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SUMMARY
Arzu Safarova

RISS BASS OF EXPONENTIAL SYSTEMS WITH DEGENERATED COEFFICIENT
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Thrif. bgpr 1 &N O e 0 @ « j  olars, onda deycpyik ki, @ O & sistemi B
fozasénda ixitnAgmal dér .

G 1 VERN O
olarsa, onda ddypyik ki, @ « O6 v of « O6”sistempr i bi ort Burasadmal deér
foz as gz aBs éfn é n oo & nish & dudkdo n a | @ m & miqgisindki giyntidir. |
Kroneker simvoludur.

@ « sSistemiw « sisteminin q@xkmas € diiasityedmnyegamn
deyil.

TPKlif. Fprz edk ki, & « OO6 sistemiBffz asa@nt amdp@r . Oméa gok ma S
varsa, onda o yegéudir.

AK a] épdibBarexfz as énda smasltleenjien gnignn kri teri yan:

Thklif. @ « O6si steminin mifrurimakla poit mae&@n¢sggerRma s
ol masedeér .

Butpklifiprdpn  a K a jptecjolaal kéi n énr .

Nptich. A kK a ] €éphildphj@ birtortonormal sistem

Qo . OO T, b T %%pﬁnr‘] o

O mip fz asénda mP zicmalhd émwana si st

Banax pz a s € n d a agidliyintisbahetipk be - ¢n akaj édakeée riter
olunur.

Tpklif. @ « O6 sisteminin B Banaxpf as é@énda bazifsuri vkmadpgée K¢ -
a K a ] e d prtk 6dpnilmpsidir.
p w . sistemiBffzas é&ndaaltéadne ro.l m
¢ w . sistemiBfizasénda mini mal ol mal édeér .
o M O sabiti var ki, igbnilpn xN B Ggin

o wew Omwh O pl8h

odpnilmplidir.Burada o§ « O 6° sistemi & . sistemilpg o @ohé r .
Bu tpklifdpn  a k a jptcjlaal kéén énr .

Nptich.P gr & « O6 sistemiBlizaséndap ondagoi & di r s
elementinin bu sistem (za y r é | @k n é pms a | Ip mhdudk funksionallar olub
a K a] ®pdabpHiképrlptpyin olunurlar:

O w o OHENGO NS
Burada ¢ . O6”sistemicw . sistemibqok madér .
ThKlif. Fhrz ecok ki, @ « OO sistemiBlfiz as & ndjx kb d dieditr v

o « O6°si stemi ona qokdna ssiewid e mdimaa of Onfdlank si on

nor mad@inikld t i crteyéenen ¢akpialn meadksiérn.da bazi s t
Nptich. Pglr @ @ funksiyalar sistemb 1ip ,1 10 Hfpz as é ndtpk kh d piedi r

onda onad g ounksigalarsistemd miph- - p,foizaséndk kbdzieditr .
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Nptich. Pgbr 'Q & . ortonormal sistemd 1ip fpz a s € n dx kb d pviesd i tr s
QoND mp, O mp,lENOh - php 1 Hb olarsa, onda bu sistem pstilpn i ™
G QaMm ha dwh dcind mip fiz as éndlxk kb d z iesditr .

Bu halda p=1pp=ttbh al Ipgrp&| &@n mer .

Pdr Q klassikeksponent sistdmbaxsaq, onda géirik ki, bu sistem C “H p
0 “H fozal ar énpkakibbazeitsmitr, | abki ‘™ Apup s tdpt @ameée b a ¢
bazispk k i | edir.
pi KpinO “H hp N Hbfpz as éndapmsad €l akan
0 01 0Q N6 o1 00Q )

eksponentr s i st e mipmi mi tmamll pafi ik & fribbmgospr i | mi kdi r .
Burada 6 0 k ® 0o funksi y'#l amé-aspginaoltunmuk k

gynpt 1 i funksioypmadalrildeéérré akaj édaki Ki mi 5

ifadbol unmukdur :

Buradat O “H Nt O'Yihpgigipdpdlpr - ox !l uj udur .
Pmsal | ar ceér | ak ma pspnB. ToBiladou q thrpfindiprodyfm i & mi wdi r .
p sisteminin bazislik xapri ott i prihdptpdg g edi | mi kdi r .

c Dc BKYYAT

1L.l1jddje .., 10LdMmr dL §HMBdsYjMiss MmMtseBise j dz

yd @er'r s jtcOltstess, [ Olsj 30Isdyj Mcow WdLf.CXO48 Od
15 ) bz tedzO dz

7' ABoMSCd2 [ Olsj BOIdyj MS d2
2. 1 dizOuzsp 1 OL dMmdesMls! dzj Clsster o MdMmlsj d -§ M s
yd Odz' d@ gzj dee'®, -2 6990116 uf. 10
3. ljdzdjo w. . 1 0OLdMmdird] unofeRffjdsjod® 10S i fiatsoijisdEO

1 -
f Oj &30Isdyd McoOw W¥dL d¢ O, ®© 2D dzd U ,2-1 B7msds 4 @Bte dn€ d 2
[ Oy &30Isdyd MSd2 Y ktedzOdz
4 . Il Jd&zOwzss 1. Uu. , lidzdjeo w. ., 1oLdmr der MmMtss.
yd @ez'r st jtcOlststese, rtef@oldejtedpdizyd 2D O ,j w 42, ~ 9,
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SUMMARY
Nubar Gojayeva
PROPOSITIONS PROVING THE BASIICITY OF A
SYSTEM IN A BANACH SPACE

The article presents some definitions, suggestions characterizing the basic properties of a
system of functions and exponents in a Bangmace, and their results. The obtained results make it
more expedient to study the basic properties of the system.

The article proves that If the system of functions §®} forms a basis in the space (0,1),
l1<p<+bD, then f gwea tonneaing tostjosns aqiD,1), ¥/p+1/gl basis in the
space.

In case the orthonormal system {&)} ~~ forms a basis in the spacg (0,1), and if e(X)N Lp
(0, 302U N, 1/p+1 /¢ 1, 1 < p <thisBysterh flormsa basis in the spaef]1) for
any N [min(p, g), maxp, g)].

The issue in which coefficients become Aimrear are studied by B.T.Bilalov.

Key words:Banach space, basis, proposition, criterion, total, result

trrdftr
1 2B Ot | BHY O] ¢

YterfdrrurRe, sduvdt 3t rdsoén 3l
I oY Ry JuouUu? "wrRyU[ S 3 1 AdYy [ 1

] s Ols! j ftoj HiNlsOo dzj dg’ dzj C Blssts
smdets o dz" j Mes2Mlse © MmdMmlsj d3r WEZd€ yd?2
toj L zdz sOIsT . 1 sdzz yj @dzisj B s faj g dz UsiGisjr iy

3

s
me 52 Mmise MmdMisj dg . | o
I fMkOl! j HBSOLT 80 sMW, x/s)s QL tnjl6) sg @O iy La
l dzeddz, tsBIKGC

Lp(01), 1<+ D, bt MdhedsO Wisddqda2 vn:
B OLLd(®1), 1/ p+1/q=1.

I Mmdzzyoj , | hdd stols s dadgesdsts i@ dzdp@®™ 8O fgfldh, g0 f{te
(0, 1) ,ee(gVLy( Mdzdly)0,1%2) NN, 1/p+1/g=1,1p<+ B, b 11O Mmdmlis
BOLdM o 1 tisflstd P dafy lst[mingy @, hax(p, g)]. _

I sftes 5 dzj dzddzj 2 detsfylsd SCsL VNV dydj destse dMmmdz

J

sdzse yjorj BipdaOs o ts ff totsfistc Odzemligjodis],j , B &Ltafdfis,
tojLEzdz sOIs

JH
o &)

Mpgalpni capa bgdim etdi:riyaziyyatuzrp fplspfp doktou,dosentSa hi b Pl i yev
Mp g a |l po Idnauxkldnoyabr2020ci il
¢Capa qpbul25eodabreOCciklid i r :
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Z! MR} D ScFcROVA
Na x - & v p bniverSitetil
seferovazumrud@ymail.com
UOT: 517.97
KKQEYRKXc TRHKPERBOLKK TcNLKK | ¢ N S&NRHcD McSc
CMSALI N TAPI LMASKHCIINL c¢iDWDLU HAQQI NDA

K # ki geyri-xptti hiperbolik fnlik Gg¢tn $rhpd mpspipsindb pms al én  t [aghs® | ma s «
optimal idatpetrp mpsplpsinpgpt i r i | mpgetpipr optimal idapetmpnpzoriyyps i ni n ¢ sul | &
kompyilptpd g i g oduruMpsplplpkn qrad i yent i n  pr o p pdidishplyalgositeni ¢ s u |
veril mrkdkri. opt ipshpsipdpdkpdlé r onlau mmu k d u r .

