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Moktab riyaziyyati kursunun vo eloco do ali moktob riyaziyyatinin asas masololorindon biri
toroma anlayisinin masala halling totbiqi mosalasidir.

Qeyd edok ki, bu masalo eyni zamanda metodiki icra baximindan moktob miisllimlorini do
diistindiiron masalslordondir [5, s.159]. Maqalonin islonilmasindo osas moqsad qarsiya qoyulan
moqsadlo bagli olub, bir neco misallar niimunosinds téromonin masolo halling totbiqi ilo bagh
niimunolors baxmagqdir ki, bu kimi niimunalor moktob riyaziyyati kursunda kifayat qodor 6ziino yer
tapmayib. Qarsiya qoyulan magsado miivafiq olaraq li¢ misal niimunasine baxagq:

1) Oyriyes toxunanin tonliyi ilo alagali olan masalalar.

2) Funksiyanin on bdyiik vo an ki¢ik qiymati ilo bagli olan masalslor.

3) Saholorin tapilmasi ilo bagli olan masalalor.

Yuxarida geyd olunan tiplorlo bagli masalalorin holli metodlarini sorh etmok mogsadi ilo hor
bir tiplo bagli olan masaloalor gotiirarak, onlarin halli yollari ilo atrafli olaraq tanis olaq.

Oyriya toxunanin tonliyi ilo alagali olan masalslor.

Aydindir ki, absisi X, olan ndqtads diferensiallanan f(x) funksiyasinin grafikine toxunanin

tonliyi y="f(x,)+ f'(X,)(x—x,) kimidir. Yeri golmiskon qeyd edok ki, moktab riyaziyyati
kursunda asason elo tip mosololora baxilir ki, homin mosolalordo X, noqtesi vo bu noqtado f
funksiyasi verilir ki, belo masalolorin halli prosesinds sagirdlor mexaniki sokildo f(x,) va f'(X,)
odadlorini tapirlar [ 1, sah.77-79].

Baxilan misal niimunosinde isa X, deyil, f(x) funksiyasi verilir (ola bilor ki, f’(x)
toromosi verilsin). Vo baxilan misal niimunssinde f(x,) ve yaxud f'(x,) ifadslerinin,
qiymoatlorinin verilmoesindon istifado edorok ovvolco X, -1 tapiriq, sonra 1S9 Qyriyd toxunanin

tonliyini tapiriq. Belo masololorin holli sagirdlor {i¢iin ¢otinliklor torotmir. Belo ki, bu masalolorin
icrasi prosesindo onlar toromonin totbiqi ilo bagh biliklors yiyslonirlor, onlarda bacariq vo vardiglor
formalasir [4, 5.188-189].

Mosolo 1. Isbat edin ki, y=4x+35 diizxotti y=x°+3x>-5x+8 ayrisino toxunur vo
toxunma ndqtesinin koordinatlarini tapin.

Holli: Tutaq ki, y=4x+35 diiz xotti y=x%+3x*-5x+8 oyrisino toxunur. Onda
toxunma noqtosinin absisi f'(X)=4  tonliyini Odoyar ki, burada mosolonin sortino goro

f(x)=x°+3x*>-5x+8 -dir.
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Onda f'(x)=3x*+6x—5, homginin f'(xX)=4 oldugundan alirq ki, 3x* +6x—-5=4
olar vo buradan da 3x*+6x—-9=0, yaxud da x*+2x—3=0 oldugunu alirqg.
x*+2x—3=0 tonliyini hall edorok aliriq ki, tonliyin koklori x=—3; x=1 olar. Onda tobiidir ki,
f(-3)=23; f (1)=7 olar vo aliriq ki, (-3;23) ndqtosinde y=x>+3x* -5x+8 ayrisino toxunanin
tonliyi y=4(x+3)+23, yaxud y=4x+35, kimi olar. Belaliklo, gostordik ki, y=4x+35

diiz xotti verilmis oyriyo toxunur. Eyni zamanda almisdiq ki, x=1 ndqtosi do x*+2x—3=0
tonliyinin kokidiir, basqa sozls, aliriq ki, (1 ; 7) ndqtesinds toxunan y=4(x—-1)+7 tonliyi
kimi forqli olan bir tonliklo do verilir. Yoni y=4(x—1)+7 yaxud y=4x +3 tonliyi mosolodo
verilon oyriys toxunanin tonliyidir. Buradan alinan qonaot onu gdstorir ki, toxunma noqtasi  (-3;
23) noqtosidir.

Funksiyanin an boylik vo an kicik qiymati ils bagli olan masalalor.

Moktob riyaziyyat1 kursunda asason parcada toyin olunmus, verilmis funksiyalara baxilir. Vo
baxilan funksiyanin parganin uc noqtelorinds, par¢anin verilmis miioyyon ndqtesinde funksiyanin
qiymatinin tapilmasi, bu hallara uygun olaraq on boyiik, on kigik qiymatinin tapilmasi, kritik
noqtolorin tapilmast kimi mosalolora baxilir [3, soh.275-277]. Lakin belo islomoalorin miioyyan
cotinliklor yaratdigini, slverissiz oldugunu geyd etmoliyik. Onu da qeyd edok ki, ogor funksiyanin
verilma oblasti, parca olmazsa (biitlin adodi ox vo s. kimi), onda yuxarida geyd etdiyimiz kimi
yanasma daha da miimkiinsiizlogo bilor. Malumdur ki, belo yanagsmalar zamani funksiyanin on
boylik va an kicik qiymatlorinin tapilmasi funksiyanin monoton oldugu parcalarin tapilmasindan
sonra arasdirilir.

Bu kimi masalalorin hall zamani téromadon istifads hoall prosesini asanlagdirmaqla yanasi,
masalo hallinds optimal iisullarin totbiginin somarsliliyini do ortaya ¢ixarir. Qeyd edok ki, bels hall
prosesi no fonnin Oziiniin todrisi ilo bagli, no do sagirdlor ii¢lin vaxtla, qavrama ilo bagl olavo
cotinliklor yaratmir. Bu kimi yanasmalar1 tomayiillii sinif vo maktablordo, fakiiltativ moggoalalordo
yering yetirmok do olar.

Mosalo 2. f(x)=6x"*—-16x>—3x* -1 funksiyasimin [0;3] parcasindaki on boyilik qiymaotini
tapin.

Holli: ©vvealca f(X) funksiyasmin f'(X) tdromasini tapaq.

f'(x)=24x% —48x* —6x =6x(x* —8x—1);

2+ /5
;-
Aling ki, [0'3] parcasinin daxilinde verilon funksiya ilo baglh bir kritik ndqte wvar:

2+\/_
2

f'(X)=0 = x=0 vyaxud 4x*-8x—-1=0<>x=0 voburadanalingki, x=

(¢linki digor alinan kok [0 3] pargasina aid deyil). Yuxarida da geyd etdiyimiz kimi

2+\/§
2

funksiyanin on bdyiikk qiymotini tapmaq tlglin Xx=0; X=3; X=

qiymatlarinda

2+\/_

funksiyanin miivafiq qiymeotlorini hesablamaq lazimdir. Yoni; f(0); f(3) wva f(

qiymatlorini hesablamaq lazimdir. Sonra iso alinan bu qiymatlori miigayiso edorok, on boyuk olan
qiymati gotiiririik ki, bu da funksiyanin [0 ; 3] parcasindaki on bdyiik qiymatidir.
Bu mogsadls agagidaki cadvali tortib edirik:
X {ozﬁ{ 2445 }Zﬂg
T2 2 2 |

f(x) T — o 7



f'(x)

Codvoldon do goriindiiyii kimi, baxdigimiz f(x)=6x*-16x>—-3x*—1 funksiya on bdyiik
qiymatini [0;3] parcasinin uc noqtolorindo alir. Belo ki, f(0)=L f(3)=26 olur. Odur Ki,
funksiyanin [0;3] parcasinda aldig1 on boyiik qiymetinin 26 oldugunu aliriq.

_2+\/§
2

Qeyd edok ki, x= noqtesindo  funksiya on kigik qiymaet aldigindan funksiyanin

2+\/§

2
Saholorin tapilmast ils bagli olan masalalar.

Mosolo 3. y=x*-2x+1 oyrisi vo absisi - 1 olan ndqtode bu ayriys toxunanla mohdud olan

) qiymatini hesablamaq lazim golmir.

bu noqtado aldigr  f(

fiqurun sahosini tapin.
Holli: Ilkin olaraq oyriys toxunanin tonliyini yazaq. Ogor f(X)=x°-2x+1 iso onda

f'(x)=3x* -2, f(-1)=2, f'(-1)=1, onda aliriq ki, oyriyo toxunanin tonliyi y=1-(x+1)+2 vo yaxud
y=x+3 kimi olar.

f(x)=x*-2x+1  oyrisi ilo y=x+3 toxunaninin ortaq ndqtolorini  tapaq. Bu mogsadlo
x* —2x+1=x+3 tonliyini holl edorok, aliriq ki, Xx*-3x-2=0. Mosolonin sortino géro x=-1
toxunma ndqtesinin absisi olmaqla bu tonliyin koklorindon biridir. Onda son tonliyin sol torafi
X+1- 9 boliinor. Onda x*-3x-2=0 tonliyindo miioyyan gevirmalor aparaq:

X*=3x-2=0x>-x-2x-2=0x(x*-1)-2(x+) =0 & (x+)(x* -x-2) =0 x+1=0 yaxud da

X’ -x-2=0ox=-1 ya da x=2

Yuxaridaki  x° -2x+1=x+3 boraberliyini g(x)=(x>-2x+1)-(x+3) soklindo olan funksiya
kimi gOstorok. Aydindir ki, bu funksiya kosilmoyandir (kesilmoysn funksiyalarin comi
olduglarindan) vo onun [— 1;2] intervalinda kokii yoxdur. Aliriq ki, bu funksiya 6z isaresini saxlayir.
g(x) funksiyasim [— 1;2] intervalinda aragdirmaq liclin intervala aid olan ndqtelorden birinda
g(x) funksiyasinin qiymotini hesablayaq. Masolon, x=0 oldugda g(0)=1-3=-2. Demali,
[— 1;2] intervalina aid olan biitiin x-lor iiclin g(0) = 0. Biitiin bu aldigimiz naticalor asas verir ki,

masala ilo bagl olan qrafiki ¢okaok.
Cokilmis qrafik imkan verir ki, inteqrallama sorhadlorini qrafiko uygun olaraq gotiirmokla,
masaloni hall edok.
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Axtarilan sahoni tapmagq ii¢lin miioyyon inteqraldan [2,s0h.193] istifado etmoklo masaloni hall
edok:

‘ 1, 3 227
S= I((><+3)—(x3 —2X +1))dx=(—Zx4 +§x2 +2X) - Yaxud S = 6,75.
-1

-1
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B pabote paccMoTpeHa METOJMKA PEHICHHS HEKOTOPHIX THIOBBIX 3ajad, CBS3aHHBIX C
ypaBHEHHEM KacaTelbHOU K rpaduky auddepeHnupyemMoit GyHKIHA, HaX0XIeHHEM HanOOIbIIero
Y HaWMEHBIIETO 3HAYCHUH (PYHKIIUH, BEIYUCICHUH TUIOMAACH TUIOCKUX (HUTYpPHI U ONpeAeieHHEeM
quciaa KOpHEH ypaBHEHMs. 3aJaud Takoro TUIA MOJIHOCTBIO OTCYTCTBYIOT B ILIKOJIBHOM y4eOHUKE,
XOTSl OHM JAIOT IOJIE3HBIE YMEHHU B OOJIACTH NpPUMEHEHHE NMpOW3BOAHON auddepeHunpyemoit
(GYHKIIMM PEIICHUI0 TUIIOBBIX 3a/ad U CIOCOOCTBYIOT Oosee riay0okomy © HehOopMalbHOMY
YCBOCHUIO H3y4aeMOro MaTepHaa.

ABSTRACT
M.Hajiyev
Applying the derivative function of the solution of a typical task

The method of solving some typical problems related to the equation of the tangent to the
graph of differentiable functions, finding the largest and smallest values of the function, calculating
the areas of plane figures and determining the number of roots of the equation is considered.
Problems of this type are completely absent in the school textbook, although they provide useful
skills in the field of application of the derivative of a differentiable function to the solution of
typical problems and contribute to a deeper and informal learning of the material under study.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli qorari ilo
¢apa tovsiyya olunmusdur (Protokol Ne 04).
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1.9sas anlayislar.Toriflor.
Kvazixatti elliptik tip tonliklor nozariyyasinin bazi asas anlayislarini verak.

R" ilo n dlgiilii hogiqi evklid fozani isaro edok.Tutaq ki, Q cR" ,n>2  hor hansi geyri
mohdud oblastdir vo tutaq ki, elo R > 0 vo 0 < gy < 1 sortini 6dayan els gy adadlori mévcuddur ki,

¥x€R" 51dugda

mes(B2\Q)> &, -R"
borabarsizliyi 6daonir.
Burada Bj; morkozi x ndqtesinds, radiusu iso R - o borabar olan agiq kiiradir.

Bu sortlori 6doyan Q oblastin1 R va gy parametrli silindr tipli oblast adlandiraq.
Tutaq ki, € oblastinda

L= ZH:A". (x,u,Vu)-

2

+b,(x, u)ﬁxi +¢(x)

i, j=1 oX;0X; i
soklinds kvazixatti elliptik operatoru toyin olunmusdur.
Burada  x = (X1,....Xn) € Q, Vu = {uxl,uXz U, f Aij =Aji L operatorun Ay (X,z,p)

omsallar1 (x,z,p)- nin biitiin qiymatlori {iciin Q X R X R" coxlugunda toyin olunmusdur.
Tutaq ki, u QX RX R" ¢oxlugunun hor hansi alt goxlugudur.

ogor HA” (X,Z, pX‘ matrisi har bir (x,z,p) € U qiymatlori iiclin miisbot toyin olunarsa,L
operatoruna U c¢oxlugunda elliptik operator deyirlor.
Bu o demokdir ki, A (x,z,p), /\(X,Z, p) uygun olaraq HA” (X,Z, pX‘ matrisinin minimal va

maksimal moxsusi qiymatloridirse, onda asagidaki barabarsizlik dogrudur:

Burada, &(&,,&,....&,)eR"\{0}(x,z,p)cu

A
Ogor bundan basqa, 2 nisbati U ¢oxlugunda mohdud olursa, L operatorunda U goxlugunda

miintozom elliptik operator deyilir.
Ogor L operatoru biitiin QxRxR" ¢oxlugunda elliptikdirse (miintozom elliptikdirsa), onda
deyirlar ki, L operatoru U oblastinda elliptikdir. (miintozom elliptikdir)
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Tutaq ki, u € c/ (€2).L operatoruna u funksiyasina nazoran elliptik deyirlor. O zaman ki, I1Ajj

(x, u, V u) 1l matrisi VX €€
Q silindir tipli oblastinda

giymati {iclin miisbat toyin olunsun.

Lu=¢ (x,u)

Diferensial tonliyin u| =0 sortini 6doyan hallinin aragdiracagiq.

Bu tonliyin holli dedikds ikinci tortibdon kosilmoz diferensiallanan vo Q oblastinin hor bir x
noqtesindo baxilan tonliyi 6doyon u (x) funksiyasi basa diisocayik.

Ogor biza belo funksiya moalum olarsa, onda bu funksiyani L operatorunda yerino yazmaqla
asagidaki sokildo xotti operatoru alariq:

L=Y"A (xu(x),gradu(x) a;
,Z‘l : ,; ‘ 6X6x

Bu isdo biz hollin varligt mosolosino baxmayacagiq.Forz edacaylk ki, bizo tonliyin holli
verilir vo bu hallin xassalorini tadqiq etmok lazimdir.Ona giro do, biz L — kvazixotti operatoru
ovazing

2

L= Zau 8X . a; =3

i,j=1
Xotti operatoruna baxacagiq.
Tutaq ki, bu operator miintozom elliptikdir.
Basqga s6zlo, V& e R" XxeQ va A > 0 sabiti liglin

A <> ay, (e, <2

i,j=1
barabarsizliyi biitiin Q oblastinda dogrudur.

2. Moasalonin qoyulusu v halli

R" ilo n olgiilii evklid fozasini isaro edok.Tutaq ki, Q — R" hor hansi qeyri mohdud
oblastdir vo tutaq ki, elo R > 0 vo 0 < g < 1 sortini ddoyan elo g oadadlori méveuddur ki,

vx e R” meS(BS \Q)> &R" barabarsizliyi 6donir.Burada Be morkozi x noqtesindo radiusu
is9 R - o barabar olan agiq kiiradir.

Bu sortlori 6doyon Q oblastint R > 0 vo g parametrli silindr tipli oblast adlandiraq.

Tutaq ki, Q oblastinda

L= Y (0, +Zb (x,, +cxhu—g(xu)=0 &)
i,j=1
Tonliyinin miisbat halli tayin olunmusdur.
Burada

L= Z” Zb _+C & =4y, ‘aij(XXSMJbi(X)SM,i,j:|,n

i,j=1

Miintazom elhptlk operatordur.(p funksiyas1 iso
signe = signu, lp(x,u) <U™, “l<a< min[l, Ej @
S

Sortini 6dayir.
c(x) lizaring isa ¢ (x) < 0 sortini qoyagq.
n

$a,(0)
e=SuUp -
xealel-1 " g, (x)G,G;

i,j=1
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Miinasibati ils toyin olunan e adadini L operatorunun elliptik sabiti adlandirag.
Tutaq ki, s miisbot ododi s> e — 2 borabarsizliyini 6dayir.

Tonliyin hoalli dedikdo klassik holl basa diisacoyik.

Q) oblastinda (1) tonliyin (2) sortini Odoyon hollini aragsdirmaq tiglin “maksimum
prinsipi ¢ vo “ bOyiimo hagqinda lemma “nin asagidaki formasini verak.

Maksimum prinsipi. Tutaq ki, u (x) (1) tenliyinin G agi1q oblastinda toyin olunmus

G coxlugunda kosilmoz olan miisbat hallidir.¢ (x,u) funksiyas1t isa sgne =sgnu sortini
odayir.

Onda < C o

SUPU=maxu borabarsizliyi dogrudur.
G oQ

max u(x)=u(x")x° <G
G

Isbat1: Oksini forz edok. Tutaq ki, maksimum néqts oldugundan

Zaivj(xo).uXin <0, [%JJ =0, i=I,n

i,j=1

X:X0

miinasibati dogrudur.
sgne(x,u)=sgnu vo u(x)> 0 sortlorindon ¢ (X,u)[x=x >0 alinir.
Digor torofdon, (1) tonliyinds c(x) < 0 sortini do nozors alsaq (1) barabarliyi 6donmoz. Alinmis

zidiyyat oks forziyomizin diizgiin olmadigini1 gostorir.

1

Boyiimo haqqinda lemma: Tutaq ki, GCBER,O<RSZ aciq  coxlugdur  vo

_ po _ 0
H =B \G, ['=0GI B gobul edok.Tutaq ki, u(x) (1) tonliyinin G oblastinda toyin

olunmus, G coxlugunda kosilmoz vo ' sorhoddindo Y1r="0 sortini 6doyon miisbat hollidir.
¢ funksiyasi isa (2) sortini 6doyir.Onda

maxu(x)>[1+77 me;(H )] maxu0q

e 6 GI B?

borabarsizliyi dogrudur.
Buradan> 0 s ododindon asili olan sabitdir.
Isbati: Isbatin osas anlarimi verak.

1
‘x XO‘S funksiyasina baxaq. Burada x€ G, x° € R" iso hor hansi geyd olunmus noqtadir.

1
Onda s> e — 2 olduqgda kifayat godor kigik r figlin r < rp sortindo ‘ 0‘5 funksiyasi

x° 0
(G I Bg ) \ {X } oblastinda (1) tonliyi liciin subelliptik olar.Burada ro S- don vo operatordan asilidir.
Bu halda a iizorins diison sorti tapaq:

ta
1 1
<

go X’ S - S
‘x—xo‘ ‘x—x"‘

Ix-x°| =r ovoezlomasinin aparagq.
s(1+a) <s+2

s+sa<st2

sa<2



Sa<—
s Voya

a =min(l, g)
S
Belalikls, E.M.Landinsin bdyiima haqqinda lemmasinin biitiin sortlori 6deonir.

Basqa s6zlo boyiimo haqqinda lemmanin hokmii dogrudur.

H n . 0
Tutaq ki, QcRY(n > 2) R vo g parametrli sjlindr tipli oblast olub Br  kiirasinin

morkozini 6z daxiling alir.
Asagidaki teorem dogrudur.

Tutag ki, QcR"
oQ

Q

Teorem: silindr tipli oblastdir vo bu oblastda (1) tenliyinin

coxlugunda kosilmoyoan bu oblastin
olunmusdur.
Tutaq ki, ¢ (x,u) funksiyasi (2) sortini 6doyir. M (r) = maxu(x) gobul edok.Onda s- don
[x|=r

sorhaddindos sifra barabor qiymot alan miisbat holli toyin

elliptik sabiti e- don, fozanin 6l¢iisii olan n — dan asili olan elo ¢> 0 sabiti mévcuddur ki,

of
M(r)>e R
Borabarsizliyi dogrudur.

Isbat1: Tutaq ki, koordinat baslangic1 0 €Q, morkozi koordinat baslangicinda, radiusu iso R -
0 0
Re kiirosino baxaq vo QI Rz oplastinda boylimo hagqinda lemmant totbiq edok.
o borabor olan

0
Maksimum prinsipina gora u (x) funksiyasi QI Rz oblastiin gapayaninda Oziinlin an

boylik qiymatini bu kiironin sathindo hor hansi x; ndqtesinds alir.
Onda alirq:

0
R

Be \Q
u(x,) = MeXU) {1+ n—meS(Rﬁ \ )}U(O)
Sorta gora, Q oblasti silindr tipli oblast oldugundan

mes(B3\Q) ¢&,R"
E )> 0n = &
R R

miinasiboti 6denor.Ona giro do u (x1) > g/ u (0) olar. Burada g/ =1+g &

QI RY

indiiso BR kiirosino baxaq vo R oblast1 {i¢iin boyiimo hagqinda lemmani totbiq edok.

Onda alariq:
_ maxu(x) _

o1 gor > U =)0

u(x,)

X }i=1n ardicilligini agagidaki quragq.:
Xi noqtesi u (x) funksiyasinin QI R oblastinin gapaqyaninda ala bilocoyi maksimum
noqtadir. Analoji gaydada boylimo hagqinda lemmani totbiq etsok, alariq:
max u(x)

u(x,) = Ol Bt > (¢")u(0)

10



I =| Xn | qobul edok.Askardir ki, r, =| Xn | < n R (Bu {igbucaq borabarsizliyindon

e
n-—

borabarsizlikdon aliriq ki R

¢1x1r)Axirinct
rn

Ona gora do u(x,) > (¢") R u(0)

L o
Demali, rqu'lXu(x) S @R gu(o), vo ya M(r) > e Rcons,

Burada c s —don, n- don vo g —dan asili olan miisbat addadir.
Qeyd: har hans1 r—A <oo giymotindon baslayaraq M (r) = o ola biler.
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ABSTRACT
Elshad Agayev, Sahib Aliyev, Safa Aliyev

On Dirikchlet problem for one nonlinear elliptical equation of the second
order in unbounded domain.

In this parer the behavior infinity of the of positive solition u (x) of nonlinear elliptic
equation of the second order in a narrow area theth parameter turning into zero on the
boundary of the area is considered.

The incuasing speed of the solution is determined depending on the eqution and
parametrs of the area.Note that in Therom the ellipticity is used only to ensure to that
maximum principle holds.Howerer, as is well known, the maximum principle is true for a
whole series of equtions with nonegative characterictic form which are not elliptic.

PE3IOME
Eabman Araes, Caxu0o Axames, Sefa AineB

3agun Iupuxiie 1Jisi OHOTO KBA3WJIMHEHHOTO eJLTHNITHYECKOTO
YPaBHEHHSI BTOPOro MOPS/IKA B HEOrPAHWYEHHOU 00J10CTH

Hccnenyercs  moBefeHHe Ha  OECKOHEYHOCTH  IMOJIOXKHMTENBLHOTO  pemieHus  U(X)
KBa3HJ’IHHeI7[HOFO CIINITUIITUYCCKOT' O ypaBHeHI/Iﬂ BTOpOFO HOpr)IKa B HeOl"pa'HI/ILIeHHOI\/JI O6J'IaCTI/I THUIIA
WIMHPa ¢ mapameTpoM R U gy, oOpaiaroierocsi B HyJib Ha TPaHUIIE OOJIACTH.

YcTaHOBIIEHA CKOPOCTh POCTAa PEIIEHHS B 3aBUCHMOCTH OT YpPaBHCHHS M I1apaMeTpOB
o01acTH.

HOJ'Iy'—IeHI)I OLCHKU CKOpOCTI/I peIHeHI/Iﬂ KBaSHJ’IHHeﬁHOFO CIJIMIITUYCCKOT O ypaBHeHI/Iﬂ,
YJIOBIICTBOPSIIOIIME HYJIEBBIM YCIOBUSAM JlMpuxjie Ha I'paHUYE HEOTPAHWYCHHOW OOJIOCTH .

B pabGote BbIBeneHBI (OPMBI « MPUHIUIIA MAKCUMYMa)»

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorart ilo capa
tovsiyya olunmusdur (Protokol Ne 04).
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UCUNCU TORTIB KOSILON OMSALLI BIR SADO OPERATOR- DIFERENSIAL
TONLIK UCUN QOYULMUS BASLANGIC- SORHOD MOSOLOSININ REQULYAR
HOLL OLUNANLIGI HAQDA

Acar sozlar: normal operator, hilbert faozasi, operator-diferensial tanlik, requlyar
hall, requlyar hall olunanhq

Key words: normal operator, Hilbert space, operator-differential equation, reqular solution,
reqular solvability

KuloueBble cioBa: Hopmanbuwiii onepamop, uibOepmoso NpoCMpaHcmeo, OnepamopHo-
oughghepenyuanvroe ypasnenue, pe2yisipHoe peuieHue, pe2yiapHan paspeuumocns

Separabel H hilbert fozasinda

ddl:'gt) - p()A%u(t) = f(t),teR, = (0,0), @
u(@)=u(0)=0 o

kimi bir baslangic-sarhod masoalasine baxaq, burada f(t),u(t) R, -da sanki hor yerds toyin
olunmus, giymatlori H hilbert fozasindan olan vektor-funksiyalardir, téromolor timumilasmis
monada basa disiilir [1] vo A operatoru ilo p(t) amsali tizorino asagidaki sortlor gqoyulur:

1) A tamam kasilmoz A™ torsino malik vo spektri

S, :{A:|argl|£g,osg<%}
bucag sektorunda yerloson normal operatordur;

2)
a’,te(0)),
pt) =1 |
p° te[l,o)

Vo , 3 >00lmagla a = 3.

Hilbert fozasinda normal operatorlarin spektral nozoriyyssindon molumdur ki, 1) sortini
odayan A operatorunu A=UC soklindo gostarmok olar, belo ki, C 6zii-6ziine qosma miisbot-
milayyan, U isa unitar operatordur.

H,(y=0) ilo A operatorunun dogurdugu hilbert fozalarimin skalasii isars edok, yoni
H, =D(A")=D(C”) vo H, -da skalyar hasil (x,y), =(A"x,A”y)=(C’x,C"y) kimi toyin
olunub. Hesab edacayik ki, H, =H va (X,¥), =(X,¥), -

Asagidaki hilbert fozalarini toyin edok [1]:

L,(R,;H) =< f:|f

LRGH) U”f(t)”H dt] <400},
0

12



d3u

. ; d3u
W, (R,;H)=4u: el Auel,(R; H)’”u"wz(rz H) H

dt®

L, (R, H)

2 b
Lz(R+:H)J
W, (R, ;H;0;2) = {u ‘ueW, (R, ;H),u(0)=u"(0) = O}.
Molumdur ki, W,’ (R, ;H;0;2) hilbert fozast W,’ (R, ; H) hilbert fozasinin tam alt fozasidir [1].
Torif-1. Ogar ueW, (R, ;H) vektor-funksiyas: R, -da sanki hor yerda (1) tonliyini va (2)
baslangic-sarhad sartlorini
timfu()], =0, imju(v], =0
Manada odayirsa, onda ona (1)-(2) baslangic sarhad masalasinin requlyar halli deyilir.
Tarif-2. Ogor istanilon f e L,(R,;H) iigiin (1)-(2) baslangic-sarhad moasalasinin requlyar
halli varsa va bu hall

||u||W23(R+;H) = ConSt||f||L2(R+;H)

barabarsizliyini 6dayirsa, onda (1)-(2) baslangic-sarhad masalasi requlyar hall olunan masala
adlanir.

Togdim olunan magalads (1)-(2) baslangic-sarhad masalasinin requlyar hall olunanlig: isbat
edilocokdir. Qeyd edok ki, u(0) =u'(0) =0 vo u (0) =u (0) = 0 baslangic-sarhad sortlori daxilinda
(1) tanliyinin requlyar hall olunanligi miiallif torafindan ([4,5]) isbat edilmisdir.

Teorem. Ogar A operatoru 1) sartini Vo p(t) adadi funksiyast isa 2) sartini 6dayirsa, onda
(1)-(2) baslangic-sarhad masalasi requlyar hall olunandir.

Isbati. Funksiyanin Furye g¢evirmasini totbiq etsok, asnligla yoxlamaq olar ki, istonilon
f(t) e L,(R,;H) iciin

o0

ul(t)=%_[( iZ°E—a’A°) Uf(s)e'“ S>fdst§

Vo

u, (t) = j( i2°E - °A°) Uf(s)e'“ S>fds]d§

funksiyalar1 R, -da sanki har yerds uygun olaraq
3
‘Z_S_a Alu=f(t) vo d——ﬁ A% = f(t)
tonliklorini dayir. Géstorak Ki, u, (t),u, (t) e W, (R,;H).
Askardir ki, u, (t),u, (t) vektor funksiyalarinin Furye ¢evirmalori uygun olaraq
N - 71 N
U (@) =[HIgE-a’R) 1)
©)
Vo
A ‘23 3p3)L g
U =ICE-A) 1@
(4)
soklindadir, burada f"(£) f(t) vektor-funksiyasinin Furye ¢evirmosidir.
Plangerel teoremino gé’)rs

d? u,
dt?

(5) boraborliyi gostorir ki, u,(t) eW,(R,;H) oldugunu gdstormok iiciin kifayotdir Ki,

+ HA3u

Ly (RyH)

= |eu; )

Ly(R,.:H) L (RH) HA3 f(f)HL(R "y’ (5)

e \
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E (E) e Ly(R,;H) vo A, (&) e L (R,;H) oldugunu gostorak.

A operatorunun spektral ayriligina gors, istonilon & e R, iglin asagidaki giymatlondirms
dogrudur: (1 = 1| €e'?)
NIEE-a’A)| = sup

2ie —a%)*‘ssupys(—ig —olute ) ‘_

Aeo(A) w>0
lpl<e
1
( i£% - (COS3¢)+ISIn3¢))) ‘<supy3(§6 +a’u® —20° 1283 sm3¢)) 2 <
r(/l7|>505 \/(;JTSOE
1 1
ssup;ﬁ(éﬁ +a6,u16 —56 —aGyG sin? 3¢) 2 < —
>0 o’ CoS 3¢

lolse
(3)-1i va sonuncu barabarsizliyi nazars alsaq

INNEG' =A% (iEE - P A3 £ () <

LZ(R H)

<———|f@®

L(R:H) COS3
alariq ki, bu da A’u, (&) e L,(R,;H) oldugunu gostarir.
Indi gostorok ki, &£%u; (&) e L,(R,;H).

l&2ur @) EICE-a*A) 17 ()

Ly (RiH)

<|wlige-an)|

L, (R,;H)

<

LZ(R+;H)

3(—i§3E _asAa)—l

L, (R, H)

3(—i§3E _a3A3)—1

LLEC

=su
Lo(R.iH) gp

(6)

barabarsizliyindos 3(—i§3E—a3A3)71H normasini qiymotlondirok. Onda, A operatorunun

spektral ayrilisindan, istonilon & € R, iigiin alariq:

53(—i§3 —a3/13)_1‘ = sup

Aeo(A)

(LigE-a’ A = sup £l-igt - | cos3p+isin 340))‘1‘ -

Aeo(A)

B L
3 i((f3 +a?[4] sin 3¢)—a3|/1|3 COS3(0‘ ‘< Sup(fs(ae,ue cs? 3 + (€2 + a® 4 sin 3¢)z) 2 _

Aeo(A) w>0
lol<e
1 1
:sup§3‘(§6 +2§3a3y3sin3go+a6,u6) 2 £sup§3(§6 ~28%°u’sin3e +a’u ) 2
w>0 #>0
lpl<e

1
< sup§3(§6 + oceue)_E (1—sin 35)’% < (1-sin 35)’%

u>0

Bu sonuncu borabarsizliyi (6)-da nozors alsagq &°u; (£) e L,(R,;H) alariq. Onda (5)-0
gora u,(t) eW,’(R,;H) olar.

Anoloji qayda il ishat edilir ki, u, (t) eW,’ (R,;H).

u, (t) vektor-funksiyasinin (0,1] yarimintervalina, u,(t) vektor-funksiyasinin isa [1,00)
yarimintervalina  sixilmasint  uygun olaraq y; (t),w,(t) ilo isaro etsok, askardir ki,
w, () eW, ((01;H) vo w,(t) eW, ([Lwo);H) olar. Onda, izlor hagda teoremo goro [1]
v (0) e H ,i1=12;j=0,2 olar.

_J_E
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u(t) = 0,(t) = w, (t) + e + e, +e 5V t e (01],
0,(1) =y, 1)+, + e P p, t e (1,)

vektor-funksiyasini quraq, burada A, = —%+§i,ﬂz = —%—@i,}tg =1¢; e Hy, (] =Zr5) Vo
e’ e e iso uygun olaraq A4 A A,A-A,A operatorlarinin  dogurdugu  operator

yarimqruplaridir. ¢;( ] =15) vektorlart U eW,; (R,;H;0;2) sortindon toyin edilir. Bunun iigiin

6,(0)=6,(0)=0,09 (1) =6{"(1)(j =0,2)  borabarliklorindon istifade edorok ¢, (j= 1,5)
machullarina nazaran asagidaki tonliklor sistemini almis olurugq:
Pt + eialsA(Pa =0
azﬂ.f(pl + azﬂégoz + ozzﬂ,ge_““(p3 =0
e, +e" 0, + 0, — 0, —ps =y, (D) -y, () (7
ahe o, + a2, g, + alop; ~ PP, — Pl = AT (v, (D) -y, (1)
a’ e o +a’ e g, + ot gy — BP0y~ B A0s = A (w, () —w; (D).
E E I 0 0
a’PE a’AE 'l 0 0
AA) =] et g E ~E ~E |,
ale™  ale”™  alE  -pLE -pAE
a? e M athe Mt a?A, - BPAPE - BPASE
(Z] 0
2 0
¢ =y =|v,)-v,Q
o AW O -1
Ps Ay, ) -y, )
isara etsak (7) tonliklor sistemini
ARG = (8)

matris tonliyi soklinde yazarig, burada @,y e H®> . Ggstorsok ki, A(A) operator-matrisi

torslonondir, onda alariq ki, (8)-in H® hilbert fozasinda @ =0 holli var. Bunun ii¢iin A(A)
operator-matrisindoe A operatorunun yerino A kompleks doyisonini yazib A(A) matrisino baxag.
Onda agkardir ki, A €S, olmagla || — oo olsa

1 1 0 0 0
a’lZ o’ 0 0 0
dtA()=| 0 0 1 -1 -1 |+0(1)=
0 0 ak -p4 -pA
0 0 a4 -p°4% -p'%4
1 1 1
1 1
Tl oA aly P PA, |+0(4)#0
Yt prE PR
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olar, burada |O(/1)|W>O. Bu iso 0 demokdir ki, elo N némrasi var ki, | 4 > N olan istonilon
A €S, igiin |det A(2)|>c, >0.

Indi gostorak ki, |4| < N olan istenilon A €S, iigiin detA(2) = 0. Bunun iigiin oksini forz
edok, yoni forz edok ki, |4/ < N olanels z €S, var ki, detA(x) =0 olur. Bu iso o demokdir ki, el

sifirdan farqli 77 = (17,,77,,175.77,,175) € C° vektoru var ki, A(z)77 = @, burada 8 e C° sifr vektordur.
Onda askardir

d’q(t) 3y
q(0)=q (0)=0

baslangic-sarhad masalasinin W,}(R,) fozasindan olan halli var vs bu hall
. e My, +e“y, +e Iy te (01],
a(t) = ey 4 @M Dyt e (1, 00)
soklinds axtarilmalidir. Gostarak ki, (9) baslangic-sarhad masalasinin R, -da sanki har yerds yalniz
q(t) =0 holli var, yoni 7, = 0(i =1,5). Dogrudanda, (9)-dan
@ .9 O),r, =4 (pOAW.q O,
alariq ki, bu baraborliyi
[a"(atdt = ° [ pO)a)d )t
0 0

soklindo yazib 2) sartini vo q(0) = q (0) = 0 serhad sartini nozers alib hissa-hissa integrallama
diisturunu totbiq etsok

s} 1 0
" 2 ., < .,
—[la"®| dt = #° (@° [a@®)a @)t + B° [a(t)q (Bt
0 0 1
alariq. Sonuncu barabarlikdon alariq ki,
1 0 i} 1 - 0 -
- Re? j 9" (®)dt = o° Re j q(t)g (t)dt + #° Re j q(t)g (t)dt. (10)
0 0 1

q(0) = g (0) = 0 sortlorini nazars alib hesablama aparsaq

lq@)"

[T t = |
Re ! q(t)g (t)dt = = Re ! q(t)g (t)dt = -

alariq. Onda (10) barabarliyindo sonunculari nazors alsaq alariq:

cos3¢p 5) |C1(1)|2
=

_ B Ooq"(t)zdt=(a3—
] ﬂ |

Axirinct barabarlik géstorir ki, & >  oldugda R, -da sanki hor yerds g (t) =0, yoni
q(t) =at+b olur. q(t) e L,(R,) oldugundan R, -da sanki har yerdo a=b =0, yoni q(t) =0 olar.
Indi forz edok ki, a < . Onda (9)-dan alariq:
[%q t).q (t)]wm -~ us(q(t),q (t))um-
a > f halinda oldugu kimi 2) sortini vo q(0) = q (0) = 0 sorhad sertini nazors alib hisse-
hisso inteqrallama diisturunu tatbiq etsok
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1 F v, = 1% . . —= T2
Re{—g, [a"®a Odt+— [a"(t)a (t)dt} =—Re* [|a' ()] dt
o 0 ﬂ 1 0
alariq ki, burdan da
ﬂ.?:

olar. i—% >0 Vo cos3p >0 oldugundan R, -da sanki hor yerds q'(t) =0, yani q(t) = const

(is _ ij‘q (1)‘2 = —|ﬂ|3 CoS 3(poﬁq' (t)‘dt
a 0

3
(24

alariq. Yena q(t) € L,(R,) oldugundan R, -da sanki hor yerds q(t) =0 olar.

Biitiin bunlar1 nozore aldigda 7, = 0(i =15) alariq ki, bu da A(u)77 = @ matris tonliyinin
1 # 6 hollinin olmasina ziddir. Bu ziddiyyato sobob oksini forz etmayimizdr. Demoli, forziyoamiz
dogru deyil, yoni istenilon A4 €S, tiglin det A(1) = 0. Bu iss 0 demokdir ki, A(A) operator-matrisi
H® hilbert fozasinda torslonendir. Onda  (8)-don birgiymatli olarag ¢ =A™ (A)y alarq. .
@ =(0,, Py, 03, 9,,¢5) vektorunun koordinatlarini u(t) -nin ifadesinds nazero alindigda (1)-(2)
baslangic-sarhod masalasinin hallini tapmis olariq. A(A) operator-matrisi tarslonan oldugundan

d°u -
F—p(t)A u=0
u(0)=u(0)=0

bircins baslangic-sorhad masalosi yalmiz u=0 trivial hollino malik olar. Bu sabobdon
3

P, = %4‘ p(t)A® - operatoru W, (R, ;H;0;2) tam hilbert fozasini L, (R, ;H) hilbert fozasi iizorine

izomorf inikas etdirir. Homginin istonilon u e W,’ (R, ;H) iiciin

2
du ) du 5 112
= |— - <2 |/ <
[ L7~ POA <2 + o) A%u Lo |5
L (R.:H) L (R.:H)
2 2
du 2 d3u 2
<2 |— + max(as,ﬂe).HA3u < const| |[—— + HASU =
dt® Lo (R,:H) 3 Lo(R,:H)
L (R,iH) L (R,iH)
2
= const]u SR

oldugundan P, :W,}(R,;H;0;2) > L,(R,;H) operatoru mohduddur. Onda tors operator haqda
Banax teoremina gora

P, :L,(R.;H) > W, (R,;H;0;2)
tors operatoru var vo L, (R, ; H) tizarinds mohduddur, yani

<|pf
W5 (R, H) 0 " lwg(r,:H)

olur. Bu iss, torifo gora, (1)-(2) baslangic- Sarhad masalasinin requlyar hall olunan oldugunu
gostorir. Teorem isbat olundu.

Ju

< const]| f

L (Ri;H)
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PE3IOME

O peryJisipHOii pa3pelIMMOCTH HAYAJIbHO-TPAHMYHOM 32124 MOCTABJIEHHOM 1JIsl OHOTO
onepaTropHO-IH(pdepeHIHATBHOI0 YPABHEHUS TPEThEro Nopsiika ¢ pa3pbIBHbIM
K03 PpuunenTom

B pabore npaHo ompeneneHHWE PpEryIsPHOTO pEHICHUS M PEryJISpHON pa3perrmMOCTH
HAa4YaJIbHO-TPAHWYHOM  3aJa4yM, IIOCTABJIEHHOIO M  OJHOTO  IPOCTOrO  OIEpaTOpPHO-
(g QepeHInanbHOTO ypaBHEHUsI TPETHEro MOpsAKa C Pa3phIBHBIM K03(dduumeHToM B moiryocu
R, =(0,0) u noka3aHa TeopemMa O peryIIpHON pa3pelIMMOCTH TOH 3aaaun.

ABSTRACT
On reqular solvability of unital-boundary problem for one ordinary operator-differential
equation of third order with discontinuouns coeficient

In this work the definition of reqular solution and reqular solvability of unital-boundary
problem for one ordinary operator-differential equation of third order with discontinuouns
coefficient in R, =(0,) has feen given and the reqular solvability of that problem has been
proved.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar ilo
capa tovsiyyo olunmusdur (Protokol Ne 04).
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Heyzenberq qrupu kvant fizikasinda vo riyaziyyatin miixtalif sahalorinds, o ciimladon Furye
analizindoa, kompleks dayisonli funksiyalar nozariyyasinda, handass va topologiyada tatbiq olunur.
Son vaxtlar Heyzenberq qrupunda funksional fozalar nozariyyssi todgiqatgilarin bdyiik digqgatini

calb etmisdir. Bu diqqget doyison omsalli diferensial tonliklor ii¢iin masalonin ¢oxobrazlida

hallolunma problemlari ilo baglidir. Bizim yanasmada H" Heyzenberq qrupu baslangicda R

evklid fozasi ilo ist-iisto diisir vo belaliklo “heyzenberq” vo uygun evkld anizotropiyasinin
bilavasito miiqayisasi imkani yaranir.

Torifl.
1 x5 X, A X, T
, 0O 1 0 A 0 X4
1 X T A
—| tnrr tyrr |—
X=['0" @, X'F \ ’ (1)
0 0’ 1
0 0 0 A 1 X
O 0 0 A O 1
’ rr 1 14 rr
[x]= (%o, %", x"), T=X+ XX

soklinda yuxari tighucaq matrislor yigimi n tortibli Heyzenberq qrupu adlanir, qrup amaliyyati
olarag matrislorin vurulmasi gotiiriiliir.

Burada (1), yazilist n  8lgiilii vahid matrisi, X' = (x,,K ,x.) satr vektorunu,

"

X" - situn
vektorunu (X" = (X,,,,K , X,,) satrino transponirs olunur), 0" n sifirdan ibarat satri, ‘0" n sifirdan

ibarat stitunu gostorir. Qeyd edok ki, (1) matrisinds bas diaqonaldan asagidaki elementlorin hamisi
sifra barabardir.

Torifdon goriiniir ki, qrupun olglisi 2n+1 -5 borabordir. Coxobrazli kimi onu yalniz bir

R2n+1

Xaritoni saxlayan atlasin komoyi ilo tasvir etmok olar. Belo olaraq evklid fozasi gotiiriiliir,

1
koordinatlar Xy, X, K, X, X,,;,K,X,, olur (burada X =T—EX'X", X'x" = inzlxixn—i ). R -in

ndqtolori  qisaca olarag X =(Xy, X, X”") kimi isaro edilir, burada X'=(x,K,x,),
X" = (Xn+1,K . in)' Gostarilon ““ noqgtovi “ realizodo matrislorin vurulmasinin grup amoliyyat1 &

omaliyyatina kecir vo X=(%, X, X"), Y=(Yo, ¥, Y") néqtelorine 2=(2,,2,2")=x®Yy
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1
néqtasini qarst qoyur: Z= (X + Yo + 5 (Xy"=x"y), X'+ ¥y, x"+y").

X & Y noéqtosini qisaca olaraq Xy ils isara edacayik.
Beloliklo model olaraq (bunu H" ilo isaro edirik) Heyzenberg grupu grup amoliyyat1 &
soklinda toyin olunan X,Y,K € R*™ noqgtalor yigmmi kimi ¢ixis edir. (1)-in [X]=[X0,X', X"

matrislori vo X = (XO,X', X" noqtolori arasinda matrislorin vurulmasi1 omoliyyatimi & qrup
omoliyyatina gatiron (vo torsino) qarsiligh birqiymotli uygunluq yaradilir (qrup izomorfizmi). Bu
toriflo verilon Heyzenberq qrupunu Heis" simvolu ilo isaro edok. Daxil edilonlora asason deya
bilorik ki, 6ziiniin Riman vs afin strukturuna gora Xatti olan vo & amoli ilo tomin olunan
R2™ fazast H" = Heis" ilo iist-iisto diisiir.

Golocokds biz zamam goldikco Heis' grupunun verilon tarifino miiraciot etsok belo, onun

H" soklinda ndqtovi realizasiyasindan istifado edirik. Bu realizo xiisusi halda ona gors rahatdir ki,
2n+l
A B . o B i 6447448 L.
Heis" grupunun [e] vahid elementi (2n+2 tortibli vahid matris) e = (0,0,K ,0)e H" ndqtasi ilo

tosvir olunur, X = (X, X', X") € H" naqtasinin tors elementi iso — X = (—X,,—X',—X"") € H" olur.
Qeyd edok ki, xe H" elementina tors olan element x™* (basqa sézlo X = —x) simvolu ila
. A

isars edilir. Masalon, (—X) ® Yy ovozino X 'Y yazacagiq.

H" Heyzenberg grupunda G" Li cabrino baxag. Moalumdur ki, o H" -do sol invariant
vektorlar meydaninin bazis sistemindon dogur

X, = x(0=Ladx 2
OX, ox, 2 70X,
(2)
X . (X) :i—lxi ﬁ i=1,2&K n.
X 2 OX,
H"-do Y,Z vektorlar meydani verilorss onlarin komutatorunu [Y , Z] ilo isaro edirik
IY,z]=Yz-2zv.
(2) vektorlar meydani sistemi {igiin
[Xi X 1=6; X, 1,]=12K ,n, 3)

komutasiya miinasibati dogrudur ( &; - Kronekker simvoludur). Digor komutatorlarin hamisi

eyniliklo sifira yaxinlagir
[Xi X5 1= X X 1= DX Xl =X X1 =0, 1, j=12K ,n
X X ] =1,2,K ,n meydanini baza adlandiririq.

n-+i? n+je
n+j?
Hor bir r>0 iigiin H" grupunda O, avtomorfizmi mévcuddur ( H" -don H" -o qrup
omaliyyatin saxlayan inikas) vo
— (2 ' "
O, X = ("X, rx', rx"). (4)
miinasibati ilo tayin olunur.
5r avtomorfizmi dilatasiya adlanir vo 6ziinli evklid fozast handasasinin analoqu kimi

togdim edir. (4) avtomorfizmi vo (3) komutasiya miinasiboati H"-do  “omolo golon® anizotroplarin
miqdarimi gostarir. Bu anizotropiya homginin elementin H bircinslilik normasi anlayiginin daxil

edilmasini ortaya gqoyur. X = (X5, X) X = (X', X") = (¥, %,,K , X,,) gotlirsok
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, o m 2n , 1/2
i = b+ R R =[S ]
i=1

H - bircinslilik onunla baghdir ki, é'rx|H = r|x|H . Belaliklo |X|H funksiyas1 birinci tortibden

bircinsdir. H - bircinslilik normasinin komayilo H - metrika anlayis1 daxil edilir
) 14

- 1 N 1,1 v =
POV =YX =] o= Yo =2 (XY =XY) +R-F | (5)

H" - do evklid laplasianinin daha yaxin analoqu sublaplasian adlanan ikinci tortib

2n

Lof =D XZf operatoru olur. Qeyd edok ki, X, operatoru L,- a askar daxil olmur. Onda
=1

halledici rolu X, 1< j<2n operatorlar1 oynayir.

X ““ baza “ operatorlarinin vo sublaplasianin varhgi H"=do Sobolev fozasinin, hamginin

Riss vo Bessel potensiallar fozalarimin analoglarini toyin etmaya imkan verir. L (H"), 1< p<o

fozas1 sonlu normasi
_ p 1/p
I, =11, f ol ax]
olan f(X)=f (Xo K, in) Olgiilon funksiyalar yigimi kimi verilir, burada dX - Xaar Ol¢iisiidiir.
Bizim halda Xaar 6l¢iisii Lebeq 6l¢tisii ilo tist-iista diisdiiyiindon |_p (H") = |_p (RZM) olur.

Heyzenberq grupunda toyin olunmus iimumilosmis Besov — Morri fozasina baxaq [1]:

1
o It@-fOh,, |
BM pquo(H ) =9 f :”f”BM;a(p = ”f”MW + .[H” | g |Q+sH ' dg < o

burada 1< p,# <0, 0<s<1, M (H") H" -do iimumilogmis Morri fozasidir va sonlu norma
Q

locpyn
Tl = 562 o) Feb ).
Klassik Riss potensiali harmonik analizds, funksiyalar nazoriyyssinds vo xiisusi téromali
tonliklor nozariyyasindo miihiim texniki vasitadir. R" - do klassik Riss potensiali agagidaki kimi
toyin olunur:
L, f=(-A)7%f, 0<p<n,
burada A Laplas operatorudur. Malumdur ki,

L TO)=7(B) [ Ix=y 1P F(y)dy=1,f(x).

” f “Lp(B(g,r)) !

Heyzenberq qrupunda potensiallara va yaxin nazariyyaloro L = —Z(Xj2 +YJ.2). sub-
=1

Laplasian kimi baxilir. Riss potensiali Heyzenberq qrupunda L sub-Laplasian kimi toyin edilir.
Torif 2. 0<a <Q iigiin |, Riss potensiali S(H") Svar¢ fozasinda
b
1, f(z,t) =L 2 f(z,1).
saklinda tayin olunur.
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Teorem 1[1]. Tutag ki, 1< p<o, g < B < 9 1_1_F va(p,0)
P g p Q
Q
_essinf ¢, (g,5)s”
r 7<S§<0 9+1 dTSC(DZ(g,I’)
a (6)

S
sortini 6dayir. Ogar 1<0<o vo 0<s<lolarsa, onda Iﬂ operatoru BM P00y (H") fozasindan

S
BM 40,0, (Hn) fozasina  mohduddur. Daha dogrusu elo C>0 sabiti vardwr ki, biitiin
feBMS (H") iiciin

p01(pl

H Iﬁ f HBI\AqSM2 . CH f HBM 3:'9,%

Isbatr: H" -da iimumilesmis Besov-Morri fozasimin torifino goro géstarmak kifayatdir ki,
ol f —1,f <Clr, f-f ,
Attt <Gt

burada 7, f (9) = f(hg).

