIMYKAbIX
(o<1) yrnoB yumTbiBasA aCMMNTOTUKY

noNyyeHa oueHKa; 8,=0(h%); a ans BorHyTbIX (0>1) YrI0B NOMB3YACh aCMMMNTOTUKOM

(n) 1/o-n
~

u

(3)

B [3] nonyyeHa cneaytowan oueHKa:
8, =0(h?«2 ¢ ) (4)

Mbl nepeyncnanm cayyvyam, Korga rpaHUYHbIE YCAOBUA annpPOKCMMUPYIOTCA TaKUM XKe

2
NOPAAKOM, KaK U ypaBHEHUe, T.e. NOPAAKOM O(h ) B KJ1acce rafKkux peeHun.

B HacToswen 3ameTke paccmatpuBaeTca 3agadva Aupuxne B obnactm D, rpaHuua I
KOTOPOM COCTOUT M3 OTPE3KOB NapanieNbHbiX KOOPAMHATHBIM OCAM, MPUYEM 3TN OTPE3KMU
COMU3MEPUMbI; (p(S)- HenpepbiBHAA PYyHKUMA AAMHbI ayrn [, T.e. ANA TOYHOro pelleHun

BepHa oueHKa (3).

2. Bbibepem hp>0 TaKoe, 4TO KBagpaTHaa ceTKa Ansa obnactu - C warom
h,0<h<h, 6blna cornacosaHHaA. MHoOecTBa y3108 nexawmx B D n Ha I, 0603HaumMm yepes
D, v l,, COOTBETCTBEHHO.

PaccmoTpum AeBATUTOYEYHYIO Pa3HOCTHYIO cxemy (cm.[4], [5]):

AhUh = 6%[Ui+1,j+1+ Uisgjat Uigju + Uigja +
+4(Ui+1,j+Ui—1j+ Uij+1+Uij_1 )_ 20U ]:O 8 D, (5)
U, =0, Ha [,.
MorpelwHocTb §,=U—U, NPUBANNKEHHOrO pelleHnA ABNAETCA peLleHNneM 3a[a4n:
A8, =h'M, B Dh,} (6)
5, =0 Ha [},
rae Mg- nuHeltHaa KoMBUHaUMA WeCTbIX MPOU3BOAHbIX OT U.

3. MycTb z,- NPOM3BO/IbHAA YIr/I0BaA TOYKa, rA4e PacTBOP yria paseH om, rpaHuubl I u
3HavyeHne GyHKLMM @ B TOUKe z,00603HaYMM yepes @, .

Cnepya TexHuke pabotbl [3] MccnegoBaHHOM ANA NATUTOYEYHOM CXeMbI A OKa3blBaeTCA.

Jlemma. B OKpecTHOCTHU z,,, e BbINONHAETCA OLeHKa (3) Ana pelueHMA pasHOCTHOM
3agauu (5) cnpaseanmsa oueHKa.

U, -9, =o(ry), (7)
rae O<y<l/a.
Ha ocHoBaHWMK Jlemmbl 1 COOTHOLWEHUN (6) y4nTbIBasA OLEHKY (3) AOKa3bIBaETCS
Teopema. 15 norpewHocTM NpUBANKEHHOIO pelleHns 3a4a4n (6) BepHbl OLEHKU:
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5 _[olh ) mpa a=172, )
h ™ {O(hZ/a—Zar—l/oc-H?) M o>l

4. 3ameyaHue. [lonyyeHHbIN pe3ynbTaT NOKa3bIBAET, YTO NPUMEHSA AEBATU TOYEYHYIO
cxemy pe3ynbTaTbl J/TaacoOHeHa ANA pacCMATPMBAEMbIX HAMM 061acTelr, MOXKHO yay4WnTb
TONbKO ANA « =1/2, T.e. NPaKTUYECKMX pacyeTax gna obnacten c yrnamm a >1/2, o #1, He
cnenyeT ycnoxKHATb cxemy. OueHKM (8) TaKKe NOATBEPKAAOT CAeayoWwmMn npumep,
aHanorn4yHbi npumepy E.A.Bonkosa [4]. Mpyn peweHnn ¢ NOMOLLbIO AEBATUTOYEYHOMN
CXeMbl 3a4a4u nupuxne ans ypaBHeHMa Jlannaca B CEKTOpPe AEBATUTOYEYHOM CXEMbI 3a434M

Ovpuxne ana ypasHeHua Nlannaca B cektope T, = {O <r<1)e< om/Z}, TOYHbBIM peLleHnem

KOTOpOM ABAsieTcA GyHKUMSA u(x,y): r’*cos®/o, roe r= \/x2+y2 , 6=arg(x+iy),
NOrpeLHoCTb NPUB/INKEHHOTO pelenmna, Npn 1/2<a <2, a #1, 0<h<h,, ynosnetsopsaet

HEepPaBEeHCTBY:

1o
1/a-8
a

max |6, (khmh)|> "

(khmh)T, o

C c

14
a

rae kK,m uenble, ¢,, C, MONOMKUTENbHbBIE NOCTOAHHbIE, He 3aBucALLMe oT h.

5. YncneHHble pacyeTbl NOATBEPKAAOWMNE CNPABEAANBOCTb OLUEHKM (7).

PaccmaTtpusaeTtcs 3agada (1) u (2) B obnactax ¢ Hanbonbwmmmn yrnamm n/ 2, 3n/2 n
g

YesinGin « .

27, TOYHBIM PELIeHMEeM KOTOPOit aeaseTcs u(x,y)=r

HanpaBAEHUN B KOTOPbIX 3a4MCNEHDI v;,J=12,4.0THOCUTE/IHO 3aNOJIHEHNA Tabnunupbl
cm.[5].
JlutepaTtypa

Laasonen P. Ann. Acad. Sci. Fenn Al 241,1-13 (1957)

Laasonen P. Ann. Acad. Sci. Fenn Al 246,1 — 19 (1957)

Laasonen P. Ann. Acad. Sci. Fenn Al 408,3- 16 (1967)

Basos B., ®opcant k. Pa3HOCTHble MeToAb! peleHns AndpepeHUnanbHbIX YPaBHEHUN

s wnN e

B YaCTHbIX Npon3soaHbIX. M., Nn., 1963.
5. Camapckuit A.A., AHgpeeB B.6. PasHOCTHbie MeTOoAb! AN1A SNTUNTUYECKUX YPABHEHU.
M., Hayka, 1976.

Ob OAHOM CNOCOBE NOCTPOEHUA ABYCTOPOHHUX YNCNIEHHbIX METOA0B
lfynuesa Ap3y Mypagp, Kbi3bl, Faguposa Unaxa Axna Kbidbl
BaknHcKkMiM TocyaapcTBeHHbIM YHUBEpPCUTET
arzu.quliyeva@gmail.com’

ilaha.gdrv@gmail. com’
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3,CI,ECb paccmaTpmnBaeTCcaA NOCTPpoeHNe AOABYCTOPOHHEro 4YucaeHHoro metToda K
peweHuno 3a4a4m Kowwm ana O6bIKHOBeHHOFO p,md)d)epeHumaanoro YpaBHEHNA nepsoro
nopAaaka, KOTOprVI nwmeet CI'IG,CI,VFOIJ.I,VIVI BnAa:

y'=1(XY), Y(X) =Y, Xg < X< X, (1)

C I'IpM6I1M>KeHHbIM peweHnem 3TOMN 3a4a4n 3aHMMaINCb MHOTUE N3BECTHbIE Y4Y€HblEe,
HaynHaAa ¢ HbloToHa. Ll,enb Halwlero nccneaoBaHMA 3aKao4YaeTCcA B NOCTPOEHUN YNCNEHHDbIX
MeToa0B AnA peweHus 3agaum (1). C aTol uenbio npeanonaraem, 4yto 3agada (1) nmeer
HenpepbiBHOE peleHne, onpegeseHHoe Ha OTpesKe [xO,X], a HenpepbiBHasa Mo

COBOKYMHOCTM aprymeHtoB o¢yHKkuma f(X,y) onpeaeneHa B HEKOTOPOM 3aMKHYTOM
MHoKecTBe D, roe MmeeT HenpepbiBHbIE YACTHbIE MPOM3BOAHbIE A0 HEKOTOPOro NopsaaKa
P, BKAOUMTENbHO. [INA uccnenoBaHnA YNCNEHHOTO peleHuns 3agaum (1), obosHaumm yepes
y(x;) (i=02,...) TouHOe 3HauYeHue pelieHna 3adaun (1) B Toukax x, (i1=012,...), a yepes vy,
— NpubAMKEHHOE 3HaYeHMe peLleHna 3a8aum (1) B Toukax X, .

Kak u13BecTHO, MnepBbln MNPAMOIM UYUCNEHHbIN MeToh, ANA peweHua 3agaum (1)
nocTpoeH JleoHapAoM IMepoM, KOTOPbIA MOXKHO NPeACcTaBUTb B BUAE:
You =Y, +hf(X,,y,), n=012,.... (2)
MocnepoBatenamm dnnepa bbl NOCTPOEH C/eAYOWNIA METOA:
You =Y, +hf (X1, Y,0), N=012,..., (3)
KOTOPbIA 6bln Ha3BaH HEABHbIM MeToAOM Jinepa, NOCKONbKY MmeTos, (2) 6bin Ha3BaH Kak
ABHbIA MeTog, dnnepa.
3TN mMeToAabl MHTEPECHbl TeM, YTO 06a AaHHbLIX MeToAa ABAAKTCA OAHOLIAroBbIMU,
yCTOMYMBbIMM U MMetloT cTeneHb P =1. Kak 6bln10 oTmeyeHo Bbiwe meTon (2) AaBnsetcd
ABHbIM, a meTof, (3) HesBHbIM. Mcnonb3ya 3TM csBoncTtBa meTtosoB (2) mn (3), MOXKHO
HanucaTb:
Vour = Yo +NE(X 0, Y0)s Yo = Yo +hE (X000 Vi) (4)
Takum o6pasom, A1 MCMNOSIb30BaHMA HeABHOro metoAa (3) Mcnonb3oBaH MeToZ,
NPOrHo3a-Koppekumn. OTMeTUM, 4To mMmeToz, (4) MOXKHO HanucaTb C NOMOLLBIO CNeayoLLEen
dbopmynbl:
Yo = Yo +hF (X + 0y, +hf(X,y,). (5)
MN3BecTHO, YTO meToAbl dinepa nccnegoBaHbl MHOrMMKM aBTopamu. 3aecb meTog, (5)
MccaefoBaH Kak aNropuTtm ansa peleHns 3agaum (1).
Bbllwe W3N0XEeHHble CXeMbl MPUMEHAAM K MeTodam Tpaneumm u B pesynbraTe
NONYYUNU METOA;:
Yo = Yo +h(F 06, ¥, )+ F (X, +h,y, +hf(x,,Y,))/2, (6)
KOTOpbIA He coBMagaeTr ¢ MeToaom Tpaneuuu. OaHako, metos (6) MOXKHO MOAYy4YUTb U3
cemelictBa metonoB PyHre-KyTTbl BTOporo nopsaka. Metog (6) Tak»Ke Ha3biBalOT METOAOM
XeH3a. OTMeTMM, 4YTO HEKOTOpble aBTOPbl MNPU MPUMEHEHUM HEABHbIX METOA0B
npegnaraloT WUCNOAb30BaTb WUTEPALMOHHbIE MeToAbl. Takas CxXxema He yaydwaer
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MCNONb30BaHWE HeABHbIX MeToAoB. TakMm o06pa3om, MNOAYYMAM, YTO OAHMMMU U3
NEPCMNEeKTUBHbIX METOAOB A/A peleHua 3agaun (1) ABnAwTCA MHOrowarosble MeToAbl.
OpHako cneayetr OTMETUTb, YTO B MPUMEHEHUM 3TUX METOAO0B BO3HMKAKOT HEKOTOpble
TPYAHOCTU, TaKMe KaK onpeaesieHMe [OCTOBEPHOCTM MONYYEHHbIX MNPUBANMKEHHbIX
3HAQYEHUN BbIYUCNEHHbIX 3TUMU MeTodamu. OTMETUM, YTO TOYHOE 3HAYEeHMEe pPeLleHUi
3agaum (1), Bcerga HaxoguTCca MeXKAy 3HAYEHUAMMU, BbIYMCAEHHBIMU C MOMOLLbIO METOAO0B
(2) n (3), uto cnepyeT N3 paBEHCTB:

Y0¥ = Y0x,) +hy (%) + 12, y7(x,) +O(h%), h 0,
V(%) = Y(x,) +hy (%) =15, y7(x,) +O(h°), h =0,

CnepnoBaTtenbHO, BCErAa BbINOMHAOTCA:

ym—l < y(xn+l) < yn+l nan yn+l < y(Xn+l) < yn+l'
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METOAUKA U3YHEHUNA TPANELUN
FacbimoB Anbmara Araracbim ornbl, MexTuesa Yabeua LLIMPUH rbi3bl
BakMHCKUM FocypapcTBeHHbIM YHUBEpPCUTET
gasymov-elmagha@rambler.ru

Mycte ABCD (pucyHOK 1) NpOCTPaHCTBEHHbIM YETbIPEXYroNIbHUK U NYCTb TOYKM E u©

F cepeguHbl otpeskos AB 1 CD cooTBeTCBEHHO.
Teopema. [na TOro 4tobbl AAHHLIN MPOCTPAHCTBEHHDLIN YETbIPEXYTrONbHUK Obin

NAOCKOM  ¢urypon Tpaneumm Heobxogmmo U

[0CTAaTOYHO, YTOObI BbINO/IHANIOCH PABEHCTBO: B C
EF =%(AD+ BC). (1)
Dokasarenbcreo (Heobxoaumoctb). M3 Kypca E F
reomMeTpmMmn 3Haem, 4YTo ecan AaHHas ¢urypa ABCD V D

A

PucyHok 1.
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NAoCKasa Tpaneuua, To EF saBnAetca cpegHel NNMHMEN 3TOW Tpaneuuu u ons Hee MmeeT
MecTO paBeHCcTBO (1).

DokasatenbctBo ([OCTaTOYHOCTb). Tenepb [JOKa)KEM, 4YTO €CAM BbINOJHAETCS
paBeHCcTBO (1), To npocTpaHcTBeHHas ¢purypa ABCD asnsetcs naockon durypoi tpaneymu.
Touka A n C coeaunHeHbl 1 06pasytoT TpeyronbHMK ABC . MycTb NAOCKOCTb (7 ) COAEPKUT B
cebe TpeyronbHUK ABC . [TOHATHO, YTO TaKas NNIOCKOCTb €CTb U e4MHCTBEHHA.

Myctb M - cepeauHa oTtpe3ska AC. 3Hauut, EM u MF aABasawTCca cpeaHMmm
nmHnamu TpeyronbHmkos ABC n ACD cootseTtcTBeHHO. Toraa

EMﬂBC,HWz%BC (2)
n
MFUAD,MF:%AD. (3)

Ecnm touka D He neskut B nnockoctu (7 ), To nonyyeHHasa reometpudeckaa ¢urypa EMF
6yaeT TPeyronbHUKOM M NO CBOWCTBY TPEYro/IbHUKA A0/IKHO BbINOHATLCA HEPABEHCTBO

EF<EM+MF. (4)
Yuyutbiead (2) n (3) B (4), umeem:
EF <1BC+1AD,
2 2
T.€.
1
EF <§(AD+BC). (5)

A 370 npoTuBopeunT paBeHcTBY (1). 3HauuT, TouKa D NeXWUT B NAOCKOCTU (), yem
Mbl U O0Ka3blBaau, yto ¢purypa ABCD asnsetca naockoi purypon n Touka D nexuT Ha
nnockoctn (7 ). U3 (2) n (3) cneayet, uto EF //BC n EF // AD, chepgoBatenbHO

BC// AD. (6)

Elmaga Agaqasim oglu Qasimov, Baki Dovlst Universiteti, Riyaziyyat ve onun tadrisi
metodikasi kafedrasi, r.e.d., professor.
Ulviyya Sirin qizi Mehdiyeva, Baki Dovlat Universiteti, Riyaziyyat va onun tadrisi metodikasi
kafedrasi, magistrant.

METOAUKA BbIBOAA ®OPMY/1bl TEPOHA ANA NNOWAAU TPEYTO/IbHUKA
FacbimoB Anbmara Araracbim ornbl, LLinpuHosa HasnpmuH HamuK rbisbl
BakMHCKMM FocyaapcTBeHHbIM YHUBEpCUTET
gasymov-elmagha@rambler.ru

Mycte ABCD nto60i NA0CKUM BbINYKAbIN YeTbIpEXyronbHMK. M nycte AB=m, BC =n,
CD=q, AD =s, rae m,n,q,s -
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3a4aHHblE NONOXUTENIbHbIE YUCAA. KBa,CLpaT naowaanm naoCKoro t-IeTbI|f)éXYFO!'Ile/IKa

BbluMcnaeTca no ¢opmyne [1]
Sasco = (Q-mM(Q-n)(Q-a)(Q~5) -

—mnqscoszéA;zlC (1)

roe

1
Q:E(m+n+q+s).

Tenepb paccmoTpum  TPeyrosbHUK
ABC unnyctb AB=a, BC=b, AC =c.

Teopema lNepoHa. lNnowaab Tpeyronb-
HuKa ABC Bbluncnaetca no popmyne

S=p(p-a)p-b)(p-c), (2)
roe S - nhowaab TpeyronbHuKka ABC m

1
== b )
p 2(a+ +C)

[oka3satenbcTBo. Nposegém

OKPY)KHOCTb, OMMCbIBalOLWYO TpeyronbHMK ABC.

D

PucyHok 1.

MN3BECTHO, 4YTO TaKas OKPYMHKHOCTb

()
CyLLecTByeT, U OHa eamHcTBeHHA. Ha ayre BC 6epém nocneposaTenbHOCTb TOYKM D, , Tak

4yTO
lim D, =B.

k—o0
T.e. npu k — o0 nocnepoBaTeNlbHOCTb TOYKM
D, cxogutca K Touyke B. CornacHo dopmyne (1),
KBagpaT njaowanu detbipéxyronbHuka ABD,C
BbluMCAAETCA NO popmyne
S¢ = (Q —a)(Q —¢)(Q —m)(Q, —n) -

A+ /D
—acm,n, cos? ZoT L0 (4)
k' 'k 2

roe S, — naowadb yetblpéxyronbHuka ABD,C,
m, =BD,, n, =CD,..

Q. :%(a+c+mk +n,).

M3 BbILEN3NOXKEHHbIX CAeayeT, YTo
ZA+ /D, =180°.
CnepoBaTtenbHoO,

ZA+ 2D,
0s— =
2

YuutbiBasa (5) B (4), nonyyaem

C 0.

(3)

A

PucyHok 2.
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Sk2 = (Qk _a)(Qk _C)(Qk - mk)(Qk - nk)' (6)

MOHATHO, YTO
Iim nk =b, Iim mk =0,

IimQ, = P_—(a+b+c)

k—»0

lim S, =S = qc. (7)

B (6) npu k — o0, nepexoga k npeaeny n ncnonbsysa (7), nonydyaem

S?=p(p-a)p-b)(p-c).
OTcloga cnenyet cnpaseanBocTb popmynbl (2). Teopema gokasaHa.

Jlutepartypa
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Ob OAHOM NPEACTABJ/IEHUN METOAA LUTEPMEPA
Nyp6aHoB Ucaban Anu ornbl, FagupoBa Unaxa fAxiia Kbi3bl
bakuHcKuli FocydapcmeeHHsbIl YHUsepcumem
aydin aliyev66@mail.ru, ilaha.gdrv@gmail.com

PaccmoTpum npumeHeHne metoaa LlUtepmepa K peweHuio 3agaun Kowwum ans
06bIKHOBEHHbIX AndPepeHUManbHbIX yPaBHEHUI BTOPOro nopsaaKa:
Y =FX YY) Y(X) = Yo, Y (%) = Yo, Xo S X< X, (1)
Mpexae yem nccnenoBaTb YMC/IEHHOe pelleHue 3agaum (1), paccmoTpum ycnosus,
KoTopble 06blMHO Hanaratotcas Ha ¢yHKumio F(X,Y,S) M Ha peweHune 3agaun (1).
MpeanonoXmm, YTo HeNpepbIBHOE pelleHne 3a4aun (1) onpeaeneHo Ha oTpeske [xO,X], a
HenpepbIiBHAA MO COBOKYMHOCTM aprymeHToB ¢pyHKuma F(X,y,S) onpeaeneHa B HEKOTOPOW
3aMKHyTON 0bnactu, rae nmeeTt HenpepbiBHble MPOM3BOAHbIE A0 p nopaaKa. Mcnonb3ya
TEOPUIO MHTEPNOALNOHHBIX MHOTOYNEHOB, MOXHO HanucaTb (cm. [1]):
ek
Y'(x, + ) =y, +h[ > V'F.dt (2)
0 i=0
NHTerpupysa paBeHCTBO (2) umeem:
k .
Yoo = Yo + 0y, 02> V'F,
i=0
KoadduumenTtbl a; - onpeaenatotca B cneayrouen popme:

1

Iégjt(t+1) (t+i- 1)dt (i=012,...k).

Ytobbl onpeaennTb 3HAYeHUA ITUX  KO3IOPUUMEHTOB NPeanosioKUM, YTO
a;, (i=012,.,k) asnaoTtca koapduumeHTamn B pas3noxkeHUn HekoTopol ¢yHKumm G(t) B

pag MaknopeHa, Torga nmeem
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GO =Y 7" =2 (" (_ms st =] i(—t)m[‘msjds -

m=0

= jdgi L—t)°ds=t/(L—t)In?@—t)+1/In(1—t).

OTcrona nonyvymm
(1-t)In(1-t)G(t) =1-t+t/In(1-t). (4)
YuunTbiBas cneaytollee pasnoxeHue
t/In(1-t) =a, +at+a,t’+..,
nosnyyaem, uto ¢, =1, o, =112, o, =1/ 24,
a,=—a,/(n+Y)—-a/n-a,/(n-)—-..—a,,/2 (n=1).

Takum O6pa30M, CneayeT, YTo UMeET MeCTO
7o+ (o —rt+(na _72)t2 Hot (Vg =) +"':Zajtj' (5)
=0

Mocne HeKoTopbIx NpeobpasoBaHMt NONYYUM:

a, +...+ian72 —a, N +...=0.
(n=2Dn 1-2

YunTtbiBas, uto cuctema L t,t%,...,t",... MMHeNHO-He3aBUCMMasn, TOrAa ANA HaXOXAEHMA

—aot+(%ao —a )’ +..+(

KO3pPUUMEHTOB @, Meem CneayoLLyto CUCTEMY:

ay=l-a,a;=-a,+o, [(j+)j+..+a, ,/2-3+e, ,/1-2. (6)
C y4eTom 3TMX KO3PPULMEHTOB MOMKHO NOCTPOUTHL ABHble meToabl. OTMEeTUM, YTO

dHa/1I0NM4YHbIM o6pa30M MOXHO NOJIYy4YUTb ﬂO,ﬂ,O6HbIe PaBeHCTBa A1 HeABHbIX MEeTO40B.

JlutepaTtypa

1. LS. Berezin, N.P. Zhidkov, Computing methods, Moscow, Fiz. Mat. Publish. 1959, 620 p.

2. G.Yu. Mehdiyeva, V.R. Ibrahimov, M.N. Imanova, Application of the hybrid method with
constant coefficients to solving the integro-differential equations of first order, AIP
Conference Proceedings, 2012/11/6, p. 506-510.

3. G.Yu. Mehdiyeva, V.R. Ibrahimov, M.N. Imanova, On One Application of Hybrid Methods
For Solving Volterra Integral Equations, World Academy of Science, Engineering and
Technology 61 2012, p. 809-813.

4. G.Yu. Mehdiyeva, V.R. Ibrahimov, M.N. Imanova, On the construction test equations and
its Applying to solving Volterra integral equation, Mathematical methods for information
science and economics, Montreux, Switzerland, 2012/12/29, p. 109-114.
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O HEPABEHCTBE XAPHAKA ANnAd HENUHEWHbIX SATMATUYECKUX YPABHEHUIA,
BbIPOXAAKOLWKNXCA HA YACTU OBZIACTU
lyceitHoB CapBaH Taxmas ornbl, Aanes Myuwdur [xkanan ornbl, Annes Caxub Anu ornbl
BaKknHckm FocygapcTBeHHbIN YHMBEpPCUTET, HaxunBaHCKMn FoCcyaapCcTBEHHbIN YHUBEPCUTET
sarvanhuseynov@rambler.ru

PaccmoTpum B o6nactv D < R") N2 2 3pauntuyeckoe ypasHeHue
Lu = div(e (x)a(x) | Vu|*™? Vu) +b(x)Vu = 0 (1)
C ABYX}PaA3HbIM KYCOYHO-MOCTOAHHbIM MOKa3aTenem p(x) N HeoTpuuaTenbHbIM Becom w(X),
KoTopble onpeaenum Huxe. 3gecb a(X)= {aij(x)}, AENCTBUTENbHAA CUMMETPUYECKan

matpuua C UISMEPUMbBIMUN INEMEHTAMMN. npe,ﬂ,I'IOJ'IO)-KVIM,‘—ITO OTHOCUTENTbHO K03¢¢MLI,VIEHTOB
onepartopa L BbINONHEHDI yCnoBuA

uef < Yy, <l e (0] o)
M 2
bl = (ibf)% eL,(D), p>n . )
'=l s ={x:x, =0}

Mpeanonaraetca, yto obnactb D paspeneHa runepnnockocTtbio Ha 4acTtu

D® =D~ {x:x, >0} " D® =D n{x:x, <0} Mpu aToMm

o(x) = {a)l(x), eciu xe D® £ (01], (4)

@, (X), ecru X € D@,

g, eciu Xe D®.
D(X)Z{

(2)
p, ecwu xeD', 1<q<p. (5)

Ka)asn 13 BeCoBbIX QYHKLMIA @, (X)4eTHA OTHOCUTENbHO MMNEePrIOCKOCTM = . Kpome TOro

npeanonoraetca MTo @, (X) NpuHagnexut A -knaccy MakenxaynTa, a o,(X) A, -knaccy

. v n
MakeHxaynta. HanomHum ,uto Bec w(x) ,onpegenérHbiii 8 R', yaosnetsopaet ycnosuio

A, -ycnhosuio MakeHxaynTa ,ecnu

sup(é ! a)(x)dx]% _B[ wil (x)de <o, 1< S <o,

rae cynpemym 6epetcs no scem wapam B < R".