Acar sozpr: geyri-xptti hiperbolikpn | i k, qgr adi yent jpdpdihgi isoly ek si y a

Xususi toompli diferensial bnliklorinoms a | | ar & n éosolostia préil yreazsié fm z i k

mbsolpsidir. Tonliklor i n a »ohsaa 1€ll @mdodgiq alkhan mahitin mahi xarakteistika-
| ar & nodAcrsi olgr°Osa gop do riyazi fizikada beb mpsdlolorin yronilmpsi muhim bhomiyyot
kposb edir. Qeyd ek ki, beb mposolplor cox zaman gewkorrekt olur [1]. ) d i m o Ipbdkh an i
geyrixotti hiperbolik bnlik G¢ln $rhod mpsblpbsindbbms a | é n t oeDjpsé dptmal sdapetmp
mpsoipsinbgot i r i | mipselplor optenal idapetmd nozoriyyps i@ ni n ¢ s upoyilbtadgi@ n € n
o | u n nouiki mpsolipdp pdodi holl Gsuludk | i f ol unmuxkdur .

1. (u(x,bD,7 GO Y cutiinin

— — DD 06 QOO T o o o YR 1)
u(0,H=0, u)=0,0 o Vi )

ueft 6 of—- 6 oft o o o

u@hly « oht o (4)

minasilmtiorindon t a p épsolpsmpb@<agpburada
Usfu:uy 0 i) (09),—~ 0 thYP ma h
@ OhNOD Mo Ve o ma Qi dE@@WQI Q (5)
_a nf:i’Y nvr{i'ﬁi) VORI Quﬂxmﬁ
Qoo o ok @ 0 Q1 QNG NQ QwdHa i Q i
Qeyd edk ki, (1)-(4)mpsdlos i,  vied f U mk g i y(&)-63pdizgresypsind tors nosolodir.
(1-(4) mpslps | NI ka& a p p t metma mpsolibsthm gotirok: w sinfindon eb 0 @
funksi yasé (1)-(3)pmoedosingn Foli il pbirlikdp

0v o odtn wa'E Vo 0o Qo 0
funksi onal &na ptiwérsmjboradam o wenr idothb.ko-ver i | mi k funk
o0 adP - (1)-(3) mosbipsinin 0 @ f unksi yasadlidimbwyjumk shypedickawée i d.
sinfini mimkadn idapedicilor s i n f i adl andeéer agq.

[2]-dpki kimi gésrmok olar ki, pogor "* 0 0 ho o N O i isp hor bir O N
wicuin(1)-(3) mosoipsinin“Yfoz a s € n dodolliyae. Goez wlunur ki,e N moho, v O i
Tveril mik funksiyal ardeér.
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(2)-(3), (5), (6)mpsblpsini pdodi Gsulla ol etmpk tgln brz edepyik ki, mpsplbdb verilbn
funksiyalar kifayt gpdor h amar dér .

Mpsolpbni pdodi tsulla ol etmpk Gein mixdl @ f mi ni mal | a kK d&dibmilar. ¢ s u |
Qé s a c a, qradiyentingmpyeksiya&s bDgndbd dayanaq(1)-(3), (5), (6)mbsolpbsindd gradiyentin
proyeksi yaiadde dayasagq.lbuw 4¢n2 ni mal |l akdér éeécé ardecéell
gur ul msasstlnan ér :

@ MQi L w _0VU ¢h

U O W _UL U Mi ® L w _ULV U

@ MQi L w _0VU ah
k=0,1,..., burada_ 1 [3,9 8)&]-doki tpsvir olunan Usllardan biri ib secilir, 0 0 (6)
funksional énean gradiyentidir v

OO0 | L UL 6 Ghop [ oo Qo
disturuibhes abfl amém , [ ofoP funksbyasé is

— — @ o1 mh D, 7
[ O)=0] (4t)=0,0 o6 " (8)
r iy mh—2_ 6fiYD -« o ft o & ®

g o kK nosolpsmin Hollidir.
0O wVNwidame di ci sinin ooptoisak | €] & ¢-¢n z

| 0 W U W 6 o QoL ® U ®wQo mh!oN ®
variasional bralorsizliyinin - édonmpsidir, burada 6 o 0 [ ofd (1)-(3) w (7)-(9)
mosololorinin 0 ¢ u 'y ] wlhoridih Qeyd ek ki, (1)-(3), (5), (6)mpsdipsini pdodi holl etmpk
Ucun(1)-(3) sorhod mosolpsi vb (7)-(9) g 0 K noablbsm pbokpkisulu [4] iib holl olunur.

2. (uxn,7 CON Y citiinin
— — 6 V— Qa0 T o dm o6 "Yh (10)

u(0,H=0, u)=0,0 o Vi (11)

ueft 6 of—~ 6 oft o o pC
u@fiy « obmt @ a (13)

oND U pT

mulnasilmtiorindon t a p épéolpsmpsb@«agpburada
U={u:uvy O Y] ((0,9),—~ 0 mhHYD mto h
® OPpNvo mah Ve Th—s ¢ T Qi @EWDQI Q
a vnﬁ’Y _mn Fj R om0 Qi ﬁamgmﬁ
Qoo whh ok @ 0QI ARG QQ Qwda i Q i

> oA s

(10)}-(14) minasibtlorinin édoypn O @OMO @ citiiro mumkin cit deyilir. Brz edk ki,

6 v & miumkincitor - oxl uju bok deyil [5].
(10)(14) nosplps i n i akKaj éd apkt> mosposinD rgatinpk: mudchlelin  cibr
-oxl ujubdBhfel cegt ¢neg tapmal é ki, o
b 6FD g 6 ffYp -mnm% OGP 6. afd QQO o U

funksi onal &navemin burate. ooy ¢/rmi | mi Kk funksiyadeéer .
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Bu mpsolbni pdodi Usulla ol etmpk Giglin brz edbepyik ki, mosolpdoki bttin veribn funksiyalar
kifayot gpdor hamarf unk si yal ar deéer .

B a x € Ipsaloni pandi Gsulla il etmbk ¢ - ¢n gqradi yentin pmoyeKks
edk. Bunpsolodbgr adi yentin poaoayakéead §lals@&] grsan u
| NOTRVIS 06 | h
U 0 @ _0 oM Qi | @ 06 M Th

0

f MQiL w _0o

k=0,1,...qayda&s pgur ul mas£€Ilnan ér [3, 4,
O o -(15) f un Wyogoogadiyen

cBr
o of .

oafo |
Qo
T w
disturuibhes abl anér .
Qeyd eak ki, (6 (x,),0 )N Y wc ¢t ¢ n¢n piledeoed tainman e @i ¢k ¢ n

16 oo
r od"oﬁQouw 0 ®Q® mh! 6 V7Y o

kortinin 6dbnmosidir, burada ( x , t )  foyxpitamedigisamsuéy 7 u n(12), (14) jwsdlosinin
hollidir,] w0 funksbyasé is

~

— — 00 — 06+ 0 0.ad (@O Oh (16)
[ (0,)=0, ()=0,0 o " (17)
r(fm mh—— 6 YD - o Am @ & oY
q 0 K noeplpsinin 6 (afd ) @ cltirou y § wiidir. h
Qeyd edk ki baxeéel an psoopirti holmetnok & in d 381X 12) a(14)mserhod
mpspipsi o (16)-( 1 8 )  qpedliksmsbpkoniisulu [4] ilb holl olunur.
c D c BYWAT
1.sO0BOdzdrddz . R. [BteOlsdzr § d daj Ststetej Clsdz" jo 5, OH O
2009, 457 f.
2. dsdzip r . [ . 1 JiStlster j MEISIQWGO@ﬁ”FdZd‘@H@JI{dZinZJ?
3.JOfr]cfdzJJa ALl [T dglsHT tjhjddw CMistej d3Odz! dz" = L
4 0BOtMCd?2 ¢. ¢. uvjittedwVw tOL dBOglsd: =~ Majd3. [ . :
S./ddefnp r. [ . vfwOodzjdedy Mddzczdzv teder d3d tc O8pBftE.J H Jj dz
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SUMMARY
Zumru d Safarova

NUMERICAL SOLUTION METHOD OF FINDING THE
COEFFICIENT OF BOUNDARY ISSUE FOR TWO
NON-LINEAR HYPERBOLIC EQUATIONS

In this study, the example of finding the coefficientia boundary value sum for two nonlinear
hyperbolic equations is taken for the calculation of optimal conte; sums have been explored
using methods of optimal control theoiithe algorithm for numerical solution of sums by the method
of gradient projetion is given. Both optimization sums are solved numerically.

Key words:nonlinear hyperbolic equation, gradient projection method, numerical solution
method

trrdftr
1 Ed3dtczH v OW Otets

It ovry LS 1Yt fewr rfc rdom v fJRLUT B
IRY[tA4JJRY[H#SRM UL OV [VRE [ YRe[J [ 11VL] #
tCZrL1URC 1ML rr\VRC SJ{SCAARAR[LUDO

] ©OoBsl] ¢ ocftsfk GfksddEOd dscts bfwOs dj dd

Cst WWdydJ dis[Qdze? ctcOH OYJ HdzWw Hoeolkzrs dgj dzd dzj 2 dz' ~

dmmdzj Hise Odar dztso ' § LOHOYd M f§tdish i s dB3j stsH s

Odze stedIlsdz ydmdzj dzdzse s tojh jdzgdWw L OHOY BjIsSHESA ¢ tcO
BN dzd tej M j dz" ud mdzj dzdzts.

sdzt yjomdazgp@®@ddzej 2dets] cdf jteBtsdzdyj MStsj EZteOo dzj dac
B3 ssH ydmdzj dedetse s toj M j ded W

Mpqalpni ¢capa pgdim etdi:riyaziyyatizip folspfp doktoru,dosentSa hi b Pl i yev
Mpbgal p dax il8noyabr2620ciid ur :
¢capa qpbul25reoddir PORGCIKID i 1 :
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ELMAN MAHMUDOV
UOT: 517.97
TRKQONOMETRKK Vc HKPERBOLKK FUNKSKYALAR
cLAQc NKN X! SUSK HALI

Mpgalpdp mpgspd trigonometrik funksiyalarla vhi per bol i k f undagpi yal a
yar at ma q dggalp.vahiB gevpiipv a hi d hi p e Hesalbbab sxemnjd ibtifadp g
ol unmukdur . Sonrpandpuxayarindgqphd per Ylomak ¢ gr .