Asanligla gostormok olar ki, Thf | s ilo komutasiya olunur, basqa sozlo
7pl s f =15(zy, f). Buradan
lzpl, F =1, =, (7 E) -1, f <, (z, f — 1)
aliriq.
Ogor axirinct barabarsizliyin har iki torafini M =~ iizro gotiirsak, Iﬂ -nn M (H")

fozasindan M (H") fozasina mohdudlugun totbig etmoklo talob olunan naticeni aliriq.
Belaliklo, teorem isbat olundu.
: Q1 _1 p .
Teorem 2[1]. Tutag ki, 1< p<w, o< g < <, === — 2 Vo @ funksiyasi
pa p Q
supt “essinf p(g,s)s® <Cep(g,r)

r<t<eo t<s<oo (7)
Vo

id _ P
_[ Tﬂ¢(g,r)p—TSCr LR
' v (8)

sortlorini  édayir. Ogar 1<0<w v 0<S<1 olarsaonda |, operatoru BMSQ 1,p(H”)
po.p

fozasindan BMqSe 1/ (Hn) fozasina mahduddur. Daha dogrusu, elo C >0 sabiti vardir ki, biitiin
iy
S
feBM > . (H")digiin

1, f|

H =TV

q0,¢
Teoreml vo Teorem2-don timumilosmis Besov-Morri fozasinda Sobolev-Steyn daxilolma

teoreminin analoqunu aliriq.

o < CHf HBMS
p

/ 0.9t P
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1

Teorem3. Tutaq ki, 1< p<oo, 0< < Q, 1 _F v (@1, 9,) (6) sortini odayir,
p a p Q

1< <o vs0<s<l. Onda
,har bir ue C; (H") digiin.

”u”BMS 0. <C”V u”BMs
P2
Teoremd. Tutag ki,1< p<co, * = l—% Vo @ (7),(8) sortlorini doyir, 1<6<o0 vo
qa p
0<s<l1. Onda
lule,s  <C|Vul,,s horbir ueCy (H")iigiin.
q6,¢ q pQ’Wl/p

H" -do Kohn-Laplasian ii¢iin Dirixle mosslosi Jerisona moxsusdur [2,3]. Xiisusi halda bizim
neticomiz Lf = g sub-Laplasian tenliyi iigiin asagidaki aprior qiymatlondirmalari verir.

Teoremb. Tutag ki, 1< p<q<oo, 0<s<]1 1<f<m, QEBMpH(o(H ) vo
Lf =g.

1)Ogar é =———,va (@, ,) (6) sortini édayirsa, onda
HfHBMS _CHgHBMS
po.¢,

2) Ogar 1. E—EVE) (1, @,) (6) sartini dayirsa, onda
q p Q
HX fHBMS = CHgHBMBa%’ 1=12,K,n,

My, <Clols, - 1=12K .0

BM S
40,9,

Teorems. Tutaq k|, l< p<q<OO, O<S<1, 139300, g (S BMFS)H 1/p(Hn) Vo
1

Lf =
1 1 2 g
1) Ogar a = 3_6 Vo @ (7) va (8) sortlorini 6dayirsa, onda
Hf BMZQ,(Dl/q = CgBMZe,(pl/ o

2) agar1 = i—év;a @ (7) va (8) sartlorini 6dayirsa, onda
qa p

Hxi f BM:H,(pl/q < CgBM:a(pl/p , 1=1,2,K,n,
¥ilae o <Cl0laye . i=12K 0
ODOBIYYAT
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PE3IOME
SI.MamenoB
Baoxkenne CobosieBa-CreiiHa Ha 0000111eHHBIX TpocTpaHcTBax becosa-Moppu
Ha rpynne I'eiizen0epra u npuMeHnenue

AKTyanbHOCTh Teopuu mpoctpancTB CoOoneBa Ha rpynnax [eiizenOepra oOycioBieHa
MHOTOYHCICHHBIMU MPUIOKEHUSMU K MCCIEA0BAHUIO CBOWCTB pELICHUN CyOAIITUNTHYECKUX
muddepeHIIMaTbHbIX YPaBHEHUM, K HM3YyYEHUIO KBa3MKOH(QOPMHOrO aHalM3a U KO MHOTUM
CMEXHBIM BompocaM. ['pynmel ['eii3enOepra HPUMEHSIOTCS B KBAaHTOBOW (H3MKH M MHOTHX
o0nacTax MaTeMaTUKH, BKIOYas aHann3 Dypbe, Teoputo QPyHKIHNH KOMIUIEKCHBIX MEPEMEHHBIX,
reOMETPUIO U TOMoJoruto. B nocnennue roapl Teopust GyHKIMOHAIBHBIX MPOCTPAHCTB Ha IpyIIe
['eiizenbepra mpuBiekaia 3HaYUTEIbHOE BHUMAHHUE UCCIIEIOBATENEH.

B craree momyuena anamorbl Teopembl BiokeHue CoOosieBa-CrteitHa Ha 000OMICHHBIX
npocTtpancTBax becoBa-Moppu Ha rpynmne ['eif3enOepra u ux npuMeHEHHs.

ABSTRACT
Y.Mammadov
Sobolev-Stein embedding on a generalized Besov—Morrey spaces on the
Heisenberg group and application

Actuality of theory Sobolev space in Heisenberg group based on exploration of solution
features of subelliptic differential equation, teaching of quasiconform analysis and varions mixed
issues. The Heisenberg group appears in quantum physics and many fields of mathematics,
including Fourier analysis, functions of several complex variables, geometry, and topology.
Recently theory functional space in the Heisenberg group had attracted the investigators
attention.

In the article analogues of Sobolev-Stein embedding theorem on a generalized Besov-Morrey
space in Heisenberg group had been received.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli
Qorart ilo ¢apa tovsiyya olunmusdur (Protokol Ne 04).
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In this work we investigate the relation between eigenvalues and eigensubspaces of weighted
endomorphisms induced by selmappings (of compact, where our uniform algebra defined on this
compact) with Denjoy-Wolff type fixed points on the uniform algebras with analytical structure
and eigenvalues and eigensubspaces of endomorphisms of algebras of convergent power series
5, of n variables z = (zq, ..., 2,) .

In [2] Kamowitz was considered the weighted composition operator T on the disc-algebra (i.e.
the algebra of continuous functions on the closed unit disc and analytic in the interior of its) and
was determined its spectrum in the case when T is compact. In [3] we have more generally results
inclusing multidimensional cases. In [3] was considered the weighted composition operators
actings on uniform spaces of analytic functions, which induced by the compressly mappings on the
bounded domains D c C™ (n > 1) and was determined its spectrum. Another words, if D is a
bounded domain and ¢: D — D is holomorphic mapping (where D denote closure of D), then in [3]
was considered the operators of the form T: X — X, f - u - foq, for every f € X, where u € X is
fixed function and X is Banach-A(D) module, which is uniform subspace of space of holomorphic
functions on D equipped with uniform topology. It is well known the mapping ¢ has a unique fixed
point in D. In [3] was shown the spectrum of operator T is equal to semigroup induced by
eigenvalues of linear part of ¢ at the fixed point. Since these operators are compacts, then every
eigensubspace corresponding to nonzero eigenvalue has finite dimensions. But from method of [3]
we know about dimensions of eigensubspaces, if only case when differential of mapping ¢ at the
fixed point has differently, nonzero and multiplicativly independent eigenvalues.

In this work avoid the results of [3], we will calculate directly the eigenvalues of the weighted
endomorphisms T:A(K) —» A(K), f = u- foe of uniform algebras (with analytical structure)
A(K), defined on the compact K, where the selfmap ¢: K — K has a Denjoy-Wolff type fixed point
z, (the operator T maybe non-compact operator, no so as [4]) . We may assume, as so as [4],
weighted function u is identity function, and in finite dimensional cases, domain of ¢, which
induced the weighted endomorphism T contains the origin of coordinate and it is fixed point for
mapping ¢. We will show that in this case between eigenvalues and eigensubspaces of operator T
and eigenvalues and eigensubspaces of endomorphism of algebra of formal (or convergent) series
there are bijective mapping.

Investigation of spectral properties (for example, spectrum, eigenvalues, eigensubspaces and
so) of endomorphisms, also weighted endomorphisms on different algebras (for example, on the
uniform algebras, especially on the function algebras with analytic structure, etc), usually leads to
investigation these problems on the algebras formally convergent power series (instance, in the case
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algebra of analytic functions, we have the algebra of germs of functions at the fixed points, etc).
Moreover, in many cases studying some algebraic and spectral properties of endomorphisms, or
weighted endomorphisms induced by compression mappings (for example, see [3]), or more
generally, by the mappings which have fixed points, in some sense(for example, in the Denjoy-
Wolff sense fixed point, and so) on the function algebras with analytic structure, again leads to
studying endomorphisms of above mentioned algebras. Especially, on the uniform algebras
spectrum of the compact, or quazi-compact weighted endomorphisms described by the
eigennumbers of linear part of endomorphism at the origin, which modules less than 1 (see [3]). So,
in this work we will assume that modules of eigennumbers of the linear part of mapping (which
induced the given endomorphism) on initial point of coordinate system less than 1.

Definition 2.1. A point z, € K is called the Denjoy-Wolff fixed point of ¢: K — K, if the

sequence ¢, convergent to z, uniformly on the compact K (in generally, if K is any domain,
then the sequence ¢, convergent to z, uniformly on the compact subsets of K), where ¢,
denote nt" the iterate of ¢, i.e.,0(z) =z and @,(2) = ¢(@n_1(2)) for z€ K and n>1.

In this section we will investigate the relation between eigennumbers and corresponding
eigenfunctions of the endomorphisms C,, induced by the selfmap ¢: K — K, which has a Denjoy-

Wolff type fixed point z, (on the algebra A(K) which has analytical structure) and [Cq[,]0 on the

algebras of convergent power series 5, of n variables z = (zy,...,z,), i.e., on the algebra
0,(D) — the C-algebra of germs of the function of A(K) at the point zero (for simplity — we
assume the point zero is a Denjoy-Wolff fixed point and we consider the case u =1). We
represent the maping ¢ : K — K in the form ¢(z) = Az + y(z), where A: C™ - C™" is a linear
mapping while [(z)| < Const |z|? forall z € K . It is clear that every eigennumber 4;(1 <i <
n) of A satisfies the condition |[A;| <1 . Let L,(T) be eigensubspaces of operator T
corresponding to eigennumber A.

Theorem 2.1. If a matrix of linear part A of ¢ at the z, = 0 is diagonalizable, then
eigennumbers of compact operator C, and [Cq,]0 are coinsides and for every nonzero

eigennumber u # 0, there is a biholmorphic isomorphism between eigensubspaces LH(Cq,) and

Lu([c0],)-

Proof. Since the matrix of A is diagonalizable, then by Poincare-Dulac’s theorem in a small
neighborhood of the fixed point by biholomophic changing coordinate system we can reduce the
mapping ¢ to polynomial normal form consisting of resonancing monoms (see [1]). We recall that
an eigenvalue A,(1 <k <n) of A is said a resonancing eigenvalue, if there exist nonnegative
integers  my, ..., m,,, such that Ym; =2 and A, = A7 A" ; in this case z™Me, =z, -
7,2 -z, ey is called resonancing monom corresponding to A, where e, is a basis vector. In
other words there exist the neighborhoods V,W < K of z, = 0 and the biholomorphism h:V —
W such that, the mapping ¢ is reducing to form as ¢, =h™1°(A+G)°h =h™1°p,°h on
the neighborhoods V (i.e., the mapping ¢ have a normal form as @, = A+ G on the algebras
of convergent power series 5, of n variables z = (z4, ...,2,)) :

oy =R (A+G)° h=h"°F,°h Fo=A+G,

where, G is a polynomial, which consisting only of resonancing monoms. Since |4;] <1 for
all 1 < i < n, so we can choose the neighborhoods V, W such that @,(W) c W.
Let f € A(K) be an eigenfunction of the operator
Cy + A(K) » A(K)
which corresponding to the eigennumber y, i.e., f((p(z)) = uf(z) forall z € K.
Since {@,}r=, uniformly convergence to zero as k — oo, so there exists a natural number
m such that ¢,,(K) c V; assume that, this number m is fixed. Put fo(w) = f(h"}(w)),w €
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W . Then we have
[Colofo(@) = fo(@ow) = f(h™(Fow)) = F(R " Fohh™ (@) == f (p(h™ (w)))
= uf(h™ () = ufo(@)

and this show that the germ f; is an eigenfunction of the operator [Co],: 5, = 2,
corresponding to eigennumber pu.

Conversely, let f, be a germ of holomorphic function on W, which is an eigenfunction of the
operator [C¢], corresponding to eigennumber

p0<lul <1, ie, fo(@o(®) = pufo(w), w eW.
Put f(z) = ”imfo(hfpm(z)), z € K. Since, for all z € K we have ¢,,(z) €V,s0 he,,(z) €

W, i.e., the function f(z) is well defined and it is clear that f € A(K). Moreover, for all z € K
we have:
1 1 1
(€)@ = £l0@) = 1o (M0 @) = 2 fo (ke (om(@)) == 5 fo (o™ 1(om(2)))

1ty (h(om ()
um

— o (P (R(9n@))) == - uf ()

Theorem 2.1 is proved.

In this section we will consider the generalization of endomorphisms on the uniform algebras
with analytical structure (also, generalization of composition operators), namely, the operators of
weighted compositions, i.e., the operators

T:A(K) » A(K) of the forms Tf(z)= u(z)(Cq,f)(z) =u@f(e@) (f € AK)),
where u € A(K) is a fixed function and ¢ : K — K is a fixed continuous self- mapping of, K
holomorphic on the intK (and certainly, we assume that the mapping ¢ : K — K has a Denjoy-
Wolff type fixed point). Analogously, by above mentioned agreement we will assume that zero is
a Denjoy-Wolff fixed point of ¢.

Theorem3.1. On the above mentioned conditions, between eigennumbers (and also,
corresponding eigenfunctions, i.e., eigensubspaces) of operators T andT,: 5, —» 5, thereisa
bijective relation.

Proof. Let v be an eigennumber of operator T :A(K)—> A(K) and f € A(K) is a
corresponding eigenfunction, i.e., we have Tf = vf,or for any z € K we have u(z)f(<p(z)) =
vf(z); Now, we consider the iteration: T?f = T(f) =vTf =v%f, or
T2f(z) = u(2)u(9(2))f (9. (2)) = vif(z) for any z € K. By the same way using the iteration,
we have that

n-1

fon(@)- ﬂu((pk(Z)) = (T"f)(2) =v"f(2)
k=0
Such that, the mapping ¢ has a Denjoy-Wolff type fixed point in the compact K, so, by
using this iteration we can show that, the sequence of functions
hoo u(QDk (Z))
convergent to some function U (when the index n tends to infinity), which belong to the uniform
algebra A(K). So, we can constructive a weighted type endomorphism (in generally, weighted
type composition operator) of algebras of convergent power series 2, of n variables z =
(24, ) Zy):
To: 2, 2,
with the weighted germ function of U. Further, analogously as Theorem 2.1 we can constructive a
bijective relation between eigennumbers (and also, corresponding eigenfunctions, i.e.,
eigensubspaces) of operators T and T, : 5, = 2, .
Theorem 3.1 is proved.
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XULASO
Dasqin Seyidov
Bu moqalads analitik strukturali miintazom cabrlordo Dencoy-Volf tipli tarpsnmoaz noqtaya
malik inikaslarin yaratdigi ¢okili endomorfizmlorin moxsusi odadlori vo onlara uygun moXsusi
altfozalan ilo, z = (24, ...,2,) N dayisenlorinin 5,  yigilan qiivvat siralari cobrlorinin uygun
endomorfizmlarinin - maxsusi adadlori vo onlara uygun moxsusi altfozalar1 arasinda olage todqig
olunmusdur .
PE3IOME
Jamrbin CeiiuoB

B 3710i1 cTarbe HccaenyeTcss COOTBETCTBUE MEXy COOCTBEHHBIMU YUCIAMU U COOTBETCTBY-
IOIIMMHA COOCTBEHHBIMH TOANPOCTPAHCTBAMU B3BEIICHHON €HIOMOP(PHU3MaMU WHIYIHPOBAHHBIMU
0TOOpaKEHUSIMU C HEMOJBM)KHBIMU TOUKaMu TUNa JleHbxoii-Bonbda Ha paBHOMEpHBIX anredpax ¢
AHAJIMTUYECKUMH CTPYKTYPAMH U COOCTBEHHBIMU YMCJIAMU M COOCTBEHHBIMH MOANPOCTPAHCTBAMU
COOTBETCTBYIOIIUX €HAOMOp(pU3MaMH aIredpoil CXOA[IIUX CTENEHHBIX pSAIOB 5, OT N —
HNEePeMEHHBIX Z = (Zq, ..., Zp) -

NDU-nun Elmi Surasimin 29 dekabr 2017-ci il tarixli gorart ilo ¢apa
tovsiyya olunmusdur. (Protokol Ne 04).

Mogaloni c¢apa toqdim etdi: Riyaziyyat iizro folsafo doktoru, dosent
Mahammad Namazov
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QEYRI-XOTTI ELLIPTIK-PARABOLIK TiP TONLIKLORIN HOLLORININ TODQIiQi
Acar sozlar: elliptik-parabolik, geyri-xatti,sarhad masalasi, hellin varligi, diffuziya prosesleri
Key words:elliptical-parabolic, nonlinear, boundary problem, exist of solutions, diffusion
reaction

KawueBble ciioBa: smiunmux0-napabonuyeckas, HeluHelinble, 2PAHUYHAS 3a0a4a, CYyuecmso-
8aHue peuteHus, npoyeccol ougpysuu

Biz miixtalif masalalara riyazi modellagsmonin totbiginds baxacagiq. Masalon kegirici miihitdo
elektrikla yiiklonmis fazanin siirtiinma diffuziya reaksiyasinin kegiriciliyi vo s. ikinci tortib elliptik-

parabolik tonliklorin sorhod mosalosini todgiq edecoyik.ilk dofo Keldis [1] vo Fikera [2]bu tip

masalalora baxmuslar. [3] -do ikinci tortib elliptik-parabolik tonliklor tigiin soarhod masalasi tadqiq
edilmisdir.

Tutaq ki, QQ R"-do mahdud ¢oxluqdur,
Q; =Qx(0,T). Birinci sarhad moasalasina nozar yetirak.

ou n. 9 o ou? n ou
— | a. (x,t,u)— | —w(x,t —+§ b, (X,t) =— +
[ i ( )8x.j w(X,t) "ERpa ( )axi

E B i‘jzlaxi i o (1)
+Zn:bi (x,t)§7“+c(x,t)u — 0, (t,x) € Q,

u(t, x) = f(t,xl) (6, X) eT =8Qx% (0,T) )
u(0,x) =h(x), xeQ 3

Q ¢oxlugunun 0Q sorhadi tiglin asagidaki hamarliq sortini gobul edok. Burada y, R, ixtiyari

ododlordir. {B(x,R)/Q} > #,R" sortini gobul edirik, 0 < R< R, vo B(y,R) morkozi x noqtosindo,
radiusu R olan sardir.

Q Tutaq Ki, (1)-(3) masalasinin omsali asagidaki sartlori 6dayir, Haij (X,t,u)H haqiqi simmetrik
matrisdir va ixtiyari (x,t) € Q; va & € R, iiciin asagidaki dogrudur

Ae < D, twes, <y’ @)

i,j=1

Burada y (0,1], a; (x,t,u) , c(x,t) ,b,(x, 1), a; (x,t,u), 1] =1,n , funksiyalar1

X,t-ya gora Olgiilo bilon funksiyalardir, hor bir (t, X) € QT . Homginin
c(x,t) <0 ,c(x,t) e L, () 5)
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I, (x,0)| € L,,,»(€2) , [b(x,1)|* + Kc(x,t) <0 (6)
Forz edok ki, asagidaki sortlor ¢akili funksiyalar {i¢iin dogrudur
w(X1) =a(X)- A(t)@(T —1) harada ki, Makenhaupt sorti
At) eC*[0,T], ¢[z]=0, ¢[z]=0, ¢[z]<C[0,T],
»(0)=9¢'(0)=0, p(2)=p-2-¢'(2) . (7)
burada ﬂ miisbat sabitdir. (1)-(3) masalasine nazar yetirak, hansi ki,

f(t,%) € L"(Qr) A L7 (0, T, WA () AL, (0,T,WA(€2)

% cLO,T,L ()@

h(x) € L. (€2) (9)
Biz Q; _de finit normali funksiyalar fozas: daxil edek

1/2
Wil oy = [[ Iw(x)[uz + > uf ]+ u? +y?(x,t)u? dedt}
v Qr i=1
.11 11

W2,l// (Q) fozasi Wz,y/ (Q) fozasinin alt fozasidir vo Cw(Q_T) -dan olan biitiin

funksiyalarin qgapanmasidir vo F(QT ) tizorinda sifira yaxinlasir.
Funksiyalar (1)-(3) mosalasinin halli adlanir, agor

][ ¢dxdt+_f[ St 8“ 2‘(‘ > b, (x, t)—gp+c(x t)u¢:|dxjdt+
0 i,j=1 i i,j=1 (10)

Ju

+L{ 2 (x, t)—Ed xdt =0

(10) barabarliyi ixtiyari @ € c” (QT ) funksiyalari iiciin I" -da 0-a yaxinlasan funksiyalar
7e(0,t),u—f(t,x)eL,(0,7, Wll Q)
va odanilir.

Teoreml.Tutaq ki, (4)-(9) sortlori 6danilir. Onda malum parametrlordon asili olan elo M;
sabit odadi var ki, (1)-(3) masalasinin hallari

ess £[{Al(u(t, X)) +A2(u(t,x))}dx+éfTa)(x)é;—l: dxdt +

te(0,T)

(11)

2
+ x| 2 dxdt < M,
J at

sortini 6doyir.
T T

A, (U) = J’sa)(s)ds, A, (U) =Isw(s)ds :
0 [0}

Teorem?2.Tutaq ki, Teorem 1-in sortlori 6donilir. Onda molum parametrlordon asili olan elo
M sabiti var ki, (1)-(3) masalasinin halli asagidaki barabarsizliyi 6dayir.

Jl=ta

ou
‘ +W(X,t)5

2
}dxdt <M, (12)

Lemmal. Forz edok ki, Teorem1-in sortlori 6danilir vo asagidaki barabarsizlik

30



q <
tgg% ut(t, X)dx < K; (13)

do grudur.

2n n
ge ( N2’ 2 K1 yalniz malum parametrlordon asilidir.Onda

te(0,T)

b p—2 8u(t X)
ess {j|u(t x)| dx+j|u(t X)| .

dx} <K, (14)
(15) barabarliyi ils tayin olunan rogemlori 6ziinds saxlayir

IO——(IO— )—(15)
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ABSTRACT

Konul Mammadova, Gunel Hasanova, Mehriban Karimova

The study of differently problem the reducing to elliptico-parabolic equations. This kind of

problem the firstly studing ty Keldis [1], Fikere [2]. He is finding correctly statements problem. In

paper [3] investigated the boundry-value problem for second order elliptic-parabolic equations. On

based this estimates qualitative property of solutions is studied.We proof that solution of boundary

problem is bounded and investigated Holder property of solutions.For this is apriori estimates for
solutions is obtained .

PE3IOME

Kenynabs MamenoBa, I'ynen I'acanoBa, Mexpu6an Kepumona

W3yuenne paznuuHBIX 3aJad MPUBOJAT K SJUIMNTUKO-TIapabonndeckuM ypaBHeHUsM. Takue
3amaun BrepBble n3ydeHsl Kenapimem (1), ®@uxepoit (2). OHM HAILIM NPaBUIBHYIO MOCTAHOBKY
3agaun. B pabore (3) u3ydyeHbl rpaHUYHBIC 337a4Ydl JUIS AJUTUITHKO-TIApa0OINYecKuX ypaBHEHUN
BTOPOTO MOpPsJIKA.

Ha ocHOBaHME OLEHOK pEeUICHWM HadalbHO-KPAeBOW 3aJaud H3Y4YEHbl KadeCTBEHHBIE
CBOMCTBa pemeHni./lokazaHa OrpaHUYEHHOCTh PEIICHUM IEpBOM KpaeBOM 3aladyd B HEKOTOPOU
LWINHAPUYECKON 006J1aCTH U MPUHAAIEKHOCTh PELIEHUH K HEKOTOpoMy I elib/iepoBCKOMY Kilaccy .
[Tonmy4ens! anpuopHbIe OLIEHKH JUIsl PEIIEHUN 3a/1a4H.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar: ilo gapa tovsiyya
olunmusdur (Protokol Ne 04).
Moqaloni gapa teqdim etdi: Riyaziyyat iizra falsafa doktoru, dosent Mahammad Namazov
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YDK 517.9/539.3
BAPUAIIMOHHOE HEPABEHCTBO JAJiIs1 CUCTEM
OIIEPATOPOB KUPXI'O®A

Acar sozlar: Kirxof tanliyi, birtorofli masala, Qalyorkin metodu, requlyarizasiya tisulu,
Carima tisulu, hiperbolik tonliklor sistemi.

KuaroueBble cioBa: Vpasuenus Kupxeogha, oonocmoponnue 3aoauu, memoo I anepkuna
MemoO KOMNAKMHOCMU, Memoo pe2yaapu3ayuu, Memoo wmpaga, cucmema 2unepooiudecKux
Hepagencme

S. Beenenue. Kpasunmneiinbi oneparop Kupxroda
L(u) = u, + (-D*a( [[vu dau - £ (t,x)
Rﬂ

BO3ZHHKAIOT MPU PEIICHUH PA3JIMYHBIX 33/1a4 CBSI3aHHBIE TEOPUM YIPYrocTu, rae x e, t>0,a

Q c R" orpannuennas 06acTh ¢ TJIAJKON rpanunei 1 .
a() u f() 3amaHHBIC QYHKIMH UMEIONINE HEKOTOPOW TIAAKOCTH U

a(¢)=za,>0,¢eR

K uccnenoanuto ypasHenus Kupxroda Obuio Hayato emie ¢ pabotr bephiureiina [1]. B
pabore C.M.IToxoxaesa [2] uccienoBaHO pa3pelIMMOCTh B IIEJIOM CMCIIAHHAS 3aJa4yd JUIs
ypaBHeHus Kupxroda ¢ aHaTUTHYECKH MPOJIOIDKAEMBIX HaYallbHBIX JAaHHBIX. B manpHeiiem
UCCIICIOBaHUE B ATOM 00JIACTH MPOIOKAUCH B Pa3IMYHbIX acrekrax(cM.Hamnpumep [3,8]). B
KJ1acce GyHKIMN UMEIOIe KOHEUHOW TJaJKOCTH JlaHHas MpoOjeMa OCTaeTcs OTKPBITBHIM.

B paborax [7] u [8] ObLIO HCCIENOBaHO OAHOCTOPOHHHE 337a4d € HEKOTOPBIMH

OTpaHUYEHHUSIMH.
B nanmoit pabore WCCIEAyeTcs OJHOCTOPOHHSSI —3ajaya JUls CHCTEM  OINEpaTopoB
Kupxrodga.
S. MocTanoBKAa 3a7a4u M OCHOBHOI pe3yabTaT. [Tyct Q < R" Q c R" orpannyennas
o6nacts ¢ riuaakoi rpanuneit I . Cxansproe npoussenenue B L, (Q) o6o3naunm qepes<-,->, a

HOpMY 4epes |||| BBenem crenyronme MHOXECTBA!

K, = {u eW,, HVru‘Sl} , e

W2

{u eW, (Q), Au(x)=0,20e | :O,l,---,;, eciu I yemno,

| = 0,1,---,r2_1, ecmu I — Hellel’l’IHO}

B obnactu Q=(0,T)xQ paccmarpuBaercs 3amada Kommum nms cucteM BapHallMOHHBIX
HEPaBEHCTB

<L1(ul,u2), Z _ult>(t) 20,2, e Ky
<L2(U1,U2), Z, _u2t>(t) 20,2, ¢ KR2 ’
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1)

C HadYaJlbHbIMU YCJIOBHUAMU

L) =00 U 0X)=y;(9, X9, @
1,00 = 9,00, U (0 =y,(0), X<,
rac

2
)

2
A=, YA, — f(t, X),

Ii
L (u1’ uz) = Uy + (-1 ai(
R = max{ril’ r'iz} , =12,
bynem uckarp perienue 3amaun (1),(2) mpuHamiexaniuii mpoCTPaHCTBY
Hy =H; (Kg, Kg,), T
H (Kgy K )= )1 4,0 e LOTWE), u,()eL, 0T:WS),
U, ) eLOT; L),  ut)eK,, ne, i=12}
[TpearnoaoXuM, 4TO BBIMOJHEHBI CICIYIONIME YCIOBHUS
8 ()eC'(RY) & (&m) 28, >0
R <L.i=12
f.()eLOT:W3), f,()eLOT;L(Q),i=12
PO EW:', y()eKy AW2 i=12
B pabote mosydeHo cieayroiias OCHOBHas Teopema:
Teopema 1. Tlpennonoxum, 4to BeInoNHeHb! ycioBus 1-4. Tornma 3amada (1), (2) umeer
CMHCTBEHHOE pewenne (U;,u,) € Hy (Kg, Ky ).
ChHauasia OyseM HCCIEIOBAaTh COOTBETCTBYIOIIYIO PEryJSIPU30BaHYIO 3a/1ady.
3.Perysisipu3oBaHHasi BapHALMOHHAsI HePaBEHCTBA.

UYepes Kr,.» 0003HaYUM CIEAYIONIYI0 MHOXECTBY:

V hi ul

M w e

Kano=fvivew?,  [vhjzifij=lasop  i=t2

BriGepem mHOxecTBO PyHKUIMH W, (1) € ?Ri,m takux, yro npu A —0

v, v, & WiQ)i=12. 3)
Hepes H; (K, Ky ) 0603HaunM crreayromyro (pyHKIHOHAIHOE MPOCTPAHCTBO:
o7 2li —;
Hr (Kg 10 K, 1,0) = {(uruz) Fu () el (0 T;W2')u, () e L (0,T;W2),
Uy € L, (0. T; L, (), uy(t,) € Ky, n6.t € (0,T),i =1,2].

PaCCMOTpI/IM 3agada Komm AJId CUCTEM PCryJIIPU30BaHHBIX BAPUALIMOHHBIX HCPABCHCTB!

<Li (u,,u,),z —u1t> 20,2, eKg,,, te(0T) nes 4
U (0,X) =9, (X), U (0,X)=y;,(x), xeQ i=12.
Teopema 2. T1peanonoxuM, 4To BBITIONHEHB! ycinoBus 1-4. Torna 3amava (4) umeer
eAMHCTBeHHOE perueHue (U,U,) € Hy (K, , Ky \ 3).
Jloka3zatenbcTBO. st Toro 4roObl pemut 3amady (4) cHavajia pemiM COOTBETCTBYIOIIYIO

JIMHEApH30BaHHYIO 3ajJady.
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Ecmma (v;,V,) e Hy (Kg, ,,Kg,, ;) Tonerko samerur,uro
3 (=2 ( vy, ) eCo.T]
PaccmorpuM crenyromyro 3axaqy:

(U + (D" & @AY, + f,(t, %),z —u, ) 20,ve Ky,
U;(0,X) =, (X), U (0,X) =y, (x), xeQ

Onpenenum HenMHEHHBIN omeparop S (.) ciemyrommMm oOpa3oMm

Bi(v) =V~ ((1—‘VR‘V‘2)_VR‘VJ+A" [% _‘A'ivrj_Aliv

veu[ o)

()

!
o o o o —2l; —2l;
f.(.) -MOHOTOHHBII ceMHUHEIIPEPBIBHBII oneparop aeicTByrommii u13 W: B (\/\/ 2 ) .

Ucnone3ys meron [anepkuHa MoOXeM [o0Ka3aTh, uTo IpH Jdo0bix A >0, £ >0 3agaua
~ 1
I I —
Ui + (_1) a; (t)A U; + fi (t’ X) + ;:Bi,/l (uit) =0

U; (0,%) = (x), Uy (0,X) =p;,(x), xeQ

MMEET €IMHCTBEHHOE penieHue U; € O, tae u; =u; ,  (t,X)

= {v:vE L (0,T:W2').v, eL (0,T:W3), vel, (0,T; LQ(Q)}.
[Janee craHIapTHBIM METOJOM IIOJIYYUM alpPUOPHBIE OLEHKH , IEPEXOJUM K Ipeeiry
npu & —0 v nmonydnm, uTo mpenensHas QyHKIMS

U ex, = {v:v eL, (0T;W3),v, €L (0,T;W3), v, €L (0,T;L,(Q),V,(t.) e KRiM} (6)

ABJIAETCS peuieHreM 3ajaaud (5).
Ha ocHOBaHMM BBIIIEN3I0)KEHHBIX MBI MOKEM IMOCTPOUT TaKyl0 IOCIEI0BATEIbHOCTD

{(ul("),(ug"’)}e H: (K Ke)s N=12,..., uto (u{™, (u{”) sBnseTCH pemreHmeM cremyromeit

3agaquu

(U + (-1 a

veu PO [veug ) + 60, 2 -ul) 20, 7 <Ky,
U0, =0, uO0.x)=y,(x), xeQ (")

ui(O) (t,X) =@, (X) +ty;,(X)

Ha ocHOBaHMM Hamero MmoCTPOCHHUH MOCIEJOBATEIHOCTU {(ul(”),uén)) }I/IMGGT MECTO
CIIEAYIOIINE ANPHOPHBIE OLIEHKU

[VeuP <2 ®)
Jtu @) < ©
U3 (8),(9) cnenyer, uto
[VRu ) <c, (10)
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A, )] < C(2) (11)

rae C>0- koncranta He 3aBucamumii or A >0 u n,a C(1)>0 ne 3aBucur ot n.
Yepes D; 0003HauMM pasHOCTHBIN omeparop , T.€.
1
D(sh(t)=—[h(t+5)—h(t)]

B pasencrse (7) BMecte z; monokum z, =u"(t+5,-).Torna B ciyyae 6 >0 umeem
HEPaBEHCTBY

(U (t,)+ (-1 & (v

)

A ) INTRI (B S

+ f,(t, x), —[u(”)(t+5 D) - u(”)(t,.)]>20, te(0, T -0),

a B caydae 0 <0 umeem

(U (t,)+ (-1 & V™

o)

vEul|? @) A (t.) +

+fi(t,x),g[ui‘”)(t+5) u‘”)(t,.)]>so, te(-5,T).

ITepexons k npeneny npu 0 — 0 u3 5TUX HEPABEHCTB IOJIydYHMM, YTO
< uP )+ (D4 a (Ve P, VR P ) ) + i x).uP )] =0, te©T).
HWcnonsyst HepaBenctBo ['ennepa u ampuopsbie oueHkH (8)-(11) momyynM HepaBeHCTBY
|uip )] < cau™ ) (12)

rie C>0 ne 3aBucut ornuor A>0.
BBuny anpuopnoii onenku (11) uz (12) umeem

Juf @) <c) (13)

Beuny (8)-(13) u3 mocienoBaTeabHOCTH {(ul(”),uén)) } MOXHO BBIIENHTH TaKyro

IIOJIIOCIIEA0BATEILHOCTh {ul(”k) , ug"k ) ) }, 4qTo

u™ —u., * — cl1abo B LOO(O,T;V_Vgli)f (14)
u™ —u, , *—cmabo B L, (0.T;W>"), (15)
WP Uy, om0 » LOTILO). o
U3 (8) —(9) crmemyer, uToO
‘ i (0)] <1, (17)
_ 1
HAH u, (t)H < s (18)
A ()] <c(2) °

B pasenctse (7) BMecte Zz; monokum z, =u"?. Torma umeem
2
iy (12
(g + (D' a veu [
Jlanee B Hepasenctse (7) 3amensem N Ha N-1 u momoskum z, =ul™ . Torna nmeem
) Vi (2
(g + (a2 v

O6osznavas W™ =ul" — ui(t”_l) u3 (20), (21) momy4um, 4to

VAT 1)” )A u(n) u(n -1) _ (n)>(t) >0 (20)
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XULASO
Kirxof operatorlar sistemi iiciin variasiya barabarsizliyi

Isdo bir sinif geyri lokal geyri xattili Kirxof operatorlar {iciin variasiya baraborsizliklor

sistemi arasdirilir. Kompaktliq, requlyarizasiya vo carima operatoru metodlarinin kombinasiyasin-
dan istifado edib uygun Kosi masalasi hall edilmisdir.

ABSTRACT
Variational inequality for systems Kirchhof operators

In this paper we study systems of variation inequalities for a class of Kirchhoff operators with

nonlocal nonlinearities. Using the combined methods of compactness, regularization, and penalty,
the solvability theorem corresponding to the Cauchy problem is proved.
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EYLERIN QRAFLAR NOZORIYYOSINO AID ISLORININ
OYLONCOLI MOSOLOLORIN HOLLINO TOTBIQI

Agar sozlar: Qraf, til, unikursal fiqur, marsrut, miistovi graf, Eyler dovrii, saboka

Key words: Graphic, language, unicorn figure, route, plane graph, Eyler cycle, network

KuroueBble ciioBa: epaguueckuil, a3vik, ueypa eourHopoza, mapupym, nioCKull epagux,
yukn Junepa, cemo.

Qraflar nazoriyyassi riyaziyyatin miistaqil sahosi kimi 1930-cu illorin ortalarindan inkisaf
etmoys baslamisdir. Lakin holo 1679-cu ildo gérkomli alman riyaziyyatcist Qotfrid Vilhelm Leybins
(1646-1716) Hollandiya alimi Kristian Hyiigensa (1629-1695) yazdigi moktublarin birinda
gostarirdi. Giiman etmok olar ki, riyaziyyatin komiyyatlora mosgul olan bélmasindan basqa yeni bir
bolmasi do olmalidir. Leybinsa gora bu bélma voziyyat handasasi adlandirilan fannin mosalalarinin
todqgiqi ilo masgul olanidir. Voaziyyat hondasasi adlandirilan fannin ilk masalalarindan biri Leonid
Eyler (1707-1783) torofindon goxiizliiniin uygun olaraq topalari tillari vo iizlorinin say1 arasinda
yaradilan

op-ortop=1 (@)
miinasibat olmusdur. Bu miinasibat onunla mohduddur ki,o heg bir goxiizliiniin tillarinin uzunlugu,
bucaqlarimin giymati ilo alagodar deyil. Coxiizliiniin bu xassasi onlarin metrikasindan asili deyil.

Giiman edildiyina gora riyaziyyatin bolmalarindon biri olan graflar nozariyyasi L.Eylerin
Konigsberq (indiki Kaleninqrad) soharinds 7 korpii hagqinda moshur mithakimasi ilo baghdir.
Vaxtilo Peterburg Elmlor Akademiyasimin doavati ilo Rusiyaya golmis, bu sohordo yasamis vo 7
korpii hagqinda masalani hall etmisdir.

Bu goharin parkin1 Preken gayi ikisi sahillords ikisi iso ada soklinds olmaq sortilo 4 dord
hissaya boliir. Adalar1 va sahillari bir-birilo 7 korpii birlosdirir. (sokil 1 a)

1. b)

Sakil 1

Sohar ohalisinin on sevimli oyloncalorindon biri elo masrutun tapilmasina can atmaq
olmusdur ki, o korpiilorin hamisini, harasindon bir dofo kegmoklo harokatini baslangicda ¢ixilan
sahodo qurtarsin.

Moasalani hall etmak tigiinon alverigli varianti golom vo kagiz gotiiriib har iki sahili vo adalari
uygun olaraq A,B, C, D, noqtalori ilo onlart birlosdiron korpiilori iSa bu noqtalari birlosdiron
xattlorlo tosvir etmokdir. Naticodo masalonin miistovi {izorindos tasvirini aliriq. (sokil 1 b)

Ogor bu sokilo diggetle baxsaq A, B, C, D noqtalori goharlor bu ndqtalori birlagdiran til
adlanan xattlor isa sohorlorarast domiryollarinin tasviri kimi vo yaxud A B C noqtalorine montogolor
D noqtasineg baza, tillors iss onlar arasinda yollarin tasviri Kimi va s. baxa bilarik.

Qraflar nozariyyssino gotirilon gadim bir masaloys do baxag: Ug evin hor birindon ii¢ su
quyusunun har {i¢iing biri digerini kasmayan yollar ¢cokmak olarmi?

Ogor qolom vo kagiz olo alib bu masolonin hoalli ilo mosgul olsag, onda c¢ox ¢okmoz ki,
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miivofoqiyyetsizliys rastlayariq. ©gor mosolonin hallinin miimkiin olmadigini forz etsok, onda daha
¢otin problomlar ilo rastlasariq, ¢iinku evdon su quyusuna yolu miistovi iizorindo tosvir etsok, onda
gorarik ki xottlori kifayoat qodor ¢oxlu yollarla ¢okmok olar. Dogurdan da ola bilsin ki, xattlor bir
ne¢o ilgok cizdigdan sonra mogsado ¢atmaq olar. Bu mosalodo artiq tofsilati atsaq onun sortini
asagidaki kimi yaza bilorik:

Hor biri ii¢ noqtodon ibarst olan iki ¢oxluq verilmisdir. Bu ¢oxluglardan birinin hor bir
noqtasini o birinin noqtasi ilo birlosdiran elo xattlor cokmok olar ki, onlar kosigsmasinlor.(sokil 2)

A B C
X Y Z.
Sokil 2

Qeyd edok ki, riyaziyyatin bu vo ya digor bolmosi ilo mosgul olan bolmosi qraflar
nazariyyasi adlanir.

Baxdigimiz bu iki mosolodon aydin olur ki, qraflar nozoriyyesindo miistovi {izorindo
noqtolorls tosvir etdiyimiz iki obyekti birlosdiran vo grafin tillori adlanan xottlorin diiz xott parcasi
kosilmoaz ayri xatt qovslori, bu xatlorin uzun va ya qisa olmast he¢ bir ohomiyyato malik deyildir.
Burada on miihiim cohat homin xatlorin verilon iki ndqtoni birlogdirib-birlosdirilmomasindadir.
Torif: Ogor grafi elo ¢okmok miimkiinss ki, istonilon iki tilin ucunun topadon basqga heg bir ortaq
noqtasi olmasin, bels qraf miistovi qraf adlanir. Baglangici va sonu iist-listo diison yol dovr adlanir.
Sokil 3 a — da tasvir edilon graf 5 izlidir. (A1, A4, A6, A2), (A2, A4, A6, A2), (A3, Al, A6, A3),
(A3, A5, A, A3), (A2, A5, A6, A2).

Qeyd edok ki, iki graf o zaman eyni olur ki, 1) topalorin say1 eyni olsun. 2) millorin say1
eyni olsun. 3) uygun topslorin tortibi eyni olsun.

A
A
N ﬁ‘fh Q/]
A, A, B
2. b)
Sokil 3
Ogor yol grafin biitlin topslorindon kegirso belo yol Eyler yolu adlanir. Qrafin biitiin
topolorindon kegon dovr Eyler dovrii. Belo graf iso Eyler grafi adlanir.
Yuxarida geyd etdiyimiz kimi qraflarin topoloji xassalorindon biri Eyler diituru ils baglidir.
Qeyd edok ki.“ ii¢ ev vo {li¢c su quyusu” masalasinin hallinds onu tosvir edon qrafin miistovi gqraf
olub-olmamasindan asilidir.Qrafin istonikon iki topasini goétiirok. Baslangici bu topalordon birindo
sonu 189 o birindo olmagq sorti ilo hor sonra golan tili 6ziindon avvalkinin sonundan baslayan tillor
arasinda marsrut adlanir.9gor qrafin istonilon iki topaesini birlogsdiron marsrut vardirsa, belo gqrafa
rabitoli qraf deyilir. Sokil 3 b-do istonilon A vo B topalori segok. Goriindiiyli kimi onlar arasinda
marsrut vardir.
Stibhasiz rabitali. Sonlu miistavi qraflar miistavini sonlu sayda oblastlara (qrafin tizlorino)
bolacokdir.

Sokil 4
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Sokil 4-do tosvir olunmus qrafin 10-topasi.15-tili.6-lizii vardir. Qrafin mistovini boldiiyii sonlu
sayda oblastlara qrafin xaricindo qalan oblasti da qatsaq onda qrafin {izlorinin say1 6 deyil 7
olacaqdir.

Gorkomli riyaziyyatc1 L.Eyler 1752-ci ilda har bir ¢oxiizliinii bu ¢oxiizliiniin topslorinin say1
o, tillorinin say1 — o1 vo sonsuz iiz do daxil olmagla iizlorinin say1 a, oldugda genis totbiqo malik
olan ap— oy + ap =2 (1) diisturunun dogrulugunu isbat etmisdir.

Ogor bu diistur sokil 4 — do tosvir edilmis qrafa totbiq etsok ag= 10, a3 = 15, ap = 7 olur =>
10-15+7=2 aliriq. Bu diistur biitiin rabitali, sonlu vo miistovi graflar {i¢iin dogrudur.

Ogor grafin iizlorinin saymi onun xaricindo qalan iizii (oblast1) yeni bir {iz kimi alavo etsok,
onda Eyler diisturu asagidaki kimi olar:
op-oqgtap=1 (2)

Qeyd edak ki, sonlu, rabitoli miistovi qraflarin (2) — Eyler diisturu ilo xarakterizo edilon
xassasi qrafin hor hansi tilini sildikdo do 6denilir. Ciinki qrafda hor hansi bir tilin silinmosiylo ya
iizlorin say1, ya da topalorin say1 bir vahid azalir, odur ki, (2) — barabarliyinin sol torofi doyismir.

Dogurdan da,
ap—(ap-1)+(ap-1) = op—ou+t1l+top+og op-1=0pg— oy + ap
yaxud
ap-1-(og -1)+ 0= 0p-1- 01 + 1+ =g — o1 + 0y

Sokil 5 a) —da tosvir edilmis qgraf {igiin (2) — diisturunun dogrulugu vo yuxaridaki qeydi
asanligla yoxlamaq olar.

Q@ 0Q,

Sokil 5
Burada =12, 0:=19, 0 =9,
12-20+9 =1

Tillordon birini silsok (sokil 5 b)
Qo= 12, 1= 19, O — 8

12-9+8 =11
Yenidon bir til silsok (sokil 5¢) ap=12, y=18, 00 = 7
12-8+7=1

Daha bir til silsak topalarin say1 bir vahid azalir. (sokil 5 d)
Op = 11,(11: 17(12:7
11-17+7=1
Prosesi sonuncu topa qalanadok davam etdirsok, nohayot
0w=1,00=0,0,=0
og— oy + ax=1-0+0 =1 olur.
Demaoli Eyler diisturu graflarin topoloji xassasini xarakteriza edir.
Artiq ii¢c ev vo li¢ quyu suyu masalasini hall etmok tliglin kifaystdir ki, sokil 3-do tosvir edilmis
grafin miistovi qraf olmadigin1 gdstorak.
Sokil 2-ds tosvir edilmis qraf rabitoli vo sonlu graflar {i¢iin Eyler diisturuna goro oo — oz +
o2 = 2 miinasibati olmalidir.
Askardir ki, bu grafda topalori say1 oo = 6, tillori sayi,ap = 9, tizlori say1 o = 2-6+9 = 5
olmalidir.
Goriildiyt kimi sokil 2-do uzunlugu 3 olan sads dovr yoxdur, ¢iinki {izlorin sorhadi 4 tildon
az deyil.
Indi tillorin iki qat qiymating, yoni 2a; - o baxaq. Digor torafdon hor bir til iki iiziin sorhadi
oldugundan biz sonsuz iizii do nazars alsaq, onda 4 o, tillorin ikiqat sayindan bdyiik ola bilmez.
Basqa s6zlo 40, <20 .
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Lakin baxilan halda 20y = 18, 402 =20 oldugundan 20<18 aliriq. Bu ziddiyat gdstorir ki, {i¢
ev va li¢ su quyusu masalasinin gokil 2-da tasvir edilmis qrafi miistavi qraf deyil. Demali masalonin
halli yoxdur.

7 korpti mosolosini hall etmozdon ovval asagidaki mosoloys baxaq: Qolomi kagizdan
ayirmadan vo har bir xattin tizori ilo ikinci dofo kegmodon sokil 6-da tosvir edilmis qraflari gokmok
olarmi?

[k baxisda sokil 6-da verilmis qraflarin har hansi bir topasindon baslayaraq har bir tilin {izori
ilo bir dofodon artiq getmomok sorti ilo biitlin topolordon kegorok baslangic topoys golmoyin
(dovriin) olub — olmadigini tapmaq ¢ox ¢atin goriiliir. Lakin baxilan masaloys graflar nozariyyasinin
totbiqi mosalonin hollini elo asanlasdirir ki, bu maraqli vo oyloncoli mosoloni usaq baggasinda vo
ibtidai siniflordo usaqglara toklif etmok olar.

a) b)
<) d)
Sakil 6

L.Eyler gostormisdir ki, agor qrafin biitiin topalori ciit tortiblidirsa, yoni bu topalor yerloson
tillorin say1 ciitdiirso, onda qrafda istonilon bir topadon baslayaraq hor bir tilin {izori ilo bir dofo
kegmok sorti ilo biitlin topalordon kegib baslangic noqtoys golmok miimkiindiir. Sokil 6-do tosvir
edilmis fiqurdan b) va ¢) bandlorinds tosvir edilmis fiqurlar1 yuxarida gostorilon gayda ilo ¢okmok
miimkiindiir, ¢iinki bu fiqurlarda qrafin biitlin topalori ciit tortiblidir. Qeyd edok ki, belo fiqurlara
unikursal fiqurlar deyilir.

Sokil 6-da a) vo d) bondlorinds tasvir edilmis fiqurlarin qrafinda topalordon bazi ciit, bozisi
19 tok tortibli oldugundan bu fiqurlar1 golomi kagizdan ayirmadan hor tilin iizori ilo ¢okmok
miimkiin deyil.

Artiq 7 korpli masolosini asanliqla hall edo bilarik. Sokil 1 b-do tosvir edilmis fiqur unikursal
fiqur olmadigindan masalonin halli yoxdur. Ciinki qgrafin topslori ciit tortibli deyil. Qeyd edak ki,
Eyler graflar nozoriyyasino aid islorinin qraflar nozoriyyssinin inkisafinda vo graflarin praktiki
masalalarinin halling totbiginde mithiim shamiyyati olmusdur.
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PE3IOME
M.Pagxa6oB
IIpumeHeHnne TeOpUH TeOPHH IPaoOB K pPeLICHUI0
pa3BjieKaTeJIbHBIX BOIIPOCOB

Teopust rpadoB Hawanma pa3BuBaThCs ¢ cepeauHbl 1930-X TogoB Kak caMOCTOSATENbHas
00acTh MaTEMaTHKHU.

B mmuceme k romnanackoMy ydeHoMmy Xpuctuany [toiirency B 1679 rony M3BECTHBIM
Hemenkuid marematuk [. B. JleliOHuC moka3piBaeT, YTO MOMHMO MaTE€MaTHYECKOTO pPa3eIICHHS
BEJIMYMH JJOJDKEH ObITh HOBBIM pa3zer.
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Cormacno  JleliOHuile, 9STOT pas3nen  JOJDKEH  KacaThCsd TEOMETPUU  OO0BEKTa
(nonosxxenus1).OAMH U3 MEPBBIX BOIPOCOB COCTOSIHUS T€OMETpUU ObLI co3naH JleoHnnom Dinepom
(1707-1783) B 1752 roay MKy 4HCIOM XOJIMOB, CKall U rpaneii a0-ol + a2 =2 ObuI ciTydaii.

DTO OTHOIIIEHHE XOPOIIO U3BECTHO EMY, YTO OH HE CBSI3aH C BEIMYMHOU MPOJOIBHBIX YTIIOB
JIF000r0 BUJIA.

B 3100l craThe paccMaTpuBaeTCs MpUMEHEHHE Teopuu Diliepa TEOpHH Teopuu TpadoB K
PELIEHUIO Pa3BIIEKATENIbHBIX BOIIPOCOB.

ABSTRACT
M.Rajabov
The application of the theory of graph theory to the
solution of entertainment questions

Application of the work about graph theory by L.Eyler to the solution of entertaining
queries.

The Theory of graphs began to develop from the midst of 1930s as an independent field of
mathematics.

In one of the letters to the Dutch scientist Christian Huygens in 1679, the prominent German
mathematician G.W. Leibniz shows that it is possible to suppose that mathematics should have a
new section except the field dealing with quantities.

As to Leibniz, this field must study the research of the subject queries called positional
geometry.

One of the first queries of positional geometry was formula oo- az+ 0p,=2 by Leonid
Eyler(1707-1783) wich was created among the tops edges and the facets of the multifaced.