Ona onpepeneHva peweHua ypasHeHua (1) BBegem Knacc OYHKUMMA, CBA3AHHbLIA C
MOKa3aTenem p(X):
W,oo(D) ={u:u e W2 (D),|Vu["” e L, (D)},

11 o
raoe W,,. (D) -Cobonesckoe NpocTpaHCcTBO GYHKLMIA, 10KanbHO cymmupyembix B D Bmecte ¢

0606LLI,EHHbIMI/I nponU3BOAHbIMU NMNEPBOro nNnopAagkKa.
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MNoag peweHnem ypaBHeHMA (1) noHumaeTca o¢yHKkuma ueW, (D), yaosnetrBopstowian

loc

MHTErpanbHOe TOX/AECTBO
_[co(x)a(x)|Vu|p(x)72Vu -Vedx=0 (4)
D

Ha NPOB6HbIX GYHKLMAX ¢ Cq (D).

Ons nokasatens p(-), 3agaHHoOro paseHcTBOM (3), rnagkue dpyHkumm naotHbl B8 W, (D) (cm.
[1] ), BcneacTBMe 4yero B MHTerpanbHom Toxaectse (4) B KayectBe NPOOHbIX GYHKUUI
MOHO 6paTb pUHUTHbIE PyHKumM 3 W, (D).

B pabote [2] 6bIN0 MOKa3aHO, YTO KNacCMYECKOe HepPaBEeHCTBO XapHaka ANA peLlueHui
ypaBHeHua (1), B Kotopom &=1 n p<qg, He umeeT mecta. [laHHOe HepaBEHCTBO
HapywaeTca B wapax B, ¢ ueHTpom Ha rMnepnaockocTu 2. Nns bopMYyNINPOBKM
nonyyenHoro B [1] pesynbtata obosHaumm yepe3s B, 6byaem o603Ha4aTb MHOXECTBO
{Xe Bi 1 X, <—R/2}.VCTaHosneHo, 4YTO ecin U eCTb HeoTpUUATe/IbHOE peleHna ypaBHEHUA

B =D LEHTPOM Ha TMMepnaocKoCcT X, TO B KOHUEHTpuYeckom wape B,

(1) B wape
paauyca R cnpaBensiMBO HEPABEHCTBO

inf u+R>C(n, p,q, .|b)supu. (5)
R Bi

Hactosulee cooblieHre MNOCBALWEHO YCTaHOB/AEHMIO HepaBeHCTBa XapHaKa Buaa (5) c
noctoaHHon C, He 3aBucaAwen ot &. OCHOBHOW pe3yabTaT COCTOUT B YTBEPMKAEHWUM.

Bgr = D

Teopema. Echn U ecTb HeoTpuuaTeNbHOe pelleHue ypaBHeHuA (1) B wape C

LEHTPOM Ha rnnepnaocKoCTu z, TO B KOHUEHTPHUYECKOM LWape BR paaunyca R
b|.

cnpaseagnnBo HEpPABEHCTBO (5), B KOTOPOM NOCTOAHHAA C 3aBMCUT TO/IbKO OT n,p.q iy
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2.Serrin J., Local behavior of solutionsof quasilinear elliptic equations, Acta Mathematica,
V.111, (1964), pp.247-302.
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huseynova.bsu@gmail.com, zumrudzahid93@gmail.com

CoBpemeHHble Npobaembl ecTecTBO3HaHUA NPUBOJAT K HeE0HXoaMMOCTM 0606LWeHUA
KNacCMYeCcKMX 33434 MaTeMaTuyeckon GU3MKKM, @ TaKXKe K MOCTaHOBKE KayeCTBEHHO HOBbIX
3a/la4, K KOTOPbIM MOXHO OTHECTU HesioKanbHble 3agaun ana auddepeHuManbHbIX
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ypaBHeHWUI. HeENOKanbHbIMM  HA3bIBAlOT YCNOBUA, CBA3bIBAOWME 3HAYEHMA pelleHua (U,
BO3MOHO, €ro NPON3BOAHbIX) BO BHYTPEHHUX 061aCTAX MM B TOYKAX FPaHULbl U B KaKUX-
nMbo BHYTPEHHUX Touykax. Cpegm HenoKasbHbIX 33434 60NbWONM MHTEpeC NpPeacTaBAAOT
334Q4M C UHTErpanbHbIMU YCAOBUAMWU. HeNoKanbHble MHTErpasibHble YCA0BUA OMUCHIBALOT
noBeAeHMe pelleHns BO BHYTPEHHUX TOYKax 061acTu B BUAE HEKOTOPOro cpeaHero. Takoro
poAa WHTErpasibHble YC/0BUS BCTPEYAOTCA NpPU UccnenoBaHUM GU3UMYECKUX ABNEHUA B
cny4ae, Korga rpaHmua 061acTm NnpoTekaHUA npouecca HeAoCTyNnHa ANA HENOCPeACTBEHHbIX
namepeHun. Mpumepom MOryT CAYXUTb 3a4ayu, BO3HMKAKOLWME NPU UCCAeaoBaHUM
andody3mmn yactmy, B TypbyneHTHOM nna3me [1], npoueccoB pacnpocTpaHeHua Tenna [2, 3],
npouecca BiaronepeHoca B KanuAAspHO-NPOCTbiX cpeaax [4], a Takke Npu nuccnegoBaHUm
HEeKOTOPbIX 06paTHbIX 33434 MaTEMATUYECKOM GUBUKM.

PaboTa nocBAweHa aKTyanbHOW npobneme pasgena gupdepeHunanbHbiX YypaBHEHWUN
C YacCTHbIMM MPOM3BOAHLIMM - 3aJaye C He/IOKaNbHbIM MHTErpasbHbIM YCNOBUEM.
NccnepoBaHMe TakMX 3afad NpeacTaBAsieT MHTEPeC TaK C TOYKM 3peHUA pasBUTUA obLiein
Teopun  guddepeHuUManbHbIX YPaBHEHUIA C YACTHbIMM MPOU3BOAHBLIMWU, TaK U C TOYKMU
3peHUA NPUNOKEHNI B MaTEMAaTUYECKOM MOAENMPOBAHUM PA3/INYHbIX NPOLLECCOB.

PaccmoTpum ana ypaBHeHMA

Uy, (X, 1) +u,, (X t) =a(t)u(x,t) + f(x,1) (1)

B o6bnactn D; ={(x,t):0<x<10<t<T} Kpaesylo 3a4auy C rPaHUYHBIMU YCIOBUAMMU
ux,0) =), u T =yx) O=x=<1), (2)
u(0,t) —pu(l,t) =0 (0<t<T), (3)

C HEKNNAaCCNYECKUM KpaeBbIM YCZTOBUEM

j.u(x,t)dx=0 (0<t<T) (4)

rae [3#+1- 3apanHoe umucno, f(xt), o(x), w(x), a(t)- 3agaHHble dyHKumm, a U(X,t)-
Mckomas GyHKUUA.

OnpedeneHue. 100 KaaccuyecKkum peweHuem 3a0a4yu (1)-(4) noHumaem ¢pyHKYuUIO
u(x,t) HenpepoigHyto 6 3amkHymoii obaacmu D; emecme co ecemu ceoumu

Mpou3800HbLIMU, 8X00AWUMU 8 ypasHeHue (1) u ydosnemeopsaowyro ycaosuam (1)-(4) e
006bIYHOM CMbICrIe.
MpeanonoXxum, 4To AaHHble 3aaaun (1)-(4), yAoBNeTBOPAIOT CNeayoWMM YC/TIOBUAM:

1. p(x) e C*[0,1], ¢"(X) € L,(0,1) u
1

0(0) = Bp(1) ,¢'(0) =¢'D).,9"(0) = f"(D) (B = £D). [ o(x)dx =0,
0

2. y(x) eC0A], w"(x) € L,(0) n y(0) = By (1) ,w'(0) =y'(D) (B =£D).
3. f(xt), f,(x,t)eC(D;), f,(x,t)eL,(D;)n f(0,t)=a(Lt), f (0,t)=f (Lt),
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1
jf(x,t)dx:o (0<t<T).
0

CHavana paccmaTpuBaeTcA BCMOMOraTe/ibHaA KpaeBaA 3ajava M [0KasblBaeTca ee
9KBMBANIEHTHOCTb (B OMpeAeNneHHOM CMbICAEe) K WUCXOAHOM 3aadadve. [na umccnefoBaHus
BCMOMOraTe/IbHOM KpaeBOW 33[a4M  CHAyasNa WCNOAb3yeTcA MeToh, pasfeneHus
nepemeHHbIx. MNocne npyumeHeHna GOpManbHON cxembl MeTOAa Pa3AeneHUa nepemeHHbIX
peweHne nNpPAMOW KpaeBOM 3aJaynm  CBOAMTCA K peleHU0 3a4ayn C Heu3BEeCTHbIMU
KoaddpunumeHTamm. Nocne 3Toro pelweHne 3a4a4m CBOAUTCA K peLleHN0 HEKOTOPOW CYETHOM
cuctembl  UHTerpo-anddepeHunanbHblX  YPaBHEHUA  OTHOCUTENIbHO  HEWU3BECTHbIX
KoaddunumeHTos. B cBolo ouvepeab, nocnegHAs cUCTEMa OTHOCUTENIbHO HEU3BECTHbIX
KoadPnuMeHTOB 3anncbiBaeTca B BUAE OAHOrO MHTerpo-anddepeHLmanbHOro ypaBHeHuA
OTHOCUTE/IbBHO MCKOMOTO peLleHuA. Takum ob6pa3om, peleHre BcnomoraTenbHOW obpaTHom
KpaeBOW 33a4a4M CBOAUTCA K cUCTeMe UHTerpo-guddepeHumnansvHbix ypaBHeHMn. CtpouTca
KOHKpeTHoe 6aHaxoBO npocTpaHcTBo. [lanee, B wWwape w3 nocTpoeHHoro 6aHaxoBa
MPOCTPAHCTBA C NOMOLLbIO CXKaTbIX OTOOPAXKEHUM O0Ka3biBaeTCA Pa3peLuMmocCcTb CUCTEMBI
HeJIMHENHbIX UHTerpo-anddepeHUnanbHbIX  YPaBHEHMIW, KOTOpasa TaKXe ABAseTcA
€OVMHCTBEHHbIM  pelleHMemM  BCMOMOraTeNibHOM  obpaTHoM  Kpaeson  3agaun. C
MCNONb30BaHMEM  IKBMBANEHTHOCTM  3a4ay  [OKasblBaeTcA  CywectBOBaHME M
€4VHCTBEHHOCTb KNaCCMYECKOro peleHna NCXO4HOM 3aauMn.

JlutepaTtypa

1. Camapckuii, A.A. O HeKoTopbIx Npobaemax Teopun auddepeHuUManbHbIX ypaBHeHUM //
Ond. ypasHeHunAa. —1980.—T. 16, Ne 11. — P. 1925-1935.

2. Cannon, J.R. The solution of the heat equation subject to the specification of energy / //
Quart. Appl. Math.. —1963. - Vol. 5, Ne 21. — P. 155-160.

3. WNoHKuH, H.WN. PelneHne ogHoM KpaeBo 3a4a4mn TEOPUMN TEMTIONPOBOAHOCTU C
HeK1acCcMYeckum KpaesbiM ycnosmem // And. ypasHenma. —1977.—T. 13, Ne 2. —P.
294-304.

4. Haxywes, A.M. 06 ogHOM NpUBINKEHHOM METOAE peLleHNsA KpaeBblX 3a4a4 ANA
anpdepeHUManbHbIX YPAaBHEHWUIN U €ro NPUBAMKEHNA K AUHAMMKE NOMEPEHHOM BAaru u
rPyHTOBbIX BOA, .And. ypaBHeHua. —1982. —T. 18, Ne 1. — C. 72-81.

HECTAHAAPTHbIE METOAbI PELUEHUA 3AAAM
Fawwnmosa TapaHa dHBep Kbi3bl, [)kaBagosa CeBunb Awap Kbi3bl
BakMHCKM TocyaapCcTBEHHbIN YHUBEPCUTET
sevilcavadova240@gmail.com

MaTemaTuka naBnseTca ¢yHOAMEHTANIbHOM HAYKOM, KOTOpas MMEET OrpoMHoe
NMPUMEHEHNE B PasIMYHbIX 061aCcTAX *KMU3HWU. Bonpocbl 0byyeHna MaTeMATUKKU CBA3AHHDI C
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NOMCKaMM Pas3/IMYHbIX METOAOB pelleHue 3aga4y. B cBs3m ¢ BHegpeHuMem B obpasoBaHue
HaUWMOHaNbHOW nporpammbl  «KyppuKynym», npeaycmaTpuMBaeTca MNOMMMO pPa3BUTUA
HABbIKOB pPELUEHUA YYALMXCA, TAKKe pPa3BUTME MATEMATUYECKOrO MbIWAEHUA, a 3TO
HEBO3MOXHO 6€e3 NpMBMTMA YyYaLLMMCA HABbIKOB pelleHus. Hapsay ¢ TpaguuMOHHbIMU
MEeTO4aMUN PELLEHNI B HEKOTOPbIX CyYasnx TpebyeTcs UCnoib30BaHME HECTaHAAPTHbIX UK
HEeOObIYHbIX METOAOB ANA PEeleHNA CNOXKHbIX 3a4a4y. B AaHHOM cTaTbe paccmaTtpuBatoTcA
HeoOblYHble MEeToAbl PelleHnin B MaTeMATUKE, KOTOPble MOMOratoT pa3BuUTb TBOPYECKOE
MbILL/IEHNE N NPUBHECTU HOBblE NOAX0AbI K peLleHuto npobaem.

PeweHne ypaBHEHMIN ABNAETCA OA4HOM M3 OCHOBHbIX 33434 MaTemMaTuKuU. HecmoTpA
Ha TO, YTO CyLLECTBYET MHOMECTBO TPAAULMOHHbIX METOA0B PeLIEHNA YPAaBHEHUIN, NHOTAA
TpebyeTcA NPUMMEHATb HeCTaHAApPTHble  NOAXoAbl  ANA  HAXOXAEHMA  peLueHUA.
HecTtaHaapTHble meToabl pelweHUa yYpaBHEHWUIM npeasaaratoT HOBble cnocobbl moaxoda K
3a4a4e M MOryT 6biTb NONE3HbIMU MPU PELUEHUU CNOXKHbBIX AN HETUMUYHbIX YPaBHEHUM.
OoHUM U3 HeCcTaHOAPTHbIX METOLOB ABMAAETCA - pelweHue anrebpanyeckux 3agad
MeTO4aMK,  OCHOBAHHbIMW  HA  HarNAAHbIX  TEOMETPUYECKUX  MHTepnpeTauumax.
Mcnonb3oBaHMe BEKTOPHOIO MeEeToAa ABAAETCA «NaHaueem» npu  peweHnrm MHOTmUX
NAaHUMETPUYECKMX N CTEPEOMETPUYECKUX 3a4a4u. Mcnonb3yem 3TOT cnocob ansa pelueHms
anrebpanyeckmx 3agau.

3apgaya 1. PaccmoTpum  ypaBHeHue 124X +5J9—x =39. Beegem BeKTOp®LI

a(12;5), b(\/;;\/g—x). CKanapHoe npousBeaeHne BEKTOPOB 3anuem cieayowmm obpasom
a-b=12Jx+5J9-x
é-5=|§|-‘5‘-cos(éA5)
|a’| =+/12%+5° =13
‘5‘:\/(\/;)2+(\/9—x)2 —/x+9-x=49=3.

nOﬂ,CTaBTIﬂeN\ M nNpupaBHMBaeEM npasblie 4aCTu PaBEHCTB. nOfly‘-laeTCﬂ
a-b=13-3cos(a"b)=39cos(ab).
a-b=12Vx+5J9-x,

TaKXe, No yCs1oBUO, 3HAaeEM, 4YTO

12+/% +59—x =39.

MpupasHMBaem
39.cos(a b )=39,
cos(é’\B):l.

Mbl BMAMM, 4YTO KOCMHYC Yyrna mexay ABymMA 3343aHHbIMW BEKTOpamMu paBeH

eAuHuLe, TO eCTb BEKTOpbl COHanpaBiAeHHbl (MMelT OAMHAaKoBOe HanpasieHue).
CoOoTBETCTBEHHO, UX OAHOMMEHHbIE KOOPAMHATLI NPAMONPOMNOPUMOHA/IbHbI, TO €CTb
Jx V99X

12 5
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OTtctopa
169

MpeactaBum cnegylowmn MeTon peleHua anrebpanyeckux 3a4ad C NOMOLLbHO
HarNAAHbIX FEOMETPUYECKUX MHTEPNPETALUN.

3a0aya 2. Hangute HavmeHbluee 3HAYeHMe CYMMbl XY+ YZ ONA NONOXKUTENbHbIX
yucen x,y,z, ecau

X +y?=144y* + 7 =25=xz.

PeweHune. Bocnonb3yemca obpatHoM Teopemoit Mudaropa.
MonyyaeTtca, 4To X,y ABNAKOTCA KaTeTamu, a 12 rMnoTeHy3oM
TpeyronbHuka ABD,A aHanormyHo Yy U Z  aBAdAl0TCA
KaTeTamu, a 5 runoteHys3oi TpeyronbHnka BDC . Mo TpeTbemy
ycnoBuilo 3agaunm  y>=xz, Toraa no obpaTHON Teopeme

Mudaropa ZABC =90°. Toraa cymma

Xy+Yyz=y(xX+2).
M3 nocnegHero paBeHCTBa

y(x+2)=2S(ABC).
Torpa

Xy +yz =2S(ABC) =60°.
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OBPATHAA 3AAAYA PACCEAHMA ANA CUCTEMbI OBbIKHOBEHHbIX
AN DEPEHLIMA/IbHBIX YPABHEHUIA HA MONYOCU
UckeHpgepos HusameaauH LUnpuH ornbi, Annesa Hunydpep NaHb6ap Kbisbl
Baki Dovlat Universiteti
nizameddin isgenderov@mail.ru, nilufermahmudova@mail.ru

PaccmoTpumHa nonyocu X >0 cuctemy ypasHeHui Buaa

3 0,00%,00 A 0 ()

k=14, &>&>0>&,>¢&,, 4 -cnekTpanbHbiil napameTp, i2=—1rpe, ij(x) - U3MepUMble
KOMMN/IEKCHO3HauHble GYHKLUW, YA0BNETBOPAIOLMNE YCNOBUAM:
2\ . T

([ <C@+ M) k,j=14. (2)

Ha nonyocu paccmoTpeHo gBe 3a4a4u:
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lNepBada 3agava

{yll(x’ " Aiei.ﬂm o — 400 (3)
Y2(x, 2) = Ae"™* +0(),
{%mm=ﬁm@+%wﬁx (a)
¥2(0,2) = y;(0, 2).
BTopas 3agava
{ylz(x’ - Alel.]élx oD —> +o0 (5)
Yz (%, 2) = A" +0(D),

{nmmznwwx )

¥+ (0,4) = y/(0,2) + y; (0, 2).
CoBMeCTHOe paccMOTpeHue aTux AByx 3agad, T.e. (3)-(4) v (5)-(6) Ha3biBaeTca 3agauel
pacceAaHns Ha NOYoCH.
Mpy 3a4aHHbIX YCNOBUAX 3a4aya pacceAaHUs Ha MNOAYyOCUM UMEEeT CAeAyHoLLyio
aCMMNTOTUKY
y¥(x, ) = B¥e™* +0(1),
yi(x,A) = Bfe™* +0(1), X —> +0.

Torga MOXKHO onpeaennTb MaTpul, GyHKLUK

sk(z)(ﬁj:(&k} k=12
A ) B

S(A) =(S*(1),S%(1)) - Ha3biBaeTCA MaTpULLEN pacCeaHNs Ha NONYOCH.

(7)

C nomouwblo ABEHaAUaTb MHTErpanbHbiX MNPeAcTaBA€HUIA U3y4aloTcA CBOWCTBA
3IeMEeHTOB MaTpuubl pacceAHua. [lpu  ycnoBUM  OTCYTCTBMA  CUHTYAAPHBIX  YUCEN
[0Ka3bIBaeTCA 06paTMMOCTb MaTPULLbl PACCEAHMA U €€ TNaBHbIX MMHOPOB.

Mcnonb3ya aHanAuTUYecKyto @aKTopu3auuilo 31eMeHTOB MaTpuLlbl  paccesHuA
pelwaeTca obpaTHas 3a4a4a pacceaHUA Ha nonyocu. PeweHne obpaTHOM 3a4a4m pacceaHms
Ha NONYOCK CBOAMTCA K 3aJia4e pacceaHms Ha Bcer ocu [1].

JlutepaTtypa
1. B.E.3axapos, C.B.MaHakos, C.lN.HoBukos, N.M.MuTa-eBcknit. Teopua conmtoHos: MeToz,
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O NPUBEAEHUN KOIOPULMEHTON OBPATHOM 3AAAYU K 3AJAYE
ONTUMAJIbHOTIO YNPABJIEHNA ANA CUCTEMbI TMNEPBO/TUMECKUX YPABHEHUX
BTOPOIO NOPAAOKA
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BaknMHCKMIN FocyaapCcTBEHHbIM YHUBEPCUTET,
AsepbaiigKaHcKknii FfocygapcTBeHHbIN MNegarornyeckuin YHusepcuteT
hamletquliyev51@gmail.com, htunzale bsu@mail.ru
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MycTb npouecc onucbiBaeTca cuctemon anddepeHunanbHbIX YpaBHEHUM
o’u , ou ou
?—Ayﬁ‘U(X)&: f(X,t) (1)
B 06nactmQ=(0;1)x(0;T), rae u=[u(xt)u,(xt)]

NONOXMUTENbHO-ONpPeAeNeHHas AMaroHanbHas MaTpMLa BTOPOro NopaaKa, f(x,t) c(LQ)),

!

BeKTop-pyHKUMA, A-noctoaHHas,

U(X) eV ={U(x);0(x)ewzl[o,|], o(x) <M, do(x) <M neé.na [o,|]}, M -3a4aHHOe MO/I0KUTEIbHOE
ymncno.
MNycTb
u(x.0) = g, (x), %XO) o), 0<x<l, )
u(0,t)=0, u(l,t)=0, 0<t<T, (3)

rae o,(x) e (v(\)/ 'lo, |]j2 ,0,(x) e (L,[0,1))* 3apaHHbIe BekTOp-dYHKLMM.

Ecnv dyHKUMA U(X) 3a/laeTcA, Toraa Nerko AokKasbiBaeTtca, YTo 3agada (1)-(3) umeer
eaMHCTBEHHOE 0606LLeHHOE pelleHne 13 (\/szo(Q))z.

Ecn U(X) HeusBecTHaa O yHKUMA, TO ANA onpeaeneHus U(X), 3agaaAnm

AONoNHUTeNIbHOE ycnoBue
T

I(K(x,t),u(x,t)>dt:;((x), 0<x<lI, (4)

0
rae z (x) eV(\)/ 2[0,1] K(x,t)e(L,(Q)f-3amaHHble dyHKLMM, (--)-CKanApHOe NpousseseHMe

BekTopoB U3 R,.
3Ty 3ajayy npueejem K Caefylowui 3agade ONTUMaNbHOTO YMnpaBieHUA: HaUTK

TaKkyo QYHKLMUIO U(X) €V , koTopas MUHUMU3UPYET DYHKLMOHAN
2

J(u):%j ](K(x,t),u(x,t;u)}dt—;((x) dx — min, (5)

BMeCTe C peleHnem Kpaesoi 3aaaum (1)-(3).

Mesxay 3agadamu (1)-(4) v (1)-(3), (5) cywwecTByeT TecHas cBA3b: ecam MIN J(U)= 0,

veV
TOoraa AonoaHUTENbHOE yCaoBUue (4) BbIMO/NTHAETCA.
B pa60Te AOKa3aHa Teopema CyuwectBoBaHMA ONTUMAJZIbHOIo YynpaBaeHUA WU
BblBEAEHO HeOGXO,CI,VIMOE ycnosue ontTMuMmazibHOCTU B BUAE BAPHUALLMOHHOIO HEpPAaBEHCTBA.
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Ob OAHOM METOAE YNPOLLEHUA PACHETA COCTABHOIO S/IEMEHTA KOHCTPYKLUUU
MamepgoB Xanupg buHHar ornbl, NycenHos UckeHaep BaxTuap ornbi
BakMHCKUM FocygapcTBeHHbIN YHUBEPCUTET
iskendershakh@gmail.com

B KauecTBe COCTAaBHOIO 3/71€eMeHTa KOHCTPYKUMU B AAHHOM Cay4yae MmeeTca B BUAY
060/104eYHbIE 3/1EMEHTbI B3aUMOLENCTBYOLLME C APYTMMM SNEMEHTAMU KOHCTPYKLMKN. Tex
31eEMEHTOB, Yepe3 KOTOopbiX O0O0/0YKM MPUCOEAMHAOTCA C  APYTMMKU  3/1eMEeHTaMU
KOHCTPYKLMUK Ha30BEM OCHOBAHUAMMU. Mpwu nccnepoBaHum HanpAXEHHOo-
AePOPMUPOBAHHOIO COCTOAHMA TaKUX 3/IEMEHTOB KOHCTPYKUMW nNpeanarasmcb pasHbie
mogenu. Hambonee npocton moaenbto ABNAETCA MOAENb, OCHOBaHHasA Ha runoTese
BuHKnepa-®ycca, HasbiBaemas MoAenbio KoadduumeHTa NOCTeNn, COrlacHO KOTOpPOW
nporn6 aedopmmpyemoro OCHOBaHWS B HEKOTOPOWN TOYKE MOBEPXHOCTM KOHTaKTa NpAMO
NponopuMoHaneH JaBfeHWo B 3Tol Toyke. Mogenb BuHKnepa-dycca MOXKHO
MHTEPNPETUPOBATb KaK CUCTEMY He CBA3AHHbIX MeXay coboi NpyKWH C NMHEWHbIMMK
XapaKTepUCTUKaMMU.

N.N.NacTepHakom NpeanoxKeHa Moaeib OCHOBAHMA C ABYMA YNPYTMMU XapaKTePUCTUKaMMU,
pac4yéTHAA Cxema KOTOPOro npeacTaBAfaeT CUCTEMY MPYXKUH, CBA3AHHbLIX MOMNEpPeYHbIMM
CBA3AAMM W Y4UTbIBAKOWMX CABUIM B OCHOBaHWW. B.3.BnacosB npeanoxun mopeno
OCHOBaHusA, npeacTtaBnsawowan cobot  aepopmupyemblii  CAOW,  NOAYMHAOLLMNACS
onpeaenéHHbIM orpaHnyeHmnsam [1].

