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Riyazi analizdo siralar nazariyyasi, xassalori vo sonraki todqiqati genis sokildo verilmisdir.
Molumdur ki, ortogonal va ortonormal funksiyalar sistemi, bu sistemo nazaran Furye siralari tayin
olunmus, bu siralarin zaruri va kafi sortlori  muosyyanlogmisdir [1]

Xdususi halda ¢aki funksiyasi, bu funksiyaya nozoron ortoqonal va ortonormal coxhallilor
sistemi qurulmus, onlarin ¢abri vo asimtotik xassolori isbat edilmis, uygun Furye siralar1 todqiq
edilmigdir [2].

Mogalo ¢oki funksiyasina nazaran  ortnormala ¢oxhoadlilor sisteminin  mdévcudlug va
yeganalilik sortina baxacagiq. Xiisusi halda Cebisev- Ermit ¢oxhadlilorinin bir sira ilk Rodriq
diisturunu quracagiq [2]

Movcudlug va yeganalik sortini vermamisdon gabaq asagidaki komokgi toklifi ishat edok:

Lemmal Tutag ki, Fo(x),Fi(x),......... Fn(X) (1) coxhodlilor sistemi verilmisdir. Hor
bir Fu(x) (k=0,1,2,....,n) coxhadlisi k daracali olsun. Onda n daracali ixtiyari Qn(x) coxhadlisini
yegano qayda ilo asagidaki kimi gostormok olar.

Qn(x)=agFo(x)+aiFi(x)+....+anFn(x) Vo ya

Qn (X) = Zai Fi (X) (2)
i=0
Isbati: Asagidaki kimi isaralomolor gobul edok.
F.(X) = _Zk:ci(k’x‘ (c® =0
Q. () = > ¢ x! (c, = 0)

(2)-da noazors alsaq vo geyri misyyan amsallar Gsulundan istifads etsok asagidaki kimi
tonliklor sistemini almis olariq.

ac"=c,
) (1) _
a'ncn—l + an—lcn—l - Cn—l
) (n-1) (n-2) _
ancn—z + an—:lCn—Z + an—zcn—z - Cn—z
a,c”"+  ac"+ +acl = ¢
ac+ a c"i-—— —1ac®= ¢
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Bu sistemin bas determinanti dioqonal elementlorinin hasilina borabar oldugundan 0-dan
feqlidir(cék) ;tO) . Demali {ak} omsallarin1 bu sistemdan birgiymotli toyin etmok olar. Bu

iSo lemmanin isbati demokdir.
Indi iso ikinci sualda qoyulmus osas poblemin hallino baxag.
Teorem: Ixtiyari h(x) ¢oki funksiyasi figiin yiiksokdoracali hadd omsali miisbat olan

vo[2]ortonormalliq sortini 6doyan yegano {pn (X)} coxhadlilor ardicilligit méveuddur.
Isbati: Pn(x) coxhadlisinin yiiksokdoracali hodd omsalim g, isaro edok vo teoremi riyazi
induksiya metodu ilo ishat edak. n = 0 olsun. Sarto  goéro  po(X)= £, > 0. Onda ortonormalliq sortine
1 1

goro  p? = - 1, = 0oldugundan y, = — Yani,
[h(ax [ h(x)dx
1
Ho = Po(X) = N
/ j h(x)dx
Bu halda po(x) coxhodlisi miayyanlosir. Tutaq ki, po(X),p1(X),p2(X),.......... Pn-1(X) (3)

coxhadlilorini yuxaridaki qayda ilo toyin etmisik. (3) sisteminin hor bir pk (X) coxhadlisi k
doracalidir. ©Ogor (3) sistemino X" c¢oxhadlisini olava etsok pn(x) coxhadlisi halalik moalum
olmayan c¢oxhadli olacag. Bu ¢oxhadlini mioyyanlosdirak.

Lemmaya goOro pn(X) coxhodlisini asagidaki kimi yegano gaydada gOstormok olar.

P (x) = 1, X" +¢{" p, (X) + ¢ p (X) + o +¢cMp,. (X
voya (4)

n-1
pn (X) = :uan + chgn) pk (X)
k=0

(4)—do u, vo ¢ omsallarm elo segmok lazzimdir ki, alman goxhadlilor ortogonalliq

sortlorini 0dosin. Bu sartlori (3) sisteminin  ¢oxhadlilori ¢ln, yoni m <n sortini ddoyan
goxhadlilor Gglin 6danildiyini gobul etmisik. Onda,

Th(x) P (X) P (X)X = Th(x)[unx" 67 Pg (X) + 67 Py (X) # et € Py 4 ()] (X)X =
= j'h(x),unx” P, (X)dx + chgh(x) Py (X)p,, (X)dx + j-cf”)h(x) Py (X) Py (X)X + oo +
+ j'cr‘n“)h(x) OO — + j.cgﬂ)lh(x)pm (x)p, (x)dx = ynTh(x)x“ P, (x)dx+c™ =0

bnm =

D ey T

h(x)x" p,, (x)dx

isaro etsok, b +c” =0 ¢ =—pub 5)
Sonuncunu (4)-ds nozors alsaq,

n-1 n-1
Pn (x) = ,Uan + Z(_ﬂnbnk)Pk (x)= :Uan ~ Hn ank Pk (x)=
k=0

k=0

= Hy [Xn _nZ::bnk P, (X) ]



Sonuncu ¢oxhodli n daracali ortogonal coxhodli olacag. x, omsalim1 miioyyonlosdirak.
Bunun {giin [2]-in n=m sortindon istifado edok.

b
[h()OP? ()dx =1
[roo] sz e = 5b P 00)? fax—2 4, > 0oldugunu nozors alsaq

Y75 .j"h(x)|:x” — E[Th(x)x” P, (x)dxj.Pk (x)} dx =1

oy = 1

IN h(x)|:x" _ i(f: h()x" P, (x)dx)Pk (X)]Z dx

1

{jb h(x)[x“ . f[]b h(x)x"P, (x)dx)Pk (x)}2 dx}z

Sonuncunu noazors almagla c{™omsalindan miioyyanlogdirmok olar. x, va ¢ birgiymotli

My =

toyin olunmasindan {Pn (X)} ¢oxhadlilor ardicilliginin  yeganoliyi alinir. Bu iss  movcudluq va

yeganalik teoreminin isbati demokdir. Bu teoremdon istifado edorok Cebisev —Ermit ortonormal
goxhadlilor sisteminin qurulmasini todqiq edok:

Yuxaridaki teoremo géro Hy(X)=Cy, =0  vo
[hOOHZ ()dx =1=> [e™Cg,dx=1C3, e dx =1

: 1
Puasson inteqralina géra CZ2 vz =1C¢; =Hy(X) = —
Yz
Molum lemmadan istifado edorok Cebisev-Ermit coxhadlisinin Hi(x) haddini asagidaki
kimi ifads edok.

H1(X) = Co,Ho (X) +CyyX
Ortoqonalliq vo ortonormalliq istifado edok.

Th(x)HO(x)Hl(x)dx =0

Th(x)Hf(x)dx =1

__[Oe’x ‘{F( 01\/7+C11xjdx—

2
Jw e (cm =" cuxj dx =1
1 +00 1 _XZ +00 _XZ
%[IC01%e dx+ :[Cllxe dx} =0

+00 7)(2 1
_jwe ( 01f+2c:01 CoX- \/;Jrcnx jdx:l
Asagidaki qeyri -moxsusi inteqrallar1 hesablayagq.




1. J.xe‘xzdx: —lje‘xzd(xz) Lo | = L 12 | =0
o 2700 2 . 2 eX %
2. J.xze‘xzdx =Ix~xe‘x2 = (hissa-hisso integrallama)
IS |+l J'e‘xzdx=ﬁ
2 w 27 2
3. J‘efx2 dx=+7  (Puasson inteqralr)
1 1
4_Co1'4_"/;:0 Co, =0
. V4 T 1 /e
Noticada =
' 2 2 NI
Cgli\/;+clzl'£ C01+C11 2 =1
V4
Co=0
2X
2 onda, H,(x) =

C,= ﬁ \/m

Analoji qaydailo H,(x), H,(x) vas. ¢oxhadlilorinin hadlorini qurmagq olar.
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ABSTRACT

Sahib Aliyev, Elshad Agayev
Weight function of theexistence and uniqueness of the system comparedto conventional
ortonormal polynomials

In this article building ortogonal and ortonormal polynomials the system comparison with
the weight. Before proved presence and uniqueness the theorem of lemmadan isused. An arbitrary
weight function forhigh-efficiency limit of the coefficientis positive and ortonormally jobwhere the
only polynomials sequence of existence. By the use of this teory Cebis hev Ermitort onormal
polynomials system sarebuild.

PE3IOME

Caxu6 Auauen, Eabman Araes
Bec3aBUCHUTOT CyliecTBOBAHMS U €ITMHCTBEHHOCTH CHCTEMbI OCPABHEHUIO

¢ O0BIYHBIMH OPTOEHOPMHUPOBAHHBIMU MHOTOYJIEHBIX
B 371011 cTaTth €noCTpOEHbI OPTOrOHAIIBHBIE U PTOHOPMUPOBAHHBI EMHOI'O YJIEHBICUCTEM HOE-
CpaBHEHUE ¢ BecoM. Jl0I0Ka3aHHOrO0 HAJIMYKS M €AMHCTBEHHOCTH HCIOJIb3YETCsl TEOpEMA JIEMMaIAHa.
J1 BCsKOM PyHKIIMU CYIIECTBYET €IMHCTBEHHASI MHOTOWIECHOB, MMEIOIINX MOJIOKUTEIBHBIN CTapIINi
K03(pPUIANEHT ¥ yIOBIETBOPSAIIMX YCIOBHIO OTPAHOPMHUPOBAHHOCUT. C TIOMOIIBIO 3TOH TEOPHUH
CTPOSATCSIO PTOHOPMHUPOBAHHBI €CUCTEMBIMHOTO WiieHOB UeObIeBa Ipmura.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).
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KuaroueBble caoBa: ypasnenus Illpeouncepa, usmepumvie @yukyuu, 3ad0auu Kowiu,
00bIKHOBEHHbIE QU hepeHyuanbHble YPABHEeHUs

B a10it paboTe m3yuyaroTcs BOMPOCHI KOPPEKTHOCTH MOCTAHOBKHM HAYATBHO-KPACBBIX 3a]ad
Ui HenuHeWHoro ypaBHeHus IlpenuHrepa co crneuuaigbHbIM TpaJUEeHTHBIM ciaraembiM. Kaxk
HU3BCCTHO YPABHCHUC ]_Hpe,uHHrepa CO CHCHUAIIBHBIM T'PAAUCHTHBIM CJIaracMbIM W HA4YaJIbHO-
KpaeBble 3a/1aud JJIsi 3TOr0 ypaBHEHHS BO3HUKAIOT B KBAHTOBOW MeEXaHMKeE, SIEpHON (u3MKe,
HEJIMHEWHOH ONTHKE U B APYTUX O0NACTSIX COBPEMEHHOW (PU3UKU U TEXHUKU [1—3]. Oco0eHHo B

KBAaHTOBOM MEXaHMKE M HEJIMHEHHOW ONTUKE MPU HU3YUYEHUM JBUKECHMS 3apsSKEHHBIX YacTUI[ B
HEOJHOPOAHON cpeAe Bo3HMKaeT ypaBHeHue IllpeaunHrepa co cHenualbHBIM I'PaJUEHTHBIM
cJIaraéMbIM U U3yY€HHE Ha4yaIbHO-KpPAeBbIX 3aJa4 JIJIsl 3TOT0 YPaBHEHMSI IPEACTABISAET UHTEPEC KaK
C TEOPETUYECKOM, TaK U MPAKTHUUECKON TOUKH 3peHHs. CiieyeT OTMETUTh, YTO Ha4aJIbHO-KpPAcBbIE
3a/a4u IS JIMHEHHOTO U HEJIMHEWHOro ypaBHeHHH [lIpenuHrepa B pa3invyHbIX IOCTAHOBKAaX paHee
noapo6HO m3ydeHsl B pabotax [4—12] m gap. OpHaKO HadyaabHO-KpAEBBIE 3a/aul JAkKe I

nuHelHoro ypasHenus IlIpeauHrepa co CrenMaNbHBIM TPAJUEHTHBIM CJIaraeMbIM CPaBHUTEIBHO
Mano usydensl [13,14]. Cremyer ormeruth, uTo B paboTax [13,14] wu3ywaroTcs BONPOCHI

CYLIECTBOBAaHMSI U €IMHCTBEHHOCTH pELICHUS HayaJbHO-KPAeBBIX 3a4ad [UIsl  JIMHEHHOIo
OJTHOMEPHOTO U AByMEpHOro ypaBHeHul llIpeaunrepa co cnenuanbHbIM IPaJUEHTHBIM CIaraéMbIM,
Korna KOX(QUIIMEHTHI SBISIOTCS KBAJAPATHYHO CyMMHUpPYEMBbIMA (QYHKIUSAMU. OTMETHM, 4YTO
HayaJbHO-KpaeBble 3a7auM i1 HeJuHeWHoro ypaBHeHusa IllpenunHrepa co crnenuanbHbIM
IPaJUEHTHBIM CJaraéMbIM CpPaBHHUTEIBHO MaJl0 HCCIIEIOBaHbl. B 3TOM HalpaBIeHHH MOXXHO
OTMETUTH PabOTHI [15,16], B KOTOpBIX HM3y4Y€Hbl HAYaJIbHO-KpPAEBbIC 3a7auM JJI1 HEJIMHEHHOTO

ypaBHenus lllpeauHrepa co crnenuanbHBIM TPAAMCHTHBIM ClIaraeMbIM, KOTJa KO3 (HUIMEHTHI
YPaBHEHMsI 3aBUCAT TOJBKO OT IPOCTPAHCTBEHHON NEPEMEHHOW MM BPEMEHHOM IEPEMEHHOIA.
[ToaToMy uccienoBaHue BOMPOCHI KOPPEKTHOCTH IMOCTAHOBKM — HAdyallbHO-KpAaeBBIX 3a7ad JJid
HenuHelHoro ypaBHeHus lllpeaunHrepa co cnenuanbHbIM T'PaJUEHTHBIM CIIaraeMbIM, KOrza
KO3 (ULMEHThl ypaBHEHUS OJHOBPEMEHHO 3aBUCAT OT IPOCTPAHCTBEHHOM U BpeMEHHOMU
MIEPEMEHHBIX, MPEACTABIIAECT HAYUYHbIM U IPAKTUUECKUN HHTEPEC.

1. CymecTBoBaHMe U ¢IMHCTEHHOCTH pellieHHs NepBoii HAaYaJIbHO-KpaeBoii 3a1a4n

B or1oif pabore cmepBa OyaeM H3yuuTh NEpBYI0  HadalbHO-KpAaeBYIO 3adauy s
MHOTOMEPHOT'0 HeNMHEWHOro ypaBHeHus lllpenuHrepa co cnenualbHbIM TPaJUEHTHBIM C YHCTO
MHHUMBIM KO3((UIIMEHTOM B HEIMHEHHOW 4YacTH, Korjna Ko3(@UIUEHTHl ypaBHEHUS SBISIOTCS
M3MEPUMBIMU OTPHUYEHHBIMH (DPYHKLIMSIMH, 3aBUCSIIIMMHU OT O0O0EMX MPOCTPAHCTBEHHOW U
BPEMEHHON NIEPEMEHHBIX.

[Tycte D -orpanunvennas Boimykiiast 061actTh JBYMEPHOTO €BKIHIOBA mpocTpaHcTBa E,, ¢
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rpannueii /7, KOTOpas MPeANoNaraeTcs AOCTATOYHO THamkoi, X =(X,,X,)-TPOM3BONBHAs TOUKA
obnactn D, T >0 - sanaunoe uncno, 0<t<T, Q =Dx(0t),Q=0Q;, S=Ix(0,T)- Goxosas
nosepxHocts Q; C* ([O,T], B)- 0aHaxoBO TPOCTpaHCTBO (yHKuWi, K-pa3 HempepbIBHO
nudGepeHIMPYEMBIX Ha OTpE3Ke [O,T] CO 3HaYEeHUAMH B GaHaxoBoM mpoctpancTse B L, ( D) -
71€0eroBo MPOCTPAHCTBO (PYHKIMHA, CYMMHUPYEMBIX IO MOYJIBIO CO cTeneHsio p>1; L, (O,T; B) —
0aHaxOBO MPOCTPAHCTBO (DYHKIIHIA, OIIPEICIICHHBIX U CYMMHPYEMBIX 10 MOJYJIBIO C KBAIPATOM Ha
OTpEe3Ke [O,T] CO 3HAYCHMSIMH B 0aHAXOBOM IIPOCTPAHCTBE B; L, (O,T; B) —6aHaxoBO
POCTPAHCTBO M3MepuMbIx orpannuennbix Ha (0,T) dyHkumii co 3HaueHmsMH B GaHaxoBOM
npocrpanctee B ; Coboness HpOCTpaHCTBaW; (0, I),WFf'm (Q), p>1k>0,m>0, onpenenensl,

HanpuMep, B paboTax [17,18].
PaccMOTpHMM  CIEIYIONIyI0 HAYaIbHO-KPAaeBYIO0 3ajady o006 ONpeneieHuH  (yHKIMH
w =y (X1t) B obnactn Q u3 ycnoswii:

[ %// +a,Ay +ia, (X)Vy —a(xy +v(x hy +ia, v = f(x 1) (xt)eQ, (1)
v (x,0)=g(x), x e D, y|s=0, (2)
2 2
roe 1= J-1 ; 8,>0,a,>0, - 3amannble uncia, A= 8_2 + 8—2 - omepartop Jlamiaca,
OX;  OXj
0 O
= (— ) —} —omepatop mHabma, a(x)Vv(x,t) - usMepuMble oOrpaHHuYCHHBIE (YHKIHH,
X OX,
y[[OBJIeTBOpSIIOIU;I/Ie YCJ'IOBI/U[M:
0
0<a(x)< 4, VXxeD, , = const > 0; 3)
v(x,t) 0 :
V(x,t) < by, <b,,v(x,t)e Q,b,,b, =const > 0; (4)

aQ ( X) = (a11 ( X) a5 (X)) -33/laHHasi BEKTOp (YHKIMsI, KOMIIOHEHTHl KOTOPOH yJOBJIETBOPSIOT

YCIOBHUSIM:
day; (X)

0
Fw <u, VxeD,jk=12, 14,1, =const>0; ®)
k

|a1j(x)| S s

(o(x), f (X,t) - KOMIUIEKCHO3HAYHbIE (YHKIIMH, YJIOBIECTBOPSIIOIINE YCIOBUSAM:

02
@ eW2(D), f eW,H(Q). (6)
ScHo, uTo 3amada 06 onpeneneHnH GYHKIUN Y = W/ (X,t) u3 ycnosuii (1), (2) siBisieTcst nepBoit

HayaJIbHO-KPAeBOU 3a/1auel Uil IByMEPHOro HelMHeNHHoro ypasHenus Llpenunrepa Buna (1).
Onpenenenne 1. DyHKIMIO v =y (xt) 3 IPOCTPAHCTBA

BOECO([O,T],V(\)IE(D))ﬂcl([O,T],LZ(D)) Oyaem Ha3biBaTh OOOOLICHHBIM penreHneM u3 By,

eclii OHa yJoBIeTBOpsieT ypaBHeHuio (1) ans moutm Bcex Xe€ D wum mroboro te[O,T], a

HAa4yaJbHOMY U KpaeBoMy ycioBusiM (2) mams modtd Bcex Xe€ D m mis moutH Beex (f,t)e S,
COOTBETCTBEHHO.
Teopema 1. Ilycte QpyHKIMHM a(x), V(X,t), ai(x), (o(x), f(X,t) YZIOBJIETBOPSIIOT YCIOBUSAM
(3)-(6). Torma HauanbHO-KpacBast 3a1aua (1), (2) ©UMeeT eAMHCTBEHHOE PEIICHHE U3 MPOCTPAHCTBA
7



BO W IJId 5TOIr0 pCUICHUA CIIpaBCAJINBa OLICHKA!

oy (-t
AP <ok o g o
L(D)

Hl/j("t) Oz(D)

) J,Vte[O,T], )
W(D)

rae C, >0-nocrosnuas He 3aBucut ot @, f n t.

02
Jloka3zateabcTBO. Bo3bMeM kakyro-mu60 ¢pyHnamentansayio B W 2 (D) u

OpPTOHOPMHPOBaHHYIO B L, (D) cucreMy QyHKmi U, =U, (X), k=12,.., HaIpuMep, CUCTEMY

COOCTBEHHBIX (DYHKLUI CIeTyIOMNI CTIEKTPaIbHOM 3a/1a4H:

LX(x)=AX(x),xe D, X|. =0 (8)
npu A=A, K=12,..., rue oneparop L onpenensiercs hpopmynoi:
L =-a,A+a(x) (9)

MokeM OTMETUTh, YTO CIEKTpalibHasi 3adauda (&) sIBseTCS CHEKTPalbHOM 3ajaudent A
JBYMEPHOTO YpPaBHEHUS AJUTUNTHYECKOTO TUMA, U3yUYeHHOU B paboTe [17]. [ToaToMy ¢ MOMOIIIBIO
pe3yJIbTaTOB d3TOW pPabOTBI MOXEM YTBEp)KAaTh, YTO CIEKTpanbHas 3amada (8) wumeer
HETpUBUAJIBHBIE pemenus X :uk(x), k=12,... npu A=4,k=12,..., obpasyromux Ccrekrp

1

0 0
3aJaud U OTH pelIeHus o0pa3yroT 6asuc B mpoctpancteax W z(D),W z(D), U CIPaBEIUBbI YCIOBHUS
1

0 02
OPTOHOPMHPOBAHHOCTH B LZ(D) u opTor0Haanocm B W 2(D) W 2(D) B CIICAYIOIIEM BUJIEC:

(u,,u, _[u x)dx =&, (10)
rae S, cumBoJbl KpoHekepa:
1, k=m,
% = (11)
0, kzm, k,m=12,...

SIcHo, uTO PyHKIMH uk(x), k=1,2,...0pTOroHaILHEL M B CIEAYIOIEM CMBICIIE:

2, 0u, ou,,
[uk’u ] (uk,u )w 2(D) (Luk’ )L(D):J‘(aozj:gtngra(X)ukumjdX:

D
=498, km=12,.; (12)
U Uy = (LU Lug ) o) = U U )i2 o) = 487, kom=12,.... (13)

B cuny mpeamonoxenus a(X)>0 Bce coGerBenmbie 3mauenns A=A, K=12,.. BemecTBeHHSI,
TIOJIO)KUTENIBLHBI M PACTIONIOKEHBI B IOPSIKE BO3PACTAHUS:
0S4 <AL << SA4 <., A4, > npu k—> . (14)
Hapsity ¢ 9TUMH IIPEATIONOKUM, YTO
2 -
||uk||m0/2(D) <d, <4, k=12,.., (15)

rae d,, K=12,...-110J10KHTENbHBIE TIOCTOSHHBIE.

[To meTony 'anepkuna npuOIMKEHHOE pelieHre 0yJ1eM UCKaTh B BUJIE:
N
=> ¢ (Hu (%), (16)
k=1

rae ¢, (t) =(1//N (~,t),uk) ,k=1,2,...,N onpenensercs u3 yciosuii:

L2(9)

ig(l//N ("t)’ Uy )LZ(D) N (LV/N ("t)'uk )LZ(D) + i(ai(')V‘//N ("t)iuk )LZ(D) + (V("t)‘//N ("t)’uk )LZ(D) +

dt



Ai(afy v )= £ () k=12... N, te[0T], (17)
ot 0= " (Ohw, )~ k=120 s
3necs T, (t)=(f (-,t),uk)Lz(D) , @, =(¢,Uk) ) k=12,...,N. Cucrema (17) ecTs HE 4TO MHOE, KaK

Lo(
cucteMa N HEIMHEHHBIX OOBIKHOBEHHBIX NH(depeHIInaIbHbIX ypaBHeHUH. M3 mpeanonoxeHuit
(3)-(6) u cBoiicTBa uk(X),k =12,... criesyer, 4To BTOPOE, TPETHE, YETBEPTOE U IATOE ClIAaraeMBIX
JIEBOM 4YacTH, a TakKe IpaBas 4YacTb SBJSICTCS HENPEPHIBHBIMU HAa KaXJIOM MHOXECTBE

{te[o,T], |e¥

< const} GyHKIUSIMHI t,ci“ ,k=12,...,N . TTosTomMy JUI CyIIIECTBOBAaHUS 110 KparHei

Mepe onHoro pemrenus 3aaaun Ko (17), (18) Ha Bcem oTpeske [O,T] JI0OCTaTOYHO 3HATh,UYTO BCE

€¢ BO3MOJKHBIC PEIIICHUS PAaBHOMEPHO OTPaHUYCHBI Ha [O,T](CM. [18—20]). Jlis ycTaHOBIIEHUS

TaKOW OTPaHWMYCHHOCTH JIOKAKEM CIICYIOMIYIO JIEMMY:
Jlemma 1. Insa pemenus cuctemsl (17), (18) BepHa oneHka:

N 2 & ldel (1) oy (O
N ) N " oV )
XL S e I
2 2 6
<ol 7K o, 10T N =12, 09

Jloka3aTebCTBO JIeMMbL. YMHOXHM Kaknoe K-oe ypaBuenue u3 (17) Ha cBoe T, (t)

MOJIy4YeHHbIe paBeHCTBa mpocymmupyeM mo K or 1 go N u npounrterpupyem mo t ot Hyas 10
t<T. B pesymbrate, uCHOIB3yd (OpMyIly HHTETPHPOBAHUS MO HYAaCTAM U YCJIOBHUIO

uk|F =0,k=12,.., umeem:

J(i%zﬁ” —aO‘V(//”‘Z +ia, (X)Vy Ny —a(x)‘y/”‘2 +V(X,tXl//N‘2 +ia2‘z//N‘4)dxdr =

N

=2i [ Im(fi")dxdr, vte[0,T] .
Q

W3 sTOro paBeHCTBAa BBIYMTHIBAS €r0 KOMIUIEKCHOE COIpPSDKEHHE IIOJYyYHUM CIPABEIIMBOCTh
paBeHCTBa:

N —N
i({[ag 7 +88Wt l//N]dXdZ'+ ig{(ai(X)Vl//Nle +a (X)Vy" l//N)dxdT+

+2ia, [|y"[ dxdz =2i [ Im( f7" )dxdz, vte[0T] .

Q Q
Ucnonw3yss muddepeHmpyemMocts GyHKIAN aij(x), J =12 mnocnenHee paBeHCTBO MOXKHO

HaItucaThb B BUJC:

g{%‘V/N ‘dedr+ij221:6%(alj (X)‘I/IN ‘Z)dxdr+ 2a2££‘1//” ‘4 dxdz =
= jiaa“—(x)\wf dxdz+2 [ Im( fi7" )dxdz, vt e[0,T]. (20)
= aXJ’ Q

BBuny Toro, uto ¢ynkuum U, = uk(x),k =12,... yIOBIETBOPSIOT OJHOPOIHBIM T'PAHUYHBIM
YCIIOBHSIM uk|r =0,k =12,... u3 pasnoxenus (16) umeem:
p" (1) =0te(0,T),N=12,... (21)

9



C ydereMm 3TUX yCIIOBUH U yclIOBUHM Ha KO3 (UIIMEHTHl ypaBHEHUs U3 paBeHCTBa (20) HEeTpyaHO
MOJIYYUTh CIIPABEJIMBOCTh HEPABEHCTBA!

t
Hl// H +2a, j ‘I//N ‘4dxdr < H(//N ("O)Hiz(o) +|| f ||i2(Q) +(2,u2 +1)_[H1//N (.,T)HiZ(D)dT (22)
& 0

s Vte [O,T ] Hcnons3ys ¢popmyny (16) MoxkeM HanmucaTh CaelyIOIIee COOTHOIIHHE:

\ -
H‘/’N (',OXE(D) - kz_l“‘cp (Oxz = kz_l“|¢k|2 :||¢||i2(D). &)

C nomo1uIbio 3TOro COOTHOLEHUS U3 (22) MOIy4YUM CIIPaBeJINBOCTh HEPABEHCTBA!
t
2 4
Iy O o, +22 [l oz <ol o+ oy + 2+ D[l (0, d7 e[0T
Q 0

C IMOMOIIBIO 3TOr'0 HCPABCHCTBA U JICMMBLIL FpOHyonﬂa HCTPYAHO IIOJYYUTH CHPABCIJINBOCTDH
OLCHKU:

H‘/’N ('1t)Hiz(D) * zazi “//N ‘4dXdT <G (“¢”iz(o) +| ”i(g))’ vte[0.T]. (24)

N

Tenepb oueHUM . C aroit uensto cucremy (17) Hanuiiem B BUJE:

( “(nt)u ) ( V(1) Vu) _(a(')l/lN("t)’uk)Lz(D)+

L2(D) L2(D)

O (DU, o)+l OV (D), o) +
i,y (0 v (20), u) = (1), k=12, (25)

L2(D)

Brrunciaum NMPOU3BOAHYIO IIO t oOeux yacreil 3TOM CHCTEMBI H YMHOXKUM k -oe YpaBHCHUC

dc," (t)
dt

I to N . Torna, nosry4eHHOE paBEHCTBO npOHHTerpMpya 110 UIHTEPBAIY (O,t) AMEEM:

MOJTy4YE€HHOM CHCTEMBI Ha CBOE , @ TIOTOM TIOJTy4YCHHBIC YPaBHCHUSI POCYMMHPYEM 10 K oT

o2y 51// 2 |52y " " a‘VN oy 2
i(' o’ 02 +'Z y( axat o e
N |2 —N
+V(X,r*}L +8V(X’T)l//N oy dedr+
ot ot ot
of (x,7) 31/7N(X,T)
+|a'[ (‘x// ‘ ) p '[ p p dxdz, vt €[0,T]
W3 sToro paBeHCTBa BbIYUTBIBAA CT'0 KOMINICKCHOC COIIPAKCHUEC, UMCCM!
aa‘//ded a N2 al// —N al// dd
iﬁ_ XHiaz a(“”"’”)at at(\ i L e
2 a 2 N 2
+IZ=:§ a,;(x) dXdT__({;aij dxdz +
N
+2j|m of ov” dxdr—ZIMIm WN% dxdz, vt e[0,T]. (26)
a ot 5 ot at

SIcHO, YTO UMEET MECTO PABEHCTBO:

10



—N N N
o) S5 2o o) 2 T P

F ot ot ot

2
2 alﬁN
+2Re| (p" : 27
{(w ) ( - J ] (27)
C npyroéi CTOpOHBI HCIOJB3Yys paBeHCTBO (16) u ycioBus Uk| ~=0,k=12,... moxem
HAIUCATh CIIEYIOIIEe YCIOBHE:
ow™
?|S :0, N :1,2,... . (28)

Ucnonbsys (27), (28) u nepaBenctBo Komu-byHsikoBckoro, a taxke oueHky (24), uz (26)
HETPYTHO MOJYYHUTh CIPABEIIUBOCTH CIEIYIOIIEr0 HepaBeHCTBA!

N 2 N |2 N 2
v (Y +2a2Hv/N‘2 W iy < |2 :0)
U TS ot o)
UowN (.7
N csﬂ|¢||ﬁz(m ot ||i2(g))+ (201, + 1, +1) % ( )dr,Vt c[oT]. (29)
0 L(D

JlJi OLIEHKU NEPBOIO CIaraeéMoro MpaBoi 4acTH 3TOr0 HEPABEHCTBA UCHOJb3yeM cucteMy (17) mpu

t=0m YCTaHaBJIMWBACM CIIPABCIJIMBOCTh HEPABCHCTBA:
2

ow"(.,0
% s S (O, 522 (O, +5]1 () o, +
+ 20 [V y ()] +SVCONL oy (O] (30)

B cuity u3BecTHOro HepaBeHCTBa (CM. [18], CcTp. 79]) npu N =2 uMeeM:

o O,y < AI7 0 GO o (O, (31)
rae S > 0-Hexortopast moctosiaHast. C IOMOIIIBIO (bopMynLI (16) M3 9TOr0 HEPABEHCTBA HMEEM:
L ] A P (32)

Beugy Ttoro, uro f EWZO’l(.Q) nu vel, (Q),% el (Q), HETPYJHO YCTaHOBUTH
CIIPaBEJIMBOCTb HEPABEHCTB:
£ (O o) <ol g 0T, (33)
v "tmLm(D) <¢,,vte[0,T]. (34)
SIcHO, 4TO UMEET MECTO PABEHCTBO:

ch O, (x im U, (x).

Orcrona NOJIYUrUM CJIICAYIOIICE COOTHOIICHHC:!

LGOI =3 o 6 <l

W3 3TOr0 paBeHCTBO B CUILY YCIOBUS () eW 2 (D) U YCJIOBHUS Ha KO3()(PUIIMEHTHI ypaBHEHUSI MOXKEM

YCTAaHOBUTDH CITPAaBCAJIMBOCTDb OLICHKHU:
2

[ (O oy <5 ||¢||53§ o (35)

AHAJIOrMYHO MOXKHO YCTAaHOBUTH CITPABCAJIMBOCTL HCPABCHCTBA!

11



(36)

v (o, <

VYuuteiBas HepaBeHcTBa (31)-(36), u3 (30) moaydum cripaBeITMBOCTh OIICHKHU:

N . ? 2 2 6

WTW L,(D) =" [”(D||v3§(o)+” f ||W20'1(Q) +”(p”&12(o)j | 0

Ha ocHoBe 370l o1ieHKH W3 HepaBeHCTBA (29) nmeeMm:

oy (Lt)[°
ot

2
—— | dxdz <

L(D)

Scs(llcolli(m+||f||f2<g)+||¢||;;(D)j+(2uz+b1+1)j

0

M dr,vte[0,T]. (38)

L,(D)
OTcroa B cuiTy JieMMbI [ pOHYOJI1a HETPYIHO YCTAHOBUTH cnpaBe)IJmBocn, OIIEHKH:

oy (.1) ? 2
ot

dxdz <

+2%Hw I

L(D)

scg[ncon;;w)wfn;zo,l(g)+||¢||;V§(D)} wefor]. @

Teneps ouennm cHavana V™ (x,t) B HOpme L, (D) mns moboro t [0,T]. C sroit nensro

dc” (t)

Kaxaoe K -oe ypaBHeHus cuctemsl (17) Ha cBoe . U BCE MOJyYCHHbIE PABEHCTBA
t

npocymmupyem 1mo K =1 1o k = N . Torza nmoiryueHHOe YypaBHEHHE HHTETPUPYSI 10 HHTEPBATY
(0,t) mmeem:

i

CymMMupysi 3TO paBEHCTBO C €ro KOMIUIEKCHBIM COIpPSDKEHHMEM M B IIOJyYEHHOM paBEHCTBE
npuMeHsis HepaBeHCTBO Komm-ByHSKOBCKOTO ¢ HMCIOJIb30BaHUEM YCIOBHM Ha KOA(QOUIMEHTHI
YpaBHEHHUS U OLICHOK (24), (39) HeTpy1HO yCTaHOBI/ITI) CIIPaBEJIMBOCTh HEPABEHCTBA:

7 (O = [0 )

L(D) L, (D)

s ol Aol | eloT],

rae C,>0 -nocrosunas we 3aBucur or N . Orcioga B cuiy HepaBeHCTBAa (36) momydnm

—N —N

ey L

v 2wy 22— afu O

|a2‘y/ ‘1// P jdxdr_If dxdz, vte[0,T].

CIIpaBCIJIMBOCTDb OLICHKHU:

o (0l = I

rae C, >0 -mocrosauas we 3aBucur ot N .
0 2
Teneps onernm " (x,t) B HOpMe W2 (D). C sroii nensto xaxmoe k-oe ypasHenms

02 +||f

oa +||§0 oo )],Vte[O,T], (40)

cuctemsl (17) Ha cBoe AT, (t) M BCe momydeHHbIe paBeHCTBA mpocymMmmupyem 1o K =1 0 k=N .

12



Torz[a MMOJIYYHUM CHPAaBCIIMBOCTL PABCHCTBA:

]UL(//N (X,tXde = J{i%(x’t)_i_ ial(X)V!//N (X’t)_l_v(X,t)‘//N (X,t)+

D

s,y () w (x ) f (x,t)} L7 (x.t)dx, vt [0,T]. (41)

W3 sToro paBeHCTBa C MOMOLIpI0 HepaBeHcTBa Komm-ByHSIKOBCKOro momydum cremyrolee
HEPaBEHCTBO:

oy (o[
HLl/l ( t)HL (D) — H l//at( ) L(D)+5,U22HVI//N (,t) iz(D)
w523y (o) +SVCOIE o " (O oy + B O o Ve 0T (42)

C nmomomnipto HepaBeHCcTB (31), (33), (34) u oreHok (24), (39), (40) u3 nocieqHero HepaBEeHCTBA
UMeEM:

2
P L R T A e L N

3meck C, >0 - mocrostHnas He 3aBucut ot N . Mcnons3yst ¢opmyity ais oneparopa L numeem:
| 0, =" (1) 20w (0]

SRS

OTCIO)Ia MOJIYYUM HCPABCHCTBO:
[ay" (1) —HLW e A

B sToM HepaBeHCTBe yuuThIBasi OLHKH (24) 1 (43) mOIy4YuM CHpaBeIMBOCTH OLIEHKH:

v O g <l 1ol | o

L (D)

L(D)

L (D) L (D) L, (D)

3meck C;>0- mocrosaHas we 3aBucut oT N . Vcmois3yst M3BECTHOE HEPaBEHCTBO (CM. [17],

crp.124) mist Beimykitoit oomactu D nmeem:

2
v ( 3 . <c Ay (Lt)] vteoT1. (45)
Torma ¢ MOMOIIBIO 3TOTO HepaBEHCTBA U3 (44) MOTYYUM CIIPaBEJIMBOCTh OLICHKH:

2

v ( . j,w <[0,T]. (46)
W(D)

3nech C. >0- nocrosinuas He 3aBucut ot N . Takum 00pa3om, ¢ momolsio oneHok (39) u (46)

[IOJIy4YUM HaM HYXKHYIO OLICHKY:

oy (.t
ot

2

N—"

02
W2 (D)

o™ (1)

e ] A RO N
(D) 2 2

L

rac ClG >0 - mocrosiuHas He 3aBUcHUT OT N . I/ICHOHB?»YH OTY OHCHKY U HCPABCHCTBO!:

N 2 W [de (1)) ou ()|
Sl « 3 O cpr . 2 CO o)
k=1 k=1 dt W2(D)
L(D)
c o6o3Ha4yeHneM C, = C,, MOJIy4HM yTBepxaeHHe TeMMbL. Jlemma | nokaszana
Temepb  NPOAOIKMM  JIOKA3aTeNbCTBO  TEOpeMbl.  PaccMoTpuMm  QyHKIMH
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|Nyk(t):(l//N (.’t)’uk)Lz(D)’ N,k=12,... U3 ouenku (19) U OPTOHOPMHPOBAHHOCTH (YHKIMiL

U, :uk(x), k=12,... cnexyer, uro cemeiictBo GyHKumii I, (t), N,k =1,2,... u uX MPOU3BOJIHbIE

dly (1)

ot N,k =1,2,... paBHOMEpPHO OTpaHUYCHBI HA OTPE3KE [O,T]:

e, (1) <y e (t)

dt

[Tokaxem, uro mnpu QukcupoBanHoM Kk u mpousBoiabHOM N =K  QyHKIHH

<Cg Nk=12,..Vte[0,T] . (48)

Iy, (t), N,k =1,2,... paBHOCTENIEHHO HEMPEPBIBHBI HA OTPE3KE [O,T]. JIeCTBUTENILHO HHTETPUPYS

k -oe ypaBHenue u3 (17) Ha oTpeske [t,t + At] , IMeeM:
t+At

[y (£ A =1 (1)) < J faOAWN(x,r)uk(x)dx

t [D

dz+

t+At
i
t

j(XT)(// (x, 7 )u, (x)dx

jla " (x,7) ‘Zz//N(x 7)u, (x)dx
t+At

+I jf(Xz’ u, (x)dx
t [D

Orcrona ¢ nomouiplo HepaBeHCTBAa Komm-ByHAKOBCKOro HETPYAHO MOJMYyYHUTh CIPABEAJIMBOCTH
HEPaBEHCTBA:

t+At

dr+ j dr+

J.iai(x)vw“‘(x,r)uk(x)dx ja(x)yx“(x,r)uk(x)dx

D

t+At

|

t

t+At

dr+ I dr+

dr.

o (t+ A8~y (1) <2y I 89" ()] o Tl o0

t+At t+At

+\/§/ul _[ HVWN ("T)‘ |_2(D)”l'jk”LZ(D)dT+ (/UO +b0) J‘ HWN ("T)HLZ(D) ”uk”Lz(D)dT—l_
t t

t+AL t+AL

| (o o ot 16
t t

T) L(D) ||uk||L2(D)dT )

Otcrona B cuity HepaBeHcTBa (31) u ouenok (19), (44), a Taxxke npennonoxenus (15) nmomyuum
CIPaBEIJIMBOCTb COOTHOILICHUSI:

[l (t+AY) =1 (1) < od AL Nk =1,2,..., (49)
rae Cg > 0- mocrosiauast ve 3aucur ot N, K,t.

HpOI/ISBOIDI HUHTCTPpUPOBAHUA I1I0 YaCTsIM BO BTOPOM M TPCTHLCM CJIaraCMbIX JIEBOM 4YacTu
ypaBHeHuid (17) u mosrydeHHBIE coOTHOIICHUS auddepeHuupys mo t, a Takke MHTETpUPYsS Ha

OTpe3Ke [t,t + At] , HETPYTHO TOJIyYUTh CIIPaBEIJIMBOCTh HEPABEHCTBA:

dz+

dly, (t+At) dly, | f
dt \ t

j Au, (x)dx

t+At
|
t

t+At
dr + J.
t

dr+

J‘iMV(al(x)uk (x))dx

2 ot

ja(x)%uk(x)dx

D T
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t+At

+ |

t

t+At

dr+ J. dr+

IV(X,r)a ( ) (x)dx
o

D

Ila —(‘1// ‘ (%, 2')) ((x)dx
t+AtJ.

dr+j
t |ID

t+At

*

t

X T)U dX

dr.

Otcrona ¢ momouipio HepaBeHcTBa Komm-ByHSKOBCKOrO HETPYAHO MHOJIYYHMTh CHPaBEIJIMBOCTb
HEpPaBEHCTBA:

|d|N ) t+At | e T)
| dt \ J LZ(D)O'T||AUK||L2<D)+
t+At ouM (.
b juw(.,Tj\LZ(D)dT”AuknLZ(D)+ Vo | %) de]vu, |, +
t t Lz(D)
t+At N
+(/,10+b0+\/§/,12) [ EC2 R
t T L,(D)
t+At t+At of N
+3a, H' ‘l// (%, r‘ lu (x)|dxdz + j % defu ], o) - (50)
t (D)

Tenepb OLEHMM YETBEPTOE CiaraéMoe IMPaBOl YacTW 3TOr0 HEpaBeHCTBA. B cuily HepaBeHCTBA

Kommu-byHsikoBckoro nmeem:
t+At

Ban

[P

D

x,r)ﬂuk (x)|dxdz <

<3a, ][ ‘l//”(x,r)rde [HV/N(x,r)muk(x)\zdezdr. (51)

Ecmu MIPUMCHUTH HCPABCHCTBO KOH_II/I-BYHHKOBCKOFO AJIst BTOPOTO MHOXKUTCIIA B IIOJUHTCTPAJIBHOM
BBIPpAXKCHUU npaBoﬁ 4aCTH 3TOro HCPABCHCTBA, TO UMCEM:

[gw<x,r>r\uk<x>rdx}zs[gwu,w [t \del. )

B cuity 3BeCTHBIX HEPABEHCTB (CM. [18], cTp. 84 u 88) umeem:
Ul o) = 20Vl o (53)

" (o) ) < Carllw™ (54)

Toraa ¢ yaereM HepaBeHCTB (52)- (54) u3 (5 1) HOJIy‘{I/IM CIIpaBeJIMBOCTh HEPABEHCTBA!
t+At

3ajj

t+At P
< 3020021"’12 _[ [_[ %
t

D
Ecnu yuecth 3T0 HepaBeHCcTBO B HepaBeHCTBE (50), To oTTyaa ¢ momombio oreHok (19), (39) u
npeanoyioxkenus (15) HeTpyIHO YCTaHOBUTH CTIPABETABOCTH COOTHOIICHHS:

Wz(D)

(x7) ‘ ‘u ‘dxdr<

L LU e (55)

Wz(D)

o (e dx] b
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dly, (t+At) dl
dt

rae C,, >0- mocrosaHas He 3aBucur ot N, K, t.

wi (1)) 1
" ‘SCZde(At)Z,N,k=1,2,..., (56)

0

dt

N,k =1,2,... paBHOCTENEHHO HEMPEPHIBHBI Ha OTpPE3KE [O,T] npu (PUKCUPOBAHHOM K U MPHU

N3 coornomenuit (49) m (56) ciemyeT,uTo CeMEHCTBO (YyHKIIUH {IN’k (t)},{

npousBoibHbIM N >k .Torma OOBIYHBIM — JUArOHAILHOM — IIPOILIECCOM  MOXEM  BBIIAEIHTH
noxnocnenosatenbHocts N, ,M=12,.. u ux no xoropoit ¢ymkmuu |l (t),m=12,... u ux

dl, (1)

MIPOU3BOHBIC ::iét’ m=12,... CXOIATCS PaBHOMEPHO Ha OTpe3Ke [O,T] K HEIMpepbIBHBIM

d, (1)
dt

UX MIPOM3BOJIHBIC OMPEACIISIOT ()YHKIIUH:
1//(x,t):ZIk (t)u, (), (57)
a'/’(x’t)=idlk(t)uk(x). (58)

byskuaM |, (t), , COOTBETCTBEHHO, JJIsl Kaxnaoro Kk =1,2,.... dyHkiuu Ik(t), k=12,.. u

Jlanee, nelicTBys Kak U B paboTtax [10,11] , MOXXEM YCTaHOBHTb, YTO IMOATOCIEIOBATEIIHHOCTH

N,, 2
{l//Nm(X,t)},{al//—(x’t)} cxomaTcss cnabo B V(\)/z(D), L,(D) coorserctBenHO K (hyHKIMAM

ot
oy (xt)
y/(x,t), Y omnpezaeneHHbIMHA popmynamu (57), (58), paBHOMEPHO OTHOCUTENBHO t € [O,T] u

npenenbHas QyHKIusS l//(X,t) HPHHAUICKHUT IPOCTPaHCTBY B .
Teneps mokaxkem, 4To npejaeabHas GyHKIUsA ¥ (X,t) sBIsieTCS perieHueM 3anauu (1), (2) B

cMbiciie ompeneienus 1. C 9ToM Iepl0 CHayala JIOKaXKeM, 4To 3Ta (DYHKIMS YIOBICTBOPSET
ypaBHenuto (1) mns mourn Bcex XeD wm mo6orote[0,T]. ITosromy mpu N =N_ k-oe

ypaBHeHHe U3 (17) yMHOXMM Ha HeTpephIBHYIO (DYHKIHIO 77, (t) U TIOJYyYEHHBIE YPaBHEHUS

cxnageiBaeM o K otk =1 g0 N'< N_.. Toraa momyuum:

oy (x,t N, \
j(u%—w (k) +ia, ()7 1™ (x8)-a()p* (x)+

+V(X, Dy (x, 1)+ |a2‘1// (x,t ‘1// "(x,t)— f(xt)r?“mxt)dx 0,vt[0,T] (59)
Jutst 60l QyHKuu 7" i (t (x), N'<N,.

B cuny Toro, uro {l//Nm(X,t)} npu M —> 00 paBHOMEPHO OTHOCHUTEIBHO K (QYHKIHH

2
w=w(xt) u npocrpaHcTBO W 2(D)xommaktio  Bioxeno B L,(D)(em.[17.18,21]),
TIO/ITIOCTIEI0BATETLHOCT {t//Nm (X,t)} npu M —> o0 pasHomepHo oTHocuTenbHot €[0,T] cumbmo

cxoautes B L, ( D) K QYHKIUH Y = l//(X,t) , TO €CTh
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(0w (.0)] oy 0 ©

PaBHOMEPHO OTHOCHUTEIIBEHO te[O,T] nmpu M—>00. M3 3TOro COOTHOUIEHUS CIEAYET, YTO W3
N

{w m(X,t)} MO>XHO BBIJICIIUTH TOJIOCIIEIOBATEILHOCTh, KOTOpasi PaBHOMEPHO OTHOCHTEIIHHO

te [O,T] 1OYTH BCIOAY B obmactu D k dyukimu y = l//(X,t). DTy MNOANOCNIeA0BATEILHOCTD IS

IIPOCTOTHI CHOBa 0003HAUYMUM uepe3 {t//N”‘ (X,t)}. Torga MoxeM HamucaTh CIEAYIOLIEE NPEAEIIbHOE
COOTHOILIEHUE:

p" (x,t) >y (x,t) mourn eromy B D (61)
PaBHOMEPHO OTHOCHUTENBHO € [O,T] mpu M —> 00, Kpome Toro, B criry paBHOMEpHO# otieHkH (19)

u HepaseHctsa (31) mpu N =N, a Takxke HepaBeHCTBa

! (D) : HWNm ("t)Hl(D)

2
oot
2
W3 U3BECTHOM JICMMBI (CM. [18], ctp. 530-531) momy4um, 9To {‘l//Nm (X,t)‘ whin (X,t)} npu M — 00

PABHOMEPHO OTHOCHTEIIBHO tE[O,T]CXOl{I/ITCSI cna6o B L,(D) k dpynxuun ‘l//(X,t)‘zl//(X,t), TO

ecTh IIpu M — 0

wam(x,t)‘z,/,”m(x,t)ﬁN’(x,t)dx—> ﬂw(x,t)\zw(x,t)ﬁ'“’(x,t)dx,Vte[o,T] (62)
D D
11t JII000H (YHKIUH 77k i (t) (x), N'< N, HenpepbiBHO Ha OTpe3Ke [O,T] B HOpME
k=1
L,(D). Mcnomssys 5To  HpejeNbHOE  COOTHOLIEHME M CBOHCTBO  CXOJAMMOCTH

MOJOCIE0BATEIbHOCTH {l//Nm (X,t)} K (QYHKIUU l//(X,t) , €CIIH TepPEeXOJUTh K TMpenely IpH
M —> 00 B UHTETPaAILHOM TOXeCTBE (59), TO MOTYUHM:

I[i%x’t)“'J‘OAV’(XJ)JFié‘i(X)VW(X,t)—a(x)g//(x,t)Jr

D

+V(x, (X, 1)+ |a2‘z// X, t ‘1// X,t)— f(x,t)ﬁ“’(x,t)dx =0,vte|[0,T] (63)

U1l T000H PyHKIIUN 77k Zryk t)uk , N'< N.. BBugy toro, uro Bce (yHKUIMH BHAA

\
N(x t):Zﬁk (t)uk(x), KaK NpoOHble (QYHKIUK MIOTHBI B CO([O,T], LZ(D)), HENoCpPeICTBEHHO
k=1

U3 ToxkaecTBa (63) momyduM, 4To mpeaenbHas QyHKuus (X,t) uts mroboro t e [O,T] U JUISL TIOYTH
Bcex X € D ynoneTBopsieT ypaBHeHuIo (1). BhimonHeHHe HAYaJIbHOTO M TPAHUYHOTO YCIOBHH (2)
IUTS TIpeieNIbHON (PyHKIIUU l//(X,t) CJIelyeT U3 TOTO, UTO UMEET MECTO MpPEAeTbHOE COOTHOIICHHE

(60) mpu t =0 u npoctpancTBo B, KommakTHO BiOXeHO B L, (S) :

Takum o0Opa3oM, HaMHU [OKa3aHO, 4YTO IpelesbHas (DyHKIUSL l//(X,t) ABIISICTCSI PELICHUEM
HavaJIbHO-KpaeBoil 3anaun (1), (2) u 3T0 pemieHHe NMPUHAIIEKUT NPOCTPaHCTBY B, m it storo
pelieHus crpaBeyiBa olieHka (7), KOTopas HEMOCPEJICTBEHHO ciexyeT u3 oueHku (19) mocne
nepexoja K HIKHEMY Ipefesly IO cj1ad0o CXOAsIIeiics MoAnocae10BaTeIbHOCTH {l//Nm (X,t)} u3
B, x dyHkImu (//(X,t).
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Tenps npopomkas 10Ka3aTeIbCTBO TEOPEMBbl YKa)KEM €IWHCTBEHHOCTh PEHICHHS HadajbHO-
kpaeBoit 3amauu (1), (2) . IlycTts (//(X,t)n CD(X,t)z[Be mo0bie pemenus 3amaun (1), (2) . Ilycts
W(X,t)Zl//(X,t)—(D(X,t). Torpa u3 ycnoBuit (1), (2) scHo, 4TO W:W(X,t) OyJeT pelieHuemM

CHCI[yI'OH_[eﬁ HaanBHO'KpaeBOﬁ 3aJa4u:
i %N +a,Aw+ia, (X)Vw —a(x)w+v(x, t)w + ia, wa +|@|” )N+ ia,pdW =0,(x,t) e Q, (64)
w(x,0)=0, xe D, w|s=0, (65)

VYcTraHOBUM OIEGHKY Ui pemieHust 3Toi 3agaun. C ATOW IeNbl0 YMHOXHM ypaBHeHue (64) Ha
byHKIHIO V_V(X,t) ¥ uHTErpHupyeM 1o obmnactu €2, . Mcnons3ys rpanuunoe ycnosue u3 (65) u dop-

MYJIYy HHTCTPHUPOBAHUS 110 YACTAM B ITIOJTYUCHHOM PaBCHCTBEC, UMCCM:

J'(i W a,[VW” +ia, (x)Vww —a(xjwf” + v(x,t]w|2jdxdf +
+ J.(la2 (]z//| +| | )W| +ia,yd(W )jxdr 0,vte[o,T].