This formula is famous with that this is not related to the length of the edges of the multi-
faced, the value of the angles.In this study, application of the work about graph theory by L.Eyler to
the solution of entertaining queries was reviewed.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar: ilo ¢apa tovsiyys olunmusdur
(Protokol Ne 04).
Magalani ¢apa toqdim etdi: Riyaziyyat iizra falsafa doktoru, dosent Mahammad Namazov
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DALGA TONLiYi UCUN QARISIQ SORTLI SORHOD MOSOLOSININ OPTIMAL
IDARDETMO® MOSOLOSINO GOTIRILMBSI VO ONUN TODQIQI

Acgar sozlar: dalga tonliyi, sarhad masalasi, optimal idaraedici, optimalliq sarti

Key words: wave equation, boundary problem, optimal control, optimum condition

KaroueBble cjioBa: sonnosoe YpasHeRUe, CpaHuvdHas 3a0aqa, onmumajlbHoe ynpdaeJjeHue,
onmumailbHoe COCmosHue

Miiasir totbiqi riyaziyyatin an intensiv inkisaf edon bolmalarindan biri do tors masalalor vo
korrekt olmayan masalalor nozariyyasidir. Buna sobob fizikada, geofizikada, seysmologiyada,
astronomiyada, tibbds, biologiyada va s. sahalords ¢oxlu sayda belo masalalorin meydana galmo-
sidir [1,2,3]. Giiclii kompyuterlarin meydana galmasi isa tors va korrekt olmayan mosalalarin tatbig
saholorinin daha da genislonmasino sobab olmusdur. Belo masalalori holl etmok iigiin miixtalif
tisullar yaranmigdir. Bunlardan biri do baxilan tors vo ya korrekt olmayan masalalorin optimal idaro-
etma masalalarina goatirilmasi vo onlarin dyranilmasidir. Parabolik tonliklarla tosvir olunan korrekt
olmayan masalalorin optimal idaroetmo mosalalorina gatirilmasina [4] isindon baslanilmisdir.
Hiperbolik tonliklor tiglin bels {isul nisbaton son dovrlards totbig olunur.

Togqdim olunan igdo ikidlgiilii dalga tonliyi tiglin qarisiq sartlori olan sarhad mosalasi optimal
idaroetmoa masalasina gatirilmis vo alinan masalonin tisullarinin kémayils tadqiq olunmusdur.

Masalanin qoyulusu.

Forz edok ki, proses Q = Q2 x (0, T ) oblastinda

o°u  o%u o4

= + y X ,X ’t , 1
ot? 8X12 8X22 (1 2 )EQ (1)
u‘t:o ZUO(Xl’XZ)’ u‘t:T =U1(X1,X2), (Xl,XZ)GQ, )

ou ou
—| =—] =0, (x,,t)e(0,l 0,T), 3
aXl ¥ =0 8Xl x1=h (XZ )E( Z)X( ) ( )

ou ou
— = =0, (x,,t)e(0,l o,T 4
0%y |, o O,y (x,t)€(0,1,)x(0,T) (4)

sorhad masalasi ilo tosvir olunur, burada Q=(O, |l)><(0,|2) -diizbucaqhdur, 1, >0, |, >0,

T > 0-verilmis odadlor, U, €W21(Q), u, eWzl(Q) -verilmis funksiyalardir. Molumdur ki, (1)-(4)
moasalasi korrekt olmayan mosaladir [3].
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(2) sortlorindon ikincisini u =X, X, ), (X, X, ) € Q sarti ilo ovoz edok. Onda (1)-

t=0
(4) mosalasing, korrekt olan
o’u  d’u
— + , X ,X ’t , 5
o ol o (%.,%,,t)eQ 5)
ou
u‘t:o ZUO(Xl’X2)1 ot :‘9()(1’)(2)’ (Xl’XZ)EQ’ (6)
t=0
ou| ou|
= =0, (x,,t)e(0,1,)x(0,T), 7
8x1\xl=0 OX, - (x,,t)(0,1,)x(0,T) (7
oul  au
= =0, (x,,t)e(0,l 0,T 8
A (4,)e(O.1)=(0T) (8)

baglangic-sorhod masalasinae tors masslo kimi baxmaq olar. (5)-(8) diiz moasalosinds verilmis
S(Xl,xz)e L, (Q) funksiyas1 tiglin u(Xl,Xz,t)funksiyasml tapmaq tolob olunur. Indi tutaq ki,
S(Xl, Xz) funksiyas1 malum deyil.

Forz edak ki, (5)-(8) diiz masalasinin halli ti¢iin alava

u(xl’XZ’T):ul(Xl’XZ)’ (Xl’xz)EQ (©)

informasiyast malumdur.

Toars masalo (5)-(9) miinasibatlorindon verilmis uo(xl, Xz) Vo U, (Xl, X2) funksiyalar1 ii¢lin
u(xl, X, ,t) funksiyasi ilo yanasi B(Xl, X2) funksiyasin1 da tapmaqdan ibaratdir. Baxilan masaloni
optimal idaroetma mosslasina gotirok: elo 19(X1, X2)€ L, (Q) funksiyasi tapmali ki, o (5)-(8)
masalasinin halli ilo birlikda

Jo ('9) = %J.[U (X1’ Xpo T, ‘9) —U (X1’ X, )]2 dx,dx, (10)
O

funksionalina minimum qiymat versin, burada u(Xl,Xz,t;S)- (5)-(8) masalasinin S(Xl,xz)
funksiyasina uygun hallidir. Bu masaloni (5)-(8), (10) masalasi, S(Xl,xz) funksiyasini idaroedici
adlandiraq. Ogor elo 9(X1,X2)€ LZ(Q) idaroedici varsa ki, o (10) funksionalina sifir giymat
versin, onda (9) alava sorti 6danir, yani (5)-(9) va (5)-(8), (10) mosalalari arasinda bu sokildo six
alage var. Qeyd edok ki, hor bir qeyd olunmus H(x,, X, ) € L, (€2) idarsedicisi vo u, €W, (Q)
funksiyasi ti¢iin (5)-(8) mosalasinin Wzl(Q) fozasindan olan yegano imumilosmis u(xl, Xz,t;S)
halli var [5].

2. (5)-(8), (10) masalasinin halli hagqinda.
Indi hans sortlor daxilinds

it 35(9)=0 (11)
olmas1 masalasina baxag. Bu masaloa
9 —u(x,%,,T;9) (12)

inikas1 zaman1 L, (Q)-nln obrazmnmn L, (Q)-da sixlig1 masalasine ekvivalentdir. Bu masaloni hall
etmok iigiin molum Xan-Banax [6] teoremini totbiq edok. Tutaq ki, ¢(X,, X, )€ L,(2) verilmis elo
funksiyadir ki, (12) inikas1 zaman1 L, (Q) -nin obrazina ortoqnaldir, yani
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j u(x,,%,, T; 3)p(x,, X, Jdx,dx, =0, V9 e L,(Q). (13)
Q

Biz aydinlagdirmagq istayirik Ki, buradan ¢(X1, X, ) =0 olmas1 alinirmi?
W(Xl,XZ,t) funksiyasini

= + , X, X0t , 14
a2 8X12 8X22 (1 2 )EQ (14)
oW
\N‘t:T =0, —  =0(x.X%) (x,%)eQ, (15)
Ot |, ¢
ow| _ow
= =0, (x,,t)e(0,l 0,T), 16
A (x,,t)€(0,1,)x(0,T) (16)
oW oW
— =—1 =0,(x,t)e(0,l))x(0,T 17
ox, o ox, - (Xl )e( 1)><( ) (17)

masalasinin holli kimi daxil edok. Bu masalonin W, (Q)-don olan yegano
iimumilesmis holli var [5]. (5)-(8) mosalosinin iimumilosmis hallinin torifino gore t =0 oldugda
u(x,, %,,0) = Uy (x,, X, ) serti va V17 €W, (Q), 7(x,,X,,T)=0 iigiin
u u u
j _oudn, oudn  oudn dxldxzdt—jlsl(xl,x2)77(x1,x2,0)dxldx2 =0 (18)
ol Ot ot  Ox Ox; OX, OX, o

inteqral eyniliyi ddonir. (14)-(17) mesalesinin iimumilosmis hallinin torifino géro t=T oldugda
W(Xl,XZ,T)z Osorti Vg eWzl(Q) ticiin
I{_a_wﬁ_ngaW@g , oW ag
ot ot ox, 0%, OX, OX,
J-ﬁ\N(Xl, X ’0)

Q

}dxldxzdt +
Q

+ I¢(x1, X, )g(x,, X,, T )dx,dx, — 9(x,,x,,0)dx,dx, =0 (19)
Q

inteqral eyniliyi 6doanir.
Ogor (18) boraborliyindo 77 =W, (19) barabarliyindo J =U gétiiriirb, onlari toraf-torofa
cixsaq alarq:

= J' (%, %, (X, , X,,0)dlx,dx, — jgo(xl, X, (X, X,, T3 )dx,dx, +
Q Q

+ JaW(X?T’XZ’O)uO(xl, X, Jdx,dx, =0,V 3 e L, ().
Q
(13) barabarliyini nozars alsaq,

oW X, X,,0
—~ I (X, %, (X, , X,,0)dlx,dx, + J' (T”uo(xl, X, Jdx,dx, =0, Ve L,(Q).
9 Q

Bu miinasibati ixtiyari iki idarsedici ii¢iin yazsaq vo onlar toraf-torofo ¢ixsaq

Iw(xl, X,,0)9(x,, X, Jdx,dx, =0, v e L,(Q)
Q

olar. Buradan Laqranj lemmasina goro W(Xl, X, ,0) = Qalinar.
Indi
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o’'w _o'w  o’w

+ v X Xt , 20

a2 8X12 8X22 (1 2 )EQ (20)

w(x,,%,,0)=0, w(x;,x,,T)=0, (x,X,)eQ, (21)
ow|  _ow,

= =0, t)e (0,1 0,T), 22

axl‘)(lzo ox, - (Xz )e( 2)X( ) (22)
oW oW

A A 20, (x,)e(0)x(O,T 23

ox, . ox, - (Xl )e( 1)><( ) (23)

masalasina baxag. (20) tanliynin (22), (23) sartlorini 6dayan hallini Furye tisulunun komayila
w(x,,X,,t)=c+
0 . 7Zk 7Zk 24
+ ZZ[aklyk2 C0S |4, t+b, . sin /4, t]cos—1 X, COS—2 X, @)
ki=1k,=1 }\']_ 7\42
K, K,

2
soklinds tapariq, burada /1k1,k2 =7° (—} +(}\‘—
1 2

c=0, &y x, = 0, k;,k, =1,2,... alimir. (21)-in ikinci sortinden ¢ixir ki,

2
] , C -sabitdir. (21)-in birinci sortindan

by, SIN /A4, T=0 . 9gor sin 4, T=0 , yoni T # ,

me N,k;,k, € N olarsa, onda b, , =0, k;,k, =1,2,... olar.
Beloliklo, (24)-don almir ki, W(X,,X,,t)=0 . Onda (15)-in ikincisindon alinir ki,
(p(Xl,X2)=O. Bunlar1 nozors alsaq, (13)-don almir ki, (12) inikas1 zamani L, (Q) -nin obrazi

L, (Q) -da sixdir, yoni (11) miinasibati dogrudur. Beloliklo, asagidaki teoremi isbat etdik:

Teorem 1. Tutaq ki, (5)-(8), (10) masalasinin verilonlori yuxarida qoyulan sortlori 6doayir.
Onda

inf )30(9)=o.

el (Q
Indi (5)-(8), (10) masalasinin avazino asagidaki mosaloys baxaq:

o 2
J,(9)=3,(9)+ EHSHLZ @ (25)
funksionalm1 V_, LZ(Q) gapali, gabariq c¢oxlugunda (5)-(8) mohdudiyyatlori daxilindo

minimallagsdirmali, burada & >0 - verilmis ododdir. Bu masaloni (5)-(8), (25) mosalosi, vV, -i

miimkiin idarsedicilor sinfi adlandiraq.
[7 soh. 13]-daki molum teorema gora yeni (5)-(8), (25) mosalasinds V  -don olan elo yegano

element var ki, 0 (25) funksionalina minimum verir.
3. (25) funksionalinin diferensialinin hesablanmasi va optimallq sarti.
Gostarak ki, (25) funksionali L, (Q)-da diferensiallanandir. Iki 4,9 + 6.9 €V, miimiikiin

idarsedicisi gotiirak. Onlara uygun (5)-(8) masalasinin hallarini u(xl, X, ,t;19),
U(Xl, X,, 19+ &9) kimi isara edok. Tutaq Ki,
(X, %, t)=U(x, X,, 1,9+ 59) —u(X,, X,,t;:P). Aydindir ki, Su(x,, X, ,t)
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o’ o' A2

= + , XXt : 26
ot 8X12 8X22 (1 2 )EQ (26)
&, =0, %“ =59, (X, %,)eQ, (27)
t=0
oo ool
— =— =0, ,t)e (0,1 0,T), 28
).~ aq O CeDEOL)OT) @9
osul o
= :0, ,t O,I O,T 29
ox, o ox, . (Xl )E( 1)X( ) (29)

sorhod maosalosinin  timumilosmis hallidir. Onda t=0 oldugda a‘u(xl,xz,o):o sorti vo
v776\/\/21((?)’ 77(X1’X21T):0 tgtin

j{_a&a_maau on , 94 oy
ol Ot ot oOx Ox, OX, OX,

inteqral eyniliyi 6danir.
Tutaq ki, y = l,//(Xl, X,,t; 3) funksiyasi

}dxldxzdt = jé&(xl, X, (X, X,,0)dx,dx, = 0 (30)
Q

o'y 0w Oy
H + ox2 , (Xl,xz,t)eQ, (31)
0
Ve =0 =l Ti9)—ule k)] (e x)e@ @
t=T
oy 8t//|
= =0, T 0,1 0,T), 33
axl % =0 8X1 X =h (X2 )E( Z)X( ) ( )
oy oy
= =0, (x,t)e(0,l o,T 34
ox, A (Xl )e( 1)><( ) (34)

gqosma masalasinin Wzl(Q) -don olan tGimumilogmis hallidir. Aydindir ki, (31)-(34) sorhad
masalasinin her bir qeyd olunmus & €V ii¢lin yegans timumilogmis holli var [5]. Onda t=T
iigiin (32) sortlorinden birincisi vo Vg € W, (Q) iigiin

j|-ova. v ovaly g g,
ol Ot ot Ox ox, OX, OX,

+ J.(U(Xl, X2 ’T’lg)_ ul(Xl’ X2 ))g (Xl’ X2 ’T)dxldXZ -
Q

_ IW g(x,, X,,0)dx,dx, = 0. (35)
Q

inteqral eyniliyi 6danir.
Bgor (30) boraborliyindo 77 =w(X,,X,,t;:9) , (19) boraborliyindo g = au(x,, X,,t)
gotiirtirb, onlar toraf-torafa ¢ixsaq alariq:
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[w(x:.%,,0;8)59(%,, X, Jdx,dx, +
? (36)
I(u(xl, X,, T;:8)—u, (%, X, ))ou(x,, x,, T )dx,dx, = 0.
Q
Indi (25) funksionalinin artimini hesablayaq:

A, (9)=13,(9+69)-3,(9)=
:J(u(xl,XZ;T;Q)—ul(xl,xz))aJ(xl,xz,T)dx dx, +a'[19 X, )09(X,, X, T )dx, X, +

+= j (., %, T)) dx,dx, +— j (59(x,, %, ))* dx,dx, . (37)
(36) miinasibatini (37) diisturunda nazars alsaq
A, (9)= [[~y(x, %,,0;9)+ @ A, X, )|59(x,, X, Jax, dx, + R (38)
olar, burada R -qgaliq hsddi(r2 &)
R= % Z—[ (8u(x,, x,,T))*dx,dx, + %E[(&Sl(xl, X, ))° dx, dx, (39)

soklindadir.
(26)-(29) sarhad masalasinin halli tigiin [5, seh. 213-215]-ds oldugu kimi

J {(&J(Xl, X b)) + (M(X“ Xz’t)jz " (am(xl’ Xz’t)T ¥ (sz}dxldxz <

5 X, oX, ot
<c|69|, ) Vte[0,T]

giymatlondirmasini almaq olar. Buradan, xiisusi halda,

[ (@u(x, %,,T))*dx,dx, < c|6d, o (40)
Q

alinir. Onda (39)-dan alinir ki,

R< CH5‘9HL2(Q)

Demoli, J, (3) funksional1 L, (Q) -da diferensiallanandir va (38)-don ¢ixir ki, onun
diferensiali

(3,(9)69) = [ wlx, %, 0:9)+ a8 B0 )ik, (4

)
Kimi toyin olunur. Asanliqla gostormok olar ki, 4 — J;(S) inikas1 V, -don L,(Q)-ya kasilmoz

inikasdir. Belaliklo, asagidaki teroem isbat olundu.
Teorem 2. Tutaq ki, (5)-(8), (25) masalasinin verilonlori tizorina qoyulmus yuxaridaki
sortlor 6donir. Onda (25) funksionali LZ(Q) -da Frese monada diferensiallanandir vo onun

diferensiali (41) diisturu ils tayin olunur.
Teorem 3. Tutag ki, teorem 2-nin sortlori odonir. Onda & =%(X,,X,)eV,,

idaraedicisinin (5)-(8), (25) masalasinds optimal idaraedici olmasi ti¢iin zoruri vo kafi sort

J[_ l//(xl’ Xy,0; ‘9*)"' alg*(xl’ X, )](‘9()(1’ Xz)_ ‘9*()(11 X, ))dxldxz >0,

V3%, X, ) eV, (42)
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integral borabarsizliyinin 6donmasidir, burada 1//(x1, xz,t;S*) (31)-(34) gosma masalasinin
9 =8.(x,, X, ) iiin hallidir.

Isbati: V coxlugu L,(Q)-da qabariqdir, géstordik ki, J, (8) funksional1 L, (Q) -da Frese
monada kasilmoz diferensiallanandir vo onun diferensiali (41) diisturu ilo tayin olunur. Onda [8,
soh. 28]-doki molum teoremo géro 9, €V, elementi iigiin <J;(3),9—:9*>L2(Q) >0

borabarsizliyinin 6donmasi 3. (Xl, X2) -nin optimalligt G¢iin zoruri vo kafi sortdir. Onda (41)
diisturundan (42) barabarsizliyinin doglugu alinir. Teorem 3 isbat olundu.
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ABSTRACT
Zumrud Safarova, Hamlet Guliyev
Combustion for the wall copy of optimalconditions management and professional
management
In the paper, the boundary-value problem with mixed boundary conditions for a two-
dimensional wave equation is considered. This boundary value problem is not correct. The second
of the boundary conditional substitutes with the initial condition. The new task received is correct.
Using the second boundary condition, a functional is constructed. And for the control function is
taken. The function of the second is the starting condition. It is proved that this lower bound of the
functional is zero and a necessary and sufficient optimality condition is derived in the form of a
variational inequality.
PE3IOME
3ympya Cadaposa, l'amier I'yiues
Cropanmne 1JIs1 CTeHbI KONNMPOBAHUE ONTHMAJILHBIX YCJIOBHH YIpPaBJIeHHE H
I[pO(i)CCCI/IOHaJIBHOQ YupasJjicHHE
B pa60Te paCCMOTpeHa KpacBad 3aJjadya CO CMCHIAHHBIMU KpacBaMHu YCJIOBUAIMU JJIs1
JIBYMEPHOTO BOJHOBOIO YpaBHEHHs. OJTa KpaeBas 3ajada sIBJIs€TCS HeKoppekHoil. Bropoe wu3
I'paHUYHBIX YCHOBBIﬁ 3aMCHACT C HAYaJIHbIM YCJIOBUCM. HonyquHaﬂ HOBadA 3aJayc ABJISICTCA
KoppekTHOH. C MOMOILIbI0 BTOPOTO TPAaHUYHOTO YCIOBHS MOCTpoUTCs (pyHkunoHanIlpuuem 3a
yrnpasisitonie pynkuueit 6epercs. yHKIMS W3 BTOPOro Ha4dalHBIN ycinoBHs. Jloka3piBaeTcs ,3TO
HIOKHSS TpaHb (DYHKIMOHAJa PAaBHSETCS HYIIO0 W BBIBOJAUTCS HEOOXOIUMOE M JOCTaTOYHOE
YCJIOBUC OINTUMAJIIBHOCTU B BUAC BAPHUALIMOHHOI'O HEPABCHCTBA.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli georart ilo ¢apa
tovsiyya olunmusdur. (Protokol Ne 04).
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COKILI FOZALARDA YENI DAXiLOLMA TEOREMLORI
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KuarwueBble ciioBa: npocmpancmea, ecb, 8eKmop, noypoca, noJyHOpMa

Coxdoyisonli  diferensiallanan  funksiyalar sinfindo klassik daxilolma teoremlori
S.L.Sobolevin islarinds rast golinmisdir. O, 1938-ci ildo 6ziiniin daxil etdiyi miioyyan G e R"
oblastinda diferensiallanan Gimumilosmis toramolori p-doracadon comlenan W (G) funksiyalar

fozasin1 qurmus vo molum daxilolma teoremlorini isbat etmisdir. Sonra S.M.Nikolski O6ziiniin
qurdugu H {’(G) fozasinda qarisiq téromalori daxil etmakls SW va SH fozalarini toyin etmis va
bir sira teoremlarin isbatin1 vermisdir. 1967-ci ildo O.V.Besov 6ziiniin qurdugu BS; (G) fozasinda

yeni inteqral ayrilis vermis vo fozada daxilolma teoremlori isbat etmisdir. Bundan sonra V.P.ilin
torafindon goxdoayisonli funksiyalarin yeni inteqral gostarilisi toyin edilmisdir.

Indi ¢okili fozalarda daxilolma teoremlorini tayin edok.

Forz edok Ki, n 6lgiilii E, Evklid fozasi verilmigdir. x =(x,X,,...,x,) € E, noqtasi gotiirok vo

X = (X1 X g0 X o ) EE. (k=1,...,5) dostolor (packalar) ¢oxlugu quraq. G — E, oblastinda tayin
edilmis vo “(¢, s) -yarimbuynuz” sortini 6dayir.
1< p <oo oldugda

1

K ||,,,G=U| fI° dep <o

Lebeq fozasinda sonludur. p =oco oldugda
| f IIw,G=Vrai§up| f)1.
Indi iso m = (M ym . ) (k=12,...,5) koordinat-vektorlu tamgiymoatli monfi olmayan
m=(m,...m;) vektorlarmi gdtiirok. Burada D"™f(x)=DM™L D f(x,,..,x,) Umumilosmis
toromalori,
A™(0) T (x) = AT (L)L AT (8,) T (x)
funksiyanin sonlu farglori olsun.
Tarif.

QA= A" (G )
ieQ

fozasinda f(X) funksiyasi normast
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f fll_a = i 2
RPN R AU s m v B

| i kegNi jee

k
Ny L

sonludur. Burada — =

keg . jee

K
Ny

6. = (i € Q) oldugda

. s
I flloa=2 Il || = vraisup
icQ m N ” (G icQ ZeE|g i H H ¢’k J(ij

I keENI jee

'
Ng

Lpi(e)

Qeyd edok ki, (hor bir i=(,....I.;)€Q) go:(k (tk):(@ifl(tk,l) ,(pkn (tkn ) (k=12,..9)
koordinatlari vektor funksiya olan ¢'(t) = ((plil (tl),...,golS (t.)) Vektor-funks1yalar1, elodirlir ki,
bitin t, ;=0 sortinds goli('fj (t,;)>0 , bitin t,, $0(j=1,2,..n)(k=1,2,...8) sortinds
(pk () 4 0 donilir,

Teorem 1. Forz edok ki, 1< p, <6 <00,1< p, <q<oo(i €Q) sortlori daxilinda

fel AN (G0,
ieQ
funksiyast  verilmisdir. Bu halda ogor i, #0(k=1,2,..,si€Q),GeC_(a(h)) oldugda

supp(mikk + N;k) >{i } olar.
Forz edok ki, v, = (vk'l,...,vk,nk) (k =1,2,...,s) koordinat-vektorlu tamgiymatli monfi
olmayan v = (v,,...,v,) vektoru biitin K =1,2,...,S vo i =(i,..,,i;) € Q asagidaki sortlori 6dayir:
i, =0 vi;=m +N (j=1.2,..,n,)
i 20, v 2mE N (i), v <mi +NE ().

Biitiin 1 €Q iigiin 1, # 0 oldugda

dak,ik ™)
ak,ik V)

< o0

k| (h)= _[ ‘Elku(Vk))mkkJ iTp H (ij(akj(vk))

va i, =0 olduqgda
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Hyo(h) = H(ak,<h Vi [T 0, (o (h)

jes o

Ny
sonlu integral barabarliyi 5danilarss, onda G < E, oblastinda D" f € L, (G) iimumilasmis tsramo
var vo

ID" I, (G)ch(HHk. (h, )jll il R
ieQ

|
borabarsizliyi dogrudur.

Teorem 2. Tutaq ki, teorem 1-in biitiin sortlori 6donilir vo bundan basqa | = (I,,1,,...,1,)
M=(M,M,,..M,) -lor |, = (|1’k,...,|k’nk),|\/|k = (Ml,k,...,Mk’nk) koordinatlar1 ilo tayin
olunmus tamgqiymotli monfi olmayan vektorlardir. Biitin i, #0 (k=1,2,...,s), o' SQJ- iclin
I, >0, M, >0, supp(l, +M,) o{i.}; bitiin i, =0 igiin Vy +|k,j ZmE’j + ng,j 1, #0

- K . ik i
iigin v ; +1,; = mk it Nk i Vi, They < my5, + Ny olar.

i

I, #0 oldugda

i mk L L1 i da,;, ()
Hk,ik (hwlk):_[ohk I I(ak,i(Vk)) 3 T T | | (okk,j(ak,j(vk)) A <o
=

jee i a'k| ( k)
Nkk

sonlu integral barabarliyi 6denilorss, onda G oblastinda D" f -in imumilosmis téramolori var va

D" f 1l <>, —CZ(HH“ <hk,'>Jllfll

ico (G.0')

borabarsizliyi dogrudur.

Indi iso
I A<m o (G
ieQ
fazasinda Besov tipli interpolyasiya teoremlorini verak.
Tutaq ki,
M
_ B L_~xB ik - ‘
5,20, Y5, =1 —-Z L= h M =D Am
=1 e N = =1

Teorem 3. Tutag ki, GeC,(a(h)) , 1<p/<q' <o , 1< p/ <0 <o (
A=12,..M , T1€Q); v=(v,.v) -lor v = (Ve piVi ) (K=12..,8) koordinat vektorlu

tamgiymotli monfi olmayan vektorlardir, hansi ki, i, =0 oldugda vy ; = mE,j + NS’J- (J=12,...,n,

); ancaq i, # 0 oldugda iso v me('fj + Nli'fj (J#i) v < m,i('fj +NL5j (1=1,).
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M i N s :
m i
fel | AT Y (G, ¢')
a=ticq P
olsun. Hor bir 1 € Q iiciin i, = 0 oldugda

dak,ik )

ak,ik )

< 00

0= [ T3 RS T b a0

jeE i
N
va i, =0 olduqda iso
M
Hh)=TT(a ())& 5% T8 (a (1
k,o( k)_H ak,j( k) 4=1 H(DkJ(ak'i( k))
j=1

jeE 0
Nk

inteqral barabarliklor 6donilerse, onda G < E, oblastinda D" f -in iimumilesmis téromalori var vo

bu halda
HDVfHL (G) ZHH"' (h)HHfH |/1N|,1

borabarsizliyi dogrudur.
Teorem 4. Tutaq ki, teorem 3-iin biitiin sortlori 6denilir, lakin bundan basqa | = (1,,...,1,),

> (G.))

r=(r,..r) -lor I, :(Ik,l“"’lk,nk) T :(rkyl,...,rk,nk) koordinat vektorlu tamgiymotli monfi
olmayan vektorlardir (1, >0, r, >0), 6 <48, iicin supp(l, +r.) o{i,}. Homginin i, =0
Vg Hloy 2m0 N2 va iy #0 igiin Vil 2mE N v L <mi N (
k=1.2,..,9).
1€Q vo i, #0 jiciin sonlu
da, ; S, Wi Vi)

Hy,, (hel) = j (akj(vk))ﬂ s k}ﬂz—vk,j_Fi*q 1 I o (3, (n) ) K OO

i
K
Nk

inteqral boraborliyi dogrudursa, onda G oblastinda D"f .in timumilogmis toromalori vardir vo

o <X TTH, 0 anfn

o e,
G.op')

borabarsizliyi dogrudur.
Sonuncu teoremda

| AT (G.g'), 1< p,, 6 <o
icq P
fozasinda aproksimasiya masalasine baxilmisdir.

Teorem 5. Tutaq ki, 1<p <6 <o(i€Q),GeC,(H") |
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fel A7 (G.¢)
ieQ

Onda R" -do sonsuz differensiallanan ¢, =@, (x) (v=12,..) funksiyalar ardicillig1 quraq, hans1 ki,

1 — il =
‘I/IL?on ?,| I A<prin’éiN >y = O
ieQ
| A7 (G.0)
@, -lor norma manada f-o yigilir. Demali, Co fozas1 '<C fozasinda sixdir

Bu teoremlordon alinan naticalor funksional fozalar nozoriyyssinds, xiisusi toromali

diferensial tonliklorin noazariyyasinds, kvazielleptik vo hipoelleptik tip diferensial tonliklorin
timumilogmis hallorinin diferensial xassalarinin 6yranilmasinds todqiq oluna bilar.
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HeiimatoB H.A. BecoBble MHTErpanbHbIE MPEJICTABICHNUS U HEKOTOPHIE BECOBBIE TEOPEMBI
BJIOKCHMHA. Z[HCCGpTaLII/IH Ha COHUCKaHHC yquoﬁ CTCIICHU JOKTOpa (1)I/IJ'IOC0(1)I/II/I 110
MaTeMaTHKe pyKOBOAUTENb 1.¢.-M. H., pod. A.Jl.Ixabpawmnos.baxy, 2015.

ABSTRACT
Nazim Neymatov
The first integral representation of functions of several variables defined in domains (stellar,

relative to the points of a certain ball) G — E, belongs to Academician S.L.Sobolev. S.L.Sobolev

developed a method of integral representations of functions from the well-known functional spaces
W, (G) constructed by him and proved the main imbedding theorems for these spaces, with further

applications to the theory of partial differential equations.

Further development of the method of integral representations of the theory of spaces,

differentiable functions of several variables, is associated with the name of V.P.llyin. With the help
of his new integral representation of the function at the point of E_, V.P.llyin constructed the

theory of known, more general spaces of S.M.Nikolski-O.V.Besov, S.L.Sobolev-L.N.Slobodetskii
by the method of integral representations, thus essentially developed this theory. A.D.Dzhabailov

56



proved new integral representations of functions of several variables with the help of which he
succeeded in constructing a general theory of function spaces with the dominant mixed derivative

SIW(G) and S| ;B(G), with further development of the method of integral representations in the

theory of imbedding theorems for these spaces.
In this article is devoted to the construction of the theory of new function spaces of
differentiable functions of several variables.

PE3IOME
Ha3um HeiimaToB
[TepBoe mHTErpambHOE MpeAcCTaBICHUE (QYHKIMA MHOTHUX IMEPEMEHHBIX, ONpPEICICHHBIX B
o0JacTax (3Be3HBIX, OTHOCUTEILHO TOYKaM HEKOTOPOTro mapa) G — E, NPHHAUICKHUT aKaJEeMUKY

C.JI.CoboneBy. C.JI.CoboneBbIM pa3paboTaH METOJ| MHTETPAIbHBIX MPEACTABICHUNA (YHKIMHA U3
TMOCTPOCHHBIX MM K€ M3BECTHBIX (YHKUHOHAIBHBIX MPOCTPaHCTB W ' (G) M 1OKa3aHbl OCHOBHBIC

TEOPEMBI  BJIOKEHUS OTHX IPOCTPAHCTB, C JAJIBHEUIIMMHM NIPWIOKECHUSIMU B  TEOPHUIO
nuddepeHInanbHbIX YPABHEHNUH B YACTHBIX IPOM3BOIHBIX.

JanpHenniee pa3BUTHE METOAA HHTETPAIBHBIX MPEACTABICHUN TEOPUM IPOCTPAHCTB,
muddepeHurpyemMblx (QYHKIMA MHOIMX IE€peMeHHbIX, cBsizaHO C¢ umeHeM B.ILUWabuna. C
MOMOIIBI0  TOJIYYCHHOTO MM HOBOTO HMHTETPAIILHOTO TPEJICTaBICHUS (YHKIUH B TOUYKE
npoctpanctea E_, B.ILWUIBMH HOCTPOMJI TEOPHIO HM3BECTHBIX, Ooyiee OOMIMX IIPOCTPAHCTB

C.M.Huxonbsckoro-O.B.becoBa, C.JI.CoboneBa — JI.LH.Cnoboaenkoro MeToaoM HHTETPabHBIX
NPE/ICTaBICHNUN, TEM CaMbIM CYIIECTBEHHO pa3BMJI 3Ty Teoputo. A.J[.J[aOpamsioBbIM JOKa3aHbI
HOBBIC MHTCTPAJIBHBIC MTPCACTABICHUA q)YHKIlI/Iﬁ MHOT'UX IIEPEMCHHBIX, C IIOMOLIBIO KOTOPBIX EMY
yJaJoCh TOCTPOUTH OOIIYI0 TEOPHIO IMPOCTPAHCTB (YHKIUH, C JOMHHUPYIOLIEH CMEMIaHHON

MIPOU3BOTHOM SF’)W (G) nu S; ,B(G) , ¢ nanpHeiimedl pa3paboOTKOM METOJa HMHTErPAIbHBIX
MPEJICTABIICHHUI B TEOPUU TEOPEMBI BJIOKCHHUS ITUX MMPOCTPAHCTB.

B »TOM cTatu mocBslieHa MOCTPOCHUIO TEOPUH HOBBIX (YHKIMOHAIBHBIX MPOCTPAHCTB
muddepeHUpyemMbIX QyHKIUI MHOTUX EPEMEHHBIX.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar: ilo ¢apa
tovsiyya olunmusdur. (Protokol Ne 04).
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YARIMKECIRICILORDO KOMPLEKS DIELEKTRIK FUNKSIYASININ
EKSPERIMENTAL QiYMOTLORININ ONUN NOZORi ANALITIK IFADOSINO
FITTINQININ YERINO YETIRILMOSI XUSUSIYYOTLORI

Acgar sozlar: yarimkecirici, kritik néqta, " Graphical analisys“, fitting, kompleks dielektrik
Sfunksiyasi, haqiqi hissa, xayali hissa, parametr, PbS, nazik tabago

KiroueBble ¢JI0Ba: noynpogooHux, kpumuyeckas mouka, ~Graphical analisys “, pummune,
KOMNIEKCHASL OUINEKMPUYECKast (PYHKYUS, OeUCMBUMENbHAsL Hacmb, MHUMASL YACMb, NApamemp,
PbS, monxasa naenxa

Keywords: semiconductor, crirical point, “Graphical analisys“, fitting, complex dielectric
function, real part, imaginary part, parameter, PbS, thin film

Yarimkegiricilor fizikasinda yarimkegiricinin kritik ndqtalorinin toyini osas mosaladir. Spektroskopik
ellipsometriya 6lgmolari bu ndqtalori tayin etmays imkan veran tadqiqgat tisullarindan biridir.

Bildiyimiz kimi, ellipsometrik 6lgmoalordon notico olarag & kompleks dielektrik
funksiyasinin &; haqiqi Vo g, xayali hissalorinin enerjidon asililiq grafiklori alinir. Bu funksiya hom
do 700-don ¢ox ndqtonin asililigi soklinds rogomsal olaraq koordinatlarla verilmis olur vo ona gors
do bu asililigr asanliqla hor hansi bir proqgramda qurmaq vo analizini aparmaq miimkiindiir. [1]
isindo do geyd etdiyimiz kimi bir ¢ox miialliflor fitting prosesini yerina yetirorkon cox miirokkob
hesablamalardan, Savitski-Golay algoritmlorindon, SA algoritmlorindon [2-4] va s. istifado etmislor.

Halbuki ”Graphical analisys® proqrami bu mogsad {i¢iin ¢ox alverisli bir programdir. Bu
programin stiinliiklori barads avvalki islorimizdo molumat verilmisdir [5,6]. Bu programin asas
stlinliiyli ondadir ki, onun vasitasilo eksperimental ayrinin vo yaxud onun miioyyon oblastinin
fittingini aparmag (yani homin ayri ilo maksimum tist-tisto diiso bilon nazori asililiglart miioyyan
etmok) miimkiindjir.

Spektroskopik ellipsometriya masalalarinin holli zamani eksperimental kompleks dielektrik
funksiyasi &(w) -nin ikinci tortib téromoalorinin hagigi vo xayali hissalori tigiin aldigimiz asililiglarin
fittingi belo masalalarin hallinds istifads olunan nazari funksiyalarin vasitasilo aparilir. Naticoads bu
funksiyalara daxil olan sabitlor tayin olunur. Bu sabitlordon biri do E- kritik noqtasidir ki, bu da
yarimkegiricilar nozariyyassi tigiin ¢ox mithiim kamiyyatdir.

Masalanin qoyulusu
Bildiyimiz kimi &(w) kompleks dielektrik funksiyasinin nozori analitik ifadesi m=0 va

m = 0 hallar1 {igiin miixtolif sokildo ifado olunur [7,8]. M # Ohali {igiin bu komiyyat ii¢ miixtolif

giymat ala bilor: m:% kritik noqtonin {i¢dl¢iili (3D) halina aiddir, m:_% kritik noqtonin
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birdlgiilii (1D) halina aiddir, m=-1 iso eksiton tip kritik noqtadir. m =0 hali kritik ndqtanin
ikiol¢iilli (2D) halina aiddir [9].

[1] isindo kritik nigtolorin miixtolif hallar1 (m) tglin kompleks dielektrik funksiyasinin
enerjidon asililiq ayrilori miiqayisali sokilda tohlil olunmusdur.

Funksiyaya daxil olan parametrlori toyin etmok ii¢iin  bu funksiyanin eksperimental
giymatlorinin ikinci tortib diferensiallanmasindan alman d®g, (E)/dw® funksiyasindan istifado
etmok lazim golir.

Bu halda homin funksiyalarin ikinci tortib téromolarinin trigonometrik formada ifadslori
m =0 hallari Giglin

2
d—w‘izAl(Q)mz’2 cos| (m —2) arg cos w_lE +6 |+isin| (m—2)argsin w_EE +0 1)
Q2 Q2
soklindo olacaqdir, burada A'=-m(m-1)A vo Q=(w—-E)*+T?.
m =0 hali {i¢iin iso

2 _ —
: i:é cos| — 2arg cos| 2 1E +0 |+isin| - 2argsin| 2=E |+ ¢ (2)
w

Q2 Q

N

soklinds olacaqdir.

Diistura daxil olan A (amplitud) parametri asililiglarin amplituduna tosir edir, E (kritik
noqto) parametri asililiglar1 absis oxu (enerji) boyunca siirisdiiriir, I" (genislonma) parametri
asililiglardaki maksimumlarin yarim eninin doyismasina Sabab olur.

(1) va (2) analitik nazori funksiyalarla fittinq aparilarkon ilk névbado onlarin @ (faza)
parametrino uygun forma doyisikliklorina goro miigayisasi aparilmalidir. Ciinki bu parametr nainki
d’g,(E)/dE? vo d?c,(E)/dE® asilihglarmin qarsiligh voziyyeotino birbasa tosir gostorir, hom do

onlarin formalarini tamamils doyisdirir.
Naticalor va onlarin miizakirasi: 6 -parametrinin nazari funksiyanin gedisino tasiri

Sakil 1-do m=0 hali igiin A, E, vo I'-parametrlorinin sabit giymatlorinds (A=8,3; E=3,5 vo
['=0.42 ) ¢ -parametrinin sokkiz miixtalif giymati iigiin asililiglar gostorilmisdir (m =0 hallar
tiglin do bu xisusiyyotlor dogrudur). Sokildon gériindiiyii kimi @ -parametrinin doyismasi ilo
d’g,(E)/dE*va d?¢,(E)/dE* asihiliglarinin formalari vo qarsiligh vaziyyatlori kaskin dayisikliya

moaruz qalir.

40~ 40— c=0.78 40—

4 d*e,(E)/ dE* 1 @ EydE d*s(E)/dE? 9 d'g(E)/dE?
"] 1l )\ ~ "] \-'
7* ——— 1 1 n
Ld w
L
d*s(E)/dE®
20— V

40| c=0

Calculated Column 2
(=}

Calculated Column

Calculated Column 2

I I T T T T T T T
3,0 3,5 4,0 3,0 3,5 4.0 3,0 3,5 4,0

X X X

a) b) c)



40— 40— &) /dE' & % 40— d’5(E)/dE*
= &,
/ 1 d's,(E)/ dE*

20—

1 '
20— d'5(E)/dE’ f- 20
'y

20—

Calculated Colum
./
5
8
Calculated Column
(=]
i g, / 5]
J < .
i
Caleulated Column
[=}

c=3,14 c=3.92
C=2.32
40— -40— -405
3‘0 3‘5 4‘0 3,0 35‘ 4,0 3I0 o 3‘5 4‘0
X X X
d) e) f)
40— 40—
dz,(E)/ dE
20— / 20—
E 4 £
g o dEEVdE E. g o0 d*s (E)/dE? 'E-
!
C=4,7
40 40—
3‘0 3'5 4?0 ‘ 3‘0 3‘5 4‘0
X X
K) )
Sokil 1. @ (sokilda C- ilo isarolonmisdir) - parametrinind®s,(E)/dE? vo d’s,(E)/dE?* asililiglarina

tosiri

Bu asililiglarin, onlarin formalarinin va qarsiliglt vaziyyatlorinin xiisusiyyetlori haqqinda
asagidakilar1 soylomok olar:

1. Hor seydon 6nco onu geyd etmok lazimdir ki, xoyali hisso biitiin hallarda hoagigi hissonin
asililigindan sagda yerlosir. Bu aslinds belo do olmalidir, ¢iinki haqiqi hissa (kosinus ganunu ils
dayisir) xoyali hissoni (sinus ganunu ilo doyisir) fazaca /2 bucagi qodor gqabaqlayr.

2. Bir ¢ox hallarda funksiyalardan hor hansi birinin maksimumu demok olar ki, digorinin
sifirina uygun golir.

3. Bu asililiglarda xiisusi simmetrik (sokil 4-do C=0, C=0,78=n/4, C=1,57=n/2, C=3,14=m,
C=3,92=5n/4, C=4,7=37/2 v5 s.) hallarin olmas1 miimkiindiir.

4. Ogor fittingo tam bir tsikl colb olunursa onda bu funksiyalar an azi bir dofa sifir qiymati
almalidir (on ¢oxu iki dofo).

Beloliklo, kompleks dielektrik funksiyasinin hogiqi vo xoyali hissolorinin  eksperimental
giymatlorinin ikinci tortib téromalarinin enerjidon asililiglarinin (1) vo (2) analitik nozori funksiyalarla
fittingi aparilarkon ilk névbodo onlarin @ (faza) parametrino uygun forma doyisikliklorine — goro
miiqayisasi aparilmalidir. Homin eksperimental asililiglar eyni bir sokilds vo eyni migyasda yerlogdirilmali
Vo onlarm formalart vo qarsiligh vaziyyatlori sokil 1-do gdstorilon asililiglarla tutusdurulmalidir. Bu halda
stibho yoxdur ki, eksperimental d’s (E)/dE* vo d?c,(E)/dE? asililiglarmin miioyyan oblastlarmmn
formalari vo qarsiligh vaziyyatlori sokildo gostorilmis formalardan birina uygun goalocokdir vo hamin
oblastlarin har biri ayrica olaraq ”Graphical analisys* proqraminda fittingo calb edilmokls an yaxs: fitting
halinda bu oblastlara moxsus olan A, E, " vo 6 parametrlorinin giymotlori tapilmis olacaqdir.
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Buna misal olarag PbS nazik tobaqosi tig¢lin eksperimental kompleks dielektrik funksiyasi
£(w) -nin ikinci tartib toromalarinin hagiqi vo xayali hissalori tiglin aldigimiz asililiglarin fittingi
mosalasing baxag.

Hansi oblastlarin fittingo calb oluna bilacayini miiayyan etmok ti¢iin hor iki asililiq eyni
miqyasda eyni bir sokilo yerlosdirilir (sokil 2). Bu asililiglar eyni bir kompleks dielektrik
funksiyasimin hoqiqi vo xoyali hissalori oldugundan fittinq noticosindo alman m, A, E, ' vo @4 -

parametrlori eyni giymatlor almalidirlar.

d’s,(E)/ dE’

40~

d’s(E)/dE

\ v
20 \ U/

-40- " | . I . ;
0 2 4 6

Sakil 2. PbS nazik tabaqpasi iiciin d’e,(E)/dE® va d’s,(E)/dE’ ayrilorunun
sakil 1-daki ayrilorls vizual tutusdurulmasi.

Bu sokilo diggoetlo baxdigda oradaki 1 oblastina (2,3+4,2 eV) daxil olan ayrilorin sokildaki d
halina, 2 oblastina (E=4,2+5,4eV) daxil olan ayrilorin iss k halina uygun galdiyini miioyyan etmak
olar (sokil 2-do hamin iki ayri a vo b olaraq gosterilmislor). Fitting prosesi do mohz bu vizual
tutusdurmadan baglayir. Bu sokildo ham do ilk baxigda fittingi mimkiin kimi goriinon

E=1,3+2,2eV oblast1 da digqoti colb edir. Lakin bu oblastda xayali hissanin asililigi (d’e,(E)/dE®
) hagigi hissonin asihiligindan (d’¢,(E)/dE?) solda yerlosdiyinden yuxarida gostordiyimiz birinci
sort 6donilmir vo bu oblastda fitting aparmaq miimkiin olmur.
Har iki oblast tigiin on yaxst fitting hali, kritik ndqtonin 2D (m = 0) formasina uygun golmisdir.
Qeyd olundugu kimi alinan A, E, T vo @ -parametrlori fitting prosesinin noaticasi kimi ortaya
cixir. Kritik noqtalor olaraq (E-parametrlori) 1 oblasti (2,3+4,2 eV) iigiin E, =353 eV, 2 oblastt

(4,2+5,4 eV) lgiin iso E, =457 eV qgiymatlori tapilmigdir. Kritik noqtsler igiin aldigimiz bu
giymatlar adabiyyat gostaricilori [10,11] ilo tist-iisto diismiisdiir.
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ABSTRACT
Mammad Huseynaliyev, Mubariz Nuriyev
Features of the fitting of the experimental values of the complex dielectric
function with its theoretical expression

The article deals with the features of the fitting of the curves of the dependences of the second
derivatives of the real- &; and imaginary- &, parts of the complex dielectric function- € on the energy
obtained as the result of ellipsometric measurements with its theoretical expression.
To identify areas that are suitable for fitting, both dependencies are inserted into the same figure
with the same scale and their relative position is compared with the theoretically described shapes,
which vary greatly depending on the phase parameter -6.

The entire procedure is explained by the example of ellipsometric measurements on a PbS thin
film.

PE3IOME

Mawmen I'yceiinanues, Myoapu3 Hypuesn

Oco0eHHOCTH NpOBeAeHUs (PUTTUHIA IKCIEPUMEHTAIbHBIX 3HAYEHHIT KOMILIEKCHOM
AMIJIEKTPUYECKOM (PYHKIMH C €€ TEOPeTHYECKUM BbIPpasKeHHeM

B cratee oOcyxmaercs OCOOCHHOCTH TPOBEACHHUS (PUTTHHTAa KPUBBIX 3aBHUCHUMOCTEH
BTOPBIX ITPOU3BOJHBIX JIEUCTBUTEIBHOM - €1 U MHUMOW- € 4aCTEH KOMIUIEKCHON TUAJIEKTPUYECKOU
GYHKIIUM - € OT JHEPruu TONYyYEHHOW B pe3yNbTaTe JIUIMIICOMETPUYECKUX H3MEPEHHH ¢ ee
TEOPETHYECKUM BbIpakeHUEeM. JlJis BBISIBICHUS 00JIacTel, KOTOPBIE TMOIXOIAT ISl MIPOBEIACHUS
¢buTTHHra, 00€ 3aBUCUMOCTU BCTABISAIOT B OJHY U Ty K€ PUCYHKY C OJMHAKOBBIM MAacCIITa0OM U
CPaBHUBAIOT MX B3aMMHOE PACIOJIOKEHHE C TEOPETUUYECKH OMUCHIBAEMBIMU (POpPMaMH, KOTOPHIC
CHJIBHO MEHSIOTCSI B 3aBUCUMOCTH OT (ha30BOTro mapametpa -0. Bes aTa mporeaypa o0bscHseTcs Ha
NpUMEpPe SJUIUIICOMETPUICCKUX M3MEPEHHIA Ha TOHKOH TieHke PhS.

NDU-nun EImi Surasinin 29 dekabr 2017-ci il tarixli
gorart ilo capa tovsiyys olunmusdur (Protokol Ne 04).
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Enerji ehtiyyatlart maddi obyektlordo comlogon vo insanlar torofindon istifadosi miimkiin
olan enerji toplusu anlami kimi qabul olunur.

Enerji ehtiyyatlar1 barpa olunan vo barpa olunmayan enerji ehtiyyatlarina ayrilir.

Giinagin vo kiilayin enerjisi, Yerin torkibinin istilik enerjisi (geotermal enerji), ¢aylarin
enerjisi (hidro enerji), gabarma va ¢okilms, dalgalarin enerjisi va S. barpa olunan enerji manbalarinog
aiddir. Bu manbolordan istifado etdikds, onlarin ehtiyyati praktiki olaraq doyismir, (azalmir), yani
tobiot torafindan fasilosiz olarag barpa olunur [5].

Tobii iglim soraitino uygun olaraq muxtar respublikada giinas, kiilok termal sular va gaylarin
enerji ehtiyatlarindan istifado olunmasi moagbul sayilir. Nohayatdo perspektiv shamiyyato malik
olan ekoloji cohotco tomiz, saf alternativ vo borpa olunan enerji monbayi giinas, kiilok, su elektrik
stansiyalari, termal sular vo biokiitlo enerjisindon genis istifado edilmokdadir [6].

Muxtar respublikada giinos enerji ehtiyatlarinin bollugunu nazars alsaq bu enerjinin elektrik
enerjisino ¢evrilmosi miithiim shomiyyat kasb edir.Giinas siialarinin toplanmasi onun enerjisinin
istilik vo ya elektrik enerjisina ¢evrilmasi prosesinds radiasiyanin tasir mexanizminin todqiqi asas
problem kimi qarsiya qoyulur. Giinog radiasiyasinin Yer sothindo paylanmasi cografi enlikdon
asihidir. Qiitbdon ekvatora dogru getdikds radiasiya artir. Yerin enliyindon asilt olaraq ilin bu vo ya
diger vaxtinda giinorta ¢agi Giinosin tifiiq tizorindoki hiindiirliiyli doyisir. Giinos stialarinin Yer
sothino diismo bucag no godor bdyiik olsa, Yer sothi do bir o godor cox istilik alir. lin miixtolif
fasillorinds giiniin uzunlugu da Yerin enliyindon asilidir. Bunun 6zii do Yer sothino diison Giinog
radiasiyasinin miqdarint miiayyan edir. Gilinas goriinon vo goriinmayan siialar, yoni isiq va istilik
stialandirir. Onun istilik vo is1q stialandirmasi giinogin siialanma enerjisi yoani radiasiyan: togkil edir.
Homginin gilinos radiasiyas1 dedikda, onun elektromagnit vo korpuskulyar stialanmasi basa diistliir.
Sonuncunu osasen protonlar toskil edir. Giinos y-dan radiodiapazonadok biitiin elektromaqnit
dalgalarinda enerji siialandirir. Radiasiya enerjisinin osas hissasi goriinon oblastda diisiir. Bu
oblastda Yer atmosferino daxil olan radiasiya seli 1,36kVt/m*dir. Rentgen vo ultrabonovsoyi
stialanman1 Yer atmosferi uddugundan, bu oblast atmosferdon konarda miisahido edilir. Bu
baximdan giinas elektroenergetika qurgulari istilik va ya elektrik qurgularina ayrilir.

Yerin sitialanma enerjisinin balansi sokil 1-do gostorilmisdir. Giinasdon Yer sothino galon
radiasiyan1 siialanma enerjisinin 100% qobul etmok, siialanma enerjisinin 28%-i buludlar vasitasilo
kosmosda oks etdirilir. Yerdon ayrilan istilik (infraqirmizi) siialari giinogdon golon siialara nozaron
114% toskil edir ki, bunlardan da, 42%-i atmosfer torafindon udulur, qalanlar iso kosmosa qayidir.
Daxil olan enerji planetin sothi {izro okean axinlari vo kiiloklor vasitosilo miixtalif istigamotloro
paylanir.[3]
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X
/ -«
atmosfer
dasmma
v
Yer 2% 114%% 42% okean
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stialanmas1

Sokil 1. Yerin slialanma enerjisinin balansi

Son naticads Giinosin atmosferdo udulan vo Yer sothino catan siialanma enerjisi (birlikda
66%) infraqirmiz1 siialanma soklinds yenidon fozaya qayidir.