Bnaropgapa cBoeit MNpoCTOTE, OMWCaHHble MOAENN HAWAW LWUPOKOe MNPUMEHEHMNE B
PacYETHOM MNpPaAKTMKEe, OAHAKO OHW ABAAIOTCA BeCbMa NPUOBAMMKEHHBIMWU, He MO3BONAKOT
onpeaenvTb HanpAXEHHO-4edOPMUPOBAHHOIO COCTOSIHUA CaMUX OCHOBAHWW, 4YTO BO
MHOTIMX C/Ay4Yasx NpeacTaBAseTcA BeCcbMa BaKHbIM. B yKasaHHbIX MoAensax BO MHOTUX
CAy4yasx OTCYTCTBYeT MpocTaa W fABHasA CBA3b KO3QPULMEHTOB MNOCTENM OT YNpPyrnx u
reomeTpmuYecKmnx NnapameTpPoB OCHOBAHMWIA.

B 3TOM CBA3M BO3HMKNAA HEOBXOAMMOCTb B MOCTAaHOBKE U pelleHMn 33434 B3aMMOLENCTBUA
TOHKOCTEHHbIX 3/IEMEHTOB C TeZlaMM, ONUCbIBAEMbIMU COOTHOLLIEHUSIMU TEOPUM YNPYTOCTMU.

PeweHune 3aga4 B3aumogencTema gebopmmpyemMbix Te/l B 3TOM Cay4Yae CBOAMTCA Npexae
BCEro K MHTErpPUPOBAHUIO CIOXKHOM U TPOMO34KON CUCTEMbI Pa3peLLatoLWLNX YPaBHEHNN AN
OCHOBaHWK. [lo3TOMYy BO MHOIMMX CAy4Yasx AN YNPOLWEHWA 3aJauyn, YAOBAETBOpPSAS
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TpeboBaHMAM AOCTUIKEHUA MPUEMIEMON ANSA NPAKTUKU TOYHOCTU PacyEéToB, NpuberaroT K
Pa3IMYHBbIM NPUBANMKEHHBIM MOAENAM.
[Ona pacyeta 060104YEYHbIX IN1EMEHTOB KOHCTPYKUMM B paboTte [2] Gblna npeanoxkeHa
NPUBAUXKEHHAA MOoAeNb B3aMMOAENCTBUA TOHKMX O0DOONOYEK C KyCOYHO-HEenpepbiBHbIMU
nedopMUpyeMbIMU OCHOBAHUAMM, PACMOJIONKEHHbIMU Ha OZHOM U3 INLEBbLIX MOBEPXHOCTEN
060104KM.
Mocne 3storo gna 6onee KOPPEKTHOM NOCTAHOBKM M 6onee TOYHOro peweHua 6bina
NOCTaBNe€HA  33afa4a  KOHTAaKTHOrO  B3aMMOAENCTBMA  ANA  TOHKUX  000N0Yek,
B3aumogencTayowme ¢ aebopmmpyembiMm YNpyrumu OCHOBaHMAMW. B npeaenax atoun
NMOCTAHOBKM M3  0606wWeEHHOoro BapWaLMOHHOIO NPUHLMNA npeanoXeHHoro
B.H.MavmywwuHHbIM [3] M3 yCcnoBMA CTAaUMOHAPHOCTU COCTABAEHHOrO PYyHKLMOHAnNa 6biin
NO/ly4eHbl BCe paspellarolime COOTHOWEHUA ANA PacCMATPMBAEMOrO 3/1€MEHTA CNOXKHOM
CTPYKTYPbl M B TOM YMCNE KOHTAKTHbIE YC/IOBUA B3aMMOAENCTBUA 3/1EMEHTOB KOHCTPYKLMMU.
HecmoTps Ha TO, YTO 3TOT NoAxon NO3BoOAsAET 6onee TOYHO UCC/NeAOoBaTb HAMPSKEHHO-
AePopMUPOBAHHOIO COCTOAHUA 3/IEMEHTOB C/NIOXKHOM CTPYKTYPbl, BO3MOHbI CNy4yau Korga
YKa3aHHY0 MOCTaHOBKY MOXHO YyNpPOCTUTb.

Apyrumun cnosamu, Korga o60n04Kka B3aMMoAenCcTByeT C OCHOBAHUAMMU B BUAE Y3KMX
TOHKWX M0JI0C, PACNONIOXKEHHbIX BA,0/Ib KOHTYPA YKa3aHHY0 3a4a4y MOXHO YNpPOCTUTb.

OHa OCHOBaHa Ha nNpPUBEAEHUM  KOHTAKTHbIX YCUAMWA B3aUMOLEUCTBUS MeXAy
060/104KOM Y OCHOBAHMAMM K CUCTEME SKBMBAJIEHTHbIX KOHTYPHbIX HAarpy3oK, AenCcTBYHLWMX

Ha rPaHUYHbIN cpe3 060/104KU. EcTecTBEHHbIE KpaeBble YCN0BMA HA KPOMKaXx ot za;(atl))
060/104KK B oTAn4me oT [2,3] umetoT BUA, :
T,=R;+R; npu Jou, #0; T3=R3+R;3; npu Sw=0;

M11:G11+611 npu o0y, #0; I\/|13=G13+(:§13 npu oy+0;

- 2 S%Jk - 2 Slbk - St
3pecy Ry =—p), J.Chk dsy, Rig=p, qu ds; , Gy =u ﬂ5k hay _(51 —sé)qg]dsl .
kZlSl k=1sl Sl
ay aK ay
Sl
2 7 ) /
Gy=u), j5khq3 ds,, rae /(é/
L g 'W;"
p=1 nmpu sy-s,, pu=-1 npu R éa‘f
¢
st = sy, (slbk -sy, /(slID —st)<<1 RS & ‘1’%{#4; r Ry
%’-}-«f—,ﬁ} Ru

B OTAMYMM OT KOHTAKTHOWM MOCTAaHOBKM 3a4ayW, yKasaHHOEe YNpolleHMe 3aJauvn B
CNeAcTBMM CTaLMOHAPHOCTU 060BWEHHOTO GYHKUMOHANA KPOME YPaBHEHUI ANA KaXKAoro
B3aMMOZENCTBYIOLLErO 3/1IEMEHTA, NOJlYYEHHbIE KpaeBble YCN0BMA ANA 060/104KM coaepKaT
npy ceb6e NOMUMO BHELLUHEro KOHTYPHOIO HarpyXeHusa, NpUBeAEHHbIE K KOHTYPY 060/104KM



228

yCUAMA U MOMEHTbl, 0OYyCNnOBNEHHble BAUAHMEM YMPYrMX OCHOBAHUM Ha MEXaHMUKY
AedbopMmnpoBaHMA 060/10UKM.

JlutepaTtypa

1. Bnacos B.3., JleoHtbeB H.H. Banku, nautbl 1 060104KM Ha ynpyrom OcHoBaHuu. M.:
®dusmartrus, 1960. - 491 c.

2. MaimywuH B.H., ®upcos B.A. 06 ogHom cnocobe MmaTeMaTU4ECKOrO OMUCAHUA W
pelweHna Kpaesblx 3a4a4 MexaHukmM aedopmnposaHma 0b6ono4eK, nexalmx Ha CNAOWHOM
WAU AUCKPETHOM YNpyrom ocHoBaHuax // Mpobaembl mawmHocTpoeHun. — Kues: HayKosa
AyMKa, 1982. - Buin. 16. - C. 18-23.

3. NanmywwuH B.H. BapraumMoHHaA NOCTaHOBKa 33434 MEXaHWKM COCTABHbIX Te/ KyCOYHO-
OZHOPOAHOM CTPYKTYpbI // MpuKknagHaa mexaHuKa, 1985. —T. 21, Ne 1. — C. 27-34.

CNEKTPA/IbHBIE BOMPOCHI OJJHOrO KNACCA ONMEPATOPHbIX ®YHKLUA
Macumosa XugxpaH Cabup Kbi3bl
BakuHcKkMi FocyaapcTBeHHbIM YHUBEpPCUTET
aliakhmedov@rambler.ru, functionalanaliz@mail.ru

KaK M3BEeCTHO, CNeKTpasibHasA TEOPUA CaMOCOMPANKEHHbIX, @ TaKXe HOPMasbHbIX
onepaTopoB A0CTaTOYHO XOPOLUO M3BECTHA M MMEET MHOFOYUC/AEHHbIE MPUIONKEHUA B
KOHKPETHbIX 3343a4ax.

PaboTa noceAweHa UCCNen0BaHUIO MOJIHOTbI U B HEKOTOPbIX C/y4yasax 6asmMcHOCTU
CUCTEMbI COOCTBEHHbIX U NPUCOEANHEHHbIX 3/IEMEHTOB MNOJMHOMMAJIbHbLIX M PALMOHAbHbIX
onepatop-GyHKUNIK, AENCTBYIOWMX B TMAbOEPTOBOM MPOCTPaAHCTBE. [NaBHbIe YacTU TaKUX
onepaTtop-GyHKUNIN ABAAIOTCA KOMMNAKTHBIMW  CMEKTPA/ibHbIMU (MM CKANAPHOro Tuna)
onepaTopamm B HEKOTOPOK HaTypaNbHOM CTENEHM.

BakHbIM siBNAeTCA cieaytoLLas

Nemma 1. MycTb onepatop T aeiicteyer B runbbeptoBom npoctpaHctee H n T™ asnaetca
KOMMaKTHbIM CMEeKTPa/ibHbIM OMepaTopoM Mpu HEKoTopoM M M Bce pasnuyHble
cobcTBEHHbIE 3HaYeHMa A, (j=12,..) onepatopa T,KoTopble HauMHas c j, ApOCTble.

Kpome Toro, nyctb P (j=12...)- cooTBeTcTBYIOWMI COBCTBEHHDBI NPOEKTOP OnepaTop

T™, o B nognpocTpaHcTse UE(ﬂ,J JH pana nwboro p (p=12,..,m—1) onepatop TP
i=io

npeacTaBUm B BUAE

TP = izg?(_z::aiplzjijpj,

i=lo
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m
rae o =1, E,E; =8,E; P :Z:Eji.
3Ta nemma AsnAeTca 0606ueHnem U3BeCTHOM IeMMbl 13 paboTbl [1], rae B otanyume
OT HacToAwen, onepatop T™ 6bln B3AT  KOMMAKTHbIM CNEKTPabHbIMm ONepaTopom
CKanApHOro Tuna.
NHTepecHa cneaytolan nemma.

m o o
Nlemma 2. Myctb | -KOMMaKTHbIN CMEKTPasibHbIN ONepaTop CKafsAPHOTo TMNa npu

HEeKOTOpOM HaTypasbHom My T(H)=H. Kpome TOro, nycTb BCe XapaKTepucTUHeckue
yucna onepatopa | 3a WcKlOYEHUEM, BbiTb MOKET, KOHEYHOTO YMCAA, NIEXKAT Ha JIyyax
argz = oy ( k=12,....k, )M S —KomnaKTHbI onepaTop.
Toraa npu goctatouto manom &> 0 ayrnax GX) :

aa npun 4 y e -

o +e<argz<a, —¢ ( k=12...k, )

cnpaBej/IMBO COOTHOLLIEHME

lim

M‘—)w

S(1 —ﬂ)’lu -0,
Tenepb paccmoTpum onepaTop-GyHKLUUIO
n-1
T,(A)=Y AT +2T"
k=0

B runbbeptoBom npoctpaHcTee H.
C noMoOLLblO 3TOM IeMMbl A0Ka3bIBAETCA CIeAYHOLLAN BaXKHaA Teopema.

n
Teopema. Myctb T~ ABNAETCA KOMNAKTHBIM CMEKTPa/IbHLIM ONEPaTOPOM CKaNAPHOIO
TMNa TH)=H n A (k:O,l,...,n—l) - HEeKOTOpble KOMMNaKTHble onepatopbl. Ecan
n
XapaKTepucTUYecKne umcia onepatopa | pacnpegeneHbl, Kak u B nemme 2. n 1 -

onepartop nopsaaka P, To ANA Pe30/bBEHTbI (I —Tl(/i))_l BEpHbl YTBEPXKAEHUA:

T o
1) Onsa nwboro ¢ (0 <e< 2—} Hagetca R >0 takoe, yto BO BCex TouKax
n

Ac W >R Bo6nactu UGS‘) (ng)MHOH(eCTBa “3 IeMMbl 2.) pe30abBeHTa
k=1

(1- Tl(/l))_lOrpaHW—IeHHO-OﬁpaTMM n

sup
A€G,; |2R

(-T2 <o

rae G, = UGS‘);

k=1

2) Bce xapaKTepucTUyeckue 4ucna onepatop-GpyHKLUUK Tl(i), 33 UCKNOYEeHUEM,
BbITb MOXKET, KOHEYHOro Ymncna, nexar Bo mHoxectee F, =C\ G, ,rge C- komnnekcHan

NNOCKOCTb.
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3) Pe3onbBeHTa (I —Tl(ﬂ))’lﬂsnﬂeTcn MmepomopPHON onepaTop-PpyHKUMEN NnopAaaKa

NP “ MmMHMManbHOro TMnNa npu nopaake NP .

Tenepb nceneaya noeegeHmNA pe30/ibBEHTHI OﬂepaTOp'dJYHKLI,VIIO
n-1
TZ(/I) = zﬂ«kTakAkT (1-a)k + AT n’ (0 <a< 1),
k=0

AecTByloLyto B runbbeptoBom npoctpaHcTee H.
JloKkasaHa.

n
Nemma 3. Myctb T' un T asnaetcA KOMNaKTHbIMKM CMeKTpaibHbIMKU OMepaTopamu

ckanapHoro tTvna, T(H)=H 1 xapaktepuctuyeckme umcna onepatopa | fnexaT BHyTpU

KOHEUHOTO uMcna Monoc B KomnnekcHoi nnockoctn. Ecam A (k=01..,n—1)—

-1
NPOM3BO/MbHbIE KOMMaKTHble onepatopbl, To pesonbseHTa (I —T,(1)) npu mocraTouHo

60nbLIKX ‘ﬂ,‘ OorpaHnM4eHa Ha BCeX ay4dax KOMMNNEKCHOW MNJIOCKOCTH, KOTOpble HEe NnexXat

n
Le/IMKOM BHYTPU NONOC, rae nexat Xxapaktepnuctn4eckme 4mcaa onepaTtopa T".
[na pokasatenbcrsa aTomn NeMmbl, KakK U npexge cyuwecrseHHO UCMNOJ1Ib3YyeTCA 1eMMa

OTMEeTUM, YTO BaKHble  CMeKTpa/ibHble CBOWCTBA oOnepatop-GyHKUUK Tz(ﬂ,)
n

Bnepsble 6blAM M3ydeHbl [IK.D.AnnaxsepauveBbiM B caydae, Korga | — MOAHbI
CaMOCOMpPAXKEHHbIM onepaTop, A, - KOMMNaKTHble onepaTopbl.

JlutepaTtypa

1. Annaxsepoues [xc.3., Axmedos A.M. Hekomopeole Knaccel 0606W,eHHbIX CIeKmpasnbHbIX
ornepamopos u ux npuaoxceHus.-Mam.céopHuk, 1989,m.180, No5, cmp.603-624.

2. Macumosa X.C. UccnepoBaHue BOMPOCbI MOAHOTbI M 6a3sMCHOCTM OAHOrO Kjacca
onepaTtopHbIX Ny4yKkos. KaHa.amuccept., baky, 2003.

OBb OAHON HENOKANbHOW KPAEBOW 3AAAYE ANA OAHOrO
YPABHEHMUA BYCCUHECKA YETBEPTOIO NOPAOKA
Merpanues Awap Tonyw orabl, NycenHoB Anu MadTyH ornbl
BakMHCKM TocyaapcTBeHHbIN YHMBEPCUTET,
yashar aze@mail.ru, elihuseynov1101@gmail.com

B nocneaHee Bpemsa yaensetrca 60nbloe BHUMaHME W3YYEHWUIO PA3INYHbIX
3BOJIIOLNOHHbIX
YPaBHEHUI, ONUCbIBAIOLLMX BOJIHOBbIE MPOLLECChl B cpeaax ¢ aucnepcnein. O4HUM U3 HUX
ABnAeTcA ypaBHeHuMe byccuHecKka, BbiBegeHHoe aBTtopom B [1 ] M onucbiBatowee
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pacnpocTpaHeHue ANMHHbIX BOMIH HAa MesIKoh Boge. ITO YypaBHEHWE WMHTEPECHO Kak C
dM3MYECKOM, TaK M C MAaTEMATUYECKOMN TOUKM 3PEHUA.
B npeanaraemon pabote paccmoTpeHa KpaeBas 3afadva C He/IOKa/ibHbIMU YCIOBUAMM
ONA ypaBHeHMA bycCcMHeCKa 4eTBEPTOro nopaaka.
PaccmoTpum ans ypaBHeHus [1].
U (X, 1) = 2055 (X, 1) + B (X, 1) = A@U(X, 1) + F (X,1) (1)
B obnactm Dy ={(xt): 0<x<1l, O0<t<T} KpaeBylo 3agadyy C HeNOKaNbHbIMU

YCNOBUAMM
T T
u(x,0) = p(x) +I p, (Du(x,t)dt,u, (x,0) = V/(X)+_[ p,(tu(x,t)dt (0<x<1), (2)
0 0
rPaHUYHBIMM YCI0BUAMM
u (0,t) =0,u, (Lt),=0,u_(0,t)=0 (0<t<T), 3)
HeNIOKa/IbHbIM MHTErpasibHbIM YCI0BUEM
1
Iu(x,t)dx=0 (0<t<T), (4)
0

Frope o >0,8>a’ 3aAaHHble 4YncAa ,f(x,t), at) , ox), wx), pit)({=212) 3agaHHble
dyHKuMK, a U(X, 1) -uckomas dyHKumA.

OnpedeneHue. 100 Kaaccuyeckum peweHuem 3a0a4u (1)-(4) noHumaem ¢yHKUuUO
u(x,t), HenpepeisHyio 6 3amkHymoii obnacmu D; emecme co ecemu  C80UMU
Mpou3800HbIMU, 8X00AWUMU 8 ypasHeHue (1) u ydosnemeopsaowyto ycaosuam (1)-(4) e
06bIYHOM CMbICAE.

Hapagy c kpaesol 3agaueit (1)- (4) paccMoTpuUm cneayouyto BCNOMOraTe/ibHyO
Kpaesyto 3agaudy: Tpebyetca onpegenuts  GyHKuyto u(x,t) e C“?(D;), 13 cOOTHOLWEHWMI
(1)-(3) wn

U L) =0 (0<t<T), (5)
roe

CE(Dy) = (1) U(X,t) € CZ (D ), Ugg (X, 1), U (X,1), U (%,1) € C(D )}

[loKasbiBaeTca cneaytowan
Teopemal. Nyctb f(x,t)EC(DT), (p(x),tlj(x)EC[O,l], p. (£)ECIO,T] (i=1,2),

1

;
[fxtdx=0, (0<t<T), (T” S I +E||a(t)||cmjr <1 uesinosiomes
0

yCs108UA Ccoes1acoeaHUA

1 1

[e(x)dx=0, [y (x)dx=0, (5)
0 0

Torpa 3afava HAxOXAEHMA KNAcCMYECKoro pelweHua 3agaum (1)-(4) akBMBanNeHTHa
3agade onpegeneHns dpyHkumMn u(x,t), us (1)-(3), (5).
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Mpeanonoxmm, 4to pAaHHble 3agaum (1)-(3),(5) yaosneTBOpPAOT CneaytOWMM
YCNOBUAM:

1 o(x)eC*01], p® () eL,(01), ¢'(0) =¢'(1) =¢"(0) = p"(1) = 0.

2. () eC?01], y ¥ () el,(01), y'(0)=y'®)=0,

3. f(x1), f (xt), f (xt)eC(D,), f (xt)elL,(D;) , f (0t)=f Lt)=0 (0<t<T)
4. p(t)eC[0,T](i=12) .

MO»KHO A0Ka3aTb CAeAyIOLLY0 TEOpeMy:

XXX

Teopema 2.. [Tlycmeo 8binosaHeHs! ycaosua 1 — 4. Toeda npu 00CMAMOYHO MarsbIX
3HayeHusax T 3adaya (1)-(3), (5) umeem eduHcmeeHHoe peweHue.

C nomouibto Teopembl 1 AOKa3bIBaeTCA cieaytoLLas.

Teopema 3. [lycmb 8bINOAHAIOMCA 6Ce YyCaA08UA MeopemMsl 2 U 8bIMOAHAMCA
ycnosusa coanacosaHua (5). Toeda npu docmamoyHo manbix 3HayeHuu | 3adaya (1)-(4)
umeem eOUHCMBEHHOE K/acCUYecKoe peuleHue.

JlutepaTtypa

1.Boussinesq J. Theorie des ondes et des remous qui se propagent le long d'un canal
rectangulaire horizontal, en communiquant au liquide content dans ce canal des vitesses
sensiblement pareilles de surface au fond//J. Math. Pures Appl. 1872. V. 17. P. 55—108.

O CXO04UMOCTU OBOBLLEHHO ANPDEPEHLUUPYEMbIX ®YHKLUU
m — CUHTYNNAPHbIMU UHTEFPAZIAMU
Mycaes Ann MexTtu ornbl
A3epbanaKaHCKMUMN rocyAapCTBEHHbIA HedTAHOM U
NPOMbILINEHHbIA YHUBEPCUTET
emus1957@mail.ru
B paHHOM paboTe uMccnegytoTcA acMMNTOTMYECKME pPaBEHCTBA O NPUOBAMMKEHUU
0606weHHO anddepeHLMpyeMbix GYHKLUN NOCPEACTBOM M -CUHTYNAPHBIX MHTErPasos.

Myctb LY npoctpamctBo 27 nepuogmyeckmx cymmupyembix Ha (—z,7z7) 8 P

ctenenun oyHkumii T (t) c Hopmolt
1

o =[’f\f(t>\"j"
Hf(t)HL%O” :?E,S,SUp“(t)" (1< p< o).

Monoxum
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o (Fx,1) = A7 + A™, |f (%),
wa(fixt)=[a7 - am ]t (),

AT F () = ﬁ(—l)mkwjf (x+Kkb).
k=0

PaccmoTtpum cnegytouime nponssoaHble

d™) f (x) = M

. 1+s
(m,s) .
D™ f(x) = Itlm0 Frry O| @, (f;xt)dt,

roe 1<s<m+1.

Ana npubnamkerna dyHkummn f e Lgﬂ PaccMOTPUM M - CUHTYNAPHbIA MHTErpan

AM(f,x) = ]T {i(—l)“(rj f(x+ kt)}Kl(t)dt (1)

x| k=1
rae 27 nepvoguyeckas ¢yHkuma K, (t) sasucut ot napametpa A u yposnetsopser
YC/IOBUAM:
T
1°. K, (t)uetHaa dyHkuma Ha [—r, 7], 2° I K, (t)dt =1.
-7
Teopema 1. Nycts f € L HeoTpuuatensHas dyHKuma yaosnetsopseT ycnosuam 1°
2%y

v (@) = 0y (@) npn A — 00 ana noboro & >0, rae

vE(p) = qu) (MK, Odt, v (p) = j¢ (K, (t)dt >0 (2)

npu A —>00,1<s <m+1, @(t)-HekoTopasa nonoxutenbHaa o¢yHkuma Ha [0,7] wu

Torpa, ecnu cyllecTByeT KOHeYHas npou3BOaHas d(m‘s)f(x) (B TOYKE) NMpu AaHHOM

3Ha4YeHnA X, TO CNpaBea/iMBO
m+1

I|m
A—0 V 0

[A["‘](f X)— f(x)|=d ™9 (x) 3)

Teopema 2. Myctb f €L, HeotpuuatensHas oyHkuma K, (t) yposnetBopser

ycnosuam 1°-2°u K, (t) e Bospactaet Ha [0,7], K, (7)=0pv ()] Vﬁsg(go) O[V(s%((p)]

npu A — oo gas noboro 8 >0, rae v (p) :J.(ps*l(t)d[—Ki(t)]—w npM 1 —>ow,1<s<m+1
0

t
M o(t) HekoTopas nonoxutensHas ¢yHkuma Ha [0, ], Ilrrg) (DE ) =1.
%
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Torga, eciM B TOYKE X CylLecTByeT KoHeuwas npowmssogHas D™ f(x) To
crpaBe//IMBO COOTHOLLEHMWE

fim &9 )m+1[A[m](f X) — f(x)]— D™ (x).

/1—>oov/10 ¢

OrPAHUYEHHOCTb NCEBAOANDPEPEHLIUAIBHOIO OMEPATOPA
Mycaes 'ymb6at Kasbim ornbi, Anmnes Tarn Baxug ornbl
bakuHckuli FfocydapcmeeHHbIl YHUsepcumem
aliyevtagi4d8 @gmail.com

Myctb A(£) - NoKanbHO cymmupyeman GyHKLUMA, YA0BNETBOPAIOLLAA OLLEHKe
A < ClL+]g). (1)
Knacc Takmx o¢yHKumii 6yaem o6osHauaTb depes S°. McespoanddepeHumanbHbIM
onepatopom (n.4.0.) HasbiBaeTca onepaTtop, onpeaeneHHbin Ha ¢yHkumax us S(R") no

d)opfv\yne

Au = “deg, (2)

(2 )"
roe U(&)- npeo6pa3osaHme dypbe u(x)eS(R"). dyHkuma A(E) HasbiBaeTCs CMMBOJIOM

onepaTopa 4. Ecin A(£) - mHorouneH no &, T.e. A(E) = D a <, 1o B cuny (2)

‘K‘Sm

Au = “G(&)e "™ de =D a D u(x), (3)
(2) o k|<m |x|<m
T.e. A - panddepeHumanbHbii onepatop. Takmm obpasom, Kaacc ncesaoaud-

depeHUnanbHbIX oNepaTopoB CoAepXKUT aAnddepeHuUManbHbiX onepaTtopos. byaem nHoraa
ncespogmobdepeHymansHbin onepatop ¢ cumosiom A(E) obosHauvatb yepes A(D) no

aHanormm ¢ andpodepeHumanbHbiMM OnepaTopamu.
Nycte  A'(7,£) - NOKanbHO uHTerpupyemas B cMmbicne Jlebera yHKUMSA,

YA0BNETBOPAIOLLAA OLLEHKe
NI~
@+pl)

<Cy, (1+|§|)a, VN. (4)

0O603HaYMm

A(x,&)=F"A(n,¢)= ndn. (5)

(2)
B couny (4 A(x,£)- 6eckoHeuHOo ,u,md)d)epeHu,Mpye:v\aﬂ no X  ¢yHKUMA,

Df’A’(x,f)‘SCD(1+|§|)‘31 m DPA(X,E) >0 npu |[x| > npu nwbom p. O6o3HaUMM yepes
=S2(R") knacc dyHKumit A(x, &) Buaa
A(X, &) = A(o, &) + A'(X,$), (6)
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rae  A(o,&)-  nokanbHO  MHTerpupyemas  yHKUMA, yAOBAETBOPAIOWAA  OLEHKe
|A(0, &) < CA+|E)?, a A (x, &) =F,*A'(7,£) npudem A'(n7,£) yaosnetsopseT oueHKe (4).