Bundogbhni n or di npouledrfik ma@ disu £ € @ € pvanedicalmintoxurBna q ° v
noqtsi ilp qovs npprkpz duz ktlp birlpk di r i | mi kdi r . Al énmépsi ild ¢ z b u
triqgonometrikph i per bol i k f upagmsyiay alda&rl merkadsLeédnd a

Acar sozpr: vahid ¢evp, vahid hiperbola, hiperbola asimptotu

Trigonometrik whi per bol i k f ublakpydrayread (gin, vahid gavréowvahid
hiperboladan istifamleddk. Mplumdur ki, vahid ¢ewnin onliyi belodir:

X2+ y?=1 (1)
Buboralor | i k p ackildoiselelby akz: &kl e r
WEt 1 p 2
Vahi d hipeotobdipispaxai edadkeée ki mi dir
x%-y?=1 (3)
Buborabor | i yi n podirsabelsit: r i k K
QO Qo p

Vahid hiperbolada, hiperbola asimptotu dhébyin olunar. Mlumdur ki, vahid hiperbolada,
hi perbol anén yamotéddoyiro x| ar € akaj] édakeée kK
a=b=1
Bu iso o denpokdir ki, vahid hiperbola dizuc aql € s & kom@nthrhgperbolao | u r .
asimptotu birinci » Gglnct rikdr i N kor di nat bucaql arpéilpeahidy ar éy

hi per bolbainyéinnib isregx ekiooki kinki goethnml a o I Dixr | ( k) . Hi per
asimptotunu dnliyi isbw -w - oolar. Triqgonometrik e hi per bol i k funksiy
plagp yaratmagq Ucgtin vahid hiperbolaoiindp ixtiyari M ndqbsi gotlupk.

YA}

1 _E

< TIQT sht

v

X

cht

Kokil 1.
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M ndqiosi hiperbola nogsidir.

Bu nogbdon OX koordinat oxuna perpendikgdr diz tt yendiok. Bu diz xtt OX
koordinat oxununis i EnGgbsinipilpi ko@&ddk. Sonrap néqibsini morkoz gpbul edrok, radiusu
pM-Dborabor ol an qq°vs cézaqgilpkoB u mxngdiosinsNjlni koaiok.iBdrada e v r
Np=pM=Shtolar.NnoégosiniOk o o r d i n a t pdizackt Vasiosijilobidog dok. Bu diz xttin
OXkoordinat oxu bomplogot i r di ye ilDb kp®@dek] Buradas b u c a ] € mtéradiamdai y m
gobul olunur. N ndgtsindbn OX koordinatoxuna NF perpendikulyar diottini kecimk. Bu zaman
Nnogosi ni n koor di nat bttaN négiosincd aahid gevyp toxumail olad. Bz o x

demok di r ki, ONp ¢-bucajeée d¢ otadiuswy gdiugun yec-ntsginda q o |
¢cevmyb toxunana bm i pperpendikulyar olur. M négsi vahid hiperbola nogs | ol duj u ¢-¢
koor di nat | mop=ehtolaMpBura8at hipenbola sektorumsahin iki mislino borakordir. N

noqosi isovahid cevonégos i ol duj u ¢ - ¢ n U'®naénivok @oir @bshat | aKec

isb trigonometrik W hi per bol i k f umkg ¥y § B A &8 ma g rodirdgkinQ@hgl . Kk
d¢zbucaql & ¢-bucagki2na ayrel eqda baxaqgq (Kk

BO vy ¢ d¢okily wkkdon y az &Q0dqe: V]
ol duju 0H-"Quamt » ol ar . Onda
dé¢zbucagl @ ¢ - buc@iqd «odlad B |
zaman O0 0 wTt -« olar. Yemdokokildon y a z a

on 0 6O D wEi
(4)
& d¢zbeu-chaugclaéqg ol duj u ¢-¢n
0n 00 "On

)
Bu komiyyotlorin giymotlorini nozorp alsaq (5)ibelby a z ar € q : kokil 2.
QO Qi XD DE e (6)

Buradanisy az ar é q:
QO i O€ QO CAdR0E i cwé b
QO i € Qo c&@fﬂ)gl 0§ ¢ T
PP cukeBE i -
Onda yazar éq: o
B30 E i *p (7)
Buradan WE [ o— (8)
ol ar. DKAGRI i s p (9) boratorliyindon istifacb edorok i Q¢ trigonometrik
funksiyaseénén holagpgni yin édbk.k f unksi yal arl a

9dan yazaregq.

[ € p wét (20)
(8)-i (10)-da mzorp alsaq,
[ Ot p WED p dendli,i "Q¢ «— bunu bebdp yaza bibrik.

i s 0B
Kndbi8yinvw(1ll}i n dojrulujunu yoxlayaq. Bunun ¢-¢n
QO IO p

Boraborliyindp (8) vo (11} nozorba | a q . Onda al ar éqg

L i oeaine o

WE ¢

Buradan— i €8— p
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p i Q& GE ¢
Getv wee POF
olar. Denmli (8)-i vD(11) dizgundy i n ol unmukdur .
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2.1 § to 3zl to O BO detsiosdtaO s ¢ P Is | d3ONsts{duiz®) dzff 1100 Iz, 1991

3.El man Ma h mo &ahmudovaK [Tragdnometrik oy hi per bol i k funksiy
Azor baycan Reaespiulb| N&zaisreMidymiocr Ka xXtbeleora n 2,0@43 - 2

SUMMARY
Elman Mahmudov

SPECIAL CASE OF THE LINK BETWEEN TRIGONOMETRIC
AND HYPERBOLIC FUNCTIONS

The purposeof the article is to establish a link between trigonometric and hyperbolic
functions. For this purpose, a joint reporting scheme of a single circle and a single hyperbola has
been used. Latea random point is taken on a single hyperbola.

An arc is drawn by considering the ordinate of this point as a radius. The point of contact of
a single circle is connected with this arc by a straight line from the center of the arc. By means of
obtainedright triangle a link has been established between trigonometric and hyperbolic functions.

Keywords: single circle, single hyperbolayperbolic asymtotes
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Fc RMAN QOCAYEV
SEYFc DDKN Cc Fc ROV
Nax v@anDovlpt Universiteti
UOT: 628.9; 62.32
K KJ IN KVANT Nc Zc RKYYc SKVec FOTOEFFEKT HAD KSc SKNKN
Tc DRKSKMETOD KKASI

Kéjéen Kkorgpwkumaghr k xabddij ssmlup rgd°psnt plv ipmi ,h ai
el ekt ronl ar én mafddtpadeéinf eglotp alr &&d imafs<sei di r .
El ektromaqgnit) Kgthsénén i ( bkeéenmaedndpdpn el ektr

"fotoelektrik effekti" vp ya Btidaneéfektpbpohhbd
himin el ektronl ar fotoelektronl ar , 0 nHotaefektn y a |
hadi sipksipnrii,nbsd g i We&kirhfpdiplfr barpdp mplumat vernjk

Acarsozpr:i k,@lgt r a b [fatoeffelk plya di spsi, a&aad ja npzpriyy

Bu hadisbni kl atsisimkx dii zi KKl agahk edlbpekbpkayad

yayeél ér. Lakin m¢gasir fiEhglohpa gOtonliaceéegehnpm
dofpo-ci88717dbp Henrix Hers gbprgi wvikipkial k@emda olka
bok al manén asanlkhikrd.e J@,n ée |teokpamié keittbroi k 8 m& s@® ¢z a drc
ultrabon®vkbwindegakapha okwéaqr araséndaegenel
gestormi kdir . Qéjelcéem bokal maséneéen yadaaladad €1 ma
i kéqgl andéaraché&md a alhak &li -viekr dgi pyrigniin Im¢kddapbmi bdaok €ég témi
tobi bt i y 0 X, mbhz korpuskul yar tobi bt i ol m
Fotoeffekt hadi sbsi i l-oi tialrd x DAldpam¢ x| ibmi hMdidli k
etmikdir vbp o, g°stormikdir ki, Hersin m¢gkahi
sahbpsindbp s¢rptlonbprpopk bpbtrafdaké gazén ionl al
hadi ssoonbiprbi o d &ZDrinbo d¢KDN I K&J] én tezliyi k
el ektronlarén -éxmasé il pl)bplvagpolwarhadidaug ui rKae&jk
katoddan elektronl ar e -éxmaséeybksbnbzghrol keg
izahe i1l k baxeékda -pbtinlik yarat-méerderi Dojrud