Enerji moanboalarindon somarali istifado etmok tigiin ilk novbado onlarin ehtiyatlarint diizgiin
giymatlondirmok lazimdir.

Miiasir dovrde diinyada barpa olunan enerji monbanin bir il orzinds ehtiyati asagidaki
kimidir.[2]

1.Giinos enerjisi -2300 milyard t.s.y.

2 Kiilok enerjisi — 26,7 milyard t.s.y.

3.Biokiitlo enerjisi — 10,0 milyard t.s.y.

4.Yerin istiliyi -40 000 milyard t.s.y.

5.Kigik caylarin enerjisi — 360 milyard t.s.y.

6.Doniz vo okeanlarin enejisi -30 milyard t.g.y.

7 Kigik potensialli tokrar emal istilik manbalori — 530 milyard t.s.y.

Verilon molumatlardan aydin olur ki, barpa olunan enerji monbalori sirasinda giinosg
radiasiyasi, 0z ehtiyatlar1 miqdarina, ekoloji tomizliyi vo genis yayilmasina géro on perespektivli
alternativ enerji monbayi sayilir.Giinos siialanma enerjisi regionun relyefindon, ilin fasillorindan,
sutkanin saatlarindan, hava soraitindon vo metroloji amillordon asili olaraq doyisir.

Orazinin iqlim soraiti vo cografi enindon asili olaraq giinos siialarinin yer sothino verdiyi giic
Nax¢ivan MR orazisinds 1 m? yer sathino giinos enerjisinin miqdar1 192-250 vt-dur. [6]

Hazirda diinyada foaliyyst gostoron Giinog Elektrik Stansiyalart iki tipi daha genis
yayilmigdir: 1)qiillali Giinos Elektrik Stansiyalar1 (bels stansiyalarda giinas siialar1 oksedici miistovi
glizgiilor—heliostatlar vasitssilo qiillodo yerlosdirilmis giinas enerjisi gobuledicisino-heliogabuledici-
yo yonoldilir); 2)fotoelektrik Giinos Elektrik Stansiyalari.
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ABSTRACT
Shamsaddin Kazimov, Valida Hajiyeva, Sadiq Ganbarov

Solar energy resources and their usage

Energy resources are understood as the energy collecton that is accumulated in material
objects and can be used by people. Energy resources are divided into renewable and non-renewable
energy sources.

If the abundance of solar energy in the Atonomous Republic is taken into account, {ie can
say that transformation of solar energy into electrical energy is of great importance. The study of
the mechanism of radiation impact in the process of the transformation of its energy either into
thermal or electricical energy is the main problem.

The distribution of solar radiation on the Earth’s surface depends on geographical latitude.
Radiation increases from Polar to the Earth. Depending on the width of the earth, the altitude of the
Sun changes to the horizon at noon or other times of the year. The larger the angle of the sun’s rays
to the Earth, the more heat the Earth receives. The length of the day in different seasons of the year
depends on the Earth’s latitude.

PE3IOME
amcanaun Kazumos, Banune I'apxkneBa, Caguk Kambepon

HUcnoab3oBanne moTpedOHOCTEN COTHEYHOM IHEPTUH

[lon »HEpreTHYeCKUMHU pecypcaMu IOHUMAETCsl COOp SHEPruu, KOTOPBIM COCPENOTOUYEH B
MaTepHaIbHBIX 00BEKTaX U MOXKET OBbITh BBIPAXKEH JIIOJIbMU. DHEPreTUYECKUEe Pecypehl IeNATCs Ha
BO300HOBJIsIEMbIE U HEBO30OHOBIISIEMbIE HICTOYHUKH SHEPTUU.

IIpuHumas BO BHHMMaHHE H300WIME COJIHEYHOM »Heprun B ABTOHOMHOM PecmyOunnke,
BaYKHO MPEBPATUTh ATY SHEPTHUIO B 3eKTpuuecTBO. OCHOBHAs MpobiemMa 3aK/II04aeTcsl B U3yUeHUH
MeXaHU3Ma PaJHalMOHHOTO BO3JEHCTBUS B MpOILEcce ero npeodpa3oBaHUs SHEPTrUU B TEIUIO WIN
aneKkTpuyecTBo. PacmpeneneHue colHEYHOW paaudaluyd Ha TOBEPXHOCTH 3€MJIM 3aBUCUT OT
reorpadguueckoil MmUpOTHL. Panmanust yBenuuuBaeTcs, KOrja IOJIIPHOCTb paBHa HKBaTopy. B
3aBHUCHMOCTH OT LIMPHUHBI 3eMiid, BbicoTa COJIHIIa W3MEHSIETCS Ha TOPU30HTE B MOJJIECHb WM B
apyroe Bpems roja. Yem Oosbliie yroj COJHEUHBIX Jyded Ha MOBEPXHOCTH 3eMIIM, TeM OoJblle
MOBEPXHOCTh MOBEPXHOCTH 3eMiu. [IpogomKuTenbHOCTh IHS B pa3HbI€ CE30HBI TOJja 3aBHCUT OT
LIMPUHBI 3EMIIH.

NDU-nun EImi Surasinin 29 dekabr 2017-ci il tarixli
gorart ilo ¢apa tovsiyys olunmusdur (Protokol Ne 04).
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Molumdur ki, siiriismo deformasiyasi zamani siirlismo Sothi tizra kasilmonin bas vermasini
nozars alib kasilmoys hesabat aparmaq lazimdir. Eyni zamanda siirismo deformasiyasina maruz
galan sothlor digar elementlorlo kontakda olurlar . Bazon onlar bir birino kigik sathlor tizra
toxunurlar. Bunun naticasindoa bir birina azici toyziq gostorirlor. Bu tozyiq toxunma sahasine
peripendikulyar istigamotds oldugundan hamin sathds azilma bas verir. Buna misal bolt va par¢im
birlagsmoalarini gostarmak olar.

Par¢im bagliglar silindirik metal millordir. Bagliglarin formasindan ashi olaraq porgimlor
dairavi, yumuru bash vo tam basli olurlar. Par¢imlorin va birlagdirilon elementlorin 6l¢ii nisbatlori
standartlarda gostorilmisdir. Biz sinaq yolu ila aldo olunmus naticalarin nazari izahini veracayik.

Pargimlar P-2 vo P-3 markali poladdan vo az legirlonmis poladdan (091°2) hazirlanir. Adaton
par¢imlar birlogdirilan listlorin materialindan hazirlanirlar.

Par¢im birlosmalorinds  detallarin yuvalarina rahat qoyulmasi ii¢iin onlarin diametrini
birlosmoalarindaki detallarin diametrindon (desik yuvalarindan) nisbaton az gotiiriirlar.

Par¢imlorin uzunlugu asagidak: kimi tayin edilir.

L=l+Al=1+(13+17)d (2
Burada [, — par¢imin iimumi uzunlugu
(1,3 = 1,7)d baglanacaq bas tiglin ehtiyat uzunluqdur. [2]
d-par¢imin diametri (mm).
Pagimlorin elementlarinin birlosdirmasi ii¢iin yerlosmo yuvalari iki tisulla hazirlanir.
1. Tozyiglo desmo
2. Sixma (yonmaqla)
Desmo tisulu birlosdirici detallarda gatlar omolo gotirdiyindon adoton porg¢im yuvalari oyma
tisulu ilo yerina yetirilir.

Son elmi nailiyyatlor kombina edilmis iisuldan istifado etmoys imkan vermisdir. Belo Ki,
birlosdirici elementlor avvallor az diametrlo desilir, sonra iso yonma tisulu ilo lazimi diametra
catdirilir.

Qeyd olunan hallar {iglin kosilmoys, ozilmoys hesabatlar aparmagla birlosdirilon
elementlorin 6zlorinin méhkomliys hesablanmasinin aparilmasi lazimdir.

Biitiin bu hesabatlar bizo malum olan asagidaki formullarla aparilir [1,2].

L [om] =5 (1)
2. [Tk] = a;;-n (2)
3. [o,,]> ﬁ 3)
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Burada: [0,,], [Tx] vo [0,,] uygun olaraq materialarin méhkamliya, kasilmays vo azilmoys qarsi
buraxilabilon gorginlikloridirlor (xl/ 2 K /sm2> P-elements tasir edon xarici qiivva (N; KN);

b- elementin eni (Sm; m); t-elementin qalinlig1 (sm; mm); d- bolt va ya pargimin diametri (Sm
t

L T T T T 17X 7 L
7777777 ///7////7 V7KTTTT N[ S/HS ) e

/7777777 NS /77
A\ Ozilma sahasi

Gostorilon formullarda (1)- formulasi birlosdirilon elementin méhkomliya, [2] va (3)
formullar1 birlosdirici par¢imlorin kasilma va azilmays hesabat formullaridir.
Par¢im Dbirlosmalarinds pargimlarin yerlosdirilmasi {igiin agilmis desiklor birlagdirilan
16vhalorin en kasiyini zaifladir.
Mohkomlik sortindan istifads edarok gostarilonlori nazars alib yaza bilarik [2]
[om] =

— (bt — ntd) (4)

Par¢imlorin aralarindaki mosafonin 3d, 16vhonin konari ilo por¢gim morkozi arasindaki
mosafonin 1,5 d olmasini vo eyni zamanda ozilmaya gors buraxilabilon garginliyin [o,,] = 2[0,,] —
gobul edildiyini nazars alsaq: [1,2,3].

t-d-nlo,]l =t n-d): o]
2dn=b —nd
b=3n-d (5)
(5) formulu birlasdirilmis 16vhalorin eninin par¢imlorin say1 vo diametri arasindaki asilligi
ifads edir. Gortindiiyii kimi bu asililiq diiz xott qanunu tizro doyisir.
(2) va (3) formullarini birlikds hall etsok asagidaki formulu alariq.

4t - (o,
[o,] )
[ty ]
(6) formulunda 3 markali (P — 3) polad ii¢iin molum olan [o,,] va[oy] giymatlori yerino
yazaq (7) formulunu alariq.

d>

>4-1:-3600 2 86¢ ~ 2.9 .
=314-1600 0Tt )

Qeyd etmok lazimdir ki, (6) formulu biitiin materiallara aid edilmali vo hesabatlarin naticasi
kimi yoxlama aparilmalidir. (7) formulu I1-3 markali poladdan hazirlanmis pargimlorin diametri vo
birlogdirilon 16vhalorin qalinligi arasindaki asililigi ifado edir. (6) formulunda basqa markali
materiallar {igiin [0,,] va [T, ] — giymatlori nozars alinsa (7) formulunun amsali doyisilacokdir.

Hogigaton aparilan axrinct hesabat pargimla birlogdirilon listlorin méhkamliya va azilmaya
hesabatini tomin edir.

Formullardan goriindiiyti kimi, birlogdirilon materiallarin kosilmays qarst miivoqqati
miigavimati ilo par¢im birlogsmolorinin ozilmoys qarst miivoqgeti miigavimotlori arasinda diiz
miitonasiblik mévcuddur. Bu alagoni buraxilabilon garginliys aid etmok olar.

Qeyd olundugu kimi pargim birlogsmolorinin hesabi miigavimatlori vo buraxilabilon
gorginliklori birlagdiran elementlarin vopargimlorin hazirlndigi pladin markasindan aslhidir.

Pargimlarin birlikds isi zaman1 konar qiraq pargimlar, daxili pargimlara nisbston daha gox
yiik gobul edir.

Par¢im birlosmolorinin hesabatlarina olavo olaraq par¢imlorin diametri vo birlogdirilon
listlorin qalinlig1 arasindaki asililigin formula ilo yoxlamaq lazimdir.
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4t - (o,

. lo,.] )
. o . 7 (7] o . .
Yani pargimlarin diametr va listlorin qalinhiginin yiikk gétiirma gabiliyyati kasilma va azilmays eyni
olmalidur.

d>
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ABSTRACT
K.Aliyev, H.Hasanli, S.Allahverdiyev
The final report actually ensures the stability and flexibility
of the lists attached to the rivet
As can be seen from the formulas above, there is a direct proportion between the interruption
of the combined materials and the temporary resistance of the riveting joints to crushing. This
connection can also be attributed to the estimated potential resistance.
As mentioned above, the resistance of the riveting joints and the stability depend on the brand
of steel, which the elements and rivets are made of.
On the combined function of the rivets, the outer rivets admit more load than the internal rivets.
In addition to the reports of the combinations of riveting joints, it is necessary to check the
correlation between the diameter of the rivets and the thickness of the combined lists
4t:[0az]
T [Tl
The diameter of the rivets and the load capacity of the thickness of the lists should be

PE3IOME
K.Aumes, X.I'acanasl, C.AJu1axBepamneB
B nelicTBuTeNpHOCTH MOCHEAHUN pacueT oOecrnmeyrMBaeT M MPOYHOCTh JIUCTOB Ha
BbIKasbiBaHue. CyliecTByeT npsiMasi MPONOPLHMOHANIbHAS CBSA3b MEXJ]y OTHOLIEHHMEM BPEMEHHOIO
COIIPOTHBIIEHHMSI KJIETIAHHOTO COEAMHEHHS YCIOBHOMY CMATHIO (BBIKAJIBIBAHUIO) K BPEMEHHOMY
COIPOTHBIIEHUIO MaTepuaia JIMCTOB CpPe3y M PACCTOSIHUIO OT 3aKJIENKH 10 Kpas JIMCTa BIOJb
ycuius (10 HEKOTOPOro Tpejiena). Ty CBsI3b MOKHO MEPEHECTH U Ha pacyeTHbIE COMPOTUBEICHUS
(TomyckaeMble HAMPSKEHUS).
PacyeTHblE CONPOTUBENEHNS U TOIYCKa€MbIE HANIPSDKEHUS KIIENAHBIX COCIUHEHUN 3aBUCST
OT MapKH CTaJd COEIUHSEMBIX 3JIEMEHTOB W 3aKJEMOYHBIX 3aroTOBOK, a TaKke OT crocola
M3roToBIIeHUs 0TBepCTs (THna «By» umu «C»).
[Ipu pacuete 3aKJIEIOYHBIX COEIUHEHHI HEOBXOJMMO MPOBEPUT PE3YJITAThl PacueToB IO
¢dopmyn (6). CooTHOIIEHHE MEXIY AMAMETPOM 3aKJIENKH M TOJIBLIMHON JUCTOB, MPU KOTOPOM

HECyHIas CIIOCOOHOCTBH II0 CpE3y U CMATHUIO 6YJICT OI[HHaKOBOfI
4t-[0,7]

7 [Tg]

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur (Protokol Ne 04).
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IONLASMIS ASKAR MORKOZLORINDO SOPILMO ZAMANI RELAKSOSIYA
MUDDOTININ ENERJIDON ASILILIGI

Acar sozlar: diferensial effektiv kasik, sapilma bucagi, enerji
Key words: differential effective cross section, scattering angle, energy
KuaroueBble cjioBa: ouggepenyuanvroe s¢hghexkmusroe cewenue, yeon paccesuus, SHepeusl.
Kvant mexanikasindan molumdur ki, potensialli sferik simmetriyaya malik olan morkozdan
elektronun sopilmasi zamani diferensial effektiv kosik asagidaki diisturla ifads olunur.

¥ k —k
0(9,¢):i—TIrv(r)%dr| (1)

2
burda v(r) = + 28 o= Iy ifado olundugundan vo y=k-k ils avazloms etsok onda,
&r

am* ¢ [ ze® . \sinxr mze 1 °°4 ot arior
o(0,9) = | J'r(i qu dr [=( ) 2|I e )dr|2
o X

h 0 o
: . g™ —e™ . .
burda sinusun avozina sin yr = B yazsaq inteqrali I—ilo isaro edok va hesablayaq
[
. 2ix
I, = 2
e @

alariq [1]. Alinan naticoni (1) -do yerins yazsaq alariq ki,

I
mze), -~
o(6, o(@)=4 2 3
0.0 =00~ 12 j ] @
bu halda diferensial effektiv kasik ¢ bucagindan asili deyil. X-in dalga vektoru vo sopilmo bucagi
vasitasi ilo ifads etsok bunu asanligla gor bilarik.

Sopilma elastiki oldugu iigin E=E [k|=[k| y=2ksin 6/2 ifadasini 3-do yerino yazsaq

1( mze? 1
o(0) :Z( h?e J 2 ., 0 “)
(q +4ksin 2)

alinir vo q=0 gotiirsok kristalda yalniz bir ion markazi olan hal ti¢iin sopilmanin diferensial effektiv

mv
kasiyini almis olariq. K = o yazsaq
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2
o052 25 ©
MV sin® 5
alariq. Diferensial effektiv kasiyin (5)-ifadasindon istifads edib integral va transport effektiv kasiyi
hesablasaq onlarin hor ikisi iiglin sonsuzluq alariq. Kiristalda yerlosmis yegana ion markazinin
elektrik sahasi sonsuzluga gador yayilir [4]. Ona gora do fozanin istanilon ndqtasinds yiikdasiyict
bu sahs ilo garsiligh tasirds olacag. Bu da integral effektiv kosiyin sonsuz boyiik olmasi demokdir.
Lakin kiristalda olan ¢oxlu miqdarda ionlasmis askar markazlori bir-birinin sahasini ekranlayir va
bunu nazars almamaq olmaz.
fonlasmis askar morkozinin inteqral effektiv kosiyi odadi giymeotca radiusu maksium hodof
mosafasi olan dairanin sahasine barabardir.

1

S=rx :ﬂbzmax

1
2N3

Inteqrali effektiv kosik yiikdastyicinin siiratindon (vo ya enerjisindon) vo temperaturundan
asili deyil. Yalniz ionlagsmis askar morkazlorinin konsentarasiyasindan asilidir. Konsentrasiya ¢ox
oldugda gonsu markazlor arasindaki masafs kigilir onlar bir-birinin sahasini daha gox ekranlasdirir.
Diferensial effektiv kosik isa yiikdasiyicinin siiratindon kaskin asilidir. Hom do diferensial effektiv
kasik yiikdasiyicinin enerjisindon asilidir. Sopilmoni daha diizgiin xarakterizo etmok fiigiin transport
effektiv kosiyini o hesablamaq lazimdir [2].

ze? )’ 1 (em?Y
O, :272'( ZJ Inj1+ 2 (—ZJ
emyv -\ ze
AN
burada o¢- yiikdasiyicinin siiratindon miirakkob sokilds asilidir.

1 : . I -
o, . —; belaliklo, relaksasiya miiddatini tapa bilorik.
1%
1 g’'m? Ve
T = = > 2 = —
No.yv 27z°e’'N
nf1+—— 1
2 2
4N§ emy
2E -
v=(=—)"" olagesini nezoro alsag,
1 3
J2&2m? E? g
T= . =r,E
az%e’N 2 !
Inj1+
N 3ze?

Bu ifads relaksasiya miiddati iiciin Konvel-Vayskof diisturu adlanir [3]. Burda loqarifmik ifado
enerjidon zoaif asili oldugu ti¢iin onu sabit qabul eds bilsrik. Burdan aydin olur ki ionlasmis askar
morkazlorindon sopilmo zamani relaksasiya miiddati enerjidon ~E¥ kimi asilidir.
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ABSTRACT
Naila Gardashbeyova,
Ulvi Veliyev

Energy survivity of relaxosia time for recent traffic centers

It is noted in the paper that the integral of an effective cross section does not depend on
charge carrier velocity, energy, and temperature. It depends only on the concentration of explicit
ionized centers. At a high concentration, the distance between neighboring centers decreases and
they screen the regions of each other to a greater degree. It is indicated that the differential effective
cross section sharply depends on the velocity of the charge carrier and simultaneously on its energy.

PE3IOM
Hauns KappamBexosa,
YiauBu Besnesn

JHepreTuyecKkas JKeCTKOCTHh TeEMIEPATYPbI OKPECTHOCTH PeIaKCHO3 UM
B HeJaBHX TPAHCIOPTHBIX LIEHTPAaX

B cratbe oTrmedeHo, 4to uHTerpan 3¢(EKTHBHOIO CEYEHUS HE 3aBUCUT OT CKOpPOCTH,
SHEPTUM H TEMIEPaTypbl HOCUTENS 3apsAna. 3aBUCUT TOJIBKO OT KOHIICHTPALIUM SIBHBIX
MOHU3UPOBAHHBIX LEHTPOB. [Ipy BBICOKON KOHIIEHTPALMM PACCTOSHUE MEXAY COCEIHUMU
LIEHTpAaMU YMEHBIIIACTCS,, WU OHH B OOJIbIIEH CTENEHU SKPAHUPYIOT OOJacTU JApYyr Apyra.
VYkasbiBaercs, uto auddepeHnuansioe 3(h(QEKTUBHOE CEUeHHUE PEe3KO 3aBUCHUT OT CKOPOCTH
HOCHTEIS 3apsiia U OTHOBPEMEHHO OT €T0 SHEPTHUHU.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar: ilo gapa tovsiyya
olunmusdur (Protokol Ne 04).
Moagalani ¢apa toqdim etdi: Fizika zizra falsafa doktoru, dosent Farman Qocayev
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ASTANAYA MALIK OLMAYAN PROSESLOR UCUN RAST GOLINON
ASIMPTOTIKALAR

Acar sozlor: lepton, Miion neytrinosu, Tauon neytrinosu, Feynman diagrami, neytral
carayanlar.

Key words: lepton, Muon neutrions, Tauon neutrions, Feynman diagram, neytral currents.

KuloueBble ciioBa: senmow, MiooHHbll HelmMpuHo, MAyHO8ble HeUMmpuHo, Ouazpamma
Detinmana, HelimpaibHble MOKU.

Astanaya malik olmayan proseslor dedikds biz neytrinolarin yiiklii leptonlardan neytral
Carayanlarin hesabina gedan sopilma proseslorina baxacagiq. Yiikli lepton olaraq elektronu qabul
edok. Bu proseslords miion neytrinosunun va tauon neytrinosunun istirak etdiyi hala baxagq:

v,+te—>Vv, +e Q)
v,+e—>V, +e (2)
V. +e—>V_+e (3)
V.+e >V +e (4)

Burada elektron neytrinosunun istiraki ilo gedon prosess ona goéro baxilmir ki, homin
prosesdo neytral coroyanlarla yanasi yiikli zoif coroyanlarda istirak edir. Bu prosesos uygun
Feynman diaqrami sokil 1-ds tosvir edilmisdir.

Sokil 1. Feynman diaqrami.
Bu halda prosesin kasiyini iimumi sokilds asagidaki kimi yazmagq olar.

o = AG} [ F(u)dUR(u, x){Vi(@, 9., 9, 1) ®1(2)+ V(7. 94,0, U)@'(2)} ()
0
(5) ifadssindoki g, vo g, parametrlori asagidaki kimi tayin edilir:

gy :—%+2sin2<9W (6)
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1
gA:_E (7)

Astanaya malik olmayan neytrino-lepton sapilmasi proseslorinds Xarici sahonin prosess
gostardiyi tosir n parametri ilo xarakterizo olunur. Bu parametr asagidaki kimi tayin edilir.

=% ®)

n >1 oldugda sahanin prosesin kasiyins verdiyi pay shamiyyatli olmur.
n <<1 oldugda iss asag1 energetik yaxinlasmada baxilan proseslorin Kasiyi ticlin asagidaki
iimumi ifado alinir:
o -Baz| k| {cl )97 +C. 12(k)07 + G Ta(k)g, 9 + Ca Tl | Z |

1

X[CS fS(kl)gE+C6 f6(k1)g; +C7 f7(k1)ngR]} (9)

C (1,_7) omsallar1 hor bir proses ligiin sabit omsallardir. f; (ﬁ) funksiyalar1 iso miixtalif
proseslor ticiin miixtalif olan vo k; parametrindon asili olan funksiyalardir. Yiiksok enerjilor

(k >> 1) oblastinda sol vo sag coroyanlarin interferensiyasinin nisbi pay1 azalir. Bu azalma unitarliq
mithakimalorindon irali galir.
1 >>1 oldugda (5) inteqralina asas pay1 ~ ®'(z) hoddi verir,

0'(z)=2'(0) = FE j (10)

Oldugunu nozors alsaq, prosesin kasiyinin asimptotikasi ti¢iin asagidaki ifadoni aliriq:

2
G:DG§Z3F(QL,QR,kZ) (11)

Burada g,,9, Vo K, asagidaki kimi toyin olunan yeni parametrlordir.

9. :%(gv"'gA) (12)

Or =%(gv_gA) (13)

k, = k(ﬂJ (14)
mZ

Son ifadslordon bu naticoys golo bilarik ki, yiiksok enerjilor oblastinda prosesin kosiyi
faktiki olaraq elektronun kiitlasindan asili olmur. Belo Ki,

2 2
2 3 3 2
(e ol o oo
0 m

vurugu kiitlodon asili deyil.
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ABSTRACT

Nurida Akbarova, Leyla Ibrahimova
Asymptotic occurred for processes without threshold

The article deals with scattering process of neutrons from charged leptons on the basis of
neutral current. The ration to effective quotient by 7 quantity in n>1 and n <<1 the values has

been studied. Since when the value 7 is equal n>1 then the contribution of this quantity to the

effective cross section is not important. On the other hand, it was determined that the cross section
of processes in high-energy regions is virtually independent of the weight of the electron.

PE3IOME
Hypuna Ax0aposa, Jleitia Uoparumosa

ACHMIITOTHKH BCTPe4Yalouuecs sl mpoieccoB 0e3 mopora

B pa60Te pacCMaTpuBaCTCs paCCCAIHUC HeI>'ITpOHOB OT 3aps’KCHHBIX JICIITOH C HeﬁCTBHeM
HeﬁTpaﬂbHHX TOKOB. bb1IIO pacciaeaoBaHO BKJIaJ BCIMYMHA 7] B 3(1)(1)6KTI/IBHOFO CCUCHUA C

3HadeHussMu 77 >1 u 1 <<1. Tak kak, Korja BeIMuuHa 1) paBHa 77 >1 Toraa BKJIaa 3TON BETMYUHBI B

3QGEeKTUBHOMY CeueHHI0 HeBaxHbIA. C Opyroil CTOPOHBI OBUIO ONPEAEICHO 4YTO, CEYECHHE
MIPOLIECCOB B 0OJIACTSAX BBICOKOM SHEPTUU (PaKTUYECKH HE 3aBHCHMO OT Beca dJIEKTPOHA.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar: ilo ¢apa tovsiyys
olunmusdur (Protokol Ne 04).
Moagalani ¢apa toqdim etdi: Fizika sizra falsafa doktoru, dosent Farman Qocayev
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PARABOLIK KOMETLORIN BOZi PARAMETRLORININ TODQIiQi

Acar sozlar: parabolik kometlar, komet parametrlari, paylamna
Key words: parabolic comets, cometary parameters, distribution
KarwueBsie ciioBa: napabonuyeckue komemol, KOMEmMHble RAPAMempbl, pacnpedeseHue

Miiasir astronomiyanin vacib masalolorindon biri do komet kosmogqoniyasidir. Umumilikds,
kometlor kainatin soyuq cisimlori olduglari iigiin, kainatda gedon tokamiil proseslori bunlara ¢ox az
tosir etmisdir. Bu sobobdan do kometlor kosmogonik monada ¢ox vacib obyektlar sayilmaqdadirlar.

Kometlor, 6z orbitlori iizro dolanma dovrlarina (P) gora osasen, iki miixtolif qrupa ayrilirlar.
P<200 il olan kometlor qisadovrlii vo ya elliptik, P>200 il olanlar iso uzundévrlii vo ya parabolik
olaraq adlandirilirlar. Elliptik kometlor Giinos sisteminin iri cisimlari torafindon cozb olunarag, bu
sistemin daxili obyektlorino gevrilmislor vo ¢ox cidii bir tokamiilo ugramislar. Bu sababdan onlar
kosmogonik monada daha az maraq kasb edirlor. Dolanma dovrlari 200 ildon boyiik olan parabolik
kometlor isa, Giinos sistemi daxilinda yalniz bir dofa olduglart tigiin, ¢ox ciizi doyisikliklora ugramis
olsalar bels, ilkin torkib vo formalarini osason saxlamaqdadirlar. Buna goro, parabolik kometlor
kosmogqonik néqteyi-nazardon gox vacib cisimlordir.

Miisahido olunan kometlorin boyiik oksoriyyati gilines sisteminin uzaq oblastlarindan galir.
Planetlorin harokst zonasinda qisamiiddatli bir zaman arzindo qalmagla, dinamik vo fiziki manada
ciizi do olsa doyisikliys ugrayaraq yena goldiklori yers gayidirlar. Malum oldugu kimi bunlar asasan
parabolik kometlordir. Bu kometlor planet zonasinda ¢ox az bir zaman kegirdiklori tigiin, demok
olar ki, ciddi tokamiilo ugramadan qalmislar vo buna goro do uzaq kainatin sirlorini 6ziindo
mithafizs edan ilkin madds dasiyicilari sayilmaqdadirlar.

Parabolik kometlorin xeyli miirokkob olan mongayi problemi 200 ildon artiq bir zaman arzin-
do alimlorin todgiqat obyekti olsa da, bu giino godor 6z hallini tam monada tapa bilmoyib. Is tokco
bunlarin ¢ox xaotik bir struktura malik olmalarinda deyil. Unutmaq lazim deyil ki, indiyadak para-
bolik kometlorin ¢ox ciizi bir hissasi miisahido olunmusdur. Ola bilsin ki, bunlarin halo miisahido
olunmamis ¢ox nohang bir hissasi tamamilo basqa xiisusiyyatlora malikdir. Bundan basqa, onlarin
oksariyyatinin boyiik yarimoxlariin qiymati ya imumiyyatlo he¢ malum deyil (e=1), ya da daqigli-
yi ¢ox asagidir. Bu, asason XIX asro godor miisahido olunmus kometlors aiddir. Problemi miirok-
koblogdiron sobablardon biri do budur ki, insanliq tarixindo yalniz bir dofo miigahido olunan belo
kometlorin orbit elementlarini vo kosmogqoniyada ¢ox miihiim olan fiziki parametrlarini kifayat qo-
dor doagiglosdirmok miimkiin deyil. Hazirda kometlarlo alagoli ¢ox bahali vo miirokkab todgigatlar
aparilir. Bas bunun saboabi nadir? Bu onunla izah oluna bilar ki, diger soma cisimlarina nisbston ¢ox
az todqiq olunmus kometlor elm ii¢iin vacib informasiya monbsloridir.Giinas kiiloyinin mdvecud ol-
mas1 fakt1 kometlor sayasindo dyranilmisdir. Kometlor Giinas sisteminin ¢ox uzaq zonalarindan gal-
diklori, bu sistemin boyiik kiitlali cisimlori ilo ¢ox az tomasda olmalari, hamginin kifayat godor kigik
kiitloli olduglar {igiin, demak olar ki, yarandiglar1 zamandan etibaran doyisilmodan qalmislar. Bas-
qa sozlo, onlardaki fiziki sorait vo kimyavi torkib ilkin vaziyyotds saxlanmigdir. Kainatda gedon to-
kamiil prosesi boyiik kiitlali cisimlori doyisdirmis, kigiklora iss demak olar ki, toxunmamigdir. Bu, o
demokdir ki, kometlor hor seydon 6ncs ilkin materiya dastyicilaridir. Bu sobobdan do, kometlor bii-
tovliikdo kainatin omolo golmosi hagda molumat bazasi rolunu oynamaqdadirlar. Meksikada tapil-
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mis Allende meteoritindo Mg?® izotopunun normadan artiq oldugu askar olinmusdur. Todgigatlar
gostordi ki, bu AI?® radioaktiv izotopunun pargalanmasi nticesindo bas vermisdir. Labaratoriya toc-
riibalori gostarir Ki, komet niivalorinds olan tizvi molekullarin bu izotopla stialandirilmasi amin vo
niikleyin tursularinin amala galmasina sabab olur. Bu da canli hoyatin baslangici demokdir [2]. Bii-
tiin bunlar kometlarin 6yranilmasinin na gadar shamiyyatli oldugunu gostarir. Belaliklo, ilkin mate-
riya dasiyicilart sayilan kometlors, Giinog sisteminin yaranmasina dair informasiya monbayi kimi
baxmaq olar. Kometlorin ¢ox ciddi tadgigat obyektina ¢evrilmasinin asas sabablarindon biri do son
zamanlar ¢ox aktual olan toqqusma problemlaridir. Holo XV asrin sonlarinda miimkiin Yer-Komet
toqqusmasi, naticads «diinyanin sonu» haqqinda fikirlor méveud idi. Diinyanin bir ¢ox yerlorinds
geyri-vulkanik xarakterli kraterlorin movcud olmasi fakti da bels fikirlori miioyyon monada dastok-
layir. Kometlorin mansayi vo tokamiilii proseslorinin tadgiqati masalasinin halli onlarin L vo B ek-
liptik koordinatlar1 vol/a. I, £2, qorbit elementlorinin paylanmasi ilo slagslidir. Bu parametrlorin
todqiqi iimumilikds komet toplusunun mansayi hagda molumatlar almaga imkan verir. Bu isdo apa-
rilmasi noazords tutulan todgigat mogsadi ilo ingilis astronomu B. Marsdenin komet kataloqundan
P>200 olan 800-o dok parabolik komet se¢ilarok todgigata calb olunur. Parabolik kometlarin an xa-
rakterik xiisusiyystlorindan biri L (ekliptik uzunlug) parametrinin giymatlorinin geyriborabar pay-
lanmasidir. Aparilan tadqiqatlar géstarir Ki, L=90°va L=270° giymatlorinin yaxin otrafinda L;para-
metrlarinin hiss edilocok doracads sixlagsmasi miisahido olunmaqdadir (uygun olaraq 190 va 213
odad). Bu parametrin paylanmasi agsagidaki cadvaldoa verilir. (cadval 1)

Codval 1. L parametrinin paylanmasi.
L 0 30 |60 |90 |120 |150 | 180 |210 |240 |270 | 300 | 330
N 20 |25 |36 |188 |68 |64 |40 [43 |54 |210 |35 |21

B parametrinin paylanmasi, ekliptika miistovisi ilo 85° bucag amolo gotiron miistovi otrafinda
yiiksok konsentrasiya oldugunu gostarir. Ikinci maksimum Radziyevski vo Tomanovun [1] islerinds
genis todqiq olunmusdur. Onlar gostormislor ki, bu maksimum kometlorin «ulduzlararasi mongoyi»
hipotezilio olagadardir. Lakin belo halda birinci maksimumun sababi geyri-miioyyan olaraq qalir. Bozi
milliflor bi maksimumun, Giinasin hipotetik peyki olmasi ehtimal olunan Nemezidlo olagodar
oldugunu iddia edirlor (cadval 2) .

Codval 2. B parametrinin paylanmasi
B |-90| 60 |-30| O 30 | 60 | 80 | 90
N | 45 |5 | 62| 39 | 75 | 72 | 48 | 392

Parabolik kometlarin oksariyyati tiglin tors harokat xarakterikdir. Marsdenin kataloquna goéra
bu kometlarin 54% -don ¢oxu tigiin 7> 90°.

B (ekliptik enlik) parametrinin paylanmasinda da miisyyon sixlagsma hiss edilir. Diiylin
noqtalorinin paylanmasinda 86° vo 266° uzunluqlar strafinda maksimumlar mévciiddiir.

Apardigimiz aragdirmalar gostorir Ki, bazi miolliflorin [2] hesab etdiyinin oksina olaraq,
Qalaktika miistovisi otrafinda kometperihelilorinin say1r nozors ¢arpan maksimuma malik deyil.
Kometperihelilorinin konsentrasiyasi ekliptikaya perpendikulyar miistovi otrafinda daha yiiksokdir.

1/a (a-orbitin boyiik yarimoxudur) parametrinin paylanmasi, bunlarin kigik qiymotlori
oblastinda koskin maksimumla miisayiot olunur. Bir ¢ox miuolliflor hesab edir ki. perihelilorin
paylanmasi Giinos apeksi (L=270°, B=53.5°) yaxinliginda yiiksok sixliga malikdir [1]. Qeyd etmali-
yik ki, apardigimiz todgigatlat bu fakti da inkar edir.

Bozi komet orbitlorinin, boyiik planet orbitlorindon minimal masafosi, onlarin tosir sferasi
radiusundan kigikdir [3]. Parabolik kometlorin oksariyyati i¢iin <1 a.v. (n=621). q vo 1/a parametrlori
arasinda tors miitonasibliys banzor bir statistik asililiq var;- periheli mosafslori artdigca 1/a —nm
giymotlori azalir. Bu asililiq parabolikkometlorin ilkin orbitlorini todqiq edorkon askar olunmusdur [4].
Bu kometlar yiiksok parlaqliglari ilo segilirlor. Bozi orbit elementlori (masalon (o 1) arasinda statistik
olago tapilmus [5], lakin kifayot godor asaslandiriimamisdir. Parabolik kometlor sisteminds bozi effektlor
nazars carpir ki, Radziyevskinin fikrinca bunlar presessiyanin naticaloridir. Bu kometlaor arasinda orbital
parametrlari ilo biri-birina ¢ox yaxin olan obyektlor vardir. Bu baximdan «Kreyts ailasi» kometlarini
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xisusi geyd etmok lazimdir. Parabolik kometlor tigiin, Tisseran sabitinin giymatlori istonilon sistemda
genis diapazona malikdir va he¢ bir ganunauygunluq askar edilmir.

Fikrimizca, yuxarida gostarilon biitiin bu ganunauygunluglarin hamis1 miibahisasiz deyil vo ba-
zilari kosmogqonik sorho malik olmaya bilor. Bunlardan bazilorinin seleksiya effektinin noticasi olmasi
miimkiindiir. Bundan basqa, bu vo ya digor xiisusiyyatin, dinamik proseslarin naticasi olub-olmadigmi
aydmlasdirmaq lazimdir. Parabolik kometsisteminin ¢ox nizamsiz olmasi onun monsayi maosalasini
xeyli miirokkoblosdirir. Buna gora do bu sistemi daha ¢ox va daha doarindon analiz etmakls, alds olunan
naticalori konar effektlorin tosirindon tomizlomok lazimdir. Biitiin bunlardan sonra miioyyan bir
konsepsiya yaratmaq Vs ya artiqg movcud olan hipotezlorin dogrulugunu yoxlamagq olar.
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ABSTRACT
Alovsat Dadashov
Stydy of some parameters of parabolic comets

Parabolic comets are of great importance in the total aggregate of comets. After a short time
in the solar system, they are almost unaffected and retain their original appearance in the physical
sense. For this reason, these comets are carriers of the relic substance of the universe. In
consequence, an in-depth study of parabolic comets will help scientists discover many secrets and
patterns of the universe in a cosmogonic aspect.

Parabolic cometary systems according to parameters of L, B, 1/a, I, £2, gare investigated in the
paper. The paper covers all plurality of Parabolic comets till 2010. It is shown that distribution of
parameters Land B has local maximums about values of 90° and 270° respectively. Between
parameters 1/a and g inversely proportional dependence is revealed.

PE3IOME
AdgoBcart Jlagamon
HccnenoBanue HEKOTOPHIX NAPaMeTPOB NapadOIUIYECKUX KOMET

[TapaGomuueckue koMeTbl 00nafaroT OOJbLIOE 3HAYEHUE B OOIIEH COBOKYITHOCTH KOMET.
[TpeObiBasi kopoTkoe BpeMsi B CONHEUHOM cHucTeMe, OHHM TMOYTH HE TMOJBEPraroTcs BO3JACHUCTBUIO U
COXPAHSIOT CBOHM IMEPBOHAYATBHBIN BUJ B (hpu3ndeckoM cMbiciie. [1o 3TOMy, 3TH KOMETHI SIBIISFOTCS
HOCUTESIMA ~ PENIMKTOBBIX ~ BEIIECTBO BCEJeHHOW. B cienctBum, rimyOokoe —ucCcleIOBaHUE
mapaboTMYECKX KOMET, TIOMOXKET YYEHBIM OOHApYyKHWBaTh MHOTHE CEKPEThI U 3aKOHOMEPHOCTH
BCENICHHOW B KOCMOTOHMYECKOM acrekte. B pabote uccnenyercs mapadomndeckuX KOMETHBIX CHCTEM
no mapametpam L, B, 1/a, I, £2,g. Pabota oxBarsiBaeT BCIO COBOKYITHOCTh MapabOMYECKHX KOMET JI0
2010 rox. Ilokazano, uto pacmpenenenue mapamerpoB L u B uMeror nokaabHbIE MAaKCUMYMBI OKOJIO

sHauennit 90° m 270° , coorBercTBeHHO. Mexay mapamerpamu l/am ( BBISIBICHO OOpaTHO-
MIPONOPILHOHANIbHAS 3aBUCUMOCTb.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli qorar1
ilo ¢apa tovsiyya olunmusdur (Protokol Ne 04).
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Crpykrypa u Bpamenne KMIIC

B ominMuyne OT MarHUTHBIX MOJEH COJHEYHBIX IISTE€H, 3aHUMAIOIIUX OTHOCUTEIILHO
HEOOJIBIITYIO YacTh COJTHEUYHOW MOBEPXHOCTH M MMEIOIINX WHTEHCHBHOCTh HECKOJIBKUX KUIJIOTaycc,
kpynHoMaciitabuple MaruuTHele noist (KMIIC) mnokpeiBatoT HpPakTUYECKH BCIO IMOBEPXHOCTH
ConHLIa ¥ MMEIOT MHTEHCHUBHOCTb HECKOJIbKMX Taycc WM JecsTKOB raycc. Kak mnpasuino, s
uccnenoBanust KMIIC ucnonb3yroTcst KapThl MarHUTHBIX I10JIEH € pa3pelieHueM He MEeHbIINUM 2-3',
B pe3yJbTaTe 4ero Takue MeJKoMacimTaOHble 00pa3oBaHUs KaK TPAHYISLUS, CYNeprpaHyisiius U
COJIHEYHBIE IISITHA HA 3THX KapTax criaaxeHs! u npu ananuze KMIIC B pacuer He npuHuMatoTcs. B
T0 e BpeMs B cTpykrype KMIIC oT4eTnuBO BBIAENAIOTCS YHUIOJSPHbIE MAarHUTHBIE TOJS C
xapakTepHbIMu pazMepamu 30-40° n marHuTHbIE 00pa30BaHUS C XapakTepHbIMU pazmepamu 90-
100°. AHanoruyHsle CTPYKTYpbl HAOMIOAAI0TCA U B HEKOTOPbIX cBsi3aHHbIX ¢ KMIIC nposiBnenusx
aKTUBHOCTH (pacupeleNieHusX TMATeH M TPYNI TIsITeH, (PaKkenoB, axkTHBHBIX oOmacTel u
JONTOKUBYIIMX ILEeHTpoB akTuBHOCTH) [1-13]. Crtpykrypa KMIIC cBs3aHa ¢ pa3nuuyHbIMU (B
OCHOBHOM  JIONITOKMBYIIMMHM) TPOSIBICHUSIMHU  COJIHEYHOW AaKTHUBHOCTH, 4YTO  IO3BOJIUJIO
MakunTtomy, ucnons3ys  Ho-kapTsl, pa3paboTath  METOJMKY  BOCCTAHOBJIEHUS  KapT
KpPYIHOMACIITaOHbIX MAarHUTHBIX MoJiel (MpaBaa, TOJABKO KapT MOJSPHOCTEH) MO JOJITOXKHUBYIIUM
BOJIOKHAM M IIeHTpaM akTuBHOCTHU. [lo3nHee mo Ho-kapram OblTM BOCCTaHOBJIEHBI KapThl
KpYIMHOMACIITaOHBIX MAarHUTHBIX ToJiel 3a nmepuoj ¢ 1915 mo 1990 roasl. Kak 6bu10 mokazano [14]
STH MarHUTHbIE TOJIs, BOCCTaHOBJEHHbIE MO Ho-kapTam, AOCTaTOYHO XOPOUIO MPEACTABISAIOT
riobansHOoe MaruuTHOeE noje Comnna (I'MII).

ABTOKOPpENALIMOHHBIN aHAJIN3 OLM(DPOBAHHBIX CHHONTUYECKUX KApT COJTHEYHBIX MAarHUTHBIX
noJieit (B 4aCTHOCTH, CTIH(OPJACKUX MarHUTHBIX KapT) MO3BOJIWII BbIAEIUTH B cTpykType KMIIC 2-
X-CEKTOPHYIO, 4-X-CEKTOPHYIO MOJbI M MOABI 0o0jiee BBICOKOTO MOpSJIKa W HCCIEAO0BaTh MX
BpallleHHEe ¥ HUKIWYECKYIO 3BOJIIOLUIO. JTH k€ MOJibl OblTH BhIENEHbI U B cTpykType KMIIC Ha
MOBEPXHOCTH HWCTOYHMKA, BOCCTAaHOBIEHHOM mo Ha-kapram 3a 1915-1990 rr [15, 16].
[Ipeobnanatomieit cTpykTypoir siBisiercsi 2-x-cektopHas. Ha mnoBepxHoctu ¢doTochepsl oHa
BBIBIISICT AU PepeHnnanbHoe BpallleHne MarHUTHBIX 10JIeH B 30HE CPeHUX IIUPOT U OTCYTCTBHE
g depeHIaTbHOrO BpallleHusl - B 30HE MOJIIPHBIX IUpOT. Ha moBepxHOCTH HCTOYHMKA 2-X-
CEeKTOpHasi MoJa BpallaeTcsi KBa3UTBEpOTeNbHO [15, 16]. Bropoii nmo 3Haunmoctu siBasiercs: 4-x-
CEeKTOpHasi MOJia, Bpalllalollascs KBAa3UTBEPAOTENbHO Kak B (orocdepe, Tak U Ha MOBEPXHOCTH
ucrtouHuka. KBasurBephorenbHOe  BpalleHHME  2-X-CEKTOPHOM U 4-X-CEKTOPHOM  MOJA
CBUJETEIBCTBYET O MX INIyOOKOM MPOMCXO0KJIEHUU (BOJIU3U OCHOBAHUS KOHBEKTHBHOW 30HBI), TJI€
middepeHManbHOe BpalleHue OoTcyTcTByeT. B ¢orochepe 2-x-cexTopHas Moja HaOmromaeTcs
MPAKTUYECKH BCEra. ITO CBUAETEILCTBYET O TOM, uTO COJIHIIE BBITISAUT KaK HAKIOHHBIA U0
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IIPAKTUYECKH B TEUEHHE BCETO COJIHEYHOrO IMKJIA. 4-X-CEKTOpHas MOJa B TeYeHUE OOJIbLIeH yacTu
11-neTHero muKiIa HaOJIOMAETCS JUIIb B 30HE CPEAHHUX MIUPOT (k<| +559 ). B 30He mosspHBIX
IIMPOT OHA MOSIBJIAETCS JIMIIb B T€YEHHWE KOPOTKOrO BpeMeHU BOIM3M MakcuMmyma 11-ietHero
COJTHEYHOIO ILMKJIA. XapakTep TMOBEICHUS 2-X-CEKTOpHOM U 4-x-cektopHoi Mox KMIIC
CBHJIETEJILCTBYIOT O HE3aBUCHUMOCTH (MJIM OYEHb CJIa00M 3aBUCUMOCTH) 3TUX JABYX MOJ U O TOM, UTO
YETBIPEXCEKTOPHAsl CTPYKTYpa HE SIBJISETCS TapMOHUKOH JABYXCEKTOPHOW CTpyKTypbl. Cpennee
3HAYCHUE OTHOLICHHS AMIUTUTYJ 2-X-CEKTOPHOH ¥ 4-X-ceKTOpHO# cTpykTyp (A4/Az) mo Bcemy
uHTepBaiy HabmoneHuit (1915-1990 rr.) u mia Beex mupoT 61au3ko K 0.5. Tonbko B OTAETbHBIE
MHTEpBAJIbl BPEMEHU 4-X-CEKTOpHasl CTPYKTypa CTAHOBUTCS CPABHUMOM C JABYXCEKTOPHOW (Win
naxxe Oonee 3HaYMMOM). MHTEpecHO, YTO 3TH MAaKCHMyMbI COBIAQJAIOT C COOTBETCTBYIOUIMMHU
ONOPHBIMU TOYKAMU LMKJIA M, BO3MOXKHO, SBJISIFOTCA IPOSIBICHUEM KBa3MIIEPHOAMYECKHX
¢bykTyanuii ¢ xapakTepHbIM HepuojgoM ~2-3 ser. Bkiag 2-X-CeKTOpHOW CTPYKTYpBI pacTeT K
BBICOKMM MIMpOTaM, a 4-X-CEeKTOpHOW, HaoOopoT, ymeHbuiaercs. Kosadduuuent xoppensaiuu
Mexay uHTeHCHMBHOCTSIMU (A(t) u Ay(t)) u nepuomamu (To(t) u Ty(t)) cooTBeTCTBYIOMUX MO
BpallleHUs1 He TpeBbiaeT 3HadeHud 0.4 s mHTeHcuBHOCTEeW U 0.2 JyIsi MEpUOAOB BpallCHUS
KpYIHOMAacCIITaOHBIX CTPYKTYP.

Ha OonblioM BpeMEHHOM MHTEpBale JOCTATOYHO HAAEKHO OOHApYXEHO oOllee CBOWCTBO
BpALIEHUS CEKTOPHBIX CTPYKTYP: MOBBIIIEHUE YPOBHS aKTUBHOCTH (T.€. pOCT YMCIa U MHTEHCUBHOCTH
JIOKaJIbHBIX MAarHUTHBIX MOJIE) COMPOBOXIAETCS YMEHbLIEHHEM CKOPOCTH BpAILlEHHs M, HaoOOpoT,
CKOPOCTb BpallleHHs BbILIE MpH O0Jiee HU3KOM aKTMBHOCTH (T.€. P YMEHBILIEHUU POJIM JIOKAJIbHBIX
noneit). OTo MoATBEepKAaeTCs Kak BHYTpU 11-meTHero mukia, Tak M Ha OOJbILIEM BPEMEHHOM
Mmacmtabe. Buyrpum 1mkma Oosiee BBICOKash CKOPOCTh BpamieHUss BOJM3M MHHHMYyMa IHKJIa
COMPOBOXK/IAeTCsl yMeHblIeHHeM uddepeHunanbHocT BpamieHus. [lo BpallleHHuo CeKTOpHBIX
CTPYKTYP BbIsIBIIeH 55-60-neTHuit nukit ¢ ocoObM niepuoaom B 1952-1960 rr.