U3 3TOr0 paBeHCTBA BBIUTEM €ro KOMIUIEKCHOE CONpsbkeHHe. Toraa, UCTonb3ysl TPaHUYHOE YJIOBHE
u3 (65), mosy4uM CIpaBeAJIMBOCTh PAaBEHCTBA:

ii(z\’:w+?—2’wjdxdr+|2a2j(|w| +|@| )|w| dxdz =-i2a, '[Im[ (W) ]dxdr—
ay;(X)
—i w| dxdz.
! Jle o Wi
JUISL JTFOO0TO te[O,T]. Otcroia B cUly HayaJbHOTO YCJIOBUSA U3 (65) MOIyYUM CHPABEIJIMBOCTD

CJICAYIOIICTO HCPABCHCTBA:
(O o, + 28 j (v +[[" ) wi*dxd < 2a j ly||||w[* dxd + 24, j [’ dxdz

l
s moboro te [O,T]. W3 sToro HepaBeHCTBA C MPUMEHEHUEM HEPaBCHCTBA 2|1//||CD| < |1//|2 +|CI)|2

NMEECM:

||W(.,t)
s mo6oro t €[0,T]. C nomousto emMmbl T'poHyoITa MOTYYHM CTIPABETUBOCTS COOTHOMIEHHUS:

Jw(..t H ,=0vte[0T],

L2(D)

t
iz(D) + an'!: (ll/’lz +|‘D|2)|VV|2dXdT < 2#2_([”\’\/(" 7) 2

KOTOPOC NJOKa3bIBA€CT COOTHOHICHHUC!

w(x,t)=0,YxeD,vte[0,T].

W3 sToro cremyer eqMHCTBEHHOCTh PEIIeHUsT HadaabHO-KpaeBoit 3anaun (1), (2). Teopema 1 nokazana.
2. CymiecTBOBaHUE U €IMHCTEHHOCTh PellieHUsI BTOPOil HAYaJIbHO-KPaeBOM 3a1a4u
PaccMoTpuM crenyioniyr HauyaldbHO-KpaeByr 3agady o0 omnpeneneHuu (HyHKIUN

w =y (xt) Bobnactn Q u3 ycrosuii:

i %ﬂ +a,Ay +ia, (X)Vy —a(x)y +v(x, Oy +ia, |y w = f(x,t),(x,t) e Q, (66)
0
W(x,o)=¢(x),xED,a_VV’|s=o, (67)
roe 1= J-1 ; a,>0,a,>0, - 3agansble umcra, V -BHEIIHSAS HOpMaylb TrpaHumbl [,
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A—i+i- orepatop Jlammaca, V= i i —omneparop HabIa a(x) V(X)- HU3MEPHUMBIC
aXlZ a)(g p p ] axl ! axz p p ] 1 p

OrpaHUYCHHBIC (I)YHKI_[I/II/I, YAOBJICTBOPAIOIIHC YCIIOBUAM!

0
ty<a(x) <, VYxeD, uy, 1 =const >0; (68)

av(x,t)
ot

v(x,t) <, <bh,, @(x,t) e Q,b,,b, =const > 0; (69)

q ( X) = (aﬂ ( X) P (X)) -33/laHHasi BEKTOp (YHKIMsI, KOMIIOHEHTHl KOTOPOW Y/IOBJIETBOPSIOT

day; (x)

OX,

YCIIOBUSM:

‘au(x)‘ﬁﬂm < Mg, VXeDJk 1,2, 4, p; =const >0:

a;(x) =0,j=12. (70)
gD(X), f (X,t) - KOMIIJICKCHO3HA4YHbIC (bYHKI_II/II/I, YAOBJICTBOPAOIIUEC YCIIOBHUAM:

(pEWz D),—/—
2( )8v

=0, f eW,"*(Q). (71)

r

ScHo, uTo 3amava 00 ompeneneHUN QYHKIUUA Y = l//(X,t) u3 yciosuit (66), (67) sBusercs

BTOPOH Ha4aJIbHO-KPAEBOM 3aJa4eil Uil ABYMEPHOIO HeNMHEHHOro ypasHeHus lllpenunrepa Buna
(66).

Onpenenene 2. ynxuuio ¥ = (X,t) n3 npocrpanctsa g, =c([o,T]wz(D))NC ([0.T].L (D))
OyzeM Ha3bIBaTh 0000LICHHBIM perueHueM u3 B, ecim ona ynoBnerBopsieT ypaBHEHHIO (66) mis
no4tu Bcex X € D u moboro t e [O,T] , @ HAYaJIbHOMY U KPacBOMY YCIIOBHSIM (67) IUIsl TIOYTH BCEX
X e D u s mouTtH Bcex (§ ,t) € S, COOTBETCTBEHHO.

Teopema 2. [Tycts dynxman a(x), v(x,t), a,(X), ¢(x), f(xt) yrosrersopsior ycrnousm

(68)-(71). Torma wHayambHO-KpaeBas 3amada (66), (67) uMeeT CIUHCTBEHHOE pEIICHHUE W3
npoctpaHcTBa B, m 1is 9TOrO perieHus crnpaBeainBa OleHKa:

o ()] g, + 2220

rae C,, > 0-nocrosinHas He 3aBucur ot ¢, f u t.

(72)

<Cp (”¢”W22(D) +|| f ”Wzo'l(Q) + ”¢”3v§(o))’ vVte [O’T ] ,

L,(D)

o[

JlokazaTenbCTBO A3TOM TEOPEMBI MPOBOAMTCS TaKXKE METOAOM [alepkuHa aHAJIOTUYHO
o 2
noKa3atenbcTBy Teopembl 1. B atom ciydae B kadectBe (yHaamenrtanbaoit B W, (D) CHCTEMBbI

¢GyHKUMH BBIOMpAacM OPTOHOPMHPOBAHHYIO B LZ(D) U OpPTOrOHAIBHYIO B WZZ(D)CI/ICTCMY

Gyskmii - U, =U, (X), k=12,..., Hanpumep, cHuCTeMy COOCTBEHHBIX (YHKLIUH CIIeIyIOIEN
CIIEKTPaJIbHOM 3a/1a4H:
LX(x)= X (x),xe D, %] —0 (73)
ov|.
npu A=A, K=12,..., rne oneparop L onpenensiercst popmynoi:
L =-a,A+a(x)
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XULASO

Isdo tonliyin omsallari mokan vo zaman dayisonlorinden asili olan, 6lglilon mohdud
funksiyalar oldugda geyri-xatti hissado tomiz xoayali omsalli xiisusi gradient toplanan ilo ikiolguli
geyri-xatti Sredinger tonliyi ii¢iin baglangic-sarhad masalalaring baxilir. Bu zaman birinci va ikinci
baslangic-sarhad masalasinin sanki har yerds hollinin mévcudlugu vo yeganoaliyi hagda teoremlor
isbat olunur. Teoremloarin isbati Qalerkin tisulu ilo aparilir.

ABSTRACT

At this work explores the initial-boundary value problem for two-dimensional nonlinear
Schrodinger equation with a special gradient term with purely imaginary coefficient in the nonlinear
part, when the coefficients of the equation are measurable, bounded functions depending on spatial
and temporal variables. At the same time we prove the existence and uniqueness of solutions almost
everywhere the first and second initial boundary value problem. Theorem proving is carried out
using Galerkin method.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli qorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).
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TAM SOKILDO QILBARQ-SERRIN TONLiYi UCUN DiRiXLE MOSOLOSININ VINER
MONADA UMUMI HOLLININ VARLIGI
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Tutag ki, DCE, - n olcilu Evklid fozasinda mohdud oblastdir. n=3 0O2=D,

X =(X,, X, .., X, ). Homginin D hamar vo ya hisse - hisso hamar D sorhadino malik, rabitoli
oblastdir.
Bu oblastda tam sakilli Qilbarg-Serrin tonliyi Gglin birinci sarhad mosalasi - Dirixle masalasi
asagidaki kimi qoyulur.
Lu=f,xeDU/, =9, (1)
Burada L operatoru asagidaki kimi tayin olunur.
L2 03225 (9-2 4 o(-u(0)
— A+ u(r +> b (X) — +c(X) -u(x
# T rtooaxox; T 0x
Bu operator tam sokilli Qilbarg-Serrin operatoru adlanir. Tonliya vo operatora daxil olan
funksiyalar {igiin asagidaki sortlor verilir.
f(x) eC*(D), (Burada a parametri 0 < x < 1 araliginda verilir). @(x)e C(éD)
b(x)eC?(D) (i=T1mn), Cx)ecD)

D oblastinda toyin olunan U(x) funksiyas: iigiin C"‘(D) (xe(01)) fozasinda asagidaki
sonlu norma ilo verilir:

U 20) = suplu(x)+ Sup Muc((y)
X,yeD x-y]

x#y

Qeyd edok ki, bu masalanin ¢akili Sobolev fazalarinda zaif vo gucli hall olunabilanliyine
baxilmig vo mishat noticalor aldo olunmusdur. Indi isa hamin mosalonin qoyulusu bir o godor
modifikasiya olunaraq, yeni formada goyulan mosalonin Viner monada Umumilosmis hoallinin
varligina baxilacaq:

Tutaq ki, D" = D\ {0}, a — iso qeyd edilmis sorbest ododdir. (a € R). Onda modifikasiya
olunmus masals asagidaki kimi qoyulur:

L,=f,x€D), U= =eU0)=a )

Basqa sozlo, O nogtesi D oblastindan ¢ixarildigdan sonra, hamin noqtads funksiyanin
aldig1 giymot mosalonin qoyulusuna daxil edilir.
,u(r) funksiyasi agagidaki sokilda verilir:
ulr)ec*(D), d, <u(r)<d,, dy>n—2, d, <o (3)
Indi iso (2) mosalosinin Viner monada timumilosmis hollinin varligia baxaq:
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Tutaq ki, {D}, M = 1,2,... ikigat hamar sotho malik, genislondirilo bilon oblastlar ardicilligidir.
Bu oblastda approksimasiya olunmus, asagidaki sortlori 6doyan D,, alt oblastini daxil edok:

D,=D, D,<Dus  |limD,=D

m—oo

Homginin D oblasti daxilinds yerloson asagidaki sferalar ardicilligina baxaq:

S:{x/ ! } m=12,...

X=—
m
Bu sferalarin ortiiklori ardicilligi iso

Q, = {x/|x| < i} m=12,..
m

olsun.

Tutaq ki, D,y = Dy \ @y, m = 1,2, ...

Gostormok olar ki, m—in kifayst qodor bdyiik giymatlorinds do D,,, oblasti D —da bos olmayan
coxluq olur.

limD,,=D,
Forz edok ki, ¢(x) funksiyas: 0D —da kosilmoyen funksiyadir. Onun obrazini ®(x) ilo isaro edok.
m natural adadina gors asagidaki Dirilik masalolor ardicilligina baxaq: Luy, =f, x€
Dy, Unly, =®lp, + Unls =2  (Sy- sferanmn sothidir) (4)

(4) masalasinin Viner monada Umumilosmis hollo malik oldugunu vermoakls, goyulan mosalonin
hallinin varligina da oxsar metodikani tatbiq etmis olurugq.

Tutag ki, U, (x)=]imUn.(x), xeD" limiti var.

m-—oo

U,(x) -2 u(x) funksiyasmin 0D —do (soth Gizorindo) davametdirilo bilon izi deyacayik (onu
ardicil yaxinlagma iisulu ilo tapiriq). Homginin U (p(x) funksiyasina modifikasiya edilmis birinci
sarhad masalasinin tmumilogmis halli do deyacayik.

Belalikls, qoyulan masalonin hallinin varlig1 asagidaki teoremlo isbat olunur:

Teorem: Tutaq ki, (r) funksiyas: (3) sortlori ilo verilir, onda hor bir ¢(x)e C(6D) funksiyas:
va istanilon @ € R hogigi odadi tigiin modifikasiya olunmus (2) — Dirixle masalasinin Viner monada
Umumilosmis halli var vo

U,(x)eC?(D’) oldugda (xeD’)
LU, (x)= f(x) olur.

Isbat1: Bu teoremi ishat etmak tictin moalum metodikadan istifads edacoayik.©vvalca géstaracayik

ki, umumilosmis U (p(x) funksiyasi, onun sorhaddo go(X) funksiyasina yaxinlagsma tisulundan asili

deyil. Oksini forz etmokls, yoni @,(x) vo ®,(x) kimi iki mixtolif funksiyamin da serhoddo ¢(x)
funksiyasina davametdirils bilon funksiyalar oldugunu qobul edak, Urin(x) Dirixle masalasinin halli

oldugundan
, U,

Dy, m

LUl =f, xeD!, U/

m

=@.

oD, !
Burada i=12,..., m=12,.., onda ixtiyari m natural odadi tgun
@y () =y, (x)—ug (x)
funksiyasi da bu Dirixle masalasinin halli olar.
Lw, =0, xeD,, o, = -,

=a
Sm

o,|, =0

)
oDy,

Maksimum prinsipina gors isa
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sUupw,.. SUup w, sup|d,—>D
SUpC()m max{aDp m | E m}<aDp‘ 1 2‘

m m m
Analoji olaraq gostars bilorik ki,
inf «w,,, = min 5g:‘q Dm ,"“S:nf')m} < gg:?lcpl—@z
Naticads aliriq ki,
sup|ay,| - sup|®, —d,| (5)
m aDm
Digor torofdoan iso

lim sup|®,—®,|

oDy,

(6)

Beloliklo, ®,(x) vo ®,(x) funksiyalar1 sorhoddo ¢(x) funksiyasina yalmz birgiymotli
davametdirils bilor. m — oo olduqda dD,, — dD. (5) va (6) — dan aliriq ki,

Iim Sup‘a)m‘ =0

m—oo

oD,

Buradan da gorinar ki, U (p(x) funksiyasinin da sarhaddo (D(X) yaxinlagsmasi da homin gaydadan
asili deyil.

Indi isa, istonilon M natural odadi lgiin um(x) funksiyasiin (4) mosoalasinin halli oldugunu
gostorak:

Tutag ki, i, j=1...,n, xeD,

m

aq;; (X) =08, + ﬂqXDXin

X

Burada &; Kroneker simvoludur. x,y e D, Ugin

XiX; YiY; X X; Yi¥;i XiX; VYiY;
‘aii(x)_aij(yxz IUQXD 2J _'U(M) 2J = ,u(JX|) 2J _IU(M) 2J +quyq ZJ - 2J =L+
X ¥ X v X"y
(7)
(3) ifadasindan istifads etsok, alariq:
i <[p(x) = puly) < cifx—y[" (8)

Burada ¢, u—don asili sabitdir.
I, Uglin do agsagidaki barabarsizliyi gostarak:

XiX; VY : 0 | XiXj
F-—5=d Z(Xk Yk)y[ |ZJJ
k=1 K

I [x
yerlosir)
Alman son ifadays diqgst etsoak,
o | X% ij _ 5ik)2(1 N 5ak>2<i 5 xixj4xk
SAURN L A R X

I, <d, (0 parametri X vo Y doyisonlori arasinda

x=0

olur va buradan da
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o (X% | 4

X )Tl

borabarsizliyinin dogru oldugu almir. @ € D, vo naticodo |6] > L olur. ona goro do
m

i, = 4d,m> |x - y,| <4d,mVn[x—y| <c,|[x—y|["m (9)
k=1

dogrudur. Burada ¢, sabiti # vo N —don asilidir. Axirda da (8) vo (9) ifadslorini (7) — do nazars
alsaq,

‘aij (X)_ aij(yj < (C1 + Cz]X - Y|a
Hansi ki, bi, j=12,... X Yye D,'n
Belaliklo, baxdigimiz operatorda omsallar D alt oblastinda Holder sortini 6doayir. Digar torafdan
oD, =C?, f(X)zC“(D) oldugundan Sauder teoreminin sartlorini nozars alsaq, istonilon m
natural odadi Gglin Um(X) funksiyasinin (4) masoalasinin birgiymatli halli olugu alinir.
Un(x)C*(D;)nc(D;)
Bununla da teorem ishat olundu.
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ABSTRACT

The solvability of generalized Viner Dirichlet problem for cauplate
form Gilbarg-Serrin equation
The right hand side of this equation belongs to the space of functions which are quadratic summable
with some power weight. The Viner generalized (Viner monada Umumilosmis) solvability of the fist
boundary valiue problem for cauplete form Gilbarg-Serrin equation is established. The modified Dirichlet
problem which accords to the firt boundary valiue problem for cauplete form Gilbarg-Serrin equation is
constructel and it is uniquely classical solvability is proved.
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Moan(UIMpoBaHHas 3ama4a Jlupuxiie COOTBETCTBYIOIIAs TIEpPBOI KpaeBoil 3amave /Uil ypaBHEHUs MTOJIEHOE
¢dopmel ['unbdapra-CeppurHa, 1 JOKa3aHa ee OAM03HAYHASL KIaCCHUECKas pa3pelinMOCTb.

NDU-nun Elmi Surasmin 20 may 2017-ci il tarixli gorar1 ilo capa
tovsiyya olunmusdur. (Protokol Ne 09).
Moagaloni capa toqdim etdi: Fizika Uzra falsafo doktoru, dosent
F.Qocayev
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ABYJIb®A3 MAMEJOB
Haxuuesanckuti I'ocyoapcmeennwiii Ynusepcumem
YK 517.946

O PETYJIIPHOM PASPEHIMMOCTH OJHOI'O KJIACCA OIIEPATOPHO-
JUOPEPEHIHHUAJIBHBIX YPABHEHUMU IIATOI'O ITIOPAJKA HA BCEX OCHU

Acar sozlor: normal operator, Hilbert fazasi, operator-diferensial tanlik, requlyar hall,
requlyar hall olunanhq

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

KiroueBble cii0Ba: HopmanvHulil onepamop, uibbepmogo npocmpaHcmeo, OnepamopHo-
ougpepenyuanvroe ypasuenue, pe2yiapHoe peulenue, pe2yisapHas paspeuumocns

PaccMOTpuM IOJIHOE ONepaTopHO-Au(p(epEeHIHATBHOE yPABHEHHUE MIATOrO HOPAIKA
5 4 _
U0 L oAU+ 3 A () = 10t R = (00)
j=0
®

rae f(t),u(t) BekroposHauynbie (QyHKIMH CO 3HaYcHUAMH B H , a omepatopHbie KO3 GHUIHCHTHI
YJIOBJIETBOPSIIOT YCIOBHUSIM:
1) A HoOpMaibHBIM OOpaTHMBI  OIEpPaTop, CIIEKTP KOTOPOTO COAEPXKHUTCS B

YIJIOBOM CeKTOpe S = {l larg A <el<e< %} ;
2) oneparopsl B; = A, A71(j=15) menpepsBusl B H ;
a’,te(0)),
3 p)=1 |
[t e[l ),

rne a.>0,>0 nu a=pf.
Onpenenum claeayoIre THIHOEPTOBO MPOCTPAHCTBA:

L,(RiH)={f : f(t) e Hnoumunpuscex teR u ||f

w , JA
LR:H) [ _[” f (t)”H dtJ <o},

2

d°u 2

— +HASUL(RH)<OO .
dt L,(R.H) 2

OtMmeTnM, 4YTO 3]€Ch NPOM3BOJAHBIC IIOHMMAIOTCS B CMBICIE TEOPHH OOOOIIEHHBIX
¢bynkumii [1].

[Ipu BBMONHEHMH ycnoBus 1) omepatop A mpencrasnserca B Buge A=UC, rme U
yuutapubiii, a C monoxurensno onpenenénnsiii oneparop B H, npuuem npu x € D(A) umeer

A*X

5 d°u s
W, (R,H) =<u :F’A ue L, (R;H),|ul

2
WS (RH)

MECTO PaBeHCTBO |AX| :‘ =||cx| u UCx = CUX , 3necp A’ conpsixernbiii oneparop ¢ A.

25



O6o3HaunM yepes {H y} (0 <y <) TUABOEPTOBO MIKATY MPOCTPAHCTB IMOPOKIEHHBIH
omepatopom C,1.e. H, =D(C”),(x,y), =(C"X,C"y);X,y € D(C").
Onpeoenenue. Ecnu npu mobom f(t)eL,(R;H) cywecmsyem u(t) eW, (R;H),

yooesremeopsioujee ypasnenuio (1) noumu écrody ¢ R u umeem mecmo nepasencmeso
Wi Rty S const||f

L(RH)’
mo ypasneHnue (1) 6ydem Hazvl8amv pecyiapHo pa3peutumbiM.
Omnpenenum cieayroIue onepaToph:
d®u 2 -
Pu = T ———+ p(t)Acu, P1u=ZO:A5,ju(’),
j=
3mech U eW25 (R; H ) Tornaa ypaBHenue (1) MOKHO HAIKMCaTh B BUJE

Pu=Pu+PRu=f,
e feL(RH), ueW?(R;H).

B nannoii pabote, npu HEKOTOPBIX OTPAHUYCHUAX HA KO3 ULmeHThI, OyJieM J0Ka3bIBaTh
TEOpEeMY O PEeTYJSIpHOU paspemmmoctu ypaBHeHus (1).

CrniepBa 10KaKeM CIIEIYIOIIYIO TEOPEMY.

Teopema — 1. Ilycmo svinonnsiemes ycnosuu 1) . Toeoa ypaenernue

d°u
Pu= u= f(t 2
oU = (t) )
Ppe2YIAPHO PaA3peuumo.
JlokazaTeabCTBO.
O0603HaunM yepes
_100-5 55*1oo i(t—s)&
ul(t)—z_[o(lf E+a®A®) [_[of(s)e =) ds |d& ®3)
1
1 T(es s s YL T i(t—s)& , 4
UZ(t):Z;[O(I(f E+B°A°%) [.[Of(s)e( ) ds]dg‘: 4)

3neck E egmHuunsbiif oneparop B H.
OueBunHo, uyto U; (t)n u, (t) YIOBJICTBOPSIOT  COOTBETCTBEHHO  YPaBHEHUIO
5 5
d’u —+ aA®u = f U d g
dt dt
u (), u, (1) eWS (R H).
OueBuaHO, yTO MMpeodpazoBanue Pypbe BekTop-pyHkuuu U, (t) UMeeT BUJL:

+ B°A%u = f OYTH  BCIOAY B R. ITokaxkeM,  4TO

u ()= E+ra®A?)" 17(2), (5)
rae f A(f ) Hpeo6pa303aHHe ®ypse Bektop-dymxmusa T (t). Torma no Teopeme Mnanmepens
d®u, A A 2
”ul”w;(R H) dt5 L (ReH) + HAS HL (R:H) - Hé et (é:)( L(R;H) + HASul (51 L,(R;H) (6)

W3 crnekTpanbHOTO pa3oXkeHus omepatopa A cieayer, uto mpu mobom & € R mmeer
MECTO OLICHKH:

NESTYSRE Sup
/160'

f’(g TIRE

5(i§5+a lu5e5l(p) ‘S

o
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< Supys 510 +0(10,ulo _ 20(5#5'5'5 sin 5¢‘_% < Sup,u5|.§1° +0£10,ulo _(510 +alolulo sin 2 5¢J*% <
>0 >0
ﬂ)‘ﬁg ﬁ)‘sg
< ()
o’ cosbe

C yuétom (5) u (7) moygaem, 4To

Iaup(e) = |AEE+atA) A(g)(

<
L(R;H)

Lz(R?H)

5(: £5 552 A 1 A
<|pelieer a1, e = sy 1€
Torna sico, uto A’U. (£) € L, (R; H).

Teneps 1oKaxkeM, 4TO §5uf(§)e L, (R; H).
Tak xak

|6°0 (), ) =

R;H)

L(RH)

(i E+a*A)"

55(i§5E+a5A5)’1fA(§j

(&)

< Sup LRH)

L(R:H)

(8)

= sup|e(i£°E +a° A )"
3

'Hf(tMLZ(R;H)’

TO OLEHUM HOpMY [&£° (i EE+a’A )_l

Hcmonb3yst cHeKkTpanbHOe pasnoxeHue omepatopa A, mpu mobom & eR - uMeeM:

§S(i§5 +a®|2" (cos5p + isin 540))7l

E(EE+a’A )1H = sup |£°(ie? +a515)’1‘ — Sup <
Aec(A) Aeo(A)
< Sup 55(i§5 +a® 11°(cos5¢ + isin 5(p))_l‘ = Sup|¢ 5‘055;45 cos5¢ + i(§5 +a°u® sin 5g01_1 =
fﬁ;’ ¢">§5
= Supl&[ (X" cos? 5 + £ + 265 1 sin 5o+ & sin ? 5p) 2 <
foi<e
< Su0p|§|5(§1° + '™ — 2|8 o u® sin 5¢)’}/2 < Su0p|§|5(.§1° + a0t )% (1-sin 5p) %2 < (1-sin 5e) 2.
r(lpTSg ﬁ;ﬁg

Takum obpa3zom, mipu m06om & € R

£ +a5A5)_1H < (L-sin 5¢) 2.

C yuétroM 5TOro HEpaBEHCTBO B (8) moiyyaeM, 4To

R 1
H‘fsul (QZX‘LZ(R+:H) : W” f (t)|Lz(R+:H)'

Orcrozia BeiTekaet, uto E°U; () € L, (R;H).
Crnenosarensro, A’U) (&) e L,(R;H), &) («f) el, (R; H) u ioatomy U, (t) eW, (R;H).

AHajoruyHo goKasbiBaercs, uto U, (t) e W, (R;H).
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OO6o3naunMm  yepes ¥, (t)I/I v, (t) cyxenus Bekrtop-¢pyukimi U (t) u U (t)
cootBerctBerno Ha R_ u R,. Torma Wl(t)EWZS(R_; H ), W, (t) EWZS(R+; H) U TI0

Teopeme o crenax ([1]) l//i(j)(())G Hs—j_i’ i=12 j=04.
2
TlocTpouM BeKTOp-QyHKITHIO

u(t) = o,(t) =w, () + eajitA@l + eaﬂStAQ’z ,te R =(-00,0]
0,(t) =y, (1) +e”" o, + eﬂﬂgtA(Pzt +e" g teR, =[0,),

(k=D7 .. (k=Dr
5 5

rae 4 =COS (k =15) xopau ypasrenns A +1=0, a ?; (j =l_5)

MOKa HEU3BECTHBIE BEKTOPHI U3 Hy. O4eBUAHO, YTO BEKTOP-(QYyHKIUS U(t)f{BJ‘IHeTCSI o0IIHM
2

pemennem ypasuerus (1). [lonGepem @ (J =1,_5) TaK 4TOObI U('[)EWZS(R; H ) Toraa MOMKHBI
OBITh Ql(k)(O): 6’2('()(0), k=0,4. Orcroma MOJTlydyaeM CICAYIONIyI0 CHCTeMY YypaBHEHUI
OTHOCHTENBHO @, ] =15:
O+ P, — 03— P — 95 =,(0)- %(0)
aAp, +Q2sp, = Blops = Blapy — BAugps = A (y5(0)-1(0))

A+ &P i, = PR A5ps — B A5, — B Aps = A (w5 (0)-wl(0)) - ©)

R+ R0, = BAps = B, — B g = ( m(o) (0))
o' By + @ Bop, - B Rps — B A~ B Fops = Ay} (0)- " (0))

W3 teopeMbl O cienax BBITEKAeT, YTO  y, , = A~ (1//2 0) - 1//1(")(0))6 H /(k=0_4) u
— 5 _
MO3TOMY }(—(}(1,}(2,}(3,;(4,}(5)6H%—H%XH%XH%X % %
Cucrema (9) uUMeeT CIICTYIONTYI0 OCHOBHYIO OIIEPaTOPHYIO MAaTPHILY:
. E E -E -E ~E ]
aArE  aAE -pALE -pAE -pBAE
A, =|a’XE o’ZE —-pB°ERE -pB*AE -pB*AE)|
a’2E *AE -pPLE -pLE -BAE
o'ZE o'KE -fRE -p% - pUAE]
3neck E emunununeiii oneparop B H . Ouesuano, uto
1 1 -1 -1 -1 |[E 0 0 0 O]
I1
ak aks -B4 -BAh P4 ||0 E 0O 0 O H;I:;Zm
No=|a’y a’ly =P —P°A =24 ||0 0 E 0 O} uyy
A A B -pA -p2 |0 0 0 E 0] pasnoxe
4 14 4 14 _ p4as _ p4as _ p4as HUA
QX et —pia —pta —ptAill0 0 0 0 E| rerepu

HaHTa Banaepmonzaa nomyyaem, 4to
Torna oneparoprast Mmatpunia A, odpatuma u u3 (9) 0XHO3HAYHO MOTyYaeM, YTO
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(1,002,902, 04, 05)= A5 1.
Taxum o6pasom U(t) e W, (R;H).

1 1 -1 -1 -1
ak ks ~Ph —Ph P
S=det| ®X a2 —pAR —pR —p R |=0.
R AR PR PR P
a4 @l - B -

Tenepb ITIOKa>XKEM, 4yTo
d®u 5
OJTHOPOJHOE ypaBHeHHEe P,U= F+ P(U)A’u=0 wumeer TompKO HyjeBoe pemieHue. OOree

5(D-
peurenue storo ypasuenus n3 npocrpancrea W, (R;H) wumeer Bun:

0, () = {e"ﬂ“’*(p1 +e“p, t e R = (~0,0]
e, +e Mg, +e g, t e R, =[0,),
U3 yenosus Uy (t) e W, (R; H) crenyer, uto ul’ (+0) =ul’(-0), j = 0,4.
OTc10/1a NOMyYaeM CIIeyIOLLyI0 CHCTeMy ypaBHeruit otHocuTebHo @, (i =15)
Pt P, — 03—, — s =0
A, +alsP, = Py~ fAp, — fAps =0
Q’ R+’ dsp, = BPAops = BP0, — B Augs =0
R+ 0 k50, ~ B A — BPAe, — B A =0
a' g+t a50, = B 2aps = B Aap, — B 05 = 0.

Tak kak ocHOBHOW ompemeautens 1o cuctemsl 0 #0, T10 ¢ =0(=15).

CrienoBatenbHO, OJHOpOAHOE ypaBHeHMe P,Uu=0 wumeer TOIBKO HyJIeBOE pCLICHHE U3
npoctpanctea W, (R;H). Tlostomy omepatop P, otoGpaxaer mpocrpancTso WZS(R;H) Ha
LQ(R; H) uzomopduo. C Apyroi cTOpoHsI s r0doro U EW25(R; H)

2 d°u i d°u i 2
”aqhwm..EﬁqqonmLdmﬂsz(ag—hmm*ﬁpﬂﬂﬁﬂgmm]s
doul’ 10 10y A5, 2
<2 e +max(a™, B )HA UHLZ(R;H) SconSt”u”WZS(R:H)'
L, (R;H)

Takum 06p8.30M, oneparop PO OrpaHHu4CcH H I/I3OMOp(1)HO 0To6pa>1<aeT IIPOCTPAHCTBO

W;’(R; H) ma L(R;H). Torza, no teopeme Bamaxa o6 06paTHOM OIIEPATOPE, CYLIECTBYET
Pt L (RiH) > WS (R:H) u R f < const| f |

, APYTHMU CJIIOBAMU

W5 (R:H) Ly (R:H)

< const] f |

||u||W25(R:H) L(RH)"

Teopema nokazaHa.

YroObl OKa3aTh PETYJSPHYIO pa3pelIMMOCTb ypaBHEHHs (1), B HEKOTOPBIX YCIOBHUAX Ha
KO3 (ULMEHThI, HaJ0 OLEHUT HOPMBI ONEPATOPOB MPOMEKYTOUHBIX IPOU3BOIAHBIX C HOPMOU
rJ1IaBHOU YacTH ypaBHeHUs (1).
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JIOKakeM CIIEyIOIIYI0 TEOPEMY.
Teopema — 2. [Iyctb A HOpMaJbHBIA OOPAaTUMBIN OMEPATOP, CIIEKTP KOTOPOTO COAEPIKUTCS B

YI'JIOBOM CEKTOPE

S, = {ﬁ larg A <el0<e< 1}.
10

Torma umeet CJICAYIOIUC OLICHKHU:

|A7i  <Ci(sia B)Ry|

L(R;H) L(RiH)’

rae koopduiuentsr C. (6‘ a; ﬂ) ( =0 4) OHpCI[eJI}IIOTCSI cnenyroumM obpazom:

Co(g;a;ﬁ)

min ( coSs 55

2l
Cl(s;a;ﬁ)z;/;:?:g /ﬂ/% (1—sin5g)

Y%
o 273370 max(a 5) 3
C,(s;a;8)= 7 minla’; )(1 sin 5g)”

e 275370 max(aé;lgé)
Ci(e;e58)= 5% .min(“%;ﬂ%j

-(1-sin 58)7%,

% ( 2. 2)
oy 28 maxlet BT -
C4(g,a,,8)—5% min (o 5 (1—sin5¢) 2.

5(p-
Jloka3areabcrBo. CriepBa JI0KaxeM, 4TO IPH U(t)eWz (R, H) MMEET MECTO CIIe/yIolee

HCPaBCHCTBO:
2

-y d®°u

¥ pS ?
0 + {0 u
dt5 H

L(RH)

o

LZ(R;H)
5
- d°u
5
dt
JIist noka3aTenbCTBA HEPABEHCTBO (10) YMHOKUM 00€ CTOPOHBI paBEHCTBA

d°®u
T p(t)A%U

u .
"

—2sin5¢|p

L(R;H)

Pu =

CKaJISIPHO Ha (PYHKIIHIO ,0_% . Torga nonyvaem:
5
Hdu s,

2
dt® Ru

L, (R;H)/

-l

Lz(R;H)

Otcroma uMeeM
2

_y dou

5
e +2 Re[cclng, ASUJ . (12)

Lo(RiH)

e
L(R:H) L2(R H)

=

Lz(R?H)
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ITocme HHTCTPHUPOBAHUA 11O YACTAM I10JIy4aCM

5 o 5 5
() - f[g ) e wut) ae{wuty]
dt L, (R;H) dt H — dt H dt L, (R;H)

Torna
5 5
2Re(d - u] :[d E,Asuj +(A5u,d gj
dt® Lo(RiH) dt Lo(RiH) dt® J rim)

5 5 5
= Af’u,d—u — A*Su,d—u = (A5—A*5)J,d—u =
dt® dt® dt®
Lo(R;H) Lo(R;H) Lo(R;H)

fe-wwbugg] | oewabiau gy

L,(R;H) L(R;H)
\ ~1 d°u
ettt ,,, b
L(R;H) dt (RH)
W3 crieKTpajbHOTO Pa3aoKeHus! orepaTopa A ClieyeT, 4To
—\5
HE A AL H< sup 1—(i <2sin5¢
/160' ﬂ«
Tornma
5
2Re(d—u A’u j < 2sin 5¢ p%ASU -‘p_y d g
dt® L (R:H) L(R:H) dt L (R:H)

VYuuteiBas 310 HepaBeHCTBO B (11) momyuwaem Beprocth (10). lanmee mombsysice (10)
MOJTy4yaeM

2 2
e L
L(RiH) Lz(R;H) dt L,(R;H)
2 5 2
—| sin?5¢ p%A‘r’u y du — = cos’ be p%A‘r’u (12)
Lz(R?H) dt H) L(R:H)

Hcnone3ys HepaBeHcTBO (12) momydaem, 4To
2

2
HASU i(R.H) = p_% (p%Asu) < max p‘l(t)Hp%Asu <
2(Ri L(R:H) L(RH)
1 1 2 1 1

< : P
L(RH)  Min (alo,ﬂ“’) cos’ 5,9” Ou”Lz(R;H)

72 Pu

= min (a‘r’,ﬂs)' cos? 5z Il
OTCIOI[a moJydacm, 4To
N [P
LEH) MmN (as;,B )cosSg Ol (RiH)
1 1
min (as;ﬂs)COSSE '

C momorpio HepaBeHcTBO (10) momyunm

Col#1 Bl g

snecs Co (g;a;ﬂ)z
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1, d°u ’
ST
L(R:H)
(13)

_|_
L(R;H)

<(1-sin5g) Hp yPu

ol

L(R;H)

OueBUIHO, UTO

4,112 © 4 4 ® 4 4 w 3 5
adu (ALY ALY o f[cdl cdt) gro—f|c2 Sl d Y gie
At |y oA dtdtt ) T Tdtt  det ), AT et e,
3 5 3 5
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XULASO
9.Mammadov
Bir sinif bes tartibli operator-diferensial tanliyin butin
oxda requlyar hall olunmasi haqda
Isdo bitiin oxda kosilon amsalli vo bas hissesinde normal operator saxlayan bir sinif bes
tortibli operator-diferensial tonliyin requlyar hall olunmasini tomin edon sortlor alinmisdir. Bu
sortlor operator omsallarinin xassalorilo ifads olunmusdur.

ABSTRACT
A.Mamedov
On regular solvability of one class of fifth order operator-differential equations
on the whole of axis

In the paper, we obtain regular solvability conditions of a class of operator-differential
equations of fifth order with a discontinuous coefficient on the axis, and the principal part of
operator-differential equations contain a normal operator. The found conditions are expressed by
the properties of the operator coefficients.
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Ali moktablords riyaziyyatin, o climladon cabrin tadrisinds asas mogsad talobalora darin va
sistemlogdirilmis elmi biliklor vermokdan ibaratdir. Bu moagsads ¢atmaq tgun tadris olunan kursun
materiallarinin ayri-ayri movzulart bir-biri ilo montigi surotdo baglanmali, tolobalora ardicil vo
sistemli sokildo vahid, tam olaraq c¢atdirilmalidir. Bu isi hoyata kegirmok ¢un fandaxili slagalorin
yaradilmasi vo méhkomlandirilmasi xususi shomiyyat dasiyir.

Cobr kursunda fondaxili olagolorin yaradilmasinin metodik torzlori (priyomlari) tolimdo
dasidigi rol va shamiyyatina géro maraq kasb edir. Son dovrlor tohsil islahatlari ilo bagli olaraq cabr
kursunun moazmununun doyismasi Vo yenilmasi genislonib yeni mazmun almasi ilo slagodar olaraq
bu moasalo xiisusi aktualliga malik olmusdur. Tohsil islahatlari paradigmasina nozor saldigda
muoayyon edilir ki, mixtalif vaxtlarda ayri-ayr1 fonn soklinds talimi hoyata kecirilon ali cobri adoalor
nozariyyasi, adadi sistemlar, Xatti cobr fonlori tadris planlarindan ¢ixarilmis, onlarin elementlarinin
indiki todris planinda cabr kursunda todris olunmagi nozards tutulmusdur. Bundan slave micarrad
cobrin grup vo halga kimi elementlari avvallor cabr kursunun, asasen axirinda verilib, miicarrad
cobrin predmeti haqqinda tosovviir yaradilirdisa, indi miicorrod cobr elementlari kursun avvalinda
verilir, cabr kursunun tomoalini toskil edir. Naticads cobr kursuna yeni baxis yaranir, belo Ki, cobr
kursunu ayri-ayr1 bolmolorin birlosmasi soklindo yox vahid, bltov olageli sokildo sorh etmok
zorurati meydana ¢ixir. Bu iso indiki cobr kursunda fondaxili slagoalorin yaradilmasini daha da
aktuallagdirir.

Fondaxili alagalorin yaradilmasinin bir sira yollarin1 gostarak, [4,5.6]:

1) coxluglar nazariyyasi dili vo simvollardan istifads edilmoasi;

2) struktur sxemlorin vasitasi ilo fondaxili slasglorin yaradilmast;

3) mihaziralords riyazi tokliflorin adlandirilmasi vo némralonmasi;

4) bir anlayisin miixtalif terminlorlo ifado edilmasino yol verilmasi vo eyni bir terminin
muxtalif monalarda islodilmasi ilo yaranan anlasilmazliglarin aradan qaldirilmast,

5) muhazirs vo parktik masgalolords 6yronilon mévzular arasinda slagslorin giiclondirilmasi;

6) muxtalif tip tokrarlamalardan istifads edilmosi;

7) ayri-ayri riyazi anlayislarin vo nozariyyslorin bitév kursda yerinin vo ohamiyyatinin
gOstarilmasi (preambula yaratmag-giris hissa, nazariyyanin totbigini gostormok, elma gotirdiyi
yenilik, onlarin yaratdigi istigamat va i.a.);

8) yekun, icmal mihaziralarin tartibi.

Qeyd etmok lazimdir ki. cobrin muxtalif bélmolorinds muxtalif fondaxili slage yaradilma
yollarma {stiinlik verilir. Masalon, mucarrod cobr elementlorinin todrisi zamani ¢oxlu yeni
anlayislar verilir. Belo ki, onlar bir-biri ilo Uzvi suratdos bagli olurlar. Bu zaman struktur sxemlardan
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istifado etmoklo micarrad (Umumi) coabrin elementlori arasinda slagalorin géstarilmasi somarali olur
[4]. Cabrin totbigina gdro an shomiyyatli bélmasi olan Xatti cabri 6yronarkan riyazi tokliflorin
adlandirilmasi vo némralonmasi ilo fondaxili slagolorin yaradilmasina iistiinliik verilir.

Bunun sababi dyronilon bolmalarin strukturu ils baglidir.

“Vektor fazalar” vo “Xatti inikaslar vo operatorlar” xotti cobr hissasinin asas fasilloridir. Bu
movzulara goadar xatti tonliklor sisteminin hollini ciddi riyazi formada sorh etmok, matris vo
determinantlar nazoriyyasinin elementlorini todqgiq etmok Uc¢tn n-6l¢ili hesabi vektor fozalar
Oyroanilir. Verimis F meydani iizorinds n uzunluglu kortejo n-6lgtlu hesabi vektor deyilir.

Belo vektorlar c¢oxlugunda borabarlik minasiboati, toplama omali vo homin ¢oxlugun
elementlorinin F-in elementlorins (skalyara) vurma amali verilir (toyin edilir).

Yeni cobri struktur yaradilir: < F™, +,{w,| A€ F} > . Burada F™ qeyd etdiyimiz vektorlar
coxlugudur vod € F. Toayin etdiyimiz cobri struktur n-6l¢ilu hesabi vektorlar fazasidir.

n-6lculi hesabi vektorlar fozasinda bas amallorin xassalori haqqinda teorem isbat edilir.

Sonralar “ Vektor fozlar1” dyronarkon mohz bu xassolora malik olan amallar, ¢oxluq ilo
birlikda vektor foza adlanir.

Tobiidir ki, hesabi vektor faza {igiin dogru olan bir sira tokliflor vektor foza {iglin dogru olur.
Bu tokliflor arasinda olagoni gostormok mogsadi ilo tokliflorin adlandirlmasi fondaxili slagoni
glclandirir vo manimsamaya oshamiyyatli tasir edir.

Xotti cobrds riyazi tokliflorin adlandirilmasi ilo fondaxili olasglorin méhkamlondirilmasine
ustinlik verilmosi asagidaki amillorlo baghdir.

1) Eyni bir xasso bir nego obyekto aid edilo bilor. Masalon, V = L@®L* xassosi hom vektor
fozaya, ham do Evklid fozasina aid edilir. Bu xassasinin adlandirilmasi, hamin xassonin iki dofo, hor
dofo mixtolif obyektlors aid oldugunu gostormokls fandaxili slageni artirir.

2) Riyazi toklifin adlandirilmasi zamani, riyazi toklifin asas mahiyystini gabariq oks etdiron
asas cahot qisaca gostarilir. Bu riyazi toklifds digar sortlori axtarilmasina talobani sévq edir.

3) Xotti cobrin todrisindo konsentrizimi totbiq etmoys sorait yaradan elementlorin ¢ox
olmasidir. Masalon, baziso tamamlama, ortogonal baziso tamamalama, ortonormal baziso
tamamalama prosedurlar1 oxsardir vo S.

4) Simvolik yaziligla verilmis bir sira riyazi tokliflorin tabii dildo deyilmasinoe va natico do
mozmunlu manimsanilmasine tokan verir.

Toqdim olunan mogalodo “Vektor fazalar” bolmosindo riyazi tokliflorin adlandirilmast va
ndmralonmasi hayata kegirilmisdir.

Vektor foza anlayisini vermozdon oavval onun bir novi olan hesabi vektor foza anlayiginin
daxil edilmasi vo bununla bagli olan bir sira elementlorin Oyronilmosi metodik cohatdon
moagsadouygundur:

1) hesabi vektor fozanin Oyronilmasi sonra vektor fozanin Oyronilmasinds aparilmig
umumilosmalarin magsadini vo mahiyyatini anlamaga kémaok edir;

2) hesabi vektor anlayisinin daxil edilmasi ilo cobr kursunun asas istiqgamatlorindan biri, xatti
tonliklor sisteminin holli mosoalasinin  todgigine imkan yaranir. Xotti tonliklor sisteminin
dyranilmasinds tobii olaraq matrislor nazariyyasinin dyronilmoasi zarurati yaranir. Biitiin bunlar isa
Xatti cobrin sonraki bélmalarinin dyranilmasinds lazimi gadar nlimunalardan istifade etmoya sobab
olur.

Qeyd etdiyimiz kimi hesabi vektor fozalarin elementlorinin tadrisinds riyazi tokliflorin
adlandirilmast xotti cobrin sonraki bohslorinds ¢ox oshamiyyatlidir. [1]-do verilmis todris
materialinin 6yronilmasi ilo bagl olan tokliflorimizi veririrk.

F meydani tizorinds hesabi n-6l¢ili vektor foza F* =< F™,+,{w | € F} > cobri strukturu
kimi toyin olundugdan sonra F™ vektor fozanin bas omallarinin xassalori haqda [1,5.1.1] teoremi
ishat edilir. Qeyd edok ki, galocokds hamin xassalori 6dayan cabri struktur vektor foza adlandirilir.
Homin teoremi “Hesabi n —0l¢ull vektor fozanin bas amallarinin asas xassolori haqqinda teorem”
adlandirmaq sorfalidir.

Vektorlar sisteminin Xotti asililigi vo Xatti asili olmazligi, ekvivalent vektorlar sistemlori,
sonlu vektorlar sisteminin bazisi vo ranqi moévzularinda ifads vo isbat olunan riyazi tokliflorin
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hesabi vektorlar1 ii¢iin nozordo tutuldugu aydindir. Ciinki, halolik tokco hesabi vektor anlayisi
verilmisdir. Lakin bu riyazi tokliflorin he¢ birinds “hesabi vektor” sozii islodilmir, “vektor” sozii
isladilir. Belo deyilis sonralar “vektor foza” anlayisi verildikdon sonra hamin riyazi tokliflorin va
isbat prosedurlarinin vektor foza elementlorino he¢ bir dizolis edilmadon aid edilmosino gorar
vermoya imkan verir.

Vektorlar sistemlorinin Xotti asililiginin vo Xotti asili olmazlhigmin xassolorini nozardon
kecirok. Bu xassalori Oyrondikds, xassalori tokco ndmralomoklo Kifaystlonmok olar. Belo
yanagsmanin ustlinliiyli ondadir ki, xotti cobrdo xassalori verilon anlayislar vo xassolorin say1 az
oldugundan, xassalorin ndmralonmsa ilo verilmosi, malumatlarin biitév sokildo moanimsanilmasine
tokan verir. 2-ci xassoni “xatti asilligin slamatlilik mlinasibati olmasi1” ondan alinan naticoni “xatti
asili olmazligin irsilik munasibati olmas1” xassosi adlandirmaq yaxst olar [1,5.1.2] teoreminin
vektorlar sisteminin Xotti asililigi haqda osas teorem adlandirmaq diizgiin olardi. Ciinki, bu
teoremdoan ¢l muhim natica alinir. Hamin naticalari ndmralomakls adlandirmaq diizgiin olardi.

iki vektorlar sistemlorinin bozi xassslori teoremlordos ifads edilmisdir.

[1, 5. 1.6] teoremini iki VS-in ekvivalentliliyinin zoruri vo kafi sorti, [1,5.1.7] teoremini
ekvivalent VS-do vektorlarin say1 haqqinda teorem adlandirmaq miinasibdir. [1,5.1.8] teoremini
qisa soklido adlandirmaq miimiikiin deyildir. Ona asagidaki sokilds istinad edirik. Malumdur Ki.
elementar cevironlor naticasinds sonlu VS 6ziino ekvivalent VS-a cevrilir. Yani, teoremin osas
mogzi ifads edilir.

Sonlu vektorlar sistemini bazisinin torifi verildikdon sonra Oyranilon [1,5.1.9] teoremini
“Sonlu vektorlar sisteminin bazisinin varlig1 haqqinda teorem” adlandirmaq olar.

Sonlu VS-in ranqinin bazi xassalorini ifado edon bes toklif verilmisdir [1, soh 183]. Bu
tokliflorin gl [1,5.1.10] teoremindon birbasa alinir. Ona goro do homin teoremi VS-in ranqi
haqqinda asas teorem adlandirmaq diizgiin olardu.

1-ci toklifi — alt sistemin ranqinin sistemin ranqini asmamasi haqqinda toklif;

2-ci toklifi — ekvivalent VVS-larinin ranqlarinin baraborliyi haqqinda toklif;

3-cl toklifi — n —06lcull hesabi vektor fazasinda sonlu VS-in ranqinin n-don bdyiik olmamasi
haqqinda toklif adlandirmaq magsadsuygundur.

Vektor fozanin altfozasinin li¢ xassasi verilir. Onlar1 adlandirmaq maraqlidir, bels Ki,
[1,7.2.1], [1,7.2.2] vo [1,7.2.3] xassolori uygun olaraq vektor fozamin alt fozalarinin irsilik,
tranzitivlik vo kosismoloarin irsilik xassalori adlandirla bilar.

Altfozalarin diiz comi ilo alagadar olaraq verilon [1,7.2.1] va [1,7.2.2] teoremlori uygun olaraq
iki vo n sayda alt fozalarin cominin diz com olmasi tigiin zoruri vo kafi sort adlandirmaq
moagsadouygundur.

Mihazirads altfozalarin ti¢ xassasi verilir. [1,7.2.4], [1,7.2.5] xassalori alt fozalin cominin
komunutativlik vo assosiativlik xassalaridir.

Vektor fozanin bazisi vo 0lglsu ilo algadar olaraq verilon riyazi tokliflori asagidaki kimi
alagalondirmok olar.

[1,7.3.1] teoremi sonludlgilu vektor fozanin bazisinin varligi haqqinda teorem adlandirmaq
olar. Sonludlgili vektor fozanin bazisi yegano deyildir. Lakin eyni bir fozanin bazisindoki
vektorlarin say1 borabardir. Ona goro do [1,7.3.2] teoremini fozanin miixtalif bazislorindoaki
elementlorinin say1 haqqinda teorem adlandirmaq olar.

[1,7.3.3] naticasini n —o6lcllu fozada n-don ¢ox sayida vektorlar sisteminin xotti asililigi
haqgda natica adlandirmaq magsads uygundur.

[1,7.3.5] teoremi fozanin altfozasinin bazisindoki elementlorinin say1 haqqinda teorem
adlandirlla bilor. [1,7.3.6] teoremi Xotti asili olmayan VS-in baziss tamamlanmasi teoremi
adlandirilir.