9 elektrron
S = Y 7 & ‘r‘;:\‘

kpkil 1. Kkéq kK¢al ar énggonp napssé rhadil spp sme
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perpendi kul yar i selektrif a macitl satnipidndon ibamtoplan ekekironmagnit
dal J i 2¢me(al|®th|nnd ¢pmadb elektrik salnsi elektrona

o= (1)
gésvvbDsil b tosir ed|r Vek tornaun ump crbugd  a mmlsipt ugou
met al én sbthindbp kbpnar -éxa bilir. Bu i zahat
ol duju kinetik enerjisini, ybpqin ki, d¢kbn d
dal janéemdem,eryormii | K&jJ én i nt e-0890-cvd iiylilnodrodnp aRsued
Aleksandr Qrigoryevi¢ Stoletov (18398 9 6 ) , Ktaliyan f-1921)kbi Augadsm
asél e of magpaf gkt hadi sbpsini t m Stolgtoy ifaoeffekt | | a
hadi spsinkophpopo@gboogi gdbprt | i nbpticbolobr Dl dbp et mi
ol ar aq, el ektrodl ar araséndakeé gbprginliyi ki -
K¢al anuléetrraabamn® v k i twgdmnmémomsnt pr di yi ni m¢DYYD
tDsi ri il b yaranan c¢cbrpbyan kKiddptinin intensi

kpRi.l Kkeéfj el ektromaqni t

modeli

1898ci ildp alman fiziki Filip Lenardhom- i ni n Co n T osiisipkatoddax ggpan t
yukli zorrociyin xUisusi yukunatoyin ecbrbk mibyypbnlok d i r omikik dbmih yukli zrrocik
lektrondur. Tocrikolor gésbr mi Kk di r ki, opmgarica fotdedfekt,imaer a v emi K i m)
tobiotindon plavp, onunsothinin voziyyotindon dba s é | éttd metal sthid ¢cox kigik ¢irkbnmpsi
fotoel ektronl ar én pseg gisbsr.Onaygapsd® remardob a Kk Qalygkét St o
tocriibosini bkmillok dorok, biri tor, digori iso musov i okillkiki elektrodu batareyaya bk dorok
gur j unu oovakiuntda yenkkdd or. ¥akdum borusunun daxilimdK vb A misbvi metal
elektrodlar sabit mpyan npnboyinin qutbbrinb birlok d i r Dkil B)r Moffikqitbo baj | anér .
Bunlardan birincisi, l)-doyma orpy a ©@&n i koi(Weesiasxil aoygc el igyi n ol me
koklindon gorunduyd kimi, or gi n | i y i mfotoaoroy anra S @royi & m D aogatmetnd
Olcalir). Gorginliyin mipyyon qiymotindd (Ud) corpy a n btk dognth giynotinp (Id) - at @ r v
gorginliyin - s o ar & & eodyna ra piain ldudjiynoti praktiki olaraq @y i K Daoyma orpyan
K i ofinih giymoti katodun sthindon bir sanipdd g o p a n fotoel ejtlocdinl!| ar é
mutnasibdir.

Q= "0QAe (2)
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kpkil 3. 3 Fotoeffektin tpdgig
| ankkat odu ¢zbrinbp X¢susi kvars pbncbrpbodbn pa
K¢al aré udur , kvars isbp ultrabhomi°vkmryielkeglatl mo
El ektrodlar arasénda gbrginlik U voltmetrlbp ©°]
goprginlik doyixkdirilir. Katodu ikéeqlandér madE€
vakuumda vy ¢¢kaxakwery,ecledtodu i kéqglandérdégda i si
-ataraq d°vrpdbp cbrpbobyan yaradéRI| arl.ekDo%vwrdd car

gor gi nU)i kacseernl é(l ej ewo-a mp st Dx amadeywre i ydt i kaseé
Fotocbprbobyanén el ektrodl ar ar-hs egddaker iglomigk

pyrinin ki Dsas xarakteri k cbhoti di ggnpti CD
71
! I,~-doyma carayam
l(l"' — S
E L
&'
"."7} :
Ug-saxlayici garginlily"ll’ 5 i
7l e 77 I Y 7
Kpbkil-agmpeVolxtar akteristikaseé
Bunlardan birincisiKYdd oy ma cbrpoyané&gismax|iakierc@i giprigs ml |
4 kbpklindbn g°r¢ndegye ki mi, gprginliyin art ma
ol - ¢l ¢r) . Goprginli@dcompywand ki ddyp nild)idaodoma v q i

gor gi nl i yi n s oomyark stnirabudyiydmi eraktkaolamq dy i K mi r .

Doyma orpy a n pinin giyanoti katodun sothindon bir saniydbgopanf ot oel ekt r onl @
(n) ilbdiiz mubnasibdir

gy o — (3)

Buradami el ekt ronun k¢gtlpsidir. Fotocbrbyan s
yaranmeéer . Kkeéj] éns=doesk | opuni idbgnemuoéiegebgodgyh
gi ympti doyi kKmi r . Dempbl i, fotoelektronlarén
eyil . Kkéjén intensivliyinin sabit qiymbptind
sb saxl ayecé a@bprgdisnipirk rarktiegr .f oBw,el ®ktronl ar
ezl iyindbn aseleder. Bu nbpticbp Stoletov ganu
D

x~—Qa

l1Kat od ¢z|or|n|o d¢kKpn K
ektronl arén sayé) |Ké]én i tensivliiyi
2. Kkéején tpsiri |l pb gopan el ektronl a
i ntensi vl iyi nidkpénj éansetleezloilyrﬁam/iénb artmase il
3. Hpr bpi r¢g -manddf ot oef fektin germezeée sbpr
tezliyindpn ki-ik olan k¢alanma fotoelektrik
Topcr ¢bbpdp m¢DyyDnN ol &@a gayk etdiyimiz Kima, Kkiadsila fizikg y u
nunl ar éna Dsaslgammkgmaag | maale Kk @@ mb k ¢ gyn ki b u r
tensi vlikli istonilbon tezliKklI: el ektromaqni
rmézeée sbprhodi m°vcud ol mamal eédeér . Lakin bu
xanbbiunl-gcik i1l19d Al bert E y n kKvaatyrozoriyyosi vasibsilbn d b n
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fotoeffekt hadissi vbo n u n g artoroflinzahactugur. @na gdrdp, fotoeffekt hadiss i i kKej e
kvant rozoriyypsini tocriibi bsdig edn muhum hadordon biridir.
1905ci ildbA. Ey n kPtl eaynrk,é n i rz@&iyyBsimobn kistifaometobrokn, i Kéj] én vy

K¢ al anmas@nduddneayw yla,y éH ma s é nfél bkew & n tH yanwd®@%%ebyank (1 ¢
verdiyini for z et mi kodi ri:ck @t esi(mll ek tproornsaigynailta r d &l jbausréan

porsiyalarla da udur,dm dbcisimlor | kDiEZzjorea gimy al néz por sbyalkbaélk & au
i keéjén ©° zswalactjans(ldorpwmlladprolbamt dir . Eyondt ekn, gP g€] a

U= 3 (4)
enerjisinp mali k olan fotonlar seld] Ki mi baxée
edbon bu ZDercikIDnyawkioprShu(yan)anbaéqikéqbb
hi potez bpsasénda Eynkteyn fotoeffektl asanl eq
d¢kpbn foton enerjisinin bir hibs tronl
-éxeékK i Kinial g rigil snmossinpi, sm sSbDTr el ekt
enerjisinobp sbprf olunacaqdér. Bi t Dr
udul masé ehtimal é c¢zi dorbocbodbp duj ut
el ektron ©°z enerjisinjimyeal wgdeot]ll Jan a
deyil dir, yDnNni hpr bir udul muk kKtror
el ektronun cisimdbpn -éxékKk i Kinb dbor s |
el ektron cismi -noz&r ccmn,r . hBu mi° et al
d ¢ K Dzimlnha ener ji sini ayreca bir verrt
el ektronu saxlayan rabitoni gérmaq ¢-¢n ki fay
il b azad olunmuk elektronlarén enerjisestb foto
enerjinin saxohmddrasé ganunu °d

MM 0 0 — (5)
Buradad i elektronu cisminghindonkbn ar a - élxeteldom w i at omdan gopar ma
ol an enerji ( D Gd)nnlyikEnyan K d [meleyiraj ditsain)é r v Me Dwallil ar én
miqdarda srbps t el ektronl ar 0fhP v e fipdabor ogbticrmolf alan dBebik b,
metal l ar ¢toniyn Eynkteyn