Cucrembl riobaiabubix (I'MII) u Jgokanbubix (JIMII) MAarHUTHBIX moOJed M HX
HUKJINYeCKas IBOJIIOLHUS

WccnenoBanue Bpamienus U nukiaundeckoro noseneHuss KMIIC u ero paznuuHbIX CTPYKTYp
IIPUBEJIO K BBIBOJY O cyliecTBOBaHMM Ha COJIHIE JBYX Pa3IUYHBIX CHCTEM MAarHUTHBIX IOJEH:
cuctembl JIOKaIbHBIX (JIMIT) u riobaneubix (I'MII) moseld, MUKIMYECKOE MOBEACHHE KOTOPHIX,
HECMOTpSl HAa HUX SBHYIO B3aHUMOCBS3b, HOCUT COBEPIIEHHO pa3IMuYHBId Xxapakrep. Cucrema
JIOKQJIBbHBIX MOJIEH - 3TO B OCHOBHOM CHCTEMa 3aMKHYTHIX, AU(PPEpeHIHnanbHO BpallaloIUXCs
MarHuTHBIX MOJIEH, OMpeaessomuX OOJBIIMHCTBO HauOoJiee 3aMETHBIX NPOSBIECHUI COJHEYHOM
aKTUBHOCTH (aKTHBHBIX 00JIaCTEH, COJMHEUYHBIX MATEH, BCIBIIIEK, KOPOHAJIbHBIX BHIOPOCOB Macc
(KBM). Cucrema rno0aibHbIX TMOJIEHl - 3TO CHUCTEMa OTKPBITBIX, KBa3UTBEPAOTEIHLHO
BpAILAIONIMXCSl MAarHUTHBIX TOJIEH, MOBEJEHHE KOTOPBIX B OCHOBHOM OIIpENESIeTCS MEXaHU3MOM
reHepaluy MarHUTHBIX T0JIEH B OCHOBaHMM KOHBEKTUBHOW 30HBI. FIMEHHO 3Ta cCTeéMa MarHUTHBIX
nosiel gpopmupyetr reauocdepy (B 4HaCTHOCTH, TelIUOCHEPHBIA TOKOBBIM CIOH M CEKTOPHYIO
CTPYKTYpPY MEXIUIAaHETHOIO MAarHUTHOTO TOJsI) M ONpEZENsieT OCHOBHBIE ILMKINYECKUe
3akoHoMepHocTH mnoBeaeHuss Connua. JIMIT u I'MII coOTBETCTBYIOT OTOXKIECTBIEHHBIM paHeEe
CHCTeMaM MAarHUTHBIX TIOJIEH TUTaHTCKUX M CBEPXTMTAHTCKUX  TpaHyl C XapaKTepHbIMU
pasmepamu cootBeTcTBeHHO 30-40° m 70-110° [17-19, 3-7, 11-13]. Cucrema JOKaIbHBIX IMOJICH
(JIMIT) npeoGmamaer B MarHUTHBIX NOJIX, HaOmogaeMblx B Qorochepe. Ee muknmmyeckoe
MOBE/ICHNE TPOSBISETCS B BUJIE XOPOIIO MU3BECTHOTO 11-J€THEro 1MuKia COJHEYHBIX MATEH (Yucen
Bonbda) wnm, yro Oosnee TouHO, 22-meTHero XoIIOBCKOTO MarHUTHOro Iwkna. Cucrema
r7100aIpHBIX MOJIEH B HaubOosiee YUCTOM BUE HAOII0JaeTCsl HAa TOBEPXHOCTH MCTOYHUKA (chepsl ¢
panuycoMm paBHBIM 2.5 pamguycam COJHIIA) WJIM CTPOUTCS M3 HAOIIOAAEMBIX Ha IMOBEPXHOCTH
dotochepsl MarHUTHBIX TMOJIEH NyTeM UX MPOCTPAHCTBEHHOW (UIBTpallMd MOCPEACTBOM
Pa3IoKEHUsI 3TOrO MOJS HAa MYJIBTUIIOIBHBIE KOMIIOHEHTB! M BBIJIEIECHUS MEPBBIX ABYX WM TPEX
MO/ 9TOTO pa3oXKeHus (AUMos, KBaapymoias u okrymnouss) [15, 16]. [ToaHbII MarHUTHBIN UK
KMIIC Takxke cocraBiser 22 rojaa, HO IO BPEMEHHM CMEILIEH OTHOCUTENIBHO ILUKJIA COJHEYHBIX
MATEH, orepexas ero Ha 5-5.5 ner (momoBuHy 11-meTHero comHewHoro 1ukia). B pabdote [20]
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BBefeH wuHaeke aktumBHOCTH KMIIC A(t), paBHBIE CymMMe HHTEHCHBHOCTEH JWIIONBHON M
okTynoiapHoM kKoMrnoHeHT KMIIC. ComnocraBieHrue 3TOro MHAEKCa ¢ MHAEKCOM COJIHEYHBIX MSITEH
W(t) mokasaino, uro 11-merauit uxn KMIIC (unwm, uro 6omnee Touno I'MII) omepeskaer Ha 5.5 met
COOTBETCTBYIOLIHH IUKJI COJTHEYHBIX MATEH. DTO 03HAYAET, YTO, BO-TIEPBHIX, OTHOCUTEIILHO calbie
KpyIHOMAacIITaOHble MarHUTHBIC IOJIA HE SIBISAIOTCS DPE3yJlIbTaTOM pacmnaja U MOCieayrolen
i Qy3un MarHUTHBIX TOJEH COMHEUHBIX mATeH. W, BO-BTOPBIX, 00a 3TUX LUKJIA B3aUMOCBSI3aHbI
MEXay co0OH U SBIAIOTCS MPOSBIEHHEM OIHOTO M TOrO K€ IMKIMYECKOro Mpoliecca
npeobpaszoBanust nonougansHoro MarautHoro nossa (uukia KMIIC wmm I'MII) B TopoupanbHoe
(LIMKJI COTHEYHBIX MSATEH) B OCHOBAaHUHM KOHBEKTUBHOM 30HBI. TO OOBICHSET TaKKe HAOII0AaeMYIO
CBSI3b MEXIY BapHAlMsSIMU MHTEHCHBHOCTH M YHWCIA TOJAPHBIX (DAaKeIOB B OOIACTH MOJSPHBIX
reJIMOIIMPOT U BapUaAlUsIMHU YHCIa U CYMMapHOM IUIOIIAaU COJHEYHbIX MsTeH (uucen Bombda) B
00JIaCTH CpPEeTHHX IIUPOT 5.5 roJamMu MO3Ke M MO3BOJSET MPOTHO3UPOBATh X0 11l-ieTHero mukia
COJIHEYHBIX IISITEH MO MHTEHCHUBHOCTH M LMKIMYeckoMmy noseaeHuto I'MII nHa 5.5 ner Bmepen.
WHTepecHo, 4TO aHAJOTHMYHAS B3aMMOCBS3b HAOIIOJACTCS W MEXKAY BapHALMSAMHU IMOTYrOAOBBIX
3HAQYCHW WHTEHCHUBHOCTH 3€JI€HOW KOpOHaIbHOW JWHUU AS530.3 HM B SKBaTOpHAIbHOW 30HE U
BapHalUsIMH TIOJTYTOIOBBIX 3HA4eHUH uncen Boibda co cABUTOM MepBBIX OTHOCHUTEIHFHO BTOPBIX
Brepen Ha 9.5-10 ner. Bo3moxHO, KIIOYOM K OOBSCHEHHIO STOM B3aMMOCBSI3U SIBISIETCS
MepuanoHanbHas nupkyiauus KMIIC B konBexktuBHO# 30He [21]. [IpoctpanctBenno Ha CosnHie
cucrema JIMII mposiBisieTcs B paguaibHON M TOPOUAAIBLHOM KOMIIOHEHTaX MAarHUTHOTO TMOJS B
30HE CPEOHUX TEIMOLIUPOT (k<| +55°) ), a I'MII - B monouganbHOM KOMIIOHEHTE IOJS B 30HAX
IOJISIPHBIX LIAIIOK (k>| +55¢) ). CoorBercTBeHHO MakcuMyM 11-netHero nukia JIMII coBnanaer ¢
MakcUMyMoM 1 1-TleTHEero 1uKia COJIHeYHbIX MsATeH, a MakcuMyM ['MII (Haunbomnee 3aMeTHBIHN B ero
JMIIOJIEHOW KOMIIOHEHTE B 00JIACTH MOJISIPHBIX IIUPOT) - ¢ MUHUMYMOM uuceln Bonbda.

Ota pabota ¢puHancupoBanack Ponnom pasButus Hayku npu [Ipesunenre AzepOaiikaHcKon
Pecniy6nuku - I'pant Ne EIF-KETPL-2-2015-1 (25) -56/11/1

JIUTEPATYPA

Obridko, V.N., Publ. Debrecen Heliophys. Obs., 1983, 5(1), p. 25.

O6puako B.H. ConHeunsle naTHA 1 KOMIUIEKCHI akTUBHOCTU. Mocksa: Hayka, 1985, 256 c.

HBanos E.B., Conaeunrie nannbie, 1986, Ne 61.

Hsanos E.B., U3zsectust PAH, 1995, Ne7, c. 29.

Ambroz P., Bull. Astron. Inst. Czech. 1987, 38, p. 110.

Ambroz P., in S. Fisher and M. Vandas (eds), Proceed. of the First SOLTIP Symp., 1992,

21, p. 38.

7. Ambroz P., "The Solar Cycle", Proc. National Solar Observatory/ Sacramento Peak, 12th
Summer Workshop, ed. by K.L.Harvey, 1992, p. 35.

8. Ambroz P., Large-Scale Transport of Magnetic Flux on the Sun // Solar Phys., 2001, 198, p.
253-2717.

9. Ambroz P., Semiempirical Modeling of Large-Scale Flow on the Sun // Solar Phys., 2001,
199, p. 251-266.

10. Harvey J.T., and White O.R., Solar Magnetic Fields, The Key to Understanding Solar
Irradiance Variations, SPRC Technical Report 96-01, 1996.

11. Plyusnina L.A., Background Magnetic Fields: Cellular Structure, Its Rotation Variation and
Relationship with Coronal Holes // Solar Phys., 1998,.180, p. 53-63.

12. Erofeev D.V., Solar Phys., 1997, 175, p. 45.

13. Erofeev D.V., Solar Phys., 1999, 187, p. 185.

14. O6punko B.H., Xapmmunamze A.®., Hlenstunr b.J[., HekoTopsie MeToanYecKrue BOMPOCHI

pacucToB TAPMOHUYCCKHUX KOB(I)(I)I/ILII/ICHTOB rI100allbHBIX MAarHUTHBIX HOHCI‘;I, B cO.

"MaruuThable nois Comnaia u reanoceiicmoiorus’, 1994, ¢. 71-80.

oakrwdE

80



15. O6punko B.H., llenptuar Bb.JI., Kpynmnomacmrabnoe marnutHoe mosie Ha CoiHIe:
dKBaTOpUaIbHas 00macTh // ActpoHoMmuueckuit xxypaan, 2000, 77, Ne 2, ¢. 124-133.

16. O6punko B.H., Hlenptuar b.JI., Kpynmnomacmrabnoe marautHoe mosie Ha CoiHIe:
3aBHCHMOCTH OT IIMPOTHI, AcTpoHOMHUYeckwii )kypHai // 2000, 77, Ne 4, c. 303-312.

17. Bumba V., Howard R., Martres M.J. and Soru-Iscovici J. "Structure and Development of
Solar Active Regions”, IAU Symp., 1968, 35, p 13.

18. Bumba V., Howard R., Kopecky M. and Kuklin G.V., Some Regularities in the distribution of
large-scale magnetic fields on the Sun // Bull. Astron. Inst. Czech., 1969, 20, No. 1, p. 18-21.

19. BumbaV., Concerning the formation of giant regular structures in the solar atmosphere,
Solar Phys., 1970, 2, p. 80-88.

20. Makarov V.1., Tlatov A.G., Callebaut D.K., Obridko V.N. and Shelting B.D., Large-scale
magnetic field and sunspot cycles, Solar Phys., 2001, 198, p. 409-421.

21. Giles P.M., A Dissertation for the Degree of Dr. Ph., 1999, Stanford University.

XULASO
Qulu Haziyev
Giinasdoki irimigyash maqnit sahalorinin strukturu, firlanmasi vo dovrii tokamiilii
[rimiqyasl maqnit sahalorinin todqiqi Giinos maqnetizminin dyronilmosinin biitiin dévrlorinda
aktual olmusdur vo miiasir Giinos fizikasinda osas yerlordon birini tutur. Bunu sortlondiran osas
amillor Giinosin konvektiv Ortiiylindo vo atmosferinin xarici qatlarinda, homginin heliosferada bas
veran miixtalif dinamik proseslordo irimiqyasli maqgnit sahalorinin ohamiyyali rolunun olmasidir.
[rimiqyasli magqnit saholorinin tobiotinin aydinlasdirilmasi, Giinos vo ulduz maqnetizminin
xarakterinin do aydinlasdirilmasinda agar rolunu oynayir. Son dovrlor kosmik hava proqrami iizro
aparilan todqigatlarda da irimiqyasli maqnit sahalorinin dyronilmasine maraq artmisdir. Bu onunla
olagadardir ki, planetlorarasi vo yerotrafi miihitin formalagmasinda irimiqyasl maqnit sahslorinin
miihiim rolu vardir.

ABSTRACT
Gulu Gaziyev

Structure, rotation and cyclic evolution of large-scale solar magnetic fields

Studies of large-scale magnetic fields have been very relevant throughout the history of the
study of solar magnetism and continue to occupy an important place in modern solar physics. This
is due to the determining value of large-scale magnetic fields in various dynamic processes in the
convective envelope of the Sun, in the outer layers of its atmosphere and in the heliosphere.
Understanding the nature of large-scale magnetic fields is a key element for understanding the
nature of solar and stellar magnetism. Recently, interest in studying large-scale magnetic fields has
increased in connection with space weather research, since they play an important role in the
formation of conditions in the interplanetary and near-earth environments.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar: ilo ¢apa
tovsiyya olunmusdur (Protokol Ne 04).
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PaccmoTpena 3Hamenurtas runore3a depMu 00 YCKOPEHHH 3apsHKEHHBIX KOCMHUYECKHX
YacTUI] MpHU BCTpede C ONIy)KJAIOIIMMU MAarHUTHBIMU MOJISIMH, U JIaHO HIpPOCTOe OOBSICHEHUE
apdekra DepMmu, HCMONB3YS «I3bIK» KIACCHUECKOM MeXaHWKH. MeToJ HEeHTpOHHOU
O60oMOapupoBKH, HpeiokeHHbIH Depmu okaszaics odeHb 3¢ ¢pexkTuBHbIM. CoOriacHo 3ToMy
MeToAy Oblila BBISICHEHA CIIOKHAS 3aBUCHMOCTH TOTJIOIIECHHSI HEHTPOHOB OT cKopoctH U Depmu
ycTaHOBJIeH (akT pe3oHaHCHOro mornomienus HetponoB [4]. Ilozguee, C. Ilaysmn Takxke B
KOCMMYECKHX JIydax Haien 0oJiee TsHKENbIe JI-Me30HbI, TOPOXKIAIOIINE U MOTJIOIIAI0INE HYKIOHBI
B Tpolecce SIEpHbIX B3auMmojeicTBui. Okaszanoch, YTO BbICOKas d3(QeKkTuBHOCTH B
OCYILECTBJICHUM PACUICTIJICHUH KOMIIEHCUPYET CJIa00CTh CYLIECTBYIOIIMX HEUTPOHHBIX HMCTOYHH-
KOB TI0 CPaBHEHHUIO C UCTOYHHKAMU & -yacTWll W TPOTOHOB. DepMu ymasoch 3TUM METOJOM
aKTUBHU3UPOBaTh 47 13 68 U3ydeHHBIX 1EMEHTOB. IIpuBeeHbl pe3ynbTaThl APYTUX aBTOPOB, TECHO
csizanHbIe ¢ 3pPexrom Depmu. KypuaroB 0000 pe3yabTaThl UCCIAEAOBAHHM 110 PACIICIUICHUIO
aapa. TamMm paccMoTpen sJiepHble B3aUMOJEHCTBUS Kak Ipolecc oOMEeHa JIETKUMH YacTUIaAMU
Mexny HykinoHamu. Teopus Tamma He gaBajia KOJTMYECTBEHHOTO COBIA/ICHUS, OHAKO 00Ias uues
SJICpPHBIX B3aUMOJIMCTBUH, Bbicka3zaHHas VBaHeHko n TaMMoM, coXpaHHJIach B SAEPHON (HU3HKE.
B Xwunexu FOxaBa Ha OCHOBE 3TOM WJEW TpeAcKa3aj CYIIECTBOBAHHE YACTHUIl MPOMEXYTOUHOU
Macchl (ME30HOB), OTBETCTBEHHBIX 3a s/IepHble B3aumojeicTBus. D.DepMu B CBOIO OdYepellb,
noaresepaui otkpeitoe . B. KypuaTtoBsiM, JI. A. ApiumosuueM, JI. B. MbicoBCckuM pe3oHaHCHOE
MIOTJIOLIEHUE HEHUTPOHOB. 3aKOH 3aBUCHUMOCTH IIOIJIOIIEHHS HEHUTPOHOB, COIVIACHO KOTOPOMY
CeueHue 3axBaTa 0OpaTHO MPOMOPIMOHAIBHO CKOPOCTH HEUTPOHOB, HAPYIIAETCS B PsJie CIydaeB.
Jlnist onpeiesieHHbIX CKOPOCTEH HEKOTOPBIE 3JIEMEHTHI 0COOEHHO CHIIBHO MOTJIOIAIOT HEUTPOHBI.

Kocmudeckue myun ObUIHM OTKPBITHI €1le B EpBOM TpeTu XX BeKa, HO JI0 CUX MOp He J0 KOHIIA
SCHO, KAK OHM BO3HUKAIOT. M{3BECTHO JINIIIb, YTO U3 OKPYKAIOIIEr0 HAC MEXK3BE3IHOIO IMPOCTPAHCTBA
Ha 3€MHYIO MOBEPXHOCTh HEMPEPHIBHO OOPYIIMBAETCS MOTOK 3JIEKTPOHOB, IPOTOHOB U szep Oolee
TSDKEJBIX JIEMEHTOB — I'elIUs, KUCIOpOJa, YIVIEpoaa, a30Ta u Ap. [1]. OHeprus ka0l Takol 4aCTHULBI
JIOCTUTAET KOJIOCCAIBHBIX MO 3€MHBIM MEPKaM 3HAYEHUMN — 10 10“ 5B (1 snexrpon-BoiBT = 1,6 * 10
JIK — SHEprus, KOTOPYIO MPHOOpPETaeT AIEKTPOH MO/ ASHCTBUEM pa3HOCTH noTeHimanos 8,1 B). Eciu
BCIIOMHHTB, YTO JIY4IIHE JJAOOpaTOpHbIE YCKOPUTENN PA3rOHSIOT YacTUIIBI 10 SHepruu nopsiaka 1012
5B, cTaHOBUTCS MOHATHBIM, NOYeMy (U3UKH TaK WHTEPECYIOTCS KOCMHUYECKUMH JIydaMH: TaKHX
MOIIHBIX «CHApSIOB» JJIsi OOMOAapIUPOBKH 3JIEMEHTAPHBIX YAaCTHIl M MCCIENOBAaHHS MX BHYTpPEHHEH
CTPYKTYpBI HUKOTJIA HE yIacTCA MOYyIUTh B Ta0OPATOPHUH.

OTkyna >xe NpUXOASAT K HaM KOCMHUYECKHE Jy4d M KakuM o0Opa3oM YacTUIBl B HHUX
YCKOPSIIOTCS JIO CTOJIb BBICOKMX SHEPTUid? 3HaMEHUTHIN uTanbsHckuil ¢pusuk dupuko Pepmu (1901
— 1951) BBIIBUHYII CIIEAYIONIYIO TUIIOTE3Y. ACTPOHOMBI OOHAPYKHIIU, YTO B MPOCTPAHCTBE MEKAY
3BE3/1aMU JIBHKYTCS 00JIaKa MEX3BE3/JHOTO BEIIEeCTBA, IPOHU3aHHBIE MAarHUTHBIME oMU [2]. TTo
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runote3e depMu BcTpeda 3apsHKEHHBIX KOCMHUYECKHX YacTHIl ¢ OMy)KTAIOMKUMH MarHUTHBIMH
MOJISIMU KaK pa3 U MPUBOAUT K YCKOPEHHUIO STUX YACTHIL.

OpmHako MBI 3HAaeM, YTO CHJIA, IEHCTBYIOIIAS CO CTOPOHBI MAarHUTHOTO ITOJIS HA JABUKYITUKCS
3apsan (Tak Has3biBaemasi cwia JlopeHiia), HampaBieHa MEPIEeHIUKYISIPHO BEKTOPY CKOPOCTH
YaCTUI[BI U MOXXET W3MEHHUTH, CJIEJOBATCJIPHO, JIMIIb HaIpaBJIeHHWE, HO HUKAK HE YHUCICHHOE
3Ha4Ye€HHE CKOpOCTH [3].

Kak xe B TakoM ciyuae runore3a @epMu 00bSICHSIET MPOIIECC YCKOPEHUs?

Oo0mwsacHenue >pdexra PepMu MOKHO J1aTh HAa PA3HBIX (U3NYECKUX «I3bIKax». Mcmonb3yem
CaMbIii TPOCTOM — $3BIK KIIACCMUECKOW MEXaHWKH: YIOJ00MM B3aUMOJCHCTBUE 3apsHKCHHOM
JacTUIBl U 00JIaKa YIPYroMy OTPaKEHUIO MOJIEKYJbI OT JBHKYIIETOCs TMOPIIHS (I TCHHHCHOTO
MsSYMKa — OT pakeTkH). JleMCTBUTENBHO, MOYEMY HArpeBaeTcs Tra3, C)KMMAEMbI B IHJIWHIPE
nopmHeM? [loka nopiieHs HEMOIBMXKEH, CPEJIHSSI CKOPOCTh MOJIEKYJI Ta3a V OCTAeTCs MOCTOSTHHOMN
(cuutaeM, 4YTO TEIIOOOMEHA 4Yepe3 CTeHKW IMWJIMHIpA HET), TaK KaK COYIapeHHS MOJEKYJ C
MOPIIHEM M CTEHKAaMU UUJIWHIpPA HOCAT YIOPYTHH XapakTep, U CKOPOCTH OCTAIOTCS IOCIE
COyJapeHHs IPESKHUMH.

OnHako ecnu MOPIICHb BIBUTACTCS B IMWJIMHAP C MOCTOSHHON CKOPOCTBIO U, TO MOJIEKYJIHI,
yIapsonecst o0 MmopiieHb, OyayT o0siaaTh OTHOCUTENBHO HEro cKopocThio V + U. C Takoil xe
CKOPOCTBIO OTHOCHUTEJILHO MOPIIHS OHU OTpassaTcs. Ho Tak kak mopiiieHb ABUKETCS OTHOCUTEIHHO
HWIMHIPA CO CKOPOCTBIO #, TO CKOPOCTh MOJIEKYJ OTHOCHTENBHO IIWJIMHIpPA TOCJIE OTPaskeHUs
OKa)XETCs paBHOM u + (4 + V) = V + 2u, TO ecTh BO3pacTeT Ha 2u.

[Tomo6HBIM k€ 00pa3oM yBEIMUMBAETCS CKOPOCTh KOCMUYECKOTO 30H[a, OOJIETAIONIero o
runepOoIMYecKO TPaeKTOPUH IUIAHETYy B XOJE TI'paBUTAIMOHHOTO MaHeBpa. C TOYKH 3peHUs
HaOJII0JaTeIsI, PacIoIararolerocst Ha oTpaxkarese (To eCTh Ha MOPIIHE, PAKeTKE WU TJIaHETE),

v+ 2u

Puc. 1.

B3aMMOJICIICTBIE C HaJeTallleld YacTUlled BBITTSAUT YOPYTMM U HE HU3MEHSAET €€ JHEPIrHro
(mpeamosaraeM, 9YTo Macca OTpa)kaTells 3HAYUTEIHHO OO0JIbIIE MAcChl YacTHUIRI). Ho it BHENTHETO
HaOII0IaTeNsI K CKOPOCTH YaCTHUIIbI MPAKTUYECKH TOOABISETCS YABOCHHAs CKOPOCTh OTpaXkaTeJsl.

TouyHO Tak ke MOXHO pacCMaTpUBATh OTPAKCHUE 3aPsDKEHHOM YaCTHIBI OT TMPOHU3aHHOTO
MarHUTHBIM TOJeM KocMudeckoro obmnaka (puc. 1). Ecniu mpoToH, neTsuiuii co CKOpOCThIO V,
MoTaieT B 00JIaKO, HECYIIee MarHUTHOE TT0JIC U JIBIXKYIIEECS €My HaBCTPEUY CO CKOPOCTBIO U, TO
MOCIie «OTPAKEHH» MAarHUTHBIM TOJIEM MPOTOH OyAeT uMeTh ckopocTh V + 2u. IIpaBaa, mpoToHyY
MOJKET He TIOBECTH, ¥ OH IOMaJeT B 00J1aK0, MBIIKYIIEECS B Ty Ke CTOPOHY, Ky/a JIETe]l OH CaM:
TOTJa TIOCTIE OTPaKEHHUs CKOPOCTh MPOTOHA YMEHbIHUTCA. HO TOYHBINA pacueT MOKa3bIBaeT, 4YTo
JBYOKYIIMECS YacTHUIBI BCTPEYAIOT B CIWHUIYY BPEMEHH YCKOPSIOMUX O0JIAKOB OOJbINE, YeM
3aMeJUISIFOIINX, B pe3yibTare 4ero 3¢(eKT ycKkopeHus mpeodiagaert.
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XULASO
Azad Mommaoadli
Fermi Hipotezi haqqinda

Mogqalodo yiiklii kosmik zorraciklorin porakonds magnit saholori ilo qarsilasarkon
stiratlonmasi haqqinda mashur Fermi hipotezina baxilmigdir vo klassik mexanika “dilinden” istifado
edilmoklo Fermi effektinin sado izahi verilmisdir. Fermi torofindon toklif edilon neytron
bombardmani tisulu olduqca effektiv natico verdi. Bu iisula asaslanaraq neytronlarin udulmasinin
siirotdon miirokkob sokildo asili olmasina aydinliq gotirildi vo Fermi torofindon neytronlarin
rezonans udulmasi fakti miisyyon olundu. Belsliklo, bu hipotez ¢orcivasinds askar oldu ki, kosmik

siialar bizo haradan golir vo hissaciklor o qodar yiiksok enerjiyadok neco siiratlonirlor.

ABSTRACT
Azad Mammadli
Fermi Hypothesis

The famous Fermi hypothesis of charged cosmic particles acceleration in wandering
magnetic fields is considered in the paper, and a simple explanation of the Fermi effect in the
"language” of classical mechanics is given. The neutron bombardment method proposed by Fermi
proved to be very effective. The complicated dependence of neutron absorption on velocity has
been found out according to this method, and Fermi has ascertained the fact of resonance neutron
absorption. Thus, it became clear within the framework of this hypothesis where cosmic rays come

from, and how the particles in them accelerate to such high energies.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorari ilo
capa tovsiyya olunmusdur (Protokol Ne 04).

Magalani gapa toqdim etdi: Fizika iizra folsafa doktoru, dosent
Farman Qocayev
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Molum oldugu kimi, Yerin daxilinds yiiksok temperaturlu orimis metalin horokoti maqnit
sahasi yaradir. Ona goroe Yerin otrafinda kifayat qodor giiclii maqnit sahasi yaranir. Yer dipol for-
mali maqgnit sahasino malikdir. Giinasdon golon yiiklii zaorraciklor (elektronlar, protonlar) yeratrafi
fozaya ¢atanda Yerin maqnit sahasinin tosiri ilo diizxatli yolundan doniir vo Yer atmosferino daxil
ola bilmirlor. Daha dogrusu Giinosdon golon yiiklii hissaciklor (Giinos kiiloyi) Yerin maqnit sahosi
ilo qarsiligli tosirds olur. Giines kiiloyi Yerin maqnit sahasi ilo tomasi naticasinds kegiriciliyi yiiksok
olan plazmada induksiya corayani yaranir. Bu induksiya coroyaninin yaratdigi maqnit sahasi Yerin
magqnit sahosini giiclondirorak, hoyoacanlasdirir. Bu induksiyalanmis maqnit sahasi yiiklii zorrociklor
seli igarisindoki maqnit sahasini mohv edir, selin qarsisindaki cobhads iso Yerin magnit sahasini
giiclondirir. Noticodo Yerin maqnit sahasi maqnitosfer adlanan bir foza omolo gotirir. Giinasdon
golon yiiklii hissaciklorls Yerin maqnit sahasinin qarsliql tosiri naticasinds maqnit sahasinin dipol
qurulusu pozulur. Maqgnitosferin Yerin yaxinliginda yerlogon dipol hissasi daxili maqnitosfer, dipol
olmayan hissalari iso xarici maqnitosfer adlanir. Onun Giinaga ydnslon torafi yarimsferik formada,
Giinogdon oks torafi iso dartilmis uzun konus soklinds olur.

Yerin magnitosferi onun on konar miihafizo qatidir. O, 6ziindo Giinos kiiloyi ilo deformasiyaya
ugramis xiisusi geomaqnit sahasini oks etdirir vo Giinas maqnit sahosini yaradan Giinas kiiloyinin
plazmasi {iciin maneo kimi c¢ixis edir. Buna goro do Giinos kiiloyi Yeri ohato edir vo onun
cevrosindo geomaqnit sahosini formalasdiran xiisusi bir Ortiilk yaradir. Giinoso istigamotlonmis
torofdo bu ortiiyiin sorhodlori (magnitopauzalar) Yers dogru on doraco meyl bucagi altinda uzanirlar
(miioyyon orta qiymot) [2]. Giinas kiiloyinin dinamik tozyiqi artdiqda, serhod Yeros yaxinlagir, oks
halda iso uzaqlasir. Sorhoddin 6zii miioyyon struktura malikdir bilavasito onun qarsisinda olan
Giines kiiloyindo her zaman qazodinamik partlayls movciid olur. Bu partlayls sosdon siiratli
toyyaronin atmosferde horoksti zaman1 yaranan dalgani xatirladir. Yerin isiqlanmayan torofindon,
magqnitosferi ohato edon Giinos kiiloyi axininin tosiri altinda o, kometanin quyrugu kimi iraliys
dogru qabarir. Maqnitosferin strukturu miirokkobdir, onun biitlin sahslori rongarong plazma
proseslorinin arenasi kimi ¢ixis edir, bu proseslor arasinda hissociklorin siiratlonmosinin miixtolif
mexanizmlari boyiik rol oynayir. Yiiksok enerjili hissaciklorlo dolmus “tals sahalor” mévcuddur Ki,
bu saholer radiasiya qursaqlar1 adlanir [4].

Magqnitosfer planetlorarasi fozadan maqnitopauza ilo ayrilir. Maqnitopauza tzro yikli
zarrociklor Yerin magnitosferini asirlar. Gilinosdon golon yiiklii zorrociklorin siirati sos siirotindon
boyiik oldugundan onlarin geomagqnit sahosini agsmasi zamani zorbo dalgas1 omolo golir. Bu dalga
fozan1 plazmanimn fiziki parametrlori vo maqnit sahosi xeyli forqlonon oblastlara ayrilir. Zarbo
dalgasindan miioyyon mosafodo maqnit sahosine malik olan hocmin sorhoddini toyin edon
magqnitopauza yerlosir. Zorba dalgasi ilo magnitopauza arasinda araliq oblast yerlosir.

Glinos kiiloyinin Yerin maqnit sahasi ilo maqnitohidrodinamik qarsiliqlt tosiri naticasindo
Yerin Giinos torafindo maqnit qiivve xatlorinin bir qismi oks torafo dogru iifiiriiliir vo maqgnitosferin
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quyrugu omolo golir. Beloliklo magnitosferin formasi Giinos kiiloyi ilo Yerin maqnit sahoasinin
qarsiligli tasiri ilo tayin olunur. Sakil 1 - do Yerin magnitosferi gostorilmisdir [8, 9].

Sakil 1.
Magnitosfer Yeri ohato edon fozanin elo bolgasidir ki, burada Yerin maqnit sahasi Giinogin maqnit
sahosindon iistiindiir. Magnitosferin daxilindo plazmanin (yiiklii hissaciklorin) horaksti Yerin magnit
sahosi ilo idare olunur. Giinogsdon golon yiiklii zarraciklor olmasaydi magnitosfer simmetrik olard.

Magqnitosferin magnit dipol oxu Yerin firlanma oxu ilo {ist-isto diismayib, onunla toxminon 11,5°- lik

bucaq amals gotirir. Bu oxun Yerin sothi ilo kasismo ndqtolori Yerin geomaqnit qiitblori adlanir.

Magnitosferin formasi bir torofdon Giinog kiiloyinin dinamik tozyiqinin balansi vo plazma
axinlarmin zarbalori, digor torafdon iso Yerin maqnit sahasinin tosiri ilo miisyyon olunur. Giindiiz
torafdon maqnitopauza Yerin 10-dan 13 radiusuna qodar mosafadon kegir (Yerin radiusu ~ 6400km-
dir), qaranliq terafdon geomagqnit sahasinin qiivve xatlori Giinagsdon oks torofo qabarmislar vo uzun-
lugu 10°R, diametri iso 20-40R olan geomagqnit quyruq formalasdirirlar. Zorbe dalgasi ilo magnito-
pauza arasinda kegid sahasi yerlogir. Bu saho turbulent qaynar plazma ilo dolmus magqnit tobaqgasin-
don ibaratdir. Magnitopauzanin 6n hissesindoki maqnit qiivve xatlari ilo maqnit quyruguna uzanmis
qiivva xatlori arasinda qiitb ¢ixintilar1 yerlosir, bu plazma qiitb sapkasinin sorhadyani zonalarinda
magnitosfera vo ionosfers niifuz eds bilor. Giinas kiiloyinin plazmasi ils birlikds planetlorarast mo-
kana maqnit sahalori do daxil olur va bu sahslor Giinos kiiloyinin strukturunu miioyyon edir. Maqgnit
saholori miirakkab coxpillali proses naticasinde geomaqnit sahasi ilo qarsiligh tasira girorok Yerin
ekologiyasina tosir gostorir vo bu zaman Giinas kiiloyinin siirati vo sixliginin variyasiyast mithiim
rol oynayir. Magnit sahasi vektorunun torkibini tohlil edorok Giinos kiiloyinin hor bir “siddstini”
Yerdo geydo almaq olar. Toyin olunmusdur ki, planetlorarast maqnit sahoasinin doyigsmasi magqnitos-
ferdoki kosmik iqlimdo do miivafiq doyisikliklora sobab olur. Bu sahonin saquli torkib hissasinin ro-
lu (Yer orbitinin sathino - ekliptikaya nisbotdo) xiisusilo boyiikdiir [6, 7, 9]. Bu torkib hisso conuba
istigamotlondikdo labiid olaraq maqnitosfer qasirgalari yaranir. Bu onunla baghdir ki, geomaqnit
sahasinin qiivve xatlori magnitosferin glindiiz torofinds bu vaxt simala istigamatlonmislor vo planet-
lorarast maqnit sahosinin istigamatino oksdirlor. Plazmada maqnit sahasinin oks istiqgamatli qiivve
xatlorinin yaxinlagsmasi maqgnitohidrodinamik dayanagsizliina gotirib ¢ixarir.

Magnit qasirgalarinin baglangic fazasi 4-6 saat, osas fazasi iso 10-15 saat davam edir. ©n giiclii
maqnit qasirgalart Giinogdo xromosfer partlayisi bas verdikdo planetlorarast mokana atilmig plazma
buludunun yerotrafi fozaya golmasi ilo baghdir. Bu zaman inkisaf edon hadisalor kompleksi “maqnit
qgasirgast” adlanir. Magqnit qasirgalar ilk dofs yeriistii 6lgmoalords geomaqnit sahasinin garginliklorinin
xaotik variasiyast kimi askar olunmusdur. Bu zaman kompasdan istifads etmok miimkiin deyildi.
Magnitosferdo vo ionosferdo daimi olaraq elektrik coroyanlar1 axir. Ekvator {izorindo toxminon 4 Yer
radiusu mosafodo qgorb istigamatindo halgavari coroyan axir. Qiitb saholorindos elektrik axinlart dovrlori
moveuddur. Yer partlayls buludunun igorisindo olarkon dovrslonma rejimi doyisir. Corayan biitiin
carayan sistemlarinde artir, bu corayanlarin maqnit sahasi do giiclonir. Noaticodo magqnit stansiyalarinda
geydos alinan mocmu maqnit sahasi (statik geomagnit sahasi tistogal coroyanlarin doyison maqnit sahosi)
nozors carpacaq dorocado doyisir. Qasirganin osas fazasi zamani Yerin orta vo asagi enliklorindo
geomagnit sahasinin iifiiqi komponentinin gorginliyi on vo yiizlorlo nanoteslaya qodor azala bilor. Bu
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geomagnit variasiyalart fonunda mohtosom hadisolor bas verir. Misal iiciin 67°-don yuxar1 cografi
uzunluglarda tabiatin on gozal hadiselarinden biri olan qiitb pariltis1 yaranir. Qitb pariltist toxminon 100
km hiindiirliikdo bas veran isiglanma maqnitosferds yerin sothino “atilan” siirotli hissociklor torafindon
yaranir. QIitb pariltist giiclii “gurultu” ilo miisayiot olunur. Biz sasi esitmirik, lakin o, orqanizma nozers
carpacaq doracodo tosir gostors bilor. Kifayot gqodor glico malik olan har bir magnit gasirgasi hom do
akustik spektrdo esidilmoyon diapozonda yayilan infrases qasirgasidir, bu qasirga yarim kiiro
miqyasinda yayilir vo bir ¢ox saat orzindo biitiin canlilara tosir gostorir. Bu zaman elektromagnit
saholordoki qasirga daha boylik miqyaslara gatir. Bir sira asag1 vo ¢ox asagi tezliklordo magqnit torkib
hissosinin toraddiid amplitudu bir neg¢o yiiz dofo arta bilor. Maqnit gasirgalart zamani atmosfer
tozyiqinin toraddiidlori artir, atmosferin elektrik sahosinin gorginliyi doyisir. Maqgnit qasirgalari bir cox
gostariciloring gora bir-birlorindon forglonirlor. Qasirgalarin iki tipi daha ¢ox gabariq nazors carpir:

1) Partlayish maqnit qasirgalari. Bu tip qasirgalar xromosfer partlayiglarindan sonra
toxminon iki sutka orzindo davam edir. Onlar “g6zlonilmoz baslangicla”, maqnit sahosinin iifliqi
garginliyinin si¢rayislt doyismasi ilo xarakterizo olunur.

2) Tadricon baslanan qasirgalar. Birinci tip qasirgalardan forqli olaraq, bu tip qasirgalar
todricon baglayaraq inkisaf edir. Belo gasirgalar Yerin yiiksok siirotli Giinos kiiloyinin axinina
diismosi zamani yaranir vo belo axinlar nisboton uzun miiddst — Giinasin bir neco firlanma dovrii
miiddotindo moévcud ola bilorlor. Buna goéra do tadrici baglangicli qasirgalar tez-tez 27 sutkaliq
tokrarlanma dovriine malik olan ardicilligla bas verirlor. Gilinos diskinds axinin baslangicinin
voziyyati Gilinog tacinin optik miisahidolori vasitasilo agkar edilo bilor. Giinas tacinin belo yerlorindo
adoton temperaturun va sixligin azalmasi sahosi — “tac doliklori” yerlosir [5].

Maqnit qasirgasi geomaqnit sahasinin N komponentinin giiclii azalmasidir, bu bazen Yerin orta
vo asagl enliklorinds do bas verir. Maqnit qasirgalan asas faza va borpa fazasina malik olurlar. Sahonin
azalmasi bozon qasirga baglamasa da miisahido oluna, homginin qasirga miixtolif geyri-miintozom
formalarda davam edo bilor. Bu zaman maqnitosferin sorhoddi gilindiiz torafdon sixliq, maqnitosferin
strukturu deformasiyaya ugrayir, daxili maqnitosferdo enerjiya malik hissaciklorin dairavi corayani
formalagir. Maqnit qasirgalart kiitlolorin tacvari tullantilart vo Giines partlayislart ilo baghdur.
Geomaqnit qasirgalar1, Giinog dovriindon sonra aktiv Giinas sahslorinin geri qayitmasi sobobinden, 27-
glinliik tokrarlanma dovriine malikdirlor. Giinosds aktivlik hor 11 ilden bir miisahids edilir. Bu ciir
hadisalorin izahini alimlor miioyyon eds bilmirlor. Aktivlik sona yaxinlaganda intensivlik artir. Maqnit
qasirgalart askar ifado olunmus 11 illik dovro malikdirlor. Geomqanit qasirgalart 9 balliq coadvells
qiymatlondirilir (Sokil 2-do maqnit qasirgasinin yaranma mexanizmi gostorilmisdir).

Geomaqnit quyruq magnit sahasi oks istiqgamatli olan qiivva xatlorinin iki dostosindon yaranmis-
dir. Neytral qatin hor iki torofindon maqnit sahasi 6z istiqgamotini oks istiqgamoto doyisir. Geomagnit
quyrugunun hissalori arasinda plazma qati (qalinligr 0,5-4R) yerlosir. Bu qat qaynar plazmann asirt
konsentrasiyasina va ¢ox zoif maqnit sahasine malikdir. Plazma qati ionosfer plazmasmin yiikli zaorrs-
ciklorini siiratlondiron dalga enerjilorinin dissipasiyasi hesabina yiiksok temperatura qador qizmis Giinos
kiiloyinin plazmasindan yaranmisdir. Qatin galinlig1 geomagnit aktivliyinin fazasi va saviyyasindan asili
olaraq 0,5-3R olur. Yiiklii zorraciklorinin ionosfers sopilmosi (100km-don yiiksok hiindiirlikklords) qiitb
pariltisina sabab olur. Giinos kiiloyi ilo qarsiligh tosir naticosindo magnitosferds “sohordon” “axsama”
istigamatlonon irimiqyasli elektrik sahosi formalasir. Bu saho maqnitosfera plazmasmin plazma
mantiyasindan zarraciya, zorracikdon iso Yera dogru istigamotds konveksiyasina sobab olur.




Giiclii Gilinog partlayislart ilo bagli olan kiitlonin tacvari tullantist 1000 km/san siirati ilo
harokat edir vo toxminon 1-2 sutkadan sonra Yers golib ¢atir. Giindiiz torofindo onlarla yer radiusu
mosafosindo geomaqnit sahasi Giinaes plazmasinin bu aximinin garsisini alir [6].

Umumiyyatls, son 3 ildo maqnit gasirgalarmnin say vo tosirinde miioyyen artim miisahide olu-
nur. Simali Atlantika Kosmik Agentliyinin (The National Aeronautics and Space Administration,
NASA) rosmi saytinda yer alan xabara gors, giiclii qasirgalar zamani Glinas is1ginin gisman qarsisi
kosilir. Bu iso insanlarda ciddi problemlor yaradir, hamginin elektro cihazlarin faaliyystino monfi
tosir gostorir. NASA diinyada Glinogdoki aligsmalar, plazma axini vo maqnit qasirgalarini dyrono
bilocok avadanlqilara malik demok olar ki, yegano qurumdur vo biitlin diinya mohz onun
prognozlarina arxalanir. Giinosdoki partlayislarin yers tosirini NASA-nin iki siini peyki miioyyon
edir. Magnit qasirgalar1 canli orqanizmlors, xiisuson insan orqanizmlorine monfi tosir gostorir.
Magqnit qasirgalar xiisusile lirok-damar xastolorina pis tosir gosterir. Bu qasirgalar insanlarin immun
sisteminin zoaiflomasinag, yaddasin pislosmasing, qan tozyiqinin doyismasina va s. sabab olur [2, 10].
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ABSTRACT
Ruslan Mammadov
Magnetic storms

The paper describes the mechanism of interaction between the solar wind and the Earth’s
magnetosphere. The magnetosphere shape is determined on the one hand by the balance of the solar
wind dynamic pressure and by the impacts of plasma flows, and on the other hand — by the action of
the Earth's magnetic field. The magnetosphere tail is formed in the Earth's magnetic field as a result
of the solar wind magneto hydrodynamic action. Information is given on two types of magnetic

storms, differing from each other in many physical and magnetic indices.

PE3IOME
Pycian Mamenos
O MarHuTHbBIX OypsixX

B crarbe wu3maraercsi MeXaHW3M B3aMMOJEHMCTBUSI MEXIY COJHEUHBIM BETPOM U
marautocepoit 3emnu. Popma MarHuTochepbl, ¢ OAHOH CTOPOHBI, OIpenensercss OalaHCOM
JMHAMHYECKOIO JIaBJIEHMSI COJHEYHOI'O BETpa M yAapaMH IUIa3MEHHBIX MOTOKOB, a C JIPYrod —
BO3JEHCTBUEM MAarHUTHOTO MNoJis 3eMid. B pe3ynpraTe MarHUTOTMAPOAMHAMUYECKOTO IEHCTBUS
COJJHEYHOTO BETpa B MAarHUTHOM TIoje 3emin oOpasyercss XBocT MarHurocdepsl. Jlaercs
uHbopMalMg O JABYX THUIAX MAarHUTHBIX Oypb, OTJIMYAIOUMXCSA APYr OT Jpyra MO MHOTUM

(U3MYECKUM U MarHUTHBIM MTOKA3aTesIM.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli garar: ilo gapa tovsiyya
olunmusdur (Protokol Ne 04).
Moagaloni ¢apa toqdim etdi: Fizika zizra falsafa doktoru, dosent Farman Qocayev
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CeTn MMPOKOMOJIOCHOTO ab0OHEHTCKOTro aocTynma Ha ocHoBe ADSL (Asymmetric digital
subscriber line) — wux pa3BUTHE TO3BOJISIET OIEPATOPY CBSI3U IPEAOCTABIATH A0OHCHTY
coBpeMeHHelmme ycnyru. Pa3Butue cereii mmeHHo Ha ocHoBe ADSL oOecnieumBaer pemieHue
3aJjaud  C HauBbICHIEH A(PQPEKTUBHOCTbIO, TaK KakK HPOMCXOJUT IPEUMYLIECTBEHHO C
HCIOJIb30BAaHUEM CYLIECTBYIOIIEH aOOHEHTCKON TeraeoHHON ceTu.AGOHEHTCKas Tesie()OHHas CETh
— ee TmapaMeTpbl HUKOTJa paHee HEe HOPMHUPOBAINUCH B II0JIOCE YacTOT, HEOOXOIUMOMN Iist
npuemoniepeaTyukoB ADSL. D10 00CTOATENbCTBO MPOSIBIAETCS YK€ NMPH YCTAHOBKE HEPBBIX
IUGPOBBIX JMHUKA W TPHOOpPETAET OIpEeNsIoNniee 3HaYCHWE TPU TOBBIIICHUHA HEOO0XOIUMON
CKOPOCTH JIOCTYIA WM YIUIOTHEHUH KaOeTbHOH CeTH HOBBIMH IM(PPOBBHIMH JIHHUSMH, BEI3BAHHBIM
pOCTOM KIMEHTCKOH 0a3bl.HoBble IUQpoBBIe Kabemn — WX TPUMEHEHHE TO3BOJISIET MOBBICHTH
AKCIUTYaTallMOHHYIO HAJEKHOCTh CETH, Oi1arosiapst TOMy, 4TO XapaKTEepUCTUKU LU(POBBIX Kabenew,
KaK MPOJYKIMU KaOelbHBIX 3aBOJ0B, HOPMHUPYIOTCS B HEOOXOAMMOI mojoce dacToT. OKoHEeYHOe
obopynoBaHue U(POBBIX JUHUNA — Ha MPOrpecc CBOUCTB 0OOPYJOBaHUS BO3JAaratoTcs OCHOBHBIE
HaJIeXK/Ibl OIEpPaTopoB, KOTOpble B OOJBLIIMHCTBE CIIy4aeB CTPEMSATCSA, HE MOJCPHU3UPYS
a0OHEHTCKYI0O CeTb, MPUMEHUTb TAaKOE OKOHEYHOE OO0OpYAOBaHHE, KOTOpPOE IO3BOJMIO Obl
MPEJOCTABIIATh YCIYT'M Ha COBPEMEHHOM YpPOBHE IPH MUHUMAJBHBIX 3aTparax. /[pamMaTH4HOCTBH
CUTYallu! YCHIIUBACTCS TIOCTOSSHHBIM POCTOM MAaKCHMAJIBHOM CKOPOCTH JOCTYIA, 00eCTIeYnBaeMOi
OKOHEYHBIM 00OpYIOBaHHEM, W CTPEMIICHHEM ONEpPaTOPOB CBS3HM TPEIJIOKHUTH IOJE30BATEISIM
yCIIyTH, 00YCIOBJICHHBIE MOBBIIIEHHEM CKopocTH [1].
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Acummerpuunsie mudpossie auann ADSL (ITU-T G.992.x).
[TapameTpsl iepesauu U CKOPOCTh HIUCXOISAIIETO MOTOKA
Kananbusiii unrepan DMT, kI'f FA 43125
Cxopocts Moayssiiuu M, K60/ 4.0
MakcumanbHBIA YPOBEHb CHTHaJIa Pmax,
nbm +20,4
Tun muanu ADSL4
ADSL ADSL2 |ADSL2+ |(ADSL2++)

Pexomenmarnusa ITU-T G.992.1 G.992.3 |G.9925 |G.992.x
I'on npunsitus pekomenaanuu ITU-T 1999 2002 | 2003 200x
TurnoBast HIKHSS TPAaHUIIA ITOJOCHI
gacrot FO, xI'g 138 138 138...276|138...276
Bepxwusis rpanuna nosocs! yactot F1,
kI 1104 1104 2208 3752...4416
MakcumManbHast KPaTHOCTh MOTYJISITUN
Kmax >8 >12 >12 >12
MakcumMaiabHasi CKOPOCTh Mepeadn
Vmax, kourt/c >8000 >12000 | >24000 | >48000
3arac moMexo3aIuIeHHOCTH
SNRmargin, /10 AR = 3...18, tuntoBoe 3HaueHme AR=6
KpaTHOCTh MOy ISIIIMH B 3aBUCUMOCTH
0T (haKTHYECKOM KaHAIbHOM K; = %, AR(=10dB
3aIIUIEHHOCTH

. F, x =
CxopocTh nepenad, Kour/c V=MYLKi i = A_(;‘ AF

B ADSL mnepenaBaemblii U(PPOBOW IMOTOK PACHPEAETSAETCS MO MHOXKECTBY YaCTOTHBIX
nozakananoB (Discrete MultiTone — DMT), mmpuna kaxaoro paBHa AF=4,3125 kI'u. B xone
YCTAaHOBJICHUS] COEOUHEHMS] OCYILECTBISETCS M3MEpPEHHE 3alllMIIEHHOCTH (COOTHOIIEHHE
Curnan/IIym — Signal-to-Noise Ration — SNR) B kaxaoMm i-M mojkaHaie. 3HaueHHsS U3MEPEHHON
3alMIEHHOCTH Ri W 3agaHHbBIN 3amac moMmexo3anuiieHHOCTH AR ucmonb3yrores s pacdera
KaHanbpHOM kpatHOcTH Monyisiuu Ki, Moaymsiust B ADSL npou3BOIUTCsl ¢ TAKTOBOW 4acTOTOM
paBHO# 4 K0oa. KpaTHOCTh MOAYISAIIMY paBHA KOJMYECTBY OUT UG POBOTO MOTOKA, 00BEIUHIEMBIX
JUIs IepeHOoca 3a OJJMH TakT. TakuM o0pa3oM, CKOPOCTh nepeaaud V onpeaeanTcs Npou3BeJeHUEM
TaKTOBOI 4acTOThl HA CYMMY KaHaJbHBIX KPAaTHOCTEW MOIYyISUU. BeposITHOCTh BOZHUKHOBEHHUS
OJMHOYHOI OIMOKM Ha MpHEeMe IOciie YCTAaHOBIEHHs COeAMHEHHs He Hopmupyercs. Ho, ecnu
MIOCJI€ YCTAHOBJIEHMSI COCMHEHHS YBEJIMYUTh YPOBEHb IIyMa B HCIOJB3YEMOW IOJ0CE 4acTOT Ha
BEIMYMHY 3aJIaHHOTO 3amnaca rnomexo3amuiieHHocta Fo....F1 AR (To ecTh m3pacxojoBath 3amac
MTOMEXO03aIIHUILEHHOCTH ), TO BEPOSITHOCTh OJIMHOYHOM OIIMOKK B MPUHUMAEMOM IOTOKE HE JAO0KHA
npeBbimath 3Hadennss 107, TIpH TAaKOM CHIDKEHHH 3alIMIEHHOCTH MPHEMONEPEIATINKH MOTYT
MIPOM3BECTH NEPEYCTaHOBKY coeanHeHus (Retrain), MOHU3UB CKOPOCTh U BOCCTAHOBHUB BEIUUYHHY
3aJIaHHOTO 3amaca nmomexo3amuiesHoctu AR

Takum oOpazom, mpuemonepenatunkun ADSL amanTtuBHBI 1O CBOeH MpHpOIE, TO €CTh
CIIOCOOHBI 00ECTICUnTh 3aJaHHBIN 3arac momexosamuiieHHoctd SNR Margin B kax0oM yacToTHOM
MoJIKaHaJjie MyTeM 3a/laHusl CKOPOCTHU Mepelayd B 3aBUCHMOCTH OT (DaKTHUYECKOM 3alUIIEHHOCTH.
[Tostomy nuaunm ADSL nenecoobpazHo HOpMHUPOBAaTH MMEHHO IO CKOPOCTH. DTO TeM Ooiee
yI0OHO, YTO CKOpPOCTh LUGPOBON JUHUM SBISETCS BeCbMa HH(MOPMATHUBHBIM IOKa3aTeleM, a
(daxTryecku — ToBapoMm[2-4].