Myctb t=m+y, rae m>0- uenoe, 0<y<l. ®yHkuma A(X,£) npuHagnexuT, no
onpegenenuto, knaccy S =S!(R"), ecrn DIA(x,&) - aBCONOTHO HENpPepbIBHbIE GYHKLMM,

npuHaanexawme S’ - TPK 0<|k|<m un DIA(x,&)eS; ., npu [k|=m+1.

/4
O603HaumMm nepeceyeHune ﬂ S, uepes S.

m=0
NcesnoanoddepeHymanbHbiM onepaTopom (n.4.0.) ¢ cumsonom A(x,E)eS;, t>0

Ha3blBaeTcA onepaTop, onpeaenaemblit Ha d)yHKLI,MFIX n3 S(R") no popmyne

Au = Sy g, (7)

(2 )" -
m m
Ecan A(X, &) =D a,(X)E - mHorouneH no &, 1o B cuny (7) Au= > a (x)D‘u(x), T.e. A-
[]=0 [x/=0
anddepeHUnanbHbIM onepaTop C NepemMeHHbIMU KoaddpuumnmeHTamn. byaem umHorga, no
aHanornn ¢ anddepeHUnanbHbIMK onepatopamu, n.Aa.o. ¢ cumeonom A(X,&) obosHauaTtb
yepes A(X, D).

MycTb S- npowusBonbHOe pAencTBuTenbHoe uucno. [poctpaHctBo Cobonesa-
Cnobopeukoro H (R") coctout, no onpegeneHuto, u3 0606WeHHbIX GYHKUMA U,
npeobpasoBaHue Pypbe KOTOPbIX ABNAAETCA JIOKAZIbHO MHTerpupyemoin B cmbicne flebera
dyHKumen U(E) Takow, uTo,

Jul} = I T a+|d)f ds<oo . (8)

Teopema. Myctb A(x,&)eS?. Torga n.g.o. A(x,D) orpavuyer us H (R")8 H__(R")

npu nobom s:
[Au,, < K]l - (9)

3AJAYA TEOPUN PACCEMBAHUA A1 OAHOIO ONEPATOPA C IMCCUNATUBHOMN
YACTbIO
nbpap Maxmyp Myctadaes ornbl
BakMHCKuM FocypapcTBeHHbIM YHUBEpCUTET
eldarmustafa59@gmail.com

O6osHaunm uepes D(A,)= {l/leL F\C|—Al//eL( ) (§k)=0,k=l,_n},

obnactb onpegeneHus onepatopa A,, NopoxaeHHOro BbipaxeHnem — A.

B paboTe onucaHbl BCe AUCCUNATUBHbIE PACLUMPEHUA MUHMMAJIBHOTO OnepaTopa,
nopoaeHHoro anddepeHumanbHbIM BbliparkeHem
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—A+Zn:5(x—§s),

rae 5(X)—¢yHKu,Mﬂ Auvpaka, £, € E;, & # &, npus=¢s'.
O603HaumMm uepes J, Knacc Bcex MHeliHbIX HepacTaruaowmx onepatopos V u3

n,=L,&® [(Ao —A1)D(A, )] B N, HeobA3aTeNbHO 3aAaHHbIX Ha Bcem N, . [lokasaHa

Teopema 1. Mpwn nobom nuHeltHOM Hepactarmsatowem onepatope V. u3 J, sce

AvccunaTuBHbIe pacunpenus onepatopa A, 3agatoTca ¢ nomolbio dopmyn

n n
V=¥, +Zﬂs¢s _Zas fs'
s=1 s=1

n

Ay :_Al//_"Z:,(as _ﬂs)é‘(x_gs)—*_(ﬂ“_z)z_l:(ﬂsgps T O fs)'

l/IO € D(AO)' as < R' S:ll_n' :Bs :Zakvks'

k=1
eiﬁ‘x—gk‘
n
Vs —koapduumentsl pasnoxenuna V,, no cucreme {gpk }k:l, fp=——,
piVAl-4 -
o, =———, K=Ln, A-—noboe HeBewWweCTBEHHOE UYUCNO W3  HUNKHEI
NONYNNOCKOCTHU.

Hanee pna noboro ANCCNNaTnBHOro pacwmnpeHma BbINUCbIBAETCA ABHbIM Bna
pe3onbBeEHTbI U AOKA3bIBaAETCA Caeayollan

Teopema 2. Pe3onbserta R 1106050 AMCCUNATUBHOTO PacLUMPEHNA OnepaTopa A,
p . ) A p p paTop

ABNAETCA MHTErpasbHbIM OMepaTopom ¢ Aapom Tuna KapnemaHa u agpo G, (X, y,/”t)

nmeert BUAL,
gVAy VA& gVAPE)

+ZZ

ax—y| B4 4n|v—fml'4ﬂ\x—fj\’

Gy (x,y,4)=

roe Dr(nj)(ﬂ,)—ﬂBnﬂeTCﬂ MmepomopdHOo dyHKUMen oT A, umerowwas cneumanbHbli BUA,

OBosHauum yepes gy (x.t,2) npeobpasosBaHne dypbe PyHKUUK GV(X’ y’i) no Y,

T.C.

gy (x.t,2)= J.GV (X, Y, z)ei(W)d
E3

om0t 2)= [t = 2) gy (8, 2)
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2
A _>|t| AnA v (X’t’ﬁ) nosy4yaeTtca

B pabote npu

)= i tA)= ift|(e,x) - N D(J) t
‘//V(X ) AI_r)ntzl//V(X ) € +JZ:;LmZ::l m (H)47T‘X—§j‘

iftly-¢,
e el\t\(a),x)

t o
roe @ =— efUHUYHbIN BeKTop B Ej.

i
dyHKUMA wv(x,t,ﬁ):(mz—/l)- Oy (X,t,ﬂ) Ha3blBAETCA pPeLIeHNEeM 3a4ayM Teopumu

2
pacceanua ans ypasHenus Ayy =t -y

[anee paccmaTpuBaanCb YCNIOBUA Pa3peLlMMOCTM 3a43a4n TEOPUN paccemBaHma ann

3TOro ypaBHeHMUA.
Jlutepartypa

1. Wmpayc A.B. O pacluMpPEHUAX U XapaKTEPUCTUYECKON PYHKLUN CUMMETPUYHOTO
onepartopa. M3e. AH CCCP, cep.matem., T.32, Nel, 1968.
2. Hatimapk M.A. NNuHenHble gudpdepeHumanbHblie onepatopbl. M.: Hayka — 1969.

MOOE/TMPOBAHUE NEPEHOCA KOJ/IbMATAHTA B NMPOLLECCE BHYTPUMJIACTOIO
FA3OOBPA30BOBAHUA
MNaHaxos MennaHu MuHxag: ornbl, Mycen6bn Napsus Todur ornbi,
Mamepos Ubparum Arkaman ornbl
NHCTUTYT maTemaTuKn n mexaHnkm MHOAP
pan_vniineft@rambler.ru

B npouecce ¢pmnbTpaymm B NOPUCTON Cpese y4acTBYIOT BogHasA, HedTAHaA U ra3oBas
¢da3za, npuyem *}Kunakaa ¢asa cocTouT U3 KUAKOCTHOM, ra30BON M PAaCTBOPEHHbIX YacTuL,
Co/n, 06pasyoLMXCA B pe3y/ibTaTe XMMUYECKOM peakumn B3anMoaeNCTBUS N1ACTOBbIX
dnonaos.

[aHHble 06pas3oBaHMA arperaTtoB Ha CTEHKax MOPOBOro KaHana M B cBOboAHOM
NMOPOBOM MPOCTPAHCTBE MO MPOCTUPAHUIO MiacTa NPUBOAUT K NIOKAZIbHOMY YBEJIMYEHUIO
COMPOTUB/IEHMA MOTOKY 3a cyeT (peTapdaumu) CY)KEHMA W YACTUYHOTO WAM MOMHOro
610KMPOBAHMA OTAENbHbIX MOPOBbIX KaHa/ioB. JTO, B CBOK O4Yepedb, NPUBOAUT K
M3MEHEHUIO HanpaBieHus OUNbTPALMOHHOIO MOTOKA M K YBE/IMYEHMI0 OXBaTa nJjacrta
3aBogHeHnem [1]. Takxe HeobxoAMMO OTMETUTb, YTO YACTUYHO HAKOM/EHHble
KO/NIbMaTaHTHble 06pa3oBaHMA B3aMMOLENCTBYIOT C ABUMKYLLENCA KUAKOCTHOM Ha3on.

Hapagy C  3KCNepuMMeHTaNbHbIMM U MPOMbBIC/IOBBIMU  UCC/IEA0BaAHUAMM,
MaTeMaTUYeCKOe MOLE/IMPOBAHME NPOLIECCA NEPEHOCA BELLECTBA U ABUKEHUA }KUOKOCTHU B
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TaKuMX cpenax no3sonseT aGPeKTUBHO U3yYMTb OCHOBHbIE XapaKTEPUCTMKKM npouecca [2, 3].
B pabote paccmaTpuBaeTca nepeHoC Bew,ecTBa Ha OCHOBE KMHeTUYeckoro and¢y3smoHHOro
nogxona AsneHWn. Hambonee obWMIA xapaKTep MMeeT 3aBUCMMOCTb OTHOCWUTENbHOTO
pacxoga CyCMeH3uMM OT KOJMYeCcTBA TBEPAbIX YacTuL, OTNOMMBLUMXCA Ha eauHuue
dMNbTPALMOHHOM NOBEPXHOCTM NOPUCTON cpeapbl.

MpoBeaeHHblE 3KCNEPMMEHTbl MOKa3blBalOT, YTO CKOPOCTb 3aTyXaHuAa ¢uUAbTpauum B
OCHOBHOM 33aBMCWUT OT KO/IMYECTBA TBEPAbIX YacTuL, OT/IOXKMUBLUMXCA HaA eauHULe
NOBEPXHOCTU, MNPU YCAOBUM HE3HAUYMTENBHOINO W3MEHEHWA TaKMX MAPAMETPOB, KakK
NPOHULAEMOCTb MOPUCTON Cpeabl, AAaBNEHUE HArHEeTaHWA, a TaKXKe U3NKO-XMMMUYECKNX
CBOMCTB GUABTPYEMOW CycneH3uW. 34eCcb MMeeTcA B BMAY AUCNEPCHOCTb M CTOMKOCTb
cycneH3sun. dopma TBeEpPAbIX 4YaCTUL, TAKKE B KAKOWM-TO CTEMNEHM MOXKET MOBAMATL Ha
npoLecc KoabMaTaLmum

Mogaenb HakonneHus (CTPYKTYpoobpa3oBaHUA) C y4ETOM KOHBEKTUBHbIX MOTOKOB U
Anddy3nmn peareHTOB MOXKHO NPeACTaBUTb B BUAE YPABHEHWUIA:

00 P4 .

%7 _D,A0 — 704 — 1,0 —div (VO

ot ! +(9+90 7/¢ o IV( ) (1)
00 2 . '
E=D2A¢+ﬂ9(1—gj 1+Z—02 — 1,p—div (V)

rae 0, ¢ - KOHUEHTpaumMm npumecu (B pactBopax - KapboHaT U CoNb) B TOYKE X B MOMEHT
BpemeHu t; D1 n D2 - nx KoapduunenTsl anddysun; o, B,7, ¥, X, 0, @C - KNHETUYECKne
napameTpbl moaenn; V - CKopocTb NOTOKa.

YpaBHeHM1e, OnucbiBatoLLLee 3BOMOLMIO KONbMATaHTa, UMeeT BUA;:

oy
2o, 2
o (2)

roe y - 6e3pasmepeHHas KOHUEHTpauua npumeceit. Kpome Toro, npeanonaranocb, YTO
obpasyowmeca HaKONNEHUA He BAUAKOT Ha AUMdpdy3Mio NpuMecu KonbmaTaHTa, T.e.
KoaddpunumeHTbl AnddY3NN He 3aBUCAT OT KOHLEHTPALMK NpUMecH i .
YpaBHeHua (1) - (2) 3anucbiBatoTCcA B NOABUNKHOM CUCTEME KOOPAMHAT, CBA3AHHOMN LLEHTPOM
KnybKa KosibMmaTaHTa. PaccmatpumBaembli 34eCb BOAHbLIA PacTBOP SBAAETCA BA3KOM
HeCKMMaEeMOWM KNAKOCTbIO U BbINONHAETCA YPaBHEHWE HEPA3PbIBHOCTH

divw =0
C yyeTOM KOHBEKTMBHbIX MOTOKOB B MOAENM NPEAN0AArasoChb, YTO HAKOMIEHUA, UMEtoLLUNE
MEeCTO B CUCTEME, HEMoCcpeaCTBEHHO He B/IMAIOT HAa CKOPOCTb TEYEHUA pacTBOpa. ITO
3HQUUT, YTO M3MEHEHMe MNOTOKa MNPOUCXOAMNO TONbKO 3a CYET M3MeHeHuAa ¢opmbl U
pa3mMepoB KO/AbMaTaHTa.

MpeanokeHHaa  moAenb  NO3BONAET  CAenaTb  PAf, BaHbIX  BbIBOAOB.
MmapoAnHaMMyeckme MOTOKM MOFYT OKas3aTb CYLLECTBEHHOE B/MSIHME Ha Mpouecchl
nepeHoca B pPaCcTBOpPE COJIEBbIMU BKAOYEHUAMWU.  HacCbIWEHHbIA CONEBON pacTBOp
ctumynumpyet popmupoBaHue BonbluepasMepHbIX U CNOXKHOM GOPMbl KONbMATaHTOB, YTO
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MOMET ABUTLCA MPUUYNHOM 3aKYMOPKM BbICOKOMPOHMLAEMbIX Nop naacta. Kpome Toro, ato
MOET MHUUMMPOBATL MPOLLECC 3aKYMOPKM BAANAW OT MecTa OTpblBa HAKOMAEHUA U
MPUBECTU K PA3BUTUIO BHYTPUNNACTOBOIO KOJibMaTaLMu.

HenocpeacTBeHHO B pe3ynbTaTe NPOBEAEHHbIX UCCIe40BaHUIM YCTAaHOBNEHO, YTO Pa3HULA
MeXAy AaBNeHMAMM HA BXOAE M BbIXOe NMOTOKA M3MEHAETCA BCNeACTBME MpoLiecca
KonbMmaTauuMm B MOPUCTON cpese.
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OLIEHKA B/IMAHUA BHYTPUNJIACTOBOIO rA30OOGPA30BAHUA HA NMPOLLECChHI
AN DY3UN U TENJIONEPEOAYU B MOPUCTOMN CPEAE
NaHaxoB lNernaHn MuHxagXx ornbl, A66acoB Inbgap Mextu ornbi,
Abpynnaes TapnaH HaTuk orabl
NHCTUTYT maTemaTnkmn n mexaHnkn MHOAP, BaknHckuin FocyaapcTBeHHbIM YHMBEPCUTET
pan_vniineft@rambler.ru

B HacToAwWwee Bpema TeXHO0MNA yBeanyeHma HepTeoTAaum NAACTOB C MPUMEHEHNEM

YFIEKMCIOTO ra3a B KaYecTBe BbITECHAIOLLErO areHTa ABAAETCA 0AHOM 13 Hanbonee
3G dEKTUBHbBIX M HANPaB/ieHa HAa U3B/IeYEeHMeE TPYAHOU3BAEKaeMblx 3anacos HedTwm [1].
PacnpepeneHune 3akaunsaemoro rasa CO, B HepTeHaCbILLEHHbIX MOPUCTbIX Cpeax nmeet
onpeaenAoLLee 3Ha4YeHWe 414 OLLEHKN PUCKOB M MPOrHO3MpoBaHuA 3GPeKTUBHOCTH
NPUMEHEHNA AUOKCMAA yrnepoaa.

B npeacTtaBneHHoli paboTe paccmaTpMBalOTCA OCHOBHbIE XapaKTEPUCTUKM MpoLiecca
Ha OCHOBE KMHETUYecKoro Anddy3MoHHOro Noaxoaa K ABNEHUAM B MOPUCTOM KONNEKTOpPE
[2, 3]. B cpene uccnepyetca U3MeHeHUA TeMnepaTypbl NPU AMHAMUYECKOM pPacLUMpPEHUU
rasa (CO,), reHepupyemoro B naactoBbix ycnosuax, auddysnn auokcuaa yrnepona B
BbITECHAIOLLYIO *KUAKOCTb U UX BNIMAHWE HA MpPOLLECC BbITECHEHMA. 34ecb, Npexae BCero,
PAacCMaTPMBAlOTCA YC/IOBUA LOMNONHUTENIHOTO HANPAXEHHOrO COCTOAHWA B cpede B
pe3ynbTaTe BHYTPUMNAACTOBOro obpasoBaHuA rasa, MaccoobmeHn anokcunaa yrnepoga CO, B
NOPUCTOM cpene, HACbIWEHHOW HedTbi, MOMKHO paccMaTpuBaTbh KaK ANGPY3MOHHbIN
MPOLLECC B COYETAHMM C KOHBEKLMEN Maccbl (pacwmpeHnem obbema) B pagmasbHOM
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HanpaB/JeHUN B OAHOMEPHOM pafManbHOM cUcTeEME C GUKCMPOBAHHbLIM PACMOIONKEHNEM
rPaHULLbl M NOCTOAHHOM KOHUEHTpaumen [4].

PaccmoTpeHa  coBmecTHaa  oueHKa auddysum um Tenaonepegayun  npu
rasoobpasoBaHMKN. 34eCb YYMTbIBAETCA BAMAHUE TemnepaTtypbl U AMdPY3MOHHbIX FpaHuL,
(ppoHTOB) NpnM xmmuuyeckoh peakumun. B atom cnyyae guddepeHumanbHoe ypaBHEHUE
MOXHO 3anucaTb cieayowmm obpasom.

oC 0’C oT 0T
E _pM) k(M) el =y L g, +k(T)C 1
ﬂ.nﬂ y,ﬂ|06CTBa YpaBHeHUNe (1) 3anuuwiem B snae:
oC o°C
—=D(T )——
at ( )aXZ
oT 0T
Do o

TaK, nocne coOTBETCTBYIOLWEN 3aMeEHbI Nepenaem K NoNAPHbIM KOOPAMHATaM:
2
ge _D(T)Lac +g@}

ot ot roar
o _ y (0T, 20T
ot aplor® ror

roe D(t) n % - KO3OPUUMEHTbI TEMNEPATYPONPOBOAHOCTM N AndPy3nu.
a,

CuMTaem, YTO B HaYa/ibHbIA MOMEHT BPEMEHMU Ha BCEM NOBEPXHOCTM My3blpbKa rasa
MFHOBEHHO YCTAHOBMIOCb COCTOSIHME HACbILWLEHMA, KOTOPOE B [a/ibHellleM CoOXpaHseTcs B
TeyeHue BCero npouecca Ten1o0MaccoobmeHa 1 xapakTepusyeTcs IMHEMHOW 3aBUCUMOCTbIO
KOHUEHTpaLUUM  LUeNeBOro KOMMOHEHTa OT TemnepaTtypbl. B cooTBeTctBuM C
NPeAnoNOXEeHUAMM, 3aNunLLIEeM Havya ibHble U FPaHUYHbIE YCN0BUS:

cwl|_-em TOl_,-m0o)
T(r=Rt)=0aT(r=Rt), A (%jr_R era_ﬂ/ﬂ(%l—a

C(r=Rt)=e", T(r=R)=T".

MpumeHAaa metoa Pypbe, HAXOAMM peLleEHNE B BUAE:
(r-R)/24Dt (r-R)/24Dt
C(r):——a1 .[ exzdx+$CO(r), T(r)= R j e*Xde+ETO(r).

r Jr 3 v r
B Xo4e WCCNeA0BaHWI MOKasaHO, YTO CW/IbHAA IKCMOHEHLManbHaA 3aBUCHMOCTb
PACTBOPUMOCTU U Ko3bdULMEHTA MONEKYAAPHON AnddY3UM OT TemnepaTypbl NPUBOAMUT K
MFHOBEHHbIM ANDPY3MOHHBIM NMOTOKaM reHepUPYeMOro B NAacTe rasa B MOPUCTYIO CPeay,
HACbILLEHHYIO KUAKOCTBIO.

Jlutepartypa
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4. Li, Z.; Dong, M.; Li, S.; Dai, L. A New Method for Determination of Gas Effective Diffusion
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O BASUCHOCTU B NMPOCTPAHCTBE Lp(O,l), 1< p <400, CUCTEMbl COBCTBEHHbIX

®YHKUUUN 3A0AYUN LUTYPMA-TMYBUNNA CO CNEKTPA/IbHbIM NAPAMETPOM B
FTPAHUYHbIX YCNTOBUAX
Monapos PoBwaH l'yny ornbl, Annes Ampax Masaxup ornbl
BakuHckui FocyaapcTBeHHbIM YHUBEpPCUTET
r_poladov@mail.ru, emrah.eliyev44@mail.ru

PaccMoTpuM cieAytoLLyio rpaHUYHYO 33434y

—Y" () +a(x)y(x)= 2y(x), x<(0,1) (1)

(ap2 +1g)y(0) = (coA+dg)y'(0), (2)

(a2 +by)y(@) = (12 +dy)y'(1), (3)

roe A—cnekTpanbHbl napameTp, ((x)—gencTeutenbHaa HenpepbiBHaa ¢GpyHkuma Ha [0,1],
a;,b;,c;,d;, i = 0,1-aeiicTBUTE/IbHBIE NOCTOAHHbIE, NPUYEM

oo =agdg —bycy <0, oy =a,d; —bycy >0. (4)

B pabote [1] uccneposaHo 6a3ncHble CBOMCTBA COBCTBEHHbIX PpYHKUMIA 3aaaum (1)-
(3), roe yctaHOBNEHO, YTO cMCTeMa COBCTBEHHbIX GYHKLIMIA 3TOM 3a4a4M nocne yaaneHua
ABYX MPOU3BOJIbHbIX GYHKLMIA, MMEIOLLMX NOPAAKOBblE HOMepPa pa3HOM YeTHoCTH, obpa3yeT
6a3snc B npoctpaHcTBe Ly, 1< p <oo.

Hactoawas paboTta nocBsweHa WccneaoBaHUO 6a3nCHbIX CBOWCTB MNOACUCTEMBI
cobcTBeHHbIX GyHKUMM 3aaaum (1)-(3) npn q=0.

3ameTum, 4TOo pelleHne ypaBHeHua (1) yaosneTsopatoLwee HavyabHbIM YCA0BUAM

y(0,1) =coA +dg, Y'(0, ) =agi +by (5)

MMeeT BUA

y(x,2) = (cgA +dg)cos[A x + (a0/1+b0)5in\/\%zx. (6)



mailto:r_poladov@mail.ru
mailto:emrah.eliyev44@mail.ru

242

MpWHMMas BO BHUMAHME rpaHUYHOe ycnosue (3) nonyuynm
cot \/Z{(ao/i +Dbp)(CciA +dq) — (g4 +Dby)(cgA +dg)}=

L (agA +bp) (a4 +by) + (Cod + dg)(cpA + dy VA .
Ja
Takum o6pa3om, cobCTBeHHble 3HayYeHua g <Ay <..<A <.. 33adaun (1)-(3)

ABNAIOTCA KOPHAMM YPaBHEHUA
(agA +bg)(@gA +by) + (cgA +dg)(ciA +dq)A

cot A = : (7)
{(apA +1p)(c14 +dp) — (a4 +by)(Cod + dg) WA
n B cuny (6) MMeeT ToNbKO cOBCTBEHHbIE QYHKLUM
sin /A
Vi (X) = (Co 2 + dg ) cOS /21 x+(a0/1+bo)%, k=0,1,..
k
Torga nmeem
ande +00)2 +(Cody +dn)2 A %
yk (1) — (_1)k(clﬂvk +d1) ( 07k 0)2 ( 07k 0)2 k . (8)
(@A +by)° +(c A +d1)” A¢
MycTb BbINONHAETCA COOTHOLLEHME
alzao,blzbo, C1:—CO,d1:—do. (9)

Teopema 1. MNyctb I U |- uenble HeoTpULaTENbHbIE YNCNA, UMEIOLLIME OANHAKOBbIE
YeTHOCTM W NyCTb BbinonHAseTcAa ycnosue (9). Toraa cuctema COBCTBEHHbIX GYHKUMIA

{V«}eokzry 33maum (1)-(3) np =0 He nonHa M He MUHMMaNbHA B MPOCTPaHCTBE
L,(0,1), 1< p<+o.

N3 3TOI Teopembl BUAHO, YTO ycnoBue Teopembl 4 13 [1] o Tom, 4yto Ymncna  u |
MMEIOT pa3Hble YeTHOCTM ABNAETCA CYLLECTBEHHbIM.