— 0 b (6)

koklinod ¢p Sonuncu ifaddon gatindr ki, or bir qopar él an el BBR©Dr onun
forgi mibyypbn edr . brdig< O olarsa,ha 1 O ifadpsinogdm, ©oh¢ ki K€ g kvant énén
i K bnradolur, bumbbbdon db, f ot o evdrrhireBki,tonu lydEKr ki,

h3a '@ =0 (7)
kortiilbtoy i n ol unan mi nobbonteilikbthepZotoeffekt yarana bo€ wundan kigik
tezliklordp isp fotoeffekt m¢, Kk aptoil di n mu r ( f ot owmhibddiep Bebliklp, fompeffekiné z &
hadi:s i yha©Otoeélzd uqda b a kosiilb&yiniolunan tézlik fotoeffékaydrada bil pn
ki-ik tezlikodifot@®8numheehek,j idgixborabon | eolyirdbntioyino n u n
olunduju osingn (7) i1 fad

- ®)
kimi yaza bibrik. Metal Uorinod ¢prk | Ke€J én tezl iyl azal deqca (
sbthindbn g opan el ekt pteziiyinalvb& gymstday & aa zZal &riosM f bawe
vermir. Tezliyin bu srhod giynotif ot o e f f e lghthpdna dg éarnneérz. é

Gorimn i nterval éonaveguqgédmépal bl a]jaux@arg®al ar ¢

uzun doehbdjda | éi geehod eédzl éa nsd é r é bsiadon.istifgdBedd®k) metallaraiglin
sorhod tezliyini hesablaya lotik. Ai- é x é Kk 1 K m edpaelektrenwolt (V) 4ok Kk ibli r
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etdiyincbn ’ — qiympti spektrin géribn i nt er v al € mi,ametallatda btgeffekt D e m
hadiosi gorumn 1 kogiffilema kK v er i r osiniKredvlodd ®@a d e rorhalmdang s
uyj] won g kK é&qg q ém Meyigudralon € ayikd s. oldbibr. (7) - i (5)-da rozorp alsaq,
Beleliklp, fotoelektronun maksimal kitig enerjisi

0 qay 9)

Y -0 wg (10)
al areq. Adore r @ hic €n ¢ rf akbiginliyinsgeympti &ayod ¢zm@inD d ¢k | K €] € n
intensivliyindobn as él & ol mayy® bgs &@lnachért.ezI|l i yind

Fotoelektronun maksimal kinetik enerjiod ¢ K ¢ aekligiara® nd a k e okihsg € | € | «
diz »ott verncokdir.

Sezium

Kalsium

v

kbki Fot 6el ektronl arén maksasranaéd ptkalmfetqrkafeinleir

D¢m i Kéj emitnmezinisyivhii yvni s pthimiadasing doyxi | kardii €rb | I

tocriilo apa r é Ipksl &-da kkémi grafiklor bldp edilor. Bu woziyyotdp for q | i soargirlilka y € c é
m ¢, K apledilrdolidir. Fotoeffekt hadiss i i K € ] pebnilyypdinv tecmiibdp tbsdig edn mihim
hadioiordon b i r i spg gagal cesmink ¢ BlEalnmaséj halkémda oludada
fotoeffektini z ahénda d abioti IKié | & bsasksad klassik fizikeotinliypmor uz gal dé
Bu, Ey mefihdeny ni ké ] émeoiyyo® it minn ny a r etidlié Homen shézoniyyp g
fotoeffektin  batin toc r ¢ b i gumluwnmluay gifdgygotip mg a h et di . Kk é

nozoriyyposininbs a s € n é n g ohpnoid na@Aiyy®ymgam A/l bert Eynkt eyn Nob
Q921 ayi g g°r ¢l megkdegr .

F
1(A)
v=sabit ,E=sabit
e :’, 45 doyma carayam
// // )‘/
P :
» 7 £
e /n/ J(f
/ / >
; i Vi(Vv)
-‘lsl _‘SZ ‘\3
Kpkil 7.vidabntemneizVvikkdp dpyi kpn spth mad
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Laboratoriya i K .
FOTOEFFEKTKN TcCR} BK YOXLANI LMASI

Kki mspdmM¢ asi r  foikeant kpzotygosininy ar anmas énda mg¢he¢gm
fotoelektrik hadiss i ni n ar akkeg ék paseéné&n kvant Itaralama &
stbut etrok.

Cihaz \pb Ipvazimatlar: K Kk &pgbbyingalvanometr, voltmetr, reostat, sabirmyan nonbbyi,
mikroampermetr, acar.

Mbnbp: fotoeffekt
https://sdu.edu.az/az/physics
https://www.youtube.com/channel/
UCFK _lePky500fOuH94QrAgw

Q é sapri mplumat:

Simulyasiya fotoffektin b a k ak Uglig istifadciyp kompk edir. Madanin UzrinDi K € q
d ¢ kK dbdokod udulur (srbost elektronlar vakuumda foton uda bilmir), elektronun enerjisi orta
enerjibon - ox ol ur , opthinbo/lack Llejnd am &hri. t pEDe/a Ham énsiénn €b i-ré x
i kpisoif edir oxarico- € X ér .

Elektronlar maddni tork edorok otraf foz aya ( babk ga € g h smyp xaribiu  h a ¢
fotoeffekt vb ya fotoelektron emissiyad ey i | i r . El ektronl arén meta
gorulmosi zorurpt |y adeffelddamef yodka n a pnéckimié@ar ,d i ol nhi b elektranliarm |
b ur a x mabsingb (tbrrmatleksron emissiyadap@zini goswir. Tocribodbi Kk € q K¢ al ar é
borusunun daxilind yerlok d i r A inimslbt iklon mi Kk ( an o dorinpd |, € lp anodurd ¢ z
sothindon oKil¥8 ) i Bsié iipgapantelektronlaK k at o d un a  dooh muoxokotediri g a m
dovmdocoooy an yar adér |l ar .

Ao [ e

Vo ¥ r
=
(=] |
o = = P = ‘)
= P \
/
Floktrom axama -~ lIll)(‘l‘ll)(-ll’(""\
N oltmre tr
)\l/\’ Fmatarenh=a
il
Potensiometr

kpBi.Il Anod xarakteristikase

Copy a n € n s mginlikdolyagsceel pigl -®da @6t bn pyri ilp verilir. Corby a n € n
todricon azal masé azad ol oif voaur kaoséatpdekkdby ripksubtcenral&k n - my¢ x t
o | mabszéh olunur.
VKRTUAL LABORATORKYA KkI NKN APARI LMA ARDICI LL

Eksperimentif®bPwiklt amaaqf dgsdgiinpph k aj] dgigppmg ° s t
ardécelmyeitlar yerin

1. Fotoeffekt hadissinin dypnilmosi tgtin material secilir;

2Mater imli éomdg&ale] én daihtgnavliyutzyio ediliru] u v

3.Kk épgboym psiadr é n & Wa v e | e n goginiabn istifacb édbro ietoninlond 4 @] € n
dalja uzunlibuogjamymnu g°te¢grm

4AVol t age A pspvasibstildgorginlildpymi K d ipgorigihliyirrhor bir giymotinb
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uyjun mi kr oampiewimege yi dn ofiPusmpuerr. xSaornarkat evfoi st i kas

5.D¢m i Kéjén dalja wuzunl uj udif giymptiotindo toanibo 1 n t ¢
tok rarl anér ;

6.D¢m | KE&J] én i noyyennbg giwrbtindy, i ndianl Jm¢ u D mixkbitgcu nun
giymotlorindd eksperimentokral a ncekokil 9v- d a k € Kk iorpyi a nféeant osgerginlikdog € ¢ €
aséleleq qgqrafiki qurulur;

7.D¢m i K €q t myyo birgiymotindp, intensivliyin io muxwolif G¢ qiymotiorindp
eksperimentok r ar Ipaokild0-dwa k € Kk ioroyia nfeant osgarginlikdoy € a & gdfile@ | € g
qurulur.

(o]

A

Fotocarayan (4)

Saxiayici garvgindik (U7)

kpkil 9 .Sabit intensivlikirdp fotodorpy a n € n s f[aginliképryaesceel egl e q qr af i |}

intensiviik 1

intensivik 2

intensiviik 3

Fotocaravan (A)

\ /

Saxlayici goarginlik (V)

kpkil 10. Sabit tezlifkdpfotodorpy a n € n s [agmnliképyaéscéel &gl é q qr af i k
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.,;@;; Photo Electric Effect Beee

Intensity of Light: 20 wim*

Voltage Applied: 7.3 V.