Vektor fozanin 6lgiistiniin dord xassasi dyranilir. Bu xassalori adlandirmaq da olar. Belo ki, 2-Ci
xasso altfozanin 6l¢iisii haqda. 3-cli xasse altfozanin faza ilo Ust-lsto diismesinin kafi sort, 4-cl
xasso diiz comin 6lglsu hagda xasse adlandirila bilar, [1, soh 261]. [1,7.3.10] teoremi iso Qrassman
diisturu adlandirlir.

“Vektor fozalarin izomorfizimlori” mévzusundaki teoremlorin vo izomorfizimin xassalorinin
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hamisini adlandirmagq ¢atinlik toratmir.

[1,7.4.1] teoremi- vektorun baziss nozaron ayrilisi teoremi, [1,7.4.2] teoremi n-0l¢uli vektor
fozanin uygun hesabi vektor fozaya izomorflugu haqqinda teorem, [1,7.4.3] fozanin hor bir
vektoruna onun baziss nazaran koordinat Sotrini qarst qoyan inikasin izomorfizim olmasi haqqinda
teorem, [1,7.4.4] noticasi- fozanin vektorlar sisteminin xotti asili olmasmin zoruri vo kafi sorti,
[1,7.4.5] noticasi V fozasmmin vektorlar sistemlorinin ranqmnin onlarin koordinat satirlorindan
diizoldilmis matrisin ranqina barabor olmasi haqda notico adlandirilir.

Vektor fozalarin izomorfizmlorin  dord xassesi Oyranilir.  1-ci  xasse-izomorfizmlorin
kompoziyasinin izomorfizm olmasi xassaSi, 2-Ci xasso izomorfizmin simmetriklik xassasi. 3-cii
xassa izomorfiizmin tranzitivlik xassasidir, 4-cu xasss-izomorfizmin bazisi baziss gevirmok xassasi
adlandirila bilar.

Nohayat todqiqi edilon movzuda [1,7.4.6] teoremi iki fozanin izomorf olmasinin zaruri vo
kafi sorti adlandirilir.

Skalyar vurmali vektor fozalari vo evklid fozalarma aid miihaziro materialinda riyazi
tokliflorin adlandirilmasi tobii olaraq meydana gixir.

[1,7.5.1] toklifi ixtiyari vektorla sifir vektorun skalyar hasili sifir vektor olmasi haqqinda
toklif, [1,7.5.2] teoremi ortoqgonal vektorlar sisteminin xotti asili olmadigi haqqinda teorem,
[1,7.5.3] naticasi n-0Olgllu vektor fozada ortogonal baziss nimuns haqqinda notica, [1,7.5.4]
ortogonal bazise tamamlama haqqinda teorem adlandirilir.

Altfozanin ortoqonal tamamlayici ilo bagli olan verilon iki teorem belo adlandirla bilor:
[1,7.5.6] — fozanin altfozasi ilo onun ortoqonal tamamlayicisinin diiz comi olmasi haqqinda teorem;
[1,7.5.1] ortogonal tamamlamanin involyutivlik xassasi haqqinda teorem.

“Evklid vektor fozalar’” mévzusunda verilan riyazi tokliflor asanligla adlandirilir.

[1,7.6.1] hesabi fozanin evklid fozasi olmasi haqda teorem, [1,7.6.2] —normanin asas xassalari
haqqinda teorem. [1,7.6.3]-evklid fozasimin ortonormal baziso malik olmasi haqqinda teorem
adlandirilir.

Ortonormal bazisin bes xassasi verilir. Onlarin adlandirlimas1 metodik baximdan sarfalidir.

1-ci xassa - n-0lcull evklid fozasinda n sayda ortonormal sistemin ortonormal bazis olmasi
Xassasi,

2-ci xassa -ortonormal bazise tamamlanma xassasi;

3-cu xasso- geyd olunan oronormal bazisi evklid fozasinda skalyar hasilin ifadesi haqqinda
Xass9,

4-cl xassa vektorun koordinatlarinin onun proyeksiyalart olmasi haqda xasso;

5-ci xasso- evklid fozasinin 6ziiniin altfazasi ilo onun ortoqonal tamamlayicisinin diiz comi
olmas1 haqqinda xasso adlandirila bilor.

Evklid fozalarinin izomorfizmlori haqda [1,7.6.6] xasse-izomorfizm minasibatinin
ekvivalentlilik miinasibati olmas1 xassasi, [1,7.6.7]- ise izomorfizmin ortonormal bazisi ortonormal
baziss gevirmosi xassosi adlanir.

[1,7.6.4] teoremi istonilon evklid fozasini standart evklid fozasina izomorflugu haqda teorem,
[1,7.6.4] iki evklid fozasinin izomorflugunun zaruri va kafi sorti adlandirilir.
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PE3IOME
P.I'acanos
HaumenaBoHne MaTeMaTHYeCKUX NMPeIJI0KEHNH B pa3esie
«BeKTOpHbIE NPOCTPAHCTBAY

B pesynprare pedopm, NpOBOAMMBIX B BBICIIMX NEIAarOrHYECKUX MIKOJAX, MPUBEIN K
Cepbe3HbIM M3MEHEHMsAM B yueOHax IUIaHaxX M IporpamMmax. B cBA3M ¢ 3TUM aKTyalu3MpPOBaHBI
METOBbI CO3/IaHUsI U YKPEIUICHUs] MEXXIPEIMETHBIX CBS3€M B MATEMAaTUYECKUX JNUCLUILINHAX, B TOM
yuciae B Kypce anreOpbl. IlpeacraBieHHas craThbs HMOCBAILEHA M3YYEHHMIO METOJOB CO3JAaHUS U
YKPEIUIEHUSI MEXIPEIMETHBIX CBSi3ed B Kypce anreOphl, MpernojaBacMoOi B MaTeMaTHYECKUX
CHeLMANbHOCTAX. B nuHelHol anredpe HaMMEHaBaHUWE MATEMAaTUUYECKUX NPEAJIOKEHUH SBISIETCS
U3 OCHOBHBIX METOJIOB CO3JIaHHMS MEXKIIPEIMETHBIX CBs3CH. YKa3aHbl (PaKTOPHI, YBEIHMUUBAIOIINE
IpeUMyIlIecTBa OTMEYAaHHOTO MeToJa (OTpaKeHHWE OCHOBHYIO CYIIHOCTb MaTeMaTHYECKUX
IIPEJIOKEHUHN, BO3MOXHOCTh NPHUMEHEHHUS KOHLIEHTpU3Ma B Ipolecce OOydeHHus, CIIyKEHHE
coJiepKaTeIbHOMY YCBOEHHIO YUeOHBIX MaTepuanoB U T.1). B pabote ¢ 11enb10 yka3zaHus CyIIHOCTH
U IIPAKTUYECKUX 3HAYEHUM OTMEYAaHOI'0 METO/A, pealu30BaHbl HAMMEHOBAHME MATEMATHUYECKUX II
IIpEeJIOKEHUN B pasjene « BekTropHble MPOCTpaHCTBA »

ABSTRACT
R.Hasanov
Naming and numbering of the mathematical proposals in
teaching units of vector spaces

The article deals with the renewal and educational plans and programmes related to reforms
carried out in higher pedagogical schools and consequently research ways and methods of creating
intersubjective relations. It attaches great importance to the study of subjects, as well as algebra
course. The presented article focuses on teaching of vector space which is one of the main chapters
of algebra course and studies the ways of naming and numbering of the mathematical proposals
creating to the rule of the way (applying of the teaching and concentrum, the same property belongs
to several mathematical objects, the essence of the mathematical proposals to briefly reflect, using
of the formal recording as content) have been shown. The main mathematical proposal of the
“vector spaces” has been called.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).

Mogaloni ¢apa toqdim etdi: Fizika Uzra falsafa doktoru,
dosent F.Qocayev
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Introduction

The Hardy-Littlewood maximal function, fractional maximal function and fractional integrals
are important technical tools in harmonic analysis, theory of functions and partial differential
equations. On the real line, the Dunkl operators are differential-difference operators associated with
the reflection group Z, on R:

A, (F)(X) = (d/dx) f (X) + (e +1) I X)(F ) = F(=x)/2, & > -1/2.

In the works [1, 9, 15, 26] the maximal operator associated with the Dunkl operator on R were
studied. We obtain the boundedness of the Dunkl-type maximal operator from the spaces
M,,.(R) to the spaces M (R), 1< p<qg<o, and from the spaces M, _(R) to the weak

spaces WM, ,, (R).
For xeR" and r >0, let B(x,r) denote the open ball centered at X of radius r.
Let f € L”(R"). The maximal operator M is defined by

MF(x) =sup | B[ [ F(y)]dy,

t>0 B(x,t)
where | B(x,t) | is the Lebesgue measure of the ball B(x,t).

In the theory of partial differential equations Morrey spaces M, ,(R") play an important
role. They were introduced by C. Morrey in 1938 [19] and defined as follows: For 0<A<n,
1<p<ow, feM,,R") if f eLY(R") and

p.w,a lo,a

A
[fh, , =Ifl em = S0P ¥ PIE] ey <

xeR™, r>0
If 2=0, then M, (R")=L,(R"), if A=n, then M ,(R")=L,(R"), if 2<0 or 2>n, then
M,,(R") =0, where ® isthe set of all functions equivalentto 0 on R".

These spaces appeared to be quite useful in the study of the local behaviour of the solutions
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to elliptic partial differential equations, apriori estimates and other topics in the theory of partial
differential equations.

Also by WM, (R") we denote the weak Morrey space of all functions f eWL'gC(R”) for
which

A
= sup r °|f]

XERn, r>0

”f”WMp,g E”f”wmw(Fe") WL, (B(xr) <

where WL, (R") denotes the weak L, -space.

F. Chiarenza and M. Frasca [4] studied the boundedness of the maximal operator M in
Morrey spaces M ; .

1.Definitions, notation and preliminaries
Let o >—-1/2 be a fixed number and p, be the weighted Lebesgue measure on R, given

by

dut, (x) = (2 T(a +1) ) x P“dx.
For every 1< p<oo, we denote by L, (R)=L,(R,du,) the spaces of complex-valued functions
f , measurable on R such that

o .
I, =1l =(1 f0ordu, 0] <o if pefrm)
and
Ifl.. E”f”Lw :esssRup| f(x)| if p=oo
For 1< p<oo we denote by WL, (R), the weak L, (R) spaces defined as the set of locally
integrable functions f with the finite norm
If ||WLp = sug)r(ya {xeR:| () |> r}}".

Note that

L,,cWL,, and |f] forall f el ,(R).

<l

Let B(x,t) ={y eR ] ylelmax{0,| x| -t},| x| +t[} and B, =B(0,t) =]—-t,t[, t>0. Then
4, B, =b, 122,

where b, = 2 (e + 1) (e +1)] .

We denote by BMO_ (R) (Dunkl-type BMO space) the set of locally integrable functions f
with finite norm (see [7])

|t

1
= S = [ 17 F(y) — f (0 ldu, (y) < oo,
! r>0, XeR ,UaBr By r
where

fo (X) = ﬁ J, 7t (du, 9)

For all x,y,zeR, we put
W, (x,y,z)= (1—<7X’y'Z +0, 0y +O_z,y,x)Aa(X’ Y,2)
where
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2

2 2
X*Y 7% it xyeR\{0},

Oyy.z = 2xy
0 otherwise

and A, is the Bessel kernel given by
Qx| +1yD* =212 = xI=1yD*D*™* .
| , if |z ,
Aa (X; Y, Z) = a | XyZ|2a | |E A(,y
0 otherwise,

where d, = (N(a+1) 2" VT (a+) and A, =[x -] yILIx|+ |yl

Properties 1. (see Rosler [28]) The signed kernel W, is even with respect to all variables

and satisfies the following properties
Wa (X’ Y, Z) :Wa(y’ X, Z) :Wa (_X1 Z, y)’

W, (%, Y,2) =W, (=2, y,—X) =W, (—X,~y,~2)
and

L[Wa (x, ¥, 2)|du, (2) < 4.

In the sequel we consider the signed measure v, , on R, given by
W, (x,y,2)du, (2) if xyeR\{0},
Viy = do, (z) if y=0,
do,(2) if x=0.

Definition 1. For x,y eR and f a continuous function on R, we put
r,f(y) =] f(@)dv,, ()

The operators 7,, xeR, are called Dunkl translation operators on R and it can be
expressed in the following form (see [28])

rf () =c, [ £y 0 y,0)(sin 0)do
+C J. (%, y), ), (%, y,0)(sin 6)**d6,

where (x,y), =/x2+y?>—2|xy|cos@, f="f +f,, f and f, being respectively the odd and the
even parts of f, with
T . -1 F(a +l)
c, = sm@z"‘dej =
“ (L sné) JrT(a+112)

h,(X,y,8) =1-sgn(xy)coséd
and
(x+ y)[1—sgn(xy) cosd]
h,(x,y,0) = (X ¥)s
0, if xy=0.
Using the change of variable z =(x,Y),, we have also

r ) =c, [ {H0y),)+ Fl=06y),)

* ey, 10000 00y, )bt coso)sin )™ do

, It xy=0,
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Now we define the Dunkl-type Hardy-Littlewood maximal function by (see [1, 9, 15, 26])
M, f(x)= sup (ﬂaBr)’ljB 7, | £ 1(y)de, (y).
Theorem 1. ([1, 15, 26]) 1) If f €L, ,(R), then for every s>0

1 ixeR:M_f(x)>s)< jlf(x)|dya(x)
where C, >0 is independent of f .
2)If fel, ,(R), 1<p<oo,then M, felL, ,(R) and
M. £l <Cof ...
where C, >0 is independent of f .
Corollary 1. If f e L% (R), then
lim —j |2, F ()= F () ldu, (y) =0

reO
fora.e. xeR.
Corollary 2. If f e L (R), then

.1 _
Ly J, o f e, (=109
fora.e. xeR.
For 1< p,0 < and 0<s <1, the Besov space for the Dunkl operators on R (Besov-Dunkl
space) B, ,(R) consists of all functions f in L, (R) so that

[£ 1010l
” f ”Bzg,a - ” f ”p,a + J‘R | X |2a+2+s€ : d:ua (X) <, (1)

1/6

Besov spaces in the setting of the Dunkl operators studied by C. Abdelkefi and M. Sifi [2],
R. Bouguila and Y.Y. Mammadov [16]. In the following theorem we prove the boundedness of the
Dunkl-type fractional integral operator 1, in the Dunkl-type Besov spaces.

Definition 2. Let 1< p <o, 0<A<Q.We denote by M, ,(R) Dunkl-type Morrey space (
= D -Morrey space) as the set of locally integrable functions f(x), x eR, with the finite norm

1/p
Ifl,, = s (CLEITOPa®)]
pla 0,xeR t
Theorem 2.[11] 1.1f feM,, (R), 0<A<2a+2,then M, f eWM,, . (R) and
”Ma f”wwh]ﬂﬂ < Cl,i,a” f "Ml,/l,a

where C,, , dependsonlyon 4, @ and n.
2.1f feM,,,(R), 1< p<wn,0<1<2a+2,then M, feM_, (R) and
M.t <Coullfl,

where C, , , dependsonlyon p, 4,  and n.

For a real parameter a>-1/2, we consider the Dunkl operator, associated with the
reflection group Z, on R :

A(f)(x):—f() 2a+1f(x) f(—x)

2

)
Note that A_,,, = d/dx.
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For ¢ >-1/2 and A € C, the initial value problem:
A (F)X)=Af(x), f(0)=1, xeR
has a unique solution E_ (Ax) called Dunkl kernel [5, 24, 29] and given by

E, (%) = , (i2) + a0, XeR,

AX
2(a+1)
where |, is the normalized Bessel function of the first kind and order a [30], defined by

a J ( ) _ (-1)"(z/2)*"
2)=2I'(a+1)—+=——== +1 zeC.
J.(2) = (@+]) =0 )Z “nla(n+a+1)’ ©
We can write for xeR and 1 C (see Rosler [28], p. 295)

w [(a+1) a-112 9 4\ qidxt
E, (~iAX) = Trt@aio) j (1-t2)* M2 (1-t)e™ dt.

Note that E ,,(Ax) =e*.

The Dunkl transform F, of a function f e L ,(R), is given by

F f(A)= IREa (i) f (X)du, (X), AR

Here the integral makes sense since |Ea (ix| <1 for every xeR [28], p. 295.

Note that F ,,, agrees with the classical Fourier transform F, given by:

Ff(4)= 27) [ e f()dx, AeR.

Proposition 1. (see Soltani [25]) (i) If f is an even positive continuous function, then z, f
IS positive.

(ii) For all xeR the operator 7, extendsto L, ,(R), p>1andwe have for f eL ,(R),

Izl <4t ©
(iii) Forall x,2eR and f €L, ,(R), we have
F (z,f XA) = E,(iAX)F, f (4).

Let f and g be two continuous functions on R with compact support. We define the

generalized convolution *, of f and g by

fx,900= [7,F(y)a(du,(y), xeR
The generalized convolution *, is associative and commutative [28]. Note that *_,,, agrees with the

standard convolution .
Proposition 2. (see Soltani [25]) (i) If f is an even positive function and g a positive

function with compact support, then f *_g is positive.
(it) Assume that p,q,r e[1,+od] satisfying 1/p+1/q=1+1/r (the Young condition). Then
the map ( f,g)— f *, g, defined on E_xE_, extends to a continuous map from L, (R)xL,,(R)
to L, ,(R), and we have
"f *a g”r,a S 4||f||p,a||g||q,a
(iii) Forall felL, ,(R) and gL, ,(R), we have
sz(f *a g): (Fa f XFag)
Let w(x,r) positive measurable weight function on Rx(0,). The norm in the space
(R) may be introduced in two forms,

pa)a
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2a+2

t
f = f .
” ”Mp,w,a xeSREJ,IiO a)(X,t) ”TX | |||Lp,a(Bt)

20+2 A-2a+2

If o(xt)=r ° ten M, R)=L,R), if oxt=t ° , 0<i<2a+2, then
M,..R)=M_, . (R).

2. The Dunkl-type maximal operator in the spaces M, ,(R)

Theorem 3. Let 1<p<oo and the w(x,r) positive measurable weight function on
Rx(0,0) satisfying the condition

fa)(x,t)%SCa)(x, ). ()
Then for p >1 the maximal operator M, is bounded from M, . (R) to M .(R) and for

p =1 the maximal operator M, is bounded from M, , ,(R) to WM, . (R).
Proof. The maximal function M_ f(x) may be interpreted as a maximal function defined on

a space of homogeneous type. By this we mean a topological space X equipped with a continuous
pseudometric o and a positive measure v satisfying

VE(X,2r) <C VE(X,T) (5)
with a  constant C, being independent  of X and r>0. Here
E(x,r) ={ye X:p(x,y) <r}, p(x,y) =| x—y]|. Let (X,p,v) be a space of homogeneous type,
where X =R, p(x,y) =|x—y|, dv(X) =dg,(X). Itis clear that this measure satisfies the doubling

condition (5).
Define

1o,

M, 109 =sup (BOD)" [, 1T (Idv(y).

It is well known that the maximal operator M, is bounded from L (X,v) to WL,(X,v) and
is bounded on L (X,v) for 1< p <o (see [3]).
The following inequality was proved in [15]
M, f(x)<CM, f(x), (6)
where C >0 is independent of f .
Using inequality (6) we have

(1,00, 100, | = ([, F P2, 90, )

<c([ (M. F ) Zon M av)]".

In [12] there was proved that the analogue of the Fefferman-Stein theorem for the maximal
operator defined on a space of homogeneous type is valid, if condition (5) is satisfied. Therefore

[ (Mo w(y)dv(y) <C, [ 1o 1° My (y) dv(y) (7)
Then taking ¢(y) = f(y) and w(y) = g (Y) we obtain from inequality (7) that

(Lr[rX(Maf(y))]pdua(wjlp <C{[ (M, ) Zogen @) AV

<C,[1F DM, 2 D v =, ([l I IP Mz )it ()
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U 7, | £ (¥) |]pdua(y)+cpzf o, | £ () 1P Mg (y)dmy)j

2J+ r 2J

20+2

b 1/p ; r 1/p
Scp(fpr[fx'f(y)“ d“a(y)) +C [ZI e, BT —(lylH)Mdua(y)J

Egig 0 1 2+2
< Cp || f ||Mp,w,a r° (a)(x, r) + Z'—2(2j+1 r) p w(x12j+lr)J

= (21 + 1)2a+

2042

2a+2
SCQ,||f||M T : (w(x r)+CI o(x,t) — j<C4 rTa)(x,r)||f||Mp

The Theorem 3 is proved.
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XULASO
Yaqub Mammadov, Samira Hasanli
Dankl tipli maksimal funksiyanin Dankl tipli iimumilosmis Mori fazasinda
mahdudlugu haqqinda

Axirinci onilliklards harmonik analiz sahasins tasir edon asas nailiyyatlordon biri maksimal
operatorlar vo potensial tipli inteqral operatorlar nazoriyyasinin ideya vo texnikasinin
mivoffagiyystlo calb olunmasindan ibarotdir. Bu ideya vo Usullar xisusi téromoli diferensial
tonliklar nazariyyasinds, funksiyalar nozariyyssinds, funksional analizds, ehtimal nozariyyssinds,
yaxilagsmalar nazariyyasinin mosoalalarinds, harmonik analizds bircins gruplarda vo riyaziyyatin
digar bdlmalarinds totbiq olunur. Hardi—Littlvud maksimal funksiyasi, kasr maksimal funksiya vo
kosr inteqrali harmonik analizin, funksiyalar nazariyyasinin va xisusi toromali diferensial tonliklor

noazoariyyasinin asas texniki vasitalarindondir.
Mogalodo A (f)(x)=(d/dx)f(X)+((2a+D/X)((f(x)— f(-x))/2, a>-1/2 Dankl
diferensial-forq operatorunun dogurdugu iimumilosmis siirlismo operatoruna baxilir. Hoqiqi oxda
Dankl diferensial-forq operatoru R-do Z, refleksiv grupu il baghidir. R -do Dankl diferensial-

forq operatorunun  dogurdugu maksimal funksiya C.Abdelkefi vo M.Sifi, V.S.Quliyev,
Y.Y.Mammoadov va F.Soltani torofindon &yronilib. F.Ciarenza vo M. Fraska M maksimal
operatorunun M, Mori fozasinda mahdudlugunu dyronmislor.

[sdo 1< p <o oldugda Dankl tipli M_ Hardi-Littlvud maksimal funksiyasinin Dankl tipli
M,,.(R) Umumilosmis Mori fozasindan M (R) fozasmma vo M

p.o,a

(R) fozasindan zoif

1,0,

WM, , . (R) fozasina mohdudlugu isbat olunmusdur.

PE3IOME
Aryo Mamenos, Camupa I'acaniibl
O0 orpaHnYeHHOCTH MaKCMMAaJIbHOM QyHKkIMi THNA [[aHK/IS B 0000 1IEHHBIX
npocrpancreax Moppu tuna Jankias

OnHO W3 OCHOBHBIX JOCTIDKEHHHM TIIOCIEIHUX JECITUICTUH, TMOBIMABIIMX Ha OOJIMK
rapMOHMYECKOIO aHAJIN3a, COCTOMT B YCICIIHOM IIPUBJICYEHUM HIEH U TEXHUKH TEOPUHU
MaKCHUMAJIbHBIX OIIEPATOPOB M MHTETPAJIbHBIX OIIEPaTOPOB THUIA MOTEHLIMANIA. DTU UIAEU U METOJIbI
IPUMEHSIOTCS B TeopuH AU depeHInanbHbIX YPaBHEHUH ¢ YAaCTHBIMM IPOM3BOJHBIMHU, TEOPUU
¢byHKUMH, (QYHKIMOHAIFHOM aHaJN3€, TEOPHHM BEPOSITHOCTEH, 3ajadax TEOpUU MPUOIMKECHUH,
rapMOHMYECKOM aHAJIM3€ Ha OAHOPOAHBIX TIpyNmax M JApPYrux pasjenax MaTEMaTHKH.
MaxkcumanbsHas (ynkmust  Xapau-JIutneyna, apoOHO-MakcuMaibHas (YHKIUS #  ApOOHBIN
UHTETpall SABIIIOTCA OCHOBHBIM TEXHMYECKHM CPEICTBOM TapMOHHUYECKOTO aHajIu3a, TEOPHH

byHKIMU ¥ Teopun JUQGepeHINaTBHBIX YPAaBHEHUN C YaCTHBIMH TPOU3BOIHBIMHU.
B cratpe paccmaTpuBaeTcs onepaTtop 0O0O0OIIEHHOIO CABHIra, MOPOXKIAEHHOTO audde-

pentmansao-paszsoctHbM oreparopom Jaukmst A (f)(x)=(d/dx) f(x)+((2a+1)/x)((f(X) - f(-x))/2,

a >-1/2. B nelictBuTeIbHON ocH AU(GepeHIINaIbHO-Pa3HOCTHBIA onepatop JIaHKIS CBA3aH C
peduexcuBHON Tpynnoi Z, Ha R. MakcuManbHas (QyHKIHS, TOPOKICHHAS nuhdepen-

IUalIbHO - pa3HOCTHBIM omeparopoM Jlankins Ha R usyvanace C.A6xaenxkedu u M. Cudu,
B.CT'ynueBbiv, S.S1.MamenoBbim u @.Conranu. ®.Kuapenza u M.Dpacka wuzyqanu
OrpaHMYEHHOCTh MakcUMasbHOTO oniepatopa M B mpocTpanctse Moppu M ;.

B pabore mpu 1< p<oo Joka3aHa OrpaHMYEHHOCTh MaKCHUMaibHOM (yHkimit Xapau-

JIutnayna tuna Jankns M, u3 o0o6uieHHbIX npoctpaHctB Moppu tuna dankins M (R)B

p,o,a

npoctpancteo M (R) u u3 mpoctpanctea M, , ,(R) B cnaboe npocrpactso WM, , . (R).

p,w,a l,w,a

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar
ilo ¢capa tovsiyys olunmusdur. (Protokol Ne 09).
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AJIM3AJIE YJIBA
baxuncxuii 'ocyoapcmeennviii Yuusepcumem
CAXUB AJIMEB
Haxuuesanckuti I'ocyoapcmeennwiii Ynusepcumem
YIK: 517.95
OBPATHAA 3AJAYA C UHTEI'PAJIBHBIM YCJIOBUEM HEPEOIIPEJAEJIEHUSA
JJISI TUTTEPBOJIMYECKOI'O YPABHEHUS TPETBEI'O ITIOPAJIKA

Acar sozlar: tars sarhad masalasi, hiparbolik tonlik, Furye Gsulu, klassik hall.

Key words: hyperbolic equation, inverse problem, integral condition of overdetermination.
KuroueBble cioBa: cunepboonuyeckoe ypasHenue, 0opamuas 3a0aia, UHmMezpaibHoe YClosue
nepeonpeoeneHusl.

BBenenne. V3BecTHO HEMaso ciyyaeB, KOrJa MOTPEOHOCTH MPAKTUKU MPUBOIAT U 3aJadam
orpezaeneHus: Ko3QPUIMEHTOB WIH ITpaBoi yacT 1udhepeHnanIbHOr0 ypaBHEHH 10 HEKOTOPBIM
M3BECTHBIM JIaHHBIM OT €ro pemeHus. Takue 3ajaud MOJIyYWIM Ha3BaHUE OOpaTHBIX 3a7ay
MaTemMaTHueckoi (usuku. OOpaTHbIe 3a7add MPEACTaBISIOT COOOW aKTHBHO pPa3BUBAIOIIMICS
pas3zaen coBpeMeHHOW MaTteMaTtuku. OOpaTHble 3a/1a4M Ul YpaBHEHUM ¢ YaCTHBIMU MTPOU3BOIHBIMU
pPa3IMYHBIX THUIIOB HMCCJIEAOBAIIMCH BO MHOTMX padotrax [1-5]. B oOpaTHbIX 3amauax BMecTe C
HayaJdbHBIMM W TPAHUYHBIMH YCIIOBHSIMH, XapaKTepHBIMU JUIsl TOM WM WMHOM NpsSIMOW 3aaaud,
3a/laeTcsl JIOMOJHUTENbHAs HWHpopManus, HEOOXOIMMOCTh KOTOpPOil 00ycJOBieHAa HaTU4YUEeM
HEU3BECTHBIX KOX(PQHUIMEHTOB WIM IMpaBOd uYacTH ypaBHeHUs. JlomonHuTenbHas HHGpOpMAaIMs,
KOTOpasi Ha3bIBA€TCsl YCJIOBHUEM IE€PEOIpe/ieTIeHHs, MOXKET OBITh MpeACTaBlieHa B Pa3INYHbBIX
dbopmax .

B mnpennaraemoii cratbe HccienoBaHMS oOOpaTHas KpaeBas 3ajada € JIONOJIHUTEIbHBIMHU
MHTETPAJbHBIMH  YCJIOBUSMHU  JUIsI  THIEPOOJIMYECKOTO  YpaBHEHHUsS  TPEThEro  IMOpsIKa.
1.IMocranoBKa 32124y U ee CBeleHHE K DKBMBAJIEHTHOI 3a1a4e.
IMycts Dy ={(x,t): 0<x<1, 0<Lt<T}. Tanee, nycts f(x,t), ¢(X), (i=12.3),
h(t) - 3aJjaHHbIe PYHKIUH, onpeneseHusie npu X € [0,1], te[0,T].PaccmoTpum crnemayromnryro
oOpatHyto KpaeByto 3agauy: Haiitu mapy{u(x,t),a(t)} ¢byukumit u(x,t),a(t), cszanusix B Dy
ypaBHEHUEM [6] :

U (%) =U (X, D+ U (% ) =t (6 ) =200+  (X,1) o
MIPY BBITOJTHEHUH A1t GyHKIUU U(X,t) Ha4aabHBIX YCIOBUH
u(x,0) =@ (x), U (x0)=e1(X), Uy (x0)=p,(x) (0<x<1) &)
IPAaHUYHOTO YCJIOBUS
u,(0,t)=0, u@t)=0 (0<Lt<T), (3)
a TaKk)Ke YCJIOBHSIM IMEPEONpeIeTICHUA:
1
fu(xtdx=h(t) (0<t<T) (4)
0

rne O < @ <1 — 3anannoe uncio.
O0o03HaYNM

C@I(Dr )= ux, 1), U (X, 1), Uy (%,8), Uy (X, 1), Uy (X, 1), U (X, 1),
Uy (X,1), Uy (X,t) € C(Dy) }
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Onpenenenne. [lapy {U(X,t), a(t)} byHKIUH u(x,t) u a(t)6yﬂeM Ha3bIBaTh KJIACCUYECKUM
petrientem oGpaTHOit kpaesoii 3anaun (1) - (4), ecin u(x,t)e C??(D; ), al(t)e C[0,T]u
{u(x,t), a(t)} ynosieTBopsieT (1)-(4) B OOBIYHOM CMBICITIE.

CnpasennuBa cienyronas
Jlemma 1. Iycrs f(x,t) € C(Dy ), o(x),y(x) € C[01], h(t)e C?[0,T], h(t)=0 npu te[0,T]
H BBIIIOJHAKOTCA YCJIOBUSA COIJIaCOBAHUA:

Jx=h0). [, =10, [ (=10, ©

Torma 3a1a4a HaXOKIEHHUsI KJIACCHYECKOTo penieHus 3anaun (1)-(4) sKkBUBaiCHTHA 3a71a4e
orpeaeaeHus GyHKIUH u(x,t) eC?d (DT ), a(t)e C[0,T] u3 coornormrenwuii (1)-(3) u

1
a(th()+ [ f(x.t)dx=h"(t)+h"(t)-u, L )-au, @t) (O<t<T). (6
0
Joka3zaTejbCTBO. [Ipennonaokum, 49To {U(X,t),a(t)} SIBJSIETCSL KJTACCHMYECKUM PElIEHHEM

3anauu (1)-(4). U3 (4) BunHO, 4TO
d 1 d 21 d 31
—[uxtdx=h(t), = fuxt)dx=h"(t),— fu(x,t)dx=h"(t) ©<t<T). )
dty dt* o dt* 5
[Mpounterpupyem ypaBuenue (1) mo X ot 0 o 1 u yunTsiBas yciaoBus (3) umeem:

d3 1 dZ 1
d—3 [u(xtydx+-— fu(x,tydx—uy (1, t) = et (Lt) =
t° 9 dt®

= a(t)iu(x,t)dx+i f(x,t)dx (0Lt<T). (8)
0 0

Ortcroga, ¢ yuérom (4) u (7), IpUXOAUM K BHITIOTHEHHIO (6).
[Tycth Tenepn {u(x,t), a(t)} sBisiercst pemeHneM 3aaadn (1)-(3), (6). Toraa, u3 (6) u (8),
MOJTyYaeM:

d3 1 d 2 (1 1
—3[ fu(x.tydx— h(t)J + —2[ Ju(x,tydx— h(t)] = a(t)( Ju(x,tydx— h(t)] (0<t<T). 9)
dt 0 dt 0 0

Tak kak :[goo(x)dx = h(O), igﬂl(x)dx = h'(O), i(yz (X)dX = h"(O) , TO HIMEEM:

u(x,0)dx — h(0) = igoo(x)dx —h(0) =0,
0

A

Oty | O ey

u, (x,0)dx — h'(0) = igol(x)dx— h'(0) =0, (10)
0

1 1
Juy (x,0)dx = h"(0) = [ @, (x)dx = h"(0) .

L0 0

N3 (9) u (10) 3akmrouaem, 4To BBITONHETCS ycioBue (4). Jlemma moka3aHa.
2. PazpemmmmMocThb 3a/1a4M.

[lepBy10 KOMITOHEHTY U(X,t) pemenns {u(x,t),a(t)} samauu (1)-(3), (6) Oynem uckath B Buje
U t) = YU, (1) cos AX, A =%(2k—1), (12)

k=1
rIe
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1
u (t) = 2f u(x,tycos A xdx (k=12,..).
0

Torna, mpumenss popmanbHyro cxemy Dypre, u3 (1) u (2) nmeem:

upt)+uyp (t)+ A2up () +atu, (t)=F, (t;u,a) (k=12,..;
U, (0) = g, U (0)=

rac

F(t;u,a,b) = f, (t)+a(t)u, (t), f, (t) = 2]1' f (x,t) cos A, xdx,
0

1
oy = 2[ 3, () COS XX (=012 k=12,..).
0

Perrast 3amaay (12), (13), Haxoaum:

1 p
u(t) = b—{|:(7/|f +/3k2)e ¢ yend |:05k (a =2y, )cos Bt +
k

+ |:— 2y,6%¢

1, 3 2
+— (% + o rk
By

1
+e/d {274( oS St + & (of + B?

k

—05|<ﬁk2 _alfyk)Sin ﬂkt:|:|(p0k +

- 7|<2)5in :Bktj|j|¢lk +

0<t<T),
o Q) =gy (k=12,..),

t
+|:eakt +ert |:_ COSﬁkt +ﬂi(;/k —ay )sin ,Bkt:|i|(p2k +I Fk (T;U,a, b)x
k 0

x|:eak(t 7) 4 en(t7 |:7/kﬂ sin B, (t—7)—cos B, (t— r):H } (k=12,..),

rIe

oy

C(lk =9

P =1

= ayy + P ~3

2
2

L B = @(%k

=P 7k

2 2, .2
b =y + B+ —

1
3

1

3

204 7

__],12 2 2
27

i)
27

3
i A2 1
27 3

3
e A2 1
27 3

__é_i(alk + B

q1/2)

q1/2)

7

1/3

1/3

(12)
(13)

(14)

[Mocne noncranosku Beipaxenuit Uy (t) (K=12,...) B (11), mist onpeneneHns: KOMIOHEHTbI
u(x,t) pemenus 3anauu (1)-(3), (6) monyuaem:

0

u(x,t)= Z{bi{[(hz + ,Bkz)eakt +e/ |:05k (o — 2y, )cos Bt +
k

k=1

k

1 3 2
+— (% + sk
B
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+|—2y,6%" + e”{Z;/k CoS St + ﬂi(af + B2 —y¢)sin ,Bktﬂ(plk +
k

1 ) t
+| et 4o [— Cos S, t + 5 (7« — e )sin ﬂktﬂ(/’zk + I F(z;u,a,b) %
k 0

x[eak(t ) 4 enk(t- z‘)|:7kﬂ sin B, (t—7)—cos S, (t—r)ﬂ }}coslkx. (15)
k
Huddepenumpys (14) naxonum:

. 1 “ a
Uk(t)=b—{|:ak (7/k2 +ﬂk2)e : +97kt|:—05k(7k2 +,B|<2)C035kt+ﬂ—k(7k = o )X
k K

x(7/k2 + ,BkZ)Sin ,Bktﬂ%k + |:_ 205|<7/keakt +e/ [(0‘5 + ﬂkz + ?/kz)cosﬂkt"‘

(ak — B2 —y2)sin ,Bktﬂgolk +[0¢ke"‘kt +e/d [— a, oS B t+

"B
+ﬂ_(ﬂk + 7% — a7, )sin ﬂktﬂ%k +.iFk (r;u,a, b)|:akeak(t‘7) 4 e/t o
k 0
[(Zk e “k)wk}'“ Pi(t=7)=0y cos i (t= r)ﬂdr} (k=12,..). (16)
k

Jlnst Toro, 4TtoOBl MOJIyYUTh YpaBHEHHE I BTOPOM KOMIIOHEHTHI a(t) pemeHus {u(x,t),a(t)}
3agaun (1)-(3), (6) moacTaBuM BeIpaskeHHE (11) B (6):

a(t) = [h(t)]'l{h”(t)+h” jf (x,t)dx +

+ kiflk (=D* (uk (V) +auy (t))} : (17)
=1

Hanee u3 (14) u (16), monyyaem:

' 1 o
U () +auy (t) = b—{{(a"‘ak)(?/f +:Bk2)e ¢ +eykt[ak (aoy —2ayy —7/5 _18|<2)x
k

xcosﬂk“’%((]/k _Ofk)(%f +ﬂk2)+05(7|3 —,Bkz —ay7))sin :Bkt:|:|(00k +
k

+ [— 2(a+ay )y e™ + e |:(2a7/k +al + BF +yF)cos B t+

k

1 : p
- Xatel + )l ) ﬂktﬂ%k (v s
+eykt|:— (a+ak)cosﬂkt+ﬂi(a7k —aoy +/Bk2 +7|3 — a7, )sin ﬁkt:|:|(ﬁ2k +
k

+ j F.(7;u,a,, al)[(a+ak)e“k(t 2 e7k(t_’)[(—a+ak)cosﬂk(t—r)+
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+[7 ‘ ﬂ”‘(yk —ak)+ﬁk]sin ﬁk(t_r)ﬂdr} k=12..) . (18)
k

Torna u3 (17) ¢ yuerom (18), umeem:

a(t) = [h(t)]'l{hl”(t) + hl"(t)—i f(x,t)dx +
0
+ kiﬂk (—1)k bi{|:(05+05k )(7k2 "‘ﬂkz)eakt +et! |:05k (aoy —2ay, —7/5 _ﬂkz)x
=1 k
xcosﬁk“’%((?/k — oy )(7/5 +ﬂk2) +05(7|3 —ﬁkz —ayy))sin ﬂk{H%k +

k

+[— 2(a+ )ykeo‘kt + eykt|:(20:7/k + ak2 + ,Bk2 + ykz)cos,Bkt+

R ﬂktﬂ%k+[(a+ak)e“kt+
k

k

1 ]
+eykt|:— (05+05k)005ﬂkt+ﬂ_(057k — oy +,3k2 +7|3 —ay y,)sin ,Bktﬂ(ozk +

t
+[F (r;u,ao,al)[(a+ a, )e% ) f el (t_r)|:(—a+ a,)cos 3, (t—7)+
0

+[7kﬂ+a(7/k_ak)+,8k]sin ,Bk(t—r)j|:|dr} } (19)
k

Takum o6pa3om, pemenne 3anaqu (1)-(3), (6) cBeneHo k pemenuto cuctemsl (15), (19)
OTHOCUTEJILHO HEM3BECTHBIX (DyHKIIUIA U(X,t) u a(t).

MOXHO 10Ka3aTh CIEAYIOUIYIO JIEMMY.
Jlemma 2. Ecau {u(x,t),a(t)} —roboe xraccuueckoe pewenue saoauu (1)-(3), (6), mo

Gynrxyuu
1
u () =2[u(x,tycos 4 xdx  (k=12,..)
0

yooenemeaopsiiom cucmeme (14).
CaencrBusi. 13 nemmul 2 cnedyem, umo 051 00KA3amenbcmea eOUHCmMEeHHOCMU PeuleHus
saoauu (1)-(3), (6), docmamouno dokazams eduncmeennocms pewerus cucmemst (15), (19).
Tenepp, ¢ mwensto wuccuenoBanus 3amauun  (1)-(3), (6) paccMoTpuM cleayrolue
MPOCTPAHCTBA:

1. O603HauuM yepe3 BgT [7] coBokymHOCTb Beex pyHkImit U(X,t) Buaa

u(xt) = i;Z.i‘iuk(t)cosﬂukx, A =%(2k—l),

paccmarpuBaembix B Dy st kotopsix Bee dyukuuu Uy (t) € C[0,T] u

0

1/2
Jr(u) = (Z(/ﬁ [luy (t)”C[O,T])Z] <.

k=1
HopMa B OTOM MHOXXCCTBE OIIPEACIIACTCSA TaK:

Jux )]s, = I+ ().
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2. Yepes E2  0603HaumM mpocTpancTBa BekTop dynKkmmn {u(x,t), a(t)}, Takux uro
u(x,t)e B3, a(t)eC[0,T]..
CHa0aMM 3TO IPOCTPAHCTBO HOPMOI:
||Z||E$,3 = ”U(X’t)”BgT +||a(t)”c[o;r] :
N3BecTHO, 4TO BS‘T 51 E? ABISIOTCS. OAHAXOBBIMH NPOCTPAHCTBAMH.
PaccMOTpUM B IIPOCTPAHCTBE Efq’ orepaTop
D(u,a) ={P,(u,a), @, (u,a))},
rae

@, (u,a)=u(xt)= gﬁk (t)ycosA x, D,(u,a)=af(t),

rae Uy (t) (k=12,..) u &(t) u paBHBI COOTBETCTBEHHO NpaBbiM YacTsM (14) u (19).

[Ipumem o6o03HaUCHUS

2 3 1/2

S (N R R CH R
. . , . . " ) . N3 1/2

ﬂZk =E[(0{—§)ﬁk +E] |:Z(( _élﬂk +E] +E[lz—§] :| ' (21)

241 =3\/Z1 P =_3\/ﬂ_2k-

Orcrona, ¢ yuerom (20) u (21), nonyqyaem:

Torna
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[Ipennonoxum, yro nanneie 3aaa4u (1)-(3), (6) yI0BIETBOPSAIOT CAEAYIOUIUM YCIOBUSIM:

L ¢(0)eC’01] ¢ eL,(0) u ¢{(0)=¢;(1) =) =0 (i=0)).

2. 9,(x) eC 0], p5(x) € L,(0.)) . 95(0)=,(1)=0.

3. f(xt), f,(x,t)eC(D;), f,,(x)eL,(D;) u f,(Ot)=fLt)=0 (0<t<T).
4. h(t) eC®[0,T] , h(t)20 (O<t<T).
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W3 HepaBeHCTB (24) - (25) 3akimoyaeMm:
T060lgs, +1A0O]gor, < AT +BOROlcgor, ux g, . @8)
rjae
AM) =AM+ A, (M) B(M)=B(T)+B,(T) .
Hrak, nokaszana cienyromas
Teopema 1. Ilycmo gvinonnenwvl yciosus 1-4 u

B(T)(A(T)+2)? <1. (27)
Toeoa 3aoaua (1)-(3), (6) wumeem 6 wape K=KR(||Z||ET3SR= AM)+2) uz E?

eOUHCMBEHHOe peuterue.

Jloka3aTebCTBO. B mpocTpaHcTBE POCTpaHCTBA ET3 paccMOTPUM ypaBHEHUE
z2={dz, (28)
rne z={u,a}, xommonentsl ®;(u,a) (i=12), omeparopa ®(U,a), ONpEIEIEHBI IPABBIMH
yacTsiMu ypaBHeHu (15), (19).
Paccmotpum omepatop ®(u,a,) B mape K =Ky u3 ET3. Amnanoruuno (26) momydaem,

4TO IJIA JIIOOBIX Zy,Z,,Z3 € Ky cIpaBeuUIMBBI OLCHKH:
|0z ¢, < AT) + BTl lux g, <

<AM+BTMAM)+2)?2 < AT)+2, (29)
|z, - CI)zz||ET3 < B(T)R(fa (t) - a, (t)||C[O’T] + lug (x,t) — UZ(X't)”BgT ). (30)
Torga B cuny (27), uz (29) u (30) scHo, uto omeparop @P(uU,a),ynOBIECTBOPSIOT Ha
mHOXecTBe K = Ky ycnoBusM npuHImma cxateix oroOpaxkenuii. [Toatomy onepatop ®(u,a), B
mape K=Ky wumeer enuHcTBeHHYIO HemoABkHY Touky {z}={u,a}, koropas sBisercs
peumiennem ypaBHeHus (28), T.e. spusercs B mape K = Ky eIMHCTBEHHBIM PELICHUEM CHCTEMBI
(15), (19) .
Oynkimst U(X,t), Kak 3JIeMEHT MPOCTPAHCTBA BZ3,T' HETpepbIBHA U UMEET HENpEpPbIBHbIC
npoussonusie U, (X,t), U, (X,t) B Dy .
Jlerko mpoBeputs, 9To U (X,1), Upy (X,1) Uy (X,t), Uy (X,t) HempepsiBub 8 D u ypaBHenue
(1), ycnoBus (2),(3) u (6) ynoBieTBopsaroTcs B 00bIYHOM cMbIcie. 3HauuT, {u(X,t),a(t)} ssisercs
pemenuem 3anaun (1)-(3), (6). B cuny crnenctBust ieMMbl 2 oHO equHCTBEHHO B mape K = Kg.

Teopema nokaszana.
C momorpio JIeMMBI 1, M3 TIOCIIEAHEH TEOPEMBI BBITEKAET OJHO3HAYHAS Pa3peIIuMOCTb
ucxoanoi 3agaun (1)-(4).
Teopema 2. ITycmob evinonnsiiomes éce yciosus meopemvl 1 u
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Kaaccuieckoe peueHue.
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XULASO

Uciincii tartib hiparbolik tanlik iiciin slavo
inteqral sarhad sortli tars masalasi

Isdo iigiincii tortib hiperbolik tonlik {igiin olave inteqral sorhod sortli tors sorhod mosolosi
todqiq olunur. Furye iisulunun kdmayilo mosolo inteqral tonliklor sistemino gotirilir vo sixilmis
inikas prinsipindon istifado edorok inteqral tonliklor sistemindo hallin varligi vo yeganoliyi isbat
edilir. Sonra iso qoyulmus masalonin klassik hallinin varligi vo yegansliyi isbat olunur.

ABSTRACT

Inverse problem with integral overdetermination condition for a
third order hyperbolic equation

An inverse boundary value problem for the third order hyperbolic equation with an
additional integral condition of the first kind is investigated. Fist the initial problem is reduced to
the equivalent problem, for which the existence and uniqueness theorem is proved. Then using these
facts the existence and uniqueness of the classical solution of initial problem is proved.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli qorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).

Mogaloni c¢apa toqdim etdi: Fizika Uzro falsofa doktoru,
dosent F.Qocayev

58



NAXCIVAN DOVLOT UNIVERSITETI. ELMi OSORLOR, 2017, Ne 4 (85)
NAKHCHIVAN STATE UNIVERSITY. SCIENTIFIC WORKS, 2017, Ne 4 (85)

HAXYBIBAHCKHI TOCYJIAPCTBEHHBIIT YHUBEPCHUTET. HAYYHBIE TPY/IbI, 2017, Ne 4 (85)

KONUL MOMMODOVA
Naxcivan Doviat Universiteti
dol¢al976@gmail.com
UOT: 517.9
CIRLASAN PARABOLIK TONLIKLORIN HOLLORININ ARADAN
QALDIRILA BiLON COXLUQLARININ TODQIQi

Acar sozlar: qeyri xatti, cirlasan, baslangic-sarhad masalasi, aradan qaldwrila bilon ¢oxluglar

Key words: nonlinear, degenerate, initial — boundary problem, removable singularity

KaroueBble cioBa:  Heaunelinvle,  BbIPOANCOAIOWUXCS,  HAYANLHO-CPAHUYHAAL  3a0aud,
YCmMpaHumvle MHONMCECMEA.

Mogqalads cirlasan geyri-xatti parabolik tonliklorin hallorinin aradan galdirila bilon ¢oxluglar
Oyranilir.

Xotti elliptik vo parabolik tonliklorin  hollorinin  aradan qaldirila  bilon ¢oxluqglar
O.A.Oleynikin [1], [2] osorlorinds &yronilmisdir. Kvazi-xatti tonliklor ii¢iin bu tipli naticolor A.
F.Tedeyev, A.E.Siskov [3] vo T.S.Haciyev [4] torofindon alinmigdir. S.Bonafade [5] cirlasan
tonliklorin hollorinin keyfiyyat xiisusiyyatlorini tadqiq etmisdir.

Homginin [7] -[11] islorini do gostars bilorik.

Evklid R}f'  fozasimn Hr = {(x,1):0 <t <T < o} zolaginda geyri-mohdud oblastda
baslangic-sorhod masalasing baxag.

%— > ()" DA, (x,t,u,Vu,...,V"u) =0 1)
|ez|<m
ul,_, =0 o)
Dfu =0 |aj<m-1 (3)
e
Burada D*-— % la| =y +a, +..+a,, m>1.

OX* OX52 ..OX ™

Q oblastt geyri — kompakt sorhodo malikdir 0Q=T,UI; UT, burada
I, =0QN{(xt):t=0}, I =aQN{(x,t):t=T}.
Forz edok ki, A, (Xt,&) omsallarnt (X,t) € Q nozoran Olgiilon funksiyalardir, EeR™

nozoron kosilmozdirlor vo asagidaki sortlori 6dayirlor.

Z A, (x5, EE™ > w(x)|E"|" —clw(x)r_nzll\é\p -f(xt), @

A, ()] <Y + 00, (5)

Burada &=(&°,...,&M), &' =(&)), o/ =i, ¢,,¢c, >0, p>1,
fl(X!t) < Lp'(O’T; Lp,loc(g))’ fZ(X't) € I'1,Ioc (Q) J Qz‘ = Q ﬂ {(X’t):t = T}’
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:
Lp (O,T,Wqu(Q; )) fazas1 bu ciir toyin olunur: { m e ( ) dt < oo} burada
0

Q, Q-niin mohdud alt goxlugudur, € =Q'N{(x,t):t=17}. Wq’w(Q;) C™(€Y) fozasindan

olan funksiyalarin qapanma51d1r va bu fazada norma bels toyin olunur:

s ( }
a<m

Forz edok ki, w(x), x € Q 06l¢iilon, manfi olmayan, asagidaki sorti 6doyon funksiyadir
a(X) € Ly1,.(Q) (6)

Burada, Q. =Q, "B, B, = {X x| < S}, ¢, —yalniz mosolonin verilonlorindon asili miisbot

sabitlordir. Xisusi halda (6) sortlorinden Q2 € A yani ixtiyari p>0 Uglin

_[ X
Q,
0o-nun hondasi konfiqurasiyasini ifado etmok ii¢iin o(r, t)=S(r)mQ kosiyinin, burada
S(r)=QMaQ(r), Q(r)=Qn {BS X (O,T)}, A, (r,7) ¢akili geyri-xatti tezlik anlayisim verak:

A(r,7) = Iﬂf[ _[co(x)Vv| drj{ Ico(x)|v| er :

rz) 7(r,7)

Q

| a)(x)“dx} <C,p"™ @)

P

burada asagi sorhod 0Q-da sifra yaxinlagan kosilmoz diferensiallanan funksiyalar tizro
gotaraldr.