Teopema 2. Myctb I' U |— Lenble HeoTpMUATENbHbIE YMCNA, UMEIOLLME OANHAKOBbIE

yeTHoCTM. TorAa CyllecTByeT Takoe Liesioe HeoTpuuaTenbHoe umncno k  uto npu r, I >k
cuctema cobcrseHHbIX GyHKUMIA {Y (X)}c—o k»r1 33834 (1)-(3) npn q =0 B cayyasx

a) CS +012 >0 n ambo

1) ¢5 (a2 +2c,d;) —c?(ad +2c4dg) #0; AM6o

2) c2(af +2c,d;) —c? (a3 +2cydg) =0,

c3(df +2ab)) —c2(d3 +2agb,) #0; mbo

3) cZ(af +2c,d;) —c? (@3 +2cqdg) =0,

c2(dZ +2aby) —c?(d@ +2aghy) =0, ¢2b? —c2b? =0,

6) Cco=¢; =01 nunbo

1) ag(df +2ayb;) —af (d§ +2agby) # 0; mbo

2) a§ (df +2ayb;) —af (dg +2aghy) =0, aZb? —a’h? %0,

ob6pasyeT 6a3nc B NpoCTpaHCTBe Lo (0,1),1< p <o, npu p=2-6a3uc Pucca. A B cnyyanx
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B) c5+c2 >0 m ci(a? +2c,d;)—c?(ad +2cqdgy) =0,

c3(df +2aby) —c? (d@ +2aghy) =0, c2b? —c?bZ =0;
r) Co=C, =0 n aj(dZ +2aby)—a?(d3 +2aghy) =0,
agb? —afb3 =0,

cuctema cobeTBeHHbIX GYHKUMM {Yy (X)}_g k»r, HE MOMHA M HE MUHMUMa/IbHa B NPOCTPAHCTBE B

L,(0,1), 1< p < +o0.
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O HEOBXOA4MUMDbIX YCNTOBUAX MUHUMYMA ANA ONTUMANIbHOIO YNPABJIEHUA
CapgbiroB Mucpaaaud Annaxsepau ornbl, Okadap3sage AittaH Unbrap Kbi3bl
BakunHcKmin FocygapcTBeHHbIN YHUBEpPCUTET
aytenceferzadeOl@icloud.com

B pabote nosydeHbl HeobxoauMmble YCNOBUA IKCTPEMYyMa AONA  HEBbIMYKAbIX
9KCTPEeMasibHbIX 33a4ay ONTUMAJIbHOrO YMNpaB/eHMA B MPOCTPAHCTBE OGaHAXOBO3HAYHbIX
abcoNTHO HenpepbiBHbIX GYHKUMK. Ucnonb3ya Teopembl O HENPEPbIBHOM 3aBUCMMOCTU
peweHns anddepeHUnanbHOro ypaBHEHUA OT BO3MYLLEHMA, HEBbINYKIAA 3KCTpeMasibHan
3a4aya gns onTMMasIbHOrO ynpasiaeHua npuBedeHa K BapuaLMOHHOM 3a4a4ye M MoJlyv4eHo
HeobxoayMmoe yCnoBMe IKCTPEMYMA.

Mycs X u Y cenepabenbHble 6aHaxoBbl npoctpaHctea, 1>0, f [0, T]xXxX - R,

. X
HOPMa/IbHbIA MHTErpaHT, @: X x X =R, ¢yHKupa, M <X 3amKHYTOE MHOMECTBO, Q:[0.T]—>2

HOPpMa/IbHOE MHOro3Ha4yHoe 0T06pa>KeHme, T. € M3Mepmoe " 3aMKHYTO3Ha4YHOE OTO6pa>KeHVIe,

f 1[0, T]x X xU — X [0,T]x X xU

oTobparKeHue YOOBNETBOPSET  yCioBMIO Kapateogopy  Ha

npmuem Y=Y komnakTHoe mHoxecTBo. Torga f(t,x,U) KomnaktHoe MHOXeCTBO B X npu

Bcex X 1 noytv Beex t.
[0,T]

O603Haumm a(t, x) = f (t, x,U) , cavraem,yro £ =92

w(t, X 2) = {

* M3MEPUMO Ha
0: zea(t,x)
+o0:zea(tXx)

, MHOXeCTBO gra,

3aMKHYTO Mpw te[0,T], Ortcroda cieayer, uto HOPMa/IbHbIA UHTEMPaHT Ha

[0, T]x (X ><X).



244

Monoxmm vt x2)= ueqt,x)”l) - Z” Wo(t,X) = U'E&t)””— X” a(x) = EfM”y - X||

PaccmoTpM cpeapy BCex peLLIeHWA 3aa4m
x(t) = f(t, x®),ut), x@0)eM, (1)

MUHUMM3aUMN GYHKUMOHANA
J(x) = o(x(0), x(T)) + I (fo (€, x(1), X(t)) +w, (t, x(1)))dt . (2)

Tpebyetca HanT HeobxoaMMble YCIOBMA OMTUMA/IBHOCTU peLLeHra 3aaa4um (1), (2).

1
amsonom i[O T1X) o6asrauaerca Ganaxoso MPOCTPAHCTBO abCO/MOTHO HEMPEPbIBHBLIX GYHKUMIA 13

[0.7] L, ([0.T], X)

B X, nepsas npoussoaHas no dpelue, KOTOPbIX MPUHAL/IEKUT C HopMmoW

.
[xOllg =[x+ et
O .

PelLieHmem BrtodeHmna X (t) € a(t, x(t)) Hasbisaetca otobpaerme X(-) e W, ([0,T], X)

yaoenetsopatoLLee BratodeHMe X(t) € a(t, x(t)) ana noumm Beex te [O’T].

Nemma 1. Ecam YSY KomnakTHOe MHOMECTBO, f Y/AOB/IETBOPAET yCioBMIO Kapateogopu Ha
[0,TIx(XxY), &yHKUMA x—f(t,x,u) yLAOBNETBOPAET ycnoBUIO Jiunwmua ¢ KoapuumeHTom
L(t)>0 npu (t.u) €[0.T]xU ’ TO Py (F(tx,U), f(t,%,U)) < LEO)X—X,|»
Py (co T (t,x,U),co f (t,x,,U)) < LE)x—x|
npn x,x, e X.

Nemma 2. Ecam y(-) eW,([0,T], X), oTobparkeHue f(t,x,u) YOOBNETBOPAET YC/NOBUIO

Kapateogopn Ha [0, T]x X xU, UcY komnaktHoe MHOXeCTBO, CyllecTByeT TakKaA
dyHkuma k() eL[0,T], wuro  [ft,xu)—f(t, x, u)|<k®)x—x| nmpu |x'—y(t)|<b,
Ix-y®|<b, |yO) -xo|<d<b wn d(y).f(t.y(t).U)<p(t), roe p()eLy0,T], >0 To cywecTsyeT

Takoe  pelleHue x(-) eW,*([0,T], X) sagaum  X(t) ea(t, x(t)), x(0)=x,, uTO
Ix(t) - y@)| < £(@), %) - yt)| < kE®ER) + p(t), npu Takmx te[0,T], 4To E&(t)<b, rae

t
g(t) = 5e™® +}em“)’m(s)p(s)ds, m(t) = I k(s)ds.
0 0

Nemma 3. Ecamn oTobpaxkeHme f(t,x,u) yaosneTsopsaeT ycnosuio Kapateogopm Ha
[0,T]xXxU UyUcyY

KOMMaKTHOE MHOEeCTBO U It w) = (& xy, W < k(O =

npu  [x—x@)| <o, [x -X®)|<a, roe
k: [0, T] —->R , i() c W11 ([0’ T], X) , TO |\1U(t1 X, Z) _W(t’ Xl' Zl)| < k(t)”X - Xl" +||Z - Zl" an "X _)_((t)" < o,

i =X <, 221X

Nonoxum mo(t,x,z*):inf{<z*,z>:ZGf(t,x, U)}:inf{<z*,f(t,x,u)>: ueU}, rae z"eX".
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JNlemma 4. Myctb otobparkeHme f(t,x,u) YAOBNETBOPAET yCI0BUIO Kapateogopn Ha [0, T]xXxU ,ucyY

komnakTHoe mHoxectso n Px(FEXUF(Exy, ) <kO)x—xy| npn  [x=X@)|<a, [x, -Xt)|<a w
ueu, roe KIOTI=R g0y e w([0,T],X) . Torpa

*| || *
z"|,|lz;

<{k(t)max{

[+ [t XY + k(D03 (x| +

, z" —ZIH)

‘mo (t,%,2") —° (t,X;,2})

o [x—x@)<a, [x-x@®]<a, 22X

PaccmoTtpum 3aga4y

T T xeW; ([0,T1,X)
@, (X) = 9(X(0), x(T)) + [ (Fo (t, (1), X(1)) + wo (t, x(D)dt+ v(Q(x(0) + [w(t, x(t), x())d) ~ —  min.
0 0

Pewwerve 3anaqun (1),(2) obosHaummuepes X() € W, ([0,T], X) (AcHO,uTO @, (X)| <+ ).

Nlemma 5. Ecwm otobpasenve | (4%Y) ynosnetsopser yenoewio Kapateogopn Ha [0 TIXXxU “ucy
KOMMAKTHOE MHOMKECTBO W [t x, u) = £ (8, X, u)]| < KE@x—X4]| nov [x—%(t)| < o %, = %(0)] < % uelU pe

. < 1
KOTI>R = X0 eW([0.TLX)  Knome Toro nycrs M komnaktHoe mHowecrso n QW henycroe

komnakTHoe MHoxkectso, | > QU yamepimoe otoBpaskeHue, cywectayior cymmmpyeman yHkupa Ki(D
amcna ©>0. Ko >0 1y a>0 qakme uto

[fo (t,%,0) = o (t, X3, 01)| < Ky (O ) =X | +clo—vi  |o(u,2) —(uy,zy)| < Ko (Ju—uy | +]z—2z4)

npu [x—X(®)| <a, X, —X®)| <o, v, v, € X, Ju=XO)| <a, Ju;—=XO)| <a, [z-X(T)| < a, [z, - XD <.

v LIL+e™ +m(T)e™™)
7

Torga X() MUHUMMBMPYET PYHKLWOHAN @, (x()) HaMHoxectBe D npwu roe

D={x() e W ([0.T], X):[x() - Xl <=F r
' | b P™ LIk, +Ddt+c+2k,, p>e™P@+m(T)?, m(t) = [k(s)ds.
0
Myctb f Avnwuuesa pyHKLMA BOAM3N x, U

g[l](xo;)() = limsup w .
y—Xg, A0 A

MNonoxkum
0c9(Xo) ={x* e X* :gM (xy:%) = <x*,x> npu X e X}.

0603Haumm cfoltXy)=0cfo (x.y)

Teopema 1. [lycTb y/I0BNETBOPSETCA YC/I0BME /IEeMMbI 5 M X(t) cpeay Bcex pelleHui 3agaum (1)
MUHUMUBUPYET PyHKLWOHaN (2). Toraa cywectsyeT GyHKUMA x () € W ([0, T], X") TaKas, YTo
1) (00X (0) €0c (ot X(O,X(0) + o (6 X(0) + vw(t X(O. X(V)
2) (¢ (0)x"(T) & 0c (p(X(0) X(T)) + va(x(0)
rpe V> L0+ "™ +m(T)e"™)
Teopema 2. MycTb yAOBNETBOPSAETCA YCI0BME IEMMbl 5 M X() Cpeay BCex pelueHuin 3agaum (1)
MUHUMMBUPYET GyHKUMOHaN (2). Toraa cyluectyeT GyHKUMA X (-) € WL ([0, T], X*) TaKas,uTo
1) (X"(t), X*(t))eac(fo(t,i(t),?(t))+\Vo(t5<(t)))+5cw(t.¥(t),?(t))),

2) (XC(O-X(T)) € ¢ (p(X(0), X(T)) +14(X(0))
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1. Cagpiros M.A. Cy6anddepeHLman Bbiclwiero nopaaKka n ontummsauyma. Deutschland: LAP

LAMBERT Academic Publishing, 2014. 359 p.

Ob ONPEAENEHUU CYBOANDDEPEHLUUNANA U EE NPUNOXKEHUA
CapgpbiroB MucpaaauH Annaxsepau ornbl, Axmeposa MNoHai N'yceiH Kbi3bl
BakMHCKuM FocypapcTBeHHbIN YHUBEpPCUTET
gunay.axmedova.2406@gmail.com

B paboTe paccmoTpeHbl ABa onpeaeneHus cybanddepeHumana nepsoro nopaaka u

M3y4yeH UX cBOMCTB. Mcnonb3ys BBeAEHHOTo onpeaeneHun cybamdbdepeHymana noayyeHsl

HeobxoAnMble YCNI0BUA SKCTPEMYMA.
1. AnnpoKkcumatueHbiit cybanddepeHyman. MNyctb X 6aHaX0BO NPOCTPAHCTBO,

R=RU{too}, f:X >R, domf={xeX:[f(x)|<+}, X, €domf . PaccmoTpnum 06 0O4HOM ONpeseneHus

r

cybanddepeHumnana dyHkumen f B Touke X, (cm. [1]). O603HauMm Q={r():r(t)e X, Tt)—>0

npu t 0} M nycTb
lim

F"(Xg;X) = sup tim%(f(xo + X +r(t)) —f(%g)), F’(xo;x)=r(i_g]gfgvltiTrT;%(f(xO +tx+r(t)) —f(Xg)),

r()eQ
F (X0; %) = max{ F* (Xq; X), —F (Xg;—X)} .
Monoxum df(x0)={x*ex*:<x*,x>sF‘(x0;x) npu X € X} .
Teopema 1. Ecam f [ocTMraeT B TOUYKE X,€Q  JIOKA/JIbHOrO MMHUMYMa MWAW

NNOKa/IbHOro MakCMMyma Ha OTKPbITOM MHOXecTBe Qc X, TO 0edf(xy).
MNonoxnm f*(xo;x):%%(f(x0 +1tx) - T(Xq)), ff(Xo;x):Ii_m%(f(xO+tx)—f(x0)) npm xeX wu
t tlo

1(Xg; X) = max{f* (xo;X), —F~(Xoi=X)} Npn x e X (cm.[2]).

Nemma 1. Echn f yposnetsopAeT ycnosuio J/IMnwmua B OKPECTHOCTU TOYKU X, TO
F'(Xg;X)=f"(Xg;X) U F (Xg:X)=F"(Xp;X) Npn xeX.

Nemma 2. Ecan f yposnetsopAeT ycaosuto Jinnwnua B OKPECTHOCTU TOYKN X, TO
F'(Xg;X) = ' (Xo;X) MpU xeX.

Nemma 3. Ecnn f yposnetrsopAeT ycnosuio JInnwmua B OKPECTHOCTU TOYKM X, , TO
d(=F)(xo) =—df(xo) .

Ecnm f amnwuuesan dyHKUmA B6IM3N X, TO NONOXKMM

o) — i O =T()
0 Y=o A

roe vepes O.f(x,) obosHaueH cybanddepeHuman Knapka ¢pyHKumm f B TOUKe X, .

,  Ocf(Xg)={x"eX" :f°(x0;x)2<x*,x>, xeX},

Nemma 4. Ecnv f amnwuuesaa dyHKuma B6ansm X, To df (X,) < 0:F(X,) -



247

B obwem cnyvyae oyHKUMA x—>F'(xo;x) He asnaetca cybauvHelnHoWn. [losTomy

paccMoTpuM apyroe onpeaeneHue cybanddepeHumana.
Byaem rosoputb, 4to PYHKUMA f B TOYKE Xx,edomf [OMyCKaeT CybAWHENHYIO

annpPoOKCMMA-LMIO h(x), €Can h(x) CybanHenHaa nonyHenpepbiBHAA CHU3Y GYHKUMA U
h(x)>F'(xg;x) Npu xeX. CybnvHelHaa annpokcMmauma h OyHKUMA f B TOuKe X,
Ha3blBAeTCA [/1aBHOM aNMNPOKCMMALUMEN, €CNIM He CywecTByeT pgpyraa cybamHenHas
annpokcMmaumAa h;, TakKaA, 4YTo h(x)>h,(x) nNpuM xeX. [naBHoW cybAMHENHOM
annpokcumaunen GyHKLMM f B TOUKe X,, 0603HauMM vepes F™(xy;X).

Echn £ nunwuuesana GyHKUMA BOAU3M TOUKM X,, TO cuMTaem, 4To F™(xq;x) <f°(xq;x).
Monoxmm d™F(x,) =oF™(X4;0) -

MNycTe f AunwuueBas GyHKUMA BOAM3M TOUKM X,. TaK Kak F'(xq;x)<f%(xy;x), TO
f%(x,;X) ABNAETCA CyBAMHENHOM annpoKcumaumen GpyHKuMM f B Touke X,. OTMEeTUM,
uto fo(x,;x) 0BWEem cnyyae He ABASAETCA rNaBHOW cyb6AMHEWHOM annpoKcMmaumen
bYHKLMM f B TOYKe X, .

Myctb X 6aHaxoBo NpocTpaHcTBo, Qc X, f:Q—>R.
Teopema 2. Ecnm f pocturaet B TOYKe X,€Q J/IOKAa/IbHOrO MWHUMYMa WU

JIOKaNbHOro

MaKCMMyMa Ha OTKPbITOM MHoXecTBe Qc X U 0MF(x,) HenycTo, To 0ed™F(x,) . Ecan
Cc X, TO NONOMKUM d¢(x)=inf{ly—x|:yeC}.

Teopema 3. Ecam f yposnerBopseT ycnoButio Jlunwuua C MNOCTOSHHOM K B
OKPEeCTHOCTU TOYKU X, U AOCTUraeT MUHUMYMA Ha MHOXecTBe C B TOYKe Xx,eC, TO
0ed™(f(xq) + Kde(X)).

2. K -cy6anddepeHumnan. NMonoxmm

fo(Xgix) = inf ml(f(Xo +tx+r(t) —f(%0)), fo(Xe;X)= sup Ii_ml(f(xo +ix+r(t) - (%)),
r()eq tlo t r()eo, o t

f,(X05%) = max{f, (Xo; X), —fe (Xoi—X)}-

MHOKecTBo dof(Xe) ={x e X" :<x*,x> < (X X) mpu X € X} Ha30BeMm K -
cybanddepeHumanom GyHKUMM f B TOUKE X, .

Nlemma 5. Echn  f yposneTtBopseT ycnosuio Jiunwunua B OKPECTHOCTM TOYKU X, TO
fo(X0:X) =T (Xg;X) M fo(Xo;X) =F"(Xg;X) NpU xeX.

Nemma 6. Ecnn f yposnetsopAeT ycnosuto Jinnwnua B OKPECTHOCTU TOYKN X,, TO
£ (x0;X) =F'(Xg;x) NpU xeX.

Nemma 7. Ecnn f yposneTtsopAeT yciosuio JIunwnua B OKPECTHOCTN TOYKKU X, , TO
do (—F)(Xg) = —daf(Xo) -

Teopema 4. Echn f yaosneTsopaeT ycnosuto Jinnwmua B OKPECTHOCTU TOUYKN X, U
OOCTUraeT B TOYKE X,€Q JIOKaZIbHOTO MUHUMYMA WU NIOKAZbHOTO MaKCMMyMa Ha

OTKPbITOM MHOXeCTBe Qc X, TO 0ed,f(X,).
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Nemma 8. Ecnm f amnwmuesaa GyHKUMA BOAU3N X, TO df(Xo) < Ocf(Xo) -

OTmeTMm, 4yTO B 0obwem cnydyae QyHKUMA x —fh(x;x) He ABnaeTcAa cybanHenHomn.
MosTomy paccmoTpum apyroe onpeaenenuve cybgmudpdepeHumana.

Byaem rosoputb, 4TO YHKUMA f B TOYKE x,cdomf [OMNYyCKaeT CybAMHENHYH
annpokcumauymto h(x), ecam h(x) cybnmHenHaa nonyHenpepbiBHAA CHU3Y OYHKUMA U
h(x)>f5(Xg;x) Npu XeX. CybnuHeiHaa annpokcumauma h OyHKUMA f B TOYKe X,
Ha3blBAeTCA [/1aBHOM annpoKCMMauMen, ecinm He cywecTByeT pgpyraa cybimHenHan
annpokcumauma h;, Takaa, 4YTo h(x)>h,(x) nNpu xeX. [naBHon cybanHenHoOM
annpokcumaumnen GyHKUMM  f B TOYKe X,, 0bo3Hauum 4epe3  fJ(xq,;x). Monoxum
def (o) =fq) (X0:0) -

MNycTe f Aunwuuesas GyHKUMA BOAM3M TOUKM X,. Tak Kak fh(Xe:x) <f°(xq;x), TO
f°(x,;x) aBnsetca cybavHelHoM annpokcumauuein dyHkumm f B Touke X,. OTMETUM,
uto f°(X,;X) oblem cnyyae He ABNAETCA [NAaBHOW CyBAMHENHOW anmnpoKcumauueit
dYHKUMKM T B TOUKE X, .

MycTb X 6aHaxoBO NPOCTPAHCTBO, Qc X, f:Q—>R.

Teopema 5. Ecnn f yaosnersopAeT ycnosuio JIMnwnua B OKPECTHOCTU TOUKKN X U T
OOCTUTAeT B TOYKE X,€Q  NIOKAZIbHOTO MWMHMMYMA WM JIOKAZIbHOTO MAKCMMyMa Ha
OTKPbITOM MHOXeCTBe Qc X, TO 0eddf(x,)-

Teopema 6. Ecam f yposnetrBopseT ycnosuto Jlunwuua C NOCTOSHHOM K B
OKPECTHOCTU TOYKM X, M AO0CTUraeT MUHUMMYMA Ha MHOXecTBe C B TOYKe X,eC, TO
0 edg (f(Xg) + Kdc (Xo))-

Jlutepartypa
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0 3ABUCUMOCTMU PELLIEHUA TPEXMEPHOIO ONTUMA/IbHOIO
YMNPABJIEHUA OT BOSMYLUEHUA
CappbiroB MucpaaauH Annaxsepau ornbl, Hacnbnu AnrioH Annaxsap Kbi3bl
BakMHCKUM FocypapcTBeHHbIN YHUBEPCUTET
n.a.aygun@mail.ru

Myctb  GyHKUuMM  f:[0AP xR ™ s Uy, RN i=123  yA0OBNETBOPAIOT  YCAOBUIO
KapaTeogopu, npuyem U,, U, U U, HenycTble KOMNakTHble MHoectBa B R", R” n R"
COOTBETCTBEHHO, o, :[01]°xB; »R" yaosnetsopatoT ycnosuto KapaTeogopu npu i=123;
npuyem B;, B, U B; HenyCTble KOMNAKTHble MHOXecCTBa B R®, R U R COOTBETCTBEHHO,
roe ki, k,, ks, n,r,13 U S;,5,,53 HAaTypaabHbIe Yncna.

Monoxum VP ={ue 3[04 u, e LR[01%}, VP ={veL2[01] v, e L'? [0},
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VP ={w e LS[01® i w, e LS00}, MycTb  o: [0 > U;, o,: [0 —>U, 1 w3:[01° > U,,
b, :[01]* - B;, b,:[01]* »B, U b, :[01]* — B, U3amepumble oTobparkeHus.
DYHKLMA (u,0,w) € VP x VI x VP, y0BNeTBOPAIOLLAA YPAaBHEHNAM

u,(X,y,2) =f,(X,¥,z,u(X,Y,2),0(X,Y,2), W(X,Y,2), ®(X,Y,2)),
Uy(X, y7 Z) = fZ(Xv yv 21 U(X, yi Z)v U(Xv yl Z)v W(Xv yi Z)7 (02 (X, yv Z))v (1)
WZ (Xv yl Z) = f3(X, yv Z, U(Xv yv Z)v U(Xv yv Z)v W(Xv y7 Z)v 0)3(X, yv Z)),

n ycnosuam u(,y,z) = @;(y,z,b;(y,2), v(x,0,2) =,(X,2,b,(X,2)), W(X,V,0)=p3(X,Y,bs(X,y)) Npun
X,y,z<[0]1] Ha3blBaeTcs peleHnem ypaBHeHua (1) .

Teopema 1. MycTb GyHKUMA f,:[01]° xRX e s U, >R i=123, yaoBneTBOpAeT yCN0BUIO
Kapateopgopu u

[fi (% y.2,p1, @) —fi (x,y,2,p, )] < M[jp, |

npu pp eR9™™i=123  Torma, ecam pana  (U,5,W)eVExVIxVP  BbINONHAIOTCA
HepaBeHCTBa

[0 (%, Y, 2) —f1(x,,2,U(x, Y, 2), (X, ¥,2), W(X, Y, 2)), &y (%, Y, 2))] < pr(X, ¥, 2),

[5y (x.y.2)~Fa(x.y.2.0(x.Y.2), 5(x,y,2). W(x, %,2). B (x,y, )] < po (x.¥.2)

W, (x,y,2) = 3(x,Y,2,0(x,,2), 5(X,Y,2), W(X,Y,2), 33(%,,2)))| < p3(%,Y,2),

[60,y,2)~ 1 (y,2)| <&y, 2), [0(x.0,2)~92(x,2)| <&x(x,2),  [W(X,Y,0)—5(x, )| <E(x,Y),

rae pi() e L[01° npn =123, &().&;().5() € L,[01]°, yHKUMM @, 0, U ¢, N3MEPUMDI,
oTobpa-)KeHusa @ :[01]° ->U,, ®,:[01F > U, U ©;:[01]° - U, M3Mepumble, TO CyLLECTBYIOT
nsmepumble oTobpaxkeHus o, :[01° - U;, o,:[01F ->U, U s:[01 — U, v peweHne (u,v,w)

3agaum
U (Y,2) = Fy (6, Y, 2,U(X,Y,2), (%, Y, 2), W(X, ¥, 2), 0y (%, Y, 2)), U(0,Y,2) = ¢y (y.2),
0y (6,,2) = F2 (6, Y, Z,U(X,,2), (X, ¥,2), W(X, ¥, 2), 0, (%, Y, 2)),  0(X,0,2) = 95 (x,2),
W, (%,Y,2) = F3(6 Y, 2,U(X,¥,2), (%, Y, 2) WX, ¥, 2), 030X, Y,2)), - W(X,Y.0) = 93X, Y),

yTo

1 1
|U(X, \ Z) - U(X! Y, Z)| = E.:l(y: Z) +_[pl(tr Y, Z)dt +eMan(y! Z) + MeMyjnZ (t! Z)dt +
0 0
+ MeMz} 1 2M(x+y)1 1 2M(><+z)1
ns(t, y)dt+§ Me [, z)ds+§ Me [y, v)dv+
0 0 0
1 1
+2 MM [ (t, Z)dt+ 2 MePMOF) [y (1, y)di+ 3, 5dMZe>° Y2 4 2dMZe?MO D),
0 0
1 1
[o(X,Y,2) = B(X,Y,2)| < 5 (X,2) + [ p, (X5, 2)ds +e"n, (%, 2) + Me™™ [ (5, 2)ds +
0 0
Mz | 1., oMxey) T 1, oMxey) T 1. oMy+2)
+Me jn3(x,s)ds+§ Me y jnl(s,z)ds+§Me y jnz(t,z)dt+EMe Y¥2)
0 0 0

1 1
% [a(x,v)dv + % Me2MO™2) [ (x,5)ds +3,50MZe3SMOY+2) | ogpp2e2Miia)
0 0
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1
W(X,Y,2) = W(X, Y. 2)| < &5 (X, y) + [ pa (X, Y, v)dv +eMn5(x, y) + Me™™ x
0
1 My | 1. om 1 1., om i
x [y (y,s)ds+Me yjnz(x,s)ds+EMe (X”)jnl(y,u)do+EMe W2 [, (x, v)dv +
0 0 0 0

1 1
+%MeZM<X+Z> [ratt, y)dt+%MeZM(y”) [ria(x, 5)ds + 35dM2e>SMOHY+2) 4 2q\2e2MH),
0 0

|uy (%,Y,2) ~ Ty (X,Y,2)| < py (X, Y,2) + D(x,,2),

oy (%,¥,2) =y (x,¥,2)| < p (x,¥,2) + D(x.,2),
W, (x,y,2) =W, (x,Y,2)| < p3(x,¥,2) + D(x,Y.2),

1 1
raoe Th(Y: z)= é'CJZI.(y’ z) +Ip1(t’ y,z)dt, nZ(X’ z)= ‘:Z(Xv z) +Ip2(X,S, z)ds,
0 0
1 11 11 11
M3(%Y) =& (V) + [ps(x,y,v)dv, dy = [[my(s,v)dsdv, d, = [ [, (t,v)dtdv, dg = [[ns(t,s)dtds
0 00 00 00
1
D(x,,z) = M1, (y, 2) + Me"n, (x,2) + Me¥n, (x, y) + M2e?M) [, (s, Z)ds+
0

1 1 1 1
+ MM [y (y, vydy + M2e?MOY) [, (1, Z)dt + M2e2MO+2) [, (x, v)dv + M2e2MOFD) [y (¢, y)dit+
0 0 0 0

1
+ MM [, (x,5)ds +12,25dM°e> MY d = max{d,, d, dg}.
0

Cnepctene 1. Nyctb GyHKUMM f:[01 xRM™ e s wu, >R i=123 ymosneTsopsatoT
ycnosuio Kapateogopu, npudem U;, U, U U, HENYCTble KOMMNaKTHble MHOMecTBa B R", R"

m R"™ coOOTBETCTBEHHO, rae ki, k, ks, K., I, HaTypaibHble Yncna v GyHKUMKM f;, i=1,23,

y40BNET-BOPAIOT YCA0BUIO
[fi(x,y.2,py ) ~fi(x,y,2,p, )| < Mljp, ~p|
npu p,p, e Rk ke ks
Ecnn pyHKUMKM d(0,,(x,Y,2,0,0,0,U;), d(0,f,(X,y,2,0,0,0,U,)), d(0,f;(x,y,2,0,0,0,U;)) NpuUHagnexar

L,[01°, BeKTOp GYHKUMM @, NpuHagnexat LK[01° rae i=123, TO CylecTByeT pelleHue

(u,o,w) e VP xV)‘,) xVP  3apauun
U (x,y,2) efi(x,y,z,u(X,y,2),0(x,y,2), w(x,y,z),U,),
vy (X,Y,2) e fr(X,y,2,u(X,y,2),0(X,Y,2), W(X,,2), U,),

W, (%, Y,2) e f3(X,y,Z,u(X,y,2),0(X,Y,2), W(X,Y,2), Us),
u0,y,2) = ¢1(y,2), v(x,0,2) = 95(x,2), W(X,y.0) = 3(X,y).
OTMeTUM, 4YTO UCNoNb3ysa TeopeMy 1 MOXKHO NoAYyYUTb HEOBXOAMMOE YCIOBUE SKCTPEMYMA

ANnA COOTBETCTBHOWKMX 3a4a4 TPEXMEPHOTO ONTUMAJZIbHOIO yNnpaB/1EHUA.