Wavelength of Light: 100 nm

eeeee

Result

Amirita Virtual Lab Copyright (C) Amrita Un

http://amrita.vlab.co.in/?sub=1&brch= 195&S|m 840&cnt 4

SPEKTRAL RoNGLoOR

GORUNON
INFRAQIRMIZI 181Q

YUKSOK ENERJT

MiKRODALGA X-50A

Dalga uzunlugu (nm)

380-450 nm
450-495nm
495-570 nm
570-590 nm

Narimci 590-620 nm 2 05 0,0005 xaxon
620-750 nm ENERJT  0.000000248 0124248 4952480 2480000 slekiron vol>

1sm =10,000,000 nanometr
M¥VZUYATAEISDLPR =
. Katodun Gprinnod ¢px K ¢ al anmaneén i ntentseizvliliiyyiinnii asratbéirtd é
komiyyot doy i Bz malar?
A. vyal népy adnoéy ma c

QAMMA

B. yalnéz elektronun katoddan -éxeéxk i Ki
C.doymaopy anbé éX € K i Ki

D. elektronlareén malkxi gkl get i kK enerjisi v
. Fotoeffekticdi Eynkteyn d¢sturu hfsdmsidi®@ fundamental q
A. impuls momentinin sax|l anmaseé@

B. impul sun saxl| anmaseé

C. elektrik y¢kenegn saxl anmaseé

D. enerjinin saxlanél maseé

. Fotoeffekt zaman[ﬁlm-éxéhéelléek’tronlarén sayé
A. d¢gkkéj]jén omntensivliiyind

B. d¢kkéjéom tezliyind

C.katodlaaod ar ass@&@dod akée m

D. yalnéez katodun material énda

. Fotoeff ekt obitma m& kiak € jod ru nhua r? t

A. dobiotj a t

B. korpuskulyarl éj é

C.md a | jpdokorpaskulyar pbioti

D. fotoeffekt hadissindbi k égbitn tak kar ol unmu

.Fotoefflk t zamané hanseée hal da f enerpsedalabkdyikolard ar én n
A. yalnéez -éxeéex 1iKi bey¢k ol dugda
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SUMMARY
Farman Gojayeyv, SeyfaddinJafarov

QUANTUM THEORY OF LIGHT AND TEACHING METHODS OF
PHOTOEFFECT PHENOMENON

The article studies the photo effect phenomespitting of electrons from substances under the
influence of light and it is one of the phenomena indicating that light possesses a corpuscular property.

The process of splitting of eleonhs from substances under the influence of electromagnetic
radiation (light) is called the "photoelectric effect" or "photo effect". Under the influence of light,
electrons released from the cathode are called photoelectrons, and the current theyigeateate
photocurrent. The article also provides information about the photo effect phenomenon, its working
principle and physical events.

Key words:the light, ultraviolet, photo effect phenomenon, the wave theory, the cathode
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XURAMAN Mc MMc DOVA
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MAVK LED ¢KPLcRKN METAL ORQANKK KKMYc VK
EPKTAKSKYA | SULU KLc ALI NMASI Ve Tc

Bu npgalpdp biz GaNpsas |l &€ i kéqgl anan dipsitdnardeamégmERE q
olaragq, nanometr dl¢cull coxgat InGaN/Gapbjpgpl i LED st etal @ganik Qaz Faza M
Epirtaksiya (MOCVD) dsulu [il 2-diym olculi (OOOZjstiganftindp s apf i r |randlpt | € q
yeti kdiri lbminegdnirk.r oammaadéeér ma texnol ogiy®dlar e,
vasifsiilpGaNps as | &€ mavi | kKé dilazrean adime dgrid@EM.0 4 EPDR t Ii
apar él mekdeéer . Sonr alpim¥AXis € | AGa /1 Gg B tbshdlB.D i KA X
gor ginliyinintpy$n5¥diol shiugdi m¢ Onl ar gdngi el eekdtirlomiyg¢
Nptichdp CIE 1976 png koo di nat |l ar énén pdOmiLiBéent ydal RPa6 uvy
g=451nm pylicdujeditl mi kdi r .

Acar sozpr: InGaN/GaN, mavi LED cipt, Metal Organik Kimjvi Qaz Faza Epitaksiya
OCVD (Metal Organic Chemical Vapor Deposit)on

GKRKK

Son il lpopranl par e mke-oil oili paasc| cabdbsil pdombpl bl
vD tbotbig olunur. -Rjbixklegkmointhmil mriisti-fiadddiln
sbpbbob bu birlokmbpl borin gR)AN, arGadNl wpmu mWN gma o ¢é
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¢ - ¢ N ma vLUED-lvmr dubBn
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Y¢kspk keyf.i GalN
-iplborin yetickdi
ssul u mevcuddur ;
Epitaksiya- MBE (molecular beam
epitaxy) vD Met
Qaz Faza EpitaksiyOCVD (metal
organic chemical vapor gesition).

pP-GalN

Adctiv mona (CEIC)

Biz budompopM@C¥W¥D ¢sulu ilbpD
pl dp e dstruktumiin k- optik k p k ilnGaNIGaN strukturunun
xassbplbrindbpn vbD sxemati k tbsvi
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SUMMARY
Seyfaddin Jafarov
Khuraman Mammadova

DETERMINATION AND INVESTIGATION OF BLUE LED CHIPS BY METAL
ORGANIC CHEMICAL GAS PHASE EPITACTION

The article exploregrowing GaNbased light emittingliodes (LEDs). First, nanometsized
multilayer InGaN / GaN layer LED structures were grown oniach (0001) sapphire base by the
Metal Organic Gas Phase Epirtaxis (MOCVD) method. Then,-Gad¢d blue light emitting diodes
(LEDs) were developed by sealemicro-installation technologies, meza abrasion, metal deposition.
SEM studies of LED chips have been conducted. Then the VAX of the blue InGaN / GaN LEDs was
measured. According to VAX, the operating voltage was determined to be 3.5V. Their
electrolumnhescence has been studied. As a result, the CIE 1976 color coordinates x = 0.156; y =
0.216 and the dominant wavelength was determined to be [ld = 45 Inm.

Key wordsin GaN/ GaN, blue LED chips, Metal Organic Chemical Gas Phase EpR&YD
(Metal Organic Gemical Vapor Deposition)
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SUMMARY

Aygun Sultanova Naila Gardashbayova SAma Hasanli

FERMI LEVELS OF SPECIAL SEMICONDUCTORS 6
TEMPERATURE DEPENDENCE

In this paper, semiconductor crystals with free charge carriers (electrons or holes) in static
(thermodynamic) equbbrium with the oscillations of the crystal lattice are considered. Since the state
of a system in thermodynamic equilibrium does not depend on the mechanism of interaction that leads
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it to this equilibrium, we study about the mechanism of the interasfielectrons and holes with the
crystal lattice.The article considers the temperature dependence of the Fermi level of special
semiconductors in the absence of foreign additive atbmsrder to find the concentration of free
electrons (or holes) in ayagtal, the number of quantum levels in the energy range E and E + dE and
the probability of an electron (or hole) at these levels (the distribution function) are stinckeahe
electron approach, the interaction of electrons in a crystal enterscastlined potential. Naturally,
since such a gas is composed of particles with spin, it will be subject to-Beauistatistics in the
case of thermodynamic equilibrium.

Key words conductivity, electron, crystal, electric field, distribution function.
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L dzOC sdzd d&zlmw M d3j ~ Cedzff d3itsdz] Sols tOEddfdseH j P Msr e fp Ctod fi
MlisOls! | tOmMmdtslstej dzO@ Isj B j O ktcdzOw L O dMmd @zsMmis! &
skmizlsmMisoadd {¢(oMmiststtsdzdzds OHHJIsdodz » Olssditse . ) f
Ftotse dzj 2, fsfoH@uuidhe dd dddgjeteg®kz E d E+dE, Yls
MosBSHZ n 1 dzj Clstetsdzseo (ddzd HTM tetsC) o Ctod Mmls Odzdzj
dZOr sHdIsMw dzO 1 Isdmr BkEttsodwnr (1Is. d - WizdC ydw tcOMm1
oL OdhisHJ2MIso deilzct dpj Hictztsdgtel oH Ctod MisOdzdz] § tetsd M- tsH
M MOBddz MB 2. ( Misj Mise j dzdzts, Yysts fsmMisd ¢Sk IsOC
fesHyddzyils! mw Ml Cdsofsfifiis@f Cof fpdgiacui§alj Isj ed3tsH d dzOd3d U NS s
tcOMMmd@usieide (sdzzf tesotsHdzd Ctsor §j Cted Mmlis Odzdz Mo 5B 5t
HM t.6€ d) Cslstster 7 dZORtsHWIsw o MlsOIsdmisdyud MEsd3 (s
CtedMlsOdzdzd yj ME 82 tj"jlsCd. 1 shiksjgdd toj "sjdmdyts Hhigdh
LOodMmgJsm Gdgd L 3O oL OddBsH j2Mlseadw, ftedosHWwh jets Jj
By ~nOdzdL BsEAZ oL OdBsHj2Mlsoadw 1 dzj Clstetsdeso  d HT tets€
tcOMmdiiclstej dzO Isj BB j tOktedzOw L O dfMmd ditsls Zztctso dav
slsmizls Miclowtefs dfds(if OHHdIsdJodzr = Olstsdise . ] fMlsOIls! j B
Ptotso dzj 2, fsf OHOs hdrn o 4dthQGJqu’quan’2 ddzls j tco O
MotsBtsHdzr » 1 dzj CSlstetsdztseo ((ddzd HTM tets€) o Ctod Mmls Odzdzi
dzOn SH d Hdpfve diGietsto dav = (IS Jd . WkdC ydw Omyf tcj Hj dzj dz
oLOdBHj2Msoad] 1 dzj CStesdztseo Hilze M HtsIzGtsd3 9 Ctedm
M MOBdd3 MBts?2. ( Misd Mise § dazdats, Yybs fsmMisd Sk IsOC
fsHyddzvIs: mw Ml Gdsdeffifis@f Coj fnoglaad@rlj Isj ted3tsH  dzOd3d uJ M€ s
sdzge yjorj fgizss@d ssfMmis L dzj Clstetsdets| s tff dsfigdy © dzd¥, Iz c
tOMmy toj Hj dzj dad W