Ogor ixtiyari  ¢(X,t) € L,{O,T;V;/ o) N, (Q‘)) funksiyasi ti¢iin

j (pdxdt+jzA (X,t,U,..., D"u)D*gpdxdt =0 (8)
Q Qlafsm

[e)

: T M o7
Inteqral eyniliyi 6donilirsa,onda u(x,t) e Lp O,T,Wp a),IOC(Qt) ﬂWZ (O,T, L2,IOC(Qt D

funksiyasi (1)-(3) mosalasinin timumilosmis halli adlanir.
Biz elo oblastlar sinfino baxacagiq ki, Ia)(x)|u|pdxdt <ALP(r o) ja)(x)|Vu| P dxdt 9)

o(r,z) o(r.z)
qiymatlondirilmasi 6donilsin.
Forz edoak ki, k(x) e C;.(©2) miisbat funksiyadir, k(0)=0 vo xeQ gl

IDk(X)|=h, >0

>0, j=12...,m.

qiymatlondirilmalari 6donilir.
Asagidaki isarslomalori daxil edok:

2

2oy (0,7) = 25(r,7) + ufly , Vs,7 > 0.
Jup(r7) = NDmU|p +ﬂ2(S)U2)dX,

Qz(s)

3921 7),Q2.(5) \Q,(5,) =M _(s,,8,), burada p(v) funksiyasi sonradan toyin edilacok.
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Lemma 1. Forz edok ki, u(x,t)eh, (0, T;W (Q,)NL,(Q)) vo u(k(x)) Q - da 6lgiilon,
monfi olmayan lokal moahdud funksiyadir. Onda asagidaki barabarsizlik dogrudur.
| Dzju|2/1#(s)(k(x),r)if f (k(x))dxs% x | (|Druf®+ ¢ (s)|D'u® )f (k()dx  (10)
M, (s;57) 1 M, (s;57)

burada j<m.

m dofs kasilmoz diferensiallanan &(t) funksiyalar: daxil edok:
0<&(t)<1,2 «t<1;E(t)=1

t<2 Ggln, &(t)=0 Uglin  t>1. .§(t)=§(ﬁ) isaro edok. Bu funksiya iiciin asagidaki

qiymatlondirmalor dogrudur.

D16, S e @by <rj=od.m

1-h]

)=0 g(x)< rh+%(1—h) igtin gx)>r, j>1

i k(x
Dl (0
Lemma 2. Forz edok, kosilmoz azalmayan I(t) funksiyasi (t, «) asagidaki borabarsizliyi
odoyir.
1(t)<O6I(ty(t)), 0<06 <1,

y()=1+e(b), o(t) >0 (11)
va Ol¢iilon @(t) funksiyasi ligiin
(p(t))tinf @(1)>6>0 (12)

t<t<ty(t) dogrudur.
Onda I(t) iigiin asagidak1 giymotlondirmo dogrudur.

1(t) > Hexp[éln elj%]l(to)
f TO\T

Bizim osas mogsadimiz Juqp(t) funksiyasinin  t—o0 olduqda qiymotlondirilmasinin
alinmasidir.
Asagidaki @(t) vo p(r) funksiyalarini toyin edok:

it A (KO Ow(@)-D>h >0Vr>z, (13)
rek(X)<ry(z) M) ,
0<h< u(ry (D)) (u(z) ' <H <o, Vi>7 (14)

Beloliklo (8) inteqral eyniliyindon (4), (5) sortlorindon, lemma 1 vo lemma 2- don istifado
edorok asagidaki teoremi aliriq.

Teorem: Forz edok ki, u(x,t)eLp(O,T;V\im

p.w,loc

(Q,F))ﬂwzl(O,T;LZ(Q)) (1)-(3)  mosalasinin

iimumilosmis hoallidir. Omsallar (5) sortini, Q oblast1 iso (A) sortini 6doyir vo miioyyon o >0
sabiti U¢ln
t
4  dr
Jﬂ(t) (t) <Cexp(Cyvin (ky +7) '!.T(l— o) Vi<to
qiymatlondirmasi dogrudur. Onda u(x,t) hallinin cirlasan I" ¢oxlugu aradan qaldirila bilondir.
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ABSTRACT
Mammadova Konul
The estimates of solutions of degenerate parabolic
eqution of higher order
The nonlinear diferential equations arising in many problems of physics, mechanic, biophysics
biology and so on.
The investigation this problem having larger value in now in connected with meny process in higher
temperatura, deformation and so on.
If the domain have the difficult boindary or inbounted then the investigated the nonlinear elliptic and
parabolic equtions having, larger value in thory of partial differential equations.
In this paper in unbounded layer for degenerate nonlinear parabolic equations initial boundry
problem is considered. Also removability of solutions is study.
PE3IOME
Konrwoa MamenoBa
Ouemm pemeHm‘/i BBIPOKAAIOIIUXCH napaﬁonuqecm[x
YPaBHEHUI BBHICOKOI0 MOPSIAKA
Henunelinpie nudepeHIanbHbie ypaBHEHUS BO3ZHUKAIOT BO MHOTHX 33J]auaX COBPEMECHHOM (PU3UKH,
MEeXaHUKH, 0M0(HU3UKH, OMOJIOTHH, SKOJIOTHN OMOXUMHUHU M HEKOTOPHIX Npyrux cdepax. MccnemoBanue aTux
3a1a4 UMCIOT 0OJIBIIIOE 3HAYEHUE B COBPEMCHHOCTH B CBA3H MPOHCXOKICHUEM MHOTHUX IIPOLUECCOB BO BPEMA
OOJIBIIMX TEMIIEPATY P, SIBJIICHUN U nedopMarim.
Ecmu T'paHuna 00/acTH HMMEIT CJIOXKXHYIO TI'paHUIly HWJIKW OHAa HCEOrpaHW4cCHa, TO HCCIICAOBAHUC
HETMHEHHBIX JJUTUNTUYCCKUX H Tapa0oIMJecKWX YpaBHCHHM WMEIOT OOJIBIIIOEe 3HAYCHWE B TCOPHUU
muddepeHInaTbHBIX YpaBHEHH ¢ 0COOBIMH MPOU3BOTHBIMH.

y H; ={(x,t):0<t<T < oo}
B JaHHOM CTaThbC, EBKJII/IZ[OFO IMPOCTPAHCTBO CJIOCB HCOIPAaHNMYCHHOM
001acTH Ul BBIPOKIAIOMIUXCSA HEJIMHEHHBIX MapabOoJMYeCKMX YPaBHEHHH PacCMaTpUBAECTCS HAYajlbHO-
rpaHnu4cCKad 3aJgava, U3y4aroTcs yCTpaHéHHI:Ie 0COOEHHOCTHU pemeHHﬁ. I[.]lﬂ HereprBHI:II?'I, Hey6bIBaIOU_IeI>’I

Q0
¢dynkimu | (t) moxydeHbl OLICHKH Ha OCHOBAHUH KOTOPBIX OLECHKH ()YHKIIMU e (7) npu e
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Heydor Oliyev adina AAHM
UOT: 512
QOSMA VEKTOR VO ONUN 9SAS XASSOLORI
Acar sozlar: gosma vektor, kompleks miistovi, kompleks adadin bazis vektoru.
Knrouegwie cnoea: conpsasicenuil 6eKmop, KOMNIEKCHASL NIOCKOCHb, OA3UCHbLU BEKMOD
KOMNJIEKCHO2O0 Yucua.
Key words: vector bundle, complex plane, basis vector of complex numbers.
I. Qosma vektor anlayisi.
Molumdur ki, xoy kompleks mustovi UGzorindo verilmis z = x + iy (1.1) kompleks adadinin,
z=x—1iy (1.2) kimi qosma kompleks adadi homigso movcuddur. Burada i xoayali odaddir. Digor
torofdon do molumdur ki, har bir kompleks odad, kompleks mistovi lzorinds bir 7 vektoruna
uygundur. Belo ki, z kompleks adadins uygun olan # vektoru koordinatlar: vasitosilo asagidaki
Kimi toyin olunur. 7 =x7+yj (1.3). Burada 7 vo J koordinat oxlari istigamoatds vahid
vektorlardir. Clinki kompleks miistavi ilo hogiqi mustavinin forqi yalniz onlarin vahid vektorlaridir.
Onda deys bilarik ki, kompleks mistoavi Uzarinds Z qosma kompleks adadine do bir vektor uygun
olar. Z qosma kompleks adodino uygun olan vektoru, 7 vektorunun, qosma vektoru adlandiraq vo

7 ilo isaro edok. 7 vektorunun gosma vektorunu 7 * kimi dos isaro etmok olar. Bu deyilonlora
asason 7 vektorunun qosma vektorunu koordinatlari vasitasi ilo asagidaki kimi toyin eds bilarik.

r=r"=xil—yJ (1.4)

Digor torofdon molumdur ki, e ifadosi Eyler diisturuna osason asagidaki kimi toyin
olunur.
e'? = cos ¢ + isin @ (1.5). (1.5)-in sag torafini kompleks adodin bazisi adlandiraq vo z° ilo
isaro edok.
Qosma vektor handasi olaraq sokilda gostarilmisdir.

ylk
Z
0 QP
@ X
7= ~
Z
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Onda z° bazis kompleks adadine uygun, bazis vektor (vahid vektor) asagidaki kimi olar.

79 =Tcos¢@ + jsing (1.6). Bu vektorun qosma vektoru isa 70 =Tcos@ —Jsing
-0 >0
(1.7) olar. (1.6)-1 ilo (1.7)-i torof—torofo toplasaq vo ¢ixsaq alariq. cos @ == 2+ir0 (1.8),

70_ 70

—— (1.9). Burada |7°| = | 79| olur.
(1.8) va (1.9)-un diizguinlilyiinii yoxlamag ticlin cos? ¢ + sin? ¢ = 1 borabarliyini yoxlayag.
2 4 i F°+F_02+ 70— 70\°
cos“ @ + sin“ @ = >3 27 =
242070 4 (70)°  (7)2— 27070 + (70)°
B 2D% (@23 -
C1+27%70+1 1-27°70+1 1+27%70+1+1-27°70+1
= = . =

Demoli (1.8) vo (1.9) borabarliklori diizgiin toyin olunmusdur.
Indi iso vektorla 6z qosmasi arasinda va iki qosma vektor arasinda bazi amalloro baxag.

sing =

1

II. Vektorla 6z qosmasi arasinda bazi amallar.

Tutaq Ki, bizo 7 = x T+ yj vektoru vo bunun qosmasi olan # = x T — yJ vektoru
verilmigdir.Bunlar arasinda asagidaki kimi omallara baxaqg.

1.Toplama r+7r=xl+yj+xi—yj=2x1 (2.1)
' 2.Cixma r—7r=xl+y/—xl+y]=2y] (2.2)
Indi isa vektorun 6z qosmasi ila skalyar va vektorial hasillarini ayrica toyin edok.
3.Skalyar hasil

(7.7) = (T +y), (xi-yD) =
=x*@D —xy@ D +xyGD —y?G.)) = x> —y?
Demoali, aliriq (17, ?) =x2 —y? (2.3)
4. Vektorial hasil
77| = [T+ 1), T =y =
= x2[,7] — xy[5, 71+ xy[], 7] — y2[,j] = —xyk — xyk = —2xyk
Demoali, aliriq [F, ?] = —2xyk (2.4)
5. B6lma. BAlmo amalini yerina yetirmak tiguin kasrin slirat vo maxracini, maxrocin qosmasina

skalyar vo vektorial vurag. Yani masaloys iki halda baxag.
a) avvalca suirat vo maxraci, maxracin qosmasina skalyar vuraq:

Foxi+y)  ((i+y) Gi+y))
7oxi=y] (i-y) &i+y))
LD +xy@ ) +yxG D +y*G ) x* +y?

L0 +xy@ ) —yx(D —y2G.)  x%—y?
. 7 x2+4y?

Demsh,. alinq == (2.5)
b) Indi isa surat Vo maxraci, maxracin qosmasina vektorial vuraq

7 oxi+y] [(xT+y), &xki+yD]

_
il

7 oxi-yj [xi—yp), &xi+ypl
2L +xyg) +yxl) i + v xyk—xyk 0
x2[ 31 + xy[ )] — yxl), 1] — 2[5, J] xyz + xyiE nyfg
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=0 (2.6)

III. iki gosma vektor arasinda bazi amallar.
Tutag ki, bizo 77 =x,T+y,] Vo rz =x, 1+ y2 J vektorlar verilmisdir. Bu vektorlarin
qosmasi 7, =x;1—yi] Vo T, =x,7—y,] olar. Bu vektorlar arasinda asagidaki
omoallara baxag.
1) Toplama.

oA =0 T—y)) + (o l—y)) = (o + )T — (v +¥2)] (3.1)
2)Cixma.

o1 =g Tl— yi) = O T=y2)) = (01 = x)T + (2 — y1)J (3.2)
3) Verilmis vektorlarin skalyar va vektorial hasillorino ayrica baxaq

a. Skalyar hasil

Demalj, aliriq

Sl =

7.7 )= (G t=y) O T—y,))) =
=x; (00 — x1Y2(3)) — y1x. (7LD + 2’1}’2(] D=x1"%+y1"y2

Demoli, aliriq (r1 Ty ) =X1 Xy + V1Yo (3.3)
a) Vektorial hasil

sk %

77 | =G T—y), (e T—y2))] =
=X x, [T, j x1y2[ 7)1 - }’1x2[] 1] + y1y.l
—x; Y2k + y1x2k = (7102 — x12)k
Demoli, aliriq 7t *,ﬁ*] = (y1%; — x1y)k (3.4)
4)Bb|m9 Tutagq ki, 7; vo 7, vektorlarnin qosmalariolan 75 =x;T—y,j Vo T, =
x,1—y,] vektorlar1 verilmisdir.
T _xlyi

I

5k
T2 X3 1-Y2]

> >

g1 =

nisbatina baxaq. Bu kasrin siirat Vo maxracini, moXracin qosmasina skalyar vuraq
i* _ ((x1 U= y1)), (e T— Yzf)) _
((xz U= y2), (X T— YZf))
0%, @D+ 1y, @) =y G0 —y1y2 (7))

T, D +x29, G =y GD — vy GJ)
_ XX = y1y, J° _ X1X2 — YV1)2

- 2 2 2 2
XoXol® = ¥V2Y2 ] X2% = Y2
. e X1Xp—
Demoali, aliriq r% = ;22—3;]132}2 (3.5)
2 2 )2

Eyni gayda ilo blmo zamani maxraci va sirati moxracin qogsmasina vektorial vuragq.
Z O T=y1), G T+ y2)]
7 [ T—y2)), G T+ y2)]
Cx [U 0+ xy, [B]] =y U0 —yy2 171
XX, [T+ X2Y2 [Z,7] —Y2X2 7,70 = y2y2 771
_ X1%2 k+yixa kb x1y; +y1x,

X292k — Yo% k XY, VX,
g — X1V tYiXs _ X1Y2 +YiXp (36)
] T2 X2Y2+Y2X2 2X2Y2 . o ]
Beloliklo, bu hasillordon aydin olur ki, har iki halda bélma noticosindo alinan komiyyat

skalyardir.

Demoli, aliriq
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COIIPSIKEHHBIE BEKTOPBI M X OCOBEHHBIE CBOMCTBA

B cTatbe rOBOpUTHCS O COMPSAKEHHBIX BEKTOPOB, a TAK KE BBIIOJIHEHUE HEKOTOPBIE JECHUCTBUS
HaJ HUMH. W Tak, 3TH mpoOJeMbl OBLIM BBIIIOJIHEHBL. A TaK K€ JJIA CAMHUYHBIX BEKTOPOB ObLIH
MPOBEPEHA MPABUIILHOCTD BPAXKEHUE COS (P U Sin .

JlaB TOHSTUS CONPSKEHHBIX BEKTOPOB, PAaCMOTPHUBAs JICWCTBUSI CIIOKEHHS, BBIYUTAHUS
YMHOXXEHUSI U JICJICHUS MEXIy BEKTOPOM H €ro CONPSHKEHHBIMH a TakKe MEXIy JBYyMS
CONPSKEHHBIMM BEKTOPAMHM MPUBOAUT K HEKTOPBIM PE3yibTaTOM. B 3TO Bpemsi MCMOIb30BajIOCh
CEepE3HO MATEMATUYECKUMU JAEHCTBUSAMM.

ABSTRACT
Elman Mahmudov
Arastun Hasanov
Naila Hassan
Tofig Allahveriyev
INSERT VECTOR AND ITS FEATURES

Main goal of the article is to prezent the notion of insert vector and accomplish some work on
it. So these tasks have entirely been fulfiled. also the correctness of the current vector for the

cos ¢ and sin ¢ has been checked up.

The inserct is in the rneaning of vector betwen its insert and vector got some result looking at
the addition, calculation, multiplation and division have been done serious mothematical operations.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).
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Moalum oldugu kimi ulduz atmosferlorinds hidrogen Xotlorinin genislonma mexanizmlari
digar elementlorin Xatlorinin genislonma mexanizmlorindan xeyli forglonir. Ogar metal Xatlorinin
genislonmosinds osas rolu siialanmanin s6nmasi oynayirsa, hidrogen xatlorinin genislonmasinda
osas rol oynayan Stark effektidir [1]. Ulduz atmosferlorindo hidrogen Xxatlorinin genislonma
mexanizmlori Jager [4], David [5], Kurocka [10], Zelenka [6], Vernazza [7, 8], Atroshenko [9] vo
basqalar1 tarafindon 6yronilmisdir.

Bozi todqgiqatgilar hesab edir ki, ulduz atmosferlorinds hidrogen xatlorinin genislonmasinda
Stark effekti ilo yanasi moxsusi tozyiq do, siialanmanin sénmasi do az rol oynamur [2]. Mixtalif
genislonmo mexanizmlorinin tohlili gostorir ki, Balmer xotlorinin uzaq qanadlarinda siiratli
elektronlarin tasiri do Stark nazoriyyasi ilo yanasi rol oynayir [1].

Gucli Balmer xatlorinin profillorinin mixtalif hissolori ulduz atmosferlorinin muxtalif
dorinliklorindo yaranir. Ona goro effektiv olaraq onlarin morkozi hissasi vo qanadlarinin
genislonmosindo mixtalif effektlor asas rol oynamalidir.

Quluzads [11, 3] ulduz atmosferlarinds Fraunhofer xatlorinin genislonmo mexanizmini vo
onun xott daxilinds doyismasini tadgig etmoak glin sads Usul toklif etmisdir. Bu tisulun mahiyyati
asagidakindan ibarotdir. Molumdur ki, guclu Fraunhofer Xastlorinin uzaq qanadlarinda qaliq
intensivliyi asagidaki emprik diisturla toyin olunur:

C
r(Ad)=1-—[i-R(A%) .
Burada AL xattin markazindan olan mosafo, c-ganad giicli vo n-qaliq intensivliyinin AA-dan asililiq
gOstaricisidir. Bu ifadoni logarifmik sokildo asagidaki kimi yazmagq olar.

R(ALIAA,,) AL
| =lgc-nlg| ==
gL'_R(Al/AAl/Z):| gC ng(Aﬂllzj (2)
R(AAIAL,,,) in g AL
)

1-R(AA/ AL, 1

diz xatdir vo n onun absis oxuna meyli, Igc iso onun ordinat oxundan kasdiyi pargadir.
Prosiyon spektrinds H;, H, va H ; xatlari Gi¢lin n-in tayini cadval 1-ds verilmisdir.

Diisturda A\y2 profilin yarimenidir. Aydindir ki, |g{ j-dan asililig

Miisahids olunmus profillara goro mixtalif AA-lar tgun (2) tonliklar sistemi tortib olunur va onun
on kicik kvadratlar tsulu ila hallindon n va ¢ toyin olunur. Alinmis naticalor codval 2-do verilmisdir.
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_ ) R(AZ) AL
NUmuns olaraq sokil 1-do H, xotti Gcln Ig —) nm 19 -don asililigini

1-R(AZ A4,
gOstorilmisdir.
Cadval 1
Prosiyon spektrinds H, H, va H , xatlori tiglin n-in tayini
Hﬂ H7 Ha‘
| Ig - -
IS N 2|
AL R AL
Ig R(Aﬂi j AA Ay, A lg s
AL NP2/ g ( ) AV lg (—) AL
(A ) AA Ady, 1-R ﬂ My, 1- R[j
2 1- R( A, i Ay, |
Aﬂ'uz o 12/
0.134 -0.447 0.049 -0.391 0.029 -0.447
0.201 -0.511 0.117 -0.448 0.152 -0.550
0.311 -0.602 0.173 -0.492 0.207 -0.602
0.398 -0.690 0.225 -0.550 0.292 -0.690
0.470 0.773 0.271 -0.600 0.330 -0.733
0.532 -0.865 0.350 -0.689 0.398 -0.807
0.587 -0.908 0.416 -0.750 0.507 -0.935
0.607 -0.954 0.474 -0.830 0.553 -0.953
0.736 -1.136 0.526 -0.917 0.631 -1.136
0.803 -1.211 0.571 -0.954 0.699 -1.211
0.861 -1.289 0.651 -1.027 0.757 -1.279
0.912 -1.380 0.717 -1.117 0.808 -1.380
0.958 -1.454 0.775 -1.211 0.854 -1.454
1.000 -1.557 0.827 -1.348 0.895 -1.557
1.037 -1.690 0.872 -1.481 0.933 -1.690
1.072 -1.817 0.914 -1.713 0.968 -1.817
1.104 -1.996 0.952 -1.848 1.000 -1.996
1.135 -2.396 0.986 -2.298 1.030 -2.396

R(AZ) AL
Sokildon goérundiyd kimi Ig m i 19 E -don asililigini ifado edon Xott bir negos
N /2

dofa sinir vo onun absis oxuna meyli doyisir. Profilin qanadlarinin miixtalif bolgolorindo n mixtolif
giymotlor alir. Bu o demokdir ki, spektral Xotdo profilin ganadlarinin miixtalif hissalarinin
olusmasinda effektiv olaraq miixtolif mexanizmlor rol oynayir. Molum oldugu kimi siialanmanin
sonmasi Uglin n = 1, Stark effekti tigiin iss n = 2.5-dir. Cadval 2-don gérindiyl kimi H ; xatti Gglin

AL = 5.5-9.3A oldugda n = 1.6, AL = 23.4-31.6A oldugda iso n = 2.9 olur. Beloliklo H ; Xatti tigiin
Stark effekti A% > 23.4A oldugda osas rol oynayir. H, xotti Uglin iso Stark effekti A% > 21.4A

oldugda asas rol oynamaga baslayir. H;Xotti Ugun ise Stark effekti daha yaxin qanadlardan (AA >
12.8A) baslayrr.
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|

no

o

o

N va c-nin hesablanmis qiymatlori

Cadval. 2

Spektral A(/i) n c
xatlor
H, 55:9.3 1.6 3.9
9.3 234 1.8 19.9
234 - 31.6 2.9 -
H 8.5 +14.8 15 3.71
g 14.8 - 21.4 2.5 56.23
21.4 - 26.9 3 23.44
0,04
R(AA)
1-R(AX) 05 ]
-1,0
1,54
_2’0_
2S5 T T T T T T L |
o1 02 03 04 05 06 07 08 09 12 13
1g(AN hsp)
Sak. 1. Ig {%} -nin 1g(AA\ Ass)-don asilliq qrafiki
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ABSTRACT
Mirgasan Tairov

About the broadening of the balmer lines in the spectrum prosiona

As is known, the mechanism of broadening vodorodnyya lines in stellar atmospheres, is
significantly different from the mechanism of broadening of the lines of other elements. If the line
broadening metal core role played by radiation damping, the broadening of hydrogen lines occur
due to the Stark effect.

The paper examines the role of different mechanisms in the broadening of the Balmer lines in
the spectrum Prosiona. It is noted that the different fragments strong Balmer line profiles are formed
in different depths of stellar atmospheres. Therefore, in the broadening of the central part and wing

profiles of these lines acts different mechanisms. It is shown that in the lines H,, H,and H;
respective ranges (AX> 23.4A, AX> 21.4A and AA> 12.8A) broadening occur due to the.

PE3IOME
Mupracan Taupos

O mexaHu3Max YuimpeHnusi ﬁaJILMCPOBCRI/IX JUHUA B CIICKTpPE MPOCUOHA

Kak n3BecTHO, MEXaHHU3M YIIUPEHHUE BOJOPOIHBISI JIMHUN B aTMOC(epax 3Be3/, CYIIECTBEHHO
OTIMYACTCS OT MEXaHW3Ma YIIMPCHUW JIMHUN JPYTUX JJIEMEHTOB. Eciin B yIIMpeHHWe JIMHUH
METAJUIOB OCHOBHOW POJIBI0 WTPAeT 3aTyXaHWs W3Iy4YeHUs, TO B JIMHUSX BOJOPOJA YIITUPCHUS
MporCXOAuTh n3-3a 3P dekra IllTapka.

B pabGote uccnemyercss posib pa3HbIX MEXaHHU3MOB B YIIUPEHHE OalbMEPOBCKUX JUHHUHN B
cnektpe IIpocrona. Otmeuaercsi, 4To pa3Hbie (pparMeHThl MPOGUICH CHUIBHBIX 0aJbMEPOBCKHX
JUHUN 00pa3yroTCs B pa3HBIX MIyOMHAX 3BE3HBIX atMocdep. [ToaTomMy B ympeHue IEHTPATbHBIX
YacThsIX U B KPBULIX Mpoduiiel dTUX JTUHUN AeHCTBYIOTH pa3Hble MexaHu3Mbl. [lokazaHo, 4To B
maansx Hy H u H,; mpu coorBercTBYrOmMX Anona3zoHax (Ak>23.4A, AV>21.4A u Ak>12.8A)

yIIUPEHUE MPOUCXOANTH U3-3a 3(pdexra lITapka.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli qorar ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).

Mogaloni capa toqdim etdi: Fizika Uzro falsofa doktoru,
dosent F.Qocayev
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YARIMOXDA DORD TORTIiBLI OPERATOR-DIFERENSIAL TONLIYIN
REQULYAR HOLLI HAQQINDA

Acar sozlar: Operator-diferensial tanlik, sarhad masalasi, requlyar hall, Hilbert fazas:

Key words: Operator-diferential equation, boundary value problem, requlyar solution,
Hilbert space

KuroueBble ciioBa: onepamophvle ouppepenyuaiohoco onepamopwl, SpanuyHds 3a0aud,
peayaapHoe peutenue, 1 unbbepmoso npocmparcmaeo

H - separabel hilbert fozasinda, yarimoxda

4 4 _
‘Zt;u p)AU+Y A U= £(t) teR =(00) @
j=0
u"(0)=0, u"(0)=0 2

sarhad masalasine baxaq. Burada f (t) ve u(t) R, =(0,00) yarimoxunda sanki har yerds tayin

edilmis, qiymotlori iss H Hilbert fozasindan olan vektor-funksiyalardir, toromalor imumilosmis
funksiyalar monasinda basa diisiiliir, operator amsallar iss asagidaki sartlori 6dayir:

1) A- 6z -6ziino qosma miisbat miioyyan, tersi iso tamam kasilmoaz olan operatordur;
2) ,O(t)- skalyar, mohdud vo 6lgiilon funksiyadir: 0 < ar < ﬂ(t)ﬁ ¥

3 A Al (j = 0,4) operatorlart H -da mohduddur.

A operatoru 1) sortini 6dadikda A” (720) operatorunun toyini oblasti D(A7 ) coxlugu
(X, y)y = (Ayx, A y) skalyar hasilino goro H, Hilbert fozasma cevrilir. Hy =H gobul edirik.

LZ(RJr : H) ilo R, -da sanki hor yerdo toyin olunmus, qiymotlori H -da olan vo kvadrati ilo

integrallanan butiin  f (t) vektor funksiyalarinin Hilbert fazasini isara edok, bels ki,
/2

o 1
¥l ) = ,[Hf(t)ﬂzdt <.
0

Daha sonra [ 1] monoqrafiyasina asasan
WAR, :H)={u:u® e (R, :H), A'ue (R, :H)|
Hilbert fozasini toyin edok. Burada norma

HUHW24(R+:H) - (HU(4)HL2(R+:H) * HA4uHiZ(R+:H)j

kimi tayin olunur.
0

W24(R . H ) ilo W24(R . :H )-in asagidak alt fozasini (tam) isaro edok
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o]
WH(R, :H)= {u ueW,' (R, :H)u”(0)=0,u"(0)= O}
Tarif. Istonilon f(t)e L,(R, : H) uciinelo u(t)eW, (R, : H) varsa ki, (1) tonliniyini
sanki har yerds 6dayir, (2) sarhad sartini isa

lim ju”(t)],, =0 lim ju”(t), , =0

lim u"(t),, lim fu”(t),,,
monada 6dayir va onun Ugln

HUH\N24(R+:H) < const|f HLZ(R+ H)

giymatlondirmosi dogrudursa, onda deyilir ki, (1), (2) masaslasi requlyar hall olunanadir.
Bu moagalads biz (1) tonliyinin amsallar1 olan operatorlarin tizarine els kafi sortlor tapacagiq
ki, bu sartlor daxilinds (1), (2) masalari requlyar hall olunan olacag.

Qeyd edok ki, p(t)=1 olduqda bu mosoloys [2] isindo plt)=cr, 0<t<ty; p(t)=2,
t, <t <oo olduqda [3]isindo baxilmisdir. Daha yiiksok tortiblor tglin p(t) yalmz iki qiymot

aldigda [4]-do baxilmisdir. Bu isds isa p(t)-dan yalniz mahdudug va 6lculonlik talab olunur. Bu

halda [5] isindo basqa bir sarhad masalasi 8yronilmisdir.
(1), (2) masalasinin requlyar hall olunmasini tadqiq etmok tiglin asagidaki operatorlara baxaq.

Pu=P,(d/dtlu=u" + p(t)A*u,Pu=P,(d/dt)u ZA4 Ju

0
Pu=Pu+Pu, ueW, (R, :H).
Asagidaki teorem dogrudur.

Teorem 1. P operatoru V\;)24(R L H) ) LZ(R L H) arasinda izomorfizim yaradir.
isbati: Biz (1), (2) mesolesini A; = 0(j =0,4) oldugda
Lu=u® + p()lu, = f, k=12,.. 3)
u"(0)=u"(0)=0, k=12,... (4)

Sistem soklindo yaza bilarik. Burada Ae, =46, k=10, (g.,&;)=5 ;. & ; =1, (k=]
oldugda), &, ; =0 (k # joldugda), f, =(f(t).e,). u, =(u(t).e, ). Aydndirki, e u
diferensial ifadasi va (4) sorhad sortlori LZ(RJr X H) fozasinda toyin oblasti

0

ueW, (R, :H)={u,,uy -mitlag kasilmozdir, uj (0)=uy(0)=0 v l,u € L,(R)} 6z-6ziin
qoma L, operatoru téradir. Qeyd edok ki, U, = (u(t),e, ), f, =(f(t) ek) -dr.

Onda

(Lt Uiy = 0 Dy + (PR Ui 2 I o+ il ey

oldugundan L, hom do miisbat miloyyan operatordur. Onda u, = L;l f vo

0 0
u= Zukek €W24(R+ 'H ) Aydindir ki, (2) sarhad sortlorini ddanir va
k=1

Ju < const|f| )

HW24(R+:H )

Teorem isbat olundu.
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0
Teorem 2. Istonilon u eW24 (R+ : H) asagidaki giymotlondirmalor dogrudur.

[A UYL (R, H) < Rl q 1) §=0.4 (5)

belo ki, C, —al c, —a %t c, ol V2 C, _ o212 _ﬂ1/4’ c, _gq 2 _'Bllz_
Isbat1: P,u=f tonliyindon.
-1/2 —1/2 -1/2 4 2 "
uH + ZHA
H'O 0 HLQ (Ry-:H H HLZ (Ry:H) H'D Lo(RyH L2(R+ ) ©)
aliriq. Buradan ahrlq ki,
12| 112 p4 -1
< 7
H “Lz(R+H) HP HLz(R H) * ”P u|||-2(F<+H) (7
Vo
4 < gY2| , 2, 1/2 -1/2 _
Hu HLz(R_F:H) <p Hp HLZ(R+H) Hp 0 HLz(R_F:H)
_ pll2 172
=p HPOUHLZ (RyH) - (8)
Digor tarafdan hisso - hiss inteqrallasaq alarlq
2
AZy" (()A“ ) H 2, )H +H 12 p4 H
H u Ly(Ry:H) La(Ry:H) = Lo(R:H) P u Lo(R:H)

Onda (6)- dan aliriq ki,

y 1
HAzu iZ(R+:H) < ZH,ol’zPou

2 1 | 2
‘LZ(R+:H)SZCZ HPOUHLZ

(Ry:H)

voya

1
A <2%a 2[Ryl

Lo(Ry:H) Ry:H) ©)

(9) va (8) don aliriq ki,

HAZU m 2

<
L2(Ry:H

) ‘(Azu” ut ))Lz Ry:H ‘ H A" iz(R+;H)'Hu HLz(RJr:H)
1

_ 2
RyH) = Ea ' "BUZHPOUHLz(RJr:H)’

1 - -
SEa 1/2 .181/2a 1/2HPOuHL2(

Yoani

-1/2 _-1/2 1/4
[AU7 o S22 R - (10)

Digar torafdan

2 1/2 1/2
T= HA oldugda

L2(Ry:H) H HLz(R+ H)
HUA“U + A%+ A"

(R+ H) H L2(R+:H)

n H771/2A7/2U(0) _1/2A5/2u(1)”|_2(R+;H)
barabarliyindon alinir ki,
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1 _
HAS ' L2(Ry:H) <2HA4UHLZ (Ry:H) HA ”HLZ (ReH) <2 506 Ve 1” OUHLZ(RJF;H) =
- a_B/ZHPOUHLz(R_,_:H)
Yani
HAsu, Lo(RgtH) a_3/4”P0u”|—2(R+1H) (11)

(7) — (11) barabarsizliklari teoremin dogru oldugunu gostarir.
Indi asas teoremi isbat edok.

Teorem 3. Tutaq ki, (1) tanliyinin amsallar1 1) — 3) sortlorini 6dayir, Aj j= ﬂ
operatorlart eladir ki, onlar Ggiin

4 .
q:jZ:;)CJHBﬁl—de (Bj :AJA_J)

Burada C; (J = @) omsali teorem 2 —don tayin olunur.

Borabarsizliyi dogrudur. Onda (1), (2) masalasi requlyar hall olunanadir.
isbati: (1), (2) masalasini Pu= f tonliyi kimi yazaq. Onda Pyu+ Pu = f olar. Burada

0
ueW,' (R, :H), f(t)e L(R, :H). Teorem 1 -5 géro P;* varva o, Ly(R, : H)-dan

0
W,}(R, : H) -a mohduddur. Onda P,u = & qobul etsok @+ P,P; = f kimi Ly(R, : H)-do
tonlik alariq. Lakin

4
PRl A, |- u"]
H 10 L (ReH Z::o Lo(Ry:H Z 4] -] Lo(Ry:H)

j=0

SN

Digor torafdan burada teorem 2- ni nazors alsaq

4 4
HPlPo_la)HLZ(R+:H) < ,;ocj HB4—j H||P0u||L2(R+:H) = (JZOCJ H B, j H||a)||L2(R+:H) =dlef @, x )J

aliriq. Lakin <1 olduqda fozasinda E + P,P;" operatorunun mohdud torsi var. Demoli
1 —1
w=(E+PPR) " f.ondau=P*(E+RP)f vo g, ) < COMSE

Teorem isbat olundu.
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ABSTRACT
Umit Kalemkus
On the reqular solution of the fourt order operator-differential
equationin semi axis

In the article is found out the sufficient couditious that requlyar solvability of one class
boundary value problems for the fouth order operator-differential equalitious in the semi axis in the
Hilbert space. Thise conditions are expressed in trems of the properities of coefficients of operator-
differential equations at the same time, the norms of the operators intermediate derivatives are
estimated in the same abstract Sobolev type space and their relation to the problem requloyar
solvabilitiy of the conditions boundary value problem.

PE3IOME
Ymyn Kanemkym
O peryJsipHoii pamieHue onepaTtopHo-auddepeHHATbHOTO0
YPaBHEHHUH B M0JYOCH

B cratbe moOdydeHBl JOCTaTOYHbIE YyCIOBHA Ha KOI(QUIMEHTH  ONEpaTOpHO-
nuddepeHIaTbHOr0  ypaBHEHUE YeTBEPTOro mopsau B ['MinpOepToBOM MPOCTpPAHCTBE, KOTOPHIE
00eCeunBalOT pErylsipHO pa3pelIMMOCTH  OJHOW KpaeBOM 3ajadd Ui ONEepaToOpHO-
nuddepeHIaTbHOr0 ypaBHEHUU YETBEPTOro MOopsAaka. JTH YCIOBUE JaHbl HA TEOpeMa CBOWCTBA
K03 PHUIHMEHTOB omnepaTopHO-AuddepeHInanbHOro  ypaBHEeHUs. 371€Ch TaKkKe OLEHEHbl HOPMBI
OIepaToOpOB MPOMEKYTOUHBIX  MPOU3BOJIHBIX B HEKOTOpPHIX aOCTPaKTHBIX MPOCTPaHCTBAaX
CoOorneBa ¥ CBA3aHbI C YCIOBHSMHU PETYJISIPHON pa3pelinMOCTH KpaeBoH 3ajauu.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).

Mogaloni ¢apa toqdim etdi: Fizika Uzra falsafa doktoru,
dosent F.Qocayev
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YARIMKECIRICILORDO KRITIK NOQTOLORIN MUXTOLIF HALLARI
UCUN KOMPLEKS DIELEKTRIK FUNKSIYASININ ENERJIDON ASILILIQ
OYRILORININ MUQAYIiSOSI

Acar sozlar: yarimkecirici, kritik négta, "Graphical analisys “, fitting, kompleks dielektrik
funksiyasi, haqiqi hissa, xayali hissa, parametr, RMSE, orta kvadratik xata.

KuroueBrble ciioBa: nonynposoonux, kpumuueckas mouka, ~Graphical analisys “, pummumne,
KOMNIEKCHAsL OUdIeKmpuyeckas QyHKkyus, 0eiucmeumenbHas 4acmy, MHUMAS YACMb, Napamemp,
RMSE, cpeone-xeaopamuunas owuobka.

Keywords: semiconductor, crirical point, ~Graphical analisys“, fitting, complex dielectric
function, real part, imaginary part, parameter, RMSE, mean-square error.

Yarimkegiricilor fizikasinda yarimkeciricinin kritik noqtolorinin  toyini osas mosoladir.
Spektroskopik ellipsometriya 6lgmoloari bu négtalori toyin etmays imkan veran todqiqat iisullarindan
biridir.

Ellipsometrik 6lgmolordan notico olarag € kompleks dielektrik funksiyasinin €1 hagigi va €2
xayali hissalorinin enerjidon asililiq grafiklori alinir. Bu funksiya ham do 700-don ¢ox néqtonin
asililigi soklinda rogomsal olaraq koordinatlarla verilmis olur vo ona gora do bu asililigi asanligla
hor hansi bir proqgramda qurmaq vo analizini aparmaq mimkundar. Bir ¢ox muolliflor fitting
prosesini yerina yetirarkon cox murakkob hesablamalardan, Savitski-Golay alqoritmlorindan, SA
alqoritmlorindan [1-3], vo s. istifads etmislor.

Halbuki ”Graphical analisys“ proqrami bu magsad Ug¢ilin ¢ox alverisli bir programdir. Ona goro
Ki, ovvola bu programla koordinatlarla verilmis eksperimental oyri qurmaq mimkunddr. Bu
asililigin birinci, ikinci tortib tOromolorini ¢ox asanligla almaq miimkiindiir vo nohayst homin
ayrinin vo yaxud onun mioayyan oblastinin fittingini aparmaq (yani homin ayri ilo maksimum Ust-
Usto diigo bilon nozori asililiglart miisyyon etmok) mumkundur. Konkret olaraq spektroskopik
ellipsometriya moasoalalarinin halli zamani1 eksperimental kompleks dielektrik funksiyasi &(w) -nin

ikinci tortib toromolorinin hagiqi vo xoyali hissolori ii¢iin aldigimiz asililiglarin fittingi belo
masalalorin hallinds istifado olunan nozari funksiyalarin vasitasilo aparilir. Noticads bu funksiyalara
daxil olan sabitlor tayin olunur. Bu sabitlordon biri do E- kritik ndqtosidir ki, bu da yarimkegiricilor
nozariyyasi ¢in ¢cox mihim kamiyyatdir.

Bu programin {istiinliiklari barads avvalki islarimizds molumat verilmisdir [4,5].

Bu mogalods yarimkegiricilordo kritik noqtelorin - mixtalif hallart tigiin (dord hali tigiin)
kompleks dielektrik funksiyasinin enerjidon asililiq giymatlorinin migayisali tohlili verilmisdir.

Masalanin qoyulusu

Bildiyimiz kimi kompleks dielektrik funksiyasi iigiin nozori analitik ifade M= 0 hali iigiin

asagidaki sokildadir [6,7]:
&(w)=C - A’ (w—E+il)" (1)
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burada A-amplituda, E-kritik ndgto, T - genislonmo, § -iso eksiton faza bucagidir.

ifadoyo daxil olan m komiyyati dord mixtolif giymot ala bilor: m:% kritik nogtenin

ti¢olgiilii (3D) halina aiddir; m=0 kritik ndqtonin ikidlgiilii (2D) halina aiddir; m =—% kritik

nogtonin birdlgiilii (1D) halina aiddir; M= -1 iso eksiton tip kritik ndgtadir [8]. M =0 hali iigiin
(1) ifadosi asagidaki kimi olur:
E(Q))ZC—AEIQ In(a)—E+IF) (2)
Lakin (1) vo (2) funksiyalarina daxil olan parametrlori toyin etmok ugun (eloco do C
parametrini aradan galdirmaq tg¢iin) £(w) dielektrik funksiyasinin eksperimental giymatlorinin

2
ikinci tortib diferensiallanmasindan alinan

funksiyasindan istifado etmok lazim galir.

a)2
Bu halda (1) vo (2) funksiyalarinin ikinci tortib toromoalori M #0 hali iigiin
2
g ‘z =-m(m-1DAe’(w—-E +iI)™? (3)
)

Vo ya trigonometrik formada yazsaq

2 _ —
ja)i = AL(Q)" 2] cogl (m—2)argcos & EE +0 |+isin| (m-2)argsin| £ EE +0 4)
QZ QZ
olacaqdir, burada A'=-m(m-DA vo Q=(w-E)*+I°.
m=0 hal iiciin
2
d—‘i = Ae'(w—E +iT) (5)
dow
Vo trigonometrik formada
2 _ _
d ‘j:é cos| —2argcos 1E +0 |+isin| - 2argsin| £ 1E +6 (6)
do® Q > =
Q2 Q2

Fitting apararkon trigonometrik formada yazilmis (4) (m =0 oldugda) vo ya (6) (m=0
olduqda) funksiyasmim hoqiqi  d’s,(w)/dw’ veo xeyali d’s,(w)/dw® komponentlori istifada
olunur. A, E, T vo 0 -parametrlori (4) va (6) funksiyalarinin gedisino asagidaki kimi tasir gostorir:

A parametri d’g (E)/dE*ve d’c,(E)/dE® asililiglarmin qgarsiligh veziyyatina, onlarin

fikso olundugu yera vo maksimumlarin yarim ening tosir gostormir, yalniz asililigin amplituduna
tosir edir. A parametri artdiqca amplitud da artir.

E (kritik noqto) parametri do d’g,(E)/dE*ve d’e,(E)/dE* asililiglarimin  qarsihiglt
vaziyyatino, maksimumlarin qiymatine va yarim enind heg¢ bir tasir gdstormir, yalniz bu asililiglar
absis oxu (enerji) boyunca stiriisdiiriir vo enerjinin verilmis qiymatino uygun yerds fikso olunur.

I (genislonma) parametri do kompleks dielektrik funksiyasinin haqiqi va xayali hissalarinin
ikinci tartib toromoloarinin enerjidan asililiglarinin qarsiliglt vaziyyatina, onlarin fikss olundugu yera
heg bir tosir gostormir. Adindan da goriindiiyli kimi bu parametr asililiglardaki maksimumlarin
yarim eninin doyismasina sobab olur. Bundan basqa G hom do maksimumlarin boyuna tasir edir. I’
artdigca amplitud azalir.

f(faza) parametrinin doyismosi maksimumlarin giymatino, onlarin yarim enino vo fikso

olundugu yero tosir gostormir. Lakin bu parametr noinki d’g,(E)/dE* vo d’s,(E)/dE®
asililiglarinin qarsilight voziyystino birbasa tosir gostorir, hom do onlarin formalarimi tamamilo
77



doyisdirir. Ona goro do (4) vo (6) analitik nozori funksiyalarla fitting aparilarkon ilk névbods
onlarin 6 (faza) parametrina uygun forma doyisikliklorino gdéro miigayisosi aparilmalidir.

Naticalor vo onlarin miizakirasi: m -parametrinin nozori funksiyanin gedisino tasiri

Yuxarida geyd olundugu kimi  d’g (w)/dw® vo  d%s,(w)/dw® oyrilori fittings colb
olunarkan on yaxs: fitting hali iigiin A, E, T vo 6 -parametrlorindon olavo hom do m sabitinin ala
bilocayi dord giymatdan birinin secgilmasi ilo mlayyan olunur. Fitting apararkan bu sabitlordon har
hans1 birinin se¢ilmasi hamin sabitin diger Ug¢ sabitlo miigayisads eksperimental asililigla daha ¢ox
ust-Usta diismasi, yani fitting Xatasinin daha kigik olmasi ilo miiayyan olunur ki, bu xata ”Graphical
analisys* programinda RMSE (orta kvadratik xata) gostoricisi ilo giymatlondirilir.

m -in miixtalif qiymatlori ilo aparilan fittinglor bir-birlorindon no godoar xata ilo forglonirlor?

Bu suala cavab vermok ticlin xuisusi olarag m =0 giymati tiglin toxminon 100%-li fittingi
mimkiin olan eksperimental d’s (®)/de* vo  d’e,(w)/dw’® oyrilori qurulmus vo homin
asililiglarin - m -in digor qiymatlori il fittingi aparilaraq alinan RMSE xatalar1 miioyyen edilmisdir.
Fittinq oyrilorindon goériindiiyii kimi m -in miixtolif giymotlorinds A, E, T va 6 -parametrlarindon
yalniz demok olar ki, E-parametri doyismoz qalir, yoni m -in miixtalif qiymatlorinds aparilan fitting
kritik noqtolorin qiymotinin tapilmasina tosir etmir. Bu naticoni fitting prosesinin on ugurlu
Xususiyyati hesab etmok olar.

Orta kvadratik xotalar iss m =0 giymati ilo miigayisodo bir-birlorindon ¢ox da forglonmirlor
(codval 1).

Cadval 1
m 0 -1 -0.5 0.5
RMSE (haqiqi 0,071 1,394 0,9322 1,331
hissa)
RMSE (xoyali 0,1254 1,557 0,7874 1,607
hisso)

On boyiik xata U¢dlgili m=0,5 (3D) paramertrino aid olan fitting ilo m = -1 (eksiton tip
kritik noqto) paramertrino aid olan fitting hallart arasinda olur. Bu fittinglor arasindaki orta
kvadratik xota (RMSEos;-1) onlarin Mm=0 giymati ilo miiqayisodo aldiglar1 xota (RMSEos0 vo
RMSE.1;0) qiymatlorinin toplanmast ilo alinir.

RMSEos;-1 (hoqiqi hisso) = RMSEgs0+ RMSE. 10 =1,331 + 1,394 = 2,725
RMSEo5:-1 (Xayali hissa) = RMSEos.0+ RMSE.10 =1,607 + 1,557 = 3,164
Burada bir masaloni do xiisusi olaraq qeyd etmok lazimdir ki, har hansi bir konkret eksperimental

d’s (w)/dw® vo d’e,(w)/dew’ syrilorinin m -in miixtelif qiymetlerinds fitting naticesinde A, E,
" vo 0 -parametrlorinin miixtoalif giymatlor almasi tobiidir. Lakin bu zaman 6 -nm aldig1 giymotlor

. . . 1
arasinda miioyyan bir qanunauygunluq vardir. Belo ki, m-in m= 5 m=-1, m= 2 vo m=0

giymatlori iigiin aparilan fittinq noticosindo 6 -nm aldig1 giymotlor uygun olaraq bir-birlorini n/4
bucagi godor gabaglayirlar. Masalon sokil 1 vo 2-do fittinglor 6 -nmn asagidaki giymotlorinda
alimmisdir (cadval 2):
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PE)
Manual Fit for. Data Set | Y ‘
y = ((0,25)*A)/((x-Ey'2+G*2)*0,75)*cos(((-1,5)"acos((x-E)/((x-E}*2+G"2)(0,5))+C))
A 19,80 ‘

o

E: 3610

G: 0.2900 .
B m=0.5 (3D)

RMSE: 1,331 |

33
TRl
o

Le&ee

3

)
Manual Fit for. Data Set | Y
v = ((0,75)"AV((-E)*2+Gr2)A(1,25)*cos(((-2 5) acos((-E((x-E2+GM2)/(0,5)1+C))
A 7,700
E: 3610
G:0,5100 m=-0.5 (1D)
C:0,7874
RMSE: 0,9322

PR

Manual Fit for: Data Set | Y

v = (-2 AV((x-EY2+G"2)M(1,5)"cos(((-3)"acos((x-EV((x-E}2+G'2)M(0,5))+C))

A: 3,960

E: 3,600

G:0.6400 P

C 1530 m=-1 (exciton type)

RMSE: 1,394

PR
Manual Fit for. Data Set | Y
¥ = ((AY((-EY'2+(G)Y2)) cos(((-2) acos((x-E)/((x-E)}*2+G"2)*(0,5))+C))

A 5,000
E: 3.600
G: 0,4000 = m
C: 3,100 WD) m=0 =0
RMSE: 0,07188 e LS 05
=-0. m=-
m=-1 m=-1
i : . : : | : . : : |
30 35 40
X

Sokil 1. ”Graphical analisys® programi asasinda M -in mixtalif giymatlori tigiin kompleks
dielektrik funksiyasinin haqigi hissasinin ikinci tartib téromasinin enerjidon asililiq ayrilari (fittinglor
M =0 hali ilo miiqayisods aparilmigdir).

|
Manual Fit for: Data Set | Y
v = ((0,25)"A)/((x-E)"2+G"2)~(0,75)"sin(((-1,5)"acos ((x-E}/((x-E}'2+G"2)"(0,5))+C))
A 19,89
E:3.610
G: 0,2900 =
& 0.2 m=0.5 (3D)
RMSE: 1,607

e
Manual Fit for: Data Set | Y
Yy = (+(0,79Y AV((x-EY*2+G*2)"(1.25)*sin(((-2.5)*acos( (x-E)/ ((x-EY'2+G"2)U:5)+C))
A 7,700
E: 3610 ’

< ovbr m=-0.5 (1D)

RMSE: 1,011

I
JI\Wlanual Fit for: Data Set|Y
v = (27" AV((x-EY2+GA2)81.5)"sin(((-3)*acos (x-E)((x-E)*2+G"2)M(0,5))+C))
A:3.960
E: 3,600
G: 0.8400 m=-1 (exciton type)

EIE
Manual Fit for: Data Set|Y
Vv = ((AV((-EY2+(G)2))sin(((-2)"acos((x-E)/((x-Ey'2+G*2)%(0,5))+C))
Az 5.000
E: 3,600

G: 0,4000 m=0 (2D)
C: 3,100
RMSE: 0,1254

20—

T T T T T T T T T T T
30 35 40

Sakil 2. ”Graphical analisys* programi asasinda M -in mixtalif giymatlari tiguin kompleks
dielektrik funksiyasiin xayali hissasinin ikinci tortib toromasinin enerjidon asililiq ayrilari (fittinglor
m =0 hali ilo miigayisodo aparilmigdir).
Cadval 2

m parametrinin
qiymotlori m = —1eksiton

tip kritik noqto

m=0 (2D)

1 1

¢ parametrinin
aldig1 qiymatlor /4 /2 3nld T
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ABSTRACT
Mammad Huseynaliyev, Mubariz Nuriyev
A comparison of the curves of the dependence of the complex dielectric function
on the energy for different states of the critical points in semiconductors

The paper gives a comparative analysis of the curves of the dependence of the complex dielectric
function on the energy for different states of critical points in semiconductors. The analysis was carried
out with the help of the program "Graphical analisys™ for four values of the parameter m -characterized
states of critical points. The difference in dependencies between each other is estimated using a mean-
square error (RMSE), which is built into the program itself. It is established that these dependences
differ little from each other and the biggest difference exists between the fittings for the parameters
m=0,5 (3D) and m = —1 (the exciton type of the critical point), which is RMSE = 3,164 for 24 points.