NutepaTtypa

1. Cagbiro M.A. DKCTpemanbHble 3aZa4M A/1A BKAOYEHWUI B YACTHbIX NPOU3BOAHDIX.
Deutschland, LAP LAMBERT Academic Publishing, 2015.- 390 p.



251

NIMHEMHAS OBPATHASA KPAEBAS 3AAAYA ONA BOCCTAHOBNEHUA NPABOM YACTU
NCEBAO TMNEPBO/TMMECKOIO YPABHEHUA TPETBEINO NOPAAKA
Cappbix3age PeHa LWadu Kbi3bi
bakuHckul FocyoapcmeeHHbIl YHUsepcumem
yashar aze@mail.ru, rena7097@gmail.com

Paccmotpum ona ypasHeHUA

Uy (X, 1) — ot (X, 1) = B, (X, 1) = a(t) g (x,t) + T (X, 1) (1)
B o6nactn D, ={(x,1):0<x<1, 0<t<T} obpaTHylo Kpaesyto 3aa4y C yCIOBUAMM
ux,0)=¢(x), u(x0)=y(x) (0<x<I), (2)
u,(0) =0, (3)
Jl.u(x,t)dx:o (0<t<T), (4)
u(0,t)=h(t) (0<t<T), (5)
raea >0, >0 - 3apanHbie uucha, f(X1), g(X,t),0(X), w(x),h(t) - 3apaHHble

dyHkumm, a U(X,t) n a(t) — nckomsle dyHkumM.
Onpepenenne 1. Napy {u(x,t),a(t)} oyHkumin u(x,t) 662(5]'), a(t) eC[0,T],

yaosnetsopaolwmx ypasHeHuto (1) 8 Dy, ycnosuam (2) 8 [0,1] ycnosuamu (3) -(5) B

[0,T] HazoBem knaccuueckum  pelwenmem obpaTHoit KpaesoW 3agaum  (1)-(5) rae

C2(Dr) = %, :u(x,1) €C2(Dr ), upex(x,1) C(D )}

1
Teopema 1. MycTb f(x,t)eC(ﬁT),J.f(x,t)dx=0 (0<t<T)
0

1
g(x,t)eC(D;), j g(x,t)dx=0 (0<t<T), p(x) eC*[0],w(x)eC[0A], ¢'(0) =0,
0

h(t)eCz[O,T] , 9(0,t) 20 (OS'[ ST) W BbINONHAIOTCA YC0BUA COrNacCOBaHMA:
jgo x)dx =0, _[z// X)dx =0, (6)

(p(O) h(0). w(0 )=h'(0)- (7)
TakMm o06pa3om 3agayva HaxXOXKAEHUA Knaccuyeckoro pewenua 3agaum (1)-(5) ak-
BMBAJIeHTHa 3adaye onpesaeneHns QGyHKLUWIA u(x,t)e52(5T) n a(t)eCl[0,T], wus
cooTHoweHui (1)-(3) n
u (Lt)=0 (0<t<T), (8)
h"(t) —au,,, (0,t) — pu,, (0,t) = a(t)g(0,t)+ f(0,t) (O<t<T). (9)
Teopema 2. ycTb BbINONAHAKOTCA YCA0BUA

1. p(x) €C2[01], ¢"(¥) € Lp(01), ¢'(0) = ¢'()) =0, .

txx
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2. y(x) eC?[01], y"(x) €L, (0D) , w'(0)=w'M)=0, .
3. f(xt), f(X1), e (X,1) eC(D7), Frx(X,t) eLyp(Dr), f,(0,1)=f (Lt)=0 (0<t<T).
4. g(%,1),9,(%1), 0, (%1) € C(Dr), g (X, 1) € L, (D), 9,(0) =g, A1) =0 (0<t<T).

2_2
a7

4
Torpga 3agaya (1)-(3), (8), (9) umeeT eaAnHCTBEHHOE pelLeHue

5.a>0, >0, ~B>0.h(t) eC?[0,T], g(0,t)=0 (0<t<T).

Teopema 3. MNycTb BbINOJIHAKOTCA BCe ycnosus Teopembl 2,
1 1
'[ f(x,t)dx=0 ,Ig(x,t)dx =0 (0 <t ST) M BbINONIHEHbI YCNOBMA cornacosaHua (6),(7).
0 0

Torpga 3agaya (1)-(5) umeeT eANHCTBEHHOE K/1TaCCMYECKOE peLleHue.
Jlutepartypa

1. TwuxoHoB A.N. 06 yctoiumsocT obpaTHbix 3agad // AJokn. AH CCCP.-1943.-39. Ne5.-c.
195-198.

2. JlaBpeHTbeB M.M. O6 ogHolM 06paTHOM 3a4a4e ANA BONHOBOrO ypasHeHus // Ookn. AH
CCCP.-1964.-157. Ne3.-c. 520-521.

3. Mebhraliyev, Y.Sadikhzade, R.Ramazanova, A Two-dimensional inverse boundary value
problem for a third-order pseudo-hyperbolic equation with an additional integral
condition. EUROPEAN JOURNAL OF PURE AND APPLIED MATHEMATICS. Vol. 16,No. 2.
1000c.99-103

UCCNEAOBAHUE YCTOMYMBOCTU NPAMOYIO/IbHOM APKU
C XXECTKUM 3ALLEMJIEHUEM OBEUX KOHLLOB
darynnaesa Jlaypa PaukK Kbi3bl
bakuHcKuli FocydapcmeeHHsbIl YHUsepcumem
laura fat@rambler.ru

B npeactaBneHHo paboTe BapuaLMOHHbIM MeTod MPMMEHEH K PelleHuto 3a4aumn
YCTOMYMBOCTM  MNPAMOYFONbHOM apKM C  HEOAHOPOAHOM  TOAWMHOM U KECTKO
3aWeMNeHHbIMM  KOHUaMK. OcHoBHaa uUenb paboTbl  MNONAYYUTb  BbIPAXKeHUs  AnA
GYHKUMOHANa M KPUTUYECKOM Cuabl B COOTBeTCTBYHOWEeNM ¢dopme, Heobxogmmon ans
pPeWeHns  MNoCTaB/NIeHHOM  3agayn. 34ecb  [aHO  WUCCNeAOBaHME  HaMpAXKEeHHO-
0edOPMUPOBAHHOTO COCTOSIHUA MNPSAMOYrO/IbHOM apKM B FeOMEeTPUYECKOM HeNUHEMHOM
NMOCTaHOBKeE.

MpeanonoXum, 4YTO pacCMaTpMBaemas apKa HaxoAWUTCA Noh BepPTUKaNbHbIM
AAaB/IEHNEM, MHTEHCMBHOCTb KOTOPOro PaBHOMEPHO pacnpefesieHa Mo ee MOBEpPXHOCTW.
Ocb NPAMOYro/IbHOM apKKU C ¥KECTKO 3allemMeHHbIMM 060MMKM KOHLAMK onpeaenseTca no
cnepyowen popmyne:
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W =Cy775in Iﬂsin ﬂ(l—lzj , (1)

roe Cop- OCb NOAbEMA apKK, 77- aprymeHT annpokcumaumm, | - pacctoaHne mexkay onopamu
apKu, Y - ropn30oHTa/IbHaA KOOpAMHaTa U Z - BepTUKaNbHAA KOOpAUHaTA.

BoiparkeHue (1) yooBneTBOPSAET rPaHMUYHbIM YCAOBUAM KECTKOTO 3aMblKaHMA 0bounx
KOHLLOB, TO eCTb:
w(0) =w(l)=0; w,(0)=w,()=0.

CeyeHue apKu NPAMOYronbHOeE, ee BbiCOTa paBHa 2h, a wupuHa b . MNpeanonaraercs,
YTO apKa reoMeTpPUYEeCKU HenuMHenHa, TO eCcTb COCTOMT M3 N CN0oeB Pas3HOM TONLMHbI.
O603HauYMm TONLLMHY KaXKaoro cnos yepes o,,,, Toraa

n-1
D Sa =2h.

k=0
PyHKUMOHanN, KOTOPbLIN Ham HyKeH, bepem Takown [2]:

| n—12k+

3= b_”{0'8+ . }dydz——fz_[ : dydz+jqa;dz 2)
2 0 Ek+1( )

k=0 a,

roe o —Hanpsxkenue, E, ., =E, 4(Y) (k =0,1,...,(s —1)) — MOAY/1b YNPYrocTn matepuana k -ro

cnoaun

k
ak:—h+25j (5020), akSySak+1.
j=0

CkopocTb gepopmaumu ( £ ) onpeaennerca Kak B pabore [2]:
E=w,0,- Y0, . (3)
B dopmynax (2) u (3) n panee 3anaTaa o3HayaeT YacTHoe AnddepeHuMpoBaHUe No
KoopAuHaTe Z, a TOYKa 03HavaeT anddepeHumnposaHme no d, 1.e. 4=1.

Annpokcummpyrolan GyYHKUUA ¢ U ee CKOPOCTb ONPeaenaTca B CAeayoLem BUae:

el (F) ()
o-elos(f (3 )

[na nonyyeHua okoHYaTenbHo Gopmynbl GyHKLMOHaNA (2), noactaBum Gopmybl
(3)-(5) B (2) n npoBegem COOTBETCTBYIOLWME MATEMATUYECKME onepaumun. B pesynbrate
NofyYnm cneaytowiee BblpaH(eHMe ana d)yHKu,MOHana'

=— CHO bh Eico—o; + bhE 2 o2,
5 1 0 o171+ 3 10| 1] | 0 s 0~
bl 2. > 2. . bl 2.5 .
_ZEl G Do _EbEi Goo-lq)l_FEl Gy @, +7700§ , (6)

30€eCb
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Takmm o06pasom, cooTHoweHue (6) ABnseTca BbipaxkeHnem PyHKUMOHaNa
BAPMAUMOHHOTO  MeToZa, MNPUMEHEHHOr0 K  pEeLWeHUIo  33a4aydu  yCTOMYMBOCTM
NPAMOYrO/IbHOM apKM HEOAHOPOAHOMN TONLMHbI.

B ¢opmyne dyHKumoHana (6) 7, 6,, 6, ABNAOTCA HE3aBUCMMbIMU NEPEMEHHbIMM

bYHKUMOHANbHbIMKM aprymeHTamn. Mcnonb3ysa meTog, Panea-Putua, Hagem CTauMOHApHble
3Ha4YeHuA yHKUMOHana (6). Ycnosume cTtaumoHapHOCTU dyHKUMOHaNa (6) ectb §J =0, a 310
NPUBOAMUT K cUCTEME Tpex 06bIKHOBEHHbIX AnddepeHLManbHbIX YPaBHEHWUIA:

64 hr . 32h’z . 64hrx

) 1
EI—ZCOUOU'F?I—ZG]_ +E|_2C0770-0 +— :O,

bE,
32h7Z 2 . 1 . | .
——=¢C -=IE,6,9, ——E;6,®, =0, 7
l5|077772100hlll (7)
167 A 2l _ .

BBegem HavanbHble 3HaYeHWUA gNAa 77, oy, Oy:
7(0)=1, 05(0)=03(0) =0.
YuntbiBaa 3TM YCNOBUA M UMHTerpupya cuctemy (7), nonyd4aem COOTBETCTBYIOLLYIO

cuctemy ypasHeHUs. KoMBUHUPYA 3TN ypaBHEHUA U BBeaA Be3pasmepHble NepemMeHHble, B
utore nmeem ¢opmyny Ana AeWcTBylowein cunbl. KpuTnyeckaa cuaa BblYMCAAETCA NpU

dr
ycnosun — =0, 3aecb 7 —be3pasmepHasn BeIMYNHA ANA CUNbI.

Jlutepartypa

1. ®datynnaesa /1.®. MpouwenknBaHne HeOAHOPOAHOM MO TONLWMHE HENUHEWHO-YNpPYrown
nonoroi apku // BnagmKkaBKascKMii maTemaTUYecKuiA xypHan, 2005, 1.7, Bbin.2, c.86-89.

2. Fatullayeva L., Fomina N., Mammadova N. Calculation of critical force during bending of a
rectangular arch under pressure // Advanced Mathematical Models & Applications, 2023,
8 (1), pp.83-91.

TPEYIrO/IbHOE NPEACTABNEHUE PELLEHMA TUMA MOCTAYPABHEHUA LUPEAUHIEPA C
DONONHUTE/NIbHbIM 3KCNOHEHUWUANTbHBIM NOTEHLUUAIOM
XaHmamepgos Arun XaHmamep, ornbl, Araesa Poa Mup3a Kbi3bl
BaKMHCKMI rocyAapCTBEHHbIN YHUBEPCUTET
agil khanmamedov@yahoo.com, roya.agayeva.1990@gmail.com

Bo MHOrmMx BOMpoOCax CMeKTpasibHOW  TEOPUM  OOHOMEPHBLIX  JIMHEMHbIX
anddepeHunanbHbIX ypaBHEHWI BTOporo nopsaka 3¢PeKTUBHO NPUMeEHSeTcA annapaT
onepatopoB npeobpasoBaHua(cm.[1] M UMTUPOBAHHYIO Tam nMTepaTypy). ITOT annapaT
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TECHO CBfi3aH C Teopuen onepaTtopoB 0606w eHHOro caBura, paspabotaHHom K. [denbcapTom
[2]. Ponb onepaTtopoB npeobpasoBaHUA 3HAYUTENbHO BO3POC/AA MOCAE TOro, Kak UX CTanu
NPUMEHUTbK 06paTHbIM CneKTpaabHbIM 3agadam (cm. [1], [3]).

Ona ogHomepHoro ypaBHeHus LpeauHrepa ¢ 6bICTPO yObIBAOWMM NOTEHLMANOM
onepaTopbl nNpeobpasoBaHUA, COXpaHAKOLWME AaCUMNTOTUKMU pPeLleHUn Ha BEeCKOHEeYHOCTH,
6blnM M3y4yeHbl B paboTax MHorux aBTopoB (cm.l], [3]). Bmecte ¢ Tem Ans ypaBHeEHUA
WpeanHrepa C  HeEOrpaHWYEHHbIMM  MOTEHUMANamMW  MNOCTPOEHWE  OnepaTopos
npeobpa3oBaHUA CTA/NIKMBAeTCA CYWECTBEHHbIMW TPYAHOCTAMM MO CPaBHEHUID C
ObicTpOyObIBaOWMM NOTEHUMANOM. B 3TOM HanpaBneHun otmetum pabotbl [4]- [6], B
KOTOPbIX W3y4yanucb onepatopbl nNpeobpasoBaHuMAa Ana ypaBHeHuAa LpeguHrepa c
AOMNONHUTENBHBIM NOTEHUMANoOM BMAa cxX*,a=12.

PaccMmoTpum ypaBHeHUe

—y"+e®y+q(x)y=2y,0<x<wo, 1eC, (1)

rae BewecTBeHHbli noTeHuman g(X) y40BNeTBopAeT yCa0BMIO
jxe2X|q(x)|dx < o0, (2)
0

o0 0

MNonoxum  o,(x)= I|q(t)|dt, o,(x)= Iao(t)dt  f(0A)=K, () , rae K, (2)- dyHkupa

X X
MakgoHagna (cm.[7]). B Hactoawen paboTe ¢ nomouwbio onepaTopa npeobpasoBaHun
HallAeHo TpeyrosbHoe nNpeacTaBneHne peweruna Tuna MoctaypasHerua (1).
Teopema. Ecau nomeHyuan q(x) yoossnemeopaem ycao8uto (2), mo ypasHeHue

(1)npu ecex KOMAeKCHbIX 3HaYeHUAX A umeem peweHue f (x, /1), npedocmasumoe 8 suoe
F(x,4)= fo(x, A)+ [K(xt) ot A)dt,

20e Adpo K(x,t) AenaemcAa HenpepblsHoU yHKUuel u yodossemeopsaem CaAedyuum

COOMHOWEHUAM

K (xt) < %ao(%tje"l(”,

K (x, %) = %Iq (t)dt.

NutepaTtypa

1. B.M. leButaH, ObpaTHble 3agaum LLUtypma-/inyBunna, Hayka, Mocksa (1984).

2. J. Delsarte, Sur une extension de la formule de Taylor,J.Math. Pures et appl., 17, 213-
230(1938).

3. B.A.MapueHko, Onepatopsbl WLTypma-/iInysnnna n ux npunoxenua, Hayk. aymka, Kues
(1977).
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4. M.l.Tacbimos, B.A. MycTtadaes, ObpaTHaAa 3agaya paccesHUA AN aHFAPMOHWUYECKOro
ypaBHeHus Ha nonyocu, JAH CCCP, 228: No1, 321-323 (1976).

5. Li. Yishen, One special inverse problem of the second order differential equation on the
whole real axis, Chin. Ann. of Math., 2, Ne2,147-155 (1981).

6. A.X. XaHmamepos, M.I.Maxmyanosa,06 onepatope npeobpa3oBaHUA ANA ypPaBHEHMUS
WpeanHrepa ¢ AONOAHUTENIbHBIM TMHENHBIM NOTEHUMANOM, PYHKLUMOHANBHbIMA aHANNU3
n ero npunoxkexHus, 54,Ne1,93-96 (2020).

7. M. Abpamosuy, N. Cturan, CnpaBoYHMUK NO cneumanbHbiM PpyHKUMAm, Hayka, MockBa
(1979).

BA3KOYMNPYIME HANPAXEHUA B COCTABHOW TPYBE
MypapoBa AinTeH Kagum Kbi3bl
NHCTUTYT maTemaTKN n mexaHnkm MHOAP
muradovaaytenll@gmail.com

PewaeTtca 3agaya 06 onpeaeneHMM KOMMOHEHTOB TeH30pa COBCTBEHHbIX
Hanps»XeHui, TeH3opa Aedopmaumii U BEKTOpa MNepemelleHus, KOTopble BO3HMKalOT B
coctaBHol Tpybe. Ha oaHy Tpyby C BHYTPEHHMM PagaUMyCcOM a W BHELIHMM Paauycomc,
HaxoAALLYOCA B XO/IOAHOM COCTOAHUM, HaZAEBatOT BTOPYIO TPYDOY C BHYTPEHHUM PaAnyCcoOM C
M BHEWHUM paguycom b, KoTopaa HarpeTa o onpegeneHHoi Temnepatypbl T. Mocne
oXNaxaeHua TemnepaTypbl MO BpeMeHU, BTopas Tpyba caasnvBaet nepsyto. CuMTaeTcs, 4To
MexaHWYyecKkme cBOMCTBa 060MX TPyb OMMCbIBAIOTCA COOTHOWEHUAMW NIMHEWHOW Teopuwu
BA3KOYNPYrocTh, KOTOpble NPUMEHUTENIbHO K Hallel 3a4a4yn NPUHUMAIOT cneayowmii Bug,

[1]:

GZ—G=jK(t—T)d(82—8), (1)
J,p—0'=jR(t—z')d(ew—g), (2)
oc=3K(s—-¢"), (3)

3pecb R(t) — dyHKUMA penakcauuu, COOTBETCTBYHOLLAA COOTHOLUEHMUIO CABWUrA; o —
cpeaHee HanpssKeHue, € — cpeaHan gebopmauma; K —moaynb obbemHoln aedopmaumm, &
- NepBOHaYa/ibHble HECOBMECTHble aedopmaumnm
. {O, asr<c
E =

—al,c<r<b

roe a— KoadPpuuneHT NMHENHOro TeMNepaTyPHOro paclmnpeHmns
Mpeanonaraem, YTo matepman Tpybbl He 061aaaeT 06bEMHbIMU PEONOTMYECKUMMU
CBOWMCTBaMM.

K cootHoweHusm (1) — (3) 4obaBMm ypaBHEHWE PAaBHOBECKSA, FPAHMUYHbIE YC/IOBUA U
reoMmeTpuyYecKkmne COoTHoLeHuA [2]:
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aar o,—-0,

or r

O-r|r:a =O1 O-r|r:b:0

=0

_au u

&

Tl 0Ty

[na peweHns 3a4aun NnpUMeHAeTca MeToa annpokcumaumin A. A. UnbiownHa, KoTopbIn
npeaycMaTpuMBaeT MCMNO/Mb30BaHME pPELIeHMA COOTBETCTBYIOLWEN YNPYyroMm 3adayun u
WMHTerpanbHoro npeobpasoBaHua Jlannaca — KapcoHa. MonyyeHbl aHanuTuyeckne ¢opmynbl
ON1A UICKOMbIX BE/IMYMH.

Jlutypartypa

1. A AUnbowmnH. TMnactnyHoctb. 1948. OMMU3 Toc. U3p-BO TexHMKa-TeopeTUyeckas
nutepaTypa. Mocksa, 1948. JleHnHrpaa, 376 c.
2. J1.M.KauyaHos. OcHOBbI Teopuun nnactuyHoctn. 1969. U3a. M.Hayka, 420 c.

O CYWWECTBOBAHUE U EAUHCTBEHHOCTHU O,D,HOI71 CMELLAHHOM
3AAA4UN ANA NAPABOJ/IMMECKOIO YPABHEHHUA
Mextues A66ac Anu ornbi, Axmenos Xukmet UHWanna ornbl
abbasmehdiyev@mail.ru, hikmatahmadov@yahoo.com

AHHOTauuMA. Uccneayetcs CMelWaHHas 3afadva gns napabosnmyeckoro ypaBHEHUS C
NepemMeHHbIMM  KO3pPUUMEHTAMM MNPU  HECTaHAAPTHbIX TPaHUYHbIX YycnoBusax. [lpwm
MWHMMa/IbHbIX YC/IOBMAX Ha Haya/lbHble AaHHble, AOKa3aHa O4HO3Ha4yHaA pPaspeLMmocCcTb U
No/ly4eHOo AABHOE aHa/IMTUYECKOEe NpeAcTaBAeHUe ANA pelleHns 3a4a4un.