Artfrtesrr vt
1¢JRHR,[°(

1 R

- BN

1?2 fMlsOk' j ©OMMH&O
¢dp

Mpgalpni capa pqdim etdi:fizika Gz fplspfp doktoru,dosent Brman Qocayev
Mp gaai Id o [O4moyaldt2020ci il
¢apa qbpbullleodabreOgGcikld i r :
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Tlin, GaS¢ MONOK BRALL ARI NI N TENZORRBKSTLKR K

Thg di m o | uTHnSebirlbkkimindp¢ - val ent | i i ndi um at oml e
i um atppvpt ao Eu ipmd £&llinGaSe kr i st al | ar é nvémptip-e |l ekt
rinin mexaniki deformasiyadampiempea t ur d an adpg il Esimpbidpsaindpang k aph i d
edilpn tenzorezistiv effektivpdqgiqginin npticplpri barpdp mplumatlar verilir. K © ®=0; 0.1; 0.2;
0.3; 0.4 br kKi bl i kristalthdhgieq el anmkk r thirimimapnie z i st
tenzolpss aspmas @ | | ar éné n d e litidonmemperatuadandvk r g 5 pridine n t
don aséel @igé ql aerdé Ipyyjin Kk @idi | mptggd igr okl iu,n atn khpsi st al
sas | pogs al | a pt gpdpk boyulka giynftlor apbdef or mas i pgtiadpngtenpeq i y m
ratur dan axgtegangnlaody @ K & @  kpmin kristallardaa praktiki rpsplplprin
hpllindpbgeni Kk mptgbyiags dod utnmaséna i mkan yaradeér .

Acar sozpr: spnaye, monokristal, elektrik, elemepmsal

Girikck

Spnayed istehsal dinan nml um yar émke- i ri ci t en z ogiyeazsiést o
¢cox mupkkob, boyluk ompk sorf edilmpsi toibb edibn mumokkob prosesdir. Bu, ilk ndwuap
y ar @ mkoedeni rli acangosiiformaya w 6lgiyp malik nimumlor i n h a z éothihim n ma s
lazé mi gayidnoslia, i @ahl ara m¢gvafi g o, oimumbkok o maakt | at
vur ul mahsaéz é ¥ | anmeé K t e mrnio rmégypns t a + tolieél geang@k d ér é |
texnol ogi y okkobn & h melagpd a im g isoion, Drldlyetrarzist or | ar énoA i st e
mupssi®lor ilk névbbdd materiallardan mexaniki gaydada numokorin kosilmosi, nomu | athi&éin s
cil al anmas é&, ppagdaamthdokyarananmiEslrai € n ar adan qgenl dér é
sonra tenzhohaez2ei IsayaankeardréBu otinlikl or hazérda -o0ox gen
totbig olunan pvni tip GewSi  kr i s t"@BY tipamazabdzar, yMAm r & mébPbS, r i cC i
birlok msindbvbo n | a rlggin a ra &+wxbalpk meindd vo butdvlikd tenzdibs s a s kegid-r é m
clor i n hamésénda mPvcuddur .

Mol um ol duj"B" tip ibinar birbk Avlorin tipik niimaynadbsi,moxsusi kristallik

gur ul ua tenzolps;,skassoine @l € n a m'l‘;IIpSrg@ birtok meNnDs as é nd a al é€
Tlin,,G3,Sg book moh | ul | ar @énén kr ifor anlaodant asanktéxnologiyaoip, s u s i

tenzod6turicir i n hazérl anmaséna [ mk-g”ﬁsg bikDK imsi yukoB i | d i
tenzolss s asom&s@ | én a mal i kdir. Onadalkhemwema moevxhkol sg
monokr i stsalsléaardan étme m n o °htagzrég d éaln mandirt kenarramilbron:,g i y a s
temperatur dy i omi ni n, i K&J én tezliyinioyj K doserxioal nm K i
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tenzolbs s a s Ipg | @rdkiéddametnok mumkandar [15].
Tobiidir ki, T”nsgbiHDK msinb¢, - val ent | i indium atoml ar éneé

ilbobvbz ol u rn)mbé-g"al-hqaxsgt i p kri st akltdnzmsésna pd stagy & tka ma |
o | malaveqlaray , k r i erkibmildbya rkédkipdbb u t i p Kkr i s tosad d ;alr &jné r
doy iorek idam oluna bilnos i bu Kkr i sobdgdatlolyeképcevierr aql & t

Fiziki T kimyovi, rentgenofazawxas® - torkib analizbri ilp Tlin,,Ga Se sigeminin hal
di agr amn é& nobysisterndkosilansz orkimbh | ul | ar al énmasé s¢but
xasslorinin todqigi bapdp dovri pdobiyyatda kifayt godor mol u mat | ar ol maséna
onl ar eén t e maioim ssstemlisbdqigibamop andusnatlar mévcud deyil. Qeyd ek ki,
abtopn y ar émke- i r i c iodgiq edimassad r ezza nsat noér | -aa |é é K Detdpadrr Ki,
tenzolbs s amriséad éna mal i k o | oHodtempeatutdalnt rais e ttarmpdaair m q
doy i ik Xas®lorindbh i st e r e zpiedilmpsiry, KDaah rdrli fiziki tosirlobg ar Kk €  m¢ mk ¢

pdorhos sas ol masén. DZl@ealyralq,bdz,IT"ﬂlﬁ%aéﬁa'r @ kRristallareéen

xas®lorinin todgigi bapdo mplumat veririk.
Todgigat én met odi kasé

TIn,,GaSe . mph | ul | ar énen  momitokisilsib ylet a k@i rziolnm
Monokri st alpsein Oy.elt 3 XRfaitindb,# kmaw 1 mmpul al arda apar €
u z u n |-1binma- ododor olur voampulaor i n mi Kz oolif iatidasnotl orod-gioa 1.0-a gpdor

dofbpk e - mi kK di r . pypBohzex kristalar ebd i y nk i , onl ar dtatna aistain | & @
ucu ilb glizgi sthli en kosiyinin salwsi 0,1 +0,2mM, uz uI0ujmum Jol an d¢prb uc aq
ayérmaq ol ur . Bu add eothldiynovari krstal rha¢ bimlave emal& noruzg ¢ z g ¢

gal madan kontpeak tt |o@myedpkzcth e pymhl ave @ziyyotdo olur. Qeyd olunan
gaydada srau-lialtrhiaw amkont akt dadailmywnlt ma kée -d wd jl éd xkdéa

-Tosirsiz gaz muhiting, se-i Il mi k naqil i n sioilpDdienamsiat or
sothinb lehimlbnmosi.

Bu gaydada hazérl anmék tenzoel emeni60dhB mar
olan polad I6vb Uzorinby aypd&é r € | meé k ot éri .noniknibsiiyikek seviyyodeo | mal e d ér .

Bu al t | emnp temzoelemengtz y a p € kK od& rowdlcew sothinddky konar
cokuntubrinkon a r | a k d Bqsoddl b tatualls BmMizionir, sonra etil spirti  yuyulur. Bu gagada
tomizlon mi k  al t |-&Q eboksid¢ogs t @ n @MuolannfEP9 6) eboksi d kr ez
Ortalur. Tobogp 10 - 15 mikron olurwb u  z aman - a lp@go€il mad &ld@&m br &ji € ¢
yerindbe y ni o | s ulbsaatdtagtempagatuln da s a x| a n é bkdeenpedatuntu s o n |
polimerbk ma par €l masé ¢ - ¢nokgumruwducu opdricomdb@ Kknagoadok u n  t
gal derpal ma€¢ én bu-lt &Emparadt saddékath e h mba®m paka me
tominedrvba | t | & ] @&thi Uzbriapmeazorezistorun 6lclistuod bir ne@ dofp bdylk olan ikinci

lak tobogpsicok 1 | i r . K o n kristatlar lakvbligosil dzormo qoyularaqg yungulesothod o J r u
sexel ér . B u n d a nosi Rldantamamontiitrs/b ceadnpvvolgpdon n a | orindd g ¢ z
ver i bzigyptki vi n s a xomia etndd lgua o, @m ES5 nimolanlepth | t | €] a sar

gaydada hazeéer |l anméKk-2ci6h akz étne ngpuerruadt wulrmai snét e2r vla | ¢
vD 460 K- dp 1,57 2 saat muddindo domlpmbp aparmagla byata kegirilir. Bu prosessh sonra
hazeér |l anmdaod qP at ¢ exiyyndodlualar.é r v

T"nl-XGaXS%mo nokristall ar e noobmmin todgigi zUQUn statik $isuldan X a e
istifadp edilir. Bu Usulé& deformasiya, Olcitpk madadyb X ¢ S U S | h a z & vasitsilp mé K

ot i1 oHlBr (K

Yux arpgdiar tedi | mi Kk gaydada hazérl anmék tenzo
hissnsidayaqmst/isinDnDZDanVDzinytiniDhquDrdDyi kKdirir. Bu zaman ni
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4 .
e=— (@h
| (1)
disturuib,homi n hal d artboktr i s¢ ahé@&ansuzaql akmasé hal énd
3at ..
e=— (h
! 2

distiruibhes abl anér .