For different values of m the parameters A, E, r and 6 remains unchanged, i.e. Different values m do

not affect the determination of critical point values.
PE3IOME
Mawmen I'yceiinaimes, My6apu3 Hypues
CpaBHeHMe KPUBBIX 3aBHCHMOCTH KOMILJIEKCHOM IUJIEKTpUYecKOi pyHKIMu ot
JHEPIruH A Pa3HbIX COCTOAHHI KPUTHYECKHUX TOYEK B NMOJTYNPOBOAHUKAX

B pabore naH cpaBHUTENbHBIN aHAJIN3 KPUBBIX 3aBUCUMOCTH KOMIUIEKCHON JUAJIEKTPUUECKON

(GYHKLIMU OT 3HEPTUU Ul Pa3HbIX COCTOSHUN KPUTHMUYECKUX TOYEK B IOJIyNPOBOAHMKAX. AHAIN3

NPOBEJICH ¢ momoIIbio mporpammbl ’Graphical analisys™ anst yeTblpex 3HaueHUWI mapameTrpa m -

XAapaKTEPU3HUPYIOIINXCSI COCTOSHUNA KPUTHYECKUX ToueK. Pazimume 3aBMCHMMOCTER IpYr OT Apyra

OLIEHEHO C TMOMOUIbI0 cpenHe-kBaapatnyHoil omubku (RMSE), koTtopas BcTpoeHa B camy

IIPOrpaMMy. Y CTAHOBJICHO, 4YTO 3TH 3aBUCUMOCTH MaJIO0 OTIMYACTCA APYr OT Apyra M camas

GosblIas pasHMIA CYHIECTBYET Mexay (urrunramu s mapamerpos m=0,5 (3D) um=-1

w

(PKCUTOHHBIN THIT KPUTHUYECKOH TOYKH), KOoTopas cocramiser it 24 touek RMSE= 3,164. s
pasHbIX 3HaYeHMd m u3 mapamerpoB A, E, T u 0 Toneko E ocTaeTcs HEM3MEHHBIM, T.€. Pa3HEIE
3HAUYCHHUA m HCE BJIUAKOT HAa HAXOXKIACHUC 3HAaYCHUHU KPUTHYCCKUX TOYCK.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ila
capa tovsiyys olunmusdur. (Protokol Ne 09).
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ON THE INFLUENCE OF THE MATERIAL PROPERTIES
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1. Introduction

The review of investigations related to the vibration of plate + fluid systems was made in papers
[1, 2] and it was noted therein that until recently there was not any study in this field made within
the utilizing of the linearized exact equations of motion. In the mentioned sense the first attempts
were made namely in the papers [1, 2] in which the frequency response of the system consisting of
the elastic [1] and viscoelastic [2] plate and the half-plane occupied with compressible viscous fluid
was studied. Under these studies the equations of motion for the plate were written by utilizing the
exact linearized equations of elastodynamics and the equations of motion of the fluid were written
by utilizing the linearized Navier - Stokes equations.

However, in the papers [1] and [2] concrete results are presented and discussed for the Steel and
Glycerin (in [1]) and for the Plexiglas and Glycerin (in [2]). Consequently, the question how
properties of the plate and fluid materials act on the frequency response of the the hydo-elastic
system under consideration, arises. Namely this question will be studied in the present paper.

2. Formulation of the problem and solution method

Consider a system consisting of the plate-layer and half-plane filled with a barotropic

compressible Newtonian viscous fluid. We associate the coordinate system Ox;X,X3 with the plate
and the position of the points of the constituents we determine in this coordinate system. Assume
that the plate occupies the region {|x1| <o, -h <X, <0}, but the fluid occupies the region {|x1| <o,

—0<X, <-h}. Within this, we consider a motion of the system under consideration in the case
where the lineal-located time-harmonic force acts on the free face plane of the plate-layer. Assume
that the plane-strain state in the plate and the two-dimensional flow of the fluid take place in the
Ox X, plane.

The equations of the plate we take within the scope of the linear theory of elastodynamics, i.e.,
as follows:

60'11 + 6012 +O_](-)1 82U1 =p 82U1 8(712 n 80'22 +O'](_)1 aZUZ =p 82u2 .
o 0% ox? ol oo X X} ot

o1 =Ae11 +E0p) +2pEy, O = A1) +Ep) +2UEpy, 0y =28,
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1({ou, ou
6‘11 - au;L @UZ [—1 + —2] .
8Xl aX2

Xy 0%
(1)
Note that in Eg. (1) the conventional notation is used.
According to [3], we consider the field equations of motion of the Newtonian compressible
viscous fluid: the density, viscosity constants and pressure of which are denoted by the upper index
(2). Thus, the linearized Navier-Stokes and other field equations for the fluid are:

_ @ A o oV,
oM _ o N B0, 0 o 7, o%i_g
P T o T ) oo o T e T
el op®
Ty =(-p® +200)0; + 208, 0- 2 D2 g LM T BB g
) e g 2| axg ax opY

where pél) is the fluid density before perturbation. The other notation used in Eq. (2) is also
conventional.

Assuming that p® =—(Ty, + Ty, +Taz)/3, We obtain that 29 =24 /3. Moreover, we

assume that the following boundary and contact conditions are satisfied:

ou,

:Vl‘ , —

Xp=—h Xo=—h" Ot

it OU
_ _ it OU
021|x2:0 =0 "722|x2=0 =—Ryo(x)e™, o

o
Xp=—h Xp=—h

o1l 1 =T21‘X2 02l =Tz @)

=h Xo=—h'
where &(0) is the Dirac delta function.
This completes the formulation of the problem. For the solution of this problem, we use the

presentation g(x, X,,t) = g(xl,xz)ei“” (below we will omit the over bar on the amplitudes of the

sought values) and replacing the derivatives o(e)/ot and 62(0) ot? in the foregoing equations with
g P g going eq

io and —a?, respectively, we obtain the corresponding equations and boundary and contact

conditions for the amplitudes of the sought values. For the solution to these equations, we employ
the exponential Fourier transformation with respect to the x; coordinate
+00
fe(s.0) = [ 0 xp)e ™™ . (4)

Before the employing the Fourier transformation (4) we introduce the dimensionless coordinates
and dimensionless transformation parameter X =% /h, X, =x,/h, S =sh.

For reducing the volume of the paper we do not give here the other details of the solution
procedure, which are similar to those given in the papers [1, 2]. Nevertheless, we recall that under
the mentioned solution procedure the dimensionless parameters

wh wh? y(l)a)

_oh 2o
.Ql—aO,NW o M p ®)

are introduced. Note that the dimensionless number N, in (5) can be taken as a Womersley
number and characterizes the influence of the fluid viscosity on the mechanical behavior of the
system under consideration. However, the dimensionless frequency (24 in (5) can be taken as the

parameter through which the influence of the compressibility of the fluid on the mechanical
behavior of the system under consideration can be characterized. At the same time, the parameter
M characterizes the ratio of the characteristic stress caused by fluid viscosity to the shear modulus
of the plate material.

83



Thus, within the scope of the solution procedure discussed in the papers [1, 2], we obtain
analytical expression of the sought quantities, after which we determine the originals of those
through the expression

1 i +00
{UpsUp; 0115012090V Vo3 T11 Tr23 oo | ZgR{em I {UsF s Uop s O ;
0128 ;0228 ViE Vo s Tuar  Tior s Tooe | € des} : (6)
The integrals in (6) are calculated numerically for which the infinite interval [—oo,+0] is
replaced with the finite one [-S;,+S;]. The values of the S; are determined from the convergence

criterion of the integrals in (6). Under calculation of the integrals in (6), the interval [—Sf,+8f] IS
divided into a certain number of sorter intervals. Let us denote this number through 2N .
Consequently, the length of the mentioned shorter intervals is Sf / N and in each of these shorter

intervals the integration is made by the use of the Gauss integration algorithm with the sample
points. Consequently, convergence of the mentioned numerical integration can be estimated with

respect to the values of Sl* and N . The various testing of the convergence of the numerical results
show that for the quite converge and validate results are obtained in the case where N =2000 and
S, =5.0. We do not here consider examples of the numerical results illustrated this convergence,

however note that such examples are given in the papers [1, 2].
This completes the consideration of the solution method.
3. Numerical results and discussions
It follows from the foregoing discussions that the problem under consideration is characterized

through the dimensionless parameters €2,, N,,, M which are determined by the expressions in (5),

and with 2/u where A and u are the mechanical constants which enter the expression of the
elastic relations in Eq. (1).

Table 1. The values of the mechanical constants of the selected materials

Plate material properties

Plate materials A (GPa) 1 (GPa) o (kg/ m3)
Steel [4] 94.4 79.0 7790
Aluminum [4] 48.1 27.4 2640
Plexiglas [4] 3.96 1.86 1160

Fluids’ properties
Fluids ,U(l) (kg / (M(8)) pc()l) (kg/m3) | a(m/s)

Glycerin [3] 1.393 1260 1927
Water [3] 13x10°3 1000 1459.5

For investigation the influence of the material properties of the plate and of the fluid on the
frequency response of the system under consideration we must consider the same numerical results
obtained for the various pairs of materials (i.e. pairs consisting of plate material + fluid material)
selected from the Table 1 in which the values of the mechanical constants of the possible plate and
fluid materials are given. Thus, after selection of the pairs of the materials, the foregoing
dimensionless parameters can be determined through the two quantities: h (the thickness of the
plate-layer) and @ (the frequency of the external load). Numerical results which will be discussed
below relate to the normal stress acting on the interface plane between the fluid and plate-layer and
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to the velocities of the fluid (or of the plate-layer) on the mentioned interface plane in the directions
of the Ox; and Ox, axes. Under obtaining the numerical results we assume that wt=0+nr,

n=12,.. Thus, first we investigate the distribution of the studied quantities Tyh/Ry,
Vouh! (Ryc,) and viuh/ (Ryc,) on the interface plane with respect to the dimensionless coordinate
X /h. The curves of these distributions are given in Figs. 1, 2 and 3 respectively. In these figures

the graphs grouped by letter a (by letter b) are constructed in the case where w=50hz and
h=0.001m (w=400hz and h=0.05m).

Tyh /Py —— Glycerin
0.002 T5:h /Py ———Water
0.04 5 =400 (hz) 1 Steel
h=0.05m 2 Aluminum
0.000 A 3 — Plexiglas

0.00

-0.002 © =50 (hz) :
—— (lycerin 0.04
-0.004 ——-Water 1
1 —Steel ]
20.006 2 — Aluminum -0.08
3 — Plexiglas
-!).1)!)3|....|....|....|....|'1‘-l"f'EI —0.12-....,....,....,....,xlf"e’
0 100 200 300 400 0 100 200 300 400 b

Fig.1. The distribution of the stress T,,h/ Ry with respect to % /h in the cases where
w=50hz and h=0.001m(a); @ =400hz and h=0.05m (b)
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|
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|
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|
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(o]

0.02 - —— Glycerin
—— Glycerin ] ——-Water
-0.10 .
- Water ] J/ I —Seel
1 — Steel -0.04 /,’ 2 — Aluminum
-0.15 1 2 — Aluminum N o =400 (hz) 3 — Plexiglas
o = 50 (hz) 3 — Plexiglas x/h T~ h=0.05m
|-||||-||||-||||-|l -0.06 ----|----|---.|....|x[-"rh
0 100 200 300 400 a 0 100 200 300 400 b

Fig.2. The distribution of the velocity V,zh/(Pyc,) with respect to X /h in the cases
where @ =50hz and h=0.001m(a); @ =400hz and h=0.05m(b)
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Fig.3. The distribution of the velocity v;uh / (Rc,) with respect to %, /h in the cases
where @ =50hz and h=0.001m(a); @ =400hz and h=0.05m(b)
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Fig. 4. The graphs illustrated of the frequency response of the stress T,,h/R,and
constructed for various values of the plate thickness h
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Fig. 5. The graphs illustrated of the frequency response of the velocity v,uh/(Ryc,) and

constructed for various values of the plate thickness in the case where the half-plane is
filled with Water (a) and Glycerin (b)

Note that in Figs. 1, 2 and 3 it was taken into consideration the symmetry of the problem and the
mentioned distributions are constructed for the region ¥ /h>0. It follows from the results given in
these figures that, as one might expect, the absolute values of the studied quantities decay with
X% / h. This decaying for the stress T,,h/ R, occurs more rapidly in the high frequency of the of the
external load than that in the low frequency of this load. Moreover, the results given in Figs. 1a and
1b show that in the selected frequencies of the external load the values of the stress To,h/Ryare
determined mainly with the mechanical properties of the plate material. However, the results given
in Figs. 2a and 2b show that in the low frequency (Fig.2a) of the external load the absolute values of
the velocity v,uh/(Pyc,) depend mainly on the mechanical properties of the fluid filled the half-
plane. At the same time, Fig. 2b shows that in the high frequency of the external load and in the
case where the thickness of the plate is more considerable than that indicated in Fig. 2a, the
absolute values of the velocity v,uh/(RyC,) depends mainly not only on the mechanical properties
of the fluid, but also on the mechanical properties of the plate material. Moreover, the comparison
of the results given in Fig. 2a with corresponding ones given in Fig. 2b shows that the absolute
values of the velocity v,uh/(Ryc,)obtained in the case indicated in Fig. 2a greater significantly
than corresponding ones obtained in the case indicated in Fig. 2a. At the same time, the comparison
of the results given in Fig. 3 with corresponding ones given in Fig. 2 shows that in the cases under
considerations the absolute values of the velocity vjuh/(R)C,) are negligible with respect to the

absolute values of the velocity V,uh/(PRyC,)

Thus, it follows from the Figs. 1 and 2 that the absolute maximum values of the stress
Tyoh/ Ry and velocity Vouh/ (RyC,) arise at the point X /h=0. Taking this statement into
account, consider the frequency response of the stress T,,h/PR, and velocity Vyuh/(RyC,)
calculated at the point X, /h=0. The graphs of these responses are given in Figs. 4 and 5 for the
stress To,h/ Ry and for the velocity v,uh/(PyC,) respectively. Note that the mentioned graphs are

constructed for various values of the plate thickness. Moreover, note that for clarity of the
illustrations the graphs of the frequency response related to the velocity v,zh/(RyC,) constructed
in the case where the half-plane is filled with Water (with Glycerin) are given separately in Fig. 5a
(in Fig. 5b).
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Thus, it follows from the results given in Fig. 4 that the absolute values of the stress
Txh/ Ry increase monotonically with the plate thickness and with the frequency of the external

loading. At the same time, these results show that the absolute values of the stress T,,h/ R, depends

mainly on the mechanical properties of the plate material. Consequently, the influence of the
mechanical properties of the fluid on the absolute values of the stress under consideration is
insignificant. Note that in Fig. 4 the graphs related to the case where h=0.05m and constructed in

the case where the half-plane material is Water, do not given, because these graphs coincide almost
completely with corresponding ones obtained in the case where half-plane is filled with the
Glycerin. Thus, the graphs given in Fig. 4 and data given in Table 1 allow us to make the following
conclusion: the simultaneous increase in the values of the Lame constants and of the density of the

plate material causes to increase the absolute values of the stress T,,h/R.

Now we consider the graphs illustrated frequency response of the velocity vyzh/(RyC,), i.e.
the graphs given in Fig. 5 from which follows that in the relatively thin plates, i.e. in the case where
h=0.001m the absolute values of this velocity decrease and approach the certain asymptote with
the frequency. At the same time, in the mentioned case the absolute values of the velocity
Vouh/ (RyC,) depends mainly on the mechanical properties of the fluid. Moreover, the results given

in Fig. 5 also show that in the cases where h>0.01m the absolute values of the velocity
Vouh/ (RyC,) increase monotonically with the frequency and these values depend not only on the

mechanical properties of the fluid, but also on the mechanical properties on the plate material. Thus,
the graphs given in Fig. 5 and data given in Table 1 allow us to make the following conclusion: in
the cases where h >0.01m the simultaneous increase in the values of the Lame constants and of the

density of the plate material causes to increase the absolute values of the velocity v,uh/(Ryc,) for

each selected fluid the values of the mechanical properties of which are given in Table 1.

The foregoing results and conclusions have a great significance not only in the theoretical
sense, but also in the practical sense and they give orientation for estimation and forecasting of the
mechanical behavior of the plate + fluid systems.
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XULASO
Maftun Ismayilov, Elson Mammadov

Mexaniki xassalarin sixilabilan 6zIG maye ila yuklanan l16vhanin
amplitud-tezlik asiili@ina tasiri haqqinda

Mogaloda elastik 16vha vo sixilabilon 0zl mayedon omolo golon hidro-elastik sistemin
amplitud-tezlik asililigina bu sistemin komponentlorinin mexaniki xassalarinin tasiri 6yranilir. Forz
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edilir ki, I6vhanin sarbast sothino zamana gdro harmonik doyison qlvvat tasir edir. Lovhonin
horokati Xatti elasto-dinamikin dagiq tonliklori, mayenin horokati isa Xattilosdirilmis Naviye-Stoks
tonliklori vasitasi ilo yazilir. Hidro-elastik sistemin komponentlorinin mexaniki xassslarinin bu
sistemin fazalar arast gorginlik vo slrot dagilimina tosirini gostoron odoadi naticalor verilir va
muzakirs edilir.

PE3IOME
M. Ucmanaos, E. Mammaaos

O BiIMsIHME MATEePHAJBLHBIX CBOWCTB HA AMILJINTYAHO-YACTOTHbIE XapPAKTEPUCTHKY IJIACTHH
IIPHU €r0 HATPYKEHHUE CO CKUMAEMOM BA3KOM KUIKOCTH

B craThe u3yuaeTcs BIMSHHE MaTEPUAIbHBIX CBOMCTB IMAPOYNPYTOM CUCTEMBI COCTOSLICH
U3 yHpyrou IUIACTMHA U IOJIY-IJIOCKOCTh 3aI0JbHEHHOM CO CKMAeMOM BSI3KOM KMJIKOCTH Ha €ro
aMIUTUTYAHO-YaCTOTHBIE XapaKTEPUCTUKY B CIydae KOrja Ha CBOOOAHOH MOBEPXHOCTH IIACTUH
JNEUCTBYET JIMHEHHO-COCPENOTEYEHHAsl Cujla TapMOHHUYECKO W3MEHSIOIUECS CO BPEMEHEM.
JIBUOKEHUsl IUIACTHHA OIMCHIBACTCS C TOYHBIMU YPAaBHEHMSAMH 3J1aCTO-IAMHAMHUKU, U JBHIKCHUS
KHUJIKOCTU C JIMHEapU3WpOBaHHbIMU YypaBHeHUsiMu HaBue - Crokca. UucieHHble pe3ynbTaThl
WJUIFOCTPUPYIOLME BIMHUE MAaTCPUANIBHBIX CBOWCTB COCTAaBJIAIOIIMX PAacCMOTPUBAEMOM THIPO-
YOPYroi cUCTeMy Ha paclpejieieHne Mek(a3HbIX HalpsDKEHUH M CKOPOCTEH MpencTaBisIoTCS U
o0cyxaaeTcs.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorart ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).
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Gunoas kiilayi ylksok temperaturlu plazma selindan ibarstdir. Glinasds fiziki sorait eladir ki,
plazma axinlart maqnit sahasini do 0zl ilo dasiyir. Bu sobobdon Gilinas kiiloyinds yiiksak saviyyada
ionlasmis gaz halindaki plazma maqnit sahalorini hatta Glinos sisiteminin hiidudlarindan konara
belo dastya bilir. Giinasdon uzaqlasdiqca Giinos kiiloyi maddasinin temperaturu nazars garpacaq
dorocado asagi diiso bilor. Ancaq plazma qazi hoaddindon artiq seyrok oldugundan, proton va
elektronlarin birlogma ehtimali ¢ox az olur. Bu sobabdon Glnas kiilayi vasitasi ilo magnit saholori
Ginas sisteminin har torafina yayilaraq planetlorarast maqnit sahalorini amalo gotirirlor. Bas bu
magnit sahalarinin tabisti necadir?

Arasdirmalar gostorir ki, bu magnit sahalorinin monboayinin Giinasdoki irimiqyasli magqnit
sahoalorinda (IMS) axtarmaq lazimdir. Giinas tacindan baslanan Giinos kiiloyi Giinos lokalorinin vo
foal sahalorin Kifayat godor intensiv olan local sahalorini dasiya bilmaz. Cunki onlar izvl suratds
bir-biri ilo six baghdir. IMS isa intensivliyi comi bir nego gaussla 6lgilon va Giinasin biitiin sathini
ohato edon zoif saholordir. Migayisa Uc¢lin geyd edok Ki, Yerin magnit sahasinin intensivliyi
togriban 0,5 qaussdur [1].

Ogor Giinas firlanmasaydi, onda Giinos kiilayinin magnit sahosinin qlvva Xattlorinin
istigamati radial istigamotdo olardi. Magnit qiivve Xattlori Gilinaso bagl oldugundan, Giinagin
firlanmas1 noaticasindo magnit qlivvo Xatlori burularaq spiralvari forma alir [4]. Radial maqnit
sahosinin tosiri do gravitasiyada oldugu kimi Giinesdon olan mosafonin kvadrati ilo mdtonasib
olaraq azalir. Hesablamalar gostorir Ki, Glinos kiiloyinin yerotrafi fozada yaratdigi maqnit sahasinin
intensivliyi (3-4)-10° qauss olmalidir.

Gunos sisteminin daxilindo Ginas kiilayinin tabistini dyronmok Uciin kosmik aparatlardan
genis istifado olunur. Kosmik aparatlarin ¢oxu yiiklii hissaciklorin qeyd olunmasi tigiin lazim olan
zoruri avadanliglarla tochiz olunur. Bu avadanliglarin demok olar Ki, oksoriyyatinin islomo
prinsipinin osasinda yiikli hissaciklorlo togqqusma zamani yaranan fiziki vo kimyavi effektlor durur.
Qeyd etmoak lazimdir ki, Giinas kiilayinin Giinos sisteminin hor yerina sirayat etmasi mahz kosmik
aparartlarla aparilan todgigatlar noticesinde 0z tosdiqini tapmisdir. Giinos kiiloyinin askara
cixarilmasi vo parametrlorinin Olgilmasinds bir ¢ox kosmik qurgularla yanasi amerikalilarin
yaratdigi “Mariner II” vo “Eksplorer X” kosmik aparatlarinin xiisusi rolu olmusdur. Biitiin bu
aparatlarin oldugu har yerdo Gunas kiilayinin fasilosiz olaraq “asdiyi” isbat olunmusdur vo malum
olmusdur ki, Yerin yaxinliginda fasilasiz Giinas kiilayinin sirati 400 km/san strafindadir [2].

Gunoas kiilayinin intensivliyi vo surati bazon sabit, bazon iso doyiskon olur. Turbulentliya
mailli olan Gilinas kiilayinin harokat sursti Gunes foalligi dovrii yiiksok olur. Kosmik aparatlar
vasitasi ilo 6lgmolor gostarir ki, intensivliyi bir kvadrat santimetrdo hor saniyads orta hesabla 108
protondur. Sixlig1 ¢ox da boyiik deyildir. Yerotrafi fozada bir kub santimetr hocmo 1-10 sayda
proton diisiir [3]. Giinos kiilaino aid olan fiziki parametrlorin toyin olunmus qiymatlori Glinas
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tactnin gobul olunmus modelino uygundur. Homin modelo gbro Gilinos kiilayindoki yukli
hissaciklarin harakati magnit sahalari tarafindon istigamotlonir. Glinasdon Yera dogru bu harakatin
neco bas verdiyini izlomok Uc¢lin har seydon ovval hissaciklorin horokot etdiyi mokanin —
planetlorarasi fozanin xiisusiyyatlorina diggat yetirmok lazimdir. Bu fozanin asas xususiyyati magnit
sahasino malik olmasidir. Planetlorarasi maqnit saholorinin formalasmasinda osas faktir Gunoasdoki
IMS-dir.

GUlnoasin maqnit sahasi Yerinkindon farglonir. Lokal vo irimigiash sahalorin xaotik vo nizamsiz
strukturlarindan ibarat olan bu sahslor Yerdoki kimi diizgun dipol sahslordon kaskin forglonir. Buna
baxmayaraq Giinasin bir ulduz kimi malik oldugu zeif IMS-i n dipol komponenti do vardir. Ancaq bu
dipol komponenti planetlorarast sahalorin amolo gelmasinds demak olar ki, rol oynamur. IMS-in digor
bir komponerti neco deyarlor, agiq “birqitblii” sahalordir. Mahz bu sahalorin Gstinlik toskil etdiyi
orazilords boyiik tac desiklori amaloa golir ki, onlar da giiclii plazma axinina rovac Verir.

Gunasdon hoarokot edon plazma (Glnos kiilayi) 6zU ilo magnit sahasini do planetlorarasi
fozaya dasiyir. Plazma 6z-0zluyunds ideal elektrik Kkeciricisidir. Malumdur ki, ylksak daracali
nagillords magnit sahasinin doyismasinoe qarsi oks-tosir vardir. Maqnit sahasi doyisdikde nagilds
yaranan elektrik coroyaninin yaratdigr maqnit sahosi
bu doyismoys mane olur. Ginoes tacinda vo
planetlorarasi fozada plazma 6zini ideal naqil kimi
apardigindan, magqnit selinin ixtiyari doyismasine
mane olur. Bu halda deyilir ki, magnit sahasinin
plazmaya vo ya plazmadan diffuziyasi movcud
deyildir.

Planetloraras1 fozan1 dolduran vo ideal naqil
olan Giinas plazmasi garsisina ¢ixan magnit sahasini
dagidir vo planetloraras1 foza ancaq Gunes kiilayi
vasitasi ilo gotirilon magnit saholori ilo dolur. Bos
planetlorarast maqnit sahalorinin strukturu necadir?
Planetloraras1 fazanin hor yerino yayilan  Giinos
plazmasinin dasidigi magqnit sahoalorinin istigamaoti
muxtalif olur. Sahonin qlvva Xxottlori ya Gilinasoa
dogru, ya da aksins_ istigamotlonmis olur. Bizim Sokil 1.  Giinos-planetlorarasi  magnit
tclin mahdm shomiyyat kosb edon asas masalo  saholarinin ekliptika miistovisindoki sriralvari
ondan ibarotdir ki, planetlorarasi maqnit sahalori  formasi. Giinoss kiilayi stirstinin 300 km/san
ekliptika mistavisi boyunca necs yerlogsmisdir. Sado  oldugu gobul edilir.
halda bunu sokil 1-do gostarildiyi  Arximed
spirallar1 kimi tosavvir etmok olar. Glinas plazmasinin fiziki parametrlorini nozors almagla yerina

yetirilon giymatlondirmalor gostorir ki, yerotrafi fozada
magnit sahasinin qivva Xottlori ilo Gilinos radiusu
istigamati arasindaki bucaq 45° otrafindadir. Sokil 1-do
planetlorarasi fazadaki magnit sahasinin quvva xattlarinin
ancaq formasi 6z oksini tapmigdir. Onlarin istigamatlori iso
muxtalif istigamatli olaraq sektor qurulusu amalos gatirir.
Sokil 2-do planetlorarast sahoalorin quvva Xxattlori
istigamatinin ~ Yerin  orbiti  boyunca  yerlosmosi
gOstorilmisdir. Qiivva Xatlorinin istigamatlori Yerin suni
peyki IMP-!-in 3 dolanma dovrii orzinds miloyyon

edilmigdir. Sektorlarin sorhoddi Arximed spirallar1 kimi

gOstorilmisdir. Planetloraras1 fozada magnit sahasinin SekiI‘Z.‘ Planetlorarasi magnit
sektor qurulusuna malik olmasi Yerdo maqnit firtinalarinin sahoasinin sektor qurulusu
omalo galmoasi vo hatta iglimin formalasmasi baximindan

mihim ohomiyyat dasiyir.
Kosmik aparatlar vasitasi ilo aparilan misiihidalor gostoriri ki, Glinas kiilayinin sirati vo
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sixligl miitomadi olaraq doyisir vo sektorlarin sarhaddinds bu parametrlor koskin artir. Sektorlarin
sarhoddindon kegondon 2 giin sonra plazmanin sixligi ¢ox siirotlo artir. Sonraki 2 vo ya 3 glin
arzinds tadricon azalmaga baslayir. Giinas kiilayinin surati maksimuma c¢atandan 2-3 gin sonra
azalmaga dogru gedir [3].

Planetloraras1 magqnit sahosinin sektor qurulusunun vo ginas plazmasinin siiratinin vo
sixliginin yuxarida gostorilon doyismosinin Yerin magqnitosferasinda bas veron sarsintilarla six
olagosi vardir. Peyklor vasitasi ilo aparilan 6lgmolor gOstorir ki, magnit firtinalar1 o vaxt baslayir ki,
yeratrafi fozada magnit sahasi 10 dofodon ¢ox artsin vo daha ¢ox geyri-sabit xarakter alsin. Bu
vaziyyat isa Glinas kiiloyinin guclonmasi vaxti bas verir ki, bu zaman plazma seli Giinasin faal
saholorindon daha intensiv vo geyri-sabit magnit sahalorini planetlorarasi fozaya dasiyir.

Miisahidalor gostorir ki, planetlorarasi maqnit sahslorinin bir cox parametrlori, xlsuson
intensivliyi vo geyri-sabitliyi ilo Glnss foalligi arasinda six olagolor vardir. Bu olagslorin
xarakterinin vo mexanizminin ostrafli suratdo dyronilmosi Giinas-Yer slagalori probleminin prioritet
istigamatlarindan biridir.
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ABSTRACT

Gulu Haziev

Solar wind and interplanetary magnetic fields
The solar wind is a continuous stream of plasma of solar origin, which propagates approximately
radially from the Sun and fills the solar system up to heliocentric distances of ~ 100 AU. The solar
wind carries with it to the interplanetary medium a coronal magnetic field. The field lines of this
field frozen into the plasma form an interplanetary magnetic field. The density of the wind falls
proportionally to the square of the increase in the distance from the sun. In the end, the wind should
become so thin that it ceases to exist under the influence of other fine gases and weak magnetic
fields. In the area of the Earth's orbit, its velocity reaches an average value of 400-500 km/sec at a

proton temperature of 100 000 K and a slightly higher electron temperature.

PE3IOME
I'yay I'a3ueB
CostHe4HBII BeTep M MEKIUIAHETHbIE MATHUTHBIE TOJIS

ConHeuHbIi BETEp, OSTO HENPEPBIBHBIM MMOTOK IUIa3Mbl COJIHEYHOIO IPOUCXOXKICHMUS,
pactpoOCTpaHSIOMUICS NPUOTU3UTENbHO paauanbHo oT CoNlHIa W 3aloJHSIONMNA  CO0OM
ConHeUHyI0 CUCTEMY 10 reJuoleHTpudeckoil pacctositnuid ~100 a.e CoJIHEUHBIM BETEP YHOCHT C
co00l B MEXIUTAHETHYIO Cpely KOPOHAIbHOE MarHUTHOE 1oJsie. BMOpO)KeHHBIE B TIa3My CHJIOBBIC
JUHUHM ATOTO TOJS 00pa3yloT MEXIJIaHETHOE  MarHutHoe mojie. [ImoTHOCTH BeTpa magaeT
IIPOMOPLIMOHAIILHO KBAJpaTy yBeJndeHUs paccTosiHusl oT ComHila. B KoHIIE KOHIIOB, BETEp AOKEH
CTaTh CTOJIb PA3pPEKEHHBIM, UTO OH MPEKPAIAET CBOE CYIIECTBOBAHUE MOJ BO3JECHCTBHEM JAPYIHX
TOHKOAMCIIEPCHBIX T'a30B M CJIAa0BIX MAarHUTHBIX mojieil. B paiione opOUTHI 3eMiIM €ro CKOpOCTb
nocturaer cpeaHero 3HaueHus 400-500 km/cek mpu Temmepatype mnpotoHoB 100 000K wu

HECKOJIBKO OOJIbIIICH TeMInepaType IEKTPOHOB.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).
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Yarimkegirici kristallarin zona qrulusunun tahlili gostarir ki, onlarin bir goxu, xiisusilo n-Ge,
n-Si vo qurgusunun halkogenidlori geyri-parabolik dispersiyaya malikdir. PbTe, PbSe vo PbS
kristallar1 bir-birina nazoron foza diaqonalinin yarisi gador siiriison iki Gzro morkozlogmis kubik
gofosdon ibarotdir. Uzmorkozloson kubik gofoslordon birinin sobokalorinds qurgusun atomlars,
digorinin sabakalorinds iso Te, Se va S atomlar yerlosib. Bu ciir kristallarda kinetik effektlora bir
sira monoqrafiyalarda genis baxilmigdir [1-3].

Qeyri parabolik zonali yarimkegiricilords yiikdasiyicilarin defektlordon vo fononlardan
sopilmasi anizotrop olduqda orada yayilan elektromaqnit dalgalarinin geyri-xattliyino sabob ola
bilor. Bu isdo hamin masaloys, baxilmisdir. n-tip yarimkegiricilordo  elektronlarin fononlarla
qarsiligh sovqil tezliklorin w < Be < Ve Vo B < w < V,, sortlorini 6dadiyi halda mumkuandr.
Burada w-yarimkegirici kristalda yayilan dalganin tezliyi, v,, Vo B, uygun olaraq elektron-fonon va
fonon-elektron toqqusma tezliklordir. Tolob edilon sort 6doanildikds yiikdasiyici fonon sistemi
yayilan dalganin doyismoasina uygunlasir.

Isdo hesab edilir ki, elektronlarin dreyf siiroti onlarm istilik horokatinin orta stratindon
nozaragarpacaq dorocads kigikdir. Bu halda onlarin paylanma funksiyasini

)
fB78) =1 > =fot+fi
Soklindo g0Ostormok olar. Burada f,-paylanma funksiyasini izotrop hissasi, f;-paylanma
funksiyasina edilon qeyri-taraz slavadir f; << f, oldugunu noazoro alsaq Bolsmanin kinetik
tonliyindon fl U(;Un

> ep dfo 4rm 9fo
fi= v(e) LAl + s ia))( )(2nh)32(s) U( )

2p _Bl@
oo lwf hwW,N(q,T,T, )S Fa—io 4 2dq 1)
alariq. Burada k-fononlarim dreyfi istigamotinds vahid vektor, h = H/H-magnit sahosi

istigamatinds vahid vektor, u-fononlarin dreyf siirati, So—Sasin Kristalda sirati, wy = ;—z -tsiklotron

tezlik, &(u)-qarsiligh sovqii xarakterizo edon parametridir. f = p(e)(— %")ﬁ(s) oldugundan
elektronlarin dreyf siirati (1) tonliyindon asagidaki kimi yazilar.

. eE _ 4mm 1
O e O] R mrors s Bt e Mevowe
xfy" B{jg‘”wh A CAOLICOURLY @)
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Burada N (q,'f) — fononlarin paylanma funksiyasi, Wq-Sopilmonin matris elementi, g-fononlarin
impulsudur.(2) ifadesinin hor torefini m?(e)(— %%/, )-ya vurub. (e(q/2); ) intervalinda
integrallasaq Kl 0, I E L H hondssosindo elektronlarin dreyfi ﬁgiin

S e(1-y,)[v(e)-iw] =
u(e) = m(e)|w§+(1-v0)2[v(e)—iw]?] T oovE—ie)

EATEEm] ]l ®)

alariq.Burada y, = fiq /Z)y(s)mz(e)(— af"/ 5s) de elektron - fonon

oy 2@ (= o 5 ) de
qarsiligh sévq vurgusudur.
Molumdur ki, Gmumi halda energetik spektr p(s) = us? soklindadir. Qeyri-parabolik Keyn
tipli yarimkegiricilor U¢ln s=1/2, u = /2, /&4 (Mn-elektronun kegiricilik zonasinin dibinda Ktlasi,
— gadagan zonasinin enidir) oldugunu nazars alib corayan 51X11g1n1 hesablasaq

_ 1= ne?o7CHD (1-yo) v(&)—iw)—iwH s+l
] I'(3s)3s2 pu T2 T3S+1 fo wH+(1 —¥o)2(v(e)—iw)? dSE (4)

alariq. Burada 6, = T,/T-0lglisliz elektron temperaturu, F(y) = fooo e *x¥ ldx —y gamma
funksiyasidir. Coaroyan sixhgmim ifadesinds tezliklorin; wy >> w(1—1y,) Vo [wy — w(l —
Yo)l? >> vz(s)(l — ¥,)? sartlatini 6dadiyini nozors alsaq elektrik kegiriciliyi tapila bilor.

F(7S +st—1)6(w)—— b 625+st+2M _

Be (t) WMy

(2T (3SH)02~| (5)

0 = % 3r3s) 3r(35) [

Burada o, = nez/me-qarslhqh sovq vo qizdirilma olmadiqda elektrik kegiriciliyi, 6, = To /T -
Olgtstiz fonon temperaturu, v,(T)-geyri parabolik spektrdo qizma olmadiqda elektron-fonon
toqqusma tezliyi, t=t1-potensialdan sapilms parametridir.

Olcustz elektron temperaturunun kordinatdan (0z-don) asililigi enerji balansi tonliyindan
hesablanib. Fononlar gafos temperaturunda qalib (6, = 1), elektronlar iso xarici sahonin hesabina
qizdirildigi halda (6, > 1) hamin tonlik

~ 5 (1?e(ER)) = o 2 %
X {mz(g) fOZPha)qwqqd [N(q, T)hlw, (— aﬁ’/a)j—Zu(u) +

+ 3AINGD &35 + £1) (6)

kimidir. Tonliyin hallindon axtard1g1m1z ksmlyyat asanligla alinir.
3 o
0.(2) = 1+ 727 [ 4Gw) — 1] (7)

Burada ¢ (u) = In |1 + u/so/l —u/s
o

u—so Vo @(u) >> 1, elektronlarin qizmast giiclii isa 8, >> —1dir. Fononlarin dreyf siiratinin

. Fononlarm dreyf siirati sosin siratine ¢ox yaxin olduqda

diison dalganin Eo(z) amplitudu ils slagasinin u:(ﬁe/ﬁ)(c/H)Eo (2) oldugunu nazars alsaq sonuncu
ifado

1

0,(z) = [2<ﬁe(T) )2 c lm Eg‘_lzs (8)

.pr(T) SoHp (W)
kimi olar. (8)-in hesablanmasinda B,(8) = B.(T)85 2 asililig1 nozora almmusdir [4]. Bu ifadodon
gorundr ki, geyri-parabolik Keyn tipli yarimkegiricilords yayilan elektromagnit sahasinin kordinata
1

goro elektronlarin qizdirilmasina tasiri 6, —~ Eg (z) soklindadir.
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ABSTRACT
Khanali Hasanov
Impact of electromagnetic waves on charge carrier heating in nonparabolic-band
semiconductors

The paper considers the nonlinearity of extended electromagnetic waves at carrier scattering
from defects and phonons in nonparabolic-band semiconductors. Frequency ranges which cause
mutual drag in n-type semiconductors are shown. Drift velocities are calculated from the Boltzmann
kinetic equation and the electrical conductivities of the electrons are found. A dimensionless
electron temperature is introduced, and from the energy balance equation, its coordinates are found
and amplitude dependences of the extended wave are determined. As a result, it has been
ascertained that in non-parabolic Kane semiconductors the heating of electrons by an external field
is directly proportional to the square root of the electromagnetic waves amplitude.

PE3IOME
Xanauu I'acanoB
Bansinne 3J1eKTPOMarHUTHBIX BOJIH HA OJ0IPeB HOCHTEJIeH TOKA B MOJYNIPOBOJHUKAX €
HenapadoJMYecKoil 30HOH

B pabote paccmMoTpeHa HEIMHEHMHOCTh PacHpOCTPAHEHHBIX 3JEKTPOMArHUTHBIX BOJIH MU
paccessHUM HOocuTenel oT 1epeKToB U (POHOHOB B MOJIYNPOBOJHUKAX C HEMapaOOIMYeCKOU 30HOA.
[lokazaHbpl  WHTEpBajJbl YacTOT, KOTOpble OOYCJOBIMBAaIOT B3aUMHOE  YBJEUEHHE B
NOJyNpoBoHUKAX N-Tuna. [lo kuHeTHMUeckoMy ypaBHEHHIO bBoibIiMaHa BeIYHMCIECHBI Jpeii(oBbie
CKOPOCTH M Hal/IeHbl 3JEKTPOIPOBOAHOCTH 3JIEKTPOHOB. BBeneHna Oe3pazmepHas 3J€KTpPOHHAs
TeMrepaTypa, ¥ 10 YPaBHEHUIO HHEPreTHUecKOoro OanaHca HaWIEHBl €ro KOOPJAMHATHI U
OTIpe/ieNieHbl AMILTUTY/IHbIE 3aBUCUMOCTH PaCIIPOCTPaHEHHOM BOJHBL B pesynbpTaTe momydeHo, 4ro
B HemapaboIMYeCKHX TMOIYHNPOBOJHUKAX KEHHOBCKOTO THIIA MOJOTPEB 3JIEKTPOHOB BHEIIHUM
MOJIEM IPSIMO IPOMOPIMOHAJIEH KBAJPAaTHOMY KOPHIO U3 aMILTUTY/IbI 3JI€KTPOMArHUTHBIX BOJIH.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).
Mogaloni ¢apa toqdim etdi: Fizika Uzro falsafa doktoru,
dosent F.Qocayev _
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YK 543.736.3
HEKOTOPBIE OCOBEHHOCTH CTPYKTYPHBIX IIPEBPAIIIEHUH B KPUCTAJLJIAX
XAJIBKOI'EHUJIAX CEPEBPA
Acar sozlar: Faza kegidlori, strukturlar, Qarisiglar, ¢evrilmalor, Qurulus doyismo
Key words: Phase transitions, structures, solutions, reorganizations, modifications
KuarwueBble cioBa: Dazosvie nepexoovl, cmpykmyp, Pacmeopax, nepespawenuii,
Moougpuxayuu

CpoiicTBa KpHCTa/ZIOB BO MHOIOM OINPEAEISIOTCS YCIOBUSAMHU HMX POCTa, XapaKTepoM
neeKTOB, KaHCEHTpAIMel KOMIIEHEHTOB,pacpeeieHHeM MajblX Ipumeceid u T.1. [IpumeHenue
TOW WM MHOM TEXHOJIOTMH JJIsl CUHTE3a U MOJIYy4YEHHUS KPUCTAUIOB U JalibHEHIee UCIOI30BaHue
UX BaXHBIX (U3UYECKBIX CBOMCTB, TpeOyeT MAETaNbHOTO W3YYCHUS PEaTbHOU CTPYKTYPHI,
CTPYKTYpHBIX ()a30BbIX HpEBpallleHM B HHUX, MEXaHU3Ma OJTUX HpeBpallleHud, obmacTeit
CTaOMIIBHOCTH KaXKAOH W3 MOAUQHUKAIMKA, B TOM YHCIE W METacCTaOWIBHBIX, CTPYKTYPHOTO
COOTBETCTBHS MAaTPUYHBIX U HOBBIX (a3 U T.xI.

PentrenandpakToMeTpuYeCKUX HCCIECAOBAHUHA CTPYKTYPHBIX (ha30BBIX MNpPEBpAIlCHUA B
ounapubix AQ2S (Se, Te), Tpoiinpix AQCUSE coemMHEHUSIX M HEKOTOPBIX TBEP/ABIX pacTBOpax Ha
UX OCHOBE.

Kapxkac perieTok 60JbII0OT0 Yncia JBOMHBIX U TPOMHBIX COEIMHEHUN XaJIbKOI'€HUI0B MEIU
u cepedpa, HE3aBUCUMO OT MPUHANIIEHKHOCTH UX K Pa3IUYHbIM CTPYKTYpPHBIM Kjaccam, o0pasyercs
U3 aTOMOB  XaJlbKOT€HOB. ATOMBI ~ MeTaUla  pacHpuAesieHbl B IMYCTOTax  MYXKAY
TUIOTHOYTIAKOBAaHHBIMH CJIOSIMHU XaJIBKOT€HOB.

B crpykrypax OMHapHBIX COEAMHEHUH XaJlbKOI€HMJOB MEIM aTOMbl MEIU HaXOIATCS B
onnopanenTHoM CU™ m nByxsamemtHOM CU'? cocrtosmmsx. OnHosamentble Cu*! B pemerke
pacmonaralorcs B IEHTpaX TPEyronbHKOB, a CuU™ 3aHMMAlOT LEHTPH  TETPadapOB.
BricokoTemmiepatypHas MogupUKAIHs,peleTka KOTOPOil pH BBICOKOH TeMIIepaType COCTOUT U3
YIaKOBKM TETPA’ApOB U TPEYTrOJbHUKOB, TpU MOHWXKEHUU TEMIepaTypbl B Ipolecce
YIOPSIIOYEHUST aTOMOB MeTalljla CTaHOBHUThCS AByX(aznoit. [lo coctaBy omna u3 (a3 Oimszka k
CTEXHOMETPUUECKOMY, a JIpyTasi XapaKTepu3yeTcst 00JIbIINM 1e(PUIIUITOM aTOMOB MeTala.

B coennHeHusix XanbKOre€HUJOB cepedpa MpH HU3EOH TemImepaType aToMbl MeTallia
YJIOBJIETBOPSIIOT YCIOBHUSIM CTEXHOMETpHUU. UTOOBI BBIICHUTH MeXaHU3M mpeBpauieHuil B AgzTe,
MBI OyJIeM aHAJTU3UPOBAThH MOTUMOPGU3M OMHAPHBIX coeauneHnin Aga(Se, Te).

YnopsiioueHHble  HU3KOTEMIIEpAaTypHbIE  MOJU(HUKAIMM  XaJbKOTEHUJOB  cepedpa
XapaKTepu3yeTcss CTPYKTYpOil,B KOTOPOH YHUCIIO MO3UIMU PAaBHO YKMCIY KaTHOHOB M aHMOHOB. B
HHU3KOTeMITepaTypHbIx Moaudukanusx Agz(Se, Te) kapkac MaTpUYHON pelIeTKe YIOpsSI0YeHHO H
PaBHOMEPHO paclpesieaoTCs MEXKIY CIOSIMA ATUX AaHUOHOB.

B Takux OWHApHBIX COEIMHEHMAX CTPYKTypa CTOHOBHUTCS YCTOWYMBOM TOTrJa, KOTAa
KaX/Iblii MOH CONpPHKAcaeTcsi TOJIBKO C MOHAMU NPOTHUBOIOJIOKHOIO 3HaKa. B gaHHOM ciydvae
MOHHBIN paJiyc KaTHOHA OCTAETCS MOCTAsTHHBIM, & HOHHBIE PaJINyChl aHUOHOB YBEJIMYUBAIOTCS, T.€.
S < Se ?<Te? . orcioma cieayeT, 4To CTpykTypa Ag2S J0KHA OBITH OoJee YCTOHUMBOM K
BHEIITHUM BO3JICHCTBHAM (TeMIIEpaType WK JaBICHUIO), yeM cTpykTypa Ag2S u AgzTe . DT1oT dakt
HO/BEPXKIACT TeMIlepaTypHas TOYKa CTPYKTYpHBIX mnpeBpamieHuii B AQ2S(Se, Te), BHIHO, YTO
TEeMIIEpaTypa MJIaBICHNUS U MUKPOIIOTHOCTh PACTET C YBEJIMYEHUEM Pa3MEPOB aHUOHOB.

OTO MOKa3bIBAET, YTO TEMIIEpaTypa IUIABJIECHUS U MHUKPOIUIOTHOCTU 3THUX COEIMHEHUHN He
naroT uHGOpMArMK 00 YCTOWYMBOCTH KPUCTAJUIMYECKOH CTPYKTYPbl HH3KOTEMIEpaTypPHBIX
monudukamuii Agz(Se, Te), Tak kKak TemIiepaTypa IUIaBICHHS OTHOCUTCS K BBICOKOTEMITEPATyPHOI
Monubukanun. [IpHuuHy NpeBpalieHus] PemeTKH HU3KOTeMIeparypHbelid Moaudukanun Ag.Se
npu Oosee HU3KOH TemIyparype, yeM peuietka AgzS,MOKHO ObIIIO Obl CBA3aTh CO CTPYKTYpOH U
CBSI3bI0 MEXy KATHOHAMH W aHHOHAMH.

Ho kak moka3zaHo, MO3UIMM KAaTHOHOB M AHHMOHOB B MOHOKJIMHHOM pemietke AQ2S u
pomOmueckoit Ag:Se maeHTHYHBL. CTPYKTypHBIC JaHHBIE HHU3KOTEMIEPATYPHBIX MOIU(PUKALIUI
AQ2(Se, Te) nmpuBeaecHsl B Tabmial
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Taoauna 1

CTpyKTypHbIe IapaMeTPbl HU3KOTeMNepaTypHoii mogupukanun Agz(Se, Te)
Coenunenne | Cunronus | [lapameTpsl 371€eMEHTapHON STUEHKHU
a,i’\ b,A C,A B Z | np,2P v, A3 P2/sm3
Ag2S MOHOKIL. 423 1691 |7,87 |99°35 |4 C5n-P2un 226,81 | 7,19
Ag2 Se poMOHy. 705 | 7,85 |433 |- 4 | c2-P222, 239,63 | 8,11
Ag:Te MOHOKII. 8,09 | 4,48 |896 |123°%20 |4 Csn- 271,32 | 8,35
P2:2:2;

W3 cTpyKTypHO#H IPOEKIIMH MOHOKIMHHON Moaudukanuu AgzTe sicHO, 4TO yIopsI04eHHOE
pacroyiokeHue KaTHOHOB MEX/y CJIOSIMU aHHOHOB, T.€. MOTHB CTPYKTYpPbI Takoi ke Kak B AQ2S u
Ag:Se.

[Ipy MOBBIMICHUH TEMIIEPATypbl KPUCTAILIBI HU3KOTEMIIepaTypHoil Momudukammu Aga(Se,
Te) mnpeBpamaroTcss B BBICOKOTEMIICpATypHYI KyOuueckyro wMoaudukaimo. B TpexmopHoii
IUIOTHEHIIEH YIOKOBKE OOBIYHO YMCIIO TETPa3IpUUYECKHUX IIyCTOT BABOE OOJIbLIE YHcia aTOMOB, a
YHUCJIO OKTa’JApUYECKUX IYyCTOT PAaBHO YUCIY aTOMOB (KaTHOHOB). B 3Tux mycToTax MOXHO
IIOMECTUT aTOMBI MEHBILEr0 pa3Mepa, YEM Pa3MEpPbl IMYCTOT, CONPHUKACAIOIIMECH C OCHOBBIMBI
aToMaMu (aHMOHaMM) paauyca R. BroBeneHun pemeTku onpeaeseHHOro TUIa Peularollyo pojb
UTPalOT OTHOCHTEIbHBIC pa3Mepbl HOHOB, KOTOPHIC BBIPAXKAIOTCS OTHOLICHHEM paaunycoB K(
KaTHOH ): A( aHHOH ). OTHENICHHE HOHHBIX paguycoB B coeamHeHusx AQ2(Se, Te) pasHO
CIIEIyIOIIEMY

K( xatuon ): A( anmon) Ag.S (0.621) Ag.Se (0.585) Ag.Te( 0.536)

CpaBHenuem oTHewmeHUH paguycoB Ki/Aa 171 BelIcOKOTeMIepatypHoil Moaudukanuu Agz
(Se, Te) BwIABAsCTCS, YTO TpaHWIA MeEpexoia OT  OOBEMHOICHTPHUPOBAHHOW K
I'PaHELEHTPUPOBAHHOM CTPYKType Haxoautbes mexay 0,585 u 0,536. Orcrona cieayer, 4To Kak
nmokazaHo  B/3/.  npu  OoJbIIMX  3HAYEHHUAX  OTHOUIEHMH  paJUyCoB  MOSBISETCA
00BEMHOIICHTPUPOBaHHAas KyOuueckast CTpykTypa. CTpyKTypHbIE JTaHHBIE BBICOKOTEMIIEPATypHOU
moaudukaiu Agz(Se, Te) npuseneHu B Tadue 2

Tabnuma 2
CTpyKTypHbBIE IapaMeTPhl BbICOKOTeMIIepaTypHoii Moaudpukamuu Agz(Se, Te)
Coenunenue | Cunronus | ITapameTpbl 271€eMEHTapHOU SYECHKU
aA Z |nop.tp v, A3 Pr/ew®
Ag2S OLIK 4857 |2 07-Im3m 115.075 7,19
Ag. Se OIIK 4978 |2 07 -1m3m 123.953 8,11
AgzTe OLIK 6.585 |4 T2-F23 285.540 8,35

B kyOuueckoii 00beMHOIICHTPUPOBAHHON C(HEPUUECKON YITAKOBKE MYCTOT OOJIbINE, Ye€M B
KyOMYEeCKOW TpaHElCHTPUPOBAHHON YIIaKOBKE, TOITOMY OTHOCHTEIBHO OOJIbIIEE YHCIIO KaTHOHOB
npeBesieT K 00bEeMHOIIEHTPUPOBAHHOM CTpyKType. B ciyuae Ag2(Se, T€) HOHHBIH pagnyc KaTHOHA
TIOCTAsTHHBIH,TO3TOMY OTHOCHTEFHO «MaJbiey» aHHOHEI, T.e. S2 n S%°

YaKoBBIBAIOTCSI B OOBEMHOIICHTPUPOBAHHON KyOMUYECKOW, a CPaBHUTEIBHO «OOJBIIEH

aHHOHB! T€% B rpaHeIeHTPUPOBAHHON KyOHUeCcKoil CTPYKType
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XULASO
Samsaddin Kazimov
Billura Haciyeva
Giilsan Mammadova
Giimiis xalkogenidlorin Kkristallarinda bazi struktur cevrilmalari

Bu mogalonin tohlili naticasindo mioyyan olunmusdur ki, rentgendifraksiya dsulu ilo
giimiis birlosmoa vo bark mohlullarinda asag1 temperaturda mévcud olan kation va anionlarin
say1 barabar olub tetraqonal fazada movcuddur, yuxari temperaturda iso Sathina morkozlosmis
kub fazasina kegir.