B paboTe paccmaTpmBaeTca CMellaHHas 3a4ava Buaa

Lu(x,t) =0, (x,t) €11, (1)
u(x,0) =), 0<x<1, (2)
fu(x,t)| _ =0, t>0,j=0,1, (3)
Liu(x, t)|x=0 =0, 0<t<w, j=23. (4)

Fae @(x) —3apaHHan, a u(x, t) —MckomHan GyHKLMA
d 0
L (&'%) u(x, t) = a(x)uy, + b)u, + c(x)u — u,,
Lu(x,t) =ulx,t+ (1 -jw) +6u(l —x,t+jw), j=0,1
Liu(x,t) = aj_zu,(cj_z) (x,t) + ,[?j_zu,(c]_z)(l —x,t), j=2,3

a(x), b(x), c(x) - n3BecTHble KO3IPPULMEHTbI U ABNAIOTCA BELLECTBEHHLIMU GYHKLMUAMM,
w, 0j, aj, B (j =0, 1) BewecTBeHHble NOCTOAHHbIE, W > 0,
8o 6, #0, I ={(x,t):0<x<1, t>0}

Mop peweHvem 3agauum (1)-(4) 6yaem nogpasymesatb, dyHKumo u(x,t), Kotopas
yA0BNETBOPAET cneayowmum TpeboBaHmnam:
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Nulx,t) eC** M NCO<x<t t=>0);
t

fu(x,r)dr EC0<x<1, t=0)

0
2) u(x,t) eC(0<x<1,t>0), j=0,1;

3)ulx,t) eC(0<x<1, 0<t=<w), j=23;
4) u(x, t) ynosnersopsaet paBeHcTBam (1)-(4) B 06bIYHOM CMbICAE.
KomMbuHMpoBaHMEM BbIYETHOFO MeToZa M MeToZa KOHTYpHOro uHTerpana M.J.
Pacynosa [1, 2] noKa3biBaeTca cneayrowan
Teopema. MNyctb a(0)ayB; + a(1)Boa; # 0, @(x) € C?[0,1], ]go|
(j=23), alx) >0, x €[0,1], a(x) € C[0,1], b(x) € C[0,1], c(x) € C[0,1] n a(O)
a(1) # 0. Torpa 3agava (1)-(4) umeeT pelleHure 1 NpeacTaBAeTCS

x [ 60, & D(a© " @) +bE)¢' @ +c(©p©)dE —  (5)

1
—Q(x, 4, 9(0), (1)]dA +— f 2e*°tQ(x, A, p, Q)dA,
st

roe G(x, &, A1) dyHKuma MpmuHa cnekTpanbHOM 3a434M COOTBETCTBYOWMeE 3aaaum (1), (2), (3),

R 3,
3= {A:/lzae_?l,ae [2h f1+\/§,00),}u

u{t:a=h(1+in,ne[-1-v2; 1+vV2]}u
Ul 1=cesioe (211 ++2, ). (6)

5 o

1

S+ = (A iReAZ=h,Re/1>0},h>maX(0,ln
o2 b(x)
Q(x,A,p,q) = [eXp (—f <W+2a(x)> dx)
~ fl 1 b - RLOAVIAN
*P\) o ~ 2a0) =P /—a(x 2a00 ) 1
A b(&) o b
X exp (!( '_a( 2a(f)> s‘>+ q—p<exp<f0 < r—a(x)+261(x)) dx)) X

x( A bE
X exp ( I (ﬁ - 2a(@) df)]. (8)
p = [51e2’12‘° — 60]_1(a1A(/1)eZ’12“’ — aOB(A))

(9)
q = [6,e27°% — 5,] (e2P*“B(1) — A())
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AQL) = g2 fowe"lzfu(l, 7)dt, B(1) = e?F@ fow e *7u(0,7)dt, (10)
u(s,t), (s = 0,1) sHauyeHue peweHus 3agaum (1), (2), (4) Havactax {(s;t): 0<t<w, s =
0,1} 6okosoii rpannubl {(x;t): 0 <x <1, t > 0}.
Nutepartypbl
1. Pacynos M.J1., MeToa KOHTYpHOro nHTerpana. Mockea, Hayka, 1964, 458c.
2. Pacynos M.J1.,, lMpumeHeHne meToaa KOHTYPHOro uHTerpana. Mockea, Hayka, 1975,
255c.

O MATEMATUYECKOM MOAE/TUPOBAHUUN NOBPEXAAEMOCTHU
KOHCTPYKTUBHDbIX 9/IEMEHTOB CTEPXXHEBOIO TUMNA MNMPU PACTAXEHUU
Caxu6 AigbiH NMupues ornbl, Qadimov Mirzahmat Qurban oglu,
Qasimov Nihat Baxtiyar oglu
AzepbaliorcaHckul TexHuvyeckull YHUsepcumem,
sahib.piriyev@aztu.edu.az

B paboTe NpWHATO, YTO HaKOM/eHWe MNOBPEXAEHWUN M3MeHAeT AedopMMpOBaHHOE
COCTOAHME MepBOHAYaZbHO W3OTPOMHOrO MaTepuana TONbKO 4epe3 3dpdeKkTnuBHoe
HanpsaxeHue. Takum obpasom AedopMMPOBAHHOE COCTOAHME MOBPEXKAEHHOro MaTepuana
NPeacTaB/leHO onpeaensAloWwmMMn YPaBHEHUAMW AN HENOBPEXKAEHHOro matepuana, B
NoTeHUMane KOTOPOro HanpaxXeHus 3ameHeHbl 3¢GGEeKTUBHbIM Hanps)KeHuem. ITo
HaKon/ieHne NOBpPEeXXAEeHMN XapaKTepusyeTca napameTpom [, 03HaAYalOWMM yYMEHbLUEHUE
pagnyca 3dGeKTMBHOM niowaanm cedeHusa obpasua. Ecam F, =nR: ecTb HadasibHas

niowaab, 170 apdexktnsHaa byaet S(t) = (1—B(1))°S,, a adpdekTMBHOE HanpaxkeHue ot 1)

€CTb

o, (r
a(t,r)=L)2. (1)
1-8®)
[onycTM, 4TO KMHETMYECKOe YpaBHEHWE HAKOMNEHWs MOBPEXAEHWUI OT AeWCTBMA
OTHOCUTE/IbHOM AedOopMaLmn UMEET BUA;:

dp
b _ 2
o ¢le) (2)
3aTem BblpaXkeHue, nosyyeHHoe (4), noacTaBuTb B ypaBHeHMe (9) nonyyaem,
dpt) 1 1 i
== )+ |M(t- dr|. 3
dt  E (1-B(t)° [00() ! (=D ()dr G

YpaBHeHue (11) nosBosAeT Mo 3a4aHHOMY 3aKOHY M3MEHEHMA HamnpsaXeHui BO
BPEMEHU onpenennTb 3aKOH M3MeHeHuA aedopmaumm M, B YacTHOCTU, ONUCATb ABJEHUE
nonsyyectn (nocnepenctsma) npuM  MNOCTOAHHOM  HanpsKeHuM. B 3tom  ciayyae
o, (t) = 6, = const n u3 ypasHeHua (12) nonyyaem.

dat) _ 1 o, (Mt
i _E(l—ﬂ(t))z(lJr'([M(t T)dZ']. (4)
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MpuBeaéM ABHbIM BUA, AN BPEMEHW Haya/lbHOrO paspylieHus Ans Tpex BUMAOB AAep
M(t—1),(g=0,/E):

1. M(t—1)=1: p(t)=1-3 1—3g(t+§j, w(t) =3 1—3g(t+%}

2. M(t—1)=e" " & p(t) :1_3\/0(2"-39(1_((1:'(12)‘:—6at),

(0

_ e’ +3g(-(a+a’)t-e)
l//(t)—\/ . ,

3. M(t—1)=(t—1): B(t) :1—3\/1—Bg(t+t2—a],

(2-a)1l-a)
t2—a

JlutepaTtypa

1. bown Ox., CneHc K. AHaNM3 HaNpAXEHUN B KOHCTPYKUMAX Npu nonsyyvectn. M., Mup,
1986, 360 c.

2. TonbgmaH A.A. NIPOYHOCTb KOHCTPYKUMOHHbIX naactmacc. /1. MawunHocTpoeHune, 1979,
320c.

3. OedopmupoBaHne u paspyweHue TBepabix Ten. /Mop pea. H.M.ManuHuHa w
C.A.lWectepukos, M:, U3a.MTI'Y, 1985, 185c.

3AAA4YUN K YPOKAM UTOIOBOIro NOBTOPEHUA
baxaayp Omap ornbl Taxupos, NonbHapa Maxup Kbi3bl Taxuposa,
Canuma Xanun Kbi3bl AnmeBsa
BaKMHCKUI FoCcyaapCcTBEHHbIN YHUBEPCUTET
garabah48@mail.ru

CTpaterns mopepHusaumMm obpasoBaHMA NpesycMaTPMBAET COBEPLUEHCTBOBAHME €ro
COAEepP!KaHUA, OPraHM3aUMOHHbIX POpPM, METOAOB U TeXHONOMUI. Llenamu coBpemMeHHOro
06pa3oBaHMA ABNAIOTCA BOCMUTAHWE JIMYHOCTM, KOTOpble 06n1afatoT cnocobHOCTAMM
camoonpegaeneHusa, camoobpasoBaHNA U CAMOBOCTIUTAHUSA.

B coBpemeHHOM 06pa3oBaTENbHOM MOALENAM BAXKHYIO POJiIb WUrpaeT JANYHOCTHOE
pa3BUTME yYalLerocs, o0CObeHHO pa3BUTUE MHTENIEKTYa/IbHbIX cnocobHocTen. CnocobHOCTb
K 0606LEeHNI0 3HAHNN MMEET OYEHb Ba*KHOE 3HAYEHME Cpeau YMCTBEHHbIX CMOCOBHOCTEN
yyauwierocs [1].

OnbIT paboTbl 06Weo0bpa3oBaTe/bHbIX LWKO/ NOKA3bIBAET, YTO METOAMKA NPOBEAEHUSA
MOBTOPEHMUIM, NPOBOAMMbBIX Ha Pa3HbIX YPOBHAX, €LLe He COBEpLIEHHA M UcClen0BaHMA B

3TOM HaMNpaB/1IEHNUN aKTya/ibHblI.
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B coBpemeHHOM cucteme 06pa3oBaHMA YyCMeX Y4YEeHUKa 3aBUCUT He TONbKO OT
Npo¢decCcMoHaNbHbIX 3HAHUN U METOAMUYECKON TPAaMOTHOCTM YYUTENA, HO U OT €ro yMeHus
npeaBuaeTb, KAk MOBAMAIOT HA Pe3y/1bTaTbl YYEHUKA €ro YMEHUA BbICTPOUTb 3O PEKTUBHYIO
CUCTeMy noBTOpeHUsA M 0606LWEeHNA 3HAHMW, HAKOMAEHHbIX YYEHUKOM 3a BeCb Mepuoj,
LWWKONIbHOro 0by4yeHus [2].

PaccmoTpum cneaytoLLyto 3agavy.

3apgaua. M3 TOYkM M K OKpPYXHOCTM npoBenu KacatenbHyto MA U cekyuiyto,
nepeceKaroLy0 OKPYKHOCTb B TOYKax B n C. buccektpuca yrna AMC nepeceKkaeT xopapbl
AB 1 AC B TOuKax P u E cooTBeTcTBeHHO. a) [lokaxkute, uto AP=AE wu b) Haiigute AP,
ecam PB=4, EC=9.

PaccmoTpum pelleHune 3TOM 3aa4uM, OPUEHTUPYACH HA KPUTEPUM NPOBEPKU U BblAENAA
Hanbonee 3Ha4YMMble 3Tanbl MOJIHOFO pPELEHUA, AalOWMEe YYEHWUKY MNPOABUNKEHUE U
nonyyeHue 6ann0B B X04€e NPOBEPKMU.

N3 ychoBuA 3aaaum cnegyer, YTo:

AE  EC
AE B 1
AM CM () 4
AP PB
ap_PB 2)
AM _ MB

Tak Kak ME - 6wuccektpuca
TpeyronbHnka AMC wn MP -
buccekTpuca TpeyronbHnka AMB.

Echm  Mbl yMHOXUM  3TH

paBEHCTBA, TO nony4ynm
AE - AP EC-PB

AM-AM CM -MB
KacaTenbHaa TO MO  CBOMCTBY
KacaTtenbHon AM? = MB-MC.

Torpa nony4vyaem, 4to

AE-AP=EC-PB.

B nyHKTe a) vycnoBus 3agayM  yKasaHo, 4to AP=AE, cnepoBaTesnbHO,
AP? =EC-PB = AP =+/9-4 =6. Monyunnu, yto AP =6.

NTaK, BbINYCKHMKOM MNOJIyYEH BEPHbIA 4YMCNOBOM pe3ynbTaT C ONOpPoON Ha

Tak, Kak AM - Pucynox 1.

HeAOKa3aHHbIM MyHKT a). B
COOTBETCTBUM C  KPUTEPUAMMU
NPOBEPKN PeLIEHNE MOXKET ObITb
OLEHEHO B OAWH MNEPBUYHDLIN

6ann.

Ob6paTMm BHMMaHWE Ha TO,
YTO B pELIEHUN 3a4a4YN YYEHUK
caenan gBa CTaHOAPTHbIX Wwara —

Pucynok 2.
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NPUMEHUN CBOWCTBO OWUCCEKTPUCHI Yyria TPeyronbHWKA M CBOWCTBO KacaTeNbHOM K
OKPY»KHOCTW. XOTA 33a434a NOIHOCTbIO HEe peLleHa, UM NONTyYeH 3HaYMMBbIN pe3yabTaT.

Mepenaém K AOKa3aTeNbCTBY YTBEPXKAEHUA NYHKTA a). Beayuwen naeen gokasatenn-
CTBA CNYXUT TakoM dakT, ecam otpeskn AP n AE pasHbl, TO TpeyroibHUK APE - paBHo-
6eapeHHbI. M03TOMYy A0CTAaTOMHO A0Ka3aTb, YTO Yy 3TOro TpeyronbHuka yrabl P u E-
paBHbI.

Beegém obosHaueHua: /APE=1; /AEP=./2; /AME=/ZEMC=«a; /ZMAB=/ KaK
Yyron Mexay KacatenbHou u xopaoh. A yron ZMCA = 8 KaK BNUCAHHbIA Yron U nsmepaeTca
OH NoNoBUHOM anvHbl ayrn AB. Yron APE BHewHUM yron TpeyronbHMka AMP, nostomy
l=a+f, yron ZAEP BHewHun yron tpeyronbHnka MCE, nostomy Z2=a+ . Takum

obpa3om, nonyyeHo, Yto 1=.2, TO eCTb TpeyronbHUK APE paBHob6eapeHHbIA. 3HauuT
AP=AE.
YTBepKAeHUe Teopembl AOKA3aHO.
3Ty 33434y MOXKHO 6b110 pewnTb ApyrMm cnocobom. PaccmoTpum TpeyronbHMku AMP
AP MA
EC MC’
= —MA' EC . MP - buccekTpuca TpeyronbHMka AMB, oTcioga AP =E.
MC AM  MB
CnepoBaTtenbHoO,
_ PB-AM AP? — MA.-CE-PB-AM _ MA?.CE -PB
MB MC-MB MA?
otctoga AP =6.

m MCE. OHM nopgobHbl no ABYyM yrnam, Mo3ToOMy CneposaTtencHo,

AP

AP ~CE-PB=36,

Nutepatypa
1. byty3os B.®. leomeTpua. Metoguyeckune pekomeHgaumm. M.: NpocseweHune, 2014, 159
C.
2. CapaHueB TI.UN. CO6opHMK 3agay Ha reomeTpuyeckne npeobpasoBaHua. M.:
MNpoceeweHune, 2011, 321 c.

OB O[IHOM CMOCOBE ONPEAENEHMA 3HAYEHUIA KOIDDPULMUEHTOB B METOAAX
AOAMCA
Wadwumesa MNonbliaH Xanur Kbisbl, Annaxsepguesa 3tomptog Hamuk Kbi3sbl
BaknHcKkMin FocyaapcTBeHHbIM YHUBEpPCUTET
qulshan.shafiyeva@mail.ru, zkhalinbekova@inbox.ru

CywectByeT KAacC UMCNEHHbIX METOAO0B K pelweHuio 3agaun  Kowum ana
0ObIKHOBEHHbIX AnddepeHUManbHbIX YpaBHEHUI nepBoro nopaaka. Cpean HUx Hanbonee
N3BECTHbIMM ABAAIOTCA MeToabl Agamca, KoTopble 6bianM onybamnkoBaHbl B XIX Beke. Kak
M3BECTHO, OAHMM W3 OCHOBHbIX 33434 B MOCTPOEHWUM UYUCNEHHbIX METOA0B ABAAETCA
onpegeneHne 3HaYeHUN ero KoadpPuumeHToB. OTMETMM, YTO KO3IOPUUMEHTbI METOAO0B
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AfamMca MOXKHO onpeaenntb C MNOMOLLbI ONpeaeneHHoro uHTerpana. WHTerpansl,
npegHa3HayeHHble Ans onpeaeneHns KospoMUMEHTOB, B ABHbIX U HEABHbIX MeToAax
Afjamca MMelT HeKOoTopble CXO0ACTBa, HO He coBnagatoT. [o3Tomy KaxKapl pa3 npu
NOCTPOEHMU HOBbIX METOA0B BO3HMKAET HEOBXOAMMOCTb BbIYMC/NEHUA 3TUX WMHTErpanos
3aHOBO. Lenb AaHHOro mccnenoBaHMA 3aKNOHMAETCA B HAXOXKAEHWM HEKOTOPbLIX NMPAMbIX
CBA3EM MeXay 3STMMU MHTerpanamm.
PaccmoTtpum cneayrouwyto 3agady Kowu ans ob6blIKHOBEHHbIX aAnddepeHUnanbHbixX
ypaBHEHWI NepBOro nopsaaKa:
y'=f(xy), y(Xo)zyO,XOSXSX. (1)
3pecb npegnonaraem, YTo HenpepbiBHOE pelleHMe 3agayuun (1) onpepeneHo Ha
oTpe3ke [XO,X], a HenpepbiBHaA MO COBOKYMHOCTM aprymeHToB oyHKUMa T (X,y)

onpegeneHa B HEKOTOPOM 3aMKHYTOM MHOXeCTBeé B KOTOPOM WMMEET HenpepbiBHbIE
YacCTHble MNPOM3BOAHbIE A0 HEKOTOPOro nopagka P, BKAUMTenbHOo. [Ona nccneposaHuA

yncneHHoro peweHua 3agaum (1), obosHaumm yepes y(x;) (i=012...) To4yHOe 3HayeHue
peweHnin 3agaum (1) B Touke X (i=012..), a 4yepe3 vy, (i=012..) npubaunkeHHoe
3HayeHne peweHui. A Touku pas3bueHnih o0b603HaumMm 4yepes X, =X +h. 3gecb h>0

ABNAETCA WArom pasbumeHui.

OTMeTMM, YTO Knaccuyeckne metoabl Agamca 0bblYHO NPeaAcTaBAAOTCA C MOMOLLbHO
KOHeYHbIX pa3HocTen. Hanpumep, ABHble MeToabl Afamca MOXHO MNpPeacTaBUTb B
cnepyouwen popme:

m
i
yn = yn—l + hzylv fn—l’ (2)
i=0

a HeABHble MeToAbl Adamca B cneaylowem Buae:
Yo =Y +h27iv‘ fos (3)
3/ecb
Vi, =J_Z_(;(—1)jCi" f.

KoaddpuumneHTbl B paBeHcTBe (2) MmoryT 6b1Tb NpeAcTaBieHbl B cieaytollein popme:
1

7, :j(t(t+1)...(t+i—1)/i!)dt, 7, =1. (4)

0

34ecb KO3pPUUMEHTbI ¥, MOXKHO HAUTU U3 C/IeAYIOLLEro COOTHOLWEHMA:
1 1 1 .
=y =V, +..+—r, =1 (1=01..).
ARV ERVE: WLL ( )
AHanornyHo, KoapopuumMeHTbl HeABHbIX MeToAoB Agamca (3) MOXKHO BbIYUCAUTL C
MOMOLLbO cneaytouen Gopmynbl:

1

7, = j(t(t+1)...(t+i ~1)/itdt, 7, =2. (5)

-1
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CpasHuBas (4) 1 (5) MOXXHO yCTaHOBUTb HEKOTOPYHO CBA3b MeXAy KoadpduumeHTamm
v,y (1=012,..), Hanpumep:

1 i1

Vi=Vi~Via :_jlij_H(l_Ejdu' npu i>0. (6)

o ! k=1
Ecnn m3BecTHbl 3HayeHMA p,, TO C NOMOLWbO Gopmynbl (6) MOMKHO BbIYMCAUTD
3HavyeHuay, (i=12,..).
Nutepatypa

1. G.Yu.Mehdiyeva, V.R.Ibrahimov, M.N.Imanova ,General theory of the application of
multistep methods to calculation of the energy of signals, Wireless Communications,
Networking and Applications: Proceedings of WCNA 2014, p. 1047-1056.

2. G.Yu.Mehdiyeva, V.R.Ibrahimov, M.N.Imanova , On One Application of Hybrid Methods
For Solving Volterra Integral Equations, World Academy of Science, Engineering and
Technology 61 2012, p. 809-813.

3. G.Yu.Mehdiyeva, V.R.lbrahimov, M.N.Imanova, On the construction test equations and
its Applying to solving Volterra integral equation, Methematical methods for information
science and economics, Montreux, Switzerland, 2012/12/29, p. 109-114.

4. G.Yu.Mehdiyeva, V.R.lbrahimov, M.N.Imanova , On one generalization of hybrid
methods, Proceedings of the 4th international conference on approximation methods
and numerical modeling in environment and natural resources, 2011/5/23, p. 543-547.

5. M.N.Imanova, One the multistep method of numerical solution for Volterra integral
equation, Trans. Natl. Acad. Sci. Azerb. Ser. Phys.-Tech. Math. Sci, 2006, p. 95-104.

O HEKOTOPbIX CPABHEHMUAX YNCNEHHbLIX METOA,0B NPEAHA3HAYEHHDIX ANA
PELLEHMA OBbIKHOBEHHbIX AN®OEPEHLIMANBHBLIX YPABHEHUW NEPBOTO NOPAAKA
lynuesa Ap3y Mypag, Kbi3bl, Facpatau Cagad YnHrus Kbisbi
BakMHCKUM FocyaapcTBeHHbIN YHUBEpPCUTET
arzu.quliyeva@gmail.com’

sadafnuruzadeh@gmail. com’

Kak M3BeCTHO, CyL,ecTBYOT HEKOTOpPbIe KNACCbl YUCNEHHbIX METOA0B NPUMEHAEMbIX
K peleHuio HayanbHOM 3agaun Ana OOblKHOBEHHbIX AunddepeHLManbHbiX YpPaBHEHUN
nepsoro nopagKa. Hanbonee n3BecTHbIMU cpeam HUX ABAAKOTCA MeToabl Agamca u PyHre-
Kytta. Akagemuk A.H. KpbinoB, cpaBHMBaA 3TM MeTOAbl, OTMETU/, 4YTO pa3BuTas $opma
meTon0B PyHre-KyTTa noAsmnacb paHblue, Yem meToabl Agamca. B fencTBUTENIbHOCTM Ke,
nepsasa paboTta Agamca onybankoBaHa B 1868 roay, a nepsas pabota PyHre onyb6amMkoBaHa
B 1898 roay. B AaHHOM paboTe noKaxem, 4To metoa, KoTopbin noctpoun PyHre B 1900 roay,
cosnagaet ¢ meto4om CMMNCOHA AN1A BblYMCAEHMA onpeaeseHHOro MHTerpana.
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CHavyana OaAuM HeKOoTopble CpaBHEHUA W3BECTHbIX METOA0B, KOTOPbIX OB6bIYHO
Ha3blBalOT Haumbonee u3BeCTHbIMM MeTodamu Tuna HbioToHa-KoTeca. C 3Toi uenbio,
PacCMOTPUM CleaytloLine NeBble U NpaBble NPAMOYro/ibHble MeTOAbI:

yn+1 = yn + hf (an yn)l yn+l = yn + hf (Xn+11 yn+l)1 (1)
NOCTPOEHHbIE ANA pelleHnA cne,u,yrom,eﬁ 3a4a4n:
y':f(X’Y)’ y(XO):yO,XOSXSX. (2)

PaccmoTpum cpaBHeHMe meTogoB (1), KoTopbiXx OObIYMHO HA3bIBAKOT SBHbIMU U
HesIBHbIMM MeTogamu dinnepa. TOYHOCTb 3TUX METOAOB COBMAfaeT, HECMOTPA Ha TO, 4TO
OAMH U3 HUX ABASETCA ABHbLIM, a APYroi HeaBHbIM. OAHUM M3 M3BECTHbIX METOA0B ANS
pelleHns 3aga4m (2) ABNAETCA MeTo, LEeHTPaNbHbIX Pa3HOCTEN MMEIOLWMIA CeayoLWNiA BUA,:

_ h
Voos = Yo +E (X, + 05, ¥(x, ). 3)
ITOT MeTof OTANYaeTcAa oT MeToAoB (1) Tem, UTo 34eCh YYacTBYET 3HAYEHUE UCKOMBbIX
GYHKUMIA B CpeaHMX TOYKaX BUAA X, +%. Ecnn byaem cpaBHUBaATbL meToa (3) ¢ meTogamm

(1), To yBnamm, uto meton (3) npeacraBnAeT KnacCc MeToA0B C HOBbIMM CBOMCTBAMMW.
OTMeTUM, 4To ecnm 0606wmnm metoabl (1), To B 04HOM BapuaHTe UMEEM:

Zai yn+i = hz ﬂi f (Xn+il yn+i)' (4)

Ecnu cpaBHuM meTtoapl (3) 1 (4), TO MOXKHO CKa3aTb, YTo meToz, (3) He BXOoAUT B Knacc
meTonoB (4). OaHako, ecnm B metoze (3) 3ameHuTb h yepes 2h, nonyymm:
Yniz = Yo +DECX + 0, y(X00)). (5)
MeTtopg, (5) ABnaeTca AByXWaroBbiIM METOAOM W BXOAUT B Knacc metogos (4). 3ToT
MeTOo/, ABNSETCA ABHbIM, YCTOMYMB M UMeeT cTeneHb p=2. MeToa (3) TakxKe aBnaetcs

ABHbIM, OZIHAKO MPW MPUMEHEHUN €ro K PELIEHUI0 HEKOTOPbIX 33434 Ha KaKAoM Lliary
BO3HMKaAeT npobaema B BblYNCAEHUU ymy, KoTopada He umeeT mecto gnsa metoaa (5).
2

Jlerko 3ameTuTb, YTO B NOCTPOEHUN MeToAa (5) KOANYecTBO ToYeK pa3bueHma paBHa
Tpem. MI3BeCTHO, YTO MCNONb3Ys TPU TOYKM MOXKHO NOCTPOUTb HEABHbLIN METOZ, CO CTEMEHbHO
p = 4, KOTOpbIN MOXET ObITb NpeacTaBaeH B cneaytollen popme:

yn+2 = yn + h(f (Xn+2’ yn+2) + 4f (Xn+l1 yn+1) + f (Xn ’ yn))/3 (6)
ITOT YCTOMYMBBIA METOA M3BECTEH Kak MeTog CMMMNCOHA U UMEET cTeneHb p = 4.