Burada nimubn i n t aozigydimpéngzorony doy | KsimDh, yukok dpgigliklp saat
mexanizmli indikatorla olcllir. Tenzobk s admé @ | ené hesabl amaq &t-¢n |
nimurod 5: formasi yaya uj-9tpdognet easisilsboi nrrbegnkedHir. t 7

e<o0 e>0

kokil 1: Statik rejimgn i s b i d e f o pknigis istifaghanléu Pdn m qur J unun

Amma onl aréenpoy ok nmkd a v ik noyo |ledil@osireb ah & j| @hiaeaibn t
sxemabn istifacb olunur:

Stabilik d i r i | mi k pdog folailon goegisilik yicaboyind e vo RH miigavinotiori

g oK ubbu zamanVS gorginliyi homin muqgavinotior a raa spéanydl anél ér :
Vs =V +V, (3)
Onda q apigin®©m dahunu:
Vs =1(R, +Ry) (4)
koklindoifadbolunur. Bebliklp, v er i | mi k def or masipgia hal énda Kkt
Re:\;ﬁcqu_ve)
e 5)
kimi ifadp edilir. Buradavé':IRH -ni sbi deformasiya m°vcunindoo!l duj
gor ginlik d¢kgegsegdegr. Deformastii ya ol madéej é hal
RO:V_C"Q\/S_VO) (6)
0
dustiruibh es ab | dikgkr. i Bted | | ar épagoder midbg mimainoy a i |
- N -V
=-R, ¥, 2 7
DR.o =- Ry Qs V&, (7

kimi, miqgavinotin nisbi by i BSIM
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I:]Qe.o - VS ("»IO ODVeO (8)
Ro (Vs - Vo) Ve (yo

K=- DVQ.O
KR

kimi, tenzolbs s a snlséadp € i sye Kimitoy i n e d IR*H v
Vs

gor gi nl i kpsadbig kmgi¢c St adinbd ¢ @&Ysié/o), ondaVS'VO gobul etk
olar wtenzols s abmé g | €

K mlgrsa, pni

— D\/e.O
dusturu ib toyin edilor. Belbliklp, Dkik 2-db tbsvir olunan sxern bsa®n tenzols s a snhséagql é n é
V, Y

def ormasi ya o gor madEeéqg#a odb¢statik ¢defgrmagiya wldugda'e gorginlik
d ¢ K g ¢ s ¢pkigipyifi dtnpknolar.

I
=|

y N306
Oy |_ X
° 99
E,TEl |

kpkil 2: Tenzolps s a priséad € n € P thyantetnpk Gglinasfjifagpoildln an qur J unun
prinsipial sxemi

Kfrat ki - k10d7'elglg)rvmldgﬂ<iteyzahbsasrasq €] a mali k ol arn
(D‘/E'-0< VO) VDyaVe:VOOD\/aO:VOoI dujundan,
K=—DV‘?.'°

dustirundan istifamletnok olar.
Tenzolbs s a smséaq @yniénni tzpoh en| & &0t iy i ly anq gy§on wsavvim malik

olmaq UgUnRH VD R.. nin muxolif nisbotlorindbo b u v u romjp @ h € n m abooirsiba, S

hogigotoon  y a x étrkimigh -1y énn ( A Upifadolofusan mntinasitti gotirmok | az € md &€
V2-11 tipli mikrovoltmetb birlikdb N 306 tipli grafikgkondobn istifadd edilmbsi, Ol¢gnolorin
noticolorinin - geyd edilnmsini nozord carpacaq ofbcodp a s a n | a vkd ). @u zarhan

grafikcpkon i N K a q U h(,iVe (hmngininlvé) signal eénén qgeyrd lod uwalma
isp tosir ebn amillorin: elektrik salps i (r), temper abcosir(f), tamanps.def o1
mubyypn edilnosind istifadb olunur. Tobiidir ki, 6lgtlon komiyypt i n temperatur

def or mas i pyaxudhdeforsngsiyd almayan halda voka mper xar ateri sti k:é
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zamane i ki k o o r ohiistifadb rejieni ipw & reints li io anierrhalladda Blg@dh ¢ N d |
kbomiyyot i n z aman a- @tbi¢eadilnekiprhibygok edilirr e j i mi t

Y u x a rogvil alundn UsuIIaT”nl-XGaXS% kristall arénén tenzomel
deformasiya muddindon vo deformasiyadrtibindon a s € |, dee fod ramaasqi myisioh &om h
do monfi giymotiorindp diiz wb Dks istiganotiordb mioyyon e d i | midlgmiior noticosiBo
muipyypn edilir ki, nUmumlor i N qur wgapbmaganéegn gal éméiej akana
nistoton kicik deformasiyadabee y ni  t enz o eddilire kt m¢gkahi d

Eksperimental noticolorvbo n| ar é npbsim¢ z a ki r

T"nl-xGaXS%tip kri sisalsleada hazeéer | anmék bpstsearsd cerge
pmsal l ar éneén me X ani lotindbnd ed L& Imald@ Jp&gqn @mperadtyiundan
apar el mdigkad &ni.z T IkKkn Set aploBun dsaa s € n d a D& Iméhilullardax b
apaeé | meée wdi@ir q atitberniokih® -dov e r i | nokildod gorindiyy kimi, tenzals s as | € q
pms al brkibdoé & s él,émexamir mig def or Pogmeoioyndorpiktiki glatad 6 ) 1 O
sabit gal eérp medxaahnai k$ o ndreaf oir sna snia ypa&not €&t nl  sqoannr uankl éa

Tln, ,Ga Se kristall arénda indium atovmznl alt @néasé&akl
tenzolbs s a hseagl € azal éms s afdemsgagl ée@z olmex ani ki def ot
batin nimuolor Ggun Xotti ganuda doy 1 K i r .

K-10?

10 -

35 - 12345

30 A

25

20 A

15 A

10 A

5~

0

0 I5 1I0 1I5 2I0 2I5 3I0
£.10°
kpkil 3. Otaq temperaturund;—"nl-xe@sgk ristal |l $srséanpgleéadt é n2 o h me x ¢
def or masi y a-ad=®;20 xaGk1¢3-xe0.2p4x+,3; 5%=0,4

Bunl ar | abmyan &k & s toifldéfamasiyalaranguz tqalma ar € hal énd
temper atur mrstadndsgarphé txe g a a kil #).aBu &oro tdamkdir ki Khomin
kristallardan hazeér | an maitep ol¢melmriz yaksk dogiggiyinotonlinar t e
ed bilor. Doy ikt e m p ceaitiredd isp mivafig temperaturmy | K iokknbzorkall é n mal eédér

cvwocbt enzorezisti v ef ortibikdbni na sded fed remasniay abnaéxna qt
| Dh2+‘§‘ae|§g2
= Rz G£%
kimi, deformasiya 2R kimi toyin edilir, It i r i n | @lih r”diubudir @ | 2Dh  kimi
toyin edilir. L-t i ri n def or massiyaiya u'?hutianynmksimaidyilmssidir.
Kntiqgatorl|l a ©°1| - gitoordon gofarkirs lp, eKt)iansean ted 16 | @ i ki ob
Def or mas i ygymodonndokienzolbsks a ohssal é prakti ki obkar agq
deformasiyalardamsxot t i qganunl a arteér .
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Haméyhum ol duj u ki mrin,tenzghs s @k € qil raotin€ midbm¢ q a v

doy i ®simbn, o da 6z nouviisindd, madanin xdsusi migavimtindbn (ro), konar amilbrindon,
temperaturTVDmexani ki defor mamyixadan asélé ol araq d

Kpkil 4. Me x ani ki def opif giyaiarigdp H&C3@8Kxrti st al | ar &n
tenzos s a priséad teen@me r at u rE AL BYUs 2 AJclEE10"al)x=0.1;2-
x=0.2; 3x=0.3; 4-x=0.4.

Bunu akaj éda kbifadbetynkplar: m¢ nasi b

Bunu rozorp alsaqgtenzolmos s a sriséad € n €é n  y a bdipkifayotlbnmoklbankcad | & ka k 4
kimi ifadp etk olar:

Burada da mimasiblikbms a | | ao é 6zlori xisusi mugavimtdon, temperaturdanov
i KéJ én i ont earsseil vetlomyhieamnd q i y m
Mpsplbn, dgiq etdiyimiz xUsusi mugaviot olan ucun, otaq

temperaturundoai (BOOKmMmadegwBpén t qgiymotlor i ni al ér .
mol um ol dujut kpmkr i stal Intalhid a® zamd tp3s jom-drogk j Jmii 58 b i

kristallarénda akkar Jdi |l miK pyjidtri jopmitss td

T ( Jl i peps4jd) i ps i) y jorBhgt4d  J I | j p ossa sdd nid am
k jybaoyygyah sl unardobii | dakeéwadae ll avilordg d i¢ s1p jiIlsainy am¢gs
akaj] édakos| kuinmir @i f ad

6l ar &n prgs afi ingpywbERuaag jgh1fdjdkrt i v

burada vD yukda éc
da y¢wmdawmiweéedédalgarsdmryaegr ¢ k1 ¢ k|

K
ktliolor i di r . Bu
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