ABSTRACT
Shamsaddin Kazimov
Billura Hajiyeva
Gulshen Mamedova
Some peculiarities of structural transformations in crystals
of halkogenides of silver

This article is the result of analysis it was found that the combination of silver by the method
of rentgendifraksiya and cations and anions present in the amount of solid solutions at low
temperatures were equal to the tetragonal phase at temperatures above the surface passes through
the face-centred cubic.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorart ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).
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Toqdim olunan is bazi lantanoidlorlo muxtslif atom faizi migdarinda agqarlanmis gallium vo
indium monoselenidlori ssasinda yaradilmis mixtalif heterokegidlorin elektrik vo fotoelektrik
xassalarinin kompleks tadgigine hasr olunmusdur. Alinmig tacriibi naticalarin tohlili asasinda layli
quruluslu gismon nizamsiz kristallar asasinda heterokegidlorin xtsusiyyatlori Umumilogdirilmisdir.

Layli AIIIBVI monokristallart tipli qismon-nizamsiz Kkristallarda elektron proseslarinin
xususiyyatlori hagqinda molumatlari daha da zonginlogdirmok magsadi ilo togdim olunan isdo Gd,
Ho va Dy-la (lantanoidlorlo) mixtalif saviyyads asqarlanmis gallium vo indium monoselenidlarini
optik kontakta gotirmoklo [1] yaradilmis heterokegidlorin elektrik vo fotoelektrik xassalarinin
kompleks todqiqi aparilmigdir. Bu magsadlo tomiz (xiisusi olaraq asqarlanmamis) va 10-5; 10-4; 10-
3; 5-10-3; 10-2; 10-1 at.% lantanoid atomlarn (Ld) daxil edilmis p-GaSe vo n-InSe
monokristallarindan istifado olunmusdur. Izotip n-InSe/n-CulnSe2 vo anizotip p-GaSe/n-InSe
heterokegidlorinin elektrik (sokil 1 va2), tutum (sokil 3) vo fotoelektrik (sokil 4)
xassalarinintadgigindon alinmis naticalorin mugayisali tohlili asasinda,layli kristallar asasindaki
heterokegidlarinxisusiyyatlori Umumilagdirilmisdir.

Layli AIIIBVI kristallarinda sath hallarinin sixligi ¢ox kigik oldugundan [2] va optik kontakt
usulu ilo olave soth hallari amalo gotirmadiyindon [1] lantanoid atomlart daxil edilmis n- InSe
kristallar1 asasinda soth hallarina daha hassas olan izotip heterokecidlorin (n-InSe<Ld>/n-CulnSe2)
elektrik xassalorini tadqiq etmoakla, hoacmds mohz asqarlama hesabina bas veran proseslor haqqinda
molumat toplamaq miimkiin olmusdur. n-InSe<Ld>/n-CulnSe2 heterokecidlorinin 77+350K
intervalinda VAX-min tadqiqi (sokil 1) homin strukturlarin diod xarakterli oldugunu, parametr vo
xarakteristikalarinin iso n-InSe kristallarina daxil edilmis lantanoid atomlarimin kimyavi tobistindon
asili olmay1b, yalniz asqarlama soviyyasiilo toyin edildiyi gostorilmisdir.

n-InSe<Ld>/n-CulnSe2 heterostrukturlarinda VAX-in diiziino istigamati, miishat potensialin
daha enli qadagan olunmus zonaya malik komponents (nInSe<Ld>) qosulduguhala uygun galir. Bu
heterostrukturlarin tutumunun todgigi ise onlarin koskin kegid olduguna dolalst edir ki, bu da optic
kontakt Gsulunun xuasusiyyatlarindan irali golir. n-InSe<Ld>/n-CulnSe2 heteroke¢idinin alinmis
tocriibi naticaloro vo elmi odobiyyatda mdvcud olan molumatlara ssasen qurulmus zona-enerji
diagramina goro kegirici zonalarin konarlarinda ayirma sorhodi yaxinhiginda kigik enerji piklori
omolo galir. 77+350K intervalinda qaranliq VAX diiziino gorginliyin (U+) corayana goro
kasilmoagoarginliyindan (UO0) kigik giymatlorinds eksponensial, boyiik (U+>UQ0) giymatlorinds iso —
xatti ganuna tabe olur.Bu naticalor homin heterokegidlorin ideal kaskin heterokegidlora ¢ox yaxin
olduguna dolalat edir [3]. n-InSe<Ld> komponentinin agqarlanma saviyyasindon (N-ingiymatindan)
asili olaraq, kegidin diiziins istigamatdoki mugavimoti 77 vo 300K-ds uygun olaraq R+=(105+108)
Om vo R+=(103+105) Om hiidudlarinda doyisir. VAX-mn xotti oldugu hissado totbiq edilon
gorginlik, demok olar ki, tamamilo ylksokmigavimatli komponentin (n-InSe<Ld>tobagasinin)
ballast hissasinds diisiir vo N-doyisdikco, VAXinstabillik doracasi vo duiziinaistigamatdoki golunun
meyli doyisir. N<10-3 at.% oldugda 77K-do gorginliyin muoayyan kritikdon kigik olmayan
giymatlarinda (U>UKkr) har iki istigamotdo keciddon axan coroyan asta-asta artir. Cox giiman ki, bu

99



n-InSe<Ld> komponentinds elektrik sahasi ilo stimullagsmis kegiriciliyin yaranmasi ilo baglidir. N-
in boyumasi ila homin proses avvalca (N< 10-5at.%) giiclanir, sonra (10-5<N<5-10-3at.%) zaifloyir
vo nohayot, N=10-1at.% oldug-da tamamilo bas vermir. Ukr-in giymoti hom N-don, hom do
temperaturdan asilidir. N-in doyismosi VAX-mn formasina da tosir gostorir. On stabil vo diod ugun
xarakterik VAX N=10-1at.% olan heterokegidlordo miisahido edilir. Diizino goarginliyin boyuk
giymatlorinda strukturun miigavimati n-InSe<Ld> komponentinin miigavimatina barabar olur, VAX
iSo - baslangic eksponensial vo Xotti hissalordon sonra hocmi yiklo mohdudlanmis carayanlar
(HYMC) iciin xarakterik olan soklo diisiir. Nohayat,gorginliyin daha boylk giymatlorinds
ceviricilik effekti [4, 5] bas verir vo todqiq edilon strukturlarin miigavimati vo ondan axan coroyan
yalniz n-CulnSe2 qat1 ilo tayin olunur.

L i.m A
10 lk N
10
e— o —yg x—3
a—20—5 O—g 8O
A—z¥—G6 W—9
sofF
Aot
»f
9o 8 7 .65 A3 2 . UV
1 2 3 4 5
2 r
af
6
s F

Sakil 1. MUxtalif atom faizi migdarlarinda Gd (1-3), Ho (4-6) va Dy (7-9) atomlar
daxil edilmig n-InSe kristallar: asasinda yaradilmuis izotip n-InSe/n-CulnSe2
heterokecidlarinin volt-amper xarakteristikalar:. N, at.%: 1 - 0; 2 - 10-4; 3 -
10-1. T, K: a-300; b - 77.

Muoyyonlosdirilmisdir ki, 300K-da n-InSe<Ld> komponentinin galinliginin vo N-in mixtalif
giymotlorinds n- InSe<Ld>/n-CulnSe2 strukturlart tigiin U0~(0.25+0.30) V vo bu komiyyatin
giymati N-dan geyri-monoton asilidir. Yalniz N=0 vo N~10-1 at.% oldugda UO-in qiymati kontakt
potensiallar forqi ilo yaxst uzlasir. 77K-do U0~2.5 eV olur vo N artirildigca, avvalca (N<10- 5at.%)
hotta 3.0 V-a catir, sonra iso azalir vo N=10-1 at.% oldugda 1.5 V-a godor enir. UO-in bu
giymotlorinin hamisikontakt potensiallar forgindon kifayat godor boyukdir. Bunun totbiq edilon
gorginliyin  bir hissasinin  homin soraitde n- InSe<Ld> gqatinin hocmindaki irimiqyash
geyribircinsliklords diismasi ilo bagh oldugu forz edilir. Oksina garginliyin kigik giymatlorinds bu
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heterokecidlorin qaranliq statik VAX-1 eksponensial qanuna tabedir vo hacmi yiklor tobagasinin n-
CulnSe2 tarafindoki galinlig1 kegirci zona yaxinliginda ¢ox kigikdir (10-5sm-don do az). Ona goro
do farz etmok olar ki, sorbast yiikdasiyicilar (elektronlar) kontaktdaki enerji «pik»indan tunel edarak
keco bilir. Oksino gorginliyin boyiik, daha dogrusu tunel miigavimati, n- InSe<Ld> gatinin
migavimotindon boyiik olmadigi giymatlorinde VAX diiziing istigamotds oldugu kimi, xatti hissoya
cixir. 77K-do oksino gorginli-yin boyik giymotlorinds n-InSe<Ld> qatinin ballast hissasing
injeksiya naticasindos VAX-in superxattiliyi miisahids olunur. n-InSe<Ld> laymin qalinligi d>10-4
sm oldugundan hom dizlino, ham do oksina istigamotds yiikdasiyicilarin kegiddon tunel etmasini
nozors almamaq mumkandir. Garginliyin béyuk giymatlorinds har iki istigamatdas strukturdan axan
Corayan yalniz n-InSe<Ld> gatininmiigavimati ilo mohdudlandigindan yiiksok fotohassasligamalik
homin qat torofdon isiglandirdigda coroyanin koskinartmasi, UO-in isa bir nego dofo Kigilorok,
kontakt potensiallar forgino yaxinlagsmasi bas verir.Tomasa gatirilmis komponentlorin hor ikisi
lanta-noidloagqarlanmis layli AIIIBVI kristali oldugda optik kontakt tisuluilo yaradilmig
heterokegidlor daha keyfiyyatli, ideala yaxin olmagqla barabar, hom do hor iki komponentin geyri-
adielektron xassalorine malik olmasi hesabina boylik maraq kosbedir. p-GaSe<Ld>/n-InSe<Ld>
heterokegidlorinin migavimati muxtalif amillordon asili olaraq R0~(1.5+2.0)-1060m intervalinda
doyisir vo har iki istigamotds garginliyin boyik giymatlorinds ikipillali bistabil ceviricilik effekti
bas verir.Oksina istigamotdo U<Ucev olduqgda, carayan avvalca ¢oxzaif (i~U0.5+0.8 ganunu ilo),
sonra iso kvadratik qanunla artir.
N- yuksaldikca strukturun diod xassslori yaxlsgllaslr (sokil 2).
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Sakil 2. MUxtalif atom faizi migdarlarinda Gd atomlar: daxil edilmis p-GaSe vo n- InSe
kristallar: asasinda yaradilmis p- GaSe/n-InSe heterokecidlarinin volt-amper xarakteristikalari. N,
at%:1-0;2-10-4; 3-10-3;4,5-10- 1.T=300K.

Temperatur azaldiqca, hor iki istigamatdo migavimatin giymati boylydr, strukturun diod
xassalori pislosir vo 77K-doU=3V olduqda dizlondirms omsali (kd) 2-don boyuk olmur.Boyuk
gorginliklordos iso bistabil ¢eviricilik effekti bas verir.300K-do U<3V oldugda N-in giymatindon
asili olaraq kd~4+6 araliginda doyisir vo N-don asili olaraq artir. T>300K-do temperaturun
yuksalmasi ilo bu strukturlarin diod xassolori avvalco bir godor yaxsilasir, sonra iso (T>350K
oldugda) yenidan pislasir, lakin carayan 300 K-doakinan nisbaton nozaragarpacaq doaracado boyik
olur. Strukturlari moxsusi isiqla p-GaSe<Ld> torofdon isiqlandirdigda UO ¢ox ciizi, n-InSe<Ld>
torofdon isiglandirdiqda iso - shamiyyatli doracads kigilir. Temperaturun asagi diismasi ilo isigin
U0-a tosirindoki asimmetriya giclonir. p-GaSe<Ld>/n-InSe<Ld> heterokecidlorinds diiziino
istigamotdo kigik garginliklordo VAX-1n ifadosindaki O i -kamiyyati [3] temperaturdan asili olaraq i
~ exp(/ kT) 0 — Ae ganunu ilo doyisir. Bu asililigdan Ag -nin toyin edilmis qiymoti (~0.40 eV)
asqarlanmadan asili deyil vo GaSe<Ld>-do dayaz a-tutma markazlarinin HYMC-a asason tapilmis
enerji darinliyinin giymati ilo yaxs1 uygun galir.
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77 K-do n-InSe<Ld> torofdon isiglandirilmis n- InSe<Ld>/n-CulnSe2 strukturlarinin
fotohassasligimin spektri N=10-5at.%-do 0.30<A<1.35 mkm oblastin1 ohato edir. Spektrin asas
maksimumu Am=1.00mkm-o uygun galir, ikinci maksimum iss yox olur. N-in sonraki boyiimasi ilo
qisagapanma carayaninin spektrinin eni daralir vo N=10- 1at.%-do maksimumlari Am=0.90 mkm va
A=1.00 mkm-ds yerlosmoklo 0.40<A<1.10 mkm oblastin1 shats edir. Bu strukturlarin fotohassashigi
yalniz N-don asili olur, agqgarlarin kimyavi tobistindon asililiq isa miisahids edilmir. n-InSe<Ld>/n-
CulnSe2 heterokegidlorinds £g1< hv<eg?2 enerjili (burada gl va €g2 -uygun olaraq n-CulnSe2 va
n-InSeiqadagan olunmus zonalarinin enidir) isiqla isiqlandirdigda fotosiqnal miisahido edilmir.
hv>gg2 enerjili isiqla isiglandirildigda qisagapanma coroyaninin  spektri n- InSe<Ld>-in
fotokeciriciliyinin spektrindon forgli olaraq qisa dalgalar torafdon kaskin sokilda kasilir. n-CulnSe2
torofdon isiqlandirdiqda isa har iki rejimds 77 K-do fotosignal n- InSe<Ld> tarofdon isiqlandirildigi
haldaki ilo miugayisedo Kigilir. Fotoe.h.g.-nin (Uf) isigin intensivliyindon (®) asililiginin
diodlardakina yaxsi uygun golmasi, n-InSe<Ld> vo n- CulnSe2 kristallarini optik kontakta
gatirdikds diod strukturlarinin yaranmasini bir daha siibut edir. Fotovoltaik effektin bas vermasi vo
yaranan fotogoarginliyin manfi qutbinin n-InSe<Ld>-na uygun olmasi n-InSe<Ld> vo p-GaSe<Ld>
kristallarim1 optik kontaktagatirdikdo onlarin tomas sarhadinds anizotip heterokegidinyarandigina
daha bir stibutdur.

Us, nis.

Sakil 3. Mixtalif atom faizi migdarlarinda Gd atomlart daxil edilmis n-InSe va p-GaSe
kristallart asasindaki p-GaSe/n- InSe anizotip heterokecidlarininfotohassasli-ginin
spektralpaylanmasi. N, at.%: 1 - 0; 2, 3 - 10-4; 4 - 10-3; 5,6 -10-1.

T=300 K1-da isig n-InSe; 2+6-da isa p-GaSe komponenti tarafdon diisir.

n-InSe<Ld>/p-GaSe<Ld> heterokecidlorinda fotogarginliyin spektrinin (sokil 3) hom N-dan,
hom do isiglandirilmanin istigamotindon asili oldugu askaredilmisdir. n-InSe<Ld> toroafdon
isiglandirildiqdaqisagapanma coroyaninin spektri n-InSe<Ld>-infotokegiriciliyinin spektri ilo (st-
Usto diistir. N=10-5 at.% olduqgda iso, heterokecidin fotohossasligi tomiz n-InSe osasindakilara
nozoran xeyli bOylydr. N-in sonraki artmasi ils, fotohassasliq ovvalco (N=10-4 at.%-o godor)
bdylmokdodavam edir, sonra iso (10-4 <N<10-1 at.%) azalarag, tomiz kristallardakina yaxinlasir.
N-in dayismasi ilo fotohassasligin spektrinin eni do fotohossasligin adadi gqiymoti kimi, avvalca
ilkin haldakina nozoron artir, sonra iso azalir. Bu zaman heterostrukturun parametr vo
xarakteristikalarinin stabillik, eloco do tokrarlanma doaracasi do geyri-monoton dayisir vo N=10-2
+10-1 at.% oldugda 6zlndn on yuksok giymatini alir. n-InSe<Ld>/p-GaSe<Ld> strukturlarini p-
GaSe<Ld> torofdon isiglandirdigda qisagapanma coroyaninin spektri, n InSe<Ld> torafdon
isiglandirilan haldakina noazaran shomiyyatli doracads genislonir vo muxtalif strukturlar tgiin 0.30
mkm-don 1.30+1.45 mkm-o godor genis bir oblasti ohatoedir. N<10-5at.%-do spektrin qirmizi
sorhadi A=1.45 mkm-o uygun goalir, N-in sonraki (N=10-1 at.%-o godor) artmasinda iso todrican
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A=1.30 mkm-o godar siiriisiir. p-GaSe<Ld> torofdon isiglandirdiqda spektrdo p-GaSe<Ld>-5 va n-
InSe<Ld>-a uygun iki (A1~0.58mkm vo A2~ 0.95+1.08 mkm) maksimum miisahido olunur. n-
InSe<Ld>-in asqarlanmasaviyyasini doyisdikco A2 6z yerini 0.95+1.08mkm intervalinda doyisir. Bu
strukturlar1 p-GaSe<Ld> torofdon isiqlandirdigda qisa dalgalar oblastinda dalga uzunlugunun
Kicilmasi ilo fotohas-sasliq kaskin diisiir, oks torafdon isiglandirdiqda iso belo koskin diisma todrici
azalma ilo avozolunur. n-InSe<Ld>/p-GaSe<Ld> heterostrukturlarinin isiq xarakteristikalarinin
fotodiod vo wventil rejimlorindo todgiqi naticesinds muoyyan-losdirilib ki, hoar iki halda
fotogorginliyin isigin intensivliyindon asililig1 subxotti xaraktero malik olsa da, fotodiod rejiminds
daha dikdir.Fotoe.h.g.-nin maksimal giymoti p-GaS<Ld> torofdonisiglandirildigda tomin olunur.
Isiglandirilma dar qadaganolunmus zonali komponent (n-InSe<Ld>) torafdon hoyata kegirildikdo
fotohassasligin spektri bu materialin fotohassasliginin spektrindon yalniz qisa dalgalar(A<0.50mkm)
oblastinda kasilmasi ilo forglonir. Bu kasilmo uygun komponentin galinliginin yiikdasiyicilarin
diffuziya uzunlugundan boyiik olmasi ilo alagalondirilir. p-GaSe<Ld> torafdon isiqlandirdiqda iso
fotoe.h.q.-nin spektrinds iki oblast miisahido olunur. Optimal soraitdo p-GaSe<Ld>/n-InSe<Ld>
heterostrukturlarinda bosuna gedis gorginliyi vo qisagapanma coroyani uygun olaraq ~0.34V vo
~32 mkA/sm2-a ¢atir. n-InSe<Ld>/p-GaSe<Ld>heterostruk-turlarinda oksina coroyanin VAX-in
baslangic hissosindo zoif artmasi, oksino sizma coroyaninin toyinedici rol oynamasi ils, geyri-
idealligmomsalinin - boyiik (B=2+4) olmas1 iso hocmi yuklor oblastinda yiikdasiyicilarin
rekombinasiyasi ilo izah oluna bilor. Bu heterostrukturlarda UO (giun daha ylksok doaracoda
tokrarlanan qiymatlor alimir vo bu giymotlor uygun doyma fotogorginliyi ilo Ust-Usto diisiir. N-in
boyumasi ilo UO-1n doyismosi, ilk ndvbads, n-InSe<Ld> laymin fozacanizamsizliq daracasinin N-
don asililigr ilo izah oluna bilor. Baxmayaraq ki, p-GaSe<Ld> monokristallari da fozaca
nizamsizdir, lakin 6lgmolorin aparildigi nisbaton yiiksok temperaturlarda bunu nozars almamag olar.
Ona g0ro do n- InSe<Ld> kristallarinin gisman-nizamsizliq doracosinin N-in artmast ilo doyismosi
todgigatlarda  mohz  duzinos  coroyanin  VAX-in  qeyri-eksponensial  hissasindoki
giymatinindoyismasindos  vo  UO-in  giymaotlorinds  tozahur  edir.p-GaSe<Ld>/n-InSe<Ld>
heterostrukturlarimin = VAX-mnin  ifadosinds  A-parametrinin  temperaturdan asili  olmamasi
yiikdastyicilarin bu kegidlordon tunel yolu ilo dasgimmasimin dstiinliik toskil etdiyini gostorir. Lakin
bu halda tomasa gotirilmis p-GaSe<Ld> vo n-InSe<Ld> monokristallarinin gqadagan olunmus
zonalarindaki lokal saviyyslorin rolunu da nozoro almamaqg olmaz. Homin saviyyslor, baxilan
soraitdo kegiddon yiikdasiyicilarin tunel-rekombinasiya mexanizmini tamin edir. N-in artirilmasi ilo
oksina coroyanin qiymotininbdyumasi gostorir ki, lantanoid ionlar1 p-GaSe vo n-InSe
kristallarindaki elektron proseslarinds dayaz a-tutma morkozlorinin rolunu artirir. Bu zaman hamin
kristallarin nizamsizliq doracasinin N-don asililigini da nozars almaq lazimdir.
n-InSe<Ld>/n-CulnSe2 heterokegidlorinin fotoelektrik xassalorinin xUsusiyyat-larini isa
valent zonada enerji ¢oporinin mdvcudlugu ilo izah etmok olar. Bu ¢opar strukturun-CulnSe2
torofdon isiglandirdiqda yaranan elektron-desik ciitliniin fozaca bir-birindon ayrilmasina mane olur.
Bu halda, kegirici zonanin daha yiiksok saviyyalorina diiz kegidlorin bas vermasi ilo olagodar n-
InSe<Ld> layinda yiiksok enerjili fotonlarin niifuzetmo dorinliyinin kicilmasini va n-
InSe<Ld>komponen-tinin fozaca nizamsizliq doracasinin N-don asililigii da nozoro almagq
lazimdir. Alinmis naticalor gostorir Ki, n-InSe<Ld>/n-CulnSe2 heterostrukturlarmin parametr vo
xarakteristikalarinin ~ N-i  doyismoklo idaro etmok mimkindir. n-InSe<Ld>/n-CulnSe2
heterostrukturlarinin xassolorinin yalniz N-don asili olub, daxil edilon lantanoidlorin Kimyovi
tobistindon asili olmamasi gostarir ki, n-InSe-nin lantanoidlorlo asqarlanmasinin bu kristallarda bas
veran generasiya vo rekombinasiya proseseloring tasiri, homin atomlarin fordi elektron strukturlari
ilo (morkozdaxili effektlorlo) bagli olmayib, yalniz n-InSe kristallarinin xiisusiyyatlori ilo tayin
edilir. n-InSe<Ld>/n-CulnSe2 strukturlarini enli (egl) gadagan olunmus zonali (n-InSe<Ld>)
komponent torafdon isiglandirdigda onun fotohassasliginin spektrinds ikinci daha zsif maksimumun
omola galmasi“pancara effekti” [3] ilo baglidir. n-InSe<Ld>/n-CulnSe2 strukturlarini n-CulnSe2
torofdon, eg2<hv<egl enerjili fotonlarla isiqlandirdigda fotosignalin miisahido olunmamasi iso,
isigin tamamilo n-CulnSe2 komponentinds udulmasi ilo izah edilo bilor. Bu halda baxilan
strukturun valent zonasinda potensial ¢oporin yaranmasi naticasindo n-CulnSe2 toabagosinds
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generasiya olunmus tarazligda olmayan desiklor n-InSe<Ld> toboagoasine kega bilmir. Ona goro do
strukturda fotogorginlik yaranmur.

n-CulnSe2 komponenti torofdon isiqlandirilma halinda fotohassasligin ¢ox kigik olmasi da
mohz bu movgedan izah edilo bilar. n-InSe<Ld> tarafdon hv>eg enerjili fotonlarla isiglandirildigda
spektrin qisadalgali hissasinin  n-InSe<Ld>-in spektrindon forglonmosi iss, qisa dalgal
fotonlarmniifuzetma dorinliyinin kigilmasi ilo slagadardir. Bunun naticasinds isigin tasiri ilo
yaradilmis elektron-desik ciitii hamin komponentin keciddan ¢ox uzaq olan hissasinds generasiya
olunur va onlarin heterokegidin gapari vasitasi ilo bir-birindon ayrilmasi bas vermir. n-InSe<Ld>/p-
GaSe<Ld> heterokecidlorini muxtalif torofdon isiglandir-diqda isiglandirmanin VAX-a vo UO-1n
giymotino tosirinin bir-birindon farglonmasi, ¢ox giman ki,tomasa gotirilmis komponentlorin
fotohassasliginin miixtolifolmasindan irali golir. Bu halda da heterokegidin enligadagan olunmus
zonaya malik  komponent (p-GaSe<Ld>)torofdon  isiglandirilmasinda  fotohassasligin
spektrininenlonmasi “pancars effekti™, fotohossasligin qisa dalgalar oblastinda kaskin diismasini iso
- p-GaSe<Ld>-do isigiyaratdigi yiikdasiyicilarin «C» oxu istigamatinds diffuziyauzunlugunun
tobagonin galinhigindan kigikliyi ilo baglidir. n-InSe<Ld> komponenti g¢iin isa vaziyyat bir godor
basqadir.

Bu tobago daha nazikdir vo tarazligda olmayanyiikdasiyicilarin buradaki diffuziya uzunlugu,
p-GaSe<Ld>-dokino nisbaton  bOylkdir. Bu sobsbdon do n-InSe<Ld>/p- GaSe<Ld>
heterokegidlorini n-InSe<Ld> komponenti torofdon isiqlandirdigda fotohassasligin qisadalgal
sorhodi yastt olur. n-InSe<Ld>/p-GaSe<Ld> heterostrukturlarini  n-InSe<Ld> torofdon
isiglandirdiqda fotohassasligin  spektrinin n-InSe<Ld> kristallarinin  fotohassasliq diapazonu
ilomohdudlanmasini isigin dar qadagan olunmus zonaya malikn-InSe<Ld> toboagasinds udulmasi vo
p-GaSe<Ld> tobogosino kego bilmomasi ilo baglamaq olar.Bu strukturlar fotodiod rejiminds
oldugda, isigin yaratdig1 elektron-desik ciitiiniin ayrilmasi prosesi kegiddoki sahonintasiri ilo
gticlonir. Ona goros fotosignalin isiq xarakteristikalar1 ventil rejimindokindan daha dik olur.
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PE3IOME

Ceiipagnun xadapos, ®apman I'oxxaiieB

B mpencraBneHHON paboTe JaHBI Pe3ysbTaThl KOMIUICKCHOTO HCCIICIOBAHUS DIICKTPUICCKUX U
(POTOINIEKTPUIECKUX CBOWCTB Pa3IMYHBIX T'€TEPONEPEXO/I0B, CO3/IaHHBIX HAa OCHOBE MOHOCEJICHHIOB
rajuliss W WHAWS, JICTHPOBAHHBIX HEKOTOPHIMU JIAHTAHOMJAMH C Pa3IMYHBIM  TPOICHTHBIM
comepkanieM. Ha OCHOBE MOJYyYCHHBIX SKCIICPUMEHTATBHBIX PE3yJbTaToB OO0OOIICHBI CBOWCTBA
TeTepOIePEX0/I0B Ha OCHOBE HEYIOPSIIOYEHHBIX KPHCTAIOB CO CIIOUCTOM CTPYKTYPOH.

ABSTRACT
Seyfaddin Jafarov, Farman Qojayev

The paper is devoted to combined investigation of electric and photoelectric properties of
several heterojunctions manufactured on thebasis of monoselenides of gallium and indium doped by
any lanthanides with several atomic percent. The peculiarities of heterojunctions on the basis of
disordered crystals with layered structure were summered by discussion of prepared results.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).
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1. Cunre3 Cuo4oCuisoSe.

Jlist cuHTEe3a COCTaB yKa3aHHBIX COCTaB TAaKKe BBIOMpAd METOJ MPSMOTO CHHTE3a. bbuTn
BBIOpaHbI OJIMHOKOBBIC ycioBus cuHTe3a Ag150CUos05€, Ago.s0CU1605€, KOTOPBIE OTIIMYAIHCH OT
ycnoBuii  cuHTe3a CuUigoZNo20Se, CuU175ZNoesSe, a A3TO OTIMYaIoCh OT YCIOBHM CHHTE3a
AgCuSeos0(S, Te)o.50.

Jlisi CHMHTE3WpyeMBIX COCTaB B KAadyecTBE peakropa ObUIM MPUMEHEHBI aMITylbl W3
BBICOKOKQYE€CTBEHHOI'O KBaplia ¢ BHYTPEHHBIM AuaMeTpoM 1.2 cM u miuHOM 10 cM, KOTOpBIH
obmagaer OOJBIION TEPMHUYECKOH CTOMKOCTBIO M 00ecredrBaeT KayeCTBEHHYIO T€pPMETHYHOCTH,
YTO UCKJIIOYAET 3arps3HEHHE U OKUCJICHHE CHUHTE3HPYEMbIX BEIIECTB B Clyuyae pacTpECKUBAHUE
OJTHOW W3 ABYX amITysl. AMIYJIbI 3aMOHSITMCH HCXOMHBIME BemectBamu Cu, Ag, Zn, Se, Su Te B
KOJMYECTBAX, HEOOXOMMMBIX JUIS KaXIOTO COCTaBa M dBaKyHMposamuch 10 nasnenus 107°[1a, a
3areM 3anauBaiuch.B Tabmuie 1 yka3aHO WMCXOOHBIX JJIEMEHTOB B aT.% JUIsl KaXAOro
cocTaBa.Y4acTBYIOLIME B COCTaBaX HMCXOJHbIE KOMIIOHEHTHI MMENH CJEeIYIOUlyl0 4HCTOThl: Cu-
anekTpomtuaeckas, Ag-99,999, Zn-99,999, Se, S u Te mapku «B5».

Tabnuma 1.
ATOMHBIC IPOIICHTH KOMIIOHEHTOB B BBIIICYKa3aHHBIX COCTaBAX
CocTtaB Cu,ar.% | Ag,ar.% |Zn,ar.% | Se, ar.% Te, at.% S, at.%
Ag1.50CUo.505€ 16.6666 49,9999 - 33.3333 - -
Ago.40CU1.60S€ 45.4311 19.2836 - 35.2853 - -
Cu1.80ZNo.205€ 55.458 - 6.162 38.380 - -
Cu1.75ZNn0.055€ 57.488 - 1.690 40.822 - -
AgCuSeos0S050 | 27.9995 47.5383 - 17.3972 - 7.0651
AgCuSeosoTeoso | 33.3333 33.3333 - 16.6666 16.6666 -

Jiss mocTHKEHHsT OJMHOKOBBIX YCJIOBUH CHMHTE3a ammyjbl ¢ coctaBamu Agis0ClUosoSe u
Ago.40CU1,60S€ TOMemany B eyb OJHOBPEMEHHO TAKUM 00pa30M, YTOOBI YaCTh aMITyJl HaXOIUIACh
B CTaOMIJIbHOM TeMIiepaTypHoii 30He rneun. Tak ke
Obutn amiyn ¢ coctaB Ago.4oCU160Se momemanuck B nedb.C 1eabio MpeJoTBpalieHHs B3phIBa, a
Takke I MOJNHOW Muddy3un paciiaBIeHHOTO CeJieHAa C MEAbI0 TeMIIepaTyphl MeUd MEIJICHHO
MOBBIIAIA 10 Temreparypsl IuiaBieHus ceneHa (Tn,=493K) u mogmep:kuBaigach IpU ITOU
temrieparype 4 vaca. [lociie 3Toro TeMreparypy Medyu MOBBIIIAIHA CO CKOpocThio S0K/dac BeImie
temmepatypbl twiaBieHuss AgCuSe(T.,=1039K). Ilocie Tpex dYacoBOW BBIACPKKH MPH ITOM
TEMIIEpaType MUKIMYSCKUM BHOPHUPOBAHHEM, aMITyJIbl C OOpa3liaMd MEJUICHHO OXJIAKIAINA [0
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400K u mpu 3TOi TemmepaType, ¢ LEJbI0 TOMOT€HU3AlNY, MOTYYeHHbIE 00pa3ibl OTKUTAINCH B
teuenue 200 dgacoB. [y yCTaHOBJICHHS HHIWBUAYAIBHOCTH CHHTE3MPOBAHHBIX 00pa3loB ObLI
IPOBE/ICH TAK)KE MUKPOCTPYKTYPHBIH M PEHTI€HO()A30BbIA aHAIIH3.

a)MHUKPOCTPYKTYPHbBIii aHATU3

[ToBepxHOoCcTH Bcex 00pa3moB mocie HUTH(GOBKKA M TONHMPOBKU TIIATEIBHO IPOMBIBAINCE,
00E3KUPUBAINCH ATHJIOBBIM CHHPTOM M BBICYymHMBaNUCh. (CocTaB TpaBHUTENsT TOAOUpAIU
SKCIEpUMEHTaNbHBIM  IyTeM u  coctosii  u3  75%HNO3+25%H20.  duxcupoBanHbIe
MHUKPOCTPYKTYPBl 00pa3lloOB KaXIOrO COCTaBa TPUBEACHBI Ha puc.l CHATbIE TakXke Ha
BEPTUKAJIBHOM  MeTaulorpauueckoM  MHKpPOCKOIIE «MHUM-7»  npu  OAMHOKOBBIX
yBenmueHusnx(340%).1M3  mmkpodotorpaduii  CHHTE3UPOBAHHBIX  OOpa3lOB  BBIABICHA  UX
0HO(a3HOCTb, KOTOPAsk XapaKTEPU3yeTCsl CTPYKTYpoi 6e3 Kakux-1100 BKItoYeHUH (puc.1).

Sok.1.Mikroquruluslar: Agi1.50Cuo50S€(1), Ago.40Cu1.605€(2), Cu1.80ZNo.205€(3), Cu1.75ZN0.05Se(4),
AgCuSeo50S0.50(5), AgCuSeos0Teos0(6).BOyltma 340%.

Kak Oyner moka3aHo HHMXe PEHTI€HO(A30BbIM aHAINW30M, U3 CHHTE3MPOBAHHBIX 00pa3lOB
pu KOMHAaTHOW Temreparype Hekotopele aByxdasueie, a AQCuSeosoTeoso-Tpexdasznbrii. Kax
BUJHO U3 pUC.] MUKPOCTPYKTYpBI 3TUX (pa3 3aMETHO HE OTIINYAIIUCH.

0)PentrenogazoBplii aHajau3

[Ipu ompeneneHnun onHO(GA3HOCTH OJHOTO M TOTO K€ XHMHUYECKOTO COCTaBa
PEHTreHO(a30BBI aHaNM3 SBISETCS COBEPIICHHO He3aMeHMMBIM.Ecim B CHHTE3MpOBaHHBIM
COCTaBe YJYacCTBYIOT pa3invHble (a3bl, TO Kakaas (pas3a xapakTepusyeTcss CBOEH peHTTeHOTPaMMOH,
T.e. JAU(PAKIMOHHBIMH OTPAKEHUSIMH C COOTBETCTBYIOIIMM HAa0OPOM  MEXKIIOCKOCTHBIX
PacCTOSHUN M MHTEHCUBHOCTEH COOTBETCTBYIOIIMX OTPAKECHUM.

Jnis yctaHOBIEHHS OJHO(A3ZHOCTH U3 KAXKAOIO CHHTE3WPOBAHHOI'O COCTaBa M3TOTOBIISICS
MOPOIIOK, KOTOPBIMA 3aMOJHSIICS B CTEKISIHHBIA KaMWUISIp ¢ BHYTPEHHUM nuameTrpoM ~0.8MMm, u
BBIJIAaBJIMBAHUEM €T0 U3 KalWusipa MPOBOJKOM nuameTpoM ~0.7MM, MOJIydaIuCh CHPECCOBAHHBIE
o0pa3iiel B BHe MPOoBOJIKK.OT Takux 00pasmoB kaxaoro cocraBa AgisoCUosoSe n AgosoCuieoSe
CHUMasich nopourpammel B kamepe PKJ[ 57.3 Ha CuKa(Xa=l.5418A) nznyyenun, Guiabtp-Ni,
JKcIIo3unmg 16 Jacos.

Ha ocHOBe BBIYMCICHHBIX MEXIUIOCKOCTHBIX PACCTOSHUN ONpeeNeHbl IMapaMeTphbl
AJIEMEHTAPHOU SYCHKU W TIOKa3aHo, uTo cocTaBbl AQ150CUo505€ 1 AQo.40CU1.60Se Tipu KOMHATHOM
TemnepaType AByxda3Hble, koTopble coctosaT u3 AgCuSe n AgzSe.
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2.CTpyKTypHBbIe acneKThl NOJIMMOpP(PHBIX npeBpamennii B Ago.40Cu1.60S€

[Tpu KOoMHaTHOM Temmeparype OT KpucTajuimyeckoro ciautka Ago.4oCuU1.60S€ MPOU3BOIBHOM
OpPHEHTAIlMH BbIpe3ajich 00pa3ipl pazmepoM 2X4X6 mm.OT 3toro obpasiia B MHTEpBajie YIJOB
10°<20<110° 3adukcupoBansl 18 yeTkMX MUGPAKIMOHHBIX OTpaXkeHHil (cMm.puc.2 u Ta6.2).Kak
BUAHO W3 TaOnuubl 2 u3 18 oTpakeHWH YETHIPHAANAT MHIAWIMPYIOTCS HAa OCHOBE IMapaMeTpoB
opromOuveckoit momudukanmmun AgCUSe, a ocraBmIMecs YEThIpe W CEMb W3 YCTHIPHAAIATH
WHIALIUPYIOTCS TAaKXKe HAa OCHOBE MapaMeTpoB opropoMmOmueckoil momnpukanmu Ag.Se.Otcrona
cienyeT, uro Kpuctamibl Agos4oCU160S€ NHpu KOMHATHOM Temmeparype JByX¢asHble, Kak H
kpucramibl Ag150CUosoSe.

[Tocne 3amucu AUQPAKIMOHHBIX OTPA)KEHUM IMpPH KOMHATHOM TemmepaType, He H3MEHss
OpPHEHTAIlMM KpHCTaUle, BKIIOYMIN Te4yb W uepe3 Kaxaple 50 K mpoBoamiam KOHTPOJIHBIE
nudpakuuonHsle 3anucu. TemnepaTypa oOpa3ia rnepes HayajaoM KaxJ10# 3anucu MO AepKUBaIOCh
noctostHHOM B TeueHue S0 mun.Kak BuiHO u3 Tab6i1.2 B uHTEpBasie Temnepatyp 293-523K B uncnax
U HHTCHCUBHOCTAX AM(PPAKUMOHHBIX OTpakeHHH u3MeHeHus He mnpoucxonmwnu.llpu 573K Bce
IU(QpaKIMOHHBIE OTPAKEHUSI MCUE3al0T W B IMPEKHEM HMHTEpBaje YIJIOB (UKCHUpPYETCS 7 HOBBIX
OTpakeHMH, IpuHaAiexamue BbeicokoTemneparypuoid I'LIK momudukammm ¢ mapamerpom
>IeMeHTapHOI sueiiku a=5.896A. J{11s1 onpeieNieHus TeMIIepaTypbl PABHOBECHS MEKILY
HU3KO- ¥ BBICOKOTEMIIEpaTypHbIMU Moupukanusamu Agdo.4oCuU1.60Se CueTunk audpakromerpa Obul
YCTaHOBJIEH Ha MaKCUMyMa MHTEHCHUBHOCTH oTpaxeHust oT 1utockocTH (0.10.0) opropomuueckoit
MouUKAIMKU, KOTOposi ucue3aer npu npespameHun B I'IIK moaudukanumio, m Haob0poT
BOCCTAHOBIIMBACTCS TPH OXJIAXKAECHUH.DTUM CIMOCOOOM YTOYHEHBI TeMIIepaTypa IpeBpalleHus,
koTopas paBHa S504+2K.IIpepamenuss B AgCuSe oOpatumoe © MHPOUCXOIAT MO THUILY
MOHOKPHCTAIII-MOHOKPHCTAILI.

Ha puc.2 mnpuBeneHsl TeMmepaTypHble 3aBHUCUMOCTH HapaMETPOB pELIETKH 00enx
opropombuyecknx n ['IIK momndukanmit Ago.40Curs0Se .Kak BumHO M3 puc.2 mpu Temrmeparype
473K nmapameTrpbl Moan(UKaIUN,KpacTHIUIH3YIoIIelcs B cTpykrype AgCuSe, pe3ko OTKIOHSAIOTCS
OT JIMHEHHOCTH, W TapameTpsl a u B AQ2Se momudukanmu npu 473K Taxke OTKIOHSIOTCS OT
JMHEWHOCTH, a MapaMeTp C 10 TeMIIepaTyphl MPEBPALICHUS COXPAHSIET JUHEHHOCTb. OTKIOHEHHE
napameTpoB oT JuHeiHocTH npu 473K oboux opropomOuueckux Moaudukanuii B OCHOBHOM
CBSI3aHO C TIepepacipeieICHUEM JIByX COPTOB KaTHOHOB.

Ha pwuc.2 mpencraBieHbl TeMIIEpaTypHbIE 3aBUCHMOCTH IUIOTHOCTH CYIIECTBYIOIINX
Monubukanuii .Ilpu mpeBpameHUMH HU3KOTEMIIEPATypHOW OPTOPOMOMYECKOH MOJU(pHUKAINN
AgCuSe u AgQ.Se B emmnayro ['TIK moaudukanuio pa3HUIA IUIOTHOCTH O0eWx MoAUUKAIUi
cocrasnser Ap1=0.70r/cm® u Ap,=0.47r/cm® coorcTBeHHO.Kak 6BITIO OTMEYEHO, 3TO MPUBOIUT K
MOHOKPUCTAJI-POJIMKPUCTA IPEBPAIIAHUIO.

Tabumnna 2
Pacuer nuppaxrorpammsl Ago.40Cu1.60S€ 3aNMCAHHOI NPU Pa3JHYHBbIX TeMIlepaTypax.
I/IaJI.CuKu()m=1.54181§), ¢uabTp-Ni, pexxnm: 35kB, 10MA.

Toe. K | o | doxe A AgCuSe AgzSe [TapaMeTpbl KPUCTAJLIH-
oA, hkl Ooe. A hkl | geckoii pemeTkn
1 2 3 4 5 6 7 8

60 | 3.3916 3.3917 | 060 - -

40 | 2.8916 2.8902 | 150 - - AgCuSe

50 | 2.6143 - - 2.6121 022 Optopombuyeckas

40 | 2.4836 2.4828 | 112 - - a=4.1038A

80 | 2.2203 2.2207 | 171 2.2219 | 103 b=20.3496A

40 | 2.1175 - - 21194 | 113 c=6.3096A
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1 2 3 4 5 6 7 8
100 | 2.0362 2.0350 | 0.10. - - Z=10
10 1.8484 - - 1.8466 | 220 np.rp.P4/nmm
293 |90 |1.7554 |1.7560 | 260 - - P=7.885r/cm®
10 1.5728 1.5739 | 173 - -
10 1.5122 - - 1.5166 | 015
30 1.4609 1.4625 | 0.10. 14618 | 105 Ag2Se, OpTopombudeckas
10 1.3390 1.3406 | 084 1.3379 | 224 a=4.333A
20 1.2006 1.2042 | 115 - - b=7.062A
20 1.1882 1.8676 | 135 1.1885 | 225 c=7.764A
10 1.1378 1.1309 | 333 1.1358 | 160 Z=4
10 1.0317 1.0323 | 314 1.0322 | 412 np.rp. P2:12:2;
10 0.9844 ]0.9823 | 460 0.9841 | 430 p=8.237r/cM®
60 3.4005 3.3993 | 060 - -
40 2.8959 2.8940 | 150 - - AgCuSe
50 2.6194 - - 2.6180 | 022 Optopombudeckas
40 24884 | 2.4853 | 112 - - a=4.1048A
80 2.2255 22239 | 171 2.2228 | 103 b=20.3960A
40 2.1202 - - 2.1209 | 113 c=6.3180A
100 | 2.0389 2.0396 | 0.10. - - Z=10
10 1.8505 - - 1.8506 | 220 np.rp. P4/nmm
373 |90 |1.7572 | 1.7571 | 260 - - p=7.858r/cm®
10 1.5742 1.5760 | 173 - -
10 1.5131 - - 1.5171 | 015 Ag.Se
30 1.4623 1.4651 | 0.10. 1.4622 | 105 Optopombuueckast
10 1.3402 1.3428 | 084 1.3395 | 224 a=3396A
20 1.2019 1.2056 | 115 - - b=7.0888A
20 1.1891 1.1891 | 135 1.1896 | 225 c=7.7852A
10 1.1389 1.1313 | 333 1.1399 | 160 Z=4
10 1.0323 1.0329 | 314 1.0337 | 412 p=8.192r/cm®
10 0.9848 0.9840 | 460 0.9859 | 430
60 3.4141 3.4088 | 060 - - AgCusSe
40 29058 | 2.9025 | 150 - - Opropombuueckas
50 2.6293 - - - 022 a=4.1200A
40 2.4948 24845 | 112 2.2272 - b=20.4528A
80 2.2293 22294 | 171 2.1257 |103 c=6.3010A
40 2.1254 - - - 113 Z=10
100 | 2.0421 2.0453 | 0.10. - - np.rp.P4/nmm
10 1.8531 - - 1.8598 | 220
90 1.7604 1.7631 | 260 - -
10 1.5768 1.5758 | 173 - -
10 1.5154 - - 1.5188 | 015 AgaSe
30 1.4642 1.4652 | 0.10 1.4643 | 105 Optropombuueckast
10 1.3412 1.3411 | 084 1.3436 | 224 a=4.3609A
20 1.2032 1.2030 | 115 - - b=7.1260A
20 1.1911 1.1867 | 135 1.1928 | 225 c=7.7732A
10 1.1395 1.1334 | 333 1.1459 | 160 Z=4
10 1.0331 1.0338 | 314 1.0385 | 412 np.rp.P212121
10 0.9854 | 0.9854 | 460 0.9909 | 430 p=8.101r/cm®
60 3.4217 3.4221 | 060 - -
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40 29124 | 2.9198 | 150 - - AgCuSe

50 2.6338 - - 2.6334 | 022 OpropomOuueckas

40 24989 | 2.4942 | 112 - - a=4.1528A

80 2.2326 | 2.2398 | 171 2.2327 | 103 b=20.5325A

40 2.1290 - - 2.1318 | 113 c=6.3119A

100 | 2.0432 | 2.2253 |0.10 - - Z=10

10 1.8830 - - 1.8824 | 220 np.rp.P4/nmm
523 90 1.7629 | 1.7630 | 260 - - p=7.723r/cm®

10 15784 |1.5809 |173 - -

10 1.5166 - - 1.5169 | 015 Ag2Se

30 1.4656 1.4695 | 0.10. 1.4644 | 105 Opropombuueckas

10 1.3423 | 1.3443 | 084 1.3509 | 224 a=4.4237A

20 1.2040 | 1.2057 |115 - - b=7.1722A

20 1.1930 |1.1895 |135 1.1528 | 225 c=7.7592A

10 1.1540 |1.1403 | 333 1.1540 | 160 Z=4

10 1.0521 | 1.0392 | 314 1.0521 | 412 np.rp.P212:12;

10 10.003 | 0.9935 | 460 1.0037 | 430 p=7.949r/cm®

50 2.9469 | 2.9479 | 200

30 2.0852 ]2.0845 | 220 'K

45 17775 | 17777 | 311 a=4.4237A

573 100 | 1.7021 |1.7020 | 222 np.rp.Fm3m

60 1.4740 | 1.4740 | 400 Z=4

40 1.3525 [1.3526 | 331 p=7.251r/cm?

60 1.3182 | 1.3184 | 420

60 2.9559 ]2.9516 | 200

30 2.0897 ]2.0871 | 220 K

45 1.7795 [ 1.7799 |311 a=5.9032A

100 |1.7040 |1.7041 | 222 np.rp.FmM3m

60 1.4754 | 1.4758 | 400 Z=4

40 1.3541 |1.3543 | 331 p=7.223r/cm®

60 1.3196 | 1.3200 |420
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Puc.2.TemmeparypHasi 3aBUCUMOCTb TTapaMETPOB PEIIECTKH, 00beMa U TUIOTHOCTH
opropomOuueckoi u I'TIK mogudukarmit Agi.e0CUo.s0Se.
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XULASO
9li Babayev, Sara Yasinova
AgosoCuze0Se-da polimorf ¢evrilmalarin
qurulus aspektlari

Ago.40Cuze0Se torkibi sintez olunmus vo monokristallar géyardilmisdir. Gostarilon tarkibdaki
monokristallarda yiiksoktemperaturlu rentgenodifraktometrik metodla qurulus faza gevrilmalori
todqiq olunmus vo gostorilmisdir ki, Ago40Cu1.60Se —do 504+2K-da ortorombik modifikasiya SMK
modifikasiyaya cevrilir.

Ortorombik vo SMK- modifikasiyalarin sixliglarinin gofosin hesablanmis parametrlorindon
asililigr gostormisdir ki, tarazliq temperaturunda(To=504+2K) sixliq sigrayisla 0.062g/sm® godor
doyisir. Modifikasiyanin sixliginin xeyli doyismasi ortorombik modifikasiyanin monokristallarini
almaga imkan verir.

ABSTRACT
Ali Babayev, Sara Yasinova
Structuralaspects ofpolymorphic transitions in Ago.40Cu1.60Se

Single of Ago4oCuieSe composition have been synthesized and grovn.Structural plase
transitions in single crystals of the specified compositions are investigated by high-temperature X-
ray difraction method; it is shown that an orthorhombic modification in AgosCuze0Se transits into
the dcc modification at 504+2K.

Dependence of density of orthorhombic and fcc-modofocations calculated from the lattice
parameters has shown that the temperature of modification equilibrium(To=504+2K) changer
unevenly to 0.062g/sm?.

Minor change in the density of modifications made it possible to possible to obtain single
crystals of lowtemperature orthorhombic modification.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).

Mogaloni g¢apa toqdim etdi: Fizika Uzro falsafa doktoru,
dosent F.Qocayev
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Miisahids olunan kometlarin boyik oksariyyati glinos sisteminin uzaq oblastlarindan galir.
Planetlorin harokst zonasinda qisamiiddotli bir zaman orzindo qalaraq dinamik va fiziki monada
cuzi do olsa doyisikliya ugrayaraq, yena goaldiklori yera qayidirlar. Malum oldugu kimi bunlar,
asason, uzundovrli kometlordir. Bu kometlor planet zonasinda ¢ox az bir zaman kegirdiklari tgin,
demoak olar ki, ciddi tokamilo ugramadan qalmislar vo buna géra do uzaq kainatin sirlorini 6zlinds
muhafizs edan ilkin madds dasiyicilari sayilmaqdadirlar.

Uzunddvrli kometlorin mansayi prolemi 200 ildon artiq bir zaman arzinds alimlorin  tadgigat
obyekti olsa da, bu giina godor 6z hollini tam monada tapa bilmoyib. Is tokco bunlarn ¢ox xaotik bir
struktura malik olmalarinda deyil. Unutmaq lazim deyil ki, indiyadok uzundovrli kometlorin ¢ox clizi bir
hissasi miisahido olunmusdur. Ola bilsin ki, bunlarin halo miisahido olunmamis ¢ox nahang bir hissasi
tamamilo basqa xisusiyyatloro malikdir. Bundan basga, onlarin aksariyyatinin boyik yarimoxlarmin
giymoati ya imumiyysatlo he¢ malum deyil (e=1), ya da doqiqliyi ¢ox asagidir. Bu, asason, XIX asra gador
miisahido olunmus kometlors aiddir. Problemi mirakkablosdiron saboblardon biri do budur ki, insanliq
tarixindo yalniz bir dofo miisahido olunan bu kometlorin orbit elementlorini vo kosmogoniyada ¢ox
muhim olan fiziki parametrlorini kifayat gador dagiglosdirmok mumkin deyil.