OnucaHHble O0OCTOSTENBCTBA TO3BOJISAIOT CHOPMYIUPOBATH CIEAYIOIINE KOHKPETHBIE
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3amaun HopMmupoBanust ADSL:

1. Nzyuyenne ¢(yHKIMOHUPOBaHHUS LU(GPOBBIX JMHUN (XapaKTEPUCTHUKU MOMEXO3aIIUIICH-
HOCTH JIMHUH BO MHOTOM OIIPENIENISIIOT SKCIUTYaTallMOHHYIO HAJIeKHOCTh CETH JI0CTYTIA);

2. Pa3paboTrka TpeOoBaHMII K MPOIYKIHMH KaOEIbHBIX 3aBOJOB (IpOBepKa Kabemsl Mpou3-
BOJUTCS MpHU cepTU(UKALUU 00pa3loB M HA MPUEMOCHATOUYHBIX UCHBITAHUAX KaKIOH €IMHULIBI
MPOIYKINN);

3. Pa3paboTka TpeOoBaHHI K OKOHEYHOMY OOOPYIOBAaHHMIO HU(POBBIX JWHUM, TOSIBICHUE
HOBBIX OOpPa3lOB KOTOPOTO TPOMCXOAMT C KaJeHIOCKOMUYECKOH OBICTpoTO (TpoBepka
0o0OpyJOBaHUs  JOJDKHA IPOU3BOAUTBCA MPH  €ro  cepTU(UKAUM  COOTBETCTBYIOIIUMHU
roCy/1apCTBEHHBIMHU, KOPIIOPATUBHBIMU UM HE3aBUCUMBIMU CTPYKTYpaMu);

4. Pa3zpaboTKa THIOBBIX PEKOMEHAALMHN 1O MOCTPOEHUIO CETel NOCTymna, YYUTHIBAIOLIMX U
OTIPENICNIAIONINX TpeeIbHOe 3HAaUeHHuEe Kod(pQuuueHTa IU(POBOro YIJIOTHEHHS MHOTOHNAPHBIX
kabeneil, HeoOXoAUMBIE Uil OOECIEeYeHHsT COBPEMEHHBIX YCIYI 3HAY€HUs JIMHEHHBIX CKOpOCTel
nepeaayn nU(POBBIX JTUHUHN, pafnuyChl 30H MPEAOCTABICHHS TUIIOBBIX YCIYT ¢ TapaHTUPOBAHHBIM
KAa4eCTBOM,;

5. Pa3zpaboTka mporeayp yCTaHOBKH MU(POBBIX JIMHUN, METOJ0B U3MEPEHU, TpeOOBaHUH K
KaOeNbHbIM JIMHUSM U YCJIOBUSIM TOAKIIIOYEHHMS OKOHEYHOro o00opynoBaHus (coOitoaeHne
TpeOOBaHUH KOHTPOJIUPYETCS OMEpPaTopoM CBS3M NPU YCTAaHOBKE IUQPPOBBIX JIMHUH; B
3aBUCHUMOCTH OT IIPUHSITON TEXHOJIOTUH KOHTPOJIBHBIE U3MEPEHHSI MOTYT BBINOIHATHCS JIMLIb IS
YacTH JINHUH).

VcniplTaHus OKOHEYHOTO 000py10BaHUS HUPPOBBIX JTMHUN

besycrnoBHBINT HWHTEpec s omepaTopa JEKTPOCBA3H IPEIACTABISET WHGOpMAIHSI O
(aKTUYECKUX CKOPOCTHBIX XapaKTEePUCTHKAX, MTOKA3aTeNAX MOMEX03aUIIEHHOCTH, OCOOCHHOCTAX
HAacCTpONKU M (PYyHKUHOHMPOBAHUS NPUMEHSIEMOIO OKOHEYHOro 00opyaoBaHus. [l BbIABICHUS
3THX CBOWCTB JKEJAaTelIbHO HPUMEHSTh COOTBETCTBYIOIIME KaOelbHblE MMHUTATOPHI, CHOCOOHBIE
MHCTPYMEHTAJILHO BOCIHPOM3BOAUTh XapaKTEPUCTUKH KaOENbHbIX JIMHUN pa3Iu4yHON MapHOH
€MKOCTH, THIA, AUAMETPOB XKWJI, MUMHUTHPOBATh HEOJHOPOJHOCTH U IIOMEXH OT PAa3JIMYHBIX
UCTOYHUKOB. B xone ucnbitannii ADSL-ycTpoiicTB ObIITM BBISBICHBI CYIIECTBEHHBIC PA3IHyus B
CKOpPOCTH YCTaHOBJIEHHOT'O coeinHeHMs 1 3(h(PEeKTUBHONM CKOPOCTH Mepesadn, HECMOTpPs Ha TO, 4TO
yctaHoBkn DSLAM'a ObulM WIASHTUYHBI I BCEX HCMBITAHHBIX YCTPOMCTB. ITOT (akT
CBHUJIETENILCTBYET XOTA OBl O TOM, YTO MEXIY OKOHEYHBIMH YCTPOHCTBAMM Pa3IHMYHBIX
MIPOM3BOJUTENIE HE B NOJHOW Mepe BBINOJHAIOTCS BCE IMPOTOKOJIbHBIE coriameHus. B xoxe
UCTBITAaHUN ObUIA HCCIIeI0BaHa MPUPO/Ia TAKOTO (PeHOMEHA U ONpe/ieNIeHbl BEIMYMHBI (PAKTHYECKUX
3aracoB MOMEXO03aIIMIEHHOCTH MPU YCIOBHO THUIIOBOM IOJAKJIIOUEHUU a0OHEHTa C MPUMEHEHUEM
kab6ens TIT 0,5 mm:

1. y psna HCHOBITaHHBIX YCTPOMCTB (4...6) OOHapyKE€HO CYIECTBEHHOE HECOOTBETCTBHE
(hakTUYECKOTO 3amaca moMexo3amuieHHocTy 3aqanHomy Ha DSLAM 3nadyennto (SNR Margin = 6
dB);

2. NIpu YBEIMYEHUHU 3araca IOMEXO3AaIIMIIEHHOCTH JIMHEHHAs CKOPOCTb CHMIKAETCS B
COOTBETCTBHUH C IIPUBEACHHBIM IpapuKoM;

3. BenmumuMHA (HaKTHMUECKOrO 3amaca MOMEXO3allMIIeHHOCTH He Ooiee yemM Ha 1...2 1b
MpEeBBINIAET 3amac, MPEACTaBIsIeMbId HCIBITAHHBIMU yCTPONCTBAMU TIOCIE YCTaHOBJICHUS
COEIMHEHMUS.

Bce wucnbiTanHble ycTpolcTBa KpoMe mod3  MpoAEeMOHCTPUPOBATN  HE3HAYUTEIBHOE
(0,0...2,1%) cHmwxenue 3¢p(HEeKTUBHOW CKOPOCTU Tepeladyd MpH YBEIMUYEHUH YPOBHS IIyMa OT
OTOPHOTO (B MOMEHT YCTAHOBJIEHMSI COEAMHEHHS) 0 KPUTHUECKOro (MO JOCTUNKEHHH KOTOPOTo
npoucxoauT Retrain). Ilpyu ucnbITaHusX OBLIO BBISBIEHO HEKOPPEKTHOE IMOBEIEHUE YCTPOWCTBA
mod 3, cocrosiiiee B TOM, YTO TPH YBEIMUYCHUU YPOBHs MoMeX 3P eKTUBHAS CKOPOCTh MaaaeT 10
HyJs, HO TNpPH 3TOM HE HMHULUHUPYETCS TNpoleaypa IEpeyCTaHOBKM coelAuHeHus Retrain —
MOHMKEHNE CKOPOCTH C BOCCTAHOBJIEHUEM 33JJaHHOTO 3araca MoMeX03alUIIEHHOCTH.
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Ucnvimanus abonenmckux oxouneurnvix ycmpoiucme ADSL na aunuu TI 0,5mm 3xkm npu
3a0annom 3navenuu 3anaca nomexozauwuwennocmu SNR Margin = 6 /[b

IIpu
[Tocne YCTaHOBJICHUS | KPUTH-

N3mepeHHsIi COCAUHEHHUS B YCIIOBUSAX | YECKOM

BBIXOJIHOM  YpPOBEHb, | ICUCTBUsS  IIOMEX  OIIOPHOIO | yPOBHE

nbm ypoBHs P 0 nomex P 1

N3mepeHHsblii
YenosHoe Upstrea | Downstrea |Iloka3anus Mmoaema sattac
0003HaYEHHE |y m Sbexrupuas MOMEXO0-
abOHEHTCKOro SNR Jlunelinas | CKOpPOCTb SaliuiieH-
OKOHEHHOTO Margin, |ckopocts, |mepemauu, k6ur/c |HOCTH, b
ycrpouctsa dB KOHUT/C
mod1 +12,0 +19,1 6,0 9696 8340 8340 7,0
mod2 +11,5 +18,1 6,0 8928 7690 7660 7,0
mods3 +11,8 +18,0 Her 9248 | 7510 0 8,0
JTAHHBIX

mod4 +12,0 +18,9 9,0 8672 7470 7310 10,5
mod5 +12,8 +19,8 12,0 8064 6980 6860 14,0
mod6 +11,2 +17,3 16,0 6144 |5330 5330 17,0

Bce wucnbiTanHble ycTpoiicTBa Kpome mod3 MpoAeMOHCTPHPOBATM HE3HAUYUTEIHLHOE
(0,0...2,1%) cHuxenue 3(pPEeKTUBHOW CKOPOCTH Mepedaud NpHU YBEJIWYEHUH YPOBHS IIymMa OT
OINOPHOTO (B MOMEHT YCTAHOBJICHMSI COCIUHEHUsS) O KPUTHUYECKOIro (MO JOCTUKEHHUU KOTOPOTO
npoucxoauT Retrain).

ITpu ncnbiTaHUAX OBUIO BBIIBIEHO HEKOPPEKTHOE MOBEJEHHE ycTpoiicTBa mod3, cocTosiiee

B TOM, YTO IPU YBEJIMYEHUHU YPOBHS MoMeX 3(P(eKTUBHAs CKOPOCTh MalaeT A0 HYJA, HO MPU ITOM
HE WHHIMUPYETCS MpoIenypa NepeyCTaHOBKH COeIWHEHHs Retrain — MOHMKEHHE CKOPOCTH C
BOCCTAHOBJICHHUEM 33JJaHHOTO 3araca MoMeX03alluIieHHOCTH [5-7].
B Hacrosimiee BpeMs pa3BUTHE CETEH MIMPOKOIIOIIOCHOTO a0OHEHTCKOTO JOCTYIa B HAIIeH CTpaHe
TOJIbKO HauMHaeTcs. Jlaxe cCOTHM ThICS4 ycTaHOBJIEHHbIX ADSL B mpoABMHYTHIX MeramoJyiicax He
MoKa3aTeabHbl XOTS Obl MOTOMY, YTO peajbHble CKOPOCTH JOCTYNa COCTAaBJIAIOT JHIIb COTHU
KUJIOOHUT B CEKYHJY, a 0XBaT a0OHEHTOB — 0Ko0J10 10%.

W 310 B TO Bpems, Korjga, HalmpuMmep, B HEKOTOPbIX cTpaHax 3amagHoil EBpomsl oxBar
abonentoB cersimu ADSL-nocryma mpubmmxaercs x 100%, a ycayrum Triple Play u IPTV,
spdexkTrBHO obecmeunBaeMble Ha CcKopocTsax oT 6000 xOuT/c, AOCTYNMHBI U BOCTPEOOBAHBI
aOOHEHTaMH.
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XULASO
I.H.Siileymanov, C.i.Zeynalov, M.E.Oliyev
Fiziki saviyyado ADSL normalari

Bu mogalode ADSL modemin fiziki soviyyadoki normativlorina baxilmigdir. ADSL
texnologiyalar1 asasinda geniszolaqli abunagi sobokalorinin yaradilmasi va inkisafini tomin edan
rogomsal Xatlorin standartlasdirilmasina dair osas miiddealar tomin edilmisdir. Todqgigatlar zamani
bu fenomenin xarakteri aragdirtlmig vo faktiki sos-kilylin toxunulmazliq ehtiyatlarinin qiymati
abonentin sorti tipik bir kecid ti¢iin 0,5 mm TP kabelindon istifado edilmasi tiglin miioyyan
edilmisdir.

ABSTRACT

I.H.Suleymanov, C. I.Zeynalov, M.E.Aliyev
ADSL norms at the physical level

The article presents information on the limitation of the speed of digital lines by the
conditions of their EMC. Features of the characteristics of cable products and terminal equipment
are presented. The main provisions for the standardization of digital lines are provided, which
provides the design and development of broadband subscriber access networks based on ADSL
technologies. During the tests, the nature of such a phenomenon was investigated and the values of
the actual noise immunity reserves were determined for conditionally typical connection of a
subscriber using a 0.5 mm TP cable.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur (Protokol Ne 04).
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CUT REQRESSiYA VO PARAMETRLORIN QiYMOTLONDIRILMOSI

Acgar sozlor: Approksimasiyanin orta sahvi, noqtavi prognoz, interval prognoz, etibarl
interval, asasl giymatlondirma .

Key words: average error of approximation, dot forecast, interval forecast, confidence
interval, consistent estimator.

KutioueBble ¢j10Ba: cpednss owubka annpokcumMayuul, mo4eynvlii NPOcHO3, UHMEPBAIbHbIL
NPOCHO3, 008ePUMENbHBIL UHMEPSAT, COCMOSMENbHASL OYEHKA.

Mosalo 1. Naxgivanda soxsi bizneslori olan fiziki soxslorin galirlori (x-min manatlarla) ilo
depozitlori (y-yiiz manatlarla) arasindaki asililig1 asagidaki statistik verilonlora géra dyranak.
Talob olunur:

1. Depozitin 6lciisii ilo orta illik golir arasindak: | Sira | Ortaayhq golir, | Depozitin Slgiisi,
asilig1 xarakterizs edan korrelyasiya sahasini qurun. Ne | min manatla. min manatla

2. Xotti regressiya tonliyinin parametrlorini toyin |1 | 6.0 10
edin. Onlarin interpretasiyasini verin. 2 6,5 11

3. Xotti korrelyasiya omsalini hesablayin vo onun |3 6,8 12
mahiyyatini izah edin. Determinasiya omsalin1 miiay- | 4 7,0 13
yan edin va onun interpretasiyasini verin. 5 7.4 15

4. Approks‘imasiyamn orta sohvini tapin. 6 8,0 17

5. Regressiyanin standart s_shVInI hesablayn. 7 8.2 18

6. 0,95 ehtimalla regressiya tonliyinin vo onun g 87 20
parametrlorinin statistik shomiyyatliyini giymotlondi- 9 9’0 20
rin. Naticalor ¢ixarin. !

7. Orta ayliq amok haqqi qiymatlor toplusu iizro orta 10 |10 25

hesabla 20 % faiz artarsa 0,95 ehtimalla g6zlonilon depozit giymatlorinin inamli intervalini qurun.
8. Forz etmok olarmu ki, galirin hocmi 1 min manat bdyiiyarss, depozitin lgiisii orta hesabla 3,5-
4 min manat boyiiyar?
Holli: 1. Depozitin olgiisii ilo orta illik golir arasindaki asilig1 xarakterizo edan korrelyasiya
sahosini quraq (sokil 1).
Korrelyasiya sahosi

0.0

0.0 2,0 8.0

‘uew urw ‘rrepbrw unizodag

Ayhq golirin miqdari
2. Xotu reyressiya tonliyi parametrlorinin hesablanmasi {igiin cadval quraq (cod.2).
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Cadval. 2

Sira Ne X y yX G y2 v, y—-9, | A
1 2 3 Z 5 6 7 8 9
1 60| 100 | 60000 | 36000 100,000 | 939 | 0604 60
2. 65| 110 | 71500 | 42,250 | 121,000 | 11,301| -0301| 2,7
3. 68| 120 | 81,600 | 46,240 | 144000 | 12,443 | 0443 | 3,
1, 70| 130 91,000 | 49,000 | 169,000 | 13,205 -0,205| 16
5, 74| 150 111,000 54,760 | 225000 | 14,729 | 0271| 18
6. 80| 170 136,000 | 64000 | 289,000 | 17,014 | -0014| 0,
7. 82| 180 147,600 | 67,240 | 324,000 | 17,776 | 0224| 12
8. 87| 200 | 174000| 75690 | 400,000 | 19,680 | 0320 1,6
9, 90| 20,0 | 180,000 | 81000 | 400,000 | 20,823 | 0,823 | 4,1
10, 100 | 250 250,000 100,000 | 625,000 | 24,632 | 0,368 | 15
Yekun | 77,6 | 161,0 | 1302,700 | 616,180 | 2797,000 | 160,998 | _ 0,002 | 24,4
orta | 776 | 161 1 430270 | 61,618 279,700 - - 24
giymot
o2 1,400 | 20,490 — — ~ ~ - -
o 1183 | 4,527 - - - - -

Xotti regressiya tonliyi parametrlorini hesablayaq:
be y-x-y-x_130,27-161-7,76 _ 5334
2 61,618-7,76> 14004
a=y-b-x=161-3809-7,76 ~—13458.
Regressiya tonliyi belo alinar: §, =-13,458+ 3,809 X .

~3,809;

Belaliklo, b parametrinin qiymati, b =3,809, b.s., orta ayliq golir I min manat artarsa, fiziki
soxslarin depozilorinin miqdari orta hesabla 3,809 min manat boyliyar. Bu halda a parametri igtisadi
mona dagimir (formal olaraq onun giymati bdyiiyiir, beloki, orta ayliq

golirin 0 qiymatinds depozitin migdar1 — 13,458 min manat olur).

3. Xatti korrelyasiya omsalini hesablayaq:
P Y Xoy X 130,27 -16,1-7,76 5,334
v 0,0, 1183-4,527 5,355
Beloki, xotti korrelyasiya omsali vahido yaxindir, bu halda faktor alamati ilo natico olamati
arasinda giiclii Xatti asililiq var. Demali, Xotti korrelyasiya amsalinin miisbat komiyyati dyronilon
olamotlor arasinda birbasa bagliligin olduguna dolalot edir (diiz xotti asililiq) . Determinasiya

r > =0,9962 ~0,992.

Xy
Bu o demokdir ki, fiziki soxslorin depozitlarinin ('Y ) miqdarinin 99,2 % variasiyasi orta

ayliq golirin-x variasiyasi ilo izah olunur. Qalan 0,8 % iso modeldo nozors alinmayan digor
faktorlarin hesabina bas verir.
4. Komokgi codvalin 7— 9 siitunlarin1 doldurag. Sonra modelin keyfiyyatini miiayyan edin
approksimasiyanin orta sohvini hesablayagq.
Zoigpy-y
A==) —=*
2y

Bu halda qurulmus modelin keyfiyyoti yaxsi giymetlondirilir, beloki, A 7%-don kigikdir.
Bu ilkin verilanlara gors regressiya tonliyinin diizgiin se¢imini ifads edir.

~ 0,996 .

omsalin1 hesablayaq:

1 24,4
-100% == =——~2,4%.
’ nzA1 10 ’
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~ \2
5. Regressiyanin standart sohvini hesablayaq: S = Z(y yX) =] 1,733 ~ 0,465.
n-m-1 10-1-1

Reqressiyanin standart sohvi komiyysti do reqressiya tonliyinin keyfiyyatinin  yaxsi
oldugunu siibut edir.
6. Regressiya tonliyinin shomiyyatliyinin giymatlondirilmasi Fiserin F-kriteriyasi vasitasilo

aparilir. F-kriteriyanin faktiki qiymati:

r; 0,992
y2 (n-2)=

Fop =2 =
fakt = 1-0,992

Xy

Kriteriyanin codval giymati shamiyyatliyin bes faizlik soviyyasinda va sarbastlik daracasinin

ki=1 vo k, =10-1-1=8 giymatindo F¢,4=5,32 toskil edir. Beloki, F¢,4=992> F,4=5,32, onda,

regressiya tonliyinin statistik shomiyyatsizliyi hagda hipotez rodd edilir, vo oks hipotez gobul

olunur, b.s., regressiya tonliyi 0,95 ehtimalla statistik shamiyystli hesab olunur. Reqgressiya

parametrlorinin statistik shomiyyatliyinin giymotlondirilmasini Styudentin t-staistikasinin komoayilo
apaririq.

df =n-2=10-2=8 sorbostlik doracasi vo a=0,05 ii¢iin t- kriteriyanin codval giymoti

tc,4=2,3060 toskil edir. m

-(10-2)=992.

m,, m tosadiifi (standart) sohvi miioyyanlosdirak:

a’

D> ox _ 0,465-,/616,18 - 0976:

n-o, 10-1,183

S 0,465 1-r2  [1-0,992
~0124; m, :,/ N / 7% ~0,032.
o, Jn  1183-410 v \n=2 10-2

Onda Styudentin t-kriteriyasinin faktiki qiymati barabordir:

r
ta =i=_13,458 ~-13789: tb =£=@z30,718; tr _ X 0996 99%0 (31125,
m 0,976 m, 0124 Yom 0,032

a Ny

m. =

a

t-statistikanin faktiki qiymoti codval giymaotini asir, ona goro do, &, b vo ry, parametrlori
tosadiifi olmayaraq 0-dan forglonir, 0,95 ehtimalla statistik shamiyyatli olur.

7. Reqressiya tonliyinin alinmig qiymatlori onun {igiin prognoz vermays imkan verir. 0,95
ehtimalla forziyyadoki depozitlorin gbzlonilon giymotinin inamli intervalini qururuq, beloki, orta
ayliq golir orta hesabla giymatlor toplusu iizra 20 % boyiiyiir.

Ogar orta ayhq galirin prognoz giymatlari: x, =x-1,20=7,76-1,2=9,312 min manat toskil
edirse, onda depozitlorin prognoz giymatlori: §, =-13,458+3,809-9,312 =22,011 min manat
toskil edacok.

X v _ 2
Prognoz sahvi beladir: my =S- [1+= ! + ( )Z —0,465-\/1+i+(9’312 7’76) ~0,524.
’ (X X)Z 10 10-1,4004
Prognozun limit sohvi 95 % hallarda gozlonilon kemiiyyati agsmir vo asagidaki kamiyyato

borabordir:  Ag =t -M; =23060-0,524~1208.

Prognozun inamli intervli: Yy, = §/p iAyp =22,011+1,208 :

Y5, = Yo —Ayp =22,011-1,208 = 20,803 min man.;

yy, = Yo +Ay =22,011+1,208=23,219 min man.

Depozitlorin prognoz giymati ehtibarli hesab olunur (p=1—a =1-0,05=0,95) vs
20803 manatdan 23219 manatadok limitds yerlosir.

8. Farz etmok olarmu ki, galirin hocmi 1 min manat boyiiyarse, depozitin miqdar: orta hesabla
3,5-4 min manat boyiiyar?
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Farziyyamiz tosdiglonir. Reqressiya tonliyi belo alinir: y, =—13,458+3,809- X .

Beloki, (b=3809) orta aylig galirin min manat artmas ils fiziki saxslarin depozitlarinin

migdart ora hesabla 3,809 min manat artir ki, bu giymat da 3.5-4 intervalina diisiir.

Misal. Naxgivan MR-nin rayonlari {i¢iin adambasina diison giindalik orta golir (X faktoru)
Vo timumi golirdon arzaqg mohsullarinin alinmasi {igiin xarclonan pulun orta faiz gostoricisi (Y
faktoru) Cad. 3-do verilmigdir. Y-in X-don asililiginin xarakteristikasi tiglin xatti, qiivvat vo {istlii
funksiyanin parametrlorinin hesablanmasi, optimal modelin se¢il-mosi (Approksimasiynin orta
sohvinin (A) hesablanmast ilo modellorin giymatlondiril-masinin aparilmasi) vo F- Fiser

kriteriyasinin miioyyan olunmasi talab olunur.
Codval 3.
Rayon Y faktoru X faktoru
Sorur (1) 68,8 45,1
Sahbuz (2) 61,2 59,0
Ordubad (3) 59,9 57,2
Naxc¢ivan 4) 56,7 61,8
Sadarak (5) 55,0 58,8
Babok (6) 54,3 47,2
Culfa (7) 49,3 55,2

Holli. 1a. y=a+b*x xatti reqressiyasinda a vo b parametrlorini hesablayag. Normal tonliklor

sistemini a va b —ya noazaran hall edak:

{ na+b> x=>y,
a) x+bY x* =" yx.

IIkin verilonlors géro hesablayaq : > a, > x, > yx, > x*, > y*:

Cadval 2.

Y X X x° y2 Y, Y=Y, Aj
1 68,8 45,1 3102,88 | 2034,01 | 4733,44 61,3 7,5 10.9
2 61,2 59,0 3610,80 | 3481,00 | 3745,44 56,5 4,7 7,7
3 59,9 57,2 3426,28 | 3271,84 | 3588,01 57,1 2,8 4,7
4 56,7 61,8 3504,06 | 3819,24 | 3214,89 55,5 1,2 2,1
5 55,0 58,8 3234,00 | 3457,44 | 3025,00 56,5 -1,5 2,7
6 54,3 47,2 2562,96 | 2227,84 | 2948,49 60,5 -6,2 11,4
7 49,3 55,2 2721,36 | 3047,04 | 2430,49 57,8 -8,5 17,2
Yekun 405,2 384,3 | 22162,34 | 21338,41 | 23685,76 | 405,2 0,0 56,7
Orta qiy.| 57,89 54,90 | 3166,05 | 3048,34 | 3383,68 X X 8,1
(Yekun/n) y X VX X2 F
o 5,74 5,86 X X X X X X
ol 32,92 34,34 X X X X X X

o covlxy) _ y-X-y-X 316605-5789-549
o} 2%’ 34,34

a=y-b-x=5789+0235-549 ~ 76 88.

Reqressiya tonliyi: y = 76,88 — 0,35x.

Gortindiyi kimi orta giinliik samak hagqinin 1 manat artirilmasi arzadq mahsullarinin
alinmasina ¢akilan xarci orta hesabla 0,35% - asagt salir .

-035,
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Ciit xatti korrelyasiya omsalin1 hesablayaq: f,,

Olago sado, tors formadadir. Determinasiya amsalini hesablayaq : r)fy

o

:b—_
o

y

035.285 _ 357
574

=(-035)* =0127.
Almmis 12,7% natico variasiyast x faktorunun variasiyasi ilo izah olunur. X-in faktiki

giymatini regressiya tonliyinds yerino yazsaq, {/X -in nazori (hesabi) giymatlorini alariq.

approksimasiyanin orta sohv kamiyyatini tapaq :

Hesablanmis orta qiymot faktiki qiymotdon 8,1% meyl edir. F- kriteriyasini hesablayaq :

r2
F fakt :llz~(n—2)

. 0,
ZA_—ZV Y. 100% = wzs,l%.
y

— rxy
O zamana godor ki, 1 < F < sorti 6donir, onda F* -0 baxmaq lazimdir.
Alinmis qiymot askar

gostarir [7].
1b. y= a -x" qiivvat iistlii modelinin qurulmast dayiganlarin xattilosmasi proseduru-nu

0,127

——.5=0,7.

0,873

astliligin  tosadiifi

tobiati

vo tonliyin parametrlorinin
ohomiyyatsizliyi va slagenin sixliq gostaricisi hagda Hp hipotezinin gabul edilmasinin zaruriliyini

statistik

gabaqglayir . Misalda xottilogsma tonliyin haor iki torafini logarifmlomaklos aparilir:
lgy=Iga+b-lgx, Y=C+b- X, Haradaki, Y =Ig(y), X =1g(x), C = lg(a).
Hesablamalar {igiin 3 codvalinin verilonlorindon istifado edocoyik .
Cadval 3
Y X yx_ |y ¥ Ve Pyve [0-v)° 4

1 1,8376 |1,6542 [3,0398 [3,3768 |2,7364 61,0 7,8 60,8 11,3
2 1,7868 |1,7709 [3,1642 [3,1927 |3,1361 |56,3 4,9 24,0 8,0
3 1,7774 11,7574 [3,1236 [3,1592 |3,0885 |56,8 3,1 9,6 5,2
4 1,7536 |1,7910 [3,1407 [3,0751 |3,2077 |55,5 1,2 1,4 2,1
5 1,7404 11,7694 [3,0795 [3,0290 |3,1308 |56,3 -1,3 1,7 2,4
6 1,7348 11,6739 [2,9039 [3,0095 |2,8019 60,2 -5,9 34,8 10,9
7 1,6928 |1,7419 |2,9487 |2,8656 |3,0342 |57,4 -8,1 65,6 16,4
Yekun |12,3234 (12,1587 (21,4003|21,7078|21,1355 (4035 (1,7 197,9 56,3
Orta |1,7605 |1,7370 |3,0572 |3,1011 |3,0194 (X X 28,27 8,0
giymot
o 0,0425 10,0484 |X X X X X X X
o2 0,0018 |0,0023 (X X X X X X X

C vo b-ni hesablayaq :

-1 % 2Y X _30572 1’760‘2"1’7370 ~-0298 , C=Y-b-X=17605+0298-17370~

Oy 0,0484
2,278.

Xatti tonlik alariq: Y, =2,278-0,298- X .

Onun potensiallanmasini yerins yetirok : y =10%?"%.

X—O,298 — 189,7 . X—O,298.

Verilmis tonlikds x-in faktiki giymatini yerina yazmagla vy, (¥, ) neticasinin nazari

giymotini aliriq. Bu giymatlors uygun gostoricilori: alagonin sixligi — p,, korrelyasiya indeksini vo

K approksimasiyanin orta sohvini hesablayaq:
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Sy-yf V3292
Ustlii modelin xarakteristikas1 onu ifada edir ki, bu model garsiliglt alagoni xotti funksiyaya
goro daha yaxs1 oks etdirir .
1c. y=a-b* qivvatiistii ayrisinin tonliyinin qurulmasi tonliyin hor iki torofini
logarifmlomoakls dayisanlarin Xattilosmasi prosedurunu gabaglayir:

2
Z(y_y*j | 2827

Py =11- =0,3758, A=80%.

lgy=Iga+x-lghb, Y=C+B-X.
Parametrlorinin hesablanmasi tigiin komokei cadvali qurag. Cadval 4.
Codval 4.
Y X Yx Y2 X2 Yo o Py |0-0)° |4
1 18376 | 45,1 |82,8758 | 3,3768 | 2034,01 | 60,7 8,1 65,61 11,8
2 1,7868 | 59,0 [105,4212| 3,1927 |3481,00 | 56,4 4,8 23,04 7,8
3 1,7774 | 57,2 (101,6673| 3,1592 | 3271,84 | 56,9 3,0 9,00 5,0
4 1,7536 | 61,8 |108,3725| 3,0751 | 3819,24 | 55,5 1,2 1,44 2,1
5 1,7404 | 58,8 |102,3355| 3,0290 | 3457,44 | 56,4 -14 1,96 2,5
6 1,7348 | 47,2 | 81,8826 | 3,0095 | 2227,84 | 60,0 -5,7 32,49 10,5
7 1,6928 | 55,2 | 93,4426 | 2,8656 |3047,04| 575 | -82 67,24 16,6
Com | 12,3234 | 384,3 |675,9974| 21,7078 (21338,41| 4034 | -1,8 200,78 56,3
Orta | 1,7605 | 54,9 |96,5711| 3,011 [3048,34| X X 2868 | 80
qiy.
0,0425 | 5,86 X X X X X X X
0,0018 | 34,339 X X X X X X X
Reqresswa tsnllylnln A vo B parametrlori belodir:
B Y x-Y-x _ 965711-1,7605-54.9 ~ 00023

o 586° ’

X

A=Y —B-x=17605+0,0023-549 =1887.

Belo bir xatti tonlik alindi: Y, =1,887 —0,0023- x..
Alinmis tonliyin potensiallanmasini icra edok vo onu adi formada yazagq:
y, =10"%%7.1079%°%* = 77,1.0,9947".

Olago sixligin1 p,, korelyasiya indeksi vasitasilo giymotlondirok:

( ) /
E Y—YJ
1- 2868 =0,3589, A=8,0%.9lago sadadir.
3202

> v-vf
A=80% olmasi approksimasiyamin artmis sohvi (lakin miimkiin hodd ¢orcivesindo)

haqqinda informasiya verir. Bu o demokdir ki, istlii funksiya, qiivvot funksiyasina nisboton daha
pisdir, vo o dyranilon asililig1 xarakterizo edir.

1d. Borabortorofli

pxy =111-

hiperbolanin y=a+b- 1 tonliyi z = 1 ovazlomasini  etmoklo
X X

xottilogdirilir. Onda y =a+b-z. Hesablamalar tigiin codval 5-dan istifdo edok.
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Cadval.5

Y Z Yz z y? Ve [v=Y | 0=y 4
1 688 | 0,0222 | 1,5255 | 0,000492 | 473344 | 618 | 7.0 | 49,00 | 10,2
2 61,2 | 0,0169 | 1,0373 | 0,000287 | 374544 | 56,3 | 49 | 2401 | 80
3 59,9 | 0,0175 | 1,0472 | 0,000306 | 358801 | 59 | 30 | 900 | 50
4 56,7 | 0,0162 | 0,9175 | 0,000262 | 321489 | 555 | 1,2 | 144 | 2.1
5 55 | 0,0170 | 0,9354 | 0,000289 | 302500 | 56,4 | -14 | 196 | 25
6 543 | 0,0212 | 1,1504 | 0,000449 | 294849 | 60,8 | -65 | 4225 | 12,0
7 493 | 0,0181 | 0,8931 | 0,000328 | 243049 | 575 | 8.2 | 67,24 | 16,6
Yekun | 4052 | 0,1291 | 7,5064 | 0,002413 | 23685,76 |4052| 0,0 | 19490 | 56,5
Orta 579 | 0,0184 | 1,0723 | 0,000345 | 338368 | X | X | 27,84 | 81
giymot
574 |0,002145] X X X X | X X X
32.9476]0,000005] X X X X | X X X

Reqressiya parametrlarinin giymati , a va b beladir:

b y-z—zy-z :1,0723—57,9-(2,0184z1051,4 |
o 0,002145

X

a=y—b-z=5789-10514-0,0184 =385.

Belo bir tonlik alindi: y, =38,5 +1051,41 .
X

SE)

1_W = /1—% =0,3944, A=81%.
y-y !

Borabaortorafli hiperbolanin tonliyino gora olages sixligiin an bdyiik qiymati alindi:

Korrelyasiya indeksi:  p,, =

Pxy = 0,3944 (xotti, qiivvat vo ilstlii reqressiyaya goro). A ehtimal edilon, miimkiin
Saviyyada qalir: 8,1%.
Py m-n-1_ 01555
1-p2, n 08445
Uygun olaraq, bu tonliyin statistik shomiyyat kosb etmoyan parametrlori hagqindaki Hy

hipotezi gobul edilir. Bu naticoni askar asililigin geyri yiiksok sixlig1 vo ¢ox olmayan miisahidolor
say1 ilo izah etmok olar.

Fra = -5=0,92 Harada ki, F,g = 6,6 > Frai, @ = 0,05 olduqgda.
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PE3IOME
I'osapa Parumosa,
Eaman Mamenos

Hapﬂaﬂ perpeccuss 1 OUCHUBAHUEC MAPaMETPOB

[Tapnasi perpeccusi MO3BOJSET MOJYYUTh AHAIUTUYECKOE BBIPAKEHUE CBSI3U MEXKAY JIBYMS
MpU3HAKaMU: PE3yJbTATUBHBIM U (pakTOpHBIM. OmNpenenuTh TUI ypaBHEHUS MOKHO, HCCIENys
3aBUCHUMOCTh TpaUyecKu, OJTHAKO CYHIECTBYIOT Ooiyiee 00Iue yKa3zaHUs, MO3BOJIAIONINE BHIIBUThH
ypaBHEHHUE CBs3H, He mpuberas K rpadpudeckomy uzodpaxenuto. OleHKa mapaMeTpoB ypaBHEHUI
pErpeccuu OCyIIECTBISIETCS METOIOM HAUMEHBIIIUX KBAIPATOB.

ABSTRACT
Gulara Rahimova,
Elshan Mammadov

Pair regression and estimation of parameters

Pair regression allows to receive analytical expression of communication between two signs:
productive and factorial. It is possible to define equation type, investigating dependence
graphically, however there are more general instructions allowing to reveal the communication
equation without resorting to the graphic representation. The assessment of parameters of the
equations of regression is carried out by method of the smallest squares.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur (Protokol Ne 04).
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UOT:625
YOL ELEMENTLORININ HOROKOT TOHLUKOSIZLiYINO TOSIRI

Acgar sozlor: yol elementlori, harokatin tohliikasizliyi, nagliyyat vasitasi, yol-nagliyyat
hadisasi, yolun plan elementlari, yolun profil elementlori, gérma masafasi

Key words: vehicle, traffic accidents, plan elements of the road, the road profile elements,
sight distance

KutoueBble cji0Ba: 0opooicuvie yciogus, 06e30nacHOCmb O8UJCEHUS, CPeoCcmed MpaHc-
nopma, OOPOACHO-MPAHCROPMHbIE NPOUCMECmBUe, NIAHOBble JJIeMeHMbl 00po2U, NPOPuUIbHbLE
S/IeMeHmbl O0PO2U, PACCIOSIHUE BUOUMOCTIU

Qeyd etmok lazimdir ki, yollarda horakatin tohliikesizliyi ilo bagli (yol elementlori ilo
olagodar) on vacib problemlordan biri istor yeni layihslondirilon, istorss do yenidon qurulan vo
istismarda olan avtomobil yollarinda harokatin tohliikasizliyinin tamin edilmasidir. Ona gora do
miiasir avtomobil yollar1 nagliyyat vasitalorinin biitiin fasillords va istonilon yol elementlorinds
tohliikasiz harokatini tomin etmalidir. Respublikamizin kii¢a Vo yollarinda bas veran yol-nagliyyat
hadisalori haqqindaki statistika materiallarinin analizi do bu problemin halli vacibliyini bir daha
tosdiglayir. Qeyd olunmalidir ki, yollarda harakatin tohliikasizliyina bir ¢ox amillar tasir edir ki,
bunlardan biri do yol elementloridir.

Yol elementlorinin horokst tohliikesizliyino tosirindon damisdiqda, onlar1 xarakterizo edon
asagidaki kompleks gostoricilor nozors alinmalidir: yolun plan vo profil elementlori, horakat hissasinin
eni, avtomobil yolunun eni va onun vaziyyati, yol ortiiyii, davamli enislor Vo yoxuslar va s,

[k névbads geyd etmok lazimdir ki, harokatin tohliikesizliyinds yolun plan elementlarinin rolu
kifayot godor boyiikdiir. Belo elementlor dedikdo osason yolun diizxatli vo oyrixatli saholori basa
dusiiliir. Bu elementlors daxil olan parametrlarin har birinin harakatin tohliikasizliyinds 6z rolu vardir.

[k baxisdan diiz, iifiqi vo hamar yolu on yaxs1 yol kimi hesab etmok olar. Lakin aparilan
miisahidalor géstormisdir ki, belo yollar 6z yeknosokliyi ilo stirticiilori yorur, kiitlogdirir, onlarin
miirgiilomasine va hotta siikan arxasinda yatmasina sobob olur.

Yollardaki diizxotli hissslorin yaratdigi on agir fosad minik avtomobillori siirticiilorinin
sliroto noazarat hissini itirmasi vo iimumiyyatls siirticiilorin yuxulamasidir. Aparilan tadqiqatlara goro
stiriiciilorin yuxulamasi ilo bagli olan yol nagliyyat hadisolori imumi hadisalorin 1,7-2,4%-ni toskil
edir. Bu mogsadlo do avtomobil yollarinin layihoslondirilmasinds horakot tohliikasizliyinin tomini
tiglin diizxatli hissalorin uzunlugunun mohdudlagdirilmasi magsadouygun sayila bilor. Oyrixatli
hissalor potensial tohliiko monbayi olmalarina baxmayaraq siiriiciiniin diqgatinin artirilmasinda
bdyiik shomiyyato malikdir. Bu o demok deyildir ki, diizxatli hissalorin uzunlugunu azaltmaq ii¢iin
hokmon siini suratds yol trassasinda dongalor yaradilmalidir. Yolun planinda trassa asason tobii
maneslordon yan kegmok iiciin dondorilir. Belo maneslora qrunt soraitini, bataqliglari, yasayis
montagalarini, relyef elementlorini, tarixi abidalori va s.-ni géstarmok olar.

Odur ki, diizxatli yol sahalorinin yeknasakliyini aradan qaldirmaq tigiin miixtolif todbirlordan
istifado oluna bilor. Bels ki, yolun plani otraf miihitlo oalagalondirilmali vo kifayat godor maraqh
orazilordon kegmolidir. Masolon; diizxotli hissalor uzaqdan yaxs1 goriinen istinadgahlara
istigamotlondirilmali; yolotrafi zolagin dekorativ yasillagdirilmasi; uzun, diizxotli hissalordon sonra
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yiiksok harakat siiratini tomin etmoyan kigik radiuslu ayrilarin totbiq olunmamasi va S.

Yolun planinin on yiiksok potensial tohliikoliya malik elementlorindon biri do oayrilordir.
Yolun plan elementlarinin horakat tohliikasizliyins tasirina baxdigda miiayyan etmak olur ki, planda
oyrinin formas: hadisolorin sayma daha cox tosir gostorir. Belo ki, yol nogliyyat hadisalorinin
statistikas1 gostarir ki, bas veran biitiin yol nagliyyat hadisalorinin 10%-don 20%-2 godari plandaki1
ki¢ik radiuslu ayrilords bas verir. ©gar ayrilorin radiusu 600-700 m-dan ki¢ik vo donma bucaginin
giymati boyiik olarsa, yol nagliyyat hadisslorinin bas vermok tohliikasi artmis olur. Oyrilards an ¢ox
rast golinon yana siiriismo, agma vo toqqusma hadisaloridir. Belo yol saholorinds avtomobillora
morkozdongagma qiivvasi tosir etdiyindon siiratin vo harokot istigamatinin diizgiin se¢ilmamasi
naticoasindo avtomobil yana siirlisorok asa bilor. Adoaton, birincilar enina ilismanin, ikincilor isa
uzununa ilismanin va ayrilords goriinmonin mohdud olmasi sabsbindon bas verir. Buna goros do
oyrilordo harokatin tohliikesizliyini artirmaq tigiin goriilon todbirlorin birincisi Ortiiylin ilismo
keyfiyyatinin yiiksaldilmasi, tomiz saxlanilmasi va qis siiriiskanliyinin aradan qaldirilmasidir. On vacibi
1Sa ayrilorin radiuslarinin 600 m-o godar, daha ¢ox va yaxud bu is ¢ox xarc talob etdikds 200 m va daha
¢ox artirmaqdan ibaratdir.

Ona gora do belo yollarda tohliikasizliyin tomini ii¢iin trassa plani solis olmali, diizxatli
horokatdan ayrixatli horokats kegid doyiskon radiuslu kegid ayrilari boyunca olmalidir. Samarali vo
tohliikkasiz yollarin ayri-ayr1 sahslorinda horokot siirati koskin sokilda forgqlonmomoalidir. Bu
mogsadlo boyiik radiuslu ayrilor totbiq olunmali, uzun diiz xotli sahalordon sonra sort déngolora
imkan verilmomoali, plandaki kicik radiuslu ayrilords virajlar layihalondirilmalidir. Yolun plan vo
profil elementlori bir-biri ilo uzlagdirilmalidir ki, lazimi gérmo masafosi tomin edilsin.

Molumdur ki, avtomobil yolunun eni dedikdos harakat hissasinin, yan zolaqlarin, ¢iyinlorin
Va ayirict zolagin eni nazards tutulur.

Yollarda harakot hissasinin eni artdiqca siiratin yiiksalmasina baxmayaraq sorbast soraitlords
yol nogliyyat hadisalorinin say1 azalmis olur. Bu onu gostorir ki, yol lazimi siirati vo tohliikesizlik
saviyyasini tomin etdiyindon tohliikasizlik ancaq siiriiciiniin istismar xiisusiyyatlorindan, planda
avtomobilin yerlogmasinin doyismasine onun diggati vo reaksiyasindan asilidir. Buradan bels ¢ixir ki,
yolun hoarakat hissasinin en parametrino goro istismar gostaricilori insanin miimkiin sahvlorina
baxmayaraq, avtomobilin yolun planinda shomiyyatli doracoda manevrlarini kompensasiya edarok
hadisalorin bas verms ehitimalin1 azaldir.

Horokot hissasinin en parametri 12-14 m-o godor artdiqda subyektiv qavrayis yolun
imkanlarina uygun olmadigindan yol nagliyyat hadisslorinin riski artmis olur. Siiriicii torafindon
hom 6z avtomobilinin, hom qarsidan galon, ham da eyni istigamatdo harokot edon avtomobillarin
yolun harokat hissasinin eni boyu yerlosmasinin yanlis qavrayisi naticasinds yanlis inamliq hissi yol
noagliyyat hadisalorine gatirib ¢ixarir. Bu, yolun harokat hissasinds zolaglari isaraloyan nisanlanma
Xatlorinin olmadig1 soraitlor iigiin daha xarakterikdir. Belo Ki, harokat zolaqlar1 isaralondikdo
stirtictilorin horokat hissasinds istigamatlondirilmasi asanlasir. Yolun harakat hissasinin eninin 17-
18 m-don ¢ox artirilmast horokat soraitini sorbastlosdirdiyindon yol nogliyyat hadisolorinin say1
azalmig olur. Siirat hoddinin asilmasi, qarsi horokot zolagina ¢ixilmasi vo avtomobilin sarbost
sokilda idara edilmasi naticasinds eni 5-7 m olan harokat hissalorinds bas vermis yol naqliyyat
hadisalorindo xoasarat alanlarin say: artmis olur.

Horokat hissasinin eni artdigca yol horokati qaydalarinin pozulmasi xasarst alanlarin saymin
artmasina sabab olmur. Ciinki, bu zaman yolun harakat hissasinin eni, harakst zolaqlarinin say1 kimi
aktiv tohliikasizlik elementlori yolun passiv tohliikasizlik elementlori funksiyasini yerino yetirirlor.

Siikan idarasi Vo tormoz sisteminin siradan ¢ixmasi naticasinds yol nagliyyat hadisslorinin
saymin yolun harokat hissasinin enindon asiligina baxdiqda gérmok olur ki, yolun horokat hissasinin
eni 5-7 m olduqda siikan idarasinin siradan ¢ixmasi (imtinasi) daha ¢ox yol noagliyyat hadisalori ilo
naticalonir, noinki, bu enin boyiik giymatlorinds. Aydindir ki, horokat hissasinin eninin belo
giymatlorindo qarsidan golon vo eyni istigamotdo harokot edon nagliyyat vasitalorinin manevr
etmasing, harakat hissasi va ya torpaq yatagi hildudunda sorbast dayanmaga imkan vermir. Hoarokot
hissasinin eni artdigca (bu da tabii ki, horokat siiratinin kifayst qodor artmasi ils izah olunur) nasaz
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tormoz sistemlori olmasina baxmayaraq yol nagliyyat hadisslorinin say1 azalmis olur.

Miiasir avtomobillarin maksimum gabarit eni 2,5 m-don ¢ox olmadigindan iki torafli harokat
tictin yolun eninin 6 m olmasi harokat ti¢iin kifayat edir. Ancaq bu halda avtomobillar arasindaki ara
boslugu 1 m oldugundan siiriiciilor 6z avtomobillarini boyiik siiratlo vo inamla idars eds bilmirlor.
Tobii olaraq harokoat siirati optimal giymatdon asagi oldugundan baxilan yol sahasinin buraxma
gabiliyyati azalacaqdir. Homginin yiiksok intensivliklords eni 7 m olan harokat hissalari do yiik
avtomobillorinin texniki cohotdon miimkiin olan siiratlo inamli harokatini tomin etmadiyindon
yollarin buraxma qabiliyyati azalmig olacaqdir.

Horakot hissasinin eni miioyyan edildikdo avtomobillarin enina yerdoyismolori diggstle
oyranilmali vo nozors alimmalidir. Onu da qeyd etmok lazimdir ki, horokst zolaginin eninin
osaslandirilmadan artirilmasi osasli vasait qoyulusunu va istismar Xorclorini artirmaqla borabar,
ayrixatli hissalords siiriiciilorin intizamsiz harokatina, avtomobilin optimal trayektoriyadan daha ¢ox
meyllonmolaring sorait yaratdigindan qozaligin yiiksalmasine sabob olar.

Yan zolaqglarin va ¢iyinlorin olmasi va onlarin vaziyyatlori harokatin tohliikasizliyinds boyiik
rol oynayirlar. Almaniyada yan zolaqlarin eni adi yollarda 0,5 m, avtomagistrallarda iso 0,75 m
gobul edilmisdir. Isvecda, Fransada va Ingiltorada bu ragemlar dlkelor iizra uygun olaraq 20, 30 va
40 sm gotiiriiliir. MDB mokaninda I-11 doaracali avtomobil yollarinda bu en 0,75 m, III-1V daracali
yollarda isa 0,5 — 0,3 m gotiirtliir.

Horokatin tohliikasizliyi noinki, ¢iyinlorin olmasindan, homginin, onlarin ndviindan,
vaziyyatindon vo horakat hissasi ilo slage noviindon asilidir. Yuxarida geyd olunan ragamlor
borkidilmis vo ya Kiplosdirilmis hamar satho malik olan ¢iyinlor ii¢iindiir. Borkidilmis ¢iyinlor
harakatin tohliikasizliyini yiiksaldir vo harakat hissasinin kenarlarinin dagilmasinin garsisini alir.

Borkidilmamis vo yol ortiiylindon asagida yerloson torpaq ¢iyinlorin eni miithiim shamiyyat
dagimir vo asason do ilin nomisli dovrlarinds ¢ox tohliikali olub, avtomobilin siirlismasine sabab
olur. Aparilan tadqigatlarin naticalorine gora avtomobil yollarinda ¢irkli ¢iyinlorde avtomobilin
stirigmolari sababindon bas vermis yol nagliyyat hadisslorinin say1 qeyri-kafi voziyyatli ¢iyinlordos
bas vermis hadisalorin 6%-ni toskil edir. Malumdur Ki, avtomobili harokst etdiron qiivve onun
aparan tokarlorinin yol ortiiyli ilo kontakt sahasindo meydana golir. Bu qiivvanin Gtiiriilma daracasi
Vo xarakteri yol oOrtilyiiniin formasi vo voziyystindon asilidir. Ortilyiin hamarligmin harokatin
tohliikasizliyina tasiri masalasi toassiif ki, ¢ox az 6yronilmisdir. Uzun miiddat bels bir yanlis fikra
osaslanmuslar ki, yol ortyiiniin vaziyyati no gadoar pis olarsa, horokat siirati do bir 0 godor az olar vo
demali, hadisalorin bas vermo ehtimali asag1 diisar.

Lakin real voziyyatlorin analizi gostormisdir ki, bu, he¢ do belo deyildir. Masalon, uzun
illarin statistik molumatlar1 ilo miioyyan olunmusdur ki, yol nagliyyat hadisalarinin on ¢ox bas
verdiyi yerlor yolun plan yo profil elementlorinin hondasi xarakteristikalarinin kifayat qodor
olverisli olan sahalorindo meydana galir. Bu iso 0 demok deyildir ki, hondasi xakarteristikalarin
normativ hadds olmasi yol ortityiiniin voziyyatinin do yiiksok olmast demokdir. Molum oldugu kimi
yol nagliyyat hadisalori «ocag»larinin yarandigi yerlords adaton, yol ortiiylinde miiayyan ¢okmalor
Vo dalgalar bas verir. Bu ¢okmo Vo dalgalar hamar yol sahalorindon sonra oldugda horokot daha
tohliikoli olur. Ona gora do yol elementlori ilo bagl olan yol nagliyyat hadisslorinin besdo birinin
sobobi moahz yol ortiiyiinds olan bels nasazliglardir.

Belo yerlordo bas vermis yol nagliyyat hadisslori adston, toqqusmalardan ibarat olur. Bu
toqqusmalar istor eyni istigamotdo horokot edon avtomobillor arasinda, istorso do qarsi horokat
zolagma ¢ixmis avtomobillo qarsidan golon avtomobil arasinda bas vera bilor. Bunun da osas
sobablori kimi asagidakilart xiisusi olaraq qeyd etmok olar: bels yerlords harokot edarkon qarsida
gedon avtomobilin siiratini gofloton azaltmasi; belo yol saholorinin uzaqdan pis goriinmosi; 6z
horokat zolagindaki nasazliglart yandan kegmoya cohd edon avtomobillorin qarsi harokat zolagina
¢ixmasi; avtoqatar qosqularin tosir amplitudasinin artmasi; nahamar yol sothi ilo horokst edon
avtomobillarin titrayis ragslorinin artmasi.