Ecnn 3ameHunTb B meToge CumncoHa h Ha % NONIyYUM:
=y +h[ f(x y+4f(x +N )+ f(x,,y.)|/6. (7)
yn+1 yn n+11 yn+1 n 2’ yn+% n’ yn
OTmeTUm, 4TO NpPU NPUMEHEHUU ITOT0 METOAA K BbIYUCAEHUIO onpeaeseHHOro

nHterpana Yy(X) :j¢(s)ds (x PuKcMpoBaHHas TOUYKA) UMeeM:

a

Vo = Yo+ 0(%,) + 0%, , )+ 0(%,) /6.
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[aHHbIN meTOog coBnagaeT C¢ MeToZomM PyHre-KyTTa, KOTOpbIM NpuUMeHAeTcsa K
pelweHno 3agaum Y =@(x), y(X,) =Y, ¥ NpeAcTaBaaeTca B Cneaytolem sunae:
Yot = Yo + ik, +2Kk, +2k, +k,))/6,

3pecb, k, =@(X,), k, = ¢(Xn+%), Kk, = go(xn%), k, = ¢(X,,;)- C NOMOLLbIO MPOCTbIX CPABHEHUMN

nony4vyaem, 4T1o aTh metoabl UAEHTUYHDI.
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MUSLLIMLORININ PESD VO IXTISAS HAZIRLIGINDA ALI MOKTSB MUSLLIMININ ROLU
omiraga Mammadaga oglu Sixammadov
Azarbaycan Dovlat Pedaqoji Universitetinin Quba filiali
amiragashixemmedov@mail.ru

Dinyada elmi-texniki taraqqginin butin yeniliklarini bilmak pedeqoji universitetlarda
riyaziyyat muaallimi hazirhginda riyaziyyatin tadrisi mihim shamiyyat kesb edir. Komputer
texnikasindan va elmi metodlardan istifade edilmasi ham orta maktabds, ham da ali
maktabda riyaziyyatin tadrisi saviyyasinin ylksaldilmasini bir vazifa kimi garsiya
goyur.Maktablarda  riyaziyyatin lazimi saviyyada tadrisini isa ylksak hazirhga malik
muallimlar tamin eda bilarlarlor.Buradan bels naticaya galmak olar ki, maktabda riyaziyyat
tadrisinin mlvaffaqgiyyati ali maktabda muallim hazirhgindan asasli sakilda asilidir.

Muasir tahsil konsepsiyasinda talabalarin disiinma va idrak faaliyyatinin maksimum
inkisaf etdirilmasi prinsipi baslica rol oynayir.Demali ,galacak riyaziyyat muallimini 21- ci
asrin maktabinin talablari saviyyasinda hazirlamaq taleb olunur.Bitin bunlar riyaziyyat
fannini tadris edan  muallimlarin riyazi hazirhgini 6ziinamaxsus yuksak talablarin
verilmasini garsiya qoyur.
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Son illarda ali pedeqoji universtalarda riyaziyyatin tadrisi sahasinda xeyli dayisikliklar
hayata kegirilmisdir.Bela ki riyaziyyat faninin yeni dovlat standartlari va mivafig fann
programlari  hazirlanmisdir.  Bunlar iss 0z novbasinde talabalordan  riyazi
hazirhg,musallimlardan isa talim materialini daha yiksak saviyyada tadris etmayi talab edir.

Muasir ali maktablar, xisusan pedaqoji orientasiyali ali maktab qarsiya goyulmus
vazifalari yerina yetirmakla yanasi ,galacak mitaxassisda yaradicilig,idrak faaliyyatinin
guclandirilmasi ,analitik tafakkirin inkisaf etdirilmasi va digar keyfiyyatlari tarbiya etmaya
calisir. Talabalari mistaqil hayata hazirlamaq Gglin ali maktab muallimlarinin Gzarina ham
boyik masuliyyat , hade mihim vazifalar distr. Bir anana olaraq ali maktab muallimlarina
nisbatan orta maktab musallimlarinin is tacribasi , faaliyyati , novatorlug masalalarina dair
fikirlori pedagoji matbuatda cox isiglandirilir.Ali maktablar hayat lGg¢lin magsadli kadrlar
hazirlayir , demali, burada da misallimlik sanatinin coxcahatli sahalari praktik faaliyyatds 6z
oksini tapir. Bela ki ali maktablari farglanma diplomlari ila ,yiksak qiymatlarla bitiran
soxsayll ganclarimiz yetisan ganc naslin talim — tarbiyasi ila masgul olur. 9slinda, gabaqgcil
orta maktab muallimlarinin faaliyyati, vaxtila ali maktablarda onlari hazirlayan musallimlarin
amayinin davami va naticasidir.Lakin bu cahat hamisa kolgada qalir.

Bizim fikrimizca , ali maktab musalliminin faaliyyati de matbuatda genis viisat tapmalidir.
Onun vazifalari konkret suratda muayyanlasdirilmalidir.onlarin gabaqgcil is tacriibasi genis
yayillmali “ali maktab “ prosesi vahid , ayrilmaz proses olmalidir.

Malumdur ki, ali maktabdaki talim — torbiys prosesi ilo orta maktabdaki talim tarbiya
prosesi arasinda boyuk farqg vardir. Ali maktaba yeni gabul olunmus abiturient birinci kursun
ilk gunlarinden bir sira catinliklarla rastlasir. Bu ilk ndvbada tadris isinin forma va
mazmununa gora , tamam basga sakilde qurulmasi ,talabalar lzarinda “tadris nazaratinin”
azalmasi,oniara mustaqillik verilmasi va.s. ilo izah oluna bilar.Mihazira masgalalarinda
muallimin dediklarini geyd etmayi bacarmayan talabalards bazan yeni gabul olundugu ali
maktaba lageydlik , doziimsizlik yaranir. Talabalards adaptasiya marhalasinin tez basa
¢atmasinda musallimin rolu va amayi sox olmalidir. Talabaya biganalik ,lageydlik gbstarmak ,
“az bilik verib cox talab etmak “ , haddan artig ciddi olmaq va bu ciddiliyi adalatsiz
tolobkarliga cevirmak talabalarin ali maktaba , muallima va galacak pesasina basladiyi
musbat minasibati qirir , onlarin elma ,tahsila havasi sonmaya baslayir . Mahz bu kimi
manfi cahatlarin bas vermamasi lg¢lin biz bir sira masalalari bu paragrafda aydinlasdirmaga
calisacagiqg. Ali maktaba talabanin miinasibati bela miiayyan olunmalidir. “Talaba har giin ali
maktaba , darsdan sonra isa mistaqil islomaya talasmalidir”.

Ali maktabda talim-tarbiya isinin ssmarali olmasi tiglin lazim olan sartlari imumi planda
bela xarakteriza etmak olar :

1. Ali maktab fanlari lizra tadris plani va programlarin va lazimi darslik va dars

vasaitlarinin glinlin talablarina cavab vermasi .

2. Ali maktab mualliminin elmi- metodiki hazirhg .

3. Talabanin hazirligi,intellektual saviyyasi.

4. “Muallim — talaba “ minasibatinin diizglin tamin edilmasi.
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Bu sayilanlar asasinda ali maktabda talim tarbiya prosesinin strukturu asagidaki kimi
gostarila bilar

Prosesin — ! Muallimin Qarsiligli  |——{ Talabanin

faaliyyasti

maqsadi faaliyyati foaliyyoat

\ Natica /

Ali maktab muallimi coxlu sayda informasiyalardan nazarda tutulan masgalanin

magsadina, galacak muallimlarin garsisinda duran vazifalara uygun olanlarini segmalidir
(talim — tarbiya prosesinin komponenti ).

Secdiyi tadris materialinin hacmina ve mazmununa uygun olub onu talabalara ¢atdirmaq
Uclin lazim olan metod va vasitalari miayyan etmalidir ( ikinci komponent).

Bu komponentlar talabanin muistaqil islarina samil edila bilar .

“Musllim-talaba” minasibatinda ilk ndvbada amakdasliq pedaqogikasini nazards tutmaq
lazimdir . Boyuk rus pedagoqu N.D,Usinski bunu “tarbiyads incasanat” adlandirmisdir
A.S.Makarenko va V.A.Suxomlinski bu ideyani inkisaf etdirarak pedaqoji ustaliq saviyyasina
galdirmiglar . Hamin ananani davam etdiranlar sirasinda M.9.Muradxanov ,
M.M.Mehdizada , H.M.9hmadov, N.M.Kazimov , B.A.9hmadov , L.H.Qasimova |,
R.M.Mahmudova , S.A.Amonasvili , P.l.ivanov, Y.N.ilina va basqgalarini géstara bilarik . Ali
maktabda galacak riyaziyyat musallimini hazirlayan muallimlar riyaziyyat,riyaziyyatin tadrisi
metodikas! , pedaqogika va psixologiya fanlarina daha ¢ox miraciat etmalidirlar. Miallim
garsisindaki talabanin simasinda barabar hiquqglu saxsi gormalidir.Muallimin yaradici isinin
ikinci tarafi talabalarin bilik saviyyasindan ,onlarin faalligindan asilidir.

Talabaya tadris materialini ¢catdirarkan asagidakilari nazara almaq vacibdir:

1. Seciloan material talabanin pesa hazirliginin takmillasdirilmasina xidmat etmalidir.
Dinyagorisini genislandirmalidir.
Qazanilmis biliklar idraki masalalarin hallinds tatbiq olunmalidir.
Elmi — tadgiqgat islari aparmaga komak etmalidir.

vk W

idrak faaliyyatini inkisaf etdirmalidir.

Ali maktab musalliminin pedaqoji ustaligi yuxarida geyd edilan masalalarin hallini tamin
etmalidir.
Pedaqoji adabiyyatda ali maktab mualliminin pedaqoji ustaligi asagidaki komponentlarla
muayyan edilir :

- Ali maktab pedaqogikasinin asaslarini, imumi psixologiyani bilmak ;

- Talabanin yas psixologiyasina balad olmagq;
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- Fannin tadris metodikasina yiyalanmak;

- Pedaqoji tafakkiira va pedaqoji takta malik olmagq .

Askardir ki, ali maktab musallimi talim-tarbiya prosesinda muxtalif ¢atinliklarla
garsilasir.Onlari asagidaki kimi gruplasdirmagq olar:

1. Konkret pedaqoji saraiti nazara almagqla tadris materialinin , mivafig metod va

vasitalarin segilmasi.

2. Nazarda tutulan ideyalarin tadris prosesinda hayata kegirilmasi.

3. Oziiniin pedaqoji faaliyyatinin naticalarinin tahlil edilmasi.

4. Talabalarin mustaqil isinin taskili, diferensiasiyal fardi isin taskili , talaba faaliyyatinin
giymatlondirilmasi.

Bu ¢atinliklari aradan qaldirmaq Ugtn ali pedaqoji maktablards asagidaki tadbirlari hayata
kecirmak lazimdir:

1. Pedaqogika va psixologiya kafedralari nazdinda muallimlarin pedaqogika va
psixologiyadan Gmumi tahsilin hayata kecirilmasi ixtisaslarin artirilmasi.

2. Ali maktabin gabagcil muallimlarinin is tacriibasinin genis tatbiq edilmasi ,nimunavi
muhazira, praktik masgala va seminar masgalalarinin kegrilmasi.

3. Ali maktabla orta maktab arasinda varisliyin tamin edilmasi.

4. Fanlararasi alagalar sisteminin hayata kecirilmasinin ssmaraliliyini yoxlamaq va ona
impuls vermak Uc¢lin ali maktabda qonsu fanlar Gzra mivafiqg komissiyanin
yaradilmasi (metodiki komissiya nazdinds).

Ali maktab muallimlarinin pedaqoji ustaligi onun hamds yaradici islamasina boyik imkan
acir , talim prosesina optimal yanasmada onu yaradici islamaya istigamatlandirir. Lakin
yaradiciig ganunlar algoritmik secma mantigine tabe deyildir. “ Yaradici faaliyyatds
problemi gorma , hipotezin irali slirilmasi ,ideyalarin saf — ¢lirik edilmasi ,naticanin fikran
gabagcadan tasavvir edilmasi mihim rol oynayir. Pedaqoji tadqiqgatda yaradiciligin
nlvasini irali sirilon ideya va onun hayata kecirilmasi taskil edir”

Talabanin tadris faaliyyatinin taskilinde miihiim rol oynayan ideyanin strukturunun
muayyanlasdirilmasi pedaqoji yaradiciligda mihim marhalani taskil edir.

Ali maktab tacriibasinda tadris materiali vahidinin iralilasdirilmasi yolu ila talimin
optimallasdirilmasi t¢ilin an mivafiq forma fanlararasi alagalarin hayata kecirilmasidir.

Ali maktab tacriibasinda talabanin idrak faaliyyatini glclandirmak t¢lin pedaqoji, psixoloji
, metodiki priyom va yanasmalardanda istifada edilir.
Onlarin bazilarini geyd edak :

- Masalan, propedevtik talim ideyasidir ki, mahiyyati beladir: talabanin glictini
yoxlamaq U¢lin onu safarbar etmak maqgsadi ila avvalca sinaq xarakterli masalalar
verilir , sonra mistaqil is , bundan sonra praktik masgala va nahayat mihazira taskil
edilir.

- Miuhazira masgalalarinda konkret xarakterli problem masalalar goyulur va bununla
da talabalarin mustaqil idrak faaliyyati inkisaf etdirilir.
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- Pedaqoji amakdashgin hayata kegirilmasi. Bu is ¢ox vaxt imitasiya — yaradici
saviyyada aparilir.Bu zaman talabalara mixtalif situasiyali ,lakin miiayyan daxili
alagalari olan pedaqoji masalalarin halli taklif edilir. Bu prosesda har iki taraf istirak
edir. Bu zaman muallim prosesin pedaqoji cahati ila (pedaqoji yaradiciliq),talabalar
is2 konkret masalanin hallini axtarmaqgla masgul olurlar.

Ali maktab muallimi talsbanin yaradici faaliyyatini inkisaf etdirmakla asagidaki masalalarin
hallina nail olur:

—talaba problemi gormak va onunla faktiki materiali migayisa etmak bacarigi qazanir;
—talaba hipotezi gorir va ona 6z munasibatini bildirir;

—talaba malum Usullardan istifads etmakla masalanin optimal halli yolunu axtarir.

Qeyd etmak lazimdir ki, bazar igtisadiyyati dévriinds mutaxassis hazirlanmasi masalasina
muinasibat da dayisilmisdir.

Hazirda “kitlavi-reproduktiv” muallim hazirhgindan “fardiyaradici” miallim hazirligina
Ustlnlik verilir.Bu ctir yanasma camiyyatin demokratiklasdirilmasina va tahsilin
humanistlasdiriimasina uygun olmagla barabar,ham da har bir muiallimin 6zlni yaradici
sokilda formalasdirmasina imkan verir.

Buna nail olmagq Ugun ali maktab muisallimlarinin garsisinda duran
aktual masala - talabalarin tadris-idrak faaliyyatinin glclondirilmasidir.Bu proses iki
marhaladan ibaratdir :
1.Talsbalarda maragin yaradilmasi va inkisaf etdirilmasi.
2.Talabalarda yaradilmis bu faaliyyatin taskili va idara edilmasi.

Muallimin tadris faaliyyati il talabanin dyranma faaliyyati birlasarak talim faaliyyati
soklinda meydana ¢ixir va bu zaman har iki taraf garsiligh sakilda ylksak faallig
gostarmalidir.

Tadris prosesinin ssmarali olmasi tglin 6yradilan materialin
xarakteri, onun struktur qurulusu gabagcadan
muayyanlasdiriimalidir.Bels ki, riyaziyyatdan tadris materialini asagidaki kimi tasnif etmak
olar:
1.Nazari material (nazariyyanin asas masalalari).
2.Faktiki vo alternativ material(tadris fanninin nazari masalalarini gdstaran).
3. Komakgi va ya malumat xarakterli material (esas materialin mahiyyatini askar etmak
Uclin).
4.Analitik malumat xarakterli material.
Bu clr tasnifat asasinda tadris fanninin mantiqi struktur sxemi qurulur va bunun mahiyyati
asagidakilardan ibaratdir :
a)struktur ;
b)bolmalarin qarsiligh alagasi (fanlararasi alagalar)
c)b6lmalarin 6yranilmasinin mantigi ardicillig
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Bu sxem asasinda programin ayri-ayri boélmalarinin mantiqi struktur sxemi qurulur.
Talsbalar ham masgals zamani,ham da maggalalardan kanar vaxtlarda faallasdiric
tapsiriglar alirlar.

Muihaziranin sonunda qisa middatli galismalar vermakla talsbalarin manimsamsa
keyfiyyatini yoxlamagq olar.

Ali maktab mualliminin tadris faaliyyati o zaman samarali natica verir ki,talabanin 6z
pesasina yiyalandiyi ixtisasa maragi,havasi olsun.

Ali maktabda talabanin ixtisas Uzra faaliyyatini formalsdirmaq Ug¢in muallimin elmi
faaliyyatini miayyan edan gostaricilar asagidakilardir.
1.Miayyan metodika asasinda har hansi bir mévzunu tadris Gg¢lin hazirlamagq.
2.Verilmis har hansi tadris mévzusu U¢in muvafiqg metodikani se¢gmayi bacarmaq.
3.Tadqiqat xarakterli problem qoymagi va onun hallina aid miivafig metodika segcmayi
bacarmag.

indi talabalarin pesa hazirligini tamin etmak liciin ali maktab mialliminin pedaqoji
faaliyyatini miayyanlasdiran faktorlari nazardan kecirak :

1.0z biliklarini basgasina éyrada bilmasi.

2.Tadris informasiyasini talabanin hazirhgi saviyyasina uygunlasdira bilmasi

3.Tadris etdiyi fanna dair biliklar sistemini talabalards formalasdira bilmasi

4. Butln kursa aid biliklar sistemini formalasdirsmagi va hayatda tatbiqi yollarini
gostarmayi bacarmagi.

Ali maktab muallimi 6z elmi-metodiki hazirhigini daim artirmaq Uglin ixtisasina uygun
elmlarin inkisafina dair yeni malumatlar va kitablarla tanis olur va talabalari da tanis
edir.Musllim talabalardan imtahan gabul etmakls,alinan naticalari tahlil etmakls ustaligini
tokmillasdirir,6zU haqqinda va tadris etdiyi fonn haqqinda talabalarin fardi sakilda rayini
oyranir,bununla da 06z roftarinda ve is metodikasinda zaruri saydigl dayisikliklar
edir.Talabalara verdiyi bikiklarin praktikada tatbigina nail olmaga calisir.Muallim ixtisas va
pesa Uzra bikiklarini darinlasdirmak Uglin talabalari alave manbalara miraciat etmaya
safarbar edir,har bir masgalani ela qurur ki,talabalarin digqgatini 6zlina calb etsin.Masgalada
elo sorait yaradir ki, talabalar geydlar edir, suallar verir va baxilan problema aid 6z
miinasibatlarini gostarirlor.Masgalada ciddilik,talabkarliq,yaradiciliq va axtaris 6z bahrasini
verir.

Yuxarida gostarilon amillari nazara alaraq, ali maktablarada riyaziyyat muallimlarinin
hazirligi hamin fannin tadrisinin problemlarinin halli, miallimdan 6z sahasinda darin bilikla
yanasl, elmi tarixi, digar elm sahalari hagqinda malumtali olmagi, masalalarin hallina falsafi
yanasmagi bacarmagi, talabanin psixologiyasini bilmayi talab edir. EImin nazari tadqiqi vo
hamin elmin tadrisi —-muxtalif tadqgigat sahalaridir.
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TOHSILIN INFORMATLASMASINDA PEDAQOJi SAHONIN YERI
Rzayeva Xayala Nazim qizi
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Tahsilin informatlagmasi tatbiqi informatikanin bir istigamati kimi informatikanin
pedaqogikaya tatbiqi masalalarini dyranir. Bu ssbabdan tahsilin informatlasmasina pedaqoji
informatika da deyirlar (igtisadi informatika, tibbi informatika, hiiquqgi informatika v.s.
kimi). Pedaqoji elmlarin yeni sahasi kimi tahsilin informatlasmasinin asas anlayislarindan
biri pedaqoji informasiyadir. Pedaqoji informasiya talim-tarbiya prosesini aks etdiran
malumatlar killiyati olub bu prosesin makro va mikro saviyyada samarali idara edilmasina
xidmat edir. Tahsilin informatlasmasi maqgsadyonll, xlsusi taskil edilmis, mikammal
layihalandirilmis bir prosesdir. Tahsilin informatlasmasi -tahsilin keyfiyyatini yuksaltmak
magsadi ile IKT-nin intensiv tatbigine ydénalmis tadbirlor kiilliyati olub tshsilda real
vaziyyatin dayismasina, tahsil sisteminin mazmun, forma va texnoloji baximdan
tokmillasmasina xidmat edir. Bu sababdan tahsilin informatlasmasi pedaqoji problemdir,
pedaqoji praktikadir, pedaqoji elmdir. Bu sahaya pedaqoji informatika , elektron pedagogika
da deyilir. EImi istigamat va praktik faaliyyat sahasi kimi tahsilin informatlasmasi Gzra kadr
hazirhgina baslamaqg Ucun, ilk novbads, camiyyatin informatlasmasi saraitinds tahsil
muassisasinin informatlasmasini hayata kecira bilan, tahsilin informatlasmasinin asas
istigamatlari Uizra saristasi olan, 6z pesa faaliyyatinda IKT vasitalarinin tatbiqi aspektlarina
yaxindan balad olan pedaqoji kadrlarin hazirlanmasinin mazmunu va metodikasi miiayyan
edilmalidir.

Tahsilin informatlasmasi prosesinin pedaqoji ssmara vermasi Uclin har bir tahsil isgisi
Oz pesa foaaliyyatinda IKT vasitalarinin tatbiqi Gzra bilik va bacariglara dair xiisusi hazirlq
kecmalidir. Tahsilin informatlagsmasi Gizra kadr hazirligi bir sira sartlardan asili olaraqg (fann
mualliminin ixtisasindan, idarsetma masalalarinin halli saviyyasindan, talim-tarbiya
prosesinin taskilindan, tahsilin informatlasmasi prosesinin texniki-texnoloji taminati
problemlarindan va s.) diferensial xarakter dasiyir. Tahsilin informatlasmasi tzra kadrlar
hazirlanmasinin kompleks, coxprofilli va coxsaviyyali infrastrukturu yiksak ixtisasl kadrlarin
aspirantura va doktorantura pillasindaki hazirligini, orta va ali pesa tahsilini, diplomdan
sonra va alava tahsili nazarda tutur. Bu istigamatlarda keyfiyyatli kadr hazirhgl aparmagla
galacakda respublikada tahsilin informatlasmasini diinya standartlari saviyyasina ¢ixarmag
olar.

"Tohsilda IKT" kursu ¢arcivasinds pesa hazirliginin asas istiqgamatlari:
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- muxtalif név talim - tarbiysa faaliyyatinds, mixtalif tip darslarin tagkili va
kecirilmasinda IKT vasitalarindan istifadanin miasir isul va metodlari ila tanislig;

- tohsil sisteminds calisan miitaxassisin (pedagoqun) pess faaliyyatinds iKT-dan
istifade metod va Gsullari;

- tadris prosesinda istifada l¢lin nazarda tutulmus, "sapalanmis"” informasiya resurslari
ila (internetla) isda IKT-nin samarali tatbiqi;

- multimedia texnologiyalari, malumatin daxil edilmasi, toplanmasi, emali, 6tirilmasi,
operativ idara edilmasinin avtomatlasdiriimasi, stini intellekt va informasiya sistemlarinin
tatbiqi saraitinda sagird saxsiyyatinin inkisafina yonalan (saxsiyyatydnimla) talimin praktik
reallasma imkanlari;

- IKT-nin program - texniki bazasinin siiratli deyismasi saraitinda muallimin inkisafi
Uglin zaruri olan, yaradicilig potensialinin asasini taskil edan 6zinutshsil, 6ziinttasdiq va s.
xususiyyatlarin inkisafi.

Bu kursun tadrisinda talabalarin mustaqil islarinin xlsusi c¢akisi xeyli yuksakdir.
Laborator praktikumundaki miustaqgil is prosesinda tapsiriglarin icrasi Uglin  zaruri
malumatlarin internetdsan axtarilib tapilmasi nazards tutulur. Elektron tadris vasaitlarinin,
hamginin digar tadris tayinath program vasitalarinin keyfiyyatinin giymatlandirilmasi ila
alagadar laborator praktikumu tapsiriglarinin icrasi zamani xisusi program vasitalarindan
istifade etmak magsadauygundur.

"Tahsilda IKT" kursunun magsadi va vazifalari: Fannin maqgsadi tahsilds informasiya -
kommunikasiya texnologiyalarinin (iKT) tatbiqi tizra mutaxassis saristaliliyinin asasini taskil
edan bilik va bacariq sistemi formalasdirmaq, galacak muallimlari 6z pesa faaliyyatlarinda
IKT-dan istifadaya hazirlamaqdir.

Digar problem pedaqoji institutlarda galacakda bu fanni tadris edan musallimlarin
ozlarinin  xiisusi hazirhg kegmalari ile alagadardir. Umumiyystla, respublika ali
maktablarinda islayan informatika kafedralari miasllimlarinin takmillasmasi, ixtisasartirma
kurslarinin taskili istigamatinda isi miasirlasdirmak, mikammal sistem halina salmaga ciddi
ehtiyac var.

Tahsilin informatlasmasi prosesina universitetlarin bu giin daha cox ehtiyaci var, nainki
orta maktablarin. Bu onunla alagadardir ki, universitetlarin informasiya tutumu ve mivafiq
olaraq iKT-dan istifadaya ehtiyaci daha coxdur. Miiasir talablara cavab veran mitaxassis
hazirligl, tadrisin keyfiyyatinin ylksaldilmasi va korrupsiyanin qarsisinin alinmasi,
universitetlorde aparilan elmi tadgigatlarin va elmi innovasiyalarin saviyyasinin
yuksaldilmasi, muasir talablar saviyyasinda universitetin idara edilmasi (universitetda
idarsetmanin avtomatlasdirilmasi), beynalxalg alagalarin qurulmasi, xisusan Avropa tahsil
makanina inteqrasiya masalalari va s. baximindan bu proses zaruridir. Universitetlarda bu
prosesi layihalandirmak va icra etmak, muasir talablar saviyyasinda elektron tahsil sistemi
yaratmagq, tahsil tayinath elektron resurslar hazirlamagq, korporativ sabakalar qurmaq va s.
magqgsadlarla kompiiter markazlari yaradilmalidir. Bas problemin hallini nada goéririk? Bizca,
ilk novbada, dlizgiin strategiya hazirlanmali, problemin kadr teminati masalalari hall
edilmali, elmi-metodik baza yaradilmali, elmtutumlu masalalarin hallinda innovativ
yanasmalardan maksimum istifade edilmali, ayrilan vasaitlor semarali, soffaf istifada
edilmalidir. Tahsilin informatlasmasi kimi miirakkab masalanin bela kompleks hall variantini
dogru model hesab edirik.

9dabiyyat
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