Apardigimiz aragdirmalar gostorir ki, uzundovrli kometlorin on xarakterik xtisusiyyatlorindan biri L
(ekliptik uzunlug) parametrinin giymotlorinin geyri-barabor paylanmasidir, belo ki, L=90° vo L=270°
giymatlorinin yaximn atrafinda Li parametrlorinin hiss edilocok doracads sixlasmast miisahido olunmaqdadir
(uygun olaraq 300 va 450 odod). Ikinci maksimum Radziyevski vo Tomanovun [1] islorinda genis todgjiq
olunmusdur. Onlar gostormiglor ki, bu maksimum kometlorin «ulduzlararasi mongoyi» hipotezi lio
alagodardir. Lakin, belo halda birinci maksimumun sababi geyri-misyyan olaraq galir.

Uzunddvrli kometlorin oksoriyyati Gglin tors horokost xarakterikdir. Marsdenin kataloquna
goro bu kometlorin 54% -don ¢oxu iigiin 1 > 90°.

B (ekliptik enlik) parametrinin paylanmasinda da miioyyon sixlagsma hiss edilir. Diiyiin
nogtalarinin paylanmasinda 86° vo 266° uzunluglar otrafinda maksimumlar mévcuddur.

Apardigimiz arasdirmalar gostorir Ki, bazi muslliflorin [2] hesab etdiyinin oksina olaraq,
Qalaktika mustavisi otrafinda komet perihelilorinin say1r nazora ¢arpan maksimuma malik deyil.
Komet perihelilorinin konsentrasiyasi ekliptikaya perpendikulyar mustovi otrafinda daha yiiksokdir.

1/a (a-orbitin boyiik yarimoxudur) parametrinin paylanmasi, bunlarin kigik qiymotlori oblas-
tinda koskin maksimumla miisayiot olunur. Bir ¢ox miuolliflor hesab edir ki, perihelilorin
paylanmasi Giinag apeksi (L=270°, B=53.5°) yaxmliginda yiiksok sixliga malikdir [1]. Qeyd
etmoliyik ki, apardigimiz tadqiqatlat bu fakt1 da inkar edir.

Bozi komet orbitlorinin boyik planet orbitlorindon minimal masafasi, onlarin tasir sferasi
radiusundan Kigikdir [3]. Uzunddvrlu kometlorin oksariyyati tglin g<1 a.v. (n=621). q vo 1l/a
parametrlori arasinda tors mutonasibliya banzor bir statistik asililiq var; - periheli mosafolori
artdiqca 1/a —nin qiymotlori azalir. Bu asililiq uzunddvrli kometlarin ilkin orbitlorini todgiq edarkan
askar olunmusdur [4]. Bu kometlor yiiksok parlagliglart ilo segilirlor.

Bozi orbit elementlori (masalon 2 vo 1) arasinda statistik alago tapilmis [5], lakin kifayat
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godor osaslandirilmamisdir. Uzundévrli kometlor sisteminds bozi effektlor nozors carpir ki,
Radziyevskinin fikrinca bunlar presessiyanin naticaloridir. Bu kometlor arasinda orbital parametrlori
il biri-birina ¢ox yaxin olan obyektlor vardir. Bu baximdan «Kreyts ailasi» kometlorini xtsusi geyd
etmok lazzimdir. Uzunddvrli kometlor tgun, Tisseran sabitinin giymatlori istonilon sistemds genis
diapazona malikdir va heg bir ganunauygunluq askar edilmir.

Fikrimizcs, yuxarida gostarilon biitiin bu ganunauygunluglarin hamisi miibahisasiz deyil vo bazilori
kosmoqonik sorho malik olmaya bilor. Bunlardan bazilorinin seleksiya effektinin noticasi olmasi
mimkinddr. Bundan basqa, bu vo ya diger xisusiyyastin, dinamik proseslorin naticasi olub-olmadigimi
aydinlagdirmaq lazimdir. Uzunddvrli komet sisteminin ¢ox nizamsiz olmasi onun mangayi masalasini
xeyli murokkablogdirir. Buna géra do bu sistemi daha ¢ox vo daha dorindan analiz etmakls, aldo olunan
naticalori konar effektlorin tosirindon tomizlomok lazimdir. Biitiin bunlardan sonra miioyyan bir
konsepsiya yaratmaq vs ya artiq movcud olan hipotezlarin dogrulugunu yoxlamagq olar.
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ABSTRACT
Alovsat Dadashov
Investigation of the spatial distribution of parameters comet
Comets - small bodies of the solar system, the study of which lately is of great interest. Scientists
believe that comets were formed at about the same time as the solar system. Understanding the
composition and characteristics of comets will get answers to questions related to the formation of our
planet and other planets of the solar system. Therefore, the study of comets, especially long-period that
formed about 4.6 billion. Years ago, may lead to a number of new discoveries.
We study the long-period comet systems in the parameters L, B, 1/ a, I, W, q. The work covers the
whole set of long-period comets to 2014. It is shown that the distribution parameter L and B have values
near the local maxima and, respectively. Between the parameters 1/ a and g showed inverse proportion.

PE3IOME
AJgoscart Jlagamon
HccaenoBanue npocTPaHCTBEHHBIX pacnpejiesieHUii mapaMeTpoB KOMeT

Kometsl - manble Tema CONHEYHOM CHCTEMBI, WCCIEIOBAHUS KOTOPBIX B IIOCIIEIHEE BpEMs
NPEJICTABIISAET OYEHb OOJIBIIION HHTEpEC. YUEHbIE CUUTAIOT, YTO KOMETHI 00pa30BaIIHCh MPUOIU3UTEIIHHO
B o1HO BpeMsi ¢ ConmHevHoii cuctemoi. [lonnMaHnne coctaBa 1 0COOEHHOCTEN KOMET TOMOXKET MOTY4UTh
OTBETHI Ha BOMPOCHI, CBA3aHHBIE C (POPMHPOBAHMEM HAIeW IUIaHETHl M Apyrux IwiaHeT ConHeyHOH
cucteMbl. [loaTOMy wmccnenoBaHHE KOMET, OCOOCHHO JOJITONEPUOANYECKUX, KOTOpbIE 00pa3oBaIUChH
0KoJ10 4,6 MIIpJI. JIET Ha3a/1, MOYKET IIPUBECTH K PSI/Ty HOBBIX OTKPBITHI.

B paboTe Hccnemyercs 0NronepuoauecKmii KOMETHBIH cucTeM no mapametpam L, B, 1/a, 1, 0, q.
PaGora oxBaThIBaeT BCIO COBOKYITHOCTH Jojronepuoguueckux komeT no 2014 roxa. Ilokazano, uto
pacrpenernenue napametpoB L u B umeror nokanbHbie mMakcumymbl okono 3Hadenuii 90° u 270°,
COOTBETCTBEHHO. Mex 1y apameTpamu 1/a v ( BBISIBIICHO 00paTHO-TIPONOPIIHOHATBHAS 3aBUCHMOCTb.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).
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Xotti Olculori lokalorin Olgust tortibde vo foalligmma gora lokalorlo sinxron olan Gunos
aligmalar1 adlanan téromolor Glnos foalliginin an gucld, on parlaq tozahiridir. Glnos alismalar
Gunasin atmosferindo bas veron partlayis xarakterli qeyri-stasionar prosesdir. On giicli Glinas
alismas1 zamani ¢ox qisa vaxt arzindo (102-102 san.) ayrilan enerji 10%-10% erq olur (miigayiso
iiciin geyd edok ki, Yerda on giiclii zolzolo zamani ayrilan enerji 10%* erg- dir). Bu enerji yerdoki
biitlin yanacaq ehtiyatlarinin (neft, das komiir vo s.) yanmasindan alinan istilik enerjisindon yiz
dafalarla coxdur. Onu da geyd edak ki, bels giiclii alismalar toxminon ilds bir dofo bas verir [1].

Stibhasiz ki, Glnasdo mixtalif enerjili alismalar bas verir. Ancaq ¢ox zoif alismalar1 miiasir
cihazlarla geyd etmok olmur. Indi miisahide oluna bilon alismalarin enerjisi 10?* erg-dir. Onlarin
enerjisi on giiclii alismalarm enerjisindon 10° dofo kicik oldugundan nano alismalar adlamirlar.
Siibhosiz ki, enerjisi nanoaligmalarin enerjisindon kigik olan aligsmalar ¢oxdur. Aligsmalar inco
qurulusa malik olub six va isti liflordon ibaratdir. Alismalarin enerjiys goro paylanmasi vo onlarin
bas vermo tezliyi eksponensiyal ganuna tabe olur.

Enerjisi ~10%erq olan alismanin verdiyi enerji seli Giinos sabitindon (~4-10%erg/s) toxminan
2,5-10% dofo azdir. Ona gors alisma Giinosin isiqliligina nazars garpacaq doracado tosir etmir.

Bozi alismalar, xiisusilo do 3-4 balliq alismalar kosmik siialar moanboayi olurlar. Bu alismalar
zamani protonlar, « zarraciklor vo digor yiklii hissaciklor atilir. Bu hissaciklorin enerjisi 107-10°
eV olur. Belo alismalar proton aligmalari adlanur.

Ovvollor giman edilirdi ki, alismalar xromosferdo bas verir. Ona goro do onlar xromosfer
alismalar1 adlanirdi. Lakin Giinog atmosferinin miixtalif qatlarinin isiglanma ardicilligina goro
mioayyan olunmusdur ki, aligmalarin enerjisi alisma bas verona godor Gilinos tacinin muayyan
gqatinda yigilir vo alisma zamami yuxari (tacin st qatlarina dogru) vo asagi (xromosfera dogru)
yayilir. Alisma zaman1 Giinos atmosferinin asag1 qatlarinda parlaqligin artdigi saho Gunas sathinin
gOrinan yarisinin 0,001- ni shato edir.

Giiclii alismalarin yasama miiddati (alismanin on parlaq fazasi) dogigoalorlo 6l¢iiliir. Alisma
zoif oldugda onun yasama miiddati azalir. Alisma zamani radiodiapozonda Giinosin siialanmasi
milyon dafalarla giclonir [2].

Gunas alismalar1 maqgnit sahasi 2000-3000 Qs olan lakalar otrafinda meydana galirlor. Demali
onlar Glinas sathindoki giiclu magnit sahalari ilo slagadardirlar.

Gunas alismalarinin stialanmasi kilometrlik radiodalgalardan tutmus qamma siialarina qador
olan biitiin elektromagqnit siialanmas1 spektrini shats edir. Lakin siialanma enerjisinin 2sas hissasi
gOrinan oblasta diistir. Ultrabandvsayi Vo rentgen oblastina diison siialanma enerjisi goriinon
oblastdak1 enerjidon 10-100 dsfo az olur. Radiooblastda iss siialanan enerji Gox az olur.

Alismalarin optik spektrindo on intensiv xotlor hidrogen xotlori, Hel vo Hell xotlori,
Call- nin H vo K xatlori vo digor ionlasmis vo neytral atomlarin emissiya xatloridir. Metallarin
emissiya Xotlori aligmamin morkozi hissasindo meydana galirlor. Hidrogenin siialanma zonasi iso
genisdir. Bu zona alismanin spektr xatlorinin “metal” niivasini hor torafdon shats edir. Kimyavi
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elementlorin alisma spektrindo belo paylanmasi naticasinds onlarin emissiya xatlori eyni vaxtda
meydana golmir. Ovvalca hidrogen, helium vo metallarin giiclii xatlori, sonra iss metallarin zoif
xatlari va nadir torpaqg elementlorinin spektral xatlori meydana galirlar [3].

Glnas alismalarimin spektrinds hidrogen va helium Xatlori ¢ox genis ganadl profillora malikdirlar.
Masalan, H, xattinin eni 20A-o catir vo bu alismalarda plazmann yiizlorlo km/san siiratlo horakati ilo izah
olunur. Alismalarin spektrinin atrafli tohlili gostorir ki, onlar yiiksok doracads geyri-bircins téromalordir.
Onlarda muxtslif kimyavi elementlorin hoyacanlasmasi vo ionlagsmasi mexanizmi eyni deyil.

Yer atmosferindon konarda edilon miisahidolor gostorir ki, Gunas alismalari zaman1 spektrin
ultrabondvsayi bolgasindaki La(A1216A) xotti, Hell(A304A) xotti, FeXV(A284A) vo FeXVI(A335A)
Xatlori 50%-o godor gliclonir. Spektrin A=<1-20A rentgen oblastinda tam siialanma alisma olmayan
vaxtdakindan 2-3 tortib boyiik olur. Bundan basqa boazi alismalar zamani enerjisi 20-500 keV olan
rentgen siialart vo ysiialar slialanir. Bozi aligmalarin spektrinde HCall vo Balmer Xxatlorinin

bondvsayi qanadinda depressiya miisahido olunur. Bu alisma bolgalarinds surati 80 km/san — yo
catan gaz axinlarinin olmasi ila izah olunur.

Glnos alismalar giiciine vo ohato etdiyi sahaya gors bir negs sinfo ayrilir. Asagidaki cadvaldo
bu siniflor gostorilmisdir.

Cadval 1.
Alismalarin tasnifati
Alismanin tutdugu saha |100 |100-250 |250-600 |600-1200 |>1200
Sinif S 1 2 3 4

Codvolds aligmalarin tutdugu saho Gunosin goriinon yarimsferinin sathinin milyonda bir
hissolari ilo verilmisdir. Siniflorin har biri parlaghigina gérs bir ne¢s alt sinfo ayrilir.
Glinos aligmalart H , xattinds parlaghigin doyismasine goro iki tips ayrilir:1. A-tip aligmalar

— impulslu inkisaf edon alismalar. 2. C-tip alismalar — tormozlanmis inkisafli alismalar.

A-tip alismalar ani bas verir vo parlaqligi tez azalir, yoni bu tip alismalar partlayis
xarakterlidir. C-tip alismalarin parlaqlig1 bir godar yavas artir va bir gadar longimokls azalir. Adaton
A-tip aligmalar tok bir 6zoys malik olur. Onlarda sursti 200-300 km/s olan plazma atilir. C-tip
aligmalarda isa bir ne¢a soarbast 6zak olur va onlar eyni vaxtda aligmirlar. Onlarda siirati 40-60 km/s
olan plazma axin1 miisahids olunur. A-tip alismalar Giinas lIakalori grupunun yuksslis dévriinds, C-
tip aligmalar iso loka qruplarinin dagilma dévriinde meydana galirlor. Miisahidslorin tahlili asasinda
demok olar ki, impulsiv xarakterli A-tip alismalar xromosferdos, long inkisafli C-tip alismalar iso
GUnos tacinda lokallagmisdir [5].

Son zamanlar aligmalarin Rentgen siialanmasina gora tosnifati aparilmisdir. Hazirda an ¢ox bu
tosnifatdan istifado olunur. Bu tosnifat alismalarm 1-8A oblastinda siialanma giiciine goro aparilmusdir.
Aligmalar bu oblastda siialanma giiciine gors 5 sinifo ayrilir. Bu siniflor agagida cadval 2-do gOstorilmisdir.
Cadvaldan goriindiyi kimi on giiclii alisma X sinif aligma, an zoif alisma iso A sinif alismadir.

Cadval 2.

Siialanmanin giicii
Sinif (sigrayisin intensivliyi, Vt/m?)
A 1<<10°
1<10°
10%<1<10®
10°<1<10

1<10*

X Z0O|m
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Yuxarida geyd etdiyimiz kimi Giinos alismalar1 zamani ¢ox bdyiik enerji (>10%%erq) ayrilir.
Bas bu enerji necs yaranir, onun siialanma mexanizmlari nadir, aligmalarin planetlorarasi fozada, o
cimlodon Yerds yaratdigi fosadlarin mexanizmi tam aydindirmi? Bu barada bir ¢ox farziyyslor
verilmisdir. Bu ii¢ asas suala halalik tam va birgiymatli cavab tapilmamisdir vo demoak olar ki, bu
problem halo tam hollini tapmayib. Lakin har U¢ problem lzrs ¢oxlu vo maraglh naticoalor alinmisdir.
Aligmalar giiclorino, xarici goriiniiglorine, zamandan asililiglarina vo muxtalif sualanmalarda nisbi
roluna gors bir-birlarindon o godoar farglonir ki, onlarin “standart soklini” tasvir etmok sadoacs olaraq
mumkin deyildir. Bu sababdon dos alismanin hoalo birgiymatli tam real nazariyyasi yoxdur. Lakin bir
mosoalo tamamils aydindir — alismalarda maqnit sahalorinin tasiri vardir. Buraya onu da olave edok
ki, aligmalar adaton glclu va xisusilo mirakkob quruluslu magnit sahasine malik loka grupunun
Uzorindo — oksqutbll sahalor arasinda omoalo golir. Son fikirlora géro magnit qiivva Xatlarinin
kaloflonmasi naticesinds magnit sahasinin dinamik dissipasiyasi bas verir, plazma koskin sixilir,
temperatur on milyon doaracoys catir, maqnit sahasinin enerjisi plazma hissaciklorinin Kkinetik
enerjisina cevrilir. Belo yiksak sixliq va yuksak temperatur soraitinds nisbaton kigik hacmdo istilik

niiva reaksiyalart gedir. Dogrudan da alismalarda H (deyterium) vo > H (tritium) izatoplarinin
say1 adi fotosferdokina nisbston xeyli artir. Bu da onu gostorir ki, alisma zamani istilik- niva
reaksiyalart bas veras bilor [1].

Alisma olmayan halda oks istigamotds axan magnit sellori plazma gatlarimin qarsiligh tasirini
ekranlayir. Alisma zamam anormal yiiksok temperaturlu plazma qatinin kegiriciliyi kigik oldugundan oks
istiqamatlords yonalon magnit qlivva Xatlori plazma qatina daxil olur va onlarin birlogsmasi bas verir. Bu
zaman magnit sahosinin enerjisi plazma hissaciklorinin kinetik enerjisina gevrilir.

1917-ci ilds Ellerman Maynt Vilson rosodxanasinda hidrogenin Balmer seriyasi xatlorinin
qanadlarinda intensivliyin qisa middstli alisma xarakterli artmasint miisahide etmigdir. O
gOstormisdir ki, H, Xottinin ganadlarinda ensiz emissiya zolag1 miisahido olunur. Maraqglidir ki, bu
emissiya xottin markazinds yox, ganadlarinda miisahids olunur. Ellerman bu emissiya zolaqlarini
“bomba” adladirmisdir. Hom do Xottin bandvsoyi ganadinda emissiya zolagi qurmizi ganadinda
oldugundan uzundur. Sonralar Ellerman “bombalar1” A.B. Severni tarafindon otrafli Gyronilmisdir.
O, xromosfer alismalarini yiiksok dispersiya va ylksok ayird etma qlvvasine malik olan cihazlarla
misahido etmisdir. Severninin miisahidalorindon aydin olur ki, Giinogde Ellerman bombalarina
oxsar kigik yaraniglari tez-tez gérmok olur. Onlar alisma prosesinin ilk marhalasinds artan lokalarin

yaninda gormok olar. A.B. Severni, gdstormisdir ki, Ellerman bombalar1 Call-m H va K
xatlarinin profillorinds daha kaskin gorinir. Bazon bu bombalar emissiyada yox, udulmada
miisahids olunur.

Alismalar spektral xotlorin markazinds vo qanadlarinda miisahido olunur, “bombalar” iso
spektral xottin qanadlarinda daha yaxs1 miisahido olunur. Bu o demakdir ki, “bombalar” fotosfer va
xromosferds siialanir. “Bombalar” homiso kasilmoaz spektr ilo miisayist olunur. Bu “bombalarin”
meydana goalmasi Gunasin fotosferinds va asagi xromosferds bas veran muxtalif suratli alisma tipli
qaz axinlart ilo alagadardir [4].

Alisma olmayan halda plazma oks istigamotdo axan magnit sellorinin qarsiligli tasirini
ekranlayir. Alisma zamani1 anomal yiiksok temperaturlu plazma qatinin kegiriciliyi anomal kigik
oldugundan oks istigamatlordoa yonalon magnit qlivva Xotlori plazma gatina daxil olur vo onlarin
birlosmasi bas verir. Bu zaman maqnit sahasinin enerjisi plazma hissaciklorinin kinetik enerjisina
cevrilir. Gunosdo aligmalar yeriistii, peyk vo planetlorarasi stansiyalardan kilometrik radio-
dalgalardan tutmus sart gamma siialanmaya qodor biitiin diapazonda miisahids olunur.

Gunas aligmalar tadgiginin praktiki shomiyyati var. Ciinki alismalar ionosfera tasir edir, radio
rabitoni, navigasiyanin, elektron cihazlarin isini pozur. Alismalarin yeratrafi kosmik fozaya da tosiri
boyiikdiir. Ehtimal var ki, alismalarin Yerin biosferino do tosiri var. Bu soboba goro Ginss
alismalilarinin  prognozlasdirilmasi mithim mosaloya cevrilir. Giinas fizikasinda artiq Giinos
lakalarinin S adlanan alamatlori malumdur. Glinasin els zonalar1 var ki, orada maqnit sahasi esilorak
S horfini xatirladirlar. Cox ehtimallidir ki, bu zonalar tac atilmalarinin moanboyi ola bilor. Marsal
Morkazi Ginos rosadxanasinda qurulmus vektorlu magnitoqrafla Giinogin sathinin aktiv saholori
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todqiqg olunur vo bu saholords toplanmis magnit enerjisinin miqdar1 tayin olunur. Orbital peyklords
qurulmus teleskoplardan miisahidalor aligmalarin 12 saat avval proqnozlasdirmaga imkan verir [6].
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ABSTRACT
Ruslan Mammadov
About solar flares

One of the major forms of solar activity effect are solar flares. Solar flares are observed in the
form of a sudden increase in luminosity of solar chromosphere, and in the most powerful cases also
in the photosphere. All phenomenon lasts from several minutes to several tens minutes and is
accompanied by energy release up to 10%-10% erg. Relesaed energy is ejected tospace in the form
of the cosmic-ray flux and electromagnetic radiation of all ranges-from X-ray and gamma rays to
meter radio-waves. Cosmic rays cause the strong geomagnetic disturbances on the Earth, have
essential influence on all strata of the terrestrial atmosphere. This energy is hundreds of times
greater than the energy received from all of flue energy reserves in the ground together. The causes
of solar flares are labile configurations of powerful magnetic fields existing in centers of activity.

PE3IOME
Pycnan Mamenos
O COJIHEYHBIX BCHBIIIKAX

OnHa W3 BaxXHEWIHMX (OPM TIPOSIBICHHUS COJHEYHOH AaKTHBHOCTH, SIBJSIFOTCS COJTHEYHBIC
BeObIIKY., COJIHEYHBIE BCHBIIIKU HaGJHOI[aIOTCSI B BHJAC BHC3AIMHOI'O YBCIMYCHHUA APKOCTHU
COJIHEUHOU xpomocdepbl, a BO BpeMsi Hanbosee MOIIHBIX coObITHI U (oTochepnl. Bee siBnenue
AJIUTCA OT HCCKOJIBKMX MHUHYT JO HCCKOJIBKUX NCCATKOB MUHYT U COIPOBOKIACTCA BBIACICHUCM
sHeprun 10 10%6-10%%epr B BuAe HEpPrHUHOTO BBHIOPOCA MAacchl M MOTOKA KOCMHYECKHX Iydeil,
QJICKTPOMArHUTHOI'0 HM3JIYUCHUA BCCX JUAIIA30HOB OT PCHTTCHOBCKOI'O W raMMa-u3JIYUCHUA 10
METPOBBIX PATUOBOJIH. DTa DHEPTUSI COTHH Pa3 OOJIbINE, YEM DHEPTUH, MOTyUYEHHBIE OT CTOPEHUE
BCEX 3aImacoB 3HepFOHOCI/ITeHef/'I B 3€MJIE BMECTO B3STHIX. BCIIBIIIKY BEI3BIBAIOT HA 3€MIIE CHIILHBIE
TCOMarHUTHBIC BO3MYIICHHS, OKAa3bIBAIOT CYIICCTBEHHOE BO3JCUCTBHSI HA BCE CIIOM 3EMHOU
aTMoc(hephl.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorari ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).

Mogaloni ¢apa toqdim etdi: Fizika Uzro falsafa doktoru,
dosent F.Qocayev
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AVTOMOBILIN INFORMASIYALILIGINI YUKSOLDON
MUASIR SISTEMLOR

Acar sozlar: aktiv tohlukasizlik, muasir sistemlar,avtomobilin informasiyaliligi tahlukali
yvaxinlagma
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Suructnun foaliyysti onun konar amillorin tasirindon alinan (gérmo Vo esitmoa ilo)
molumatlarin qobul edilmasi va tohlili ils bilavasits baglidir.

Siirticti aldigr vo tohlil etdiyi molumatlara asason konkret gorar gobul edarok avtomobili
idara edir. Ancaq boazi hallarda o, ona lazim olan malumati vaxtinda tahlil eds bilmir, onu buraxir va
ya haddindon gec gorara goalir va naticads yol nogliyyat hadisasi bas verir. Siiriiciiniin nazarinda
mirokkob yol nagliyyat vaziyyatinin tolobatlarina uygun kifayst godor molumatlarin olmamasi da
yol nagliyyat hadisasine sobob olur. Belalikla, horakatin tohlikasizliyi ¢ox hallarda stirtictiiniin gobul
etdiyi molumatlarin keyfiyystindon va sayindan asilidir [1, s.73].

Avtomobillar arasinda malumat mubadilasinin aktiv tohlikasizlikds rolu ¢ox boyukdir. Bela
molumat mubadilasine misal kimi diinyanin 30 6lkasinin mixtalif sirkatlorinin o ciimladan, BMW,
Volkswagen, Daimler, Renault, Audi, Opel sirkatlorinin testlosdirdiyi Car-2-Car (Avtomobil-
avtomobils) sisteminds istifads olunan signallar1 géstarmok olar.

Belo quruluslarla tochiz edilmis avtomobillor 6z aralarinda eyni diapazonda isloyan WLAN
rabitasi vasitosilo olagalonirlor. Olverissiz voziyyatlorlo vo pis hava soraiti ilo Uzlogmis
avtomobillor bir-biri ilo 100 metrlorlo radiusda rabito qura bilorlor. Masalon, geco trassasinda
horakat edon avtomobilin slriicusi «kor» déngads digor avtomobilin olmast haqqinda qabaqcadan
molumatlandirila bilar vo ondan diqgstli olmaq tolob olunar.

Qeyd olunan sistem universal olub, mixtalif sinif avtomobillordo vo hamginin
motosikletlords tatbiq oluna bilor. O, mikroprosessorlardan, radio6tiriictiidon va naqilsiz moduldan
(malumatlart displeys ¢ixaran sos signalt vo ya siiriicliniin oturacaginin titromasi ilo miisahido
olunan) ibarotdir.

Sistemin muslliflori amindirlor ki, avtomobillari genis surotdo Car-2-Car sistemi ilo tomin
etmokls, yol nogliyyat hadisslorinin saymi kifayat godor azaltmaq olar vo bu sistemi yeni
avtomobillorin standart avadanliglar sirasina daxil emok olar.

Qeyd edok ki, buna oxsar sistemin yaradilmasi ilo Ford firmasi da masguldur. Onlar sistemi
Smart Intersection (agilli yol ayrict) adlanir va avtomobilin lokasiyasini tamin etmok digiin nagilsiz
rabitadon GPS sistemindan istifado olunur. Avtomobil yol ayricina yaxinlagdigda svetofor
diroyinda xususi goruyucu sistemds yerlosdirilmis kompyuter avtomatik olaraq avtomobilds
yerlosdirilmis eyni cihazla alagslonir. Bundan sonra saniyanin hissalari arzinde malumat mubadilasi
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aparilaraq, siirat, yol ayricinin sorhoddino godor olan masafo tohlil edilorok, yaxinlasanlardan
hansina kegid icazasi verilmasi masalasi doagiqlosdirilir. Bundan sonra sistem gorar gobul edorak,
stiriicilys ya yol ayricina giriso godor dayanma ya da yol ayricin1 kegmoyas icazo verms haqqinda
«xabar» verir. Signal avtomobils yanib-s0non qirmizi isiq diodu vo danisiq sasi ilo verilir.

Diinyanin miixtalif maghur avtomobil istehsalgilarinin miixtalif ciir avadanliglar1 vo bazoan
funksiyalarinda miiayyon forgliliklori olan kruiz-nozarat sistemlari qabaqdaki avtomobila gadar olan
ara mosafasi haqqinda siiriictinii malumatlandirir vo 6zU avtomatik olarag bu masafoni tonzimloayir.
Belo sistemlardon biri do BMW firmasi torofindon islonib hazirlanmis «Stop & Gox» funksiyali
kruiz-noazarat sistemidir. Bu sistem bdylk komfort, daha cox dinamika vo daha yuksak
tohliikasizliyi tomin edir. Bu, 6zlnu daha ¢ox yiksak intensivlik, tixac, miixtalif yol vaziyystlorinin
mirokkoblosmasi soraitindo gostorir. O, surtctind molumatlarla tomin edir, gorarlarin gobulunu
asanlagdirir, alverigsiz vo mirokkob vaziyyatlordo gorarlarin gobulunda slriiciys kémak edoarak,
mirokkob voziyystlordo avtomobilin daha da inamla idars edilmasini tomin etmokls, harokatin
tohltiikasizliyini yiksaldir.

«Stop & Go» funksiyali kruiz-nozarot sistemi radar qurgularn vasitaSilo Kigik stratli
avtomobil cargasinda dofalorlo yerindan tarpanms vo tormozlamalar zamani siiriiciiys kdmok edir
Vo gabaqgda gedon avtomobils gadar olan lazimi masafani tonzimlayir. Vericilor 150 m va daha kigik
tosir sahasino malik olub, gabagda 20 m masafodo horokot edon digar harokot istirakgilarini
«tantyirlary. Onlarin xarici goriiniisii avtomobilin dizaynina uygun olub, onun gabaqg hissasinds
nozoro carpmadan yerlosdirilir. Sistem 0-180 km/saat siratino hesablanmigdir. O, six horokot
soraitindo ara mosafosindon asili olaraq, avtomobili avtomatik olaraq siiratlondirir vo yavagidir.

Avtomobilin informasiyaliliginm yiiksaldilmasinds Volvo sirkatinin isloyib hazirladigi BLIS
sisteminin boyuk ohamiyyati vardir. Bu sistem 2005-ci ildan istifado olunmaga baglamisdir. O,
avtomobilin arxasinda sag vo sol toroaflords tohliikali zonada nagliyyat vasitolorin olmasi hagqinda
surdctnu molumatlandirir.

Sistem avtomobilin xarici arxa goriiniis glizgiisiindo yerlogdirilmis saniyado 25 kadr ¢oka
bilon videokameradan vo eni 3 m, uzunlugu 9,5 m olan bu zonada obyektlorin yerlogsmasini
askarlayir. Tohlikali yaxinlagsmada sistem salondan arxa sag vo sol goriiniis giizgiilorinin yaninda
sar1 is1q diodu yandirir.

Bu sistem kompleksi 6tmays ¢ixan, homginin, zolaglar (zro yerdoyismolor zamani
masuliyyat zonasina diison Kicik stiratlo harokat edon avtomobillors reaksiya verir.

Yollarda gozalarin bas vermosi ehtimalinin azaldilmasinda Mobil Eye sirkatinin isloyib
hazirladigt Eye Q elektronika sisteminin boyiikk rolu vardir. Sistem tohliikali yaxinlagmada
avtomobili tormozlayir vo yolun ox xattinin kasilmasino noazarst edir. O, avtomobilo borkidilmis
videokameralarin ¢okdiyi tosvirlori analiz edir. Noticods gabaqdan yolu qacan piyadani, yiik
avtomobili bortunun tohllksli yaxinlasmasini, yollardaki nisanlama xatlorini, ¢irk vo su
gOlmagalorinds «gizlonmis» elementlori mixtalif isiglandirma va sel yagislari soraitindo «g6rmoak»»
va tahlil etmok miimkiin olur.

Smar Tire sistemi do kifayat godor maraqlt olub, avtomobilin informasiyaliliginin
yiiksaldilmasinda boyiik rol oynayir. Bu sistem avtomobilin harokstds oldugu vaxt sinlords havanin
tozyiqi vo temperaturuna nozarst etmoklo, nasazligin hansi tokords bas verdiyini askarlayir. Sistem
minik avtomobili, Cip vo kicik yukgotirms gabiliyyatli yik avtomobillarinds problemsiz olaraq
totbiq edilir. O, tokor diskinin daxili torofino borkidilmis sensor vericidon Vo baza radarindan
ibaratir.

Sensor vericilor sinlordo havanin tozyiq vo temperaturuna nozarat edorok, molumatlar
avtomobilin salonunda yerlosdirilmis radara otiiriir.

Smairt Mirror-«agilh» arxa goriiniis giizgiisii Azentek kompaniyasi torofindon islonib
hazirlanmis vo bazara buraxilmisdir. O, GPS naviqator funksiyasini yerino yetirir vo Bluetooth
qurgusu telefona danigmaq vo arxa goriiniis kamerasinin monitoruna moalumat Otirmays xidmat
edir.

Qurasdirilmis GPS qurgusunda Samsung Sirf 111 gipindan istifads edilir vo molumatlar arxa
goriinlis giizgilisiiniin sag torafindoki dérd dilymalik sensor monitora ¢ixarilir.
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Qabaq siiso tamizlayicilari giiclii yagisda optimal goriinmoni tomin etmok Uclin doyison
tezlikli iso diismo funksiyasi ilo tomin edilmisdir. Siisatomizlayicilor yagis vericilorinin kémayi ilo
avtomatik sokilds do iso diiso bilar.

V xatli Volvo modellori hom arxa, hom do gabaq siiso yuyuculart vo tomizlayicilari ils tachiz
olunmusdur. Arxa siisotomizloyicisi gabaq siisotomizloyicisinin islodiyi halda arxaya harokoat
zamani avtomatik olaraq iso diigiir. Qabaq kiilok siisasi yuyucusu puskiurmo funksiyali va iki
plskiricu forsunka ilo tochiz edilmisdir. Bundan basqa bu avtomobillor fara yuyucularina da
malikdirlar.

Avtomobilin xarici miisahidoaliliyinds ixtiyari hava soraitindo arxadaki avtomobildon onun
tormozlanmasinin yaxsi goriinmasinin do shomiyyati vardir. Biitiin Volvo avtomobili modellori qosa
lampali boyiik arxa fanarlorlo tochiz edilmisdir. Bunun naticasindo bir torofli gaydada arxa
fonorlorin imtinasi riski azaldilmigdir. Yuxarida yerlosdirilmis tez iso diison isiq diodlu stop-
signalinin tokrarlayicis1 arxadaki avtomobil siiriiciilorini qabagcadan tormozlamanin baslanmast
haqqinda xabordar edir.

Arxa duman oleyhino fonorlor do arxadan vurulma riskini azaldir. Arasdirma sisteminin
sondirdldiyu anda fonar do avtomatik olaraq soniir. Yol ayricina galon avtomobilin gabagcadan
gorinmasi Uglin mdaasir Volvo modellori arxada vo gabaqda yan qabarit fonorlori ilo tochiz
olunmuslar.

Avtomobillar yol sasthinin bilavasite yaxmliginda avtomobilin altinda temperaturu 6lgmok
uclin xarici temperatur vericilari ilo tachiz oluna bilorlor. Verici temperaturun +2+-2 daraca Selsi
oldugunu gostarars, siiriicii miimkiin donma hagqinda molumat alaraq, daha ehtiyatli davranmaga
baslayar. Xobardarliq buz kristalini oks etdiron isiglanmis simvol soklinda olur.

Sdrlculorin - g0zlorinin - gamasdirilmasinin  garsisinin - alinmasi {igiin  gqamasdirmadan
avtomatik sokildo qoruyan arxa goriiniis giizgiisii qurasdirila bilor. Elektroxromatik filtrlordon
istifado edilmasi noticasindo arxadaki avtomobilin fara isiqlart ilo g0zlorinin qamasdirilmasinin
qarsisinin alinmasi {iglin glizgiiys birbasa daxil olan isiq zaifladilir.

Bundan basqa belo filtrlorin tatbigindon sonra sirlcllorin gecs vaxti horokst glin arxa
goriiniis giizgtilorinin tonzimlonmasines ehtiyac qalmur.

Boazan geca vaxti vo pis hava soraitlorinds arxaya horokatlo park etmas ¢atinlogir. Bunun iiglin
avtomobil, isi arxa bamperds yerlosdirilmis 4 odad vericiys asaslanan, arxaya horokat radar ilo
tochiz edilmisdir. Avtomobildon 1,5 m masafodo adam vo ya hor hansi bir asya olarsa, siiriicii sos
signali esidir. Bu radar ancaq arxaya horakat pillasi qosuldugda isloyir. Qosqu ilo harokat etdikds do
sistem isdon ayrila bilar [2, 5.147].

Audi kompaniyasimin istehsali olan PMD (Photonic Mixer Devices) yuksak hassashqh
sistemi nagliyyat vasitasinin garsisinda ti¢olgiilii sohnoni oks etdirmak iqtidarindadir.

Bu sistem oasyanin ¢oxlu sayda noqtalorindon eyni zamanda oks olunan signallari islomak
gabiliyystine malikdir. Ugolclli tosviri hesablamaq iigiin siialandirict sxem torafindon verilon
modullasdirilmis dayaq signallar1 matrisasinin har pikselindon olan signallar1 miigayiso edir. Bu
zaman elektronika konar infraqirmizi siialart (masalon, glinasdon daxil olan) 6z signallarindan
farglondirir.

Vericinin goriinmiis sahosi (fiigi mistovido 32°, saquli miistovido iso 8" toskil edir.
Sohnalarin skanlama tezliyi 200 Hs oldugundan elektronika daha siiratli hadisalori qeyds ala bilir.

Citroen kompaniyasmin islodiyi AFIL sistemi avtomobilin yolun nisanlama xattini geyri-
ixtiyari olaraq kosmasi haqqinda xabardarliq edir. Sistem 80 km/saat siirotdon sonra iso diisiir vo
vericilorin kémayi ilo donma signali yandirilmamis halda nisanlama xattinin kasildiyini misyyan
edir. Nisanlama xottinin kosildiyi anda sistem titrayislorin kdmoyi ilo yorulmus vo ya diggotsiz
strtictlori xobordar edir.

Volvo va Ericsson sirkatlorinin birge hazirladiglar1 Volvo on Call sistemi gozadan bilavasito
sonra tocili yardim avtomobili ¢agirir. Bu yeni sistem avtomatik olaraq vo tohlikasizlik yastiglari
acildiqda, ya da tohlikasizlik kemarlorinin gaza tarimlanmasi zamam iso diislir. Sonra iso sistem
rabito kanallar1 vasitasilo Volvo on Call-in tohlukasizlik xidmati pultuna signal géndarir. Bununla
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eyni zamanda avtomobilin qurasdirilmis GPS navigasiya sisteminds geyd olunmus koordinatlar1 da
gondorir.

Volvo on Call xidmatinin operatoru signali aldigdan sonra mobil rabito kanali vasitasilo
xasarat almis avtomobilin siiriiclisii ilo rabito yaratmaga vo (oza hagqqinda genis moalumat almaga
calisir. ©gor operatorun ¢agirisina he¢ kim cavab vera bilmirss, 0, goza yerino xisusi xilasedici
grup gondarir.

Avtomobilin harokati middstinds onun koordinatlart daimi olaraq «qara qutuda» qeyd
olundugundan navigasiya sistemi siradan ¢ixdiqda belo malumatlari almaq miimkiin olur.

Sistemdoki «SOS» diymasini basmagla surticii ona edilon hicum haqqinda xabar verir,
Siiriicti agari itirdikda sistemin kdmayi ilo qapilar distansion sokilds agila bilar.

Simens kompaniyasinin islodiyi LIDAR (Light Detection and Ranging) sistemi duman,
yagis va qar yagist kimi mahdud goriinma saraitlorinds harakatin tohllkasizliyinin yiksaldilmasina
xidmat edir. Pis goériinmas soraitinds sistem gabaqda harokat edon avtomobilin stop-signallarini askar
edir. Konstruktiv olaraq LIDAR vericisi infraqirmizi giia monbayindon oks etdirilmis goriinmoyan
infraqirmiz1 siialar1 gobul edan fotodioddan vo informasiyalar1 emal edon elektronikadan ibaratdir.
Bu verici havadaki su hissociklorini (duman, yagis) askar etmok imkanina malikdir. Naticodo
elektronika gorinmonin pis oldugu halda naticaya golorok, harokat suratinin azaldilmasi barads
gorar gobul edir. Bundan sonra elektronikanin komoyi ilo ya muharrikin dévrlor say1 azaldilir, ya da
tormozlar igo salinir.

Volvo kompaniyasinin isladiyi DSTC (Dynamic Stability and Traction Control) sistemi
avtomobilin dinamiki dayaniqligina vo dartict qlivvenin idars olunmasina xidmot edir. Sistem
avtomobilin siirliciiniin komandalarina diizgiin reaksiyasin1 tomin edorok, onu 6z oavvoalki horokat
kursuna dondarir. Vericilor bittn dord tokorin firlanmasina, siikkan ¢arxinin dénms bucagma vo
avtomobilin kurs istigamotina nazarat edir.

Honda sirkatinin isladiyi VSA (Vehicle Stability Assist) sistemi avtomobilin kurs stabilliyini
tomin edir. Bu intellektual sistem ABS va tokarlorin bos firlanmasinin qarsisini alan sistemlarin
comindan ibaratdir. VSA-nin elektron idaroetmo bloku asagidaki funksiyalart icra edir: 6z alt sistemi
vericilorinin molumatlarindan (saniyodo 25 dofo periodikliyi ilo daxil olan) istifado edorak,
muharrikin va transmissiyanin igini, hor bir tokorin firlanma siiratini, tormoz sistemindaki tazyiqi,
stikan c¢arxinin donma bucagini vo enina tocili izloyir. Siikan ¢arxinin dénmasine vo belaliklo do
tokarlorin istigamotino goro VSA sistemi siiriicliniin hansi istigamoatdo harokot etmo istayini
giymatlondirir. Hesablayici blok bu gostaricilori uzlasdiraraq, tohlikali goza vaziyyatlorini geyd
edir vo komandalar1 hesablayaraq onlari icra quruluslarina géndarmoklo avomobilin miayysn
tokarlorini tormozlayir. 9gar harakat surstini mohdudlasdirmaq vo ya muharrikin giclni azaltmaq
lazim golorsa, VSA-nin miiharrikin idarsetmo bloku ilo alagads olan prosessoru gicl va dirsakli
valin dovrlor sayinmi korreksiya edir.

Volvo kampaniyasiin isladiyi ROPS (Roll-over Protection System) sistemi avtomobilin
enina (yamac) mailliyino nazarot edir. Sistemin mahiyyati ondan ibaratdir ki, avtomobilin enina
mailliyina sensorlar vasitosilo nazarot edilir. 9gor kompyuters maillik bucaginin artma siiratinin
onun haddi giymatina gatdigi hagqinda molumat daxil olarsa, sistem bunu agsma tohlikasi kimi
giymotlondirarok, yanacaq verilisini azaldir, yUklonmis tokorlorin tormozlanmasi haqqinda
komandalar verir. Noticodo avtomobil daha yasti trayektoriya iizro horokot etdirildiyindon asma
risqi azalir [3, 5.306].

Molumdur ki, yol nagliyyat hadisalori miixtalif sobablordon bas verir. Yollarda qozalarin bas
vermosi ehtimalimin  azaldilmasinda bu miasir sistemlorin rolu boyukdur. Bu sistemlarin
avtomobillors slavo olaraq qurasdirilmasi avtomobilin maya doyarinin artmasina gotirib ¢ixarir.
Noticado avtomobil satisinda problemlor yaranir. Mas bu sabobdon avtomobil istehsalgilart bu
muasir sitemlorin hamisinin avtomobillords qurasdirilmasina maraq gostormirlor. Bu isa yol
nagliyyat hadisslorinin azaldilmasina manegilik toradir.

Avtomobilloro qurasdirilan miiasir sistemlor sayssindo bu soboblordon bas veran yol
nogliyyat hadisolorinin azaldilmasina nail olmaq miimkiindiir.
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ABSTRACT
A Aliyev
Modern systems improve of car informing

Road accidents occur for various reasons. The exchange of information between cars has a
very important role in active security.

The article showed and explained the modern car information improvement system. Thanks
to these fog drive systems, rain and snow conditions of reduced visibility, such as stop lamps from
detecting the vehicle's progress forward, the distance to the car in front, behind, left and right of the
vehicle in the hazardous area of vehicles, the car on the road leaving Be able to obtain information
about an arbitrary cut.

Through this system, braking in front of high car approaches, detecting objects in front of
the car and using highly sensitive sensors reduce speed and will prevent a threat.

The installation of these systems in cars will play an important role in their safety.

PE3IOME
A.AlueB
CoBpeMeHHbBIE CHCTEMBI yJIy4YllleHHe HH(POPMUPOBAHHOCTH ABTOMOOMJISI

JIOpO>)KHO-TPAHCIIOPTHBIE TPOUCIIECTBUS MPOMCXOJAT MO pa3HbIM npuunHam. OOMeH
uH(popMalrel MeX1y aBTOMOOUIIBSIM UMEET OYE€Hb BayKHBIN POJIb B aKTUBHOW O€30MacCHOCTH.

B craree ObUIM NOKa3aHbI U 0OBSACHEHBI COBPEMEHHBIE CUCTEMBI YIIydllIeHHe UH(OpMAIIHIO
aBTomMoOma. brarogapst 3TuM cucTeMBbl NIPUBOJIa TyMaHa, JOK/Ib U CHET YCJIOBUH OrpaHUYEHHOMN
BUJUMOCTH, TaKHe€ KaK CTON-CUTHAJIBI OT OOHApy>XeHHs JBUXKCHHS aBTOMOOWIS BIEpes,
paccTosiHHE 1O aBTOMOOWJISI BIEpeNH, C3aJu, CJIeBa M CIpaBa OT TPAHCIOPTHOTO CpPEJCTBA B
OTNAaCHOW 30HE TPAHCIOPTHBIX CPEJCTB, aBTOMOOWJIb MO J0pPOre, HE OCTABJISIOMUM OyJIeT MUMETh
BO3MOXXHOCTbh MOTYYUTh HH)OPMALIHIO O IPOU3BOIBHOM CpPE3eE.

[TocpencTBOM 3TOM CHUCTEMBI TOPMO3SIIIasi IEpel BBICOKMM MOJXOIaMU aBTOMOOMIIS,
oOHapyXeHHsI 00BEKTOB B MEPEAHENH YacTH aBTOMOOWIIS M C MOMOIIbIO BBHICOKO UyBCTBUTEIBHBIX
CEHCOpax CHUXKAThCA CKOPOCTh U OyZeT MpeoTBpalleHa yrposa.

VYcTaHOBKA 3TUX CHCTEM B aBTOMOOMJIAX CBHIFPAIOT BaAKHYIO POJIb B UX 0€30MaCHOCTH.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).
Mogaloni c¢apa toqdim etdi: Fizika Uzro falsofa doktoru,
dosent A.Abbasov
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Bu gin Azorbaycanin yeritdiyi sosial-igtisadi siyasatin naticasidir ki, Olkomiz dinya
integrasiya prosesino suratlo adaptasiya olunmaqdadir .Lakin bu dévrdo onnovatik toraqgini
langidan, inkisaf etmis 6lkalorlo yiiksok saviyyada miinasibatlor qurulmasina manea olan amillarin
aradan qaldirilmasimna vo Olkomizin globallasmada istirak payinin artirilmasina imkan veran
innovatik islahatlarin aparilmasina bdyiik ehtiyac yaranmusdir. Olkedos bu innovatik tadbirlorin
hoyata kecirilmasino ali tohsil moktablorindon baslandi.Yani tohsilin dovlst siyasatinds prioritet
rolunu nazors alarag tehsil miassisalorinin maddi-texniki bazasinin miiasir taloblor saviyyasinds
mohkamlandirilmasi,tohsilin mozmununun yenilasdirilmasi, tohsil muoessisalarinin informasiya -
kommunikasiya texnologiyalar1 ilo tohciz edilmasi vo tohsil sisteminin informasiyalasdirilmas,
onlarin innovatik faaliyyatlorinin tokmillogdirilmasi ali moktoblords global minasibatlorin
qurulmasinda va golacok elmi texnoloji parklarin yaradilmasinda vo ya idars olunmasinda kadrlarin
hazirlanmasi iroliya dogru inkisafin on muihim masalalorindon biri idi. Yeni innovasiya
texnologilarindan istifado olunmagla dinya tohsil sistemino integrasiyaya imkan yaradan,
bltévlukds shalini integrasiya ve informasiya comiyyastine hazirlamaq magsadi giidan ™ Azarbaycan
Respublikasinda iimumtohsil moktoblorinin informasiya -kommunikasiya texnologiyalari ilo
tominat1" ( 5-15),2009-cu il programlarinin icrasi mohz bu sahoys 6nom veron Conab Vasif
Talibovun rohborliyi ilo ugurla basa catdirildi. Belo ugurlu foaliyyatin naticasidir ki, muxtar
respublikada yeni texnologiyalardan istifado imkanlarina malik bir comiyyst formalagmisdir.
Masalon, NMR-da belo bir comiyyastin yaranmasi gostorir ki, artiq respublikada muasir toloblora
cavab veran yeni elmi - texnoloji parklarin yaradilmasi vaxti galib ¢atmigdir. Yetisdirilon ixtisash
kadrlar torofindon texnoloji parklarin yaradilmasina dovlot dostoyi vacib mosalalordandir.
Zonnimizca deyilonlarin somarsli hoyata kegirilmasi Uclin miayyan sortlor yerino yetirilmalidir.
Bunlar asagidakilardan ibaratdir: 1) Ali tohsil vo digor miassiss,toskilatlarda praktiki toloblora
cavab veran layihalarin mohalli sxemi 2) Ke¢mis Sovet dovriinds hazirlanmis QOST standartlarin
yenilonmasi 3) Beynoalxalq taloblora cavab veran informasiya analitik moarkozinin yaradilmasi 4)
Yiuksok ixtisashi kadrlarin hazirlanmasi zonnimizca, verilon layihslors sxematik baxisin kegirilmasi
onlarin taloblora uygunlugunun yoxlanilmasi miioyyan morhalods hayata kegirilmalidir. Masalan,
sxem (1).
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‘ Layihanin tagdim olunma marhalasi va ona baxisin keg¢irilmasi

Layihanin  eksiz | Layihanin Layihanin is Layihani yoxlamaq
sanadlarina baxis | keyfiyyat prinsipi
daracasinin

giymatlandirilmasi

Layihanin gabulu marhalasi

Lahiyanin Layihanin yeniliyi Lahyihanin Layihanin igtisadi
maqsadi eksperimental giymatlandirilmasi
yoxlanilmasi

Elmi-texniki parklarda innovatik markazin yaradilmasi va istehsalin toskilinin

inteqrasiyasimin sxematik qurulusu
Yeni elmi ideyalar | ideyanin praktikada | Yeni innovasiyalarin reklam va satisinin
verilmasi smaqdan  kecirilmasi  va | taskili
giymatlandirilmasi

Keyfiyyatanazarat Avtomatlasdirma | Texno parkin faaliyyatinin genislondirilmasi vo
sisteminin istehlakciyala alagalandirilir.
qurulusu

Texno parkin vahid informasiya bazasimin yaradilmasi istifadasinin informasiyaya
olan talabinin 6danilmasi

Konkret proqramlarin va layihalorin reallasdirilmasi iiciin maliyyanin
arasdirilmasi ( dovlat va geyri-dovlat)

Azorbaycanda iqtisadiyyatda islahatlarin aparildigi bir saraitds asas masalalardan biri istehsal
vo elmi toskilatlarin innovasiya foaliyystinin artiritlmasidir. Hazirda bir ¢ox miiossisalords  zoif
innovasiya tominatt mévcuddur. Bunun asas sobablori asagidakilardan ibaratdir.