Nahamar yol ortyiino malik ayrixatli hissolordo horokst daha tohliikslidir. Belo saholordo
avtomobilo yan qiivvalar tasir etdiyindon onun ilisma ¢okisinin azalmasi sabobindon siiriismo vo ya
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yana aparma hadisasi bas vera bilor. Nahamar sotho malik yol sahalorinds harokst zamani insan
organizmi alave yiiklar gobul etdiyindon onlarda xos olmayan va hatta xastalik hoddinds duygularin
yaranmasi sobabindan siirticiilorin is soraiti daha da pislosir.

Belo yol sahalorinds harakatin tohliikasizliyinin yiiksaldilmasi iigiin bir sira todbirlorin
goriilmasi  vacibdir: yollarin vaxtinda tomir edilmosi; onlar haqqinda siiriiciilori vaxtinda
molumatlandirmaq t¢iin xaboardarliq yol nisanlarindan istifado olunmasi; harokat siiratinin
mohdudlasdirilmasi vo S.

Avtomobil yollarinin yoxus vo enis sahalori do yol nagliyyat hadisslorinin sayinin yiiksok
olmasi ilo xarakterizo olunur. Moskva Avtomobil Yollar1 Institutunun (MAYI-nin) todqiqatlarina
gora yol nagliyyat hadisalorinin pay1 enis vo yoxuslarda 7%, kegid sahalorinds 18% vo dara-topali
saholordoa iso 25% toskil edir.

Boyilik uzunlugu olan maillikli yol sahalorinds horokst zamani enislordo bas vermis yol
nogliyyat hadisalorinin say1 yoxuslara nisbaton 1,5-3 dofo ¢ox olur. Bu, har seydon avval enislordo
tormoz yolunun uzanmasi vo asasan do tormoz sisteminin imtinalar1 ilo baglidir. Belo yerlorda
enislords bas veron hadisslor imumi hadisalorin 40%-ni toskil edir. Boyiik uzunlu maillikli yol
sahalarinds hadisolor xarakterik yerlords comlagirlor. Avtomobillarin yiiksok stiratlo harokat etmasi
sobabindon yoxuslarda belo sahalor yoxusun topasi vo ondan sonraki sahalar, eniglords isa uzunluq
profilinin sinma yerlori hesab edilir.

Boyiik uzunluga malik mailli yol sahalorinds goazaliq saviyyasinin yiiksok olmasi sababindan
yiiksok doracali yollarda mailliyin 30-40% mohdudlasdiriimasinin, yoxus istigamatinds horokat
hissasini  geniglondirmoklo yiikk avtomobillorinin harokati {iglin olave zolagin tikintisinin
moagsadouygun oldugunu bir daha tasdigloyir. Boylik uzunluq mailliyina malik olan sahalar yolun
planindaki ayrilarls iist-iisto diisdiikdo yol nogliyyat hadisslorinin say1 daha da artir.

50%-don yiiksok mailliklords iifigi yol sahasina kegmozdon ovval kifayat godor boyiik
mosafada kigik uzunlu maillikli sahalor daxil edilmalidir. Yolun uzunlug mailliyinin yol nagliyyat
hadisalorinin sayma tosiri hagqinda bu giino godor alinmis eksperimental gostaricilor bazon bir-
birinin ziddins olurlar. Yani, miioyyan edilmisdir ki, hadisalorin sayma ancaq uzunluq mailliyinin
giymati yox, hom do harokatin toskili vo horokat siirati do tosir edir. Horokat hissasinin eni 6-8 m
olan an ¢ox yayilmis yollarda, 6tmolorin miimkiin oldugu avtomobil magistrallarinda vo horokat
hissasi nisanlanmamis yollarda uzunluq mailliyi artdiqca hadisolorin say1 da artmis olur. Qeyd
etmok lazimdir ki, boyiik mailliklor, kigik radiuslu ayrilor vo mohdud goriiniislii saholor (dik yoxus
Vo enislor, planda kicik radiuslu ayrilor) yollarin tohliikali saholori hesab olunurlar. Ona goro do
istismar miiddotindo belo sahalordo horokatin tohliikosizliyini artirmaq tg¢iin onlarin handasi
parametrlorini yaxsilagsdiran kompleks tadbirlor hayata kegirilmalidir.

Yol ortiiyiliniin iligkonliyinin yiiksok oldugu quru hava soraitindo gozalarin mailliyin 50-
60%-don boyiik oldugu, ¢irkli vo yas sahalords isa mailliyin 30-40%-don boyiik oldugu sahalards
daha ¢ox artmasi miisahido olunur. Qs siirtiskonliyi oldugda yol nagliyyat hadisalori an ¢ox (2-3
dofo) dik enis vo yoxuslarda mailliyin 20%-don bdyiik giymatlorinds bas verir. Ona goéro do qis
faslinds yol xidmatinin on baslica vozifosi belo sahslords siiriiskonliyi dorhal aradan qaldirmagla
tohliikesizliyin tomin edilmosindon ibarst olmalidir. Umumiyyatlo, belo sahslorda yol nogliyyat
hadisalorinin sayini azaltmagin on olverisli yolu tomir zamani mailliklorin 6l¢li vo uzunluglarinimn
kigildilmoasindan ibarotdir. Uzununa mailliyin tohliikkosiz giymati, verilmis rayonun hava-iglim
amillari nazara alinmagla tayin edilir.

Qozaligin asagi salinmasi vo yoxuslarda siiratin artirilmasi tigiin iki zolaqlt yollarda goriilon
todbirlardon an somaralisi asagr siiratli avtomobillar {igiin nazards tutulan, eni 3,5-3,75 m olan slave
iiclincii zolagin insa olunmasidir.

Enis vo yoxuslarda yolun nisanlanma xatlori elo ¢okilmalidir ki, mohdudiyyatli mévcud
goriinmo moasafolori istisna olunmagla, qalan biitiin hallarda yoxus istigamatinds 6tiib kegma
miimkiin olsun.

Belalikla, deys bilarik ki, harokatin tohliikasizliyinds yol elementlorinin rolu kifayst godar
boyiikdiir vo belo yol saholorinds tohliikesizliyin yiiksaldilmasi {igiin bir sira miivafiq todbirlorin
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goriilmasi vacib masalalordon biridir.
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Miasir diinyamizi xarakterizo edon bagslica cohotlordon biri do comiyysatlorin globallasan
informasiya moakanina inteqrasiyasidir. Malum oldugu kimi informasiya comiyyati shalinin boyiik
hissasinin miiasir informasiya texnologiyalarindan istifado etmoklo informasiyanin, on osasi iso
onun ali formasi olan biliyin istehsali, saxlanmasi, emali vo otirilmasi ilo mosgul olur.
Sivilizasiyanin inkisafinin yeni tarixi fazasi olan informasiya comiyyatinds informasiya va biliyin
rolu artir, insanlar effektiv informasiya qarsiligh oslagolorini, diinya informasiya resurslarina
miiraciatlorini tomin edon vo onlarin informasiya mohsullarina vo xidmatlorina olan talobatlarini
tomin edan global informasiya miihitini yaradirlar. Bu miihiti xarakterizo edon miihiim amillordon
biri do mohz internetdir.

Internetin névbati inkisaf morhalasindo bu global sobokonin imkanlarinin hadsiz darocado
genislondirilmasi, onun mahiyyatinds asash dayisikliklorin bas veracayi prognozlasdirilir. Bugiinki
Internet insanlarin istifadesinds olan kompyuterlorin global sobokasindon ibaratdir. internetin
novbati inkisaf morholasinds iso bizi ohato edon biitiin faydali osyalarin (moisot avadanlhiglarinin,
elektrik cihazlarinin, giindalik istehlak mallarinin, nagliyyat vasitolorinin, istehsal qurgularinin,
omok alotlorinin, informasiya dasiyicilarimin, tibbi lovazimatlarin, miihafizo vo nozarst
sistemlorinin, bitki vo heyvanat alominin) bu global sobokays gosulmasi, Dsyalarin Internetinin
(Internet of Things — 10T) yaradilmas: gozlonilir. “Osyalarin Interneti” termini ilk dofo 1999-cu ildo
Massagusets Texnologiya Institutunun Auto-ID laboratoriyas: torofindon RFID (radiotezlik
identifikasiyasi) texnologiyalar1 vasitosi ilo Interneto qosulan obyektlorin sobokasini ifado etmok
iiciin islodilib. Dsyalarin Interneti sobokoesindo tokco insanlarla osyalar arasinda deyil, homginin
osyalarin 6z aralarinda da garsihigh olagalorin qurulmas: nazords tutulur. Osyalarin interneti hami
iiciin olyetorli olan adi Internet qovsaglarindan, hamginin geyri-mohdud sayda xiisusi sobokadan
(©syalarin Intranetindan) ibarat olacag.

Ogyalarin Interneti — kompyuter, Internet vo mobil telefon rabitasindon sonra informasiya
texnologiyalar1 sonayesinin noévbati ingilabi inkisaf marhalasi kimi xarakterizo olunur. Bu
konsepsiyanin reallasacag: toqdirds iso yaxin golocokds bizi ohata edon biitiin faydal: osyalar IP
iinvanina malik olacag. Prognozlara gors, comi 3-5 ildon sonra Osyalarin interneti hor yerdo vo
hortorofli sokildo insanlarin hoyat torzino daxil olaraq, onu shomiyyatli doracoada doyisacok.
Ogyalarin internetinin istifadacilorinin sayr 2 milyard nofors, bu sobokanin hesabina olds edilon illik
galirin hacmi iso 800 milyard dollara ¢atacaq. Basga bir prognoza goros, 2020-ci ilo kimi biitiin
diinyada Interneto qosulan terminallarin sayr 50 milyarda catacag. Homginin miitoxassislorin
hesablamalarina goéro, Osyalarin internetinin texnoloji asasinm toskil edon RFID informasiya
comiyyati problemlori, bazarinin hacmi 2018-ci ildo 27 milyard dollara ¢atacag. Miigayise tigiin
geyd edok ki, 2004-cii ilda bu géstorici comi 1,5 milyard dollara borabor olub. Osyalarin interneti
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konsepsiyasinin hartorafli tothigi noticasinds insanlarin, camiyyatin sosial-psixoloji durumunun da
ciddi sokildo doyisocoyi gozlonilir. Belo ki, giindalik moisot hoyatinda Osyalarin Interneti
govsaglarindan ibarst olan intellektual asyalarla tomasda olan insanlarin yeni dayarlor sisteminin
formalagmasi gozlonilir. Bu intellektual miihito uygunlasmag, burada ugur gazana bilmok iigiin
insanlardan yeni spesifik bilik va vardislor talob olunacag.

Ogyalarin internetinin vo cihazlarin agilli olmasinin hom insanlar, ham sirkatlor, ham do
dovlatlor tigiin tstinliklori vardir. Buradaki an 6namli masaloalordon bazilori asagidakilardir:

e Istehsal miiddatinda xarclori azaltmag;

e Istifadalorini togib etmok va istifadasine géra avtomatik giymotlondirmok;

e Avtomobillors tothig edarak avtomatik sigorta haqqi moablogi miioyyan etmok;

e Reklam vas satig tokliflorinin hor bir soxso gors ayri-ayriliqda edils bilon etmak;

e Insanlarin uzagdan sohhatini togib etmak va lazimi hallarda malumat vermak;

e Avtomobillords avtomatik ayloc mexanizmi ilo gozalarin garsisinin almag;

e Hoyat1 daha asan hala gatira bilmok;

e Giindolik hayatda, su, enerji, benzin va s kimi ehtiyaclarda vaxtinda malumat vermak.

[oT cihazlarin yaradilmasi va bir ¢ox saholore inteqrasiyas: hamin sahslordoki mosuldarligin
Vo samaraliliyin artamsina da tokan verib:

Istehsalat sahosi. Osyalarin Interneti omok mohsuldarhgmi vo istehsal proseslorinin
tohliikesizliyini artiracaq. Kanadanin Dundee Precious Metals modongixartma sirkoti partlatma
sisteminin ig¢ilorin yerini miiayyan edan sistems inteqrasiya sayasinds saxtagilarin tohliikasizliyini
tomin edir. Big Data texnologiyalarini tothiq edon sirkat, naticads illik istehsal hacmini 500 min
tondan 2 milyon tonadok artirib. Masingayirma vo atom energetikasi da Osyalarin Interneti
baximindan perspektivli sahalordir. Rutin proseslorin avtomatlagdirilmasi burada insan faktorunu
aradan qaldirib tohliikesizliyi yiiksoldo bilor. Nogliyyat sirkotlori {igiin iso IoT logistikanin
keyfiyyotco daha yiiksok soviyyays ¢ixmasi demokdir. Nogliyyat vasitolorinin harokot etmasi vo
yiiklarin vaziyyati real vaxt rejiminds avtomatik olaraq hoyata kegirilocak.

Sahiyya. Xastolorin voaziyyatinae uzaqdan nozarst etmok miimkiin olacaq. Misal {igiin, sistem
kardiostimulyatorlu xastalors biitiin giin arzinds noazarat edacok vo hokimlora har hansi doyisiklik
haqqinda dorhal moalumat veracok. Artiq ABS-da elektron intensiv terapiya palatalar1 foaliyyot
gostorir. Bu, hom do kadr ¢atmazligi problemini hall edir. Reanimatologlar agir xastolora, bazan bir-
birindan yiizlarlo kilometr mosafada olan onlarla xastolora uzagdan nozarat edirlor. Kritik vaziyyat
yaranarsa xasto ¢arpayisinin yanindaki monitordan hokimo avtomatik olaraq signal otiiriiliir. Signalt
gobul edan hokim 6z ndvbasinda Xastonin yanindaki tibb iscilorino tolimatlar verir, 6zii iso
videokamera vasitasilo real vaxt rejiminda prosess nazarat edir.

Kand tasarriifati. Torpaga yerlosdirilon sensorlar okin va becormo tiglin an optimal vaxti
miioyyon edocok. Suvarma sistemi avtomatlasdirilacaq: sensorlar torpagin nomliyini 6lgiib
kompiitera 6tiiracak, kompiiter iso miivafiq olaraq suvarma sistemina no vaxt va na gadar sulamaq
lazim oldugunu bildiracok. Eyni zamanda, sensorlar vasitasilo bitkilorin zororli qurdlarin hiicumuna
moruz qaldigini miioyyanlosdirss, dorhal dezinfeksiya toadbirlori alinacaq. Heyvandarliqda iso 10T
malgaranin saglamligina va harokatinoe nozarat edacok.

Marketing. Osyalarin Interneti sahasindoki hallor miixtolif marketing proseslorine asanligla
integrasiya oluna bilar. Bunun sayasinds anonovi marketinq metodlarina nisbaton daha ¢ox verilon
toplamaq olacag. Mohsulun 6ziino inteqrasiya olunmus IoT hallori istehlak¢inin mohsulla neca
qarsiligl slagods oldugunu, onun hansi 6zalliklorindon daha ¢ox faydalandigini miioyyan edarok
homin mohsulu tokmillasdirmays kémok edacak.

Osyalarm Interneti ilo alagali an nomli masalorin basinda gizlilik vo giivanlik masalalori galir:

Gizlilik. Onlayn 6doma sistemlori, 6domo ilo vo s. buna banzor masalalor gizlilik prinsiplori
baximindan pozulmasinin qarsisinin alinmast vo bunun “neco” olmast da tizorindo calisilmali
moasalalordan biridir.

Giivanlik. Bank kartlari, sifrolor, tibbi bilgilor, tohliikesizlik kodlari, saslori, goriintiilori vo
buna banzar masalalarls slagoadar giivanlik masalalori do narahatgiliq yaradan 6namli masalalardan
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biridir. Burada, gizlilik va giivanlik bir-biri ilo qarsiligh slagods olan vo aralarinda sabab-naticasi
olan kriteriyalardir. Bunun {igiin “giivanlik cihazlari”nin da 6z yerini alacagini demok miimkiindiir.
Sadaco olarag, istifadagilor bu ciir agilli cihazlari istifads etdiklori zaman har bir seys daha aydin vo
otrafli agah olmalidirlar.

“Cisco”-nun 2011-ci il molumatina asasan, diinya shalisi vo internets bagli cihazlar haqqinda
malumat belodir:

2003-cii ilds diinya ohalisi 6.3 milyard, internets bagli cihaz sayist 500 milyon adad, 2010-cu
ilds diinya ohalisi 6.8 milyard, interneto bagli cihaz sayisi iso 12.5 milyard adad olmusdur. 2020-ci
ildo iso diinya ohalisinin 7.6 milyard, bagl cihaz sayis1 iso 50 milyard odod olacagi toxmin
edilmokdadir. Basqa bir aragdirmada isa, 2030-cu ilds diinyada 100 milyard cihazin bir-birino bagl
olacagi, yani alagoalonarak tinsiyyat quracagi bildirilir.

Internetin tonzimlonmasi il bagl biitiin problemlor Osyalarin interneti iiciin do aktualliq kesh
edir. Informasiya tohliikesizliyinin, fordi molumatlarin, intellektual miilkiyyat hiiquglarinin
gorunmast kimi masalolor hall edilmadon bu sobokonin ugurlu foaliyysti miimkiin deyil. Bu
sobokads asas insan hiiquq vo azadliglarmin neca qorunacagi masalasi do 6z hollini tapmayib.
Osyalarin Interneti soraitindo miivafiq tohliikesizlik mosalalori do &z hollini tapmalidir. Masalon,
terrorgular gondorilon signallarla nagliyyat vasitalarinin dogru grafikini pozaraq, onlarin bir-biri ilo
toqqusmasina sobob ola bilorlor. Homginin sistemdoki tosadiifi qiisurlar vo ya gosdon yaradilan
problemlar kredit kartindaki hesab1 doyisdira, avtomobilin harokatini mohdudlasdira, votondasin 6z
evino daxil olmasina angal, amtos hagqindaki zoruri molumatlarin itmasina sebob ola bilar.

foT-larm ¢ox hissesi Linux asasinda qurulubdur. foT-lar satan vo istehsal edon sirkotlor iigiin
bu ogyalarin sifrlomo vo identifikasiya tostiginin algoritmini neca tohliikosiz programlasdirdiglar
boyiik shomiyyat kasb edir. Bunlara niimuns olaraq asagidakilar1 géstormak olar:

Masinlar. Todqigatgilarin uzaq mosafadon “proff-of-concept” hiicumu vasitosi ilo Fiat
“Chraysler” firmasimin masinlarina miidaxilo etmoyi bacardiqlarindan sonra, problemin aradan
qaldirilmasi tigiin bu firmanin 1,4 milyon masini dillerlors geri ¢agrilmigdi.

Smart TV-lor. Interneto qosulmus bir ¢ox televizorlar da potensial olaraq “click fraund”,
“botnets”, “data tehft” vo hotta “ransomware” kimi tohliikolora qarsi acizdirlor.

Agill ev asyalari. Milyonlarla evlor kiberhiicumlara qarsi acizdirlor. Clinki aragdirmalara
gora bu evlords istifads olunan xeyli sayda agilli asyalar (bura “smart door lock” da daxildir) uzaq
mosafodon hiicumlara maruz gala bilor.

Tibbi cihazlar. Bunlara “x-rey” sistemlori, insulin pumps, “CT-sanner”, tibbi soyuducular va
s. daxildir.

Qurasdirilmis qurgular. Giindolik hoyatimizda istifado olunan minlorlo “rutor”lar, “web
kameralar”, vo “internet phone”lar eyni SSH vo HTTPS server sertifikatlarin1 paylasdiglar tigiin 4
milyondan ¢ox asya miidaxiloya Vo icazasiz girislora qarsi tohliikali olaraq qalir.

[oT-larda ola bilocak tohliikelors asagidakilar: alave etmok olar:

- Tohliikali web interfeysi;

- Autentication/Autorization yetarsizliyi;

- Informasiyani étiirorken sifralomanin zoifliyi;

- Gizliliklo bagli narahatliliglar;

- Tohlikali “software/firmware’;

- Tohliikali soboko xidmatlori;

Yuxarida qeyd olunan tohliikolor bir daha siibut edir ki, foT-un tohliikesizliyinin tomin
olunmasi yoniinds miiayyan todbirlor yerina yetirilmalidir.

RFID-texnologiyalarin tatbiqi ilo olagadar yaranan tohliikasizlik masalalorinin halli iigiin bu
sahoado foaliyyot gostoron diinyanin aparici sirkatlori do birgs saylor gostorirlor. 2008-ci ildo AWID,
GraniteKey, MIKOH Corporation, NeoCatena Networks, Inc., QLM Consul-ting, SecureRF
Corporation, Sensitel, Sybase vo Verayo kimi sirkatlor bu magsadlos birlogorok RFID Tohliikasizliyi
lizro Alyans yaradiblar. Alyansin qarsisina RFID vo onunla bagli texnologiyalarin tatbigi ilo
olagadar maraqli toraflorin maariflondirilmasi, tohliikasizlik masalslori tizro todbirlorin goriilmasi,
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bu texnologiyalarin totbigindo maraqli olan toroflor arasinda agiq dialoqun toskili, miivafiq
ganunvericilik layihalorinin hazirlanmasi va s. kKimi mosalalor goyulub.

Bu Kimi cihazlar1 tohliikesiz etmok {iciin Informasiya texnologiyalarim digor sahalorindoe
oldugu kimi burada da vahid bir yanasma olmalidir. Lakin ¢ox toossiif ki, no IoT-larin yaradicilari,
na do IoT istehsalr ilo mosgul olanlar bels siiratlo inkisaf edon saho iizra standartlar1 miioyyon etmok
igtidarinda deyillor. Bundan basqa, effektiv tohliikesizlik sisteminin qurulmasi IoT cihazlarindaki
tohliikesizlik senadlorinin qurulmasini tolob edir. Istehsalgilar tohliikesizliys iistiinliik verarorok,
yenilik vo asan istifado arasinda dogru balans1 qorumagla IoT cihazlarin1 hiicumlardan qorumaga
calismalidirlar.
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ABSTRACT

Internet of things and security of it

“Internet of Object” is a huge system of automatically-running daily devices to facilitate our
life which has been provided with sensors and internet to work together and knows what we do. To
say in a simple language “ The internet of objects” means a device which is capable of feeling the
aspects of real life and running for the data converted from real life. This is such a system that all
the objects having access to the Internet have been provided with the capacity of getting acquainted
with each other inimitably and transmitting data to each other through Internet. It means there is no
need in human-human and human-computer interface. If any device or object is able to connect to
Internet, it is possible to consider it a part of “ Internet of Objects”

PE3IOME

«HHTepHeT Belei» 1 ero 6€e30MNaCHOCTh

«VHTEepHeT Bewiel» - 3TO OrpOMHasi CUCTEMa OBITOBBIX TOBCEHEBHBIX YCTPOHCTB-aBTOMATOB,
CHaOXE€HHBIX HMHTEPHETOM U CEHCOpaMM M  XOpOIIO 3HAIOUIMMH YEro Mbl  XOTHUM,
B3aUMOJCUCTBYIOIIUX HE TOJIBKO C IOJIb30BATEISAMHU, HO U JIpyr ¢ apyrom. Ha mpoctoMm s3bike
«HTepHeT Belel» - 3TO yCTPOMCTBA, OIIYIIAIOIINE AaCHEKThl PealbHOM JKU3HM U CIIOCOOHBIE,
nociae o0pa®OTKM  MHGpOpPMAMM PENbHONW KHM3HM, JEWCTBOBaTh COOTBETCTBEHHO. OJTa Takas
CUCTEMa, B KOTOPOW BC€ OOBEKTHI, MMEIOUIME OOCTYH K HMHTEPHETY OOpETaloT BO3MOKHOCTh
YHUKaJbHOIO 3HAKOMCTBAa W NepeAayu Apyr apyry uHdopmaimuu. To ecTh B 3TOH cucTtemMe HET
HEOOXOJIMMOCTH B OTHOILIEHHUSX YEJIOBEK-U€JIOBEK U 4YeloBeK-KommbioTep. Ecim kakoe-HHOynb
YCTPOHCTBO MM OOBEKT HMEET JOCTYH K HHTEpHETY, TO €ro BO3MOXXHO CUUTaTh YaCThbIO
«MHTepHeTra Benien».

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorari ilo ¢apa tovsiyys
olunmusdur (Protokol Ne 04).
Moagaloni ¢apa taqdim etdi: Riyaziyyat iizro falsafa doktoru, dosent Elsan Mammadov
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HORBI MONSOLI FOVQOLADO VOZIYYOT:
MUASIR ZORBO VASITOLORININ ISTIFADOSI ZAMANI YARANAN
ZORBO OCAQLARININ VO ZOHORLONMO ZONALARININ
XARAKTERISTIKASI

Acgar sozlor: niiva silahi, kiitlovi qirgin silahi, niiva daxili enerjisi,niiva silahinin dagidici
amillori, zorba dalgasi, isig siialanmasi, niifuzedici radiasiya, yerin radioaktiv zaharlonmosi,
elektromagnit implus, harbi mansali fovgalada vaziyyat, zarba ocaqlari, zaharlonma zonalar

Key words: nuclear weapons, weapons of mass destruction, nuclear internal energy, nuclear
non-destructive factors, shock wave, light radiation, penetrating radiation, radioactive poisoning of the
earth, electromagnetic implus, military origin, state of emergency, stroke centers, poisoning zones.

KnwueBble cioBa: sdeproe opyocue, opydcue MACCO8020 VHUYMONCEHUS, S0EPHO20
BHYMPEHHEU OHepauu, SIOEPHbIX Hepa3pYuaowux @axkmopos, YOapHOU BOJHbl, CEemO06020
U3IYYeHUsl, NPOHUKaouell paouayuu, paouoaKmueHo20 OMpPasieHus. 3eMiu, INeKMPOMASHUMHOZO,
goenHoe npoucxoxcoenue, I, uncyiom yenmpos, ompasienue 30H.

Niiva va istilik niivo silahlari

Niivo silahi-kiitlovi qirgin silahlarmin on dagidicist olub, qisa miiddat orzinds boyiik bir
orazido dagintilar, yanginlar, stia xostoliyi yaradir. Niiva silahimin partlayismin giicli niivadaxili
enerjinin miqdarindan asihidir. Niive silahi ilk dofa 1945-ci ilin avqust aymin 6-da Yaponiyanin
Xerosima Vo 9-do Naqasaki soharlorino ABS tarafindon totbiq olunmusdur. Niiva silahmin
dastyicilar silahin 6lgiisiindon asili olaraq, iri canli artilleriya marmilori, toyyaralor, sualt1 qayiqlar,
raketlor ola bilor. Hodafin toyinatindan asili olaraq, niivo silahlarinin partlayisini asagidaki névlora
boliirlor: kosmosda, havada, yerdo, yer altinda, suda va su altinda.

Niivodaxili enerjinin istifadosine osaslanan kiitlovi qirgin omolo gotiron silaha niivo silahi
deyilir. Niivo silahinin dagidici amillori agagidakilardir:

Zorbo dalgasi, isiq stialanmasi, niifuzedici radiasiya, radioaktiv zoharlonmo va elektromagnit
impulsu.

Niivo partlayisi zamani ayrilan enerjinin 50%-i zorbo dalgasinin, 35%-i is1q stialanmasinin,
4%-i niifuzedici radiasiyanin, 10%-i yerin radioaktiv zohorlonmasinin, 1%-i elektromagnit
impulsunun hesabina yaranir.

Niivo daxili enerji atom uran 235 vo atom pluton 239-dan ibaratdir. Niiva silahi niivo baghgindan,
govdadon, partlayict maddadan, tonzimlayicidan ibarstdir. Niiva silahinin giicli niivodaxili enerjinin
miqdarindan asil olaraq tonlarla-100-lorla, kilotonla-1000-larlo, megatonla-1000000-larls Glgiiliir. Niive
silahinin partlayisi zamani, partlayisin moarkoazinds odla birlikdo qigiletm omola golir. Odla birlikds
qigileim 200-250 km masafodon gozlo goriiniir. Qigileim ¢ox giiclii oldugundan insanin gozlorini
zodalayir, hatta korlug amolo golo bilor. Qigileimdan gébalaysbonzor bulud yaranir ki, bunun da
hiindiirlityii niivas silahmnin giiciindan, ilin foslindan asli olaraq 15-20 hatta 25 km hiindiirliiys galxa bilar.
Gobaloyabanzor bulud kiilayin istigamati ilo oraziys yayilir. I mqt niive partlayist zamam partlayisin
morkazinda dorinliyi 50-60 m, radiusu 400-800 m olan xandok amoala galir. Dagidict tasirine gora niivo
silahlar sarti olaraq boliintirlor: Az giiclii 1 kt, orta giiclii 10-100 kt,boyiik giico malik 100 kt-1 mqt va
fovgoalado tohliikali | mgt-dan 10 mqt-a godar. 20 kt niive partlayisi zamani zorbs dalgasinin tasiri
radiusu 3,2-3,5 km-o barabor ola bilor.

Zorbo dalgasi-partlayisin markoazindon hor toroafo gox siiratlo yayilan sixilmig hava kiitlosidir
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ki, torpaq va su ilo birlikdo otrafa yayilir. Zorbo dalgasinin yaranma monbayi partlayis yaranmis
milyard atmosfers yaxin tozyiqdir.

Izafi tozyiq hor kvadrat santimetro diison kilogram /kqq/qiivva/kqa/sm?/ ilo ifads edilir. izafi
tozyiq hem do /H/m?/ vo Pa ilo &lgiiliir.

| H/m*=Pa
| k Pa=0,01 kqqg/sm?

Zorba dalgasinin siirati niive partlayisinin giictindon asilidir. | MT-luq niive partlayisi zamant
zorba dalgasmin siirati 2 san-1 km, 5 san-3 km, 8 san-5 km,12 san-8 km-o borabar olur. Zarba
dalgasinin tasirindon insanlarda miixtalif doracali yiingiil, orta, agir vo daha agir xasaratlor omala
golir. Miihafizo olunmayan adamlar 0,2-0,4 kqq/sm?/20-40 kPa /izafi tozyiq yiingiil zodelonmoys,
0,4-0,6 kqq/sm?/40-60 kPa/izafi tozyiq zamani orta dorocali zodoaloanmays,0,6-1 kqg/sm?/100 kPa/
artiq olan izafi tozyiq naticasinds ¢ox agir doracali zadalonmalars maruz qalirlar.

Yiingiil zadsalonma zamani insanlarda bas agrilari, oynaqglarda ¢ixiqlar vo agrilar amals galir.

Orta doracali zodolonmolor zamani insanlarda beyin zadalonmalari/kontuziya/,burundan gan
axmalar, esitmo organlarinin zodoalonmasi, bas agrisi bas verir.

Agir daracali zadalonmolor zamani daxili Gizvlerde gqanaxmalar,daxili izvlorin ¢ox tohliikali
zodalonmasi, insanda sok vaziyyati yaranir.

Zorbo dalgasiin tasirine moruz qalmis arazi 4 yers boliiniir.Bu orazilords niive silahimin
partlayisinin tosirindon kiilli miqdarda insan, heyvan, bitkilor tolof olur, bina vo qurgular dagintiya
moruz qalir. Orazids niive partlayisinin tosirindon dagintilar, yanginlar, radioaktiv zoharlonmo basg
verarss, bu araziys niivo zorodoyms ocagi deyilir. Dagintinin xarakterino géro yaranmis daginti
zonalar1 bels adlanir.

-Tam dagint1 zonasiA Pp 50 kPa/0,5 kqg/sm?/zona Q.

-Giiclii daginti zamamA Pp-30+50 kPa/0,3+0,5 kqg/sm?/zona V.

-Orta daginti zonas1 A Pp-20-30 kPa/0,2-0,3 kqg/sm?/zona b.

| mt-luq niivo silahinin partlayisi zamani tam daginti zonast 4 km, giiclii dagint1 zonas1 5,4
km, orta dagint1 zonas1 7,2 km va zaif dagint1 zonasi 11 km mosafodo tasir gostoracokdir.Zadoalonmo
ocagl sahasinin 13%-ni tam daginti zonas1,10%-ni giiclii,15%-ni orta vo 62%-ni zoif dagintilar
toskil edir.

-Tam dagmti zonasi-niivo partlayisi morkazino on yaxin olan saholordo zorbs dalgasinin
yaratdig1 izafi tozyiq 50 kPa-dan artiq olur.Burada istehsalat vo yasayis binalar1 tamamilo dagilir,
partlayisin markozins yaxin olan sigmacaqlarin,yeralti kommunal xotlorin bir qismi siradan ¢ixir.
Sigmacaqlarin 75%-i, kommunal Xxotlorin 90% salamat qalir. Niivo silah1 sigimacagin {istiindo
partlayarsa, bu zaman sigmacaqlar tamamilo dagintiya moruz qalirlar. Kii¢olordo basdan-basa
ucqunlar yaranir, sigiacaglarin ¢ixis yollar1 baglanir

1.Kombinasiyali zodolonmo zonasi-120 min rad.

2.Cox agir stialanma zonas1-3000 rad.

3.Agir siialanma zonas1-650 rad.

4.0rta stialanma zonas1-450 rad.

5.Y{ingiil siialanma zonas1-200 rad.

Gicli dagimmti zamani-50 kPa-dan 30 kPa-dok izafi tozyigin tosirino moruz qalmis sahalor
gliclii dagintilar omolo galir.

Bu zonada qurgular giiclii dagintilara moruz qalirlar, sigmacaqlar vo yeraltt kommunal
energetika sobokolori, habelo radiasiya oleyhino daldanacaqlarin oksoriyyoti salamat qalir. Isiq
stialanmasinin tosirindon basdan-basa yanginlar omalo galir.

Orta dagint1 zonas1 30 kPa-dan 20 kPa-dak izafi tozyiqin tesirine moruz qalmis sahalordir.

Bu zonain hiidudlar1 daxilindaki yeriistii qurgular orta doracads dagintiya moruz qalirlar.
Binalarin yuxar1 martobalorinds dagintilar bas verir.Yeralti sobokoalor iso salamat qalir. Kiigalords,
ayri-ayr1 hiindiir binalarin qarsisinda ugqunlar yaranir. Mixtalif doracads yanginlar bas verir.

Zoif dagint1 zonasi-20 kPa-dan 10 kPa-dok izafi tozyiqin tosirini gdstoron oraziys deyilir.Bu
orazido binalar zoif dagintilara moruz qalirlar. Binalarda catlar, yuxar1 moartabaslords vo damlarda
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ucqunlar bas verir. Ayri-ayr1 yerlords yanginlar amalo galir. Zoif dagint1 zonalarindan konarlarda iss
binalarda azaciq zadalor amals galir, gap1 va pancaralor dagilir.

Is1q siialanmas1 —niive partlayis1 zaman1 meydana ¢ixan od kiiresinin sacdig1 gdzlo goriinon
ultrabondvsoyi vo infraqirmizi giiclii siialanma selidir. Isiq siialanmasinin tosir miiddati niive
yiikiiniin giiciindon asil1 olaraq,15-20 saniye miiddetindo olur. Isiq siialanmasinin zodaloyici tosiri
is1q impulsundan, yani is1q stialarina nisboaton saquli yerlogsmis sothin hor bir kvadrat santimetrino
biitiin_siialanma orzindo diison isiq enerjisinin miqdarindan asili olur. Isiq siialanmasinin vahidi
kal/m? qobul edilmisdir. Yayilmis isiq impulsunun komiyyeti partlayisin giiciinden,hava soraitindon,
ilin faslindon, yerin relyefindon asili olur. Is1q siialanmasinin tosirinden orazids miixtolif doracali
yangmnlar, insanlarda 1,2,3 vo 4-cii doracoli yaniglar oamolo golir. Isiq siialanmasinin miiddati 5-6
dogiqo davam edir. Isiq siialanmasinin yayilma siiroti zorbo dalgasimnin yayilma siirotino borabordir.
Onun torkibi 13% ultrabondvsoyi, 31% gdzlo goriinon infraqirmizisiialardan ibarotdir. Isiq
stialanmasinin tasiri yagisli, qarli, dumanli havada 10-20 dofo azala bilar.

Niifuzedici radiasiya-niive partlayis1 zamani ortaf miihits yayillmis gézlo gériinmoyan gamma
stialar1 vo neytronlar selidir. Niifuzedici radiasiyanin tesir miiddati 15-20 saniyadir. Niifuzedici
radiasiyanin tasirindon canli orqanizmlards olan biitiin mayelorin,o climlodon ganin vo limfanin
torkibindoki molekullar ionlasir. Bu isa insan vo heyvan organizminds maddolor miibadilasinin
pozulmasina,hiiceyralor vo miixtalif tizv vo sistemlorin hayat foaliyystinin dayisilmasins,yoluxucu
xastaliklora garsi organizmin miibariza gabiliyyatinin zaiflomasina sabab olur.Qanda leykositlarin
Vo eritrositlorin miqdart azalir. Leykoz xostaliyinin yaranmasina sobob olur. Siialanma dozasindan
asil1 olaraq sitialanmanin olamatlori miioyyon miiddstdon sonra askar olunur. Radiasiyanin tasiri
udulan radiasiya dozasi ila giymatlondirilir vo Qrey/Qr/, rentgen/r/, rad 6l¢ii vahidlari ila 6l¢iiliir.

I Qr=100 rad, I r=0,95 rad,l r=1000 mr

Rengten gamma slialanmasinin elo bir radiasiya dozasidir /enerji / ki, 1sm3 quru havada 0°
horaratdo 2 milyarddan ¢ox ciit ionlar yaranir ki,onlarin hor birinin yiikii elektonun yiikiino
barabardir.

Udulan dozanin migdarindan asili olaraq, insanlar 1,2,3 vo 4-cii doracali stialanma D=100-200 r

Bu zaman xostoliyin gizli dovrii 2-3 hofto davam edir. Bu miiddstdan sonra xastolords timumi
zoiflik, organizmds agirliq, bas agrisi, hararatin yiiksolmasi bas verir.

2-Ci orta doaracali siialanma D=200-400 r

Bu zaman gizli dovr bir hoftoyo godor davam edir. Bir hoftadon sonra, xostodo bas agrisi,
horarotin artmasi, leykositlorin va limfositlorin sayinin yariya qodor azalmasi miigahido edilir.

3-cii agir doracoli D=400-600 r

Gizli dovr bir nego saata godor davam edir.Sonra isa elektrositlorin va leykositlorin migdari
70-90% azalir. Bir nega haftoys 6liim bas verir.

4-cii daha agir doracali siialanma zamani radiasiyanin soviyyasi 600 r-don ¢ox olur.

Bir dofalik siialanma zamani yol verilon zamani yol verilon siialanma dozasi 4 sutkada 50 r,30
sutkada, 100 r 1 ilds 300 r-o borabardir.

Miixtolif nov materiallardan kegorkon niifuzedici, radiasiyalarin tasiri azalir.Masalon, poladin
2,7 sm-ri, agacin 30 sm-ri, niifuzedici radiasiyani on az1 2 dofs azaldir. Niifuzedici radiasiyadan an
olverisli mithafiza zirzomilardo, siginacaqlarda gizlonmokdir.

Radioaktiv zoharlonmo-niive partlayist bag verdikdon sonra odlu kiiranin igarisinds radioaktiv zor-
raciklar olur. Odlu kiira buxara, tiistitys biirtinorok hiindiirliiys qalxir va bir ne¢a dagigadan sonra topa
buludlara gevrilir.Yuxari qalxan toz-torpaq radioaktiv buludla birlikdo yera enir va bir hissasi kiiloyin
istigamoati ilo 100 km uzaqlara yayilir. Radioaktiv zohorlonmonin doracasi partlayigin noviindon, iglim
soraitindan, yerin relyefindan, ilin faslindan, kiiloyin siiratindon asili olaraq tasir gostarir.

Moruz qalmis orazi formaca ellepsa banzayir. Radiasiyanin 10 dofo asagi diismasi vaxtin 7
dofo artmasi ilo miitonasib olur. Masalon, 1 saatdan sonra 100 r/s-a,7 saatdan sonra 10 r / 5,49
saatdan sonra 100 r/s-a barabar olur. Orazinin zaharlonmasi doracasi radiasiyanin saviyyasi /yani
giicii/ ilo xarakterizo edilir va r/s-la 6lgiiliir.

Zsharlonmonin giicline gors radioaktiv zoharlonma adoton 4 zonaya boliiniir.

1-ci zona-A zoif zoharlonmis zona.

Radiasiyanin saviyyasi orazinin sarhaddinds 40 r, bir saatdan sonra 8r/s-a,10 saatdan sonra 0,5
r/s-a barabar olur.
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2-Ci zona-B giiclii zoharlonmis zona

Radiasiyanin saviyyasi arazisinin sarhaddinds 400 r,bir saatdan sonra 10 r/s,10 saatdan sonra
5 r/s-o barabar olacaqdir.

3-cli zona-V tohliikali zohorlonmis zona

Radiasiyanin soviyyasi arazinin sarhaddinds 1200 r, bir saatdan sonra 240 r/s,10 saatdan sonra
16 r/s-a borabar olur.

4-cii zona-Q fovgalads ¢ox tohliikali zona

Radiasiyanin saviyyasi orazinin sarhaddinds 4000 r,bir saatdan sonra 800 r/s-a,10 saatdan
sonra 50 r/s-a barabar olacag.

Radioaktiv zoharlonmo ohalido 1,2,3 vo 4-cii doracali siia xostaliyi yarada bilar. O, yer
stialanmis sayilir ki, orada radiasiyanin saviyyasi 0,5 r/s va ¢ox olsun.

Elekromagnit impulsu-niive partlayisi zamani ortaf miihito kiilli migdarda yayilan gamma
kvantlar vo neytronlar selidir. Bunlar ortaf miihitin atomlar1 ilo qarsiligli taSire qosularaq
elektromagnit sahalari yaradir. Noticodo hava va yeralt1 kabellordo, elektrik xatlorinds, antenalarda
qisa middatli, lakin gox giiclii corayan va goarginlik amalo galir. Buna elektromaqnit impulslar
deyilir. Elektromaqnit impulslar1 radioelektron cihazlar1 siradan ¢ixarir.

Insanlar bu vaxt ollo toxunarsa cox tohliikolidir. Bunlardan qorunmaq {iiin sobaokalorda
goruyucu elektrik avtomatlardan istifads etmok lazimdir.

ODOBIYYAT
1. Mazanov 1.M. Miilkii miidafia
2. Ocagov H.O. Fovgoalados hallarda hayat faaliyyatinin tohliikosizliyi
3. Mammoadov A. Févgoalads hallarda miilkii miidafionin tibbi xidmaotinin togkili
4. Ocaqov H.O. Fovgoalads hallarin naticalorinin aradan qaldirilmasi.

ABSTRACT

P.Allahverdiyev
Military origin of the emergency situation:During the blow from the impact of the use of
modern facilities and characteristics of poisoning zones. Nuclear and thermal nuclear
weapons

Weapons of mass destruction-nuclear nature of the article, which talks about the means and
living organism, nuclear non-destructive factors such as how objects are based on the occurrence of
the shock wave damaged exposure, light beam radiation and its impact on human and animal
diseases caused by orqanizmasina, while penetrating radioasiya betta gamma rays that affect living
organisms and diseases as a result, the radioactive poisoning, poison the environment with the help
of the wind and increasing the danger of the spread of electronic equipment as a result of
electromagnetic implus factor in the devastating failure and others.

PE3IOME
I1. AnnaxBepauen
BoenHnoe npoucxokaeHne YpesBbl4aiHoi cutyanuu:Bo Bpems yaapa ot Bozaeicreus
HCI0J1b30BAHNSA COBPEMEHHBIX CPEICTB U XapaKTEePUCTHK OTPaBJIeHHs 30H. A aepubie u
TePMHYECKHE AEePHOE OPYKHeE.

OpyxHe MaccoBOr0 YHHUTOXKEHHS SIIEPHOTO XapaKTepa CTaTbH, B KOTOPOH TOBOPUTCS O
CpeIACTBaX W KMBOW OpraHu3M, sIEpHbIE HEpa3pylIalolie TakuX (AKTOpOB, KaK OOBEKTHI
OCHOBAHbI Ha BO3HUKHOBCHUC ynapﬁoﬁ BOJIHBI IMOBPCKACHHOI'O BOSI[GI\/'ICTBI/ISI, CBCTOBOT'O ITy4Ka
H3JIyUCHUS U €TO BO3,Z[€I>'ICTBH$I Ha 3a00JIEBaHUN YeIIOBEKA U JKHNBOTHBIX, BbI3BAHHBIX orqanizmasma,
IIpOHUKAA radioasiya Oerra raMmMa-j1y4du, KOTOPbIC BJIMAIOT HA KUBBIC OPTaHU3MBI U 3a00JIEBaHUs B
PE3YIbTATC PAAUOAKTUBHOI'O OTPABJICHUA, OTPABJIATH OKPYKAKOIIYIO CpEAy C MOMOIIBIO BETpa U
YBEIWYMBAs OIMACHOCTh PACHpPOCTPAaHEHHUS DJIEKTPOHHOTO OO0OpYyIOBaHHUS B  PE3yibTaTe
ANEKTPOMAarHuTHOro (pakTopa implus B pa3pylInTeIbHBINA IPOBal U APYyTHUE.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar1 ilo gapa toévsiyya
olunmusdur (Protokol Ne 04).
Magalsni capa toqdim etdi: Fizika iizra falsafa doktoru, dosent Arif Abbasov
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Tohsil islahatlarinda noazords tutulan tolimin kurikulum osasinda aparilmasi prosesi, orta
moktobin biitiin siniflorini ohato etmok iizrodir. Bu tendensiyanin ali moktablorde do davam
etdirilmasi nazards tutulur. Toqdim olunan isds ali pedagoji moktoblorin riyaziyyat misllimliyi vo
riyaziyyat-informatika miisllimliyi ixtisaslarinda todris edilon cobr kursu figiin tohsil programi
islonib hazirlanmigdir. Ovvalca cobrin tam kursu {iglin imumi vo mazmun Xatlori {izra talim
naticalari, sonra isa semestrlor (I-IV) {izra talim naticalari vo mazmun standartlar1 sorh edilmisdir.

Qeyd edak ki, cobr kursunun taliminin mozmun Xatlorini asagidaki kimi miioyyon edilmisdir:

1. ©dadlar va amallar;

2. Cobri sistemlor;

3. Minasibatlar;

4. Tanliklar.

1. Cobr kursu iizro imumi talim naticalori

Tam Kkurs saviyyasi (I-1V semestrlor) tizra toloba:

- cobri anlayislara aid alqoritimlori yerina yetirir;

- real hoyatda cabri anlayis vo diisturlardan istifads edir;

- komiyyatlor arasindaki miinasibatlori miiayyanlasdirir va cabri dillo ifads edir;

- Cobri gevirmolordon, miinasibatlordon o ciimlodon funksional miinasibatlordon yaxin
kurslarin 6yronilmasindos straf alomin ganunauygunluglarmin arasdirilmasinda istifado edir;

- cabri struktur hagda biliklordon, yaxin kurslarda olds etdiyi malumatlar1 ciddi cobri sokildo
ifads etmokda istifado edir;

- miihakimolorini riyazi faktlarla ssaslandirir vo mantiq naticalarini sorh edir, bu zaman ciddi
cabri sokildo yanagma sorgiloyir.

2. Moazmun xatlori iizra talim naticalori.

Tam cobr kursu saviyyasinde mazmun Xatlori {izra talim naticalori.

Ododlar va amallor.

Talaba:

- nazari goxluq amallarini va onun xassalarini bilir va totbiq edir;

- miiqayisalori, avozlomolori, vektorlari, matrislori, coxhadlilori toqdim edir, onlar tizorindos
omollari vo prosedurlart yerino yetirir;

- kompleks odadlori cobri vo triqgonometrik sokildo toqdim edir, onlar tizerinds hesab
omallarini, n-ci doracadon qiivvats yiiksaltmo vo kdkalma amallarini yerina yetirir;

- determinanti, rezultant1 hesablayir.

Cabri sistemlar.

Taloba:
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- cobri struktur, cabri sistem kimi fundamental anlayiglar1 basa diisiir, onlarin xassalorini
bilir vo tatbiq edir;

- cabri strukturun grup, halga, meydan, vektor foza kimi miihiim hallarini, onlarin xassalarini
bilir vo tatbiq edir;

- miixtalif adadi sistemlors aid masalalari tohlil edir, hayati mosalslords totbiq edir;

- tam ododlar halgasi, nisbatlor meydani, rasional adadlor meydani, hagigi adodlor meydani,
kompleks odadlor meydani, evklid fozasi ¢oxhadlilor halgast kimi miithiim coabri strukturlarin
qurulmasini basa diisiir, onlar1 tohlil edir vo hoyati masalalards tatbiq edir.

Miinasibatlor

Talaba:

- miinasibatlori ciddi sokilds ifads edir, xassalarini bilir va totbiq edir;

- miixtalif miinasibatlori miiayyan edir, miixtalif situasiyalarda tohlil edir;

- homomorfizimlari vo onun miixtalif tiplorini basa disiir, xassolorini bilir, miixtolif
situasiyalrda tohlil va tatbiq edir;

- funksiya va operatorlari, onlarin xassalarini bilir vo hoyati masalslards tatbiq edir.

Tonliklor.

Taloba:

- machul avazeloma, vektor, matris, miiqayisa daxil olan tonliklori hall edir;

- odadi meydanlar {izarinds verilmis birdayisonli tonliklori hall edir;

- tonliklar sistemini, xatti tonliklor sistemini miixtalif tisullarla hall edir.

3. Semestrlor tizra talim naticalori vo mazmun standartlari.

| semestr

| semestrin sonunda tolaba:

- coxluglart miixtalif sokilda toqdim edir, konkret sokilds verilmis ¢coxluglar tizarinds nazari-
coxluq amallarini yerina yetirir, coxluglarin diiz hasilini miiayyan edir;

- binar miinasibatlorin xassalorini (refleksivlik, antirefleksivlik, simmetrivlik, antisimmetrik-
lik, tranzitivlik, slagslilik) tahlil edir;

miinasibatlorin, avazlomalarin kompozisiyasini, inversiyasini (torsini) tapir;

- funksional miinasibotlori, ekvivalentlilik, nizam miinasibatlorinin xassalorini bilir va totbiq edir;

- binar cabri amallarin xassalarini bilir, tahlil edir;

- {imumi sokilds cobri strukturlart va cobri sistemlari basa diisiir, misallarla izah edir;

- tam ododlor halgasinda boliinma miinasibotlorini evklid alqoritmini bilir, onlar1 totbiq edir,
hoyati masalalorin hallinds istifads edir;

- miigayisolor tizarindo amoallari va onun xassalarini bilir vs totbiq edir;

- odadlar nozariyyssinin vacib funksiyalarini bilir, hayati problemlorin hallinds istifads edir;

- birmachullu va bir daracali miigayisalori hall edir.

Mazmun Xatlari {izro osas vo alt-standartlar

1. ©dadlar vo amoallar.

Talaba:

1.1. Ododlori, onlarmn mixtalif formada verilmasini bilir vo aralarindaki miinasibatlori
miioyyonlogdirir.

1.1.1. Coxluglarin verilmasi tisullarini bilir, coxlugun elementlorini miioyyan edir.

1.1.2. Coxluglar iizarinds noazari-¢coxluq amallarini vo onlarin xassalorini bilir vo tobiq edir.

1.1.3.Coxluglarin diiz hasilini hesablayir vo totbiq edir.

1.1.4.Binar cabri amallarin xassalarini bilir va tahlil edir.

1.1.5. ikitortibli matrislor iizorinds amallori bilir, hesablamalar aparir.

1.1.6. Verilmus modula nazoran ¢ixiglarin tam vo gatirilmis sistemlorini miioyyan edir va
tohlil edir.

1.1.7. Verilmis modula nazoron ¢ixiqlar sinifari tizarinds omollori yerino yetirir.

1.2.  Cabri omallari, cobri prosedurlari totbiq edir va onlar arasindaki slagoni miioyyonlosdirir.

1.2.1. Nazari ¢oxluq amallarinin xassalarindan istifads edarok, eyniliklori isbat edir.

1.2.2. Adi kasrin zanciri kasra ayrimisint bilir va tatbiq edir.

1.2.3. Miixtolif miinasibatlorin (funksiyalarin) kompozisiyasini miioyyon edir, infersiyasini
(torsini) tayin edir.
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1.2.4.9vazlomalorin kompozisiyasini vo torsini miioyyan edir; avazlomo va yerdoyismo
arasinda olagoni bilir va avazlomads inversiyalarin sayini tapir.

2. Cobri sistemlor

Taloba

2.1. Mixtalif situasiyalardaki problemlari cabri sokilds togqdim edir vo arasdirir.

2.1.1.Cobri struktur, cobri sistem anlayisini bilir, altcabrlori miioyyan edir.

2.1.2.Qrup anlayisini va qrupun sads xassalarini bilir va tahlil edir.