1) Bu sahads qanunvericilik bazasinin natamamligi

2) Muassisalarin soxsi vasaitlorinin gatismamazigi

3) Innovasiya sferasinda miixtalif 6lkalorls zoif inteqrasiya

Muxtar Respublikanin sonaye potensialini artirmaq mogsad ilo Sonaye texnoloji parkin
yaradilmasi bu masalonin hollino boyuk tokan vermis olacaqdir vo asagidaki funksiyalari tamin
edacokdir.

1) NMR-in igtisadi cohotdon inkisaf etdirmok

2) NMR-in tadris sahoalorinin yaxsilasdirilmasi

3) NMR-nin tahsil sahalarinds, laborotoriya markazlorinds elmi-tadqiqat islarinin mikom—
mollosdirilmasi vo s. Bu glin texno-parklarin yaradilmasi va faaliyyatinin tonzimlonmasinin doévlat
dastayino bdyiik ehtiyaci var. Texno-parklarin yaradilmasi onun tohcizat bazasinin da miioy—
yanlosdirilmasini 6n plana ¢okir. Bu zaman texno-parklarin menecmentinin vo marketologun
Uzarina miayyan mosuliyyat diisiir.

1) Toskilati texniki tadbirlarin hoyata kegirilmasi

2) Parklarin tochizat bazasinin miisyyonlosdirilmasi ilo yanasi,0zuniun do muayyan qurumlar
Uclin tohcizatgrya gevrilmasi
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3) Innovatik ideyalar vo texnologiyalar ti¢iin molumatlandirma bazalarinin yaradilmasi

4) Innovasiyalarn yaradilmas1 iigiin maliyys dostoyinin tapilmasi vo yaradicinin
havaslondirilmasi

5) yaradilan faydali ideya, model sonaye numunalarinin hiqugi mihafizasinin hoyata
kecirilmasi

6) Menecer vo marketologlarin saylori asasinda no-nau proqramlarinin kegirilmasinin toskili
Vo S.

Yeni elmi-texniki parklarin yaradilmasi golocokds onlar arasinda rogabotin formalagmasina
imkan veracak. Bels Ki ragabatin udulmasi marketoloqun diizgiin faaliyyst planini segmasindan ¢ox
asilidir. O innovasiyali mohsullarin (ideya model) toqdim olunmasi yollarin1 segir vo onu
giymotlondirir, problem xarakterli bir sira xiisusiyyotin agkarlanmasina vo aradan qaldirilmasina
saylor g0storir. Marketoloq foaliyyati texno-parklarin foaliyyatlorini,strateji mogsadlorinin
formalasdirilmasinin miihiim elementi sayilir.

Elmi-texniki parklarin yaradilmasinda bu giin Universitetlorin rolu danilmazdir vo bunun
mustasna naticalari var.

1) Universitetlordo elmi-texniki parklarin yaradilmasi elmi todqiqatlarin aparilmasi ii¢iin basa
say1lir.

2) todqgiqatlarin naticalori universitetlordo yaradilan texno-parklar vo biznes ingobatorlar
vasitosilo praktikadan kegirilir

3) Miuasir taloblora cavab veran insan potensialinin, insan resurlarinin yaradilmasindan mahz
universitetlords yaradilir.

Qloballasma mixtalif Olkalorin innovasiyalarinin, modellarinin va s. yaradilmasinda vo
togdim olunmasinda, {imumi meyllor formalasmigdir. Belo ki dinya O6lkalori innovasiya
foaliyyatinin stimullasdirilmasinda maraglidirlar. Cilinki miiasir dovrdo rogabat sisteminds yalniz
innovasiyali istehsal qalib golir. Igtisadi odobiyyatlara nozor salsaq tmumi meylloro klaster
yanasmasi adi verilmisdir. Klaster nozariyyasinin banisi Amerikan iqtisad¢ist Maykl Porter ( 1947
0zUnln "Rogabat" osorinds) ilk dofo klasters torif vermisdir. Klaster cografi olamatlora goro
tomorkiizlosmis qarsiliqlt alagali sirkotlor qrupu, ixtisalasmis malgdndaronlor, muvafig sahslords
firmalar vo onlarin faaliyyati ilo olagoadar miiayyan sahalards rogabstds olan vo eyni zamanda birge
is goran togkilatlardir.( 8-485)

Bazar iqtisadiyyati soraitinds foaliyyst gostoron elmi-texniki sonaye parklarinin miikommal,
formalasmis foaliyyatini, zonnimizca Klasterlor sinfina aid etmok olar. Qarsiligh alagods faaliyyat
gOstoron muossisalor 6lkonin ayri-ayr1 olageli sahoalorinin innovatik toskiline vo rogabotds
davamliligina, maliyys tominatina vo S.tokan vermis olur. Klasterlorin bu keyfiyyatini nazars alan
Conab Ilham ®Oliyev 2014-cu il oktyabrin 8-do NR 0Olkenin 9 ayliq sosial-igtisadi inkisafinin
yekunlari vo qarsida duran vazifalori hasr edilmis iclasinda sanayenin siratli vo effektiv inkisafinin
tomin etmok magsadils sonaye klasterlorinin yaradilmasinin vacibliyini sylomisdir.( 2)

Zonnimca, Klasterlori sistemli foaliyyat névlorino aid etmok yerino diisor. Lakin bir seyi
etiraf etmok lazimdir ki, belo klasterlor iri inhisar xarakterli foaliyyati xatirladir. Klaster ayri-ayri
sahalorin  birgo foaliyyoti olmasina baxmayaraq onlarin idaragiliyi morkozlosdirilmis xarakter
dasiyir.Tadgigatin obyektindon vo predmetindon asili olaraq iqtisadi odobiyyatlarda innovasiya
proses,sistem doyisiklik vo natica kimi vurgulanir. "Elmi -texniki toraqqi" ligstinds qeyd edilir ki,
innovasiya yeni molumatlarin, texnologiyalarin iglonmosine,yaradilmasina vo yayilmasina,yeni
toskilati formalarin tatbigina yonaldilon yaradici faaliyyatin naticasidir.( 3-240)

Hazirki soraitdo innovasiyalarin standartlasmasinin yeni toloblor oasasinda qurulmasi
problem olaraq qalmaqdadir. Standartlasdirma mohsullara,xidmatlora vo tmumilikds har hansi bir
foaliyystda vo onun naticasine dair movcud vo potensial problemlari hall etmak Gglin gostaricilorin
optimal sldo edilmoasino yonaldilmis, timumi vo tokrar istifado Ugln noazordo tutulan toloblorin
muoyyon edilmasi mogsadi ilo standartlarin hazirlanmasi, gobulu va tatbigi prosesindon ibarst olan
bir foaliyyotdir (44-15).

Azorbaycan bazar iqtisadiyyati soraitinds innovatik standartlagsma ke¢mis Sovet mokaninda
hazirlanmis QOST standartina osaslanir. Hazirda Azorbaycanda normativ sonadlorin dovlot
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fondunda 21504 standart mdévcuddur. Onun comi 688-i Azorbaycan Ddvlot Standartina aiddir.
Hazirki soraitdo Azorbaycanda innovatik Milli Standartlarin yaradilmasina boyiik ehtiyac vardir.
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ABSTRACT
Kamala Tahmazbayova
INNOVATIVE DEVELOPMENT PROCESSES OF SCIENTIFIC
TECHNOLOGY PARKS

The problems being considered in the article are dedicated to the analysis of the existing
technoparks in tie developing countries and the department management of a created technological
park on the basis of university .The article provides a block diagram of the control innovation
potential in the regions by the example innovative potential of subjects. As known,innovation is one
of key driver of dynamic development of the economy in modern world. And several factors are
affecting development of innovation one of which is standardization. International researches
approve that standardization may have significant contribution to the development of innovation

through several ways.

PE3IOME
Kamane Taxma3z0aiioBa
MHHOBAIIMOHHBIE IMPOIECCHI PABBUTU S
HAYYHO-TEXHUYECKHUX ITAPKOB

KaK NU3BCCTHO, WHHOBAIIUA SABJISACTCI OAJHHUM M3 OCHOBHBIX Cpe)ICTB, O6CCH€HI/IBaIOHH/IX
JMHOMHYHOE pa3BUTHE SKOHOMUKH CEepaHbl B COBpeMEHHOH nepruoa. OJHUM U3 MHOTHX (DaKTOpOB,
BIUSIONIMX Ha pa3BUTUS HWHHOBAILIUU,SIBISETCA CTaHAApTH3amus. MEXIyHaApOIHBIM aHAIHU3
IIOKAa3bIBACT, YTO CTaHIIapTI/BaI_[I/ISI MOXKECT CYH_IGCTBQHHO HOIII[ep)KaTL pa3BI/ITI/Ie MHHOBAIInu
MHOTHUMH cpenctBamMu. OIHOKO IS STOTO HEOOXOJMMO MPHUBECTH HAIMOHAIBHHUIO CHUCTEMY
chaHz[ameauHH B COOTBECTBHUE C MC)KI[YHaPOIIHLIMI/I Tp€60BaHI/I$IMI/I )41 HepeBOI[OM IIIbITOM, B
MPOTUBHOM  cCiiydae ©O€3 93TOro CTaHAapTH3alMs MOXKET TMPEBPATUTBCI B  HHCTPYMEHT
HpeHﬂTCTBOBaHI/IH MHHOBAIINH. HOBTOMy, B 36].].[171 CTaTheC I/ICCJIG,[[YIOTCSI BIIMSAHUA CTaHI[apTI/ISaI_[I/II/I
Ha pa3BUTHE WHHOIMU U pedOPMBI,KOTOPhIE HEOOXOIMMO pEaTn30BaTh B HAITMOHAIBHOW CHCTEME

CTaHI[apTI/BaI_II/H/I JJIA HaHpaBHCHI/IH 3TUX BJII/ISIHI/Iﬁ B ITOJIOKUTCIIBHOC pyCJIO.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).

Moqgaloni c¢apa toqdim etdi: Fizika Uzro falsaofa doktoru,
dosent A.Abbasov
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TORPAQ YUMSALDAN iSCi ORQANIN iSLONON MUHITLO
QARSILIQLI O9LAQOSININ RiYAZI MODELININ QURULMASI

Keywords: soil cultivation, working organ, mathematical model, elastic force, external
forces, pressure, stand

KuioueBble cjioBa: nousoodopabomka, pabouuii opean, MamemMamuiecKdas Mooeib, Ynpyaas
CUJjld, BHeUutHue cuJjnl, ()aeﬂeHue, cmotiKa

Hazirki dovrdo daha ¢ox enerji tutumlu omsliyyat olan torpagin islonmasindos titroyisli
tosirdon istifadays Xxususi diggst yetirilir. Torpagi isloyan organin darti miigavimatinin azaldilmasi
asason yayli dayaqlardan vo xisusi materiallardan istifads hesabina hayata kegirilir.

Ancaq bunlar torpagin igslonmo dorinliyi va torpagin fiziki —mexaniki xassalori doyisdikds is¢i
organin konstruktiv parametrlorini doyigsmodon istonilon noticoni vermir. Odur ki, darti
migavimotinin azaldilmasi vo keyfiyyat gostoricilorinin artirilmasi yollariin dyranilmasi oldugca
aktual masalodir.

Qarsida duran masalonin hallli iiglin is¢i orqanin torpaqla qarsiliqh tosirinin riyazi model
osasinda tohliline calisirig. Isci orqan oayri elliptik en kasikli olub, bir torofi méhkom borkidilmis
digar torafi iso sarbasdir (sokil 1). Sorbast tarafindo my kiitloys malik yumsaldici pancs vardir.

3

Sokil 1. Torpaq isloyon is¢i orqanin hesabat sxemi:
1 —yumsaldic1 pance; 2 —dayaq; 3 —stuser.

Borunun daxilinds doyisobilon p(t) tozyiginin yaranmast miimkiindiir. Bundan basqa pancoya
torpagin barabar tosir gdstoron migavimat glvvaloari tasir géstara bilor. Bunun toplananlari ox boyu
N quvvasi enina tasir gostaran Q quvvasidir. Bunlar toxunan istigamatinds va dayaq oxuna normal
istigamatindadirlor. Hom¢inin M momenti tosir gdstorir. Borunun uzunlugu en koasikdon xeyli
boyukdir. Buna gora borucuga R radiuslu qovs Uzra ayilmis ¢ubuq kimi baxiriq. Pancanin kutlosi
m1 borunun kitlasindon me xeyli boyukdr.

Dalamber prinsipinin [1] kémayi ilo tarazliq tonliyino asason ¢ubugun horakoat tonliyini
yazmaq mumkdndar:
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*u _ 9N oM

v(®) at2 _ Rdp R2dg 1
()azw_ﬂ_ 9°M (1)

Y\@)%e T x R29¢2
N—D<au+W>-M—H °’W ou\ M )
" R\dg "7 R2\ dgp?  0g Q= Rdg @

@ = 0 noqtesindo mohdudlasdirici sartlor:
ow(o,t

u(o,t) =0; w(o,t) =0; ¥=0 €))

10 ’
@ = @o NOQtasinda isa

N(Yo’ t) = fu; Q(q)o: t) = fns M((po; t) = Ju 4)
Baslangic sortlor asagidaki kimi ola biloar:

u(p,0) = uy(p); 229 _,

Jat

()
a ,
W(p,0) = W(p); 8=
burada u(p, t), W(p, t) — gubuq oxunun ¢ koordinatli ndqtasinin
harakati;

N(p, t), O(p, t) — 0X boyunca va enina qlvvaler;
M (o, t) — ¢.en kasiyinds ayici moment;
D = E.A — ox boyunca borucugun sartliyi;
H = E.J — borucugun ayilma sartliyi;
E — borucuq materialinin elastiklik modulu;
y(p) — borucugun poqon kiitlasi;
fr,, fn, £ — yumsaldic1 pancaya torpaq tarafindan tasir
gostoran qlvvalor.
Bunlar homginin t, u, w, p —don va torpagin fiziki-mexaniki xassalorindon astili ola bilarlar.
Is¢i orqanin kiitlasini nazors almaq iigiin borucugun uzunlugu boyunca kiitlosini pogon Kiitlosi
hesab edirik. Toxmini olaraq sistemo, ¢cubuq tarafindan elastrklik qivvasi va xarici f;, f, —qlvvalari
tosir gostoron maddi noqgte kimi baxmaq olar [2]. Nogtanin harokatine yalniz borucuq elementinin
ayrilik mustavisinds baxiriq. Onda noqts iki sarbastlik daracasine (u vo w) malik olur.
Cubugun kiitlasini kenarlagdirdigimiz tigiin (1) tonliklori asagidaki soklo dusiirlor:

an _ amM _
o RO -
N + Rop? = 0
¢ = 0 oldugda moahdudlasdirici sartlor:
u=Ww=wt=0o, (7
@ = @o oldugda harakatin verilmis oldugunu vo d6nms bucaginin 6 oldugunu hesab edirik:
u((po) = U,; W((po) = Wo; 6(p) = 0,. 8)
Birinci tanliyi (7) ¢ —ya gora differensiallasdirib ikinci ils toplayiriq:
d*N
—+ N = 9
92 + 0 9
Bu ifadanin umumi halli iss
N = Cising + Cycos¢. (10)
(2) —ya goro
= i = dN = —(C;sinp + C 11
Q= Rdp ~ dg _ _C1sing + Cyeose. (11)

(11) —don tapiriq
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M
% = RCicos@ + RC;sing (12)
Buradan
M = RC;sing + RCycosg + Cs. (13)
(10), (11) vo (12) ifadalorinds C1, C2 vo C3—U N, Q vo M —ila avazlayak

C; = N singp — Qcose,
C, = Ncosp — Q sinq),} (14)
C,=M—-R-N
(5) ifadasindan harokati tayin edirik:
AW =oN
_a W (15)
dp = de? H
Hadloarlos toplayiriq:
d2W+W—RN+R2M—R3<1+ i )C ing +
dg? D THY T H\ TRep) ¢
R3 H R?
+?<1 +m) Cycos@ +ﬁ(]3 (16)
Real masalalards asagidaki 6lgiisiiz kamiyyatdir:
H
—<1 17

C: ilo migayisado bu komiyyati konarlagdiririq. Bu sokildo toxmini yanasma ona
ekvivalentdir ki, D — sonsuz boyiikdiir, basqa s6zlo borucugun oxu uzanmir.
Onda alingq:
d2w R3 R3 R?
10?2 +W = ﬁsm(pCl + FCOSQDCZ + ﬁC3 (18)
Bu tonliyin imumi halli yekcins tonliyin Gmumi vo geyri yekcins tonliyin xususi hallarinin
comi kimi hall oluna bilar:

R3 R3 RZ
W= —ﬁ(pcosgoCl + ﬁgosin(pCz + ﬁCg + sing - C4 + cospCs (19)
TOromasini tapiriq:
dw R3 _ R®
— = ﬁ(—cosq} + @sing)C; + ﬁ(smfp + @cos@)C; +

de
+cosp * C4 — singCs (20)
(15) ifadasindan tapiriq:
du = R N-—-W 21
dp D (21)
Buraya (10) vo (19) ifadslorini slavs edib inteqralladiqda aliriq:
R3 R3 R?
u=oz (cosp + @sing)C; — >0 (sing — @cosp)C, — ﬁ<pC3 +
+cos@Cy — sinpCs + Cq (22)

Hiidud sartlorin kémayi ilo Cs, Cs, Cs qeyri miiayyan amsallar1 C1, Cz Vo Cs il avazloyirik.
@ = 0 olduqgda (22) ifadasina (20) vo (21) —i yazaraq aliriq:
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3
um)=%cﬁ4;+gzo
2
W(0)="C3+Cs =0 (23)
l R3
WH0)=2-C,+Cy=0)

Buradan tapiriq:
R3 R3 R3 R3
C4:_C1; C5:_C3; C6:ﬁC1_C4:_gC1. (24’)

R3 R3
C, = —singN — —cos
4 2H (p 2H (le

R® R?
=y %M (25)

R3 . RS
Co = msmgoN + ;cosq)Q .

Nahoayat (24) va (22) —ya alinmis (25) va (19) ifadslorini goyub N, Q va M quvvalari ila
horakat tonliklarini olds edirik:

R3 (3¢ sing - cos _ R3 sin’g
u_H<2 + > 25m<p)N+H(cosgo+ 1>Q+
RZ
+ﬁ (sinp — )M, (26)
R3 sin?¢ R3 (@ sing-cos
W—H<c05(p+ 1>N+H<2 > >Q+
RZ
+g (1 —cosp)M. (27)

Ogar ¢ = @o Nazars alsag 0 zaman pancanin  Uo=u(po) Vo Wo =W(po) harokatinin ¢gubugun
ucuna totbiq edilmis No=N(po), Qo =0(po) quvvalori vo Moo= M(p,) momentinin tasirindan
asililigini aling.

(26) —n1 asagidaki sokilds yaziriq:

Uy = P11N, + P1Q, + P13Mo} (28)
Wo = P21Ny + P23Q0 + P23M,)’
burada
3 i .
P, = % (32& n sm(pzcostp N 25in<po) ,\
3 in2
P, = % (cosgoo + S”; e 1),

R? , .,
Pi5 = ;(smwo - ®,), >
R3 sin%¢ !
;(cosq)o + e 1)

(29)

Py, =

R3 (o sing-cos
e
22 =\ T )

R3
Py3 = ;(1 —CcoSQ,) . )

No Vo Qo -1 U, Wo, My ilo avaz edok:
P11Ny + P12Q, = U, — Py3° Mor}
PyiNo + PyoQ =W, — Pz M, .
Bu sistemi Kramer diisturlar [3] ilo hall edarok aliriq:

(30)
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Ay _ Py P1a Py3P13—P33°Pyp
N, =S =By, - Day, - tutubutuy,

A2A Pyq A1’11 P23'P1A1—P13'P21 (31)

QO:X:_TUO-I_TVVO_ A Mo

Ovazetmo aparag:
Ci1 = %' Ciy = _%; Cps = Paa P13;P23 Py ,
C. = P, o _Pu. o~ PasPrsmPisPa (32)

21 Ao L22 A 23 2

Onda
Ny = C11U, + CioW, — C13Mo;} (33)
Qo = C1U, + G W, — Cp3M,

burada No, Qo — panca tarafindon boru elementina tasir gostaran qlvvaler,
Uo, Wo — boru elementi ucunun horakati (yer doyismasi);
Mo — boru elementina tasir gostaran moment.

Moment Mo, boru ayriliyinin doyismasi ilo daxili tozyiq —p torofindon yarana bilor. Bu
ayriliyin ucunun hoarakatini (yer doyismasini) toyin etdikdo hesab edilir ki, borucugun biitiin en
kasiklorinds moment eynidir [4]. Buna gora do onun borunun ucuna tatbiq edildiyi vo Mo —a barabar
oldugu hesab edilir.

Yumsaldic1 orqanin harokatinin differensial tonliklarini tortib etmak Uglin ona tasir gostaran
quvvalor molum olmalidir. Dayaq torafindon pancoya N, va Q, quvvaleri tosir gostorir. Bundan
basqa ona verilmis mahdudiyyat daxilinds (4) f; va fn Xarici qlvvalar do tasir gostarir.

7 Vo n oxlar1 olan koordinat sisteminda pancanin harakat tonliyini agagidaki kimi yaza bilarik.
d?u

my 5 =-No+f
"oz = —Qo+ fa
(33) ifadasindon N, va Q, uUcln giymotlori yazdiqda aling:
dazw
my —— + Ci1Up + CoWp = fr + Ci3- M, (35)

d?w
my; =t Co1Uy + CooW, = f + Ca3- M,

Cu1, C12, Ca1, Ca2, C13, Ca3 sabitlari (29) vo (32) diisturlarindan tapilir.
(35) harakat tonliklori adi differensial tonliklordir. Bunlarin komayi ilo torpagi isloyan isgi
organin hesabatin1 aparmaq va prosesi tohlil etmok mimkuinddr.
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PE3IOME
HcaeB AliaLIH
Pa3paboTka MmaTeMaTH4YeCKOW MO/1e/ M B3aMMO/1eiiCTBHS MOYBOPLIXJIALLEro pado4ero
opraHa c odpadaTbiBaeMoii cpenoi

IToguepkuBaeTcs aKTyalbHOCTb TEOPETUYECKON OLICHKH IPYKMHHO ONOPHOM KOHCTPYKLIMH
oYyBOOOpabaTeIBAOIMX  PabOYMX  OPraHoB  BHUOPALIMOHHOIO  BO3JCHCTBUS C  IMO3ULMHU
sHeprocoeperatomieil TexHonorud. OG0CHOBaHNE KOHCTPYKTHUBHBIX MAapaMeTPOB pabodnx OpraHoB
OYBOOOPaOATHIBAIONIETO OPYAUS B 3aBUCUMOCTH OT U3MEHEHUs TIyOuHBI 00paboTKu U (PU3UKO —
MEXaHNYECKMX CBOMCTB IIOYBBI ONPEJEICHA B Ka4eCTBE LEJIM MCCIEeN0BaHUA. MeToaoandecKon
0a30i 17151 pelIeHus IOCTaBJIEHHBIX 33/1a4 CIIY>KUT IIOCTPOCHUE U aHAJIN3 MaTeMaTHYeCKOl MOJIely,
OIHCHIBAIOUIEH B3aMMOJAEHUCTBUS MOYBBI ¢ pabouuM opraHoM. B kauecTBe 00ObeKTa HCCIEIOBAHUS
B3sTa MOJyc(hepruuecKuil prIXJIUTENbC UIMITUYECKAM HONEPEYHBbIM CEUYEHHEM, Y KOTOPOro OAMH
KOHEI[ MMEET JKECTKOE KpeIUIeHHe, a Jpyrod cBOOOAHOro mojokeHus. PacueTHas cxema
IPEJCTaBIsAET COOOM MPUIOKEHHBIE K MaTepUaTbHONW TOYKE B HEIIHHWE CHJIBI M CHJIBI COCTOPOHBI
Oanku. J[BrmKeHHE MaTepHAIbHOW TOYKM pacCMaTPUBAETCS HAa KPUBOW IJIOCKOCTH TPyOUYaToOro
anemeHTa. CocTaBieHbl IU(pepeHHaTbHbIe YPABHEHUS JIBUKEHUS PBIXJIUTEIBLHOIOOpraHa. 371ech
YUUTBHIBAIOTCS TAaK)KE€ CUJIbI, IEMCTBYIOLINE HA PHIXJIUTENbHBIE Jamnbl. PazpaboTana MaTemMaTHuecKast
MOJIeJIb YCTAaHOBKH JUIsl TOJIEBBIX HCHBITAHUN 3KCIEPUMEHTATBHOTO MOYBOPBIXJIALIETO pabovyero
opraHa. [IpenyoxeHHas MaTeMaTudecKast MOJIEIb MTO3BOJISIEM ITPOBECTU JUHAMUYECKANA aHAIIN3 TIPU
B3aUMOJIEHCTBUM pabodero opraHa ¢ oOpadaTbIBaeMoi cpeioil, MpOBEpUTH a/IeKBATHOCTh BBIOpaH-
HOT'O KOHCTPYKTHBHOI'O BapHaHTa K 3a/1aHHBIM TPEOOBAaHUSIM.

ABSTRACT
Isayev Aydin

Development of the mathematical model interaction of the soil-washing worker
Body with the processed environment

The urgency of the theoretical evaluation of the spring support structure of soil-cultivating
vibrational working bodies from the standpoint of energy-saving technology is emphasized. The
rationale for the design parameters of the working organs of the tillage tool, as a function of the
change in processing depth and the physico-mechanical properties of the soil, is defined as the
purpose of the study. The methodological basis for solving the problems posed is the construction
and analysis of a mathematical model describing the interaction of the soil with the working organ.
The object of the study is a hemispherical ripper with an elliptical cross-section in which one end
has a rigid fixation and the other has a free position. The design scheme is the girders attached to
the material point in external forces and forces. The motion of the material point is considered on
the curve of the plane of the tubular element. Differential equations of movement of the ripping
organ are made. Here, also the forces acting on the ripper legs are taken into account. A
mathematical model of the installation for field testing of the experimental soil-loosening working
organ was developed. The suggested mathematic model allows us to conduct a dynamic analysis in
the interaction of the working organ with the processed medium, check the adequacy of the selected
structural option to the specified requirements.

NDU-nun Elmi Surasinin 20 may 2017-ci il tarixli gorar1 ilo
capa tovsiyys olunmusdur. (Protokol Ne 09).

Mogaloni c¢apa toqdim etdi: Fizika Uzro falsofa doktoru,
dosent A.Abbasov
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METODIKA
FATMA HACIYEVA

Naxcivan Doviat Universiteti
Fatmahaciyeva@gmail.com

UOT: 372.8:512
KOSR HAQQINDA ANLAYISIN VERILMOSINDO RIYAZI

NIiTQIN INKISAF ETDIiRILMOSI

Acar sozlar: adad, hissa, diizbucaqli, sagird, uzunlugq, par¢a, kasr
Key words: number, rectangle, pupil, length, material, fraction
KurroueBble c10Ba: wucio,uacms, NPAMOY20abHUK, VUEHUK, OUHA, OMPe30K, Opodb

Sagirdlor kamiyyatlori 6yronarkan barabar hissalor anlayisi ilo oyani tanis olur vo bununla da
odad anlayisi tadricon darinlagdirilir. Bununla slagadar inkisafetdirici ¢alismalar1 nazardan kegirok.
1. Uzunlugu 16 xana va eni 2 xana olan diizbucaqli ¢okin vo asagidaki suallara cavab verin:

1) diizbucaqlida comi negs xana var?
2) diizbucaglinin %,i hissalarinda negs xana yerlogir?

3) diizbucaglinin %, 1—10 hissasinds ayriligda nego xana yerlosir?
4) tam diizbucaqlida neg¢o dons yarim (%) yerlosir? Nego dono dordds bir, sokkizds bir

yerlosir?
5) diizbucaqglinin yarisinda neg¢o dona dordds bir yerlosir? Nego dono sokkizdo bir yerlogir?
GOstoris: diizbucaqlinin uzunlugunu 16 barabor hissays vo enini iki barabor hissoys ayirib

(yartya bolma qaydasina asason), tolob olunanlar1 ayani tasvir etmok lazimdir (sokil 1).

1 1
4 4 1
16
A Y A A —
YT YT
1 1
2 2

Sokil 1.

6) diizbucaqglinin %, %,g hissalarinds ayriligda nego xana yerlosir?
Gostoris: §= 1, yoni diizbucagli ne¢o xanaya boliinmiisdiir? — sualina “32 xana” cavabini

vermok lazimdir.

7) diizbucaglinin %, %,
diizbucaqlinin yarisinda 32:2=16 (xana) olacaqdir.

8) diizbucaqglinin %,g hissasinds ayriliqda nega xana yerlosir? — sualinin cavabi: diizbucaglinin

hissasindo ayriligda neco Xxana yerlosir? — sualina cavabi:

@ |
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% hissasinds 8 xana, % hissasinds isa 8-:3=24 (xana) olacaqdir. g = % oldugundan, cavab avvalki Kimi

olacaqdir.
Belalikls, sagirdlor ilk dofs oyani-konkret vo induktiv metod asasinda:
d1=7=7=3
SR
SR
D2 =% B

N | =

2. Uzunlugu 6 xana va eni 2 xana olan diizbucaqli ¢okin vo onun é'% hissasinds ayriligda
nego xana var?
1) bu diizbucaqlinin yarisinda, tigds birinds, altida birinds olan xanalar1 gotiirsok, hor dofo

neg¢o xana qalacaqdir?

. . 1,. .

Nimuna: diizbucaqlinin = hissesi xanalarin sayina
) : 3 S a)
goro eyni olsa da, formaca — biri kvadrat, o biri iso

diizbucaql zolaq soklindadir. \ 7 ——

Bu sokil (sokil 2.) osasinda 1= §= 3

6
munasibatlori hom ayani va ham da riyazi sokildo niimayis
etdirilir va sagirdlor har iki hali taloffuiz edirlor.

Umumiyyatlo, 6lgtlori  mixtolif ododlorlo ifads D)
olunmus diizbucaqlilarin xanalari say1r osasinda nisbatin
muhim xassoesi oyani sokildo niimayis etdirilir. Oslindo
sagirdlar kasrin (diizglin) asas xassasi ila: kasrin surati va
moxracini eyni bir odado (sifirdan forgli) vursaq vo ya

bolsak, kasrin giymati doyismoaz — tanis olurlar.

1 2 4 1 2 3 .. .. . o - .
ST gevyar=o=7+ kimi minasibstlords soldan saga — hissalorin xirdalanmasi,

- . . .. . .. . . .1 2 . . . .
sagdan sola isa - hissalarin iralilosdirilmasi prosesi gedir. SV kasrlari (hissalari) giymotcs barabar

olan mixtolif kasrlordir: har hansit komiyyat 2 borabor hissoya béllinib, bir hissasi gotiiriilmiisdiir;
ikinci halda homin kamiyyat 4 barabar hissays boliintb, 2 hissasi goturilmiisdiir. Birinci halda say
sistemi ikilik sistemdo, ikinci halda ise dordlik sistemds tatbig olunur,

% =1; % = 1 minasibatlari b6lma prosesinds bitlin hissalarin gotiruldiyini gostarir.

Indi tam ododin hissasini va verilon hissasina géro tamin tapilmasina aid mosalolor holli

prosesinds sagirdlorin riyazi nitqinin inkisaf etdirilmasini nazardon kegirak.

111233

1. 18sm-lik parca ¢okin vo onun 2'3'5'3' 2’5 hissalorinin uzunlugunu tapin. Hissalori

[Vl S
] =

Sokil 2.

gOstorin vo riyazi sokilds asaslandirin.
GoOstoris: 1) 18sm:2=9sm; 2) 18sm:3=6sm; 6sm-2=12sm 3) 18sm:9=2sm; 2sm-2=4sm
2. 1dm2sm uzunlugunda parga ¢okin Vo onun
l'Z’E'i’E'E’l'E hissalarinin uzunluglarini tapin. 1dm 6sm
6’6’6’6’6’6"4"4 P

GOstoris: 1dm 2sm=12sm, 12sm:6=2sm, 2sm-2=4sm, |/ | | | \l

12sm:6=2sm, 2sm-3=6sm [ | [ |
3. 1dm 6sm uzunlugunda parcanin

1 2 2 4 3 6 1 2 . .. _
= Va2 =; =Vao—;= Vaa—; —vaa— hissolorinin uzunluglarim 1 2
n

4 8’ 4 8’4 8’ 2 4 -
tapin. A
Nlmuna: 1dm 6sm=16sm
1) 16sm:4=4sm; 16sm:8=2sm; 2sm-2=4sm Sakil 3.

4.Hissalari migayiss edin (>, =, <)
1 1 2 2 1 2 3 4
1) = vaa =; =vaa=;= vaa=; ~Vaa—
4 8" 8 4" 3 6" 4 8
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6 3.1 1.1 2
2) = Voo =; —Vaa=;~ Vaa=
6 373 77274 8
12 . - .
5. 2 dm uzunlugda par¢anmn =,=,=,-,~,=,=; —,—; — hissalorinin uzunluglarin1 sm-ls ifados
5’5’55°4”4’4”10°10’ 10

edin.
Tam adadin hissasini tapmaq qaydasini ifads edin:
Qayda: tam odadin bir hissasini tapmaq ¢in hamin adadi hissalorin saymi géstoran adads

vurmagq lazimdir: 12 % =12:3=4

Qayda 2: Tam adadin bir negs hissasini tapmaq ¢tin hamin adadi hissalorin sayini gostaran
odad boliib, alinan qismati géturtlon hissalorin sayina vurmaq lazimdir:

12-nin -nii tap. 12:4-3=3-3=9
6. § hissasi 16sm olan par¢anin uzunlugunu tapin.
Holli. Machul parganin éhiSSQSini tapmagq Uglin avvalca 1) 16sm:2=8sm. Demali % hissasi 8 sm

olan parca
2) 8sm-3=24 sm olacaqdir.
Qayda 1. Verilmis bir hissasina goro tam ododi tapmaq ugtln verilon adadi hissalorin sayimi

g6storan ododo vurmaq lazimdir: § hissosi 8sm olan par¢anin uzunlugu: 8sm-3=24 sm olacaqdr.

Qayda 2. Bir ne¢o hissasi verilmis tam adadi tapmag Uctin verilon adadi gotirilon hissalarin
sayina boliib, alinan gismoti bitlin hissalorin sayma vurmaq lazimdir: % hissasi 21 olan odadi
tapmaq ucun:

7. Pargalar1 miiqayisa edin:

1) i-i 10sm vo i-i 9sm;

2) E-i 8sm vo %u 6sm;

3) g-i 15sm vo g-u 16sm;

4) 24sm-in % Vo 28sm-in %

8. Iki montago arasinda mosafonin % hissasi 6 km 500m-dir. Homin masafoni tapin.

9. Iki mantago arasindaki mosafs 320 km-dir. Bu yolun % hissasi asvalt yoldur. Asvalt yolun

uzunlugunu tapin.
10. Iki montaga arasindaki mosafo 320 km-dir. Bu yolun z hissasi 30 km-dir. Mantaglor

arasindaki mosafani tapin.
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PE3IOME
d.I'agxueBa
Pa3BuTHe MaTeMaTH4eCKOi pevyu B Mepeaye NOHITHE O APOOH

B cratee nmaHbl ynmpakHEHUS O TOHATUH JPOOM B CBSA3M C Pa3sBUTUEM MaTeMaTHYECKOM
pedn.

Ha 3apsarun Ja€TCA HariagHOC CpaBHCHHUE CYHICCTBCHHOI'O C BOICTBa MCXKAY PAa3JINIYHBIMHA
YUCJIaMHU KJIICTOK HNPAMOYTOJIbHUKA. YYeHuKH 3HAKOMSTCS C BCpHBIM OCHOBHBIMHU C BOMCTBAMH:
CCJIN CKOPOCTH ,Z[pO6I/I YMHOXKHUTh WA Pa3ACIINTb CO 3HAMCHATCIICM (B OTIN4YHUHN OT Hy.]'[f[) C
OJMHAKOBOM YHCJIOM, TO 3HAYCHUC I[pO6I/I HC U3MCHHUTCA.

B cratbe JaHbl JOCTATOYHO IMPUMCPOB, YTO MO3BOJIACT UT'paTh CYHICCTBCHHOC 3HAYCHHC B
Pa3sBUTHU PCUU.

ABSTARCT
F.Haciyeva

The developing of the mathematical speech in the given conception about “fraction”

The exercises concerning the developing of the mathematical speech in the given conception
about fraction are given in the article. The main properties of the correlation which measures are
conveyed by different numbers are given visually on the basis of the number of the squares of the
rectangle. Pupils learn the main properties of the (proper) fraction: In the denominator and
numerator of the fraction multiplied or divided by the same number the mark of the fraction doesn’t
change. The samples are given in the article play an important role in the developing of the
mathematical speech of pupils.
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RUHIYYO COFOROVA
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UOT: 372.8:514
RIYAZIYYATIN MOKTOB KURSUNDA HONDOSI KOMiYYOTLORIN
OLCULMOSI

Acar sozlar: riyaziyyat, handasa, kamiyyat, kamiyyatin 6l¢usu, 6l¢t vahidlari

Keywords: mathematics, geometry, size, quantity measurement, unit of measure

KuaoueBble cjoBa: mamemamurka, ceomempus, 6eiluduHa, usmeperue eiluvurnbl, eOuHuua
Usmeperus

Orta moktobin riyaziyyat kursu - ananovi tolim sistemindon fargli olarag, vahid program
osasinda vo “riyaziyyat” adli vahid fonnin todrisindan ibarat olub, I-XI siniflorin mivafiq riyaziyyat
darsliklorinds 0z oksini tapir. Riyaziyyatin yeni sistem tizra tadrisine kecid davam edir.

Molumdur ki, riyaziyyatda komiyyat anlayist mithiim anlayis olmagla, adod anlayisi, onun
geniglondirilmasi vo inkisafi ilo six baglidir. Umumiyyatls, riyazi mosalolorin mezmunu vo holli
komiyyatlorlo slgadardir. Riyaziyyat kursunda hondasi kemiyyatlor muhiim yer tutur va riyaziyyatin
klassik torifinds “riyaziyyat real alomin foza formalar1 vo miqdari munasibatlordon bohs edir” —
cumlasinds handasi kamiyyatlor 6n plana ¢gokilmisdir. Ciinki riyazi (migdart) minasibatlorin totbiq
obyektlori foza formalar1 vo ya hondosi obrazlardir. Bas “komiyyat nodir?” suali tez-tez isladilir.
Azorbaycan dilindo “komiyyat” sozii “miqdar”, “qiymot” monasinda igladilir. Lakin riyaziyyat
elminds kamiyyat — real alomda mdvcud olan obyektlarin vo hadisalorin imumilosdirilmis xassasini
ifads edir. Osya va ya hadisalorin giymatlori “boyiikdiir” (“coxdur”), “barabardir” (“o qodardir”) va
“kigikdir” (“azdir”) miinasibatlori ilo migayise vo ya ifado olunur. Bu, o demokdir ki, har bir
komiyyatin giymatini tapmag tg¢un onu 6lgmok lazimdir. Komiyyati 6lgmok Gglin muvafiq olgu
vahidi lazimdir. Komiyyatin qiymoti 6lgma noticasi ilo muayyan olunur: olgils bilmosi, o6lgl
vahidinin olmasi vo 6lgma naticasinds alinan giymatin adadlo ifado olunmasi. Alinan adadlorin bu
Vo ya digor kamiyyato aid olmasi — alinan naticonin yaninda 0l¢u vahidi va ya vahidloarinin geyd
olunmasi ilo muayyan edilir. Eyni bir kamiyyat mixtalif 6l¢ vahidloari ilo 6l¢lls bildiyindan, onun
giymatlori (adadi) do mixtalif ola bilar.

Moktab riyaziyyat kursuna handasi kamiyyatlorin daxil edilmasi talim magsadlorindan irali
golir:

- sagirdlor qazandiglar1 riyazi bilik vo bacariglar1 bilavasito hayatla olagslondirmoklos
muvafiq vordislor gazanirlar va riyaziyyatin hayatda tatbiglorinin sahidi va istirakgisi olurlar;

- hondasi kamiyyatlorlo tanisliq hom tohsilin sonraki marhalslori {igiin hazirlhiq vo ham do
sagirdlarin foza tasavvirlarini inkisaf etdirmok kimi magsadlora xidmat edir;

- handasi kamiyyatlari 6yronmoklo sagirdlor 6lcma naticalorini hesab amallarinin tatbigi ilo
hesablamagi dyranirlar [2;8].

Moktobds riyaziyyatin yeni tolim sistemina asason hoar sinfin riyaziyyat kursunun mazmunu
(todris programi) bes “moazmun Xattinds” oks olunmusdur. Bunlardan biri “6lgmalor” mozmun
xottidir ki, “komiyyatlorin 6élglilmosi” monasimi dasiyir. “Bilavasito moktobds hondass materiali
tadrisinin mozmununu 6ziinds oks etdiron “Hondoess” vo “Olgmolor” mozmun Xatlori 1-X1 siniflorin
riyaziyyat kurslarina aid olmagla, bir-birindon mazmunu va program talablori ilo forglonmakls,
xususi metodika masalalarini do oks etdirir.

Hondoasi kamiyyatlorin todrisi bilavasito praktik bacariq vo vardislor talob edir. Bu cohatdon
komiyyatlarin 6lgtilmasi mahiyyatini agiqlamaga ¢alisaq. Hondasi kemiyyatlorin 6lgiilmasi masalasi
hom noazari, hom do metodik cohotdon mirokkob masalo hesab olunur. Bu c¢otinlik ilk névbads
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6lcmo obyektlorinin todris-metodik odobiyyatda geyd olunmasi ilo izah oluna bilor. Belo ki,
uzunlug, sahs, hocm kimi 6lgma obyektlorinin nozordon kegirilmasi ilo olagodar kamiyyatin bir
timumi anlayis kimi torifi verilmir [4;200].

Moalumdur ki, saha - mistovinin gapali konturla shato olunmus komiyyatlo xarakterizo
olunur. Fiqurun sahasini 6lgmak Gglin onun xotti l¢t vahidloarini nozare almaq lazimdir. Xatti 6lci
vahidlori eynidirss, onda sahoni 6lgmok gun mdivafig saho Ol¢u vahidlorindon istifado etmok
lazimdir. Bu halda a sm - b sm= abkv.sm — kimi oasas1 olmayan yazilisdan istifado etmok olmaz.
CGunki har bir kemiyyatin 6l¢t vahidlarinin moxsusi funksiyalari var.

Hocmin bir komiyyat kimi 6l¢llmasi vo hesablanmasi masalalorinin do 6ziinamaxsus
algoritmi vardir. Ciinki hacm bir komiyyot Kimi hondasi cismin tutdugu faza hissasi kimi toyin
olunur. Bu kamiyyatin 6l¢tilmasi va giymatinin hesablanmasi marhalolor izro aparilir [4;220].

“Diizbucaqlinin  sahasi — onun eni ilo uzunlugu hasilino barabordir”, “Diizbucaqli
paralelepipedin hacmi — onun U¢ él¢tsunin (vo ya onun Ug¢ 6l¢usini ifads edon adadlorin) hasilino
borabordir” — ifadolor sxematik olub, komiyyatin Olgilmasi vo giymotinin hesablanmasi
mexanizmini agmir. Komiyyatlor izarindo omollorin aksiomatikasinda eyni vo ya muxtolif adli
odadlorin vurulmasi toyin olunmamisdir. Masalon,diizbucaqli paralelepipedin xotti 6lgulori eyni
Olcull odadlorls ifads olunarsa, onda hacmi hesablamaq t¢un muvafig hacm 6l¢t vahidini segmok
vo Olgilocok hocmi dolduran kub vahidlorinin sayini tapmaq lazimdir. Masalon, diizbucaqh
paralelepipedin xatti 6lgllori: a=5sm, b=6sm va c=8sm olarsa, onda hocm 6lcl vahidi 1 kub sm
olub, timumi say1 (hacm) 5 kub sm-6-8=240 kub sm olacaqdir.

Burada biz iki isi miioyyan etdik:

1) hocm 6lgi vahidinin muosyyon edilmasi,

2) axtarilan hocmin giymotinin vo ya hacmi muoyyan edon hocm vahidlori sayinin

muoayyan edilmasi va alinan naticonin riyazi yazilisi.

Ixtiyari goxbucaglinin sahasinin hesablanmasi — eyni torkibli fiqurlarin sahalori vo ya miadil
(konqgruent) fiqurlarin sahalori — anlayiglar1 limit anlayisindan istifado olunmagqla hesablanmir. Bu
prinsip — ixtiyari ¢oxuzltlarin hacmlorinin hesablanmasinda da totbiq olunur [4;230]. Komiyyatin
adadi giymatini ifads edan adadin necs hesablanmasi prosesin texniki torafini togkil edir. “Cismin
hocmini ifado edon adod” — ifadoasi iimumi xarakter dasiya bilmoaz. Mohz bu montigi qusur hacm
diisturunun ¢ixarihisida sagirdlorin - biliklorinds  6zini gostorir. Cunki hocm  diisturlarinin
mahiyyatini dork etmoyarok, onlari mexaniki azbarlayirlor. Bu yanasma masalalar hallinds do totbig
olunur: hazir diisturlarda verilonlori yazmagqla cavabi hesablamaga calisirlar. Oslindo sagirdlor
komiyyat anlayist vo komiyyatlor Uzorindo hesab amollorinin miimkiinliik sortlorini bilmadiklari
Uclin handasi kamiyyatlarin 6lgma nazariyyasini dork eds bilmirlor. Bunu nazars alarag, handasi
komiyyat anlayisinin mozmununu sorh edok. Tohsil programina asasan, riyaziyyatin moktob
kursunda 6yronilon handasi komiyyatlor (uzunlug, saha, hacm) — additiv skalyar vo kasilmaz
komiyyatlordir. Bu kamiyyatlarin xassalarini nozardan kegirak.

I.Skalyar kamiyyatlorin xarakteristikasi:

1.Hor hansi a,b,c,... obyektlor ¢oxlugu verilmisdirso,onda onlarin ixtiyari ikisi {igiin bir-
birini inkar edan ancaq ¢ minasibat mimkundur:

ya a=b ( “a barabardir b”’) — barabarlik minasibati,

ya a>b (“a boyiikdiir b™)

b}rabersizlik munasibati.
ya a<b (“a kicikdir b”)

2.Asagidaki sartlori 6dayan barabarlik miinasibatlori:
Simmetriklik: a=b ise, onda b=a;

Refleksivlik: a=a
Tranzitivlik: a=a, b=c iss, onda a=c

3.Torsi olma va tranzitivlik sortlorini 6dayan:

borabarsizlik munasibati: a>b iso onda b<a;

tranzitivlik minasibati: a>b va b>c iss, onda a>c.
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Uzunlug, saho vo hocm skalyar komiyyatlori sirasina cismin temperaturu, cismin kiitlosi,
sixlig1 va s. daxil etmok olar.

I1.Additiv komiyyatlorin xarakteristikasi:

Verilmis skalyar kamiyyastlor ¢oxlugunun iki a vo b elementlari G¢lin hamin ¢oxluga daxil
olan va bir giymatli olaraq els bir ¢ — elementi toyin etmoak olar ki, a+b=c. Alinan com asagidaki
qanunlara tabe olmalidir:
1)a+b=b+a (yerdoyismoa)

2) a+(b+c)=(a+b)+c (qruplasdirma)
3) a+b=c iso, onda c>a va c>b (monotonluq) [4;202].

Parganin uzunlugu — addutiv komiyyoto misal ola bilor. Addutiv olmayan skalyar
komiyyotlor vardir. Masalon, cismin sixligi, temperaturu. Hoagigoton, t1=30° vo t;=70° olan iki
stokan suyu qarisdirsaq, qarisigin temperaturu 100° olmayacaq. Bu hal sixliglar1 miixtolif olan
maddalora do aiddir. Yoni alinan yeni sixliq verilonlorin comindon az olacaqdir.

“Komiyyat” anlayisinin moktab tolimi prosesindo formalasdirilmasi riyaziyyat va fizika
fonlori todrisinds digget morkazinds olmalidir. Ciinki cismin harokat siirati hom riyaziyyat vo hom
do fizika ilo baglidir.

Hondosads  yalniz skalyar additiv komiyyatlor nozordon kecirilir. Kamiyyatlorin
giymoatlorini misyyan etmok iigiin onlar1 8lgmok lazzmdir. Olgmads totbiq olunan vahidlor “asas”
Vo “toroma” vahidloro ayrilir. Beynolxalg miqyasda qobul edilmis Ol¢ii vahidlorinin osaslari
miayyan obyektiv realligla bilavasito alagadar olur. Masalon, uzunlugun asas 6l¢i vahidi 1 metr
olub, Yerin ekvator gevrasi uzunlugunun 40 milyonda bir hissosino borabordir. Vaxtin osas 6l¢u
vahidlori 1 il vo 1 sutkadir. 1 sutka — Yerin 6z oxu otrafinda bir tam dévriinos sarf etdiyi vaxt, 1 il isa
Yerin Glnos otrafinda bir tam dovriine Sorf etdiyi vaxtdir.

Kamiyyatin dlglilmoasi prosesi asagidaki alt proseslordon va ya foaliyyatlordon ibaratdir:

I)verilmis kamiyyatlor ¢oxlugundan hor hansi miiayyan element segilir vo onu 6l¢l vahidi
adlandirirlar;

2) 6lgma prosesi hoyata kegirilir;

3) verilmis ¢oxlugun har bir elementing, totbig olunan 6l¢t vahidine uygun hoqiqi adadin
uygun qoyulmast.

Alinan odod - kemiyyatin giymatini ifado edir.

Olgii naticasinds alinan giymatlor ¢oxlugu asagidaki iki sorti ddomolidir:

1)goxlugun barabar elementlarina barabar giymatlor uygun galmoalidir,

2) iki elementin comi onlarin gqiymatlari comina uygun olmalidir.

Bu iki sort daxilinds iki elementin nisbati vahid elementin secilmasindon asili deyil.

“Komiyyatin 6lgli vahidi” anlayis1 ilo “komiyyatin Ol¢iisii” anlayislarini farglondirmak
lazimdir. “Komiyyatin O6l¢iisii” anlayist — komiyyastin 6l¢u vahidi ilo ifado olunmus qiymati
monasinda igladilir. Masalon, “par¢anin dl¢iisii 12dm-dir” va ya “parganin uzunlugu 12dm-dir”. Hor
iki ifado ekvivalentdir.
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PE3IOME
P./I:xadapoBa
H3mepenne reoMeTpu4eCcKUX BeJIMYMH B Kypce MAaTEeMATHKH CPeIHel IIKOJIbI

B craThe 3aTpOHYTHI CIIEAYIONIUE BOMPOCHI:

- pOJIB 1 3HAUCHUC FCOMCTpI/I‘-IeCKI/IX BCJIMYHWH B IKOJIBHOM KprC MaTEMAaTHUKU,

- IOHSATHE BEJIMYMHEI M €€ CBOMCTBA,

- IICJIN BKJIIFOYCHUA I‘COMeTpI/IT-ICCKI/IX BCJIMYHH B HIKOJII)HI)Iﬁ Kpr MAaTEMATUKU,

- 0COOEHHOCTH CO/Iep KaTeNIbHBIX JIMHUH «['eomeTpusi» u «/3mepeHus» B KyppuKyJIymMe I10
matematuke |-X| kimaccos;

- aJITATHBHO-CKAJISIPHBIC M HEIIPEPHIBHBIC BEJIMUMHBI U MX XapaKTCPUCTHKH;

- 9Tallbl I/I3M€peHI/I$I BCJINYHNHBI,

- OCHOBHBIC M IPOU3BOJIHBIC €IUHUIIBI H3MEPCHHUS;

- IIOHATHUS: I/I3MepeHI/IC BCJINYHHBI, 3HAYCHNUEC BCIIMYUHBI, Mepa BCINYHNHBI;

- CJHMHUIBI M3MEPEHHS M MAaTEeMAaTUYEeCKOC COOTHOIICHHUE MEXIy HUMH OTHOCUTEIHHO
FCOMCTpI/I‘-ICCKI/IX BCJIIMYUH.

ABSTRACT
R.Jafarova
Measurement of geometric quantities in the course of high school mathematics

The article addressed the following questions:

- The role and importance of geometric quantities in school mathematics;

- The concept of the value and its properties;

- The purpose of incorporating the geometric quantities in school mathematics;

- Particular content lines "Geometry™ and "Measurements™ in the curriculum of mathematics
I-XI classes;

- Additive-scalar and continuous variables and their characteristics;

- Measurement of the stages;

- Basic and derived units;

- Concepts: measurement of the value, the value, the measure of value;

- Units, and mathematical relationship between the relative geometrical quantities
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