2.1.3.Monoid anlayigini bilir, misallar gostarir.

2.1.4.Halqa anlayisini vo onun sads xassaloarini bilir, tatbiq edir.

2.1.5. Tam odadlor halgasinin qurulmasini basa diistir.

2.2. Cobri prosedurlari yerino Yetirir.

2.2.1. Evklid algoritimindan istifads etmaklo tam adadlor halgasinda ©BOB-u tapir.

2.2.2.9vazlomalar qrupunda altqruplart miioyyan edir.

2.2.3. Ikitartibli matrislor halgasinda miixtalif althalgalar1 miiayyan edir.

2.2.4.Natural odadlor sistemini basa diisiir, riyazi induksiya metodundan istifado etmoklo
mosalalar hall edir.

3. Miinasibatlor.

Talaba:

3.1. Minasibatlor anlayisin1 bilir, hoyati problemlorin riyazi modellorini qurur vo
miinasibatin xassalorinin komayi ilo bu problemloari hall edir.

3.1.1.Coxluglarda va ¢oxlugda miinasibat anlayisini bilir, cabri sokilda ifads edir.

3.1.2.Coxluglarda va ¢oxlugda binar miinasibat vo onun xassalarini bilir, tahlil edir.

3.1.3. Ekvivalentlilik miinasibatini bilir, ekvivalentlilik siniflarini va faktor ¢oxlugu qurur.

3.1.4.Nizam miinasibatlorini bilir, nizamlanmis ¢oxlugda an bdyiikk (on kigik), maksimal
(minimal) elementlori toyin edir.

3.1.5. Tam ododlor halgasinda boéliinmo miinasibatini vo onun Xxassalorini bilir, onlardan
istifado edir.

3.1.6. Verilmis modula nazaron miigayisa miinasibatini va xassalorini bilir, onlari totbiq edir.

3.2. Funksiya anlayisini bilir, hayati problemlarin riyazi modellorini qurur vo funksiyalarin
xassalorinin komayi ilo bu problemloari hall edir.

3.2.1. Funksional miinasibatin (funksiya) imumi tiplarini bilir vo ifados edir.

3.2.2. Funksiyalarin (inikaslarin) kompozisiyanin xassalorini bilir vo asaslandirir.

3.2.3.Cabri strukturlarin homomorfizim anlayisini, onun tiplarini vo qarsiliqh slagoslorini bilir,
onlar1 asaslandirir.

3.2.4. Qruplarin homomorfizimlarini va xassalarini bilir, onlardan istifads edir.

3.2.5. Halqalarim homomorfizimlarini va onlarin xassalorini bilir, onlardan istifads edir.

3.2.6. Multiplikativ funksiya va onun xassalarini bilir va tatbiq edir.

3.2.7.9dadlor nazariyyasinin vacib funksiyalarini bilir vo onlardan istifado edir.

4. Tonliklor

Talaba:

4.1. Tonliklori hall edir.

4.1.1. Machul avazlomoni tapir.

4.1.2. Birmochullu miiqayisoni bilir, sado miiqayisalori hoall edir.

4.1.3. Birmachullu, birdaracali miiqayisalorin miixtalif hall tisularini bilir vo onlardan istifados edir.

4.1.4.1kimachullu, birdaracali geyri-miiayyan tonliyi hall edir, hayati masalolords totbiq edir.

Il semestr

Il semestrin sonunda taloba:

- meydan anlayisin bilir, ododi meydanlar sorh edir, onlarm xassalorini asaslandirir va totbiq edir;

- kompleks odadlor tizorinde hesab amallarini, n-ci doracadon qiivvats yiiksaltma va
kokalma amallorini bilir, miiayyan sortlori 6doyan kompleks adadlorin hondasi sorhini verir;

- hesabi vektor foza anlayisini bilir, bu fozadaki bag amallarin xassalorini asaslandirir;

- vektorlar sisteminin, xatti tanliklor sisteminin, matrislorin elementar ¢evirmalarini bilir va
totbiq edir;

- pillali matrisi bilir, ondan istifads etmokls bir sira cabri masalalari hall edir;
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- vektorlar sistemi tiglin xatti asililiq, xatti asili olmazliq, vektorlar sisteminin ekvivalentliliyi,
vektorlar sisteminin bazisi va ranqi anlayislarini bilir, uygun masalalari hall edir;

- matrislor tizarinds amoallari va xassalarini bilr va istifads edir;

- geyri-bircins xatti tonliklor sistemi vo onunla assosira olunan bircins Xatti tonliklor sistemi
arasindaki slagolori bilir;

- kvadrat, vahid, diaqonal, skalyar, simmetrik, ¢opsimmetrik, licbhucaq, elementar matrislor
anlayiglarini bilir, istifads edir;

- determinant, minor, cobri tamamlayici anlayislarin1 vo Xassalorini bilir, determinantlari
hesablayir.

Mazmun Xatlari iizre osas vo alt-standartlar.

1. ©dadlar vo amoallar.

Talaba:

1.1. Ododlori, onlarin miixtalif formada verilmasini bilir vo aralarindaki miinasibatlori
miioyyanlosdirir.

1.1.1.Kompleks ododlori cabri va trigonometrik sokildo toqdim edir, kompleks odadlor
tizarinda cabri amallarin xassalarini bilir vo amallari yerins yetirir.

1.1.2. Kompleks ododin modulunu vo arqumentini miioyyon edir, onlarin xassolorindan
istifado edir.

1.1.3.Hesabi vektorlar tizorinds amollori aparir, vektorlar sistemlorinin xotti 6zliiyiinii tapir.

1.1.4. Matrislor tizorinds amallari bilir va yerino yetirir.

1.1.5.Sarrius qaydalarindan istifado etmoklo tgtortibli determinantlari, determinantlarin torif
Va xassalarindan istifado etmoklo bazi yiiksok tortibli determinantlar1 hesablayir.

1.2, Cabri amallari, cabri prosedurlar totbiq edir va onlar arasindaki slagoni miioyyonlogdirir.

1.2.1. Kompleks adadlorin barabarliyi, qosma kompleks odad anlayisi vo onlarin xassalorindon
istifado etmoklo kompleks doyisonli tonliyi hall edir.

1.2.2. Vektorlar sistemi tizorindo elementar ¢evirmolrdon istifado edorork vektorlar sistemini
ekvivalent vektorlar sistemins gevirir.

1.2.3.Sonlu VS-nin (vektorlar sisteminin) har hansi bir bazisini vo ranqini tapir.

1.2.4.Pilloli matris anlayisini bilir, ondan matrislor nazoriyyesinin bir sira mosalalorinin
hallinds istifads edir.

1.2.5.Minor va cobri tamamlayici anlayislarini, determinantin satir (stitun) tizro ayrilisini bilir,
onlardan yiiksok tortibli determinantlarin hesablanmasinda istifads edir.

2. Cobri sistemlor.

Talaba:

2.1. Mixtolif situasiyalardaki problemlori cabri sokilds ifads edir vo aragdirir.

2.1.1. Meydan anlayigini vo onun sads xassalorini bilir, tatbiq edir.

2.1.2. Tamliq oblasti, onun nisbatlor meydani anlayislarini bilir, rasional adodlor meydani vo
rasional odad anlayislarini ciddi sokilds asaslandirir.

2.1.3.Nizamlanmis meydani, rasional odadlor sisteminin xassslorino analoji xassolori ehtiva
etmoklo verilon hagigi adadlar sisteminin Kantor nazariyyasini asaslandirir.

2.1.4.Kompleks genislonma, kompleks adadlor meydani anlayislarini basa diisiir, kompleks
odadloarin xassalrini totbiq edir.

2.1.5.Hesabi vektor foza anlayisini, bu fozada bag omollarinin xassalrini bilir vo totbiq edir.

2.2. Cobri prosedurlari yerino yetirir.

2.2.1. Xatti tonliklor sistemlorinin birgolik kriteryalarini bilir va tobiq edir.

2.2.2.Matrislorin tarslonmasi sartlorini bilir vo totbiq edir.

2.2.3. Determinantin sifira barabar olmasi sartlorini bilir vo tatbiq edir.

2.2.4.Yiiksoktortibli determinantlar1 miixtalif tisullarla hesablayir.

2.2.5.Vektorlar sisteminin xatti asililigin1 vo Xatti asili olmazligini1 miioyyon edir.

3. Miinasibatlar.

Talaba:

3.1. Miinasiboat anlayisin1 bilir, hoyati problemlarin riyazi modellorini qurur vo
miinasibatlorin xassolorinin komayi ilo bu problemlari holl edir.

3.1.1. Rasional adadlor meydaninda < - “kigikdir” nizam miinasibatlorini miioyyan edir va
xassalarini asaslandirir.
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3.1.2. Kompleks odadlor ¢oxlugu ilo koordinat miistovisinin ndqtalor ¢oxlugu arasinda
qarsiligh birgiymatli uygunluq (biyektiv inikas) oldugunu bilir, miioyyan sortlori 6doyan noqtalor
¢oxlugunu hondasi sorh edir.

3.2. Funksiya anlayisini bilir, hayati problemlarin riyazi modellarini qurur vo funksiyalarin
xassalorinin komoyi ilo bu problemlarin riyazi modellarini qurur vo funksiyalarin xassalorinin
komayi ila bu problemlari hall edir.

3.2.1.9vazlomanin isarasi funksiyasini, onun xassalarini bilir vo tatbiq edir.

4. Tonliklor

Talaba:

4.1. Tonliklari hall edir:

4.1.1. Matris tonliklori (machul matris daxil olan) hall edir.

4.1.2.Bircins xatti tonliklor sisteminin fundamental hallar sistemini tapir.

4.1.3. Xatti tonliklor sistemini Qauss tisulu ila hall edir.

4.1.4. Xatti tonliklor sistemini Kramer qaydasi ils hall edir.

[11 semestr

I11 semestrin sonunda talaba:

- vektor foza anlayisimi bilir, miixtalif vektor fozalara aid niimunslor gostorir, onlar1 sarh
edir, vektor fazalarin sada xassalarini bilir va onlardan istifada edir;

- altfoza, onlarin xassalarini, altfozalarin com va diiz comini, Xatti ¢oxobrazli anlayisini bilir;

- vektor fozanin bazis va ti¢olgilii vo onlarin xassalorini bilir vo tatbiq edir;

- skalyar vurmali vektor vo evklid fozalarinin xassalorini bilir vo asaslandirir, niimunalor
gostarir;

- vektor foza vo evklid fozalarinda izomorfizm miinasibatlorini vo onun xassalorini bilir vo
totbiq edir;

- Xotti inikas vo operatorlari, xotti operatorun niivasi Vo obrazi vo onlarin xassalarini bilir,
misallar gostorir;

- baziss, ortogonal baziss vo ortonormal baziss tamamlama prosedurlarini bacarir;

- Xotti inikaslarin vo operatorlarin matrislorlo tosvirini, vektor vo onun obrazinin koordinat
stitunlari, xatti operatorun miixtalif bazislori arasinda slagslari bilir vo totbiq edir;

- Xotti cobr anlayigini bilir, miixtalif Xatti cobrlori sorh edir;

- Xofti operatorun moaxsusi giymatini vo moxsusi vektorlarmi tapir, sado spektirli Xatti
operatorlar1. Matrisin diagonal matrisa oxsar olmasi sartlarini bilir;

- bir binar amali cabri strukturlar1 (yarimqrup, monoid, altqrup, dévri qrup, normal bolon,
taktor-qrup) anlayislarini vo onlarin xassalorini bilir va tahlil edir;

- halganin ideali, faktor-halqa, bas ideallar halqasi, evklid halgas: anlayislarini vo onlarin
xassalorini bilir vo tothiq edir.

Mazmun Xatlori iizro osas vo alt-standartlar.

1. ©dadlar vo amoallar.

Toloba:

1.1. Ododlori, onlarmn mixtalif formada verilmasini bilir vo aralarindaki miinasibatlori
miioyyonlogdirir.

1.1.1.Vektorun verilon baziss nozaran koordinat satrini toyin edir.

1.1.2. Vektorun normasini va xassalarini bilir vo totbiq edir.

1.1.3.Miioyyan bazisdo matrislo verilmis operatorun rang vo defektini tapir.

1.1.4.Bir bazisdos verilmis vektorun digor bazisds koordinatlarini tapr.

1.1.5.Qrupun elementinin tartibini bilir vo onu tapur.

1.2. Cabri amallari, cabri prosedurlari tatbiq edir va onlar arasindai alageni miiayyan edir.

1.2.1. Xotti operatorun miixtalif bazislora nozaron matrislori arasindaki slageani bilir va totbiq edir.

1.2.2. Oxsar matrislori vo xassalarini bilir vo tatbiq edir.

1.2.3. Xatti asilt olmayan vektorlar sistemini baziso tamamlayir.

1.2.4.Ortoqonal bazis anlayisini bilir, ortoqonallagdirma prosesini icra edir.

1.2.5. Ortonormal bazis anlayisini bilir, ortonormal bazisi tapir.

1.2.6. Verilmis qrupda altqrupa nazoron yanasi siniflori miioyyon edir.

1.2.7.1deal anlayisini bilir, coxlugun verilmis halqanin ideali olmasini1 miioyyan edir.

2. Cabri sistemlor.
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Talaba:

2.1. Miixtolif situasiyalardaki problemlari cabri sakilds toqdim edir.

2.1.1. Vektor foza anlayisini vo onun sads xassalarini bilir, vektor fozaya niimunslor gostarir.

2.1.2. Skalyar vurmal1 vektor faza anlayigini vo onun xassalarini bilir, tahlil edir.

2.1.3.Evklid fozas1 anlayisini vo xassalorini bilir, hayati masalalards tatbiq edir.

2.1.4. Xotti cobr anlayigint vo onun xXassalorini bilir, niimunalor gostarir.

2.1.5. Yraimqrup, monoid, normal bolon, faktor-qrup anlayislarini vo onlarin xassalarini bilir,
totbiq edir.

2.1.6.Bas ideallar halqasi, evklid halgas1 anlayislarini va onlarin xassalorini bilir, asaslandirir.

2.1.7.Faktor halqa anlayisini bilir, ona aid misallar gostarir.

2.2. Cobri prosedurlari totbiq edir, onlar arasindaki slagslori miioyysnlosdirir.

2.2.1. Vektorlarn skalyar hasili anlayisini, onun xassalarini bilir vo totbiq edir.

2.2.2. Xotti operatorun niivasi Vo obrazi anlayiglarini bilir, onlart miisyyan edir.

2.2.3. Xatti inikaslar tizorinds Xatti ¢evirmolori apariri.

2.2.4. Xatti alt fazalarin comi vo diiz comi anlayislarini, onlarin xassalarini bilir.

2.2.5. Altfazaya ortoqonal tamamlayic1 va onun xassalorini bilir, tatbiqg edir.

3. Miinasibatlor.

Talaba:

3.1. Miinasibat anlayisini bilir, hoyati problemlarin cobri modellorini qurur vo miinasibatin
xassoalorinin komayi ilo bu problemlori hall edir.

3.1.1.Vektor fozalarin izomorfizmi anlayigini va onun xassalarini bilir va tatbiq edir.

3.1.2. Evklid fazalarinin izomorfizmi anlayigini vo onun xassalarini bilir vo hoayati masalalarin
hallinds istifads edir.

3.1.3. Xatti operatorlar cabrinin tam matrislar cabrine izomorfizmini asaslandirir.

3.1.4. Tam xatti grupun torslonan xotti operatorlar grupuna izomorfizmini osaslandirir.

3.1.5.Ideala nozaron miigayiso miinasibatini vo xassolarini bilir, tohlil edir.

3.1.6.Halqalarin epimorfizmi haqda teoremi bilir vo totbiq edir.

3.2. Funksiya anlayisini bilir, hoyati problemlorin riyazi modellorini qurur vo funksiyalarin
xassalorinin komayi ilo bu problemlori hall edir.

3.2.1. Xatti inkas vo xatti operator anlayiglarini bilir, niimunalor gostarir, onlar1 tahlil edir.

3.2.2.Sado spektrli xatti operator anlayisini vo onun xassalarini bilir, totbiqg edir.

4. Tonliklor.

Toloba:

4.1. Tonliklori hall edir.

4.1.1. Xotti operatorun moxsusi giymatini vo moxsusi vektorunu tapir.

4.1.2. Verilmis matriso oxsar olan diaqonal matrisi tapir.

4.1.3.Bir bazisdon digar baziss kegid matrisini tapir.

IV semestr.

IV semestrin sonunda taloba:

- kommutativ halganin sads transedent genislonmasi anlayisini, onun kommutativ halqa ol-
dugunu bilir, onu birdayisonli ¢oxhadlilar halgas1 kimi taqdim edir vo ¢oxhadlilar iizorinds amalla-
rin nozari asaslarint miiayyan edir;

- Horner sxemini bilir. Ondan miixtalif cobri masalalarin hallinds istifads edir;

- meydan tizorinda birdayisonli ¢oxhadli ti¢iin boliinma miinasibatini vo xassalarini bilir vo
totbiq edir;

- kommutativ halganin m-qat transedent geniglonmasi anlayisini bilir, ondan istifads edarok

m- doyisonli goxhadlilor halqasi anlayisini verir;

- meydan tlizarinds gatirilmayan goxhadlilor analyis1 va onun xassalarini bilir vo totbiq edir;

- simmetrik vo osas simmetrik c¢oxhadlilor anlayislarini, onlarin xassolorini, simmetrik
coxhadlilar nazariyyasinin asas teoremini bilir vo tatbiq edir;

- iki goxhadlinin rezultanti anlayisini bilir, cobri mosalalorin hallinds tatbiq edir;

- kompleks ododlor meydani iizoerinds coxhadlinin modulunun xassalorini, cabrin osas
teoremini vo Viyet diisturlarini bilir vo hoyati problemlorin hallinds istifads edir;

- hogiqi adadlor meydani tizarinds ¢oxhadlinin xassalarini bilir vo tatbiq edir;

- ¢ va dord doracali tanliklori hall edir, onlar tahlil edir;
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- hoqgiqi amsalli goxhadlinin koklarinin sarhadlorinin tapilmasi tisullarini bilir va totbiq edir;

- rasional adodlor meydani iizorinds ¢oxhadlilorin  gatirilmasi, koklorin varligi vo onlarin
tapilmas1 masalalarini hall edir;

- meydanin vo miixtalif genislonmalorini va xassalarini bilir va tatbiq edir;

- cobri adadlor meydani, onun cobri qapaliligi, tanliyin kvadrat radikallarda hall olunmasi
sortlori bagli masalalori anlayir.

Mazmun Xatlori iizro osas vo alt-standartlar.

1. O©dadlar vo amoallar.

Talaba:

1.1. Ododlori, onlarin miixtalif formada verilmasini vo aralarindaki miinasibatlori
miioyyanlogdirir.

1.1.1. Birdayisanli goxhadlilor tizarinda hesab oamallarini yerina yetirir.

1.1.2.Coxhadlilorin funksional va cobri barabarliklorini tohlil edir, sade modula nazaran
¢ixiqlar siniflori meydani tizarinds verilmis ¢oxhadlinin doracasini azaldir.

1.1.3.Horner sxemindan istifads edarak ¢oxhadlinin ikihadliys béliinmasindan alinan gismati,
qalig taprr.

1.1.4.Horner sxeminin komayi ilo ¢oxhadlinin kokiiniin tokrarlanma doracasini tapir.

1.1.5.1ki ¢oxhadlinin rezultantin1 hesablayir, totbiq edir.

1.2.  Cobri omallari, cabri prosedurlar totbiq edir vo onlar arasindaki alagoni miiayyanlosdirir.

1.2.1. Evkilid algoritmini tatbiqi ils iki goxhadlinin ©BOB-nu tapir.

1.2.2. Coxhadlinin ikihadlinin qiivvatlorina gors ayrilisini yazir.

1.2.3. Coxhadlinin tokrarlanan gatirilmayan vuruglarina ayrilisin1 miioyyan edir.

1.2.4. Primitiv ¢oxhadli anlayisini bilir, ¢oxdoyisonli ¢coxhadlinin leksikoqrafik diiziiliisiinii yazir.

1.2.5. Simmetrik goxhadlinin asas simmetrik goxhadlilorls ifadasini miiayyan edir.

1.2.6.1ki goxhadlinin ®BOB-nun xatti ifadosini miioyyan edir.

2. Cobri sistemlor.

Talaba:

2.1. Mixtalif situasiyalardaki problemlori cabri sokilds ifads edir vo aragdirir.

2.1.1. Tamliq oblastinin sado transedent genislonmo anlayisini, onun kommutativ halga
oldugunu bilir, birdayisanli ¢oxhadli anlayigini ciddi sokilds ifads edir.

2.1.2. Tokrar transendent genislonmo anlayigini bilir, ona osasan g¢oxdoayisonli goxhadlilor
halgasini togqdim edir.

2.1.3.Rasional kasrlor meydanini vo onun xassslorini bilir, miixtolif masalalari hall edir.

2.1.4.Cabri tonliyin kvadrat radikallarda hall olunmasi masalasi ilo qurma mosalasinin hall
olunmast arasinda oslagoni miioyyan edir.

2.1.5.Kompleks adadlor meydaninin cobri qapaliligi hagda teoremi vo ondan ¢ixan naticalori
bilir va totbiq edir.

2.1.6. Kompleks dayisanli goxhadlinin modulunun xassalarini bilir va asaslandirir.

2.1.7.Cabri adadlor meydani anlayisini bilir, bu meydanin cabri qapaliligini osaslandirir.

2.1.8. Miixtalif cabri genislonmalori vo onlarm xassalarini bilir vo totbiq edir.

2.2. Cobri prosedurlar yerino yetirir.

2.2.1. Viyet diisturlarini bilir, onlari miixtalif masalalorin hallindos tatbiq edir.

2.2.2.Kasrin moaxracini cabri irrasionalligdan azad edir.

2.2.3.Hoqiqi amsalli ¢oxhadlinin hoqiqi koklarinin sorhadlorini miioyyan edir.

2.2.4.Cabri adadin doracasini tayin edir.

3. Miinasibatlar.

Taloba:

3.1. Miinasibat anlayisin bilir, hoyati problemlorin riyazi modellarini qurur vo miinasibatin
xassalorinin koémayi ilo bu problemlori hall edir.

3.1.1. Kommutativ halganin sado transedent genigslonmasinin izomorfizma godor dogigliklo
yeganaliyini bilir.

3.1.2. Kommutativ halqanin ¢oxqat transedent genislonmasinds izomorfizm miinasibatinin
dogru oldugunu bilir.

3.1.3.Meydanin miixtolif cobri genislonmalori ilo bagli olan izomorfizimlori bilir vo
osaslandirir.
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3.1.4.1ki ¢oxhadlinin qarsiliqlt sads olub-olmamasini miiayyon edir.

3.2. Funksiya anlayisini bilir, hayati problemloarin riyazi modellarini qurur vo funksiyalarin
komayi ilo bu problemlari hall edir.

3.2.1.Coxhadlinin formal téramasi anlayisini vo onun xassalorini bilir, onlar tatbiq edir.

3.2.2.Coxhadlinin diskriminantini hesablayir vo totbiq edir.

4. Tanliklar.

Talaba:

4.1. Tonliklori hall edir.

4.1.1. Ug daracali tonliklori hall edir.

4.1.2.Dérd daracali tenliklori hall edir.

4.1.3.Tam omsalli coxhadlinin rasional koklori hagda teoremi bilir, tam vo rasional koklori
tapmagq ligiin istifado edir.

4.1.4.1ki mochullu heg olmasa biri geyri-Xatti olan iki tonlikdon ibarat tonliklor sisteminin
mochulun aradan ¢ixarilmasi yolu ils hall edir.
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Moktab riyaziyyat kursunda sagirdlor asas komiyyatlor vo onlarin xassslori ilo tanis edilirlor.
Buraya hondasi kamiyyatlor do daxildir: uzunluq, saho vo hocm.

Moktabin ibtidai siniflorinde uzunluq — bir komiyyat kimi I sinifden baslayaraq todris olunur
vo adadlar konsentrindon asili olaraq, uzunluq 6l¢ii vahidlori daxil edilir. Saho - bir komiyyat kimi
moktabin IV sinfinds tadris olunur [1;82].

V sinifda saha vo hocmin hesablanmasi asason masalalar halli vasitasilo daxil edilir [2;4].

VI sinifdo saha vo hocm anlayislar1 inkisafetdirici masalalor vasitasilo daxil edilir [2;6].

VII sinifds konqruentlik anlayisi ilo olagadar saha vo hacm anlayislart daxil edilir [2;8] vo bu
ideya VIII sinifdo Pifaqor teoremi ilo slagdar daha otrafl1 verilir [2;10].

IX sinifdo masalalar halli vasitasilo tokrar edilir [2;4].

X-XI siniflords bu anlayislar otrafli sorh olunur [3;6-10] vo riyazi analiz elementlorinin todrisi
hondasi kamiyyatlorin asasl sokilde dyronilmasine imkan verir.

Biz bu maqgalodo moaktobds saho anlayisinin dyronilmasi ilo slagadar elmi-metodik mosslalori
sorh etmoys calisacagiq.

Hondosi anlayis kimi — sahonin 6l¢iilmasi nozariyyasinds iki mithiim masals sorh olunmalidir:

1.Saho oOlgiisiinii tapmaq tolob olunan fiqurda, bu fiqura aid olan vo aid olmayan ndqgtolori
forglondirmak (fiqurun daxili vo xarici noqtolari). Fiqurun sorhoddine aid noqtelori xarakterizo edorken,
nazors almaq lazimdir ki, bu ndqtolors ¢ox yaxin olan daxili vo xarici noqtolor vardir. Malumdur ki,
handasadas coxbucaglilar — gapali siniq xatlo mohdudlasan saholarin (¢oxbucaglilar), cevra va ayri xatlorlo
hiidudlasan sahalorin hesablanmasi masalasindo daxili ndqtalorin xarici ndqtalordon forglondirilmasi asas
gotliriiliir [4.229]. Burada asagidaki qayda totbiq olunur: verilmis noqtoden ¢ixan ixtiyari siia fiqurun
konturunu (sorhaddini) tok sayda dofo kasirss, hamin kasisma ndqtalori daxili ndgtolor hesab olunur;

Ogor ciit sayda noqtolords kasirsa, onda homin ndqtalor xarici ndqtalor hesab olunur.

2.Saha ol¢ii vahidi — torafi vahid uzunluga barabor olan kvadrat qobul edilir.

Vahid kvadratin hor bir torofini 10 borabor hissoys bolsok vo bolgli noqtalerindon ardicil
olaraq torofloro paralel diiz xotlor kecirsok, onda vahid kvadrat 100 sayda borabor kvadrata

boliinacok va onlardan har birinin Sl¢iisti kvadrat vahidin Flo -no barabor olacaqdir. Alinan yeni

kvadratlarin hor birini 100 barabor hissoyo bolsok, onda alinan hor bir yeni kvadratin 6l¢iisii avvalki
kvadrat vahidin 0,0001-no barabor olacaqdir. Oxsar prosesi miistovi iizorindo paralel diiz xotlor
vasitasilo (bir-birindon barabar xatti vahid masafods olmagla) sahoni zolaqlara ayirsaq va bu isi
perpendikulyar voziyyatdo tokrar etsok, onda miistovi iizorindo vahid kvadrat migyas toru alariq.
Masalon, millimetrlik xanalara boliinmiis kagiz — miqyas toru rolunu oynaya bilor. Bu qayda ilo
hazirlanmig kvadrat torunu kalka, siise, sellofan sathine yapigdirsaq, onda moalum olan palet alinar.
Palet — miqyas xatkesinin ikidl¢iilii analoqu rolunu oynayir.
Maktob saraitinds paleti hazirlamaq asandir. Bu zaman adi damali kagizdan da istifade etmak olar.
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Ixtiyari konturlu hor hansi bir fiqurun sahosini hesablamagq ii¢iin homin fiqurun {izorino
kvadrat miqyas toru qoyulur vo fiqurun konturu daxilindo qalan biitiin kvadrat vahidlorin say1
lizorino natamam kvadrat vahidlorin cominin yaris1 olave edilir. Aliman com — fiqurun OSlgiilon
sahosinin toqribi qiymoti olacaqdir. Ciinki topladigimiz natamam kvadrat vahidlorin bozilori
yarimkvadratdan boyiik, bozilori iso kigik olacaqdir. Ona goro do natamam kvadratlarin cominin
yaris1 — onlar1 toqribi olaraq tam kvadratlara tamamlayir [5;232].

Kvadratin ardicil surotdo kigik kvadratlara boliinmosi prosesini davam etdirsok, {S;Sp}
ardicilligini alariq. ©gor ardicilliq yigilma sortlorini 6doyirse, onda alinan odod (limit) verilmis
fiqurun saha 6l¢iisii olacaqdir.

Saholorin palet vasitasilo praktik olaraq hesablanmasi qaydasi ilo sagirdlori tanis etmok olar.

Moktob tocriibasindo sado konturlu fiqurlarin saholori analitik tisulla hesablanir. Masalon,
kvadratin, diizbucaqlinin, trapesin, paralelogramin, ighucagin, ixtiyari coxbucaqlinin, daironin, kiiro
sathinin, silindirin, konusun, kasik konusun sathinin sahoalari hesablanir.

Miirokkob konturu olan miistovi fiqurlarin saholori palet vasitosilo hesablanir. Konkret
misallara miiracist edok.

1.Taraflari uzunluglari a va b olan diizbucaqlinin sahasini hesablayagq.

Miqyas torunu diizbucaqli iizorino elo qoymaq lazimdir ki, miqyas torunun xotlori
diizbucaqlinin toroflorine paralel olsun. Onda daxili kvadrat vahidlorin sayr ag'by - hasilino
(diizbucaqli sahosinin oksiyi ilo qiymati), aj -bg - hasili iso konturdan konara ¢ixan kvadratlar da
daxil olmagla — axtarilan sahonin artig1 il toqribi qiymatini ifads edacokdir.

Beloalikls, sahasi axtarilan diizbucaqlinin sahs 6l¢iisii - oksiyi ilo: S= ay-by vo artigr ilo S= a}
-b} olacaqdir. Hogiqi odadlerin vurulmasi qaydasim totbiq etsok { apby, al -bk} ardiciligr a-b
hasilini toyin edocok va ona goro do diizbucaqlinin sahasi S=a-b(kv.vah.) olacaqdir.

2.1ki goxbucaqlidan ibarat fiqurun sahosini hesablayaq (sok.1).

Verilmis ¢oxbucaqlinin saha 6l¢iisii onu toskil edon iki ¢oxbucaqglinin saha Olgiilori comina
borabar olacaqdir: ABCF coxbucaqlisinin saho Slgiisiinii — P ilo, CDEF — ¢oxbucaglisinin saho
olgiisiinii Q ilo isaro etsok, onda bu kemiyyatlor {P,,Bl } vo {Q,,Q}} ardicilliglart ilo toyin olunar.

sokil 1.

Biitov ¢oxbucaqglinin saho Olgiisiinii S ilo isaro

etsok, onda bu odad {S, ,S1} ardicilligz ilo toyin olunar. A\
Coxbucaqlinin sorhoddinde yerlogon kvadratlar1 nozors \

alsaq, asagidaki borabarsizliyi alariq:

Pn+Qn< Sn< S,}L S Qn+ Q711 ><

Mbolum teorems osasaon alariq: P+Q=S.

Qeyd etmok lazimdir ki, verilmis ¢oxbucaglinin

saho 6l¢ilisii kvadrat miqyas torun hor hans1 bucaq qader \] [
donmasindan asili deyil. Ciinki bu halda ¢oxbucaqliya aid

olan kvadratlarin saho Olgiisii  doyismir. Haqiqaton, / /
kvadratin torafi m-o borabardirss, onda onu har hansi / /
bucaq godor dondorsok vo onun toposindon torsfino 7/ —

paralel diiz xatlor kegirsok, onda onun toraflori P va g

olan kvadratlarin daxilinds yerlosdiririk vo saha 6l¢iisii (p+q)2 olacaqdir (sokil 2).
Torofi m olan kvadratin sahoa 6l¢iistiinii p
tapmagq iiciin (p+q)* odadindon P q
katetlori p vo q olan dord diizbucaqlt
ticbucagin sahs 0l¢iisiinii glxmaczl
lazimdir: (p+q)°-2pg=p+q°=m q p
(Pifagor teoremi). q
sokil 2.
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Demoli, S, vo S} diizbucaql oblastlarin saha 6lgiisii doyismodiyindon, onlarin toyin etdiyi
odod do doyismoyacok.

Buradan agagidaki naticoyo golirik: ¢coxbucaqlinin saho 6l¢iisii onun {izorine miqyas torunun
goyulmasi tsulundan asili deyil. Ciinki coxbucaqlinin miqyas toru iizro siirlismosi (yerini
doyismasi) — torun yerini doyismaosi ilo ekvivalentdir.

Coxbucaqglilarin sahoalorino aid xassolor biitiin diizxatli fiqurlarin sahoalorinin 6l¢lilmasinin
vasitoli metodlarin1 miioyyon etmoys imkan verir. Masalon, paralelogramin sahasini hesablamaq
ticlin onu kongruent diizbucagliya ¢evirmok kifayotdir.

Istonilon {icbucagin sahasini hesablamagq iiciin onu paraleloqrama tamamlama kifayotdir.

Istonilon goxbucaglinin sahasini hesablamagq iigiin onu iigbucaglara ayirib, alian iicbucaglarin
sahalori comini tapmagq kifayotdir.

Xiisusi halda, trapesin sahasi onu amolo gotiron iki lighucagin sahoalori comino barabordir.

Moktob riyaziyyat kursunda bir komiyyat kimi sahonin hesablanmasina aid kifayat qoder
inkisafetdirici vo yaradici xarakterli masalolordon istifads etmok olar.
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By teaching concepts in the area of school mathematics
The article addressed the following questions:
- values, including the geometric size and purpose of the study;
- formulation of the question in an educational program for secondary school mathematics;
- the area - as a geometric value of its measurement and measure the area;
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- KBaJApaTHasa MaClIT aOHast CCTKa-MMaJICTKaA,
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Nowadays the tempo of social-technological changes increases importance of globally quick-
witted persons growing considerably. In such state pupils become not passive participants of knowledge
and skills which they obtain during teaching period on various subjects, being active participants. They
turn to subjects who display creative and independent approach to correct perceive of environment. And
this process makes integrative relations important among different subjects, their themes and notions
taught in teaching stages. Thus, the role of integration increases in teaching stimulating and assimilating
contents, forming pupils knowledge with their outlook in unity.

Beginning from the 1990s “Curriculum” included to Azerbaijan education system being new
pedagogical terminology, first of all was accepted as a conceptual document reflecting all
pedagogical-psychological issues connecting with contents, organize, conduct and assessment of
education. But now it is used as a term in the field of science and education, as well as applied
being a new education form.

Already 9 years though it is applied in the field of general education (it is applied from
2007-2008 academic year in the field of general education) still this term is discussed at school and
in families and in most cases very pity is that, it is not perceived synonymously. We think its reason
is that, “Curriculum” is not understood correctly, sometimes is not expressed properly or is not
explained sufficiently simple and detailed form. But what was the reason of applying “Curriculum”
in education? We would like to draw attention to methods and ways once more, which can be
useful for explaining “Curriculum” in more elementary pedagogical and more understandable
forms, also liquidating some of existing problems.

We know that, education system always changes, modernizes and forms in connection with
cultural, social-economic development of present system. In Azerbaijan till 1920 in religious
madrasas being the main teaching direction, not all families had chance to give their children
education. But some people who had chances to get education going to universal schools for getting
professional education on various fields could ensure only a part of present requirements.

With socializing of education putting an end to illiteracy which was considered the most
humanist principle of socialist system education in our country spread widely, developing without
break. But this education served for the perfidious purposes like Russifying of all USSR territory,
strengthening of Russia, existance of atheism that was the leading policy of Soviet Union and
Russian chauvinism.

Change and renew of education policy after our country gained independence and
democracy, ensured liberation were needed and it happened. “Curriculum” being as a notion
providing our integration to the world educational area in the form of conceptual collection
reflecting all fields of modern education system, its stages, teaching course, curriculum, program
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and process beginning from textbook to organizing of teaching, contents, form and assessment
included to our schools and language. Strategy and structure meeting requirements policy of
democtatic system provided approach to Curriculum as a direction forming progressive education
model and the base of education in European countries. Significant components of curriculum are
content lines,standards of contents, necessary minimums, requirements given for pupils preparation,
technology and assessment. These components are applied like continuing and complementing each
other and having mutual connections with each other. In short, curriculum and teaching form a
system which is differed for making corresponding atmosphere controlling quality of knowledge
and skills in all stages.

In the limited document of General Education Conception of the Azerbaijan Republic
(National Curriculum) aims and objectives of general education, as well as its all stages, teaching
results expected at the end of each stage were explained in detail. Also achieving the target aim and
results, the taught subjects and their share for general teaching results were defined. And this takes
into consideration the use of knowledge and skills integration of pupils gained on concrete subjects
and also usage of integrating knowledge and skills gained from other subjects, already from the
known system of notions. This process in its turn, help to realize the whole and complete image of
the world from different sciences sphere. Sets of textbook from “Maths” subject for I-1V classes
prepared on the base of general secondary education conception (National Curriculum) in the
Republic of Azerbaijan consist of methodic aid for teacher and work book. In national curriculum to
define teaching results and to assess gained knowledge, skills and habits of pupils are considered
one of the main stages of teaching process. Development of teaching process is of various-natured
and continues systematically (1; 2).

Functions of teacher and pupils which are considered main leading aspects in personality
directed education changed and their activities directed to teaching results defined in advance. In
teaching strategies recommended in new subject curriculums, pupils became subject of teaching
process, broad opportunities for his independent perceptive activity were considered.

The activity of a teacher in the field of giving information was limited, he became organizer
of state for pupil development. Teacher makes independence of pupils perceptive activity and
creativity like adviser connecting and directing teaching activity in class atmosphere. In organizing
pedagogical process due to curriculum, to take into account the following principles are considered
important (6, p. 88):

e completeness of pedagogical process — in pedagogical process aims of teaching are held in
complex form, covers teacher and pupil activity which is over with real results;

e creating equal possibilities in teaching — the same teaching atmosphere is made for all pupils
and pedagogical process is regulated taking into account their potential possibilities;

e pupil directed — pupil stands in the center of pedagogical process. All teaching and training
work is directed to ensure pupils interests and needs, development of their talent and abilities,
potential possibilities;

e development directed — pupils perceptive activeness is pursued, achievements are analysed,
developmenr level of their knowledge, skills and habits is regulated,;

e activity stimulation — all progresses in their activity for effective and rational organize of
pedagogical process, to increase pupils interest to teaching are noted and estimated as a result of
directing pupils to more successful teaching results is provided,;

e creating supported atmosphere — to organize pedagogical process on the corresponding
material-technical base and healthy spiritual-psychological atmosphere, creates suitable and safe
teaching atmosphere for promoting quality and effectiveness.

Side by side with these principles, defining of special methodic principles in different subjects
teaching is considered effective from didactic point of view.

We stated that, the role of integration is great in teaching stimulation, deeply assimilation of
the considered contents, formation of world outlook of pupils.

Experiences show that, in teaching process to get the desired results in maths subject teaching
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would be complicated and difficult which learns quantity and form relationships of environment
without using different integration methods.

Integration is understood as systematizing of structural relations of teaching components for
reviving complete and standard image of teaching material in pupils mentality during teaching.

In educational field some types of integration are applied:

Intersubject integration — means connecting notion, knowledge and skills on each subject.
This type of integration defines theme structure of the subject assembling teaching material in
separate teaching standards. So, theme being capacious from imformation point of view, formation
of more detailed skills on pupils are provided.

In primary education stage intersubject integration in maths teaching is widely applied and it
is of spiral structure relying on concentric principle. Intersubject integration can be either vertical or
horizontal.

Horizontal integration provides expressing corresponding theme standards in certain teaching
standards connecting content lines on subject.

Vertical integration provides inheritance among content lines being gradually deepened and
expanded from class to class.

Intersubject integration - being synthesis of common notion, knowledge and skills covered by
several subjects consideres usage of notions and methods concerning to one subject in learning
other subject. In this case teaching of the theme concerning to different subjects but being similar
and completing each other are taught within certain limits. That is why, defining relationships
among different subjects and themes, usage of these relationships in creative form in the formation
of intersubject notions and skills are of great importance.

During maths teaching intersubject relationship is of great importance as well:

a) speech ability of pupils in maths teaching develops

b) pupils at the same time master elementary knowledge on other subjects as well

Maths is one of the subjects which is considered important among the taught subjects at
secondary schools.

Majority of pupils who assimilate maths well, do not have difficulty in other subjects teaching.
This subject is able to make effective and synonymous communication possibilities. By the help of
maths, it is possible to present more complicated states simply, to clear processes and calculate
results beforehand as well. Abstract systems and theoretical models of maths are specially applied
widely in learning occurrences and objective regularities, during analyzing of different states and
solution of problems.

In teaching on curriculum preparation of a teacher for the lesson is important process. In
modern teaching each lesson is a process having certain stages. An hour or more can be chosen for
the theme teaching. This lesson, not depending on its time, is looked through as a standard process
and begins with forming interest for the new theme on pupils, ends with assessing the gained
knowledge and skills. A teacher should clear 3 points for himself while preparing for the teaching
(6, p. 90):

1.What he wants to teach to pupils;

2.What does elementary knowledge of pupils consist of about this;

3.Which ways exist to teach the rest and not sufficient knowledge between both of them?

Beginning of each work can be difficult. In future activities of students who get education
on primary class teaching, think of much and have difficulty about the first teaching day which they
should carry at primary class. That is why, first lesson from maths in the | form can be organized on
mathematical acquaintance with pupils.

- How old are you;

- How many members are there in your family;

- Which children are you in family;

- What is age difference with your elder (younger) sister (brother);

- To answer questions and tasks like- let us calculate how many members are there in your
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family and etc. do not tire children, contrary be able to do these calculation form stimulus and self
confidence. It also causes to learn willingly and fullfil this type of tasks.

Successful results of a lesson depend on not only preparation of a teacher but also pupils.
Nevertheless preparation of pupils beforehand can form high perceptive interest and positive
psychological state on them.
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PE3IOME
C.MamenoBa
HammnonanabHblii KyppukyJiym u BaKHOCTh HHTErPali| B KyPC HAYAJIbHOW MaTeMaTHKHU
B HamucaHHO# cTaThe, MHTEPECHO M YUTAEMO OXBauCHA HEOOXOAUMOCTh CO3/IaHHUS C IEIIBIO
HOBBIIATH YINOTPEOJICHHE HWHTErPallii, KaK MEPBOCTEINIEHHOW BaXHOCTH U HEOOXOIMMOCTHU TIIO
NPETIOIaBaHMI0 MATEMATHKH B HAYaIbHBIX KJIACCAX C IENIBI0 PA3BUTHSI 3HAHWMN, YMEHUI U HABBIKOB
IIKOJIbHUKOB. BBLIO 3asBIICHO O POJIM MHTETPAIMH, [0 OPTaHU3AIMH HHTEPECHOTO YPOKa ¢ IIEPBOro
JTHSI, KOTOPBIA OPraHU3yeT YUHUTElb, Y)KE rapaHTHPYET 3aBOCBAHUE MTAMSTH, CHMITATHIO U JIFOOOBb K
IKOJIe, TaK KaK UX JKelaHue JOOPOBOJIBHO MPUITH CIOJIA.
XULASO
S.Mammoadova
Milli kurikulum va ibtidai riyaziyyat kursuna inteqrasiyanmin ahamiyyati

Yazili mogalodo, moktoblilorin biliklorini, bacariqlarint vo bacariglarini inkisaf etdirmok
ticiin ibtidai siniflords riyaziyyatin dyradilmasinin vacibliyi kimi inteqrasiyanin istifadosini artirmaq
{iciin yaratmagn tortib edilmosi maragli vo oxunaqlidir. inteqrasiyanin rolu agiglanaraq, miiollimin
toskil etdiyi ilk giindon maraqli bir dors toskil edorok, burada koniillii olaraq buraya golmoyi

arzuladigi tigiin moktaba olan sevgisini, sevgisini va sevgisini gazanmaga zomanat verir.

NDU-nun Elmi Surasinin 29 dekabr 2017-ci il tarixli gorar1 ilo ¢capa
tovsiyya olunmusdur (Protokol Ne 04).

Magaloni ¢apa toqdim etdi: Falsafa dizro elmlar doktoru, professor
Mahommoad Hacryev
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VI SINIFDO FiZIKADAN SAGIRDLORIN TODQIQAT BACARIQLARININ
ARTIRILMASINDA LAYIHOLORIN ROLU

Acgar sozlar: layiho, materiya, faalliq, konstruktiv

Key word: project, matter, activity, constructive

KaiwoueBbie ¢l10BO: npoexm, mamepus, akmueHOCMb, KOHCIPYKMUG

Bildiyimiz kimi hor yeni bir giindo diinya daha da miiasirlosir, elm, texnika inkisaf edir.
Bununla bagl olaraq, tohsil prosesinds do doyisikliklor bas verir vo praktikada sinaqdan kegirilmis,
ozlinii dogrultmus, an son metodlardan istifads olunur. Son illards tahsil prosesindaki on boyiik
dayisiklik ananavi talimdan, faal talima kegid olmusdur. Bu magsadls biitiin tadris vasaitlori névba
ilo doyisdirilmisdir. Miiasir metod sagirdlorin foalligina, miistaqilliying, totbigetmo bacariglarinin
yiiksaldilmasina yonalmisdir.

VI sinif fizika darsliyi miasir tolim standartlarina asasen hazirlanmisdir. Bu kitabda sagirdlarin,
kegirilon doarsi daha darindon manimsamasi tigiin ¢oxsayli layihalor toklif olunmusdur. Taklif olunmus
tocriibalor miiallimlarin igini asanlasdira, sagirdlorin isa nazords tutulmus mévzunu daha dorinden basa
diismasina komak eda bilar. Bildiyimiz kimi miiasir dovriin taloblorindan biri do, sagirdlarin foal olmast,
biliklari praktikada totbig etmosi va bunlar kimi bir ¢ox bacariglarin formalasmasidir.

Misllimlar va sagirdlor movcud darslikdoki layihalorin bir goxunu yerino yetirmokdos ¢otinlik
¢okir. Ciinki, lazim olan lovazimatlarin goxu moktobda olmur va yaxud onlari toskil etmok miioyyan
gadar maddi vasait talob edir. Bizim toklif etdiyimiz tacriibalarin totbigi onlara nisbaton daha asan-
dir. Istar moktobda aparilmasi nazords tutulan aragdirmalar, istarss do evds yerina yetirilmasi nozor-
do tutulan layihalar asanliqla yerina yetirila bilir va darsin mahiyyatini basa diismoys imkan yaradir.

Miiasir fizika kurikulumu inkisafetdiricilik (proqressivizm), yenidon qurmagiliq (rekonstruk-
tivizm) folsofolorini asas gotiirorok konstruktiv, hoyata asaslanan, todqiqatgt tohsil proqrami kimi
tokmillosir.[3]

Miisllimlorimizin garsisinda mantiqi diisiinca bacariqlarini inkisaf etdirmis bir sagird yetisdir-
mok vazivasi durur. Els bir sagird ki, elma yiyalonorok yeni layiholor hazirlasinlar. Bunun {igiin iso
sagird {iglin miinbit bir tohsil miihiti yaradilmalidir: kitabxana, laboratoriya tocriibasi, kommuni-
kasiya texnologiyalar1 olan bir miihit.

Codval 1.
Tadris vahidi  Darslikdaki layiha TaKklif olunmus layiha
1.Fizika nayi 1.Plastik borudan ¢ixan hava axminin samim 1.“Inad¢i buz”
oyranir alovunu s6ndiirmasi. 2.“Giicli buz”

2.Siluet-tosvirlor.
3.Giinas va Ay tutulmalar
4.Sagirdloro  evlorindoki  cihazlarin = 6lgma
hoddini,bir bolgilisiiniin  qiymatini vo cihaz
Xatasini toyin etmayi tapsirmagq.
2.Materiya =~ -----m-mmmmmmmemee- 1.“Havadan golon su”
2.“Havaya gedon su
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Asagida 2 todris vahidi tizra hazirladigimiz layihalordan bir negasini toqdim edirik.

1.“Fizika noyi dyronir” tadris vahidi iizra layihalar

VI sinifdo talim naticalorini reallasdirmaq ti¢lin todris vahidlori {izro bir sira arasdirma vo
layihalori toklif etmok olar.

“Fizika noyi Oyronir” todris vahidinds sagirdlor miixtalif fiziki hadisalori 6yranarok, onlari
farglondirmayi bacarir, bu hadisalori 6yronm ayin vacibliyini dork edirlor. Sagirdlor yeni layihalor
hazirlamaq]la fiziki hadisalorin hoyatda reallagsmasi imkanlarina nail olurlar

Layiha 1: “Inad¢i buz” (Sak. 1) >

Tachizat: Bir parca buz, bir goadar duz va su.

Layihonin gedisi:

1)Ovvalca buz pargasini bir gaba qoyun;

2)ipi suda isladaraq buzun iizerine yerlosdirin

3)Son olaraq iss iplo buzun birlasdiyi néqtays bir godor duz
tokiin;

4)Bir godar gozladikdan sonra ipin bir ucundan tutub galdirin.

5)No miisahido etdiniz? Fikirlorinizi dsftorinizo yazin.

Layiha 2: “Giiclii buz” (Sak. 2.)

Tochizat: Bir parga buz, bir godor duz, iki odod (istifado
olunan buzun 6l¢iisiinds olan) das pargast, ip.

Layihonin gedisi:

1)ipi isladib buzun iizarina goyun;

2)Onun tizarina duz olavs edin;

3)indi iso ipin hor iki ucundan buzun 6zii bdyiikliikdo das
pargasl asin.

4)No miisahido etdiniz?

Miisahidoalorinizi vo fikirlorinizi doftorinizo geyd edin.

Sakil 2.

2.“Materiya” todris vahidi iizra layihalar

“Materiya” todris vahidindo sagirdlor maddslorin vo sahalorin qurulusunu, qarsiligh
cevrilmasins aid layiholor aparmagla tobiotdoki alagali sistemlords qarsiligl tosirin xiisusiyyatlorini
Oyronir, materiyanin formalarin1 forglondirir. Misahidolor aparmaqla materiyanin  formalarina,
xassaloring dair miixtolif miilahizalor irsli stiriirlor.

“Maddonin aqreqat hallar1” bélmasinin tadrisi zamani yerina Yetirila bilacok layihalors baxag.

Layiha 1: “Havadan galan su” (Sak. 3)

Tochizat: 1 odod stokan, bir godor su, bir godor buz
parcaciqlari, gida boyasi.

Layihonin gedisi.

1)Ovvalca stokana buz pargaciglarini atin;

2)Uzarina bir godar su tokiin;

3)Daha sonra iizarino qida boyasi olavs edin.

4)No miisahido etdiniz?

5)No iigiin stokanin bayir torasfi torlodi?

6)Bu su hissaciklari na ti¢iin rangli deyil?

7)Bu barads esse hazirlayn.

Sakil 3

Cavab: Su hissaciklori ona gora rongli deyil ki, bu tor buzdan ¢ixmayib. Bu su denaciklori

havada olan su donacikloridir. Stokandaki buz, stokanin xaricindoki havani soydub vo havadaki su

molekullarin1 agirlagdiraraq asagi enmoyoa macbur edib. Bu hadisoys kondensasiya hadisasi deyilir.

Atmosferdoki su donaciklori do buxarlanaraq géys toplanir vo bulud amals gatirir. Hava soyuduqda
ISo onlar agirlasaraq yagis vo qar soklinds asagiya enirlor.
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Layiha 2: “Havaya gedan su” (Sak. 4)

Tachizat: 2 adod banka, bir goador su.

Layihanin gedisi: (%

1)Hor iki bankani su ilo doldurun; =

2)Bankalardan birinin agzini qapaqla oOrtiin, digorini iss aglq s \_:'5—%:‘
saxlayin; %ﬁf_ e

3) 1 saat gozlayin, daha sonra yaxinlasib bankalar1 nozardon == —

kegirin. —
4)No miisahido etdiniz? 5)Bankalardaki suyun soviyyalori %L————-———-_

niys forglidir?
Cavab: Agz1 aciq qabdaki su buxarlanib, digor gabda gapaq
oldugu ii¢ilin heg bir doyisiklik olmayib. Sakil 4.
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Physics Learn” and "Materia”. The sixth grade of the physics course book was developed according to
modern education standards. In this book, numerous projects have been proposed for students to
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participation of students, the practical application of knowledge and the creation of many skills.
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